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Abstract

Municipal solid waste (MSW) management in Chattogram, Bangladesh, faces critical challenges due to daily
generation exceeding 2,000 tons and inadequate infrastructure. Open dumping in sites like Halishahar and Arefin
Nagar causes severe environmental degradation, methane emissions, and public health risks. This study explores
a sustainable and integrated model for MSW management in Chattogram, using a mixed-methods approach
including field surveys, interviews, and secondary data analysis. The findings support a comprehensive strategy
that combines source segregation, composting, recycling, and waste-to-energy (WtE) processes under supportive
policy frameworks. Implementation of the proposed model could significantly reduce pollution, promote public
awareness, and enhance circular economy practices in Chattogram.
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1 Introduction

Along with economic growth, city residents are producing more waste than before. Urban solid waste management
(SWM) is now recognized as a critical issue for city officials due to its often poor and ineffective handling, as well
as its visible environmental impact. Residents of Chattogram City Corporation (CCC) are facing significant public
health risks due to open dumping on streets and other public areas and drainage blockage resulting from
indiscriminate waste dumping (Chattogram City Corporation, 2019). However, the quantity of landfill sites and
their respective capacities in the Chattogram City Corporation is insufficient. Additionally, the existing landfills
are in poor condition and unsuitable for use (Dey et al., 2019). Consequently, drainage congestion and waterlogging
in many parts of Chattogram city worsen unhygienic conditions such as water contamination, disease spread, and
mosquito breeding. Leaching of drain water during waterlogging can cause groundwater pollution, contaminating
shallow tube well water (Debnath et al., 2022). Moreover, the augmented production of methane (CHa4) from
municipal solid waste (MSW), which possesses a potency 34 times greater than carbon dioxide (CO:), underscores
the need for proper sustainable MSW management (Islam, 2016). The quality of the urban environment heavily
depends on the quality of infrastructure and proper management. Essential utility services like garbage disposal
are critical infrastructure for maintaining urban environmental health (Islam, 1997). To address this issue, local
governments must provide adequate facilities for waste treatment. Globally, four main options for sustainable
MSW management are considered: thermal treatment, biological treatment, landfilling with energy recovery, and
recycling. Waste-to-energy (WtE) processes generate energy in the form of electricity, heat, or transportation fuels
(Islam, 2016). These methods should be integrated for improved waste management performance. An integrated
waste management system (IWM) is a comprehensive approach that selects techniques based on waste type, region,
climate, and social context (Gdren, 2014). While WtE can process all waste types, the Confederation of European
Waste-to-Energy Plants (CEWEP) emphasizes prevention and, if prevention isn't possible, efficient source
separation of waste to facilitate quality recycling. More efficient separation of plastic waste, the main source of
WHE’s fossil emissions, at the source will enable better recycling and significantly reduce the CO- emissions of
WIE plants. Only waste unsuitable for recycling should be sent to WtE facilities, which serve as a societal service
(CEWEP, 2022). Community must be educated about the risks of waste mismanagement, as unmanaged waste
may risk lives. Environmentally conscious citizens, supported by strong government leadership, can ensure future
waste is properly managed, reducing risks and creating a clean, healthy environment for future generations (Hasan,
2004). Therefore, establishing a communication platform that links government waste management efforts with
communities is key to encouraging mutual understanding and cooperation. This research aims to investigate the
current municipal solid waste management practices within Chattogram City Corporation, identify existing
challenges and inefficiencies, and formulate an integrated and sustainable waste management facility through an
integrated solid waste management concept that incorporates energy recovery, environmental protection, and
enhanced awareness, responsibility, and participation in sustainable waste practices.
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2 Understanding sustainable waste management

Waste management is a vital component of environmental health, encompassing collection, transportation,
processing, and recycling or disposing of waste materials. This procedure is essential for safeguarding public
health, protecting the environment, and maintaining the planet's sustainability for future generations. The old
method of waste management often focused solely on disposing of waste, typically in landfills or through
incineration. However, this approach is unsustainable in terms of the environment. It results in pollution, causes
climate change, and depletes resources that may be recycled or used. The advancement of waste management
methods has been substantial, from the initial phase of unregulated disposal to contemporary practices that
prioritize recycling and garbage minimization. Today, the focus is on sustainable ways that reduce environmental
impact and increase resource efficiency (Uffizio, 2024). The prevalent methods for garbage treatment are described
below.

2.2 Incineration

To reduce waste volume, local governments might employ a regulated process referred to as combustion or
incineration. In addition to decreasing space, combustors may turn water into steam to power heating systems and
produce electricity. Municipal solid waste, sewage effluent, and organic waste can be burned in an incinerator
(Williams, 2005). This approach is the second biggest form of waste management in the world. The primary
challenges created from the incineration of municipal waste are air pollution and the management of ash remains.
Incinerators discharge all combustion gases and particulates straight to the environment. A range of emission
control systems minimizes the hazardous elements generated in combustion smoke. Some of these are scrubbers—
a system that employs a liquid spray to reduce the acid gases in smoke—and filters, which remove microscopic
particles of ash from the smoke. Burning garbage at incredibly high temperatures also removes dangerous
substances and infectious microbes. Before being disposed of, continuous examination guarantees that any
remaining ash is safe (Goren, 2005). Bangladesh is likewise interested in this sort of treatment procedure. In recent
years, a proposed incineration power plant named Halishahar 25 Megawatts WTE Power Plant is to be constructed
in the Halishahar region under Chattogram City Corporation (CT 2019). On the other hand, a facility known as the
Eco-Town is under development in Aminbazar waste landfill in Dhaka, where an emphasis is given to recycling
materials to reuse trash as manufacturing elements. The leftover waste from the material recovery will be handled
in a WtE plant as thermal recovery (DNCC, 2019).

2.3 Composting

Composting is a natural process that converts organic waste into fertile soil with a variety of applications.

2.4 Landfill

Some waste must eventually be disposed of in landfills, even though source reduction, recycling, reuse, recovery,
and composting can remove a significant quantity of municipal solid waste (MSW) from disposal.

2.5 Reduce, Reuse, Recycle & Recovery

Reduction of sources, commonly known as waste prevention, refers to consuming and dumping less. By requiring
less material and producing fewer waste products during the manufacturing process, the industry should be the
first to reduce waste. It can be extended to the individual by using durable products, reducing waste through
thoughtful shopping and a methodical cooking approach, such as choosing durable, sustainable products and
identifying goods and packaging that contain as few harmful ingredients as possible. Additionally, items are used
again after their initial use. Source reduction is regarded as the primary waste management strategy as it prevents
trash from ever forming in the first place and offers an excellent means of protecting the environment.

3 Integrated solid waste management
Integrated solid waste management (ISMW) aims for environmentally friendly, economically feasible, and socially

acceptable solutions to waste management issues. ISWM encourages the creation of a waste management system
that is most appropriate for the environment, economy, and society in a given area (Klundert et al, 2001).
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4 Methodology

Applying the Integrated Sustainable Waste Management (ISWM) framework (Figure 01), this research analyzed
the present solid waste management system in Chattogram. The system stresses the need to examine local
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Figure 1: The ISWM model (Klundert et al, 2001).

conditions and requirements and provide place-appropriate responses. ISWM theory acknowledges three primary
elements: stakeholders who are impacted by or participating in waste management, tangible or functional parts of
the waste management system, and several ‘aspects’ that influence waste management, such as political and
cultural factors (Figure 01). To understand the MSWM system of Chattogram, the waste management procedures
from the point of origin to ultimate disposal were monitored, and both primary and secondary statistics and
information were reviewed. In along to field trips, observations, and secondary data analysis to discover the
particular waste management concerns confronting the Chattogram waste management system, personal interviews
were conducted to better study and understand the viewpoints from neighborhood stakeholders. The method used
calculated emissions based on how waste is managed before and after establishing the facility. Also, the economic
return from the facility is calculated and compared to the current waste management cost in Chittagong of 920
million in the fiscal year 2019-2020 (CCC, 2019). Estimation of methane (CH4) emission from MSW was done
using a simple and straightforward method called the Intergovernmental Panel on Climate Change (IPCC)
methodology, as shown in Equation 1

"CH4 emission(ton/year) = (MSW x MSWF x MCF X DOC X DOCF X FM x X — RM) (1 — OF) O

Where, MSW is total waste generation (tones/year); MSWF is waste fraction disposed to SWDS; X is 16/12, a
conversion factor for converting C to CH4; MSWF (wastes fraction disposed to landfills): almost all of the total
MSW generated in Chattogram is sent to the open dumping, the value was taken 1 according to field study (Islam,
2016). MCF (methane correction factor): 0.8, as the height of the landfill sites is >5 m; DOC (degradable organic
carbon) and DOCF (dissimilated organic fraction): 0.77, as DOC does not occur completely over a long period;
FM (fraction of methane in LFG): 0.50 for Chattogram (Islam, 2016); RM (recovered CH4) and OF (oxidation
factor): default value for both is zero as almost none of the solid waste is recovered in the landfills (IPCC, 2006).
The global warming potential (GWP) of CH4 was taken as 34(T. F. Stocker et al, 2013). So, according to Equation
1, 8537 tons/ year of CH4 is released in the atmosphere, which is a huge source of global warming. On the other
hand, in all the waste-to-energy methods used in the proposed facility, only the incineration plant releases CO2. It
can account for carbon credit, because combustion of MSW and associated electricity generation avoids CO2
emission from fossil fuels. In this study, CO2 emissions from the WtE project under different scenarios were
estimated using Equation 2 (Islam, 2016).

CO2 emissions from wte incineration(tCO2/tMSW) = Z ( WFj Ciorg; x OFj) x Z (2)
j

Where, WFj is dry weight fraction of waste component j; Ciorgj is anthropogenic carbon fraction of component j;
OF; is oxidation factor, with the default value of 1 for MSW; Z = C to CO2 conversion factor, with the value of
44/12; and j is component of MSW incinerated.
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4.1 Key Informant Interview

A resident suggests that laws and regulatory frameworks should be strengthened for better outcomes in managing

waste. A farmer cultivating near the Halishahar landfill is using unsorted waste for fertilizing the ground. A resident
said that the unwanted incineration in the landfill makes the environment hotter than usual. A concerned resident
says that the people are becoming accustomed to the problem of waste and continue living in an unhealthy
environment.

5 Result & Discussion

The results provided here demonstrate that, according to Equation 1, 8537 tons per year or 630258 tons per year
of CH4 is released in the atmosphere, which is a huge source of global warming. Based on the physical and
chemical composition of municipal solid waste in Chattogram, the estimated CO- emission factor for incineration
is approximately 0.76 tons of CO: per ton of MSW. For a daily treatment capacity of 1500 tons of waste, the total
CO: emission is calculated to be around 1,143 tons per day and 13716 tons per year, which is much less in
comparison to open landfill natural incineration. The majority of these emissions originate from food waste,
plastics, and paper, which together contribute over 80% of the total CO: output. The result also shows the waste
management scenario in Chattogram and how to make it better, focusing on stakeholders, the environment, and
economic return. Surveys throughout the streets and a big landfill site in Halishahar of Chattogram indicated that
contamination from open dumping is common, as shown in Figure 2.

Flgure2 Enwronmental degradatlon near the Iandflll site in Chlttagong 1. Open dumping near the drainage 2.
Drainage at Marketplace 3. Landfill natural incineration 4. Roadside open dumping

Most individuals are not aware of the adverse consequences of unregulated trash. The local administration is highly
conscious of the garbage and is working to solve the issue, and is looking forward to developing waste-to-energy
plants in Halishahar, Chattogram. They are looking at obtaining property for establishing treatment centers. A
medical waste treatment incinerator facility is already functioning in the region.

5.1 Waste management scenario in Chittagong city

Effective adjustments to waste management involve an awareness of the local context and an understanding of
unique concerns throughout an area. Chittagong city (how Chattogram), the second-largest urban center in
Bangladesh, generates over 2,000 tons of municipal solid waste (MSW) daily, much of which remains unmanaged
or improperly disposed of. Although the Chattogram City Corporation (CCC) oversees waste collection, coverage
is inconsistent, with many areas lacking regular service. Most waste ends up in the open dumping sites like
Halishahar and Arefin Nagar, as shown in Figure 3, which lack proper sanitary landfill systems, leading to severe
environmental issues (Figure 04) such as leachate pollution, methane emissions, and public health hazards. Waste
pickers informally recover 240 tons of recyclable waste/day, as there is no formal recycling infrastructure, while
from 3001.5 tons of waste generated daily, 2012 tons are landfilled, and the rest are illegally dumped (CCC, 2019).
Institutional challenges include inadequate funding, poor coordination, outdated equipment, and limited public
awareness. Despite these issues, Chattogram holds potential for sustainable waste management through public
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Figure 3: Existing waste flow in Chattogram

education, source segregation, composting, and the development of modern waste-to-energy facilities. This
research aims to provide a feasible solution to Chattogram’s MSW concerns that may guide other cities of
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Figure 4: Proposed waste flow in Chattogram

Bangladesh, also suffering from waste difficulties stemming from rapid transformation. To achieve this, the ISWM

Landfill

Figure 5: Proposed schematic plan of the Integrated Waste Management Facility

methodology was utilized to organize the review and assist in selecting a facility for both waste buildup and waste
management. Extensive community participation and collaboration with specialists were performed to acquire
knowledge of the region and its waste concerns. An assortment of varied tactics and solutions was devised to
address the equally diverse collection of difficulties related to waste management. This discussion provides a
conceptual schematic plan of the facility because of the strategies and ideas gathered from the findings. The plan
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shows how the different plants, together with a Research facility and calculated public participation, can bring
huge positive changes in the context of Chattogram waste management. The facility will give positive input to all
aspects of society, especially in the efficiency of the use of resources. This study aimed to identify a viable solution
to Chattogram’s MSW problems that may potentially guide other cities in Bangladesh also facing waste problems
resulting from rapid change. To do this, the ISWM evaluation. The framework proposed by the US EPA (2002)
was used to structure the evaluation and help identify a facility for both waste accumulation and waste
management. Extensive community consultation and engagement with experts was undertaken to develop an
understanding of the region and its waste issues. An array of different strategies and solutions was identified to
respond to the equally diverse set of problems associated with waste management. This discussion presents a
conceptual schematic plan of the facility, based on the strategies and ideas gathered from the findings. The plan
shows how the different plants, together with a research facility and calculated public participation, can bring huge
positive changes in the context of Chattogram waste management. The facility will give positive input to all aspects
of society, especially in the efficiency of the use of resources.

6 Conclusion

This study examined the municipal solid waste management challenges in Chattogram and proposed a sustainable,
integrated solution through the application of the Integrated Sustainable Waste Management (ISWM) framework.
The findings revealed that the current system suffers from infrastructural limitations, low public awareness, and
environmental hazards caused by open dumping. Field observations and stakeholder interviews confirmed the
urgent need for a coordinated and community-inclusive approach. The proposed model advocates for source
segregation, composting, recycling, and the incorporation of waste-to-energy technologies, supported by strong
policy, public education, and regulatory reforms. A schematic facility design integrating treatment units, research
facilities, and public engagement spaces was conceptualized to demonstrate how these elements could work
together to transform Chattogram's waste management system. Implementing this model has the potential to
significantly reduce environmental pollution, minimize health risks, enhance public participation, and contribute
to a circular economy. Moreover, it sets a precedent for other rapidly growing cities in Bangladesh that are facing
similar waste management issues. This study calls for collaborative action from local authorities, civil society, and
the private sector to bring this vision to life and move toward a cleaner, more sustainable urban future.
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