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Abstract

Rapid urbanization in Lusaka has sharply increased 

municipal waste generation, placing significant strain on the 

city’s landfill-oriented collection system. Chunga Landfill, 

the primary disposal site, now operates beyond its designed 

capacity, leading to open dumping, frequent fires, drainage 

blockages, and leachate contamination.  

These challenges exacerbate urban flooding, degrade air 

quality, and contribute to recurrent cholera and other public-

health outbreaks. Similar issues have been observed in cities 

such as Gwalior, India, where inefficient source segregation, 

long transport distances, and reliance on centralized disposal 

systems reduce the efficiency of municipal waste 

management.  

Despite the severity of these problems, there is a paucity of 

research in the Zambian context investigating alternative, 

decentralized approaches that can complement existing 

centralized infrastructure. 

This study aims to investigate the feasibility and 

effectiveness of decentralized waste management solutions 

in Lusaka, focusing on the potential for community-level 

segregation stations, small-scale composters, and sensor-

enabled collection points to improve waste-handling 

efficiency and reduce environmental and health risks. Using 

a mixed-method approach, the research integrates expert 

interviews with quantitative analysis of Lusaka’s waste 

composition to evaluate the suitability, scalability, and 

potential impact of localized processing systems.  

Findings indicate that decentralized composting could divert 

40–55% of organic waste from Chunga Landfill, reduce 

collection frequency, lower greenhouse gas emissions, and 

mitigate public-health hazards.  

By addressing the gap in knowledge regarding localized 

waste management interventions in Zambia, this study 

contributes practical insights for sustainable urban waste 

governance and policy development. 

Keywords: Centralized Waste Management, Decentralized Systems, Source Segregation, Smart Waste Monitoring, Lusaka 

Waste Infrastructure, Urban Sustainability 

1. Introduction 

Waste management in rapidly growing cities such as Lusaka, Nairobi, Accra, and Dar-es-Salaam faces persistent challenges—

unplanned settlements, limited municipal resources, insufficient landfill capacity, and a lack of household-level waste 

segregation. In Lusaka, over 850 tons of waste are generated daily, yet only 40–45% is formally collected. The rest 

accumulates in drains, open spaces, and informal dumpsites, contributing to flooding, disease outbreaks, greenhouse gas 

emissions, and land degradation. 

A key contributor to the inefficiencies is the centralized waste management model, where all waste—regardless of type—must 

be transported to distant landfills such as Chunga Landfill. This causes: 

▪ Long transport distances and high fuel costs 

▪ Inefficient collection routes 

▪ Overreliance on municipal trucks 

▪ Poor recycling and organic waste recovery 

▪ Increased landfill pressure and methane emissions 

Organic waste (food, yard waste, market waste) constitutes 55–65% of household waste in Lusaka, making it the largest and 

most problematic fraction. 
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1.1 Problem Statement 

Lusaka’s landfill-oriented waste management approach is 

increasingly unsustainable due to inadequate waste 

segregation, inefficient collection systems, high 

transportation costs, and low recycling and composting 

rates. These challenges contribute to: 

1. Overloaded landfill sites 

2. Severe environmental degradation 

3. Increased methane emissions 

4. Blocked drainage and urban flooding 

5. High municipal expenditure 

Weak community participation in waste reduction initiatives 

There is an urgent need for a decentralized, technology-

enhanced model capable of improving efficiency, reducing 

landfill dependency, and supporting sustainable waste 

processing. 

 

1.2 General Objective 

To evaluate and develop a smart decentralized waste 

management and composting system that enhances waste 

collection efficiency, reduces landfill dependency, and 

promotes sustainable resource recovery in urban 

communities. 

 

1.3 Specific Objectives 

1. To assess the current inefficiencies in Lusaka’s 

centralized waste management system and identify 

areas suitable for decentralization. 

2. To design and evaluate a pilot smart decentralized 

waste management model integrating IoT monitoring 

and community composting hubs. 

3. To analyze the environmental, economic, and social 

impacts of adopting a smart decentralized waste 

management and composting system. 

 

1.4 Research Questions 

1. How can a smart decentralized waste management 

system improve waste collection efficiency in urban 

communities? 

2. To what extent can decentralized composting reduce the 

volume of organic waste transported to landfills? 

3. What environmental, economic, and social benefits can 

be achieved through integrating IoT-enabled waste 

monitoring with community composting hubs? 

 

1.5 Justification of the Study 

Municipal waste generation is increasing faster than city 

infrastructure can support. A smart decentralized model 

introduces resource efficiency, reduces greenhouse gas 

emissions, lowers collection and transportation costs, and 

supports Zambia’s Vision 2030 goals on sustainable cities. 

The study also promotes practical solutions aligned with 

SDGs 11 and 12. 

 

2. Literature Review 

2.1 Waste Management in Developing Countries 

Studies in Sub-Saharan Africa show that urban waste 

management systems are hindered by low funding, poor 

infrastructure, and inadequate technologies (UN-Habitat, 

2021). Centralized systems rely on hauling all waste to 

landfills, often far from generation points—leading to 

inefficiencies. 

 

 

2.2 Rise of Decentralized Waste Management 

Decentralized systems process waste closer to the source, 

reducing transport demand. They typically involve:  

▪ Community composting facilities 

▪ Biogas digesters  

▪ Waste sorting centers 

▪ Recycling hubs 

Research shows decentralized systems reduce collection 

costs by 20–40% and extend landfill life (Gupta & Yadav, 

2020). 

 

2.3 Organic Waste and Composting Technologies 

Organic waste forms the majority of waste in African cities. 

Composting—both aerobic and anaerobic—has proven 

effective for converting organics into useful products. 

Decentralized composting reduces methane emissions and 

supports urban agriculture through nutrient-rich compost. 
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2.4 Smart Waste Management Technologies (IoT) 

Smart waste technologies involve: 

▪ IoT fill-level sensors in bins 

▪ GPS-enabled route optimization 

▪ Weight-sensing smart bins 

▪ Digital payment and reporting platforms 

▪ Data dashboards for municipalities 

 

Research shows IoT systems reduce: 

▪ Truck fuel use by up to 35% 

▪ Overflow incidents by 80% 

▪ Unnecessary collection trips by 45% 

 

2.5 Integration of Smart Technologies with 

Decentralized Composting 

Emerging studies demonstrate synergistic benefits when IoT 

tools are deployed alongside community composting hubs: 

▪ Sensors detect organic waste accumulation. 

▪ Digital platforms schedule pickup only when needed. 

▪ Data supports predicting compost output. 

▪ Community adoption improves due to transparency. 

▪ This research explores applying such integrated systems 

in the Lusaka urban context. 

▪ Environmental degradation and public health risks.  

 

3. Methodology 

This study adopted a mixed-method research design, 

integrating qualitative, quantitative, spatial analytical, and 

technological pilot-testing approaches. Mixed-methods 

allow for robust triangulation of findings and are widely 

recommended in urban environmental research for 

producing comprehensive and context-sensitive insights 

(Creswell & Plano Clark, 2018) [25]. The methodology 

therefore combined field surveys, expert interviews, GIS 

spatial analysis, secondary data review, and a prototype 

smart waste system evaluation. 

 

3.1 Study Area 

The research was conducted in an kalingalinga within 

Lusaka characterized by medium-density residential 

clusters, mixed land uses, and moderate-to-high organic 

waste generation. The area includes approximately: 

▪ 500 households. 

▪ Local markets and food vendors. 

▪ Schools and institutional facilities. 

▪ This context represents typical waste-generation 

patterns in Lusaka’s growing residential zones. 

 

3.2 Qualitative Component 

3.2.1 Semi-Structured Interviews 

Semi-structured interviews were conducted with: 

▪ Architects 

▪ Waste management professionals 

▪ Community leaders 

▪ Municipal planners from Lusaka City Council 

Semi-structured interviews support flexible and in-depth 

exploration of expert perspectives (Kvale & Brinkmann, 

2015) [26]. They were designed to capture insights on: 

1. Gaps in existing waste management systems 

2. Community perceptions of decentralized systems 

3. Policy and institutional challenges 

4. Technological readiness for smart waste solutions 

 
 

3.2.2 Data Analysis 

Qualitative data were analyzed through thematic analysis, 

following Braun and Clarke’s (2006) [24] six-step coding 

framework. Recurring themes identified included: 

▪ Barriers to waste segregation 

▪ Policy limitations 

▪ Urban design constraints 

▪ Community willingness to adopt smart technologies 

▪ Opportunities for localized composting 

 

3.3 Quantitative Component 

3.3.1 Waste Data Collection 

Quantitative data were obtained from: 

▪ Lusaka City Council (LCC) waste management reports 

▪ Zambia Statistics Agency (ZamStats) datasets 

▪ World Bank global waste databases (2020) 

▪ Field household surveys (n = 50) 

▪ On-site waste characterization studies conducted over 7 

days 

 

The Datasets Included: 

▪ Waste generation rates 

▪ Waste composition profiles 

▪ Collection efficiency levels 

▪ Household behavior patterns 
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3.3.2 Comparative Case Study Assessment 

A comparative study analyzed decentralized waste systems 

such as: 

▪ Eco-block models in China 

▪ Community-based composting hubs in Kenya 

▪ Neighborhood-scale initiatives in South Africa 

Comparative insights were used to evaluate the adaptability 

of global decentralized waste models to Lusaka (Yin, 2018) 
[29]. 

3.3.3 Waste Diversion Modelling 

Organic waste diversion potential was estimated using: 

▪ Standard composting conversion rates 

▪ UNEP urban composting benchmarks (2020) 

▪ Measured organic fractions from field sampling 

This modelling allowed projections of environmental 

benefits, such as: 

▪ Reduced landfill volumes 

▪ Lower methane emissions 

▪ Potential compost output 

 

3.4 Smart Technology and Pilot System Evaluation 

A prototype smart decentralized composting and IoT waste 

monitoring system was deployed to test its operational 

performance. The pilot system included: 

▪ Three sensor-enabled smart organic waste bins 

▪ Fill-level detectors (ultrasonic sensors) 

▪ Moisture and temperature sensors for compost 

monitoring 

▪ A 1-ton/month aerobic composting unit 

▪ A real-time data dashboard for monitoring waste levels 

Sensor data allowed evaluation of: 

▪ Collection frequency optimization 

▪ Overflow reduction 

▪ Waste accumulation patterns 

▪ Composting efficiency and operational parameters 

This real-world testing provided empirical evidence on the 

feasibility of integrating IoT with decentralized waste 

processing. 

 

3.5 Spatial Analysis Component 

Spatial analysis was performed using GIS tools to map 

waste generation patterns, optimal hub placements, and 

accessibility conditions. GIS analysis supports evidence-

based waste planning, site selection, and spatial equity 

assessment (Goodchild, 2007) [30]. 

3.5.1 Datasets Used 

Spatial datasets included: 

▪ Land use and zoning maps (LCC) 

▪ Road networks for analyzing transfer distances 

▪ Population density layers 

▪ Satellite imagery 

▪ Locations of existing waste collection points 

▪ Informal dumpsite coordinates 

3.5.2 GIS Analysis Techniques 

Key GIS methods used: 

▪ Suitability analysis to identify optimal sites for 

decentralized composting hubs. 

▪ Buffer mapping to assess household accessibility. 

▪ Network analysis to model efficient waste collection 

routes. 

▪ Hotspot analysis to identify high-generation waste 

zones. 

The spatial analysis ensured that proposed smart waste hubs 

were: 

▪ Strategically located 

▪ Accessible to households 

▪ Minimizing transport burdens 

▪ Situated away from sensitive land uses 

▪ Optimally placed to capture the largest waste streams 

 

3.6 Integration and Triangulation of Data 

All qualitative, quantitative, spatial, and sensor-generated 

data were triangulated to generate holistic insights. This 

strengthened: 

▪ Validation of findings 

▪ Cross-verification of waste volumes 

▪ Identification of community behavior patterns 

▪ Evaluation of system performance 

▪ Environmental impact analysis 

 

4. Data Presentation and Analysis 

This chapter presents the findings from the qualitative 

interviews, quantitative field surveys, IoT pilot testing, and 

spatial GIS analysis. The results are organized according to 

the research objectives and show how a smart decentralized 

waste management and composting system can improve 

waste collection efficiency, reduce landfill dependency, and 

enhance resource recovery. 

 

4.1 Demographic and Household Waste Profile Analysis 

A total of 50 households were surveyed within the study 

area. 

 
Table 4.1: Household Demographics 

 

Variable Percentage (%) 

Household Size (4–6 persons) 58 

Household Size (2–3 persons) 32 

Household Size (7+ persons) 10 

Income Level (Low) 46 

Income Level (Middle) 42 

Income Level (High) 12 

 

Key Findings 

▪ The majority (58%) of households have 4–6 people, 

consistent with Lusaka’s average. 

▪ Lower-income households (46%) generate a significant 

amount of organic waste, mainly food scraps. 

 

4.2 Waste Composition Analysis 

Seven-day waste characterization produced the following 

results. 

 
Table 4.2: Waste Composition (kg/week) 

 

Waste Type Average kg/household/week Percentage (%) 

Organic Waste 7.1 63 

Plastics 2.2 20 

Paper/Cardboard 0.9 8 

Metals & Glass 0.5 4 

Others 0.6 5 

 

Analysis 

Organic waste forms the largest fraction (63%), confirming 

suitability for decentralized composting. 

Recyclable categories (plastics + paper + metals) form 32%, 

yet most remain unsegregated. 

The high organic content indicates potential to divert waste 

from landfills by up to 60% through composting hubs. 
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4.3 Community Behavior and Perceptions 

 
Table 4.3: Household Waste Practices 

 

Behavior Percentage (%) 

Segregate organic waste 18 

Segregate plastics/paper 36 

Use formal waste collection 52 

Dump waste in informal sites 28 

Open burning 20 

 

Analysis 

Segregation of organic waste is extremely low (18%), 

primarily due to: 

▪ Lack of bins 

▪ Poor awareness 

▪ Absence of incentives 

Informal dumping and open burning remain significant 

(48% combined), contributing to pollution. 

Households expressed 87% willingness to participate in 

decentralized composting if bins and collection points are 

provided. 

 

4.4 Qualitative Interview Themes 

Interviews with LCC officers, architects, waste experts, and 

community leaders revealed 5 main themes: 

Inefficiency of Centralized Waste Collection 

Stakeholders reported: 

1. Overreliance on Chunga Landfill 

2. Frequent breakdown of collection trucks 

3. Long routes reducing service frequency 

Poor Urban Waste Segregation Culture 

Experts highlighted: 

▪ No policy enforcement 

▪ Lack of infrastructure 

▪ Absence of community awareness 

▪ Environmental Degradation 

Municipal planners noted: 

▪ Drain blockages 

▪ Increased flooding 

▪ Uncontrolled dumpsites 

▪ Demand for Community-Level Solutions 

Community leaders expressed strong support for: 

▪ Local composting hubs 

▪ Smart bins 

▪ Youth-led waste enterprises 

▪ Technological Readiness 

Experts noted growing acceptance of: 

▪ IoT waste monitoring 

▪ Digital platforms for waste alerts 

▪ Sensor-based sorting innovations 

 

4.5 Spatial Analysis Results (GIS) 

Spatial modelling included suitability mapping, density 

analysis, and buffer analysis. 

Key Spatial Findings 

1. Waste generation hotspots corresponded with: 

▪ High-density residential clusters 

▪ Market zones 

▪ School vicinities 

2. Ideal composting hub locations were within: 

▪ 150–300m buffers 

▪ Areas with road accessibility 

▪ Zones away from schools and clinics 

 

3. Optimal smart bin cluster sites were identified near: 

▪ Busy pedestrian paths 

▪ Shops 

▪ Bus stops 

4. Reductions in transportation distances ranged from: 

▪ 2.8 km → 0.5 km (82% reduction) for organic 

waste. 

▪ This significantly cuts fuel and collection time. 

 

4.6 Smart IoT System Pilot Results 

Three smart sensor bins were installed in the study area for 

30 days. 

 
Table 4.4: IoT Pilot Performance Metrics 

 

Parameter Result 

Avg. fill-level detection accuracy 92% 

Reduction in overflow incidents 74% 

Reduction in unnecessary collection trips 41% 

Organic waste captured 164 kg/month 

Compost output 51 kg/month 

 

 
 

Analysis 

High fill-level detection accuracy confirms reliability of the 

IoT sensors. 

Overflow incidents reduced by 74%, improving cleanliness. 

Collection was done based on real-time data, minimizing 

wasted fuel and time. 

 

4.7 Quantitative Waste Diversion Modelling 

Using UNEP composting benchmarks: 

Organic waste diversion potential = 63% 

Of this, composting efficiency = 62–68% 

Landfill reduction potential = 39–48% 

Projected Annual Impact (per 500 households) 

 
Parameter Value 

Landfill waste reduced 128 tons/year 

Compost produced 38–45 tons/year 

Methane emissions avoided 22–30 tons CO₂e/year 

 

4.8 Integrated Analysis (Answering Research Questions) 

RQ1: How can a smart decentralized system improve 

collection efficiency? 

Optimized routes cut trips by 41%. 

Overflow incidents fell 74%, improving hygiene. 
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Smart bins provide real-time waste level data. 

RQ2: To what extent can decentralized composting reduce 

landfill waste? 

Up to 48% of total waste diverted from landfill. 

Organic fraction alone reduces landfill pressure 

significantly. 

Composting hubs generate usable fertilizer. 

RQ3: What environmental, economic, and social benefits 

result? 

Environmental Benefits 

Reduced methane emissions 

Cleaner streets, fewer illegal dumps 

Less burning of waste 

Economic Benefits 

▪ Lower municipal fuel and transport costs 

▪ Compost sold to gardens and farms 

▪ Employment opportunities in community-run hubs 

▪ Social Benefits 

Improved sanitation 

High community participation 

Enhanced environmental awareness 

 

5. Finding and Discussions 

5.1 Current State of Waste Management in Lusaka 

Data from Lusaka City Council (LCC, 2022) indicate that 

the city generates approximately 1,200 tonnes of municipal 

solid waste per day, of which less than 40% is formally 

collected. The remainder accumulates in informal 

dumpsites, drains, and open spaces, contributing to flooding 

and disease outbreaks. Informal waste pickers contribute 

significantly to recycling efforts; however, their efficiency is 

limited by the absence of pre-segregated waste streams, 

which forces them to hand-sort mixed waste under unsafe 

and labour-intensive conditions (Kaza et al., 2018) [10]. 

Waste composition studies further reveal that over 60% of 

Lusaka’s waste is organic, representing a major opportunity 

for localized composting and resource recovery (UNEP, 

2020). However, citywide reliance on the Chunga Landfill 

places increasing strain on municipal budgets and 

accelerates environmental degradation. 

 

5.2 Identified Barriers to Effective Waste Management 

Interviews conducted with architects, LCC officials, and 

community representatives highlighted three core barriers: 

1. Poor Waste Segregation 

Most households mix organic, recyclable, and hazardous 

waste due to the lack of mandatory segregation policies and 

limited availability of colour-coded bins. This mirrors 

challenges reported in other African cities such as Nairobi 

and Accra (World Bank, 2020) [28]. 

 

2. Limited Public Awareness 

Respondents emphasized weak public education campaigns 

on waste reduction and recycling. Communities often lack 

knowledge regarding composting, responsible disposal, and 

the environmental consequences of mixed waste. 

 

3. Infrastructural Gaps 

Few residential or mixed-use buildings incorporate waste-

sorting spaces, composting chambers, or designated 

recycling points. This reflects a broader architectural gap, 

where waste management is not integrated into building 

design (Aye & Widjaya, 2006). 

 

5.3 Benefits of Decentralized Composting and Smart 

Waste Technologies 

Case studies reviewed from Kenya, South Africa, and 

Barcelona demonstrate clear advantages of decentralized 

systems: 

Decentralized Composting 

Research shows that local organic waste processing can 

reduce landfill-bound waste by up to 50% (Hoornweg & 

Bhada-Tata, 2012) [9]. 

 

 
 

Kenya’s community eco-villages demonstrated that 

neighborhood composting facilities: 

▪ Diverted significant organic waste 

▪ Produced affordable fertilizer for urban farming 

▪ Reduced transport costs and reliance on municipal 

trucks 

 

Smart Waste Technologies 

Cities such as Seoul and Barcelona have adopted sensor-

enabled bins, leading to: 

▪ 25% reductions in waste collection costs through 

optimized routing 

▪ Increased accountability and reduced overflowing waste 

hotspots 

▪ Enhanced resident participation through mobile 

tracking apps (European Environment Agency, 2019) [7] 

 

Application to Lusaka 

If applied to Lusaka’s high-density neighborhoods: 

▪ Community composting units could significantly ease 

pressure on Chunga Landfill 

▪ Sensor-based smart bins could strengthen coordination 

between formal waste contractors and informal waste 

pickers 

▪ Local fertilizer production could support urban 

agriculture in peri-urban areas 

For effective implementation, architects must collaborate 

with planners, engineers, and waste authorities to ensure: 

▪ Waste infrastructure aligns with building codes 

▪ Housing policies encourage decentralized waste 

processing 

▪ Designs remain functional, aesthetic, and socially 

acceptable 

This approach positions Lusaka’s urban blocks as active 

agents in waste recovery, advancing the shift toward circular 

urban ecosystems. 
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