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1. Introduction

Towef0 (Towards effluent zero) is the acronym of the European Community project N° EVK1-CT-2000-00063 titled "Evaluation of the effect of the IPPC application on the sustainable waste water management in textile industries": the Directive CE 61/906 "Integrated Pollution Prevention and Control" (IPPC) is going to be implemented in all European countries and Best Available Techniques (BAT) will be defined for several industrial processes.

The project objective is to establish a multi-criteria integrated and coherent implementation of Good Environmental Practices (GEP) and, therefore, water saving strategies in textile finishing processes, taking into account the treatment of industrial waste water effluent (Urban Waste Water Treatment Directive 91/271 EEC) and the impact of the final discharge to the water recipient bodies (Water Framework Directive COM (98).

This multi-criteria integrated approach, aimed to promote the efficient use of resources within textile finishing industries, characterised by large use of water, will be implemented to optimise the overall impact on the environment.

The integrated multi-criteria methodology coupled with an effective regulatory policy will contribute to the improvement of competitiveness of textile finishing industries and this might contribute to the negative effects of the globalisation on the textile finishing industries in Europe.

2. Description of the activities

The Towef0 project comprises fourteen workpackages (WP); each WP represents a main work field and is subdivided in job cards (work tasks).

In the frame of work package 3 (Quantitative evaluation of GEP applications. Case studies in the cotton industries) five representative Belgian textile finishing companies have been selected, mainly finishing cotton.

For each company information was collected concerning the utilities (water, energy, steam) consumed for the complete company and for the main processes in particular. Moreover detailed process information was orderly presented, like type of raw material processed, amount and type of chemicals and dyestuff used, process conditions needed (temperature, pH, time), amount and quality of the generated waste water, specific water use (l/kg), etc. This data collection was carried out for the main processes performed, not only with pure cotton (CO) as raw material but also for mixtures with polyester (PES) and polyamide (PA) and processes in which pure synthetic fibres are finished. This was necessary to close the water balance of the companies finishing different raw materials.

WP3 is separated into three job cards:

WP3.01.8: Selection of five textile industries based on quantitative evaluation of GEP application.

WP3.02.8: Process identification,

WP3.03.8: Collection and elaboration of process data.

The objectives of this work package are:

· to evaluate textile processes and GEP applications in cotton finishing processes;

· to collect and elaborate data for the following work packages.

3. Selection of the five companies

According to WP1 results ("Qualitative survey on GEP application in the textile finishing industries") , five Belgian textile finishing companies have been chosen to represent the cotton finishing industry, both pure cotton and mixtures with synthetic fibres, like polyester and polyamide. 

Each company, identified by an alphanumerical code, is mainly devoted to the manufacturing of a specific fibre, indicated as well in the table:

Table 1: The selected five industries in Belgium
	Company code
	Type of mill
	Manufactured fibre
	Make-up
	Market segment

	B01
	pre-treatment/dyeing/finishing
	cotton, wool, viscose, polyester: pure and mixtures
	yarn/fabric
	commission finisher

	B02
	pre-treatment/dyeing/finishing
	cotton, polyester/cotton
	yarn/fabric
	clothing textiles

	B03
	pre-treatment/dyeing-printing/finishing
	polyester/cotton, polyamide/cotton
	fabric
	clothing textiles

	B04
	pre-treatment/dyeing/finishing
	cotton
	yarn/fabric
	clothing - interior textiles

	B05
	pre-treatment/dyeing/finishing
	cotton, mixtures of cotton with polyester, polyamide, flax, wool, viscose
	fabric
	clothing and technical textiles


4. Methodology

A specific methodology to collect data in the companies has been studied and reported in the document n° IE-302-001 titled "Manual for process identification and data collection sheet".

The methodology consists in an environmental audit inside the factory, with the involvement of company management and leads to the issue of a document called "Process Identification and DAta Collection Sheet", identified with the acronym "PIDACS".

The most important information reported on company PIDACS are qualitative and quantitative mass balances.

The company activity is split in relevant departments and, for each of them the most important processes are defined in terms of manufactured fibres quantity, number of processed run, equipment, and chemicals used.

This leads to the identification of the impact of some processes on the total water usage related to the type and quantity of manufactured textile material.

For each type of used water, a quantity of water is associated to each process identified in the company, so that total usage is divided and weighted for every single process.

Together with the process identification, waste water samples were collected and analysed in order to identify the pollution load of the discharged water; the most important parameter identified is COD concentration (in mg/l), i.e. chemical oxygen demand. The COD concentration is used to issue the organic pollution load balance; an organic load quantity is associated to each process identified in the company. For some processes also the BOD, biochemical oxygen demand (mg/l), has been measured, to get an idea about the biodegradability of some effluent streams.

Other parameters such as temperature (in °C), total suspended solids (in mg/l) and conductivity (in mS/cm) are measured because of their concern to the development of other work packages (WP5: "Characterisation and design of wastewater " and WP6: Waste water treatment").

Specific treatments of side streams in some companies are reported because of their importance regarding to the environmental impact as a whole.

5. Data collection results.

5.1: B01 company

Activity 

B01 is a commission finisher, meaning that the company finishes all kinds of textile material for their clients without being the owner of the textile goods. This implicates that an enormous amount of fibre types are handled and as a consequence that the company disposes of a big amount of different equipment. The use of all this machines and the application of all the possible recipes fluctuates a lot in time, since they are completely depending on the demand of their clients.

The company has 2 main divisions, i.e. dyeing of yarn (9569000 kg) and dyeing of fabric (2839000 kg). The raw materials are pre-treated and dyed in a batch mode. The most important machines are: wrinch bac, jigger, overflow and airflow for piece dyeing and beam, bobine and hank dyeing machines for yarn dyeing.

Since the activity of the company is so wide, a selection have been made, i.e. pre-treatment and dyeing of pure polyester, both yarn (465000 kg) and fabric (855000 kg). The light and medium colour shades are not followed by a reduction cleaning, as it is the case for the dark colour shades. 

Water treatment and consumption
The inlet water (W2 type: 857839 m³) is pumped out of an artesian well and can be used for all textile finishing processes without being pre-treated. The dosage of salt for the dyeing of cotton is adapted to the conductivity already present in the ground water (0.9 mS/cm). The groundwater is soft and free of iron, manganese and organic pollution.

The amount of water used for steam production is 41472 m³, which is used for heating of baths (direct and indirect heating).

The yarn dyeing of polyester consumes 13920 m³ water, divided in 40% for the dyeing of light and medium colour shades (without reduction cleaning) and 60% for the dyeing of dark colour shades (with reduction cleaning). The specific water consumption for the yarn dyeing of polyester is 30 l/kg. The reduction cleaning, processed when dark colours are dyed, is performed in the dyeing bath and does not consume extra water.

The water consumption for piece dyeing of polyester amounts 34200 m³, 65% for the dyeing of light and medium colour shades (without reduction cleaning) and 35% for dark colour shades (with reduction cleaning). This results in a specific water consumption of 40 l/kg for the washing (degreasing) and dyeing of polyester, regardless of the colour. The reduction cleaning for dark colour shades can as well be performed in the dyeing bath, avoiding the use of extra water.

Water discharge and COD load
The waste water of the company is sent to an equalisation basin (pH and temperature), before being discharged to the sewer. The average quality of the discharged effluent is: COD 700 mg/l, BOD 210 mg/l, suspended solids 50 mg/l, total nitrogen 33 mg/l and total phosphor 2.8 mg/l.

The discharged effluent for polyester dyeing is 13950 m³, the same as the influent flow rate since the processes are carried out in completely closed machinery and no evaporation is occurring. 

The total COD load for pre-treatment and dyeing of polyester is 122630 kg. The discharged COD load for dyeing of polyester yarn is 18243 kg, i.e. 15% of the total. The pre-treatment and dyeing of polyester fabric causes a COD load of 104387 kg (85% on total). The pre-treatment is responsible for 55181 kg COD (45% on total) and the dyeing of polyester fabric 49206 kg (40% on total).

5.2: B02 company

Activity 

B02 is an integrated company processing mainly cotton, i.e. spinning, weaving and finishing. The cotton is finished partly as yarn and partly as fabric. The most important end product is denim fabric, which is a living fabric, i.e. the colour shade changes a bit after every household washing . This is possible when the yarn is not dyed deeply in the core or when the yarn is dyed several times and under different conditions (i.e. as yarn and as fabric).

The total amount of cotton finished is 16777000 kg, partly as yarn, partly as fabric and partly both as yarn and fabric. For the treatment of fabric the company disposes of a bleaching line, two continuous dyeing lines and a finishing line and stenter. The pre-treatment and dyeing of yarn is as well performed on continuous lines (4 in total), mainly dyeing of denim with indigo dyestuff.

All of the cotton raw material is processed on several machines, i.e. 5796000 kg (34.5% on total) is bleached, 7507000 kg is dyed as fabric (44.7% on total), 9480000 kg is dyed as yarn (56.5% on total) and all of the cotton is finished. 

Water treatment and consumption
The inlet water (W2 type: 396510 m³) is ground water from a freatic well. This water needs to be degassed, softened and de-ironed. The pre-treatment of the groundwater causes a loss of 10% of the pumped volume. 

Next to this another water source is used, W3 i.e. recuperated water with a total amount of 49345 m³ per year. This water is mixed with the pre-treated groundwater and used as process water for all kind of applications. 

The total amount of process water used for the pre-treatment, dyeing and finishing of cotton is 406204 m³. The bleaching of cotton fabric consumes 46368 m³ (11.4% on total) with a specific water consumption of 8 l/kg. The piece dyeing department consumes 72808 m³ (17.9% on total), this implicates a specific water consumption of 10 l/kg. The finishing of the fabrics is done with 43200 m³ (10.6% on total) water, i.e. a specific water consumption of 2.7 l/kg. The dyeing of yarn is a very specific dyeing procedure and consumes 243828 m³ a year (60% on total) or a specific water consumption of 25.7 l/kg.

Water discharge and COD load
The waste water is collected in a buffer basin before being treated in 2 steps: physico-chemical and biological. At the moment of the PIDACS audit the waste water treatment plant was much too small for the flow rate of waste water produced by the company. Tests were performed for the construction of a new and much bigger biological treatment plant. 

The effluent flow rate is 294 060 m³/yr and the average concentrations of the discharged effluent (after incomplete physico-chemical and biological treatment) are: COD 958 mg/l, BOD: 131 mg/l, total nitrogen: 52 mg/l and total phosphor: 7.16 mg/l.

The total COD load discharged amounts 1575326 kg. This load is discharged in 306270 m³ water, which is the amount of water sent to the treatment plant. This corresponds to a COD concentration of 5144 mg/l. 

The pre-treatment department generates a big portion of this COD load, i.e. 707729 kg. The most important pre-treatment processes are desizing/boiling (30% of the production, 268470 kg COD) and desizing/bleaching (70% of production, 439259 kg COD). 

The dyeing of fabric is performed with 3 types of dyestuff, sulphur dyeing (60%), vat dyeing (25%) and direct dyeing (15%). The COD load for the respective dyeings are 206841 kg, 34782 kg and 92435 kg. This results in a total COD load for the piece dyeing department of 334058 kg.

The yarn dyeing department generates a total COD load of 533539 kg, this is divided over 3 types of dyestuff: vat dyeing (94469 kg COD, 15% of production), indigo dyeing (153108 kg COD, 50% of production) and sulphur dyeing (285962 kg COD, 35% of production).

5.3: B03 company

Activity 

B03 is a finishing company belonging to an integrated textile group, processing mainly synthetic fibres, pure and in mixtures with cotton. The main end product of the company is clothing, more specific casual wear and sportswear.

The company only finishes fabric, the total amount is 5667200 kg. The most important raw material is a mixture of polyester and cotton (PES/CO), 48.6% of total (2758600 kg). The other fibre types are polyamide/cotton (PA/CO) (691000 kg), polyester (PES) (1774080 kg) and polyamide (PA) (443520 kg).

The fabric is pre-treated, dyed or printed on a big diversity of equipment. All of the fabrics are pre-treated on continuous lines. 

Part of the dyeing is done on batch machinery, i.e. jets (1154048 kg), while the biggest amount is dyed continuously (in total 10752000 kg, some fabrics are dyed twice: e.g. dyeing of polyamide part in PA/CO mixtures on jet and dyeing of cotton part on continuous line). 

Some fabrics are printed, both printing with pigments of PES/CO (352000 kg) and printing with dyestuff of pure PES (disperse dyestuff) and PA (acid dyestuff) (88000 kg). The total amount of fabric passing the printing department is 1456000 kg.

Water treatment and consumption
The inlet water (W2 type: 389257 m³) is pumped out of an artesian well and can be used for all textile finishing processes without being pre-treated. The dosage of salt for the dyeing of cotton is adapted to the conductivity already present in the ground water (0.7 mS/cm). The groundwater is soft and free of iron, manganese and organic pollution.

The amount of water used for steam production is 8000 m³, which is used for bleaching of cotton and fixation of dyestuff both in the dyeing and printing department. Part of the steam is transformed into superheated steam for the development of disperse dyestuff (printing department).

A big water consumer is the pre-treatment of fabrics, i.e. 144921 m³ (37% on total) or a specific water consumption of 25.6 l/kg. 

The dyeing department has a total consumption of 192179 m³, divided in 65097 m³ for the batch dyeing (56.4 l/kg) and 127082 m³ for the continuous dyeing of the fabrics 11.8 l/kg as specific water consumption. The printing department has a water consumption of 44157 m³/yr, which means a specific water consumption of 30 l/kg.

Water discharge and COD load
The waste water is collected in a buffer basin where pH, temperature and flow rate are equalised before the water is discharged into the sewer. The sewer is at that point not yet connected to a municipal waste water treatment plant.

The effluent flow rate is 299541 m³ a year and the average concentrations of the discharged effluent are: COD 1046 mg/l, BOD 197 mg/l, suspended solids 97 mg/l, total nitrogen 12.3 mg/l and total phosphor 2.2 mg/l.

The discharged flow rate can be divided in: pre-treatment 42.6%, batch dyeing 19%, continuous dyeing 25.2% and printing 13%.

The total discharged COD load amounts 711796 kg. The division of the pollution load is more or less equal over the different departments: the pre-treatment generates 193018 kg COD (27.1% on total), the batch dyeing is responsible for 198100 kg COD (27.8% on total), the continuous dyeing discharges 148837 kg COD (20.9% on total) and the printing department generates 171841 kg COD (24.1% on total).

5.4: B04 company

Activity 

B04 is an integrated company spinning, weaving and finishing cotton. The finishing is cotton is for 80% done as fabric and only for 20% as yarn. The end products of the company are mainly towels and bath wrap.

The total amount of cotton finished is 7316000 kg. Since both yarn and fabric is finished the company can be split in 2 departments: fabric dyeing and yarn dyeing. For the latter bobine autoclaves (1463200 kg) are used. While the fabric finishing is done on continuous lines: a pre-treatment line (5852800 kg) and a dyeing line (pad-steam) (4791231 kg).

On the pre-treatment line the desizing and bleaching of cotton is combined. Both the dyeing of cotton yarn and fabric is done with 2 types of dyestuff, i.e. reactive and vat dyestuff. The partition for yarn dyeing is 50/50, for fabric dyeing 57% is dyed with reactive dyestuff. 

Water treatment and consumption
The inlet water (W2 type: 553073 m³) is ground water from a freatic well. This water needs to be softened and de-ironed. The pre-treatment of the groundwater causes a loss of 9.2% of the pumped volume.

Next to this another water source is used, W3, i.e. rain water with a total volume of 35271 m³ per year. This water receives a treatment via filtration and is used for steam production. The steam is used for heating of water and for contact drying.

The total amount of ground water used for the pre-treatment, dyeing and finishing of cotton is 509041 m³ a year. The pre-treatment (desizing and bleaching) of fabric consumes 116950 m³ (23% on total), with a specific water consumption of 20 l/kg. The continuous dyeing of fabric is the biggest water consumer, i.e. 311430 m³ (61.1% on total), with a specific water consumption of 65 l/kg. The yarn dyeing department consumes 77010 m³ of water (15.1% on total), with a specific water consumption of 53 l/kg. 

Water discharge and COD load
The waste water is collected in a buffer basin before being treated in a biological waste water treatment plant. The effluent of this treatment plant is discharged into the sewer.

The effluent flow rate is 489638 m³ a year and the average concentrations of the discharged effluent (after biological treatment) are: COD: 610 mg/l, BOD: 12 mg/l, total nitrogen: 27 mg/l and total phosphor: 16 mg/l.

The total COD load discharged amounts 859810 kg. This load is discharged in 453984 m³, which is sent to the biological waste water treatment plant. This corresponds to a COD concentration of 1890 mg/l.

The most important COD load is discharged by the fabric dyeing department , i.e. 493304 kg (57.4% on total). This is more or less 50/50 divided over reactive and vat dyeings.

The second COD source is the pre-treatment of cotton, i.e. 308748 kg (35.9% on total).

The dyeing of yarn in bobine autoclaves generates a COD load of 57758 kg (6.7% on total). This load is equally divided over reactive and vat dyeing.

5.5: B05 company

Activity 

B05 is an integrated company processing mainly cotton, both pure and in several types of mixtures. The composition of the most important mixture is cotton/polyester. The company has an own spinning, weaving, dyeing and finishing department. The main end products of the company are clothing and technical textiles.

The total amount of textiles finished is 10507140 kg, all of it is finished as fabric on (semi) continuous equipment. The pre-treatment is dome on a combination of semi-continuous and continuous machinery. The different pre-treatments performed are: bleaching, bleaching + oxidative desizing and enzymatic desizing for heavy fabrics. All of the cotton is mercerised on a continuous line. The dyeing of the fabrics can be done on 1 of the 5 (semi) continuous lines. The most important dyestuff used are reactive vat, disperse dyestuff. The amount of cotton dyed with reactive dyestuff is 559440 kg, with vat dyestuff 3430350 kg. The amount of polyester/cotton dyed with disperse/vat dyestuff is 3430350 kg. 

Water treatment and consumption
The inlet water (W2 type: 500000 m³) is groundwater from a freatic well. This water needs to be de-ironed and softened. The pre-treatment of the groundwater causes a loss of 10% of the incoming water volume. This is the only water source used in the company. 

The water used for steam production (50000 m³) receives an extra pre-treatment, i.e. demineralisation. The steam is used for the heating of baths (indirect heating of the new machinery and direct heating for the old ones) and the fixation of vat dyes in the steamer.

The total amount of process water used for the pre-treatment and dyeing of cotton is 382110 m³. The pre-treatment of the fabric consumes 78305 m³ (20.5% on total) with a specific water consumption of 14 l/kg. All the fabrics are mercerised, this causes a water consumption of 49367 m³ (12.9% on total) with a specific water consumption of 10 l/kg. 

The dyeing department has a total water consumption of 254438 m³ (66.6% on total). This is divided over:

· the dyeing of cotton with reactive dyestuff, consuming 99994 m³ of water (39.3% of dyeing department) and 17.9 l/kg
· the dyeing of cotton with vat dyestuff, consuming 74442 m³ of water (29.3% of dyeing department) and 21.7 l/kg
· the dyeing of cotton/polyester, consuming 80003 m³ of water (31.4% of dyeing department) and 23.3 l/kg

Water discharge and COD load
The waste water is without buffering discharged into the sewer. 

The effluent flow rate is 330228 m³ a year and the average concentrations of the discharged effluent are: COD: 2000 mg/l, BOD: 900 mg/l, suspended solids: 50 mg/l, total nitrogen: 40 mg/l and total phosphor: 5 mg/l.

The total discharged COD load amounts 640461 kg, this results in an average COD concentration of 1940 mg/l. The pre-treatment is responsible for 46.3% (296704 kg COD), the mercerisation for 8.3% (52845 kg COD) and the dyeing department for 45.4% (290912 kg COD).

The pre-treatment of cotton causes a COD load of 137159 kg (46.2% of pre-treatment COD load). The pre-treatment of polyester/cotton mixtures is responsible for 159545 kg of COD (53.8% of pre-treatment COD load). The average COD concentration of the pre-treatment effluent is 4540 mg/l.

The mercerisation generates a COD pollution of 52845 kg, equally divided over cotton and cotton/polyester. The effluent has an average COD concentration of 1220 mg/l.

The dyeing of cotton results in a COD load of 244317 kg (average COD concentration of 1590 mg/l). This load is the sum of dyeing with reactive dyestuff (COD load of 103473 kg and 42.3% of cotton dyeing COD load) and vat dyestuff (COD load of 140844 kg and 57.7% of cotton dyeing COD load). 

The dyeing of polyester/cotton is done with disperse and vat dyestuff and generates a COD load of 46595 kg and an average COD concentration of 662 mg/l. 

6. Data comparison and discussion.

6.1: Validity of PIDACS application to textile industry

Water consumption and discharge

In table 2 the water consumption and discharge is mentioned for each of the participating companies. Based on the amount of textile finished, the specific water consumption is calculated. This varies between 26.6 l/kg and 80.4 l/kg. Companies processing the textile mainly via continuous lines have a lower specific water consumption than companies specialised in batch processes. 

Table 2: Water consumption and discharge in the Belgian companies
	company
	manufactured fibre
	water consumption (m³)
	water 

discharge (m³)
	specific water consumption (l/kg)

	B01
	cotton, wool, viscose, polyester: pure and mixtures
	857 839
	754 898
	69

	B02
	cotton, polyester/cotton
	396 510
	294060
	26.6

	B03
	polyester/cotton, polyamide/cotton
	389257
	299541
	68.7

	B04
	cotton
	588344
	489638
	80.4

	B05
	cotton, mixtures of cotton with polyester, polyamide, flax, wool, viscose
	500000
	330228
	47.6


COD concentration
In Table 3 are reported the values of COD concentration for the five companies, related to the values estimated by PIDACS application.

Mostly the estimated value is lower than the measured one, however the differences are rather low (in all cases lower than 20%). Only for B03 the estimated value was double the measured concentration. This can be explained by the fact that for the measuring campaign mostly highly concentrated streams have been sampled and analysed. These results have been used for the calculation of the estimated COD concentration.

Table 3: COD concentration in discharged effluent
	company
	COD (mg/l)

measured
	COD (mg/l)

estimated
	difference (mg/l)

estimated - measured
	difference (%)

estimated - measured

	B01
	700
	-
	-
	-

	B02
	5500
	5144
	-356
	-6.9

	B03
	1046
	2376
	1330
	56

	B04
	2250
	1890
	-360
	-19

	B05
	2000
	1940
	-60
	-3


6.2: Comparison of processes data.

The process data gathered in the PIDACS are grouped together to resume the specific water consumption and the specific COD load caused by a specific process.

In table 4 values are gathered concerning the pre-treatment of both pure cotton and mixtures of cotton and synthetic fibres like polyester and polyamide. The pre-treatment of cotton is mostly a combination of bleaching with desizing or boiling. In most of the Belgian companies pre-treatment of cotton is done on continuous lines, since the water consumption is lower and the impurities of the textile material are very efficiently removed. The COD load generated in the pre-treatment process is only for a minor part related to the dosed chemicals. The biggest part of the discharged COD is caused by the impurities of the cotton, the sizing agent and the spinfinishes on the natural and synthetic yarns. The higher the specific COD load, the more impurities removed from the fabric/yarn.

The mercerisation of cotton or cotton/polyester has a very low specific COD load since the most important product used in this process is NaOH. The COD load is caused by some additional removal of impurities of the cotton.

The specific COD load generated by degreasing polyester is linked to the amount of spinfinish present on the polyester.

Table 4: Average values for pre-treatment
	fibre type
	pre-treatment
	process
	specific water consumption

l/kg textile
	specific load 

g COD/kg textile

	CO
	desizing/boiling

desizing/bleaching
	continuous
	8
	122

	CO
	desizing/bleaching
	continuous
	20
	52.7

	CO
	desizing/bleaching
	continuous
	14
	51.2

	CO
	mercerising
	continuous
	10
	5

	CO/PES
	bleaching
	continuous
	14
	52.8

	CO/PES
	mercerising
	continuous
	10
	5

	PES, PA, CO/PES, CO/PA
	desizing: PA, PES

bleaching: CO
	continuous
	25.6
	34

	PES
	degreasing
	batch
	10
	64


In table 5 the data for vat dyeing of cotton are listed. Both the specific water consumption and the specific load show very high variations. Normally the continuous dyeing of fabric has a lower water consumption than the batch process. In the participating companies such a process was not executed. The continuous dyeing of yarn on the other hand is a very specific process, done in only one company in Belgium. The choice for this process is determined by the end product. The water consumption for this process is comparable to the continuous dyeing of fabric with vat dyestuff. 

Table 5: Average values for vat dyeing of cotton

	process
	make up
	specific water consumption

l/kg textile
	specific load 

g COD/kg textile

	continuous
	yarn
	25.7
	66

	batch
	yarn
	53
	39.5

	continuous
	fabric
	10
	18.5

	continuous
	fabric
	65
	103

	continuous
	fabric
	21.7
	41


In table 6 some data are listed of the dyeing of cotton with specific vat dyestuff: i.e. indigo and sulphur dyes. All the data are related to continuous processes. Depending on the desired colour the dyeing of cotton yarn can be done with indigo or sulphur dyestuff. This has a considerable impact on the specific COD load, i.e. 32 g COD/kg textile for indigo and 86 g COD/kg textile for sulphur dyeing. Moreover the waste water of an indigo dyeing is much better biodegradable. The textile companies however have no impact on the trends in the market and are obliged to follow the demands of their clients. 

The continuous dyeing of fabric with sulphur dyestuff has a considerable lower specific water consumption than the sulphur dyeing of yarn, also the specific COD load is significantly lower. The company is however obliged to perform the continuous dyeing of yarn with sulphur dyes for obtaining the desired end quality of the produced textile material.

Table 6: Average values for indigo and sulphur dyeing of cotton

	type of dyeing
	process
	make up
	specific water consumption

l/kg textile
	specific load 

g COD/kg textile

	indigo
	continuous
	yarn
	25.7
	32

	sulphur
	continuous
	yarn
	25.7
	86

	sulphur
	continuous
	fabric
	10
	45.9


Table 7 resumes some of the data gathered in the PIDACS concerning the dyeing of cotton with reactive and direct dyestuff. The batch dyeing of cotton yarn with reactive dyestuff has a very low specific COD load in comparison to the data of continuous processes, i.e. 39.5 g COD/kg textile in comparison to more than 80 or even 185 g COD/kg textile.

Table 7: Average values for direct and reactive of cotton

	type of dyeing
	process
	make up
	specific water consumption

l/kg textile
	specific load 

g COD/kg textile

	reactive
	batch
	yarn
	53
	39.5

	reactive
	continuous
	fabric
	65
	103

	reactive
	continuous
	fabric
	17.9
	185

	direct
	continuous
	fabric
	10
	82


In table 8 a variety of data are listed together. Synthetic fibres are in the participating companies for a minority treated pure. They are mixed mostly with cotton, many combinations are created in recent times. Each of them offering specific advantages and aspects to the finished textile end-product. The specific water consumption and COD load for the batch dyeing of PES and PA has the same order of magnitude as the printing of PA and PES with disperse, acid dyestuff and pigments on a continuous printing line. As expected the water consumption is lower (continuous versus batch process), i.e. 30 l/kg versus 56 l/kg. The COD load generated for printing is to a big extent due to the cleaning of the rubber transport band and the barrels.

Comparing the data for dyeing of synthetic fibres in batch and continuous mode, confirm the general conclusion: continuous processes consume much less water (11.8 l/kg versus 56.4 l/kg) and moreover in this case also the specific COD load is significantly lower. The origin of the material and the type of chemicals already present on the textile determine to a big extent the COD load generated.

Table 8: Average values for synthetic fibres

	fibre type
	type of treatment
	process
	specific water consumption

l/kg textile
	specific load 

g COD/kg textile

	PES
	disperse dyeing
	batch
	30
	51

	PES/CO
	disperse/vat dyeing
	continuous
	23.3
	13.6

	PA, PES
	disperse, acid and metal-complex dyeing
	batch
	56.4
	171

	PES, PES/CO, CO, PA/CO
	disperse, reactive, vat and acid dyeing
	continuous
	11.8
	13.8

	PES/CO, PES, PA
	printing with pigments, acid and disperse dyestuff
	continuous
	30
	118


