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Abstract 

The textile and garment industry in Bangladesh, a significant contributor to the national economy and major exporters, 
heavily consumes water and causes environmental pollution. This thesis evaluates the water usage and pollution in the 
sector by assessing its blue, green, and grey water footprints, focusing on the dyeing, printing, and finishing stages in 
three industries: KDS, FOURH, and AMBER. The study aims to provide insights into the virtual water footprint and 
current water management practices, identifying areas for improvement to promote sustainable water resource 
management in the textile industry.  
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1. Introduction

The textile and garment industry is a cornerstone of Bangladesh's economy, providing employment to over 4.5 million 
people and generating more than 84% of the country's export earnings [1]. Despite its economic significance, the 
industry is a major consumer of water and a source of considerable pollution, particularly in the dyeing, printing, and 
finishing stages of textile production [2].This study aims to evaluate the water footprints—blue, green, and grey—of 
these stages in three specific industries: KDS, FOURH, and AMBER. By analyzing the water usage and pollution patterns, 
the research seeks to provide a comprehensive understanding of the industry's impact on water resources and propose 
strategies for sustainable water management. This is critical for mitigating environmental harm while sustaining the 
economic benefits of the textile sector in Bangladesh. The textile industry in Bangladesh is crucial for the country's 
economic growth, being the world's second-largest exporter of ready-made garments (RMG) [3]. However, this industry 
is also a major consumer of water, significantly impacting the environment through both consumption and pollution 
[4].Global studies on the water footprint of the textile industry have largely overlooked Bangladesh. Research indicates 
that the annual water footprint of the textile sector is approximately 1.8 billion m³ [5].The high water usage and 
resultant pollution potentially lower groundwater levels, leading to severe health issues for local populations. A study 
anticipated that by 2021, the textile industry in Bangladesh would generate around 349 million m³ of wastewater 
[5].The blue water footprint refers to freshwater used in industrial processes like dyeing, printing and finishing while 
the grey water footprint pertains to the volume of freshwater needed to dilute pollutants from manufacturing. Studies 
show that the textile sector's blue and grey water footprints in Bangladesh are significant, with the grey water footprint 
comprising 86.15% of the total water footprint [6].The rapid growth of the textile industry in Bangladesh has substantial 
economic benefits but also brings environmental challenges [7]. Conventional industrial methods, poor water 
management practices, and inadequate wastewater treatment facilities are key factors contributing to the high water 
footprint of the textile sector [8].The depletion of groundwater due to excessive water use in the textile industry poses 
a significant threat to sustainable water resources [9]. Effluent from the textile industry often contains high levels of 
pollutants, further exacerbating environmental issues [10].Virtual water, the hidden water embedded in the production 
of goods, plays a significant role in the textile industry. The process of growing cotton, dyeing fabrics, and manufacturing 
clothing consumes vast amounts of water, often in regions already facing water scarcity. By understanding and 
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managing virtual water consumption, the textile industry can make more sustainable choices, reduce its environmental 
footprint, and promote water conservation practices globally [11].Addressing the water footprint of the textile industry 
in Bangladesh is essential for sustainable development. Improved industrial practices, effective water management 
strategies, and advanced wastewater treatment technologies are critical to reducing the industry's environmental 
impact [5]. 

2. Materials and method  

2.1. Blue Water Footprint  

Using this simple manufacturing system, we can calculate the water footprint of product p (volume/mass) using the 
following formula: 

WFprod[p]=(WFproc[s])/(P[P]) ] .......................................................……..(1) 

[volume/mass] 

where P[p] is the quantity produced for product p (mass/time) and WF proc[s] is the process water footprint of process 
step s (volume/time). The blue water footprint will be in (l/kg) if the process water is in (l/hr) and the production 
amount P[p] is in (kg/hr) [2]. 

 

Figure 1 Schematization of the production framework into k process steps to create product P 

2.2. Grey Water Footprint  

The methodology to calculate grey water footprint is taken from The Water Footprint Assessment Manual. 

Grey water footpint=L/(Cmax-Cnat)=(Eff×Ceff-Abs×Cact)/(Cmax-Cnat )………(2) 

The pollutant load, denoted by L, that enters a body of water is contrasted with the maximum allowable concentration, 
denoted by Cmax, and the natural background concentration, denoted by Cact. Here's how to figure out how much 
pollution is in the air: concentration of pollutants in effluent (Ceff, in mg/l) minus concentration of pollutants in abstract 
water (Cact, in mg/l) equals concentration of pollutants in intake water (Cact) [12]. 

2.3. Green Water Footprint  

One indicator of how individuals utilise "green water" is the "green water footprint." "Green water" refers to 
precipitation that does not evaporate or run off, but instead is retained in the soil or briefly rests atop the soil and 
vegetation to replenish groundwater. Some of the rain that falls on the ground evaporates or soaks into the ground 
through the roots of plants. However, not all green water is usable for crop growth because of soil evaporation and the 
fact that not all seasons or places are optimal for crop growth. 

The green water footprint is the total amount of water collected from rain that was used in manufacturing. Agricultural 
and forestry goods (things created from crops or wood) rely heavily on the total amount of precipitation 
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evapotranspiration (from fields and plantations) and the water incorporated into the harvested crop or wood. The 
"green water footprint" of a given process step is proportional to: 

WFgreen= Green Water Evaporation + Green Water Incorporation   (volume/time) 

The variation between the blue and green water footprints is critical because of the hydrological, environmental, social, 
and economic opportunity costs associated with using surface and groundwater for industry vs using rainfall [13]. 

2.4. Analysis Techniques 

 Biological Oxygen Demand (BOD): A composite samples raw water, treated water, outlet before ETP and 
outlet after ETP of textile wastewater were obtained during the initial treatment stage. The samples were 
diluted with distilled water to accomplish nutrient addition, which supported microbial activity and provided 
a sufficient environment for biological processes. A calibrated DO meter was used to measure the initial 
dissolved oxygen (DO) content. The prepared samples were placed in a dark, temperature-controlled incubator 
set to 20°C. The incubation duration was set for 5 days to allow for microbial breakdown of organic materials. 
Following the incubation time, the DO concentration was tested again. BOD was estimated using the difference 
between the starting and final DO concentrations [14]. 

 Chemical Oxygen Demand (COD):  A composite samples raw water, treated water, outlet before ETP and 
outlet after ETP of textile wastewater were collected in the same manner as for the BOD analysis. The samples 
were mixed with a known volume of potassium dichromate (K₂Cr₂O₇) solution in an acidic medium, using 
sulfuric acid (H₂SO₄) as the catalyst. The mixture was refluxed for 2 hours to guarantee that the dichromate 
completely oxidized the organic content. After cooling, the excess potassium dichromate was titrated from each 
solutions using a standard sodium thiosulfate solution (Na₂S₂O₃). The titration endpoint was obtained using a 
starch indicator. COD was calculated for each samples from the volume of sodium thiosulfate solution used in 
the titration [15]. The results were expressed as mg/L of wastewater. 

COD=
Volume of K₂Cr₂O₇−Volume of Na₂S₂O₃

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 
 × Factor 

Total Dissolved Solids (TDS) and Total Suspended Solids (TSS): A composite samples raw water, treated water, 
outlet before ETP and outlet after ETP of textile wastewater was collected from the same source used for TDS analysis. 
The samples were blended to maintain consistency. A specific volume of the samples were filtered via pre-weighed filter 
paper or membrane. The filter's pore size should be small enough to retain all suspended solids. The TDS was calculated 
as follows.  

TDS= 
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑟𝑒𝑠𝑖𝑑𝑢𝑒 

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 
 

 The filter paper or membrane, with the retained solids, was dried in an oven at 105°C until a constant weight was 
achieved. After cooling in a desiccator, the filter paper or membrane with the suspended solids was weighed to 
determine the mass of suspended solids [16]. 

TSS was calculated as follows: 

TSS=
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑠𝑜𝑙𝑖𝑑 𝑖𝑛 𝑓𝑖𝑙𝑡𝑒𝑟 

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 
 

Results are typically expressed in mg/L. 

2.5. Product and Water Usage Data 

Data on the quantity of product (tons per day) and water usage (liters per day) in the production process were collected 
from three textile industries: KDS, FOURH, and AMBER. 
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Table 1 Amount of product per day and required water per day of KDS Textile 

Process Product per day Required water per day 

Printing 10-ton/24hr 160,000l/24hr 

Finishing 16-ton/24hr 20,000l/24hr 

Dyeing 18-ton/24hr 1255328l/24hr 

Sum 18-ton/24hr 1595328l/24hr 

Water used in administration zone 125,000l/24hr  

Table 2 Amount of product per day and required water per day of FOURH Textile 

Process Product per day Required water per day 

Printing 12-ton/24hr 300,000l/24hr 

Finishing 47-ton/24hr 477,000l/24hr 

Dyeing 47-ton/24hr 2457,000l/24hr 

Sum 47-ton/24hr 5986000l/24hr 

Water used in administration zone 166,000l/24hr 

Table 3 Amount of product per day and required water per day of AMBER Textile 

Process Product per day Required water per day 

Finishing 39-ton/24hr 272,000l/24hr 

Dyeing 31-ton/24hr 1230,000l/24hr 

Sum 39-ton/24hr 46588,000l/24hr 

Water used in administration zone 136,000l/24hr. 

Table 4 Amount of yarn used per day in the following textiles 

Textile Name Yarn used (ton per day) 

KDS   38 ton/24hr 

FOURH    94 ton/24hr 

AMBER ton/24hr 

2.6. Effluent Characteristics Data 

Both treated and untreated effluent samples were analyzed to determine the grey water footprint. 

Table 5 Sample Characteristics of KDS Textile 

Parameters RAW water Treated water Inlet Outlet After ETP 

BOD 0.6 0.1 316 9 

COD 12 3 700 75 

TDS 674 662 2430 2100 

TSS 136 128 220 29 
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Effluent Discharge =1435, 328 L/24hr, 

Abstract water =1760, 328 L/24hr 

Table 6 Sample Characteristics of FOURH Textile 

Parameters RAW water Treated water Inlet Outlet 

After ETP 

BOD 1 0.2 280 9 

COD 10 2 720 36 

TDS 696 682 2300 2100 

TSS 185 138 140 2 

Effluent Discharge =3134, 000 L/24hr 

Abstract water =3478, 000 L/24hr 

Table 7 Sample Characteristics of AMBER Textile 

Parameters RAW water Treated water Inlet Outlet 

After ETP 

BOD 0.9 0.2 270 19 

COD 13 4 628 56 

TDS 696 654 2200 2100 

TSS 138 126 677 48 

Effluent Discharge =1502, 000 L/24hr 

Abstract water =1852, 000 L/24hr 

In this study, the ambient water quality standard (Cmax ) was assumed to be 200 mg/l, the natural concentration (Cnat) 
in the receiving surface water body was 12 mg/l and the actual concentration (Cact) was 10 mg/l. 

2.7. Imported Cotton Data 

Bangladesh buys cotton from a number of international locations. India, the United States, Brazil, Vietnam, Uzbekistan, 
and Australia are the principal exporters of cotton to Bangladesh. These nations are significant producers of cotton and 
major exporters of cotton to other countries [17]. 

Table 8 The total amount of imports (cotton and yarn) and export (cotton produced and textile products) in kilogram 
unit in recent years 

Year Cotton Imports 
(kg) 

Yarn  imports 
(kg) 

Cotton Produce 
(kg) 

Textile product exports 
(metric tons) 

2018 1.5×109 2.22×108 29×106 4,219,415 

2019 1.62×106 3.31×108 30×106 4,42,220 

2020 1.79×109 6.48×108 31.75×106 4,229,716 

2021 1.77×109 1.07×109 32.61×106 4,37,198 
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Notwithstanding its strong spinning sector, Bangladesh depends on yarn imports to satisfy its requirements. Principal 
yarn suppliers to Bangladesh comprise India, Vietnam, and China[18].Bangladesh generates a little quantity of cotton 
domestically, accounting for about 1% of the overall yearly demand [19].  [17][18][19]Provides data on cotton and yarn 
imports, as well as cotton production data. BGMEA provides data on the export performance of textile products [20]. 

3. Results  

3.1. Blue, green and grey water footprint  

Tables 1, 2, and 3 have determined the blue water footprint of these three industries (KDS, FOURH, and AMBER) using 
the chain-summation approach. We use Table 4 to calculate the green water footprint. Table 5, Table 6 and Table 7 were 
utilized to compute the grey water footprint. Pollutant load is nevertheless determined by COD because it offers a more 
complete measurement of organic matter and because its value is higher in textile effluent than in other parameters 
[21]. 

Table 9 Calculated blue, green and grey water footprint  

Textile Name Blue water footprint Green water footprint Grey water footprint 

KDS 95.91 l/kg 3744l/kg 437.16l/kg 

FOURH 96.389 l/kg 8335l/kg 488.23l/kg 

AMBER 46.305 l/kg 4956l/kg 164.66l/kg 

3.2. Import related water footprint  

 Bangladesh has imported large amount of cotton over the recent years. Along with these imports, footprints of blue, 
green, and grey water are produced. [22]. 

Table 10 Cotton imports and corresponding blue, green and grey water footprints 

Year 

 

Cotton 

imports (kg) 

Blue water  

(l) 

Green water (l) Grey water 

 (l) 

2018 1.5×109 4.43×1012 7.74×1012 1.50×1012 

2019 1.62×106 4.79×1012 8.36×1012 1.61×1012 

2020 1.79×109 5.29×1012 9.24×1012 1.78×1012 

2021 1.77×109 5.23×1012 9.13×1012 1.76×1012 

Textiles also import a huge quantity of yarn. Hence blue, green and grey water footprint is produced.   

Table 11 Yarn imports and corresponding blue, green and grey water footprint 

 

 

Yarn  

imports (kg) 

Blue water 

 (l) 

Green water (l) Grey water 

 (l) 

2018 2.22×108 8.85 ×1011 1.54×1012 2.89×1011 

2019 3.31×108 1.32×1012 2.30×1012 4.31×1011 

2020 6.48×108 2.58×1012 4.51×1012 8.45×1011 

2021 1.07×109 4.26×1012 7.45×1012 1.39×1012 

3.3. Export related virtual water  

Huge quantity of virtual blue, green and grey water is associated with cotton production over the years. 
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 Table 12 Yearly cotton production and associated virtual blue, green and grey water quantity 

Year Cotton Produce (kg) Blue water (l) Green water (l) Grey water   (l) 

2018 29×106 9.7×1010 2.037×1011 3.43×1010 

2019 30×106 1.00×1010 2.11×1011 3.54×1010 

2020 31.75×106 1.06×1010 2.23×1011 3.74×1010 

2021 32.61×106 1.09×1010 2.29×1011 3.85×1010 

3.4. Total virtual water footprint   

Export of textile products contribute to the quantity of virtual blue and grey water. Thus increase the total amount of 
virtual blue and grey water quantity. 

Table 13 Virtual blue and grey water of product exports 

Year Textile product exports (metric tons) Virtual Blue water (l) Virtual Grey water (l) 

2018 4,219,415 5.69×1011 3.55×1012 

2019 4,42,220 5.96×1011 3.72×1012 

2020 4,229,716 5.69×1011 3.55×1012 

2021 4,37,198 5.89×1011 3.68×1012 

 

Table 14 Virtual blue, green and grey water quantity over the years (Imports vs. Exports) 

Year Virtual 

Blue water (l) 

Virtual 

Green water(l) 

Virtual 

Grey water(l) 

Imports Exports Imports Exports Imports Exports 

2018 5.31×1012 6.54×1011 9.28×1012 1.15×1011 1.79×1012 3.57×1012 

2019 6.11×1012 6.84×1011 10.66×1012 1.55×1011 2.04×1012 3.74×1012 

2020 7.88×1012 6.628×1011 13.75×1012 1.64×1011 2.62×1012 3.58×1012 

2021 9.49×1012 6.854×1011 16.58×1012 1.68×1011 3.15×1012 3.71×1012 

4. Discussion  

The study analysed the water footprint of three textile companies—KDS, FOURH, and AMBER—using data from their 
peak production month. The water footprint includes blue, green, and grey water footprints, with results varying based 
on production amount, fabric type, and dyeing process requirements. These values indicate the volume of groundwater 
extracted and treated for use in textile production. AMBER Textile, being a denim industry, uses less blue water as it 
does not involve printing, which consumes significant water 
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Figure 2 Blue, green and grey water footprint of KDS, FOURH and AMBRR 

FOURH has the highest green water footprint due to importing yarn from India, which has a large green water footprint 
for cotton lint. In contrast, KDS has the lowest due to China’s lower green water footprint [23]. AMBER Textile has the 
lowest grey water footprint as it avoids the printing process, leading to fewer pollutants in the effluent. 

4.1. Comparison between studied industries 

  

Figure 3 Total water footprint percentage 
Figure 4 Total water footprint percentage Of KDS                                           

percentage of FOURH 

Figures 3 and 4 indicate that FOURH has a higher green water footprint, suggesting a greater reliance on freshwater 
resources, and operates on a larger scale with a higher daily output than KDS. Despite its larger scale, FOURH 
demonstrates more efficient water management with a lower grey water footprint, indicating better wastewater 
treatment practices. Conversely, KDS produces more wastewater, reflected in its higher grey water footprint, suggesting 
less effective water management compared to FOURH. From Table 14 it is clear that Bangladesh's virtual import and 
export of green and grey water has increased overall in 2018,1019,2020,2021. Bangladesh exported fewer textile 
products in 2020 in comparison to 2019 due to the pandemic as a result, it exports less virtual water footprint [24]. 

4.2. Virtual water footprint  

Figure 5 shows that the blue and green water footprint for imports has increased over time compared to exports. Virtual 
grey water export is greater than import because Bangladesh exports a large amount of textile products overall over 
the years.  Virtual water footprint of cotton is calculated by the average global water footprint of cotton lint [25]. In 
2020, producing a kilogram of textile products for export in Bangladesh required an average of 0.675×10¹² liters of 
freshwater. In contrast, importing a kilogram of products brought in goods produced abroad with a virtual water 
content of 7.88×10¹² liters per kilogram, reflecting the freshwater used in the exporting countries. 
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Figure 5 Virtual blue, green and grey water of Bangladesh (import vs export) in the year 2020 

The green water footprint for exports is 0.223×10¹² liters per kilogram, indicating that 0.09×10¹² liters of rainwater or 
soil moisture were used for each kilogram of exported products. For imports, the green water footprint is 13.76×10¹² 
liters per kilogram, showing that this amount of rainwater or soil moisture was used in the production of each kilogram 
of imported products, mostly cotton from countries like India, China, the USA, and Vietnam. This disparity indicates that 
Bangladesh uses less green water for its textile exports compared to the green water used by these countries for 
producing the imported cotton. 

The grey water footprint for exports is 3.58×10¹² liters per kilogram, meaning that this volume of water was polluted 
during the production of each kilogram of exported products due to wastewater containing chemicals and dyes. For 
imports, the grey water footprint is 2.62×10¹² liters per kilogram, indicating that this volume of water was polluted 
during the production of imported goods. Thus, exporting products with a higher grey water footprint means 
Bangladesh indirectly exports the associated water pollution, while importing products with a lower grey water 
footprint means it brings in goods produced with less water pollution. Table 14 shows that Bangladesh's blue water 
exports decreased in 2020 compared to 2019 due to the pandemic. 

5. Conclusion 

It may be advantageous for Bangladesh to export less virtual blue water than it imports because it experiencing water 
stress or scarcity inside its. It seems to imply that the country is depending on the water resources that are imbedded 
in the items that are imported from other countries, therefore decreasing the strain that is being placed on its own water 
resources. Bangladesh benefits from the comparative advantage of importing cotton rather than producing them 
domestically if it imports commodities with a greater green water footprint. Locating water-intensive production in 
locations with plenty of water resources, can result in more effective resource allocation and relieve strain on water-
scarce places. 

A higher greywater footprint in exports could mean that Bangladesh is shipping goods that generate a lot of 
wastewaters, which could be bad for the environment. This may involve harm to the public's health, ecosystem 
deterioration, and water body contamination. 

It is an approximate calculation. The textile export related virtual blue, grey water is calculated by taking the maximum 
blue and grey water footprint of textile industries. Global average blue green and grey water footprint for cotton 
cultivation where used to calculated the cotton produce and import related water footprint.  
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Appendix A: global average footprint of cotton LIN 
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Appendix b: Virtual water content of cotton producing countries 

 


