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Abstract

Textile industry utilizes thousands of tons of various chemicals for wet and dry processing. Effluents from wet
processing, for instance, are characterized by the presence of coloring, hazardous and toxic pollutants. Numerous
studies indicated several opportunities for membrane based interventions for reuse/recovery of water and chemicals.
This work is concerned with the proposal of a hybrid treatment–recycling approach for decision making in the
textile industry. This approach comprises the segregation of wastewater streams and the selection of the treatment–
recycling scheme on the basis of reported performance data and updated cost indicators using a program tailored
for this purpose. The program is validated for several scenarios representing typical actual scenarios from the
textile industry. Results indicate that the use of membrane systems within the treatment–recycling scheme reduces
the wastewater treatment cost through the recovery of chemicals and water. Further, the developed program proved
to be sound software for decision making in the textile industry.
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1. Introduction

Textile industry is characterized by the inten-
sive use of water and wide spectrum of processing
chemicals. Consequently, textile industrial efflu-
ents are characterized by high chemical oxygen

demand (COD) and the presence of non biode-
gradable components such as dyes, pigments and
some types of newly introduced sizing polymers
or chemicals. The presence of heavy metals may
be also encountered in numerous situations. Physi-
cochemical treatment [1–4], anaerobic [5,6] or
aerobic [1,4,7] biological treatment has been in
use for management of end- of pipe- effluent. The
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presence of non biodegradable components led
to the development of numerous oxidation tech-
niques [8–12] for partial or total destruction of
dyes and pigments. Also, reliance on modern ad-
sorption systems [7,13] and metal chelating com-
pounds has been suggested [1].

The rapid advancement of membrane separa-
tion schemes enabled numerous functions to be
achieved within the total integrated management
system of textile industrial wastewater. Micro-
filtration (MF) and ultrafiltration (UF) [14–16]
permit significant volume reduction and also
separation and recycling of useful chemicals such
as synthetic sizing agents and some types of inter-
mediate chemicals and dyestuff .The application
of nanofiltration (NF) [13,17] and reverse osmosis
(RO) [18,19] enables also size reduction, water
and chemicals recycling in addition to waste mini-
mization.

The availability of numerous commercially es-
tablished technologies for the treatment and reuse
avails a comprehensive choice matrix for the plan-
ner, designer and environmental experts. Further,
the wide variability of manufacturing and opera-
tional practices within the textile manufacturing
sector complicates the decision making and also
the rapid costing of the numerous possible alter-
natives.

Two approaches are generally followed for the
management of textile wastewater. The first ap-
proach capitalizes on the fulfillment of the require-
ments of the stringent environmental legislations.
The second adopts reliance on maximum recycl-
ing and reuse with maximum savings to approach
minimum possible discharge and consequently
minimum cost directed to end- of the pipe-treat-
ment. While those approaches are possible in some
situations, the real life practice dictates merging
of the two approaches taking into consideration
the techno-economic profile of the textile industry
sector in developing countries.

This paper presents a hybrid approach for the
combined treatment and reuse for the appropriate
management of textile industry effluent.

2. Current wastewater management practices
in the textile sector

2.1. Treatment interventions

Effluents from textile industry are of complex
composition and usually require more than a
single treatment technology to achieve and main-
tain compliance with currently enforced environ-
mental legislations. Current treatment interven-
tions comprise physical treatment, physicoche-
mical technologies and biological ones. Numerous
treatment interventions include but not limited to
the following
• Chemically enhanced primary treatment com-

prising coagulation, flocculation and sedimen-
tation is used to treat organic dyes, pigments
and insoluble dyes (sulfur, disperse and vat)
[1–4].

• Degradation of refractory compounds using
several oxidation/reduction technologies
– Oxidizing agents such as calcium hypo-

chlorite, hydrogen peroxide and ozone
achieve high degree of decolorization by
breaking down the dyestuff. Although this
is not accompanied by significant reduction
in COD, it increases wastewater biodegra-
dability for biological treatment [11]. On
the other hand, Fenton reagent is a powerful
oxidizing agent resulting in rapid decolori-
zation as well as COD reduction [1,12].
Further, electrochemical technology treats
various classes of dyestuff to achieve biolo-
gical oxygen demand (BOD), COD and
color reduction as high as 90% [13,20].

– Chemical reduction of azo dyes cause
breakdown of the azo bond generating
aromatic amines that are more amenable to
aerobic biological treatment and activated
carbon adsorption than the parent structure
[13].

• Biological treatment
– Aerobic

Textile effluents are moderately biode-
gradable; about 40–50 % color removal can
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be expected due to biodegradation and ad-
sorption of dyes on the flocculated sludge.
Also COD removal is expected to reach
70%. A combination of physical-chemical
and biological processes would be expected
to remove more than 85% COD [7].

– Anaerobic
Although anaerobic treatment results in up
to 90% decolorization of azo dyes through
the cleavage of azo bond, dye metabolites
cause reactor instability and deterioration
in settlement [5,6].

• Adsorption
Activated carbon is used as a polishing step
for the removal of color and COD. High re-
moval rates (about 90%) occur for cationic,
mordant and acid dyes and about 40% for
sulfur, dispersed and reactive dyes [7].

• PACT treatment
Powdered activated carbon is added to the
activated sludge process achieving high BOD,
COD and color removal efficiencies depending
on powdered activated carbon dose [13].

2.2. Membrane schemes

Membrane separation systems comprise MF,
UF, NF, and RO. These systems may be operated
individually or in hybrid form permitting efficient
separation and recycling. Some significant pre-
vious endeavors are summarized below:
• UF systems are established for the recovery

of polyvinyl alcohol (PVA) [14] (sizing agent),
indigo dyes [15] and the purification of dilute
caustic soda prior to evaporation [16].

• NF systems have been recently introduced to
commercial practices for the removal of nume-
rous pollutants such as COD, color and non
biodegradable contaminants. The permeate
stream is recycled to the appropriate point of
use [17]. Also, the concentrate would be treated
by a convenient method; for example wet air
oxidation [13].

• RO systems find numerous applications in the
recovery of both dyes and hot water in con-

tinuous dyeing [13] and as a polishing step for
UF/NF permeate.

3. The proposed hybrid treatment–recycling
approach

This work is concerned with the proposal of a
hybrid treatment–recycling approach for decision
making in the textile industry. It resolves the
difficulties, at the planning level, arising from the
wide variation of the current setting in different
mills. It also enables identification of the basic
capital required to enable the textile sector to
qualify with requirements of applicable legisla-
tions. This approach comprises the segregation
of wastewater streams and the selection of the
treatment–recycling scheme on the basis of report-
ed performance data and updated cost indicators
using a program tailored for this purpose. The
program is validated for several scenarios repre-
senting typical actual scenarios from the textile
industry.

3.1. Elements of the proposed approach

3.1.1. Segregation of streams

The plant effluents are conceived as three
principal separable streams as follows:
a The preparation stream. This includes desizing,

scouring, bleaching and mercerizing waste-
water .The desizing stream is characterized by
the presence of the chemicals generated
through desizing process and accounts for
more than 50% of pollution load.

b The dyestuff loaded stream. This stream ac-
commodates all the chemicals and dyes gene-
rated from the dye house operations; dyeing,
rinsing and finishing streams.

c The main carrier stream (other plant effluents).
This stream accommodates principally efflu-
ents from service units such as water softening,
boilers, condensate resulting from air humidifi-
cation necessary for the spinning processes as
well as municipal discharges.
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3.1.2. Optimal treatment schemes

The proposed technology mix comprises treat-
ment–recycling modules for the management of
the three identified segregated streams as shown
in Table 1.

The proposed hybrid treatment–recycling dia-
gram is shown in Fig. 1.

3.1.3. Performance indicators for the proposed
module

The main performance indicators as expressed
by the percentage removal of the main pollutants
for the selected treatment–recycling modules as
well as their permissible discharge limits are
shown in Table 2.

Table 1
The treatment and recycling technologies proposed for the three separate streams

Stream Treatment 
(F1) 
Preparation 

(F2) 
Dye house 

(F3) 
Other plant effluents 

Reuse/recycle Ultrafiltration Nanofiltration  
In situ treatment  Partial oxidation  
Treatment Biological treatment 

Dual media filtration 
Reverse osmosis 
Evaporation pond 

Biological treatment 
Dual media filtration 
Reverse osmosis 
Evaporation pond 

Biological treatment 
Dual media filtration 
Reverse osmosis 
Evaporation pond 

 Removal efficiency (%) 
Process Biological treatment Dual media filtration Membrane system 
 
 
Item 

Primary 
enhanced 
sedimentation 

Aeration Total Typical Default 
value 

Partial 
oxidation UF NF RO 

Discharge 
limits 

COD, mg/l 60 70 88 7–>47 30 20 98 90 90 100 
BOD, mg/l 60 75 90 17–>54 30 +10  90 100 60 
TSS*, mg/l 70 80 94 46–>98 90 +10 100 100 100 60 
TDS**, mg/l — — — — — — 0 70 86–89 2000 
Heavy metal, 

mg/l 
30 15 40 80 80 20  100 100 1 

Color, m–1  80 40 88 90 90 40  100 100 0 
Recovery 

rate, % 
  99.9 100 100 100 90 70 80 — 

Table 2
Typical performance indicators of the selected treatment modules and the permissible discharge limits [4,7,13,21–27]

3.1.4. Updated cost indicators

The capital and operating cost indicators for
the selected modules and recyclables are shown
in Table 3.These are based on updated published
cost norms and local Egyptian market prices.

3.1.5. The developed TEXPERT program

To come up with the main cost indicators per-
tinent to the proposed hybrid treatment–recycling
scheme, a textile expert program (TEXPERT) has
been developed on Excel spread sheet. This
program enables the selection of the appropriate
modules according to technical criteria involving
wastewater characteristics, capacities, removal
efficiencies and limiting quality criteria. The prog-

*TSS = total suspended slids; **TDS = total dissolved solids
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Fig. 1. Hybrid treatment–recycle diagram.
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ram further estimates the capital and operating
costs and revenues for the selected integrated
scheme. The logical approach of this program is
shown in Fig. 2.

3.2. Validation of the developed program

The program have been validated for typical
scenarios under varying conditions of wastewater
characteristics.

Table 3
Basis of cost estimates for the adopted treatment/ recovery scheme

Q: capacity (m3/d); C: US$
*Costs updated using Marshall & Swift index for year 2003 and updated using a yearly inflation rate 3% to year 2006
**This item varies considerably according to country, land site and labor cost
***85% of RO capital cost

Item/process Cost US $* Reference 
1. Capital costs   
 Biological treatment  C = 15000 Q0.62 19 
 Dual media filtration C = 44.54 Q 26, 27 
 Partial oxidation C = 211 Q0.67 Estimated 
 Evaporation pond C = 380 Q Estimated from current Egyptian market prices ** 
 Ultrafiltration C = 5159 Q0.62 27, 28 
 Nanofiltration C = 405 Q1.0014 Estimated*** 
 Reverse osmosis C = 477 Q1.0014 27, 28 
2. O&M costs, US$   
 Biological treatment 0.25/m3 19 
 Dual media filtration 0.01/m3 26 
 Partial oxidation 0.08–0.2/m3  Current Egyptian market price 
 Ultrafiltration 0.04–0.2/m3  26 
 Nanofiltration 0.1/m3 26, 28 
 Reverse osmosis 0.16–0.3/m3  27, 28 
 Evaporation pond 0.02/m3 Estimated 
3. Depreciation Years  
 Wastewater treatment (combined 
 civil and electromechanical) 

40  

 UF, NF, RO 15 Excluding membrane replacement cost 
 Dual media filtration 20  
 Partial oxidation 20  
 Evaporation pond 20  
4. Other costs, US$   
 PVA, kg 1.5 Current Egyptian market price 
 NF permeate water  0.2/m3 Current Egyptian market price 

4. Results and discussion

4.1. Input data of TEXPERT program

The input data of TEXPERT program are
shown in Table 4. These include capacity, sizing
material and wastewater characteristics for the
proposed scenarios covering typical cases from
the textile industry.

4.2. Testing and results of the TEXTPERT pro-
gram

TEXPERT program has been tested for the
following scenarios:
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Fig. 2. The proposed logic diagram for the hybrid treatment–recycling approach.

Scenario I Scenario II Scenario IIIb Scenario IVc Scenario Vc 
F1 

 
 
 
Item 

F1 F2 F3a F2 
Desizing Sc&B 

F2 F2 

Capacity, m3/d 8000 10000 15000 10000 450 7550 10000 10000 
Sizing material: 
type and concentration, % 

Starch 
1.25% 

   PVA 
1.25 

   

COD, mg/l 
NCOD, ppm 

2500 
 

 
120 

250  
900 

 
808.9 

640  
900 

 
900 

BOD, mg/l 670 70 160 480 0.0 201 480 480 
TSS, mg/l 255 120 160 520 4.8 285 520 520 
TDS, mg/l 2020 3200 1560 3200 2020 2020 3200 5000 
Heavy metal, mg/l 3.5 1.8 1 1.8 0 3.7 1.8 1.8 
Color, m–1 0.0 250 20 1100 0 0 1100 1100 

Table 4
Wastewater characteristics of separate streams*

*Vertically integrated Egyptian textile facility with complex processing for cotton, wool, cotton and wool blends and
polyesters
a: F3 is constant for all scenarios; b: F2 is similar to scenario I; c: F1 is similar to scenario III
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I Low non biodegradable COD (NCOD) and the
presence of biodegradable sizing material
(natural).

II High NCOD, the presence of biodegradable
sizing materials(natural) and permissible
salinity .This scenario is feasible when dilute
caustic soda (mercerization rinse) is reused
after its concentration in evaporators

III Low NCOD and synthetic sizing material
(PVA).

IV High NCOD and synthetic sizing material
(PVA).

V High NCOD, high salinity and synthetic sizing
material (PVA).
The corresponding material balance of each

scenario is shown in Fig. 3a–e. Cost output data
are shown in Table 5 and summary of the outputs
is shown in Table 6.

The financial indicators depicted in Table 6
reveal the following:
• The relative high unit wastewater treatment

cost as depicted by scenarios I, II (being US$
0.322/m3 and US$ 0.33 respectively). In spite
of the elimination of the NF and RO from the

Fig. 3a. Material balance for the proposed treatment–reuse scenario I.

Preparation  Dyehouse  

COD 2500 
BOD 670 
TSS 255 
TDS 2020 
H.M. 3.5 

COD 120 
BOD 70 
TSS 120 
TDS 3200 
H.M. 1.8 
Color 250

Equalization  Partial  
Oxidation  

NF 

Biological   Filtration  RO 

Final effluent    

COD 948 
BOD 326 
TSS 221 
TDS 2494 
H.M. 2.207 
Color 69.23 

COD 372 
BOD 217 
TSS 400 
TDS 8427 
H.M. 6 
Color 833 

 

COD 298 
BOD 239 
TSS 440 
TDS 8427 
H.M. 4.8 
Color 500 

 Evaporation  
Pond 

COD 113 
BOD 32 
TSS 13 
TDS 2494 
H.M. 1.3 
Color 8.3 COD 7.96 

TDS 300 
  
  

 
  
 

    Water reuse 

COD 12 
BOD 7 
TSS 0 
TDS 960 
  
  

 

COD 250 
BOD 160 
TSS 160 
TDS 1560 
H.M. 1 
Color 20 

 

F F F
Desizing, Scouring  
& Bleaching     

COD 366 
BOD 114 
TSS 6.6 
TDS 11269 
H.M. 1.3 
Color 4.15 

COD 79 
BOD 22 
TSS 1.3 
TDS 2494 
H.M. 0.26 
Color 0.83 

COD 63 
BOD 17 
TSS 1.1 
TDS 1971 
H.M. 0.2 
Color 0.63  

Q = 8000  
Q = 7000  

Q = 15000  

Q = 3000  

Q = 10000  

Q = 26000  

Q = 3000  

Q = 1463  

Q = 5852  

Q = 7315  

Q = 24537  

Q = 26000  

Q
 =

 1
86

84
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Other efflunets Preparation  Dyehouse  

COD 2500 
BOD 670 
TSS 255 
TDS 1320 
H.M. 3.5 
  

COD 900 
BOD 480 
TSS 520 
TDS 3200 
H.M. 1.8 
Color 1100 

Equalization  Partial  
Oxidation  

Biological  Filtration  Final effluent   

COD 937 
BOD 395 

SS 307 
DS 1999 
.M. 1.7 

Color 209 

COD 720 
BOD 528 
TSS 572 
TDS 3200 
H.M. 1.4 
Color 660 

COD 112 
BOD 39 
TSS 18 
TDS 1999 
H.M. 1 
Color 25 

 COD 250 
BOD 160 
TSS 160 
TDS 1560 
H.M. 1 
Color 20 

 

F1 F2 F3 
Desizing, Scouring  
& Bleaching   

COD 79 
BOD 28 
TSS 1.84 
TDS 1999 
H.M. 0.2 
Color 2.50 

Q = 8000  

Q = 15000  Q = 10000  

Q = 33000  

Q = 10000  

Q = 33000  Q = 33000  

Table 6
Summary costs for a 33,000 m3/d vertically integrated textile mill

Fig. 3b. Material balance for the proposed treatment–reuse scenario II.

second scenario and consequently the reduc-
tion of the capital cost of the latter by about
30%, it’s unit cost is higher when compared
by the first scenario which is attributed to the
presence of annual revenues in scenario I,

about US$ 420.000/y due to water recycling
from the NF stage.

• The third scenario manifests the lowest unit
cost ($ 0.06/m3) in spite of the relatively high
capital cost. The significant unit cost reduction

Scenario Characteristics Total O&M 
(US$1000/y) 

Net O&M 
(US$1000/y) 

Unit cost 
(US$/ m3) 

I Low NCOD/natural sizing agent 3,959 3,539 0.357 
II High NCOD/natural sizing agent and permissible salinity 3,649 3,649 0.369 
III Low NCOD/synthetic sizing agent (PVA) 3,879 1,080 0.109 
IV High NCOD/synthetic sizing agent (PVA) 3,897 1,518 0.153 
V High NCO/synthetic sizing agent (PVA) and high salinity 4,844 2,465 0.249 
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Fig. 3c. Material balance for the proposed treatment–reuse scenario III.

is achieved by the recycling of NF permeate
and PVA sizing.

• In the first and third scenarios, the revenues
generated by RO permeate are neglected. RO
permeate is utilized to adjust salinity to the per-
missible discharge limits. This also mandates
endeavors by the plant manager to improve
operational practices to eliminate the need for

RO or enable recycling of RO permeate and
thus maximize revenues.

• The unit costs of scenarios IV, V are US$ 0.1
and US$ 0.193/m3 respectively. In both scena-
rios, the NF stage has been eliminated and con-
sequently the revenues of permeate. Further,
the fifth scenario is characterized by the in-
creased capital of dual media filtration and RO
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Fig. 3d. Material balance for the proposed treatment–reuse scenario IV.

as compared to the fourth one. Thus, the total
O&M cost of the fourth and fifth scenarios are
million US$ 3.531 and 4.441 respectively.
Results of unit wastewater treatment cost are
within the same order of magnitude for the
results obtained by treatment and recycling
approach proposed in this work, which con-
firms the reliability of the proposed logical
framework and the developed TEXPERT pro-
gram [19,29].

• The results of the TEXPERT program manifest
the ability to deal with different situations in
the textile sector. It enables the selection of
the treatment recycling path  and consequently
capital, O&M, revenues and unit wastewater
treatment cost. The program also reveals the
importance of integrating membrane recycling
systems within the scope of the treatment
matrix to achieve permissible discharge limits.
The TEXPERT program also enables decision
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Fig. 3e. Material balance for the proposed treatment–reuse scenario V.

makers at the planning level and financial insti-
tutions to decide upon the capital needed on
sectoral level.

5. Conclusions

The current diversity of technological setting
and operational practices in vertically integrated
textile mills creates difficulties for prioritizing and
budget allocation in the planning level. Further,

the availability of numerous management inter-
ventions (choice mix) complicates decision mak-
ing at the firm level. Thus, the integrated treat-
ment–recycling wastewater management ap-
proach has been proposed and assessed using a
TEXTPERT program. Five scenarios reflecting
variation of effluents characteristics in textile mills
have been analyzed using the developed
TEXTPERT program. The financial indicators
manifests unit of wastewater treatment cost vary-
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ing from US$ 0.06 to US$ 0.33. Further, the out-
put results indicate the importance of integrating
membrane separation schemes within the con-
ventional treatment matrix to enable the fulfill-
ment of applicable legislations and generate suit-
able revenues and consequently reducing waste-
water treatment unit cost.
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