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INTRODUCTION  

According to the United Nations, the world population is expected to rise from the current 7.3 to 8.5 

billion by 2030, and increasing to 9.7 billion by 2050 if no specific control measures are properly adopted 

(Mavropoulos, 2010) with developing countries, the most unprepared, having the highest share. About 

97% of this growth is expected to take place in Asia and Africa due to their increase in population and 

industrialization (UNEP, 2009). According to the United Nations habitat watch, African city 

populations will triple over the next 40 years (UNEP, 2009). African cities are already inundated with 

slums; a phenomenon that could triple urban populations and spell disaster, unless urgent actions are 

initiated. Unfortunately, Africa and Asia countries have the least capability to absorb the associated 

waste increase. Nigeria ‘s population is already in excess of 190million (Worldometer, 2017) and is not 

reducing with its attendant soaring energy needs while the consequent huge wastes generated 

constitute health and environmental hazards due to improper management. Nigeria accounts for nearly 

half the total population of West Africa, and more than 15% of the total population of African.  
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Abstract:  In this study, Kitchen waste (KW) was obtained from household in Oghara, Delta 

State, Nigeria. The collected KW was sorted and impurities such broken bottles, plastics, metals, 

ashes, textiles, etc., were removed. Thereafter, KW was grinded with a grinding machine to 

achieve a homogeneous composition and also to improved microbial hydrolysis when fed into 

the anaerobic digester. The anaerobic digester was seeded with 100 liters of anaerobic sludge 

obtained from three (3) stage continuous anaerobic digester plant installed at the University of 

Benin.  The results of physiochemical properties of the KW that the pH value in this study 

ranges from 4.95-7.08 m within the retention time of 45 days. Also, the moisture content was 

as a function of total solid (TS), therefore, the effect of moisture content on biogas generation is 

uniform. The value of the volatile solid obtained was 88.87% and an average per day biogas 

yield of 0.0065 m3 was obtained. More so, an increased cumulative biogas yield was obtained 

throughout the retention time of 45 days. 
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She is ranks number seven in the list of countries after China, India, US, Indonesia, Brazil, Pakistan. The 

population density in Nigeria is 205 per Km2, and the total land area is 910,802 Km2. Estimated 48.1 % of the 

population live in urban (91,668,667) while the rest based in the rural area with farming as their major occupation 

(Wordometer, 2016). 

Nigeria increasing population generated municipal solid waste (MSW) daily and generated MSW is 

dump indiscriminately (Orhorhoro and Oghoghorie, 2019). Solid wastes are generated and dump 

indiscriminately in Nigeria due to poor implementation of standards, thus causing environmental and 

public health hazards (Igbinomwanhia et al., 2012; Orhorhoro et al., 2017b; Orhorhoro et al., 2019). 

Nigeria generates more than 32 million tons of solid waste annually, out of which only 20-30% is 

collected and disposed in an open dump site (Owamah et al., 2015). Different researchers have reported 

that organic waste fraction of solid waste generated in Nigeria has the highest percentage which is over 

fifty percent (Igbinomwanhia et al., 2017; Owamah, et al., 2015; Orhorhoro et al., 2017). Unfortunately, 

this portion of generated solid waste has not been properly enhanced for biogas production (Ebunilo et 

al., 2015a; Orhorhoro et al., 2022). Besides, reckless disposal of solid waste has led to blockage of sewers 

and drainage networks, and choking of water bodies. Most of the wastes are generated by households 

and in some cases, by local industries, artisans and traders which litter the immediate surroundings. 

Improper collection and disposal of solid wastes is leading to an environmental catastrophe as the 

country currently lack adequate budgetary provisions for the implementation of integrated waste 

management programs across the states (Owamah et al., 2015). Kitchen waste (KW) represents 

nowadays a major contributor to environmental pollution, which causes also severe economic and 

ethical reputation losses in sub-Sahara Africa countries. The Food and Agriculture Organization 

estimated that one third of the food produced annually in the World is lost or wasted. In this context, 

KW valorization into bioenergy and biofertilizers represents a promising strategy to mitigate both the 

environmental and economic issues caused by uncontrolled KW disposal.  

The anaerobic digestion (AD) process is a green technology involving the generation of methane rich 

biogas via the biological degradation of available biomass from organic waste such as cow dung, water 

hyacinth, and food waste. It is an efficient process for treatment and utilization of organic waste because 

it has proven to be a promising method for waste reduction and energy recycling (Adeoti, 1998; 

Adekunle et al., 2011; Park and Ahn, 2011; Zhang et al., 2013; Orhorhoro, et al., 2017a). It is extensively 

acceptable as an efficient process for treatment and utilization of KW because it has proven to be 

promising method for waste reduction and energy recycling (Zhou et al., 2014). According to other 

researchers, AD system can be used in treatment of agricultural waste, sanitize sewage sludge waste 

from aerobic wastewater by reducing its odour and volume (Mihelcic et al., 2009; WHO, 2011). 

Generally, biogas is produced from biodegradable organic waste and sewage sludge. However, the 

quantity and production rate of biogas depends on the sources of feedstock used. One of the major 

sources of feedstock for an AD process is food waste (FW) which is gotten from household solid wastes 

generation (HSWG) (Orhorhoro et al., 2017b). The anaerobic digestion process is a technology that 

recovers energy and nutrients from organic waste streams in useable forms in the absence of oxygen 

(Ge et al., 2014). It is sustainable, renewable and a zero-carbon form of energy supply. The anaerobic 

digestion process can be used to recover some of these energy in the form of biogas typically as a 

mixture of methane (CH4), carbon (IV) oxide (CO2), hydrogen sulphide (H2S), hydrogen gas (H2), water 

vapour (H2O), nitrogen gas (N2) and siloxane (Ebunilo et al, 2016b). In the absence of the process, there 

is an uncontrolled released of methane to the atmosphere due to biodegradation of organic matter from 

open waste dump sites. Annually, natural biodegradation of organic matters is estimated to release 

Yearly, 590-880 million tons of methane gas into the atmosphere (Reza et al., 2016).  

AD system is widely adopted by Germany, Sweden, China, USA, and Denmark, which have 

implemented rigorous waste disposal legislation (Bhattacharya et al., 2005).  
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Since 2000, annual power generation from digester projects in USA has increased almost 25- fold from 

14 million kilowatt-hours (KWh) to an estimated 331 million kWh per year. The technology is yet to 

achieve reasonable results in Nigeria despite her huge biogas potential that is estimated at 25.53 billion 

m3 per year (Chima et al., 2013; Hamawand et al., 2014; Orhorhoro et al., 2022). Biogas technology is 

still at the elementary stage in Nigeria as major breakthrough has not be achieved in terms of 

production, commercialization and availability in comparison to Germany, USA, Sweden etc. that 

depend on renewable energy from biogas (Eurostat, 2013; IEA, WBA 2015). However, various research 

works on the technology and policy aspects of biogas production has been carried by various 

researchers in Nigeria (Odeyemi, 1981; Omer, and Fadalla,2003;  Itodo et al., 2005; Ojolo et al., 2007; 

Elijah et al., 2009; Ofuefule et al., 2011; Uzodinma et al., 2011; Adeyosoye, 2010; Akinbami, 2011; Chima 

et al., 2013; Ebunilo et al., 2016a; Orhorhoro et al., 2016; Orhorhoro et al., 2019) 

 
MATERIALS AND METHODS  

 
Kitchen waste (KW) was obtained from household in Oghara, Delta State, Nigeria. This was followed 

by sorting of collected kitchen waste. Impurities and non-biodegradable municipal solid wastes (MSW) 

such broken bottles, plastics,  metals, ashes, textiles, etc., were removed, and the KW was grinded with 

a grinding machine to achieve a homogeneous composition and also to improved microbial hydrolysis 

when fed into the anaerobic digester. The digester was made from mild carbon steel and it has a 

capacity of 300 liters. The anaerobic digester was seeded with 100 liters of anaerobic sludge obtained 

from three (3) stage continuous anaerobic digester plant installed at the University of Benin.  The 

grinded KW was diluted by mixing it with water in a ratio of 1: 2. Dilution of KW was carried out prior 

charging to the digester to maintain a constant volatile solid (VS) concentration. The diluted KW was 

charged into the digester and made air tight. The digester content was stirred several times per day 

with the aim of mixing the slurry inside the digester for efficient biogas yield. Stirring prevents 

formation of swimming layers and of sediments; it also brings the micro-organisms (MOs) in contact 

with the feedstock particles, facilitates the up-flow of gas bubbles and homogenizes distribution of heat 

and nutrients through the whole mass of substrates (Orhorhoro et al., 2017c). Furthermore, the moisture 

content of the KW was determined by water to waste ratios used for digester charging. The 

experimental slurry taken with total solid concentration by mixing fermented biodegradable waste to 

initiate anaerobic fermentation process. The cumulative biogas yield was collected in liters. The volume 

of biogas and digestate produced in the anaerobic digester were measured daily. The digester was 

insulated, and the walls heated with an electric resistance to maintain an optimum mesophilic 

temperature range (Ebunilo et al. 2016a). The slurry temperatures were monitored throughout the 

period of gas production using thermometer. It was necessary to keep the digester at the ideal 

temperature, as a result the digesters was properly insulated. 

 

RESULTS AND DISCUSSION 

The results of physiochemical properties of the KW is shown in Table-1. The results revealed that the  

pH value in this study ranges from 4.95-7.08 m within the retention time of 45 days. The pH values 

obtained was in the same range with the values obtained for the research work of (Ofuefule et al., 2009; 

Uzodinmah et al., 2011; Paramagurua et al., 2017b; Orhorhoro and Erameh, 2019) and is found to be 

within the pH range that favor biogas production.  Besides, it was observed that the moisture content 

is a function of total solid (TS), therefore, the effect of moisture content on biogas generation is uniform. 

The value of moisture content for this study was 12.85% and this value is close to the one obtained by 

(Uzodinmah et al., 2011). The value of the volatile solid obtained was 88.87% and this value was close 

to the value obtained by (Sajeena et al., 2013; Orhorhoro et al., 2017d). A higher percentage volatile solid 

is an indication of an improve biogas yields because the volatile solids is the biodegradable portion of 

the waste. 
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Table-1 Physiochemical properties of kitchen waste 

S/N Parameter Kitchen Waste 

1 pH (m) 4.95-7.08 

2 Moisture content (%) 12.85 

3 Total solids (%) 10.09 

4 Volatile solids (%) 88.87 

 

The 300 liters fully charged anaerobic digesters was run to a complete retention time of 45 days while 

monitoring the evaluated operation parameters (temperature, pH, and pressure). The pressure gauge 

was continuously monitored for biogas. Flame test was used for confirmation of useful bio-methane 

production.  It was observed that biogas production started in the second week and this agreed with 

the research work of Ebunilo et al., (2015a). However, at this stage, the biogas could not combust and 

this can be attributed to the large percentage of carbon (IV) oxide and hydrogen sulphide as reported 

by Ebunilo et al., (2016b) and Adegbayi, (2016). Nevertheless, on the 14th day and 16th day, the biogas 

burnt with yellow and blue flame respectively. Also, results revealed an average per day biogas yield 

of 0.0065 m3 as shown in Fig. 1. 

 

 

Fig. 1 Results of daily biogas yield 

The results of cumulative biogas yield are shown in Fig. 2. An increased cumulative biogas yield was 

obtained throughout the retention time of 45 days. 
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Fig. 2 Results of cumulative biogas yield 

 

It was observed that a good mesophilic temperature enhances biogas yield as shown in Fig. 3. 

According to Ebunilo et al., (2016a), optimum biogas yields are obtained within mesophilic temperature 

range of 360C-370C. A good look at Fig. 3 showed that better and improved biogas yields were obtained 

at an optimum mesophilic temperature range of 360C-370C. Therefore, the research work agrees with 

the work of Ebunilo et al., (2016a).  

 

 

Fig. 3 Evaluation of effect of temperature on biogas yield 
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Moreover, it was observed that a neutral pH reading favor optimum biogas yield as shown in Fig. 4. 

Also, at the initial stage of the process, the pH reading indicated that the slurry in the digester is a weak 

acidic. Thus, the inactivity of the process at initial retention time is probably due to the methanogens 

undergoing a metamorphic growth process (Elijah et al., 2009). It is generally agreed that at the initial 

stages of the overall process of biogas production, acid forming bacteria produces volatile fatty acids 

(VFA) resulting in declining pH and diminishing growth of methanogen bacteria (Zhang et al., 2015; 
Paramagurua et al., 2017a; Orhorhoro et al., 2017d).  

 

 

Fig. 4 Evaluation of effect of pH on biogas yield 

 

CONTRIBUTION TO KNOWLEDGE 

 
This study has shown that sufficient biogas can be generated from kitchen waste. Besides, operating 

parameters such as mesophilic temperature, pH, total solid, and moisture contents have effect on biogas 

yield.  

 
CONCLUSION  

 
Nigeria ‘s population is increasing tremendously and this will bring about increase in volume 

generated MSW. Also, the huge wastes generated constitute health and environmental hazards due to 

improper management. In this study, parts of the generated MSW was co-digested to produce biogas. 

It was observed from the results that a good mesophilic temperature enhances biogas yield. Also, on 

the 14th day and 16th day, the biogas burnt with yellow and blue flame respectively. The results similarly 

revealed an average per day biogas yield of 0.0065 m3. More so, an increased cumulative biogas yield 

was obtained throughout the retention time of 45 days. Besides, it was observed that a good mesophilic 

temperature and a neutral pH reading favor optimum biogas yield. 
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