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1. INTRODUCTION 

Nigeria's waste management crisis represents one of Africa's 

most pressing environmental and public health challenges. As 

Africa's most populous nation, Nigeria generates between 

0.65–0.95 kg of municipal solid waste per capita daily, 

totaling approximately 66,828 tons daily for its urban 

population (Madueke et al., 2023). The country contributes 

disproportionately to sub-Saharan Africa's 62 million annual 

tons of waste. The situation is equally dire for liquid waste, 

where approximately 90% of wastewater is discharged 

untreated into the environment, mirroring a continental 

pattern (Ngang and Frimpong, 2024). 

 

The current linear "take-make-dispose" economy dominates 

Nigerian waste management. Municipal solid waste 

management typically involves generation, storage, 

collection, transportation, and disposal at dumpsites, with 
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rampant indiscriminate disposal in roadways, open pits, and 

drainage systems. Only an estimated 44% of waste is 

collected, with a mere 12% recycled (Madueke et al., 2023). 

This systemic failure results from multidimensional 

challenges: inadequate treatment facilities, insufficient sewer 

networks, unreliable power supplies, financial constraints, 

weak regulatory enforcement, and lack of public engagement. 

The consequences are severe. Environmental pollution affects 

air, water, and soil quality. Public health suffers, with 

waterborne diseases accounting for 80% of reported illnesses 

in some regions (Ngang and Frimpong, 2024). Vulnerable 

populations—children, women, and disabled individuals in 

rural areas with limited healthcare access—bear 

disproportionate burdens. Economic losses accumulate from 

healthcare costs, environmental cleanup, and lost 

opportunities in waste valorization. 
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Within this context, microbial biotechnology emerges as a 

promising solution. Microorganisms possess remarkable 

metabolic diversity enabling them to degrade, transform, and 

valorize diverse waste streams (Ladi, 2023). Applications 

range from traditional composting to advanced engineered 

microbial systems producing biofuels, bioplastics, and 

biofertilizers (Jatoi et al., 2026). This review examines how 

microbial-based strategies can be integrated into Nigeria's 

public administration to transition toward a circular economy 

that views waste as a resource rather than a disposal problem 

(Madueke et al., 2023). 

 

2. MICROBIAL BIOTECHNOLOGY: SCIENTIFIC 

FOUNDATIONS AND APPLICATIONS 
Microorganisms—including bacteria, fungi, archaea, and 

microalgae—offer versatile mechanisms for waste 

transformation through metabolic processes like 

decomposition, fermentation, and synthesis. Their advantages 

include rapid biomass doubling (20–90 minutes for some 

bacteria), adaptability to diverse environments, and minimal 

resource requirements compared to conventional treatment 

methods (Ladi, 2023). 

 

 Anaerobic Digestion utilizes methanogenic archaea and 

hydrolytic bacteria to break down organic matter in the 

absence of oxygen. In Nigeria, this process is highly 

applicable for managing slaughterhouse waste, agricultural 

residues, and municipal organic waste (Awari et al., 2025). 

The key outputs are biogas (primarily methane), which can 

be used for energy, and digestate, a nutrient-rich material 

that can be processed into fertilizer (Jatoi et al., 2026). 

 

 Composting relies on a succession of mesophilic and 

thermophilic bacteria, actinomycetes, and fungi to 

aerobically decompose organic waste. This method is 

suitable for treating organic fractions of municipal solid 

waste and agricultural waste across Nigeria. The process 

results in stable compost and soil amendments, which are 

valuable for improving soil health and fertility (Ladi, 2023). 

 

 Bioremediation employs specific microbial agents 

like Pseudomonas, Bacillus, and Aspergillus species to 

detoxify polluted environments. This is particularly 

relevant in Nigeria for cleaning up petroleum-contaminated 

soils and treating industrial effluents. The primary output is 

the degradation of hazardous pollutants into less harmful 

substances, leading to the restoration of cleaned ecosystems 

(Ladi, 2023). 

 

 Microalgae Treatment involves using species such 

as Chlorella, Spirulina, and Scenedesmus to absorb 

nutrients and contaminants from wastewater. This 

application addresses the critical need for nutrient removal 

from wastewater in Nigeria, where most effluent is 

discharged untreated (Ngang and Frimpong, 2024). The 

harvested microalgal biomass can be valorized into 

products like biofuels and animal feed (Jatoi et al., 2026). 

 

 Engineered Consortia refer to the use of genetically 

modified microorganisms designed for specific metabolic 

tasks. This advanced approach holds promise for the 

targeted degradation of complex pollutants, including 

plastics and persistent hydrocarbons, which are challenging 

for native microbes. The outcomes include the production 

of specific biochemicals and significantly enhanced 

degradation rates compared to natural processes (Jatoi et 

al., 2026). 

 

Specific Nigerian applications demonstrate both potential and 

challenges. Research on slaughterhouse wastewater in 

Anambra State revealed high microbial contamination, with 

Total Heterotrophic Bacterial Counts reaching 6.8 × 10⁵ 

CFU/mL, containing pathogens like Escherichia 

coli and Staphylococcus aureus (Awari et al., 2025). 

Traditional waste disposal methods exacerbate environmental 

contamination and public health risks. However, these same 

waste streams represent potential feedstocks for anaerobic 

digestion to produce biogas. 

 

Microalgae systems offer particular promise for Nigeria's 

wastewater challenges. Microalgae can absorb nitrogen, 

phosphorus, and organic pollutants from wastewater while 

producing biomass convertible to biofuels, animal feed, or 

biofertilizers (Jatoi et al., 2026). This dual-purpose approach 

addresses both pollution control and resource recovery—

critical for Nigeria's developing economy. 

 

3. CURRENT WASTE MANAGEMENT PRACTICES 

AND MICROBIAL INTEGRATION POTENTIAL 
Nigeria's waste management operates through a complex 

interplay of federal, state, and local government authorities, 

often with private sector participation. The 2007 National 

Environmental Sanitation Policy and State Environmental 

Protection Agencies provide regulatory frameworks, but 

implementation remains inconsistent (Madueke et al., 2023). 

 

Solid Waste Management: Current practices vary 

regionally. In Lagos State, some progress appears through 

composting initiatives and plastic pelletization, demonstrating 

the 4Rs (Reduce, Reuse, Recover, Recycle). However, most 

regions rely on open dumping and burning. Microbial 

integration could transform organic waste components 

(approximately 45% of municipal solid waste) through large-

scale composting or anaerobic digestion facilities. The 

biological aspect of circular economy principles specifically 

encourages such biological redesign of waste into useful 

products (Madueke et al., 2023). 

 

Wastewater Management: Nigeria faces severe wastewater 

treatment deficits. Unreliable power supply is identified as a 

major impediment to wastewater recovery, second only to 

capital expenditure requirements (Ngang and Frimpong, 

2024). Many treatment plants struggle with fluctuating 

turbidity levels and inadequate disinfection, with effluent 

often discharged directly into water bodies. Microbial-based 

solutions like constructed wetlands, anaerobic digesters, and 

microalgae systems could provide decentralized, energy-

efficient alternatives, particularly valuable given Nigeria's 

electricity challenges. 

 

Agricultural and Industrial Waste: Nigeria's agricultural 

sector generates substantial organic residues, while industries 
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produce various hazardous wastes. Microbial bioremediation 

has proven effective for hydrocarbon contamination in 

Nigerian soils, suggesting potential for broader application 

(Ladi, 2023). Slaughterhouse waste represents a particularly 

promising feedstock for anaerobic digestion given its high 

organic content and current pollution impacts (Awari et al., 

2025). 

 

4. IMPLEMENTATION CHALLENGES IN PUBLIC 

ADMINISTRATION CONTEXT 
Integrating microbial biotechnology into Nigeria's public 

administration faces substantial barriers spanning 

technological, institutional, financial, and sociocultural 

domains. 

 

The successful integration of microbial biotechnology into 

Nigeria's public administration is hindered by a complex 

interplay of challenges across multiple domains. 

 

Infrastructural and Technical barriers, such as unreliable 

electricity supply, inadequate treatment facilities, and a lack 

of maintenance, critically limit the deployment of energy-

dependent microbial processes like controlled aerobic 

digestion or advanced bioreactors. This reality necessitates a 

focus on developing and deploying robust, low-energy 

systems such as passive composting or constructed wetlands 

(Ngang and Frimpong, 2024). 

 

Financial and Economic constraints, including insufficient 

funding for the waste sector, high capital costs, and weak 

private investment, directly hinder the adoption of advanced 

microbial technologies that may require significant upfront 

investment. This financial landscape necessitates a focus on 

low-cost, scalable approaches and innovative funding models 

to make microbial solutions viable (Madueke et al., 2023). 

 

At the Governance and Policy level, challenges like weak 

legislation, poor enforcement, corruption, and a lack of 

political will create an uncertain and unsupportive regulatory 

environment for biotechnology implementation. Without 

clear policies, standards, and incentives, both public and 

private actors are discouraged from investing in and 

deploying microbial waste solutions (Madueke et al., 2023). 

 

Sociocultural factors present a significant barrier, as low 

public awareness, entrenched indiscriminate disposal habits, 

and general resistance to change limit essential community 

participation in waste segregation (Oluwafemi and Iyamu, 

2023). Since most microbial processing requires a separated 

organic waste stream, this lack of public engagement directly 

undermines the efficiency and feasibility of these 

technological solutions. 

 

Finally, a gap in Capacity and Expertise, manifested through 

limited technical know-how, inadequate training facilities, 

and the brain drain of skilled professionals, restricts the ability 

to properly operate and maintain sophisticated microbial 

systems. This challenge highlights the need for concurrent 

investment in human capital development alongside 

technological deployment (Madueke et al., 2023). 

A significant finding from recent research is the "arguable 

dearth of scholarship on the sociocultural dimensions of 

Nigeria's solid waste management strategies" (Oluwafemi and 

Iyamu, 2023, p. 1). This knowledge gap extends to microbial 

approaches, where successful implementation requires 

understanding community perceptions, behaviors, and 

cultural practices related to waste. The dominance of 

environmental sciences in sustainability discourse often 

marginalizes crucial social science perspectives needed for 

effective behavioral change. 

 

Circular economy implementation faces specific barriers 

including "weak legislation, poor funding, non-engagement of 

professionals, absence of infrastructure, lack of strategic 

planning, uncivilized behavioral conduct, and demography" 

(Madueke et al., 2023, p. 17). These same barriers would 

affect microbial biotechnology integration, suggesting that 

technological solutions alone are insufficient without 

addressing underlying governance and social challenges. 

 

5. STRATEGIC FRAMEWORK FOR INTEGRATION 

IN PUBLIC ADMINISTRATION 
Successful integration of microbial waste management 

strategies requires a multidimensional approach within 

Nigeria's public administration. The following framework 

addresses identified barriers while leveraging existing 

opportunities: 

 

5.1 Policy and Regulatory Reforms 

 Develop a National Microbial Biotechnology 

Policy specifically for waste management, providing clear 

guidelines for genetically modified organisms, biosafety, 

and technology standards. 

 Integrate microbial solutions into existing environmental 

policies, including the National Environmental Sanitation 

Policy and State-level waste management regulations. 

 Establish incentives for circular economy practices, 

including tax benefits for waste-to-resource enterprises 

and preferential procurement for products derived from 

microbial waste processing (Madueke et al., 2023). 

 

5.2 Institutional Capacity Building 

 Create specialized microbial biotechnology units within 

federal and state environmental protection agencies. 

 Develop training programs for public officials on 

microbial waste technologies, circular economy 

principles, and community engagement strategies. 

 Foster collaboration between academic institutions (e.g., 

microbiology departments) and public waste management 

agencies for research and development. 

 

5.3 Technological Implementation Strategy 

 Short-term (1-2 years): Pilot decentralized composting 

and biogas facilities in select municipalities, focusing on 

organic market waste and slaughterhouse residues 

(Awari et al., 2025). 

 Medium-term (3-5 years): Scale successful pilots, 

introduce microalgae systems for wastewater treatment in 

suitable regions (Ngang and Frimpong, 2024), and 

establish regional biowaste processing centers. 
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 Long-term (5+ years): Develop integrated biorefineries 

combining multiple microbial processes for 

comprehensive waste valorization (Jatoi et al., 2026). 

 

5.4 Financial Mechanisms 

 Establish a dedicated Waste Valorization Fund through 

environmental levies and international climate financing. 

 Develop public-private partnerships specifically for 

microbial waste projects, sharing risks and rewards 

between government and technology providers. 

 Implement extended producer responsibility schemes to 

generate funds for managing packaging and product waste 

through biological processes (Madueke et al., 2023). 

 

5.5 Sociocultural Integration 

 Develop community-based waste segregation programs 

with education on microbial processes and their benefits. 

 Engage social scientists and behavioral change experts in 

designing waste management interventions, addressing the 

identified gap in sociocultural approaches (Oluwafemi and 

Iyamu, 2023). 

 Create "Eco-Social Work" initiatives combining 

environmental management with community 

development, as suggested by emerging social work 

paradigms. 

 

5.6 Monitoring and Evaluation Framework 

 Establish clear metrics for microbial technology 

performance, environmental impact, economic viability, 

and social acceptance. 

 Implement digital monitoring systems for waste flows, 

treatment efficiency, and resource recovery rates. 

 Conduct regular impact assessments to guide policy 

adjustments and technology refinements. 

 

6. CASE STUDIES AND BEST PRACTICES 
Although comprehensive implementation of microbial 

strategies remains limited in Nigeria, emerging examples and 

international best practices offer valuable insights: 

 Lagos State Waste Initiatives: Lagos has made notable 

progress with composting facilities and plastic recycling, 

demonstrating that waste valorization is feasible within 

Nigerian contexts (Madueke et al., 2023). These initiatives 

could be enhanced with microbial technologies like 

specialized composting microbes or plastic-degrading 

microorganisms (Jatoi et al., 2026). 

 

 International Examples with Nigerian Relevance: 
o Bangladesh's community biogas plants: Small-scale 

anaerobic digesters using animal and agricultural waste 

provide energy for rural households—a model applicable 

to Nigeria's agricultural regions. 

o Singapore's NEWater program: Although 

technologically advanced, its integration of microbial and 

membrane processes for wastewater recycling 

demonstrates the potential of biological treatment in 

water-scarce regions. 

o Kenya's Nairobi River bioremediation: Using 

constructed wetlands with microbial processes to treat 

urban wastewater offers a decentralized, low-cost model 

for Nigerian cities (Ngang and Frimpong, 2024). 

 Academic Research Applications: Nigerian universities 

have conducted promising research on microbial 

bioremediation of oil-contaminated soils (Ladi, 2023) and 

wastewater treatment (Awari et al., 2025). Scaling these 

academic successes to public administration requires 

stronger university-government partnerships and 

technology transfer mechanisms. 

 

7. FUTURE DIRECTIONS AND RESEARCH 

PRIORITIES 
Advancing microbial waste management in Nigeria requires 

targeted research and development: 

 Technology Adaptation: Developing microbial 

strains and processes optimized for Nigeria's specific 

waste compositions, climate conditions, and 

operational constraints (e.g., power fluctuations) 

(Ngang and Frimpong, 2024). 

 Socioeconomic Studies: Research on public 

perception of microbial technologies, willingness to 

participate in waste segregation, and effective 

community engagement strategies—addressing the 

identified gap in sociocultural dimensions 

(Oluwafemi and Iyamu, 2023). 

 Policy Analysis: Comparative studies of regulatory 

frameworks for microbial biotechnology in similar 

developing economies to identify best practices for 

Nigerian adaptation (Madueke et al., 2023). 

 Economic Modeling: Detailed cost-benefit analyses 

of various microbial approaches under Nigerian 

conditions to guide investment decisions and policy 

priorities. 

 Integration Models: Research on optimal 

institutional arrangements for integrating microbial 

solutions into existing waste management systems at 

federal, state, and local levels. 

 

8. CONCLUSION 
Microbial biotechnology holds transformative potential for 

Nigeria's waste crisis, aligning with circular economy goals 

by converting waste into valuable resources like energy and 

fertilizers while mitigating pollution and health risks. 

However, realizing this potential demands a move beyond 

mere technological adoption to comprehensively address 

entrenched institutional, financial, and sociocultural barriers 

within public administration. Success hinges on integrating 

microbial strategies into broader reforms that strengthen 

governance, build capacity, secure investment, and foster 

community engagement. Ultimately, the shift from linear 

disposal to circular resource recovery is both an 

environmental imperative and an economic opportunity, with 

adapted microbial solutions poised to play a pivotal role in 

achieving sustainable waste management and national 

development. 
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