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ABSTRACT 

Rapid urban expansion has intensified the challenges associated with waste 

generation, resource consumption, and environmental degradation, 

prompting cities to seek sustainable and technologically robust solutions. 

Microorganisms, with their remarkable metabolic versatility, are emerging as 

central agents in biotechnological strategies aimed at transforming urban 

waste management. This review highlights the significance of microbial 

innovations in improving waste treatment processes and supporting 

sustainable urban development. Microbes play a pivotal role in the 

decomposition, conversion, and detoxification of diverse waste streams, 

including organic refuse, sewage, industrial effluents, and solid municipal 

waste. Through biotechnological interventions such as composting, 

anaerobic digestion, bioremediation, and bioenergy production, microbial 

systems not only reduce waste volumes but also generate valuable by-

products such as biogas, biofertilizers, and treated water suitable for reuse. 

Advances in molecular biology, metabolic engineering, and microbial 

ecology have further strengthened these applications by enabling the 

selection, modification, and optimisation of microbial strains for specific 

environmental functions. Engineered microbial consortia, for example, are 

now capable of enhancing the breakdown of complex pollutants, improving 

the efficiency of wastewater treatment plants, and supporting circular 

economy principles within urban settings. These innovations contribute 

significantly to lowering greenhouse gas emissions, reducing landfill 

dependency, and improving public health by minimising exposure to 

untreated waste. The integration of microbial technologies into urban 

planning aligns with the broader vision of smart and sustainable cities. When 

combined with digital tools such as real-time monitoring, automated waste 

sorting systems, and data-driven environmental management, microbial 

biotechnology offers a resilient and adaptable framework for addressing 

modern urban challenges. The paper concludes that microbial innovations, 

supported by appropriate policy, investment, and community participation, 

have the potential to reshape waste management systems and foster long-

term urban sustainability. 
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1. Introduce the Urban Waste Problem 

Urban Waste Management: Causes, Impacts, and 

Challenges 

Urban waste management has become one of the most 

pressing environmental challenges of the twenty-first 

century, driven by rapid urbanisation, population 

expansion, and consumption-based lifestyles. Cities 

generate immense quantities of solid and liquid waste 

every day, and many municipal systems lack the 

infrastructure, financial resources, and institutional 

capacity to manage these volumes effectively. As a 

result, improperly handled waste leads to widespread 

environmental degradation, serious public health risks, 

and significant socio-economic disruptions. 

Understanding the root causes, consequences, and 

structural limitations of the urban waste crisis is essential 

for developing sustainable and efficient waste 

management strategies.(Fig-1) 

 

 
Fig. 1: Urban Waste Management in India. 

 

1. Causes of Urban Waste Generation 

1.1 Rapid Urbanisation and Population Growth: 

Urban populations are growing at unprecedented rates, 

increasing pressure on waste handling systems. As more 

people migrate to cities in search of employment and 

better services, the volume of household, commercial, 

and industrial waste rises proportionally. According to 

UN-Habitat (2020), urban areas generate more than 70% 

of global waste, despite covering a relatively small 

proportion of the Earth’s land surface. 

 

1.2 Increased Consumption and Lifestyle Changes: 

Higher income levels in cities often translate into greater 

consumption of packaged goods, disposable items, and 

processed food products. Modern consumer culture 

encourages rapid turnover of materials, resulting in large 

volumes of waste per capita. Hoornweg and Bhada-Tata 

(2012) note that per capita waste generation increases 

significantly with economic growth and urban living 

standards. 

 

1.3 Consumerism and Disposable Culture: The 

widespread use of single-use plastics, electronic gadgets, 

and fast-fashion products contributes heavily to 

municipal waste streams. Many of these materials are 

non-biodegradable, accumulating in landfills and 

polluting urban surroundings. 

 

 

1.2.0 Consequences of Ineffective Urban Waste 

Management 

1.2.1 Public Health Risks: Improperly disposed waste 

creates ideal breeding conditions for flies, mosquitoes, 

rodents, and other disease vectors. These contribute to 

illnesses such as dengue, malaria, gastrointestinal 

infections, and respiratory problems. The World Health 

Organisation (2018) reports that poor sanitation and 

waste mismanagement significantly increase the burden 

of communicable diseases in urban areas. 

 

1.2.3 Environmental Degradation: Uncontrolled waste 

disposal results in contamination of soil, rivers, lakes, 

and groundwater. Leachate from open dumps contains 

heavy metals, organic pollutants, and pathogens that seep 

into water sources. Organic waste in landfills 

decomposes anaerobically, releasing methane—a 

greenhouse gas with a warming potential many times 

greater than carbon dioxide (IPCC, 2021). 

 

1.2.4 Social and Economic Impacts: Unmanaged waste 

affects urban aesthetics, reduces land value, and damages 

the reputation of cities, particularly those dependent on 

tourism. Conflicts frequently arise over the siting of open 

dumps or landfills, as communities resist living near 

polluted and hazardous areas. The escalating cost of 

waste collection and disposal also strains municipal 

budgets. 
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1.3.0 Challenges in Urban Waste Management 

1.3.1 Financial Limitations: Many urban local bodies, 

especially in developing countries, lack sufficient 

funding for essential infrastructure, including sanitary 

landfills, composting units, waste-to-energy plants, and 

modern waste collection systems. The Asian 

Development Bank (2019) highlights that limited 

revenue sources and high operational costs impede 

effective waste management. 

 

1.3.2 Institutional Weaknesses: Urban waste 

management requires strong coordination between 

municipal authorities, environmental departments, and 

private operators. However, many institutions suffer 

from inadequate staffing, poor planning, weak 

enforcement of regulations, and limited technological 

expertise. 

1.3.3 Lack of Public Participation: Waste segregation 

at the source—an essential step for efficient recycling is 

often poorly practised due to public apathy, lack of 

awareness, and inconvenience. Without active 

community involvement, even the best waste 

management technologies perform poorly. 

 

1.3.4 Inefficiencies in Public–Private Partnerships 

(PPPs): Although PPPs are promoted as solutions for 

improving waste management services, many projects 

face high transaction costs, unclear responsibilities, and 

inconsistent performance. Issues in contract design, 

monitoring, and accountability reduce their overall 

effectiveness. 

 

 

 

 
Fig. 2: Challenges in solid waste management practices in India. 

 

Urban areas continue to face serious difficulties in 

managing solid waste, and these challenges arise from 

several practical limitations. One of the most visible 

problems is the shortage of proper infrastructure; many 

cities do not have enough collection vehicles, treatment 

units, or scientifically designed landfills to handle the 

amount of waste produced each day. Alongside this, 

institutions responsible for waste management often 

struggle with unclear policies, weak enforcement, and 

poor coordination, which results in slow or ineffective 

decisions. 

 

Financial constraints add another layer of difficulty. 

Because waste collection fees are usually very low, 

municipalities cannot recover their operational costs, 

leaving them with limited budgets for improving 

services. This shortage of funds affects staffing as well—

many urban bodies do not have enough trained workers 

to manage waste collection, segregation, recycling, and 

plant operations. Public involvement is also limited; 

most households still do not segregate waste at the 

source, mainly due to low awareness and lack of 

motivation. On top of these issues, many cities still 

depend on outdated or inefficient technologies, which 

prevents them from adopting modern recycling, 

composting, biomethanation, and waste-to-energy 

solutions. 

 

Together, these factors create a cycle of inefficiency in 

solid waste management and highlight the urgent need 

for stronger policies, better funding, community 
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participation, and improved technological options. (Fig-1 

Table-1) 

 

 

Table 1: Key Challenges in Urban Solid Waste Management. 

Category Specific Challenges Explanation 

Infrastructure Constraints Lack of infrastructure 

Insufficient waste collection vehicles, 

transfer stations, treatment plants, and 

landfill facilities hinder efficient waste 

handling. 

Institutional and Policy Issues 
Weak institutional framework & 

inadequate policies 

Poor enforcement of waste 

management rules, unclear 

responsibilities, and weak coordination 

between municipal bodies. 

Economic Barriers Low waste collection fees 

Minimal user charges make it difficult 

for municipalities to recover 

operational costs and invest in 

improved services. 

Budgetary Limitations 
Insufficient budget for solid 

waste management 

Urban local bodies face funding 

shortages for equipment, manpower, 

technology, transport, and scientific 

disposal facilities. 

Human Resource Limitations Lack of skilled manpower 

Shortage of trained staff for waste 

collection, segregation, recycling 

operations, and monitoring of treatment 

facilities. 

Public Participation Challenges 
Low participation in source 

segregation 

Poor awareness and lack of incentives 

lead to low compliance in segregating 

biodegradable and non-biodegradable 

waste. 

Technological Limitations 
Limited access to modern waste 

processing technologies 

Lack of advanced systems for 

recycling, biogasification, composting, 

waste-to-energy, and monitoring 

technologies. 

 

2. Explain the Need for Sustainable Solutions 

The rising volume and complexity of urban waste 

highlight the inadequacy of conventional waste 

management practices such as landfilling, incineration, 

and open dumping. These traditional systems were 

designed for smaller populations and simpler waste 

streams, but they now fail to address the environmental, 

health, and economic pressures created by rapid 

urbanisation. As cities continue to expand, the shift 

towards sustainable, eco-friendly, and technologically 

advanced systems has become essential. 

 

2.1 Limitations of Conventional Waste Management 

Methods 

Landfills: Landfilling remains one of the most widely 

used methods for waste disposal; however, it is 

increasingly unsustainable. Urban areas often lack 

sufficient land for new landfill sites, and existing sites 

are rapidly reaching their maximum capacity. Poorly 

managed landfills generate leachate containing toxic 

chemicals and pathogens, which contaminates the soil 

and groundwater (UN-Habitat, 2020). Furthermore, the 

anaerobic decomposition of organic waste releases 

methane, a potent greenhouse gas that significantly 

contributes to global warming (IPCC, 2021). Landfilling 

also represents a linear system where valuable resources 

are discarded rather than recovered. 

 

Incineration: Incineration reduces waste volume but 

creates severe environmental challenges. Without 

advanced emission control technologies, incinerators 

release harmful pollutants such as dioxins, furans, and 

heavy metals, posing risks to public health (World Health 

Organisation, 2018). Incinerators also require high 

capital investment and produce toxic ash that still needs 

safe disposal. While energy recovery is possible, the 

environmental and economic costs often outweigh the 

benefits, particularly in low and middle-income cities 

(Hoornweg & Bhada-Tata, 2012). 

 

Open Dumping: Open dumping remains prevalent in 

many developing cities due to inadequate financial and 

technical capacity. These unregulated sites lead to air 

pollution from uncontrolled burning, contamination of 

water bodies through leachate, and the proliferation of 

disease vectors such as flies and rodents. Open dumps 

pose significant safety hazards, including the risk of fires 

and landslides during heavy rainfall (Asian Development 

Bank, 2019). This method is widely recognised as the 

most environmentally damaging and socially 

unacceptable approach to waste disposal. 



 

84 

World Journal of Advance Pharmaceutical Sciences                                                  WJAPS, Volume 3, Issue 3, 2026 

 

www.wjaps.com 

2.2 Need for Sustainable, Eco-Friendly, and 

Technological Approaches 

Given the clear limitations of conventional systems, 

cities must adopt sustainable solutions that minimise 

environmental harm, conserve resources, and protect 

public health. Sustainable approaches emphasise waste 

reduction at the source, segregation, recycling, and 

material recovery. Biological and biotechnological 

methods—such as composting, anaerobic digestion, 

microbial degradation, and waste-to-energy 

bioprocesses—transform waste into valuable products 

including biogas, compost, and biofertilisers (UNEP, 

2020). 

 

Technological innovations, such as digital monitoring, 

automated sorting, smart bins, and biotechnological 

treatment systems, support resource efficiency and 

reduce dependence on landfills. These approaches align 

with the principles of the circular economy and offer 

long-term, resilient solutions for urban waste 

management. By integrating technology with 

environmentally sound practices, cities can achieve 

cleaner environments, lower greenhouse gas emissions, 

and healthier living conditions. 

 

3. Introduce Microbial Role in Waste Management 

Microorganisms, particularly bacteria and fungi, are 

central to modern waste management systems due to 

their ability to break down complex organic materials 

into simpler, environmentally safe substances. Through 

natural metabolic activities, microbes facilitate 

bioremediation, the biological degradation or 

transformation of pollutants—thereby reducing waste 

volume, detoxifying contaminated environments, and 

generating valuable by-products such as compost and 

biogas. Their role is indispensable in both wastewater 

treatment and the decomposition of solid waste, 

including certain plastics, hazardous chemicals, and 

organic municipal waste. Microbial processes such as 

aerobic and anaerobic digestion, composting, and 

pollutant degradation support sustainable waste 

management and contribute significantly to circular 

economy practices. 

 

3.1 Roles of Microbes in Waste Management 

3.1.1 Decomposition of Organic Waste 

Microbes play a fundamental role in the breakdown of 

organic matter in both sewage and solid waste. By 

converting complex organic molecules into simpler 

compounds such as carbon dioxide, water, and organic 

acids, microbial action ensures the stabilisation of 

organic waste. This decomposition process is the basis of 

biological waste treatment systems, including 

composting and conventional wastewater treatment 

(UNEP, 2020). 

 

3.1.2. Bioremediation of Pollutants 

Microbial bioremediation involves the degradation or 

transformation of harmful pollutants, including 

pesticides, dyes, hydrocarbons, and some components of 

plastics. Certain microbial species possess specialised 

enzymes that enable them to metabolise toxic 

compounds, making them invaluable in the clean-up of 

contaminated soil, industrial effluents, and hazardous 

waste sites (Singh & Ward, 2021). 

 

 
Fig. 3: Role of microbes in waste recycling. 
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Role of Microbes in Waste Recycling 

Microbes play a central part in recycling a wide range of 

natural residues, including seed remains, crop residues, 

seed pods, leaves, stalks, stems and root waste. Bacteria, 

fungi, yeasts, actinobacteria and cyanobacteria release 

enzymes that break down these materials, allowing them 

to be converted into useful products. Through microbial 

processes such as fermentation and biodegradation, 

wastes like molasses, oil cakes, bagasse and processed 

residues are transformed into valuable substances 

including ethanol, organic acids, antioxidants and 

antibiotics. 

 

Composting is driven by mixed microbial communities 

that convert plant residues into nutrient-rich compost, 

biofertilisers and green manure. Fungi also use 

agricultural residues to prepare mushroom beds. In 

anaerobic conditions, microbes generate biogas from 

organic waste, providing a renewable energy source. 

Overall, microbes enable the bioconversion of diverse 

wastes into products that support soil health, energy 

production and sustainable agriculture. (Fig-2) 

 

3.1.3. Production of Valuable By-Products 

Biogas: During anaerobic digestion, microbial consortia 

convert organic waste into biogas, primarily composed 

of methane and carbon dioxide. This provides a 

renewable source of energy while reducing dependence 

on landfills (IEA Bioenergy, 2018). 

 

Compost: Aerobic microbes drive the composting 

process by decomposing organic waste materials into 

nutrient-rich compost, which enhances soil fertility and 

reduces the need for chemical fertilisers. 

 

3.1.4. Wastewater Treatment: Microbes are extensively 

used in both aerobic (oxygen-rich) and anaerobic 

(oxygen-poor) wastewater treatment processes. They 

break down organic contaminants, remove pathogens, 

and reduce chemical oxygen demand (COD) and 

biological oxygen demand (BOD), ensuring the safe 

release or reuse of treated water (Metcalf & Eddy, 2014). 

 

3.1.5. Nutrient Recycling: Microbial decomposition 

returns essential nutrients such as nitrogen, phosphorus, 

and potassium to the environment. This supports soil 

health, promotes plant growth, and aligns with circular 

economy principles that emphasise resource recovery 

rather than disposal. 

 

3.1.6. Removal of Heavy Metals and Toxins: Certain 

bacteria and fungi have the capacity to absorb, 

accumulate, or transform heavy metals and toxic 

compounds in waste streams. Through biosorption, 

bioaccumulation, and enzymatic transformation, these 

microbes contribute to the detoxification of polluted 

environments (Gadd, 2010). 

 

4. Present Biotechnological Approaches: 
Microorganisms play a central role in transforming urban 

waste into environmentally beneficial products. The 

following microbial technologies provide sustainable, 

cost-effective, and eco-friendly methods for managing 

solid waste, liquid waste, and hazardous pollutants. 

 

4.1. Composting: Composting is the aerobic microbial 

decomposition of organic waste (kitchen waste, garden 

waste, market waste) by bacteria, fungi, and 

actinomycetes. Microbes such as Bacillus, Pseudomonas, 

Aspergillus, and Trichoderma break down complex 

organic matter into stable humus. Process stages: 

1. Mesophilic phase:  rapid breakdown of simple 

organics 

2. Thermophilic phase – high temperatures (50–70°C) 

destroy pathogens 

3. Cooling and maturation – formation of mature 

compost 

 

Benefits: Produces nutrient-rich compost for urban 

agriculture, reduces landfill burden, eliminates pathogens 

at high temperatures, and has a low cost and is eco-

friendly. 

 

4.2. Anaerobic Digestion (AD) 

Anaerobic digestion uses anaerobic bacteria 

(Methanogens, Clostridium, Bacteroides) to break down 

organic waste without oxygen. The process occurs in 

four stages:  

Hydrolysis → Acidogenesis → Acetogenesis → 

Methanogenesis. 

 

Benefits: Generates biogas (60–70% methane) for 

energy, produces digestate, a biofertilizer, reduces 

greenhouse gas emissions, Suitable for municipal solid 

waste, food waste, and sewage sludge. 

 

3. Biogas Production: Biogas plants employ microbial 

consortia to convert organic waste into methane rich. gas. 

Methanogenic archaea (Methanobacterium, 

Methanosarcina) produce methane via CO₂ reduction or 

acetate cleavage. 

 

Benefits: Renewable urban energy for cooking, heating, 

and electricity, Reduces fossil-fuel demand, converts wet 

urban waste into usable energy, Minimises odour and 

pathogen levels. 

 

4. Microbial Fuel Cells (MFCs): Microbial fuel cells 

generate electricity by exploiting electrogenic bacteria 

such as Geobacter and Shewanella. These microbes 

transfer electrons to an anode while oxidising organic 

waste. The electrons then pass through a circuit to the 

cathode, generating power. 

 

Benefits: Produces clean electricity directly from waste, 

Treats wastewater simultaneously, Low carbon footprint, 

Ideal for decentralised urban wastewater treatment units. 

 

5. Bioremediation of Pollutants: Bioremediation uses 

specialised microbes to degrade or detoxify urban 
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pollutants such as hydrocarbons, plastics, dyes, 

pesticides, heavy metals, and sewage effluents. Common 

microbes: Oil degradation Pseudomonas, Alcanivorax, 

Rhodococcus, Dye degradation, Phanerochaete 

chrysosporium Heavy metal removal – Bacillus, 

Aspergillus niger. 

 

Benefits: Eco-friendly removal of hazardous pollutants, 

Cost-effective compared to chemical methods, Restores 

contaminated soil and water bodies, Generates minimal 

secondary pollution. 

 

6. Wastewater Treatment Using Microbial Consortia 

Municipal wastewater is treated using aerobic and 

anaerobic microbial communities. 

Stages include: 

1. Primary treatment:  settling of solids 

2. Secondary treatment microbial degradation using 

activated sludge, trickling filters, or biofilms 

3. Tertiary treatment – nutrient removal using 

nitrifying and denitrifying bacteria 

Nitrosomonas, Nitrobacter – nitrification, Pseudomonas, 

Paracoccus denitrification, Algal–bacterial consortia for 

nutrient recovery. 

 

Benefits: Reduces BOD, COD, pathogens, and toxic 

compounds, produces reclaimed water for gardening, 

industry, or recharge, facilitates nutrient recovery (N, P), 

Supports circular urban water systems. 

 

5. Connect Microbial Technologies to Urban 

Development 

Microbial biotechnologies form a crucial pillar in 

modern strategies for sustainable urban development. As 

cities expand, the pressures on waste management, 

energy needs, sanitation infrastructure, and 

environmental quality intensify. Microorganism-based 

waste-to-resource approaches provide practical, low-

cost, and eco-friendly solutions that align with the goals 

of circular urban systems. Their contributions to urban 

sustainability are explained below. 

 

5.1. Reduction of Waste Volume: Microbial processes 

such as composting, anaerobic digestion, bioremediation, 

and wastewater treatment significantly reduce the 

amount of waste requiring landfilling or incineration. 

Composting converts 40–60% of biodegradable 

municipal waste into stabilised organic matter. Anaerobic 

digestion reduces waste mass while generating energy.  

Wastewater microbial treatment reduces sludge volume 

through biological oxidation. 

 

These interventions decrease pressure on urban land 

resources, reduce the need for new landfill sites, and 

minimise environmental contamination. 

 

5.2. Production of Renewable Energy 

Microorganisms contribute directly to the generation of 

sustainable energy within urban environments. 

Anaerobic digestion produces biogas rich in methane for 

electricity, heating, and transport. Microbial fuel cells 

produce bioelectricity using electrogenic bacteria.  Algal 

bacterial systems contribute to biofuel production 

through lipid accumulation. Using waste as a resource 

for energy strengthens urban energy security and reduces 

dependence on fossil fuels. 

 

5.3. Improvement of Sanitation and Public Health 

Microbial-based sanitation systems address one of the 

core challenges of urbanisation, managing sewage and 

organic refuse safely. Wastewater treatment plants rely 

on microbial consortia to remove pathogens, nutrients, 

and organic pollutants. Composting toilets and 

biodigesters provide decentralised sanitation in densely 

populated areas. Microbial bioremediation reduces 

pollution in urban drains, lakes, and groundwater. 

Improved sanitation directly lowers disease incidence, 

enhances water quality, and supports healthier urban 

living conditions. 

 

5.4. Reduction of Greenhouse Gas (GHG) Emissions 

Microbial technologies mitigate GHG emissions through: 

• diverting waste from landfills, thereby reducing 

methane release, capturing and using biogas as a 

renewable energy source minimising emissions from 

open burning, supporting carbon sequestration through 

compost application in urban landscaping and 

agriculture. These interventions help cities progress 

towards climate-neutral and low-carbon development 

pathways. 

 

5.5. Supporting Recycling and the Circular Economy 

Microbial interventions transform waste into valuable 

resources, embodying circular economy principles. 

Compost and digestate return nutrients to soils. 

Wastewater treatment enables water reuse in industries, 

gardens, and urban landscapes. Microbial degradation of 

plastics, petroleum compounds, and heavy metals 

supports recycling and resource recovery. MFCs and 

biogas plants convert organic waste into electricity and 

fertiliser. By closing resource loops, cities reduce the 

extraction of raw materials, promote resource efficiency, 

and establish more resilient urban ecosystems. 

 

6. Discuss Recent Innovations 

Recent Innovations in Microbial Biotechnology for 

Urban Waste Management 

Rapid advances in microbial sciences and biotechnology 

have transformed the landscape of urban waste 

management, offering smarter, cleaner, and more 

resource-efficient solutions. Recent innovations make 

microbial processes faster, more targeted, and better 

integrated into modern smart cities. The most notable 

developments are outlined below. 

 

6.1. Engineered Microbial Strains 

Genetically engineered and selectively optimised 

microbial strains are increasingly being used to enhance 

waste degradation and pollutant removal.  
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• Engineered bacteria such as Pseudomonas putida and 

E. coli have been modified to break down plastics, 

hydrocarbons, dyes, pesticides, and pharmaceutical 

residues more efficiently. 

• Synthetic microbial consortia, where multiple strains 

are engineered to work together, enable the simultaneous 

breakdown of complex mixed wastes.  

• CRISPR-based tools allow the fine-tuning of microbial 

pathways for faster decomposition, higher biogas yields, 

and improved pollutant tolerance. These engineered 

strains significantly improve the speed, efficiency, and 

specificity of waste treatment. 

 

2. Genomic and Metabolic Engineering 

Advances in genomics, transcriptomics, proteomics, and 

metabolomics have made it possible to understand 

microbial metabolism at unprecedented depth.  

• Metabolic engineering is used to redirect microbial 

pathways for improved methane production, enhanced 

composting efficiency, and better nutrient recovery.  

• Whole-genome sequencing enables rapid identification 

of highly efficient decomposer species.  

• Metagenomics helps characterise complex microbial 

communities in compost, wastewater, and anaerobic 

digesters, leading to optimised microbial consortia. 

These innovations enhance the performance, stability, 

and resilience of microbial waste-treatment systems. 

 

3. Smart City Integration and Data-Driven Waste 

Management 

Microbial technologies are increasingly being integrated 

with smart city systems, creating more adaptive and 

efficient waste-treatment infrastructures.  

• Sensors and IoT devices monitor microbial activity in 

real time in bioreactors, composting units, and 

wastewater treatment plants.  

• AI-based predictive analytics optimise microbial 

performance and reduce operational costs. 

• Smart bins and decentralised biodigesters use microbial 

processing at the household or community level, 

reducing waste transport needs. These innovations 

strengthen the connection between biotechnology and 

urban planning, allowing waste systems to become more 

predictive, efficient, and citizen-friendly. 

 

4. Biofertilizer Production from Urban Waste 

Biotechnological processes increasingly convert organic 

municipal waste into high-quality biofertilizers. 

• Municipal solid waste, sewage sludge, and kitchen 

waste are processed using microbial inoculants to 

produce nutrient-rich compost and biofertiliser 

formulations.  

• Phosphate-solubilising bacteria (PSB), nitrogen-fixing 

bacteria (e.g., Azotobacter, Rhizobium), and potassium-

mobilising microbes enhance nutrient content. 

• Digestate from biogas plants is now routinely upgraded 

using microbial treatments into safe, high-value 

fertilisers for urban agriculture. 

These biofertilizers support urban farming, rooftop 

gardens, green belts, and peri-urban agriculture. 

5. Advanced Bioreactors and High-Efficiency 

Digestion Systems 

Recent innovations also include High-rate anaerobic 

digesters, membrane bioreactors (MBRs) for wastewater, 

algal–bacterial hybrid systems for nutrient recovery, Bio 

electrochemical systems that combine microbes with 

electrodes to generate electricity or hydrogen, and these 

systems increase resource recovery while dramatically 

reducing sludge and emissions. 

 

CONCLUSION 

Urban waste management is one of the most pressing 

challenges of modern cities, intensified by rapid 

urbanisation, population growth, and rising consumption 

patterns. Conventional disposal methods such as 

landfilling, open dumping, and incineration are 

increasingly inadequate, environmentally damaging, and 

economically unsustainable. In this context, microbial 

biotechnology offers a transformative pathway towards 

greener, more resilient, and resource-efficient urban 

systems. 

 

This review highlights the diverse and powerful roles 

that microbes play in decomposing organic waste, 

removing pollutants, generating renewable energy, 

improving sanitation, and supporting nutrient recycling. 

Technologies such as composting, anaerobic digestion, 

microbial fuel cells, and advanced wastewater treatment 

demonstrate how natural microbial processes can be 

harnessed to reduce waste volumes while recovering 

valuable resources. Recent innovations including 

engineered microbial strains, metabolic pathway 

optimisation, sensor-assisted bioprocess monitoring, and 

integration with smart city platforms, further strengthen 

the potential of microbial systems to meet the demands 

of future urban environments. 

 

By converting waste into biogas, bioelectricity, 

biofertilisers, and clean water, microbial interventions 

advance circular economy principles and significantly 

lower greenhouse gas emissions. Moreover, they 

promote healthier urban habitats by reducing pollution 

and enhancing sanitation infrastructure. As cities move 

towards sustainability and climate resilience, microbial 

technologies will play an increasingly central role in 

shaping waste management strategies, energy systems, 

and urban planning. 

 

Overall, the convergence of biotechnology, 

environmental engineering, and smart city innovations 

positions microbes as essential agents in the transition 

towards sustainable urban development. Continued 

research, stronger policy support, and wider community 

participation will be critical to realising their full 

potential in building cleaner, greener, and more liveable 

cities. 
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