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Abstract

Municipal Solid Waste (MSW) management in Nigeria is a sorely underperforming sector in Nigeria.
This underperformance has long been attributed to the neglect from its Federal and State
Governments. However, critical assessment shows the need to adopt a systems approach and
integrate data science technologies in identifying challenges and proposing solutions to Nigeria’'s
waste management sector. The study adopts a narrative review design, following the lacking research
and waste quantitative data in assessing MSW management in Nigeria. It examines systems theory
engineering models and assessment tools in the context of waste management, and adopts a case-
study examination of Lagos State waste management processes and stakeholders. The study’s
findings show that Nigeria is still significantly dependent on open dumping systems and incineration
systems. Its waste recycling sector is inefficient and incapable of mitigating current waste pressures.
This is evident in Lagos, as the state’s plastic recycling ranges between 3-6% of all plastic waste
generated. The informal waste collectors (IWC) hold significant influence and these entities have
continuously resisted formalisation from the Federal and State governments. Examining the 2020
waste management policy reveals some ambiguity in the responsibilities of the various stakeholders
in the policy and institutional framework. The study proposes key strategies towards mitigating the
lack of waste management enforcement mechanisms, absence of waste-to-wealth strategies, poor
funding, and limited public awareness on recycling. This study’s value is in its systems approach to
combatting Nigeria’s MSW pressure. This approach is underscored by the inclusion and astute
application of data science technologies and stakeholder engagement across both public and private
sectors. The study seeks to provide a foundation for more empirical research following the data gap
and lack of academic research on Nigeria’s MSW management, in the hopes that it will catalyse
sustainable MSW management solutions.

Keywords: municipal solid waste (MSW); data science; systems approach; SDGs; recycling; Nigeria

1.0. Introduction

Waste is simply anything that needs to disposed of following its lost utility. According to [1],
this lost utility could be as a result of being worn out, broken, contaminated and spoilt. A critical
investigation into the term ‘waste’ unravels a plethora of classifications by form such as liquids, solids
and gaseous wastes. There is the waste classification by sources such as garbage or refuse from homes
and other environments that have some form of activities. The State of Vermont Agency of Natural
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Resources Department of Environmental Conservation defines solid waste as tangible and non-free
flowing unwanted materials or substance resulting from human activities [2]. It is popularly termed
‘Municipal Solid Waste” (MSW), because its sources have largely been identified to be residential,
commercial, agricultural and industrial operations [3]. The identification of these sources lends
credence to the thought that population growth and economic development remain the most
significant contributors and challenges to waste generation and management, respectively.

This study adopts the wider term of Data Science as opposed to the trending and specialised
terms of Artificial Intelligence (AI) and Machine Learning (ML). This is because data science
encompasses the essential principles, methods and infrastructure that is critical in enabling AI and
ML technologies function optimally. Fundamentally, ML and Al are specialised components and
offshoots of data science technologies. Generally, Data science can be termed the core and
fundamental broader scope of what encompasses the optimal utilisation of both technologies. The
emergence of data science technologies in waste management follows the need to advance
sustainability objectives as clearly stated in the sustainable development goals (SDGs), adopted for
the 2030 Agenda for Sustainable Development [4]. This is shown in Figure 1, depicting data-driven
waste management practices and technologies, and its direct alignment with critical SDGs
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Figure 1. Application of Data Science technologies in Waste Management towards achieving SDGs.

i. SDG11 (Sustainable Cities and Communities): Improper waste management has been
evidenced to have direct implications, on environmental and public health [5], [6-9]. Both health
dimensions cater to the optimal sustenance of humans and their immediate environs. By
providing smart waste collection and processing, route optimisation, and illegal dumping
detection, the aim is to ensure a cleaner, healthier and more liveable environment.

ii. SDG12 (Responsible Consumption and Production): Waste is a result of production and
consumption of good and services, and these vary by individual need, product type, supply
chain, and other demographics. The need to reduce waste generation demands a streamlined

approach that robustly attacks waste generation at the source, promotes recycling and optimises
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resource management using applicable circular economy modelling and real-time monitoring

[10-12].

iii. SDG13 (Climate Action): Research has established solid waste generation as a significant driver
of climate change through greenhouse gas (GHG) emissions and environmental degradation.
For instance, methane (CHa) emission from open dumpsites and landfills significantly traps heat
in the atmosphere, creates an offensive odour and accelerates global warming [13]. In developing
economies like Nigeria, the popularly employed open-air waste incineration approach releases
significant amounts of carbon dioxide (CO:) and particulate matter (PM). Incinerating plastic
waste releases fossil-fuel-based CO:, which contributes to increasing carbon levels [14-16].
Additionally, [17] identifies deforestation as a source of high waste generation due to increased
demand for raw materials from tree cutting, excessive mining and water resource depletion.
These activities require excessive energy use in both production and disposal. Adopting data
science approaches and technologies will help facilitate CHs emission tracking through Al and
satellite data, optimising waste-to-energy conversion in order to reduce carbon foot print, and
providing accurate climate impact predictions.

iv. SDGS3 (Good Health and Well-being): Waste management has been shown to correlate directly
with immediate communities’ quality of life. [18] proposes the use of data analytics in predicting
epidemic outbreaks as a result of poor waste management, and IoT sensors are capable of
tracking air pollution following waste decomposition and incineration. Utilising data science in
this regard holds two functions, minimising health hazards from improper waste disposal and
improving overall public health through consistent monitoring.

V. SDG6 (Clean Water and Sanitation): It may be argued that water treatment is not wholly
categorised under solid waste management. Nevertheless, the removal of solid waste as
pollutants in water sources makes it a critical aspect of MSW management. Moreso, as both
surface and groundwater sources are critical to drinking, sanitation and aquatic life, it has
become critically necessary to optimise waste treatment processes
Examining data science application through the lens of the SDGs paints a larger magnitude in

which data science can capably function in streamlining waste management approaches for Nigerian
waste management. This underscores the interwoven possibilities and impact between optimised
waste management, sustainable urban development, reduced environmental impact, improved
health and efficient resource management. On a national level, employing data science to waste
management is a fastidious effort to address challenges concerning waste reduction, climate
resilience and public health. From a developing economy perspective like Nigeria’'s that struggles
with efficient and sustainable delivery in its MSW management, applying optimally matched
strategies necessitates this narrative review of applicable technologies and strategies to MSW
management.

Moreover, few studies have presented an accurate view of the current waste landscape in
Nigeria following the poor waste data collection infrastructure. Even the many studies that examine
waste management and data science in developed countries or on a global scale rarely adopt a
systems approach, inclusive of stakeholders. Hence, the adoption of a narrative review in the
Nigerian context as only government reports and policy documents provide accurate and relevant
information on the current state of waste management in some of the nation’s key cities. Government
reports and feasibility studies are excluded from systematic reviews due to stipulated methodological
filters. Whereas, a narrative review permits a consideration of local knowledge systems, technical
practices and context specific barriers that are pivotal to developing a suitable Nigerian framework
for successfully adopting data science technologies for efficient and sustainable MSW management
practices. This review aims to examine Nigeria’s current municipal solid waste (MSW) management
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approaches and evaluate the use of possible data science techniques and technologies via a systems
approach that advances the nation’s waste management sector towards environmental sustainability.
The specific objectives include:

i To analyse the application of system theory models and assessment tools in MSW management.

ii. To examine the current waste management landscape in Nigeria, including collection methods,
disposal practices and recycling rates.

iii. To develop a framework for stakeholder engagement and policy integration that supports

sustainable implementation of data-driven waste management approaches in the Nigerian

context.

2.0. Systems Theory in Waste Management

The last two decades have highlighted the importance of adopting a systems approach in
actualizing sustainable MSW management, especially with the growing complex phases required in
maintaining environmental quality in a sustainability fashion. Moreover, increased pressure for the
adoption of the circular economy highlights the desire to employ more socially acceptable options
that preserve biodiversity and natural ecosystems. To this effect [19], classified five system
engineering models and eight analytical tools for system assessment that form the critical technology
hub for solid waste management. The five system engineering models form the inner core of the hub
and these include CBA-Cost Benefit Analysis; FM-Forecasting Models; SM-Simulation Models; OM-
Optimization Models; IMS- Integrated Modelling Systems. Whereas, the eight system assessment
tools form the outer layer and these include: SD-Scenario Development; MFA-Material Flow
Analysis; LCA- Life-Cycle Assessment; RA- Risk Assessment; EIA- Environmental Impact
Assessment; SEA- Strategic Environmental Assessment; SoEA-Socio-Economic Assessment; SA-
Sustainable Assessment [19].

Tables 1 and 2 highlight the numerous possible functions of system models and systems
assessment tools in policy analysis and decision making in the context of assessing quantitative data
relevant to MSW management. Nevertheless, their individual application has largely been critiqued
as limited in scope due to the nature of the applied models and assessment tool. According to [19],
almost none of the models developed before the year 2000 considered the complete waste
management cycle from waste prevention through to final disposal, with the exception of LCA.
Similarly, the models failed to initially consider the involvement of relevant stakeholders such as
government agencies, local communities, formal and informal waste sector service providers.

However, advancements in computing power and data science technologies have facilitated the
combination of numerous models and assessment tools simultaneously. The results produced are
more robust, providing information on extensive subjects within waste management decision-
making. These underscore the need for systems theory application as it is the only feasible utilisation
of a holistic perspective in achieving ideal solution procedures for MSW management systems.
Especially as balancing simplification of modelling efforts while attempting to sufficiently capture
the essential features that represent real-world complications, remains a challenge regardless of the
advancements in Al and Machine Learning.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 1. Examining the system engineering models, distinct attributes and application to MSW management.

YSTEM ENGINEERIN
SYS M OgEL G ATTRIBUTES [19] APPLICATION IN MSW MANAGEMENT
. Assesses economic impact of an intervention, including effects beyond simple financial . Aids in MSW management decision-making [20-22].
outcomes. . Examines impact of the waste hierarchy principle [23,24]
Cost-Benefit Analysis . Involves definition of objectives and scopes, identifying, creating and inventory of effects . . P . yP P T .
L . . . . Investigates economic and environmental consequences of waste disposal options
(CBA) (economic, time, space and environmental), performing monetary valuation (estimating costs and . . . . .
. . . . (source reduction, recycling, incineration and landfill), and evaluates policy instruments
benefits, discounting to present value) and assessment of final present value. . .
. S o . ! such as marketable permits and packaging taxes [22,25,26].
o Integrates with fuzzy set theory to minimize uncertainties and vagueness in costs or benefits.
. Predicts solid waste generation and captures trends within waste generation data. . Predicts waste generation based on influential technical and socio-economic
. Capable of aggregating dynamic features and their interrelationships using approaches like factors such as total income, people per house and waste amounts previously generated,
Forecasting Models (FM) system dynamics modelling, that can quantify qualitative aspects. which are critical in Material Recovery Facility planning [27-29].
. Identifies problems, develop hypotheses on causal loops and test scenarios, related to . Permits the incorporation of factors such as environmental behaviours, waste
alternative polices. treatment price, quantities of waste collected, treated and recycled [30].
° Facilitates easier comprehension of waste management processes [31,32].
Simulation Models (SM) Computer based models that simulate the dynamic evolution of existing or proposed MSW . Permits te.sting O.f di.fferent Changes within the simulated process.
management systems . Monte Carlos simulation integrates with other system models to account for

uncertainties in waste management systems [33-35].

. Single Objective Programming (SOP) models finds the best solution to MSW management
challenges with relevance to a single objective and applicable constraints.

Advanced optimization models such as Multi-Objective Programming (MOP) facilitates
simultaneous handling of multiple conflicting objectives and stochastic optimization (SO) for
uncertainties, and are robust enough to incorporate inconsistencies within probability distributions,
internal values and fuzzy membership functions.

Solves optimisation challenges such as waste vehicle routing, deciding appropriate
type and size of facilities, and determining most suitable citing of facility locations
(landfills, incinerators and transfer stations) [36-39].
Incorporates abstracts such as social concerns, namely, public acceptance, labour
issues and public consensus, in its calculations.

Optimisation Models (OM)

o Facilitates a more in-depth understanding of the driving forces behind system
behaviour and the consequences outside the systems.
Integrated Modelling o Integrates different model types (simulation, forecasting and optimization models). o Applicable in planning and designing phases for system expansion, determining
Systems (IMS) . Faces higher uncertainty due to the higher complexity and variability in uncertainty of optimal capacity and expansion patterns for waste disposal and waste-to-energy
multiple approaches and low quality of MSW management data [40] facilities, and policy planning under significant uncertainty [41-44]
. Links simulation and optimization models in an interactive loop for stochastic

data [45,46].
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Table 2. Examining the systems assessment tools, characteristics and their application in MSW management.

SYSTEMS ASSESSMENT CHARACTERISTICS [19] and [40] APPLICATION IN MSW MANAGEMENT
TOOLS
Scenario Development (SD) e  Explores events, both internal and external to the MSW management system boundaries, that Accurately predicts solid waste generation.

occur over time. These can be categorized as exploratory or anticipatory, baseline or policy-

driven, quantitative or qualitative.

Used in conjunction with other methods to define scenarios and evaluate
future outcomes.
Facilitates a better understanding of the potential consequences of

different policies and decisions on a temporal scale.

Material Flow Analysis (MFA) e Assesses the flows and stocks of materials within a system defined by space and time.
. Maps the connection between sources, pathways, intermediate and final sinks of a material
and its use.
e  Capable of analysing product consumption patterns, waste generation, recycling, recovery

and reuse.

Facilitates understanding of material flows through the product’s life
cycle and predicts the timeframe for materials to lose their utility become
waste.

Process based MFA examines specific resource/waste questions, while
industry-based MFA analyses the environmental impact of economic
development by analysing total material throughput [47-49].

Can be combined with life cycle assessments and CBA for broader
assessment and optimization of flows based on socio-economic factors,

linking anthropogenic metabolism and economic principles [50].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Life-Cycle Assessment (LCA) e  Fosters a better understanding on managing solid waste with the least environmental e  Aids in identifying best management practices or decisions by
damage. examining the entire life cycle of waste [51-54].
e  Provides a comparative assessment of environmental impacts across different defined waste e  Can be integrated with optimization models like multi-criteria decision
management scenarios. making (MSDM), MFA and Geographic Information Systems (GIS) to
e  Adopts a system map to offer a holistic view and compare various options. This is observed address complex MSW management challenges [24,55,56].

in the combination of Life Cycle Inventory (LCI) and Life Cycle Impact Assessment (LCIA).

Risk Assessment (RA) . Evaluates and examines risks associated with waste management activities and facilities. . For assessing emissions, accidents and environmental releases for waste

infrastructure like landfills, incinerators and composting plants.

e  Serves as a component of Environmental Impact Assessments (EIA)

when mandated for significant waste management projects [57-60]

Environmental Impact e  Ensures that environmental considerations are systematically integrated into the decision- e  Anticipatory in nature and serves as a structured decision-support tool
Assessment (EIA) making process for activities that may have a significant impact on the environment. to identify and address environmental and socio-political concerns.

o  Useful in site selection and project planning upon assessment of

potential environmental and social impacts; stakeholder engagement as

it improves social acceptability and transparency, and policy integration

[61-63].

). Distributed under a Creative Commons CC BY license.
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Strategic Environmental e  Used in assessing plans, programmes and policies that are likely to have significant

Assessment (SEA)

environmental waste impact.
e Application is based on the understanding that decisions at the planning level have critical

and far-reaching environmental consequences that must be evaluated early in the process.

LCA results on waste environmental impacts can be incorporated into

SEA as part of evaluating alternatives within the larger waste

management system [64]

Socioeconomic Assessment e  Evaluates the social and economic impacts of MSW management strategies.

(SoEA)

. Considers non-technical factors like employment, public health, public acceptance and public

participation, inclusive of market-based instruments and regulatory requirements.

Includes critical social and economic dimensions in MSW management
analysis and decision making.
Can be merged with CBA to address cost minimization, fair fund

distribution, landfill pricing and optimal landfill space control [65,66]

Sustainable Assessment (SA)

e  Synthesises various methodologies to conduct analyses, evaluations or plans with specific

emphasis on the sustainability implications of waste management strategies.

Integration with LCA and MFA enables a thorough understanding of
substance concentrations and their implications for sustainability [67—
70].

In energy analysis, it provides new possibilities towards zero landfill
emissions, clarifying environmental impact and achieving energy

balances.

). Distributed under a Creative Commons CC BY license.
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Moreover, the ‘Applications to MSW Management’ column in Table 2 emphasises multiple
combinations of different system assessment tools in order to attain more complex results. Currently,
this can be achieved with some software tools: Waste Analysis Software Tool for Environmental
Decisions (WASTED), Waste-Integrated Systems for Assessment of Recovery and Disposal
(WISARD), Waste and Resources Assessment Tool for the Environment (WRATE), Environmental
Assessment of Solid Waste Systems and Technologies (EASEWASTE), FLUX, and Software for
Substance Flow Analysis (STAN). In making holistic and data-informed waste management
decisions several of these software may also be employed in critical assessment of relevant variables.
Hence, the objective of this paper in examining the application of data science technologies through
a systems lens to waste management strategies. To this effect [71] presented a multi-methodological
case study that highlights the core principles of systems theory in MSW management; as shown in
Table 3.

Table 3. Examining each systems theory core principle using [71] view and the resultant data science application

to MSW management.

SYSTEMS THEORY [71] view DATA SCIENCE APPLICATION TO WASTE
PRINCIPLE MANAGEMENT
Holistic Perspective . Posits that a purely techno-centric view neglects . Integrated Data Lakes and Digital
social, cognitive and policy dimensions. Rather Twins [18,72].
argues for a multi-methodological and integrative . Cross-Modal Analytics [73].

approach that combines soft systems methodology

(SSM), system dynamics and multi-objective

optimisation in capturing critical parts of the waste

problem.
Interconnectivity and . Public resistance to new facilities depends . Behavioural feedback [74-76]
Feedback Loops inversely on the ratio of properly treated versus . Adaptive Control Algorithms [1,77-79].

illegally dumped waste. Whereas capacity

expansion of new technology reduces demands in

landfills when the community is more receptive.

Dynamic and Adaptive . Emphasises the need for dynamic coherence as it o Time-Series Forecasting & Scenario
Nature ensures the short-term tactical actions are aligned Simulation [80]
with long-term strategic goals using scenario- o Streaming Analytics and Anomaly
based simulations. Detection [81-83]

). Distributed under a Creative Comm CC BY license.
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Input-Throughput- o Proposes a stock and flow diagram that tracks o Process Mining and Workflow
Output Model solid waste through sanitary landfills, new Analytics [74,84-86]
technology processors, recycling streams and o Stochastic Optimisation regardless of
unmonitored disposals. uncertainty [87-89]

[71] examination of the basic tenets of the systems theory identifies and emphasises the dynamic
yet systemic nature of waste management, as it robustly weaves together multiple methodologies
originally cited by [19] with active stakeholder participation using applicable data-informed
approaches at every stage. Employing multi-method integration in order to capture dynamic and
systems associated complexities, underscores the utilisation of Soft Systems Methodology (SSM) for
framing and definition of complex problems. Additionally, system dynamics for quantification of
insights through collected data and Optimisation Models (OM) enables finalisation on the more
actionable path within existing constraints.

However, critical examination suggests that [71] focus on stakeholders is narrow, as the informal
sectors, NGOs and citizens are not directly engaged. Moreover, it is a case-study type and highlights
possible challenges in transferability to other socio-economic context such as Nigeria where the
behaviour among varying stakeholder under a different waste-management governance structure is
yet to be identified or examined. This demonstrates the necessity of contextual examinations
irrespective of significant applicable and transferable strategies. Hence, this study’s intent to examine
the current state of waste management in Nigeria and propose data science technologies utilisation
within a systems framework applicable in the necessary context.

3.0. Waste Management in Nigeria
3.1. Current Landscape

The Nigerian waste management sector suffers from continuous neglect, due to both the State
and Local governments not prioritising their respective jurisdictions’ environmental security and
sustainable development. [90] believes this to be environmental genocide when considering the huge
amounts of waste materials that are consistently generated within most commercial and population
dense cities across the nation. [91] cites the following as characteristic of Nigeria’s waste management
“wobbly, shambles, awkward due to the financial burden involved, weak technical capacity and poor
waste management technology”. [92] in conducting a temporal assessment of the past and current
approaches to MSW management in Nigeria, identified the nation’s population growth and
population concentration within few cities as a significant contributor to waste generation. This
perspective holds much validity in the Nigerian context given that there is no robust infrastructure
that sustainably caters to the different phases of waste management, neither are there any deliberate
measures allocated towards effectively reducing MSW generation in Nigeria.

Several studies criticise the non-existence of government nationally documented datasets that
actively reflects the state of waste in Nigeria [92-95]. This in turn has affected this research, making
it reliant on a significant number of case studies that research waste management in cities, states and
some niches in the Nigerian context. The most significant peer-reviewed literature on a national scale
incorporating waste data being a bit dated, namely, [96] evaluating similar studies that evaluated the
contribution of different sectors to MSW generation, composition of solid waste in various cities,
average composition of market waste (Ibadan), and monthly variation of solid waste generation
(Ogbomosho). The lack thereof of research incorporating data to conduct original research regarding
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MSW management in Nigeria, further emphasises the need for data science technology integration
within the existing waste management practices.

The negligence of the State and Local governments agencies (which comprise the formal waste
management system- FWMS) in delivering favourable outcomes with concern to MSW management,
has created the informal waste management system (IWMS). [97] defines the IWMS as the
‘unregulated and unregistered activities of people involved in waste collection, disposal and
recycling’. The IWMS encompasses informal waste workers such as street waste collectors, landfill
scavengers, residential waste gatherers, and mobile recyclable materials purchasers [98,99]. The
significance of IWMS within the waste management domain is attributable to their function as the
principal advocates of Nigeria's recycling infrastructure and operational paradigm. While they are
largely termed ‘informal waste collectors (IWCs), they have wide reaching operations across
Nigeria’s major cities involving large scale manual sorting of mixed waste for recycling at disposal
sites, unmanaged landfills, public waste receptacles, and waste from sanitation workers' collection
vehicles [99]. However, within the Nigerian landscape both the formal and informal supposedly
operate a mutually beneficial relationship. This is because there has been government action in some
states attempting to formalise or phase out these IWCs. This government action follows a large
criticism of their negligent and unhygienic approaches towards waste separation and their
haphazard street dumping of unrecyclable waste. This presents occupational risks to the informal
recyclers, endangering nearby communities and flawing the possibility of robust sourcing and
recycling of recovered materials.

3.2. Nigeria’s MSW Management Approaches and Practices

Nigeria’s increasing waste generation can be attributed to increasing shifts in population
concentration following rapid rural-to-urban migration, urbanisation, and industrialisation. The
State and Local government inefficiency, and the Federal government’s neglect are synthesising
factors that has made open dumpsites the most employed waste management method in the country.
The management approaches are as follows:

3.2.1. Open Dumping Systems

According to [90], open dumpsites accounts for 65% of waste generated in Nigeria and contains
the highest amounts of biodegradable waste materials. It is further categorised into three: open
ground dumping, dumping in gutters, and dumping in water bodies

i Open Ground Dumping: As Nigeria lacks a robust waste sorting programme, open ground
dumping is quite popular because it allows the dumpsite accept all forms of heterogenous waste.

However, there are no existing controls in these dumpsites such as subsurface drainage systems

for the collection of leachate-waste water. Moreover, there is almost always leachate plumes

during rainy seasons that if left alone flow into nearby surface water [100]. Thereby causing both
land and ground water pollution.

ii. Dumping in Gutters: These are mostly perpetrated by market sellers, motorists, and pedestrians
who feel no loyalty to the environment, as they are either passing through or staying for a short
time. The operating mindset is that it is not near their home environment. Even when local
government area (LGA) authorities unclog the gutters around the markets and clear blockages,
it is fast filled up again with refuse and other solid waste. While one may always want to blame
the government, this speaks to the poor environmental behaviour of many Nigerian citizens.

iii. Dumping in Water: [101,102] examine water dumping in the context of developing economies as
driven by weak waste regulations, unchecked industrialisation and poor waste management
infrastructure. According to [103], it poses significant environmental, social, and economic

consequences given that the disposal of agricultural, industrial and domestic waste into near
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water bodies are neither checked nor curbed. While the environmental and public health impacts
are often emphasised, the economic implications are much wider and hardly highlighted. This
includes reduced tourism and economic growth especially for areas with surrounding
waterbodies, rising healthcare costs and possible epidemic due to pollution related diseases, loss

of fishing and dependent livelihoods.

3.2.2. Incineration Systems

In Nigeria, incineration is the second most utilised method for eliminating waste products and
reducing waste quantity pressure on landfills. It is combusting waste materials into residuals such as
carbon dioxide, ash, liquids and residues. However, the approach often used in Nigeria is
environmentally hazardous because the incineration facilities are ill-equipped to effectively
discharge the collected waste. [104] review on modern advancements in waste incineration systems
identify the following technologies, namely, moving grate systems, fluidised bed combustion (FBC),
selective catalytic reduction (SCR) and selective non-catalytic reduction (SNCR), co-generation by
using combined hart and power (CHP), fabric filters and baghouse systems, and activated carbon
injection. These new technologies are intended to vary the operations of their respective incinerators
depending on the nature of waste materials to be incinerated. The absence of such technologies in
Nigeria incinerators and the larger utilisation of open waste burning has compromised the nation’s
environmental standards following the hazardous emission consistently released into the
atmosphere. The amount of waste and the significant amount of emissions released further highlights
Nigeria’s waste-to-energy potential if necessary analysis and infrastructure development steps are
taken. [105] in examining Nigeria’s potential in waste-to-energy conversion posits that thermal
conversion of exclusive organic waste substances holds the potential to yield between 14.52 and 23.08
terawatt-hours of electrical energy per annum. This generation capacity corresponds to a mean
hourly electrical output of 16582635 megawatts. The incorporation of cellulosic and textile materials
into the thermal conversion process further enhances the potential energy yield to between 18.69 and
29.71 terawatt-hours annually. Thereby elevating the mean hourly electrical generation capacity to a
range of 2134 to 3391 megawatts [105]. This strongly establishes the importance of adopting modern
incinerators in a bid to achieve some aspects of waste-to-energy processes, especially as Nigeria
suffers from epileptic power supply.

3.2.3. Composting and Vermicomposting Systems

Waste composting is a natural phenomenon that decomposes organic waste into fertilizers for
enriching the soil. These approaches can be used in enriching soil fertility, reducing landfill waste
and supporting sustainable agriculture [106]. While composting follows the biological clock of
decomposing and is often slow, vermicomposting speeds up the biological clock of decomposition
by using earthworms [107]. In more developed countries, vermicomposting is adopted for agriculture
waste due to the improved nutrient concentration of nitrogen, phosphorus and potassium (NPK) that
it offers as compared to traditional composting [108]. Nevertheless, [109] reveals that large scale
commercial Nigerian farmers avoid both the traditional composting and vermicomposting citing the
following constraints; production of volatile organic compound emission, microbial pathogen
identification, suboptimal nutritional composition, and extended temporal requirements for organic
matter transformation during the composting process. They are more attuned to using synthetic
fertilizer, and leaving significant amounts of organic and agricultural waste lying under-utilised.

3.2.4. Controlled/Sanitary Landfills

These are buried facilities that are engineered to collect land field leachate and prevents the
waste leachate from contaminating the ground soil. The initial design of sanitary landfills was limited
by the absence of leachate plume remediation infrastructure, coupled with inadequate containment
of atmospheric contaminants emanating from accumulated waste deposits within the landfill
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environment [110-112]. However, innovative technology has modernized landfills by equipping it
with leachate plumes treatment mechanism. Regarding air pollution, there have been advancements
in landfill gas (LFG) collection systems, liners and cover systems, biofilters and gas treatment
[113,114]. Concerning heat generation, integrating sprinkler systems and moisture control in leachate
recirculation and cooling, aeration pipes for providing oxygen to regulate microbial activity, and
temperature sensors and firebreaks to detect overheating zones and reduce the possibility of
spontaneous combustion, respectively [115]. Integrating data science technologies with these
advancements would be beneficial in advancing Nigeria’s waste management practices

3.2.5. Recycling System

This method simply identifies new ways to adopt discarded materials and reutilize them as
material input in the production of new goods. As earlier stated, recycling in Nigeria is
predominantly conducted by informal waste collectors (IWCs) who largely operate in urban areas.
However, following the illegal purview on their activities, recycling (recovered waste) accounts for
1% of total waste [90]. This is because the formal agencies responsible for providing the recycling
infrastructure are negligent in doing so. According to [92], there are middlemen within the waste-
picking business chain who conduct bulk purchases of these recyclables from waste pickers. These
individuals possess significant influence because they have the resources to purchase and recycle
materials in sizable quantities as needed by other industries. Hence, they use their market influence
in dictating prices and transaction policies that prove deleterious to the socioeconomic interests of
marginalized waste recovery practitioners operating in the informal waste sector [99].

Attempts to regulate this has birthed Public-Private Partnerships (PPP) that constitute a
differentiated policy framework intended to facilitate collaborative engagement between private
commercial entities and public government institutions to optimize resource allocation, human
capital utilization, and conceptual innovation directed toward the amelioration of societal waste
challenges [92]. A critical determinant in the efficacy of private sector participation is the capacity of
governmental authorities to endorse, implement, and maintain contractual agreements. These
documented instruments delineate requisite services and stipulate punitive measures and regulatory
consequences applicable upon non-fulfilment of contractual obligations. [116] observed that the
allocation of contractual arrangements and the subsequent supervision and enforcement of
compliance fall within the jurisdictional purview of the Administrative Environmental Protection
Bureau (AEPB), necessitating the establishment of a systematic protocol that ensures and promotes
sustainable engagement from private sector participants. Regardless, the current state of MSW
management in Nigeria demands a questioning of the AEPB'’s effectiveness and the applicability of
their protocols.

3.3. National Legal Policy and Frameworks

Currently, Nigeria employs the National Policy on Solid Waste Management 2020 in influencing
the institutional framework of MSW management and processes at the Federal, State and Local
Government levels. The policy document lists its use of 20 National regulations on solid waste and
14 acting bodies in formulating its current institutional arrangements for MSW management in
Nigeria [117].

The institutional arrangements within the policy provides a comprehensive stakeholder
identification and outlines their powers and responsibilities. Applying data science technologies
across all government levels and spheres of waste management operations necessitates a
comprehensive understanding of each parties’ influence and interests. The current framework and
hierarchical representation of these institutional arrangements, and a pictorial summary of
stakeholders’ roles and responsibilities are shown in Figures 2 and 3, respectively.
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Figure 2. Institutional Structure for MSW in Nigeria Source: [117].

Figure 3. Summarised responsibilities of Nigerian waste management stakeholders.
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3.4. Case Study Assessment

3.4.1. Lagos

According to [118], Lagos state is the smallest (land mass of 3,345 km?) yet is the most populous
and most industrialised state in Nigeria, boasting of over 24 million residents as at 2021, and
containing Africa’s largest coastal city; Lagos. Following its large population and economic nature,
Lagos is responsible for over 15% of the nation’s GDP and is stated to be Africa’s largest state
economy [119]. The rapid industrialisation, increased rural-to-urban and regional migration have
caused a significant shift in Lagos’ population density and urbanisation levels. Consequently, these
developments exert considerable strain on the extant waste management infrastructure, which [120]
posits has failed to develop commensurately with demographic expansion. The confluence of all
these variables and their cumulative impact precipitates the acute MSW management challenges
within Lagos.

These difficulties are further compounded by the substantial volume of waste generation, spatial
constraints and the proliferation of unplanned settlements beyond the formal boundaries of the Lagos
metropolitan area. Several case-studies show that Lagos has been granted incomparable access to
resources to help it facilitate robust engineering consultation, waste receptacle manufacturing and
distribution, regulatory framework development, and technical expertise dissemination [121-123].
[124] identifies the state’s use of public-private partnership (PPP) arrangements, transfer loading station
infrastructure, recycling collection facilities, community waste management centres, standardized
waste container production, and various additional waste management protocols and infrastructure
systems. Regardless, state reports cite the Lagos Waste Management Authority (LAWMA) as inefficient
in its operations following the significant poorly disposed waste that pervades the Lagos environment
[119]. Figure 4 presents an overview of MSW management within Lagos citing waste collection and
recycling to be less than 33% and 12%, respectively (on a daily basis). This disparity highlights the
established waste pressure, especially as 43% of most generated waste are organic, leaving
approximately 57% to be non-organic (recyclables:29% and non-recyclables:18%). The poor recycling
rates for generated waste further establishes Lagos State’s poor performance in waste management and
necessitates immediate action in combatting this waste pressure.
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Figure 4. An overview of MSW management data in Lagos State; where MT=metric tons and TPD= tons per day.
Source: [119].
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3.4.2. Current State of MSW Management in Lagos

Following, Lagos’ significant industrial, commercial and population dense nature, its plethora
of activities and sources of waste generated, collected and generated across the city, are highly varied.
The applicable systems and infrastructures employed in the state’s intended proper management of
its various waste are presented in Figure 5. Recent reports, highlights the state as generating 13,000
metric tons (MT) of solid waste each day; calculating for a daily rate per person with a population of
24 million, the result is 0.54kg per person per day [119]. In 2021, 4.75 million MT of solid waste was
generated, data estimates put the amount collected and disposed through appropriate channels to be
in the range of 33-54% [119]. While the range is questionable, the proposed lower limit highlights the
enormity of waste that is uncollected and mismanaged. This underscores little success of the state
government and its agency in waste sourcing and type segregation. According to [125], all property
occupants are statutorily obligated to procure and maintain adequate waste containment receptacles,
for which LAWMA has provided standardized specifications pertaining to residential and
commercial use. Regardless, there are challenges in effective regulatory enforcement and stakeholder
adherence to these LAWMA stipulated requirements. Despite mentions of waste source segregation
as shown in Figure 5, there is growing evidence on the majority of waste collection vehicles in Lagos
lacking the requisite compartmentalized design needed to preserve waste stream separation during
transportation [119].
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Figure 5. Illustration of Lagos State MSW management sector Source: [119].
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3.4.3. Collection and Disposal

LAWMA operates in conjunction with 487 authorised private waste management entities to
execute solid waste management initiatives within the state. This collaboration facilitated an increase
in waste collection volumes from 0.79 million metric tonnes in 2018 to 1.56 million metric tonnes in
2020 [119]. In 2020, the metropolitan area was serviced by a fleet of 920 compactor vehicles,
collectively completing over 800 collection circuits daily that are distributed between LAWMA and
the private sector partnerships (PSP). In 2021, there was effort to improve service provision and
collection frequency by the acquisition of 202 additional vehicles, 102 of which were compactor units
[119]. Notwithstanding these investments, the current collection infrastructure remains insufficient
to address the comprehensive waste management requirements, resulting in a financial deficit that
necessitates increased private sector participation. One may normally recommend a significantly
higher number of vehicles as a solution to the waste management collection challenge given the waste
generated. However, the paucity of empirical data regarding waste fleet operational efficiency
impedes precise calculations of the required vehicle indices. The flaw in this domain highlights the
necessity of data science technologies as further comprehensive investigation is needed to establish
accurate quantitative parameters. This is especially critical as furfure projections for 2030 and 2040,
estimate Lagos MSW generation growth by 32% and 82%, respectively. This implies 17,300 tons per
day (TPD) and 23,700 TPD by 2030 and 2040 [119]. Figure 7a and 7b show the spatial distribution of
MSW generated across all the LGAs within Lagos state, with the results showing that the central
district areas are anticipated to produce elevated volumes of waste material, attributable to the
projected high population density concentrations in this geographical area.
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Figure 6. 2021 MSW flow in Lagos State ~Source: [119].
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Figure 7. a: Projected daily MSW generation across all 20 LGAs in Lagos State by the year 2030 Source: [119].
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Figure 7. b: Projected daily MSW generation across all 20 LGAs in Lagos State for the year 2040 Source: [119].

3.4.4. Recycling and Resource Recovery

Concerning recycling and resource recovery from waste, the Lagos State Government employs
strategic partnerships with several private sector participants through either joint venture
arrangements, or the issuance of operational permits for collection and materials processing facilities
within the state [125]. While the formal sector of recycling and its registered recycling enterprises
have undergone a significant increase between 2020 and 2022, still the informal sector participants
substantially outnumber formally registered processing and recycling entities, with 2022 estimates
placing registered entities at 3,700 [126]. According to [127], the resource recovery initiatives within
Lagos reveal systematic sustainability challenges, wherein numerous programs have been
operationally discontinued. Such a pragmatic failure can be attributed to the following causative
factors including inadequate financial sustainability mechanisms, operational inefficiencies,
insufficient legislative enforcement, and deficient strategic methodologies. [92] observed that due to
the more significant participation of informal recycle participants, the pricing mechanisms within the
MSW sector remains unregulated. This disproportionately affects formal waste collectors and sorting
personnel who receive significantly below-market compensation for recoverable materials. This
inequitable pricing structure diminishes incentivization for these critical participants within the
waste management value chain.

An illustration of the plastic value chain in Nigeria, as shown in Figure 8 provides an example
of the stakeholders actively participating in the recycling industry. However, stakeholder
effectiveness is specifically thwarted by two major bottlenecks:

i Informal Sector Inefficiency: LAWMA'’s view of informal scavengers is that of a nuisance as the
recent policies by the State Government aims to phase out unregistered pickers. However, the
transition has met resistance as these pickers are unwilling to lose their income and are reluctant
in qualifying themselves to meet the State Government'’s criteria to be registered [97,98]. The
need for formalizing the informal sector is due to the sorting and segregation hurdles following
the sector’s unsorted collection, which disrupts stability of the supply chain. Informal sector
operations impede traceability and data monitoring, as they do not facilitate any accurate and
consistent assessment of the amounts of data collected by scavengers and sent for
recycle/recovery. Moreover, most informal operators limit their recovery operations to simple

plastics such as bottles and bags, leaving more complex plastics unrecycled. Hence without
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formal integration, the informal sector remains an outlier limiting the states and nation’s
recycling value chain efficiency.

ii. Limited infrastructure: Nigeria possesses very few global standard industrial recycling plants
making its formal recycling infrastructure rudimentary at best. [128] report cites only Alkem
Nigeria as operationally capable of treating used plastic and converting it to raw materials. The
processing constraint of many acclaimed recyclers suggests an overdependence on simple re-
granulators, with no ability to produce secondary raw materials. The operators simply repack
scraps for sale and this limits value addition in the value chain cycle as there are few operators
capable melt-index filtrating and compounding operations [99,129]. Simultaneously, waste
recycling operations are further stifled by the poor intermittent electric supply which makes

recycling processes significantly more expensive.
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Figure 8. Plastic Value Chain across Nigeria showing the relevant stakeholders Source: [119].

These two constitute the core challenges influencing the data gap and significant amounts of
unaccounted waste. This has led to several studies admitting that official figures are grossly
understated and the result is a variation in the recorded amount of waste annually generated. This is
especially evident in the estimates of plastic waste leaving a significant amount undocumented and
untracked. This data deficit on waste flows hampers decision making and impedes policy planning
and financial investment plans. For instance, from a cost-benefit perspective, quantification of waste
supply is necessary in refining recycling capacity at both national and state levels. Similarly, the
respective enforcement agencies are unable to accurately quantify regulation compliance levels. For
instance, the inability track circulation of single-use plastics or assessing adherence of recycling
targets to stipulated guidelines. While the environmental and public health impacts are immediately
glaring, the economic implications are a more nascent threat. This is because a robust recycling sector
independent of expensive imports presents the opportunity of an underutilized enterprise, especially
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as recycled plastic resin and basic metal can be re-utilized as primary materials in new production
processes.

4.0. Proposing Data Science Utilisation in Nigeria’s Waste Management
4.1. Policy Reformation and Governance

A robust adoption of the systems theory approach (models and assessment tools) and data
science technologies requires some improvement to existing policies and operational frameworks on
MSW management. A critical assessment of the current National Policy on Solid Waste Management
2020 guidelines, reveals loopholes that compromise the future effectiveness of the intended data
utilization technologies at the national, state and local government level by all the necessary parties.
Identifying these challenges demands a comparison of approaches to MSW strategies and policies
typically employed within developed nations, and contextually suited interventions and strategies
to mitigate the impacts of the identified challenges.

Table 4. Nigeria’s waste management policy challenges, interventions and proposed strategies.

POLICY INTERVENTION STRATEGY
CHALLENGE
Lack of stringent Enable independent e Establish a centralized regulatory authority for waste management regulation
enforcement environmental — regulatory with the powers of unifying enforcement across Federal, State and Local
mechanisms bodies with robust digital government levels. Alternatively, broadening the Ministry of Environment’s
monitoring tools. responsibility to actively include defining clear and measurable benchmarks,

and conducting audits for waste collection, transportation, treatment and

disposal practices.

. Adopt a detailed and tiered penalty structure that assigns fines or sanctions in

proportion to the severity of the infraction.

. Develop suitable memorandum of understanding (MOUs) to mediate

interaction and inter-agency collaboration between relevant bodies. This

requires a dedicated fund for inter-agency training and monitoring.

. Enable digital reporting and compliance platforms for routine reporting from

waste management operators, using real-time data submission and compliance

dashboards.
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Fragmented

Institutional

Responsibilities

Adopt centralized
segregation agency models
as observed in Japan and
Nordic nations like

Denmark [130], Norway and

Sweden [131,132].

Empower the Federal Ministry of Environment with exclusive oversight over

MSW management, including coordinating inter-governmental efforts and

mediating any overlaps in responsibilities.

Improve the existing organisational structure with properly delineated

mandates for each level of government and participating agencies.

Create standard of procedures (SOPs) to minimize duplication of efforts and

resolve jurisdictional conflicts.

Establish regular coordination forums through inter-agency committee that

convenes on a quarterly basis to review progress, address critical challenges and

update performance indicators.

Implementing performance-based contracts for waste management services

that delineate roles and establish performance benchmarks.

Poor Funding

Advancing waste

management systems
through inclusion of user

fees, environmental levies

and robust PPP frameworks.

The fund obtained will be used in supporting infrastructure upgrades,

technology acquisitions and maintenance of facilities.

Adopt and structure appropriate cost-recovery mechanisms such as tiered

pricing in order to incentivize waste reduction. Employ transparent billing

systems through applicable blockchain technologies to improve public

perception and ensure continued funding [87,133,134].

Underdeveloped
Technical and

Data management

Infrastructure

Real-time monitoring and

data analytics.

Strong investment in smart waste management systems, and applying

contextually appropriate system engineering models and assessment tools.

Design and create a national digital dashboard that displays aggregate real-time

data on waste-generation, collection and processing.

Incentivise technological innovation through grants and tax break for

companies that are invested in the utilisation of modern technologies, as well as

provide training on the new technologies.

Some Ambiguity

in the Role of

Applying a  structured

stakeholder strategy

Adopt clear incentive frameworks for each stakeholder. First define all

applicable responsibilities and benefits for each stakeholder. These incentives

must be two-pronged: recycling rates and employment generation.
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Stakeholders and 3 Advancing PPP models through standardized contracts and guidelines would
PPP arrangements secure full participation from the private sector.
3 Promoting community-based engagement programmes that include

community representatives in planning and monitoring.

. Regular stakeholder workshops that fully engage all actors on the need for best

practices, extant challenges and seek collaborative solutions

Underutilized Adopting parts of the e Establish SMART criteria targets for waste reduction, recycling rates and energy
Waste-to-Wealth circular economy model. recovery from waste. Stipulated milestones and deadlines must be tailored to
and Recycling the Nigerian context.

Strategies . Implement national waste-to-wealth schemes that will convert waste into

marketable resources.

. Incentivise eco-design and sustainable production through policies that

encourage the design of products for easy recycling and reuse.

. Develop sustainable supply chains through adoption of specific circular

economy principles to enable the recovery of end-of-life products and the

reintroduction of converted waste as raw materials into new production

processes.

Poorly  Defined Adopt data-driven decision- e Standardise data collection protocols through uniform methods for collecting,

Data  Collection  making with public assessing and reporting waste management data at all administrative levels.
and Monitoring transparency. . Secure investments that facilitate a more robust digital infrastructure through
Frameworks the use of mobile applications and sensor networks across waste management
operations.
. Conduct regular audits and impact assessments using a structured schedule for

environmental and performance benchmarks of waste management facilities

(from both internal and third-party evaluators).

3 Fostering transparency through public access on an accessible website that

permits citizens and organisations to examine timely management performance
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data. However, this requires compliance and innovation to Nigeria’s data laws,

with consideration for public engagement.

Limited Focus on  Behavioural Change o Develop comprehensive awareness campaigns by establishing nationwide

Awareness Communication (BCC) and public education programs via multimedia platforms aimed at promoting waste

Campaigns Social Marketing reduction, proper segregation and recycling practices at the source.
Techniques. . Integrate environmental education through infused sustainability and waste

management modules into all levels of formal education.

. Organisation and support of community-led initiatives such as community

clean up events and recycling competitions that aim to encourage behavioural

change. This was previously held in Calabar, Cross river state under the

government of Mr. Donald Duke [135]

Insufficient Public-Private Research o Establishment of a national waste management fund that allocates public funds
Incentives for Partnerships (PPP) and and seeks international partnerships to finance research and pilot projects
Research and  Technology incubators. focused on innovative waste processing, recycling technologies and waste-to-
Development energy solutions.

(R&D) . Collaboration with academia (universities) and industry to facilitate the

creation of innovation hubs and promote research partnerships centred om the

development of context-specific technologies that can be scaled nationally.

o Incentivize private sector innovation though tax incentives or research grants

for the development of new waste management technologies and digitalized

monitoring systems.

4.2. Stakeholder Prioritisation and Engagement

4.2.1. Staekholders Prioritisation

Given the complexity in roles and interest of the numerous stakeholders, the study will adopt a
Multi-Criteria Decision Analysis (MCDA) using the Analytic Hierarchy Process (AH) scoring in
prioritising the most crucial stakeholders. These weights follow a subjective yet grounded emphasis
on holistic stakeholder engagement and data science application

i PRIORITISATION CRITERIA AND WEIGHTS

r(s). Distributed under a Creative C CC BY license.



https://doi.org/10.20944/preprints202507.2583.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 July 2025 do0i:10.20944/preprints202507.2583.v1

24 of 38

Expertise and Technical
Capability

Domain knowledge,
technicail skills or 3 O,
specialised l /0

resources

Needs or claims to
the success of the
intended data
science adoption

ogimecs I
I
|

Mobilisation of financial,

human and infrastructural 'I 3%

resources the stakeholder
can mobilise

cy
Recognition as a

rightful participant

in MsW 'I 3 ‘y
management o

governance

\j Resource Contribution
e
NS

Closeness to day-to-day o
operations (geographically 3 /o

or operationally)

Ability to influence
dccisions, mobiise 2. 0%
resources or

f ti .
S Data Access and Sharing

Capacity

Wwillingness and ability to

provide manage and shore'l o%
qQuality data.

Level of interest,

spovensser  T%

oppositional posture

Network Influence

Ability to influence public o
opinion or rally other 8 A
stakeholders

Figure 9. Stakeholder Prioritisation Criteria and Weights.

e  Scoring Matrix: Adopting a scaling matrix of 0 to 5. Where:

0= Non-existent; 1= Very Low; 2= Low; 3= Medium, 4= High, and 5= Very High
e  Formulae for calculating Composite Score:

Composite Score= (0.20*Power) + (0.13*Legitimacy) + (0.13*Urgency) + (0.13*Expertise and

Technical Capacity) + (0.13*Resource Contribution) + (0.10*Data Access and Sharing Capacity) +

(0.08*Network Issue) + (0.07*Attitude) + (0.03*Proximity).

The results within Table 5 provides a robust and systemic prioritisation of the stakeholders with
a ranking on their importance to the intended central body meant to regulate and monitor waste
management practices at all government levels. The results reveal that adopting a systems approach
for data science technologies necessitates a prioritisation of the State Waste Management Authority,
the State Ministry on Environment, Private Waste Companies and Waste Technology Providers.
These four stakeholders are the most critical given their combination of weighted indicators. These
weights signify the necessity of their roles (earlier highlighted in Figure 3) in facilitating a sustainable
and data-driven transformation of the current waste management practices in Nigeria
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Table 5. Prioritisation and ranking of critical stakeholders in facilitating data-science driven MSW management in Nigeria.

Data Access
Expertise and

R Network it
Stakeholder Power Legitimacy Urgency Attitude Proximity Technical esotree ewor anfl Composite Rank
e Contribution Influence Sharing Score
Capability .
Capacity
State Waste M‘ar‘lagement 5 5 5 5 5 3 5 3 5 474 1st
Authorities
State Ministry on Environment 5 5 5 5 5 3 5 3 5 4.58 2nd
Private waste companies 4 4 4 5 4 5 5 4 5 4.35 3rd
Waste Technology Providers 3 3 3 3 4 5 5 5 5 3.91 4th
Federal Ministry of Environment 5 5 5 3 1 2 4 3 1 3.66 5th
Local Governmer}t Area (LGA) 4 4 5 4 4 ) 5 5 5 341 6th
councils
NGOs 2 3 5 5 4 3 3 5 4 341 6th
NESREA 4 5 3 3 1 1 3 3 1 3.10 8th
Academic Institutions 3 2 2 5 3 5 3 4 4 3.08 9th
CBOs 1 2 5 3 5 4 2 5 4 3.05 10th
Financial Institutions 1 2 1 1 0 3 5 1 1 1.80 11th
General Public 1 1 5 4 5 1 0 0 0 1.54 12th
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4.2.2. Stakeholder Engagement Framework

Policy intervention and strategies in section 4.1 highlight the significance of stakeholder
engagement. Based on the proposed reformation and strategies, Figure 10 illustrates a 5-point
engagement objective programme required for active participation and inclusion among
stakeholders.

ki

Increase Public
Awareness and
Technical Understan-
ding of Waste

H

Incorporate Relevant
Stakeholder Inputs into
Facilities’ Locational and

objective programme
required for active
participation and

inclusion among stake-

holders.

Design Framework

Establish Formalised
Protocols for Transparent
Assessment and
Interactive Feedback
Systems.

Figure 10. Fundamental Stakeholder Engagement Objectives (EO).

These objectives EO:1-5 acts as a guiding framework for navigating and achieving sustainable
stakeholder engagement. They can be applied in a contextually fitting matter at any government
level.

5.0. Recommendation for Future Studies

The paper seeks to highlight the data collection challenge and motivate the execution of research
that employs empirical data in relevant sectors of Nigerian MSW management. The following studies
would be crucial in the future

i Evaluating the long-term impacts of innovative technology pilots through longitudinal studies

that measure how implemented technologies impact critical key performance metrics (KPIs) of
Nigeria’'s MSW management over the next 3 to 5 years. This will aid the identification of
technology adoption barriers and maintenance challenges in the Nigerian context, also
informing mitigating and scaling strategies.

ii. Investigating the behavior economics behind general public fee compliance. This study will
identify and measure the social and psychological drivers of Nigerian household and
commercial compliance to waste fee-payment. This study is highly contextual as urban, rural
and peri-urban settings are bound to provide different results.

iii. Assessment of governance and regulatory effectiveness by examining how variations in
enforcement capacity, inter-agency and inter-government level coordination influences MSW
management outcomes

iv. Exploring the outcomes in equity and inclusion as a result of technology-driven waste
management. This will require spatial analysis in assessing how IoT and data-centric systems

have impacted waste management service delivery in marginalized and low-income areas.
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6.0. Conclusion

In conclusion, Nigeria’s waste management requires critical changes by integrating data science
technologies into its current waste management practices. However, improved efficiency in
management extends beyond the simple application of technologies and techniques. It demands a
systematic approach that enables a holistic perspective of needed resources, required processes and
relevant stakeholders. This facilitates a more comprehensive evaluation of the costs and profits to
each considered strategy in improving MSW management, before final decision-making.
Operationalising the systems theory in MSW management provides numerous applications for
identifying, creating, optimising, and assessing proposed critical waste management projects. The
employment of these technologies in new software aids decision making, and improves feasibility
and success rate of intended MSW management strategies. Advancements in technology and Al have
expanded systems theory application to MSW management to include the simultaneous analyses of
social constructs like public concern and acceptance. This signifies the increasing complexity in MSW
management decisions and the need to rapidly respond to the mounting waste pressures in Nigeria.

Examining Nigeria’s current waste management landscape and using the commercial hub of
Lagos as a case study provides growing evidence on the magnitude of the nation’s waste
management problem. This follows increasing population and population density, government
neglect, failing infrastructure, influence of the IWCs, and poor enforcement of wate management
laws by NESREA and FMEnv. Nevertheless, this presents an opportunity for policy reformation and
improved governance of MSW management in Nigeria. On a contextual level, it is important to
clearly identify and understand the needs of the most relevant stakeholders in any scenario, as Table
5 prioritises State Ministries and Waste Management agencies, Private waste companies and Waste
Technology providers. For sustainable engagement it is crucial that interaction with all stakeholders
including the general public adopts the depicted stakeholder engagement objectives in Figure 10.
This paper may be critiqued on the grounds of lacking academic rigor in mythology and employed
research materials. Regardless, the lack of material prompts such an approach in providing a robust
assessment of Nigeria’s waste landscape, identifying key challenges and proposing a sustainable
systems approach towards mitigating the current waste pressures.
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