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SECTION 1: Management and resource usage summary, related to the reporting period 

The TOWEF0 Project comprises fourteen workpackages (WP). Each WP represents a main work field and is subdivided in job cards (work tasks). Each job card has been conceived as a well defined activity assigned to a single partner. 

Each job card is identified by an alphanumeric code: the first four digits represent the work package, the following two digits represent the progressive number of the job card in the WP and the last one represents the partner in charge of the activity. The numbers associated to each partner are defined in the annex 1 of the contract (Description of Work).

The objectives of the period and the progress in the activities here presented reflect the detailed planning agreed during the kick-off meeting and based on the division of the workpackages in job cards.

A WP0 has been created to collect all the planning activities of the project, it was not in the work programme originally submitted to E.C.. All the management work needed at the beginning of the project has therefore been moved from WP12 to WP0.

Objectives of the reporting period 

Workpackage 00 - Project Management (part 1)

All the activities are concluded

Workpackage 01 – Qualitative survey on GEP application in the textile finishing industry

All the activities are concluded

Workpackage 02 – Quantitative evaluation of GEP application. Case studies in the synthetic fibres and silk industries

All the activities are concluded

Workpackage 03 – Quantitative evaluation of GEP application. Case studies in the cotton industries

The activities WP03.01.8 and WP03.02.8 are concluded

WP03.03.8
Completion of the elaboration of process data

Workpackage 04 – Water Pinch technology in textile finishing industries (silk, synthetic fibres and cotton)

The activities WP04.01.4, WP04.02.4, WP04.03.4 and WP04.04.4 are concluded

WP04.05.4
Completing the design of water reuse scheme and definition of necessary water quality

WP04.06.4
Verifying and finalising the database of allowable inlet concentrations of textile processes

WP04.07.4
Completing the guidelines for an optimal reduction of water usage and discharge

Workpackage 05 – Characterisation and design of wastewater

The activity WP05.01.5 and WP05.03.6 are concluded

WP05.02.5
Carrying out extra activities (with respect to the original schedule) on development of on line wastewater characterisation techniques

WP05.04.5
Carrying out extra activities (with respect to the original schedule) concerning respirometric on-line tests

WP05.05.3
Completing the reports on water reuse tests

WP05.06.8
Completing the reports on water reuse tests

WP05.07.4
Completing the integrated methodology for water pinch and waste design

WP05.08.5
Completing the preparation of the protocol for wastewater design in terms of treatability and reusability
Workpackage 06 – Wastewater treatment

The activities WP06.01.1, WP06.02.5, WP06.03.1, WP06.04.1, WP06.05.5 and WP06.07.1 are concluded

WP06.06.1
Concluding data elaborations and reporting on concentrates toxicity

WP06.08.1
Finalising results elaboration to obtain technical economical evaluations

WP06.09.1
Finalising the report of the workshop on wastewater design

WP06.10.1
Preparation of the protocol for the evaluation of mixed finishing textile process wastewater

Workpackage 07 – Effluent characterisation

The activities WP07.01.6, WP07.02.6, WP07.03.4 and WP07.04.4 are concluded

WP07.05.4
Preparation of the protocol for eco-toxicological characterisation of the wastewater streams in the textile industry

WP07.06.6
Effluents characterisation

Workpackage 08 – Application of LCA to support optimisation processes

The activity WP08.01.1 is concluded

WP08.02.1
Completing the LCA inventories and application in the selected textile industries

WP08.03.1
Screening of innovative options of water management by application of LCA

WP08.04.1
Completing the database supporting the LCA software

Workpackage 09 – Development of an LCA software tool

The activities WP09.01.7, WP09.02.7 and WP09.03.7 are concluded

WP09.04.7
Assessment of alternative recycling options

Workpackage 10 – Regulatory Policy

WP10.01.1
Completing the collection of information on European Economic regulation experiences for industrial use of water resources

WP10.02.1
Completing the study of some prototypical tariff structure for industrial water use

WP10.03.1
Completing the economic and financial analysis of the European regulation

WP10.04.1
Completing the benchmark analysis on sustainable tariff systems experimented in Europe

WP10.05.1
Completing the simulation of different type of prototypical tariff system

WP10.06.1 
Workshop on regulatory policy to be held inside the project final workshop

WP10.07.1
Delivery of the Final report on the practical prototypical regulatory policy for water management in textile finishing industry.

Workpackage 11 – Multicriteria integrated GEP for textile finishing industry

WP11.01.1

Guidelines for the application of the integrated methodology

WP11.02.1

Project final workshop 

Scientific/Technical progress made in different work packages according to the planned time schedule 

Workpackage 00 - Project Management (part 1)

Activities concluded

Workpackage 01 – Qualitative survey on GEP application in the textile finishing industry

Activities concluded

Workpackage 02 – Quantitative evaluation of GEP application. Case studies in the synthetic fibres and silk industries

Activities concluded

Workpackage 03 – Quantitative evaluation of GEP application. Case studies in the cotton industries

WP03.03.8
Elaboration of process data is complete

Workpackage 04 – Water Pinch technology in textile finishing industries (silk, synthetic fibres and cotton)

WP04.05.4
Design of water reuse scheme and definition of necessary water quality is complete

WP04.06.4
Design of database of allowable inlet concentrations of textile processes is complete

WP04.07.4
The guidelines for an optimal reduction of water usage and discharge are complete

Workpackage 05 – Characterisation and design of wastewater

WP05.02.5
Development of on line wastewater characterisation techniques has been concluded

WP05.03.6
Microcalorimetric tests are completed and finalised in a report

WP05.04.5
Respirometric on-line tests are completed and finalised in report

WP05.05.3
Tests for water reuse are completed by LARIANA and CENTEXBEL and finalised in report

WP05.06.8
Tests for water reuse are completed by LARIANA and CENTEXBEL and finalised in report

WP05.08.5
The preparation of the protocol for wastewater design in terms of treatability and reusability was concluded
Workpackage 06 – Wastewater treatment

WP06.06.1
Data elaborations and reporting on concentrates toxicity is concluded

WP06.08.1
Technical economical evaluations are complete

WP06.09.1
The minutes of the Workshop were issued and accepted

WP06.10.1
The protocol for the evaluation of mixed finishing textile process wastewater is complete

Workpackage 07 – Effluent characterisation   

WP07.05.4
The preparation of a Protocol for eco-toxicological characterisation of the wastewater streams in the textile industry is concluded

WP07.06.6
The effluents characterisation is complete

Workpackage 08 – Application of LCA to support optimisation processes

WP08.02.1
The LCA inventory and application in the selected textile industries is concluded

WP08.03.1
Screening of innovative options of water management is concluded

WP08.04.1
The Database supporting the LCA software is complete

Workpackage 09 – Development of an LCA software tool

WP09.04.7
Once the screening of innovative options had been completed, the assessment of alternative recycling options was carried out by ENEA

Workpackage 10 – Regulatory Policy

WP10.01.1
The collection of information on European Economic regulation experiences for industrial use of water resources is complete

WP10.02.1
The study of some prototypical tariff structure for industrial water use was carried out

WP10.03.1
The economic and financial analysis of the European regulation is concluded

WP10.04.1
The benchmark analysis on sustainable tariff systems experimented in Europe is concluded

WP10.05.1
The simulation of different type of prototypical tariff system was carried out.

WP10.06.1 
The workshop on regulatory policy was held inside the project final workshop

WP10.07.1
The Final report on the practical prototypical regulatory policy for water management in textile finishing industry was delivered

Workpackage 11 – Multicriteria integrated GEP for textile finishing industry

WP11.01.1
Guidelines for the application of the integrated methodology were conceived

WP11.02.1
Project final workshop was held and minute issued

Milestones and deliverables obtained 

Deliverable list (grey shading indicates Workpackages)

	No
	Deliverable Title
	Date planning
	Date obtained

	1
	Manual for technical/economical evaluation of GEP data collection
	6
	6

	2
	Workshop (Wo) on the state-of-the-art qualitative survey
	9
	12

	3
	Report on the GEP survey
	18
	18

	4
	Material and resources data input of the synthetic fibres and silk industry
	12
	13

	5
	Report on quantitative evaluation of GEP in synthetic fibres and silk industries
	24
	30

	6
	Material and resources data input of the cotton industry
	12
	13

	7
	Report on quantitative evaluation of GEP in the cotton industry
	24
	30

	8
	Data source on relaxation possibilities of process inlet water quality
	24
	36

	9
	Optimal water re-use procedures applicable in the synthetic/silk/cotton industry
	30
	36

	10
	An on-line textile waste water characterisation technique
	34
	36

	11
	A framework for the application of calorimetry in the characterisation of biological textile waste water treatment process
	34
	18

	12
	Unified Wo in collaboration between WP5 and WP6 on design of waste water for the textile and waste water industry
	30
	30

	13
	A protocol to determine the optimum composition of the waste water streams of the different process units
	34
	36

	14
	Integrated methodology for Water Pinch and Waste Water Design
	34
	36

	15
	Operational data to design treatment for increasing biodegradability, decreasing toxicity and for re-use and recycling water in textile finishing process
	34
	36

	16
	Protocol for the evaluation of treatability of mixed finishing textile process waste water.
	34
	36

	17
	Compendium of analytical methods for organic micropollutants
	18
	18

	18
	Protocols to characterise and screen for ecotoxicity in effluents of textile industry
	30
	30

	19
	Final report on effluent characterisation from selected textile refining industries
	34
	36

	20
	Technical report on LCA application in the textile finishing industry
	28
	35

	21
	Database on paper/magnetic support for decision support software
	34
	

	22
	Peer review Wo on the LCA software tool
	30
	18

	23
	A software tool complete with a dedicated user's interface and related databases
	34
	36

	24
	Report on economic regulations and best European practice experience
	18
	26

	25
	Sustainable tariff systems for industrial water usage. A benchmarking analysis
	28
	34

	26
	Wo on regulatory policy for the water management in the industrial sector
	28
	36

	27
	Final report on the practical prototype for a water management regulatory policy in the textile finishing industry
	34
	36

	28
	Wo “Integrated Waste Water Management in textile finishing industry”
	34
	36

	29
	Final report “ Evaluation of the effect of the IPPC application on the sustainable waste water management in textile industries”
	36
	38

	30
	Management reports
	Every 6
	

	31
	Periodic reports
	Every 12
	

	32
	Internet Page
	3
	3

	33
	Technical publication in three languages
	36
	36

	34
	CD ROM
	36
	36


Milestone list

	No
	Milestone Title
	Date planning
	Date obtained

	1
	Submission of Manual for technical/economical evaluation of data collection
	6
	6

	2
	Submission of the report on the Workshop on the state-of-the-art qualitative survey
	12
	12

	3
	Submission of report on the GEP survey
	18
	18

	4
	Industry selection and textile process identification 
	12
	12

	5
	Draft report and data delivery.
	18
	18

	6
	Report and data delivery
	24
	30

	7
	Industry selection and textile process identification 
	12
	12

	8
	Draft report and data delivery.
	18
	18

	9
	Report and data delivery
	24
	30

	10
	Report on water pinch technology. Specific problems for the application in the textile industry 
	6
	6

	11
	Definition of necessary water quality
	18
	18

	12
	Guidelines for an optimal reduction of water usage and discharge in the synthetic, silk and cotton industry 
	30
	35

	13
	Literature review on textile wastewater characterisation procedures 
	6
	6

	14
	First results on respirometry characterisation 
	12
	12

	15
	Respirometry and other techniques set up, integration of the measurement techniques 
	18
	18

	16
	Set up microcalorimetry 
	24
	18

	17
	Protocol for waste design 
	30
	30

	18
	Selection of the textile treatment bench and pilot scale plant (0.5%)
	3
	3

	19
	Start-up of laboratory and pilot plants
	6
	6

	20
	Report on first experimental results
	12
	18

	21
	Draft report on operational data to design treatment for increasing biodegradability
	24
	24

	22
	Evaluation of treatability of mixed finishing textile process waste water
	30
	34

	23


	Literature review on micropollutants and toxic compounds in textile wastewater 
	6
	18

	24
	Selection of compounds to be monitored for the different industries and setting up of analytical methods
	12
	12

	25
	Data evaluation and reporting
	24
	30

	26
	Reports on the data base for LCA applied to textile wastewater treatment 
	12
	12

	27
	Issuing of deliverable: Technical report on LCA application in the selected textile finishing industry
	28
	35

	28
	Issuing of deliverable: Database on paper/magnetic support for decision support software
	34
	35

	29
	LCA software specification 
	12
	12

	30
	Enabling assessment of alternative recycling options for the textile industry from the environmental perspective
	24
	24

	31
	 Collection of information on the European Economic regulation’s experiences for water resources’ industrial uses 
	12
	12

	32
	Theoretical and practical prototype of a new sustainable tariff structure in textile-industrial water using inclusive of environmental externalities 
	30
	34

	33
	Evaluation of data, information and methodologies set up in the WPs 
	33
	35

	34
	Collection, elaboration and integration of the contribution and remarks gathered in the Workshop 
	35
	36


Deviations from the work plan or / and time schedule and their impact to the project 

No further deviations with respect to the time schedule revisions of 5th Management Report. 

In the table below the summary of the man-months that each partner planned to invest in each work package (extracted from the description of work) and that actually invested during the three years of project is stated.

	Part-ner
	
	WP1
	WP2
	WP3
	WP4
	WP5
	WP6
	WP7
	WP8
	WP9
	WP10
	WP11
	WP12
	WP13
	Tot

	1
	Plan
	1.00
	1.00
	1.00
	1.00
	1.00
	23.00
	1.00
	25.00
	 
	6.00
	3.00
	9.00
	1.00
	73.00

	
	Done
	0.80
	1.10
	0.90
	1.10
	1.10
	37.30
	0.60
	29.80
	0.00
	6.00
	4.50
	12.10
	1.00
	96.30

	2
	Plan
	19.75
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0.50
	0.25
	20.50

	
	Done
	15.42
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0.75
	0.50
	16.67

	3
	Plan
	6.00
	12.00
	 
	 
	8.30
	 
	 
	 
	 
	 
	 
	0.50
	0.25
	27.05

	
	Done
	5.00
	20.84
	 
	 
	4.20
	 
	 
	 
	 
	 
	 
	0.50
	0.30
	30.84

	4
	Plan
	 
	1.00
	1.00
	8.50
	4.50
	0.50
	10.00
	 
	 
	 
	1.00
	0.50
	0.25
	27.25

	
	Done
	 
	1.00
	1.00
	9.12
	2.65
	0.50
	9.80
	 
	 
	 
	0.00
	0.20
	0.25
	24.52

	5
	Plan
	 
	 
	 
	 
	33.00
	7.00
	 
	 
	 
	 
	 
	0.50
	0.25
	40.75

	
	Done
	 
	 
	 
	 
	33.00
	7.00
	 
	 
	 
	 
	 
	0.50
	0.25
	40.75

	6
	Plan
	 
	 
	 
	 
	2.50
	1.00
	30.00
	 
	 
	 
	 
	0.50
	0.25
	34.25

	
	Done
	 
	 
	 
	 
	2.50
	0.00
	30.70
	 
	 
	 
	 
	0.50
	0.25
	33.95

	7
	Plan
	 
	 
	 
	 
	 
	 
	 
	5.30
	30.00
	 
	 
	0.50
	0.25
	36.05

	
	Done
	 
	 
	 
	 
	 
	 
	 
	2.30
	39.14
	 
	 
	0.30
	0.10
	41.84

	8
	Plan
	6.00
	 
	13.00
	 
	10.00
	 
	 
	 
	 
	 
	 
	0.50
	0.25
	29.75

	
	Done
	6.00
	 
	14.00
	 
	10.00
	 
	 
	 
	 
	 
	 
	0.30
	0.36
	30.66

	Tot
	Plan
	32.75
	14.00
	15.00
	9.50
	59.30
	31.50
	41.00
	30.30
	30.00
	6.00
	4.00
	12.50
	2.75
	288.60

	
	Done
	27.22
	22.94
	15.90
	10.22
	53.45
	44.80
	41.10
	32.10
	39.14
	6.00
	4.50
	15.15
	3.01
	315.53


Co-ordination of the information among partners and communication activities (e.g. organised meetings. conference attendance. co-operation with other projects/networks.…) 

For the finalisation of deliverable 15, ENEA, LeAF, Centexbel and VITO have held an extra Group Meeting in Brussels at Centexbel offices on the 19th of December 2003. The minutes of the meeting are delivered jointly with the present report.

For the LCA finalisation (implementation of reuse scenarios), a meeting was held in Bologna, at the ENEA centre, on the 16th of January 2004. ENEA, Ecobilan and VITO representatives were  present. The minutes of the meeting are delivered jointly with the present report.

The Final Workshop was organised and held in Bologna at the ENEA research centre on Friday 27th of February. All details are reported in Deliverable 28, including the minutes and all the presentations. 

Difficulties encountered at management and co-ordination level and proposed / applied solutions.

No difficulties to be reported after the solution of the web site problems.

SECTION 2: EXECUTIVE PUBLISHABLE SUMMARY. RELATED TO REPORTING PERIOD

	Contract n°
	EVK1-CT-2000-00063
	Reporting period:
	1/3/2003 – 29/2/2004

	Title
	EVALUATION OF THE EFFECT OF THE IPPC APPLICATION ON THE SUSTAINABLE WASTE MANAGEMENT IN TEXTILE INDUSTRIES (TOWEF0)

	Objectives of the period: 

1. Completion of process data collection in the selected companies and data elaboration.

2. Finalisation of water re-use scheme and definition of necessary water quality for all the companies. Deduction of guidelines for an optimal reduction of water usage and discharge.

3. Finalising the on-line wastewater characterisation technique.

4. Completion of membrane treatment of significant process effluents. Operational data to design treatments. Economical evaluations.

5. Anaerobic treatment of dyeing wastewaters as pre-treatment for membrane filtration. 

6. Completion of the concentrates toxicity study  to estimate the aerobic treatability of final effluents.

7. Reuse tests using membrane treated water in lab-scale textile processes.

8. Completion of the monitoring campaigns of physical-chemical and eco-toxicological characterisation of textile discharges and receiving water bodies.

9. LCA application in the selected textile industries. Database supporting the LCA software. Finalisation of the LCA software tool. Evaluation and comparison of water reuse scenarios.

10. Regulatory policy for water management in textile industry.

11. Integration of all the results obtained in a Multicriteria Methodology .

Scientific achievements:

1. Based on the manual conceived, the data collection was completed. Each relevant process was evaluated and defined in terms of manufactured fibres quantity, equipment, process features... For each process the main steps were identified and for each step all reactives and products dosage and concentration were collected as well as water and steam consumption. Discharged water was characterised by the following parameters: temperature, pH, conductivity, COD, TSS. Contribution to the final wastewater in terms of quantity and pollution load was assessed for all the company departments and main processes.

2. Water re-use schemes implementing regeneration technologies were designed and it was concluded that within a pretreatment department water savings from 30 to 70% can be obtained, in dyeing departments the savings are extimated within a range of 15 to 40%. For the overall companies this would mean a reduction in water consumption between 15 and 30%. The contamination of the final effluent, as a result, will increase proportionally. The costs for implementation of membrane filtration units is still high when compared to the actual low costs of industrial or ground water.

3. The on-line characterisation technique was finalised. It consists of an on-line respirometric analysis of the short-term BOD concentration of a wastewater, combined with its COD value. This value can be determined using on-line infrared spectrometry. Combination of the two values into a BOD/COD ratio gives a measure for the biological treatability of effluents. Automation of the respirogram analysis was done using a neural network.

4. Membrane treatment was tested on significant process effluents. Operational data were obtained and full scale treatments were preliminary designed to make economical evaluations. Nanofiltration (in most cases combined with ultrafiltration pretreatment) emerged as a feasible treatment to obtain reusable permeates at acceptable costs. Reverse Osmosis granted optimal permeate quality but costs are sensibly higher. 

5. Anaerobic treatment of the dyeing wastewaters was possible. Good colour removal was obtained in the systems used in the experiments even if optimisation of the reactor was not possible within this stage of the project. Respirometry was used to assess the aerobic degradability of the wastewaters,  their treated effluents (anaerobically, UF, NF) and their concentrates. Anaerobic pre-treatment did not lead to an improved membrane treatment in terms of removal efficiencies, but might be a way to improve aerobical treatability of membrane concentrates.

6. A methodology was set up to measure the inhibition of the nitrifying activity of the concentrates. Inhibition was measured on raw effluents and concentrates produced by membrane filtration. The results obtained, combined with the biological treatability evaluated by BOD5/COD ratio gave a preliminary confirm of the feasibility of final wastewaters disposal in traditional WWTPs.

7. Membrane permeates were tested for reuse in textile processing  using lab-scale equipment. Most streams proved reusability. For reactive dyeing permeates reuse is difficult due to the high conductivity. Reuse possibilities have to be determined for each textile process and for each recipe. 

8. Chemical analysis methods for organic micropollutants in water samples were developed, optimized, and validated and eco-toxicological tests developed to assess hazardous effects. Biological screening methods for endocrine disrupting activity were applied. Pollutant-specific monitoring and physical-chemical characterization of effluents from textile industries, waste water treatment plants (WWTPs), and the corresponding receiving waters was performed simultaneously with the eco-toxicological effect-based characterization. It appears that acute toxicity is not problematic, provided that the final wastewater treatment is performed correctly. On the other hand, NPEO surfactants are still used in textile industry. They are of environmental concern because of their degradation products (NonylPhenol, short-chain NPEOs, and carboxylated NPECs) with endocrine disrupting potential.

9. LCA methodology was applied to selected textile products to evaluate water reuse scenarios generated by water pinch assessments. The system boundaries included the textile finishing processing and the subsequent wastewater treatment, the energy and chemicals production, and the transport of wastewater sludges and auxiliary materials. Two alternative water management scenarios were analysed. In the first named “innovative scenario”, ultrafiltration and nanofiltration technologies were applied to selected wastewater flows, with a total water saving of 10-35%. In the second named “Effluent zero scenario” ultrafiltration and reverse osmosis were applied to all process effluents with a water saving of about 80%. In both cases LCA confirmed the environmental friendliness of these technologies, showing that water reuse can be reached with a slight increase in the energy used and consequently in energy related environmental impact categories. Another major result of this project is a LCA database containing quantitative data on processes/products used in textile processing companies. The database is implemented in the web based LCA software, specifically designed in the project to conduct LCA in the textile industry..The purpose of the software is three-fold: to enable data management and manage databases, to establish benchmarks from one year to another or between sites that have the same processes, to draw out comparisons between different processes layout with the aim to identify improvements. 

10. The collection of information on European Economic regulation experiences for industrial use of water resources was completed. On this basis some prototypical tariff structures are proposed and simulated on a specific software created for the purpose. 

11.  All the specific results, were synergically combined to create an Integrated multicriteria methodology, which can described as a four steps optimisation process. 

· Complete data collection in the companies.

· Analysis of most important process effluents to identify and characterise all possible destinies

· Elaboration of all the data a Water Pinch assessment, defining optimised water reuse scenarios

· Comparison of the scenarios by LCA to support the decision making leading to the implementation

Beside this continuous monitoring of the impacts on receiving water bodies should be made and regulatory policies able to promote water saving strategies should support an effective implementation 

Socio-economic relevance and policy implications:

The methodology set up can contribute to the social objectives of the Community as follows:

· Lower consumption of high quality water through the maximisation of water re-use and recycling.

· Protection of recipient water bodies and therefore amelioration of the quality of life of the citizens. 

· Assessment of the impact on the environment as a whole, avoiding pollution transfer to air and soil.

Conclusions:

The project has generated a multicriteria methodology for water optimisation and the tools to carry out all the steps of the analysis. It may give an effective contribution to the application of the IPPC directive and, enabling a sustainable use of the water in critical industrial sites, it may represent a good methodology for similar approaches in other industrial sectors.

Keywords:

Good environmental practices. Textile industry. Wastewater minimisation. Wastewater reuse. Water Pinch. Life Cycle Assessment. Wastewater characterisation. Respirometry. Membrane technology. Anaerobic treatment. Organic micropollutants. Eco-toxicology. 
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	Toxicity Evaluation Of Membrane Concentrates From Textile Effluents.
	IWA 4th World Water Congress
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Relator:
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	Master Thesis University of Padova (in Italian)
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De Florio L. 
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	Master Thesis University of Chieti 
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	Proceeding, VITO-report 2003/TOX/R/058
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Authors: Mattioli D. and  De Florio L.
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Authors: Henri Spanjers, Iemke Bisschops, Karel Keesman

Type: International publication

Date:2004

Content: On-line treatability measurements
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Content: LCA decision support to water management scenarios in textile industry
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SECTION 3: Detailed report organized by work packages including data on individual contributions from each partner. related to the reporting period (12 s)

Workpackage 00 - Project Management (part 1)

3.1. Objectives

WP00.03.1 (ENEA) Updating and restructuring of the web site. 

3.2. Methodology and scientific achievements related to Work Packages including contribution from partners

Technical problems of the web-site were solved. A new web-site responsible person (Mr. Piergiacomo Pagano) was identified within ENEA. The website was regularly maintained and updated during the last year.

3.3. Socio-economic relevance and policy implication

Not applicable.

3.4. Discussion and conclusion

The activities were concluded. 

Workpackage 01 – Qualitative survey on GEP application in the textile finishing industry

The activities were concluded after the second reporting period. 

Workpackage 02 – Quantitative evaluation of GEP application. Case studies in the synthetic fibres and silk industries

3.1. Objectives.

WP02.03.3 (LARIANA): Data collection for the selected industries: I06; I09;I02;I15;I04.

3.2. Methodology and scientific achievements related to objectives.

I15 and I04 company PIDACS were issued and are below briefly presented,

I15 company:

I15 manufacturing activity is grouped in 7 departments:

· General Facilities (5 processes);

· Preparation (3 processes);

· Dyeing (18 processes);

· Printing (25 processes)

· Steaming (3 processes)

· Washing (7 processes)

· Finishing (7 processes);

Production is split in different fibre; silk fabric manufacturing is the relevant item.

Table 1 – I15 Production

	Fibre
	Type
	(%) on total weight
	processed meters
	kg per linear meter
	processed kg

	SILK (SF)
	Fabric
	58,73
	4569810
	0,36
	1645132

	PES (PF)
	Fabric
	14,44
	1123517
	0,36
	404466

	SYNTHETIC (SYF)
	Fabric
	17,24
	1341010
	0,36
	482764

	NATURAL (OF)
	Fabric
	9,59
	746332
	0,36
	268680

	TOTAL
	 
	100
	7780669
	 
	2801041


Water consumptions are reported in Table 2 below:

Table 2: I15 company water  consumptions

	
	Total water consumption

	
	TW m3 tot
	 TW m3 [%]
	TW l/mt
	TW l/kg

	General facilities
	47165
	8,36
	6,06
	16,84

	Preparation
	89393
	15,84
	20,78
	57,72

	Dyeing
	21985
	3,90
	7,17
	19,93

	Printing
	384580
	68,15
	156,58
	434,95

	Steaming
	1722
	0,31
	0,70
	1,95

	Fabric washing
	16616
	2,94
	6,77
	18,79

	Finishing
	2818
	0,50
	0,43
	1,20

	Total
	564279
	100
	198,49
	551,37

	Total 2001-measured
	575384
	 
	 
	 

	Difference
	11105
	 
	 
	 


Preparation and printing departments are the most water requiring (about 16% and 68% on total).
Among preparation, “continuous scouring” consumption is about the 97% on department and about the 15% on total consumption (86646 m3).

Among printing, “printing equipment washing” consumption is about the 80% on department and about the 54% on total consumption (306302 m3).

Water discharges and COD loads are reported in Table 3 below:

Table 3: I15 water discharges and organic loads

	
	Discharge type D2

	
	D2 m3 tot
	D2 m3 [%]
	COD [mg/l]
	COD [kg]
	COD [%]

	General facilities
	1891
	0,37
	95
	180
	0,05

	Preparation
	88875
	17,29
	1902
	169078
	45,61

	Dyeing
	21985
	4,28
	614
	13501
	3,64

	Printing
	383952
	74,69
	409
	157022
	42,35

	Steaming
	1116
	0,22
	300
	335
	0,09

	Fabric washing
	15791
	3,07
	295
	4664
	1,26

	Finishing
	467
	0,09
	55628
	25957
	7,00

	Total
	514078
	100
	721
	370737
	100

	Total 2001-measured
	525183
	 
	627
	329290
	 

	Difference
	11105
	 
	 
	-41447
	 


The total organic load generated by preparation processes is about 46% on total (169078 kg as COD), for an average COD concentration equal to 1902 mg/l; load generated by “continuous scouring” processes is equal to 161713 kg as COD (about 96% on department, 44% on total), for an average COD concentration equal to 1878 mg/l.
The total organic load generated by printing processes is about 42% on total (157022 kg as COD), for an average COD concentration equal to 409 mg/l; load generated by “printing accessories washing”  is equal to 82076 kg as COD (about 52% on department, 22% on total), for an average COD concentration equal to 268 mg/l.

I04 company

I02 manufacturing activity is grouped in 4 departments:

General Facilities (5 processes);

Preparation (5 processes)

Dyeing (23 processes);

Finishing (3 processes);

Production is split in different fibre; viscose fabric manufacturing is the relevant item.

Table 4 – I04 production

	Fibre
	Type
	(%) on total weight
	processed meters
	kg per linear meter
	processed kg

	Acetate (AF)
	Fabric
	1,23
	446000
	0,14
	62440

	Bemberg (BF)
	Fabric
	15,59
	5642000
	0,14
	789880

	Mix acetate (MF)
	Fabric
	29,13
	10545000
	0,14
	1476300

	Viscose (VF)
	Fabric
	35,06
	12688000
	0,14
	1776320

	Other (OF)
	Fabric
	18,99
	6873000
	0,14
	962220

	TOTAL
	 
	100
	36194000
	 
	5067160


Water consumptions are reported in Table 5 below:

Table 5: I02 company water  consumptions

	
	Total water consumption

	
	TW m3 tot
	 TW m3 [%]
	TW l/mt
	TW l/kg

	General facilities
	54132
	9,31
	1,50
	10,68

	Preparation
	216608
	37,27
	5,578
	39,84

	Dyeing
	308938
	53,15
	6,067
	43,33

	Finishing
	1579
	0,27
	0,051
	0,36

	Total
	581256
	100
	13,19
	94,22

	Total 2002-measured
	579887
	 
	 
	 

	Difference
	-1369
	 
	 
	 


Preparation department operations require a quantity of water of about 37% on total (216608 m3); among these, “continuous scouring” process  requires 81598 m3 (about 38% on department consumptions, 14% on total).
Dyeing department operations require a quantity of about 53% on total (308938 m3); among these, “dark reactive dyeing” processes require 49308 m3 (about 16% on department, 8,5% on total).
Water discharges and COD loads are reported in Table 6 below:

Table 6: I04 water discharges and organic loads

	
	Discharge type D3
	Discharge type D4

	
	D3 m3 tot
	D3 m3 [%]
	COD [mg/l]
	COD [kg]
	COD [%]
	D4 m3 tot
	D4 m3 [%]
	COD [mg/l]
	COD [kg]
	COD [%]

	General facilities
	21768
	4,15
	146
	3188
	0,71
	0,00
	0,00
	0,00
	0,00
	0,00

	Preparation
	215136
	40,99
	1081
	232551
	52,14
	0,00
	0,00
	0,00
	0,00
	0,00

	Dyeing
	287949
	54,86
	730
	210194
	47,13
	19344
	100,00
	140
	2707
	100,00

	Finishing
	29
	0,01
	2276
	65
	0,01
	0,00
	0,00
	0,00
	0,00
	0,00

	Total
	524882
	100
	850
	445998
	100
	19344
	100
	140
	2707
	100


Discharges coming from rinsing steps of “direct dyeing” processes are sent to membrane nano-filtration unit for water recovery (type D4: 19344 m3), the average COD concentration of this stream is equal to 140 mg/l.
The total organic load generated by preparation processes is about 52%on total (232551 kg as COD), for an average COD concentration equal to 1081 mg/l; the total organic load generated by “continuous scouring” is equal to 159666 kg as COD (about 69% on department discharges, 38% on total), for an average COD concentration equal to 1993 mg/l.

The total organic load generated by dyeing processes is about 47% on total (210194 kg as COD), for an average COD concentration equal to 730 mg/l. The total organic load generated by “dark reactive dyeing” is equal to 48373 kg as COD (about 23% on department, 11% on total), for an average COD concentration equal to 1267 mg/l.

LCA scheme of I15 and I04 company was discussed and agreed with ENEA.

Strict collaborations with other partners were carried out: I15 and I04 process discharges were collected at different times and sent to ENEA.

3.3. Socio-economic relevance and policy implication.

No consideration or remarks about.

3.4. Discussion and conclusion.

Comparison of processes data

All data have been grouped for department in order to point out analogies and differences among processes  and to resume, if possible, some parameters, useful for process modelling and for organic load preliminary estimation: data of the same process from different companies have been mediated.

Conclusion on department data:

The main conclusions from the data collection can be summarised as reported in the Table 7.

Table 7: Department water consumption and organic load

	Department
	Water consumption

(% of company total consumption)
	Organic load

(% of company total organic load)

	
	max
	average
	min
	max
	average
	min

	General Facilities
	6
	14
	33
	0,1
	2
	8

	Preparation
	16
	36
	54
	45
	61
	77

	Dyeing
	4
	29
	53
	4
	23
	47

	Printing
	42
	55
	38
	42
	59
	75

	Steaming
	0,3
	0,4
	0,6
	0,0
	0,1
	0,1

	Fabric washing
	3
	28
	52
	1
	13
	25

	Finishing
	0,3
	1
	4
	0,1
	3
	7


Conclusion on General Facilities 

(specific values have been obtained considering fibre quantities reported on proper PIDACS (this values have been declared by companies at the beginning of the audit):

“filtration” is used as a pre-treatment for Industrial Aqueduct water; the quantity of water amount required for this process (due to rinsing and backwashing steps) varies from 0,15% to about 3% on total. The percentage on total generated load is less than 0,1%, as an average value. 

different pre-treatments (“de-ironing”) are used for water coming from other sources (private wells in all cases).

“softening” process is practically mandatory to operate with high temperature waters and to generate steam (“demineralisation” process has been observed only in I15 company): the average quantity of water amount required for this process (due to rinsing and backwashing steps) is about 4% on total. The percentage on total generated load is less than 0,05%, as an average value. 

the average  quantity of softened (de-mineralised) water required for “steam production” is  about 7% on total.

Conclusion on Preparation data:

“single scouring” processes for synthetic fibres (I06;I04) require a specific consumption of about 50 l/kg; specific load is about 50 COD g/kg of fibre. For silk fabric (I09;I15) consumptions and loads are very different and do not seem to be reliable.

“continuous scouring” processes specific consumption decreases to the increase of fibre quantity; this is due to the use of equipments requiring high water quantities. Specific consumption equal to 60 l/kg seems more indicated for silk fabrics, while for synthetic fibres a specific consumption equal to 20 l/kg can be considered. Such processes generate a specific load of 120 COD g/kg of fibre for silk fabrics, while synthetic fibres processes generate a specific discharge of 40 COD g/kg of fibre .

Conclusion on Dyeing data:

Data for same processes are very different and hardly reliable; generally I04 and I15 companies data are sensibly lower than others but not correlated between.

Since the "base" process is the same, great differences occur in recipes due to dyestuff quantity, auxiliaries quantity and quality and number of rinsing steps; of course, the more quantity of fibre is manufactured, the more the specific impact is low. Stated such differences, only  average values can be obtained, considering that great deviation from this values can occur.

Highest specific consumptions values are observed for reactive and acid dyeing (more than 80 l/kg of fibre), used to process natural fabric (mainly silk fabric); also the quantity increase sensibly moving from light to dark dyeing (about 50 l/kg).  For disperse and direct dyeing, mainly used to process synthetic fibres (PES and viscose), values are lower (less than 70 l/kg) as well as the increase necessary for dark dyeing. These differences can be related to the number of rinsing step required to obtain clean fibre, that is higher for natural fibres.

Specific loads values are similar for direct and acid dyeing (less than 50 COD g/kg of fibre) and increase for disperse and reactive dyeing (up to 120 COD g/kg of fibre). No great increase is observed moving from light to dark dyeing, except for reactive dyeing (about 50 COD g/kg of fibre), reactive dyeing requires a number of soaping steps (up to three) to remove colour excess from the fibre.

Conclusion on Printing data:

colour preparation process consumption is the same for I02 and I15 company  and equal to 1,40 l/kg of fibre (for I15 company, blender preparation process has to be added); great difference are otherwise observed in specific load (I15 value is 17,5% on I04 value). 

thickener preparation process require an average quantity equal to 30,5 l/kg of fibre, generating an average load equal to 24,12 COD g/kg of fibre, but great differences occur between observed values.

Conclusion on Washing data: 

printing equipment washing processes (here included) observed data are discordant: I15 process consumption is five times higher than I02 but discharged specific load is not so different (about 100 COD g/kg of fibre).

discontinuous mode (rope) fabric washing observed data are very different; as an average value such processes require 170 l/kg of fibre as consumption and generate 93 COD g/kg of fibre as load.

continuous mode (open width) fabric washing observed data are as well very different; as an average value such processes require 38 l/kg of fibre as consumption and generate 13 COD g/kg of fibre as load.

Conclusion on Finishing: 

softener finishing processes specific consumptions are similar (about 1,29 l/kg); specific loads are different because used softening agent is different (average value 3,12 COD g/kg);

water finishing processes specific consumptions are not so different (average value 1,31 l/kg); as well as specific loads (average value 0,04 COD g/kg).

WP03: Quantitative evaluation of GEP application. Case studies in the cotton industries

3.1. Objectives

WP03.03.8 (CENTEXBEL) Collection and elaboration of process data in the selected companies.

3.2. Methodology and scientific achievements related to the objectives

The collection of detailed process data had to be carried out in different companies and in two different countries. In order to be able to make comparisons between the data and also to be sure that the other partners receive the information they need to perform their task (i.e. Water Pinch analysis by VITO and LCA analysis by ENEA and Ecobilan) the elaboration of a structured document was necessary. This document was made by Lariana Depur, Centexbel and IPTS, after consultation with VITO and ENEA concerning the data needed for water pinch analyses and LCA. 

The collection of global information and detailed process data was structured by the use of the elaborated PIDACS (Process Identification and DAta Collection Sheets). In the last project year the PIDACS of only one of the 5 textile finishing companies had to be completed. This was done in close collaboration with the environmental co-ordinator and the technical responsible persons. An example of a detailed process scheme is given. 

	Department
	yarn dyeing

	Yarn
	PES

	Process 
	disperse dyeing

	Equipment 
	bobine dyeing machine

	Item
	BOD12-17, BOD19

	Run time (h)
	

	Number of run/yr
	500

	Processed yarn (kg/yr)  
	465 000

40% no reduction cleaning

60% with reduction cleaning

	Processed yarn per run (kg)
	1000 (average value, depends on size of BOD, ie 1 m³ - 18 m³)


BOD12-13: 5000 l, BOD 14: 1000 l, BOD 15: 7000 l, BOD 16-17: 18000 l, BOD 19: 2000 l

liquor ratio: 1/10 – 1/12: this means that 10 to 12 l water is used per kg of yarn

Disperse dyeing without reduction cleaning: mostly done for light and medium colour shades

	Water (l): 18000

liquor ratio: 1/9

disperse dyestuff (1.7 g/kg)

ammoniumsulfate (20 g/kg)

dispersing agent (20 g/kg)

levelling agent (10 g/kg)

acetic acid 40% (20 ml/kg)
	disperse dyeing


	Discharge type (l): volume of machine – uptake by yarn

T [°C]= 92

pH [-]= 4.69

Conductivity [mS/cm]= 4.91

COD [mg/l]= 3210
SST [mg/l]= <20

	
	

	Water (l): 18 000

liquor ratio: 1/9


	rinsing
	Discharge type (l): volume of machine

T [°C]= 75

pH [-]= 6.53

Conductivity [mS/cm]= 2.13

COD [mg/l]= 914

SST [mg/l]= <20

	
	

	Water (l): 18 000

liquor ratio: 1/9

softening agent (20 g/kg)

acetic acid 40% (9 ml/kg)
	softening
	Discharge type (l): volume of machine

T [°C]= 60

pH [-]= 6.2

Conductivity [mS/cm]= 1.118

COD [mg/l]= 2033

SST [mg/l]= 21


Analyses of COD, SST, conductivity, pH and temperature have been executed and reported in the PIDACS.

An on line TOC meter is a very helpful instrument to monitor the pollution level during a certain period of time on a continuous production line. TOC (Total Organic Carbon) is a measure for the organic load of the discharged waste water. The TOC data are combined with data collected in the company concerning the type and quality of the fabric, the type and concentration of the used chemicals, the stand still hours, etc. These data are furthermore put together in a graph and interesting conclusions can be drawn from it, together with the participating company. 
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Figure 1:Example of TOC data collection

In most of the selected companies an on line TOC meter has been used temporary (4 to 6 weeks). The evaluation of the TOC measurement results together with the process data have resulted in interesting conclusions in each of the participating companies. 

3.3. Socio-economic relevance and policy implication

It is clear that knowing more about the pollution level of the different processes, surprising conclusions could be drawn from it. In most of the companies process streams have been identified which have a much higher or a much lower pollution level than expected. The generated waste water has to be treated or a tax must be paid to discharge it untreated in the sewer. 

Having more knowledge concerning the source of the pollution, makes it possible to calculate an environmental cost for each of the performed processes.

3.4. Discussion and conclusion

The PIDACS (Process identification and data collection sheet) has been made up through a collaboration with several partners. 

By using the PIDACS it has become clear that it is a very useful instrument for the collection and inventory taking of data. Not only the partners in the project but also the responsible persons in the companies agreed that a filled in PIDACS was a very useful and practical instrument.

The on line TOC meter is a practical instrument for an on line control of the discharged pollution on a continuous production line. Combination of the TOC data and the production related data, makes it possible to have an idea about the most polluting activities and gives input to questions concerning the optimal use of process water. 

Workpackage 04 – Water Pinch technology in textile finishing industries (silk. synthetic fibres and cotton)

3.1. Objectives

WP04.05.4 (VITO): Finalisation of water re-use scheme and definition of necessary water quality for the remaining Belgian and Italian companies

WP04.06.4 (VITO): Implementation of limited database on allowable inlet concentration during optimisation of re-use schemes

WP04.07.4 (VITO): Deduction of guidelines for an optimal reduction of water usage and discharge

3.2. Methodology and scientific achievements related to the objectives

During the third year of the project the methodology of WaterPinch as developed during the second year was applied to the different screened companies. 

The following text recapitulates the used methodology for water scheme optimization and presents an overview of the obtained results .  

Methodology of WaterPinch

Starting from the PIDACS, the elaborated amount of data needed to be compiled into a surveyable format. All the useful information with regard to water minimization was extracted and summarized  into Excel data sheets. 

These tables were then used for preliminary,  summarizing calculations: Waste waters from similar processes were grouped and their mixed flow rate and contamination were calculated. By grouping these similar flows, the amount of information  to be entered into the visualisation software is reduced significantly. 

Based on these sheets the water network was visualised in the dedicated software WaterTracker® . Finally, all schemes were optimized by implementation of membrane filtration technology. The removal efficiencies for this water regeneration equipment were extracted from test results generatedwithin other work packages of this project. 

The water saving, compared to the initial situation, was calculated by the software. Furthermore, the changed concentration of the feeding water towards the processes (due to mixture with membrane permeate)  was determined, as well as the increased contamination of the final effluent caused by the reduced water usage. The figure below illustrates the use of the visualization software. 
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Based on the results of the economical evaluation of membrane plants the costs of the implemented technology was compared to the costs of fresh water.

Detailed results company I06

To illustrate the Water Pinch methodology more detailed results for a specific case, company I06, are given.

A combined UF/NF was implemented in the pretreatment department. The  removal efficiency was estimated by taking a weighted average from the membrane trials on scouring process effluents. 

Secondly, an other combined UF/NF was integrated in the dyeing section. Here as well, a weighted average from membrane filtration tests disperse, reactive and direct dyeing was used. This is illustrated in the figure below.
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The obtained water savings within this company are:
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Before reuse, the recycled permeate is mixed with industrial water. This means that the quality of the feeding water of the processes change. Values are given in table below.
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Overview of results

The following tables gives an overview of some of the obtained results. More detailed and complete results are presented in Deliverable 9: “Optimal water re-use procedures applicable in the synthetic/silk/cotton industry”.
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3.3. Socio-economic relevance and policy implication

The Water Pinch methodology performs a central task in the project structure and contributes to the integration of the different WP’s. Water Pinch uses the scientific data from the water treatment techniques and translates the results to practical values for the real cases, as a result increasing the social-economic relevance of the project outcome.

3.4. Discussion and conclusion

This study shows that within a pretreatment department water savings from 30 to 70% can be obtained. Whereas in dyeing sections the savings possible by implementing regeneration technologies, are within a range of 15 to 40%. 

For the overall companies this would mean a reduction in water consumption between 15 and 30%. 

The realization of the water saving will cause a proportionally increase of the contamination of the final effluent .

The costs for implementation of membrane filtration units is still relatively high (± € 0.6 /m³)  compared to the actual low costs of industrial or ground water (± € 0.1 /m³). 

Only in case of expensive  treatment of industrial or ground water, implementation of a regeneration technology will be economically feasible.

 In the near future however, it can be expected that costs of the actual used industrial and ground water will increase. Secondly, the permits on pumping ground water will become more stringent. And finally, prices for membrane filtration will drop, due to the increasing market for this technology.

Workpackage 05 – Characterisation and design of wastewater

3.1. Objectives

WP05.02.5 (LeAF) - Development of on-line textile industry wastewater characterisation techniques. The characterisation is based on a biological method (respirometry) and a physical/chemical method (infrared spectroscopy). Neural network technology is used for automated respirogram analysis.

WP05.04.5 (LeAF) - Respirometric on-line tests. Last tests as an input into WP05.02.5

WP05.05.3 (LARIANA) - Tests for water reuse in synthetic fibres and silk processing industries.

WP05.06.8 (CENTEXBEL) - Tests for water reuse in cotton processing industries.

3.2. Methodology and scientific achievements related to Work Packages including contribution from partners

Literature review on textile industry wastewater characterisation (WP05.01.5, LeAF)

Achievements

The literature review report has been published in the form of a review article in the scientific journal “Environmental Technology” in the month of November 2003.

Development of online wastewater characterisation techniques (WP05.02.5, LeAF)

Methodology
A respirometric technique was developed based on the measurement of the dissolved oxygen consumption rate by activated sludge degrading components in wastewater. The technique consists of adding repeatedly samples of defined substrates and wastewater to activated sludge in a small test reactor, and measuring the oxygen uptake rate using a respirometer. The resulting value is called the short-term biochemical oxygen demand (BODST).

Infrared spectroscopy is used to determine the chemical oxygen demand (COD) of a wastewater sample, as described in the 2nd periodic report. Tests have been done on series of wastewater samples from different steps of dyeing processes, with the objective of confirming the possibility of using this technique. 

The combination of the short-term BOD value and the COD value in a BODST/COD ratio is a measure for the treatability of a wastewater. A complete scheme for an on-line treatability measurement is given in the figure below:
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The textile wastewater sample is taken directly after it leaves the textile equipment. It is passed on to both a respirometer and an infrared spectrometer. From the infrared spectrum the COD value is derived, and from the respirogram the short-term BOD (BODST) value. With those two values the BODST/COD ratio is calculated. Because the BOD is always lower than the COD, this value lies between 0 and 1. It is a measure for the treatability of the wastewater: the higher the BODST, the better biodegradable the wastewater, and the higher the ratio. Based on this ratio a decision can be taken on where to send the wastewater for treatment. Other characteristics (such as wastewater toxicity) that can be obtained from the respirogram can also be used in the decision for a treatment option. Examples of respirograms and infrared spectra are given below.

The respirogram on the right shows that the wastewater sample was (partly) degradable, as a response can be seen: Upon addition of the sample at t=o the respiration rate R increases from around 7 mg O2/l.h to around 11 mg O2/l.h. After processing the degradable fraction (around t=30), the respiration rate keeps dropping until well below the initial rate of around 7 mg O2/l.h, which is a toxicity effect. Part of the biomass was affected by the sample, and because the affected biomass doesn’t consume the oxygen, the respiration rate drops. This information is useful when deciding how to treat a wastewater. Infrared spectra are just examples, they were only used for COD determination. As no biomass is involved in those measurements, no extra information could be obtained. Calibrating the infrared method for detection of other wastewater constituents is possible, but whether or not this is possible depends entirely on the wastewater.
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	Respirograms. Example of a well degradable substrate (left) and a toxic substrate (right).
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	Infrared spectra examples. Dark reactive dyeing (left) and scouring of indigo dyed fabric (right).


The difficult part of on-line respirogram analysis is the automated detection of the end-point of the part of the respirogram that belongs to the reaction of a sample. A trained expert can analyse respirograms simply by looking at them, and will recognise the endpoint without problem. When looking at a respirogram, an expert uses a lot of (subjective) background information obtained from analysing other respirograms. A model running on a computer needs an objective way of analysing the respirogram, with a rather “black and white” approach to identify the endpoint. As respirograms come in all types of forms, this can be very difficult. 

To try to overcome these problems, tests were performed using an artificial neural network. Neural nets are suitable for complex analysis that have a highly pluriform input. They consist of a number of artificial neurons that are all connected, with weights to determine the importance of each neuron (see structure below).
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	Block diagram of a two hidden layer multiplayer perceptron (MLP). The inputs are fed into the input layer [A] and get multiplied by interconnection weights as they are passed from the input layer to the first hidden layer [B]. Within the first hidden layer, they get summed then processed by a nonlinear function (usually the hyperbolic tangent). As the processed data leaves the first hidden layer, again it gets multiplied by interconnection weights, then summed and processed by the second hidden layer [C]. Finally the data is multiplied by interconnection weights then processed one last time within the output layer [D] to produce the neural network output.




The neural network can be trained, it can ‘learn’ to get the right outcome when trained with a large enough number of examples. Respirograms and their endpoints were fed to the network for training. Different combinations of numbers of neurons and sets of respirograms were evaluated. 

Achievements 

Respirograms and COD analyses have been performed on a series of dyeing wastewater samples coming from the different steps of the process. Due to very low concentrations in most of the samples from rinsing steps, not all results could be used in the tests with the neural network. The neural network used (MatLab NNW toolbox) proved capable of determining the endpoints of respirograms. Although the endpoints predicted by the neural network sometimes differed considerably from the manually determined endpoints, the resulting calculated BODST was usually quite exact. The table below shows the result of one of the tests.

	Respirogram
	End point
	BODst (mg/l)

	
	Manual
	NNW
	(
	Manual
	NNW
	%

	Acid dyeing 52
	55
	training
	-
	184
	training
	-

	Acid dyeing 203
	95
	training
	-
	340
	training
	-

	Acid dyeing C
	81
	training
	-
	334
	training
	-

	Bleaching
	86
	training
	-
	2407
	training
	-

	Size
	85
	training
	-
	2866
	training
	-

	Light reactive dyeing
	106
	training
	-
	157
	training
	-

	Silk degumming
	71
	training
	-
	685
	training
	-

	Acid dyeing 106
	51
	65
	-14
	222
	227
	102

	Indigo cotton scouring
	74
	78
	-4
	1950
	1982
	102

	Black sulphur dyeing
	58
	80
	-22
	2528
	2457
	97

	Silk degumming 2
	71
	61
	10
	788
	741
	94

	Dark acid dyeing
	69
	68
	1
	792
	790
	100

	Dark acid dyeing 2
	80
	89
	-9
	787
	814
	103

	Dark reactive dyeing
	82
	89
	-7
	359
	349
	97


The first half of the table shows the detected endpoints, with the difference between the manually detected endpoints and the ones predicted by the neural network. The second half of the table shows the calculated values for the BODST. In percentages is indicated how the NNW-determined BODST relates to the manually determined values. For the calculated samples that were used in this test, the BODST/COD ratio can be calculated to get an indication for their treatability. Results are presented in the table below.

	Respirogram
	BODST 
	COD
	BODST/COD
	Treatability

	
	(mg/l)
	(mg/l)
	
	

	Acid dyeing 106
	227
	5244
	0.04
	- -

	Indigo cotton scouring
	1982
	11574
	0.17
	-

	Black sulphur dyeing
	2457
	6027
	0.41
	+ +

	Silk degumming 2
	741
	3400
	0.22
	+

	Dark acid dyeing
	790
	2300
	0.34
	+ +

	Dark acid dyeing 2
	814
	2300
	0.35
	+ +

	Dark reactive dyeing
	349
	2660
	0.13
	-


Although the complete set-up of the on-line technique could not be tested in a textile factory, everything indicates that it should be possible to install a respirometer and an infrared spectrometer on-site with a computer for control and analysis.

Respirometric on-line tests (WP05.04.5, LeAF)

Methodology 

Textile wastewater is characterised in terms of biological degradability by means of respirometry. This technique is based on the measurement of the dissolved oxygen consumption rate by activated sludge degrading components in wastewater. The technique consists of adding repeatedly samples of defined substrates and wastewater to activated sludge in a small test reactor, and measuring the oxygen uptake rate using a respirometer. The data are processed using two methods: direct method, by straightforward interpretation of the respirograms, and parameter estimation, by fitting an activated sludge model to the data.

Achievements 

The tests done within the reporting period have all been used in the development of the on-line characterisation technique described above (WP05.02.5).

Tests for water reuse by Partner 3 (WP05.05.3, LARIANA) Tests for water reuse by Partner 8 (WP05.06.8, CENTEXBEL) 

Based on the PIDACS and the results of the Water Pinch analyses, textile processes in each of the participating companies were selected of which the waste water could be treated and re-used for the same or for another process. 

The selected waste water streams were treated with a combination of the following techniques: anaerobic treatment, ultrafiltration, nanofiltration and reverse osmosis. 

Based on the treatment results and the comparison of the quality of these streams with the quality requirements of textile finishing process water, a selection of permeate streams was made in order to carry out re-use tests. The selected streams were the result of ultrafiltration/nanofiltration or only nanofiltration.

The permeates were re-used for the same process or for other processes. The re-use tests performed were pre-treatment and dyeing processes of silk, polyester, polyamide, cotton, viscose. The re-use tests were carried out with 100% permeate or with a mixture of permeate and fresh process water.

Processes and efficiency tests were performed by a certified textile research company according to ISO standards.

Differences in efficiency results were linked to the characteristics of the reused permeate streams and the quality requirements of fresh process water. The use of ultrafiltration and/or nanofiltration resulted in a permeate free of organic matter and colour, but with a considerable conductivity if the conductivity was related to the presence of NaCl. The high concentration of NaCl in these permeates hindered the recycling for dyeing of cotton with reactive and direct dyes. 

Permeates of processes in which no or only a small amount of salt was used, could be successfully reused for a variety of purposes. It is however necessary to mention that the re-use cycle has only been performed once and moreover the re-use tests have been carried out on labscale and have not been validated on pilot or industrial scale. 

3.3. Socio-economic relevance and policy implication

The development of online wastewater characterisation techniques (WP05.02.5, LeAF) will provide a technique for the respirometric on-line tests (WP05.04.5) and a physical/chemical test based on infrared measurement, and as such contribute to the socio-economic relevance and policy implication of the project output. The infrared measurement procedure may yield a novel technique for on-line COD measurement of textile wastewaters, and has the potential to be developed for market applications.

The respirometric online tests (WP05.04.5, LeAF) will eventually provide input to the methodology for water pinch and waste design, and as such contribute to the socio-economic relevance and policy implication of the project output. The combination of respirometric and infrared techniques may yield a method to measure the treatability of not only textile wastewaters but also other industrial effluents.

3.4. Discussion and conclusion

The draft literature review on textile industry wastewater characterisation (WP05.01.5, LeAF)  was presented and discussed at the project meeting in Sevilla, 21-22 March 2002, and participants provided some amendments. At the meeting the participants agreed with the intention to produce a journal review paper.

Techniques for respirometric and infrared textile wastewater characterisation have been set up (WP05.02.5, LeAF). Although based on a limited number of samples, the results of the infrared spectroscopy experiment indicate the possibility of using this technique for the on-line measurement of COD in wastewater, provided that the calibration be done independently for each textile process. As a start the objective and the needed precision if the infrared technique have to be defined. The values concerning the different processes have to be known, to be able to decide if infrared spectrometry is the right choice. When all requirements are met by the method, an off-line trial for one single process is recommended before trying on-line analysis. Maybe a suitable “test-stream” can be pointed out using the results of this study. This should be a quite concentrated wastewater: the more concentrated a stream is, the better the results will be.

The main criteria used to conceive water reuse test (WP05.05.3, LARIANA and WP05.06.8, CENTEXBEL) is to reuse discharges coming from a company on the substrate manufactured by the company. Discharges were collected, treated and reused in a proper textile chain the way it's processed in the company, using both the conventional supply water and the treated water. Results indicate that in most cases the water treated with membrane ultrafiltration and subsequent nanofiltration are suitable for reuse. However, the possibility for reuse should be assessed for each process and even each recipe. Dyeing of lighter shades for instance, can be problematic as small changes in water quality can lead to unacceptable changes in product quality.

The results can be used by companies to get a first evaluation of the possibilities to reuse permeate as process water for textile processes. Combined with the PIDACS the obtained results can also give an economic indication of water reuse.

Workpackage 06 – Wastewater treatment

3.1. Objectives

WP06.05.5 (LeAF) The activity is completed in terms of the originally planned work as reported in the second periodic report but some additional activities were planned to complete the study on anaerobic treatability. Batch experiments with reactive and acid dyeing wastewater were conducted to compare the effect of temperature (mesophilic treatment vs. thermophilic treatment) and the use of an electron mediator as planned for the period. These additional results are reported in Deliverable 15.

WP06.06.1 (ENEA) Complete the evaluation of the toxicity of the concentrates produced by membrane filtration.
WP06.07.1 (ENEA) Treatment tests by membranes to produce permeates suitable for reusing on four significant effluents from of Belgian companies and on further effluents from Italian companies. Membrane post treatment of two dyeing effluents after biological anaerobic pre-treatment.
WP06.08.1 (ENEA) Continue the elaboration of the tests results to obtain operational data to design treatments and evaluation of the technical economical feasibility.
WP06.09.1 (ENEA. LeAF) Workshop on wastewater design
3.2. Methodology and scientific achievements related to Work Packages including contribution from partners

Tests to evaluate the aerobic treatability of final effluents on real concentrates (WP06.06.1. ENEA)

Applying the methodology described in detail in the previous periodic report, curves of inhibition on nitrifying bacteria were calculated on feed, UF concentrate and NF concentrate produced by the membrane treatment of various textile effluents. From the inhibition curves, the EC50 values, representing the volume of effluent per gram of biomass able to reduce by 50% the nitrifying activity, were extrapolated. The results obtained combined with BOD5/COD ratio values (index of bio-degradability) are reported in the following table:
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Treatment tests by membranes to produce permeates suitable for reusing on various process effluents. WP06.07.1 (ENEA)
Membrane treatment tests were performed on further 10 effluents from textile companies and on 2 anaerobically pretreated effluents, as planned. Considering this, the complete list of effluents tested includes 17 different raw process effluents + 2 anaerobically pretreated. They were selected by focusing on the most important effluent streams in the textile finishing industries as resulted from the analysis of the companies involved in the project. The analysis evidenced that:

· General Facilities department accounts normally for a significant factor of water consumption but the discharged organic load is negligible;

· Preparation, dyeing and printing departments include by far the most important water consuming processes and produce the biggest fraction of organic load discharged in the wastewater. 

· Finishing department: water consumptions and organic load are normally much lower with few exceptions.

Therefore the effluents tested were selected among preparation, dyeing and printing operations, both from the whole processes and from the rinsing phase only. The streams tested are characterized by high variability in the dissolved organic carbon content (DOC) as well as in colour and salinity as reported in the table below.

	Process
	DOC

mg l-1
	Colour

Abs (cm-1)
	Cond.

μS cm-1

	
	
	426nm
	558nm
	660nm
	

	Polyester scouring*
	481
	0.012
	0.004
	0.004
	544

	Polyester double scouring*
	737
	0.128
	0.068
	0.047
	552

	Polyester scouring rinsing 
	16
	0.004
	0.002
	0.004
	75

	Polyester disperse dyeing*
	300
	0.093
	0.019
	0.005
	747

	Polyester disperse dyeing rins.
	16
	0.005
	0.001
	0.002
	197

	Polyester printed wash.*
	305
	0.092
	0.023
	0.011
	1096

	Polyestere disperse print
	57
	0.005
	0.001
	0.002
	570

	Viscose direct dyeing rinsing
	1
	0.007
	0.001
	0.004
	745

	Viscose reactive printed wash.
	700
	0.393
	0.330
	0.153
	1223

	Silk polymer charge*
	5699
	0.006
	0.005
	0.001
	2440

	Silk scouring* 
	840
	0.056
	0.024
	0.015
	617

	Silk scouring rinsing
	136
	0.016
	0.008
	0.008
	149

	Silk yarn reactive dyeing*
	775
	2.813
	3.939
	0.022
	39800

	Silk acid dyeing rinsing
	33
	0.019
	0.022
	0.009
	1619

	Polyamide Acid dyeing
	480
	1.402
	1.693
	1.567
	830

	Cotton Reactive dyeing
	120
	0.466
	0.355
	0.151
	16800

	Cotton Bleaching line
	401
	0.022
	0.01
	0.009
	1670

	Cotton reactive dyeing A.P.
	41
	0.150
	0.049
	0.027
	20058

	Polyamide acid dyeing A.P.
	69
	0.207
	0.062
	0.020
	1407


A.P.= anaerobically pretreated

* Effluent tested in the second year of the project and already reported 

Several membranes were tested for ultrafiltration treatment (UF in the following), for nanofiltration (NF) and reverse osmosis (RO) to select the proper membrane for each effluent According to the different characteristics of the effluents, the following treatment configurations were tested on pilot scale using spiral wound polymeric membranes: UF, NF, NF after UF pre-treatment, RO after UF pre-treatment. A complete overview of the tests performed is given in the following table.

[image: image25.wmf]Cost

Effluent

Q/Qc

DQ%

T(h)

Euro/m3

Silk HT scouring rins.

100%

31%

48

0,66

PES scouring rins.

93%

8%

25

0,58

PES disperse dyeing rins.

93%

7%

27

0,56

Viscose react. print. wash

87%

20%

16

0,55

Silk Acid dyeing rins.

85%

18%

48

0,68

Viscose dir. dyeing rins.

88%

7%

48

0,55

NF


Material and Methods applied for the membrane selection and the pilot runs are the same already described in the previous periodic reports.

The average permeate fluxes, obtained in batch operation with recovery factor of 80% are reported in the tables below together with the removal of organic content (measured as Dissolved Organic Carbon), colour (measured as absorbance on 1 cm optical path at three different wavelenghts:426nm, 558nm and 660nm) and salinity (measured as conductivity) obtained with the four different treatment trains tested.

	UF
	Q [l/h m2]
	DOC%
	426%
	558%
	660%
	Cond%

	Polyester double scouring*
	125
	56
	98
	99
	96
	14

	Polyester scouring*
	147
	75
	75
	50
	25
	13

	Silk scouring*
	119
	73
	94
	83
	71
	16

	Cotton Bleaching line
	46
	42
	45
	47
	22
	7

	Silk polymer charge*
	105
	49
	n.a.
	n.a.
	n.a.
	5

	Polyester disperse dyeing*
	151
	33
	89
	75
	92
	7

	Polyestere disperse print
	119
	94
	n.a.
	n.a.
	n.a.
	3

	Polyester printed wash.*
	143
	38
	67
	70
	73
	14

	Polyamide Acid dyeing
	122
	51
	98
	99
	>99
	5

	Polyamide acid dyeing A.P.
	121
	64
	67
	71
	80
	3

	Cotton Reactive dyeing
	115
	45
	10
	11
	13
	0

	Cotton reactive dyeing A.P.
	120
	26
	30
	34
	37
	1

	Silk yarn reactive dyeing*
	79
	43
	27
	4
	1
	10

	Viscose reactive printed wash.
	111
	18
	53
	64
	75
	13


* Effluent tested in the second year of the project and already reported 

A.P.= anaerobically pretreated

n.a.= not applicable because of too low values in the feed

	Direct NF
	Q [l/h m2]
	DOC%
	426%
	558%
	660%
	Cond%

	Polyester scouring rinsing
	36
	57
	n.a.
	n.a.
	n.a.
	69

	Silk scouring rinsing
	32
	79
	85
	88
	68
	70

	Polyester disperse dyeing rins.
	38
	n.a.
	n.a.
	n.a.
	n.a.
	68

	Polyamide acid dyeing A.P.
	56
	92
	97
	99
	98
	46

	Silk acid dyeing rinsing
	30
	34
	75
	85
	76
	45

	Cotton reactive dyeing A.P.
	50
	76
	98
	98
	95
	9

	Viscose reactive printed wash.
	54
	43
	97
	98
	98
	59

	Viscose direct dyeing rinsing
	39
	n.a.
	94
	97
	87
	18


A.P.= anaerobically pretreated

n.a.= not applicable because of too low values in the feed

	UF+NF
	Q [l/h m2]
	DOC%
	426%
	558%
	660%
	Cond%

	Polyester double scouring*
	36
	87
	>99
	>99
	>99
	82

	Polyester scouring*
	38
	85
	>99
	93
	84
	82

	Silk scouring*
	61
	91
	97
	62
	59
	81

	Cotton Bleaching line
	53
	93
	88
	>99
	68
	67

	Silk polymer charge*
	37
	92
	n.a.
	n.a.
	n.a.
	54

	Polyester disperse dyeing*
	41
	53
	97
	75
	92
	50

	Polyestere disperse print
	61
	95
	n.a.
	n.a.
	n.a.
	58

	Polyester printed wash.*
	35
	94
	95
	82
	74
	80

	Polyamide Acid dyeing
	61
	88
	>99
	>99
	>99
	70

	Polyamide acid dyeing A.P.
	56
	97
	97
	97
	96
	47

	Cotton Reactive dyeing
	47
	84
	99
	99
	97
	15

	Cotton reactive dyeing A.P.
	51
	80
	96
	97
	93
	10

	Silk yarn reactive dyeing*
	37
	85
	>99
	>99
	80
	21

	Viscose reactive printed wash.
	49
	33
	98
	99
	99
	65


* Effluent tested in the second year of the project and already reported 

A.P.= anaerobically pretreated

n.a.= not applicable because of too low values in the feed

	UF+RO
	Q [l/h m2]
	DOC%
	426%
	558%
	660%
	Cond%

	Polyester double scouring*
	7
	99
	>99
	>99
	>99
	96

	Polyester scouring*
	8
	99
	>99
	98
	92
	97

	Polyester disperse dyeing*
	5
	85
	>99
	98
	>99
	91

	Polyester printed wash.*
	10
	99
	>99
	>99
	>99
	90


* Effluent tested in the second year of the project and already reported 

Operational data to design treatments WP06.08.1 (ENEA) 
The results of various textile effluents tested on different membrane on lab and pilot scale were elaborated to obtain operational parameters and to make technical economical evaluations. 

On the permeate flow rate measured during the tests, the following parameters have been calculated:

· I1 = Q0/Q1*100 - Membrane/effluent affinity: flow rate decrease passing from pure water (Q1 during the first characterization) to real effluent filtration (Q0 initial flowrate in the concentration effect test) is index of compounds affecting the membrane performance (e.g. compounds increasing the polarisation of the membrane). 

· I2 = (Q0 - Q80)/Q0 *100, - Recovery index: percentile loss of flow rate during the concentration effect test (at increasing feed concentrations) determines the level of recovery factor (i.e. how much volume of permeate can be obtained as a percentage of the feed volume). 

· I3 = (Q1 - Q2)/Q1*100 - Fouling tendency: percentile loss of pure water filtration flow rate after the run in reference to the one calculated before (difference between 1st and 2nd characterization) indicates permanent fouling of the membrane surface it is used to evaluate the number of hours that the plant can operate without the need of a chemical washing. 

Based on the data on Indexes values, an extrapolation on modular values (on 1 m2 of membrane surface) permitted to calculate the volume of permeate obtainable and the number of washing operations required per day.

The indexes values have been used to have indications on a full scale treatment design for each effluent. These indications include: Membrane total surface necessary, permeate flux, permeate recovery, washing frequency summarised in tables like the following one (which refers to polyester double scouring).
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The treatment design was carried out taking into account: treatment plants complete of sand filtration membrane filtration and washing equipment, installation cost, commercial spiral wound modules 25 m2 (UF) and 32 m2 (NF). Chemicals, consumables and energy costs.  The calculation was carried out for each effluent, in four different scenarios of company size (plant treatment capacity ranging from 10000 to 250000 m3/year). In the following, examples referred to polyester double scouring are given: a costs calculation table (plant capacity: 10000: m3/year) and a diagram representing the cost trend varying the plant capacity (the same trend was evidenced for all the eflluents).
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In the following tables, the results of index calculation and costs (referring to the 50000 m3/year plant size) are given for all the effluents and treatment tested. The meaning of the colour is the following: green for good values, yellow for acceptable ones and red for the critical ones potentially preventing a cost-effective full scale implementation.
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Workshop on wastewater design WP06.09.1 (ENEA, LeAF)
A workshop on waste design (WD) was held in Paris on October 1st 2003. It was organised in collaboration between WP5 (Characterisation and design of wastewater) and WP6 (Wastewater treatment). The aim of the workshop was the discussion on how the WD, that is already partly integrated in the overall methodology to be set up within the project TOWEF0, can fully be applied in the textile industry and in similar industrial sectors. In order to collect ideas and integrate different points of view the cooperation of invited expert was required. After a presentation of the project TOWEF0 to the invited experts, a brainstorming session was held to produce the list of main issues connected with the WD concept that is reproduced in the contents of the minutes (Deliverable 12 of the project).The list below reported, was the base for the discussion of the entire workshop:

· Background


· Waste Design Concept In General

· Level/Type of Waste Design

· Wastewater and waste as by-product

· Treatment oriented waste design

· Economic and Social Aspects (regulation)

· Selection of Companies

· Characterisation & Monitoring 

· Standardisation of Colour Measure

· Characterisation in relation to wastewater treatment

· Waste Design Software for Waste Optimisation

· Normalisation

· Risk Assessment

During the workshop clearly emerged the necessity of a big research effort to really assess all the issues connected to the waste design in the textile industry and an hypothesis of research project was laid out.

3.3. Socio-economic relevance and policy implication

The feasibility analysis illustrates the costs required to implement the reuse strategies. These results, compared to the costs of primary water, especially when implemented in a water pinch evaluation carried out at company level, allow for a preliminary cost benefit evaluation when compared with the environmental positive impacts. 

3.4. Discussion and conclusion

On the basis of the tests carried out in the three years and of the operational data analysis, the following conclusions can be drawn on the membrane treatment.

· The UF treatment only does not normally assure a quality of the permeates suitable for reuse.

· NF resulted to be the best compromise between the need of having high flow rates (consequently reducing treatment costs) and good quality permeates. The colour is almost completely removed and residual values never affect the reusability. The salinity abatement is variable and in the effluents of certain dyeing operation (i.e. reactive dyeing of silk and cotton), where mono-valent salts are used heavily, the removal is low and it prevents the reuse. The removal of organic matter is high, typically 80 -90%, nevertheless effluents with a high organic content (DOC> 400-500 mg l-1) give permeates normally not reusable. 

· Direct NF treatment resulted feasible only on the most diluted effluents of rinsing operations. The percentage removals in these cases are lower but sufficient to produce a permeate reusable in any process. Costs are also promising, ranging between 0.55 and 0.68 euro/year in a scenario of 50,000 m3/year of effluent to be treated. 

· The treatment configuration UF + NF seems in most cases technically and economically feasible except for the silk polymer charge, polyester double scouring and cotton bleaching line which evidenced very low permeate fluxes and/or relevant material accumulation on the membrane surface. In the hypothesis of 50,000 m3/year of water to be treated, the cost range would be 0.67 –0.83 euro/year.

· RO treatment of the tested effluents always required an UF pre-treatment and despite the very high removal of contaminants, it resulted to be scarcely promising because of the very low fluxes and, consequently, high costs.

Anaerobic treatment of the dyeing wastewaters was possible. Good colour removal was obtained in the non-optimised systems used in the experiments. Optimisation of the anaerobic reactor system was not possible within this stage of the project. Respirometry was used to assess the aerobic degradability of the wastewaters,  their treated effluents (anaerobically, UF, NF) and their concentrates. Anaerobic pre-treatment did not lead to an improved membrane treatment in terms of removal efficiencies, but might be a way to achieve that membrane concentrates are aerobically degradable in a conventional (activated sludge) wastewater treatment system.

As for the evaluation of concentrates toxicity, the results obtained, combined with the biological treatability, gave a preliminary confirm of the feasibility of final wastewaters disposal in traditional WWTPs.

Workpackage 07 – Effluent characterisation

3.1. Objectives

In support of the IPPC Directive, chemical analysis methods for organic micropollutants in water samples were developed, optimised, and validated (IES-JRC), and ecotoxicological tests to assess hazardous effects were developed. Moreover, biological screening methods for endocrine disrupting activity were applied (VITO). 

Biological methodologies ascertain the endocrine disrupting activity of the sample, whilst chemical techniques identify known chemicals and quantify the concentration within that sample. Linking cause and effect by identifying the chemicals responsible for the estrogenic activity relies on a combination of both approaches. Both approaches are complementary and are needed and do support the relevance of monitoring of environmental pollutants in the water cycle.  

3.2. Methodology and scientific achievements related to the objectives

Ecotoxicological waste water characterization (VITO)

Complementary to chemical characterization, ecotoxicological methods have been selected which allow to evaluate the environmental impact of textile effluents on receiving waters. A battery of ecological relevant tests, as they cover biological responses of 4 organisms (bacteria, green algae, invertebrate, fish) has been applied (report 1st & 2nd year). 

The protocols for measurements of ecotoxicity were written, and additionally a guideline was developed to allow classification of effluents. This classification is based on 1) the response of the most sensitive organism expressed as toxic units (colour code) and 2) on the cumulative effect score which does take into account the response of each of 4 organisms. This approach did allow to order samples in either of 4 classes: no acute toxicity (< 1 toxic unit, blue), low acute toxicity (1-10 toxic units, yellow), acute toxicity (10-100 toxic units, red) to high acute toxicity (> 100 toxic units, black). Within one class, a distinction could be made between samples based on the cumulative effect score which can range between 0 and maximum 20 (details are given in the table below). This method of objective evaluation can be used to order water samples for acute toxicity, and select for priorities with regard to remediation strategies. 

Table 8: Criteria for classification of waste waters based on acute toxicity for 4 organisms

	Result acute toxicity test
	Classification in 4 categories
	Cumulative effect score

	EC50/LC50

(% dilution effluent)
	Toxic units

(100 * 1/ EC50 orLC50)
	based on response of most sensitive organism
	based on the sum for toxic class of each organism

	> 100% 
	< 1 
	Not acute toxic
	blue
	0

	10 - 100%
	1 - 10
	Low acute toxicity
	yellow
	1

	1 - 10 %
	10 - 100
	Acute toxicity
	red
	3

	< 1%
	> 100
	High acute toxicity
	black
	5


Bioassays for estrogenic activity (VITO)

In addition, biological screening methods were applied for the measurement of estrogenic activity caused by contaminants present in textile effluents and released into the environment. These biological screening methods do allow to estimate the impact of chemicals on reproductive ability of natural fish populations in rivers. Two validated in vitro estrogen-receptor-based assays, the MVLN-assay (human breast cancer cell line) and the YES-assay (yeast cells) were applied to extracts of environmental samples to detect the estrogenicity. The effluents of textile industry do interfere with the detection system (of the assays) due to the complex water matrix, resulting from  high organic content, the background colour and presence of toxic compounds. The YES-assay appeared to be more robust to be used for waste water effluents, compared to the MVLN-assay, and was therefore further used during monitoring campaigns in 2003.

Characterization of chemical pollutants by SPE-LC-MS-MS analysis (IES-JRC)

In the first two project years a multi-component analysis method for polar organic environmental water pollutants was developed, based on sequential solid-phase extraction (SSPE) followed by single-stage LC-MS. In the third project year emphasis was placed on the analysis of the organic micropollutants with a new triple-quadrupole tandem LC-MS-MS instrument. 

For the LC-MS-MS analysis, the cone voltage and collision energy for the MS-MS-precursor- fragment-transitions were optimized for maximum sensitivity for each target analyte. 

A comparison of the single-stage LC-MS and the triple-quadrupole tandem LC-MS-MS procedures was performed for the multi-residue analysis of polar organic water pollutants in textile industry effluents, their WWTPs and the corresponding receiving rivers. Due to its higher selectivity and sensitivity for the analysis of impacted water samples more pollutants were determined by LC-MS-MS. Some compounds such as pesticides, pharmaceuticals, phenols or sulfonates were well quantified by both LC-MS principles. Other contaminants however were difficult to detect by single-stage LC-MS because of its fairly unselective mode of detection and lower sensitivity. In comparison to single-stage LC-MS, tandem LC-MS-MS is advantageous in terms of selectivity, sensitivity, reliability and rapidity in analysis. The main advantage of LC-MS-MS is its high degree of certainty in detection. LC-MS-MS allows for a much faster and more reliable multi-residue analysis of polar contaminants with lower detection limits.

Water monitoring sampling campaigns (IES-JRC-VITO)

Textile industry effluents, effluents from municipal and industrial WWTPs treating the textile industry discharges, and the corresponding receiving rivers were investigated in Belgium and Italy with the developed analysis methods. 

Generally, for the assessment of the environmental impact, the treated effluents of the textile industries or the WWTPs treating the appropriate effluents were analysed, and not the untreated or internal waste water fluxes. 

In the 3rd project year two big water monitoring campaigns were jointly performed in Belgium and Italy to investigate the environmental impact of textile industry. Special attention was paid to relate the measured estrogenic activity with the YES-test to chemicals identified for their known estrogenic activity, based on simultaneous monitoring.

Table 9: Monitoring campaigns performed in Belgium and Italy in 2003

	Date
	Location

	June 16-19, 2003
	Belgium: Oudenaarde, Ronse, Waregem;

River Schelde, creeks Molenbeek and Gaverbeek

	November 19, 2003
	Italy: Fino Mornasco, Bulgarograsso, Milan;

Rivers Seveso, Lura and Lambro


Urban and industrial pollution was observed in rivers and streams in the Italian textile industry region south of Como (Fino Mornasco, Bulgarograsso), in Milan and in the Belgian textile industry region south of Ghent (Oudenaarde, Ronse, Waregem). 

Physical-chemical characterizations (IES-JRC)

Physical-chemical characterizations were performed in Belgium with a multi-parameter in-situ water probe. The following parameters were measured in the effluent and receiving waters: pH, conductivity, turbidity, dissolved oxygen, temperature, colour (436 nm) and the standard absorption coefficient SAC (254 nm). 

In Belgium, in the direct textile WWTP effluent of company CB4 and the untreated textile plant effluent of company CB5 significant higher values were found for the physical-chemical parameters conductivity, temperature, colour (436 nm) and SAC (254 nm) (Table 10). Especially the high temperature of CB5 plant effluent was worrying. These results show the environmental impact of the textile industries in terms of physical-chemical pollution.

Table 10: Physical-chemical parameters for the textile companies CB4 and CB5 and the corresponding receiving waters (medium values from three measurements)

	Location
	Conductivity [S/m]
	Temp. [ºC]
	Color 436 nm [m-1]
	SAC 245 nm [m-1]

	CB4 WWTP effluent
	1.4
	28.0
	8.6
	64.2

	WWTP Oudenaarde
	0.2
	19.8
	0.6
	6.5

	River Schelde before WWTP
	0.1
	24.7
	0.7
	3.1

	River Schelde after WWTP
	0.1
	24.8
	0.9
	3.6

	
	
	
	
	

	CB5 plant effluent
	0.9
	46.9
	10.4
	106.7

	Creek before effluent
	0.2
	18.1
	1.7
	10.8

	Creek after effluent
	0.2
	23.6
	6.0
	38.5


Chemical pollutant analysis by SPE-LC-MS-MS (IES-JRC)

In the Belgian and Italian effluents the following pollutant types were identified: phenols (nitrophenols, bisphenol A, nonylphenol (NP), octylphenol (OP)), nonylphenolethoxylate (NPEO) surfactants and their metabolites with endocrine disrupting potential (NPECs, NPE1O, NPE2O, OPE2O, etc.), different aromatic sulfonates, LAS surfactants, dyes (colorants), pesticides, and pharmaceuticals. 

Five dye compounds (colorants) were detected in the water samples: Uniblue A, acid red 1 (up to 4 g/L in Belgium), disperse blue 14, and sulforhodamine B and G. 

Pharmaceuticals such as benzafibrate, gemfibrozil, diclofenac, ibuprofen, and carbamazepine were regularly detected in both the Belgian and Italian rivers in the ng/L concentration range, up to 0.40 g/L for carbamazepine in Belgium and 0.47 g/L for diclofenac in Italy. 
Sewage effluents from textile industry are a major source for (alkylphenolic) endocrine disrupting compounds (EDCs) in the aquatic environment; the elimination of these substances in WWTPs is therefore of special interest. 

In Belgium, among the EDCs investigated, NP and NPE1C had the highest concentrations in the water samples. The NP concentration was between 0.25 g/L (company CB5 untreated plant effluent) and 2.5 g/L (River Schelde after WWTP effluent Oudenaarde); the carboxylated metabolite NPE1C concentration was between 0.01 g/L (CB5 plant effluent) and 2.4 g/L (WWTP Oudenaarde effluent). The highest NP levels were found in the River Schelde, the medium concentration was 2.2 g/L before the WWTP effluent Oudenaarde and 2.5 g/L after this effluent. The medium concentration in the WWTP effluent was 0.73 g/L, and in the WWTP effluent of the textile company (CB4) 0.26 g/L. The highest NPEC concentrations were detected for NPE1C in the WWTP effluent Oudenaarde (2.3 g/L), River Schelde (1.5 g/L), Creek Molenbeek (1.9 g/L), and Creek Gaverbeek (1.1 g/L). 

The same trend for NP was observed in Waregem, also here a lower (medium) concentration was measured in the WWTP effluent (0.58 g/L) compared to the receiving Creek Gaverbeek, 1.2 g/L before and 0.76 g/L after the WWTP effluent. 

The lowest overall NP and NPEC concentrations were detected in the direct textile plant effluents of company CB4 and CB5 (0.26 g/L and 0.25 g/L for NP, 0.23 g/L and 0.01 g/L for NPE1C). For NPE2O however, the highest concentration levels were detected in the textile plant effluent CB5 (2.1 g/L). 

Also in Italy, the NPE1C concentration was higher in the WWTP effluent Fino Mornasco (2.8 g/L)  than in the River Seveso (0.3 g/L). For NP a higher concentration in the receiving River Seveso (0.50 g/L) was observed compared to the effluent (0.37 g/L). 
The highest NPE1C concentration (4.5 g/L) was found in the WWTP effluent in Bulgarograsso. 

In conclusion, the highest NP levels were found in the receiving waters, the highest NPEC concentrations however in the WWTP effluents, and in Belgium the highest NPE2O levels in the textile plant effluent of CB5. In Italy, however, high NPEO concentrations were found in the River Lambro in Milan for all oligomers. 

Measurements of estrogenic activity by hER gene reporter yeast assay (YES) (VITO)

Monitoring campaigns in Italy and Belgium both did demonstrate high levels of estrogenic activity up to 12 ng/L E2 equivalent. Highest levels were observed in rivers and creeks. The level of 5 ng/L E2 equivalent, which is likely to cause hazardous effects to normal reproduction of fish populations was exceeded a few times in Italy and Belgium. Former studies at Vito did demonstrate significant increased levels of vitellogenin in zebrafish which were exposed for 3 weeks to river water with levels of estrogenic activity higher than 5 ng/L E2 equivalents (not published yet). Vitellogenin, a biomarker for estrogenic exposure is shown to be related to disturbed sexual development of fish larvae, and decreased egg production in female fish (Van den Belt et al., 2002
, 2003
). WWTP effluents in Italy did show levels of estrogenic activity below detection limit.

Estrogenic activity in surface waters, being higher than those measured in industrial textile effluents and effluents of WWTPs might be due to the occurrence of NP. This metabolite of the nonylphenol ethoxylates, surfactant chemicals which are known to be used in textile industry, is formed in the effluents and receiving waters. The higher biological potency of NP compared to NPEO and NPEC compounds, might explain the elevated levels of estrogenic activity in surface waters. 

Integration of biological and chemical analysis with regard to estrogenic activity (VITO-IES-JRC)

As a result of the simultaneous monitoring and analysis of Belgian and Italian waters by both partners with either chemical or biological methods, results could be compared. For each of the measured chemical pollutants, which are suspect for endocrine disrupting activity, the relation with the measured estrogenic activity in the bioassay was investigated. A highly significant correlation between the estrogenic signal and concentrations of bisphenol A in Belgian waters was demonstrated, which was less pronounced for Italian surface waters and WWTPs. Other significant correlations with estrogenic activity were found for NPE1C in Belgian industrial effluents and surface waters, for NPEOs in Italian WWTPs and surface waters, and for NPECs in Italian surface waters. When all the available data on estrogenic activity in Belgian and Italian waters were pooled, only for NP a significant correlation was found (Figure 2).
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Figure 2: Significant correlation between the estrogenic activity, measured with the YES-assay and the concentration of NP based on data from Italy and Belgium

Based on knowledge of relative potency of the EDCs BPA, NP, OP, NPE1C, NPE2C, NPE1O and NPE2O and the measured concentrations, an estimate could be made of the contribution of these chemicals to the estrogenic activity in the sample.  The correlation between the estrogenic activity and the chemicals detected was better for Italian than for Belgian waters. For surface waters, in most cases less than 10% of estrogenic activity could be predicted by chemical analysis. This does indicate that both chemical and biological approaches are complementary, and that other chemical compounds do occur in surface waters which have a significant contribution to the measured estrogenic activity. It is suggested, in comparison to literature data, that major compounds might be the natural and synthetic estrogenic hormones (17(-oestradiol, oestrone, oestriol and 17(-ethinyloestradiol), which are the result of diffuse pollution from household and agricultural run-off.

3.3. Socio-economic relevance and policy implication

A methodology for ecotoxicological characterization has been developed which might be implemented by government as an effect-based instrument to assess waste water quality and quality of receiving waters. This is a strategy which is also supported by the OSPAR working group on ‘Whole effluent assessment’, considering criteria such as toxicity, persistency and bioaccumulation. Moreover, in vitro screening assays have shown to be a suitable instrument for detection of hazardous compounds with endocrine disrupting activity (VITO). The added value of biological measurements is clearly demonstrated through the comparison of the estrogenic activity and the chemical analysis of suspected EDCs. 

The developed multi-component chemical analysis method for polar organic water pollutants using SSPE followed by LC-MS has been published in the Journal of Environmental Monitoring. The new method based on tandem LC-MS-MS detection will be published shortly, as well as the method for the analysis of alkylphenolic EDCs. These methods are suitable instruments for water monitoring sampling programmes of polar organic environmental priority and emerging water pollutants. They contribute to the harmonization of analytical methods in order to provide internationally agreed methods, and to the implementation of the Water Framework and IPPC Directives. Moreover, the monitoring results from the field campaigns give useful environmental information to the public as well as policy-makers, considering the lack of reliable monitoring data in Europe (IES-JRC). 

Measurement data did show that the NP quality standard was regularly exceeded and that estrogenic activity in Italian and Belgian surface waters was of that order of magnitude that normal fish reproduction could be hampered. It is confirmed that the European strategy with regard to EDC should be of high priority and that chemicals with known hormone disrupting activity should better be phased out, and be part of monitoring programmes as a follow-up.

3.4. Discussion and conclusion

Method selection and validation for both acute and chronic ecotoxicity, and for detection of estrogenic compounds was finished and applied for Flemish and Italian textile industry. A successful characterization of toxicity in samples of effluents of WWTP and receiving waters in Italy has been performed through 2 monitoring campaigns in 2002. It was demonstrated that discharges of Italian WWTPs had minor environmental impact with regard to the release of toxic substances. On the other hand some evidence was given for eutrophication. Effluents of Belgian textile industry did show acute toxicity. Measurements in effluents of WWTPs in Belgium showed a significant reduction of acute toxicity (VITO). 

The developed SPE-LC-MS and MS-MS multi-component analysis procedures were successfully applied to the chemical analysis of the treated effluents of textile industries (WWTPs) and the corresponding receiving waters. Urban and industrial pollution was observed in rivers and streams in Belgium and N-Italy (IES-JRC).

The endocrine disrupting compounds (EDCs) NPEOs, NP, and NPECs are released into the environment from textile industry WWTPs in considerable amounts. NP and NPECs are formed from the NPEO surfactants in WWTPs and the receiving waters. They are difficult to remove in WWTPs. These results show that NPEOs are still used in industry. The predicted no-effect concentration (PNEC) for NP of 0.33 g/L for water species was frequently exceeded in the waters (up to 2.5 g/L), suggesting potential adverse effects to the aquatic environment. The concentrations for the non-regulated NPEOs and NPECs were even higher. This shows the need to improve water quality by cessation of toxic emissions into the environment. The use of NPEO surfactants should be phased out. In addition to these alkylphenolic EDCs, in Belgium especially high and worrying pesticide concentrations were found in the water samples (IES-JRC). Through comparison of biological and chemical measurements a significant correlation was demonstrated between NP levels and estrogenic activity for pooled data from Italian and Belgian monitoring campaigns. In addition, for selected groups of samples, correlations were found between estrogenic activity and other EDCs such as bisphenol A, and some of the NPEOs and NPECs (VITO).

Workpackage 08 – Application of LCA to support optimisation processes

3.1. Objectives

WP08.02.1 (ENEA) The aim of this job card is to apply LCA methodology to selected textile products for identifying the environmental critical points in the products life cycle, for comparing water management scenarios and for developing a database of processes and chemicals.
WP08.04.1 (ENEA) The aim of this job card is to develop a LCA database of selected textile finishing processes and of membrane treatment processes suitable for being used in the companies for evaluate innovative water management scenarios. Life cycle inventories of process chemicals which are available in LCA commercial databases has been identified and reported in the final document. The database can be used with the user friendly software to be developed in WP9. 

3.2. Methodology and scientific achievements related to Work Packages including contribution from partners

WP08.02.1 (ENEA)

In addition to the studies cited in the previous progress reports, LCA methodology has been applied to further four companies, analysing the PIDACS issued by Lariana (companies I04, I15) and Centexbel (B02, B05). The set of methods and assumptions used to process the Italian PIDACS has been applied consistently to I04 and I15 companies. Because some lack of data in the Belgian PIDACS, it was necessary to make different assumptions, as defined hereafter:

Main assumptions for B02 and B05 companies :

· Steam consumptions

The annual company steam consumption is measured and reported on the PIDACS as well as the annual production of processed fabric. Lacking process specific data on PIDACS, the steam consumption was so allocated to the reference flow on a mass basis. 

· Process specific wastewater effluent 

due to data unavailability in the wastewater analyses the effluent from the company specific processes has been characterized only with measured cod and tss concentration.

· General facilities

due to data unavailability in pidacs general facilities are not included.

· Solid waste 

due to data unavailability in pidacs solid wastes are not included.

· Airborne emissions.

due to data unavailability in pidacs airborne emissions are not included.

· Transport of chemicals

due to data unavailability in pidacs transport processes are not included.
· Electricity consumption.
the annual company electricity consumption is measured and reported on the B05 PIDACS. The electricity consumption of specific processes has been calculated as [absorbed power] x [working time]. The electricity consumption for lighting and general services has been neglected, as generally accepted in LCA studies, because it is not relevant for the specific objectives of this study. 
Because of lack of specific data in B02 company the electricity consumption has been allocated on a mass basis.

· Main assumptions for WWTP.

Because it was not possible to have specific data on Belgian WWTPs, the LCA model of Lariana WWTP has been used. To model the Belgian electricity production processes the Belgian electricity mix has been used. 

LCA studies for the products listed hereafter of companies I04, I15, B02, B05 have now been completed:

I04: Three viscose fabric product alternatives were analysed:

· Viscose fabric dyed with dark colours through direct process in Jigger (System A); 

· Viscose fabric dyed with dark colours through direct process in Pad Steam (System B); 

· Viscose fabric dyed with dark colours through reactive process in Jigger (System C). 

The general flow-chart of the three systems is shown in the next figure. In case of direct dyeing in jigger (System A), a part of the waste water is recycled after treatment in membrane nano-filtration process.
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Figure 3: Schematic flowchart of analysed viscose fabric products

The following table shows the textile wet processes of the three product systems; the process numbers refer to I04 PIDACS classification. 

Table 11: Textile wet processes of the product systems
	Product systems
	System A
	System B
	System C

	Continuous scouring in mezzera
	F.1.1.
	-
	F.1.1.

	Continuous scouring in pad steam
	-
	F.1.2.
	-

	Dark direct dyeing in jigger
	G.3.2.
	-
	-

	Dark direct dyeing in pad-steam
	-
	G.3.1.
	-

	Dark reactive dyeing in jigger
	-
	-
	G.12.1.

	Soaping in pad-steam
	G.13.1
	G.13.1.
	G.13.1.

	Softener 2 finishing
	H.2.2.
	H.2.2.
	H.2.2.


I15: Two silk fabric product alternatives were analysed:

· catena dyeing-acid (System A);
· catena printing-acid (System B).

The general flow-chart of the two systems is shown below. 
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Figure 4: Schematic flowchart of analysed silk fabric products

The following table shows the textile wet processes of the two product systems; the process numbers refer to I15 PIDACS classification. 

Table12: Textile processes of the product systems

	Product systems
	System A
	System B

	Preparation
	
	

	Silk continuous scouring 
	F.1.1.
	F 1.1.

	Dyeing
	
	

	Silk dark acid dyeing 
	G.3.1.
	-

	Printing
	
	

	Acid blender preparation
	-
	H 1.1.

	Acid colours preparation
	-
	H 2.1.

	Acid colours thickeners preparation
	-
	H 3.1.

	Acid printing paste preparation
	-
	H 4.1.

	Flat table acid printing
	-
	H 5.2.

	Printing screen washing
	-
	H 8

	Kids washing
	-
	H 10

	Saturated steaming
	-
	I 2.1.

	Acid printed washing
	-
	L 2.1.

	Finishing
	
	

	Morbidol finishing
	M 3.4.
	M 3.4


B02: Two cotton fabric product alternatives were analysed:

· cotton fabric pre-treated by desizing/bleaching and dyed with sulphur dyes (System A); 

· cotton fabric pre-treated by desizing/boiling and dyed with vat dyes (System B). 

B05: In this study the cotton/polyester fabric(combined CO/PES) product is analysed: pre-treated by wetting/bleaching and mercerising, dyed with combined dyeing and finished.

Each product has its own environmental profile, and its own characteristics. Nevertheless some general conclusion can be drawn:

· Water consumption 
The water needed to treat 100 kg of products ranges between 5 and 42 cubic meters: it depends on the type of process, the used equipment, the selected fiber. The most part of water is used for rinsing and washing dyed or printed fabric, or for pre-treatments. The water used outside the company for energy or chemicals production is only a small part of the total: this confirms the opportunity to focus the water saving measures on the textile production phase. 
· Energy consumption 
Primary energy is the energy embodied in natural resources (e.g. coal, crude oil, natural gas, uranium) that has not undergone any anthropogenic conversion or transformation. It is an indicator of the efficiency of the use of energy natural resources in the overall system. In our systems primary energy consumption  ranges between 2200 and 24000 MJ per 100 kg of treated fabric: it is connected to the quantity of fossil fuels burned  mainly for steam production and in second place for electricity production. Steam production is therefore  a “hot spot” for several “energy related” impact categories (Total primary energy consumption, greenhouse effect, terrestrial and aquatic ecotoxicity, depletion of natural resources).
Electric energy production is an important pollutant source mainly for acidification and ecotoxicity categories, because of heavy use of fossil fuels for the production of electric energy in Italy. 
· Chemicals production
The impact of chemicals production is a small but not negligible fraction of the textile products life cycle impact for all the environmental impact categories, because of the big quantity of base chemicals used mainly in pre-treatment processes. Chemicals with specific environmental risk phrases R50, R51, R52, R54, R55, R56 and R57 have not been used in any Italian analysed case study.
To complete the project, LCA methodology has been used to assess, from an environmental point of view, the water saving scenarios selected on the basis of wastewater treatability and water reusability tests performed by project partners and chosen according to water pinch analysis findings.

In the “innovative scenario” ultrafiltration and nanofiltration technologies were applied to selected wastewater flows (mainly rinsing water), with a water saving of 10-35% of the total of the product. The graphs below show the variation in water consumption and the effect on the overall environmental impact categories for Flax-Pes fabric finishing in I06 company. Similar results can be observed fro different products in the other companies. 
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Figure 5: Water consumption in the reference and innovative scenarios
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Figure 6: Environmental impact categories in the reference and innovative scenarios

In the “Effluent zero scenario” ultrafiltration + reverse osmosis was used to treat effluents of viscose fabric finishing in I02 company; for this effluents it was not possible to use ultrafiltration+ nanofiltration because of their high COD concentration. The potential water saving was estimated in 80% (see figures below). The energy use in reverse osmosis plant, not compensated by the energy savings for pumping from wells and for pre-treating less water , caused a worsening in the energy indicators and in the “energy related” impact categories.
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Figure 7: Water consumption in the reference and “effluent zero” scenarios
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Figure 8: Energy indicators in the reference and “effluent zero” scenarios
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Figure 9: Environmental impact categories in the reference and “effluent zero” scenarios

Besides these activities, the work for setting up the server to be used for the web based LCA software, and to test the software itself has been concluded. 

WP08.04.1 (ENEA)

The final database report has been issued: the purpose of this report is to present in a consistent and usable form the Life Cycle Inventories (LCI) of textile wet processes and general facilities developed in Work Package 8. The database can be used by LCA practitioners to complement the existing LCI commercial databases with specific information on textile wet processing. The main processes of the database has been loaded directly in the web based LCA software, to be used as examples by non LCA experts. 
3.3. Socio-economic relevance and policy implication

No considerations or remarks about.

3.4. Discussion and conclusion

WP08.02.1 (ENEA) The LCA results confirmed the importance of the impact of steam production and electricity consumption on the main environmental impact categories. Remarkable water savings can be obtained treating selected effluents with ultrafiltration and nanofiltration technologies with almost no additional impact in the energy related environmental impact categories; more polluted flows can be treated by ultrafiltration + reverse osmosis with impressive water savings but with some additional load due to the increase in energy consumption: in these case an evaluation of the local environmental conditions should be included in the study to give the appropriate weight to the specific environmental burdens. 
WP08.04.1 (ENEA) The project highlighted a lack of Life cycle inventories data on textile chemical production in LCA commercial databases as well as in published scientific literature. Anyway this lack did not influence the results of LCA analysis on innovative water management scenarios. The issued database report includes a list of publications and projects on the application of LCA methodology to textile products; a list of chemicals used in textile finishing processes included in the main commercial databases of Life Cycle Inventories (LCI); detailed LCI of more than 70 textile wet processes.  

Workpackage 09 – Development of an LCA software tool

3.1. Objectives

WP09.01.7 (ECOBILAN); WP09.02.7 (ECOBILAN), WP09.03.7 (ECOBILAN): The objective of WP09 is to design, develop and test (through a set of case studies) a software facility informing and supporting decision-making on process and waste water recycling in textile industries.

3.2.
Methodology and scientific achievements related to Work Packages including contribution from partners

Most activities had been previously concluded. The testing and implementation of case studies has been achieved, as well as the assessment of recycling options. 

Testing review and additions to the software, and implementation of case studies WP09.03.7 (ECOBILAN)

Testing of the software has been carried out to ensure the integrity of the software and improve it:

Check the coherence of the data displayed by Towef0 and the TEAM™ inventories calculated and that should be used for the display

Check the correct connections and links between the MySql database, the TEAM™ software, the upstream modelling, and the php code

Check that the list of inventory is complete and includes the reminders and the generation of the inventory in TEAM™ for each system modelled

Check and completion of the interface of variables displayed on the Towef0 interface as compared to variables present in the TEAM™ database.

Following these checks the required modifications and additions were made.

Ecobilan has also strongly encouraged the testing of the software by the partners. Ecobilan has distributed logins and passwords to all of them, so they could test the software and provide feedback for improvements.

Implementation of data from the PIDACS of Italian companies has been carried out, in collaboration with the ENEA, in order to assess different case studies. The practice on case studies has enabled an iteration process on the improvement of the software and its testing.

Assessment of recycling options WP09.04.7 (ECOBILAN) 

The assessment of alternative recycling options for the textile industry has been achieved in collaboration with ENEA and VITO. Among the tasks, a meeting was held in Bologna, between the 3 partners. 

The VITO software Water Pinch Analysis enabled the identification of best recycling options. These best alternative recycling options were presented by VITO with the detailed underlying hypothesis. Discussion on the detailed hypothesis enabled to identify the key variables to implement into the Towef0 software to carry out the LCA. Data needed has been identified in the PIDACS and from the Water Pinch. 

Alternative recycling options identified by Water Pinch by optimisation of scenarios is based on nanofiltration treatment and reuse of the more diluted effluents. Treatment and reuse is department based: the recyled water can not be shared with other departments. 

It was decided to focus on the Italian companies whose products had been modelled in the LCA carried out by ENEA. 

3.3 Socio-economic relevance and policy implication

The socio-economic relevance of WP09 clearly stands out when one considers the economic cost of remedying pollution in the various recipient bodies as well as the negative impacts on living conditions due to a poor environmental record.

WP09 is aimed at helping textile industries keep the environmental impacts associated with their business under control and possibly reducing them. This is even more important since a great part of the pollution generated by textiles is released into water bodies, which locals depend upon for a whole range of other uses.

Regulators should benefit from the facilities and the approach provided by WP09 in the way of progressing environmental friendly policies for the textile sector.

3.4.
Discussion and conclusion

Following the full installation of the software on the ENEA server, some issues have emerged. Work has been done, in collaboration with ENEA webmaster, to solve configuration issues and to identify the potential interference of the software with other applications running on the server. The final testing process through specific case studies is successful. 

Workpackage 10 – Regulatory Policy

3.1. Objectives

WP10.01.1 - (ENEA) Completion of the Collection of information on European Economic regulation experiences for industrial use of water resources

WP10.02.1 (ENEA) Study of some prototypical tariff structures for industrial water use;

WP10.03.1 (ENEA) Economic and financial methodological instruments of present European regulation;

WP10.04.1 (ENEA) Benchmark analysis on sustainable tariff systems experimented in Europe for industrial water usage;

WP10.05.1 (ENEA) Simulation of different types of prototypical tariff systems in textile industry;

WP10.06.1 (ENEA) Workshop on regulatory policy for the water management in the industrial sector;

WP10.07.1 (ENEA) Final report on the practical prototypical regulatory policy for water management in textile finishing industry.

3.2. Methodology and scientific achievements related to Work Packages including contribution from partners

WP10.01.1, WP10.03.1, WP10.04.1 (ENEA)

The collection of information on European Economic regulation experiences for industrial use of water resources comprehending economical and financial methodological instruments of present European regulation and analysis on sustainable tariff systems experimented in Europe for industrial water usage has led to the main achievements reported in details in Deliverable 24 and 25 

The main trends emerged in European water tariff regulation are the following ones:

· Tariff structure: tariffs are usually two part tariffs, and include a fixed yearly charge and a charge by cubic meter of water supplied and a charge by cubic meter of sewage processed;

· Increasing - decreasing block tariffs: the use of decreasing block tariffs are now slowly disappearing;

· Full cost recovery: charges reflect the full cost of providing water services. The FCR is strictly applied in a relatively small number of European countries;

· Non discrimination: in a number of cases, water tariffs tend to discriminate between users, and cross-subsidies appear to be in place;

· Marginal cost pricing: due to a number of a practical difficulties, strict marginal cost pricing has yet to be implemented;

· Special tariffs: industrial users tend to enter into special contracts with water suppliers.

WP10.02.1, WP10.05.1 (ENEA) 

The benchmarking analysis of different tariff structures applied in Europe (with particular attention to several countries such as France, Germany, Italy and United Kingdom) gave us the guidelines and the keypoints at international level useful in order to determine a “best practice” in terms of definition water prices for distribution, sewerage and treatment. 

The guidelines of the tariff prototypes are the following: 

1. Regulation at basin level (or, at least, regional level);

2. Ex ante regulation

3. Incentive regulation (rather than command and control)

4. Independent Public Authority (as Agencies) at local level, according to  principles defined in the European White Paper on governance;

5.Each industry have to communicate economics and technical data to the Authority/Agency;

6. Definition of a different tariff structure for industrial and domestic users;

7. Definition of a different tariff structure for each phase of the water cycle;

8. Investments in environmental technologies are partially financed by a % of tariffs; Authority/Agency are responsible for the collection ad the distribution of those founds (see French experience of Agences de l’eau);

The model proposed is based on the following main issues:

1) Definition of different Rives Basin on the base of geographical - Hidrographic basin - and not administrative variables.

2) Creation of Agencies/Authorities at river basin level according to principles defined in the European White Paper on governance

3) Definition of a Tariff Structure for industries including:


3.1) Abstraction charges


3.2) Water service price


3.3) Sewerage charges


3.4) Discharge charges

3.5) Possible reduction and incentives for the application of pollution prevention strategies and water reuse technologies.

On the basis of the actual European experiences a prototypical tariff structure is proposed and simulated in comparison with the most important existing ones on a specific software created for the purpose.

To ensure the adoption of innovative technologies, on one side, and not to burden certain industrial sectors, on the other, it is appropriate to consider tariff systems that take account of the quantities of water discharged, as well as the specific characteristics of treatment plants. In fact, the adoption of algorithms built on the basis of the technical characteristics of the plant and the type of users in the area served can provide impetus to a synergy between industry and regulators to define and implement a common course of action centred around a rational and informed use of water resources. The recommended tariff model should be assessed against this background. This model combines some distinctive features of the so-called “Mogden formula”, adopted in Italy and the United Kingdom, and the possibility to grant a direct tariff reduction as a result of the firm’s effort in the environmental field. 

Unlike the so called “Modgen’s formula”, the peculiarity of the Towefo model is a tax structure where the tariff doesn’t follow a linear process according to the pollutants present in the specific industrial discharge, but according to the introduction of an increasing staggering linked to the quality of the discharges in order to guarantee a wider repartition of the treatment costs. In fact, in the model, a single coefficient of average cost for the water treatment is identified, while the increasing coefficients refer to the industrial activities with pollutant concentrations higher than the plant’s tolerability. This tariff articulation, according to the practical results obtained by the simulation, permits to recognize in the tariff the reductions of the volumes due to the introduction of technologies for the reuse of the resource.

The following tables rebuild,  for the five companies object of this analysis, the evolution in the actual and “innovative” scenarios of water consumptions and tax structures in the different countries (Italy, U.K., Germany, Towefo model). 
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Firm
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se of costs

Actual 

scenario

Innovative 

scenario

Decrease/increa

se of costs

A

68.633

€          

 

67.272

€             

 

-1,98%

47.015

€     

 

45.658

€          

 

-2,89%

B

670.290

€        

 

661.601

€           

 

-1,30%

459.231

€   

 

450.488

€        

 

-1,90%

C

264.461

€        

 

260.231

€           

 

-1,60%

182.582

€   

 

178.339

€        

 

-2,32%

D

390.576

€        

 

378.067

€           

 

-3,20%

274.973

€   

 

262.464

€        

 

-4,55%

E

61.574

€          

 

60.552

€             

 

-1,66%

43.494

€     

 

42.463

€          

 

-2,37%

Italian industrial effluent treatment charge 

British industrial effluent treatment 

charge 
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B
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C
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11,10%
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242.272

€  
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48.427
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8,50%

Towefo industrial effluent treatment 

charge 

German industrial effluent treatment 

charge 

WP10.06.1 (ENEA) 

The workshop on regulatory policy was included in  the Final workshop of the project, as proposed in the 5th management report, to benefit of the presence of all the partners and industrial representatives. A presentation of the activity was given as reported in the Final workshop minutes (Deliverable 28);

WP10.07.1 (ENEA) 

The Final report on the practical prototypical regulatory policy for water management in textile finishing industry was issued as Deliverable 29 of the project .

3.3. Socio-economic relevance and policy implication

An effective regulatory policy will contribute to the improvement of competitiveness of textile finishing industries and this might contribute to the attenuation of the negative effects of the globalisation in Europe.

3.4. Discussion and conclusion

The introduction of a tariff system capable of meeting environmental needs and the company’s goals in terms of economic development and productivity growth, should be evaluated in light of several factors. First of all, the introduction in textile companies of technological systems capable of reusing water in the productive process should go hand in hand with a policy enacted by regulators on the types of water treatment plant to be built in the relevant basin. It is crucial not only to encourage environmental awareness in companies but also to undertake planning in water management activities. To this end, in addition to an algorithm capable of generating environmental awareness for companies, the tariff model recommended calls also for a regulatory system based on the hydrographic basins and user categories present in the area. This regulation model implements an integrated safeguard system for the territory, capable of combining an environmental-friendly attitude by firms with the presence of treatment plants in keeping with the characteristics of the geographic areas in which they operate and the quality of the polluting agents produced by local users. While tariffs can spur the industrial sector directly, the introduction of an environmental fund and planning the actions to be taken on the individual hydrographic basins safeguard and protect the system. An “integrated” strategy is the only way to introduce a regulatory water management system that matches a rational use of this resource with the needs of  the geographic area of reference. For this reason both the delimitation of the relevant basin and the strategic role assigned to the regulators of the planning and control  interventions are important, because the average costs of the water treatment are subdivided among all the companies located on the territory. 

This model of regulation can increase the realization of investments for both new technologies related to the water reuse and sewage treatment plants functional to the concentration of pollutants present in the discharges, given that the tariff structure proportionally subdivides the costs among the companies working in the basin. This system allows to overcome the peculiarities of the SMEs, implementing an environmental policy economically sustainable for the manufacturing sector.

Workpackage 11 – Multicriteria integrated GEP for textile finishing industry

3.1. Objectives

WP11.01.1 (ENEA) Guidelines for the application of an integrated methodology 

WP11.02.1 (ENEA) Workshop on integrated Wastewater Management in textile finishing industry

3.2. Methodology and scientific achievements related to Work Packages including contribution from partners

Guidelines for the application of an integrated methodology WP11.01.1 (ENEA)

The elaboration of a multicriteria integrated and coherent methodology to support the implementation of sustainable water reuse in textile finishing processes is the main objective of the project. In order to achieve an optimal solution between minimisation of environmental impacts of the productive activity and maximum recovery of resources, specific innovative tools were developed and existing ones were calibrated for the specific application, as described in Workpackages 1 to 10. The development and calibration of the tools was carried out on real full scale companies, where process data were collected, effluents were sampled to be characterised and treated and whose WWTP and corresponding receiving water bodies were monitored.

In the scheme below the structure of the project methodology is represented and it reflects the original idea of integration of the various steps.


Workshop on integrated Wastewater Management in textile finishing industry - WP11.02.1 (ENEA)

The workshop was organised in Bologna at the ENEA research centre on Friday 27th of February. Textile associations and their members (through the Italian Textile Association) were specifically invited as well as the European Commission and several researchers in similar fields. 

The ways of dissemination comprehended : Invitations by E-mail sent by the Italian Textile Association and by all project partners, the publication on the project website, the publication on the E.C. newsletter “Water and soil Times”, Sector Journals & newsletters. 

The programme included presentations on: Introduction of the project purposes an methods; the European Textile Industry and the IPPC Directive; the Demands and the Expectations of the Industrial Sector; Environmental Impact of the Textile Production; Process & Environmental Data Collection in the Textile Industry; Feasibility of Reuse of Water in Industry; Evaluation of the Reusability; Textile Effluents Characterisation & Design; Water Pinch Technology in Textile Finishing Industry; Decision Making Using LCA; Proposal of Improvements of Regulations; Conclusions of the project. 

All details are reported in Deliverable 28, including the minutes and all the presentations.

3.3. Socio-economic relevance and policy implication

The integrated methodology may give an effective contribution to the application of the IPPC directive and, enabling a sustainable use of the water in critical industrial sites, represent a good methodology for similar approaches in other industrial sectors.

3.4. Discussion and conclusion

After the experience of the three years of work, the guidelines for the integrated implementation of the project results can be described as a four steps optimisation process.

1. Complete data collection to be carried out in the companies 

2. Analysis of each process effluent (or at least the most important ones) to identify and characterise all its possible destinies (direct reuse, reuse after on site treatment, direct discharge to WWTP, discharge to WWTP after on site pretreatment…) following the logical path represented below

3. Elaboration of all the data gained in step 2 in a Water Pinch assessment, resulting in the definition of optimised water reuse schemes.

4. Comparison of the scenarios by LCA methodology to support the decision making leading to the implementation.

Beside the implementation of the new water reuse scenarios in the companies, continuous monitoring of the impacts on receiving water bodies should be made comparing the results with the previously existing situations. 
To really find an effective implementation, this multicriteria integrated methodology needs to be supported by regulatory policies able to promote water saving strategies.

The project has generated tools useful to carry out all the issues of the guidelines. On this basis a company can, on the one hand, make preliminary evaluations using the methodology and the data produced by the project and, on the other hand, design detailed water reuse schemes producing ad hoc data as input to the methodology.

All the project methodology was presented in the final workshop in presence of representatives of the industry and research community, raising interest and obtaining good feedbacks. 
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� EC50/LC50: concentration of compound or dilution of effluent at which for 50 % of the organisms a toxic effect (E) or lethal effect (L) does occur.


� Van den Belt K., Wester P.W., Van de Ven L., Verheyen R. and Witters H. (2002). Effects of ethynylestradiol on the reproductive physiology in zebrafish (Danio rerio): time-dependency and reversibility. Environm. Toxicol. Chem. , 21 (4), 767-775


� Van den Belt K., Verheyen R. and Witters H. (2003). Comparison of vitellogenin responses in zebrafish and rainbow trout following exposure to environmental estrogens. Ecotoxicology and Environmental Safety 56 (2), 271-281









