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Abstract

The textile industry in Narsingdi, Bangladesh, significantly contributes to economic growth, but it also faces
challenges with industrial wastewater pollution. Textile mills like Denim Composite Ltd. struggle with high
water consumption, chemical-intensive processes, and insufficient wastewater treatment. The aim of this study
is to propose a cost-effective, climate-resilient, and sustainable solution for textile mills in Narsingdi. Currently,
Denim Composite Ltd. relies on conventional Effluent Treatment Plants (ETPs), which are inefficient, incur
high operational costs, and generate substantial sludge. These systems fail to meet regulatory standards, leading
to water pollution and excessive energy use. The current system highlights significant inefficiencies in water
use, energy consumption, and waste management, resulting in negative environmental and economic
consequences. In contrast, the proposed solution integrates advanced technologies such as zero-liquid discharge
(ZLD), membrane bioreactors (MBRs), and water reuse systems. These innovations reduce freshwater demand,
lower operational costs, and enhance treatment efficiency. The findings suggest that adopting energy-efficient
and cost-effective ETPs, renewable energy could reduce operational costs by 33.6% and lower carbon emissions
by 90.17%. This research demonstrates how advanced wastewater management can improve cost efficiency and
sustainability in the textile industry. This strategy provides a scalable model for sustainable textile
manufacturing in Narsingdi and beyond.
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1 Introduction

A significant percentage of Bangladesh’s economic growth comes from the garment industry, which is a crucial
and profitable contributor to a country experiencing rapid urbanization and industrialization. These
developments have a significant impact on the environment, mainly on water in water-stressed areas. The water
is contaminated with high levels of chemicals, heavy metals, and dyes; it becomes a significant hazard to both
humans and the environment (Anubhav et al., 2022). The generation of wastewater on a large scale and the
decline in natural water availability caused by pollution from the textile industry emphasize the necessity for
implementing sustainable water treatment and reuse solutions (Hua et al., 2019). As freshwater becomes more
expensive and regulations tighten, industries are turning to wastewater reclamation as a more attractive option.
From the export of factories, Bangladesh obtained four-fifths of its foreign currency. Moreover, the textile
industry generates millions of jobs and makes a substantial contribution to the national GDP, with two-thirds of
its workers being female. The factory produces ready-made garments, including jeans, denim items, etc., which
are supplied to international markets—including North America and Europe—for various global brands
(Rahman, 2024). Narsingdi is a hub of denim production. This mill also struggles with unsustainable water use
and pollution. According to reports and depending on processing methods, water is consumed at about 100-200
liters in the processing of 1 kg of the textile product (Abdullah Al et al., 2022). It is not only the large volumes
of water that are required but also significant amounts of energy and other resources, for which industries must
take responsibility due to the resulting severe environmental pollution. It is one of the leading sources of
industrial pollution in Bangladesh, accounting for approximately 45% of all industrial employment. The global
environmental impact of the textile supply chain is increasing. For instance, it generates approximately 1.7
billion tons of CO: emissions annually, which accounts for nearly 10% of global greenhouse gas (GHG)
emissions. It is estimated that about 1.5 trillion liters of water are used each year to operate the industry
(Mikhael et al., 2021). Studies indicate that approximately 80% of untreated or partially treated wastewater from
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denim wet processing units is released into nearby water bodies such as rivers and canals, which are often
located near industrial zones and also serve as sources for local irrigation (Md et al., 2021) & (Maiko et al.,
2019). Inadequately treated wastewater discharge into the local river poses a severe risk to both aquatic
ecosystems and human health, underscoring the need for a proper solution. This study aims to provide cost-
effective and climate-resilient solutions, and also to provide sustainable management of wastewater from the
textile industry in Narsingdi.

2 Methodology

This research engages a mixed-methods approach, combining quantitative data collection through factory visits.
The methodology was structured into two primary phases: data collection, solution proposal, and evaluation.
After getting permission from the appropriate authority, the factory visit was conducted.

2.1 Study Area

Denim Composite Limited, located in Narsingdi, Bangladesh (23.95799°N, 90.72062°E), approximately 50 km
northeast of Dhaka, was selected as the study site (Figure 1). Established in 2016, the factory operates in
manufacturing ready-made jeans and includes a washing facility. It is running with 1150 employees within a
built-up area of approximately 23968.98 m? and comprises four factory buildings. With a monthly production
capacity of approximately 1,400,000 yards (around 1,280 km) of denim fabric, the factory represents a
significant operation in the textile sector. Table 1 shows the amount of water needed to produce jeans in the
factory.

Table 1. Water requirements per day for this industry

Considerations Units Values
Weight per square yard of the denim product ~ Ounce 10
Total daily manufacturing output (In length) Yard  45000-50000
Water requirement per yard of product litre 30
Total daily water requirement litre 1500000
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Figure 1. Map of the studied denim textile industry using the IDW interpolation method in ArcGIS 10.3
2.2 Data Collection
The primary stage involved an effective factory visit to Denim Composite Limited, acquiring data on current
wastewater management systems. Key aspects of data collection included:
e Total Employees: 1150
Source of Water: Groundwater
Daily Water Consumption: 15 Lakh liters
Type of cloth production: Jeans pants
Treated wastewater discharge: Through into the Velanagar River
Treatment Capacity: 15 million liters/day
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Treatment Process: Secondary

Sludge Production: 3 tons/month

Treated wastewater: Not satisfactory

Zero Liquid Discharge (ZLD): Not available

Membrane Bioreactor (MBR): Not available

Solar Energy: Not available

Available place for New Technology setup: Yes

Available place for solar energy setup: Yes

Operational Cost: (a) Electricity: 15 Lakh/month (b) Chemical: 20 Lakh BDT/month (c) Labor: 2.7
lakh/month (d) Maintenance: 1 lakh/month

2.3 Existing Wastewater Treatment

The factory has a wastewater treatment plant (WWTP), which processes all wastewater that exits after each
water-dependent step in the wet processing unit. The WWTP is a biological effluent treatment plant (ETP) that
operates continuously, treating 15000 m*/day. It uses an activated sludge process, which is a standard biological
treatment method for processing and purifying wastewater. The microorganisms in the system degrade complex
organic compounds into simple, stable chemicals found in wastewater; after this process, they eliminate soluble
and suspended organic material in the effluent (Rahman, 2024). An activated sludge floc forms because the
microorganisms grow a living culture as they digest the organic matter in the presence of dissolved oxygen and
multiply in number (Jahan et al., 2022).

2.4 Climate-Resilient, Cost-Effective, and Sustainable Proposed Solutions
The proposed solution for wastewater management included zero-liquid-discharge (ZLD), membrane
bioreactors (MBRs), water reuse systems, and renewable energy sources. These solutions are described below:

2.4.1 Zero-liquid-discharge (ZLD)

Zero liquid discharge (ZLD) stream, except for most water, is recovered for reuse. ZLD can be an intense
wastewater management system that removes all liquid waste from a method or facility. However, this high cost
will be minimized by savings from solar energy. The concept of zero-liquid discharge has revolutionized the
wastewater treatment process in various countries. The promise of zero-liquid discharge (ZLD) technology for
resource recovery and reuse has drawn much attention since it maximizes water recycling while reducing
wastewater volumes. Through the zero liquid discharge system, about 85 percent of the wastewater can be
recovered and reused as tap-grade water. The remaining 15 percent can be recovered as a saline solution and
used directly for dyeing (Panagopoulos and Michailidis, 2025). As a result, no liquid waste needs to be
discharged into the environment, and a completely eco-friendly industrial system is ensured. Also, the
installation of sensor-based water trigger nozzles in water hoses helps us to decrease the consumption of water
(12 m3/day) and energy (40 KWH).

2.4.2 Membrane Bioreactor (MBR)

Membrane bioreactor (MBR) technology is currently being widely used in industrial wastewater treatment. It is
considered a practical solution, especially for the treatment of textile wastewater. Studies have indicated that
MBR is a reliable method for textile wastewater treatment, capable of removing significant amounts of
pollutants. Yurtsever et al.'s 2016a, 2016¢, and 2015 studies have shown that aerobic MBR technology is highly
effective in removing color from textile wastewater and can tolerate high salinity and sulfate concentrations.
Though the removal COD rate in the activated sludge system was thereabouts 90% (m™) at a time, significant
fluctuation of COD and TSS concentrations was observed in the effluent after this treatment. A COD of 90 mg/I
and 490 mg/L was observed, whereas a TSS was marked at a range from 40 mg/L to 60 mg/L.

2.4.3 Activated Sludge Process Vs MBR

Young et al. (2020) performed the study across membrane bioreactor and conventional activated sludge (CAS)
systems. The result showed that color, COD, and TSS removal efficiency were significantly better in MBR
compared to the CAS method. In this study, the average biomass concentration in the CAS system (3 g/L) and
the MBR system (2.3 g/L) was measured. It was observed that the average color removal efficiency in the CAS
system and MBR system was 55% and 80%, respectively. The CAS system had an average COD effluent of 350
mg/liter and exhibited a COD removal efficiency of 83%. This value varied in a range of 110-260 mg/liter in the
effluent of the MBR system, while the COD removal efficiency is 91% (Mohsin and S. M, 2023). The average
removal efficiency of TSS by the CAS system and MBR treatment was 66% and 99.9%, respectively. This
indicates that the MBR system is far more efficient in removing TSS compared to CAS, and without the need
for tertiary treatment.
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2.4.4 Water Reuse Systems

Textile wastewater reuse systems are designed to treat and recycle water used in textile manufacturing, which
can then be reused in washing, rinsing, and cooling. These systems rely on sophisticated treatment processes,
including membrane filtration, to remove contaminants such as dyes, chemicals, and heavy metals. To meet the
demands of environmental challenges, as well as water scarcity, wastewater reuse systems have been
implemented, and advanced treatment technologies have been adopted. Recent research on textile wastewater
treatment using membrane bioreactors (MBRs), electrochemical oxidation, and reverse osmosis (RO) shows that
MBRs are highly effective in removing organic pollutants and can produce high-quality water suitable for reuse
in dyeing, finishing, and other industrial processes. A 2024 study by Rahman et al. showed that a combined
MBR-RO system has brought down to 70% the water use in textile factories, which reduced not only the
environmental impact but also the operation cost. These innovations are in line with the principles of the circular
economy and guarantee a more sustainable future for this sector.

2.4.5 Solar Energy

A renewable and sustainable source of energy where the radiation of the sun has been converted into usable
forms of energy, like electricity or heat energy. This is a process where burning fossil fuels like coal, oil, or
natural gas isn’t involved (Saeed et al., 2023). Utilizing solar power diminishes our reliance on fossil fuels for
electricity production, which are the principal contributors to carbon emissions within the energy sector. While
fossil fuel-based power plants make electricity, they emit a lot of carbon dioxide (CO2) into the air (Marc et al.,
2024). Solar panels, on the other hand, emit no CO: while operating. Solar panels can reduce the requirement for
electricity from fossil fuel-based power plants, lowering the overall carbon footprint of the power system.
Adopting solar energy can reduce greenhouse gas emissions and contribute to efforts for climate change
mitigation (Md Humayun and Nayeema Rashid, 2024). The authority of the factory ensured that they were keen
to implement the solar system, and there were plenty of places to install solar energy.

2.5 Current ETP’s Electricity Consumption Estimate
Monthly electricity cost = 1500000 BDT

Average Tariff = 10 BDT/KWh

Monthly Usage = 150000 KWh

2.6 Solar Potential of the Proposed Area

Area = 380 ft x 262 ft = 99560 ft> = 9253 m?

Solar radiation in Bangladesh = 4.5 kWh/m?/day

Panel efficiency (net) = 12% (After accounting for losses)
Estimated energy output (Daily) = 4.5 x 0.12 x 9253 = 4997 KWh
Estimated energy output (Monthly) = 4997 x 30 = 149910 KWh

3 Results and Discussions

The wastewater samples collected from three different sources in the factory were tested for eight different
water parameters, and the obtained results are shown in Table 2.

Table 2. Results of the tested water quality parameters

SL No Parameter Tap water ETP inlet ETP outlet
1 PH 7.94 7.22 8.27
2 DO (mg/litre) 7.13 0.61 7.26
3 TDS (mg/litre) 637 8250 6410
4 TSS (mg/litre) 0 315 25
5 BOD (mg/litre) 0 350 15
6 COD (mg/litre) 2 750 60
7 Turbidity (FAU) 17 270 90
8 Color (HU) 0 1562 580
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The wastewater test results (Table 2) from the textile industry reveal significant inefficiencies in the current
activated sludge process, particularly in removing TDS (reduced only from 8,250 to 6,410 mg/liter), TSS (315
to 25 mg/liter), BOD (350 to 15 mg/liter), COD (750 to 60 mg/liter), color (1562 to 580 HU), and turbidity (270
to 90 FAU). Membrane Bioreactor (MBR) technology offers a superior alternative by combining biological
treatment with ultrafiltration, ensuring the removal of suspended solids (>90% mg/liter TSS), >91% BOD/COD
reduction, and significantly lower turbidity and color (>60% HU). MBR’s compact design, operational
resilience, and ability to meet Bangladesh’s stringent discharge standards make it ideal for textile wastewater
while enabling water reuse and reducing regulatory risks.

Table 3. Monthly ETP’s Operational Cost Reduction

Scenario Monthly Monthly Total Cost Operational
Electricity (BDT) (Electricity, Cost
Cost (BDT) chemical, labor, and Reduction
maintenance)
Current 1500000 3870000 0%
(Grid Only)
(With on- 200000 2570000 33.6%
grid Solar
100% offset)

The ETP’s monthly total operational cost for grid-only power was 3870000 BDT, which included
(a) Electricity: 15 lakh/month, (b) Chemical: 20 lakh/month, (c¢) Labor: 2.7 lakh/month, and (d) Maintenance:
1 lakh/month. With the provision of 100% on-grid solar energy supply, a monthly electricity cost of 2 lakh may
be considered for rainy days or periods of low sunlight (Agajie et al., 2025). Monthly total operational cost for
on-grid solar 100% offset was 2570000 BDT, which included (a) Electricity: 2 lakh/month, (b) Chemical: 20
lakh/month, (c) Labor: 2.7 lakh/month, and (d) Maintenance: 1 lakh/month. According to Table 3, it was shown
that implementing solar energy in the proposed research area would save 1300000 BDT in monthly electricity
costs, resulting in a 33.6% reduction in total monthly ETP’s operational costs.

Table 4. Carbon Emissions Reduction

Aspect Current With on-grid Solar Imoprovement
P (Grid only) 100% offset P
Carbon Emissions 90000 kg CO» 8845 kg CO, 90.17%

Studies have shown that carbon emissions from the electricity grid range from 0.5 kgCO.eq./kWh to
0.9 kgCOeq./kWh (Cherni et al., 2016). Although the actual energy generation from solar power produces zero
emissions, the total 8845 kg CO, figure likely accounts for indirect emissions, including those associated with
solar panel manufacturing, transportation, and system maintenance (Daljit Singh et al., 2021). According to
Table 4, using 100% on-grid solar energy instead of full grid power will result in a 90.17% reduction in carbon
emissions.

4 Conclusion

Finally, it was demonstrated that the MBR system is the best option for sustainable wastewater management in
the study area for the majority of the significant parameter criteria. The MBR system's average color removal
efficiency was 80%. At the same operational conditions, MBR exhibits much better color removal efficiencies
than those in the CAS process. The outcomes also showed that, when it comes to reducing TSS without the need
for tertiary treatment, the MBR process outperforms the CAS procedure. A zero-liquid discharge treatment
system will collect 85% of the effluent as tap-grade water and 15% as the salt solution for direct reuse in dye
baths in order to ensure the entire removal of discharge into the environment. Solar energy will reduce the
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monthly electricity costs in the suggested research area by 1300000 BDT, as can be seen. Consequently, there
will be a 33.6% decrease in total operating costs for implementing solar energy. When grid power is replaced
with 100% solar energy, carbon emissions will be reduced by 90.17%. When all the facilities are implemented
in the textile industry, then it will be possible to foster sustainable development goals (SDGs), ensuring climate-
resilient, cost-effective, and sustainable wastewater management.
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