Research Proposal: Advancing Sustainable Chemical Engineering Solutions for Dhaka, Bangladesh
Research Proposal: Developing Context-Specific Chemical Engineering Innovations for Industrial Sustainability in Dhaka, Bangladesh
Abstract
This research proposal outlines a critical investigation into the development and implementation of sustainable chemical engineering solutions tailored to the unique industrial and environmental challenges facing Dhaka, Bangladesh. As the economic hub of Bangladesh, Dhaka hosts over 60% of the nation’s industries, including textile manufacturing, pharmaceutical production, and food processing—sectors generating significant hazardous waste streams. However, inadequate waste management infrastructure and limited expertise in chemical engineering present severe environmental risks to the city's 22 million inhabitants. This study proposes a multidisciplinary approach led by a team of Chemical Engineers to design low-cost, scalable technologies for wastewater treatment and industrial resource recovery specific to Dhaka’s context. The research directly addresses Bangladesh’s national priorities for sustainable industrialization and aligns with Dhaka’s urgent need for engineering-driven environmental remediation.
1. Introduction: The Imperative of Chemical Engineering in Dhaka's Development
Dhaka, the capital of Bangladesh, faces unprecedented urbanization pressures compounded by rapid industrial growth. Current industrial practices contribute to alarming pollution levels: the Buriganga River—central to Dhaka’s ecology—receives over 12,000 tons of untreated industrial effluent daily from textile and chemical plants in Savar and Tongi zones (World Bank, 2023). This crisis underscores a critical gap: Bangladesh lacks sufficient locally trained Chemical Engineers equipped to solve context-specific problems. While chemical engineering principles are taught at institutions like BUET (Bangladesh University of Engineering and Technology), curricula often fail to address Dhaka’s unique challenges—monsoon-driven flooding, informal waste processing networks, and resource constraints. This research proposal positions the Chemical Engineer as a pivotal agent for sustainable transformation in Dhaka, bridging academic knowledge with on-the-ground application.
2. Problem Statement: Environmental and Industrial Vulnerabilities in Dhaka
Dhaka’s industrial ecosystem operates with minimal waste valorization, leading to toxic heavy metals (e.g., chromium from tanneries) and synthetic dyes accumulating in waterways. Consequently, 78% of Dhaka’s groundwater is unfit for human consumption (Department of Environment, Bangladesh), directly threatening public health and economic productivity. Existing solutions—often imported or designed for Western contexts—are prohibitively expensive or unsuitable for Dhaka’s climate and infrastructure. Crucially, Bangladesh has only ~1,500 certified Chemical Engineers nationwide (BECO 2023), with nearly all concentrated in urban centers like Dhaka but insufficiently deployed to solve local crises. Without intervention by skilled Chemical Engineers trained in Dhaka’s realities, pollution will escalate, undermining Bangladesh’s SDG commitments and economic growth.
3. Research Objectives
1. To design a modular wastewater treatment system utilizing locally available materials (e.g., rice husk biochar) for textile dye removal, specifically validated against Dhaka’s effluent composition.
1. To develop a low-energy recovery process converting plastic waste from Dhaka’s municipal streams into reusable hydrocarbon feedstocks for local chemical plants.
1. To establish a training framework for Chemical Engineers within Bangladesh, integrating fieldwork in Dhaka’s industrial zones to address knowledge gaps between theory and practice.
4. Methodology: A Dhaka-Centric Approach
This research employs a mixed-methods design co-developed with stakeholders across Dhaka:
· Phase 1 (Field Assessment): Collaborate with the Bangladesh Chemical Engineers Association and Dhaka WASA to collect real-time effluent data from 10 textile clusters in Savar. A team of Chemical Engineers will analyze heavy metal and dye concentrations unique to Dhaka’s supply chains.
· Phase 2 (Technology Development): Utilize bioreactors with locally sourced catalysts (e.g., activated carbon from jute waste) at BUET’s pilot plant. The design will prioritize scalability for Dhaka’s small-scale industries, targeting cost reductions of ≥40% compared to conventional systems.
· Phase 3 (Community Integration): Implement pilot units in partnership with Dhaka-based enterprises like Beximco Textiles. Chemical Engineers will train local technicians using Bangladesh-specific operational guidelines, ensuring long-term adoption.
5. Significance for Bangladesh and Dhaka
The outcomes of this research directly advance national goals outlined in the Bangladesh Climate Change Strategy (2023), particularly targets for reducing industrial pollution by 50% by 2030. For Dhaka, a city where air and water pollution cost ~4.7% of GDP annually (World Bank), this project offers immediate environmental and economic returns: cleaner waterways will reduce healthcare burdens, while recovered materials can lower operational costs for Dhaka’s manufacturers. Crucially, the training component addresses Bangladesh’s chronic shortage of Chemical Engineers by embedding practical skills within Dhaka’s academic-industrial ecosystem. Success will position Bangladesh as a regional leader in context-appropriate chemical engineering—a model replicable across South Asia.
6. Expected Outcomes and Deliverables
1. A validated, Dhaka-adapted wastewater treatment prototype with 90% dye removal efficiency (published in journals like *Chemical Engineering Research and Design*).
1. Economic feasibility models demonstrating cost-benefit for Dhaka industries (e.g., $1,200/year savings per small textile unit).
1. A certified training module for Chemical Engineers, co-developed with BUET and the Ministry of Industries.
1. Policy recommendations submitted to the Bangladesh Environment Conservation Act 1995 enforcement body.
7. Conclusion: The Role of the Chemical Engineer in Dhaka’s Future
Dhaka’s growth cannot be sustainable without a robust cadre of Chemical Engineers who understand its environmental constraints, economic realities, and cultural context. This research proposal is not merely an academic exercise—it is a strategic intervention to empower Bangladesh with engineering expertise that solves Dhaka’s most pressing crises. By focusing on waste-to-resource innovation tailored to Dhaka’s industrial fabric, the project will create a blueprint for chemical engineers across Bangladesh to drive green industrialization. The success of this initiative hinges on collaboration between Chemical Engineers, local industries, and policymakers in Dhaka—a partnership that transforms environmental challenges into opportunities for national advancement. We urge stakeholders in Bangladesh to invest in this research as a cornerstone of Dhaka’s sustainable development.
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