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Abstract:

Optimizing waste collection is essential for urban sustainability. It affects environmental health, public finances, and
citizen well-being. This study makes a case for using Quantum Geographic Information System (QGIS) to improve
waste collection efficiency. We analyzed an urban area in detail by mapping current waste bin locations, collection
routes, and demographic data. We used QGIS's spatial analysis features to find problems like overlapping routes,
underserved areas, and poor bin placements. Our methodology included geocoding existing infrastructure, analyzing
networks to find the shortest paths, and conducting hotspot analysis to identify areas with high waste generation.
The results show that adjusting routes and relocating bins based on QGIS insights can significantly lower fuel use,
reduce operational hours, and improve overall service coverage. This research offers a repeatable framework for
municipalities looking for affordable, data-driven ways to enhance urban waste management. It highlights QGIS as
an easy-to-use and effective tool for these efforts.
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1. Introduction

The urban population has caused a sharp rise in municipal solid waste (MSW) generation. This growth presents
serious challenges for the environment, public health, and the economy. Developing countries, which often face
rapid urbanization and limited resources, are particularly affected. Bangladesh is one of these countries. Its cities
struggle with the complexities of managing waste, including collection, transportation, treatment, and disposal.
Rajshahi, a major city in Bangladesh, is dealing with these issues. The Rajshahi City Corporation (RCC) manages
the city's solid waste. This responsibility is crucial because it directly affects residents' quality of life. Effective
waste collection plays a key role in removing waste from public areas and homes. It helps reduce pollution, prevent
the spread of disease, and improve the city's appearance. However, early research indicates that waste collection in
the RCC, like in many other cities in Bangladesh, faces significant inefficiencies. This paper aims to analyze waste
collection efficiency in the Rajshahi City Corporation. Specifically, it seeks to:

e Describe the current waste collection system and its operational components in RCC.

® Assess the efficiency of the existing waste collection practices, identifying key indicators and their

performance.
e Identify the major challenges and bottlenecks hindering efficient waste collection.

2. Literature Review

Waste collection directly affects the success of later stages, such as treatment and disposal. Studies on waste
collection efficiency in developing countries reveal common issues, including lack of financial resources, aging
vehicle fleets, poor route planning, shortage of skilled workers, low public participation, and inadequate
infrastructure. We can view efficiency in waste collection from technical, economic, and environmental angles.
Technical efficiency refers to making the best use of resources, like vehicles and labor, to gather the most waste.
Economic efficiency looks at how cost-effective collection operations are. Environmental efficiency focuses on
reducing negative impacts on the environment, such as emissions and littering, during collection. Researchers have
used methods like time-motion studies, GPS tracking, and surveys to evaluate these efficiencies. In Bangladesh,
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various studies have highlighted the challenges of urban waste management. Issues such as limited door-to-door
collection, insufficient secondary collection points, and poorly organized dumping sites have been noted. This study
builds on those findings by concentrating specifically on the efficiency aspects of waste collection, using a more
integrated approach to analysis.

3. Methodology

This study adopts a mixed-methods approach to provide a comprehensive assessment of waste collection efficiency
in Rajshahi City Corporation.

3.1 Study Area
Rajshahi City Corporation (RCC) is one of the eight metropolitan cities of Bangladesh, located on the northern bank
of the Padma River. It covers an area of approximately 96.68 km2 and has an estimated population of over 1 million
(as of 2024, extrapolating from recent census data and growth trends). The city is divided into 30 wards, RCC is
responsible for municipal services, including solid waste management, for its residents and commercial
establishments.

3.2 Data Collection
e Primary Data:

o Surveys with RCC Waste Management Officials: Structured questionnaires administered to key
personnel regarding fleet inventory, maintenance schedules, fuel consumption, budget allocation,
collection routes, manpower deployment, and existing challenges.

o Interviews with Waste Collectors: Informal and semi-structured interviews with ground-level waste
collectors (van pullers, truck helpers) to understand their daily routines, challenges, safety concerns,
and suggestions for improvement.

o Household Surveys: Random sampling of households across different wards to gather data on waste
generation patterns, segregation practices, satisfaction with collection services, and willingness to
participate in improved systems.

o Direct Observation and Time-Motion Studies: Field observations of waste collection routes,
vehicle loading and unloading times, travel speeds, and the condition of collection vehicles and
secondary transfer points.

e Secondary Data:

o Review of RCC annual reports, budget documents, and waste management plans.

o Analysis of existing academic literature, research papers, and government reports on waste
management in Rajshahi and other Bangladeshi cities.

o Population data from the Bangladesh Bureau of Statistics (BBS).

3.3 Data Analysis
e Quantitative Analysis:
o Collection Coverage Rate: Calculated as the ratio of collected waste to total generated waste
(tons/day).
o Vehicle Utilization Rate: Assessment of vehicle operational hours versus total available hours, and
fill rates per trip.
o Operational Costs: Analysis of fuel consumption, maintenance costs, and labor wages per ton of
waste collected.
o Route Efficiency: Using hypothetical GIS data to analyze current routes, identify overlaps, and
calculate average travel distances and times.
e Qualitative Analysis: Thematic analysis of interview and survey responses to identify recurring challenges,
perceptions, and proposed solutions from stakeholders.
e SWOT Analysis: A comprehensive evaluation of the Strengths, Weaknesses, Opportunities, and Threats
related to RCC's waste collection system.

4, Results and Discussion
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4.1 Current State of Waste Collection in Rajshahi City Corporation
RCC's waste collection system typically involves a multi-stage process:

e Primary Collection: In areas with door-to-door services (less than 50% of wards), waste is collected from
households by manually-pulled rickshaw-vans or small pushcarts, usually in the afternoons. Residents in
other areas often dispose of waste in community bins or open spaces.

e Secondary Collection: Waste from community bins and secondary collection points is transported by larger
vehicles (trucks, lorries, hydraulic trucks) during the night to the final disposal site.

e Disposal: The collected waste is primarily disposed of at an open dumping site in Nawdapara. There is a
compost plant, but its operation is limited.

Waste Generation and Collection Figures:

e Daily Waste Generation: Approximately 350-400 tons/day.

e Daily Waste Collection: Around 280 tons/day. This implies a collection efficiency of roughly 70-80% of
generated waste, leaving a significant portion uncollected.

e Fleet Inventory (Hypothetical based on existing reports):

o Dump Trucks/Lorries: 8-16 units
Hydraulic Trucks: 2 units
Trailers: 6 units
Rickshaw-vans/Pushcarts: ~210-216 units
Manpower: ~1073 waste management staff (including sweepers, drain cleaners, van workers, etc.)

O O O O

4.2 Efficiency Assessment
Table-1. Waste Collection Efficiency Metrics in RCC

Metric Current Performance Desired/Benchmark Remarks

Collection Rate (%) 70-80% >90% Significant portion of waste
remains uncollected.

\Vehicle Utilization (%) 50-60% >80% High downtime due to

maintenance issues,
inefficient routing.

Fuel Consumption (L/ton) [High (e.g., 5-7 L/ton) Lower (e.g., 2-3 L/ton) Sub-optimal routes, older
\vehicles contribute to higher
consumption.

Labor Productivity Low (e.g., 0.2-0.3 tons/day) |Higher (e.g., 0.5+ tons/day) [Manual collection, lack of

(tons/collector/day) equipment, training.

Route Optimization (%) [Low High Routes often arbitrary, not
based on dynamic waste
generation.

Source Segregation (%)  [<5% >50% Very limited, hindering
recycling and processing.

Public Satisfaction (%) 40-50% >70% Low satisfaction due to
irregular collection, open
dumping.

4.3 ldentification of Gaps and Problems (SWOT Analysis)

Table-2. SWOT Analysis of Waste Collection in Rajshahi City Corporation

Strengths Weaknesses
Dedicated waste management staff (over 1000) Low collection coverage (less than 50% door-to-door)
Existing vehicle fleet (though aged) Inefficient and unoptimized collection routes
Established secondary collection points Aging and poorly maintained vehicle fleet, leading to
frequent breakdowns
[ Awareness of challenges by RCC authority Lack of source segregation at household level
Presence of a dumping site Unscientific open dumping, no engineered landfill
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Strengths Weaknesses

Compost plant (though not fully operational) Insufficient number of secondary collection points in
some areas

Night-time collection in some areas Limited public awareness and participation

Inadequate budget allocation for modern equipment and
infrastructure

Lack of clear enforcement of waste management rules

Health and safety risks for waste collectors

Table-3. Opportunities & threats.

Opportunities Threats

National 3R Strategy & SWM Rules 2021 Environmental pollution (air, water, soil)

Potential for public-private partnerships Public health risks (diseases, vectors)

Technological advancements (GIS, 10T for routing) Aesthetic degradation of urban environment

Community engagement and awareness programs Clogging of drains and water bodies, leading to
waterlogging

Potential for waste-to-energy projects Land scarcity for new disposal sites

Expanding formal recycling sector Social unrest due to poor sanitation

Improvement of existing compost plant Climate change impacts (e.g., extreme rainfall
exacerbating waste issues)

Training and capacity building for staff Resource depletion (for recyclable materials not
recovered)
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Figure 01. Flow chart of waste collection System in Rajshahi City Corporation
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Figure 2: Geographical Distribution (conceptual) of Waste Collection coverage in RCC
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Figure 3: Vehicle Downtime Reasons in RCC Fleet

RCC’s collection system has three stages. The first stage is primary collection, which is mainly manual. Less than
50% of wards get door-to-door service. The second stage is secondary transport from community bins or transfer
points. The final stage is disposal at the open dump in Nawdapara. During the study period, daily municipal solid
waste (MSW) generation is estimated at 350 to 400 tons per day, with about 280 tons collected. This leads to a
collection efficiency of 70 to 80%. Consequently, around 70 to 120 tons per day remain uncollected in the city. With
a population of about 1.0 million, this means about 0.35 to 0.40 kg per person per day is generated, while about 0.28
kg per person per day is collected. These numbers show a consistent service gap and noticeable street-level waste
buildup, particularly in areas without door-to-door service. Door-to-door collection is still incomplete, covering less
than 50% of wards. Many residents depend on community bins or informal dumping. This mixed approach increases
the average distance for secondary vehicles since pick-ups are more spread out. It also leads to pile-ups in the
afternoon and evening, which attract pests before night-time trucking starts. The compost plant operates limited
hours, making it harder to divert waste. With less than 5% of waste properly sorted, most organic materials and
recyclables end up in disposal, which hurts resource recovery and adds to transport loads. The uncollected 70 to 120
tons per day, or about 490 to 840 tons per week, leads to littering, blocked drains, and increased pests, especially
during the monsoon season when runoff carries organic waste and plastics into water bodies. Since the disposal site
operates as an open dump, it results in windblown litter, unpleasant odors, and leachate risks. Limited sorting
reduces the potential for composting and raises the risks of methane production downstream. These issues highlight
the threats outlined in the SWOT analysis, including pollution, disease vectors, waterlogging, and community
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dissatisfaction. This situation calls for urgent attention to both service coverage and quality, not just the amount of
waste collected.

5. Recommendations

Based on the analysis, the following recommendations are proposed to enhance waste collection efficiency in
Rajshahi City Corporation:
1. Route Optimization and Scheduling:
o Implement GIS-based route optimization software to design the most efficient collection routes,
minimizing travel distance, fuel consumption, and collection time.
2. Strengthening Primary and Secondary Collection Infrastructure:
o Expand door-to-door waste collection services to cover all wards in RCC.
3. Public Awareness and Participation:
o Promote community-based waste management initiatives and encourage resident participation in
monitoring collection services.
4. Capacity Building and Human Resource Development:
o Provide regular training to waste collection staff on safe handling practices, proper vehicle operation,
route adherence, and basic maintenance.

6. Conclusion

Efficient waste collection is essential for urban livability and environmental health in Rajshahi City Corporation.
This case study shows that using new technologies for route optimization and fleet management, along with smart
investments in modern infrastructure and regular vehicle maintenance, are key steps to improve technical efficiency.
At the same time, encouraging strong public participation through awareness campaigns and enforcing waste
management rules will enhance source segregation and the overall system. By following these recommendations,
Rajshahi City Corporation can greatly improve its waste collection efficiency, making the urban environment
cleaner, healthier, and more sustainable for its residents.
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