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ABSTRACT 

 
 
Textile businesses are rapidly emergent in Bangladesh and consequently the textile dyeing 

factories also increasing and consequently the generation of wastewater as pollutants also 

rises. The Effluent treatment plant has significant impression on environmental reservation. 

The functions of ETPs are taken as non-productive because they have no market value these 

prosperities and often left uncalculated. The study was conducted to develop the financial and 

environmental benefits, using the financial analyzing parameters, quantification of the three 

(biological, physicochemical and electrochemical) different ETP project and correlate it with 

operational efficiency. This necessity of setting up functional ETPs became a major demand 

from the buyers and thus relates with the sustainable development of the sector. NPV, AE, 

IRR and Payback period analysis most common and more widely accepted economic 

parameters in view of the fact that those are standard and systematic decision-making support 

tool. The secondary data samples of effluent were collected from the selected nine factories 

to analysis the individual laboratories for parameters, including pH, DO, EC, BOD, COD, 

TDS, TOC and TSS. The study provides economic rationalization of the justification without 

any reservation for biological, Physicochemical and Electrochemical ETP and also the 

treatment efficiency of the particular type. The study provides the comparison of decision 

parameters for those three different treatment plants. The result reveals that biological 

treatment plant is cost-effective than physicochemical and electrochemical. The study also 

calculated that least amount pollution in the discharge channels for electrochemical treatment 

plant. As a result, the waste water treatment plant project is significantly sensitive to the 

changes in project diversity. Once the efficiency of the project, as well as environmental 

benefits, is estimated and the financial analysis of the treatment processes are known, any 

textile industry will be able to calculate the benefits and impairment of the project. 
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Chapter-1 

                                                               INTRODUCTION
 

 

1.1 INTRODUCTION  
Bangladesh is an agriculture centered country, but now a day the industrial sector are 

playing a vital role in the development process of the country [1]. Bangladesh is rapidly 

growing especially, in its Ready-made garments (RMG) sector with a motto ―Made in 

Bangladesh‖. Textile & RMG sector is the leading source of earning foreign currency 

and thus it became the backbone of the economy of Bangladesh. Apart from its agrarian 

identity our country had a great heritage of textile. As for instance the famous Muslin 

from Dhaka was exported in different foreign countries [2]. From that ancient time the 

textile sector has been participating in the country‘s development process.  

Bangladesh first started exporting garments since 1976 [3], but the landmark was 

actually recognized in the year of 1979 when a local company Desh Garments Ltd. was 

operational with a Korean company namely Daewoo, one of the most modern garment 

manufacturing unit in the sub-continent [4]. Afterward history is the development of this 

RMG sector. Much of the growth was concentrated in export-oriented industries 

particularly readymade garments and hosiery. The number of RMG industry in 1983-

1984 was only 134. Which became 5876 in 2012-2013 and at present the total number of 

RMG industries are 4222 [5]. This rapid growth in the number of the RMG industries 

also contributes to the growth of the country‘s Gross Domestic Product (GDP). At the 

year of 1994-1995 the RMG contributes about 5.87% share of the GDP and in the year 

of 2013-2014 it becomes about 14.07 % of the total GDP [6]. 

 

1.2 STATEMENT OF THE PROBLEM 
Although the success story of Bangladesh‘s textile sector and garments industry looks 

very impressive, this rapid growth in the industrial sector also generates some problems 

associated with it [7]. This textile and RMG sector has to tackle a lot of defies in its path 

in the form of working condition, workplace safety and the regulatory obligation in 

waste management as a contribution towards sustainable environmental management. 

With the production process of textile dyeing, printing & finishing effluents are 



  2 
 

generated as the by-product and their effective management becomes a burning question 

in recent days [8]. 

The textile industry is 415 one of the largest industries is still growing in this country. 

The amplification in this sector has a positive effect on national economic development 

but there are also negative implications. In particular, the large volumes of water 

consumed and the water pollution generated through the dying process can have a severe 

impact on the local environment [7]. A semi-automated composite textile industry of 10-

tonne capacity produces 1250 m3 of effluent each day, which contains an assortment of 

chemicals including salts, dyes and bleaches [7]. The unplanned rapid growth of 

industrial huddles, with several factories discharging large amounts of untreated or 

poorly treated wastewater, has led to serious localized water pollution in Bangladesh. As 

a result, water bodies and agricultural land are displaying reduced productivity and the 

biological diversity of these ecosystems is threatened [7]. There is no single experiment 

to ensure that all the textile effluent is appropriately treated before it is discharged. The 

Bangladesh Environment Conservation Act (1995) and Rules (1997) make provision for 

this, categorizing factories according to their ability to pollute and stating the measures 

that must be taken to address this, including treatment [9]. Under the 1997 rules fabric 

dyeing and chemical processing industries are categorized as ―Red industries‖, which is 

the highest category in the rules and for which an effluent treatment plant (ETP) is 

mandatory. Factories have to treat   their wastewater by maintaining the national 

discharge quality standards, as well as examine the quality, under these Rules. In spite of 

these laws, factories frequently show unwillingness to invest money in proper treatment 

because they regard as it to be a non-productive use of money in industry. That is still 

potential and determined to stay behind cost-effective in the decidedly viable global 

market. Still the industries that have already have ETPs; there is regularly reluctance to 

operate the plant acceptable for the reason that of the high running costs or a lack of skill 

to do so effectively. 

Industrial effluents (IEs) are unavoidable by-products of industrial production activities. 

One of the major industrial effluents is the effluent or water pollutant. The dyeing 

factories are discharging wastes in the form of liquid waste which is burden with 

varieties of hazardous containing various harmful elements and these dissolved solids 

and are damaging the water reservoirs. These impurities are directly discharged into the 

adjacent water reservoirs likely river, lake, stream, and lagoon and contaminate these 

sources [10]. The main source of this contamination of the water bodies are the 
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industries established nearby. It can also be observed that most of the pollution 

parameters in the textile areas are beyond the national standards and immediate attention 

needs to be paid in treating them. The Effluent Treatment Plant (ETP) is planned to 

screen these produced wastes that were generated in their manufacture processes and 

thus to control the damage done to the environment. Based on the effluent 

characteristics, the type of treatment plant is selected and installed [11]. Most commonly 

ETPs are generally chemical, biological or combination of both. Recent days another 

type of ETP namely electrochemical or electro-coagulation are also being operative [12]. 

The functionality of these plants is measured based upon their restricting the pollution 

parameters within the set limit by DoE (The Department of Environment) and generally 

attempting to maintain the Dissolved oxygen (DO) in the treated water. 

The treatment plants supposed to reduce the cost of operations by decontaminating the 

water so that it can be reusable [13] and this can help in recycling as well as to meet the 

governing related to the conservation.  Inefficient or lack of treatments of wastewater, 

insufficient monitoring, and lack of awareness to run treatment plants are making the 

pollution situation more adverse day by day. There are variety of treatment preferences 

are available for the treatment of textile wastewater [14]. However most of them are 

expensive and therefore the industry owners are reluctant to install any of the treatment 

options. It is expected that, by developing a comparatively cost effective treatment 

method it is possible to encourage the industry owners to treat the effluent of their 

industries and thus help to improve the quality of water bodies in Bangladesh [15]. 

Presently garments industries have become the backbone of the economy of Bangladesh. 

To support those garments industries hundreds of full scale textile industries have been 

set up in the past few years and lot more are going to be setup within short time. These 

textile dyeing industries are contributing in the development of Bangladesh. But at the 

same time they are causing some serious water pollution. In recent times textile 

industries having water bodies close to their site, are polluting the water severely. Most 

textile industries do not have any ETP. Most industries those have ETPs run their ETP 

occasionally. Again most of those ETPs are not correctly designed. The environmental 

conservation rules are not enforced properly in Bangladesh. Therefore, as both the 

industries and the ETP designers know that the ETP will be a showpiece and will not be 

used to treat the effluent, they are not really concerned about the efficiency of the ETPs. 
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There are various types of treatment methods available and are being used in many 

countries to treat the textile mill wastewater. But presently only three major types of 

ETPs are in use in Bangladesh because of the fact that other available methods are very 

expensive. Those are only physicochemical treatment and physicochemical treatment 

followed by biological treatment. Apart from that the third method is electro coagulation 

or electrochemical method. No practical data is available on the efficiencies of those 

ETPs because of several reasons. The reasons include the lack of interest of improving 

efficiency of the ETP, being aware of the fact that most often it is possible to get away 

without the adequate treatment of the wastewater etc. Most ETPs are designed without 

having information which method is the best for treatment of effluent from textile dyeing 

industries. 

 

1. 3  RATIONALE OF THE STUDY 
The textile manufacturing units are consuming huge amount of water for the processing 

operations and produces highly polluted water which discharged to the environment 

treated or untreated state [14]. The main concern about textile waste-water is not only 

harmfulness, but also the undesirable visual impression on receiving waters. As the 

number of textile industries as well as generation of wastewater from these industries is 

increasing day by day, it is very essential to know which method is most suitable for the 

usage of the effluent from textile manufacturing units. If the present practice of 

designing ETP continues, within a short time we will have to suffer a very severe 

environmental. 

There are no studies done on raising awareness of efficiently using the already existing 

ETPs in the busy textile and garment industry. It is significant to make the industry 

aware of the fact that, treating the ETP as an external part of its operation would only 

make the treatment process a burden for them. There are various benefits of treating the 

ETP as an integral part of their production processes. The placement of ETPs and 

continual operations may seem small initiatives but in return it may establish a good 

image to the people and also benefit the company by reduction in process operations. 

And as a contribution towards social issue may also be rewarded by getting the 

acknowledgment from prospective foreign buyers by getting more work order. Not only 

this, this small initiative may be an interesting case study for other stakeholders likely 
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other competitor organizations, government agencies and NGOs who are working for 

protecting the environment.  

Although there have been initiatives by the government and some of the companies in 

the textile industry to adopt the Effluent Treatment. It has been estimated according to a 

report at the 3rd Annual Conference of the Green Growth Knowledge Platform (2015) 

that, there are only 812 ETPs installed in the manufacturing units (2014) and out of the 

ones with the ETP, most lack knowledge of running it efficiently. They hesitate to run 

the ETPs regularly for high operating costs and look at it as an external operation. Thus 

concern remains on meeting the ―Quality Standards for Classified Industries‖ created by 

the foreign buyers, as well as the government. Companies like Adidas, H&M, Wal-Mart, 

Levis, GAP, NIKE, US Polo, American Eagle and many more are doing strict 

monitoring of the production conditions before buying. They do thorough checking if the 

company is meeting the environmental standards and has the proper working conditions. 

While doing that, information regarding treatment efficiencies of different treatment 

options is very important. Although the reuse of treated water in the dying process to 

recover salt is not the scope of this study but it could be an important area for further 

research. We can do the performing sensitivity analysis. The viability of treatment plant 

is evaluated based on a comparison of its internal rate of return (IRR) to the financial or 

economic opportunity cost of capital. Alternatively, the treatment plant is considered to 

be viable when the Net Present Value (NPV) is positive, using the selected inflation as 

discount rate. Sensitivity analysis focuses on analyzing the effects of changes in key 

variables on the project‘s IRR or NPV, the two most widely used measures of project 

worth. In the economic analysis of the projects, there are also other aspects of project 

feasibility which may require sensitivity analysis. Sensitivity analysis is particularly 

concerned with factors and combinations of factors that may lead to critical 

consequences. These factors would normally have been identified in the project (logical) 

framework as ―project risks‖ or ―project assumptions‖. Sensitivity analysis tries to 

estimate the effect of achieving project objectives if certain assumptions do not, or only 

partly, occur. Complete characterization of effluents is essential to identify the suitable 

treatment method and in turn support the better design of treatment plant. 
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Finally, studies have shown that the nine textile dyeing industry having ETP in operation 

technical, Operational, managerial and financial condition. 

 

1.4  OBJECTIVES WITH SPECIFIC AIMS 
The objectives of this thesis are presented in three parts:  

1) To conduct studies on available Effluent Treatment Plant (ETP) technologies in 

textile industries. 

2) To conduct financial feasibility of alternative ETP technologies. 

3) To conduct analysis on specific technical efficiency of ETP.  

4) To suggest the best available alternative on ETP technologies for textile dying 

industries. 

 

1.5  OUTLINE OF METHODOLOGY 
The following step by step methodology has been applied to this research project: 

 Study on the various types of effluents treatment plants (ETP) which are 

functioning in various textile industries in Bangladesh. 

 Identify the factors upon which the technical efficiency and the selection criteria 

of an effluents treatment plants (ETP) depends on. 

 Similar type of research works has been studied to know how similar cases were 

solved, in different demographic patterns, and also to identify the limitations and 

scopes for improvements. 

 A well-structured questionnaire is being prepared (Appendix C) for baseline 

study of the interview with wastewater treatment planner for textile factories. 

 Three factories each from three types of ETP were selected, based on the most 

commonly used treatment processes in our country‘s dye houses – 

Physiochemical, Biological and Electro coagulation. Information from factory 

level data from these nine factories was collected and reviewed for secondary 

analysis.  

 Consecutive visits to nine different factories of different location of Dhaka, 

Bangladesh were made to collect necessary data related to the technical, 

economic and environmental aspects of the projects.  

 The data were collected from one to group discussion with Manager (accounts & 

finance), maintenance manager, general manager operations, manager research 
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and development, supervisor of ETP; the officials of the company were 

interviewed to collect the preliminary and general information about effluent 

treatment plants. 

 Secondary data samples of effluent were collected from the selected factories to 

analysis the operational efficiency of the plants for maintaining different 

parameters including pH, DO, EC, BOD, COD, TDS, TOC and TSS and 

calculated recovery percentage needs to avoid environmental pollution. 

 For financial analysis the application of the standard evaluation techniques 

(Bangladesh Bank)with all the expenditures and returns were discounted to the 

base year that was 2008 to 2017 to determine their present values. 

 To evaluate the financial feasibility of ETPs the Net present value methods 

(NPV), Annual equivalent worth (AE), Internal Rate of Return (IRR) and 

Payback Period of the project were calculated. 

 Average 6.13 % (2008-2017) inflation rate was calculated from the base year to 

10 years life time of those projects. 

 After completing the overall assessment for all the three different -biological, 

physicochemical and electrochemical treatment plants, comparing the financial 

cost benefit and overall treatment efficiency the best alternative option for 

effluent disposal and refining the environment. 

 

1.6  SCOPE OF THE THESIS 
The aim of this research project was to evaluate biological and physicochemical and 

electrochemical effluent treatment processes for their ability to recover the national 

environmental standard for all parameters, the results to develop a novel approach to 

prefer the appropriate treatment plant of textile wastewater which provides high 

efficiency in terms of water purification at low cost and environmental impact. Textile 

industry is in fact in great need to reduce its negative impact on the environment and to 

become more ―green‖. Improved treatment of textile wastewater is one of the ways to 

pursue this objective. To achieve this goal, textile effluents were analyzed from the 

secondary data of before treatment and after treatment lab results of the respective 

factories and three different treatment plants financial analysis was done using different 

analyzing parameter to archive the cost effectiveness. 
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1.7  ORGANIZATION OF THE THESIS 
The literature review is accessible in Chapter 2 and begins with a brief introduction to 

the development of wastewater treatment. A brief overview of some common ETPs 

currently in operation is provided to show how changes in conditions affect their 

performance. This includes an overview of various international water pollution and 

effluent treatment acts that lead to the water quality regulations that are in place today. 

Chapter 3 presents the methodology adopted for the study beginning with an overview of 

the rationale for choosing the systems that were to be included in the study. Chapter 4 

section presents the financial analysis and related cost information. Chapter 5 presents 

details of biological, physicochemical and electrochemical operational efficiency and 

comparison with national standard and recovery rate of each process. Chapter 6 presents 

the decision of the method and results to achieve national environmental standard and 

cost effectiveness and Chapter 7 presents the conclusions, thesis contributions, and 

further work. 
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Chapter-2 
LITERATURE REVIEW 

 
 

Ancient time there was no provision of fabrics that we are using now a day for protection 

rather peoples of that time used tree leaves and barks feathers and animal skins to protect 

against the environment disasters and also to enhance their aesthetic appeal. As the 

humans have brains, so during the anatomical evolution they developed the additional 

fashioning cover for their bare skins. Most probably they started to use this clothing 

before starting pottery and farming. Rapid industrial expansion and progression of 

capitals throughout the world especially in the emergent world have led to the 

appreciation and increasing understanding of the relationship between pollution, public 

health and the environment at large. The management of textile effluents is a growing 

concern due to their hazardous and visual impacts on receiving waters. Due to the 

increasing demand of textile products consequently its production also increased and 

thus the generation of pollutants also been amplified in present days [16&17]. Since the 

wet processing of textile materials, especially from fabric produces the most of the 

effluent it must be taken into serious consideration. Varieties of processing operations 

are needed to prepare the materials for the desired end products and thus a wide range of 

chemicals are used for the processing of them. So, the materials used in the processing of 

textile limit the characteristics of the effluent and dictates the selection of treatment 

units. A brief description on the materials used is incorporated in this chapter. 

 

2.1 TYPES OF TEXTILES AND TEXTILE INDUSTRIES 
The word textile refers to interlace into woven fabric. Origin of this term is Latin word 

‗texere‘. This interlacement can be done by hand or mechanical means. But the terms 

textile and plural textiles are now also applied to fibers, filaments and yarns, natural and 

manufactured and most products for which these are a principal raw materials. 

Generally, the main sources for textiles are fibers from natural and manmade origin [18]. 

Natural fibers can be extracted from minerals, animals and plants. Now with the 

advancement of technology, fibers can also be extracted from chemicals. However, the 

amount of fibers obtained from the plant is more than the animal and mineral sources. 



  10 
 

Majority amount of the textiles are generated from the spinning of fibers obtained from 

various sources [19]. 

 

2.2  TEXTILE MANUFACTURING PROCESS 
Textile manufacturing process is quite complex and includes variety of practices due to 

the variation in types of manufactured products. At the very beginning, the virgin 

resources are extracted and separated from the impurities and transferred into a suitable 

form mostly into yarn for convert into textile [20]. The manufactured fabrics are then 

going through some subsequent processes as for example singeing, desizing, scouring, 

bleaching followed by dyeing, printing and finishing and these processes are very water 

intensive processes [21].  

In case of silk filaments they are withdrawn from cocoons and through some process 

twisted into yarns and then converted into fabric. The threads are then weaved and 

undergo the dying procedure which gives the silks a different shade. After the dying 

process, it undergoes the finishing process. Similarly, wools are collected from the sheep 

and after going through some de waxing and cleaning process twisted into woolen or 

worsted yarn and weaved or knitted into desired fabric types. In case of the manmade 

filaments, the scouring & bleaching process are not mandatory; rather they are dyed and 

finished with different types of insoluble auxiliaries [22]. Thus, this creates a huge 

pollution load in the effluent.   

 

2.3  PROCESS FLOWS IN TEXTILE INDUSTRIES 
In general, textile mills include the production of yam, fabric and finished products [23]. 

The Processes used in these mills can be grouped into four main stages: 

 Yarn formation 

 Fabric formation 

 Wet processing 

 Garments Formation 
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Raw materials extraction/ accumulation 
 

Conversion of the raw materials into Yarn 
 

Transformation of Yarn into Fabric 
 

Application of dyes and chemicals into the fabric  
(many case these may applicable into yarn or fibers also) 

 
Renovation of the colored (or Undyed) fabrics into Apparels 

 

 

 

 

 

 

 

 

Figure 2.1: Textile manufacturing chain 

 

2.3.1 Yarn Formation 
Yarn is formed from textile fibers by assemblage and twisting to bind them together. 

Yarn can be produced from both natural and manmade sources. The yam production 

processes from these two types of fibers are almost similar. Production of yam from 

fibers includes steps like, opening and cleaning, carding, combing, drawing, drafting, 

spinning. This yam formation stage produces little or no wastewater [24]. 

2.3.2 Fabric Formation 
In this stage from yarn fabric is produced. Most fabrics are manufactured by two major 

methods: weaving and knitting. Weaving is done on looms where two sets of yarns are 

interlaces one is in horizontal direction and another is on vertical direction. Before 

starting weaving action the yarn is passed through a size solution which is called 

sizing/slashing. Starch is most commonly used for the purpose of sizing. Polyvinyl 

alcohol, the leading synthetic size, is also used for this purpose. In the loom the steps 

include shedding, picking, battening, and taking up operations, [24]. Knitted fabrics are 

manufactured by using special types of needles to intermesh one or more sets of yams 

through a set of loops. The loops may be either closely or loosely contacted, depending 

on the purpose of the fabric. Knitting is done using warp or weft methods [24].This 

fabric formation stage produces little or no wastewater except the sizing step. In this 

sizing step waste originate due to spills and the floor washings at the weekend. 
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2.3.3 Wet Processing 
In this stage the fabric is treated to make that suitable for manufacture apparel and other 

finished goods. For this purpose, the fabric is passed through several processes where the 

water is used a medium to apply the chemicals and auxiliaries, which termed as wet 

processes. Wet processing enhance the durability, appearance and serviceability of 

fabrics by converting undyed and unfinished goods, known as gray or greige goods, into 

finished consumers goods. There are a number of steps used in wet processing, but most 

commonly used steps are singeing, desizing, scouring, bleaching, mercerizing, dyeing, 

printing, heat set, mechanical finishing and chemical finishing [25]. Few of the above 

mentioned steps can be skipped considering the type of fabric to be processed, type of 

dye used, and the extent of finishing required.  

2.3.3.1 Singeing 

Specially performed for woven fabric. This is a fabric preparation technique which gives 

the fabric a smooth finish by removing loose hairy fibers protruding from yam or fabrics.  

2.3.3.2 Desizing 

For the woven fabric some amount of size were required to convert it into fabric from 

yarn thus, for further processing this sizes must be removed and thus desizing is the first 

step in which helps to remove the size particles from the surface of the woven fabric. 

Basically, it removes the starch from the yarn applied prior to woven the yarns into 

fabrics. Most common size materials applied on yarns are water-insoluble starches or 

mixtures of starch. To remove this starches enzymes are used, which are then removed 

by washing before the cloth is scoured. If these starches are not removed before the 

scouring process they may cause changes in color due to presence of sodium hydroxide 

[24]. The action of enzymes controlled by temp, concentration, time and pH of the 

solution. 

2.3.3.3 Scouring 

In natural fibers and during their conversion operations natural and adventitious 

impurities such as oil, wax, fat etc. are added with it and obstacle the even penetration of 

chemical and dyes to the interior. Scouring is the process to remove these impurities and 

also make the surface more hydrophilic with a clear aesthetic. It is one of the significant 

steps in wet processing operations. The impurities removed though scouring includes 

lubricants, dirt and other water-soluble sizes, antistatic agents and residual tints used for 
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yam identification [24]. The major portion of biochemical oxygen demand (BOD) load 

in the textile effluent comes from this step. 

2.3.3.4 Bleaching 

Basically all the natural fibers are not pure white thus it is needed to treat with some 

chemicals to remove that natural color bearing element which is called bleaching. With 

the destruction of natural color a pure white surface is formed for white finishes, level 

dyeing and desired printed shade without lessening the tensile strength. Hydrogen 

peroxide is by far the most commonly used bleaching agent for cotton and cotton blends, 

accounting for over 90 percent of the bleach used in textile operation, and is typically 

used with sodium hydroxide solution [24]. 

2.3.3.5 Mercerization 

Mercerization, is a physiochemical process where the cellulosic fibers specially cotton 

are treated with a strong caustic alkaline solution in order to improve the luster, hand and 

other properties [26]. It was named after its discoverer, John Mercer, and has been in use 

for some time. In this process the fabrics are passed through a cold solution of caustic 

soda (approx.15% to 20%) and then stretched out on a tender frame and hot waters are 

spayed over it to remove most of the caustic solution. The wastewater from mercerizing 

can contain substantial amount of high pH alkali [24]. 

2.3.3.6  Dyeing 

According to Webster‘s dictionary, dyeing is the process of coloring fibers, yarns or 

fabrics by using a liquid containing coloring matter for imparting a particular hue to a 

substance [27]. A wide range of dyestuffs, techniques and equipment are used for this 

purpose. Most of the dyestuffs used for coloration are artificial. Typically those dyestuffs 

are derived from coal tar and petroleum-based intermediates. To perform dyeing the 

fabric is kept in contact with the dye solution in the machine for a certain amount of 

time. Some other factors like pH, temperature of the dyeing solution are also regulated 

according to the optimum dyeing recipe developed in the laboratory of the textile 

industry. Salts, fixing agents and other additives are sometimes added to increase the 

quality of dyeing. Fixation of dyes to the substrate varies upon various factors ad these 

unfixed dyes come out with effluent and contribute to the pollution load of the 

wastewater. The dyes are primarily classified based on the fibers to which they can be 

applied and the chemical nature of each dye. Acid, basic, direct, disperse; reactive, sulfur 

and vat are the six major dye classes. 
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2.3.3.7 Printing  

By  the  term ― Textile  printing‖ we  mean  the  localized  application  of  dyes  or  

pigments  and  chemicals  by  any  method which  can  produce  particular  effect  of  

color  on  the  fabric  according  to  the  design. Majority percent of printing operations 

are performed with Pigments and pigment printed materials required less or no wash. So 

they generate a little amount of waste. 

2.3.4  Dyes Used in the Textile Coloration Process 
Dyes usually have many structural varieties and their complete classification with 

respect to one parameter is very difficult and of no use from practical understanding 

point of view. However, dyes are generally divided into different groups and classes 

depending on their source, general dye structure and the fiber type with which they are 

most compatible as shown in the figure 2.2 (Appendix B). 

Among major dye categories, azo dyes are the largest group of colorants and over 50% 

of all the dyes used in industries are azoic dyes. Azo dyes are characterized by double 

bond of nitrogen (–N-N–), where at least one of the nitrogen atoms are attached to an 

aromatic group (rings of naphthalene or benzene). Moreover, they have amphoteric 

properties due to the presence of additionalcarboxyl, hydroxyl, amino or sulfoxyl 

functional groups. Table 2.1 (Appendix B) illustrates the application of dye according to 

fiber characteristics. 

 

2.4  TYPES OF TEXTILE WASTES PRODUCED  
The textile industry is one of the major and most complex industrial chains in production 

industry. The production of a textile requires several stages of mechanical processing 

such as spinning, knitting, weaving, and garment production, which seem to be insulated 

from the wet treatment processes like sizing, desizing, scouring, bleaching, mercerizing, 

dyeing, printing and finishing operations, but there is a strong interrelation between dry 

processes and consecutive wet treatments. The illustrate is shown more precisely in the 

table 2.2 (Appendix B) The textile industry emits a wide variety of pollutants from all 

stages in the processing of fibers, fabrics and garment production. The manufacturing 

processes carried out in textile industries produces large amount of wastes in each stage 

in three forms: solid, liquid and the gas. Some of the most commonly generated wastes 

are listed in table 2.3 (Appendix B). These include wastewater, solid wastes, emissions 

to air and noise pollution. The main environmental concern in the textile industry is 
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about the amount of water discharged and pollution load it carries. Most of the solid 

wastes are originated from the dry process while the wet process yields only a small 

amount of solid wastes. The majority of solid wastes are made of pieces of fabrics and 

packaging materials. The dried up sludge from the textile production is also a major 

source of solid waste. Solid wastes are not found to be hazardous in general. However 

the emptied chemical containers may contain traces of harmful [28 & 29]. Sources and 

types of solid wastes produced in each stage are listed in table 2.4 (Appendix B). The 

majority of the process being carried out in textile industries produces gaseous 

emissions. Boilers, ovens and storage tanks are the three most important sources of air 

pollution in the textile industry. The boilers are usually found to generate sulphur oxides 

and nitrogen. The high temperature textile drying process is found to emit hydrocarbons. 

Pollutants are also emitted from residues of fiber preparation during the heat settling 

process. Gases can also be emitted from the chemicals during the dyeing process [29].  

Some other major gaseous pollutants are in table 2.5 (Appendix B). Textile industry uses 

a large amount of water for its manufacturing purposes. It roughly takes about 200 L of 

water to produce 1kg of textile [30].The water let out after the production of textiles 

contains a large amount of dyes and other chemicals which are harmful to the 

environment. The level of toxicity or harmfulness of the textile effluents is found to 

differ between the industries [31]. The amounts of water consumed by various types of 

fabrics are listed in table 2.6 (Appendix B). 

 

2.5  ORIGIN OF TEXTILE EFFLUENT GENERATION  
Among all manufacturing plants textile industries are very water intensive, which 

consumes a significant quantity of water in its manufacturing processes. Mostly this 

huge amount is utilized in dyeing and printing operations along with its finishing 

processes. The leftover water caused from textile industries are highly polluted and 

loaded with huge amount of pollutions and thus the importance of treating this pollutants 

before releasing to environment are aggregate [32]. The percentage of water in different 

state of wet processing is shown in the table 2.7 (Appendix B). As a result of various 

processes, considerable amounts of polluted water are released. The fact is that the water 

let out after the production of textiles is well beyond the standard and contains a large 

amount of dyes and other chemicals which are harmful to the environment. The amount 

of waters consumed by cotton and synthetic textile producing industries are shown in 
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tables 2.8 and 2.9 (Appendix B). The amounts of chemicals used in wet processes are 

shown in the tables 2.10 and 2.11 (Appendix B). In the textile dyeing process, there is 

always a portion of unfixed dye which gets washed away along with water. The textile 

wastewater is found to be high in the concentration of these unfixed dyes are as shown in 

table 2.12 (Appendix B).  

 

2.6  CHARACTERISTICS OF TEXTILE EFFLUENT AND THEIR 

IMPACTS 
Worldwide the demand for textile materials increased and proportionally the 

consumption of water for processing along with the generation of vast amount of 

wastewater also rises. Variety of chemicals are used in textile wet processing plants, thus 

the characteristic of textile effluents vary and causes severe negative impacts on 

environment and also the human health [33]. The properties of polluted waters may be 

characterized by suspended and dissolved solids compound, biological oxygen demand 

(BOD), chemical oxygen demand (COD), chemicals, oil and color. Along with the 

presence of non-biodegradable substances [34].Typical characteristics of textile effluent 

are shown in table 2.13 (Appendix B). The possible pollutant and the nature of effluents 

released from each steps of wet process are listed in table 2.14 (Appendix B).  The dyes 

and chemicals in the generated effluent are comprises with some amount of trace of 

metals like Cr, As, Cu and Zn, which are capable of harming the environment [35]. Dyes 

in water give out a bad color and can cause diseases like haemorrhage, ulceration of skin, 

nausea, severe irritation of skin and dermatitis [36]. They can block the penetration of 

sunlight from water surface preventing photosynthesis [37] Dyes also increase the 

biochemical oxygen demand of the receiving water and in turn reduce the re-oxygenation 

process and hence hamper the growth of photoautotrophic organisms [36]. The 

suspended solid concentrations in the effluents play an important role in affecting the 

environment as they combine with oily scum and interfere with oxygen transfer 

mechanism in the air-water interface [37]. Due to the excessive concentration of soluble 

salts in the discharged textile effluents and the presence of inorganic ingredients make 

the water unsuitable for re-use. The organic components are found to undergo chemical 

and biological changes that results in the removal of oxygen from water [38], some of 

the inorganic chemicals like hydrochloric acid, sodium hypochlorite, sodium hydroxide, 

sodium sulphide and reactive dyes are capable of being poisonous to marine lives 
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[38&39]. The significance of water pollution depends on the quantity of water and 

chemicals used in the wet process. Existing organic elements present in the dyestuffs are 

hard to degrade and are resistant to aerobic degradation. They also try to condense into 

carcarcinogenic agents under anaerobic conditions [40].Some of the carcinogenic 

compounds produced due to the degradation of azo dyes are as shown in table 2.15 

(Appendix B)and the amount of pollution from wet process in textiles could be seen in 

table 2.16. (Appendix B). 

 

2.7  STANDARDS FOR TEXTILE EFFLUENT CLEARANCE  
Textiles wet processing units in Bangladesh, in past mostly were discharging the 

pollution load to the environment directly without treating them to effluent plant. Most 

of the case the massive cost in treating was the main reason for that practice. Tightening 

government legislation is forcing textile industries to treat their waste effluent to an 

increasingly high standard. Department of Environment (DoE) is working to impose 

Effluent Treatment Plant (ETP) in the dye houses of the country [41]. To setup a factory, 

clearance from the DoE is mandatory by the Ministry of Trade and Commerce. DoE‘s 

directorate endorses that, 60 percent of the existing plants setup ETP‘s whereas, rests are 

yet to establish. DoE‘s enforcement team noticed many big factories mal-practicing by 

discharging the effluent directly and they were penalized for that but still these penalties 

are being unable to validate that all the factories are properly running their ETPs. DoE‘s 

requirement of having environment clearance requires necessary activities by the factory 

to submit Environmental Impact Assessment (EIA) and Environmental Management 

Plan (EMP) [42]. DoE has a ‗Guide for assessment of Effluent Treatment Plant‘ for 

preparing EIA and EMP. Effluent standards for the textile sector in Bangladesh are 

shown in table 2.17 (Appendix B). 

 

2.8 EFFLUENT TREATMENT PLANT  
As mentioned earlier, textile dye houses are the major source of effluent in terms of 

effluents rich in various chemicals used in dyeing, printing and numerous chemical 

processes and need to be treated up to a certain standard so that, it cannot deteriorate the 

environment as well as the human health [33]. Dye houses are mostly enforced by the 

buyers and the regulatory bodies for establishing Effluent Treatment Plants (ETP).The 

effluent treatment plant is designed to treat these generated wastes or effluent. Although 
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the treatment varies depending on the type of effluent but some techniques such as, 

coagulation, flocculation, aeration etc, are commonly used for treatment. The effluent 

produced by the textile industry mainly has high pH, Biological Oxygen Demand 

(BOD), Chemical Oxygen Demand (COD), Total Suspended Solids (TSS), Total 

Dissolved Solids (TDS) and undesired color. The below table 2.1 & 2.2 stated the 

untreated effluents recorded from the wet processing and fabric processing and the 

deflection from the national standards. 

Table 2.1: Effluent characteristics of different wet processing operation 

(source: DoE, Bangladesh, 2008) 

 

2.9  TYPICAL TEXTILE EFFLUENT CHARACTERISTICS 
The effluent characteristics of dye houses vary with the types of processes used their  

Table 2.2: Characteristics of effluents from Fabric processing and DoE standards for 
waste for discharge into an inland surface water body 

 Parameters Units Typical Values DoE Standards for 
Waste from Industrial Units 

1 Appearance  Colloidal  
2 pH  8-10 6-9 
3 Color  Colored intensely  
4 Heavy Metals mg/l 10-15 Varies depending on metal types 
5 Suspended Solids (SS) mg/l 200-300 150 
6 Total Dissolved Solids (TDS) mg/l 5000-6000 2100 
7 Chemical Oxygen Demand(COD) mg/l 1500-1750 200 

 8 Bio-chemical Oxygen Demand (BOD) mg/l 500-600 50 
 9 Oil & Grease mg/l 40-60 10 
(source: DoE, Bangladesh, 2008)  

based on the requirements of the buyers. Other factors affecting effluent characteristics 

include fashion requirements and changing seasons, i.e. colors and shade [43]. The 

Process Effluent pH (6-9) COD (mg/L) 
(200 mg/L) 

BOD (mg/L) (50 mg/L) 

1. Desizing 5.83-6.50 10,000-15000 1700-5200 
2. Scouring 10-13 1200-3300 260-400 
3 Bleaching 8.5-9.6 150-500 50-100 
4 Mercerizing 8-10 100-200 20-50 
5 Dyeing 7-10 1000-3000 400-1200 
Wash Effluent pH (6-9) COD (mg/L) 

(200 mg/L) 
BOD (mg/L) (50 mg/L) 

1 After Bleaching 8-9 50-100 10-20 
2 After Acid Rinsing 6.5-7.60 120-250 25-50 
3 After dyeing (hot wash) 7.5-8.5 300-500 100-200 
4 After dyeing (Acid & soap wash) 7.5-8.64 50-100 25-50 
5 After dyeing (Final wash) 7-7.8 25-50  
6 Printing Wash 8-9 250-450 115-150 
7 Blanket washing of Rotary Printer 7-8 100-150 25-50 
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effluent characteristics of the same type of industries may vary because of the country 

the industry is situated in. This is because industries in developed countries like USA, 

UK, and Canada use more sophisticated equipment, more skilled labor than industries in 

third world countries. Monitoring of the effluent discharge quality is more regular and 

appropriate and the effluent discharge quality standard is also more stringent in the 

developed countries. This leads the industries in those countries to use less cost effective 

but more environmentally friendly dyes and chemicals and production processes. Typical 

characteristics of combined effluent from the processing of cotton and synthetic blends 

are in table 2.18 (Appendix B). 

 

2.10 CONDITION OF EFFLUENT TREATMENT PLANT IN 

BANGLADESH 
Most of the factories in Bangladesh are not practicing to keep the data related to effluent 

treatment plant so; consistent data‘s are not that available. Mostly water consumption 

and its processing related data are not measured, maintained and examined. So the 

factory itself DoEs not know the real picture of ETP and they cannot help others in 

knowing and helping them. According to the ECR, 1997 industrial plants are categorized 

into four segments based on their impact on environment as well as their location. The 

fabric dyeing and chemical industry in Bangladesh falls under Red category. The Act 

and Environmental Rules (1997) also states that, it is mandatory for textile industries to 

setup an ETP to treat the waste before it is released to the environment. The waste 

discharge standards differ according to the final disposal place of the effluent. The 

effluent standards are presented in table 2.19 (Appendix B). It has been estimated 

according to a report at the 3rd Annual Conference of the Green Growth Knowledge 

Platform (2015) that, there are only 812 ETPs installed in the manufacturing units (2014) 

and out of the ones with the ETP, most lack knowledge of running it efficiently. They 

hesitate to run the ETPs regularly for high operating costs and look at it as an external 

operation. Thus concern remains on meeting the ―Quality Standards for Classified 

Industries‖ created by the foreign buyers, as well as the government. Companies like 

Adidas, H&M, Wal-Mart, Levis, GAP, NIKE, US Polo, American Eagle and many more 

are doing strict monitoring of the production conditions before buying. They do thorough 

checking if the company is meeting the environmental standards and has the proper 
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working conditions. Therefore, it can be seen how significant it is for the textile and 

garments industry to adopt the use of ETP immediately. 

 

2.11 TREATMENT OPTIONS 

Discharge standard from textile mill effluent is getting stricter day by day due to the 

growing environmental awareness. Different treatment options have been developed to 

meet those strict discharge standards. Options for effluent treatment include: 

• Coagulation/flocculation; 

• Chemical oxidation; 

• Photo catalytic oxidation; 

• Electrolysis 

• Biological bio-sorptiontechniques; 

• Ultra filtration; 

• Ionexchange; 

• Reverseosmosis; 

• Adsorption; 

It is very difficult to meet the discharge standard using only one of the above mentioned 

treatment techniques. In most cases it is required to combine two or more treatment 

techniques. Due to cost constraints and land requirement most often 

coagulation/flocculation and biological/biosorption techniques among the above 

mentioned techniques are used in Bangladesh. However coagulation/flocculation process 

is the most popular because unlike biological treatment plants these types of treatment 

plant do not have to be operated 24 hours a day and 365 days a year. 

 

2.12 DEFINING THE TYPICAL TYPES OF ETP 

After learning about few useful tips and technologies before choosing to step up an ETP, 

this subsection is going to define the typical types of ETP present in the textile and 

garments industry. There are three types of ETP in general. They are the biological 

treatment plant, physicochemical treatment plant, the combined physicochemical and 

biological treatment plant and electrochemical treatment plant. 
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2.12.1 Biological Treatment Plant 
The design of such a plant typically includes screening, equalization, pH control, 

aeration, and settling. These can restrict BOD, pH, TSS, oil and grease requirements. But 

due to toxicity of the industrial effluent to the microorganisms, there is necessity for 

pretreatment. Especially in the case of dyes which are complex chemicals. 

2.12.2 Physicochemical Treatment Plant 
This typically includes screening, equalization, pH control, chemical storage tanks, 

mixing unit, flocculation unit, settling unit and sludge dewatering. Through this 

treatment, it is difficult to reduce BOD and COD, and it is not possible to remove TDS 

and maintain the national standard. It is effective in removing colour from the processes. 

2.12.3 Electro-Coagulation Treatment Plant 
Electro coagulation operates by passing the effluent across metal electrodes. These are 

either aluminum or iron plates, or a combination of both. The electrical DC current 

solubilizes metal ions, which promote coagulation and flocculation of the organic 

material, which subsequently separates as a floating, frothy sludge in the downstream 

sludge separation unit. The treated liquid effluent is discharged for further treatment or 

into the sewer [44]. 

 

2.13  CONVENTIONAL TREATMENTS OF TEXTIL EFFLUENTS  
Biological and physicochemical treatments are used technologies for treating textile 

effluents. One disadvantage of biological treatment processes is the presence of toxic 

heavy metals in the effluent which affects the growth of microorganism. Another major 

disadvantage of biological treatment is that most of the dyes used are non-biodegradable 

in nature [35]. Physical treatments use adsorbents like activated carbon to remove 

soluble substances from the effluent. When the effluents are passed through activated 

carbon, the soluble substance in the effluents gets attached to the internal surface of 

activated carbon and remains trapped until removed [45]. Flocculation, coagulation and 

ozonation are widely used chemical treatments. There are various types of ETPs and 

their design will vary depending on the quantity and quality of the effluent, amount of 

money available for construction, operation and maintenance, and the amount of land 

available. There are three mechanisms for treatment which are: physical, chemical and 

biological.  
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These mechanisms will often be used together in a single ETP. There are generally four 

levels of treatment, as described below (table 2.3): 

 

Table 2.3: Effluent treatment levels and processes 

Treatment Level Description Process 

Preliminary 
Removal of large solids such as rags, sticks, grit 
and grease that may result in damage to 
equipment or operational problems 

Physical 

Primary Removal of floating and settable materials, i.e. 
suspended solids and organic 

Physical and 
Chemical 

Secondary Removal of biodegradable organic matter and 
suspended solids 

Biological and 
Chemical 

Tertiary Removal of residual suspended solids / dissolved 
solids 

Physical, Chemical 
and Biological 

 (source: Metcalf& Eddy, 2003). 

2.14 TAX BENEFITS & ETP  
According to Income Tax Ordinance 1984 (section 46C), income, profits, and gains 

under section 28 from physical infrastructure facility (it includes waste treatment plant 

and large water treatment plant and supply through pipe line), which is set up in our 

country between first day of July 2011 and thirtieth day of June 2013, shall be exempted 

from income tax for 10 years beginning with the month of commencement of operation 

[27]. Here incomes or profits mean those generated from proceeds of recycled products 

or reduction of operating cost or reduction of social costs. On the other hand to 

encourage expenditure on Corporate Social Responsibility (CSR) area, Internal Resource 

Division (IRD), Ministry of Finance, Bangladesh, has promulgated new SRO 

270/Income tax/2010. Under this regulation those company incur expenditure on CSR (it 

includes installation of ETP) they will get tax rebate equal to 10% of total expenditure in 

this respect upon satisfaction of certain conditions [46]. 
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Chapter-3 
METHODOLOGY 

 
 

3.1 METHOD   
By successive visits to nine different textile composite and dyeing factories in 

Bangladesh, the necessary data related to the economic, technological and environmental 

aspects of the project were collected for this study. A detail overview of the existing 

information and literature on ETP operation, management and governance issues was 

conducted to identify information and knowledge gaps. This secondary information 

review helped identify focus areas for data collection. 

 

3.1.1 Data Collection 
A structured questionnaire (Appendix C) was used to create a baseline study for 

interview. The field survey strategy for this study provided a mix of both qualitative and 

quantitative methodology: in-depth interviews, open-ended semi-structured discussions 

with wastewater treatment planner, including textile factories, water sector researchers 

and academics. The study included a review of secondary information, factory level data 

collection. Accordingly, a total of nine factories with effluent treatment plants in 

Bangladesh had been considered for this thesis.  

 

A. Biological Treatment Plant 

Factory 1.Square Fashion Limited 

Factory 2.Mawna Fashions Ltd - DBL Group 

Factory 3.Noman Terry Towel Mills Limited 

 

B. Physicochemical Treatment Plant 

Factory 4.Newtex Composite Textile Ltd 

Factory 5.Northern Corporation Ltd (Northern Toshrifa Group). 

Factory 6.Viyellatex Dyeing Ind. Ltd. 
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C. Electrochemical Treatment Plant 

Factory 7.Le Nouveau Tex (Pvt.) Ltd. 

Factory 8.Obony Dyeing Ind. Ltd. (Kniting Unit) 

Factory 9.Evience Textile Ltd. 

 

These were in the Gazipur, Narayanganjand and Savar. Selected factories were visited by 

the scrutinizers, with a structured questionnaire. The complete questionnaire was 

designed and standardized for collecting the information. Email, phone calls and 

personal visits were conducted to get their wastewater before treated and after treated 

laboratories‘ result and data sheets completed. One to group meetings was held to for 

necessary information. Manager (accounts & finance), maintenance manager, general 

manager operations, manager research and development, supervisor of ETP; the officials 

of the company were interviewed to collect the preliminary and general information 

about effluent treatment plant. The costs of different chemicals, lubricants etc. were 

acquired from the maintenance manager of ETP. 

The study was conducted secondary sources of information included RMG and textile 

project reports from nine different textile factories. Those were studied to identify textile 

effluent management and treatment issues, pollution load, financial implications, 

operations and management challenges in ETP operations. 

 

3.1.2 Sample Collection, Testing and Analysis 
In the first part of the analysis, the data were recorded and consequently analyzed to 

compute initial fixed investment, expenditure in the future years after fixing the life of 

the project like 10 years according to their project diversity of three different factories; 

Square Fashion Limited for biological treatment plant, Newtex Composite Textile Ltd. 

for physicochemical treatment plant and Le Nouveau Tex (Pvt.) Ltd. for electrochemical 

treatment plant. It was constructed for a schedule of current and future cash outlays and 

cash flows. By the application of the standard evaluation techniques (Bangladesh Bank) 

all the expenditures and returns were discounted to the base year that was 2008 to 2017 

to determine their present values. From the present values, the NPV, AE, IRR and 

Payback Period of the project were calculated as described under cost analysis. The 6.13 

% average inflation rate shown in the table 1 (Appendix A) was calculated from the base 

year to 10 years life time of those projects. 
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In the second part of the analysis, secondary data samples of effluent were collected 

from the selected factories to analysis the individual laboratories for parameters, 

including pH, DO, EC, BOD, COD, TDS, TOC and TSS. Test results were analyzed to 

check pollution loads in the environment and calculated recovery percentage needs to 

avoid environmental pollution. It was also calculated that pollution observed in the 

discharge channels for biological, physicochemical and electrochemical after treatment. 

 

3.1.3 Interpretation of Results 
The common information was worked out as descriptive research. The results were 

interpreted by comparison with reference standards of NPV and AE that is 1 for 

acceptance of projects or for their economic viability and of value of NPV and AE with 

reference to zero that is positive for acceptance and negative for rejection provided the 

investment is not in response to social obligation including the acceptance IRR 

percentage is higher than discount rate.  Accordingly, the cost analyses of each proposal 

were compared with their costs by using a common analytical methodology to develop a 

new approach to decide on cost effective treatment plant for long time life plan as well 

efficiency recovering the national environmental standard. 

 

3.2 COST ANALYSIS INDUSTRIES   
The cost analysis was done by the standard techniques. The following assumptions were 

made before application of analysis: 

 

A. Biological Treatment Plant 

Base Year: 2008 (2008-2009) 

Evaluation Year: 2010 

Project Life: 10 Years 

Average Discount Rate: 6.13% 

Currency Unit: USD 

 

B. Physicochemical Treatment Plant 

Base Year: 2008 (2008-2009) 

Evaluation Year: 2010 

Project Life: 10 Years 
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Average Discount Rate: 6.13% 

Currency Unit: USD 

 

C. Electrochemical Treatment Plant 

Base Year: 2010 (2010-2011) 

Evaluation Year: 2012 

Project Life: 10 Years 

Average Discount Rate: 6.13% (assumed) 

Currency Unit: USD 

 

3.3 THEORETICAL BACKGROUND 

3.3.1 Standard of Financial Feasibility 
There are some criterions and measurements were specified in order to evaluate the 

financial feasibility of different wastewater treatment investment projects. 

i. Net present value methods (NPV); 

ii. Annual equivalent worth (AE); 

iii. Rate of return methods (IRR); 

iv. Payback methods; 

 

3.3.1.1 Net Present Value 

Net Present Value (NPV) is the difference between the present value of all cash inflows 

and cash outflows associated with an investment project. The NPV establishes whether 

or not the investment project is an acceptable investment, given the return the investor 

requires from the investment.  Maximizing or minimizing the NPV of a project, 

depending upon the situation, provides the most efficiency, and as a result, the most 

profitability [47]. In order to calculate the NPV, the interest rate used for discounting the 

cash flows needs to be determined. The interest rate is often referred to as Minimum 

Attractive Rate of Return (MARR) and it represents the rate at which the investor can 

alternatively invest his money, i.e. the return of the most preferable alternative 

investment. The planning horizon of the project also needs to be determined, and the 

cash flows for each period of the planning horizon projected [48]. 
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Where 

An = Net cash flow at the end of period n; 

i = MARR; 

N = Service life of the project [48]. 

If the NPV (i) is positive for a single project, the project should be accepted, since 

outflows and therefore makes a profit [48]. 

 

Table 3.1: According to Park (2002) the decision rule for NPV 

If NPV > 0 accept the investment; 

If NPV = 0 remain indifferent to the investment; 

If NPV < 0 reject the investment. 

 

When comparing mutually exclusive alternatives the one with the greatest positive NPV 

is selected. When comparing alternatives it is important to use the same interest rate for 

all alternatives. All projects must also be compared over equal time periods, and 

sometimes adjustments have to be made for to account for this [47]. In the case of 

mutually exclusive alternatives generating the same revenues, comparing the projects on 

a cost-only basis. Then the project resulting in the smallest, or least negative, NPV 

should be accepted, since the objective is to minimize cost (not maximize profits) [48]. 

Even though the NPV is a widely used criterion for financial feasibility it suffers from 

two limitations.  First, the NPV assumes that periodic cash flows will be reinvested at the 

discount rate, which in reality is not always possible. Second, when considering two 

mutually exclusive projects of unequal size, the criterion‘s ranking of the projects may 

give different results than from the Internal Rate of Return criterion [49]. 

 

3.3.1.2 Discounting 

It is important for financial feasibilities analysis the discount rate and the rate of 

inflation. The discount rate represents the time value of money, whereas the rate of 

inflation describes the decrease in purchasing power and increase in operating costs. 

There are two types of discount rate used in NPV calculations: the real discount rate and 

the nominal discount rate. The main difference between the two is that the nominal 

NPV=
Ao

(1+i)0
+

A₁

(1+i)1 + ⋯
An

(1+i)n =  
An

(1+i)n

N

n=0
…………..3.1 
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discount rate accounts for inflation and deflation; whereas the real discount rate does not. 

The choice of discount rate to be used will depend on the purpose of the costing exercise. 

 

3.3.1.3 Annual Equivalent Worth 

The annual equivalent worth (AE) method is a variation of the NPV method. Instead of 

discounting all cash flows to present value, the AE method converts all cash flows to a 

series of equal cash flows over a specified time [50]. Usually the AE determines equal 

payments on an annual basis, and by that provides a basis for measuring investment 

worth. The AE is given by: 

 

AE  i = NPV i  [
i (1+i)N

 (1+i)N−1
].......................3.2 

Where 

i = MARR; 

N = Service life of the project [48]. 

 

Table 3.2: According to Park (2002) the decision rule for AE 

If  AE  > 0 accept the investment; 

If  AE  = 0 remain indifferent to the investment; 

If  AE  < 0 reject the investment. 

 

The AE criterion is consistent with the NPV criterion in evaluating projects, i.e. if a 

project is accepted by the AE criterion it will also be accepted by the NPV criterion [48]. 

The AE method has several advantages. When comparing mutually exclusive projects, 

the AE method does not require the projects to have the same service life, i.e. the 

projects do not have to be compared over equal time period as with the NPV method. 

The method also delivers simple and easily understood results, as it can be easier for 

some people to understand the prospects of a project by examining yearly costs/benefits 

per dollar, instead of examining one cash flow resolved to the present date [50]. 

In some situations the AE analysis is even preferred over the NPV analysis, such as 

when unit cost/profit is needed, when project lives are unequal or when consistency is 

needed in report formats [48]. When comparing mutually exclusive projects the same 

applies for the AE analysis as for the NPV analysis, i.e. the project with the greatest 

positive AE is selected [51]. 
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3.3.1.4 Internal Rate of Return 

Internal Rate of Return (IRR) is a concept based on the return on invested capital in 

terms of a project investment, ―IRR is the interest rate charged on the unrecovered 

project balance of the investment such that, when the project terminates, the unrecovered 

project balance will be zero‖ [48]. In other words, the investment has zero NPV at this 

rate of return, therefore, serves as a benchmark interest rate, making investors able to 

accept or reject decision consistent with the NPV analysis. The IRR is equal to the rate 

of return for which the following function is zero: [48] 

 

PV =   ±At)(1 = i = 0 ………………… .3.3

n

t=0

 

 

3.3.1.5  Payback period 

Payback period refers to the length of time it will take to recover an initial investment. 

The approach does not consider the impact of the time value of money. Consequently, it 

is not an accurate method of evaluating the worth of an investment. However, it is a 

simple technique that is used widely to perform a ―quick-and-dirty‖ assessment of 

investment performance. Also, the technique considers only the initial cost. The method 

ignores all revenues and cost after the payback period and does therefore not allow for 

the possible advantages of a project with a longer economic life. Also, the method does 

not recognize the time value of money, though that can be remedied by using the 

discounted payback method. Due to these drawbacks, the payback method is not suitable 

for measuring financial feasibility [48]. 
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Chapter-4 
FINANCIAL ANALYSIS 

 
 

4.1 FINANCIAL FEASIBILITY ANALYSIS BIOLOGICAL 

TREATMENT PLANT(Square Fashion Ltd.) 
Square Fashion installed one of the largest effluent treatment plants in Bangladesh. For 

the effluent of wet processing, established an effluent treatment plant, capacity of 1200 

cu. meter/day- in 2002 with USD 2, 35,000 investments, Land 4000-4500 sq ft. Square 

established another effluent treatment plant, Capacity of 3000 Cu. meter/day, origin by 

Italy in 2006 with EURO 1,45,000 investment for extension of production capacity of 

wet processing. At Present, the total effluent treatment capacity is 4200 Cu. meter /day. 

Plant Capacity:  ETP-1-Treatment Capacity: 1200m3/day (50m3/hr) and ETP-2, 

Treatment Capacity   : 3000m3/day (125m3/hr). So Total Treatment capacity: 4200 

m3/day (175 m3/hr)1. The purpose of the financial cost-benefit analysis was to assess the 

financial viability of proposed project, i.e., if the proposed projects were financially 

attractive or not from the entity‘s viewpoint. This analysis was done for chosen least cost 

alternative. Therefore, a focus on the additional financial benefits and costs to the water 

utility, attributable to the project, is maintained. In compare, the economic cost-benefit 

analysis evaluates the project from the viewpoint of the entire financial system.  

4.1.1 Cost Analysis 
The cost analysis was done by using different parameters of financial analysis.  Some 

assumptions and calculations were made before application of analysis- the project life 

was 10 years, initialization year was 2008 where evaluation year 2010. Average discount 

rate shown in table: 1; figure 1 (Appendix A) was 6.13% in Bangladesh (2008 to 2017).  

4.1.2 Initial Fixed Investment:  
Different cost elements of initial fixed investment of Square Fashion Ltd. were land, 

building, electrical installation, machinery and equipment etc.  

 

 

 
1Source: http://www.squarefashions.com/pages/waste-management 

http://www.squarefashions.com/pages/waste-management
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4.1.2.1 Land 

Square stepped in textiles business in 1997 by its yarns manufacturing unit namely 

Square Textiles Ltd. With most sophisticated vertically integrated infrastructure Square 

Fashions Limited (SFL) started its project in 2001 & production in 2002 with the 

combination of modern technology and skilled professionals which helped it to achieve 

the position to cater for world‘s top notch customers in a short span of time. Total land 

area of the factory premises is 5212 decimal (52.12 acre/2270347.2sqft).  It established 

biological treatment plant, comprehensive energy saving program, effluent treatment 

plant (ETP) in its dye house to accomplish the biological treatment of by-products using 

land 4000-4500 sqft (approximate) for ETP-12. As the plant was installed to fulfill the 

national and international environmental protections laws so, that land was not in any 

other use and there were no prospects of its coming into an active use in near future, its 

land cost may be neglected in this study. 

4.1.2.2 Building 

Most of the machinery was installed in open for biological treatment plant; there was no 

specially constructed building to cover the whole plant. Therefore, the only civil works 

to be carried out. The drainage system was renovated for its expanded life and smooth 

flow of the effluent and the electrical system was to be updated per requirements. The 

contract for supply of plant machinery and its installation was given from origin - Italy, 

USD 74,500 (app.) for civil works and electrical installation cost USD 23,000 (app.). 

4.1.2.3 Machinery and Equipment:  

The cost of plant machinery and equipment such as bar screen, equalization tank, screw 

press dewatering, oxidization tank, neutralizing tank, sludge thickener tank, secondary 

clarifier design tank, sludge filter press, activated sludge tank , sand filter etc. cost was  

USD 126,000 (approx). 

Environmental laboratory equipment- pH Meter, COD Reactor, Spectrophotometer, DO 

Meter,  BOD Incubator ,  Desiccators, Separating Funnels, Oven, Pipettes , Beakers 

,Measuring Cylinders, Thermometers etc. with civil works cost was USD 11,500 

(approx) in 2008. 

 

 

 
 
2Source: http://www.squarefashions.com/pages/waste-management 

http://www.squarefashions.com/pages/waste-management
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So, Total Initial Fixed Investment (excluding Land Price) 

= civil works+ electrical installation + machinery and equipment + laboratory   

equipment with civil works  

= USD 74,500 + USD 23,000 + USD 126,000 + USD 11,500 = USD 2, 35,000……4.1 

 

4.1.3 Operation & Management Costs 

Operation & management  costs was analyzed to use the approach of the utility‘s past 

performance and to relate the total O&M costs to the volume of water produced and/or 

distributed.  Costs of electricity and chemicals were calculated on the basis of a specific 

requirement per year m³ produced and the labor requirements also calculated on the basis 

of the number of employees per connection. The residual value of project also was 

considered to analysis at the end of the project life would be included of the cost-benefit 

analysis as a negative cost. 

 

Table 4.1: Operation and management cost analysis of biological treatment plant 

Chemical consumption for 1200m3/day (50m3/hr) 
Chemical and its function Dosing 

rate kg/day 
Price  
USD/kg 

Cost per 
day(USD) 

Total 
chemical Cost 
/day (USD) 

Total 
chemical cost 
/year (USD) 

Sulfuric acid: 
Neutralize the effluent 
controlling the pH. It is auto 
dispensed in the neutralization 
tank.  

120-160 0.24 28.8-38.4  
 
 
 

42.21 

 
 
 
 

15406.65 
Polyelectrolyte:  
Used for sedimentation / sludge 
coagulation and also killing 
bacteria.  

1.2-1.6 2.24 2.69-3.58 

Antifoaming Agent:  
Function: Used for reduction / 
controlling foam. It is used auto 
/ manually in the distribution 
tank.  

0 .05 4.20 0.21 

De-colorent:  
Function: Used for removing 
color. It is used auto / manually 
in the sedimentation feeding 
tank.  

0 .02 1.19 0.02 

Sodium Hypochlorite:  
Function: It is used to kill the 
harmful bacteria. It is used in 
the biological oxidation tank.  

0.01 0.17 .0017 

 



  33 
 

Table 4.2: Energy Consumption for 1200m3/day for biological treatment plant 

 
Source: http://www.squarefashions.com/pages/waste-management 

 

Table 4.3: Energy Consumption for 1200m3/day (50m3/hr) for biological treatment plant 

 

Table 4.4: Management cost analysis of effluent plant of biological treatment plant 

Manpower for 1200m3/day (50m3/hr) 

Label No. of 
employee  

Remuneration per year 
(USD) -  in 2008 

Total man power 
remuneration /year(USD)- 
2008 

Plant manager 01 1719.44  
 
 

4728.46 

Plant operator 01 859.72 
Mechanical 
technician 

01 859.72 

Laboratory 
instructor 

01 859.72 

Labor 01 429.86 
 

 

 

 

 
3Source: http://www.squarefashions.com/pages/waste-management. 
4https://dpdc.org.bd/page/view/18 
5https://bdnews24.com/economy/2017/11/23/price-of-electricity-rises-5.3-percent 
*for 4000-4500 sqftETP-1 electricity consumption per year =2700210×4500 sqft /2270347.2sq ft. 
 

E
le

ct
ri

ci
ty

, k
w

h 

5212 decimal 
(52.12 acre/ 
2270347.2sqft) 
– total 
consumption in 
2016 

4000-4500 
sqftETP-1  
1200 cu. meter/day 
(50m3/hr)- 
consumption* 
in 2016 

unit 
price 
(2015-
2016)4 
USD 
 

total cost 
per year   
USD-
2016 
 

Average increasing 
rate 5.3 percent from 
2008 to 2016 in 
Bangladesh.5So the  
cost was  (2008-2009 
and 2009-2010) in 
USD 

2700210 535.20 0.48 256.896 243.276 

http://www.squarefashions.com/pages/waste-management
http://www.squarefashions.com/pages/waste-management
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4.1.4Maintenance 

4.1.4.1 Maintenance Cost 1 

Oils (to lubricate the machinery, blowers, and pumps) and laboratory reagents yearly 

cost was calculated as maintenance cost 1. 

 

Table 4.5: Oils and lubricant cost for biological treatment plant 

Name of the elements  cost per year, USD ( approx) Total cost per year, USD  
oils      200 1200 
Laboratory Reagents    1000 

 

4.1.4.2 Maintenance Cost 2 Depreciation Cost (Straight-Line Method) 

Annual Depreciation Expense = (Cost of Asset – Salvage Value)/Estimate Useful Life. 

The machine cost USD 126,000 to purchase and was estimated useful life of ten years, 

upon which estimated salvage value of USD 5,000 (assumed).  Using the formula above, 

we determined that annual depreciation was USD 12,100 per year.  (USD 126,000 - USD 

5,000)/ 10 years = USD 12,100.The effect of the half year averaging convention was to 

reduce the first year depreciation by 1/2.  Therefore, the 1st year‘s depreciation of USD 

12,100 was reduced to USD 6050. 

4.1.5 Expenditure in Base Year 

Initial fixed Investment USD 2, 35,000, there was no operating cost in base year, pre-

production expenditure also nil. These were installation phase which took one year (2008 

to 2009). The plant was installed for industry without interest. 

4.1.6 Expenditure in Future Years 
There was no investment in terms of machinery and equipment involved subsequently 

ten years. Operating cost as in the first year of operation (2008 to 2009) was there in all 

the years. It was changed with the change in salaries of the workers and change in the 

prices of electricity, chemicals and oil required for maintenance. If it is assumed that the 

salaries of labor undergo an increase of 14.6 percent [52] of its basic pay after every 5 

years and also the prices of electric power was increased 5.2 % [52] and lubricating oils 

and chemicals, undergo an increase in cost by 3.5 % [52] of initial cost every year, then 

the overall picture of next ten years. 
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Table 4.6:  Operating Cost = Cost of (Chemicals + Electricity + Labor + oils 

+Depreciation) for biological treatment plant 

 

4.1.7 Returns in Future Years:  
There were no financial returns from the effluent treatment plant investment. The key 

objective of the installation of the effluent treatment plant is the fulfillment of the 

requirements of the National Environmental Protection Laws. Without plant initialization 

the factory won‘t fulfill the international buyer requirements. So, the buyer requirements 

and the national environmental protection laws and text benefits may be considered as 

the indirect returns received by the industry. 

 

4.1.8 Salvage value of the Machinery 
Salvage value of the Machinery 

 = Cost of Machinery – Total Depreciation  

 = USD 126,000 - USD 102850 = USD 23,150………4.2 

 

 

Y
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r n
o 

Y
ea

r 
Chemicals (3.5 

%  increased 

every year) 

Electricity(5.2 

% increased 

every 5 year) 

Labor(14.6 

%  increased 

every 5 year) 

Oils (3.5 %  

increased 

every year) 

Depreci

ation 

 

Operating 

Cost 

01 2008 Initialization  year  

02 2009 15406.65 243.276 4728.46 1200 6050 27628.39 

03 2010 15945.88 243.276 4728.46 1242 12,100 34259.62 

04 2011 16503.99 243.276 4728.46 1285.47 12,100 34861.2 

05 2012 17081.63 243.276 4728.46 1330.46 12,100 35483.83 

06 2013 17679.49 243.276 4728.46 1377.03 12,100 36128.26 

07 2014 18298.27 255.926 5418.82 1425.23 12,100 37498.25 

08 2015 18938.71 255.926 5418.82 1475.11 12,100 38188.57 

09 2016 19601.56 255.926 5418.82 1523.74 12,100 38900.05 

10 2017 20287.62 255.926 5418.82 1577.18 12,100 39639.55 

Total  102850 322587.7 
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4.1.9 NPV, AE and IRR 
Cash flow and Present value (effective annual discount average rate was 6.13%), Cash 

inflow and outflow, installation cost was USD 2,35,000 and end of year operation and 

management cost was added (Chemicals, Electricity, Labor, oils, and Depreciation) 

where service life time was 10 years. 

 
 

Table 4.7: Cash flow of a biological treatment plant 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Year Present Worth (USD) Operating  Cost Cash Flow 

Year 0 
-235000

(1 + 0.0613)0 − 2,35,000 
 

− 2,35,000 

Year 1 
235000

(1 + 0.0613)1 221426.55  
00 221426.55 

Year 2 
235000

(1 + 0.0613)2 208637.10 
27628.39 

181008.71 

Year 3 
235000

(1 + 0.0613)3 196586.35 34259.62 162326.73 

Year 4 
235000

(1 + 0.0613)4 185231.65 34861.2 150370.45 

Year 5 
235000

(1 + 0.0613)5 174532.79 
35483.83 

139048.96 

Year 6 
235000

(1 + 0.0613)6 108994.44 36128.26 72866.18 

Year 7 
235000

(1 + 0.0613)7 102698.99 
37498.25 

65200.74 

Year 8 
235000

(1 + 0.0613)8 96767.16 38188.57 58578.59 

Year 9 
235000

(1 + 0.0613)9 91177.95 
38900.05 

52277.9 

Year 10 
235000

(1 + 0.0613)10 85911.57 39639.55 46272.02 
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Table 4.8: The NPV, AE and IRR of a biological treatment plant 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.1.10 Payback Period 

A financial ratio was calculated from the financial statements. However, the projected 

financial statement was used to calculate the relevant ratios in order to gain a better 

understanding of the performance of the project.  The payback period was analyzed of 

the ETPs project of Square Fashion at an initial cost of USD 2, 35,000. If the expected 

(assumption) that the system will generate annual cost savings of 20% of its investment 

(USD 235000). The discounted payback period for the unit considering the time value of 

money was analyzed using assumption of annual interest rate 6.13%, the costs of 

overhaul was not included due to unavailability of approximate cost in calculating the 

discounted payback period the yearly expenditure was considered for time cumulative 

savings. Cumulative present value of cash inflows from following table 4.9 at the end of 

the 6th year is 230168.4and it is 261160.2at the end of the 7th year. Therefore discounted 

Year 

 
 

 
Cash Flow 

PV= C
(1+𝑖)n 

 

(i=6.13%)  
An

(𝟏 + 𝒊)n

𝑵

𝒏=𝟎

 

Net Present 
Value (NPV)= 

The Annual 
Equivalent value 

𝐀𝐄  𝐢 =

𝐍𝐏𝐕 𝐢 [
𝐢 (𝟏+𝐢)𝐍

 (𝟏+𝐢)𝐍−𝟏
] 

 
IRR 

Year 0 − 2,35,000 − 2,35,000  
 
 
 

678432.39 

 
 
 
 

92132.79 

 
 
 
 

  14% 

Year 1 221426.55 208637.096 

Year 2 181008.71 160702.689 

Year 3 162326.73 135792.426 

Year 4 150370.45 118524.967 

Year 5 139048.96 103270.653 

Year 6 72866.18 50991.4095 

Year 7 65200.74 42991.7749 

Year 8 58578.59 36394.3192 

Year 9 52277.9 30603.7507 

Year 10 46272.02 25523.2995 
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cash flows payback period falls between 6th and 7th years. So, according to Mohana R.P. 

(2011, Financial Statement Analysis and Reporting) 

 

Payback period (nmin) (Cumulative present value) 

= 6 +
 235000 −𝟐𝟑𝟎𝟏𝟔𝟖.𝟒 

30991.8
=  6.16 𝑦𝑒𝑎𝑟𝑠……………..4.3.1 

 

Time Cumulative Savings of cash inflows from following table 4.9 at the end of the 7th 

year is 223661.95 and it is 252172.73 at the end of the 8th year. Therefore discounted 

cash flows payback period falls between 7th and 8th years. 

 

Payback period (nmin) (Time Cumulative Savings) 

= 7 +
 235000 −𝟐𝟐𝟑𝟔𝟔𝟏.𝟗𝟓 

29201.1
=   7.39 𝑦𝑒𝑎𝑟𝑠……………4.3.2 

 

Table 4.9: Payback period analysis for a biological treatment plant 

 

Year Inflows 

PV at 6.13% 
Discount 
Factor 

(P=1/1+i) 

Present 
Value 

Cumulative 
Present Value 

Operating 
Cost 

Time 
Cumulative 

Savings 
n min 

1 47000 0.94 44283.4 44283.4 0 44283.4  
 
 
 
 
 

7.39  
𝑦𝑒𝑎𝑟𝑠 

2 47000 0.89 41726.6 86010 27628.39 58381.61 

3 47000 0.84 39315.5 125325.5 34259.62 91065.88 

4 47000 0.79 37045.4 162370.9 34861.2 127509.7 

5 47000 0.74 34906.9 197277.8 35483.83 161793.97 

6 47000 0.70 32890.6 230168.4 36128.26 194040.14 

7 47000 0.66 30991.8 261160.2 37498.25 223661.95 

8 47000 0.62 29201.1 290361.3 38188.57 252172.73 

9 47000 0.59 27513.8 317875.1 38900.05 278975.05 

10 47000 0.55 25925.2 343800.3 39639.55 304160.75 
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4.2 FINANCIAL FEASIBILITY ANALYSIS PHYSICOCHEMICAL 

TREATMENT (Newtex Group)   

Newtex group is a rapidly growing multi-dimensional organization in Bangladesh. 

Established in 1989, the company began its journey with a small stitching plant for knit 

garments. Today the company has expanded to 4 deferent industries with 9 separate 

companies, with an annual turnover of US $ 220 million dollars and employing over 

7500 workers nationwide. Effluent treatment plant of Newtex Composite Textile 

Industry is one of the largest physiochemical treatment plants in Bangladesh. For the 

wastewater treatment they had been established a physiochemical treatment plant, 

capacity of 2640 cu. meter/day (110m3/hr), and Land 4400sqft and USD 1, 16,000 

investments where service life time 10 years of the plant. The principle of the financial 

analysis is to evaluate the financial viability of the physiochemical treatment plants 

project.  In distinguish; the economic analysis evaluated the project from the viewpoint 

of the entire financial system whereas the financial analysis evaluates the whole 

economic analysis. Here we also used the average effective annual discount rate was 

6.13% .The present value (value at t = 0) were calculated for each year. 

4.2.1 Cost Analysis 
The physiochemical plant cost analysis was also done by using different parameters of 

financial analysis.  The assumptions and calculations were also made before application 

of analysis- the Project life was 10 years, initialization year was 2008 where evaluation 

year 2010. Average discount rate was 6.13% in Bangladesh (2008 to 2010). 

4.2.2 Initial Fixed Investment:  
Land, building, electrical installation, machinery and equipment cost is the initial fixed 

investment of Newtex Composite Textile Industry. 

4.2.2.1 Land 

Newtex group which company began its journey with a small stitching plant for knit 

garments in 1989 is a rapidly growing multi-dimensional organization in Bangladesh. 

The company has expanded to 4 deferent industries with 9 separate companies, it 

established physiochemical treatment plant, comprehensive energy saving program, 

using Land 4400 sqft (approximate) for ETP. The plant was installed to fulfill the 

national and environmental protections laws so, the land cost was neglected in this study 

because that land was not in any other use and the though the group is established in 

1989 and the land price may differ significantly. 
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4.2.2.2 Building 

Though the factory areas installation costs was high, they used prepackaged modular 

systems which was more affordable than build-in-place facilities. Installation costs 

typically range between 15–40% of the project cost, depending on the degree of 

prepackaging and amount of site civil work needed. Small machinery was installed in 

open for physiochemical treatment plant; therefore, the civil works to be carried out with 

the packaged modular system. To smooth flow of the effluent the drainage system was 

renovated and the electrical system was to be updated per requirements. The contract for 

supply of plant machinery and its installation was given from origin – Italy, USD 48,000 

(appx.) for civil works and electrical installation cost USD 12,000 (appx.). 

4.2.2.3 Machinery and Equipment:  

The cost of plant machinery and equipment such as air blower, equalization, flash 

mixing tank, tank, coagulant storage tank, coagulation pump, fluctuation dosing pump, 

fluctuation tank, different dosing pump, sludge filter press, sludge tank , sand filter etc. 

cost was  USD 95,000 (approx.). 

Environmental laboratory equipment- pH Meter, COD Reactor, Spectrophotometer, DO 

Meter,  BOD Incubator ,  Desiccators, Separating Funnels, Oven, Pipettes , Beakers 

,Measuring Cylinders, Thermometers etc. with civil works cost was USD 15,000 

(approx) . 

 

So, Total Initial Fixed Investment (excluding Land Price) 

= civil works+ electrical installation + machinery and equipment + laboratory    

equipment with civil works  

= USD 4,800 + USD 1,200 + USD 95,000 + USD 15,000  

= USD 1, 16,000………………………………….4.4 

 

4.2.3 Operation & Management Costs 

The utility‘s past performance approach was used to cost analysis and to relate the total 

O&M costs to the volume of water produced and distributed.  Costs of electricity and 

chemicals were calculated on the basis of a specific requirement per year m³ produced 

and the labor requirements also calculated on the basis of the number of employees per 

connection. Here also the reinvestments cost was also neglected for the project life time 

of 10 years and overhaul cost. The residual value of project also was considered to 

analysis at the end of the project life. 
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Table 4.10: Operation and management cost of a physiochemical treatment plant 

Chemical consumption  2640 m3/day (110m3/hr) 
Chemical Dosing rate 

kg/day 
Price 
USD/
kg 

Cost /day 
(USD) 

Total 
chemical Cost 
/day (USD) 

Total chemical 
cost /year 
(USD) 

Sulfuric acid 350-400 0.24 84-96  
 
362.88 

 
 
132451.2 

Polyelectrolyte 12-14 2.24 26.88-31.36 
FeSO4 1350-1400 0.14 189-196 
Lime 700-850 0.09 63-76.5 

 

Table 4.11: Electricity consumption for physiochemical treatment plant 

 

 

Table 4.12: management cost of physiochemical treatment plant 
Manpower (2640 m3/day (110m3/hr) 

Label No. of 
employee  

Remuneration per 
year (USD) -  in 
2008 

Total man power remuneration 
/year(USD)- 2008 
 

Plant manager 01 1719.44 3009.02 
Laboratory 
instructor 

01 859.72 

Labor 01 429.86 
 

4.2.4 Maintenance 
4.2.4.1 Maintenance Cost 1  

 

Table 4.13: Oils and lubricant cost for physiochemical treatment plants 

Name of the elements  Cost per year, USD ( approx) Total cost per year, USD  
Oils (to lubricate the machinery, 
blowers, pumps)  

    150 1150 

Laboratory reagent    1000 
 

 

 
4https://dpdc.org.bd/page/view/18 
5https://bdnews24.com/economy/2017/11/23/price-of-electricity-rises-5.3-percent 
*4400 sqft ETP- 2640 cu. meter/day (110 m3/hr)- electricity consumption per year =220 (in 2016) 
 

E
le

ct
ri

ci
ty

, 
kw

h 

4400 sqftETP-  
2640 cu. meter/day 
(110 m3/hr)-
consumption* 
in 2016 

unit 
price 
(2015-
2016)4 
USD 

total cost 
per year   
USD-
2016 
 

Average increasing rate 5.3 percent 
from 2008 to 2016 in 
Bangladesh.5So the  cost was  
(2008-2009 and 2009-2010) in 
USD 

220 0.48 105.6 100.04 
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4.2.4.2 Maintenance Cost 2 -Depreciation Cost (Straight-Line Method) 

Annual Depreciation Expense = (Cost of Asset – Salvage Value)/Estimate Useful Life. 

The machines cost was USD 95,000 to purchase and was estimated useful life of ten 

years, upon which estimated salvage value of USD 5,000 (assumed).  Using the formula 

above, we determined that annual depreciation was USD9,000 per year.(USD 95,000 - 

USD 5,000)/ 10 years = USD9,000.The effect of the half year averaging convention was 

to reduce the first year depreciation by 1/2.  Therefore, the 1st year‘s depreciation of 

USD 9, 000 was reduced to   USD 4,500. 

4.2.5 Expenditure in Base Year 
Initial fixed investment USD 1, 16,000 there was no operating cost in base year, pre 

production expenditure also nil. These were installation phase which took one year (2008 

to 2009). The plant was installed for industry without interest. 

4.2.6 Expenditure in Future Years 
Afterward ten years there was no investment in terms of machinery and equipment 

involved. Operating cost was also changed with the change in salaries of the workers and 

change in the prices of electricity, chemicals and oil required for maintenance. The 

approximate average of that ten years (2008-2009) the salaries of labor undergo an 

increase of 14.6 percent [52] of its basic pay after every 5 years and also the prices of 

electric power was increased 5.2 % [52] and lubricating oils and chemicals, undergo an 

increase in cost by 3.5 % [52] of initial cost every year, then the overall picture of next 

ten years. 

 

Table 4.14: Operating Cost = Cost of (Chemicals + Electricity + Labor + oils 

+Depreciation) of physiochemical treatment plants 

Year 
no. 

Year Chemicals (3.5 
%  increased 
every year) 

Electricity(5.2 % 
increased every 5 
year) 

Labor(14.6 %  
increased 
every 5 year) 

Oils (3.5 %  
increased 
every year) 

Depreciati
on 
 

Operating 
Cost 

01 2008 Initialization  year  
02 2009 132451.2 100.04 3009.02 1150 4,500 141210.26 
03 2010 137086.99 100.04 3009.02 1190.25 9,000 150386.3 
04 2011 141885.03 100.04 3009.02 1231.91 9,000 155226 
05 2012 146851.00 100.04 3009.02 1275.03 9,000 160235.09 
06 2013 151990.79 100.04 3009.02 1319.66 9,000 165419.51 
07 2014 157310.47 105.24 3448.34 1365.85 9,000 171229.9 
08 2015 162816.34 105.24 3448.34 1413.65 9,000 176783.57 
09 2016 168514.91 105.24 3448.34 1463.13 9,000 182531.62 
10 2017 174412.93 105.24 3448.34 1514.34 9,000 188480.85 
 Total  76,500 1491503.1 
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4.2.7 Returns in Future Years:  
In this factory there were no financial returns from the effluent treatment plant 

investment. Here also the objectives of the installation of the effluent treatment plant 

were the fulfillment of the requirements of the national environmental protection laws 

and for fulfilling the international buyer requirements. So, here also the buyer 

requirements, to fulfillment the requirements of the national environmental protection 

laws and text benefits may be considered as the indirect returns received by the industry. 

4.2.8 Salvage value of the Machinery: 
Salvage value of the Machinery = Cost of Machinery – Total Depreciation 

                                                    = USD 95,000 –USD 76,500 = USD 18500………4.5 

4.2.9 NPV, AE and IRR 
Cash flow and present value (effective annual discount average rate 6.13%), Cash inflow 

and outflow, installation cost was USD 1, 16,000 and end of year operation and 

management was added (chemicals, electricity, labor, oils, and depreciation) where 

service life time was 10 years. 

 

Table 4.15: Cash flow of a physiochemical treatment plants 

  

 

 

 

 

 

 

 

 

 

 

Year Present Worth (USD) An
(1+i)n 

Operating  Cost Cash Flow 

Year 0 
- 116000

(1 + 0.0613)0 -116000  -116000 

Year 1 
116000

(1 + 0.0613)1 109299.92  
00 

109299.92 

Year 2 
116000

(1 + 0.0613)2 102986.82 141210.26 -38223.44 

Year 3 
116000

(1 + 0.0613)3 97038.37 150386.3 -53347.93 

Year 4 
116000

(1 + 0.0613)4 91433.50 155226 -63792.5 

Year 5 
116000

(1 + 0.0613)5 86152.36 160235.09 -74082.73 

Year 6 
116000

(1 + 0.0613)6 81176.25 165419.51 -84243.26 

Year 7 
116000

(1 + 0.0613)7 76487.57 171229.9 -94742.33 

Year 8 
116000

(1 + 0.0613)8 72069.69 176783.57 -104713.88 

Year 9 
116000

(1 + 0.0613)9 67906.99 182531.62 -114624.63 

Year 10 
116000

(1 + 0.0613)10 63984.73 188480.85 -124496.12 
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Table 4.16: The Net Present Value NPV and Annual Equivalent Value AE and IRR of a 

physiochemical treatment plants. 

 

 
 
 
 
 
 
 
 
 
 
 

Year 

 
 
 
Cash Flow 

PV= C
(1+𝑖)n 

(i=6.13%) 

 
An

(1 + 𝑖)n

𝑁

𝑛=0

 

Net Present 
Value (NPV)= 

The Annual 
Equivalent value 
𝐀𝐄  𝐢 =

𝐍𝐏𝐕 𝐢 [
𝐢 (𝟏+𝐢)𝐍

 (𝟏+𝐢)𝐍−𝟏
] 

 
IRR 

Year 0 -116000 -116000  
 
 
 
 
 
 
 
 
 
 

-519133.77 

 
 
 
 
 
 
 
 
 
 
 

-70499.65 

 
 
 
 
 
 

 
 

There is no real 
number. The 
calculation is 

shown in the table 6 
(Appendix A) 

 
 
 
 
 
 

Year 1 109299.92 102986.83 

Year 2 -38223.44 -33935.44 

Year 3 -53347.93 -44627.55 

Year 4 -63792.5 -50282.51 

Year 5 -74082.73 -55020.7 

Year 6 -84243.26 -58953 

Year 7 -94742.33 -62470.8 

Year 8 -104713.88 -65057.7 

Year 9 -114624.63 -67101.8 

Year 10 -124496.12 -68671.1 
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4.2.10 Payback Period 

Finally, a financial ratio was used when analyzing financial feasibility. A financial ratio 

was calculated from the financial statements. However, the projected financial statement 

was used to calculate the relevant ratios in order to gain a better understanding of the 

performance of the project.  The payback period was analyzed of the physiochemical 

treatment plants project of Newtex group at an initial fixed investment (excluding land 

price) USD 1, 16,000. If the expected (assumption) that the system will generate annual 

cost savings of 20% of its investment (USD 1, 16,000). The unit was neglected to 

overhaul cost lack of to proper information. The discounted payback period for the unit 

considering the time value of money was analyzed using assumption of annual interest 

rate 6.13%, the costs of overhaul was not considered in calculating the discounted 

payback period. Cumulative present value of cash inflows from following table 4.17 at 

the end of the 6th year is 113615.04 and it is 128913.12 at the end of the 7th year. 

Therefore discounted cash flows payback period falls between 6th and 7th years.  

 

Payback period (nmin) (Cumulative present value) 

= 6 +
 116000 −113615 .04 

15298.08
=  6.16 𝑦𝑒𝑎𝑟𝑠……………..4.6 

 

Time Cumulative Savings of cash inflows from following table 4.9 at the end of the 10th 

year is -18775.2. Therefore discounted cash flows payback period falls no period for 

time cumulative savings physiochemical treatment plants. 

 

Table 4.17: Payback period analysis physiochemical treatment plants 

Yea
r 

Inflows PV at 6.13% 
Discount Factor 
(P=1/1+i) 

Present 
Value  

 Cumulative 
Present 
Value  

Operating 
Cost 

Time 
Cumulative 
Savings 

 n min 
 

1 23200 0.9422 21859.04 21859.04 0 21859.04   
 
  
  
 No 
return
s 
  
  
  
  

2 23200 0.8878 20596.96 42456 141210.26 -98754.3 
3 23200 0.8365 19406.8 61862.8 150386.3 -88523.5 
4 23200 0.7882 18286.24 80149.04 155226 -75077 
5 23200 0.7427 17230.64 97379.68 160235.09 -62855.4 
6 23200 0.6998 16235.36 113615.04 165419.51 -51804.5 
7 23200 0.6594 15298.08 128913.12 171229.9 -42316.8 
8 23200 0.6213 14414.16 143327.28 176783.57 -33456.3 
9 23200 0.5854 13581.28 156908.56 182531.62 -25623.1 
10 23200 0.5516 12797.12 169705.68 188480.85 -18775.2 
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4.3 FINANCIAL FEASIBILITY ANALYSISELECTROCHEMICAL 

TREATMENT PLANT (Le Nouveau Tex (Pvt.) Ltd.) 
Le Nouveau Textile Ltd., 100% export oriented knit wears garments industry. Total land 

area of 10 katha (7200 sqft) surrounded with boundary wall. With most complicated 

vertically integrated infrastructure Le Nouveau Textile Ltd. started its project in 2001 & 

production in 2002 with the combination of modern technology and expert professionals. 

Total land area of the factory premises is 7200 sq ft. The building is a 6 storied building 

with a foundation of 10 storied heaving electric supplies 320 KVA and for alternative 

power supply a generator is available. It established electrochemical treatment plant; to 

archive the national environmental obligation effluent treatment plant (ETP) in its dye 

house to accomplish the electrochemical treatment of by-products using land 2200 sqft. 

as the plant was installed to fulfill the national and international environmental 

protections laws. 

4.3.1 Cost Analysis 
The cost analysis was done by using different parameters of financial analysis.  Here also 

the  assumptions and calculations were made before application of analysis- the Project 

life was 10 years, initialization year was 2010 where evaluation year 2012. Average 

discount rate used 6.13%. 

4.3.2 Initial Fixed Investment:  
Different cost elements of initial fixed investment of Le Nouveau Textile Ltd. were land, 

building, electrical installation, machinery and equipment etc.  

4.3.2.1 Land 

Le Nouveau Textile installed electrochemical effluent treatment plant. The factory 

established an effluent treatment plant, capacity of 1200 cu. meter/day- in 2010 with 

USD 298778.59 investments (not including land price), Land 2200 sqft. Though the 

physical space is very expensive for plant, they used electrochemical treatment plant for 

more cost-effective to invest in technology with a compact footprint. In evaluating, the 

financial benefit analyses consider the treatment plant project from the perspective of the 

entire financial system. The land cost may differ on area of industry and also depends on 

purchase time and also the property cost radically change with the time and modernize of 

the area so, the land cost was neglected in this study. 
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4.3.2.2  Building 

They used prepackaged modular systems. It was more reasonable than build-in-place 

facilities because the system was generally specialized knowledge and experience in 

manufacturing the types of equipment used in that solution. In this project the materials 

they used to construct water treatment system has a huge impact on cost for using more 

expensive components stainless-steel vessels and piping with automated PLC panels. 

The Installation cost was 20% (USD 59,755.718) of the project cost including civil 

works and electrical installation cost USD 25,400 (approx). 

4.3.2.3 Machinery and Equipment 

The cost of plant machinery and equipment such as bar screen, equalization tank, screw 

press dewatering, oxidization tank, neutralizing tank, electro-coagulation (EC), electro-

flotation (EF) and electro-oxidation (EO) prepackaged modular systems cost was  USD 

199267.16 (approx). 

Environmental laboratory equipments- pH Meter, COD Reactor, Spectrophotometer, DO 

Meter,  BOD Incubator ,  Desiccators, Separating Funnels, Oven, Pipettes , Beakers 

,Measuring Cylinders, Thermometers etc. with civil works cost was USD 18,500 

(approx) . 

 

So, Total Initial Fixed Investment (excluding Land Price) 

= civil works+ electrical installation + machinery and equipment + laboratory    

equipments with civil works  

= USD 59755.718+ USD 21,255.712+ USD 199267.16+ USD 18,500  

= USD 298778.59……………………………….4.7 

 

4.3.3 Operation & Management Costs of Electrochemical Treatment 

Plant 
In water treatment, operational costs are often based on a multifaceted and unified set of 

factors. No matter which systems is rely on, everyday expenditure an operating cost 

analysis can help to exactly budget for all the chemicals, equipment, labor, and other 

costs involved in maintaining your system through its life cycle. The actual electrode 

consumption may be reduced or increased from the theoretical value depending upon the 

wastewater characteristics and operational conditions due to the electrochemical side 

reactions. The electrode material has a significant effect on the treatment efficiency, in 



  48 
 

terms of both cost and removal of polluting compounds and, if the treated water is 

destined for human consumption, this material cannot be toxic. Although Fe, Al and St 

Electrodes are inexpensive and easily available, they are anodic ally soluble, leading to 

high wear and thus generating sludge. The operating cost involves costs of chemicals, 

electrodes and energy consumptions and labor cost. Energy and electrode material costs 

were taken into account as major cost items in the calculation of the operating cost. The 

used a lower level of automation plant and a greater dependence on operators. While 

manual controls can save up-front capital costs, they were also meaning a greater long 

term investment in labor.  

Table 4.18: Energy consumption for 1200m3/dayof an electrochemical treatment plant. 

 

Table 4.19: Chemical consumption for of an electrochemical treatment plant. 

 

 

  
 

 Cost per 
day(USD) 
unit price0.48 

Total 
cost /year 
(USD) 

C energy = U I t EC  
U =7.5 Volt, cell voltage (V),  
I= 0.7 Ampere,current (A),  
t EC = 1 hr, the time of EC  
V = 50 m3 / hr the volume (m3)  

7.5 X 
0.7 X 1 

 

5.25 
watt/hr
. for 50 
m3 

126 ×0.48=60.48 22075.2 

C electrode= ItMw/ZFv 
I =0.7 Ampere, current (A),  
t = 1 hr time of electrolysis (s),  
MW= molecular mass of Al (26.98 g/mol), 
Z=no of electron transferred (z = 3),  
F = Faraday‘s constant (96487C/mol) and 
v = 503 /hr volume (m 3)  

 
 

   

ECR Plate cost  
Plate per unit 90 pcs,  
Total unit 4. So, total plate cost =90×4×3.750× USD 1.14 = 
USD1539 For every 12 days. 
Per plate weigh 3.750 kg and price  USD 1.14 

128.25 46811.25 

Chemical consumption for 1200m3/day (50m3/hr) 
 

Chemical and 
its function 

Dosing rate 
kg/day 

Price  
USD/kg 

Cost per 
day(USD) 

Total chemical 
Cost /day (USD) 

Total chemical 
cost /year 
(USD) 

Hydrochloride 
acid 

35 l/hr or 280 
l/day 

0.16 44.8 54.13 19757.45 

Polymer cost  3 l/day  3.11 9.33 
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Table 4.20: Management cost for electrochemical treatment plant [53]. 

Manpower for 1200m3/day (50m3/hr) 

label No. of 
employee  

Remuneration per month 
(USD) -  in 2008 
 

Total man power 
remuneration 
/year(USD)- 2008 

stuffs 06 568.87/ month  6826.44 
 

4.3.4 Maintenance 
4.3.4.1 Maintenance Cost 1  

Table 4.21: Oil and Lubricant cost for electrochemical treatment plant [53]. 

Name of the elements cost per year, USD ( approx) Total cost per year, USD 
Oils 500 1500 

Laboratory Reagents 1000 
 

4.3.4.2 Maintenance Cost 2, Depreciation Cost (Straight-Line Method) 

Annual Depreciation Expense = (Cost of Asset – Salvage Value)/Estimate Useful Life. 

The machine cost USD 199267.16 to purchase and was estimated useful life of ten years, 

upon which estimated salvage value of USD 5,000 (assumed).  Using the formula above, 

we determined that annual depreciation was USD19426.716per year.  (USD 199267.16- 

USD 5,000)/ 10 years = USD19,426.716. The effect of the half year averaging 

convention was to reduce the first year depreciation by 1/2.  Therefore, the 1st year‘s 

depreciation of USD19, 426.716was reduced to USD 9713.358. 

4.3.5 Expenditure in Base Year 
Initial fixed investment USD 298778.59 there was no operating cost in base year, pre 

production expenditure also nil. These were installation phase which took one year (2010 

to 2011). The plant was installed for industry without interest. 

4.3.6 Expenditure in Future Years 
There was no investment in terms of machinery and equipment involved subsequently 

ten years. Operating cost as in the first year of operation assumed (2008 to 2009) was 

there in all the years. It was changed with the change in salaries of the workers and 

change in the prices of electricity, chemicals and oil required for maintenance. If it is 

assumed that the salaries of labor undergo an increase of 14.6 percent [54] of its basic 

pay after every 5 years and also the prices of electric power was increased 5.2 % [55] 

and lubricating oils and chemicals, undergo an increase in cost by 3.5 % [56] of initial 

cost every year, then the overall picture of next ten years in table 4.22. 
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Table 4.22: Operating Cost = Cost of (Chemicals + Electricity + Labor + oils 

+Depreciation) of electrochemical treatment plant 

 

 

4.3.7 Returns in Future Years:  
There were no financial returns from the effluent treatment plant investment. The key 

objective of the installation of the effluent treatment plant is the fulfillment of the 

requirements of the National Environmental Protection Laws. Without plant 

initialization the factory won‘t fulfill the international buyer requirements. So, like 

other factory and treatment plant the buyer requirements, environment and tax benefit 

also was considered as the indirect returns received by the industry 

 

4.3.8 Salvage value of the Machinery: 
Salvage value of the Machinery = Cost of Machinery – Total Depreciation 

= USD USD199267.16 -USD 165127.09 

= USD 34140.07………………………….4.8 

 

 

 

 

 

Year 
no. 

Year Chemical
s (3.5 %  
increased 
every 
year) 

Electricity(
5.2 % 
increased 
every 5 
year) 

Labor(14.6 
%  
increased 
every 5 
year) 

Oils (3.5 
%  
increased 
every 
year) 

Depreciatio
n 
 

Operatin
g 
Cost 

01 2008 Initialization  year  
02 2009 19757.45 22075.2 6826.44 1500 9713.358 

59872.45 
03 2010 20448.96 22075.2 6826.44 1552.5 19426.716 70329.82 
04 2011 21164.67 22075.2 6826.44 1606.838 19426.716 71099.86 
05 2012 21905.43 22075.2 6826.44 1663.077 19426.716 71896.86 
06 2013 22672.12 22075.2 6826.44 1721.285 19426.716 72721.76 
07 2014 23465.64 23223.1104 7823.10024 1781.53 19426.716 75720.1 
08 2015 24286.94 23223.1104 7823.10024 1843.884 19426.716 76603.75 
09 2016 25136.98 23223.1104 7823.10024 1908.42 19426.716 77518.33 
10 2017 26016.77 23223.1104 7823.10024 1975.215 19426.716 78464.91 

 Total  165127.09 654227.8 
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4.3.9 NPV, AE and IRR 
Cash flow and Present value (effective annual discount average rate was 6.13%), Cash 

inflow and outflow, installation cost was USD 235000 and end of year operation and 

management was added (Chemicals, Electricity, Labor, oils, and Depreciation) where 

service life time was 10 years in the following table 4.23. 

 

Table 4.23: Cash flow of electrochemical treatment plant 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

Year Present Worth (USD) Operating  Cost Cash Flow 

Year 0 
-298778.59

(1 + 0.0613)0 −298778.59 
 −298778.59 

Year 1 
298778.59

(1 + 0.0613)1 281521 
 
00 

281521 

Year 2 
298778.59

(1 + 0.0613)2 265261 59872.45 205388.4 

Year 3 
298778.59

(1 + 0.0613)3 249940 70329.82 179609.7 

Year 4 
298778.59

(1 + 0.0613)4 235503 71099.86 164403.3 

Year 5 
298778.59

(1 + 0.0613)5 221901 71896.86 150003.8 

Year 6 
298778.59

(1 + 0.0613)6 209084 72721.76 136362.1 

Year 7 
298778.59

(1 + 0.0613)7 197007 75720.1 121287.2 

Year 8 
298778.59

(1 + 0.0613)8 185628 76603.75 109024.5 

Year 9 
298778.59

(1 + 0.0613)9 174907 77518.33 97388.19 

Year 10 
298778.59

(1 + 0.0613)10 164804 78464.91 86339.12 
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Table 4.24: The Annual Equivalent value AE and IRR 

 

 
 

4.3.10 Payback Period  

The plant project financial statement was used to calculate the relevant ratios in order 

to gain a better understanding of the performance of the project.  The payback period 

was analyzed of the electrochemical treatment plant project at an initial cost of USD 

298778.59. In this calculation, expected (assumption) that the system will generate 

annual cost savings of 20% of its investment (USD298778.59).Overhaul cost was not 

included due to proper information. The discounted payback period for the unit 

considering the time value of money was analyzed using assumption of annual 

interest rate 6.13%, the costs of overhaul was not considered in calculating the 

discounted payback period. Cumulative present value of cash inflows from following 

table 4.25 at the end of the 6th year is 292635.7126 and it is 332038.6344 at the end of 

Year 

 
 
 
Cash Flow 

PV= C
(𝟏+𝒊)n 

 

(i=6.13%)  
An

(𝟏 + 𝒊)n

𝑵

𝒏=𝟎

 

Net Present 
Value (NPV)= 

The Annual 
Equivalent value 
𝐀𝐄  𝐢 =

𝐍𝐏𝐕 𝐢 [
𝐢 (𝟏+𝐢)𝐍

 (𝟏+𝐢)𝐍−𝟏
] 

 
IRR 

Year 0 −298778.59 -298778.59  
 
 
 
-622582.5762 

 

 
 
 
 
-84548.25 

 
 
 
 
12% 

Year 1 281521 
265260.5 

Year 2 205388.4 182347.4 

Year 3 179609.7 150250.3 

Year 4 164403.3 129585.9 

Year 5 150003.8 111406.7 

Year 6 136362.1 95425.56 

Year 7 121287.2 79973.82 

Year 8 109024.5 67735.88 

Year 9 97388.19 57011.55 

Year 10 86339.12 47624.01 
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the 7th year. Therefore discounted cash flows payback period falls between 6th and 7th 

years.  

 

Payback period (nmin) (Cumulative present value) 

= 6 +
 298778.59−292635.7126 

39402.922
=  6.16 𝑦𝑒𝑎𝑟𝑠……………..4.9.1 

 

Time Cumulative Savings of cash inflows from following table 4.25 at the end of the 

8th year is 292561.1132 and it is 326627.531at the end of the 9th year. Therefore 

discounted cash flows payback period falls between 8th and 9th years. 

 

Payback period (nmin) (Time Cumulative Savings) 

= 8 +
 298778 .59−292561 .1132 

34980.998
=  8.18 𝑦𝑒𝑎𝑟𝑠……………..4.9.2 

 

Table 4.25: Payback period analysis of electrochemical treatment plant 

 

 

 

Year Inflows 

PV at 6.13% 
Discount 
Factor 

(P=1/1+i) 

Present 
Value 

Cumulative 
Present 
Value 

Operating 
Cost 

Time 
Cumulative 

Savings 
n min 

1 59755.72 0.9422 56301.839 56301.84 0 56301.84 

 
 
 
 
 

8.18 
years 

 
 
 
 
 
 
 

2 59755.72 0.8878 53051.128 109352.9682 59872.45 49480.51822 

3 59755.72 0.8365 49985.66 159338.628 70329.82 89008.808 

4 59755.72 0.7882 47099.459 206438.0865 71099.86 135338.2265 

5 59755.72 0.7427 44380.573 250818.6597 71896.86 178921.7997 

6 59755.72 0.6998 41817.053 292635.7126 72721.76 219913.9526 

7 59755.72 0.6594 39402.922 332038.6344 75720.1 256318.5344 

8 59755.72 0.6213 37126.229 369164.8632 76603.75 292561.1132 

9 59755.72 0.5854 34980.998 404145.8617 77518.33 326627.5317 

10 59755.72 0.5516 32961.255 437107.1168 78464.91 358642.2068 
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Chapter-5 
 

OPERATIONAL EFFICIENCY ANALYSIS
 

 
The textile dyeing factories have plant managers and in charges who are able to 

understand unit operations and application in the effluent treatment.  They are also 

capable to understand of chemicals using for the plant operations and the laboratory. 

Secondly, every factory has one or more plant operators. Few factories have their own 

mechanical technicians who are working for solving any minor electrical and 

technical problem. All factories have laboratory instructors whose work is to collect 

the sample of before treatment and after treatment and analysis the various 

environmental parameters such as pH, SS, BOD, COD, TDS etc. 

 

5.1 BIOLOGICAL TREATMENT OF TEXTILE WASTEWATER 
Biological treatment is the most common treatment for textile wastewater in 

Bangladesh.  The treatment plants compel the presence of microorganisms. By using 

carbon and minerals as a source of growth for microorganisms which is transformable 

the contaminants and we can use them as emergence, of energy. Microorganisms are 

modified to degrade the components of the effluent to be treated.  It is necessary azo 

dye degradable microorganisms for biological effluent treatment. Oxidases and 

azoreductases enzyme is required for these microorganisms. It is very effective use to 

remove contaminants from wastewater. In Bangladesh; Biological processes are 

always beneficial set up for treatment of textile wastewater. The process is completed 

by a limited energy and required slight chemicals. It has insignificant environmental 

impact and low-cost wastewater treatment than others. 
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Figure 5.1: Flow diagram of a biological treatment plant used in textile dyeing 

factory. 

To removes the concentration of organic and inorganic compounds from textile 

wastewater biological treatment mostly use. The treatment processes can take many 

forms but all are based on microorganisms, mainly bacteria. These microorganisms 

use mechanism of the effluent as their food and in doing so split them down to fewer 

complexes and less hazardous compounds, thus declining the biological oxygen 

demand and chemical oxygen demand. In the process, the microorganisms increase in 

number. The two most common forms of biological treatment are activated sludge 

plants (ASPs) and biofilm based systems (often these are trickling filter systems) [57]. 

Screening, equalization, pH control, aeration, sedimentation, sludge thickening unit 

are the crucial units for biological treatment. A sludge thickening and dewatering 

units are also included.  
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Table 5.1: summarizes the average wastewater characteristics of three different 

textile dyeing factory wastewater before treatment and after treatment results of 

biological ETP. 

 

 

BIOLOGICAL 
𝐀 =

𝟏

𝐧
 𝐱𝐢

𝐧

𝐢=𝟏

 
 Factory 1 Factory 2 Factory 3 

Paramete

r 

Limi

t 
Standard BT AT BT AT BT AT AT 

BOD5 mg/l 50 278 22 155 21 108 23 22 

COD mg/l 200 358 175 306 104 319 127 135.33 

TSS mg/l 150 206 38 233 52 128 18 36 

TDS mg/l 2100 3500 1620 2533 
130

2 
5010 2020 1647.33 

DO mg/l 4.5-8 0 4.6 0 4.5 0 4.5 4.53 

PH mg/l 6.5-9 10.5 8.2 10.4 8.1 10.5 8 8.1 

TEMP 0C 40 45 35 45 34 42 35 34.67 

 

 

Table 5.2: Recovery percentage compared with international standard.

 
 
 

Parameter 

 
 
 

Limit 

 
 
 

Standard 

 
 
 

Avg 

Recovery percentage  compared 
with international standard 

Regain Essential to recover 

BOD5 mg/l 50 22 44% 56% 
COD mg/l 200 135.33 67.37% 32.33% 
TSS mg/l 150 36 24% 76% 
TDS mg/l 2100 1647.33 78.44% 21.56% 
DO mg/l 4.5-8 4.53 100% 0 
pH 

 
6.5-9 8.1 100% 0 

TEMP 0C 40 34.66 86.65% 13.35% 
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The recovery percentage compared with international standard shows that 44% 

recovery of the oxidisable organic matter in wastewater determining the 5-day 

biological oxygen demand (BOD5). COD which is a measure of the oxygen equivalent 

of the organic material chemically oxidized in the reaction is 67.37% recover after 

treatment. Total suspended solids (TSS) recovery rate 24% after treatment in biological 

method and total dissolved solids (TDS) recover rate 78.44%.The analysis shows 100% 

recovery of hydrogen ions in the wastewater (pH) and temperature. Therefore, this 

parameter is important because aquatic life. The analysis shows that output quality from 

biological treatment can satisfy the international as well as national standards for most 

of the required parameters. Biological ETP can efficiently satisfy BOD, pH, TSS, oil 

and grease requirements. Biological ETP usually very little color removal because of 

complex dyes chemicals, which is difficult to degrade by microorganisms. 

 

5.2 PHYSICOCHEMICAL TREATMENT OF TEXTILE 

WASTEWATER 
The process water indisputably is not reuse in the industry also though the industry of 

don't meet the standards for discharge. Primarily, in physicochemical process remove 

the toxic components from the wastewater flow. For effluent treatment, the process is 

commonly used in the industry. In this process we can remove the heavy metals, oils 

and greases, suspended matter and organic substances, organic and inorganic 

components, toxic pollutants or high salt concentrations, phosphorus etc. within a very 

short span of time.  The process used for 3 different stages - pretreatment, final 

treatment and precise treatment for reuse. 

5.2.1 Physicochemical Wastewater Treatment Process in Bangladesh 
The industries always select the treatment process depending on the size of the 

particles. Solid and perceptible particles are removed by filtration. It is also developed 

by sedimentation; we can be alienated by means of flotation techniques, this in function 

of the density of the solids. Physicochemical treatment of wastewater focuses primarily 

on the separation of colloidal particles. This is achieved through the addition of 

chemicals (called coagulants and flocculants). These change the physical state of the 

colloids allowing them to remain in an indefinitely stable form and therefore form into 

particles with settling properties., coagulation refers to neutralization of the negative 
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charges contained in the wastewater by the addition of a coagulant applied during rapid 

mixing (which can vary from 250 - 1500 s-1) and a very short contact time (times 

ranging between 5 - 60 s).  
The quantity of coagulant applied during coagulation depends on the quality of water 

(domestic or industrial). In the case of domestic water, commonly used doses are < 50 

mg/L, while for industrial water the dose are very variable [ 58]. The most commonly 

used coagulants are ferric chloride, ferric sulfate, aluminum sulfate, aluminum 

polychloride , sodium aluminate mixtures of organic and inorganic compounds, lime 

and the more recently studied application of iron polychloride. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Physicochemical treatment techniques are used for that partial which size is smaller 

than 1 µm, these are very stable and they all have an electrostatic laden surface (usually 

negative). Flotation is used for separation of suspended solids, oils, greases and 

undisclosed particles. It is used as a preliminary treatment method for further 

purification. Dissolved air flotation technique is mostly used. The released air forms 

tiny bubbles, adhering to the suspended matter. The dissolved air reduced density of the 
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Figure 5.2: Flow diagram physicochemical wastewater 
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bubbles, suspended solids and flakes to float to the surface. To meet the standards for 

discharge and to prepare it for additional treatment in a biological wastewater treatment 

stations have to neutralize wastewater where pH value of approx. 7.  

Table 5.3:summarizes the average wastewater characteristics of three different textile 

dyeing factory wastewater before treatment and after treatment results of 

physicochemical.  

PHYSICO CHEMICAL 
A =

1

n
 xi

n

i=1

 
 Factory 4 Factory 5 Factory 6 

Parameter  Limit  Standard  BT AT BT AT BT AT AT 
BOD5 mg/l 50 120 30 279 22 146 20.02 24.00 
COD mg/l 200 310 130 350 172 302 101 134.33 
TSS mg/l 150 135 20 202 35 240 56 37 
TDS mg/l 2100 4960 2010 3210 1585 2495 1128 1574 
DO mg/l 4.5-8 0 4.5 0.1 4.6 0 4.8 4.63 
PH mg/l 6.5-9 10.5 8.04 10.5 8.01 9.86 7.71 7.92 
TEMP 0C 40 41 35 48 34 43 35 34.67 
Note: Factory 4.Newtex Composite Textile Ltd, Factory 5.Northern Corporation Ltd (Northern Toshrifa 
Group)andFactory 6.Viyellatex Dyeing Ind. Ltd. 
 

Table 5.4: Recovery percentage compared with international standard of 

physicochemical treatment plant 

 

The recovery percentage compared with international standard shows that 48% 

recovery of the oxidisable organic matter in wastewater determining the 5-day 

biological oxygen demand (BOD5). COD which is a measure of the oxygen equivalent 

of the organic material chemically oxidized in the response is 67.17% improve after 

treatment. Total suspended solids (TSS) recovery rate 24.67%after treatment in 

physicochemical method. Total dissolved solids (TDS) recover rate 74.95%.The 

investigation shows 100% recovery of hydrogen ions in the wastewater (pH) and 

temperature. The analysis shows that output quality from physicochemical treatment 

PHYSICO CHEMICAL 
Recovery percentage  compared  
with international standard  

Parameter  Limit  Standard   Avg. recover Essential to recover  
BOD5  mg/l 50 24.00 48% 52% 
COD mg/l 200 134.33 67.17% 32.83% 
TSS mg/l 150 37 24.67% 75.33% 
TDS mg/l 2100 1574 74.95% 25.05% 
DO mg/l 4.5-8 4.63 100% 0 
pH   6.5-9 7.92 100% 0 
TEMP 0C 40 34.67 86.68% 13.32% 
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satisfactory for international as well as national standards for most of the required 

parameters. 

 

5.3 ELECTROCHEMICAL TREATMENTOF TEXTILE 

WASTEWATER 
Electrolysis is a unit process in which chemical change results from electron transfer 

reactions across the solution interface. A voltage applied between the two electrodes in 

an electrolytic cell drives these reactions [59]. For different applications of 

electrochemical technology the same fundamental principle of electrolysis is used; 

while its practical manifestations may be quite different with, for example, cell 

configurations, electrode materials and their sizes & dimensions, electrolytes and 

separators which are each designed to meet the particular demands of the application. In 

effluent treatment, the objective may be the removal of color, salts, heavy metals, toxic 

organics or inorganic or a reduction of COD. 

 
 

 

 
 
 
 
 

 

 

 

 

Figure 5.3: Flow diagram of Electrochemical process 
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5.3.1 Application of Electrolytic Technique in effluent treatment 

Only the electric power required for this process. Electrochemical methods offer, in 

fact, unique reaction conditions, as the working electrode has at the same time the 

features of an easily recyclable heterogeneous catalyst and the capacity of feeding 

quantitatively and selectively the simplest and most economic reagent, the electron, 

then allowing extremely mild operative conditions [60].Electrochemical processes are 

probably the most adequate tool in the aqueous effluent treatment. It does not require 

chemical additions and indeed electrons are the only reactants added to the process to 

simulate reaction. These processes include electro-oxidation &electro coagulation [60]. 

5.3.1.1 Electro-oxidation  

It is an attractive alternative for treating aqueous stream containing the organic 

compounds via simultaneous evolution of oxygen at an anode surface which is probably 

most adequate tool in the aqueous effluent treatment, ideally suited to present age where 

environmental consideration are always to the fore. The electro-oxidation is mediated 

reaction and occurs via oxygen atom‘s transfer from water in the solvent phase to 

oxidation product [61]. 

The generic reaction of anodic oxygen transfer may be given as: 

R + XH2O ROX + 2XH+ + 2Xe- 

Where, R - Organic compound reactant. ROX - Oxidation product. 

5.3.1.2 Electro-coagulation  

In the Electro-coagulation process the coagulant is generated in-situ by the electrolytic 

oxidation of a sacrificial anode material. Charged ionic species are removed from the 

effluent by allowing it to react: (i) With an ion having opposite charge, or (ii) With 

flocks of metallic hydroxides generated within the effluent. 

After completion of electrolysis the treated effluent is collected in retention tank from 

which it is transferred at constant flow rate to the filtration unit/process. At this stage 

the sludge is removed and filtered water is allowed to flow for next process. Looking to 

the end use, the treated water can be used directly in dyeing, or can be used for 

agriculture purpose. Electro coagulation involves dissolution of metal from the anode 

with simultaneous formation of hydroxyl ions and hydrogen gas occurring at the 

cathode. 
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Table 5.5: Summarizes the average wastewater characteristics of three different textile 

dyeing factory wastewater before treatment (BF) and after treatment (AF) results of 

electrochemical ETP and treatment time was 10 minutes. 

ELECTROCHEMICAL 𝐴

=
1

𝑛
 𝑥𝑖

𝑛

𝑖=1

 
   Factory 7 Factory 8 Factory 9 
Parameter Limit Standard BT AT BT AT BT AT 

BOD5 mg/l 50 209 106.8 244 90 231 105 100.6 
COD mg/l 200 282 261 388 315 372 283 286.3 
TSS mg/l 150 100 48.9 320 86.2 282 42.40 59.17 
TDS mg/l 2100 5900 4063 8642 6916 8800 7462 6147 
PH mg/l 6.5-9 11 10.7 10.9 10 10.5 9.5 10.07 

TEMP 0C 40 40 39 42 40 42 40 39.67 
Note: Factory 7. Le Nouveau Tex (Pvt.) Ltd., Factory 8.Obony Dyeing Ind. Ltd. (Knitting Unit), Factory 
9.Evience Textile Ltd. 
 

Table5.6: Recovery percentage compared with international standard and 

electrochemical treatment, treatment time was 10 minutes. 

 

The recovery percentage equated with international standard shows that 

201.2%recovery of the oxidisable organic matter in wastewater after 10 min treatment. 

COD is 143.25%improve after 10 min treatment. Total suspended solids (TSS) 

recovery rate 39.45%after treatment in electrochemical treatment. Total dissolved solids 

(TDS) improve rate 292.7%.The investigation confirmations 100% recovery of 

hydrogen ions in the wastewater (pH) and temperature. Electrochemical ETP can 

efficiently satisfy BOD, pH, TSS, oil and grease requirements by changing treatment 

time. Electrochemical ETP usually considerable color removal. 

 
 

ELECTROCHEMICAL 
Recovery percentage  compared 
with international standard 

Parameter Limit Standard Avg. Recover Essential to recover 
BOD5 mg/l 50 100.6 201.2% -101% 
COD mg/l 200 286.3 143.25% -43.2% 
TSS mg/l 150 59.17 39.45% 60.55% 
TDS mg/l 2100 6147 292.7% -193% 
pH 

 
6.5-9 10.07 100% 0% 

TEMP 0C 40 39.67 99.18% 0.825% 
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Chapter- 6 
RESULTS & DISCUSSIONS  

 
 
The results obtained from the analysis of biological, physicochemical and 

electrochemical wastewater treatment plants of textile dyeing industry and detailed 

discussion on this study have been presented here in the following categories  

 

–Overall assessment of the financial analysis of the treatment plant using NPV, AE, IRR 

and payback period. 

_ Operational efficiency of after treatment results of the three different treatment plant of 

nine factories according to the recovery percentage compared with the national standard. 

 

After completing the overall assessment for all the three different -biological, 

physicochemical and electrochemical treatment plant, it is apparent that the biological 

treatment plant has the highest financial feasibility (chapter 4). This means that the 

overall performance of the biological treatment plant is the most preferred among the 

physicochemical and electrochemical treatment plant. On the other hand, the 

electrochemical treatment plant has obtained the lowest performance index.  Based on 

the same capacity (1200m3/day-50 m3/hr), the ranking of the three treatment plant cost 

analysis is shown in the following table chronologically. 

 
 
6.1 OVERALL ASSESSMENT OF THE COST ANALYSIS  

 

6.1.1 Initial Fixed Investments 
The following table 6.1 demonstrate that A comparison of initial fixed investments 

(excluding land price) amongst in biological, physicochemical and electrochemical 

treatment plant for same capacity of 1200m3/day(50 m3/hr). 
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Table 6.1:Assessment of initial fixed investments (excluding land price) amongst in 
biological, physicochemical and electrochemical treatment plant. 

 

 
Figure 6.1: Cost of plants machinery  and electricity installation , machinery and 

laboratory equipment and total initial fixed investments (excluding land price) and land 

area of biological, physicochemical and electrochemical treatment plant for capacity 

1200m3/day(50 m3/hr). 

 

The result shows that the required land area for biological treatment plant is four times 

more/ higher than physicochemical treatment plant and two times  more than 

0
25000
50000
75000

100000
125000
150000
175000
200000
225000
250000
275000
300000

Biological 

Physicochemical

Electrochemical

 Biological  Physicochemical  
( Appendix A Table 2) 

Electrochemical 

Capacity Per Day  1200m3/day 
(50 m3/hr) 

1200m3/day 
(50m3/hr) 

1200m3/day 
(50m3/hr) 

Land 4000-4500 sqft 1000 2200 sqft 
Plant Machinery 
Installation Cost (USD) 74,500 21818.18 59755.718 

Electrical Installation 
Cost(USD) 23,000 5454.54 25,400 

Machinery Cost(USD) 126,000 43181.81 199267.16 
Laboratory Equipment 
Cost(USD) 11,500 6818.18 18,500 

Initial Fixed Investment 
(Excluding Land 
Price)(USD) 

2, 35,000 52727.27 298778.59 
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electrochemical plants and the plant machinery installation cost also higher than others 

two plants. On the other hand the electrochemical electricity installation, machinery and 

also laboratory equipment cost is higher than biological and physicochemical treatment 

plant. Finally the total initial fixed investments (excluding land price) cost is much 

higher for electrochemical treatment plant. So the outcome be evidence for that the 

initial fixed investments (excluding land price) the category of the three plant amongst 

in the three is first physicochemical, second biological and last electrochemical. 

 

6.1.2 Operation& Management Cost 
The subsequent table 6.2 evaluations of operation & management costs among 

biological, physicochemical and electrochemical treatment plant for same capacity of 

1200m3/day (50 m3/hr). 

 

Table 6.2: A comparison of operation & management costs 

 
*sludge disposal cost was neglected 
 
 

 
 
 

 Biological  Physicochemical 
( Appendix A Table 3) 

Electrochemical 

Capacity Per Day  1200m3/Da
y 
(50 M3/Hr) 

1200m3/Day 
(50 M3/Hr) 

1200m3/Day  
(50m3/Hr) 

Total Chemical Cost /Year 
(USD) 

15406.65 60205.09 19757.45 AndECR 
Plate Cost 46811.25 

Electricity, Kwh (USD) 243.276 45.47 22075.2 
Total Man Power Remuneration 
/Year(USD) 

4728.46 1367.74 6826.44 

Oils  and Laboratory Reagents 1200 522.73 1500 
Operation & Management 
Costs(USD) 

21578.386 62141.03 96970.34 
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Figure 6.2: A comparison of total chemical cost, electricity, total man power wage, oils 

and laboratory reagents and total operation & management cost amongst in biological, 

physicochemical and electrochemical treatment plant for capacity 1200m3/day(50 

m3/hr). 

 
The outcome of the figure 6.2 demonstrates that the required chemical cost and 

electricity cost is minor amount for biological treatment plant. Conversely the 

electrochemical plants required chemical and electricity cost is higher than biological 

and physicochemical. On the whole the operation & management cost is biggest 
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amount for electrochemical treatment plant than biological and physicochemical. On 

the other hand the physicochemical treatment plant operation & management cost is 

also higher than biological. So the choice of preference according to operation & 

management cost is first biological, second physicochemical and last is electrochemical. 

 

6.1.3 Expenditure in Future Years 
Table 6.3 explains the review of expenditure in future years delimited by biological, 

physicochemical and electrochemical treatment plant for capacity 1200m3/day(50 

m3/hr). 

 

Table 6.3: Assessment of expenditure in future years for biological, physicochemical 

and electrochemical treatment plant. 

 

 Biological Physicochemical Electrochemical 
Year no. Operating Cost (USD) Operating Cost (USD) Operating Cost (USD) 
Capacity 
Per Day 

 

1200m3/Day(50 
M3/Hr) 

1200m3/Day (50m3/Hr) 
(Appendix A Table 4) 

1200m3/Day 
(50m3/Hr) 

01 Initialization  year Initialization  year Initialization  year 

02 27628.39 64186.48182 59872.45 

03 34259.62 68357.40909 70329.82 

04 34861.2 70557.27273 71099.86 

05 35483.83 72834.13182 71896.86 

06 36128.26 75190.68636 72721.76 

07 37498.25 77831.77273 75720.1 

08 38188.57 80356.16818 76603.75 

09 38900.05 82968.91818 77518.33 

10 39639.55 85673.11364 78464.91 

TOTAL 322587.7 677955.9545 654227.8 
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Figure 6.3: Appraisal of expenditure in future years of biological, physicochemical and 

electrochemical treatment plant  

 

Sensitivity analysis for application of expenditure in future year‘s renders that the 

increase of the heaviness age value mostly for the physicochemical treatment plant.The 

other treatment plants biological and electrochemical have shown very little impact on 

this attribute. In this case, the expenditure in future years is a great deal higher of 

physicochemical plant low impact for electrochemical. 

 

6.1.4 Appraisal Investment Operation & Management and 
Expenditure in 10 Years 
 
Evaluation of initial fixed investment (excluding land price), operation & management 

cost,  total expenditure in 10 years together with this  biological, physicochemical and 

electrochemical treatment plant for capacity 1200m3/day (50 m3/hr) is shown in table 

6.4 
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Table 6.4 : Evaluation of initial fixed investment, operation & management cost, total 
expenditure in 10 years. 

 

 

 

 

 
Figure 6.4: Valuation of initial fixed investment (excluding land price), operation & 

management cost,  total expenditure in 10 years simultaneously biological, 

physicochemical and electrochemical treatment plant for capacity 1200m3/day(50 

m3/hr). 
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Electrochemical(1200 
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 Biological  Physicochemical Electrochemical 
Capacity  1200m3/day 

(50 m3/hr) 
1200m3/day (50 m3/hr) 

(Appendix A Table 5) 
1200m3/day  
(50m3/hr) 

Initial Fixed Investment 
(Excluding Land Price) (USD) 

2, 35,000 52727.27 298778.59 

Operation & Management Costs 
(USD) 

21578.386 62141.03 96970.34 

Total Expenditure in 10 
Years(USD) 

322587.7 677955.95 654227.8 
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To conclude excluding land price the initial fixed investments cost is smaller amount 

for biological treatment. Without sludge disposal cost the operation & management 

expenses are also slighter of biological treatment than physicochemical and 

electrochemical treatment plant. In this case, for plant life time 10 years the expenditure 

in future years is also a diminutive for biological treatment plant. 

 
6.1.5 Appraisal of NPV, AE, IRR and Payback Period 
 
Table 6.5: Appraisal of NPV, AE, IRR and payback period of biological, 

physicochemical and electrochemical treatment plant. 

 

 
Figure 6.5 : Review of NPV, AE, and biological, physicochemical and electrochemical 

treatment plant. 

 

Sensitivity analysis of the aspects is done in this section to identify the significant 

attributes of the economical potentiality. The Net Present Value is calculated in the 

financial analysis section for biological (6 78432.39), physicochemical (-519133.77) 

Biological Physicochemic
al 

Electrochemica
l

Net Present Value 678432.39 -519133.77 -622582.5762
The Annual Equivalent 

value AE 92132.79 -70499.65 -84548.25

-800000
-600000
-400000
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0
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 Biological  Physicochemical  Electrochemical 
Net Present Value 678432.39 -519133.77 -622582.5762 
The Annual Equivalent value AE 92132.79 -70499.65 -84548.25 
IRR 14% No return    12% 
Payback Period ( time cumulative 
saving) 

 
7.39 Years No returns 8.18 Years 
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and electrochemical (-622582.5762) treatment plant. NPV values at identical discount 

rates at constant life of three different effluent treatment project evaluated at constant 

discount rate are integrated in figure 1 (Appendix –A). The comparison of decision 

parameters reveals that both NPV and AE (the annual equivalent value) is positive for 

biological treatment plant. So, the biological treatment plant was cost-effective at 

6.13% for 10 years lifetime. Physicochemical and electrochemical NPV and AE are 

negative. Thus, the project was significantly sensitive at 6.13%   discount rate for 

physicochemical and electrochemical treatment plant.  This two (physicochemical and 

electrochemical) treatment plant project was is uneconomical at 6.13%   discount rate. 

For physicochemical plant(NPV -519133.77, AE -70499.65) net present value and 

annual equivalent value is economical than the electrochemical (NPV-622582.5762, AE 

-84548.25) treatment plant project. Thus, the effluent treatment plant project is 

significantly sensitive to the changes in project diversity or length. 

 

 
 

Figure 6.6: Review of NPV, AE, and biological, physicochemical and electrochemical 

treatment plant. 
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The results (Figure 6.6, NPV, AE, IRR and payback period) provide economic 

justification of the validation without any reservation for biological treatment plant 

project. As, the installation of the treatment plant falls in the category of social 

obligation, over-expectation of returns can be safely put out-of-the-way. The financial 

returns and benefits of textiles industry have achieved as a result of satisfying this social 

obligation.  

 

6.2 RESULT OF OPERATIONAL EFFICIENCY  
 
The result of operational efficiency of BOD5, COD, TSS, TDS, DO, pH, TEMP is 

presented in table 6.6 of the three different treatment plants according to the recovery 

percentage compared with the national standard. 

 

Table 6.6: Evaluation of operational efficiency of the three different treatment plants 

 

 

 

 

 

 

 

 

 

The electrochemical techniques have been proved to be efficient in different oxidation 

or reduction steps of the textile processes. The overall results show that the BOD5, 

COD, TSS, TDS, DO, pH, TEMP all parameters recovery efficiency is best of 

electrochemical for 10 minutes treatment. The biological and physicochemical 

treatment also fulfill the recovery requirement of national standard.  

 

Recovery percentage  compared 
with international standard 

Parameter  
Biological 
Recovery present 

Physicochemical 
Recovery present  

Electrochemical 
Recovery present  

BOD5  44% 48% 201.2% 
COD 67.37% 67.17% 143.25% 
TSS 24% 24.67% 39.45% 
TDS 78.44% 74.95% 292.7% 
DO 100% 100% - 
pH 100% 100% 100% 
TEMP 86.65% 86.68% 99.18% 
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Figure 6.7.1 BOD, COD 

 
Figure 6.7.2 TSS, TDS 

 
Figure 6.7.3 pH, TEMP 

 

Figure 6.7 (1, 2, 3): The average wastewater characteristics after treatment recovery 

results percentages of nine different textile dyeing factory for biological, 

physicochemical and electrochemical treatment plant. 

The methodical comparison of the performance of one treatment plant against other 

treatment plants presents comparison of economical and operational efficiency. After 

Biological Recovery present

Physicochemical Recovery present 

Electrochemical Recovery present 

Biological Recovery present

Physicochemical Recovery present 

Electrochemical Recovery present 

Biological Recovery present

Physicochemical Recovery present 

Electrochemical Recovery present 
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standing the cost analysis and operational efficiency  the sensitivity analysis of the 

attributes, the economical benefit and un-economic of the plant project  in terms of their 

acceptance of national recovery rate for environment  manifestation is clear and the 

significant attributes are also clear that to which area and rate of parameter should focus 

to recover. 

 

Table 6.7: Overall cost effective, average economical and uneconomical evaluation 

 

The methodical comparison of the performance of one treatment plant against other 

treatment plant. Basically this comparison is done on the basis of economic viability as 

well as the treatment efficiency. With the comparison of the treatment efficiency and 

cost analysis the sensitivity of the attributes considering the economic and uneconomic 

benefits along with the acceptance of national recovery rate for environmental 

manifestation are very distinct. The significant attributes are also very clear to indicate 

the parameters should focus to recover. There are no such study were found of this 

nature on effluent decontamination efficiency and cost efficient treatment in 

Bangladesh, thus the outcomes of this thesis cannot be compared with those of any our 

predecessors. The NPV, AE, IRR and Payback Period are some very important criteria 

for grading a project as nonprofit able, profitable or socially acceptable and 

economically viable.  The decision rule is that if it is more than 1, the project is 

profitable and thus acceptable depending upon the expectation of the amount of profit 

by the investor. If it is less than one, it is non- profitable and thus not acceptable if it 
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does not fall in the category of social obligations. On the other hand if it is in between 2 

and 1, i.e, less than two but greater than one, project bigger value is acceptable for 

environmental obligations. The situation should be cross checked with the light of the 

other criterion that is Net Present Value or NPV of the Project. The decision rule is that 

if NPV is positive depending upon the extent of expectation of the entrepreneur, the 

project is acceptable If it is negative, then project is rejected provided as it does not fall 

in the category of social obligations. Usually, the projects meant to produce products 

for sale with an aim of competing in the market and consider as rejected if the NPV 

found negative. Undeniably, these may be considered for acceptance, if the loss is 

compensated by social benefits such as cleanliness of environment, response to a social 

need in case of unavailability of appropriate sources, , acknowledging the social 

responsibility towards cleaner products, creation of employment opportunities, etc. 

Considering all such, the results of biological project sensitivity towards changes in 

discount rate and plant life are very encouraging. The biological project is clearly 

feasible at 6.13% discount rate qualify favorable criteria as well as recovering the  

national standard of BOD5, COD, TSS, TDS, DO, pH, TEMP . In table 6.7 overall cost 

effectiveness, average economical and uneconomical review is evidence for that there is 

no uneconomical position for biological ETP as well as recovering the national standard 

overall 71.49%. Bangladesh is striving to move toward lower interest as a consequence 

of its aim elimination of interest in one digit. The Physicochemical and Electrochemical 

project became totally uneconomical at 6.13%discount rates (Table 6.5).This means 

that if the industrialists are trained in better maintenance of the effluent treatment 

plants, these can be highly economical for effluent disposal and refining the 

environment. Thus in the current situation, this alternative can be adapted. Let us now 

apply it to the current situation. There is no possibility of 5 year life and thus it was 

completed to the evaluation spectrum.  
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Chapter- 7 
 

CONCLUSIONS AND RECOMMENDATIONS  
 

 
7.1 CONCLUSIONS  
The cost and efficiency analysis have been made to draw a path to improved wastewater 

effluent treatment sector integrity. However, it was concluded that a biological 

treatment plant has both economic and environmental benefits. Finally it is revealed 

that the biological treatment of wastewater is not only economically feasible but also 

recovers the national standard as well as environmental reimbursements  and the plant 

precedes that all the benefits and it was shown that wastewater treatment was an 

optimistic sequence not only from an ecological point of view, but also financially 

viable. The cash flows of the effluent treatment plants were also be projected in this 

study and used to analyze the performance of the ETP‘s. The cash flow method was 

preferred over the plant accounting profits method, though the cash flow method 

considered the time value of money. The analysis shows that biological treatment is 

cost-effective then physicochemical and electrochemical treatment plant by 

accomplishing different cash flow based methods that were used to measure the 

financial feasibility. The physicochemical and electrochemical treatment plants may be 

considered for acceptance for social benefits such as cleanliness of environment, 

response to a social need if no other suitable source is available, making of employment 

opportunities, etc. though the plants are not cost-effective. The physicochemical and 

electrochemical plants become totally uneconomical in 6.13% discount rates. This study 

revealed that textile effluent treatment with biological methods is highly efficient and 

cost-effective as well as eco-friendly.   Government can take efforts to initialize bank 

loan to establish effluent treatment plants with minimum one digit interest.   In 

Bangladesh; Biological processes are always beneficial set up for treatment of textile 

wastewater. The process is completed by a limited energy and required slight 

chemicals. It has insignificant environmental impact and low-cost wastewater treatment 

than others. 
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7.2 RECOMMENDATIONS 
 

 The results of project sensitivity towards changes in discount rate and plant life 

will be very encouraging for future research. 
 The future study of cost benefit and breakeven analysis can be done to analyze 

the return and benefit of the project. 

 The sensitivity analysis of different project life time and different discount rate 

will provide the alternative plant as well as benefit of the project. 

 It is possible that the NPV may change for different life time of the project 

which may increase the economic value significantly.  

 A detailed economic analysis of different textile dyeing factory of Bangladesh 

may be done and can be use as reference for the guidance to do conduct further 

study.  

 A feasibility study may be carried to add in the current set up, a sludge 

processing operation to conversion into natural fertilizer. 

 Finally, the Company may engage some Environmental Expert who could work 

to improve the efficiency so that the pollution load after treatment may go 

further down to lower pollution charge that may, ultimately, translate into 

enhanced savings. 

The government of Bangladesh should increase present tax benefits for installing ETP 

and the DoE should directive all the manufacturing companies to install ETP. In 

addition, it is not enough to install ETP rather the performance of ETPs should be 

monitored, evaluated and prohibited in a cost efficient manner to get the highest 

consumption. DoE should scrutinize though monitoring the performance of ETPs is 

necessary to make sure effluents are accomplishing standards as required by national 

standard. ETPs must operate by and according to national standard if it wants to 

produce good effluents. Though it may emerge the investment, initialization and 

monitoring of ETPs is costly at the early stage but not excessive when the belongings of 

effluents on the environment and human health are considered. 
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APPENDIX-A 
 

 
Table 1: Average inflation rate from 2008 to 2017 

Year Inflation rate Average  
2008 5.001   

  
  
  

6.13 
  
  
  
  
  

2009 4.012 
2010 8.004 
2011 11.046 
2012 5.003 
2013 5.019 
2014 6.002 
2015 6.016 
2016 5.68 
2017 5.61 

 

Table 2: Conversion of physicochemical treatment capacity cost   2640 m3/day 
(110m3/hr) to 1200m3/day (50m3/hr) 

 

Table 3: Conversion of physicochemical treatment Operation & Management Costs 
from capacity 2640 m3/day (110m3/hr) to 1200m3/day (50m3/hr) 

 

 

 Physicochemical  Physicochemical 
Capacity Per Day  2640 m3/day (110m3/hr) 1200m3/day  (50m3/hr) 
Land 2200 sqft 1000 
Plant Machinery Installation Cost USD 48,000 21818.18 
Electrical Installation Cost USD 12,000 5454.54 
Machinery Cost USD 95,000 43181.81 
Laboratory Equipment Cost USD 15,000 6818.18 
Initial Fixed Investment  
(Excluding Land Price) 

USD 1, 16,000 52727.27 

 Physicochemical  Physicochemical 

Capacity Per Day  2640 M3/Day (110m3/Hr) 1200m3/Day (50 M3/Hr) 
Total Chemical Cost /Year (USD) 132451.2 60205.09 
Electricity, Kwh (USD) 100.04 45.47 
Total Man Power Remuneration /Year(USD) 3009.02 1367.74 
Oils  And Laboratory Reagents 1150 522.73 
Operation & Management Costs(USD) 136710.26 62141.03 
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Table 4: Conversion of physicochemical treatment Costs from capacity 2640 m3/day 
(110m3/hr) to 1200m3/day (50m3/hr) 

 

Table 5: Conversion of physicochemical treatment Costs from capacity 2640 m3/day 
(110m3/hr) to 1200m3/day (50m3/hr) 

 

Table 6: IRR calculation of physicochemical treatment plant 

NPV = −116000 −
403133.8

(1 + 𝑅)10
 

NPV = 0 = −116000 −
403133.8

(1 + 𝑅)10
 

116000  = −
403133.8

(1 + 𝑅)10
 

(1 + 𝑅)10 = −
403133.8

116000
 

(1 + 𝑅)10 = −
403133.8

116000
 

1 + R  = 10√−3.475 
1 + R  = −1.13i 
R     = −1.13i − 1 
 
 
 
 
 

Year no. Physicochemical  Physicochemical 
 Operating Cost (USD)  
Capacity Per Day  2640 M3/Day (110m3/Hr) 1200m3/Day  (50m3/Hr) 
01 Initialization  year Initialization  year  
02 141210.26 64186.48182 
03 150386.3 68357.40909 
04 155226 70557.27273 
05 160235.09 72834.13182 
06 165419.51 75190.68636 
07 171229.9 77831.77273 
08 176783.57 80356.16818 
09 182531.62 82968.91818 
10 188480.85 85673.11364 
TOTAL  1491503.1 677955.9545 

 Physicochemical Physicochemical 
Capacity  2640 m3/day  (110m3/hr) 1200m3/day (50 m3/hr) 
Initial Fixed Investment (Excluding Land 
Price)(USD) 

1, 16,000 52727.27 

Operation & Management Costs (USD) 136710.26 62141.03 
Total Expenditure in 10 Years 
 

1491503.1 677955.95 
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Figure 1: average inflation rate from 2008 to 2017 
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APPENDIX-B 

 
 

Table 2.1: Application of dye according to fiber characteristics (source: Ajmal et al., 2014 

[62]) 

Dye class Characteristics Fiber Dye fixation % Pollutant 

Acidic Water-soluble  anionic 
compounds 

Wool, nylon, cottonblends, 
acrylicandproteinfibers 80–93 Color; organicacids; unfixeddyes 

Basic Water-soluble, applied in weakly 
acidic dye baths, very bright dyes 

Acrylic, cationic, polyester, 
nylon, cellulosic, and 
protein fibers 

97 and98 N/A 

Direct 
Water-soluble,anionic 
compounds, appliedwithout 
mordant 

Cotton, rayon and other 
cellulosic fibers 

 
70–95 

Color; salts; unfixed dye; cationic 
fixing agents; 
surfactant; defoamer; 
levelling and retarding 
agents; finish; diluents 

 
Dispersive 

 
Insolubleinwater 

Polyester, acetate, 
mod acrylic, nylon, polyester, 
triacetate and olefin  fibers 

80–92 

Color; organic acids; 
carriers; levelling agents; phosphates; 
defoamers;lubricants; dispersants; 
delustrants; diluents 

Reactive 
Watersoluble,anioniccompounds,l
argestdye class 
 

Cotton,cellulosicandwool 60–90 
Color; salt; alkali; unfixed dye 
;surfactants;defoamer;diluents; finish; 
diluents 

Sulphur Organiccompoundscontainingsulf
urorsodiumsulfide 

Cotton and other cellulosic 
fibers 60–70 Color; alkali; oxidizing 

agent; reducing agent; 
unfixed dye 

Vat Oldest dyes, chemically complex, 
water-insoluble 

Cotton, wool and other 
cellulosic fibers 60–70 Color; alkali; oxidizing 

agents; reducing agents 

 

 

Table 2.2: Overall basic textile processing (source: EPA, 1998). 
  Textile Processing 

Dry Processing Wet Processing 
Yarnand
ThreadF
ormation 

Wovenor
KnittedFa
bricForma
tion 

Nonwove
nFabricF
ormation 

Carpetand
RugForm
ation 

NaturalFibe
r&FabricPr
eparation 

Dyeing & 
Fishing 

Printing Coating & or, 
lavation 

Heat-
Settling 

Slashing(
WovenFa
bric) 

Bonding Heat -
Setting 

WovenFibe
rsandWove
norKnittedF
abric 

YarnandT
hreadFabr
icCarpeta
ndRug 

Fabric,C
arpetand
Rug 

Cord, Thread 
,Fabric, 
Carpet and 
Rug 
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Table 2.3: Types of textile wastes produced (source: Moustafa, 2008). 

 
Process Emission Wastewater Solid Wastes 
Fiber preparation Little or none Little or none Fiber waste and packaging 

Yarn spinning Little or none Little or none Packaging wastes, sized yarn, fiber waste, 
cleaning and processing waste 

Slashing/sizing VOCs BOD, COD, metals, 
cleaning waste, size 

Fiber lint, yarn waste, packaging waste, 
unused starch-based sizes 

Weaving Little or none Little or none Packaging waste yarn and fabric scraps, 
off - spec fabric, used oil 

Knitting Little or none Little or none Packaging waste, yarn, fabric scraps. 

Tufting Little or none Little or none Packaging waste, yarn, fabric scraps, off-
spec fabric 

Desizing VOCs from glycol 
esters 

BOD from sizes lubricants, 
biocides, anti-static 
compounds 

Packaging waste, fiber lint,yarn waste, 
cleaning and maintenance materials 

Scouring 
VOCs from glycol 
ester and scouring 
solvents 

Disinfectants, insecticide 
recisues, NaOH, detergents 
oils, knitting lubricants, spin 
finishes, spent solvents 

Little or none 

Bleaching Little or none H2O2, stabilizers, high pH Little or none 

Singeing 

Small amount of 
exhaust gases from 
the burners exhaust 
with components 

Little or none Little or none 

Mercerising Little or none High pH, NaOH Little or none 

Heat setting 

Volatilization of 
spin finish agents-
synthetic fiber 
manufacture 

Little or none Little or none 

Dyeing VOCs 

Metals, salt, surfactants, 
organic processing 
assistants, cationic 
materials, colour, BOD, 
COD, sulphide, 
acidity/alkalinity, spent 
solvents 

Little or none 

Printing 

Solvents, acetic 
acid- drying and 
curing oven 
emission 
combustion gases 

Suspended solids, urea, 
solvents, colour, metals, 
heat, BOD, foam 

Little or none 

Finishing 

VOCs, 
contaminants in 
purchased 
chemicals, 
formaldehyde 
vapours, 
combustion gases 

COD, suspended solids, 
toxic materials, spent 
solvents 

Fabric scraps and trimmings, packaging 
waste 
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Table 2.4: Types and sources of solid wastes in textile manufacturing (source: Moustafa, 

2008) [11]). 
Source  Type of Solid Waste  
1.Mechanical operations of cotton and synthetics 
Yarn preparation  Fibers and yarns  
Knitting  Fibers and yarns  
Weaving  Fibers, yarns and cloth scraps  
2. Dyeing and finishing of woven fabrics  
Sizing, desizing, mercerizing, beaching, 
washing and chemical finishing  

Cloth scraps  

Mechanical finishing  Flock  
Dyeing/printing  Dye containers  
Dyeing/printing (applied finish)  Chemical containers  
Dyeing and finishing of knitted fabrics  Cloth scraps, dye and chemical containers  
3. Dyeing and finishing of carpets  
Tufting  Yarns and sweepings  
Selvage trim  Selvage  
Fluff and shear  Flock  
Dyeing, printing and finishing  Dye and chemical containers  

 
 
Table 2.5: Types and sources of gaseous emissions in textile manufacturing (source: Moustafa, 

2008). 
 

Process Source Pollutants 
Energy production  Emission from boiler  Particulates, nitrous oxides(Nox), 

sulphur dioxide (SO2)  
Coating, drying 
and curing  

Emission from high temperature 
ovens  

Volatile organic components 
(VOCs)  

Cotton handling 
activities  

Emission from preparation, 
carding, combing and fabrics 
manufacturing  

Particulates  

Sizing  Emission from using sizing 
compound (gums, PVA)  

Nitrogen oxides, sulphur oxide, 
carbon monoxide  

Bleaching  Emission from using chlorine 
compound  

Chlorine, chlorine dioxide  

Dyeing  Disperse dyeing using carriers 
sulphur dyeing  
Aniline dyeing  

Carriers  
H2S  
Aniline vapours 

Printing  Emission  Hydrocarbons, ammonia  
Finishing  Resin finishing heat setting of 

synthetic fabrics  
Formaldehydes  
Carriers – low molecular weight  
Polymers- lubricating oils  

Chemical storage  Emission from storage tanks for 
commodity and chemicals  

Volatile organic components 
(VOCs)  

Waste water 
treatment  

Emission from treatment tanks and 
vessels  

Volatile organic components, 
toxic emissions  
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Table 2.6: Average water consumption for various fabrics (source: Moustafa, 2008). 
 

Processing 
Subcategory  

Water Consumption (m3/ ton Fiber material) 
Minimum Median Maximum 

Wool  111 285 659 
Woven  5 114 508 
Knit  2 84 377 
Carpet  8.3 47 163 
Stock/yarn  3.3 100 558 
Nonwoven  2.5 40 83 
Felted fabric finishing  33 213 933 

 
 

Table 2.7: Percentage of water consumed during wet process (source: Ntuli et al., 2009) 

Process Water Consumed (%) 
Bleaching 38 

Dyeing 16 
Printing 8 
Boiler 14 

Other uses 24 
 

Table 2.8: Water required by cotton textile industry for the wet process 

(Source: Ntuli et al., 2009) 

Process Water Consumption (L/1000 kg 
of products) 

Sizing 500-8200 

Desizing 2500-21000 

Scouring 20000-45000 

Bleaching 2500-25000 

Mercerizing 17000-32000 

Dyeing 10000-300000 

Printing 8000-16000 
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Table 2.9: Water required by synthetic textile industry for its wet process (source: Ntuli 
et al., 2009) 

Process 
Water Requirements (L/1000 kg of products) 

Rayon Acetate Nylon Acrylic/Mo
dacrylic Polyester 

Scouring  17000-
34000 

25000-
84000 

50000-
67000 

50000-
67000 

25000-42000 

Salt bath  4000-12000 - - - - 
Bleaching  - 33000-

50000 
- - - 

Dyeing  17000-
34000 

34000-
50000 

17000-
34000 

17000-
34000 

17000-34000 

Special 
finishing  

4000-12000 24000-
40000 

32000-
48000 

40000-
56000 

8000 - 12000 

 
 

Table 2.10: Chemicals used in bleaching (source: Eswaramoorthi et al., 2008) 

Chemical 
Utilization (kg/100kg of cloth) 

Soft Flow Machine Winch 

Wetting agent 0.5 0.5 

Caustic soda 2.5 4.0 

Peroxide 3.0 4.0 

Lubricants 0.2 0.3 

Stabilizers 0.2 0.3 

Peroxide killer (oxidizing agent) 1.0 1.0 

Acetic acid 2.0 2.0 
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Table 2.11: Chemicals used in dyeing (source: Eswaramoorthi et al., 2008) 

Chemicals  Utilization (kg/100 kg of cloth) 
 Soft Flow Winch 
Lubricants (kg)  0.3 0.4 
Sequestering agent (kg)  0.6 1 
Dye stuff (kg)  
Light Shade  0.150 0.150 
Medium Shade  1.5 1.5 
Dark Shade  10 10 
Soda ash (g/L)  
Light Shade  6 6  
Medium Shade  11 11  
Dark Shade  20 20  
Sodium chloride (g/L)  
Light Shade  15 15 
Medium Shade  45 45 
Dark Shade  90 90 
Acetic acid (kg)  2.5 3.0 
Soap (kg)  1.0 1.0 
Fixing (kg)  1.0 1.0 
Softener (kg)  2.0 2.0 

 
 

Table 2.12: Unfixed dyes (Source: Dyes and Pigments, 2010) 

Fibre Dye Type Unfixed Dye (%) 

Wool and nylon 
Acid dyes/ reactive dyes for wool 7-20 

Pre-metalized Dyes 2-7 

Cotton and viscose 

Azoic dyes 5-10 
Reactive dyes 20-50 

Direct dyes 5-20 

Pigment 1 

Vat Dyes 5-20 
Sulphur dyes 30-40 

Polyester Disperse 8-20 
Acrylic Modified basic 2-3 
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Table 2.13: Characteristics of typical untreated textile wastewater 
(source:Eswaramoorthi et al., 2008) 

 

Parameter Range 
pH  6-10 
Temperature (oC)  35-45 

Total dissolved solids (mg/L)  8,000-12,000 
BOD (mg/L)  80-6,000 
COD (mg/L)  150-12,000 
Total suspended solids (mg/L)  15-8,000 
Total Dissolved Solids (mg/L)  2,900-3,100 
Chlorine (mg/L)  1,000-6,000 
Free chlorine (mg/L)  <10 
Sodium (mg/L)  70% 

Trace elements (mg/L) 
Fe  <10 
Zn  <10 
Cu  <10 
As  <10 
Ni  <10 
B  <10 
F  <10 
Mn <10 
V  <10 
Hg  <10 
PO4  <10 

Cn <10 
Oil & grease (mg/L)  10-30 
TNK (mg/L)  10-30 
NO3-N (mg/L)  <5 

Free ammonia (mg/L)  <10 
SO4 (mg/L)  600-1000 

Silica (mg/L)  <15 
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Table 2.14: Sources of water Pollution at various stages of processing (source:Laxman, 
2009) 

Process  Possible Pollutants  Nature of Effluent  

Desizing Starch, glucose, PVA, resins, fats 
and waxes not exert a high BOD.  

Very small volume, high BOD (30-50% 
of total), PVA.  

Kiering  
Caustic soda, waxes, soda ash, 
sodium silicate and fragments of 
cloth.  

Very small, strongly alkaline, dark color, 
high BOD values (30% of total)  

Bleaching  Hypochlorite, chlorine, caustic soda, 
hydrogen peroxide, acids.  

Small volume, strongly alkaline, low 
BOD (5% of total)  

Mercerizing  Caustic soda  Small volume, strongly alkaline, low 
BOD (Less than 1% of total)  

Dyeing  
Dye stuff, mordant and reducing 
agents like sulphides, acetic acids 
and soap  

Large volume, strongly colored, fairly 
high BOD (6% of total)  

Printing  Dye, starch, gum oil, china clay, 
mordants, acids and metallic salts  

Very small volume, oily appearances, 
fairly high BOD.  

Finishing  Traces of starch, tallow, salts, special 
finishes, etc.  

Very small volume, less alkaline, low 
BOD.  

 

 

Table 2.15: Toxic aromatic amines derivatives from azo dyes (source:Jain et al., 2003). 
 

Aromatic Amine Group Human Carcinogenic Evidences 
1-Napthylamine  Slight/Mixed 
2-Napthylamine  Good 
2,5-Diaminotoluene  Slight 
3,3‘-Dichlorobenzidine  Slight/Mixed 
3,3‘-Dimethoxybenzidine  Slight/Mixed 
3,3‘-Dimethylbenzidine  Slight 
4-Biphenylamine  Good 
4-Nitrobiphenyl  Slight/Mixed 
4,4`-Methylenebis (2-chloroaniline)  Slight 
Auramine Slight 
Benzidine Good 
Magenta  Slight 
N-Phenyl-2-napthylamine  Slight 
N,N-Bis(2-chloroethyl)-napthylamine Good 
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Table 2.16: Pollution loads from the textile wet processing (source: Ntuli et al., 2009). 
 

Parameter Pollutant Load 
                                             Maximum Minimum Average 

Inorganic load (kg.day-1) 15,356 5 964 
Organic load (kg COD.day-1) 7793 100 1766 
 
 
Table 2.17: Effluent standards for the textile sector (Source: editorial of Textile Today 

on Textile effluents, their treatment and discharge in Bangladesh retrieved from 
Environmental Conservation Rules, 1997, Bangladesh) 

 

Parameters 

Effluent 
Discharged 
Water 
Standards/Limit 
(mg/l) 1 

Standard 
for Wet 
Processing 
(mg/l)) 2 

Avg. Discharge 
quality of 
Bangladeshi ETP‘s 
(Biological Based) 
(mg/l) 3 

Total Suspended Solid 100 1 15-50 

BOD5 20°C 150* 50 30-50 

COD 200 200 100-150 

DO 4.5-8 
Not 
Permitted 4-5 

Oil & Grease 10 1 1-3 

Total Dissolved Solid 2100 200 1500-2100 

pH 6.5-9 7-8 7-8 

Color – Colorless Colorless 

Smell – Odorless Odorless 

 
Note:1Schedule – 12 (B), Environmental Conservation Rules, 1997, Bangladesh 

2Practice of Textile Coloration, Volume-1,MForhadHossain 
3Textile Talent Hunt (TTH 2010) Project of Md. Rashaduzzaman, Champion, Textile Talent Hunt 2010 
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Table 2.18: Typical characteristics of combined effluent from the processing cotton and 
synthetic blends- (source: Environmental Technology best practice program, 1997) 

Parameter Woven fabric 
finishing 

Knit fabric  
finishing 

Stock and yarn 
dyeing and finishing 

BOD (mg/I) 550-650 250-350 200-250 
Suspended solids (mg/l) 185-300 300 50-75 
COD (mg/l) 850-1200 850-1000 524-800 
Sulfide 3.0 0.2 0-0.09 
Color (ADMl units)  325 400 600 
pH  7-11 6-9 7-12 
 

Table 2.19: National Standards – Waste Discharge Quality Standards for Industrial 
Units and Projects: Quality at Discharge Point (source: DoE, Bangladesh, 2008) 

 
   Parameter 

 
 Unit 

Location of Final Disposal 
Inland SurfaceWater1 Public Sewer1 Irrigated Land1 

Ammonia (free ammonia) mg/L 5 5 15 
Ammoniacal Nitrogen (as N) mg/L 50 75 75 
Arsenic (As) mg/L 0.2 0.5 0.2 
BOD5 20oC mg/L 50 250 100 
Boron (B) mg/L 2 2 2 
Cadmium (Cd) mg/L 0.05 0.5 0.5 
Chloride (Cl-) mg/L 600 600 600 
Chromium (hexavalent Cr) mg/L 0.1 1.0 1.0 
Chromium (total Cr) mg/L 0.5 1.0 1.0 
COD mg/L 200 400 400 
Copper (Cu) mg/L 0.5 3.0 3.0 
Cyanide (CN) mg/L 0.1 2.0 0.2 
Dissolved Oxygen (DO) mg/L 4.5-8 4.5-8 4.5-8 
Dissolved Phosphorus (P) mg/L 8 8 10 
Electrical Conductivity μMho/cm 1200 1200 1200 
Fluoride (F) mg/L 7 15 10 
Iron (Fe) mg/L 2 2 2 
Lead (Pb) mg/L 0.1 0.1 0.1 
Manganese (Mn) mg/L 5 5 5 
Mercury (Hg) mg/L 0.01 0.01 0.01 
Nickel (Ni) mg/L 1.0 1.0 1.0 
Nitrate (N molecule) mg/L 10.0 Undetermined 10.0 
Oil and Grease mg/L 10 20 10 
pH  6-9 6-9 6-9 
Phenol Compounds (C6H5OH) mg/L 1.0 5 1 
Radioactive Materials As determined by Bangladesh Atomic Energy Commission 
Selenium (Se) mg/L 0.05 0.05 0.05 
Sulfide (S) mg/L 1 2 2 
Temperature – Summer oC 40 40 40 
Temperature – Winter oC 45 45 45 
Total Dissolved Solids (TDS) mg/L 2100 2100 2100 
Total Kjeldahl Nitrogen (N) mg/L 100 100 100 
Total Suspended Solids (TSS) mg/L 150 500 200 
Zinc (Zn) mg/L 5.0 10.0 10.0 

Notes:(1) Land Surface Water refers to any pond, tank, water body, waterhole, canal, river, spring 
orestuary Public Sewer refers to any sewer connected with fully combined processing plant 
including primary and secondary treatment. Irrigated Land refers to an appropriately 
irrigated plantation area of specified crops based on quantity and quality of wastewater 
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Figure 2: Flow chart indicating dye classification on the basis of dye chemical 

constitution and its application. (source: Ajmal et al.,2014) 
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APPENDIX-C 
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I. Information of the Respondent  
 
Please write down country, name, institutional affiliation, job title, e-mail, and mobile number of the main individual 
responsible for completing this questionnaire. This information will remain strictly confidential.  
 
Country: 
______________________________________________________________________________ 
Name of individual: 
______________________________________________________________________________ 
Organization: 
______________________________________________________________________________  
Designation 
______________________________________________________________________________ 
Responsibility: 
______________________________________________________________________________ 
E-mail: 
______________________________________________________________________________ 
Mobile: 
______________________________________________________________________________ 
 



99 
 

II. Please note before beginning to answer  

1. Answer every question.  
2. In order to answer the questions, you are expected to collect information from official sources, and 
provide sources of information where applicable.  
3. Most of the question has options to add additional information of official documents about your 
answer. We encourage you to do this. 
 
 
1. What kind of effluent treatment plant you are using in your factory, why? 
 
Answer:  
2. What is its capacity per day, per hour? 
 
Answer:  
 
3. Please provide the land area, installation cost, civil cost and machine and 
equipment cost. 
 
Answer:  
Official document citation:  

a) Cost information document. 

4. What was the installation year and project life time of the plant? 
 
Answer: 
5. How many employees and labor working in the ETPs project? 
 
Answer: 
6. What is its monthly operation and management cost? 
 
Answer: 
Official document citation:  
7. What types of chemicals and oil and lubricant needs for that plant, in your 
factory. 
 
Answer: 
8. Please provide the following information on the document that provides the 
operational efficiency of your ETPs. 
 
 
Official document citation:  

b) Wastewater characteristics lab report on before treatment and after treatment 
results of your factory ETP. 

_______________________________________________________________ 
THANK YOU FOR YOUR RESPONSES  
Please ensure that you have answered all questions and that your responses are 
consistent.  
Email the additional documents to Md. Arafat Hossain, arafathossain@buft.edu.bd. 

 

mailto:arafathossain@buft.edu.bd

