Vol 6 No 4 December 2025 Pages 23-30 e-ISSN 2708-5694

Journal o
Agriculture, Food and
Environment (JAFE)

Journal of Agriculture, Food and Environment (JAFE)
Journal Homepage: https://journal.safebd.org/index.php/jafe
https://doi.org/10.47440/JAFE.2025.6404

Journal of Agriculture
Food and Environment

Review Article

Two alternatives to the current utilization of open municipal waste
dumpsites by Edo State Waste Management Board (EMWB) in the
management of solid waste streams in Benin city, Southern Nigeria

Obayagbona ON*", Ewansiha JC? Ejeomo C*, Oghoje SU*, Dunkwu-Okafor A®

'Department of Environmental Management and Toxicology, Faculty of Life Sciences, University of Benin, Benin City, Edo
State, Nigeria.

2Department of Chemistry, Edo State College of Education (Multi - Campus), Igueben, Edo State, Nigeria

Chemistry Department, Faculty of Pure and Applied Science, Michael and Cecilia Ibru University Agbarha-Otor, Delta State
Nigeria

“Department of Chemistry, Faculty of Science, Delta State University, Abraka, Delta State, Nigeria

>Department of Microbiology, Faculty of Life Sciences, University of Benin, Benin City, Edo State, Nigeria.

ABSTRACT

Municipal solid wastes evacuated from all private and commercial premises
within Benin city are assembled at either of four (4) functional open dump sites
located at several locations within the city and two (2) of these dump sites are
being operated by the Edo State Waste Management Board (EMWB). Only
Government accredited waste managers are allowed to utilize the open
dumpsites. Human scavengers abound within the premises of these dumpsites
and personnel at the respective dump sites periodically with the aid of a
mechanical tipper moves and accumulate the wastes prior to open incineration.
Aside from the negative impacts of these open dumpsites on the aesthetics of the
affected environment, it is a crude and archaic process of wastes disposal which
in the long run is unsustainable. A sanitary landfill has been described as a
carefully engineered system designed to manage the effects of waste disposal on
anthropogenic health, safety, and the environment. Biogas production using
anaerobic digestion (AD) or bio-methanation is an environmentally friendly
process that utilize increased quantities of organic waste components from
agricultural, industrial and municipal waste sources as well as floral residues.
Utilization of functional land fill sites and bio-gasification of solid waste
streams are not novel phenomena and as such, the Edo State Government
could adopt and utilize these options as viable alternatives to the currently
utilized crude practice of disposal of municipal wastes in an open dump site.
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INTRODUCTION

Sustainable development is often understood as progress that
does not cause harm, emphasizing the careful and
responsible use of non-renewable resources to benefit both
current and future populations (Mensah, 2019). One of the
most noticeable effects of rapid urban growth in Nigerian
cities and towns is the increasing production of solid waste.
Many municipal authorities struggle with numerous issues
related to managing this waste, particularly when it comes to

its collection and disposal (Ukala et al., 2020). Although
effective solid waste management is crucial for maintaining a
healthy urban environment, the efforts of several municipal
administrations in this area have generally fallen short of

expectations (Ogu, 2000).

Benin city, which serves as the capital of Edo State, was
already recognized as a prominent urban center in West
Africa prior to Nigeria’s establishment as a nation by the
British in the late 1800s. Over the past sixty years, the city
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has undergone substantial expansion in both its area and
population, making it one of Nigeria’s leading cities today.
For example, the population rose dramatically from
approximately 53,700 in 1952 to more than 709,700 by 1991
(Ogu, 1996). According to Ogu (2000), Benin City’s
physical size also grew remarkably, with an increment from
949 ha in the year 1952 to 25,000 ha in the year 1991, a
change largely driven by sub-urbanization, where nearby
rural and peri-urban communities became part of the city.

At present, the Edo State Waste Management Board
(EWMB), the official Government body in charge of
managing municipal solid wastes (MSW) in Edo State,
oversees two major open dumpsites situated in the outskirts
of Benin City, specifically in the per-urban areas of Oluku
and Ikueniro respectively (Okosun et al., 2023). There are
also, two privately owned and operated open dumpsites
located at the Upper St Saviour area of Benin city. Beyond
the adverse effects these dumpsites have on the local
environment and community standards, this method of waste
disposal is outdated and primitive, making it an
unsustainable solution over time.

OVERVIEW OF SOLID WASTE COLLECTION AND
DISPOSAL BY EMWB

As of December 2015, the Edo State Waste Management
Board (EMWB) had divided the developed areas of Benin
City into approximately sixty-eight (68) zones for the
purpose of waste collection and removal. These zones were
assigned to  various  government-approved  waste
management operators. The waste managers were
responsible for conducting a survey of both residential and
commercial properties within their designated zones. During
this survey, agreements regarding service terms were
established between the potential clients and the waste
managers. The waste managers gathered the necessary
customer information and submitted it to the Edo State
Ministry of Environment and Public Utilities, where the data
was entered into a computerized billing system that
generated invoices for the customers and the corresponding

waste managers. The whole process is adequately
summarized in Figure 1 below.
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Figure 1: Waste management framework of the EWMB

Customers receive the designated State Government bank
account name and number to make their payments, and they
provide proof of payment to the waste managers, who then
update their service records accordingly. However, some
zones are directly serviced by the Edo State Waste
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Management Board (EMWAB) itself. This arrangement serves
as a practical example of a Public-Private Partnership. Waste
collected from homes by both the government-approved
waste managers and EMWB is typically transported to one
of the two open dumpsites for disposal. Only waste managers
accredited by the government are permitted to use the open
dumpsites managed by EMWB. Within the dumpsite areas,
informal scavengers are commonly found searching for
recyclable materials such as plastic and glass bottles,
ceramics, metal objects as well as cans, despite the
unpleasant odors. Periodically, EMWB uses mechanical
tippers to move and pile up the waste before conducting open
burning. This process is essential to free up space, allowing
trucks to navigate the dumpsites and deposit waste further
inside, away from the entrance.

Problems associated with the usage of open dump sites

The open dumpsites operated by EMWB at Ikueniro and
Oluku villages on the outskirts of Benin city have become a
glaring eyesore. Residential buildings are situated very close
to these sites, as the city has essentially expanded around
these sites. Consequently, the regular controlled burning of
waste at these dumps, although necessary to create space, has
recently become a harmful practice, causing air pollution that
affects nearby residents. The negative impact of waste
accumulation and burning on the surrounding soil
ecosystems is significant and difficult to quantify. Moreover,
the continuous contamination of the soil where the waste is
deposited has undoubtedly degraded the soil quality and may
have also adversely affected the underlying groundwater
aquifer.

SANITARY LAND FILL AS A VIABLE OPTION IN
MUNICIPAL WASTE MANAGEMENT

A sanitary landfill has been described as a carefully
engineered system designed to manage the effects of waste
disposal on human health, safety, and the environment
(Siddigua et al., 2022). In contrast, an open dumpsite is
considered an unregulated system that lacks any formal
engineering design (Ajibade et al., 2021). Modern landfill
definitions generally emphasize the principle of sequestering
or isolating deposited waste from the environment until
natural biological, chemical, and physical processes stabilize
and neutralize the waste as much as possible (Ozbay et al.
2021). The primary distinctions among landfill definitions
are related to the level of isolation provided and the methods
used to achieve it. This isolation involves preventing water
from infiltrating the landfill and controlling any direct
emissions from the landfill into the surrounding environment
(Adewole, 2009).

There are three fundamental types of practices and
requirements for landfill management:

i) The consolidation and compaction of waste at the active
landfill area to conserve space; designing and operating the
landfill to manage settlement effectively s well as enhancing
chemical and biological processes, such as landfill gas
recovery, or both (Danthurebandara et al., 2012).

ii) The daily application of a cover layer over waste to
minimize hazards associated with exposed refuse (Adewole
2009).
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iii) The control or prevention of negative environmental
effects from land-disposed waste on soil, water, and air, as
well as the protection of public health and safety from these
impacts (Danthurebandara et al., 2012).

A properly functioning sanitary landfill must satisfy these
three essential criteria irrespective of the economic status of
the country where it is established (Adewole, 2009). Despite
the technological and financial challenges in meeting these
three conditions (Adewole, 2009), they can be achieved
through dedicated collaboration between the Edo State
Government and relevant private sector partners. In the short
term, the priority should be to satisfy these conditions to the
fullest extent possible under existing conditions (Adewole
2009). The long-term objective must be full in compliance
with all three essential requirements. A phased
implementation is advised, as the benefits of a modern
sanitary landfill are only fully realized when these basic
standards are completely attained (Oyebode, 2017). Among
these, the most critical condition is ensuring that the landfill
does not harm public health or the environment (Vaverkova
2019).

Having a clear understanding of the volume as well as the
physical and chemical composition of the waste to be
deposited is essential for the effective design and
management of a sanitary landfill (Adewole, 2009). These
factors directly influence several aspects of the landfill’s
operation throughout its lifespan, and is also inclusive of
paramters such as the annual fill rate, the total volume
needed, the generation and nature of gases and leachate, as
well as environmental consequences (Adewole, 2009).

BIOGAS BIOSYNTHESIS VIA ANAEROBIC
DIGESTION (AD)

Anaerobic digestion (AD), also known as bio-methanation,
has been described as the breakdown of organic substances
by prokaryotes in an environment devoid of oxygen (Opejin,
2016). This process is known to entail four (4) key stages:
hydrolysis, acidogenesis, acetogenesis and methanogenesis
respectively (Aworanti et al., 2023). The end products of
anaerobic digestion include: biogas and digestate, the latter
of which can be utilized as a fertilizer (Harirchi et al., 2022).
AD has been recognized as an efficient waste management
method that supports sustainability principles throughout the
entire supply chain (Alengebawy et al., 2024). Additionally,
it can encourage industrial symbiosis, wherein waste from
one industry becomes a valuable input for another (Harirchi
et al., 2022).

Anaerobic digestion has been extensively adopted in Europe
and is gaining traction in the United States, largely due to
advancements in facility design (Huang, 2024; Marchior et
al., 2025). The process is highly adaptable and can handle
organic waste in varying volumes (Opejin, 2016).
Nevertheless, the biggest challenge for AD, especially in
developing countries, is achieving profitability (Adeleke et
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Anaerobic microorganisms, pretreatment, biomethanation
and biogas production from wastes

As illustrated in Figure 2, Biogas forms naturally via the
anaerobic decomposition of organic matter from plants or
animals, and biogas formation usually takes place in settings
like swamps, lake sediments, and landfills containing organic
waste (Agbede et al., 2019). This gas comprises
approximately of 55-65% methane (CHa), 35-45% carbon
(IV) oxide (CO2), 0-1% hydrogen sulfide (HzS), 0-1%
nitrogen, 0-1% hydrogen, 0-3% carbon (Il) oxide (CO), 0-
2% oxygen, along with trace amounts of ammonia and water
vapor (Kalia et al., 2000; Keefe, 2000).

Biogas is also known to have several attributes which
include being clean, colourless, odourless and very
flammable with a calorific content in the range of 4500-5000
kcal/m?® (1goni et al., 2008). Akpan et al. (2015) asserted that
for biogas to be flammable, the methane content must be >
40%. Biogas production occurs in anaerobic biodigesters,
wherein bacteria and archaea are known to break down
organic matter (Senés-Guerrero et al., 2019).

The quantity and makeup of biogas produced is dependent
on the substrate type, microbial population involved as well
as the specific conditions within the anaerobic digester
(Agbede et al., 2019). Biogas can be directly utilized as a
fuel for the purpose of heating, such as cooking, without
needing to remove CO,, or it can be directly converted into
electricity (Manyi-Loh et al., 2013). Electricity generation
from biogas requires internal combustion engines or turbines
coupled to generators (Agbede et al., 2019). For vehicular
fuel use, biogas can be upgraded to boost methane levels by
eliminating CO., yielding 95-97% methane and 1-3% CO:
(Dareioti et al., 2009). H.S must also be extracted, since
biogas in steam boilers or engines for power production
cannot exceed 200 ppm H:S (Agbede et al., 2019).

A diverse array of organic materials can serve as feedstock
for anaerobic digestion. These feedstocks, known as
substrates, encompass agricultural residues (such as leaves,
roots, seeds, stalks, and seed shells), animal manure, energy
crops, food waste, forestry crops and by-products, organic
industrial waste and wastewater (like those from the food
industry), weeds, aquatic algae, sewage, sludge, as well as
the organic portion of municipal solid waste (Khan et al.
2017). The organic component of municipal solid waste
(MSW) is known to encompass kitchen scraps (primarily
leftover food), paper and cardboard, textiles, food remnants,
as well as garden and wood wastes (Hartmann and Ahring,
2006; Jha et al., 2008). Among the most commonly used
substrates for anaerobic digestion are animal manure and
organic sludge produced from aerobic effluent treatment
methods (Horvath et al., 2016). Anaerobic digestion is
known to be capable of processing both dry and wet
feedstocks: wet digestion typically uses a pump able slurry
containing about 15% dry solids by weight, while dry
feedstocks are solid enough to be stacked (Agbede et al.,
2019).

al., 2023). The monetary costs associated with installing and
operating AD systems are often high relative to the
immediate financial returns (Opejin, 2016). Several other
factors also limit the full economic potential of AD,
including the quantity and quality of feedstock, waste stream
management and logistics, regulatory policies, and the
market demand for its by-products such as energy and
digestate (Oduor et al., 2022; Huang, 2024).

—

Feedstocks derived from flora that harbor lignin, cellulose
and hemicellulose are known as lignocellulosic feedstocks,
while feedstocks without these components such as animal
manure, are categorized as non-lignocellulosic (Capolupo
and Faraco, 2016; Ojo, 2023). Materials used in anaerobic
digestion can include energy-rich compounds like sugars,
starches, and fats, as well as lignocellulosic substances,
which are more challenging to break down (Manyi-Loh and
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Lues, 2023). The specific makeup of the feedstock largely
determines how readily it can be decomposed and its
effectiveness for biogas generation (Agbede et al., 2019).
Lignocellulosic feedstocks decompose at a slower rate
during hydrolysis, requiring extended treatment periods and
larger digester volumes compared to non-lignocellulosic
materials, which are more easily broken down or dissolved
(Amin et al., 2017). Excessive quantities of high-energy
feedstocks, exemplified by fats, can disrupt the anaerobic
digestion process, especially during the methanogenesis
phase (Rehman et al., 2019). As lignocellulosic materials are
difficult to digest anaerobically, they are usually subjected to
pre-treatment to aid biogas synthesis and production (Zhang
etal., 2016).

A variety of approaches such as chemical, physical, or
biological approaches can be used in pre-treating substrates.
Physical pre-treatment methods include mechanical actions
like high-shear mixing, ball milling as well as grating with
sandpaper or mesh (Lindner et al., 2015; Tsapekos et al.,
2015), as well as applying heat or thermal disruption (Zhang
et al., 2016). Anaerobic digestion feedstocks may consist of
high-energy compounds like sugars, starches, and fats, as
well as lignocellulosic materials, which are more resistant to
breakdown (Manyi-Loh and Lues, 2023).

The composition of the feedstock is a key factor in
determining how easily it decomposes and its potential for
biogas production (Agbede et al., 2019). Lignocellulosic
feedstocks are known to break down slowly during
hydrolysis and as such, require longer processing periods and
bigger reactor content for anaerobic digestion in comparison
to non-lignocellulosic substrates, which are more easily
hydrolyzed or dissolved (Amin et al., 2017). Using large
quantities of high-energy substrates like fats can also
interfere with the anaerobic digestion process, particularly
the methanogenesis stage (Rehman et al., 2019).

As lignocellulosic materials are resistant to anaerobic
breakdown, they are typically pre-treated to improve biogas
yields (Zhang et al., 2016). Pretreatment of substrates can be
accomplished through chemical, physical, or biological
methods.  Physical pre-treatment techniques include
mechanical processes such as high-shear mixing, ball
milling, and grating with sandpaper or mesh (Lindner et al.,
2015; Tsapekos et al., 2015), as well as thermal disruption
methods (Zhang et al., 2016).

The organic components of MSW have been individually
transformed into biogas in bio-digesters via the process of
biomethanation (Macias-Corral et al., 2008; Karagiannidis
and Perkoulidis, 2009). Anaerobic co-digestion is a process
wherein multiple types of feedstocks are digested together in
a single digester (Agbede et al., 2019). This technique is
often used to optimize the carbon-to-nitrogen (C/N) ratio of
the materials being digested; for example, cattle manure can
be processed together with flora-based biomass (Zhang et al.,
2016). Some advantages associated with co-digestion
include; the capacity to process a very wide range of
substrates, improved microbial synergy, greater process
stability, elevated biogas output, enhanced nutrient recycling
as well as reduced odor production (Zhang et al., 2014).
Biogas generation via anaerobic digestion is reliant on the
combined activities of several microbial communities
(Goswami et al., 2016).
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Figure 2: Process of AD for biogas production

According to Heeg et al. (2014), the process begins with
bacteria (prokaryotes) that are primarily responsible for
breaking down complex organic compounds through
hydrolysis (Goswami et al., 2016). The resulting simple
molecules and oligomers are then further broken down by
other microbes to produce volatile fatty acids (VFAS) during
acidogenesis, and subsequently converted into acetic acid,
CO, as well as hydrogen during acetogenesis (Goswami et
al., 2016). In the final stage, known as methanogenesis,
specialized Archaea—either acetoclastic or
hydrogenotrophic—convert acetic acid or a combination of
carbon (1V) oxide and hydrogen into methane.

Biogas Generation in Nigeria and Constraints Affecting
Biogas Production

It has been reported that if a vast majority of Nigerian
households deliberately switch to using biogas for cooking
instead of diesel, firewood, charcoal, or kerosene, it would
greatly lower greenhouse gas (GHG) emissions (Oyedepo,
2012). Biogas is also safe for health, does not produce any
unpleasant odors, and burns with a clean, blue, smokeless
flame, which can keep kitchens and cooking utensils free
from soot and mess (Shaaban and Petinrin, 2014). In Nigeria,
cost-effective feedstocks for biogas production encompass
animal manure, water hyacinth, cassava leaves, solid and
industrial waste, water lettuce, urban refuse, agricultural
residues, and sewage (Simonyan and Fasina, 2013). The
country has also been documented to generate approximately
227,500 tonnes of fresh animal waste on a daily basis and
about 20 kg of MSW per individual annually (Mshandete
and Parawira, 2009). As 1 kg of fresh animal waste can
potentially yield approximately 0.03 m® of biogas, Nigeria
has the capacity and potential to generate an estimated 6.8
million m? of biogas on a daily basis (Shaaban and Petinrin,
2014). An increment in biogas generation and utilization can
boost the country’s energy supply and also offer an effective
and profitable solution for managing—and potentially
eliminating—the myriad of problems attributed to the
improper management of MSW (Shaaban and Petinrin,
2014).

Although biogas technology is well-established and widely
utilized in countries such as; China, Ireland, England,
Germany, the Netherlands, the nordic countries (Sweden,
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Denmark and Norway), South Korea, Brazil and India, its
development has remained limited in many African nations
(Akinbomi et al., 2014). The rapid advancement of biogas
technologies in numerous European nations has been driven
by various strategies, notably the FEuropean Union’s
Renewable Energy Directive (RED), which set a mandatory
objective  for member states to achieve 20% renewable
energy consumption by 2020 (Capodaglio et al., 2016). In
Europe, the United States and Latin America, biogas systems
are typically large-scale, with the generated biogas being
utilized for multiple purposes including electricity
production, district heating, injection into natural gas grids,
and as fuel for different classes of vehicles and trains
respectively (Akinbomi et al., 2014). Conversely, in many
Asian and some African countries, biogas technologies is
mostly implemented on a smaller, household level, wherein
the generated biogas is primarily utilized for a variety of
domestic activities exemplified by cooking (Sorda et al.,
2010).

In Nigeria, several biogas initiatives have been carried out,
exempifiied by the establishment of biogas production
facilities at Zaria Prison in Kaduna State, North central
Nigeria, Ojokoro in Lagos State, Western Nigeria,
Mayflower School in Ikene, Ogun State, Western Nigeria
and Usman Dan Fodiyo University in Sokoto State,
Northwestern Nigeria with digester capacities varying from
10 to 20 m® respectively (llori et al., 2007; Ojolo et al., 2007;
Igoni et al., 2008). However, these biogas ventures have yet
to reach commercialization, as many are either non-
functional or have remained in the research phase (Akinbomi
etal., 2014).

The limited success of pilot biogas programs and the slow
progress in biogas development and adoption in Nigeria has
been linked to several challenges, including: (i) absence of
clear policy frameworks, (ii) poor enforcement of existing
biofuel policies, (iii) insufficient government commitment,
(iv) technical shortcomings such as lack of spare parts and
untrained personnel, (v) ineffective waste management
systems, (vi) inadequate storage and transportation
infrastructure, (vii) discontinuity of previous biogas
initiatives by successive administrations, (viii) lack of proper
structural facilities, and (ix) low public awareness of the
benefits of biogas technology (Akinbomi et al., 2014).

The existing energy landscape in Nigeria has indicated that
biogas has not been integrated into the country’s energy
mix, which is predominantly comprise of fuel-wood,
petroleum products, hydroelectric power, and increasingly,
solar energy (Chanchangi et al., 2023; Adeshina et al.,
2024). An illustrative summary of the constraints affecting
the production of biogas in Nigeria is presented in Figure 3.

Lack of

Figure 3: Summary of challenges to biogas adoption in
Nigeria

An example of an operational large-scale biogas facility in
Edo State, Southern Nigeria is the one managed by Presco

—
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Agro Allied Farms at the Obaretin oil palm estate near Benin
City, Edo State. This sizable anaerobic digester was
commissioned and has been in continuous operation since
April 2014 (SIAT Group, 2017). The plant is known to
comprise of 2 x 9,500 m® capacity reactors and has an
installed capacity of 160.000 m* palm oil mill effluent
(POME) per year with a potential yearly biogas production
yield of 4.000.000m* biogas/year (INm?® of methane gas is
equivalent to 1 Lt of diesel) (SIAT Group, 2017). As at the
end of the year 2017, SIAT Group, the parent company of
Presco, had processed nearly 950,000 m? of palm oil mill
effluent (POME), effectively removing about 56,500,000 kg
of chemical oxygen demand (COD) organic load.
Additionally, SIAT has repurposed some of the sludge and
treated effluents as organic fertilizer for the plantation, which
has helped reduce the use of chemical fertilizers in certain
plantation areas where the anaerobic sludge is applied (SIAT
Group, 2017). Presco Nigeria, under SIAT Group, plans to
expand its electricity generation capacity to 4 megawatts
using a biogas-powered generator set (SIAT Group, 2017).
Currently, the oil palm estate operates independently of the
national electrical grid, relying entirely on electricity
produced from biogas generated by its anaerobic digestion
plant, which also serves as a method for organic waste
reduction and treatment.

Implementable recommendations for effective solid waste
management in Edo state

To achieve reliable and efficient wastes management in
Benin City, Edo State and other urban areas in the State and
the country in general, the following steps should be taken:

Wastes sorting and source and at site

Public enlightenment campaigns and educational programs
should be conducted to encourage households and
institutions to sort waste at the point of generation. This
practice, which includes separating food waste, plastics,
metals, and textiles, simplifies recycling and biogas
feedstock preparation. Implementing a color-coded bin
system across neighborhoods will also help enforce sorting
practices (Oluwafemi et al., 2021).

Organized system of waste recycling

The Edo State Government (ESG) should invest in organized
recycling hubs within local government areas, backed by
digital tracking of recyclable waste flows. This will improve
collection efficiency, reduce informal scavenging risks, and
create green jobs. Government monitoring and certification
will ensure quality and safety in recycled materials handling
(Ezeudu et al., 2021).

Establishment of functional AD plants

To overcome the lack of infrastructure, functional anaerobic
digestion plants should be established in high-waste-density
zones. These plants will convert biodegradable waste into
biogas and digestate, addressing both energy needs and
organic fertilizer demands. Training of local engineers and
use of modular AD technologies are essential for
sustainability (Adeleke et al., 2023).

The provision of an enabling environment for private sector
involvement in biogas production
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ESG can introduce tax incentives, low-interest loans, and
subsidies to attract private investors to the biogas sector.
Stable policies and streamlined licensing processes will
further encourage participation. Public-private partnerships
(PPPs) should be explored to bridge funding and technical
gaps (Alabi et al., 2020).

Maintain good sanitation laws and policy

Effective implementation of sanitation laws will reduce
illegal dumping and open burning of solid wastes, as both of
these practices are known to hinder effective and organized
waste management. EWMB can in collaboration with
relevant Local Government authorities ensure compliance of
individuals and businesses via the payment of stipulated
fines as well as ensuring the functioning of environmental
sanitation courts (Ezeudu, 2020).

Building and maintaining standard landfills

Modern engineered landfills with leachate collection
systems, gas recovery units, and perimeter fencing should
replace existing dumpsites. These landfills must be sited
using environmental impact assessments to avoid water and
air contamination. Regular maintenance and operational
transparency will boost public trust (Alao et al., 2024).

CONCLUSION

Utilization of functional landfill sites for solid waste disposal
and management by municipalities worldwide is well
established, and the ESG can adopt and adapt the landfill
approach as a better alternative to the current rudimentary
open dumping method. It is both urgent and essential for the
ESG to prioritize the implementation of more modernized
and effective solid waste management strategies, including
landfills and harnessing solid waste streams for biogas
production, alongside other waste reduction methods such as
recycling, composting, and reuse, especially given the
current rapid suburban expansion within rural areas
surrounding Benin City.

The Presco case has clearly demonstrated the effectiveness
of biomethanation in meeting growing energy demands
while reducing organic waste generated by human activities.
Although bio-gasification is competing directly with other
renewable energy sources like solar and wind, its ability to
utilize MSW as feedstock offers a distinct advantage over
these alternatives. This review has identified numerous
challenges hindering efficient waste management in Benin
City and proposed various solutions to overcome these
issues, with specific reference to Benin city and Edo State in
general. This report has revealed the various challenges
militating against effective and efficient management of
wastes particularly in Benin City. Various solutions to
surmount this problem in wastes management in Africa with
specific reference to Benin city, Edo State, have been
propounded.

REFERENCES

Adeleke AJ, Ajunwa OM, Golden JA, Antia UE, Adesulu-
Dahunsi AT, Adewara OA, Popoola OD, Oni EO,
Thomas BT, Luka Y 2023: Anaerobic Digestion
Technology for Biogas Production: Current Situation in
Nigeria (A Review). UMYU Journal of Microbiology
Research, 8 (2): 153 - 164, DOI: 10.47430/ujmr.2382.018.

—

Obayagbona et al., 2025

Adeshina MA, Ogunleye AM, Suleiman HO, Yakub AO,
Same NN, Suleiman ZA, Huh JS 2024: From
Potential to Power: Advancing Nigeria’s Energy Sector
through Renewable Integration and Policy Reform.
Sustainability, 16, 8803. https://doi.org/10.3390/su
16208803.

Adewole TA 2009: Waste management towards sustainable
development in Nigeria: A case study of Lagos state.
International NGO Journal, 4 (4):173-179, http://
www.academicjournals.org/INGOJ

Agbede OO, Aworanti OA, Osuolale FN, Adebayo AO,
Ogunleye 0O, Agarry SE, Babatunde KA 20109:
Anaerobic conversion of biodegradable municipal solid
waste to biogas: A review. LAUTECH Journal of Civil
and Environmental Studies, 3 (1): 27 - 43, DOl
10.36108/laujoces/9102/20(0230).

Ajibade FO, Adelodun B, Ajibade TF, Lasisi KH, Abiola C,
Adewumi JR, Akinbile CO 2021: The threatening effects
of open dumping on soil at waste disposal sites of Akure
City, Nigeria. International Journal of Environment and
Waste Management, 27 (2):127-146.

Akinbomi J, Brandberg T, Sanni AS, Taherzadeh JM 2014:
Development and dissemination strategies for accelerating
biogas production in Nigeria. BioResources 9 (3): 5707-
5737.

Akpan PU, Omeife, MA, Onyishi HO, Okoye OC 2015:
Biogas production from biodegradable component of
municipal solid waste in Nsukka metropolis. Paper
presented at the International Conference on Electric
Power Engineering (ICEPENG, 2015), October 14-16.
Pp 236-241.

Alabi MA, Kasim OF, Lasisi, MO 2020: Public-Private
Partnership (PPP) in residential solid waste management
in Ibadan: Challenges and opportunities. Journal of
Geography and Regional Planning, 13(1):30-40.

Alao JO, Ayejoto DA, Fahad A, Mohammed MA, Saqgr AM,
Joy AO 2024: Environmental burden of waste generation
and management in Nigeria. In Technical Landfills and
Waste Management: Volume 2: Municipal Solid Waste
Management (pp. 27-56). Cham: Springer Nature
Switzerland.

Alengebawy A, Ran Y, Osman, Al, Jin K, Samer M, Ai P
2024: Anaerobic digestion of agricultural waste for biogas
production and sustainable bioenergy recovery: a review.
Environmental Chemistry Letters, https://doi.org/10.
1007/s10311-024-01789-1.

Amin FR, Khalid H, Zhang H, Rahman S, Zhang R, Liu G,
Chen C 2017: Pretreatment methods of lignocellulosic
biomass for anaerobic digestion. AMB Express, 7, 72,
https://doi.org/10.1186/s13568-017-0375-4.

Aworanti OA, Agbede OO, Agarry SE, Ajani AO,
Ogunkunle O, Laseinde OT, Rahman SMA, Fattah IMR
2023: Decoding Anaerobic Digestion: A Holistic Analysis
of Biomass Waste Technology, Process Kinetics, and
Operational Variables. Energies 16, 3378. https://doi.org
/10.3390/en16083378.

Capodaglio AG, Callegari A, Lopez MV 2016: European
Framework for the Diffusion of Biogas Uses: Emerging
Technologies, Acceptance, Incentive Strategies, and
Institutional-Regulatory Support. Sustainability, 8, 298;
DOI:10.3390/su8040298.

Capolupo L, Faraco V 2016: Green methods of
lignocellulose pretreatment for biorefinery development.
Applied Microbiology and Biotechnology 100 (22):9451-
9467. DOI: 10.1007/s00253-016-7884-y.

J. Agric. Food Environ. 6(4): xx-x, 2025



Chanchangi YN, Adu F, Ghosh A, Sundaram S, Mallick
TK 2023: Nigeria's energy review: Focusing on solar
energy potential and penetration.  Environment,
Development and Sustainability (2023) 25:5755-5796,
https://doi.org/10.1007/s10668-022-02308-4.

Danthurebandara M, Van Passel S, Nelen D, Tielemans Y,
Van Acker K 2012: Environmental and Socio-Economic
Impacts of Landfills. Linnaeus ECO-TECH 2012,
Kalmar, Sweden, November 26-28, Pp: 40 -51.

Dareioti MA., Dokianakis SN, Stamatelatou K, Zafiri C,
Kornaros M 2009: Biogas production from anaerobic co-
digestion of agroindustrial wastewaters under mesophilic
conditions in a two stage process. Desalination 248:891—
906, https://doi.org/10.1016/j.desal.2008.10.010.

Ezeudu OB 2020: Urban sanitation in Nigeria: the past,
current and future status of access, policies and
institutions. Reviews on EnvironmentalHealth, 35(2):123-
137.

Ezeudu OB, Agunwamba JC, Ugochukwu UC, Ezeudu TS
2021: Temporal assessment of municipal solid waste
management in Nigeria: prospects for circular economy
adoption. Reviews on Environmental Health, 36(3):327-
344. https://doi.org/10.1515/reveh-2020-0084.

Goswami R, Chattopadhyay P, Shome A, Banerjee NS,
Chakraborty KA, Mathew KA, Chaudhury S 2016: An
overview of physico-chemical mechanisms of biogas
production by microbial communities: a step towards
sustainable waste management. Biotechnology 6 (72): 1-
12, DOI: 10.1007/s13205-016-0395-9.

Harirchi S, Wainaina S, Sar T, Nojoumi SA, Parchami M,
Parchami M, Varjani S, Khanal SK, Wong J, Awasthi
MK, Taherzadeh M J 2022: Microbiological insights into
anaerobic digestion for biogas, hydrogen or volatile fatty
acids (VFAS): a review. Bioengineered, 13(3):6521-6557.
doi: 10.1080/21655979.2022.2035986.

Hartmann H, Ahring BK 2005: Anaerobic digestion of the
organic fraction of municipal solid waste: influence of co-
digestion with manure. Water Research 39 (8): 1543-
1552, DOI: 10.1016/j.watres.2005.02.001.

Heeg K, Pohl M, Mumme J, Klocke M, Nettmann E. 2014:
Microbial communities involved in biogas production
from wheat straw as the sole substrate within a two-phase
solid-state anaerobic digestion. Systematic and Applied
Microbiology 37:590-600, https://doi.org/ 10.1016/].
syapm.2014.10.002.

Horvéth IS, Tabatabaei M, Karimi K. Kumar, R. 2016:
Recent updates on biogas production—a review. Biofuel
Research Journal 3:394-402, DOI: 10.18331/BRJ2016
.3.2.4.

Huang X 2024: The Promotion of Anaerobic Digestion
Technology Upgrades in Waste Stream Treatment Plants
for Circular Economy in the Context of “Dual Carbon”:
Global Status, Development Trend, and Future
Challenges. Water 16, 3718. https://doi.org/10.3390/
w16243718.

Igoni AH, Ayotamuno MJ, Eze CL, Ogaji, SOT, Probert, SD
2008: Designs of anaerobic digesters for producing biogas
from municipal solid-waste. Applied Energy 85: 430-438,
https://doi.org/10.1016/j.apenergy.2007.07.013.

llori MO, Adebusoye A, Lawal AK, Awotiwon, O A 2007:
Production of biogas from banana and plantain peels.
Advances in Environmental Biology 1: 33-38.

Jha AK, Sharma C, Singh N, Ramesh R, Purvaja R, Gupta
PK 2008: Greenhouse gas emissions from municipal solid
waste management in Indian mega-cities: A case study of

—

Obayagbona et al., 2025
Chennai landfill sites. Chemosphere 71:750-758,
https://doi.org/10.1016/j.chemosphere.2007.10.024.

Kalia VC, Sonakya V, Raizada N 2000: Anaerobic digestion
of banana stem waste. Bioresource Technology 73
(2):191-193, https://doi.org/10.1016/S0960-8524(99)
00172 -8.

Karagiannidis A, Perkoulidis G 2009: A multi-criteria
ranking of different technologies for the anaerobic
digestion for energy recovery of the organic fraction of
municipal solid wastes. Bioresource Technology
100:2355-2360,
https://doi.org/10.1016/j.biortech.2008.11.033.

Keefe DM, Chynoweth DP 2000: Influence of phase
separation. Leachate recycle and aeration on treatment of
municipal solid waste in simulated landfill cells.
Bioresource  Technology 72  (1):55 - 66,
https://doi.org/10.1016/S0960-8524(99)00089-9.

Khan 1U, Othman MHD, Hashima H, Matsuurad T, Ismail
AF, Rezaei-Dasht AM, Azelee IW 2017: Biogas as a
renewable energy fuel — A review of biogas upgrading,
utilization and storage. Energy Conversion and
Management, 150 (15): 277-294, DOl:
10.1016/j.enconman.2017.08.035.

Lindner J, Zielonka S, Oechsner H, Lemmer A 2015: Effects
of mechanical treatment of digestate after anaerobic
digestion on the degree of degradation. Bioresource
Technology, 178:194-200, https://doi.org/10.1016/].
biortech .2014.09.117.

Macias-Corral M, Samani Z, Hanson A, Smith G, Funk, P,
Yu H, Longworth J 2008: Anaerobic digestion of
municipal solid waste and agricultural waste and the
effect of co-digestion with dairy cow manure. Bioresource
Technology 99: 8288-8293, DOI: 10.1016/j.biortech.
2008.03.057.

Manyi-Loh CE, Mamphweli SN, Meyer EL, Okoh Al,
Makaka G, Simon M 2013: Microbial anaerobic
digestion (bio-digesters) as an approach to the
decontamination of animal wastes in pollution control and
the generation of renewable energy. International
Journal of Environmental Research and Public Health,
10(9):4390-417. doi: 10.3390/ijerph10094390.

Manyi-Loh CE, Lues R 2023: Anaerobic Digestion of
Lignocellulosic  Biomass:  Substrate  Characteristics
(Challenge) and Innovation. Fermentation 9, 755.
https://doi.org/10.3390/ fermentation 9080755.

Marchiori P, Ferreira VC, Froner-Lacerda LRR, Sillero L,
Zanin HG, Forster-Carneiro T 2025: Global trends and
challenges in biogas purification and CO, capture for
renewable energy and climate mitigation. Biofuels,
Bioproducts and Biorefining, DOI: 10.1002/bbb.2805.

Mensah J 2019: Sustainable development: Meaning, history,
principles, pillars, and implications for human action:
Literature review. Cogent Social Sciences, 5, 1,
https://doi.org/10.1080/23311886.2019.1653531.

Mshandete MA, Parawira W 2009: Biogas technology
research in selected sub-Saharan African countries — A
review. African Journal of Biotechnology 8(2), 116-125,
DOI: 10.5897/AJB08.821.

Oduor WW, Wandera SM, Murunga, SI, Raude J2022:
Enhancement of anaerobic digestion by co-digesting food
waste and water hyacinth in improving treatment of
organic waste and bio-methane recovery. Heliyon,
8(9):210580. doi: 10.1016/j.heliyon.2022.e10580.

J. Agric. Food Environ. 6(4): xx-x, 2025



Ogu IV 1996: Housing and Environmental Services in Benin
City, Nigeria. Unpublished PhD thesis, University of
Cambridge, p 32.

Ogu IV 2000: Private sector participation and municipal
waste management in Benin City, Nigeria. Environment
and Urbanization 12 (2): 103- 117.

Ojo AO 2023: An Overview of Lignocellulose and Its
Biotechnological Importance in High-Value Product
Production. Fermentation, 9, 990. https://doi.org/10.3390/
fermentation9110990.

Ojolo SJ, Oke SA, Animasahun OK, Adesuyi BKUA 2007:
Utilization of poultry, cow and kitchen wastes for biogas
production: A comparative analysis. Iranian Journal of
Environmental Health Science and Engineering 4: 223-
228.

Okosun SE, Akuba S, Ajayi IS 2023: Solid Waste
Management in Traditional African cities — A perspective
from the Benin city Waste Management Board, Edo State,
Nigeria. Ethiopian Journal of Environmental Studies and
Management, 16(6): 786 — 801,doi: https://ejesm.org/doi/
v16i6.10.

Oluwafemi J, Olukanni D, Justin LD 2021: Improper waste
disposal in Ota, Ogun State-a proposed waste segregation
approach. In Journal of Physics: Conference Series (Vol.
1734, No. 1, p. 012038). IOP Publishing.
https://doi.org/10.1088/1742-6596/1734/1/012038

Opejin KA 2016: Assessment of the Regenerative Potential
of Organic Waste Streams in Lagos Mega-City. M.sc
Thesis, Arizona State University, 95 pp.

Oyebode OJ 2017: Design Of Engineered Sanitary Landfill
For Efficient Solid Waste Management In Ado —EKkiti,
South-Western Nigeria. Journal of Multidisciplinary
Engineering Science Studies, 3(9):2144 - 2160.

Oyedepo SO 2012: Energy and sustainable development in
Nigeria: the way forward. Energy, Sustainability and
Society, 2, 15, https://doi.org/10.1186/2192-0567-2-15.

Ozbay G, Jones M, Gadde M, Isah S, Attarwala T 2021:
Design and Operation of Effective Landfills with Minimal
Effects on the Environment and Human Health. Journal
of Environmental and Public Health, 6921607. doi:
10.1155/2021/6921607.

Rehman MLU, Igbal A, Chang CC, Li W, Ju M 2019:
Anaerobic digestion. Water Environment Research, 91:
1253-1271, https://doi.org/10.1002/wer.1219.

Senés-Guerrero C, Colon-Contreras FA, Reynoso-Lobo JF,
Tinoco-Pérez B, Siller-Cepeda JH, Pacheco A 2019:

Obayagbona et al., 2025
Biogas-producing microbial composition of an anaerobic
digester and associated bovine residues. Microbiology
Open, DOI: 10.1002/mb0o3.854.

Shaaban M Petinrin JO 2014: Renewable energy potentials
in Nigeria: Meeting rural energy needs. Renewable and
Sustainable Energy Reviews 29:72-84, https://doi.org/
10.1016/j.rser.2013.08.078

Siddiqua A, Hahladakis JN, Al-Attiya WA KA 2022: An
overview of the environmental pollution and health
effects associated with waste land filling and open
dumping. Environmental Science and Pollution Research,
29(39):58514-58536, doi: 10.1007/s11356-022-21578-z.

Simonyan KJ, Fasina O 2013: Biomass resources and
bioenergy potentials in Nigeria. African Journal of
Agricultural Research, 8(40):4975-4989, DOL:
10.5897/AJAR2013.6726.

Société d'Investissement pour I'Agriculture Tropicale (SIAT)
Group 2017: Anaerobic Digestion and Biogas Plants in
Africa, Integrated Organic Matter Management for a
Sustainable Agro industrial Sector, Brussels, 17 pp.

Sorda G, Banse, M, Kemfert C 2010: An overview of biofuel
policies across the world. Energy Policy, 38:6977-6988,
DOI: 10.1016/j.enpol.2010.06.066

Tsapekos P, Kougias PG, Angelidaki, |1 2015: Biogas
production from ensiled meadow grass; effect of
mechanical pretreatments and rapid determination of
substrate biodegradability via physicochemical methods.
Bioresource Technology 182:329-335, DOl:
10.1016/j.biortech.2015.02.025.

Ukala DC, Akaun IHI, Owamah | 2020: A Review of Solid
Waste Management Practice in Nigeria. NIPES Journal of
Science and Technology Research, 2(3):169-174, DOI:
10.37933/nipes/2.3.2020.17.

Vaverkovd MD 2019: Landfill Impacts on the
Environment—Review. Geosciences, 9, 431.
https://doi.org/10.3390/geosciences9100431.

Zhang C, Su H, Baeyens J, Tan T 2014: Reviewing the
anaerobic digestion of food waste for biogas production.
Renewable and Sustainable Energy Reviews, 38:383-392,
https://doi.org/10.1016/j.rser.2014.05.038

Zhang Q, Hu J, Lee DJ 2016: Biogas from anaerobic
digestion processes: Research updates. Renewable Energy
98: 108 — 119, https://doi.org/10.1016/j.renene.2016.
02.029.

J. Agric. Food Environ. 6(4): xx-x, 2025



