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1. INTRODUCTION

The questionnaire in Annex of Deliverable 1 “Manual for technical and economic evaluation of the data collected on good environmental practices” was sent to selected companies in Italy and in Belgium.

The installations selected are representative of the European textile industry and good environmental performance. With reference to the criteria defined, the questionnaires were distributed and preliminary data were collected in 20 companies processing silk and synthetic fibres in Italy by Lariana. Only 10 companies where contacted and 6 filled questionnaire in Belgium by Centexbel, due to the limited number of companies devoted to the finishing of cotton fibres. The questionnaire’s data were processed according to the methodology described in the Deliverable 1 “Manual for technical and economic evaluation of the data collected on good environmental practices”. 

A weighted sum method made it possible to give a quantitative value to the assessment criteria given in the questionnaire, the synthetic table with the scores obtained by the various industries is reported below. Based on the results of the survey, 10 companies (5 in Italy and 5 in Belgium) were finally selected taking into account the criteria of good environmental performance and good representativeness of the European textile finishing industry . 

[image: image1.wmf]TFI 1

TFI 2

TFI 3
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Source

I01 

I02 

I 11 

I 20 

I08 

I 19 

Production kg/yr

555000

277442

176000

481853

1425000

3118000

Production t/day

2,47

1,23

0,80

2,19

5,70

13,27

Certification

None

None

None

None

None

ISO 9000

Water supply [l/kg]

262

139

220

619

115,09

67

Electrical energy kWh/kg

4,90

5,72

6,52

8,51

1,47

1,39

Thermal energy MJ/kg

128,51

176,70

120,52

179,87

24,21

45,43

Dyestuffs & pigments [g/kg]

86

155

80

37

11,23

24

Chemicals & auxiliaries [g/kg]

497

942

653

26,67

430

Specific Qww [l/kg]

322

476

198

526

102,18

64

COD Conc. [mg O2/l]

1045

970

1485

362

1140

1320

E-Fac [g/kg]

336

462

294

190

116,48

85

BOD5 Conc. [mg O2/l]

324

215

527

82

588

562

E-Fac [g/kg]

104

102

104

43

60,08

36

AOX Conc. [mg O2/l]

E-Fac [g/kg]

HC Conc. [mg O2/l]

E-Fac [g/kg]

pH

7,75

9,4

8,2

8,6

7,7

7,7

L [mS/cm]

T [oC]

NH4 Conc. [mg/l]

50

16,35

205

101

16

43

E-Fac [g/kg]

16,08

7,78

40,56

53,14

1,63

2,77

org. N conc. [mg/l]

E-Fac [g/kg]

Total N [mg/l]

81

261

147

44

101

E-Fac [g/kg]

26,05

51,63

77,34

4,50

6,50

Chlorides [mg/l]

E-Fac [g/kg]

Sulphates [mg/l]

E-Fac [g/kg]

Total phosphorous [mg/l]

E-Fac [g/kg]

Cu Conc. [mg/l]

E-Fac [mg/kg]

Cr Conc. [mg/l]

E-Fac [mg/kg]

Ni Conc. [mg/l]

E-Fac [mg/kg]

Zn Conc. [mg/l]

E-Fac [mg/kg]

Surfactants [mg/l]

E-Fac [mg/kg]

Waste water treatment

Sewer

(Equalisa

(Equalisat

(Equalisat

Sewer

Sewer

Solid waste [g/kg]

125,73

106,62

150,85

1346,88

20,07

47,02

Sludge [g/kg]

Monitoring

Monthly

Monthly

2/month

Monthly

Monthly

Monthly

Water/unit. Increase/decr. *

24%

#######

8%

-48%

11%

14%

Energy/unit. Increase/decr.*

21%

#######

0%

-42%

-6%

-9%

BAT application 

-1

2

1

1

-1

1

Future BAT application

-1

1

1

-1

-1

1

Certification

0

0

0

0

0

1

Monitoring

4

3

5

4

4

4

Improvement rate

-2

0

-1

2

0

0

Final mark

0

6

6

6

2

7

* Consumption per unit of production, compared with base year 1997.
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Source

I09 

B01 

B02 

B06 

I12 

I03

Production kg/yr

1002374

6300000

3697000

1050000

298133

1339000

Production t/day

4,56

18,64

16,50

4,67

1,24

5,82

Certification

None

ISO 9000

ISO 9000

None

None

None

Water supply [l/kg]

292

80,16

105,35

23,81

728,00

116

Electrical energy kWh/kg

2,81

1,35

1,68

no data

3,44

2,2

Thermal energy MJ/kg

19,36

41,07

25,37

no data

95,19

39,4

Dyestuffs & pigments [g/kg]

24

no data

14,69

no data

no data

16

Chemicals & auxiliaries [g/kg]

903

no data

31,03

no data

no data

378

Specific Qww [l/kg]

267

71,43

99,43

21,43

645,93

114

COD Conc. [mg O2/l]

1677

2000,00

1046

2782

467

2500

E-Fac [g/kg]

448

143

104

60

302

286

BOD5 Conc. [mg O2/l]

667

900,00

197

1026

141

E-Fac [g/kg]

178

64

20

22

91

AOX Conc. [mg O2/l]

E-Fac [g/kg]

HC Conc. [mg O2/l]

9,8

E-Fac [g/kg]

2,62

pH

5,5

12,00

8,5

9

7,2

L [mS/cm]

T [oC]

30

40,00

35

NH4 Conc. [mg/l]

2

E-Fac [g/kg]

1,29

org. N conc. [mg/l]

E-Fac [g/kg]

Total N [mg/l]

75,6

40,00

12,32

75

11

E-Fac [g/kg]

20,18

2,86

1,22

1,61

7,11

Chlorides [mg/l]

E-Fac [g/kg]

Sulphates [mg/l]

E-Fac [g/kg]

Total phosphorous [mg/l]

5,00

2,2

6

E-Fac [g/kg]

0,36

0,22

0,13

Cu Conc. [mg/l]

0,10

0,12

0,0472

E-Fac [mg/kg]

7,143

11,931

1,011

Cr Conc. [mg/l]

0,10

0,04

0,022

E-Fac [mg/kg]

7,143

3,977

0,471

Ni Conc. [mg/l]

0,10

n.d.

n.d.

E-Fac [mg/kg]

7,14

n.d.

n.d.

Zn Conc. [mg/l]

0,52

0,20

0,36

0,2402

E-Fac [mg/kg]

0,139

14,29

35,79

5,15

Surfactants [mg/l]

57,3

E-Fac [mg/kg]

15,298

Waste water treatment

Sewer

Sewer

Surface 

Sewer

Sewer

Biological treatment

Solid waste [g/kg]

123,91

47,91

22,18

no data

275,45

6,72

Sludge [g/kg]

Monitoring

Monthly

Montly

Montly

1/year

1/year

Monthly (after treatment)

Water/unit. Increase/decr. *

-42%

-30%

32%

n.a.

2%

8%

Energy/unit. Increase/decr.*

-38%

2%

-10%

n.a.

-21%

2%

BAT application 

2

2

2

-1

1

1

Future BAT application

2

2

2

-1

-1

-1

Certification

0

1

1

0

0

0

Monitoring

6

8

8

7

3

1

Improvement rate

2

1

0

0

0

0

Final mark

12

14

13

5

3

1

* Consumption per unit of production, compared with base year 1997.
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Source

I04 

I05 

I06 

I07

I13 

I 17 

Production kg/yr

4800000

514269

516000

173160

1370000

1806000

Production t/day

21,82

2,34

2,29

0,77

5,96

7,85

Certification

Oko-tex

ISO 9000

None

None

None

None

Water supply [l/kg]

123

338

182

1075

263

171

Electrical energy kWh/kg

1,4

2,5

3,6

8,5

4,6

1,6

Thermal energy MJ/kg

31,0

82,4

61,7

283,3

76,5

41,1

Dyestuffs & pigments [g/kg]

24

31

2

122

51

47

Chemicals & auxiliaries [g/kg]

290

990

362

2783

728

402

Specific Qww [l/kg]

33

312

165

1011

248

178

COD Conc. [mg O2/l]

950

650

965

679

665

726

E-Fac [g/kg]

32

203

160

687

165

129

BOD5 Conc. [mg O2/l]

219

200

227

173

245

165

E-Fac [g/kg]

7

62

38

175

61

29

AOX Conc. [mg O2/l]

E-Fac [g/kg]

HC Conc. [mg O2/l]

E-Fac [g/kg]

pH

8

7,5

7

6,5

7,4

7,6

L [mS/cm]

T [oC]

NH4 Conc. [mg/l]

27

31

1

8,5

9

12

E-Fac [g/kg]

0,90

9,69

0,17

8,60

2,23

org. N conc. [mg/l]

E-Fac [g/kg]

Total N [mg/l]

55

50

14

20

23

23

E-Fac [g/kg]

1,84

15,62

2,31

20,23

5,70

Chlorides [mg/l]

E-Fac [g/kg]

Sulphates [mg/l]

E-Fac [g/kg]

Total phosphorous [mg/l]

E-Fac [g/kg]

Cu Conc. [mg/l]

E-Fac [mg/kg]

Cr Conc. [mg/l]

E-Fac [mg/kg]

Ni Conc. [mg/l]

E-Fac [mg/kg]

Zn Conc. [mg/l]

E-Fac [mg/kg]

Surfactants [mg/l]

E-Fac [mg/kg]

Waste water treatment

Sewer 

Sewer 

Sewer 

Sewer 

Sewer 

Sewer 

Solid waste [g/kg]

38,27

94,08

96,10

354,12

169,34

73,48

Sludge [g/kg]

Monitoring

Monthly

Monthly

Monthly

Monthly

Monthly

Monthly

Water/unit. Increase/decr. *

27%

-2%

-47%

########

33%

7%

Energy/unit. Increase/decr.*

7%

-1%

-30%

########

29%

-9%

BAT application 

1

1

1

2

1

1

Future BAT application

-1,00

1

1

-1

1

1

Certification

1

1

0

0

0

0

Monitoring

4

4

4

4

4

4

Improvement rate

-2

1

2

0

-2

-1

Final mark

3

8

8

5

4

5

* Consumption per unit of production, compared with base year 1997.
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TFI  7

TFI  8

TFI  9

TFI  10

TFI 1

Source

I 18 

I10 

I 14 

I 15

I 16

B03 

Production kg/yr

787385

600000

673000

1560000

422100

10077000

Production t/day

3,58

2,73

2,93

6,24

1,69

29,81

Certification

None

ISO 9002

None

None

None

None

Water supply [l/kg]

380

236

297

323

266

39,92

Electrical energy kWh/kg

3,0

3,24

4,21

3,13

4,23

3,93

Thermal energy MJ/kg

108,8

81,12

107,65

73,87

108,57

19,40

Dyestuffs & pigments [g/kg]

23

33

no data

34

71

120,37

Chemicals & auxiliaries [g/kg]

2116

468

no data

363

643

331,45

Specific Qww [l/kg]

354

207

284

295

283

39,92

COD Conc. [mg O2/l]

518

640

961

513

607

5500,00

E-Fac [g/kg]

183

132

273

151

172

219,55

BOD5 Conc. [mg O2/l]

170

240

286

169

187

3000,00

E-Fac [g/kg]

60

50

81

50

53

119,75

AOX Conc. [mg O2/l]

E-Fac [g/kg]

HC Conc. [mg O2/l]

E-Fac [g/kg]

pH

7,5

7,8

7,9

8

8

L [mS/cm]

T [oC]

25,00

NH4 Conc. [mg/l]

20

72

102

40

9

E-Fac [g/kg]

7,07

14,91

29,02

11,81

2,55

org. N conc. [mg/l]

19,5

E-Fac [g/kg]

4,04

Total N [mg/l]

37

92

108

46

28

E-Fac [g/kg]

13,08

19,05

30,72

13,58

7,93

Chlorides [mg/l]

1200,00

E-Fac [g/kg]

47,90

Sulphates [mg/l]

700,00

E-Fac [g/kg]

27,94

Total phosphorous [mg/l]

E-Fac [g/kg]

Cu Conc. [mg/l]

E-Fac [mg/kg]

Cr Conc. [mg/l]

E-Fac [mg/kg]

Ni Conc. [mg/l]

E-Fac [mg/kg]

Zn Conc. [mg/l]

E-Fac [mg/kg]

Surfactants [mg/l]

E-Fac [mg/kg]

Waste water treatment

Sewer 

(Equalisat

(Equalisat

(Equalisat

(Equalisat

Physico-

chemical 

Solid waste [g/kg]

196,31

193,60

78,16

273,72

147,45

167,01

Sludge [g/kg]

124,54

Monitoring

Monthly

Monthly

Monthly

Monthly

Monthly

2/week 

Water/unit. Increase/decr. *

7%

0%

-16%

17%

27%

39%

Energy/unit. Increase/decr.*

-3%

-6%

-1%

25%

9%

19%

BAT application 

1

2

2

1

-1

2

Future BAT application

-1

2

1

2

-1

-1

Certification

0

1

0

0

0

0

Monitoring

4

5

4

4

4

5

Improvement rate

-1

0

2

-2

-2

-2

Final mark

3

10

9

5

0

4

* Consumption per unit of production, compared with base year 1997.



2. 
THE CONTRIBUTION TO THE BREF DOCUMENT

The questionnaire results were also used as another primary data source for the preparation of the Reference Document on Best Available Techniques for Textiles Industry (BREF). The document was completed in November 2002 and it is available at the following internet address: http://eippcb.jrc.es. 

BREF particularly has benefit from data gathered during the TOWEF0 project and mainly has been included in Section 3.3. Such section presents the state of the art of the textile finishing industry. 

The following pages contain an extract of the above mentioned BREF.

3 EMISSION AND CONSUMPTION LEVELS OF TEXTILE FINISHING INDUSTRIES

3.1 Introduction

The textiles industry has always been regarded as a water-intensive sector. The main environmental concern is therefore about the amount of water discharged and the chemical load it carries. Other important issues are energy consumption, air emissions and solid wastes and odours, which can be a significant nuisance in certain treatments.

Air emissions are usually collected at their point of origin. Because they have been controlled for quite a long time in different countries, there are good historical data on air emissions from specific processes.

This is not the case with emissions to water. The various streams coming from the different processes are mixed together to produce a final effluent whose characteristics are the result of a complex combination of factors:

· the types of fibres involved

· the types of make-ups processed

· the techniques applied

· the types of chemicals and auxiliaries used in the process.

Furthermore, since the production may vary widely not only during a year (because of seasonal changes and fashion) but even over a single day (according to the production programme), the resulting emissions are even more difficult to standardise and compare.

The ideal approach would be a systematic analysis of the specific processes, but data availability is very poor for many reasons, including the fact that legal requirements have tended to focus on the final effluent rather than on the specific processes.

Mindful of these limitations on the characterisation of waste water emissions, it has proven appropriate to identify narrow categories of finishing industries and then to compare the overall mass streams between mills belonging to the same category. This approach allows a preliminary rough assessment in which, by comparing the consumption and emission factors of mills within the same category, it is possible to verify given data and identify key issues and macroscopic differences between the similar activities.

Input/output considerations will therefore be addressed step by step, starting from overviews of the overall mass streams and ending in a more detailed analysis of single processes and/or issues that are of some concern.

This is the approach that will be followed in this chapter for all categories of industries identified in previous Chapters of the BREF. It should be noted that the data sets given within the tables reported in this chapter represent examples only.

3.2 Textile finishing industry

In the following sections, emissions and consumption levels are illustrated for a group of different sites belonging to the categories identified in Chapter 2 of the BREF. 

Information comes from various sources ([179, UBA, 2001], [198, TOWEFO, 2001], [200, Sweden, 2001], [199, Italy, 2001], [193, CRAB, 2001], [31, Italy, 2000]) and is the result of surveys carried out in a number of textile finishing industries in Europe in a five year timeframe (1995 to 2001). Information sources are displayed in the all BREF.

With respect to the consumption of chemicals, where not otherwise specified, calculations have been carried out on the so-called “telquel”-basis. This means that the quantities of ready-for-use products have been considered, including water in the case of liquid formulations. This must be kept in mind when comparing the consumption levels of different companies. For instance, companies using mainly liquid dyestuff formulations (often the case for big mills) show specific dyestuff consumption higher than companies using powder or granulates.

3.2.1 Mills finishing yarn and/or floc

3.2.1.1 Mills finishing floc

For this category the only information available relates to emissions to water. The values are compiled in Table 3.1. Because of the low liquor ratios and small number of process baths, the specific waste water flow is low. The values in Table 3.1 are confirmed by “FhG-ISI, 1997” reporting specific flows for three further companies between 14 and 18 l/kg.


TFI 1
TFI 2

Specific. QWW (l/kg)
34
10

COD
Conc. (mg O2/l)


E-Fac (g/kg)
1945

67
1300

13

BOD5
Conc. (mg O2/l)


E-Fac (g/kg)
850

29
370

4

AOX
Conc. (mg Cl/l)


E-Fac (g/kg)



HC
Conc. (mg/l)


E-Fac (g/kg)
12.4

0.4


pH



L(mS/cm)
14.9


T(°C)
40


NH4
Conc. (mg/l)


E-Fac (g/kg)



org.N
Conc. (mg/l)


E-Fac (g/kg)



Tot.N
Conc. (mg/l)


E-Fac (g/kg)



Cu
Conc.  (mg/l)


E-Fac  (mg/kg)
1.2

41
0.05

0.5

Cr 
Conc.  (mg/l)


E-Fac  (mg/kg)
0.13

5
0.2

2

Ni
Conc. (mg/l)


E-Fac (mg/kg)

<0.02

Zn 
Conc. (mg/l)


E-Fac (mg/kg)
0.71

25
0.3

3

Source: [179, UBA, 2001]
Notes: Blank cells mean that relevant information is not available

Table 3.1: Concentration values and textile substrate specific emission factors for waste water from two mills mainly finishing floc material consisting of CV, PES, PAC or CO

3.2.1.2 Mills finishing tops/floc and yarn: mainly WO

Table 3.2 shows emissions and consumption levels in the apparel sector for three typical wool commission dyehouses and one spinning and dyeing mill (TFI 4). Companies belonging to this category tend to differentiate their production and to process more than one make-up, which means that comparisons are not straightforward. All four mills assessed in the table treat mainly tops, but TFI 1, TFI 3 and TFI 4 dye also a variable percentage of yarn (both in package and hank form), whereas TFI 2 treats only tops and loose fibre.

Figures for specific water consumption partly reflect the predominant processed make-up. TFI 4 shows very high water consumption levels. Various factors may reasonably explain this value. First of all, compared to the other sites, this mill treats almost half of the material in hank form (which requires higher liquor ratios). Secondly (like TFI 3) it also has a high production of shrink-resist treatment, which entails an additional step in the production sequence. The fact that this company is an integrated mill producing its own high-quality yarn and a premium product (at a premium price) may also explain why they appear to take a more relaxed view of the cost-savings to be had from reducing water consumption.

As already stated, both TFI 3 and TFI 4 have high production on shrink-resist treatment. The higher specific COD shows this difference with respect to the other two mills. More representative, however, would be the level of AOX in the discharged waste water. High levels of AOX are typical of effluents from wool shrink-treatment, but data for this parameter were not made available.

TFI 2 has a very high production on chrome dyeing, which is confirmed by the higher emission factor for chromium (124 g/kg).


TFI 1


TFI 2
TFI 3
TFI 4

Production
Tops 64 %

Hank 16 %

Package 20 %
Tops 80 %

Floc 20 %
Tops 92 %

Hank 4 %

Package 4 %
Tops 52 %

Hank 41 %

Package 7 %

Process input





Specific water consumption (l/kg)


39.9
43.6
35.6
180

Electrical energy (kWh/kg)


0.6
0.7
0.5
1.1

Thermal energy (MJ/kg) 


12.3
11.4
28
26.5

Dyes (g/kg)
15
36.2
12.2


26.6

Auxiliaries (g/kg)
9.4
23.9
111.2


142

Basic chemicals (g/kg)
48.5
86.9
285.6


147

Emissions to water (1)





COD
E-Fac (g/kg)


29
22
46
65

BOD5
E-Fac (g/kg)







Cu
E-Fac (mg/kg)
<2
<2
<2


<2

Cr
E-Fac (mg/kg)
70


124
64
36

Ni
E-Fac (mg/kg)
<2
<2
<2


<2

Zn
E-Fac (mg/kg)
12


52
36
54

Waste





Solid wastes (g/kg)


11
21
15


Sludge (g/kg) (2)
8


9
24
172

Lubricant oils (g/kg)


0.04
0.09



Source [193, CRAB, 2001]
Notes:

Blank cells mean that relevant information is not available

(1) Data are measured in homogenisation tank before on-site treatment 

(2)   after on-site waste water treatment

Table 3.2: Overview of consumption and emission levels from four mills finishing WO tops/yarn

3.2.1.3 Mills finishing yarn: mainly CO

Table 3.3 contains the concentration values and emission factors of four mills that finish yarn consisting mainly of cotton. Specific water flows are between 100 and 215 l/kg. These values are confirmed by “FhG-ISI, 1997” reporting lower and higher values (68, 73, 78, 83, 120, 128, 149, 181, 271 l/kg). In this respect, the high value of 271 l/kg (from a small mill processing less than 0.5 t/d) has to be closely questioned. The high specific water flow reported for TFI 4 corresponds to a company that dyes a high percentage of material in hank form. The site is also reported to not fully recover cooling water (when leakage occurs from the process water, the cooling water has to be sent to the waste water treatment plant). This probably explains the high figure reported in the table.


TFI 1

(1)
TFI 2

(1)
TFI 3

(1)
TFI 4

(2)

specific QWW (l/kg)


105
108
120
215

COD
Conc. (mg O2/l)


E-Fac (g/kg)
690

73
632

69
805

97
365

78

BOD5
Conc. (mg O2/l)


E-Fac (g/kg)
260

27
160

17
200

24
98 (3)
21

AOX
Conc. (mg Cl/l)


E-Fac (g/kg)


0.36

0.04


HC
Conc. (mg/l)


E-Fac (g/kg)
<0.5

<0.05
1.2

0.1



PH




9.8


L(mS/cm)


7
6.2



T(°C)


27.3
33.5



NH4
Conc. (mg/l)


E-Fac (g/kg)


0.6

0.07


org.N
Conc. (mg/l)


E-Fac (g/kg)


11.1

1.3


Tot.N
Conc. (mg/l)


E-Fac (g/kg)



10.1

2.2

Tot.P
Conc. (mg/l)


E-Fac (g/kg)



2.1

0.45

Cu
Conc.  (mg/l)


E-Fac (mg/kg)
0.19

20
0.12

13
0.13

16
0.1

21.5

Cr 
Conc. (mg/l)


E-Fac (mg/kg)

<0.05

<6

0.02

4.3

Ni
Conc. (mg/l)


E-Fac (mg/kg)
0.32

34
<0.1

<11



Zn 
Conc. (mg/l)


E-Fac (mg/kg)



0.2

43

Source: (1)  [179, UBA, 2001]; (2) [200, Sweden, 2001]
Notes:

Blank cells mean that relevant information is not available

(3) reported data refer to BOD7 

Table 3.3: Concentration values and textile substrate specific emission factors for waste water from four mills mainly finishing yarns consisting of CO

It is interesting to note the differences in COD emission factors associated with the patterns of dyestuffs usage. Mills like TF1 and TF2, dyeing mainly with reactive dyes, show a significantly lower COD (about 70 g/kg) compared to TF3 which uses predominantly vat dyes (nearly 100 g/kg). The higher COD emission factor from dyeing with vat colourants is partly explained by the use of additional textile auxiliaries, such as dispersing agents in the vat dyeing process. Also, since some reactive dyestuff-chromophores absorb 2 - 3 times more light per molecule than the corresponding vat dyestuffs, COD for vat dyeing may be higher because a higher amount of dyestuff is required to achieve the same depth of shade compared to reactive dyestuffs.

The applied chemicals are grouped as dyestuffs, textile auxiliaries and basic chemicals. Typical values (albeit based on limited data) are:

· dyestuffs:
~25
(g/kg textile substrate)

· textile auxiliaries:
~70
(g/kg textile substrate)

· basic chemicals:
~400
(g/kg textile substrate)

Note that for companies dyeing mainly with reactive colourants the consumption of basic chemicals can be higher because of the high neutral salt input.

The total specific energy consumption is about 11 kWh/kg, where the consumption of electricity is about 2 kWh/kg.

3.2.1.4 Mills finishing yarn: mainly PES

Table 3.4 contains the concentration values and emission factors for waste water for eight mills mainly finishing polyester yarn.


TFI 1

(1)
TFI 2

(1)
TFI 3

(1)
TFI 4

(1)
TFI 5

(2)
TFI 6

(3)
TFI 7

(5)
TFI 8

(6)

Specific Qww (l/kg)


125
65
66
148
75
64
102
171

COD Conc. (mg O2/l)

          E-Fac (g/kg)
870

109
1917

125
1520

100
655

97
83
1320

85
1140

116
2280

390

BOD5 Conc. (mg O2/l)

           E-Fac (g/kg)
139

17

380

25
169

25

562

36
588

60
910

156

AOX Conc. (mg Cl/l)

          E-Fac (g/kg)
0.7

0.09
1.26

0.08
0.45

0.03
0.65

0.10





HC Conc. (mg/l)

       E-Fac (g/kg)

19

1.24


15




pH


8.2

7.7
8.6

7.7
7.7
7.5

L (mS/cm)


1.9

5
3





T (ºC)


24
26
44
35





NH4 Conc. (mg/l)

         E-Fac (g/kg)
31.2

3.9

8.2

0.54
7.6

1.12

43

2.77
16

1.63


org. N Conc. (mg/l)

           E-Fac (g/kg)
13

1.63

17.3

1.14
9.5

1.41





Total N Conc. (mg/l)

              E-Fac (g/kg)





101

6.5
44

4.5


Tot phosphorous (mg/l)

      E-Fac (g/kg)









Cu Conc. (mg/l)

      E-Fac (mg/kg)



0.05

7.4
2




Cr Conc. (mg/l)

     E-Fac (mg/kg)




7




Ni Conc. (mg/l)

     E-Fac (mg/kg)




2




Zn Conc. (mg/l)

      E-Fac (mg/kg)




22




Source: (1) [179, UBA, 2001] (from TFI 1 to TFI 4 corresponding to sites 1 to 4 respectively); (2) [193, CRAB, 2001] (corresponding to Site 4); (3) [198, TOWEFO, 2001] (corresponding to Site I 19); (4) [198, TOWEFO, 2001] (corresponding to Site I 08); (5) [199, Italy, 2001] (corresponding to Site 1)

Notes:

Blank cells mean that relevant information is not available

Table 3.4: Concentration values and textile substrate specific emission factors for waste water from eight mills mainly finishing yarns consisting of PES

Apart from TFI 8, the reported specific water flows vary between ca. 65 and 148 l/kg. They are confirmed by “FhG-ISI, 1997” reporting for three similar mills 63, 86 and 122 l/kg. The figures are in the same range as mills finishing cotton yarn.

The upper value in the range (148 l/kg) is for a mill also processing yarn in hank form (this is normally associated with higher consumption of water due to higher liquor ratios). The higher water consumption is also justified by the fact that this company also treats some cotton yarn which is mercerised and dyed with azoic (development) dyestuffs, both operations requiring relatively high amounts of water.

The finishers of PES yarn generally have higher COD emission factors (97 - 125 g/kg) than the corresponding finishers processing cotton. This is mainly attributable to two different factors:

· the use of disperse dyes

· the removal of preparation agents present on the incoming fibre.

Concerning the first factor, the use of disperse dyes involves relevant emissions of dispersing agents. These auxiliaries (usually naphthalene sulphonates-formaldehyde condensates and lignine sulphonates), besides contributing to the increase of the COD load of the final effluent, are water-soluble and hardly biodegradable.

Regarding the preparation agents, that they are applied during fibre and yarn manufacturing, but they need to be removed before dyeing. The formulations applied may still have a significant content of refined mineral. The amount of mineral oils, which is defined with the parameter "hydrocarbons" (HC), was measured in only two companies. On inspection of the HC emission factor reported for TFI 2 (1.2g/kg, corresponding to a COD of 3g/kg), the contribution of mineral oils to the overall COD load does not seem to be significant. However, the reported value is to be closely questioned. If a typical load-on of 20g/kg for preparation agents is considered, with an average COD content of 3000 mg/g of product, assuming 90 % removal from the fibre, a COD of about 50g/kg or more coming from the preparation agents would be expected in the waste water.

The applied chemicals are grouped as dyestuffs, textile auxiliaries and basic chemicals. Typical ranges (albeit based on limited data) are:

· dyestuffs:
18 – 36
(g/kg textile substrate)

· textile auxiliaries:
80 - 130
(g/kg textile substrate)

· basic chemicals:
95 - 125
(g/kg textile substrate)

When high amounts of softening agents are applied, the consumption of textile auxiliaries can be up to 175 g/kg.

The total specific energy consumption is in the range of 11 - 18 kWh/kg. The higher value applies to companies which also have spinning, twisting and coning sections. The consumption of electricity is about 1 - 2 kWh/kg.

3.2.1.5 Mills finishing yarn: mainly WO, PAC and/or CV

Table 3.5 contains data for emissions to water for seven mills finishing yarn consisting mainly of wool and PAC blends along with some viscose in blend with wool and acrylic fibre.


TFI 1

(1)
TFI 2

(1)
TFI 3

(1)
TFI 4

(1)
TFI 5

(1)
TFI 6

(2)
TFI 7

(2)

Specific Qww (l/kg)


120
212
167
66
74
43
95

COD Conc. (mg O2/l)

          E-Fac (g/kg)
590

70.8
480

102
584

97.5
782

51.6
1023

75.7
35
47

BOD5 Conc. (mg O2/l)

           E-Fac (g/kg)
190

22.8
170

36
265

44.2
355

23.4
220

16.3



AOX Conc. (mg Cl/l)

          E-Fac (g/kg)

0.4

0.08
0.76

0.13

0.17

0.01



HC Conc. (mg/l)

       E-Fac (g/kg)








pH



7.7
6.9
7.3
6.8



L (mS/cm)




4.4





T (ºC)




41





NH4 Conc. (mg/l)

        E-Fac (g/kg)

4.6

0.98






org. N conc. (mg/l)

       E-Fac (g/kg)

11.2

2.37
16.6

2.77

22.8

1.69



Total N Conc. (mg/l)

              E-Fac (g/kg)








Cu Conc. (mg/l)

      E-Fac (mg/kg)

0.02

4.2
<0.01

1.7


<2
<2

Cr Conc. (mg/l)

      E-Fac (mg/kg)

0.03

6.4
<0.1

16.7
0.38

25.1
1.2

88.8
34
28

Ni Conc. (mg/l)

      E-Fac (mg/kg)


<0.1

16.7

0.01

0.7
<2
<2

Zn Conc. (mg/l)

      E-Fac (mg/kg)


0.63

105.2

0.47

34.8
39
10

Source: (1) [179, UBA, 2001] (from TFI 1 to TFI 5 corresponding to site 1 to 5 respectively) (2) [193, CRAB, 2001] (from TFI 6 to TFI 7 corresponding to site 1 and site 3 respectively)

Notes:

Blank cells mean that relevant information is not available

Table 3.5: Concentration values and textile substrate specific emission factors for waste water from seven mills mainly finishing yarns consisting of WO/PAC/CV

Specific water flow may vary widely (ranges between 43 and 212 l/kg have been observed). Various factors influence the water consumption and therefore the waste water flow of a mill. The age of the equipment is one factor, but the make-up of the yarn is also to be taken into account (hanks involve considerably higher consumption of water than cones). For example, TFI 6, which process 100 % yarn in package has a lower specific waste water flow compared to TFI 7, where 10 % of the production is dyed in hank form.

COD emission factors are similar to mills finishing cotton yarn. All parameters are quite similar to the other categories except for chromium, which is encountered in the effluent in significantly higher amounts. This is due to the use of metal-complex and chrome dyes, the latter involving the use of potassium or sodium dichromate. Chromium emissions may vary widely depending on the amount of wool processed and the dyeing method applied. In the case of companies with a high percentage of wool among the other fibres, emissions factors up to 100 mg/kg (89 mg/kg in TFI 5) are observed.

The applied chemicals are grouped as dyestuffs, textile auxiliaries and basic chemicals. Typical ranges (albeit based on limited data) are:

· dyestuffs:
13 – 18
(g/kg textile substrate)

· textile auxiliaries:
36 – 90
(g/kg textile substrate)

· basic chemicals:
85 - 325
(g/kg textile substrate)

The total specific energy consumption is in the range of 4 - 17 kWh/kg. The higher value is for finishing mills that also have spinning, twisting and coning sections. Of the overall energy consumption the actual consumption of electricity is about 0.9 - 6.5 kWh/kg, the higher value relating to mills with the above-mentioned additional processes.

3.2.1.6 Analysis of some relevant specific processes for mills finishing yarn and/ or floc

The main environmental concerns for yarn finishing mills arise from emissions to water, while air emissions are not significant. 

It is interesting to show the wide variability of the characteristics (particularly in concentration) of the different baths involved in a typical dyeing process. This is put in evidence by showing the behaviour of five different parameters, namely COD, pH, conductivity, temperature and colour (determination of adsorption coefficients at wavelengths 435, 500 and 620 nm) in three different typical dyeing processes:

· exhaust dyeing of CV yarn on cones (L.R. 1:8 ‑ 1:12) with reactive dyestuffs (Table 3.6)

· exhaust dyeing of PES yarn on cones (L.R. 1:8 ‑ 1:12) with disperse dyestuffs (Table 3.7)

· exhaust dyeing of CO yarn on cones (L.R. 1:8 ‑ 1:12) with vat dyestuffs (Table 3.8).

No of bath
Name of bath
COD

(mg O2/l)
pH
Conduc-tivity (mS/cm)
Tempe-rature (°C)
SAC

435 nm

(1/m)
SAC

500 nm

(1/m)
SAC

620 nm

(1/m)











1
Exhausted dye bath
3170
10.2
35.1
48
27
13
2

2
Rinsing bath
550
10.1
11.7
42
14
10
3

3
Neutralisation bath
1220
4.4
3.8
44
4
4
1

4
Soaping bath
4410
6.2
2.4
57
16
11
4

5
Rinsing bath
1040
7.1
0.9
59
7
5
3

6
Rinsing bath
320
7.3
0.5
60
10
8
5

7
Rinsing bath
190
7.4
0.3
49
7
6
4

8
Conditioning bath (softening)
790
4.4
0.6
35
0
0
0

Source: [179, UBA, 2001]

Table 3.6: Sequence of discharged baths from exhaust dyeing of CV yarn with reactive dyestuffs along with values for COD, pH, conductivity, temperature and colour (spectral absorption coefficients, SAC)

No of bath
Name of bath
COD

(mg O2/l)
pH
Conduc-tivity (mS/cm)
Tempe-rature (°C)
SAC

435 nm

(1/m)
SAC

500 nm

(1/m)
SAC

620 nm

(1/m)











1
Pretreatment bath
610
7.4
20
134
3.9
2.7
1.4

2
Exhausted dye bath
10320
5.0
3.4
130
290
375
125

3
Rinsing bath
1310
7.2
0.6
85
51
78
8.6

4
Reductive after-treatment
3610
9.5
6.1
89
18
11
6.3

5
Rinsing bath
615
9.2
1.4
84
6.3
4.2
2.7

6
Rinsing bath
140
8.6
0.5
66
0.9
0.7
0.3

7
Conditioning bath (softening)
2100
7.2
0.5
55
23.6
17.9
11.8

Source: [179, UBA, 2001]

Table 3.7: Sequence of discharged baths from exhaust dyeing of PES yarn with disperse dyestuffs along with values for COD, pH, conductivity, temperature and colour (spectral absorption coefficients, SAC)

No of bath
Name of bath
COD

(mg O2/l)
pH
Conduc-tivity (mS/cm)
Tempe-rature (°C)
SAC

435 nm

(1/m)
SAC

500 nm

(1/m)
SAC

620 nm

(1/m)











1
Exhausted dye bath
14340
12.9
46
70
254
191
190

2
Overflow rinsing
6120
12.6
24
46
95
59
59

3
Rinsing
1900
12.2
12.7
34
9
8
7

4
Oxidation bath
4780
11.7
5.6
51
4
3
2

5
Rinsing bath
580
10.6
2
32
1
1
1

6
Soaping bath I
1510
10
2.3
55
4
4
5

7
Rinsing bath
230
9.3
1.5
36
2
2
2

8
Soaping bath II
860
10.1
3.4
74
4
3
2

9
Rinsing bath
47
8.9
1.2
37
1
1
1

10
Rinsing bath
27
8.5
1
31
0.5
0.5
0.4

11
Conditioning bath (softening)
1740
4.7
1.2
45
17
11
6

Source: [179, UBA, 2001]

Table 3.8: Sequence of discharged baths from exhaust dyeing of CO yarn with vat dyestuffs along with values for COD, pH, conductivity, temperature and colour (spectral absorption coefficients, SAC)

The examples reflect the typical sequences applied in exhaust dyeing of yarn with reactive, disperse and vat dyes. However, they should not be taken as fixed sequences, in the sense that they do not apply as such to any finishers of yarn. A finisher may need to apply, for example, additional rinsing baths, the yarn could be mercerised, the application of softening agents in the last bath could be avoided etc.

However, the examples show some key issues:

· first, it is significant (although maybe also obvious) to show how much the concentration values of the mixed final effluent (Table 3.1 - Table 3.5) can differ from the corresponding values reported in the tables above for the single baths. Thanks to a dilution effect, the global COD concentration levels are much lower for mixed effluents than the values for spent dyeing baths

· the spent dyeing baths are those that show the highest concentration levels in all three examples. However, the COD of the exhausted dye bath is significantly lower for reactive dyeing than for dyeing processes using disperse and vat dyes. As mentioned earlier in this chapter, the main reason is the application of dispersing agents which are needed to apply the water-insoluble disperse and vat dyestuffs

· operations like soaping and reductive aftertreatment, which are carried out in order to remove the unfixed dyestuff, are also associated with high values of COD as well as colour. In particular, for softening treatment, the high COD concentration is indicative of the poor exhaustion level typical of softening agents

· rinsing baths can have a very low concentration, 10 - 100 times lower than the exhausted dyeing bath. This shows the importance of optimising the rinsing process, for example by recycling low-concentration rinsing water.

Table 3.9 and Table 3.10 illustrate water and energy consumption figures observed in loose fibre and yarn (package) dyeing processes.

LOOSE FIBRE DYEING
Electricity
Thermal energy
Water for dyeing
Water for rinsing

Unit
kWh/kg
MJ/kg
l/kg
l/kg

WO (acid, chrome or metal-complex dyes)
0.1 - 0.4
4 - 14
8 –15 (1)
8 - 16

PAC (cationic dyes)


0.1 - 0.4
4 - 14
4 – 12 (1)
4 - 16

PES (disperse dyes)


0.1 - 0.4
4 - 14
6 – 15 (1)
12 – 20 (1)

CO (direct, reactive dyes)


0.1 - 0.4
4 - 14
8 – 15 (1)
8 - 32

PA (direct, acid dyes)


0.1 - 0.4
4 - 14
6 – 15 (1)
6 - 12

Source: [77, EURATEX, 2000] except for (1), [280, Germany, 2002]


Table 3.9: Water & energy consumption levels in loose fibre dyeing processes

YARN DYEING

(on package)
Electricity
Thermal energy
Water for dyeing
Water for rinsing

Unit
kWh/kg
MJ/kg
l/kg
l/kg

WO/ PA (dye not specified)


0.8 - 1.1
13 - 16
15 – 30 (1)
30 – 50 (1)

PAC (dye not specified)


0.8 - 1.1
13 - 16
15 – 30 (1)
30 – 50 (1)

CO (direct dyes)


0.8 - 1.1
13 - 16
15 – 30 (1)
45 – 60 (1)

CO (reactive dyes)


0.8 - 1.1
13 - 16
15 – 30 (1)
60 (2)

CO (sulphur dyes)


0.8 - 1.1
13 - 16
100 (3) – 150 (1)


Source: [77, EURATEX, 2000] except for (1), [280, Germany, 2002]
Notes:

(2) Water consumption for washing + rinsing

(3) Total water consumption

Table 3.10: Water & energy consumption levels in yarn dyeing processes

3.2.2 Mills finishing knitted fabric

3.2.2.1 Mills finishing knitted fabric: mainly CO

Table 3.11 shows the data on waste water emissions from seventeen mills finishing knit fabric consisting mainly of cotton. These mills do not have a printing section. 

The range of specific waste water flow is relatively small (60 – 136 l/kg), but there are two extreme exceptions at the lower and upper end of the range (see TFI 9 and TFI 17). TFI 9, with only 21 l/kg, performs scouring and bleaching only; in addition these operations are carried in continuous mode, which explains the very low specific waste water flow as well as the highest COD concentration in the final effluent. The reasons for the very high specific waste water flow of TFI 17 (216 l/kg) are reported to be the high quality requirements (more rinsing steps) and the high repairing rate.

The COD emission factors are within a surprisingly small range (70 – 85 g/kg), only TFI 9 carrying scouring and bleaching only has a lower value (48 g/kg).  For TFI 10, 11 and 16, higher values are reported (107, 108 and 97 g/kg). The fact that these mills also process some woven fabric may reasonably explain these higher figures.  In addition TFI 10 finishes some polyester knit fabric, which also leads to higher COD emission factors. The processing of PES fibres is also the reason for the higher emission of hydrocarbons in the waste water (concentration > 20 mg/l). They come from the removal of preparation agents mainly containing mineral oils. Concentrations between 10 and 20 mg/l may also be observed in the case of mills finishing cotton only (e.g. from antifoaming agents based on mineral oils), but common values are below 10 mg/l. Heavy metals emissions are insignificant for all the seventeen mills analysed.

The applied chemicals are grouped as dyestuffs, textile auxiliaries and basic chemicals. Typical values (albeit based on limited data) are:

· dyestuffs:
18
(g/kg textile substrate)

· textile auxiliaries:
100
(g/kg textile substrate)

· basic chemicals:
570
(g/kg textile substrate)

The very high specific consumption of basic chemicals is due to the application of neutral salts (NaCl or Na2SO4) for reactive exhaust dyeing, which is about 400 g/kg. 

The total specific energy consumption is in the range of 6 - 17 kWh/kg. The higher value relates to a site that also has spinning and coning sections. The consumption of electricity is 1 ‑ 3 kWh/kg (data from 9 TFI).


TFI 1


TFI 2


TFI 3


TFI 4


TFI 5


TFI 6


TFI 7


TFI 8


TFI 9


TFI 10


TFI 11


TFI 12


TFI 13


TFI 14


TFI 15


TFI 16


TFI 17



Specific Qww (l/kg)


67
60
101
67
78
79
120
77
21
71
133
75
88
136
87
96
216

COD Conc. (mg O2/l)

          E-Fac (g/kg)
1210

81
1340

80
748

76

931

73
954

75
673

81
1010

78
2281

48
1502

107
814

108
804

60
911

80
439

60
658

57
1004

96
390

84

BOD5 Conc. (mg O2/l)

           E-Fac (g/kg)
409

27.4
622

37.3
174

17.6
444

29.7
289

22.5
408

32.2
175

21
453

34.9
788

16.5
671

47.6
218

29.0

390

34.3
127

17.3
259

22.5
166

15.9
112

24.2

AOX Conc. (mg Cl/l)

          E-Fac (g/kg)















0.3

0.03
0.21

0.05

HC Conc. (mg /l)

       E-Fac (g/kg)
9.3

0.6
18.9

1.1
8.3

0.8
5

0.3
23.7

1.8
21.9

1.7
6.8

0.8
19.2

1.5
11.2

0.2
32

2.3
6.1

0.8
0.9

0.1
14.3

1.3
6.2


18.5

6.1

pH




















L (mS/cm)


3.5
4.4
6.5
4.6
10.1
4.7
8.1
2.9
2.7
3.8
2.26
6.3
6.1
5.1
11.1



T (ºC)


34
30
38
36
33.8
33
35
28.6
39
29.3
21
20
24
31
30



NH4 Conc. (mg/l)

         E-Fac (g/kg)















9

0.9
1

0.2

org. N Conc. (mg/l)

           E-Fac (g/kg)














25

2.2
14.3

1.4
22

4.8

Cu Conc. (mg/l)

      E-Fac (mg/kg)
0.1

7
0.11

7
0.23

23
0.05

3
0.12

9
0.1

8
0.19

23
0.1

8

0.22

16
0.25

33

0.1

9
0.11

15
0.1

9

0.3

65

Cr Conc. (mg/l)

     E-Fac (mg/kg)
0.1

7
0.1

6
0.05

5
0.05

3
0.1

8
0.1

8
0.05

6
0.1

8

0.2

14
0.05

7
0.1

8
0.1

9
0.1

14




Ni Conc. (mg/l)

     E-Fac (mg/kg)


















Zn Conc. (mg/l)

      E-Fac (mg/kg)
0.2

13
0.33

20
0.37

37
0.1

7
0.2

16
0.14

11
0.1

12
0.2

15
0.37

8
0.26

18

0.1

8
0.12

11
0.12

16
0.2

17

0.3

65

Source: [179, UBA, 2001] 

Notes:

Blank cells mean that relevant information is not available

Table 3.11: Concentration values and textile substrate specific emission factors for waste water from seventeen mills mainly finishing knitted fabric consisting of cotton

3.2.2.2 Mills finishing knitted fabric: mainly CO with a significant printing section

Data for mills finishing cotton knitted fabric with a significant printing section are presented in Table 3.12. Most of the companies belonging to this category perform pigment printing. 

In pigment printing, waste water is only emitted during cleaning-up operations (for drums, screens, etc.). This explains the very low specific waste water flow (usually far below 10 l/kg) typical of these mills. One exception is represented by TFI 6 which also uses reactive printing (for which afterwashing is required).

None of the companies analysed in the table, except for TFI 3, carries out pretreatment, but instead print on already pretreated knitted fabric. This is confirmed by the higher figures for waste water flow and organic load in the final effluent.

Information on chemical input and energy consumption was not made available.


TFI 1


TFI 2


TFI 3


TFI 4


TFI 5


TFI 6


TFI 7


TFI 8


TFI 9


TFI 10


TFI 11


TFI 12



Specific Qww (l/kg)


6
15
42
1.1
0.4
35
0.4
2
0.9
2
2
3

COD Conc. (mg O2/l)

          E-Fac (g/kg)
233

1.4
391

6
170

7
296

0.3
376

0.2
17

0.6
1027

0.4
639

1.3
713

0.6
666

1.3
351

0.7
1196

3.3

BOD5 Conc. (mg O2/l)

           E-Fac (g/kg)


105

4.4










AOX Conc. (mg Cl/l)

          E-Fac (g/kg)













HC Conc. (mg/l)

       E-Fac (g/kg)
0.9

0.01
0.3

0.005
1.2

0.05
0.7

0.001
1

0.0004
0.2

0.01
10.3

0.004
14.4

0.03

1.7

0003
0.9

0.002
11.2

0.03

pH















L (mS/cm)


1.3
1
2.6
0.7
3
2.6
1.3
1.4
0.9
3.3
1.3
1.1

T (ºC)


11.9
18.9
16.2
17.2
10.6
17.2
14.5
15.9
13.2
19
17.6
17

NH4 Conc. (mg/l)

         E-Fac (g/kg)













org. N Conc. (mg/l)

           E-Fac (g/kg)













Total N Conc.(mg/l)

              E-Fac (g/kg)













Cu Conc. (mg/l)

      E-Fac (mg/kg)
<0.05

0.30
<0.1

1.50
<0.1

4.20
<0.1

0.11
<0.05

0.02
<0.1

3.50
0.1

0.04
0.6

1.20
0.07

0.06
<0.1

0.20
<0.1

0.20
<0.1

0.30

Cr Conc. (mg/l)

     E-Fac (mg/kg)
<0.05

0.3
<0.1

1.5
<0.1

4.2
<0.1

0.1
<0.05

0.02
<0.1

3.5
<0.1

0.04

<0.1

0.1
<0.1

0.2
<0.1

0.2
<0.1

0.3

Ni Conc. (mg/l)

     E-Fac (mg/kg)













Zn Conc. (mg/l)

      E-Fac (mg/kg)
0.19

1
<0.1

1.5
0.3

13
<0.1

0.11
<0.1

0.04
<0.1

4
<0.1

0.04

<0.1

0.09
<0.1

0.20
0.3

0.6
0.2

0.6

Source: [179, UBA, 2001] 

Notes:

Blank cells mean that relevant information is not available

Table 3.12: Concentration values and textile substrate specific emission factors for waste water from twelve mills finishing knitted fabric consisting mainly of CO with a significant printing section 

3.2.2.3 Mills finishing knitted fabric: mainly synthetic fibres

According to data reported in Table 3.13 for thirteen mills in this category, there is considerable variability in the specific waste water flow (35 - 229 l/kg). Lower values are observed in installations using more advanced equipment (automated machines with low liquor ratio) and when a small number of finishing baths is required. Conversely the higher values are typical of companies having older machines where small batches are processed at non-optimal liquor ratios.

Due to the load of preparation agents, the emission of hydrocarbons is significantly higher compared to mills finishing mainly cotton fibres (see Table 3.11).

As with mills finishing mainly cotton, heavy metals emissions are not significant for this category.

COD emission factors vary between 65 and 150 g/kg. The lower COD figures are typical of mills finishing mainly polyamide. In particular, the composition of the emitted COD load for a mill finishing knit fabric consisting mainly of polyamide and polyamide/elastane blends is illustrated as an example. Data have been calculated using information reported in the safety data sheets and known/assumed retention factors (amount of chemical that remains on the fibre instead of being released to the waste water). Figures have been cross-checked with the measured COD concentrations and loads in the effluent.

The applied chemicals are grouped as dyestuffs, textile auxiliaries and basic chemicals. Typical ranges (albeit based on limited data) are:

· dyestuffs:
15 - 50
(g/kg textile substrate)

· textile auxiliaries:
45 - 150
(g/kg textile substrate)

· basic chemicals:
50 - 280
(g/kg textile substrate)

The ranges are rather wide, reflecting the variety of processes and process sequences. The total specific energy consumption is in the range of 3.5 - 17 kWh/kg. The consumption of electricity is 1.5 - 6 kWh/kg. The higher values correspond to mills also having spinning and knitting sections (data from three mills).


TFI 1

(1)
TFI 2

(1)
TFI 3

(1)
TFI 4

(1)
TFI 5

(1)
TFI 6

(1)
TFI 7

(1)
TFI 8

(1)
TFI 9

(1)
TFI 10

(1)
TFI 11

(1)
TFI 12

(2)
TFI 13

(2)

Specific Qww (l/kg)


117
173
81
77
127
89
35
229
83
43
61
144
255

COD Conc. (mg O2/l)

          E-Fac (g/kg)
1003

117
379

66
1045

85
3590

276
911

116
890

79
2170

76
384

88
581

48
3480

150
1870

114
883

127
262

67

BOD5 Conc. (mg O2/l)

           E-Fac (g/kg)
271

31.7
184

31.8
384

31.1
855

65.8
242

30.7
246

21.9
252

8.8
95

21.8
132

11.0
590

25.4

326 (3)
47
88 (3)
22

AOX Conc. (mg Cl/l)

          E-Fac (g/kg)



4.3

0.3
0.3

0.04
0.34

0.03



0.65

0.03
0.3

0.02



HC Conc. (mg/l)

       E-Fac (g/kg)
60

7
4.9

0.8
57.1

4.6

26.9

3.4









pH







7.3

9.2

6
7.4



L (mS/cm)


3.2
4.1
1
2.2

1.7

1.5
3.6
2.6
0.9



T (ºC)


29.3
29
39.8




36.8






NH4 Conc. (mg/l)

         E-Fac (g/kg)



2

0.2

6

0.5

18

4.1






org. N Conc. (mg/l)

           E-Fac (g/kg)



15

1.2
16.5

2.1
18.2

1.6

12

2.7

15

0.6




Total N Conc. (mg/l)

              E-Fac (g/kg)












4.7

1.2

Tot phosphorous (mg/l)

      E-Fac (g/kg)











1.9

0.27
2.3

0.59

Cu Conc. (mg/l)

      E-Fac (mg/kg)
<0.05

6
0.06

10
0.09

7
0.09

7
<0.09

11


<0.1

23

<0.01

0.43
0.04

2
0.1

14.4
0.03

8

Cr Conc. (mg/l)

     E-Fac (mg/kg)

<0.1

17
0.15

12
<0.05

4
0.14

18






0.03

4.3
0.03

8

Ni Conc. (mg/l)

     E-Fac (mg/kg)







<0.1

23

<0.01

0.4
<0.02

1.2



Zn Conc. (mg/l)

      E-Fac (mg/kg)
0.16

19
0.05

9
0.07

6






0.03

1
0.08

5
0.07

10
0.03

8

Source: (1) [179, UBA, 2001] (from TFI 1 to TFI 11 corresponding to site 1 to 11 respectively) (2) [200, Sweden, 2001] (from TFI 12 to TFI 13 corresponding to sites B and G respectively) 

Notes: Blank cells mean that relevant information is not available; (3) reported data refer to BOD7

Table 3.13: Concentration values and textile substrate specific emission factors for waste water from mills finishing knitted fabric consisting mainly of synthetic fibres

3.2.2.4 Mills finishing knitted fabric: mainly wool

Data on waste water emissions and energy consumption have been made available for one mill only. The same applied to energy consumption. The precise process sequence is not known. 

Table 3.14 contains the values for waste water emissions. Specific flow and other parameters do not indicate significant differences compared to mills finishing cotton or synthetic fibres.

Information on applied chemicals was not made available.

The specific energy consumption in the analysed company is very high (67 kWh/kg) whereas the specific consumption of electricity is 9.5 kWh/kg. This is because energy consumption for spinning, twisting, coning and knitting is included.


TFI 1



Specific Qww (l/kg)


63

COD
Conc. (mg O2/l)


E-Fac (g/kg)
1470

93

BOD5 Conc. (mg O2/l)

           E-Fac (g/kg)
367

23.1

AOX Conc. (mg Cl/l)

          E-Fac (g/kg)
0.3

0.02

HC Conc. (mg/l)

       E-Fac (g/kg)


pH


6.8

L (mS/cm)


0.6

T (ºC)


31.5

NH4 Conc. (mg/l)

        E-Fac (g/kg)
9.5

org. N Conc. (mg/l)

           E-Fac (g/kg)
23.3

1.5

Cu Conc. (mg/l)

      E-Fac (mg/kg)
0.03

2

Cr Conc. (mg/l)

     E-Fac (mg/kg)
0.09

6

Ni Conc. (mg/l)

     E-Fac (mg/kg)


Zn Conc. (mg/l)

      E-Fac (mg/kg)
0.5

32

Source: [179, UBA, 2001]
Notes:

Blank cells mean that relevant information is not available

Table 3.14: Concentration values and textile substrate specific emission factors for waste water from one mill finishing knitted fabric mainly consisting of wool

3.2.2.5 Analysis of some relevant specific processes for mills finishing knitted fabric

Process-specific information has been submitted on:

· heat-setting (Section 3.3.3.5.2)

· pretreatment of cotton knit fabric (continuous and discontinuous processes) (Section 3.3.2.5.1)

· pretreatment of knitted fabric consisting of synthetic fibres (very limited information available) (Section 3.3.2.5.2)

· exhaust dyeing of knitted fabric consisting of cotton and synthetic fibres (Section 3.3.2.5.3)

· printing (Section 3.3.3.5.5)

· finishing (Section 3.3.3.5.6)

· coating (Section 3.3.3.5.7).

3.2.2.5.1 Pretreatment of cotton knitted fabric

Pretreatment for cotton knitted fabric includes bleaching and washing. The intensity of bleaching mainly depends on the kind of cotton quality and the degree of whiteness to be achieved. For subsequent exhaust dyeing with dark shades a less intensive bleach process is sufficient (pre-bleach), whereas for pale shades and non-dyed products the degree of whiteness must be higher and consequently a more intensive bleaching treatment is required.

Continuous pretreatment of cotton knitted fabric

Continuous pretreatment is typical of larger installations. A process is described below for continuous bleaching/washing with hydrogen peroxide. It consists of the following steps:

· padding of the bleaching liquor with a pick-up of 130 %

· bleaching reaction in a steamer (30 min) with saturated steam at a temperature of 95 - 98 °C

· countercurrent rinsing

· padding of liquor containing complexing and washing agents followed by steaming (3 ‑ 5 min with saturated steam)

· rinsing and drying (in the case of non-dyed finished products, softening agents are applied before drying)

A typical recipe is given below:

Recipe
(g/kg textile)
COD of the product

(g O2/kg product)
specific 

COD-input

(g O2/kg textile)
estim. spec. COD-output (1)
(g O2/kg textile)







Padding liquor for bleaching





NaOH(100 %)
8.2




Wetting agent
6.0
1210
7.3
7.3

Complexing agents
4.4
270
1.2
1.2

Organic stabilisers
22.0
185
4.1
4.1

MgSO4
2.2




H2O2 (50 %)
66.0




Optical brightener
5.0
760
3.8
1.14

Washing agent
1.5
2060
3.1
3.1







Second padding liquor





Polyphosphate
1.1




Washing agent
1.1
1780
2.0
2.0




sum: 21.4
sum:18.84 

Padding liquor in case of softening





Softening agents
14.5
684
9.9
0.99

Acetic acid (60 %)
1.1
645
0.7
0.7

Source: [179, UBA, 2001]
Notes:

(1)
COD output is estimated assuming that the wetting agents, complexing agents and organic stabilisers are released quantitatively to the waste water, whereas the optical brighteners and the softening agents remain on the fibre at a rate as high as 70 % and 90 %, respectively

Table 3.15: Typical recipe for the continuous bleaching/washing of cotton knitted fabric

The specific COD-input can vary between 20 and 30 g/kg textile. 

The specific water consumption and waste water flow from the whole process is about 30 l/kg (±7 l/kg).

Typical values in the rinsing water from the first step are:

· COD: 4000 - 8500 mg/l 

· Conductivity: 2.5 - 4.5 mS/cm

· pH: around 10.

Typical values in the rinsing water from the second step are:

· COD: 1000 - 3000 mg/l 

· Conductivity: 0.5 - 1.2 mS/cm

· pH: around 8 - 10

As reported in Table 3.15, the COD-output-factor attributable to applied chemicals is estimated in about 20 g/kg textile (the wetting agents are the auxiliaries that contribute the most to the final COD in the waste water).

Measurements in total waste water showed COD output factors between 80 and 100 g/kg textile. The reason for this can be found in the additives (e.g. knitting oils) and the adjacent material present on the raw cotton knitted fabric, here 60 to 80 g/kg textile is attributable to these compounds. However, it should be noted that hydrogen peroxide has not been accounted for in the calculation (the CODcr method measures 0.45 g COD/g H2O2).

Data are available for a second process which consists of the following steps:

· padding of the demineralisation liquor with a pick-up of 130 % (inorganic and organic acids) with subsequent reaction at 40 °C and rinsing

· padding with the bleaching liquor (H2O2 as bleaching agent) 

· bleaching reaction in a steamer with saturated steam at a temperature of about 97°C

· countercurrent rinsing

· addition of softening agents (if required).

The specific consumption of chemicals and the associated COD values are reported in Table 3.16. It is obvious that this process needs significant lower amount of water.

Specific input/output


Unit
Typical range

Consumption of inorganic chemicals


(g/kg textile)
37 - 41

Consumption of organic chemicals, as COD


(g O2/kg textile)
29 - 35

Consumption of water
(l/kg textile)
14 - 19



Consumption of steam
(kg/kg textile)
1.1 - 1.6



Consumption of electricity
(kWh/kg textile)


62 - 79

COD-output in waste water caused by the applied chemicals (1)
(g O2/kg textile)
16 - 20

Source: [179, UBA, 2001] 

Notes:

(1)
COD output is estimated assuming that the wetting agents, complexing agents and organic stabilisers are released quantitatively to the waste water, whereas the optical brighteners and the softening agents remain on the fibre at a rate as high as 70 % and 90 %, respectively

Table 3.16: Consumption of chemicals and associated COD values for a continuous pretreatment process (bleaching/washing) of cotton knit fabric

Discontinuous pretreatment of cotton knitted fabric

For discontinuous bleaching/washing of cotton knitted fabric, Section Errore. L'origine riferimento non è stata trovata. provides the standard recipes for bleaching with hydrogen peroxide (H2O2). Data for COD, pH and conductivity for exhausted bleaching bath and rinsing water for pre- and full-bleaching with H2O2 are reported in Table 3.17 (batch process). Thereby emission factors cannot be calculated because figures for waste water flow corresponding to the single batches were not made available. Only the overall specific waste water flow is known (30 - 50 l/kg, including rinsing).

Parameter
Pre-bleaching
Full-bleaching


Exhausted bleaching bath
Hot rinsing (15 min)
Cold rinsing

(25 min)
Exhausted bleaching bath
Hot rinsing (15 min)
Cold rinsing

(25 min)









pH
11.4 - 11.7


11.1 - 11.3
11.1 - 11.2
12.1 - 12.5
12.1 - 12.3
11.3 - 11.5

COD

(mg O2/l)
5200 - 6500
4200 - 5400
800 - 1700
7800 - 8500
5700 - 6500
800 - 1200

Conductivity

(mS/cm)
6.4 - 9.5
5 - 8
1.5 - 3.5
16 - 16.8
12 - 12.6
2.1 - 1.5

Source: [179, UBA, 2001] 



Table 3.17: Data for COD, pH and L for exhausted bleaching bath and rinsing water from pre- and full-bleaching with H2O2 of cotton knitted fabric; the specific waste water flow for the whole process including rinsing is 30 - 50 l/kg

For cotton knitted fabric a combination of sodium hypochlorite and hydrogen peroxide used to be widely applied. Since hypochlorite has been largely replaced by hydrogen peroxide this process is now less common. Information from 1992 shows values for the combined application of hypochlorite and peroxide and indicates the big difference of AOX in the waste water (Table 3.18). Thereby the AOX value in the exhausted H2O2-bleaching bath (up to 6 mg Cl/l) derives from the fact that no rinsing is performed after hypochlorite bleaching and therefore the knitted fabric carries over the by-products from the previous bath to the peroxide bleaching bath.

Parameter
NaOCl-bleaching
H2O2-bleaching
Rinsing


Exhausted bleaching bath
Exhausted bleaching bath







pH


9.3 - 10.2
10.5 – 11
8.2 - 8.3

COD

(mg O2/l)
1500 - 1800
1500 – 1600
70 - 80

AOX

(mg Cl/l)
90 - 100
3.5 – 6
0.2 - 0.3

Conductivity

(mS/cm)
10.2 - 10.5
7.2 – 8
0.8 - 0.85

Source: [179, UBA, 2001] with reference to “ITV, 1992”



Table 3.18: Data for COD, AOX, pH and conductivity for exhausted bleaching bath and rinsing water from combined bleaching of cotton knit fabric with NaOCl/H2O2 (L.R. = 1:15) – “ITV, 1992”; the overall specific waste water flow (for the whole process including rinsing is 30 - 50 l/kg)

3.2.2.5.2 Pretreatment of knitted fabric consisting of synthetic fibres

The availability of specific data on the input/output of processes for the pretreatment of knit fabric consisting of synthetic fibres is limited. Using the information for specific water consumption and waste water flow, the concentration of COD and hydrocarbons can be reliably estimated. Bigger companies have continuous pretreatment processes (usually washing processes) with low specific water consumption resulting in high COD and hydrocarbon concentrations. In particular, for hydrocarbons, concentrations in the range of g/l-order are typical.

3.2.2.5.3 Exhaust dyeing of knitted fabric

Usually knitted fabric is dyed in batch (exhaust dyeing). In a few cases fabric is dyed in semi-continuous mode (generally by cold pad batch).

Exhaust dyeing of cotton knitted fabric

Table 3.19 presents typical input factors, distinguishing between light, medium and dark shades, (which influences primarily the specific input of dyestuffs and salt). The wide range reported in the table for liquor ratio is not because different types of machines have been considered (all data refer to machines with a liquor ratio of 1:8). It rather reflects a common situation that occurs when the machines are not fully loaded due to the need to treat small batches and they are operated at a non-optimal liquor ratio. A common feature of modern machines is that small batches can be dyed with approximately the same liquor ratio as for maximum load.

Unit
light shade
medium shade
dark shade







Liquor ratio
1:8 - 1:25




Dyestuff input
(g/kg textile)
0.5 - 4
5 - 30
30 – 80

Org. auxiliary input
(g/kg textile)
0 - 30
0 - 30
0 – 35

Salt input
(g/kg textile)
90 - 400
600 - 700
800 – 2000

Inorganic auxiliary
(g/kg textile)
50 - 250
30 - 150
30 - 150

Source: [179, UBA, 2001]


Table 3.19: Typical input factors for exhaust dyeing of cotton knitted fabric with reactive dyestuffs

As concerns the characteristics of the discharged water, the following tables illustrate examples of some typical dyeing processes. Table 3.20 reports the data for each of the discharged baths from reactive dyeing of a light shade.

For light shades, less rinsing is normally required and soaping is not needed. COD values are very low, especially for rinsing water. Conversely, data presented in Table 3.21 for a dark shade dyeing sequence show significantly higher figures for COD, conductivity and colour. The values for exhaust dyeing with reactive dyestuffs at medium shade will be between these extreme cases.

No of bath
Name of bath
COD

(mg O2/l)
pH
Conductivity (mS/cm)
SAC

436 nm

(1/m)
SAC

525 nm

(1/m)
SAC

620 nm

(1/m)










1
Exhausted dye bath
920
11
72
43
18
6

2
Rinsing bath
180
10.6
10
9
4
2

4
Rinsing bath
33
10
2.8
4
2
1

5
Rinsing bath
23
9
1
2
1
1

6
Rinsing bath
5
8.3
0.8
1
0.5
0.2

Source: [179, UBA, 2001]


Table 3.20: Sequence of discharged baths from exhaust dyeing (light shade) of cotton knitted fabric with reactive dyestuffs along with values for COD, pH, conductivity and colour (spectral absorption coefficients, SAC) L.R. = 1:25; specific water consumption for the whole process: 142 l/kg (including water consumed when loading the material and direct cooling after dyeing) 

No of bath
Name of bath
COD

(mg O2/l)
pH
Conductivity (mS/cm)
SAC

435 nm

(1/m)
SAC

500 nm

(1/m)
SAC

620 nm

(1/m)










1
Exhausted dye bath
3400
12.1
140
328
315
320

2
Rinsing bath
2980
11.8
55
325
298
308

3
Neutralisation bath
2530
4.5
25
309
220
246

4
Rinsing bath
1060
4.7
8.3
316
185
196

5
Rinsing bath
560
5.3
2.1
316
164
154

6
Soaping bath
450
6.7
0.8
321
177
132

7
Rinsing bath
150
7.0
0.5
205
94
61

8
Rinsing bath
76
7.6
0.4
63
27
17

9
Rinsing bath
50
7.6
0.4
29
13
7

Source: [179, UBA, 2001]

Table 3.21: Sequence of emitted baths from exhaust dyeing (dark shade) of cotton knit fabric with reactive dyestuffs along with values for COD, pH, conductivity and colour (spectral absorption coefficients, SAC) L.R. = 1:8.2; specific water consumption for the whole process: 71 l/kg

Two additional examples are presented below, one for dyeing with direct dyes (light shade) and one for dyeing with sulphur dyes (dark shade).

No of bath
Name of bath
COD

(mg O2/l)
AOX

(mg Cl/l)
pH
Conductivity (mS/cm)
SAC

436m

(1/m)
SAC

525m

(1/m)
SAC

620 nm

(1/m)











1
Exhausted dye bath
3000
1.5
10
9.1
50
28
19

2
Rinsing bath
160
0.18
8.2
1.2
8
3
2.8

3
Rinsing bath
50
0.07
7.4
0.6
0.3
0.02
0.02

4
Conditioning bath

(softening)
900
0.2
4.8
0.8
13
9
7

Source: [179, UBA, 2001]


Table 3.22: Sequence of discharged baths from exhaust dyeing of cotton knitted fabric with direct dyestuffs (light shade) along with values for COD, AOX, pH, conductivity and colour (spectral absorption coefficients, SAC)

No of bath
Name of bath
COD

(mg O2/l)
AOX

(mg Cl/l)
pH
Conductivity (mS/cm)
SAC

436nm

(1/m)
SAC

525m

(1/m)
SAC

620 nm

(1/m)











1
Exhausted dye bath
4800
3.3
11.5
63
1100
1080
1130

2
Hot rinsing bath
600
0.4
10
3.2
8
8
9

3
Rinsing bath
36
0.03
8.2
0.62
0.5
0.3
0.3

4
Rinsing bath
25
0.04
8
0.34
0.3
0.1
0.2

5
Hot rinsing bath
580
0.3
8.3
1.3
3.5
3.2
3.3

6
Rinsing bath
30
0.04
7.4
0.52
0.1

0.1

7
Rinsing bath
25
0.04
7.4
0.5
0.1
0.02
0.03

8
Hot rinsing bath
390
0.25
8.2
1.5
2.8
2.6
3

9
Rinsing bath
24
0.03
7.6
0.52
0.1

0.08

10
Rinsing bath
12
0.04
7.7
0.5
0.2

0.08

11
Conditioning bath

(softening)
2200
1.6
7.7
1.1
15
8
5

Source: [179, UBA, 2001]


Table 3.23: Sequence of discharged baths from exhaust dyeing of cotton knitted fabric with sulphur dyestuffs (dark shade) along with values for COD, AOX, pH, conductivity and colour (spectral absorption coefficients, SAC)

The tables above clearly indicate that high-, medium- and low-loaded baths are discharged from exhaust dyeing. This shows the importance of separating the different streams in order to allow recycling of the low-loaded baths and more effective treatment of the concentrates.

Exhaust dyeing of knitted fabric consisting of synthetic fibres

Table 3.24 shows a typical recipe for exhaust dyeing of PES knitted fabric including the application of a UV stabiliser for high light fastness. There are no analytical data available for this or for exhaust dyeing of other synthetic fibres.


Input factor

(g COD/kg textile)
Output factor

to waste water

(g COD/kg textile)





Liquor ratio
1: 10


Exhaust dyeing



Dyestuff input
1 - 100
0.5 - 50

Dispersing agent
6
5

Organic acid 
n.d.
n.d.

Mixture of carriers (1)
23
11

UV absorber 
19
4

Defoaming agent
17
16

Aftertreatment



NaOH (50 %)



Reducing agent
7
5

Sequestring agent
3
3



Sum 45 - 95

Source: [179, UBA, 2001]
Notes:

(1) especially phthalic acid esters

Table 3.24: Typical input and calculated output factors for exhaust dyeing of PES knitted fabric with disperse dyestuffs

The conclusion from the reported data is that disperse dyeing causes COD emission factors significantly higher than, for example, reactive dyeing because of the dispersing agents (present in the dye formulation itself in percentages as high as 40 – 60 % of the weight of the product) and carriers.

3.2.3 Mills finishing woven fabric

3.2.3.1 Mills finishing woven fabric: mainly CO and CV

Table 3.25 presents the data for waste water emissions from seventeen mills finishing woven fabric consisting mainly of cotton. Most of these industries carry out pretreatment in continuous or semi-continuous mode. The same is true for dyeing, although some companies perform exhaust dyeing in combination with continuous dyeing or alone (which is the case for example in TFI 16).

Specific waste water flows vary widely, from 45 - 50 l/kg up to more than 200 or even, in two cases, more than 600 l/kg. These values are confirmed by “FhG-ISI, 1997”, reporting similar figures for 25 other mills, also reporting values as high as 240 and 265 l/kg and another very high value (415 l/kg).

Mills with specific waste water flows of about 50 l/kg (e.g. TFI 6 and TFI 9) are known to have more modern and more efficient washing machines than companies showing levels as high as 200 l/kg or more. Two sites in this survey (TFI 12 and TFI 16) show extremely high specific waste water flows (618 l/kg and 646 l/kg). In the case of TFI 12 the reason is to be found in the use of very old machines with poor washing efficiency. In the case of TFI 16 the high water consumption can probably be explained by the fact that on this site dyeing is carried out only in batch, a mode in which water consumption is normally higher than with continuous and semi-continuous dyeing techniques.

COD emission factors for finishers of woven fabric are considerably higher than for yarn or knitted fabric finishers (two to three times higher). This is mainly due to the removal of sizing agents which are present on woven fabrics up to 15 wt-%. The load of sizing agents on the fabric and therefore the COD emission factor vary strongly according to the type of fabric and quality of sizing agents applied. For example, TFI 5 treats light, open fabrics with a low load of sizing agents. In addition, this company only carries out pretreatment without dyeing the material (and the same is valid also for TFI 15), which explains the low emission factor. On the contrary, TFI 2 finishes woven fabric with a high load of sizing agents and therefore has a higher specific COD load (300 g/kg). Also mills finishing cotton frotté or fabrics consisting mainly of viscose have low factors.

It is interesting to see the variability of the COD/BOD5 ratio, which can be considered an indicator of the biodegradability of the sizing agents applied. Synthetic sizing agents, such as carboxymethylcellulose (CMC), polyacrylates (PA) and polyvinyl alcohol (PVA) are all poorly biodegradable and CMC and PA, in particular, are non-biodegradable or only to a very low extent. Having said this, it can be inferred that companies such as TFI 1 and TFI 2 which have a COD/BOD5 ratio of about 3:1 have a relatively high percentage of biodegradable sizing agents. Meanwhile TFI 3 and TFI 4 have about 5:1, which is indicative of the predominance of hardly- or non-biodegradable sizing agents.

Little further comment is needed on the high ammonia concentration of TFI 4, which is due to the printing section of this mill (this mill has not been categorised with mills having a significant printing section because the percentage of printed textile substrate is lower than 30 %). Furthermore a high AOX concentration and emission factor is observed for TFI 2, but no reasonable explanation is found for this.

The applied chemicals are grouped as dyestuffs, textile auxiliaries and basic chemicals. Typical values (albeit based on limited data) are:

· dyestuffs:
10 - 20
(g/kg textile substrate)

· textile auxiliaries:
180 - 200
(g/kg textile substrate)

· basic chemicals:
200 - 250
(g/kg textile substrate)

The total specific energy consumption is in the range of 8 - 20 kWh/kg. The higher value is for mills also having spinning, twisting and coning sections. The consumption of electricity is about 0.5 - 1.5 kWh/kg (data from eight mills).

Information about the contribution of the different steps of the process to the overall energy consumption is limited. 

The basic conclusions drawn from these two examples may be transferable to the textile sector. These types of assessments unfortunately represent very rare examples in the textile industry. It is obvious, that only such detailed analysis will allow the identification of the processes most significant for minimising energy consumption.


TFI 1

(1)
TFI 2

(1)
TFI 3

(1)
TFI 4

(1)
TFI 5

(1)
TFI 6

(1)
TFI 7

(1)
TFI 8

(1)
TFI 9

(1)
TFI 10

(1)
TFI 11

(1)
TFI 12

(1)
TFI 13

(2)
TFI 14

(2)
TFI 15

(2)
TFI 16

(2)
TFI 17

(3)

Specific Qww (l/kg)


182
83
211
99
52
56
132
93
45
150
93
618
71
99
21
645
107

COD Conc. (mg O2/l)

          E-Fac (g/kg)
822

150
3640

303
597

126
1210

120
824

43
2280

128
996

132
949

89
4600

208
672

101
1616

150
334

206
2000

143
1046

104
2782

60
467

302
1926

206

BOD5 Conc. (mg O2/l)

           E-Fac (g/kg)
249

45
1350

113
128

27
256

25
356

19
610

34
384

51

1760

79
307

46
367

34
66

41
900

64
197

20
1026

22
141

91
262 (4)
28

AOX Conc. (mg Cl/l)

          E-Fac (g/kg)
0.3

0.05
2.5

0.21
0.38
0.9

0.09

0.17

0.01


1.1

0.05
0.3

0.04
0.3

0.028
0.27

0.17






HC Conc. (mg/l)

       E-Fac (g/kg)

7.5

0.6




3

0.4
3

0.3










pH


8.4

8.6
10.1

9.6



10.1

8.6
12
8.5
9
7.2


L (mS/cm)


1.4
3.3
1.9


2.4
0.2
4.5

2.2

1.2






T (ºC)


25.8
44.5




20.4
34.1
33.7
41.9

30.9
40

35



NH4 Conc. (mg/l)

         E-Fac (g/kg)
4.6

0.8
3.1

0.3
7.9

1.7
48.3

4.8

14.3

0.8









2

1.29


org. N Conc. (mg/l)

           E-Fac (g/kg)
16.7

3

15.6

3.3
158

16

56

3.1



25

3.7

16.5

10.2






Total N Conc. (mg/l)

              E-Fac (g/kg)












40

2.86
12.32

1.22
75

1.61
11

7.11
19.7

2.11

Tot phosphorous (mg/l)

       E-Fac (g/kg)












5

0.36
2.2

0.22
6

0.13

2.4

0.26

Cu Conc. (mg/l)

      E-Fac (mg/kg)
0.23

42
0.6

50
0.09

19
0.36

36

0.08

5
0.07

9
0.08

7.5
0.25

11
<0.01

<1.5
0.13

12
0.12

74
0.10

7.1
0.12

11.9
0.05

1.0

0.22

23.5

Cr Conc. (mg/l)

     E-Fac (mg/kg)
0.09

16
0.05

4
0.02

4



0.1

13
0.07

7
0.006

0.3
<0.01

<1.5
0.05

5
0.022

14
0.10

7.1
0.04

4.0
0.02

0.5



Ni Conc. (mg/l)

     E-Fac (mg/kg)








0.03

1

0.03

3

0.10

7.1
n.d


n.d





Zn Conc. (mg/l)

      E-Fac (mg/kg)
0.24

44
0.18

15




0.16

21
0.3

28
0.18

8
<0.01

<1.5

1.05

649
0.20

14.3
0.36

35.8
0.24

5.1

0.06

6.4

Sb Conc. (mg/l)

     E-Fac (mg/kg)
















0.11

22.7

Source: (1) [179, UBA, 2001] (from TFI 1 to TFI 12 corresponding to sites 1 to 12 respectively); (2) [198, TOWEFO, 2001] (from TFI 13 to TFI 16 corresponding to site B01, B02, BO6, I 12 respectively); (3) [200, Sweden, 2001] (TFI 17 corresponding to site C)

Notes: Blank cells mean that relevant information is not available; (4) reported data refer to BOD7

Table 3.25: Concentration values and textile substrate specific emission factors for waste water from mills mainly finishing woven fabric consisting mainly of CO

3.2.3.2 Mills finishing woven fabric: mainly CO and CV, with a significant printing section

Table 3.26 presents the values of twelve cotton finishing mills each with a significant printing section (more than 30 % of the textile substrates are printed). In the twelve companies surveyed, printing with dyes is dominant in ten (TFI 1 to TFI 10, particularly reactive printing and etch printing). In the other two (TFI 11 and TFI 12) pigment printing is the larger part of the business. This influences water consumption levels, because higher amounts of water are needed in dye printing compared to pigment printing, and explains the relatively high specific waste water flow in comparison to all other categories of mills.

The specific waste water flow of the ten predominatly dye-printers varies from 155 to 283 l/kg, except for TFI 4 which is not directly comparable (because it does not carry out pretreatment, but performs only printing and finishing on already pretreated fabric). The high figures for specific waste water flow are confirmed by “FhG-ISI, 1997” which reports for seven more mills values of 282, 288, 327, 450, 261, 189 and 302 l/kg.

COD emission factors are also high because, in addition to sizing agents, the high organic load from the printing section (cleaning of printing equipment and after-washing operations) has to be considered.

High ammonia concentrations and emission factors are also typical of dye-printing. This is due to the presence of urea and ammonia, especially in printing pastes (up to 150 g urea/kg printing paste). Urea hydrolyses to ammonia in waste water. Furthermore, concentrations and emission factors for copper are significantly higher compared to other kinds of mills because of the low fixation rates of copper-phthalocyanine-complex reactive dyestuffs. The higher AOX values are mainly attributable to vat and phthalocyanine dyes containing halogens (green shades).

The applied chemicals are grouped as dyestuffs, textile auxiliaries and basic chemicals. Typical values (albeit based on limited data) are:

· dyestuffs:
80 - 100
(g/kg textile substrate)

· textile auxiliaries:
180 - 200
(g/kg textile substrate)

· basic chemicals:
800 - 850
(g/kg textile substrate)

There are two main causes of the high specific consumption of dyestuffs. First, colouration is performed twice: for dyeing of the fabric and for printing. Second, many liquid dyestuff formulations are in use and, as already stated in the introduction, the water content is included for calculating the consumption factors.

The high specific consumption of basic chemicals is due to the high chemical demand of operations such as pretreatment and printing.

Energy consumption data have been made available for one company only. The total consumption for this site is 18.8 kWh/kg (2.3 kWh/kg for electricity, 16.5 kWh/kg as thermal energy).


TFI 1

(1)
TFI 2

(1)
TFI 3

(1)
TFI 4

(1)
TFI 5

(1)
TFI 6

(1)
TFI 7

(2)
TFI 8

(2)
TFI 9

(2)
TFI 10

(2)
TFI 11

(3)
TFI 12

(3)

Specific Qww (l/kg)


264
155
229
139
255
283
207
284
295
283
175
143

COD Conc. (mg O2/l)

E-Fac (g/kg)
1167

308
1265

196
859

197
819

114
570

145
760

215
640

132
961

273
513

151
607

172
1701

298
766

110

BOD5 Conc (mg O2/l)

E-Fac (g/kg)
272

72
605

94
267

61
215

30
169

43
215

61
240

50
286

81
169

50
187

53
652(4)
114
191(4)
27

AOX Conc. (mg Cl/l)

E-Fac (g/kg)

0.4

0.06
1.3

0.30
2.4

0.33

1.7

0.48







HC Conc. (mg/l)

E-Fac (g/kg)
18.1

4.78












pH



9
9.1

9.3
9.6
7.8
7.9
8
8



L (mS/cm)


1.4
2.8
2.8
2.5

1.3







T (ºC)


26
19
33.7










NH4 Conc. (mg/l)

E-Fac (g/kg)


98

22.44
146

20.29
13.5

3.44
170

48.11
72

14.91
102

29.02
40

11.81
9

2.55



org. N conc. (mg/l)

E-Fac (g/kg)


24

5.49

156

39.78

19.5

4.04






Total N Conc. (mg/l)

E-Fac (g/kg)






92

19.05
108

30.72
46

13.58
28

7.93
39.5

6.91
29.9

4.28

Tot phosphorous (mg/l)

       E-Fac (g/kg)










6.4

1.12
3.4

0.49

Cu Conc. (mg/l)

E-Fac (mg/kg)
0.61

161
0.06

9
0.4

92


0.1

28




0.32

56.0
0.24

34.3

Cr Conc. (mg/l)

E-Fac (mg/kg)
0.1

26
0.02

3
0.08

18







0.02

3.5
0.01

1.4

Ni Conc. (mg/l)

E-Fac (mg/kg)

0.03

5



0.01

3







Zn Conc. (mg/l)

E-Fac (mg/kg)
0.22

58
0.15

23



0.15

42




0.24

42.0
0.06

8.6

Sb Conc. (mg/l)

     E-Fac (mg/kg)











0.03

3.3

Source: (1) [179, UBA, 2001] (from TFI 1 to TFI 6 corresponding to sites 1 to 6 respectively); (2) [198, TOWEFO, 2001] (from TFI 7 to TFI 10 corresponding to sites I 10, I 14, I 15, I 16 respectively) (3) [200, Sweden, 2001] (from TFI 11 to TFI 12 corresponding to sites D and E, respectively)

Notes: Blank cells mean that relevant information is not available; (4) reported data refer to BOD7

Table 3.26: Concentration values and textile substrate specific emission factors for waste water from mills mainly finishing woven fabric consisting mainly of CO, with a significant printing section

3.2.3.3 Mills finishing woven fabric: mainly WO

The values for waste water emissions from six mills finishing fabric consisting mainly of wool are reported in Table 3.27. The specific waste water flow are usually higher than for mills finishing cellulosic fibres. The values quoted are confirmed by five values reported by “FhG-ISI, 1997” (133, 156, 253, 142 and 243 l/kg). Compared to the other kinds of mills, the emission factors for chromium can be noticeable (e.g. 54 and 71 mg/kg for TFI 1 and TFI 2) due to the application of after-chrome and metal-complex dyestuffs. Note also the high copper emission factor for TF5 (603 mg/kg). This comes from the fact that at the time when the data were collected, the company used to have copper pipelines in the heat recovery system. The mill has now replaced them with new pipelines in stainless steel.


TFI 1

(1)
TFI 2

(1)
TFI 3

(2)
TFI 4

(2)
TFI 5

(3)
TF 6

(4)

Specific Qww (l/kg)


141
296
314
170
114
70



COD Conc. (mg O2/l)

         E-Fac (g/kg)
659

93
814

241
144
66
280

32
728

51

BOD5 Conc. (mg O2/l)

           E-Fac (g/kg)
227

32
308

91


60 (5)
6.8
140

9.8

AOX Conc. (mg Cl/l)

          E-Fac (g/kg)

0.31

0.09





HC Conc. (mg/l)

       E-Fac (g/kg)
8.5






pH



7.1





L (mS/cm)


1
1.9





T (ºC)


27
30





NH4 Conc. (mg/l)

        E-Fac (g/kg)





34

2.4

Org. N Conc. (mg/l)

           E-Fac (g/kg)

22.7

6.7





Total N Conc. (mg/l)

              E-Fac (g/kg)




55.2

6.3


Tot phosphorous (mg/l)

      E-Fac (g/kg)




1.9

0.22


Cu Conc. (mg/l)

     E-Fac (mg/kg)
0.08

11
0.05

15
<8
<7
5.29

0.6


Cr Conc. (mg/l)

     E-Fac (mg/kg)
0.38

54
0.24

71
<8
16
0.04

5
0.25

17.5

Ni Conc. (mg/l)

     E-Fac (mg/kg)

0.05

15
<8
<7
0


Zn Conc. (mg/l)

     E-Fac (mg/kg)
1.3

183
0.61

181
32
50
1.58

180


Source: (1) [179, UBA, 2001] (TFI 1 to TFI 2 corresponding to sites 1 to 2 respectively) (2) [193, CRAB, 2001] (TFI 3 to TFI 4 corresponding to sites 1 and 2 respectively) (3) [200, Sweden, 2001] (TFI 5 corresponding to site I) (4) [31, Italy, 2000] (TFI 6 correspondin g to site 1)

Notes:

Blank cells mean that relevant information is not available

(5) reported data refer to BOD7

Table 3.27: Concentration values and textile substrate specific emission factors for waste water from six mills finishing woven fabric consisting mainly of wool

The applied chemicals are grouped as dyestuffs, textile auxiliaries and basic chemicals. Typical ranges, albeit based on limited information (data from two mills) are:

· dyestuffs:
10 - 30
(g/kg textile substrate)

· textile auxiliaries:
140 - 160
(g/kg textile substrate)

· basic chemicals:
85 - 95
(g/kg textile substrate)

Also energy consumption data have been made available for two companies only. The total consumption ranges from 11 to 21 kWh/kg (0.5 - 0.8 kWh/kg for electricity, 10 - 20 kWh/kg for natural gas).

3.2.3.4 Mills finishing woven fabric: mainly synthetic fibres

Data on finishing of woven fabric consisting of synthetic fibres are presented in Table 3.28 for six mills. Figures vary according to the type of blend and the percentage of natural fibres (mainly cotton, flax and silk) often present in the blend.

Specific waste water flows are all above 100 l/kg, except for TFI 1 with only 7 l/kg. This mill, however, represents a particular situation not comparable with the other sites presented in this section. TFI 1 treats 100 % PA fibres and only carries out pretreatment in continuous modern washing machines for the removal of preparation and sizing agents.

As for the other companies, higher values for specific waste water flows can be explained partly by the equipment used and partly by considering that some companies process significant amounts of cellulosic fibres together with synthetic fibres (e.g. TFI 3 and TFI 5).

COD emission factors vary between 110 and 200 g/kg (one higher value, 286, only in TFI 2). In TFI 1 a lower value is reported (14 g/kg), but this is because no dyeing is carried out.


TFI 1

(1)
TFI 2

(2)
TFI 3

(2)
TFI 4

(2)
TFI 5

(2)
TFI 6

(3)

Specific Qww (l/kg)


7
114
165
248
178
100

COD Conc. (mg O2/l)

E-Fac (g/kg)
1950

14
2500

286
965

160
665

165
726

129
1254

125

BOD5 Conc. (mg O2/l)

E-Fac (g/kg)
317

2

227

38
245

61
165

29
373

37

AOX Conc. (mg Cl/l)

E-Fac (g/kg)
0.13

0.001






pH


11

7
7.4
7.6


L (mS/cm)


0.6






T (ºC)


32






NH4 Conc. (mg/l)

E-Fac (g/kg)


1

0.17
9

2.23
12


org. N conc. (mg/l)

E-Fac (g/kg)







Total N Conc. (mg/l)

E-Fac (g/kg)


14

2.3
23

5.7
23
9

0.9

Total phosphorous (mg/l)

E-Fac (g/kg)





4.9

0.5

Cu Conc. (mg/l)

E-Fac (mg/kg)





0.14

14

Cr Conc. (mg/l)

E-Fac (mg/kg)





0.06

6

Ni Conc. (mg/l)

E-Fac (mg/kg)







Zn Conc. (mg/l)

E-Fac (mg/kg)





0.06

6

Source: (1) [179, UBA, 2001] (TFI 1 corresponding to site 1); (2) [198, TOWEFO, 2001] (from TFI 2 to TFI 5 corresponding to sites I 03, I 06, I 13, I 17 respectively); (3) [200, Sweden, 2001] (TFI 6 corresponding to site F)

Notes:

Blank cells mean that relevant information is not available.

Table 3.28: Concentration values and textile substrate specific emission factors for waste water from six mills finishing woven fabric consisting mainly of synthetic fibres

3.2.3.5 Analysis of some relevant specific processes for mills finishing woven fabric

Process-specific information has been submitted on:

· singeing

· heat-setting

· continuous pretreatment of woven fabric

· continuous and semi-continuous dyeing

· printing 

· finishing

· coating.

3.2.3.5.1 Singeing

The quality and quantity of air emissions in singeing depend strongly on:

· kind of substrate to be treated

· position of burners (angle and distance to the textile; one-sided or double-sided singeing)

· kind of emission abatement installed.

Main air emissions are:

· dust from the fibres burned-off

· organic-C from volatile substances on the substrate and/or crack-products and methane from incomplete combustion of burner gases

· formaldehyde from burner gases.

Emission levels from measurements carried out in five finishing mills are summarised in Table 3.29 [179, UBA, 2001]. 

Textile company
Sampling point
Installed emission abatement
Substrate
Concentration

Organic-C

(mg C/Nm³)
Concentration Organic-C 

ex methane

(mg C/Nm³)
Concentration formaldehyde 

(mg HCHO/Nm³)
Dust

(mg/Nm³)
Air flow

(Nm³/h)
Off-gas temp. (°C)
Process velocity



A
Pre-brushing + burner compartment
Pre-brushing + burner:

aqueous scrubber;

after-brushing: circulating air, fabric filter
CO
99
22
-
1.8 - 3.7
5900
28
60 - 100 m/min

B
Pre-brushing + burner compartment
Pre-brushing + burner:

aqueous scrubber

after-brushing: aqueous scrubber
PES/CO
82
< 1
-
0.3 - 0.4
3800
34
120

m/min

B
After-brushing compartment
Pre-brushing + burner:

aqueous scrubber

after-brushing: aqueous scrubber
PES/CO
-
-
-
0.1
5670
24
120

m/min

C
Pre-brushing + burner compartment
Pre-brushing + burner:

aqueous scrubber;

after-brushing: circulating air, fabric filter
CO
74
-
-
6.2
8200
32
100 - 120

m/min

D

(process 1)
Burner compartment
After-brushing:

aqueous scrubber
CO
-
-
0.9
< 0.1
4410
83
2160

kg textile/h

D

(process 2)
Burner compartment
After-brushing:

aqueous scrubber
PES/CO
-
-
1.9
< 0.1

83
1620

kg textile/h

D

(process 2)
After-brushing compartment
After-brushing:

aqueous scrubber
PES/CO
-
-
-
< 0.1

27
1620

kg textile/h

E
Burner compartment
After-brushing:

aqueous scrubber
PES/EL
42.4
26.3
3.2
-
3190
118
1746

kg textile/h

E
After-brushing compartment
After-brushing:

aqueous scrubber
PES/EL
-
-
-
6.6
2760
27
1746 

kg textile/h

Source: [179, UBA, 2001]

Table 3.29: Data on emissions to air from singeing facilities in five textile finishing mills 

The following general considerations apply to the reported data [179, UBA, 2001]:

· if an aqueous scrubber is used for emission abatement in the after-brushing compartment, dust emissions < 0.1 mg/m³ can be achieved, but concentrations up to 6 mg/Nm³ can also be detected

· Organic-C concentration caused by the process itself (methane emissions not included) varies within a wide range (from 1 to 26 mg C/Nm³). Formaldehyde emission from the burner is in a range of 1 to 3 mg substance/Nm³.

· off-gas temperature depends on sampling point (burner or after-brushing) and whether an aqueous scrubber is installed or not.

Singeing can be a very odour intensive process. An odour value of 60000 OU/kg textile could be measured for an installation singeing cotton without emission abatement systems [179, UBA, 2001] Advanced air treatment for destruction of odorous substances and abatement of dust may be necessary. 

3.2.3.5.2 Heat-setting

Table 3.30 shows the possible sources of air emissions arising from:

· thermal treatment of raw fabrics

· thermal treatment of fabrics which are prewashed in an efficient way.

Fibre


Impurities/by-products on the fabric
Pollutants in air emissions

Man-made fibres in general
Preparation agents
Mineral oils, fatty acid esters and their by-products and/or thermal decomposition compounds

Natural fibres in general
Preparation agents


See above



PU (elastane)
Fibre solvent

Preparation agents
Dimethylacetamide

Silicones

Aromatic polyamides


Fibre solvent
Dimethylacetamide

PAC
Fibre solvent
Dimethylformamide, Dimethylacetamide

PA 6


Monomer
Epsilon-Caprolactam

Source: [179, UBA, 2001]


Table 3.30: Possible sources of air emissions during heat-setting of grey fabrics or inefficiently washed fabrics

Typical air emission levels from heat-setting (concentrations, emission factors and mass flows) are reported in Table 3.31 for a sample of finishing mills. Note that when emission abatement systems are installed, the values shown in the table will correspond to the resulting clean gas. In the case of directly heated stenters, the portion of Organic-C emission attributable to the fuel (methane, propane, butane) is mentioned separately and is not included in the data concerning the Organic-C emission values (concentrations, emission factors and mass flows).

The following general considerations apply to the reported data:

· heat setting of raw textiles causes significant off-gas load. If heat-setting of PA 6 is carried out, considerable amounts of caprolactam are emitted .

· in the case of textiles which contain low-emission preparation agents, much lower emission levels are observed

· Organic-C emissions caused by unburned fuel are in a range of 0.1 g/kg textile up to > 5 g/kg textile in the case of poorly maintained burners

· formaldehyde emissions may originate not only from the auxiliaries applied, but also from the direct-heated stenters themselves, due to partial burn-out of the gas (methane, propane, butane). Concentration levels from stenters range from 0.1 to 60 mg/Nm3. 

Textile company
Stenter technology

Emission abatement
Process
Substrate
Process temperature (°C)
Emission factor

(g C/kg textile)
Concentration

(mg C/Nm³)
Mass-flow

(g C/h)
Machine based emission 

(g C/kg textile)
Remarks

1.1
Direct heated


Heat-setting (raw fabric)
PA 6
185
12
82
359
5.4
4.3 g/kg caprolactam

3.3
Direct heated

Heat recovery, electrofiltration
Heat-setting (raw fabric)
PES/PAC
180
0.7
92
1260
0.1


3.4
Direct heated

Heat recovery, electrofiltration
Heat-setting (pre-washed fabric)
PES/PAC
180
0.9
77
1055
0.2


4.3
Direct heated


Heat-setting (not raw fabric)
PES/WO/EL
165
0.2
14
130
1.6
0.08 g/kg formaldehyde

4.4
Direct heated


Heat-setting (carrier dyed fabric)
PES/WO/EL
165
6.5
460
4269
1.4
0.08 g/kg formaldehyde

10.2
Direct heated

Aqueous scrubber
Heat-setting (not raw fabric)
PA 6.6/EL
190
1.5
38
427
0.1


10.3
Direct heated

Aqueous scrubber
Heat-setting (pre-washed fabric)
PA 6/EL
190
2.2
84
945
0.2


10.4
Direct heated

Aqueous scrubber
Heat-setting (not raw fabric)
PA/EL
190
2.6
71
1052
1.4


11.1
Direct heated

Aqueous scrubber, electrofiltration
Heat-setting (not raw fabric)
PES
150
1.2
24
507
0.5


11.2
Direct heated

Aqueous scrubber, electrofiltration
Heat-setting (pre-washed fabric)
PES
150
0.8
19
394
0.4


13.1
Direct heated

Condensation, electrofiltration
Heat-setting (not raw fabric)
PES
205
3.2
36
820
1.2


13.2
Direct heated

Condensation, electrofiltration
Heat-setting (not raw fabric)
PES/PAC
180
2.2
59
1350
0.5


13.3
Direct heated

Condensation, elctrofiltration
Heat-setting (not raw fabric)
PA 6
185
1.9
18
410
0.5
0.7 g/kg caprolactam

14.1
Direct heated


Heat-setting (not raw fabric)
CO/PES
200
1.1
95
697
0.1


15.1
Direct heated

Aqueous scrubber
Heat-setting (not raw fabric)
PES
190
0.8
65
689
0.2
Raw gas data considered

15.2
Direct heated

Aqueous scrubber
Heat-setting (not raw fabric)
PES/CO
90
0.6
39
421
0.2
Raw gas data considered

Source: [179, UBA, 2001]


Table 3.31: Heat-setting: process specific emission data (measured values) 

The substance-based emission factor for some of the most commonly applied preparation agents are reported in in other sections of the BREF. As better explained in Section 3.3.3.5.6, the substance-based emission factor is defined as the amount of organic and inorganic substances in grams that can be released at defined process conditions (curing time, curing temperature and type of substrate) from one kilogram of auxiliary.

3.2.3.5.3 Continuous pretreatment of woven fabric

Pretreatment of cellulosic woven fabric

For cotton, the most common processes are desizing, scouring and bleaching. Today, these processes are often combined.

The next figure illustrates a typical pretreatment process (desizing, scouring and bleaching), in the case of water-soluble sizing agents which can be easily removed with water only. The specific input for water, steam and chemicals in a modern continuous pretreatment line are presented in Table 3.32. 

Operation
Input auxiliaries/ kg fabric
Hot water

(l/kg fabric)
Steam (kg/kg fabric)





without heat exchanger
with heat exchanger








Desizing




3 - 4
0.6 - 0.8
0.3 - 0.4

Scouring
NaOH (as 100 %) 
40 g/kg





Wetting agents 
5 ml/kg





Sequester. agents 
2 ml/kg











Steaming






0.4

Washing




4 - 5
0.8 - 1
0.4 - 0.5

Drying






1.1

Bleaching
H2O2 (35 %)
45 ml/kg





NaOH (100 %)
15 g/kg





Org. stabiliser
10 ml/kg





Wetting agent
3 ml/kg











Washing


Acetic acid (80 %)
2 ml/kg
4 - 5 (1)
0.8 - 1 (1)
0.4 - 0.5 (1)

Steaming






0.4

Drying






1.1

Source: [179, UBA, 2001]
Notes: (1) for washing after cold bleaching the reference values are: water 4 - 6; steam (without heat exchanger) 0.8 - 1.2; steam (with heat exchanger) 0.4 - 0.6

Table 3.32: Specific input for water, steam and chemicals in a modern continuous pretreatment line, including desizing, scouring (padding of scouring liquor, steam treatment, washing, drying), bleaching (padding of the bleaching liquor, steaming, washing and drying

The figures reported in Table 3.32 refer to the amounts of water, steam and chemicals used in each step of the pretreatment process. However, these figures do not take into account possible re-use and recycling options and do not necessarily correspond to the actual consumption levels in the process. It is reported ([281, Belgium, 2002]) that in modern pretreatment lines levels of 6 litres for total water consumption (water and steam/kg of fabric) or 9 l/kg (including heat exchangers and filters cleaning) were observed. As for the organic load discharged, a large fraction comes from the desizing bath. The COD concentration and load can be calculated knowing the amount of sizing agents applied on the fabric and the specific COD value of the size reported. Considering the specific input for water reported for desizing in Table 3.32 (4 l/kg), and assuming a 6 wt-% load of sizing agent on the fabric, with a specific COD of 1600 g/kg (e.g. polyvinyl alcohol), the resulting COD concentration will be about 24000 mg/l and the corresponding COD emission factor will be 96 g O2/kg fabric. 

With starch and modified starch sizing agents, enzymatic or oxidative desizing is normally applied, followed by washing. In Annex IV of the BREF, typical recipes are given for enzymatic desizing, for cold oxidative desizing and for the removal of water-soluble sizing agents.

Pretreatment of synthetic woven fabric

Synthetic woven fabric is pretreated both discontinuously and continuously. The main purpose is to remove preparation agents. Typical recipes are submitted in Annex IV of the BREF.

In continuous pretreatment, very high concentrations of hydrocarbons may result. For example, with a load of hydrocarbons of 1.5 wt-% and a specific water consumption of 5 l/kg, a highly concentrated stream will result (3000 mg/l). Additional organic load comes from pretreatment auxiliaries.

Pretreatment of woollen woven fabric

The availability of detailed information on the pretreatment of woollen fabric is limited. Thus, reference is made to the standard recipes for pretreatment in Annex IV of the BREF.

3.2.3.5.4 Continuous and semi-continuous dyeing

Emission and consumption levels for exhaust dyeing of woven fabric are not considered in this section because the sequence of baths and the operative conditions are very similar to exhaust dyeing of knitted fabric.

In semi-continuous and continuous dyeing, the application of dyestuffs by padding is the most common technique. Therefore the following points should be taken into account.

Very often, the whole quantity of padding liquor is prepared in advance. In order to avoid shortfalls during the process, a surplus of liquor is normally prepared. Discharging the residual liquor contained in the padder and in the preparation tank into the waste water is still practised in many companies. Compared to the overall waste water flow, the quantity of these concentrated dyestuff liquors is very low. However, they contribute to a high extent to the overall dyestuff load in the waste water.

The quantity of liquor in the padder mainly depends on width and weight of the fabric and design of the padder. The range is about 10 - 15 l for modern designs and 100 l for old designs and heavy woven fabric (>200 g/m2).

The residual amount in the preparation tank depends on applied dosage and control technology and can range from a few litres under optimised conditions up to 150 - 200 l. The latter is not too exceptional.

The quantity of residual padding liquors can be easily estimated on the basis of the number of batches per day. For example, a mill processing 40000 m/d and an average of 800 m per batch will have 50 batches per day. This number multiplied by the average volume of residual padding liquor per batch gives the daily quantity of residual padding liquor to dispose of.

Given a realistic pick-up of 100 % and a typical range of dyeings from 0.2 – 10 %, the dyestuff concentration in the padding liquor varies between 2 and 100 g/l. The specific COD of dyestuffs is in the order of 1 - 2 g/g. Considering only the dyestuff itself, without taking into account the auxiliaries already contained in dye formulations, the COD attributable to the dyestuffs in the padding liquor may vary between 2 and 200 g/l.

Typical recipes for continuous and semi-continuous dyeing are reported in Annex IV of the BREF.

3.2.3.5.5 Printing

Printing paste residues and water emissions from rotary screen printing

It is well known that losses of printing pastes are particularly significant for rotary screen printing and analogue printing in general (perhaps less for flat screen printing) compared to digital printing. In addition, especially for copper or nickel phthalocyanine dyestuffs, fixation rates can be very low for cellulosic fibres, PES and their blends (less than 50 %).

Typical figures for printing paste losses are:

2.5 – 4
kg for conventional squeegees (depending on diameter and length of the squeegee)

2.5
kg from pipes and the pumps

1 - 2
kg from the screens

6.5 – 8.5
kg Total

Thus, for conventional printing paste supply systems, volumes (= losses) of 6.5 – 8.5 kg per colour applied can be expected

Depending on the quantity and pattern of textile substrate to be printed, the losses of printing paste can be even higher than the amount of printing paste applied on the textile substrate. For example, for printing 250 m of fabric (with 200 g/m specific weight) and at a coverage of 80 % (ratio between the total textile area and the printed area), 40 kg printing paste are required. In the case of 7 colours and 6.5 kg of printing paste residues per colour, the loss is 45.5 kg, which is higher than the quantity of paste printed on the textile substrate (without taking into account the residues in the printing paste buckets, etc.).

Printing pastes are concentrated mixtures of different chemicals. Pigment printing pastes are the most concentrated ones, whereas reactive printing pastes have the lowest content of organic compounds.

At the end of each batch the printing equipment (squeegee, pipes, pumps, screens, etc.) is cleaned. Typical values for water consumption are as follows:

· 350 l
per pump and pipes for one printing paste supply system

·   35 l
per squeegee (modern washing equipment)

·   90 l
per screen (modern washing equipment).

In addition, water is consumed for cleaning the printing blanket, with typical consumption levels of around 1200 l/h. Normally, the washing facility is coupled with the movement of the blanket, which is only about 25 % of the time (on/off system).

The dryer blanket also needs to be cleaned after the printing process. A typical consumption level is about 400 l/h; here, too, the washing facility is coupled with the movement of the blanket.

Urea consumption levels in reactive printing pastes

Urea from reactive printing pastes is the main source of NH3 and NH4+ in the waste water from printing houses.

Data reflecting current industrial practice in three typical mills in Italy are reported for silk and viscose [312, ANT, 2002]. For silk the consumption levels range from 40 to 100 - 110 g/kg printing paste. For viscose the reported figures show even higher dosages (up to 150 g urea/kg of printing).

Air emissions from drying and fixation treatments carried out after printing

It is well known that printing pastes contain substances with high air emission potential.

Table 3.33 shows emission data from measurements carried out in three finishing mills. The reported figures refer to screen printing of flat fabrics (they do not apply to the printing of bulky fabrics such as carpets).

Site
Printing process
Processing step
Substrate
Process 

temperature (°C);

Curing time (min)
Emission factor

(g C/kg textile)

A
Vat discharge-printing on direct dyed grounds
Drying
CV

0.3



Steaming
CV
102; 13
1.0


Vat two-step printing
Drying


0.6



Fixation

135; 1
1.3


Disperse printing
Drying
PES

1.3



Fixation
PES
175; 5
0.01


Pigment printing
Drying
CO
150
0.2



Condensation
CO
160; 5
0.1

B
Pigment printing,

simulation pilot stenter
Drying and fixation
CO
Drying: 150; 1

Fixation: 160; 4
0.4 -4

depending on the recipe

C
Pigment printing,

simulation pilot stenter
Drying and fixation
PES
Drying: 150; 1

Fixation: 160; 4
0.4 -5.6

depending on the recipe

Source: [179, UBA, 2001]

Table 3.33: Air emission data from drying and fixation after printing (measurements carried out at two finishing mills) 

3.2.3.5.6 Finishing

Water emissions from finishing treatments

Water pollution from finishing operations may arise from afterwashing operations (which are not always required) and from inadequate disposal of concentrated residues from padding devices, preparation tanks and pipes. The amount of residual liquors is in the range of about 0.5 to 35 % of the total amount of finishing liquor prepared. The lower value is for integrated mills finishing only one type of substrate, whereas the higher value is typical of textile mills processing small lots and different types of substrates. 

Many different chemicals and recipes are available in order to finish textile substrates. Notable examples with cellulosic fibres, are the finishing treatments applied with reactive flame retardants (organophophorus compounds) and those with reactive non-iron auxiliaries. For the latter, a typical recipe is presented in Table 3.34.


(g/l)
Remarks

Dimethyloldihydroxy ethylene urea 
130 - 200
cross-linking agent

Sulphuric acid (48 %)
15 - 30


Washing agents
2
fatty acid ethoxylates

Source: [179, UBA, 2001]
Notes:

a)
The reaction is carried out at acidic conditions (pH 2 - 3), reaction time is 20 - 40 h at 25 ‑ 30°C

b)
COD of the padding liquor is about 130 - 200 g/l

Table 3.34: Standard recipe for the finishing of cotton woven fabric with reactive non-iron compounds

The chemicals applied for both flame retardant and non-iron finishing are non-biodegradable and also adsorption to activated sludge is very low. This indicates that biological treatment is not appropriate for treating these waste streams.

Another example is given for finishing agents that are widely applied to cotton woven fabric to improve crease and shrink resistance. One typical recipe is presented in Table 3.35.

Component
Quantity

(l/1000m)
x 0.91 (1)
spec. COD

(g O2/kg)
COD

(mg/1000 m)







Levelling and dispersing agent
5
4.55
645
2934.75

Methyloldihydroxiethylene urea
40
36.40
790
28756.00

MgCl2
10
9.10



Natrium F-borate
0.15
0.14



Optical brightener
2
1.82
360
655.20

Additive for cross-linking agents
20
18.20
628
11429.60

Smoothness agent
40
36.40
340
12376.00

Softening agent 1
30
27.30
530
14469.00

Softening agent 2
30
27.30
440
12012.00

Total chemicals
177.15




Total liquor applied (incl. water)
195

Total
82632.55







Source: [179, UBA, 2001]
Notes:

Specific fabric weight: 250 g/m2

Fabric width: 1.6 m

(1) because of dilution

Table 3.35: Typical finishing recipe for crease and shrink resistance

In this case, there is no afterwashing, but environmental concerns arise from the potential discharge of the residual finishing liquor in the padder and preparation tank. The reactive component (methyloldihydroxiethylene urea), the optical brightener and the softening agents are non biodegradable and contribute to residual COD in the treated effluent of biological waste water treatment plants.

Potential air emissions from finishing auxiliaries (calculated data)

In most cases the emission potential of a finishing recipe can be calculated on the basis of emission factors given for the individual substances present in the formulation. According to this concept, it is possible to define the following parameters (the original nomenclature is kept in the following description):

· a substance-based emission factor, and

· a textile substrate-based emission factor.

There are two types of substance-based emission factors: 1) fc, which gives the total emission produced by the organic substances present in the formulation, expressed as total organic carbon; 2) fs, which gives the emission attributable to specific toxic or carcinogenic organic substances or inorganic compounds, such as ammonia and hydrogen chloride, present in the formulation.

In Germany, where this concept was developed, auxiliary suppliers provide information on the substance-based emission factors. This is a prerequisite for the calculation of the textile-based emission factors.

The textile substrate-based emission factor (WFc or WFs) is defined as the amount of organic and inorganic substances in grams that can be released under defined process conditions (curing time, curing temperature and type of substrate) from one kilogram of textile treated with a given auxiliary formulation.

The textile substrate-based emission factor can be calculated on the basis of the substance-based emission factors of the individual components of the formulation/recipe (fc or fs), their concentration in the bath (FK) and the liquor pick-up (FA, which normally ranges between 60 % and 120 % depending on the type of substrate). An example of the calculation of the textile-based emission factors is reported in Table 3.36.


FK

(g/kg)
FA

(g/kg)
fs

(g/g)
fc

(g/g)
FK*FA*fs

(g/kg)
WFs

(g/kg)
FK*FA*fc

(g/kg)
WFc

(g/kg)

RECIPE 1

Cotton; 170°C









Fatty acid ester
20
0.65

0.015


0.2


Polysiloxane
20
0.65

0.005


0.07


Cross-linking agent
100
0.65
0.0041FO
0.0009
0.27FO

0.06


Stearyl urea derivative (catalyst)
20
0.65
0.0165FO
0.0162
0.21FO

0.21


Total 1





0.48FO

0.54











RECIPE 2

Cotton; 150°C









Softening agent
50
1
-
0.005
-

0.25


Formaldehyde-free cross-linking agent
12
1
-
0.01
-

0.12


Catalyst
12
1
-
0.008
-

0.1


Total 2





-

0.47

Source: [179, UBA, 2001]
Notes:

FK: concentration in the recipe (g auxiliary/kg liquor)

FA: liquor pick-up (kg liquor/kg textile substrate)

fs: substance-based emission factor (g emission/g auxiliary) (in the case of toxic or carcinogenic organic substances or in the case of inorganic substances such as ammonia, hydrogen chloride, etc.) 

fc: substance-based emission factor, expressed as total organic carbon (g Org-C/g auxiliary)

WFs: Σ(FK*FA*Fs) - textile-based emission factor, within the same class of substances 

WFc: Σ(FK*FA*Fc) - textile-based emission factor, expressed as total organic carbon 

FO: formaldehyde

Table 3.36: Two examples for the calculation of air emission factors

Based on these examples, the potential of a number of commercial auxiliaries to release Organic-C or specific substances such as formaldehyde during thermal processes carried out after finishing has been calculated and reported in other Sections of the BREF. The analysed auxiliaries are taken from the “ Textile Auxiliaries Buyers’ Guide” [65, TEGEWA, 2000]. The various formulations have been divided into different classes according to their functionality.

Considerable differences are also observed among auxiliaries belonging to the same class because of: chemical composition, active ingredients, by-products and impurities. However, the following general comments can be made:

· formaldehyde is released mainly from auxiliaries based on cross-linking compounds (esp. cross-linking agents and reactive flame retardants). Formaldehyde emission potential of melamine derivatives is in most cases higher than auxiliaries based on dimethyloldihydroxyethen urea derivatives

· antifoaming agents that contain highly volatile hydrocarbons as the main active compound have a very high emission potential compared to silicon-based types 

· for wetting agents based on tributylphoshate, which is characterised by a high vapour pressure, substance-specific emission factors up to about 340 g Organic-C/kg are observed. Because various additives/by-products not specified in the Material Safety Data Sheets are used and the amount of active ingredients can vary greatly, the emission factors of the other wetting agents also vary greatly

· softening agents based on fatty acid derivatives are characterized by emission factors between 1 and 5 g Organic-C/kg. Polysiloxane-based types show higher values. The highest mentioned value in Table 7 is caused by a fatty acid type with an additive of a highly-volatile wax

· carriers are usually highly volatile substances; emission factors above 300 g Organic-C/kg are observed 

· levelling agents used in dyeing can – like carriers - be carried over by the textile substrate and cause considerable air emissions

· differences in the emission potential of flame retardants are mainly caused by the different types of active substances and amounts of by-products/additives (alcohols, especially methanol for reactive types, glycols, glycol ethers) 

· with repellents, too, a wide range of emission factors is observed. This is mainly caused by a different kind and quantity of solvents used for fluorocarbon resins (e.g.buthyl/ethyl acetate, methylethyl/isobutylketone, ethandiol, propanediol) and different amounts of active ingredients if paraffin-based types are considered 

· for conditioning agents it is clear that products based on paraffins (which have a relatively high volatility) have a higher emission potential than fatty acid derivatives 

· optical brighteners and antielectrostatic agents have variable emission potentials due to different active ingredients and differences in the formulations of the auxiliaries 

· filling and stiffening agents based on natural or synthetic polymers have low emission potentials

· emission levels for aftertreatment agents are low

· biocides can contain aromatic hydrocarbons; this leads to increased emission factors

· emission potentials of silicic acid-based non-slip agents are very low.

Captured air emissions from thermal processes carried out after finishing treatments 

The previous section dealt with calculated emissions. As for measured emissions at the stack, typical emission levels are reported in Table 3.37 for a sample of finishing mills (each with one or more different processes). When emission abatement systems are installed, the values shown in the table will correspond to the resulting clean gas. In the case of direct heated stenters, the portion of Organic-C emission attributable to the fuel (methane, propane, butane) is mentioned separately and is not included in the data for the Organic-C emission values (concentrations, emission factors and mass flows).

The following general comments apply to the reported data:

· thermal treatment of textiles on stenters can be influenced by upstream finishing processes (and by the efficiency of the previous washing treatment, if applied), as can be seen for dyeing carriers in process 4.4 in Table 3.31 and for perchlorethylene in process 12.1 and 12.2 in Table 3.37 (this aspect is analysed in more detail later in this section)

· an emission factor of 0.8 g Organic-C per kg textile can be achieved in nearly all processes in textile finishing (however, it has to be kept in mind that for sites with installed emission abatement systems, the reported emission figures correspond to the clean gas).

· Organic-C emissions caused by uncombusted fuel are in a range of 0.1 g/kg textile up to > 5 g/kg textile in the case of poorly maintained burners

· formaldehyde emissions may originate not only from the auxiliaries applied, but also from the directly heated stenters themselves due to partial burning-out of the gas (methane, propane, butane). Concentration levels from stenters range from 0.1 to 60 mg/Nm3. 

Site
Stenter technology

Emission abatement
Recipe
Substrate
Process temperature (°C)
Emission factor

(g/kg textile)
Concentration

(mg/Nm³)
Mass-flow

(g/h)
Machine based emission

(g/kg textile)
Remarks

1.2
Direct heated


Finishing (stiffening cross-linking agents), de-aeration, non-slip)
PA 6
150
3.5
21
101
7.7
1.5 g/kg formaldehyde

1.3
Direct heated


Antistatic, softening 
PA 6.6
150
0.7
33
148
0.1


2.1
Indirect heated


Easy-care, softening, acetic acid
CO/EL
170
0.9
52
506
-
0.02 g/kg formaldehyde

3.1
Direct heated

Heat recovery
Flame retardant
CO
145
0.3
19
155
0.2
0.01 g/kg formaldehyde

3.2
Direct heated

Heat recovery
Optical brightener, antistatic
PES
190
0.6
24
277
0.5


4.1
Indirect heated


Softening
PES/WO
130
0.6
187
529
-
0.05 g/kg formaldehyde

4.2
Indirect heated


Non-slip
PES/WO
130
0.3
15
188
-
0.01 g/kg formaldehyde

5.1
Direct heated


Stiffening, softening
PES
170
0.4
9
123
0.2
0.03 g/kg formaldehyde

5.2
Direct heated


Softening
PES
170
0.5
10
149
0.2
0.04 g/kg formaldehyde

6.1
Direct heated

Heat recovery
Coating (polyvinylacetate)
CV/PP
110
0.7
68
689
1.4
0.06 g/kg formaldehyde

6.2
Indirect heated

Heat recovery
Coating (polyvinylacetate), softening, thickener, acetic acid
CV/CO
120
0.08
8
36
-


7.1
Direct heated

Aqueous scrubber
Coating /acrylate, cross-linking agent, foaming agent
CV
150
0.35
16
142
0.1
0.14 g/kg formaldehyde

8.1
Direct heated

Aqueous scrubber
Wetting agent, stain release
CV/CO/

PES/WO
165
0.5
22
255
0.4


8.2
Direct heated

Aqueous scrubber
Softening, foaming agent
PES/CV/

CO
150
0.3
17
200
0.3


8.3
Direct heated

Aqueous scrubber
PU-coating
PES/CO
130
0.2
10
121
0.1


9.1
Indirect heated

-
Easy-care, softening, wetting agent, acetic acid
CO/EL
150
0.2
43
56
-
0.03 g/kg formaldehyde

9.2
Indirect heated


Easy-care, softening, wetting agent, acetic acid, stiffening, hydrophobic
CO/CV/

EL
150
0.3
53
69
-
0.05 g/kg formaldehyde

10.1
Direct heated

Aqueous scrubber
Drying after dyeing
PA/EL
135
0.4
12
138
0.1


12.1
Direct heated


Wool protecting (polyurethane, polyacrylate) wetting agent
PES/WO/EL
190
1.3
60
542
0.3
0.7 g/kg perchlorethylene

12.2
Direct heated


Hydrophobic, wetting agent, acetic acid
PES/WO/EL
190
0.9
41
370
0.4
0.8 g/kg perchlorethylene

14.2
Direct heated


Hydrophobic
PAC/PES
180
0.5
18
238
1.3


14.3
Direct heated


Softening
CO/PES
160
0.5
34
439
0.7


14.4
Direct heated
Anti-slip


PAC
160
0.7
19
245
1.8


14.5
Direct heated


Easy-care
CO/PS
170
1.5
50
764
0.6
0.06 g/kg formaldehyde

Source: [179, UBA, 2001]


Table 3.37: Thermal treatments after finishing treatments: process-specific emission data (measured data) 

Carry-over of pollutants from upstream processes to drying and fixation

Textile auxiliaries and chemicals (and their by-products/ impurities) with a certain affinity with the fibres can be fixed temporarily on the textile, especially if washing/rinsing is inadequate. In down-stream thermal treatments these substances can be released from the textiles and end up in the exhaust air. Typical substance classes to be regarded from this point of view are:

· carriers

· levelling agents

· after treatment agents

· wetting agents

· hydrocarbons from printing pastes (this aspect has already been analysed in Section 3.3.3.5.5)

· acetic acid

· perchlorethylene (if dry-cleaning is carried out)

Data on emission potential of carrier-dyed fabrics and dry-cleaned fabrics are given below.

Emission potential of carrier- dyed fabrics

Carriers are mainly used for dyeing of PES and PES blends. Part of the carrier (in some cases up to 50 % or more) is absorbed on the fabric and released during heat treatment. The degree of carrier exhaustion/absorption mainly depends on:

· liquor ratio

· quantity used

· dyeing process

· textile substrate

· processing conditions during rinsing.

Emission potential of carrier-dyed fabrics is summarised in Table 3.38. Data are based on fabric that has been dyed with carriers (on industrial scale), but not dried. Drying of the fabric and air-emission measurement was carried out on a laboratory stenter.

Carrier active components
Emission factor

(g C/kg textile)

Benzyl benzoate; Phthalic acid ester
8.97

Biphenyl; Dimethyl phthalate
8.3

Alkylphthalimide
5.88

Source: [179, UBA, 2001] with reference to “Envirotex, 2000”



Table 3.38: Air emission factors from drying carrier-dyed textiles

Table 3.39 shows a representative selection of air-emission values from four textile mills during drying/fixation of carrier-dyed wool fabrics. It is clear from reported data that, especially if carriers based on aromatic solvents are used, the active compounds of carrier formulations can lead to a considerable off-gas load during thermal treatment. The efficiency of the emission abatement systems (calculated by comparing the Organic-C concentration in raw and in clean gas) can be insufficient (only 10 - 40 %,) for these classes of compounds.

For non treated off-gases, concentrations ranging between 30 and 4600 mg C/m3 were observed with emission flows of 0.2 - 28 kg C/h and emission factors (WFc) of 0.8 - 24 gC/kg textile. The most critical substance found in the exhaust gas was biphenyl with concentration levels of 60 - 110 mg/m3 at emission flows of 350 - 600 g/h (WFs: 0.9 - 1.5 g/kg textile).

Textile company
Emission abatement efficiency

(%)
Carrier chemistry
Emission factor

(g Org.-C/kg textile)
Concentration

(mg/Nm³)
Mass-flow

(kg Org.-C/h)

Site 1 






Fabric A
15
Aromatic solvents


24
2000 - 4500
28

Fabric B
25
Aromatic solvents


7.6
200 - 1000
8

Site 2 






Fabric A
Not installed
Phthalimide, 

dimethyl phthalate
0.77
66
0.4

Fabric B
Not installed
Biphenyl, Dimethylene phthalate
1.2
84
1.1

Site 3 






Fabric A
30 - 40
Benzoate, phthalate


0.8 - 0.9
22 - 25
0.2

Fabric B
10 - 25
Benzoate, phthalate


2.0 - 2.2
50 - 60
0.6

Site 4






Fabric A
Not installed
Benzoic acid esters, aromatic compounds
6.5
400
4.3

Source: [179, UBA, 2001] with reference to “Envirotex, 2000”



Table 3.39: Air emission levels during drying/fixation of carrier-dyed fabrics

Emission potential of dry-cleaned fabrics

Dry-cleaning is used in the textile industry for the following purposes:

· cleaning of grey textiles and especially elastane blends (conventional washing processes are insufficient to remove silicone preparations widely used for elastane fibres)

· aftertreatment for wool/elastane or wool/PES fabrics to achieve improved colourfastness especially for dark shades

· quality corrections (removal of spots).

Besides the intentional use of perchlorethylene, a considerable amount of dry-cleaned fabric is finished in Germany because imported goods are often dry-cleaned. The retention of perchloroethylene (main solvent used in dry-cleaning) on textiles is high. As a result perchloroethylene can be released during thermal processes (especially drying).

Due to a potential risk of PCDD/PCDF formation by drying/fixation of perchloroethylene-cleaned fabrics, treating perchloroethylene-cleaned fabrics on directly heated stenters is banned in some countries (e.g. Germany).

The emission potential of non-dried fabrics treated with perchloroethylene from five textile finishing plants has been investigated on a laboratory stenter (process temperature 150 °C). Table 3.40 summarises the resulting measured emissions.

Ranges of air-emission values for perchloroethylene-cleaned fabrics during drying/fixation are:

· 0.1 – 0.8 g perchloroethylene/kg textile (dry-cleaning on-site at finishing plant)

· 0.3 – 1.7 g perchloroethylene/kg textile (external dry-cleaning).

Textile company
Fabric
Emission factor

(g C/kg textile)
Concentration

(mg C/Nm³)
Mass flow

(g C/h)
Emission factor

(g PER/kg textile)

Site 1
A*
0.11
28.1
3.77
0.27


B*
0.23
32.6
4.28
1.17

Site 2
A*
0.19
16.1
1.88
0.95


B*
0.26
21.7
2.71
0.66


C*
0.14
11.7
1.68
0.63


D*
0.13
6.1
0.82
0.47


E*
0.85
70.8
9.27
1.65


F**
0.29
21.1
2.59
0.67


G**
0.11
8.0
0.99
0.51

Site 3
A**
0.27
19.3
2.37
0.09


B**
0.18
12.9
1.58
0.19


C**
0.30
20.1
2.47
0.13

Site 4
A**
1.23
94.9
11.95
0.79


B**
0.86
65.9
8.11
0.65


C**
0.80
53.1
6.53
0.54

Site 5
A**
0.09
6.6
0.80
0.46


B**
0.12
4.0
0.50
0.67


C**
0.15
6.4
0.81
0.82

Source: [179, UBA, 2001] with reference to “EnviroTex, 1998b”

Notes:

*   External dry-cleaning 

** On-site dry-cleaning at the finishing plant

Table 3.40: Emission values from perchloroethylene-cleaned fabrics

3.2.3.5.7 Coating and laminating

The main environmental concerns from coating operations are volatile organic compounds from solvents, softeners, etc. as well as ammonia and formaldehyde from stabilisers and cross-linking agents. Process-specific emission values for coating processes (including one example for carpet back-coating) derived from measurements carried out in five installations are presented in Table 3.41. However, it has to be noted that since in-house recipes are normally used, the emission levels can vary greatly. Therefore the examples in Table 3.41 are intended to give only a first insight on the topic.

Additional data can be found in Table 3.37.

Note that in the case of direct heated stenters, the portion of Organic- C emission attributable to the fuel (methane, propane, butane) is mentioned separately (see column "machine based emission") and is not included in the data for the Organic-C emission values ("concentration", "emission factor", "mass flow").

Site
Drying apparatus technology

Emission abatement
Recipe
Substrate
Process temperature (°C)
Emission factor

(g Org.-C/kg textile)
Concentration

(mg Org.-C/Nm³)
Mass-flow

(g Org.-C/h)
Machine based emission

(g Org.-C/kg textile)
Remarks

1.1
Direct heated

Aqueous scrubber
Coating agent

(acrylate dispersion)

Fixation agent

(melamine)

Foaming agent

Thickener

(acrylate based)
CV

(non-woven)
150
0.4
20
173
0.1
Formaldehyde:

0.14 g/kg 

2.1
Indirect heated 
Laminating:

PVC adhesive

(PVC-powder, softener, stabilisator, primer, emulsifier)
PVC-foil on knitted goods
105
-
82
144
23 g Org.-C/h
Phthalates: 6 mg/Nm³; Vinylacetate 12 mg/Nm³

3.1
Direct heated
Carpet back-coating

(pre-coating and foam coating) based on styrene/butadiene latices and natural latices
PA 6 tufting
120
0.8
75
450
1.5
Formaldehyde: 0.06 g/kg;

Ammonia: 0.3 g/kg

4.1
Direct heated
Flame laminating
PU-foam on PA substrate
-
-
74
232
798 g C/h
HCN:

3.6 mg/Nm³

TDI(1) 0.5 mg/Nm³

5.1
Direct heated
Acrylate dispersion with additives

(thickener, ammonia, catalyst)
CO
150
0.4
-
138
1.9
Ammonia: 0.02 g/kg

Source: [179, UBA, 2001]
Notes:

(1)
According to another source ([319, Sweden, 2002]), flame laminating mills usually treat their air stream with both fabric filters and wet scrubbers. An example is given whereby the emission levels of TDI from one mill using a wet scrubber to treat its emissions are 1.09 mg TDI/ Nm3 before the scrubber and 0.06 mg TDI/ Nm3 after the scrubber.

Table 3.41: Air emission data from coating (measurements carried out in five finishing mills) 
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