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Abstract: Because guidelines are not being followed, kitchen trash is produced and disposed
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range for the experiment was 5.8-7.4 m, and the temperature range was mesophilic. The
findings demonstrate that a cumulative biogas production of 51.5 cm3 was produced from
20 kg of substrates made up of pig manure and kitchen garbage. Furthermore, the optimal
mesophilic temperature was reached to give the highest biogas outputs.
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INTRODUCTION

The availability of energy for home, industrial, and agricultural uses is the most exciting aspect of any
civilized culture (Orhorhoro ef al., 2017a; Erameh, & Orhorhoro, 2018; Olusey, 2010). Nigeria's energy
crisis impacts the entire nation; therefore, all governmental levels must collaborate on numerous
energy-related choices (NESP, 2015). A more pressing issue is the growing population, which has led
to high energy demand and a finite, quickly running out energy supply, creating a serious energy crisis
(Aliyu et al., 2013). Nigeria's energy sector has a negative impact on the environment, primarily through
pollution and deforestation (Adelekan, & Adelekan, 2010; Oyedepo et al., 2012; Orhorhoro et al., 2018a;
Oghoghorie et al., 2020; Erhinyodavwe ef al., 2024). Nigeria has access to wood, fossil fuels, sun, wind,
tidal, and terra-thermal energy sources (Ebunilo et al., 2015a; Ebunilo et al., 2016a; Igbagbon et al., 2024).
Since the oil business and the energy sector as a whole were liberalized and reformed a few years ago,
the cost of energy in Nigeria for residential, commercial, and industrial applications has skyrocketed
(Orhorhoro, & Oghoghorie, 2024).
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This necessitates taking significant action and enacting suitable legislation to optimize the use,
discovery, and exploitation of present energy sources as well as the search for new, alternative energy
sources and their preservation. One such method is the biogas technology, which has been shown to
be both economical and environmentally friendly (AA Global Energy Network Institute, 2016;
Franqueto et al., 2020; Hoang et al., 2020; Ma et al., 2020; Meng et al., 2020; Cudjoe et al., 2022; Orhorhoro
et al., 2022). Biogas is a combustible mixture of methane gas produced by the breakdown of organic
materials at a sufficient and stable temperature, leaving behind a slurry known as biofertilizer
(Orhorhoro, & Oyejide, 2018b). It is defined as an ecology-oriented type of appropriate technology
(Ebunilo et al., 2015b; Orhorhoro et al., 2017b; Chow et al., 2020). Reducing the usage of fossil fuels,
greenhouse gas emissions, pollution, and waste management issues can all be achieved by using waste
biomass to generate electricity (Ilonescu et al,, 2013; Anwar et al., 2014; Paramagurua et al.,, 2015;
Orhorhoro et al., 2019). According to IEA (2019), by 2020, biomass will provide 19 million metric tons
of oil, of which 46% will come from waste streams that decompose naturally, such as farm waste,
agricultural residues, municipal solid wastes, and other biodegradable waste streams. As a potentially
endless supply of methane, biomass provides a portion of the answer to the ultimate problem of fossil
fuel depletion. Furthermore, biomass may be profitably converted to biogas on a range of scales,
making it possible to customize its supply to meet local, regional, and national biogas requirements.

Anaerobic digestion (AD) is a well-established method for treating wastewater and biodegradable
organic wastes (BOWs) (Marshall, 2000; Akintokun et al., 2011; Orhorhoro et al., 2017c). From the AD of
biodegradable kitchen waste, nutrients and renewable energy may be recovered (Orhorhoro et al.,
2016a). When substrates are digested alone in ADs, instability may result from the generation of volatile
fatty acids (VFAs) and ammonia, which have repressive effects on methanogenic-producing bacteria
and, consequently, biogas yield (Makaruk et al., 2010: Orhorhoro, & Oghoghorie, 2024). By co-digestion
of multiple BOW substrates, some of the limitations associated with solely digesting BOWs can be
mitigated. Anaerobic co-digestion increases methane generation because of the advantageous
interactions in the acclimation media (Niesner et al., 2013; Orhorhoro, & Oghoghorie, 2024). It is
generally acknowledged that animal dung does not produce enough methane to support digestion
economically. When fermentable organic materials, such kitchen trash, are subjected to anaerobic
digestion in the presence of methanogenic bacteria, biogas is the resultant of the bio-methanation
process (Makaruk et al., 2010). Methane and carbon dioxide make up the majority of biogas, with trace
amounts of other gases and vapors like hydrogen, nitrogen, and hydrogen sulfide (H2S) (Osunde et al.,
2017). Biogas is a desirable fuel due to its high methane concentration, and since methane is a
greenhouse gas that is several times more destructive than CO,, using it to tackle emission problems is
a solution (Ebunilo et al., 2016b; Orhorhoro et al., 2016b). Biogas is an odorless and colorless gas that
burns with a clear blue flame at a temperature of 870°C. It is about 20% lighter than air and has an
ignition temperature in the range of 650°C to 750°C compared to diesel oil at 350°C, petrol and propane
at roughly 500°C. Numerous terms are used to refer to biogas, including marsh gas, swamp gas, and
"will o' the wisp" gober gas (Orhorhoro et al., 2016b).

Many Nigerian urban and rural regions lack proper and efficient waste management. Nigeria's
inadequate handling of organic waste is a cause for concern for the community. This garbage is
hazardous to citizens' health because it clogs drainage systems, causing erosion and flooding, and it
threatens urban management by destroying the beauty of the nation's cities through the accumulation
of solid waste.
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Because they serve as a mosquito breeding ground, the people of Nigeria are seriously at danger for
health problems (Igbinomwanhia et al., 2012; Orhorhoro, & Oghoghorie, 2019; Orhorhoro, &
Oghoghorie, 2023). Only 20-30% of the more than 32 million tons of solid garbage produced in Nigeria
each year are collected and dumped in open sites (Titus, & Anim, 2014; Owamabh et al., 2015; Orhorhoro
et al., 2017d). According to several studies, Nigeria produces the largest amount of solid waste —more
than fifty percent—of which is organic garbage (Orhorhoro, & Oghoghorie, 2019). Regretfully, the
production of biogas from this fraction of generated solid waste has not been adequately boosted
(Orhorhoro et al., 2017d). If appropriately utilized, a significant portion of the solid waste produced and
carelessly disposed of in open landfills can be beneficial to humans. Using biogas technology is one of
the greatest ways to do this.

MATERIALS AND METHODS

The biogas reactor was constructed using a plastic container and has a 30-liter capacity. The setup of
the experiment was done as (Orhorhoro, & Oghoghorie, 2024) advised. The reactor was connected to
the inlet valve for slurry charging, the thermometer for slurry temperature, the pressure gauge for gas
pressure, the outlet valve for slurry discharge, the stirrer for slurry continuous stirring, and the gas
discharging valve for biogas evacuation (Fig. 1).

Biogas
—
Rubber tube Rubber tube

i

O
Evacuation Valve

Charging
Valve

Plastic Bottle Digester Dlspln(‘('lll(‘llr Bottle Water Collector

Fig. 1 Experimental setup

While the kitchen garbage was gathered from households, the pig manure was obtained from a farm
located in Mosogar. After the kitchen waste was processed, any non-biodegradable foreign elements
were taken out. Grinding came next, mostly to lower the particle sizes for simpler breakdown. In order
to start producing biogas as soon as feasible, grinding is also done to enhance the surface area of contact
for microbial activity (Orhorhoro et al., 2017c). An equal mass of pig dung (10 kg) and kitchen garbage
(10 kg) were used in the feedstock preparation process. Ebunilo et al. (2015a) recommendations for
improved biogas generation were used to calculate the water content of each sample. This served as
the foundation for figuring out how much water was added for each mass of total solid. In order to
prepare the slurry for fermentation, the entire feedstock was added and well mixed with the same
amount of water required for the highest possible production. After the mixture was added to the
reactor, the entire hydraulic retention duration was monitored. Mercury was used in a glass
thermometer and an analog pH meter, respectively, to measure the temperature and pH. The pH range
for the experiment was 6.0-7.4, while the mesophilic temperature range was 219°C-380°C.
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RESULTS AND DISCUSSION

For this research project, a single batch AD reactor was employed due to maintenance, expense, and
technical expertise. Recharging was done only once the hydraulic retention time (HRT) had elapsed,
after the initial charging. This design was selected for the study due to its suitability, affordability, and
ease of construction. The feedstock is fed into the digester through an intake. The remaining area of the
reactor is used to produce gas, and a mark indicates the ideal level of feedstock. Using the displacement
method, the amount of biogas produced was monitored every four days following the first forty (40)
days. Put another way, the valve control allowed gas to be discharged from the digester into the
measurement cylinder's 1000 cm?® water level. After then, the measurement cylinder was turned upside
down such that the gas pressure displaced the same volume of water, and the results were noted. The
amount of biogas produced overall was determined by repeating this process. The amount of biogas
generated was measured and is displayed in Table-1.

Table-1 Results of performance test evaluation

SN HRT pH Temp. Pres. Volume
(Days) (m) (C)  (Bar) (co)

1 13 75  35.00 0.75 7.8

2 17 6.8 3424 0.86 6.0

3 21 69 3624 0.64 6.9

4 25 71  37.00 1.00 95

5 29 8.0 29.25 0.91 7.6

6 33 74  33.00 0.52 6.9

7 37 74  21.00 0.50 4.5

8 40 74  32.00 0.40 2.3

y 51.5

The volume of biogas production is plotted versus hydraulic retention time in Fig. 2, while the volume
influence of temperature, pressure, and pH on biogas yields is displayed in Fig. 3.
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Fig. 2. Volume of biogas yields against hydraulic retention time
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The hydraulic retention time was 40 days, according to the results. That is, the first 13 days of anaerobic
digestion without any biogas yields, followed by 27 days of continuous biogas yields spaced four days
apart. On the 40th day, minimum biogas yields were attained. On the 29th day, however, the maximum
biogas yield was achieved. Digestion was complete, which is why there was a decrease in methane
generation on day 40. Furthermore, there was change in the mesophilic temperature, which led to an
uneven production rate Maximum biogas yields are achieved in the mesophilic temperature range of
36%°C to 379°C, according to Ebunilo ef al. (2016c). An examination of Fig. 3 revealed that an ideal
mesophilic temperature range of 37°C produced better and increased biogas output. As a result, the
research findings are consistent with those of Ebunilo et al. (2016c). Additionally, at the ideal mesophilic
temperature, superior pressure measurements and a pH value were obtained, which is consistent with
the findings of Orhorhoro et al. (2016¢).
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Fig. 3. Volume effect of pH, Pressure, and Temperature on biogas yields

CONCLUSION

Combining the co-digestion of pig dung and kitchen garbage created biogas. It was discovered that
ideal biogas generation depended on temperature, as predicted. In essence, thick slurry was used to
feed the standard rate digester, which was maintained at standard atmospheric conditions. After 13
days to determine the maximum rate of microbial activity, the digester was tested for combustion and
the amount of biogas produced was measured. Notably, it was observed that the generation of biogas
rose over time. After 13 days, the biogas's specific pressure was 0.75 bar. It was discovered that the
pressure was 1 bar at its maximum point on day 25, and 0.4 bar at its lowest point on day 40. The study's
findings indicate that 51.5 cm3 of biogas were produced in total. Thus, it is possible to co-digest pig
dung and kitchen trash to create biogas. With the use of this technology, Nigerian trash production can
be controlled, and some of the country's energy crisis may be partially resolved.

52

Okuyade et al., (2024). Performance Evaluation of Biogas Yields from Co-Digestion of Kitchen Waste and Pig Dung.
Nigeria Journal of Engineering Science Research (NITESR), 6(4): 48-55



CONFLICT OF INTEREST

There is no conflict of interest for this research work.

REFERENCES

Adelekan, B.A., Adelekan, 1.O. (2004). Health Implications of Household Energy Use in Selected Nigerian Towns.
Nigerian Journal of Renewable Energy, Sokoto Energy Research Centre, 12 (1 & 2): 138-146

AA Global Energy Network Institute (2016). Nigerian National Energy Grid.
Retrievedfrom:http:/ /www.geni.org/globalenergy/library/nationalenergy_grid/nigeria/nigeriannationalelectr
icitygrid.shtml, Accessed 8th Febuary 2016

Akintokun, P.O., Adekunle, LM., Adekunle, A.A., Akintokun, A.K., Arowolo, T.A. (2011). Recycling of organic
wastes through composting for land applications. A Nigerian experience. Waste management & research, 29(6): 582-
93

Aliyu, A., Ramil, A, Saleh, M. (2013). Nigeria electricity crisis: Power generation capacity expansion and
environmental ramifications. Available at: www.academia.edu/4780878/

Anwar, J., Habib, A., Haslenda, H., Ramli, M. (2014). Municipal Solid Waste Management and Potential Revenue
from Recycling in Malaysia. Modern Applied Science, 8(4): 37-49

Chow, W.L., Chong, S., Lim, J.W., Chan, Y.J., Chong, M.F,, Tiong, T.J., Chin, J.K,, Pan, G.T. (2020). Anaerobic co-
digestion of wastewater sludge: A review of potential co-substrates and operating factors for improved methane
yield. Processes, 8, 39. https://doi.org/10.3390/pr8010039

Cudjoe, D., Han, M.S., Nandiwardhana, A.P. (2022). Electricity generation using biogas from organic fraction of
municipal solid waste generated in provinces of China: Techno-economic and environmental impact analysis. Fuel
Processing Technology, 203 106381, https:/ /doi.org/10.1016 /j.fuproc.2020.106381.

Ebunilo, P., Aliu, S., Orhorhoro, K. (2015a). Comparative Analysis of Biogas Yield from Different Composition of
Domestic Wastes from Benin City. Nigeria. Journal of Advanced & Applied Science (JAAS), 4(5):169-177

Ebunilo, P.O., Aliu, S.A., Orhorhoro, E.K. (2015b). Performance Study of a Biogas Pilot Using Domestic Wastes
from Benin Metropolis. International Journal of Thermal & Environmental Engineering ,10(2): 135-141

Ebunilo, P.O., Orhorhoro, EK., Chukwudi, M., Essienubong, A.L. (2016a). Performance Evaluation of Biomass
Briquette from Elephant and Spear grassin Benin City, Edo State, Nigeria. European Journal of Engineering Research
and Science, EJERS, 1(1): 15-17

Ebunilo, P.O.B., Orhorhoro, E.K., Adegbayi, A.O. (2016b). Investigation of the Purification of Biogas from Domestic
Wastes using Local Materials in Nigeria”, International Journal of Scientific & Engineering Research, 7(2):505-514

Ebunilo, P.O., Orhorhoro, E.K., Oboh, V., Onochie, P.U. (2016c). Effect of Temperature on Biogas Yields Using
South-South Nigeria as a Case Study. International Journal of Technology Enhancements and Emerging Engineering
Research, 4(3): 50-54

Erameh, A.A., Orhorhoro, E.K. (2018). Modal Analysis of a Wind Turbine Tower: A Case Study of University of
Benin Energy Research Centre wind Turbine Tower. Nigerian Journal of Engineering Science Research (NIJESR),1(1):
77-87

Erhinyodavwe, O, Omoyi, C.O., Orhorhoro, E.K. (2024). Comparative Estimation of Onshore (Okada) and Offshore
(Okerenkoko) Wind Speed for Potential Wind Energy Access in Delta State, Nigeria. ]. Appl. Sci. Environ. Manage.,
28 (1): 227-234

53

Okuyade et al., (2024). Performance Evaluation of Biogas Yields from Co-Digestion of Kitchen Waste and Pig Dung.
Nigeria Journal of Engineering Science Research (NITESR), 6(4): 48-55


http://www.academia.edu/4780878/
https://doi.org/10.3390/pr8010039
https://doi.org/10.1016/j.fuproc.2020.106381

Franqueto, R., da Silva, J.D., Konig, M. (2020). Effect of temperature variation on co-digestion of animal waste and
agricultural residue for biogas production. Bio-Energy Research, 13 (2): 630-42. https://doi:10.1007/s12155-019-

10049-y

Hoang, A.T., Goldfarb, J.L., Foley, A.M., Lichtfouse, E., Kumar, M., Xiao, L., Ahmed, S.F., Said, Z., Luque, R., Bui,
V.G. (2020). Production of biochar from crop residues and its application for AD. Bioresource Technology, 363
(2022)127970. https:/ /doi:10.1016/j.biortech.2022.127970

IEA BIOENERGY TASK (2019). REVAQ Certified Wastewater Treatment Plants in Sweden for Improved Quality
of Recycled Digestate Nutrients, Case Study. http://www.iea-biogas.net/case-studies.html

Igbagbon, J.E., Orhorhoro, E.K., Erokare, T.E. (2024). Performance Evaluation of a Developed Miniature Steam
Boiler Using Different Samples of Wood Waste as Fuel for Steam Generation. . of Advanced Industrial Technology
and Application, 5(1): 26-36

Igbinomwanhia, I.D., Ohwovoriole, E.N., Ejovo, N. (2012). A study of the constraints to Residential Solid Wastes
Management in Benin Metropolis, Nigeria. Journal of Emerging Trends in Engineering and Applied Science (JETEAS),
3(1): 103-107

Ionescu, G., Rada, E.C., Ragazzi, M., Marculescu, C., Badea, A., Apostol, T. (2013). Integrated municipal solid waste
model using advanced pretreatment and waste to energy processes. Energ. Convers. Manag., 76: 1083-1092, 2013

Ma, G., Ndegwa, P., Harrison, J.H., Chen, Y. (2020). Methane yields during anaerobic co-digestion of animal
manure with other feedstocks: A meta-analysis. Science of The Total Environment, 728 (2020)138224.
https:/ /doi.org/10.1016/j.scitotenv.2020.138224

Makaruk, A., Miltner, M., Harasek, M. (2010). Membrane biogas upgrading processes for the production of natural
gas substitute. Separation and Purification Technology, 74(1): 83-92

Marshall, A.T. (2000). Bioenergy from Waste: A Growing Source of Power. Waste Management World Magazine,
34-37, http:/ /www.waste-management-world-magazine

Meng, L., Jin, K, Yi, R., Chen, M., Peng, J., Pan, Y. (2020). Enhancement of bioenergy recovery from agricultural
wastes through recycling of cellulosic alcoholic fermentation vinasse for anaerobic co-digestion. Bioresource
Technology, 311, 123511. https:/ /doi.org/10.1016/].biortech.2020.123511

Mutlu, S.O. (2010). Evaluating the impacts of wind farms on power system operation. Journal of naval science and
engineering, 6(2): 166-185.

Niesner, D. Jecha, P, Stehlik, P. (2013). Biogas upgrading techniques: state of art review in European region”,
Chemical Engineering, Transactions, 35:517-522, DOI:10.3303 / CET1335086

Oghoghorie, O., Orhorhoro, E.K., Ebunilo, P.O. (2010). Development of a Savonius Vertical Axis Wind Turbine
Operated Water Pump. J. Appl. Res. Ind. Eng., 7(2): 190-202

Olusey, O.A. (2010). The potential for wind energy in Nigeria. Wind Engineering, 34(3): 303-311

Orhorhoro, E.K., Ebunilo, P.O., Tamuno, R.I., Essienubong, I.A. (2016a). The Study of Anaerobic Co-Digestion of
Non-Uniform Multiple Feed Stock Availability and Composition in Nigeria. European Journal of Engineering
Research and Science, (EJERS), 1(1): 39-42

Orhorhoro, E.K., Orhorhoro, W.O., Ebunilo, P.O. (2016b). Analysis of the effect of carbon/nitrogen (C/N) ratio on
the performance of biogas yields for non-uniform multiple feed stock availability and composition in Nigeria.
International Journal of Innovative Science, Engineering & Technology, 3(5): 119-126

Orhorhoro, E.K,, Ebunilo, P.O., Ikpe, A.E. (2016c). Effect of pH on Anaerobic Digestion (AD) of Organic Municipal
Solid Waste in Benin City. Nigeria Journal of the Nigerian Association of Mathematical Physics, 36 (1): 369-374
54

Okuyade et al., (2024). Performance Evaluation of Biogas Yields from Co-Digestion of Kitchen Waste and Pig Dung.
Nigeria Journal of Engineering Science Research (NITESR), 6(4): 48-55


https://doi:10.1007/s12155-019-10049-y
https://doi:10.1007/s12155-019-10049-y
https://doi:10.1016/j.biortech.2022.127970
http://www.iea-biogas.net/case-studies.html
https://doi.org/10.1016/j.scitotenv.2020.138224
http://www.waste-management-world-magazine/
https://doi.org/10.1016/j.biortech.2020.123511

Orhorhoro, E.K,, Ebunilo, P.O., Sadjere, E.G. (2017a). Experimental Determination of Effect of Total Solid (TS) and
Volatile Solid (VS) on Biogas Yield. American Journal of Modern Energy, 3(6): 131-135

Orhorhoro, E.K., Ebunilo, P.O., Sadjere, E.G. (2017b). Development of a Predictive Model for Biogas Yield Using
Artificial Neural Networks (ANNs) Approach. American Journal of Energy and Power Engineering, 4(6): 71-77

Orhorhoro, EK., Ebunilo, P.O.B., Sadjere, E.G. (2017c). Design of Bio-Waste Grinding Machine for Anaerobic
Digestion (AD) System. European Journal of Advances in Engineering and Technology, 4 (7): 560-568

Orhorhoro, E.K.,, Ebunilo, P.O., Sadjere, E.G., (2017d). Determination and Quantification of Household Solid Waste
Generation for Planning Suitable Sustainable Waste Management in Nigeria. International Journal of Emerging
Engineering Research and Technology, 5(8): 1-9

Orhorhoro, E.K., Ebunilo, P.O., Sadjere, E. G. (2018a). Effect of Organic Loading Rate (OLR) on biogas yield using
a single and three-stages continuous anaerobic digestion reactors. International Journal of Engineering Research in
Africa, 39: 147-155

Orhorhoro, E.K,, Oyejide, J.O. (2018b). Modelling of Biogas Yield from Anaerobic Co-digestion of Food Waste and
Animal Manure using Artificial Neural Networks. Applications of Modelling and Simulation, 4: 81-88

Orhorhoro, E.K., Orhorhoro, W.O., Atumah, E.V. (2018c). Performance Evaluation of Design AD System Biogas
Purification Filter. International Journal of Mathematical, Engineering and Management Sciences, 3(1): 17-27,
https:/ /dx.doi.org/10.33889 /IJMEMS.2018.3.1-003

Orhorhoro, E.K., Erameh, A.A., Lindsay, E.E. (2019). A Comprehensive Review on Anaerobic Digestion Plant.
Nigerian Journal of Engineering Science Research (NIJESR), 2(1): 13-28

Orhorhoro, E.K., Oghoghorie, O. (2019). Review on Solid Waste Generation and Management in Sub-Saharan
Africa: A Case Study of Nigeria. ]. Appl. Sci. Environ. Manage., 23 (9): 1729-1737

Orhorhoro, EK,, Lindsay, E.E., Oyejide, ].O. (2022). Analysis and Evaluation of a Three-Stage Anaerobic Digestion
Plant for Management of Biodegradable Municipal Solid Waste. International Journal of Engineering Research in
Africa, 60: 75-87. https://d0i:10.4028 / p-a240bb.

Orhorhoro, EK., Oghoghorie, O. (2023). Assessment of Physicochemical Properties of Municipal Solid Waste
Leachate from Dumpsites in Ovia North-East Local Government Area, Nigeria. Journal of Energy Technology and
Environment, 5(4): 9 - 18. https:/ /doi.org/10.5281 /zenodo.10431883

Osunde, P.O., Ebunilo, P.O.B., Orhorhoro, E.K. (2017). Preliminary Evaluation of a Biogas Purification Filter
Suitable for use in Nigeria. Journal of Scientific and Engineering Research, 4(10): 125-134

Oyedepo, S.0., Adaramola, M.S,, Paul, S.S. (2012). Analysis of wind speed data and wind energy potential in three
selected locations in south-east Nigeria. International Journal of enerqy and environmental engineering, 3(1): 7.
http:/ /www journal ijeee.com/content/3/1/7

Owamah, H.L, Izinyon, O.C., Igbinewekan, P. (2015). Characteristics and quantification of solid waste generation
in the Niger Delta Region of Nigeria: a case study of Ogbe-Ijoih community in Delta State. Journal of Material Cycles
and Waste Management, 19(1): 366-373

Paramagurua, B.G., Kannanb, M., Lawrencec, P. (2015). Effect of pH on Biogas Production through Anaerobic
Digestion of Food Waste. Journal of Advanced Engineering Research, 4(1): 59-62

The Nigerian Energy Support Programme, (NESP). The Nigeria Energy Sector- An Overview with a Special
Emphasis on Renewable Energy, Energy Efficiency and Rural Electrification”. Federal ministry of Power, Abuja,
2nd edition, pp.24-28, June 2015

Titus, E.A., Anim, O.A. (2014). Appraisal of Solid Waste Management Practices in Enugu City”, Nigeria. Journal of
Environment and Earth Science, 4, 98
55

Okuyade et al., (2024). Performance Evaluation of Biogas Yields from Co-Digestion of Kitchen Waste and Pig Dung.
Nigeria Journal of Engineering Science Research (NITESR), 6(4): 48-55


https://dx.doi.org/10.33889/IJMEMS.2018.3.1-003
https://doi:10.4028/p-a24obb
https://doi.org/10.5281/zenodo.10431883

