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ABSTRACT 

Climate change is an existential threat to the biodiversity of the earth. The increase in average global 

temperature occasioned by increase in anthropogenic greenhouse gas (GHG) emissions into the atmosphere 

is causing droughts, floods, melting of glaciers which leads to rise in sea levels, submerging of coastal areas 

and islands. The need for the mitigation of the impacts of climate change to prevent further devastation of 

the earth and its biodiversity has become imperative. The solid waste sector and electricity sector being 

responsible for about half of the total anthropogenic GHG emissions of the earth serve as a good starting 

point for curbing of GHG emissions. This research studied the potential for the mitigation of climate change 

through the conversion of municipal solid waste (MSW) to electricity in Gombe, the capital of Gombe state 

in the North east of Nigeria. The study found that currently in Gombe 383.22 tonnes of MSW is disposed 

openly at the city’s dumpsite on a daily basis and that the waste whose moisture content was determined to 

be 14.02% composes of: papers 8.2%; plastics 11.4%; yard wastes 13.9%; wood 8.3%; metals 8.3%; glass 

8.9%; textiles 9.8%; inert materials 22.2%. Given the quantity and composition of MSW in the city and the 

city’s solid waste management (SWM) technique, it was estimated 82.195tCO2eq/yr into the atmosphere. It 

was also found that if the SWM technique of open dumping is replaced by incineration with electricity 

recovery, approximately 285,320.4kWh/day of electricity can be generated, and that will be able to satisfy 

the electricity needs of 2,717 houses. In the same vein, it was found that the emission of 33,405.85tCO2eq/yr 

can be avoided by adopting incineration as a preferred SWM technique in Gombe instead of open dumping. 

In a relatable term, that is equivalent to the amount of GHG emissions that can be sequestered from the 

atmosphere by 1,336,200 trees. The study suggests that Gombe adopts incineration with energy recovery as 

its preferred SWM technique. 

Keywords:  Greenhouse Gases; Carbon footprint; Municipal Solid Waste; Waste to energy; Solid waste 

management.

1 INTRODUCTION 

Protection of the environment is key to the 

existence of humans, every growth in the life of a 

nation, community or a people that does not put 

into consideration its impact on the environment 

is not a sustainable growth. The average general 

growth in the global economy since the end of the 

second world war occasioned by industrialisation 

has not been without its adverse effect on the 

environment (Cherniwchan, 2012; D’Souza & 

Peretiatko, 2002). Chief among the toll 

industrialisation has had on the environment is the 

rise in average global temperature and general 

change in the earth’s climate (Mgbemene, 2011; 

Raheem & Ogebe, 2017).  

Industrialisation has brought about general 

increase in the living standards of people across 

the world and consequently an increase in energy 

demands which has caused an increase in the 

quantity of fossil fuels utilised for the generation 

of electricity (Sadorsky, 2013, 2014). The 

increase in the quantity of fossil fuels burnt for the 

energy needs of a more financial buoyant world 

populace has led to an increase in the emission of 

anthropogenic GHGs which have been identified 
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as the main drivers of the increase in average 

global temperature and change in the world’s 

climate (Hiller, 2011; Miah et al., 2010). 

Another impact industrialisation has had on our 

ways of living due to the general increase in 

standard of living is the increase in consumption, 

this has had a ripple effect on the environment as 

the quantity of MSW generation has increased 

(Liu et al., 2019; Mazzanti & Zoboli, 2008).  

The management of the large quantities of MSW 

generated particularly in urban areas have become 

a problem for city planners and municipal 

authorities. Lohri et al (2014) reported that in 

developing countries, it is common for 

municipalities to spend 20–50% of their available 

budget on solid waste management. Meanwhile, 

improper SWM also contributes to the emission 

of GHGs into the atmosphere thus contributing to 

the average rise in global temperature and the 

general change in the world’s climate (Ekeuwei et 

al.,  2018; Jia et al., 2018; Liu et al., 2019; Singh 

& Leena, 2019). IPCC (2007) reported that the 

uncontrolled methane (CH4) emission from 

landfilling of MSW is the third largest 

anthropogenic CH4 emission source. 

Generation of large quantities of MSW is not 

necessarily a nuisance, this is because energy can 

be recovered from MSW in the form of electricity 

and/or heat, the recovered energy can then replace 

or supplement the conventional fossil fuel sources 

of energy thus solving waste management 

problem, reducing GHGs from energy usage and 

anaerobic decomposition of the wet organic 

component of MSW in sanitary landfills 

(Olukanni & Aremu, 2017).  

Gombe, the capital of Gombe State in north 

eastern Nigeria is located on Latitude 9°30’ and 

12°30’N, Longitude 8°5’ and 11°45’E with an 

approximate population of 367,500 and a land 

area of 52km2 (Onuigbo, 2018). Gombe is 

plagued with the problem of SWM and 

accumulated solid wastes are sighted at 

undesignated waste collection points, 

uncompleted buildings and on the streets causing 

an eye sore and constituting a health risk for the 

city’s dwellers. Meanwhile, the state capital 

experiences constant load shedding due to 

insufficient electricity supply to the state from the 

national grid.  

Recovery of energy from MSW has been studied 

and found to be a method for mitigation of climate 

change (Eneh & Oluigbo, 2012; Lausselet et al., 
2017; Mittal et al., 2017). 

In Gombe, a limited number of studies have been 

done on the City’s MSW, for example, Buba 

(2016) made an assessment of the household 

MSW generated in the city, while Sulaiman et al. 

(2019) studied the trace meta content of the soil 

around MSW dumpsites in the city. None of the 

researches undertaken in the city had considered 

the emission of GHGs from the city’s MSW 

and/or its SWM technique. 

This therefore, means there is no record of the 

amount of GHGs emitted into the atmosphere as 

a result of the current SWM process being 

practiced in the city, likewise, the impact the 

recovery of energy from MSW in Gombe will 

have in mitigating climate change is unknown. 

The novelty of this research will be: to estimate 

the quantity of GHGs being emitted into the 

atmosphere as a result of the current SWM 

technique being practiced in the city; to ascertain 

the impact that will be made in mitigation of 

climate change when energy is recovered from 

Gombe’s MSW. This will be done by estimating 

the GHGs emission that can be curbed if the 

MSW generated in Gombe is incinerated and 

electricity is generated from the energy recovered 

in it. 

It is expected that findings from this study can be 

used in making informed policy choices in 

Gombe, and Nigeria as a whole. 

 

2 MATERIAL AND METHODS

2.1 Data Collection 
Data regarding SWM in Gombe was obtained 

from Gombe State Environmental Protection 

Agency (GOSEPA) which is the agency saddled 

with the responsibility of SWM in Gombe. It was 

gathered from GOSEPA that there are forty-nine 

(49) identical open waste collection points spread 

around the metropolis while there are eleven 

vehicles for transporting waste from the various 

collection points to the city’s 40,000m2sanitary 

landfill which is located along Bajoga road, the 

sanitary landfill happens to be the only one in the 

city. It was also, gathered from GOSEPA that on 

an annual basis, approximately 139,875.3 tonnes 

of MSW is disposed of openly at the dumpsite. 

Samples of MSW were collected at the landfill 

site from random vehicles after it had been 

offloaded for six consecutive days. Each day, 

20kg of sample was collected using rake and 

shovel, the collected sample was then packaged in 

large polythene bags and labelled with the date of 

collection. The samples collected over the 6 days 

were mixed on a tarpaulin and hand sorting was 

employed, the samples were sorted into the 

following nine categories: papers; plastics; 
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yard/garden waste; food waste; woods; metals; 

glasses; textiles; Inert materials (stones, ground, 

construction and demolition wastes). After the 

sorting, each category was weighed. The 

determination of percentage of moisture content, 

ash content, volatile matter content and the 

calculation of percentage of fixed carbon were 

conducted according to ASTM standards D7582-

12 (ASTM, 2004).   

2.2 Data Analysis 

The ‘tailpipe’ carbon footprint analysis for SWM 

was adopted, this means only GHG emissions 

emanating from the anaerobic decomposition and 

or incineration of MSW was considered, other 

emissions related to the life of the MSW such as 

transportation related emissions were not 

considered. 

Research has shown that thermochemical 

conversion of MSW to energy is the eco-

friendliest WTE technique – it has the less least 

carbon footprint because the energy recovered in 

the form of heat and electricity offsets GHG 

emissions from fossil fuel sources that would 

have been used to generate that heat and/or 

electricity (Ho et al., 2017; Mihajlović et al., 
2019; Singh et al., 2016).  Therefore, in this 

research incineration was used as the preferred 

WTE technique. 

2.2.1 Emission from MSW Decomposition 

The anaerobic decomposition of MSW in open 

dumps and sanitary landfills eventually generates 

landfill gas (LFG) which contains approximately 

60% methane (CH4) and 40% carbon dioxide 

(CO2), the CH4 component of LFG contributes to 

global warming whereas the CO2 component is 

generally regarded as being biogenic in origin and 

is thus not considered as GHG (Ascui & Lovell, 

2012). 

LFG emission from anaerobic decomposition of 

MSW in open dump sites is calculated thus 

(IPCC, 2006): 

𝐸𝐶𝐻4  = 𝑀𝑆𝑊𝑋 × 𝐿𝑜 × (1 − 𝑓𝑟𝑒𝑐) × (1 − 𝑂𝑋)
 … (1) 

Where: 

ECH4 = Total CH4 emission (tonnes of methane) 

MSWX = Mass of solid waste sent to landfill in 

inventory year (tonnes) 

Lo = Methane generation potential (m3/tonne) 

frec = Fraction of methane recovered at the landfill 

(0 since there is LFG is not recovered from the 

site) 

OX = Oxidation factor (0.1 for managed sites, 0 

for unmanaged sites) 

𝐿𝑜 = 𝑀𝐶𝐹 × 𝐷𝑂𝐶 × 𝐷𝑂𝐶𝐹 × 𝐹 ×
16

12
 … (2) 

Where, 

MCF = Methane correction factor which is based 

on type of landfill (0.4) 

DOC = Degradable organic carbon, fraction 

(tonnes C/tonnes waste) 

DOCF = Fraction of DOC that ultimately degrades 

(0.6).  

F = Fraction of methane in landfill gas (0.5) 

6

12
 = Stoichiometric ratio between methane and 

carbon 

𝐷𝑂𝐶 = (0.15 × 𝐴) + (0.2 × 𝐵) + (0.4 × 𝐶) +
(0.43 × 𝐷) + (0.24 × 𝐸) + (0.15 × 𝐹) …

 (3) 

A = % of solid waste that is food 

B = % that is garden waste and other plant debris 

C = % of solid waste that is paper 

D = % of solid waste that is wood 

E = % of solid waste that is textiles 

F = % of solid waste that is industrial waste 

Using the values from Table 1 in Equation 3 

𝐷𝑂𝐶 = 0.1333 Tonne of carbon/tonne of waste 

Using Equation 2 

𝐿𝑜 = 0.031992𝑚3/𝑡𝑜𝑛𝑛𝑒 

Given that the annual generation of MSW as 

obtained from GOSEPA’s records is 139,875.3 

tonnes. 

Using equation 1, the annual methane generation 

potential was estimated thus: 

𝐸𝐶𝐻4 = 139,875.3 × 0.031992 × (1 − 0) × (1
− 0) 

 = 4,474.89m3 

Density of CH4= 0.656kg/m3 (Abushammala & 

Younes, 2018) 

The mass of CH4 was obtained as 2,935.53kg by 
multiplying its density by generation potential 

(volume). 
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The carbon footprint of MSW openly dumped in 

Gombe  was  determined   using the following 

standard equation  (IPCC, 2014) 

𝑆𝑊𝐸 = 𝐶𝐻4 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 × 𝐺𝑊𝑃 𝑜𝑓 𝐶𝐻4 …

 (4) 

Where SWE = Solid waste emission in tonnes of 

carbon dioxide equivalent (tCO2eq) 

Global Warming Potential (GWP) of CH4 = 28 

(IPPC, 2014) 

SWE = 82.195tCO2eq annually 

2.2.2 Direct Emission from MSW Incineration 

When MSW is burnt in an incinerator, GHGs are 

emitted into the atmosphere, the major gases 

emitted from the combustion of MSW are CO2, 

N2O and CH4 (Chen & Lin, 2010). The direct 

GHGs emission from the incineration of Gombe’s 

MSW was estimated using IPCC (2006) 

guidelines which gives the formula for the 

estimation and the values  thus:  

CE = ∑ (SWii × dmi × CFi × FCFi × OFi) ×
44

12
 

… (5) 

Where 

CE = Combustion Emissions (kgCO2/tonne of 

waste) 

SWi = Amount of solid waste non-biogenic 

Carbon waste component in kg/tonne of waste 

(210.5) 

dmi = Dry matter content in the solid waste (0.8) 

CFi= Fraction of carbon in the dry matter (0.375) 

FCFi = Fraction of fossil carbon in the total carbon 

(0.307) 

OFi = Oxidation factor (1) 
44

12
 = Conversion factor from C to CO2 

CE = 71.29kgCO2eq/t 

The emission from incineration of Gombe’s 

MSW was estimated by multiplying CE with the 

annual MSW generation rate: 

Annual emission = 71.29 × 139,875.3 

  = 9971710.137kgCO2eq/yr 

=  9,971.71tCO2eq/yr 

2.2.3 Emission Offset from WTE 

The amount of electrical energy that could be 
generated from Gombe’s MSW was determined 

using equation 6. Nigeria’s grid electricity 

emission factor is used to determine the GHGs 

emission that can be offset by utilising electricity 

generated from MSW instead of the grid. 

The formula for determining the electricity that 

can be generated from MSW according to 

Kathiravale et al. (2003) is: 

EG = LHV × W ×
1000

859.84
× η … (6) 

Where:  

EG = Electrical Energy Generated 

LHV =  Lower heating Value 

W      = Amount of waste generated (tonnes/day) 

η        = Efficiency of conversion (usually 22%) 

(Daura, 2016) 

LHV = [88.2Ppl + 40.5(Pga + Ppa)] − 6Mc

 …  (7) 

Where 

LHV = Lower Heating Value (kcal/kg) 

Ppl   =  % weight of Plastics 

Ppa   = % Weight of Papers 

Pga   = % Weight of Garbage (textiles, woods, 

food waste, yard waste) 

MC = %moisture content. 

Using equation 7 with data obtained for daily 

MSW generation, moisture content which was 

determined to be 14.02% and %weight 

composition as presented in Table 1, the 

recoverable energy on a monthly basis is 

determined. 

LHV = 2,909.91kcal/kg 

Substituting the value estimated for the LHV into 

equation 6, EG is determined thus: 

EG = 2909.91 × 383.22 ×
1000

859.84
×

22

100
 

= 285,320.4 kWh/day 

Using Nigeria’s grid electricity emission factor of 

0.4157342 kgCO2eq/kWh (Brander et al., 2011) 

The emission being offset = 43,295.37tCO2eq/yr 

2.2.4 Total Avoided Emission 

When MSW is used to generate electricity, GHG 

emissions are avoided in two instances: emission 

is avoided from the anaerobic decomposition of 

MSW; emission is avoided from use of electricity 

generated from conventional fossil fuel sources. 

The total avoided GHGs emission in Gombe by 

utilising WTE as a preferred SWM technique 

instead of the current open dumping  was  

estimated using the following formula adopted by 

IGES (2016). 
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𝐴𝑣𝑜𝑖𝑑𝑒𝑑 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 = 𝐸𝐿𝐹𝐺 + 𝐸𝑂 − 𝐸𝐼𝐶 … (8) 

Where  

𝐸𝐿𝐹𝐺 = Landfill Gas Emission 

EO = Emission offset from electricity generation 

EIC = Direct Emission from incineration of MSW  

 

Using values for: 

 𝐸𝐿𝐹𝐺 = 82.195tCO2eq, EO = 43,295.37tCO2eq 

and EIC = 9,971.71tCO2eq obtained in session 

2.21, 2.2.2 and 2.2.3 respectively. The avoided 

was estimated to be 33,405.85tCO2eq/yr using 

equation 8. 

3 RESULTS AND DISCUSSIONS

GOSEPA’s record of the quantity of MSW in 

Gombe shows that on a daily basis, 383.22 tonnes 

of MSW is hauled to the city’s only dumpsite, that 

is approximately 11,496.6 tonnes/month and 

139,875.3 tonnes annually. Averagely, this is 

higher than what is obtainable in other state 

capitals in the region. According to Abba (2019), 

the volume of waste reaching dumpsites in Yola 

is about a third of Gombe’s despite Yola being a 

larger city. Likewise, Jones & Alkali (2019) 

reported that Maiduguri which is also larger than 

Gombe has just about  61,317 tonnes of MSW 

reaching its dumpsites annually, that is less than 

half of Gombe’s. It can be assumed that the higher 

quantity of MSW reaching dumpsites in Gombe 

as compared to other state capitals in the region is 

because Gombe has a higher MSW collection 

efficiency and not because the state capital 

generates more MSW. This assertion can be 

backed by the fact that all indices that determine 

MSW generation rates such as population, 

economic activities and per capita income shows 

that state capitals in the region like Bauchi, 

Maiduguri and Yola should have higher MSW 

generation rates than Gombe. Figure 1 shows the 

annual quantity of MSW reaching dumpsites in 

Gombe as compared to the MSW reaching 

dumpsites in other state capitals in the same 

region of North-eastern Nigeria obtained from 

literature (Abba, 2019; Harir et. al., 2017; Jones 

& Alkali, 2019; Ogunjuyigbe, Ayodele, & Alao, 

2017; Oumarou et al., 2017). 

After sorting and weighing MSW samples 

collected, it was found that the MSW in Gombe 

has a higher amount of inert materials (22.2%) 

and yard waste 13.9%. While the least type of 

material in the composition was found to be 

papers, 8.2% by weight. It was noted that the 

percentage of organic waste in the composition 

was considerably high (39.4%), this means the 

current SWM technique of open dumping yields a 

considerable amount of GHGs into the 
atmosphere (82.195tCO2eq annually). When the 

MSW composition is compared to that of 

Damaturu which is the capital of the neighbouring 

Yobe State, the organic component of the MSW 

in both cities can be seen to be approximately the 

same – 40% (Oumarou et. al., 2016).This is 

because both cities have a similar climate. Table 

1 below shows the composition by %weight of the 

MSW in Gombe. 

 

Figure 1: Comparison of MSW Quantities in North 

Eastern Nigeria 

Table 1: Composition MSW in Gombe 

Material Category % Weight 

Paper 8.2 

Plastic 11.4 

Yard waste 13.9 

Food Waste 9.0 

Wood 8.3 

Metals 8.3 

Glass 8.9 

Textiles 9.8 

Inert Materials 22.2 

Given the current SWM technique of open 

dumping being practiced in Gombe and the city’s 

annually MSW generation rate of 139,875.3t/yr, 

it was estimated that 82.195tCO2eq is emitted into 

the atmosphere on a yearly basis due to the 

anaerobic decomposition of the wet component of 
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organic waste at the city’s dumpsite. However, if 

instead of open dumping, the MSW is incinerated, 

it was estimated that 9,971.71tCO2eq/yr would be 

directly emitted into the atmosphere in the 

process. It can be seen that with incineration, there 

is a significant increase in the quantity of GHGs 

being emitted into the atmosphere. Superficially, 

it will seem incineration is not a better option 

since it has a higher carbon footprint, however, 

when the amount of grid electricity emission that 

the electricity generated from the MSW will 

offset, is taken into consideration, the whole 

picture changes. It was estimated that when 

Gombe`s MSW is incinerated, there is a potential 

for the generation of approximately 

285,320.4kWh/day of electricity. Given that the 

North-east region of Nigeria has an average 

household electricity consumption rate of 

105kWh/day (Olaniyan et al., 2018), 2,717 

houses can be supplied with the electricity 

generated from the city’s MSW. 

With Nigeria’s grid electricity emission factor of 

0.4157kgCO2eq/kWh, an electricity generation 

potential of 285,320.4kWh/day from the 

incineration of Gombe’s MSW has the potential 

of offsetting 43,295.37tCO2eq/yr from the city’s 

grid electricity carbon footprint. When the GHG 

emission from the grid that will be offset by 

incineration is considered, it can then be seen that 

the waste incineration is eco-friendlier than the 

current open dumping.  

It was found that the emission of 

33,405.85tCO2eq/yr can be avoided by adopting 

incineration as a preferred SWM technique in 

Gombe instead of open dumping. In a relatable 

term, given that an average sized tree sequesters 

25kgCO2eq/yr (Köhl et al., 2017), the 

33,405.85tCO2eq/yr avoided by this process is 

equivalent to the amount of GHG emissions that 

can be sequestered by 1,336,200  average sized 

trees. This clearly shows that having WTE 

scheme in Gombe plays a mini role in the 

mitigation of climate change by the reduction of 

the emission of anthropogenic GHGs into the 

atmosphere.

4 CONCLUSION 

An evaluation of the mitigation impact of climate 

change through the conversion of MSW to energy 

using Gombe, the capital of Gombe state in 

Nigeria as a case study was done. It was found 

that 139,875.3 tonnes of MSW was disposed of at 

the city’s dumpsite in a year and that open 

dumping is the SWM technique being practiced in 

the state capital. It was found that the current 

SWM technique yields approximately 

82.195tCO2eq in a year.  Incineration of MSW 

generated in the city is a better alternative because 

it has a double effect of supplementing the 

electricity shortage in the city and a net reduction 

in the SWM carbon footprint of the city.  
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