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ABSTRACTABSTRACTABSTRACTABSTRACT 
A study to assess the sustainability of renewable energy production from the solid 
waste of Gombe metropolis was carried out around the two officially designated 
waste dumpsites (INEX and GOSEPA), the result of the study shows that the 
waste at INEX dumpsite has a density of 300Kg/M3, the site has the calculated 
capacity of 891,771.6M3 and current capacity of 267,531.48 in tons, while waste at 
GOSEPA dumpsite has a density of 285Kg/M3, the site also has the calculated 
capacity of 230,657.52M3 and current capacity 65,737.39 of the waste at the dumpsite in 
tons. The result further shows that the initial year when dumping of waste 
commenced at INEX dumpsite was 2009 and as at 2018, 584,978 tons of waste have 
been deposited there with an average annual disposal of 64,997.56 tons per year, and 
the calculated year of the dumpsite closure of 2034. While GOSEPA dumpsite has 
2005 as its year of initial dumping of waste and 225,259 tons of waste have been 
deposited there as at 2018 with an average annual disposal rate of 17,327.62 tons per 
year, and the calculated year of the dumpsite closure of 2051. Consequently this 
indicates the feasibility of waste to energy plant in Gombe metropolis, and through 
the incineration of municipal solid waste generated there, substantial quantity of 
electricity can be produced. The research therefore, recommend that government of 
Gombe State through the State ministry of Environment and Forest Resources 
should incorporate scavengers into the waste management stream, and also improve 
their surveillance mechanism to effectively  regulate the activities of private waste 
management companies in order to harmonize the waste collection processes, 
transportation, treatment and disposal for the sustainability of the energy generation 
potentials from the incineration of the solid waste in Gombe metropolis, and the 
research further recommend another investigation to assess the economic 
sustainability of utilizing the solid waste generated in Gombe metropolis for energy 
generation. 
Keywords:Keywords:Keywords:Keywords: from    the Solid Waste, of Gombe Metropolis, Sustainability of 
Renewable Energy Production  
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 INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION    
Energy recovery from waste entails the conversion of mostly non-
recyclable wastes into usable heat, electricity, or fuel through a variety of 
processes which include; combustion/incineration, gasification, pyrolysis, 
anaerobic digestion, and briquetting and landfill gas (LFG) recovery. 
These techniques help to reduce carbon emissions by offsetting the need 
for energy from fossil fuel as well as reduce methane generation from 
landfills (Bajracharya., Bahadur., Bajracharya & Singh (2016). There 
have been rigorous efforts to meet the increasing energy demand but 
relying on the traditional fossil fuels alone is synonymous to taking a 
great risk of backward trend in modern developmental strategies. The 
main reason behind this assertion is that fossil fuels and other 
conventional energy resources are not only limited but their global 
reserves is declining as each day closes. The global potential of municipal 
solid waste (MSW) as an energy source is as yet un-quantified (Allen, 
Lilian, Hugh. (2009). For development to be sustainable, delivery of 
energy services needs to be secured and have low environmental impacts. 
Sustainable, social and economic development requires assured and 
affordable access to the energy resources necessary to provide essential 
and sustainable energy services.  
 
This may mean the application of different strategies at different stages 
of economic development. To be environmentally benign, energy services 
must be provided with low environmental impacts, including greenhouse 
gases (GHG) emissions and hence the need for efficient and sustainable 
energy source like energy from Municipal Solid Waste (MSW). One of 
the major problems facing growing cities in the developing countries 
worldwide is that of coping with the waste generated. Cities are very 
much battling with the increasing challenges of solid waste in particular 
and the battle is seemingly not being won (Malumfashi, 2011). Action to 
reduce the impact of climate change is critical, and limiting the increase 
in average global temperatures to less than 2°C requires concerted global 
action both locally, nationally and internationally. Renewable energy has 
been growing rapidly in the last decade, becoming an important 
component of energy supply (OECD/IEA 2010), it plays a key role in 
mitigating global greenhouse gas emissions by radically lowering the 
emissions profile of the global energy system (IRENA 2015). To properly 
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 analyze and plan the use of renewable energy in African countries, there 
is need for accurate and documented estimates of their renewable energy 
potential, as well as to identify the most suitable locations for investment 
and deployment in renewable energy technologies. The accuracy of this 
information correlates directly with the risk taken in the decision-making 
process. Accurate data strengthens each country’s national strategy to 
deploy renewable energy technologies (IRENA-DBFZ 2013). This means 
solid waste now contains an increasingly complex mix of materials, 
including plastics, precious metals and hazardous materials that are 
difficult to deal with safely (EU, 2010).  
 
Rapid urbanization and industrialization coupled with the increasing 
growth in population has led to a sharp rise in the quantity of municipal 
solid waste (MSW) generation in most of cities of the developing nations 
(Arugula., Singh., Balasubramanian., & Rajkumar., (2015). Amber., 
Kulla.,& Gukop., (2012) maintained that, at a population growth rate of 
2.03%, energy consumption and waste generation in Nigeria is expected 
to soar over the next few years, so also in Gombe metropolis, which is one 
of the most populous metropolitan city in the northeastern part of 
Nigeria, with population growth rate of 3.2% and urbanization rate of 
3.5% per annum (NPoP’C,2009) leading to higher MSW generation of  
21,297 tons and 5,832 tons per month for INEX and GOSEPA dumpsites 
respectively  (INEX, 2018, & GOSEPA, 2018), causing a lot of problems 
to man and the general environment. UNEP (2009) reported that the 
collection, transportation, treatment, and disposal of municipal solid 
wastes, particularly wastes generated in medium and large urban centers, 
have become a relatively difficult problem to solve for those responsible 
for their management. The problem is even more acute in economically 
developing countries like Nigeria, human resources are under-utilized, 
while financial as well as other critical resources generally are scarce. In 
these countries the standards of waste management is still poor and 
outdated, with poor documentation of waste generation rates and its 
composition, inefficient storage and collection systems, disposal of 
municipal wastes with toxic and hazardous waste, indiscriminate 
disposal or dumping of wastes and inefficient utilization of disposal site 
space, and these has contributed greatly to river pollution and also serve 
as one of the sources of greenhouse gases which is a major contributor to 
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 climate change (Ayuba., Abd., Sabrina., & Azmin., 2013). Ahmed., 
Muhammad., Nasir., & Hussain (2012) reported that there is enormous 
increase in the quantum and diversity of waste materials generated by 
human activities and their potentially harmful effects on the general 
environment and public health.  
    
LITERATURE REVIELITERATURE REVIELITERATURE REVIELITERATURE REVIEWWWW        
Biomass is a renewable energy source from living plants and organic 
waste which are made by plants, human, marine life, and animals. Based 
on Tester (2015), the main advantage of biomass is availability, as it can 
be readily found in all places. Many kinds of energy can be produced from 
biomass: electricity, cooking heat, chemical feedstock etc. As a feedstock, 
biomass has lower sulfur content than coal, and a lower emission is 
produced by combustion (Ngo and Natowitz, 2009). Nigeria is the most 
populated nation in Africa, with a 2020 population estimate of 
205,740,000 people, growing annually at an estimated rate of 3% and 
generating 0.55 to 0.58 kg of municipal solid waste per person per day, 
Nigeria can be said to be equally experiencing significant waste-related 
environmental problems can be said to have begun in the period when 
Nigeria gained independence, become rapidly urbanized, and thus 
generated more solid waste than nature can absorb or that Nigeria can 
efficiently dispose. MSW is produced daily all over the world, and it is a 
renewable energy resource with the potential to produce energy via WTE 
plants, while also reducing the volume of waste. WTE can address the 
twin issues of land use and pollution from landfills and the well-
established environmental perils of fossil fuels known as greenhouse gas 
emissions (GHG) (Amoo et al., 2013). 
 
Solid Waste generation rates is the average amount that each person 
throws away, it varies widely within and between locations. The 
generation rates depend on income levels, socio-cultural patterns and 
climatic factors (UNEP, 2009).The rate at which the cities generate 
municipal solid waste is increasing due to rapid population growth and 
urbanization; this is more peculiar to cities in developing world. It is 
important to have adequate information about solid waste generation if a 
wise decision about future waste management is to be made. Solid waste 
generation is correlated with the population of an area or city, due to 
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 which bigger cities with high population tend to generate more waste 
than those with low population. The total amount of solid waste 
generated per person per day in many cities of developing countries has 
noticeably increased as well. It has almost doubled during last ten years 
from 0.64 kg to 1.2 kg and is expected to reach 1.42 kg by year 2025 (I.E.A, 
2003). High income countries generate more waste per person compared 
to low income countries due to differences in GDP. It is worthy to note 
that even within the same country or region the per capita generation may 
differ due vibrancy of economic activities, consumption pattern and local 
climate. In Nigeria (I.E.A, 2003) reported that the waste generation rates 
ranged from 0.44 to 0.66 kg/capita/day but this varies from city to city 
and even within cities. 
    
MATERIALS AND METHODSMATERIALS AND METHODSMATERIALS AND METHODSMATERIALS AND METHODS    
The Study AreaThe Study AreaThe Study AreaThe Study Area     
Location of the Study AreaLocation of the Study AreaLocation of the Study AreaLocation of the Study Area     
Gombe city the capital of Gombe State is located in the northeastern part 

of Nigeria on coordinates 10017’N 11010’E. It has a total area of 52Km
2

 
(20sq mi) with a population of 377,341 people (2006 census), and the 
projected population of 534,314.856 people (Adamu et al., 2017).  
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Plate 1: Image of Gombe Metropolis Showing INEX Cleaners and 
GOSEPA Dumpsites (in red colors) 
 
iiii. INEX Cleaners dumpsite. INEX Cleaners dumpsite. INEX Cleaners dumpsite. INEX Cleaners dumpsite is a sanitary landfill located opposite Federal 
College of Education (Tech) Gombe along Ashaka road in Gombe 
metropolis. It is located on coordinate 11o8’36.757”E 10o 20’45.095”N and 
11o8’42.73”E 10o 21’6.575”N respectively, and covers an area of 89,177.16m2. 
ii. GOSEPA dumpsiteGOSEPA dumpsiteGOSEPA dumpsiteGOSEPA dumpsite is a burrow pit located adjacent to Grave yard 
along Ashaka road in Gombe metropolis. It is located on coordinate 
11o8’50.898”E 10o 19’15.474”N and 11o8’50.522”E 10o 19’13.164”N 
respectively. It covers an area of 28,832.19m2.  
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Figure 1Figure 1Figure 1Figure 1: Map of the Approved Waste Collection Centres in Gombe Metropolis: Map of the Approved Waste Collection Centres in Gombe Metropolis: Map of the Approved Waste Collection Centres in Gombe Metropolis: Map of the Approved Waste Collection Centres in Gombe Metropolis    
    

    
Plate 2: Sorting of Waste at GOSEPA Dumpsite 
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Plate 3: Measuring the absorbance of the MSW samples using 
Ultraviolet-Visible Spectrophotometer  
 
RESULTSRESULTSRESULTSRESULTS    
Energy Generation Potentials of Gombe Metropolis Solid WasteEnergy Generation Potentials of Gombe Metropolis Solid WasteEnergy Generation Potentials of Gombe Metropolis Solid WasteEnergy Generation Potentials of Gombe Metropolis Solid Waste    
Table Table Table Table 1111: Proximate Analysis of Solid Waste from INEX : Proximate Analysis of Solid Waste from INEX : Proximate Analysis of Solid Waste from INEX : Proximate Analysis of Solid Waste from INEX Cleaners Cleaners Cleaners Cleaners 
Dumpsite (2019).Dumpsite (2019).Dumpsite (2019).Dumpsite (2019).    
Table 1: shows the result of the proximate analysis of the INEX dumpsite. 
The result indicated that INEX had 38.37% Moisture Content; 34.29% 
Ash Content; 49.40% Volatile Matter; 7.20% Fixed Carbon.       
    
Table Table Table Table 1111: Proximate : Proximate : Proximate : Proximate Analysis of Solid Waste from INEX Cleaners Dumpsite (2019).Analysis of Solid Waste from INEX Cleaners Dumpsite (2019).Analysis of Solid Waste from INEX Cleaners Dumpsite (2019).Analysis of Solid Waste from INEX Cleaners Dumpsite (2019).    

Proximate Composition (%)Proximate Composition (%)Proximate Composition (%)Proximate Composition (%)    

SamplesSamplesSamplesSamples    
Moisture contentMoisture contentMoisture contentMoisture content    Ash contentAsh contentAsh contentAsh content    Volatile matterVolatile matterVolatile matterVolatile matter    Fixed Fixed Fixed Fixed 

carboncarboncarboncarbon    

INEXINEXINEXINEX    38.37 34.29 49.40 7.20 
        

Source:Source:Source:Source: Laboratory Analysis Adamu, 2019. 
 
Table 2: shows the result of the proximate analysis of the GOSEPA 
dumpsite. The result indicated that GOSEPA had 55.01% Moisture 
Content; 37.30% Ash Content; 42.01 Volatile Matter; 8.44% Fixed 
Carbon.       
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 Table Table Table Table 2222: Proximate Analysis of Solid Waste from GOSEPA: Proximate Analysis of Solid Waste from GOSEPA: Proximate Analysis of Solid Waste from GOSEPA: Proximate Analysis of Solid Waste from GOSEPA    Dumpsite (2019).Dumpsite (2019).Dumpsite (2019).Dumpsite (2019).    

Proximate Composition (%)Proximate Composition (%)Proximate Composition (%)Proximate Composition (%)    

SamplesSamplesSamplesSamples    
Moisture contentMoisture contentMoisture contentMoisture content    Ash contentAsh contentAsh contentAsh content    Volatile matterVolatile matterVolatile matterVolatile matter    Fixed Fixed Fixed Fixed 

carboncarboncarboncarbon    
GOSEPAGOSEPAGOSEPAGOSEPA      55.01 37.30 42.01 8.44 

        

Source:Source:Source:Source: Laboratory Analysis Adamu, 2019. 
    
Table Table Table Table 3333: Ultimate Analysis of Solid Waste from INEX Cleaners : Ultimate Analysis of Solid Waste from INEX Cleaners : Ultimate Analysis of Solid Waste from INEX Cleaners : Ultimate Analysis of Solid Waste from INEX Cleaners 
Dumpsite (2019)Dumpsite (2019)Dumpsite (2019)Dumpsite (2019) 
Table 3: shows the result of the ultimate analysis of the INEX dumpsite. 
The result indicated that INEX had 4.76% Total Nitrogen; 0.092% 
Sulphate; 30.8643% Carbon; 3.142% Hydrogen; 26.8517% Oxygen.      
    
Table Table Table Table 3333: Ultimate Analysis of Solid : Ultimate Analysis of Solid : Ultimate Analysis of Solid : Ultimate Analysis of Solid Waste from INEX Cleaners Dumpsite (2019)Waste from INEX Cleaners Dumpsite (2019)Waste from INEX Cleaners Dumpsite (2019)Waste from INEX Cleaners Dumpsite (2019) 
Samples                                     Ultimate Analysis (%) 

Total NitrogenTotal NitrogenTotal NitrogenTotal Nitrogen SulphateSulphateSulphateSulphate Carbon (C)Carbon (C)Carbon (C)Carbon (C) Hydrogen (H)Hydrogen (H)Hydrogen (H)Hydrogen (H) Oxygen (O)Oxygen (O)Oxygen (O)Oxygen (O) 

INEX 4.76 0.092 30.8643 3.142 26.8517 
      

Source:Source:Source:Source: Laboratory Analysis Adamu, 2019. 
    
Table Table Table Table 4444: Ultimate Analysis of Solid Waste from Gombe State : Ultimate Analysis of Solid Waste from Gombe State : Ultimate Analysis of Solid Waste from Gombe State : Ultimate Analysis of Solid Waste from Gombe State 
Environmental Protection Agency (GOSEPA) Dumpsite (2019)Environmental Protection Agency (GOSEPA) Dumpsite (2019)Environmental Protection Agency (GOSEPA) Dumpsite (2019)Environmental Protection Agency (GOSEPA) Dumpsite (2019)    
Table 4: shows the result of the ultimate analysis of GOSEPA dumpsite. 
The result indicated that GOSEPA had 6.52% Total Nitrogen; 0.089% 
Sulphate; 32.2379% Carbon; 4.6570% Hydrogen; 19.1961% Oxygen.      
    
Table Table Table Table 4444: Ultimate Analysis of Solid Waste from Gombe State Environmental: Ultimate Analysis of Solid Waste from Gombe State Environmental: Ultimate Analysis of Solid Waste from Gombe State Environmental: Ultimate Analysis of Solid Waste from Gombe State Environmental    Sanitation Sanitation Sanitation Sanitation 
andandandand    Protection Agency (GOSEPA) Dumpsite (2019)Protection Agency (GOSEPA) Dumpsite (2019)Protection Agency (GOSEPA) Dumpsite (2019)Protection Agency (GOSEPA) Dumpsite (2019)    

Samples                                     Ultimate Analysis (%) 
Total NitrogenTotal NitrogenTotal NitrogenTotal Nitrogen SulphateSulphateSulphateSulphate Carbon (C)Carbon (C)Carbon (C)Carbon (C) Hydrogen (H)Hydrogen (H)Hydrogen (H)Hydrogen (H) Oxygen (O)Oxygen (O)Oxygen (O)Oxygen (O) 

GOSEPA 6.52 0.089  32.2379 4.6570 19.1961 

      

Source:Source:Source:Source: Laboratory Analysis Adamu, 2019. 
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 Table Table Table Table 5555: LHV (kcal/kg) values from the : LHV (kcal/kg) values from the : LHV (kcal/kg) values from the : LHV (kcal/kg) values from the Proximate Analysis Model Proximate Analysis Model Proximate Analysis Model Proximate Analysis Model 
Equations for INEXEquations for INEXEquations for INEXEquations for INEX    
Table 5: shows Traditional model equation 2.2 INEX waste samples had 
LHV of 1,992.8kcal/kg. While using Bento’s model equation 2.3 INEX 
waste samples had LHV of 1,964.9kcal/kg.  
    
Table Table Table Table 5555: LHV (kcal/kg) values : LHV (kcal/kg) values : LHV (kcal/kg) values : LHV (kcal/kg) values from the Proximate Analysis Model Equations for INEXfrom the Proximate Analysis Model Equations for INEXfrom the Proximate Analysis Model Equations for INEXfrom the Proximate Analysis Model Equations for INEX    

        LHV (kcal/kg) using model equationsLHV (kcal/kg) using model equationsLHV (kcal/kg) using model equationsLHV (kcal/kg) using model equations    
Traditional Model Traditional Model Traditional Model Traditional Model 
equation 2.2equation 2.2equation 2.2equation 2.2    

Bento’s Model Bento’s Model Bento’s Model Bento’s Model 
equation 2.3equation 2.3equation 2.3equation 2.3    

S/NS/NS/NS/N    DumpsitesDumpsitesDumpsitesDumpsites            
1111    INEX INEX INEX INEX     1,992.81,992.81,992.81,992.8    1,964.91,964.91,964.91,964.9    
                

Source: Source: Source: Source: Laboratory Analysis Adamu, 2019.    
    
Table Table Table Table 6666: LHV : LHV : LHV : LHV (kcal/kg) values from the Proximate Analysis Model (kcal/kg) values from the Proximate Analysis Model (kcal/kg) values from the Proximate Analysis Model (kcal/kg) values from the Proximate Analysis Model 
Equations for GOSEPAEquations for GOSEPAEquations for GOSEPAEquations for GOSEPA    
Table 6: shows Traditional model equation 2.2 GOSEPA waste samples 
had LHV of 1,560.4kcal/kg. While using Bento’s model equation 2.3 
GOSEPA waste samples had LHV of 1,536.9kcal/kg. 
    
Table Table Table Table 6666: LHV (kcal/kg) values from the Proximate Analysis Model Equations for GOSEPA: LHV (kcal/kg) values from the Proximate Analysis Model Equations for GOSEPA: LHV (kcal/kg) values from the Proximate Analysis Model Equations for GOSEPA: LHV (kcal/kg) values from the Proximate Analysis Model Equations for GOSEPA    

        LHV (kcal/kg) using model equationsLHV (kcal/kg) using model equationsLHV (kcal/kg) using model equationsLHV (kcal/kg) using model equations    
Traditional Model Traditional Model Traditional Model Traditional Model 
equation 2.2equation 2.2equation 2.2equation 2.2    

Bento’s Model Bento’s Model Bento’s Model Bento’s Model 
equation 2.3equation 2.3equation 2.3equation 2.3    

S/NS/NS/NS/N    DumpsitesDumpsitesDumpsitesDumpsites            
1111    GOSEPAGOSEPAGOSEPAGOSEPA    1,560.41,560.41,560.41,560.4    1,536.91,536.91,536.91,536.9    

                

Source: Source: Source: Source: Laboratory Analysis Adamu, 2019.    
    
Table Table Table Table 7777: Electricity and Power Generation Potentials of the Solid Waste : Electricity and Power Generation Potentials of the Solid Waste : Electricity and Power Generation Potentials of the Solid Waste : Electricity and Power Generation Potentials of the Solid Waste 
from the Two Dumpsites in Gombe metropolis under Study (2019)from the Two Dumpsites in Gombe metropolis under Study (2019)from the Two Dumpsites in Gombe metropolis under Study (2019)from the Two Dumpsites in Gombe metropolis under Study (2019) 
Table 7: shows the total potential electricity generation of 439,577 
kWh/day from both INEX (361,963.2kWh/day) and GOSEPA 
(77,613.8kWh/day) by burning 909.13kWh/tonnes of solid waste with 
INEX having (509.88kWh/tonnes) and GOSEPA (399.25kWh/tonnes) 
which translate into generating 18,315.7kW with INEX  producing 
(15,081.8kW) and GOSEPA (3,233.9kW). 
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 Table Table Table Table 7777: Electricity and Power Generation Potentials of the Solid Waste : Electricity and Power Generation Potentials of the Solid Waste : Electricity and Power Generation Potentials of the Solid Waste : Electricity and Power Generation Potentials of the Solid Waste 
from the Two Dumpsites in Gombe metropolis under Study (2019)from the Two Dumpsites in Gombe metropolis under Study (2019)from the Two Dumpsites in Gombe metropolis under Study (2019)from the Two Dumpsites in Gombe metropolis under Study (2019) 

S/NS/NS/NS/N    DumpsitesDumpsitesDumpsitesDumpsites    Potential Potential Potential Potential 
Electricity Electricity Electricity Electricity 
Generation Generation Generation Generation 
(kWh/day)(kWh/day)(kWh/day)(kWh/day)    

Potential Potential Potential Potential 
Electricity Electricity Electricity Electricity 
Generation Generation Generation Generation 
(kWh/tonne)(kWh/tonne)(kWh/tonne)(kWh/tonne)    

Potential Potential Potential Potential 
Electricity Electricity Electricity Electricity 
Generation Generation Generation Generation 
(kW)(kW)(kW)(kW)    

                    
1 INEX 361,963.2 509.88 15,081.8 
2 GOSEPA   77,613.8 399.25 3,233.9 
    Total  439,577 909.13 18,315.7 

Source: Source: Source: Source: Laboratory Analysis Adamu, 2019. 
    
Table 8Table 8Table 8Table 8: Calculated Capacities of the Two Dumpsites (INEX & : Calculated Capacities of the Two Dumpsites (INEX & : Calculated Capacities of the Two Dumpsites (INEX & : Calculated Capacities of the Two Dumpsites (INEX & 
GOSEPA) in GOSEPA) in GOSEPA) in GOSEPA) in Gombe metropolis under Study (2019) Gombe metropolis under Study (2019) Gombe metropolis under Study (2019) Gombe metropolis under Study (2019)     
Table 8: shows that the waste at INEX dumpsite has a density of 
300Kg/M3, calculated capacity of 891,771.6M3 in M3 and a calculated 
capacity of 267,531.48 in tons, while waste at GOSEPA dumpsite has a 
density of 285Kg/M3, calculated capacity of 230,657.52M3 in M3 and a 
calculated capacity 65,737.39 of the waste at the dumpsite in tons. 
    
Table 8Table 8Table 8Table 8: Calculated Capacities of the Two Dumpsites (INEX & : Calculated Capacities of the Two Dumpsites (INEX & : Calculated Capacities of the Two Dumpsites (INEX & : Calculated Capacities of the Two Dumpsites (INEX & 
GOSEPA) in Gombe metropolis under Study (2019)GOSEPA) in Gombe metropolis under Study (2019)GOSEPA) in Gombe metropolis under Study (2019)GOSEPA) in Gombe metropolis under Study (2019) 

S/NS/NS/NS/N    Dumpsite    DensityDumpsite    DensityDumpsite    DensityDumpsite    Density    
                                                                                (Kg/M(Kg/M(Kg/M(Kg/M3333))))    

Average depth Average depth Average depth Average depth     
(M)(M)(M)(M)    

Area(MArea(MArea(MArea(M2222))))    Calculated      CalculateCalculated      CalculateCalculated      CalculateCalculated      Calculate    
Capacity(MCapacity(MCapacity(MCapacity(M3333)Capacity()Capacity()Capacity()Capacity(TonsTonsTonsTons))))    

                    
1 INEX            300 10  89,177.16 891,771.6        267,531.48 
2 GOSEPA       285 8   28,832.19  230,657.52       65,737.39 

         

Source: Source: Source: Source: Laboratory Analysis Adamu, 2019. 
    
Table 9Table 9Table 9Table 9: Average Annual Waste Disposal at the Two Dumpsites (INEX : Average Annual Waste Disposal at the Two Dumpsites (INEX : Average Annual Waste Disposal at the Two Dumpsites (INEX : Average Annual Waste Disposal at the Two Dumpsites (INEX 
& GOSEPA) in Gombe metropolis under Study (2019) & GOSEPA) in Gombe metropolis under Study (2019) & GOSEPA) in Gombe metropolis under Study (2019) & GOSEPA) in Gombe metropolis under Study (2019)     
Table 9: shows that the initial year when dumping of waste commences 
at INEX dumpsite was 2009 and as at 2018, 584,978 tons of waste have 
been deposited there with an average annual disposal of 64,997.56 tons 
per year, and the calculated year of the dumpsite closure is year 2034. 
While GOSEPA dumpsite has 2005 as its year of initial dumping of 
waste and 225,259 tons of waste have been deposited there as at 2018 with 
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 an average annual disposal rate of 17,327.62 tons per year, and the 
calculated year of the dumpsite closure is year 2051. 
    
Table 9Table 9Table 9Table 9: Average Annual Waste Disposal at the Two Dumpsites (INEX : Average Annual Waste Disposal at the Two Dumpsites (INEX : Average Annual Waste Disposal at the Two Dumpsites (INEX : Average Annual Waste Disposal at the Two Dumpsites (INEX 
& GOSEPA) in Gombe metropolis under Study (2019)& GOSEPA) in Gombe metropolis under Study (2019)& GOSEPA) in Gombe metropolis under Study (2019)& GOSEPA) in Gombe metropolis under Study (2019)    

S/NS/NS/NS/N    Dumpsites   Dumpsites   Dumpsites   Dumpsites   
IYWDIYWDIYWDIYWD    

Waste at Waste at Waste at Waste at 
2018(t)2018(t)2018(t)2018(t)    

Average AWDAverage AWDAverage AWDAverage AWD    
TonsTonsTonsTons/year/year/year/year    

Calculated Year of Calculated Year of Calculated Year of Calculated Year of 
Dumpsite Closure      Dumpsite Closure      Dumpsite Closure      Dumpsite Closure      
    

                    
1 INEX            2009 584,978 64,997.56 2034 
2 GOSEPA       2005 225,259   17,327.62  2051        

         

Source: Source: Source: Source: Laboratory Analysis Adamu, 2019. 
    
DISCUSSION OF RESULT DISCUSSION OF RESULT DISCUSSION OF RESULT DISCUSSION OF RESULT     
The result in Table 8 shows that the waste at INEX dumpsite has a 
density of 300Kg/M3, the site has the calculated capacity of 891,771.6M3 
and current capacity of 267,531.48 in tons, while waste at GOSEPA 
dumpsite has a density of 285Kg/M3, the site also has the calculated 
capacity of 230,657.52M3 and current capacity 65,737.39 of the waste at the 
dumpsite in tons. While the result in Table 9 shows that the initial year 
when dumping of waste commenced at INEX dumpsite was 2009 and as 
at 2018, 584,978 tons of waste have been deposited there with an average 
annual disposal of 64,997.56 tons per year, and the calculated year of the 
dumpsite closure of 2034. While GOSEPA dumpsite has 2005 as its year 
of initial dumping of waste and 225,259 tons of waste have been deposited 
there as at 2018 with an average annual disposal rate of 17,327.62 tons per 
year, and the calculated year of the dumpsite closure of 2051. In view of 
the foregoing and with the result in the two tables (8 & 7) mentioned 
above, suggest that with the density and the large volume of waste at the 
two dumpsites whose expected date of closure are 2034 (INEX) and (2051) 
GOSEPA, and with high rate of urbanization (3.5%) and population 
growth rate of 3.2% per annum, Gombe metropolis stands the potential 
of generating more municipal solid waste that can be converted to energy 
(NPoP’C, 2009). Therefore, the    result in    Table 7 shows that the energy 
recovery potentials of the two dumpsites under study was found to have 
a total potential electricity generation of 439,577 kWh/day from both 
INEX (361,963.2kWh/day) and GOSEPA (77,613.8kWh/day) by burning 
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 909.13kWh/tons of solid waste with INEX having (509.88kWh/tons) and 
GOSEPA (399.25kWh/tons), which translate into generating 18,315.7kW 
with INEX  producing (15,081.8kW), and GOSEPA (3,233.9kW), based 
on the average household electricity consumption of 1,095kWh/year for 
Gombe metropolis (JEDCO, 2019), and assuming no energy lost, the 
total electricity generated could supply about 33,045.28 households with 
electricity daily, this corroborated a study by (Tester, 2015) which shows 
that the average energy generation per ton of municipal solid waste 
combusted in United States is about 563kWh/ton. Consequently, this 
indicates the feasibility of waste to energy plant in Gombe metropolis, 
and through the incineration of municipal solid waste generated there, 
substantial quantity of electricity can be produced.  
    
CONCLUSION AND RECOMMENDATIONSCONCLUSION AND RECOMMENDATIONSCONCLUSION AND RECOMMENDATIONSCONCLUSION AND RECOMMENDATIONS 
The    analysis for the    sustainability of renewable energy production from 
municipal solid waste generated in Gombe metropolis was carried around 
the two officially designated waste dumpsites (INEX and GOSEPA),    
and the following recommendations were drawn: The research therefore, 
recommend that government of Gombe State through the State ministry 
of Environment and Forest Resources should incorporate scavengers into 
the waste management stream, and also improve their surveillance 
mechanism to effectively  regulate the activities of private waste 
management companies in order to harmonize the waste collection 
processes, transportation, treatment and disposal for the sustainability 
of the energy generation potentials from the incineration of the solid 
waste in Gombe metropolis, and the research further recommend another 
investigation to assess the economic sustainability of utilizing the solid 
waste generated in Gombe metropolis for energy generation. 
    
REFERENCESREFERENCESREFERENCESREFERENCES    
Adamu, S. J., Danladi, M., and Mahmoud,A.B (2017) Assessing the 

Prevalence Rate of HIV among Juvenile Female Food Vendors in 
Gombe State: A Case study of Grains Merchants Market 
Gombe-Metropolis. Direct Research Journal of Public Health & 
Environmental Technology, Volume 2(4) Pp 36-43, November, 2017. 
ISSN 4372-2603. 



    

 

54545454    ||||    I J E E S DI J E E S DI J E E S DI J E E S D  

 

Sustainability of Renewable Energy Production from the Solid Waste of Sustainability of Renewable Energy Production from the Solid Waste of Sustainability of Renewable Energy Production from the Solid Waste of Sustainability of Renewable Energy Production from the Solid Waste of 
Gombe MetropolisGombe MetropolisGombe MetropolisGombe Metropolis    

 Ahmed, R.I., Muhammad, A.A., Nasir, A., and Hussain, A (2012) 
Energy from Municipal Solid Waste in the form of Solid Waste 
Briquettes, World Environment Day June-2012 

Amoo O, L and Fagbenle, R. L (2013) Renewable municipal solid waste 
pathways for energy generation and sustainable development in 
the Nigerian context, International Journal of Energy and 
Environmental Engineering 2013, 4:42 http://www.journal-
ijeee.com/content/4/1/42. 

Arugula, S., Singha, C. A., Balasubramaniana, P and Rajkumar, M. A 
(2015) Combined Mechanical-Biological Treatment as a Green 
Technology for Energy Recovery from Municipal Solid Waste, 31st 
National Convention of Electrical Engineers,The Institute of 
Engineers (India), Madhya Pradesh State Centre & MANIT, 
Bhopal International Conference on Solid Waste Management. 

Ayuba K. A., Abd Manaf L., Sabrina A. H and Azmin S. W. N (2013) 
Current Status of Municipal Solid Waste Management Practice 
in FCT Abuja Research Journal of Environmental and Earth 
Sciences 5(6): 295-304, 2013 ISSN: 2041-0484; e-ISSN: 2041-0492. 

Bajracharya, N., Bahadur, B., Bajracharya, T. R., Singh R. M. (2016) 
Energy from Waste: Production of selective fuel using ‘A’ grade 
coal and municipal solid waste to assess its potential for industrial 
applications (2016). 

EU (2010) Being wise with waste: the EU’s approach to waste 
management, Luxembourg: Publications Office of the European 
Union ISBN 978-92-79-14297-0 doi 10.2779/93543. 

IEA (International Energy Agency).  Renewables for power generation, 
status and prospects < 
http://www.iea.org/textbase/nppdf/free/2000/renewpower_2003.pd
f > [accessed April, 2017]. 

IRENA-DBFZ: (2013) Biomass Potentials in Africa. 
IRENA (2015), ‘REthinking Energy: Renewable Energy and Climate 

Change’., IRENA Headquarters C67 Office Building, 
Khalidiyah (32nd) Street P.O. Box 236, Abu Dhabi United Arab 
Emirates. 

Ngo, C., & Natowitz, J. (2009): Our energy future: resources, 
alternatives and the environment (Vol. 11): Wiley. 

 



 

55555555    |||| I J E E S DI J E E S DI J E E S DI J E E S D  

 

 

International Journal of Engineering and Emerging Scientific DiscoveryInternational Journal of Engineering and Emerging Scientific DiscoveryInternational Journal of Engineering and Emerging Scientific DiscoveryInternational Journal of Engineering and Emerging Scientific Discovery    

ISSN:  2536ISSN:  2536ISSN:  2536ISSN:  2536----7250 (Print): 25367250 (Print): 25367250 (Print): 25367250 (Print): 2536----7269 (Online)7269 (Online)7269 (Online)7269 (Online) 

Volume Volume Volume Volume 6666, Number , Number , Number , Number 2, June 20212, June 20212, June 20212, June 2021    

http://www.casirmediapublishing.comhttp://www.casirmediapublishing.comhttp://www.casirmediapublishing.comhttp://www.casirmediapublishing.com    

 Malumfashi, S. L., (2011) Constrains to Waste Management in Kano 
metropolis, Northern Nigeria, Bayero University, Kano. 

National Population Commission (NPoP’C) (2009) “Legal Notice on 
Publication of 2006 Census Final Results Federal Republic of 
Nigeria Official Gazette”No. 2 Vol. 96. 

OECD/IEA (2010) World Energy Outlook 2010, IEA 
PUBLICATIONS, 9, rue de la Fédération, 75739 PARIS 
CEDEX 15, Printed in France by Soregraph, November 2010. 

Personal Discussion on the quantity of Municipal Solid Waste that are 
been dumped at INEX cleaners and GOSEPA dumpsites monthly 
in Gombe metropolis, with the INEX cleaners Head of 
Operations, and the Head of Department Sanitation of Gombe 
State Environmental Sanitation and Protection Agency 
(GOSEPA), Gombe State Nigeria on the 07/02/2019, at 10:45am 
and 03:15pm respectively. 

Personal Discussion on the Average Households Electricity 
Consumption in Gombe metropolis with the Head of Gombe 
Transmission station of Jos Electricity Distribution Company 
(JEDCO), Gombe State Nigeria on 23/05/2019, 09:23am. 

Tester, J. W (2015) Sustainable energy: Choosing among options. 
London: MIT Press.  

UNEP (2009) Developing Integrated Solid Waste Management Plan 
Training Manual Volume 4 ISWM Plan, United Nations 
Environmental Programme Division of Technology, Industry and 
Economics International Environmental Technology Centre 
Osaka/Shiga, Japan. 

 


