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Introduction 

The aim of this report is to summarise the finding of the project ‘Integrated water 
treatment in wet textile industry – TEXI’ funded under the SUSprise program by 
the Danish Ministry of Environment. 
 
The project has run from January 2008 to March 2010. 
 
The project has been followed by a steering committee with the following 
members: 
 
Karin Dahlgren, By- og Landskabsstyrelsen (chairman) 
Henrik Ellerbæk, Kemotextil 
Hans Ravn, Trevira 
Torben Cairns Kinck, Green-Tex 
Michael Iversen, Berendsen Textil Service 
Gert Holm Kristensen, DHI (project leader) 
Dieter Böttger, MDS 
Thomas Eilkær Hansen, CoMeTas 
 
Henrik Grüttner, DHI has been the project coordinator.  
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Summary 

The overall purpose of the project has been to investigate whether it is possible to 
establish economically and environmentally sustainable closed water circuits in 
wet textile treatment – i.e. textile dye houses and industrial laundries – using the 
new membrane filtration technology including ceramic UF membranes, among 
others the silicon carbide membranes produced by Danish CoMeTas. 
 
Method 
Based on a description of the water related production at the participating 
companies (Berendsen Textil Service, Green-Tex, Kemotextil and Trevira) the 
most significant flows have been surveyed and their composition described. On this 
basis the flows to be examined in the water treatment plant have been selected. 
 
The actual test of the water treatment method has taken place on pilot scale during 
a period of 2 to 3 months in each company. The method consists in a two-step 
membrane filtration, the first step being ultrafiltration with ceramic membranes and 
the second step reverse osmosis. Thus, the ultrafiltration is a sort of pre-filtration 
protecting the reverse osmosis filters and resulting in a long lifetime of the filters – 
approx. 3 years. For the ceramic ultrafilters – based on other similar fields of 
application – a lifetime of at least 10 years can be expected. 
 
The purpose of the test has been to establish the dimensioning basis, clarify the 
water quality of the treated water and determine the mass distribution of the 
various parameters/substance groups in the water and thus the composition of the 
two concentrates produced. 
 
Based on the estimated composition of the concentrates it is evaluated which 
treatment and disposal methods should be applied on the actual concentrates. This 
evaluation has included both economical as well as environmental considerations. 
Thus, it has been essential to focus on disposal of the concentrates compared to 
solutions where the active substances can be utilised among others for production 
of biogas or heat, or where this is not possible, for the least energy-intensive 
treatment and disposal methods. Among others it has be chosen to evaluate the 
possibility of using planted sludge beds for drainage and mineralisation of the 
concentrates. 
 
All the treatment models for process water and concentrates are assembled in a 
number of scenarios for each company which are economically and 
environmentally evaluated. In this way the total investment and running costs are 
identified, and the saving compared to the present situation is described as a simple 
payback period. 
 
The evaluation of the environmental sustainability is based on a calculation of the 
consumption and the savings of primary energy related to the various scenarios. 
This solution has been chosen – rather than calculation of greenhouse gases – to 
avoid the discussion of which emission factors to use for electricity. 
Results 
The pilot tests with membrane filtration of the water proved that it is possible to 
produce a water quality which is better than the ‘raw water’ used, making it 
possible to use the water for all purposes in the production. 
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In all four companies they succeeded in keeping the UF membranes in operation 
with a stable flux throughout the whole test period. For the CoMeTas membranes, 
however, a systematic irreversible decreasing capacity occurred, presumably due to 
the fact that the membrane plant itself has not been adapted to the relatively open 
UF membranes produced by CoMeTas. For the German MDS membranes it was 
possible to maintain the capacity during the test course with various extents of 
cleaning. 
 
The tests showed that the dimensioned specific flux for UF membranes from MDS 
ranged from 70 to 170 l/hm². For membranes from CoMeTas the specific flux 
ranged from 50 to 110 l/hm². 
 
Regarding reverse osmosis membranes, operation was unproblematic in all four 
situations. At one of the case plants (Kemotextil) an opportunity of treating part of 
the water without ultrafiltration pre-treatment was identified, and this solution was 
also tested with success. However, the long-term effects of treating the water 
directly on the RO membranes have not been clarified.  
 
The concentrate from the ultrafiltration can be upconcentrated to a quite small 
volume – approx. 2% of the treated water. This concentrate can thus with 
advantage be delivered to biogas plants or the digester at a municipal wastewater 
treatment plant. It may also be completely dewatered in a drying plant and 
forwarded for incineration. Finally, it can be ‘mineralized’ in a planted sludge bed, 
provided that the 500 to 800 m² required for establishing a plant like this are 
available. Any oil, fat and heavy metals will predominantly be found in the 
concentrate from the ultrafiltration. This means that should these substances be 
present in problematic amounts, the option of drying and incineration of this by-
product can be used with advantage. 
 
The concentrate from the reverse osmosis part of the plant makes out approx. 10-
15% of the treated volume and contains dissolved organic matter and salts. 
Therefore, this concentrate can still with advantage be lead to the sewer, since 
municipal wastewater plants are able to efficiently remove the organic matter. Thus 
this disposal is included in many of the alternatives put forward. Alternatively, the 
concentrate from reverse osmosis can be evaporated and dried before it is 
forwarded for incineration. In this connection calculations have been made on an 
evaporation solution based on utilisation of hot air from the drying units in the 
plants in a ‘spray evaporation plant’. In cases where desiccation is included, a 
simple ‘rotating drum dryer’ heated with steam has been considered.  
 
As a whole, the establishment of the described water treatment plant will 
potentially reduce the water consumption of the companies by approx. 80%. 
 
Economy 
The economical calculations show payback periods in the companies from 2 to 6 
years. 
Included in this are all costs for operating membrane plants and concentrate 
treatment plants – including staff and maintenance. These operating costs range 
from 6 to 18 DKK per m³ with typical values around 10 to 12 DKK per m³. This 
should be compared to typical water costs – purchase of raw water and wastewater 
discharge – of approx. 30 DKK per m³. However, in two of the companies 
(Berendsen and Green-Tex) the special discharge fee system has resulted in the fact 
that water costs are already approaching 50 DKK per m³. 
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The calculation also includes savings for heating of water, since the establishment 
of the membrane plant will enable a considerable heat recovery. Typically, the 
estimated temperature of return water to production is 30°C, and thus the plant will 
have an average saving in water heating of approx. 20°C. As a considerable part of 
the gas consumption in all four companies is used for water heating, this is not 
without importance. 
 
The investments are based on prices for the membrane plants delivered by MDS as 
well as estimated prices for establishment of concentrate treatment. The membrane 
plant investments range between 70 and 90 DKK per m³. To this should be added 
the investments in concentrate treatment ranging from 0 to 30 DKK per m³ 
wastewater per year. Typical values for operation will be around 10 to 12 DKK per 
m³ treated water. 
 
Roughly, the project thus shows that the plant can be established for approx. 100 
DKK per m³ wastewater per year with running operational costs of approx. 10 to 
15 DKK per m³ treated water including concentrate handling. To this should be 
added heat savings. 
 
The most inexpensive solutions for disposal of concentrates are: 
 
Berendsen:  Treatment in planted sludge bed and discharge of leachate to 

municipal wastewater treatment plant (payback period: 2.6 years). 
 
Green-Tex:  Separate disposal of concentrate from desizing of textiles to 

digestion tank or biogas plant and discharge of the remaining 
concentrates to municipal wastewater treatment plant (payback 
period: 2.3 years). 

 
Kemotextil:  Continued discharge of substances to the municipal wastewater 

treatment plant (payback period: 3.0 years). 
 
Trevira:  Continued discharge of substances to the municipal wastewater 

treatment plant (payback period: 4.0 years). 
 
The economical conclusion is that the plants can be established with a reasonable 
payback period. The outstanding issue is whether the companies can and will raise 
the necessary capital for the investment. An alternative solution could be 
leasing/outsourcing of water treatment, where an external party handles the 
investment, and the companies only pay an operating fee for the water they 
consume. This solution is not very common in Denmark, but is well-known in 
other countries. 
 
Environment 
As mentioned many environmental considerations have been taken in the choice of 
concentrate disposal in the various alternatives. In addition a calculation has been 
made of the consumption and primary energy saving related to the individual 
solutions. 
For all four companies the consumption of electricity converted to primary energy 
will be on par with the expected saving in gas consumption in the company. 
Depending on the preconditions the balance between these two items will be 
positive or negative. This means that the establishment in all four situations can be 
considered energy neutral. 
 
In addition to these large items some smaller items have been considered such as 
energy consumption for possible evaporation/desiccation and transport as well as 
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savings at the municipal wastewater treatment plants due to reduced load and 
possible energy contribution from biogas or incineration of dried concentrate. 
These statements are of course subject to some uncertainty, however, they provide 
some indication of the extents. 
 
In terms of energy the least energy-consuming scenarios for the four companies 
are: 
 
Berendsen:  Treatment in planted sludge bed and discharge of leachate to 

municipal wastewater treatment plant (energy surplus: approx. ca. 
22 MJ per m3 wastewater per year). 

 
Green-Tex:  Continued discharge of substances to the municipal wastewater 

treatment plant (energy surplus: approx. 33 MJ/m3). However, the 
solution with separate disposal of concentrate from desizing of 
textiles to digestion tank or biogas plant and discharge of remaining 
concentrates to municipal wastewater treatment plant is close 
(energy surplus: approx. 31 MJ perm3 wastewater per year). 

 
Kemotextil:  Treatment in planted sludge bed and discharge of leachate to 

municipal wastewater treatment plant (energy surplus: approx. 13 
MJ per m3 wastewater per year). 

 
Trevira:  Evaporation and drying of both concentrates and delivery to 

incineration plant (energy surplus: approx. 15 MJ per m3 wastewater 
per year). 

 
The overall conclusion is that establishment of the tested water treatment plant 
including concentrate handling can be implemented in an energy-neutral way. 
Therefore, it is considered a reasonably sustainable investment when looking at the 
other environmental advantages resulting from the project – particularly in the 
form of considerable water savings. 
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Dansk resumé 

Overordnet har projektet haft til formål at undersøge, om der kan etableres 
økonomisk og miljømæssigt bæredygtige lukkede vandkredsløb i våd 
tekstilbehandling – dvs. tekstilfarverier og industrivaskerier – ved brug af den ny 
membranfiltreringsteknologi herunder keramiske UF-membraner – bl.a. de 
danskproducerede silikone-carbid membraner fra CoMeTas. 
 
Metode 
Med udgangspunkt i en beskrivelse af den vandrelaterede produktion på de 
medvirkende virksomheder (Berendsen Textil Service, Green-Tex, Kemotextil and 
Trevira) er de væsentligste strømme kortlagt og deres sammensætning beskrevet. 
På denne baggrund er det valgt, hvilke strømme der skulle undersøges i 
vandbehandlingsanlægget.  
 
Selve afprøvningen af vandbehandlingsmetoden er sket i pilotskala over 2-3 
måneder på hver virksomhed. Metoden består af en membranfiltrering i to trin, 
hvor det første trin er ultrafiltrering med keramiske membraner, og andet trin er 
omvendt osmose. Ultrafiltreringen udgør således en slags forfiltrering, der 
beskytter omvendt osmose filtrene, så disse opnår en lang levetid – skønnet ca. 3 
år. For de keramiske ultrafiltre forventes – ud fra andre tilsvarende anvendelser – 
en levetid på mindst 10 år. 
 
Afprøvningen har haft til formål at fastlægge dimensioneringsgrundlaget, afklare 
vandkvaliteten af det behandlede vand samt fastlægge massefordelingen for de 
forskellige parametre/stofgrupper i vandet og dermed sammensætningen af de to 
koncentrater, der produceres. 
 
Ud fra den estimerede sammensætning af koncentraterne er det vurderet, hvilke 
behandlings- og disponeringsmetoder der bør anvendes på de aktuelle koncentrater. 
I denne vurdering har indgået såvel økonomiske som miljømæssige overvejelser. 
Således har det været centralt at fokusere på disponeringer af koncentraterne i 
forhold til løsninger, hvor indholdsstofferne kan nyttiggøres bl.a. til produktion af 
biogas eller produktion af varme, eller, hvor dette ikke er muligt, til de mindst 
muligt energikrævende behandlings- og disponeringsmetoder. Det er bl.a. valgt at 
vurdere muligheden for at anvende beplantede slambede til afvanding og 
mineralisering af koncentraterne. 
 
De samlede behandlingsmodeller for procesvand og koncentrater er samlet i et 
antal scenarier for hver virksomhed, som er vurderet økonomisk og miljømæssigt. 
Herved er de samlede investerings- og driftsomkostninger identificeret, og 
besparelsen i forhold til den nuværende situation er beskrevet som en simpel 
tilbagebetalingstid. 
 
Vurderingen af den miljømæssige bæredygtighed er baseret på en beregning af 
forbruget og besparelsen af primær energi ved de forskellige løsninger. Denne 
løsning er valgt – frem for beregning af drivhusgasser – for at undgå diskussionen 
om, hvilke emissionsfaktorer der skal anvendes for elektriciteten. 
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Resultater 
Pilotforsøgene med membranfiltrering af vandet viste, at det er muligt at producere 
en vandkvalitet, som er bedre end det ’råvand’, der anvendes, og muliggør dermed 
anvendelse af vandet til alle formål i produktionen. 
På alle fire virksomheder lykkedes det at holde UF-membranerne i drift gennem 
hele undersøgelsesperioden med en stabil flux. For CoMeTas membranerne indtraf 
der dog en systematisk irreversibel faldende kapacitet, som formodentlig skyldes, 
at selve membrananlægget ikke er tilpasset til de relativt åbne UF-membraner, som 
CoMeTas producerer. For de tyske MDS membraner var det muligt at fastholde 
kapaciteten gennem afprøvningsforløbet med forskelligt omfang af rengøring. 
 
Forsøgene viste, at den dimensionerede specifikke flux for UF-membraner fra 
MDS varierede fra 70 til 170 l/hm2. For membranerne fra CoMeTas lå den 
specifikke flux fra 50 til 110 l/hm2. 
 
Med hensyn til omvendt osmose membranerne var driften i alle fire situationer 
uproblematisk. På en af case-virksomhederne (Kemotextil) blev der identificeret en 
mulighed for at behandle en del af vandet uden forbehandling med ultrafiltrering, 
og denne løsning blev også afprøvet med succes. Langtidseffekterne af at behandle 
vandet direkte på RO membranerne er dog ikke belyst. 
 
Koncentratet fra ultrafiltreringen kan opkoncentreres til et ganske lille volumen – 
omkring 2% af det behandlede vand. Dette koncentrat kan således med fordel 
afleveres til biogasanlæg eller rådnetanken på det kommunale renseanlæg. Det kan 
også tørres helt i et tørringsanlæg og afleveres til forbrænding. Endelig kan det 
’mineraliseres’ i et beplantet slambed, såfremt der er de 5-800 m2 til rådighed, som 
skal til for at etablere et sådant anlæg. Eventuel olie, fedt og tungmetaller vil helt 
overvejende findes i koncentratet fra ultrafiltreringen. Det betyder, at hvis disse 
stoffer findes i problematiske mængder, kan muligheden for tørring og forbrænding 
af dette biprodukt med fordel udnyttes. 
 
Koncentratet fra omvendt osmose delen af anlægget udgør omkring 10-15% af det 
behandlede volumen og indeholder opløst organisk stof og salte. Dette koncentrat 
kan derfor med fordel fortsat ledes i kloakken, idet de kommunale renseanlæg kan 
fjerne det organiske stof med stor effektivitet. Denne disponering indgår derfor i 
mange af de opstillede alternativer. Alternativt kan koncentratet fra omvendt 
osmose inddampes og tørres inden aflevering til forbrænding. Til dette er der 
regnet på en inddampningsløsning baseret på udnyttelse af varm luft fra 
tekstilvirksomhedernes tørringsanlæg i et ’spray-inddamper-anlæg’. I de tilfælde, 
hvor tørring indgår, er der regnet med et simpelt ’tørretromle-anlæg’ opvarmet med 
damp. 
 
Samlet set vil etableringen af de beskrevne vandbehandlingsanlæg kunne reducere 
virksomhedernes vandforbrug med ca. 80%. 
 
Økonomi 
De økonomiske beregninger viser tilbagebetalingstider på anlæggene fra 2 til 6 år. 
Heri indgår driftsomkostninger til drift af membrananlæg og 
koncentratbehandlingsanlæg – herunder bemanding og vedligehold. Disse 
driftsomkostninger varierer fra 6 til 18 kr. pr. m3 med typiske værdier omkring 10-
12 kr. pr. m3. Dette skal holdes op mod typiske vandomkostninger – køb af råvand 
og afledning af spildevand – på omkring 30 kr. pr. m3. Dog betyder 
særbidragsordningen hos to af virksomhederne (Berendsen og Green-Tex), at 
vandomkostningerne allerede nu nærmer sig 50 kr. pr. m3.  
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I beregningen indgår også besparelser til opvarmning af vand, idet etableringen af 
membrananlægget vil muliggøre en betydelig varmegenvinding. Typisk er der 
regnet med, at vandet tages tilbage i produktionen med en temperatur omkring 
30°C, hvorved virksomheden i gennemsnit sparer en opvarmning af vandet på ca. 
20°C. Da en betydelig del af gasforbruget på alle fire virksomheder går til 
vandopvarmning, er dette ikke uden betydning. 
 
Investeringerne er baseret på priser for membrananlæggene leveret af MDS samt 
estimerede priser for etablering af koncentratbehandling. Investeringerne i 
membrananlæggene varierer mellem 70 og 90 kr. pr. m3 årlig spildevandsmængde, 
og dertil kommer investeringerne i koncentratbehandling, som varierer fra 0 til 30 
kr. pr. m3 årlig spildevandsmængde. Typiske driftsomkostninger ligger omkring 
10-12 kr. pr. m3 behandlet vand. 
 
Groft set viser projektet således, at anlægget kan etableres for omkring 100 kr. pr. 
m3 årlig spildevandsmængde med løbende driftsomkostninger omkring 10-15 kr. 
pr. m3 behandlet vand, inklusiv koncentrathåndtering. Derudover skal der 
indregnes en varmebesparelse. 
 
De billigste løsninger for disponering af koncentraterne er: 
 
Berendsen:  Behandling i beplantet slambed og afledning af perkolat til 

kommunalt renseanlæg (Tilbagebetalingstid: 2,6 år). 
 
Green-Tex:  Separat disponering af koncentrat fra afsletning af tekstilerne til 

rådnetank eller biogasanlæg og afledning af de resterende 
koncentrater til kommunalt renseanlæg (Tilbagebetalingstid: 2,3 år). 

 
Kemotextil:  Fortsat afledning af indholdsstofferne til det kommunale renseanlæg 

(Tilbagebetalingstid: 3,0 år). 
 
Trevira:  Fortsat afledning af indholdsstofferne til det kommunale renseanlæg 

(Tilbagebetalingstid: 4,0 år). 
 
Økonomisk må det således konkluderes, at anlæggene kan etableres med en rimelig 
tilbagebetalingstid. Tilbage står, om firmaer kan og vil rejse den fornødne kapital 
til investeringen. Alternativt kan der arbejdes med en leasing/outsourcing af 
vandbehandling, hvor en ekstern part varetager investeringen, og firmaerne alene 
betaler en driftsafgift for det vand, de bruger. Denne tilgang ses endnu ikke meget i 
Danmark, men er kendt fra andre lande. 
 
Miljø 
Der er som nævnt taget betydelige miljøhensyn ved valget af 
koncentratdisponeringer i de forskellige alternativer. Derudover er der gennemført 
en beregning af forbruget og besparelsen af primær energi ved de forskellige 
løsninger. 
 
For alle fire virksomheder vil forbruget af elektricitet omregnet til primær energi 
være på niveau med den besparelse, der kan opnås i gasforbrug på virksomheden. 
Lidt afhængigt af forudsætningerne bliver balancen mellem disse to poster positiv 
eller negativ. Det betyder, at etableringen i alle fire situationer kan betragtes som 
energineutral.  
 
Ud over disse store poster er der også regnet på de mindre poster som 
energiforbrug til eventuel inddampning/tørring og transport samt besparelserne på 
de kommunale renseanlæg ved den reducerede belastning og eventuelt 
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energibidrag fra biogas eller forbrænding af tørret koncentrat. Der er naturligvis en 
betydelig usikkerhed på disse opgørelser, men de kan give et fingerpeg om 
størrelsesordenerne.  
 
Energimæssigt set er de mindst energiforbrugende scenarier for de fire 
virksomheder: 
 
Berendsen:  Behandling i beplantet slambed og afledning af perkolat til 

kommunalt renseanlæg (Energioverskud: ca. 22 MJ pr. m3 årlig 
spildevandsmængde) 

 
Green-Tex:  Fortsat afledning af indholdsstofferne til det kommunale renseanlæg 

(Energioverskud: ca. 33 MJ pr. m3 årlig spildevandsmængde). 
Løsningen med separat disponering af koncentrat fra afsletning af 
tekstilerne til rådnetank eller biogasanlæg og afledning af de 
resterende koncentrater til kommunalt renseanlæg er dog ganske tæt 
på (Energioverskud: ca. 31 MJ pr. m3 årlig spildevandsmængde) 

 
Kemotextil:  Behandling i beplantet slambed og afledning af perkolat til 

kommunalt renseanlæg (Energioverskud: ca. 13 MJ pr. m3 årlig 
spildevandsmængde) 

 
 
Trevira:  Inddampning og tørring af begge koncentrater og aflevering til 

forbrændingsanlæg (Energioverskud: ca. 15 MJ pr. m3 årlig 
spildevandsmængde) 

 
Samlet kan det således konkluderes, at etableringen af det afprøvede 
vandbehandlingssystem med tilhørende koncentrathåndtering tilsyneladende kan 
gennemføres energineutralt. Det må dermed betragtes som en rimelig bæredygtig 
investering, når de øvrige miljøfordele, som projektet giver anledning til, tages i 
betragtning – især i form af en betydelig vandbesparelse. 
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1 Background 

Textile dyehouses and other industrial activities related to textile production and 
maintenance of textiles consume significant amount of water and deliver a 
significant load of pollutants to the receiving water treatment plants. In addition 
water is increasingly becoming a limited resource in many regions in Europe and 
costs for water treatment are increasing. Hence the pressure on textile industry in 
Europe to identify sustainable ways to reduce this environmental burden is 
increasing. 
 
In addition the textile industry in Europe faces an increasing competition from 
countries with lower wages and lower environmental demands. Fortunately the 
consumer awareness on the human and environmental impacts of textile production 
is also increasing. Together this means a significant incentive for the business to 
create sustainable solutions – economically and environmentally. 
 
The textile industry has been struggling with water recycling and water treatment 
and reuse for several years – with varying success – and with limited exchange of 
knowledge between companies and knowledge centres. The vision has been to 
create to a closed water system but often this has failed due to the lack of an overall 
integrated approach to the task. 
 
Therefore the overall development objective for this project is to demonstrate if a 
more comprehensive integrated approach can provide such a solution and in that 
way supports the European wet textile industry in becoming increasingly 
sustainable. 
 
Recent development in the membrane technology has had the consequence that 
membrane treatment of the water is today becoming increasingly economically 
attractive and in addition membrane technology has evolved to a state where 
options for creating a suitable water quality for almost any need are available – 
even though there are still a number of obstacles to overcome. 
 
As mentioned in the BREF note on textile processing /1/ there is a general need for 
R&D activities regarding:  
 
 Membrane techniques: treatability studies of single defined and segregated 

wastewater streams by membrane techniques with assessment of the chemical 
compounds causing scaling/fouling or damage to the membranes. 

 
Indeed several R&D challenges exist in relation to application of integrated 
membrane systems in wet textile industry, e.g.: 
 
 In the textile dyehouses much variations in the composition of the spend water 

occur due to variation in the productions. Thus a comprehensive mapping of 
the recipes is needed to prevent fouling, but even with such an assessment 
surprises can occur during testing. Therefore long testing periods are required 
with detailed follow-up to identify problematic production – for tracking and 
elimination of problematic substances. When the substances cannot be 
eliminated/substituted there might be a need for ‘encapsulate’ such substances, 
a field that is still under development. 
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 Tensides/detergents used in all types of wet textile production might be 

problematic due to their surface activity and interaction with certain membrane 
surfaces.  

 High salinity, high pH and high temperature mean a difficult background 
matrix that often gives a need for application of pre-treatment/conditioning. 
Identification of the approach for pre-treatment/conditioning will have 
significant impact on the technical feasibility and sustainability of the project. 

 
In addition to those research needs related to the application of membranes the 
project will provide a unique opportunity for testing of a recently developed new 
type of membranes that might give new options for membrane application in the 
industry. 
 
Solution of the environmental problems of textile industry in an economically and 
environmentally sustainable way is a prerequisite for keeping the production in 
Europe.  
 
The textile producing companies engaged in this project all have been through 
considerations about moving the production to countries with less stringent 
environmental regulation and cheaper labour costs, but since none of them are 
particularly labour-intensive they have chosen to stay in Europe and search for 
solutions that can support their competitiveness by other means.  
 
Identifying a sustainable integrated water treatment solution – including handling 
of the concentrate – is one of the ways to increase the competitiveness of these 
companies and reduce the incentive to move the production to the developing 
world.  
 
In addition it is felt by these companies that there is a trend towards more concern 
from the end-consumers regarding the social and environmental impacts of the 
production. For this reason they expect it to be an advantage in the market to be 
able to communicate that they use a closed water loop. 
 
So by supporting the textile producing companies in their effort one supports the 
European interests; solving an environmental problem and providing jobs.  
 
Textile service companies (industrial laundries) are in their nature local companies 
so for them the key aspect is to identify sustainable ways to reduce their 
environmental impacts – in particular the consumption of water and energy – and 
the load on the municipal wastewater treatment plants.  
 
Looking more into the technical details, membrane treatment naturally consumes 
an amount of electricity energy, but to some extent this can be counterbalanced by 
the possibility to conserve the already produced heat energy. Further solar voltage 
systems are rapidly getting cheaper and a membrane system is well suited to be 
operated on electricity generated from solar energy. Compared to one of the other 
emerging technologies – the membrane bio reactor system – the energy 
consumption of the membrane systems is limited, and due to the ‘contamination’ of 
the water with micro-organisms in the membrane bioreactor system the potential 
for water reuse by use of membranes alone is higher. 
 
For the concentrate treatment solutions using surplus energy from the plants or 
naturally based systems will be preferred. In particular biological reed bed systems 
will be assessed in details as a very resource efficient way to dewater and 
mineralise the concentrates. 
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2 Project aims and 
methodology 

The overall objective of this development project has been to provide answers to 
the uncertainties related to the implementation of membrane based closed loop 
systems in wet textile industry and demonstrate in pilot scale testing that the 
sufficient water quality can be prepared.  
 
More specifically this means providing the answers to the following questions: 
 
 How can a treatment unit become integrated in the production – including 

methodology for identification of wastewater streams where treatment is 
requested and those which might be recycled without treatment? This will 
mean identification of the water quality demands for the different water needs. 

  
 What kind of treatment is needed for the water streams where treatment is 

requested? This will mean an assessment of the membrane treatment needed to 
achieve the required water quality demands identified. 

 
 Can a membrane system provide the requested water quality in the long run? 

This will include the uncertainty issues on lifetimes of the membranes 
(handling the ‘fouling’ issue) and demonstrate the ability to provide the 
requested water quality. 

 
 How can the concentrate become used or disposed? This is a key issue that is 

often left out in membrane application testing but which has very significant 
impacts on the total economy of the application. For answering the question the 
concentrate must be characterised by different methods and the composition 
assessed by use of information about raw material and auxiliary substances. 

 
 How can the entire application system be designed in order to become 

technically, economically and environmentally sustainable? This will also 
include an economic assessment of the impacts of the key factors for the 
system – the cost of water and energy – for payback of the full scale 
implementation. 

 
The overall approach for working with these questions is a model where the water 
is treated in a two stage process. The first stage is a ceramic ultrafiltration 
membrane working mainly as a ‘coarse’ pre-filter protecting the next stage, the 
reversed osmosis membranes.  
 
Simply speaking this means that the mapping exercise in the industries has the 
purpose to sort out the water in three categories: 
 
 Water that can be recycled back to a process step without any kind of 

treatment. 
 
 Water that needs full treatment – ultrafiltration and reversed osmosis. 
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 Water that is suitable for going directly to the reversed osmosis treatment. 
 
Compared to a more ideal Water Pinch analysis this is a simplified and pragmatic 
approach. It still requires a characterisation of the process needs but the system 
description has been simplified to three sinks – the ones mentioned above. 
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3 Presentation of project 
partners and case industries 

DHI, Denmark 
DHI is an independent, self-governing international association and consultancy 
organisation, established in 1964. DHI has been authorised as Approved 
Technological Institute by the Danish Ministry of Science, Technology and 
Innovation. DHI’s objectives are to build on competences and promote 
technological development in areas relevant to water, environment and health. The 
TEXI-project was performed by the Urban & Industry Department group of Water 
and Process Technology.  
 
MDS Prozesstechnik GmbH, Germany 
MDS Prozesstechnik GmbH is a worldwide operating engineering company with 
experience and knowledge from many years in the field of water and wastewater 
technology, size recycling as wells as optical test and measurement systems for the 
textile industry. 
 
MDS has significant experience in presenting technical solutions to optimise 
customers’ production processing lines by using integrated water treatment units 
based on membrane technology including secondary treatment of concentrates. 
 
Project responsible from MDS has been the manager Mr. Dieter Böettger who has 
been working in this field for more than 20 years. 
 
Berendsen Textil Service, Denmark  
Berendsen Textil Service, Denmark is part of the Sophus Berendsen group which is 
one of the leading textile service groups in Europe. The roots of the group go back 
to 1854 and now the group operates in nine countries. The Danish groups have 20 
plants and the testing took place in one flat-linen laundry. 
 
Environmental concerns have high priorities in the company and some attempts 
have been made to establish closed water loops, but so far without sufficient 
success regarding economic and technical sustainability. 
 
The key topic was handling of the tensides/detergents in the membrane 
applications.  
 
Green-Tex, Denmark 
‘Nordisk Blege og Farveri A/S’ was originally founded in 1890 as a traditional 
weaving mill.  
 
Dyeing quickly became an essential part of the business and when the weaving mill 
closed down in 1960, the transition to dyeing and contract work was a natural step 
into the future. In 1984, the company had outgrown its existing facilities and 
moved into new and larger premises. 
 
Today Nordisk Blege og Farveri A/S manufactures its own products in the form of 
finished products and is engaged in contract work involving processing jobs in 
close contact with the customers. 
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The key topic in focus with Green-Tex was the handling of the ‘dezising’ water 
containing high load of readily degradable material (starch). 
 
Kemotextil, Denmark 
Kemotextil has more than 35 years of experience with achievement of 
specifications to the different areas of technical textiles. They have proven to be 
able to survive and grow because of the ability to adopt new technologies and turn 
them into useful products for their market. With respect to environment the 
company has an ambition of being in the front and that is why they have joined this 
project. 
 
The key topic in focus with Kemotextil was in particular the handling of the 
different additives required in the processing of synthetic textiles. 
 
Trevira, Denmark 
Trevira, a company of the Reliance Group, is recognized internationally as the 
specialist manufacturer of high-tech polyester fibres and filaments. They supply 
fibres and yarns for many different applications. The plant in Silkeborg, Denmark 
is specialised in texturing and dyeing of the yarns. 
 
The main focus for this plant was the up-grading of water for recycling without 
fouling of the membranes. 
 
CoMeTas, Denmark 
CoMeTas – Copenhagen Membrane Technology A/S – develops, manufactures and 
globally markets ceramic membranes for industrial processes focusing on micro- 
and ultrafiltration. The ceramic membranes are manufactured from silicon carbide, 
a superior robust and durable material, which gives the membranes a significant 
higher flux offered at competitive prices. The company was established in 2006 
and can be considered a typical growth and innovation company. 
 
The technology has been developed by the Danish company LiqTech A/S who 
started research and development of Silicon Carbide (SiC) membrane units in 
collaboration with other European companies like SaintGobain. Today CoMeTas 
A/S has obtained the patent rights for the production of SiC membranes and is now 
focusing on develop, manufacture and market SiC membranes for industrial 
purposes. Silicon carbide, as a material, has exceptional chemical and thermal 
stability and can today be produced at competitive cost.  
 
The key topic for the contribution from CoMeTas was testing of the new 
membrane type. 
 
 



 

21 

4 Mapping, Water Pinch and 
identification of combined 
flows 

As mentioned in chapter 2 the overall approach for the project has been a 
simplified pragmatic model where the water is treated in a two stage process. The 
first stage is a ceramic ultrafiltration membrane working mainly as a ‘coarse’ pre-
filter protecting the next stage, the reverse osmosis membranes.  
 
This approach is illustrated conceptually in figure 4.1 with a typical dyeing process 
as case. 
 

Prewash / wash

De-sizing

Bleaching

Dyeing

Neutralisation

Rinse

Unit for direct 
recycling

Unit for ultra-
filtration

Unit for reversed
osmosis

Storage for
Ultra-filtrate

Storage for
RO permeate

Rinse

Rinse

Processes Outlet collection systemsSupply systems

Optional

Optional

UF-concentrate

RO-concentrate

  
Figure 4.1 
The general approach of this project illustrated for a typical dyeing 
process. 
 
The main purposes of the mapping of the industries before testing with the 
membrane systems were: 
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a. To identify the different flows and the volumes of those flows – related to the 
production volume. 

 
b. To assess if any not realised potential for direct recycling exists – by use of the 

simplified Water Pinch analysis described below. 
 
c. To design the composite flow to be tested in the pilot testing and potentially 

treated by a future membrane treatment plant. 

4.1 Simplified/intuitive Water Pinch 

The identification of the needed water quality for recycling of the treated flows is 
based on the approach that the treated water must be suited for use in all the 
applications in the plants.  
 
This is in contrast with many other studies trying to identify and operate with 
‘secondary’ water qualities1, but experience has shown that: 
 
1) The safe options for recycling of water for less demanding purposes have in 

most cases already been identified and implemented by the industries, and  
 
2) The ‘value’ of the introduction of an integrated water treatment – doing only a 

partly treatment – will in many cases end up being problematic if the industry 
does not feel very confident about the quality of the treated water. 

 
This means that part of the mapping exercise in the industries has had the purpose 
to sort out the water needing process steps (‘the sinks’) in three categories: 
 
 Which processes that require a water quality similar to fresh softened water. 
 
 Which processes that might be fed with recycled water. 
 
 Which processes that might benefit from being fed with the ‘pre-

filtered’/ultrafiltered water. 
 
Similarly the characterisation of the outlets from the different process steps has had 
the purpose to sort out the water in three categories: 
 
 Water that can be recycled back to a process step without any kind of 

treatment. 
 
 Water that needs full treatment – ultrafiltration and reversed osmosis. 
 
 Water that is suitable for going directly to the reversed osmosis treatment – in 

order to reduce the capacity of the ultrafiltration unit. 
 
Compared to a more theoretical Water Pinch analysis this is a very simplified and 
pragmatic approach. It still requires a characterisation of the process needs but the 
system description has been simplified to three sinks and three sources – the ones 
mentioned above. 
 
This approach has been chosen since the industries involved uses batch systems 
with relatively small batches where collection and recycling of many different 

                                                      
1  See for example: S. Judd and B. Jefferson, Membranes for industrial Wastewater 

Recovery and Re-use, Elsevier, 2003, ISBN 1856173895 /2/. 
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water qualities is simply too expensive. This is due to the fact that all units of 
equipment do all the different process steps and that is why all units must be 
equipped with connections – outlets and inlets – with valves and controls. 
 
Further it is taken for given that some flows must be treated by the integrated water 
treatment system and hence the demands of the treatment systems are integrated 
into the Water Pinch analysis.  
 
Determining the suitable quality for the direct recycling of the water was already 
done in two of the industries – Berendsen Textil Service and Trevira – who both 
had units for direct water recycling installed at the time of the present project. 
Kemotextil had done all the preparations and established the necessary secondary 
sewer system, but due to a number of technical problems the system was not yet 
started. 
 
According to MDS – the supplier of the membrane test units – the ultrafiltration 
unit is capable of receiving almost any kind of water due to the special design (see 
further details in section 8.1). Some pre-filtering for fibres or bigger particles that 
will mechanically impact the system might be needed. 
 
The reversed osmosis system requires water without particles since this system is 
sensitive to build up of particles in the narrow channels which cannot be flushed. 
 
In addition to these basic requirements to the water, fouling problems may occur 
but it is the experience of MDS that such problems are very hard to foresee – which 
in fact justify the need for pilot testing over some period of time. 
 
In the sections below the data for the composition of the actual flows in the case 
industries are presented. 

4.2 Mapping method 

The mapping of the water flow from the different process steps has been made 
mainly by the information of batch sizes and other flows provided by the plants. 
Based on that information a simplified water balance model is established for each 
plant – see below. 
 
Each flow is not individually characterised but rather sorted according to the origin 
in the process steps – see the section above – and the composite flows are then 
chemically characterised as part of the testing. 
 
More detailed information about the production details has been collected, but due 
to confidentially concerns it is not included in this report. 
 
 
 
 
 
 
 



 

24 

 

4.3 Key water flows in Berendsen Textil Service 

For Berendsen Textil Service the result of the initial mapping is illustrated in figure 
4.2. 

Production

Water preparation

’Aquamiser’13 Batch machines 2 CBWs

Raw water supply

Wastewater

60 m3/d

40 m3/d

80 m3/d

Water 
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RO treatment 
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Evaporation 
losses

15 m3/d

 
 
Figure 4.2 
Main water flows in the industrial laundry Berendsen Textil Service in 
Roskilde. 
 
From the diagram it may be noticed that the plant already has a system in place to 
recover water for recycling, the ‘Aquamiser’. This is a fairly simple system 
consisting of a coarse filter and some collection tanks provided by the company 
Ecolab. 
 
Further the Continuous Batch Washers (CBWs) has a build-in system for recycling 
of rinse water, based on the counter current principle. 
 
The mixed wastewater from the different launderings is discharged to the Roskilde 
municipality wastewater treatment plant. 
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4.4 Key water flows in Green-Tex 

For Green-Tex the result of the initial mapping is illustrated in figure 4.3. 
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Figure 4.3 
Main water flows in the dyehouse Green-Tex. 
 
In contrast to the other case-industries this plant has no water softening unit.  
 
Before discharge the wastewater is collected in two tanks and pH adjusted by 
addition of hypochloric acid (not shown). 
 
The water is discharged to Helsingør municipality central wastewater treatment 
plant. 
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4.5 Key water flows in Kemotextil 

For Kemotextil the result of the initial mapping is illustrated in figure 4.4. 
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Figure 4.4 
The main water flows in the dyehouse Kemotextil. 
 
Before discharge the wastewater is collected in an outside 100 m3 tank and the pH 
adjusted by addition of hypochloric acid. 
 
The water is discharged to Herning municipality central wastewater treatment 
plant. 
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4.6 Key results for Trevira 

The result of the initial mapping for Trevira is illustrated in figure 4.5. 
 
 

Wastewater preparation

Production

Water preparation

15 Dyeing
machines

Raw water supply

Wastewater

Raw water:
450 m3/d

Water softening 
(ionic exchange)

Storage of 
softened water

Evaporation:
30 m3/d

Evaporation 
losses

Wastewater for 
treatment
420 m3/d

Waste water 
storage

 
Figure 4.5 
The main water flows in the dyehouse Trevira. 
 
Before discharge the wastewater is collected in an outside 100 m3 tank and the pH 
adjusted by addition of hypochloric acid. 
 
The water is discharged to Silkeborg municipality central wastewater treatment 
plant. 
 
 



 

28 

 
 



 

29 

5 Testing of integrated 
membrane applications 

5.1 Method and equipment 

The method tested for application as integrated treatment is a two stage membrane 
filtration. The first stage is an ‘ultrafiltration’ (UF) basically working as a pre-filter 
assuring particle free water for the next stage the ‘reverse osmosis’ (RO). 
 
The applied ultrafiltration membranes are ceramic while the reverse osmosis 
membrane is a ‘conventional’ polysulphone membrane. 
 
Below a brief introduction to this approach is presented. 
 
Ultrafiltration 
Ultrafiltration is a pressure driven separation process based on size exclusion of 
particles dissolved or un-dissolved in the water. Separation process through the 
membrane barriers occurs by passing the top layer of the membrane and the porous 
body of the membrane bulk //3/. 
 
Ultrafiltration provides macromolecular separation for particles in the 20 to 1000 Å 
up to 0.1 micron range. All particles are rejected except for salts as well as ethanol 
and methanol. Operation pressure is about 1 to 7 bar.  
 
In the case of the TEXI-Project two different types of ultrafiltration membranes 
have been tested, the ‘MDS membrane’ supplied by an unknown supplier to MDS 
and the ‘CoMeTas membrane’ supplied by the Danish company CoMeTas 
established in 2007 (www.cometas.dk). 
 
MDS - Membrane 
The MDS-Membrane is a 19-channel ceramic membrane tubular designed. The 
membrane itself is made of TiO2 and the bulk material of Al2O3 (see figure 5.1). 
The pore size is approximately 0.01 µm. 
 

 
 
Figure 5.1 
19-channel tubular ceramic membrane (MDS). 
Chemical and physical characteristics: 
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 High temperature resistance 
 High resistance against chemicals 
 Operation range: pH 1-14 
 Back-flushing is possible 
 Mechanical resistance against pressure surges 
 Long life-time 
 Cleaning by pyrolysis is possible 
 
CoMeTas membrane 
The CoMeTas membrane is a multi-channel ceramic membrane tubular designed. 
The membrane and the bulk material are made of Silicium Carbide (see figure 5.2). 
The porosity is approximately 0.05 µm. 
 
Chemical and physical characteristics: 
 High temperature resistance 
 High resistance against chemicals 
 Operation range: pH 0-14 
 Back-flushing is possible 
 Mechanical resistance against pressure surges 
 Long life-time 
 Cleaning by pyrolysis is possible 
 

 
 
Figure 5.2 
Multi-channel tubular ceramic membrane (CoMeTas). 
 
Modes of operation 
The ultrafiltration membrane is operated in the cross-flow mode /4/. 
 
Cross-flow filtration means that the feed stream (effluent) flows parallel and inside 
of the membrane surface to perform dynamic filtration conditions. Parallel flow 
creates shear forces and turbulences for washing-off accumulated particles (filter 
cake) rejected by the membrane.  
 
Due to the porosity of the membrane and the bulk material during filtration process 
the water flows through the membrane layer and the membrane bulk tangential to 
the flow of effluent (see figure 5.3). 
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Figure 5.3 
Cross-flow filtration and back-flushing mode. 
 
Cross-flow filtration is characterised by the ratio between flow of feed and filtrate. 
Due to this during operation of the ultrafiltration membrane pressure and 
temperature are measured beside the flow data. 
 
Back-flushing is an option for cross-flow filtration as a technique to destroy gel or 
compact particle layers on the membrane surface. This mode of operation is 
achieved by periodic counter-pressure on the filtrate side regulated by time switch 
or given filtrate volume (see figure 5.4). During back-flushing mode filtration 
process is interrupted. 
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Figure 5.4 
Back-flushing mode. 
 
Back-flushing should take place only for some seconds to avoid losses of filtration 
capacity. Thus sequential back-flushing is performed to achieve higher flux (flow) 
values and to prolong continuous filtration time without interruptions for cleaning. 
 
Reverse osmosis 
Reverse osmosis is a pressure driven process based on the osmotic pressure. All 
dissolved salt and organic materials like detergents and dyestuffs are rejected by 
this type of membrane in 90 to 99% range. 
 
Reverse osmosis membranes are semi-permeable membranes which are permeable 
to water but not to salts. The principle of operation is illustrated in figure 5.5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.5 
The principle of reverse osmosis. 
 
If both compartments are filled with pure water (having the same ‘osmotic 
pressure’) the level in the two compartments will be the same, but if salt is added to 
the one compartment this salty water (having a higher osmotic pressure) will start 
sucking in water from the neighbour compartment and the water level will rise. The 
height of the water column will indicate the osmotic pressure. 
By applying a pressure on the salty water it is possible to reverse this process and 
produce desalinated water /5/. 
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Reverse osmosis membrane design 
The design of the membranes applied in the testing is ‘spiral wound elements’ (see 
figure 5.6) consisting of a two layers membrane glued back-to-back onto a 
permeate collector fabric. This membrane envelope is wrapped around a perforated 
tube into which permeate will drain from the feed side driven by pressure.  
 
The layers are separated by plastic channel spacer to keep the channel open. 
Operation pressure for textile applications is in the range of 15 to 30 bars 
depending on the salt content.  
 
 
 
 

 
     
 

  

 
 
 
 
 
 
 
 
Figure 5.6 
Reverse osmosis element. 
 
The specific advantage of the spiral wound elements is that they can be linked 
together into series in one single pressure tube. 
 
The performance of the reverse osmosis membrane is influenced by the pressure, 
temperature and feed salt concentration as explained above.  
 
Calculations 
For dimensioning purpose and for the discussion of changes in membrane 
properties during filtration it is needed to calculate the specific flux, the 
transmembrane pressure (TMP) and the permeability. These values are calculated 
by the equations: 
 
Eq.1: Specific Flux (Fspec) = Flow [L/hr] / A[m²] (lmh) 
 
Eq.2: TMP = [Pin + Pout]/2 – Pfilt (bar) 
Eq.3: Permeability = Fspec / TMP (l/(m2*h*bar) 
 
‘A’ is the membrane surface of the test unit. 
 
Pilot plant equipment 
The principle of the pilot plants units applied for the testing is illustrated in figure 
5.7 – illustrating the two stage approach. 
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Figure 5.7 
Pilot scale test plant. 
 
Operation mode 
Effluent is tapped from the process into the first working tank. From the working 
tank effluent is pumped into the ultrafiltration module. Here a volume is passing 
through the membrane due to applied pressure – the filtrate.  
 
The volume not passing the membrane – the retentate – is going back into the 
working tank and is gradually up-concentrated during the time of operation.  
 
Ultrafiltrate flow rate and pressure (P3) are adjusted by the filtrate valve. Operation 
pressure (P2) is pre-set by valve to 6 bars. Temperature is measured by 
thermometer. 
 
In order to keep the concentration on a constant level – and to achieve a steady 
state situation - a portion of concentrate is continuously removed manually. 
 
The filtrate of the UF system is transferred to the working tank of the RO system 
passing through a flow-meter. Here the filtrate is pumped into the reverse osmosis 
module by a high pressure piston pump. 
 
Inside the RO membrane module water is separated into retentate and ‘permeate’ 
(the name of the filtrate applied for reverse osmosis). The retentate flows back into 
the working tank and is up-concentrated during operation. Continuously a portion 
of concentrate is taken from the working tank to keep the concentration on a 
constant level.  
Operation pressure (P) is pre-set by adjusting a ball valve. Temperature is 
measured by thermometer. 
 
During test period corresponding values of pressures, flows and temperature were 
registered with a reasonable frequency. Further a number of samples were taken 
and analysed for chemical and physical parameters: 
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COD  [mg/l] Chemical Oxygen Demand 
Cl- [mg/l] Chloride 
SO4--  [mg/l] Sulphate 
Cond. [µS/cm] Conductivity 
pH [-] pH-value 
TS [mg/l] Total Solid 
 
The samples were typically taken for: 
 
[a] The feed to the system 
[b] Filtrate from ultrafiltration 
[c] Permeate from reverse osmosis 
 
Cleaning of membranes 
Membrane technology is a pressure driven process to separate materials of 
effluents from water. During operation layers of dissolved and un-dissolved like 
detergents and salts and other materials are plugging the membrane surface. 
Consequently, cleaning of the membrane was performed with a frequency around 
one time per week during the test period. 
 
For cleaning the membrane plant operation has to be interrupted and water 
discharged to the storage tank.  
 
The membranes were in most cases cleaned first with hot water (UF: T~50-60°C 
and RO: T<40°C). This first cleaning water is discharged to the effluent storage 
tank. Then the membrane plant was refilled with cleaner based on alkaline 
solutions and operated for 15 to 45 minutes depending on the expected need. 
Cleaning water is discharged into the effluent storage tank and discarded. Finally 
alkaline cleaner is wash-off with cold water and the membrane plant is re-started 
again. 
 
Detailed test reports available to each case industry 
The detailed results of the testing are presented in the test-reports from MDS and 
below the results are summarised.  
 
The MDS test reports are considered confidential and have been delivered to each 
company and discussed shortly after completion of the testing. 

5.2 Key results for Berendsen Textil Service 

For Berendsen Textil Service the focus was on the hotel and restaurant laundry in 
Roskilde, but it expected that the methods will be applicable for other types of 
laundries. 
 
For the actual laundry no testing with membranes has been performed earlier but 
use of membranes for pre-treatment of wastewater before discharge is applied in a 
number of German laundries and the Danish laundry Alba. 
 
None of these applications include recycling of the water but one of the main 
detergent suppliers to the textile service business – Ecolab – offers a solution of 
integrated reverse osmosis system, the HERO-system. This system on the other 
hand does not include handling and treatment of the concentrate. 
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The testing program specifically has had the aims: 
 
a. To see if the use of ceramic membranes can provide a stable operation of the 

‘pre-filtration’ of the water prior to reverse osmosis – despite the presence of a 
significant amount of silicates in the water. 

 
b. To determine the composition of the concentrates for the assessment of the 

disposal options. 
 
Test has been performed with the mixed wastewater only for a period of 2-3 
months.  
 
Detailed results are found in the test report from MDS. Below some overall 
conclusions are summarised. 
 
This section describes the results of the testing program while the treatment and 
disposal of the concentrate are dealt with in chapter 7. 
 
UF membrane unit results 
During the first two weeks of operation some blockings of the system were 
experienced. This was realised to be due to a high level of lint (loose short fibres) 
that blocked the pump and the valves. Therefore a ‘pre-filtering’ was established 
by 10 µm filter when filling the feed tank. This gave a more stable operation. The 
data from this problematic period are omitted for the graph below. 
 
The calculated data for specific flux, TMP and permeability from the testing with 
mixed wastewater are presented in figure 5.8. The last datasets (no 67-71) represent 
testing with CoMeTas membranes while the remaining datasets represent testing 
with MDS membranes.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 5.8 
Calculations of specific flux, permeability and transmembrane 
pressure (TMP) for the registration from the ultrafiltration testing with 
mixed wastewater at Berendsen Textil Service. The last datasets 
represent testing with CoMeTas membranes while the remaining 
datasets represent testing with MDS membranes.  
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During the first period of the testing shown in the graph the membranes were 
operated with a relatively low TMP resulting in a relatively low specific flux 80-
100 l/hm2. In the second period the TMP was increased to around 2-3 bar resulting 
in an increase in specific flux to around 170-180 l/hm2. 
As is can be noticed permeability did not increase with the higher TMP, in fact a 
slight reduction is seen.  
 
This is probably due to the fact that in the first period the membranes were cleaned 
fairly often while in the second period the membranes were not cleaned at all.  
 
The need for cleaning in the first period was related to the presence of some 
precipitations – seen as a sort of ‘skin’ of the water surface of the feed tank – 
assumed to be precipitations of silicates. In the second period only ‘fresh’ not 
stored water was treated and then no precipitation/skin was found. 
 
Based on these observations it is concluded that it is possible to handle and treat 
the water despite the high concentration of silicates if precaution is taken not to 
store the water too long and in particular not to cool the water. 
 
As illustrated in figure 5.9 a linear relation between the TMP and the specific flux 
could be demonstrated as anticipated.  
 
Further a less clear relation between temperature and permeability could be seen – 
figure 5.10. 
 
Together this illustrated the benefits of operating the ultrafiltration at a reasonable 
high temperature around 60°C and using a TMP between 1.5 and 3 bar. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.9 
Specific flux as a function of transmembrane pressure (TMP) for 
ultrafiltration testing with MDS membranes at Berendsen Textil 
Service.  
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Figure 5.10 
Permeability as a function of temperature for ultrafiltration testing 
with MDS membranes at Berendsen Textil Service. 
 
The testing with the CoMeTas membranes was just before the time when the pilot 
plant had to be shipped back to Germany and due to a delay in the production of 
the last membrane there were only time for a one-day testing. 
As it can be noticed a rather high permeability was found, but at the same time it 
could be noticed that the filtrate was not clear. It is assumed that the bigger pores 
of the CoMeTas membrane allow the micelles from the laundry wastewater to pass. 
This will mean a bigger load of material on the RO membranes which will 
probably reduce the lifetime of those membranes significantly.  
 
In the actual test the performance of the RO system was not different from the 
other tests, but due to the very short operation period the possible problems related 
to a fouling of the RO membranes could not be seen. 
 
RO membrane unit results 
The results from the RO membrane testing show fairly stable values for the 
specific flux between 25 and 30 l/hm2 during the entire test period with a TMP of 
18-20 bar. 
 
Composition of the filtrate and permeate 
Table 5.1 shows the composition of the feeds tested with the membrane treatment, 
while table 5.2 shows the UF filtrates and table 5.3 the RO permeate.  
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Table 5.1 
Chemical composition of the feeds from the testing at Berendsen 
Textil Service. 
 

Content pH TS 
mg/l 

SS 
mg/l 

Conductivity 
mS/m 

COD 
mg/l 

BOD 
mg/l 

Chloride 
mg/l 

Sulphate 
mg/l 

Mixed wastewater* 
(MDS testing) 

10 2,100 160 350 2,300 1,100 110 84 

Mixed wastewater+ 
(CoMeTas testing) 

10 5,400 660 450 5,300 2,600 440 82 

* 3-4 samples. 
+ single sample. 
 
The table shows that the wastewater during the one-day testing with the CoMeTas 
membranes was significantly more concentrated compared to the average of the 
MDS testing. 
 
Table 5.2 
Chemical composition of the UF filtrate from the testing at Berendsen 
Textil Service. 
 

 Conductivity 
mS/m 

COD 
mg/l 

Chloride 
mg/l 

Sulphate 
mg/l 

Mixed wastewater* 
(MDS testing) 270 385 120 72 

Mixed wastewater+ 
(CoMeTas testing) 440 3,400 450 82 

* 3-4 samples. 
+ single sample. 
 
It may be noticed that the reduction of the concentration of COD is significantly 
different with the two types of membranes and that for the other parameters very 
little reductions are found – as expected. 
 
Table 5.3 
Chemical composition of the RO permeate from the testing at 
Berendsen Textil Service. 
 

 Conductivity 
mS/m 

COD 
mg/l 

Chloride 
mg/l 

Sulphate 
mg/l 

Mixed wastewater* 
(MDS testing) 10 43 <5 <1 

Mixed wastewater+ 
(CoMeTas testing) 4 22 6 2 

* 3-4 samples. 
+ single sample. 
 
The RO permeate are for both types of UF membranes absolutely free from colour 
and the resulting levels of COD, chloride and sulphate have been reduced to a very 
low level.  
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A single set of samples was tested for silicates and detergents. The results are 
shown in table 5.4. 
 
Table 5.4 
Reduction of silicates and detergents during the testing at Berendsen 
Textil Service. 
 

 Silicates 
mg/l 

Anionic detergents 
mg/l 

Nonionic detergents 
mg/l 

Mixed wastewater 77.0 1.4 94.0 

UF filtrate 60.0 0.6 21.0 

RO permeate 0.25 n.d. n.d. 
n.d. = not detected. 
 
The analysis for silicates shows that the majority of the silicates are passing the UF 
membranes but rejected by the RO membranes. This indicates that the load of 
silicates on the RO membranes will be quite significant. 
 
During the testing no reduction in the performance of the RO membranes was seen 
despite the fact that no cleaning was performed.  
 
Since silicates are normally considered a problem for organic membranes this 
might be seen as a warning that the RO membranes will have a limited lifetime. 
 
For detergents the majority are removed in the UF membranes. Other studies have 
indicated that sufficiently tight UF membranes such as the MDS membranes will 
reject the fraction of the detergents which are micelles while the free detergents 
will pass the membrane. The CoMeTas membranes were obviously not tight 
enough to reject the micelles which are reflected in the COD values. 
 
This finding indicates that the UF filtrate might be used as feed for the washing 
processes where it might contribute with detergents and in that way save part of the 
dosing of new detergents. 
 
Concentrate composition/mass balances 
In table 5.5 and table 5.6 the mass balance for the future system is estimated. The 
starting point for the calculations is the values for the mixed wastewater. 
 
Table 5.5 
Mass balance for volume, dry solids and COD for the mixed 
wastewater based on the analytical results for testing at Berendsen 
Textil Service. 
 

 Volume Dry solids COD 

 % m3/h % mg/l kg/h % mg/l kg/h 

UF feed  4.5  3,200 14.4  3,000 13.5 

UF filtrate 95% 4.3 30% 960 4.1 40% 1,200 5.1 

UF concentrate 5% 0.2 70% 45,800 10.3 60% 37,200 8.4 

         

RO feed  4.3  960 4.1  1,200 5.1 

RO permeate 80% 3.4 1% 9.6 0.0 5% 60 0.2 

RO concentrate 20% 0.9 99% 4,800 4.1 95% 5,800 4.9 
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Table 5.6 
Mass balance for chloride, sulphate and phosphate for the mixed 
wastewater based on the analytical results for testing at Berendsen 
Textil Service. 
 

 Chloride Sulphate Phosphate (estimated) 

 % mg/l kg/h % mg/l kg/h % mg/l kg/h 

UF feed  140 0.6  80 0.4  40 0.18 

UF filtrate 20% 28 0.1 20% 16 0.1 50% 20 0.09 

UF concentrate 80% 2,300 0.5 80% 1,300 0.3 50% 420 0.09 

          

RO feed  28 0.1  16 0.1  20 0.09 

RO permeate 10% 2.8 0.0 5% 0.8 0.0 0.5% 0.100 0.0003 

RO concentrate 90% 130 0.1 95% 80 0.1 99.5% 100 0.09 
 
Overall the testing shows that approximately 99% of the analysed components will 
end up in the two concentrates in a volume of approximately 20% of the feed.  
 
Conclusion from the membrane testing 
Based on the results from the testing it can be concluded: 
 
Regarding the testing with UF: 
 
 The filtration of the mixed wastewater can be done with a stable flux around 

170-180 l/hm2 for the MDS membranes with a TMP of 2-3 bar. 
 
 The CoMeTas membranes will not provide the sufficient water quality for this 

application. 
 
 It is estimated that the mixed wastewater can be concentrated 10-20 times 

resulting in a concentrate volume of 5% of the feed.  
 
 For the MDS membranes there was no sign of irreversible fouling despite the 

presence of silicates in the water if the water is not stored too long and is not 
cooled. 

 
Regarding the testing with RO: 
 
 The treatment of the ‘UF pre-treated’ water gave no problems and a 5-times 

concentration is expected to be possible.  
 
 The specific flux was around 25-30 l/hm2 with a TMP of 18-20 bar.  
 
 The resulting water quality is very fine – see table 5.3 – and it is expected that 

this water is applicable for all processes in the laundry. 
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5.3 Key results for Green-Tex 

Green-Tex installed during 1999-2000 a full scale membrane treatment plant for 
the dezising wastewater in order to reduce the load of COD to the sewer system. 
 
The system was based on a nano-filtration system from Union Filtration and 
funded partly by the Danish EPA /7/. 
 
After a few months of operation it was no longer possible to recover the 
performance of the membranes and the operation was stopped and the system has 
not been in use since then. 
 
An analysis of the reason for the blocking of the system has not been performed 
and the approach of the present project has been to take a fresh look at the situation 
and come up with a solution where part of the existing system could be reused.  
 
The new testing program has had the aims: 
 
a. To see if the use of ceramic membranes can solve the problem with irreversible 

blocking of the membranes.  
b.  
c. Identify the best scenario for water treatment – in particular determine if all 

water should be treated – perhaps with two different concentrate out-puts – one 
from the pre-treatment/desizing activities and one from the dyeing activities. 

 
Test has been performed with the mixed wastewater and the dezising/bleaching 
water separately. They were later tested both with MDS UF membranes and 
CoMeTas membranes. These tests were also used to produce an amount of 
concentrate for testing of biogas-potential, etc. 
 
Detailed results are found in the test report from MDS. Below some overall 
conclusions are summarised. 
 
This section describes the results of the testing program while the treatment and 
disposal of the concentrate are dealt with in chapter 7. 
 
Due to change of production manager for the dyehouse the testing period was 
relatively short. The pilot plants were operated on a number of days during the 
period, but unfortunately relatively few registrations of the corresponding values 
for flows and pressure were registered.  
 
UF membrane unit results 
The calculated data for specific flux, TMP and permeability from the testing with 
mixed wastewater are presented in figure 5.11. The last dataset represent testing 
with CoMeTas membranes while the remaining dataset represent testing with MDS 
membranes.  
 
The testing with the CoMeTas membranes was stopped after a few hours since the 
quality of the UF filtrate seemed to be similar to the feed. It was concluded that the 
sealings of the membranes were not sufficient leading to a leaching of feed into the 
filtrate.  
 
After renewed sealing the CoMeTas membranes were used for the testing of the 
desizing/bleaching wastewater – see below.
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Figure 5.11 
Calculations of specific flux, permeability and transmembrane 
pressure (TMP) for the registration from the ultrafiltration testing with 
mixed wastewater at Green-Tex. The last dataset represents testing 
with CoMeTas membranes while the remaining dataset represents 
testing with MDS membranes. 
 
The specific flux for the MDS membranes dropped from 80 to 50-60 lmh during 
the first days of testing but after a rinsing the high specific flux around 80-90 lmh 
was recovered. 
 
This indicates that the soiling of the membranes can be easily removed and a stable 
operation achieved with regular rinsing of the membranes.  
 
Specific tests were performed with the water from the desizing/bleaching operation 
since it might be relevant to handle the concentrate from this water separately due 
to the high COD. These tests were performed by concentrating one filling of the 
feed tank (240 l) from the same batch in the production with the two different sets 
of UF membranes. 
 
The results of this testing are shown in figures 5.12 till 5.15. 
 
These tests clearly illustrate the difference between the two kinds of membranes. 
The MDS membranes have a relatively low permeability and hence a low specific 
flux that is maintained during the test, while the CoMeTas membranes have a high 
initial permeability which is reduced rather quickly despite the increase in TMP.  
 
This pattern seen for the CoMeTas membranes is probably due to the filling of the 
relatively big pores with material from the water until a ‘saturation-point’ is 
reached. After this point the membranes show permeability around 15 l/(m²hrbar) 
corresponding to a specific flux around 50 lmh, and this level seems to be stable 
despite the increase in concentration in the feed. 
 
The corresponding figures for the MDS membranes are permeability around 20 
l/(m²hrbar) after concentration of the feed and specific flux around 70-80 lmh.  
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Figure 5.12 
Specific flux, permeability and transmembrane pressure (TMP) for 
ultrafiltration testing with desizing/bleaching water at Green-Tex 
using UF membranes from MDS as a function of time. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.13 
Specific flux, permeability and transmembrane pressure (TMP) for 
ultrafiltration testing with desizing/bleaching water at Green-Tex 
using UF membranes from CoMeTas as a function of time. 
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Figure 5.14 
Specific flux, permeability and transmembrane pressure (TMP) for the 
ultrafiltration testing with desizing/bleaching water at Green-Tex 
using UF membranes from MDS as a function of concentration of the 
feed/concentrate. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.15 
Specific flux, permeability and transmembrane pressure (TMP) for 
ultrafiltration testing with desizing/bleaching water at Green-Tex 
using UF membranes from CoMeTas as a function of concentration 
of the feed/concentrate. 
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Due to the increase in viscosity the testing was stopped at a concentration factor of 
around 9 and 3.5 corresponding to a reduction of the volume to 10% and 20% 
respectively.  
 
In a full scale operation the concentration factor during daily operation will 
probably be kept around 3 to 5 and further concentration can be done during 
weekends. This means that the figures for specific fluxes mentioned above will be 
the ones relevant for the dimensioning of a UF membrane plant specifically for the 
desizing/bleaching water. 
 
For the mixed wastewater a similar test has not been performed but it is assumed 
that the MDS membranes will operate with around 60-70 lmh and the CoMeTas 
membranes with around 50 lmh.  
 
RO membrane unit results 
The results from the RO membrane testing show fairly stable values for the 
specific flux around 23 lmh during the entire test period with a TMP of 12 bar. 
 
Composition of the filtrate and permeate 
Table 5.7 shows the composition of the feeds tested with the membrane treatment, 
while table 5.8 shows the UF filtrates and table 5.9 the RO permeate. All samples 
of the mixed wastewater were taken during the period with MDS UF membranes. 
 
Table 5.7 
Chemical composition of the feeds from the testing at Green-Tex. 
 
Content pH TS 

mg/l 
Conductivity 

mS/m 
COD 
mg/l 

Chloride 
mg/l 

Sulphate 
mg/l 

Mixed wastewater 6-7* 5,000 600 3,400 1,500 300 

Desizing/bleaching 7-9 10,000 220 11,000 230 140 
* After neutralisation. 
 
The table illustrates how the desizing/bleaching water contains a very high 
concentration of COD – estimated 70-80% of the total – and a limited amount of 
salts, which makes this concentrate form this flow suitable for disposal for biogas 
production. 
 
Table 5.8 
Chemical composition of the UF filtrate from the testing at Green-Tex. 
 

 COD 
mg/l 

Chloride 
mg/l 

Sulphate 
mg/l 

Mixed wastewater 1,700 1,400 150 

Desizing/bleaching 9,000 200 50 

 
It may be noticed that the reduction of the concentration of COD for the 
desizing/bleaching water is quite limited in the ultrafiltration step indicating that 
the main part is in solution. 
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Table 5.9 
Chemical composition of the RO permeate from the testing at 
Green-Tex. 
 

 COD 
mg/l 

Chloride 
mg/l 

Sulphate 
mg/l 

Mixed wastewater 13-130 6-22 1-5 

Desizing/bleaching 120-200 5-6 2-4 

 
The RO permeate is for both types of water absolutely free from colour and the 
resulting levels of COD, chloride and sulphate have been reduced to a very low 
level. It may be noticed that the RO treated desizing/bleaching water contains a 
fairly high concentration of COD. This indicates the presence of very low 
molecular compounds. 
 
Concentrate composition/mass balances 
In table 5.10 to table 5.13 the mass balance for the future system is estimated. The 
starting point for the calculations is the values for the mixed wastewater and the 
desizing/bleaching water. 
 
Table 5.10 
Mass balance for volume, dry solids and COD for the mixed 
wastewater based on the analytical results for testing at Green-Tex. 
 

 Volume Dry solids COD 

 % m3/h % mg/l kg/h % mg/l kg/h 

UF feed  10  5,000 50.0  3,400 34.0 

UF filtrate 95% 9.5 50% 2,500 23.8 50% 1,700 16.2 

UF concentrate 5% 0.5 50% 52,500 26.3 50% 35,700 17.9 

         

RO feed  9.5  2,500 23.8  1,700 16.2 

RO permeate 80% 7.6 10% 250 1.9 5% 85 0.6 

RO concentrate 20% 1.9 90% 11,500 21.9 95% 8,160 15.5 

 
 
Table 5.11 
Mass balance for chloride and sulphate for the mixed wastewater 
based on the analytical results for testing at Green-Tex. 
 
 Chloride Sulphate 

 % mg/l kg/h % mg/l kg/h 

UF feed  1,500 15.0  300 3.0 

UF filtrate 95% 1,425 13.5 50% 150 1.4 

UF concentrate 5% 2,925 1.5 50% 3,150 1.6 

       

RO feed  1,425 13.5  150 1.4 

RO permeate 1% 14 0.1 1% 1,5 0.008 

RO concentrate 99% 7,070 13.4 99% 740 1.4 
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Table 5.12 
Mass balance for volume, dry solids and COD for the 
desizing/bleaching water based on the analytical results for testing 
at Green-Tex. 
 
 Volume Dry solids COD 

 % m3/h % mg/l kg/h % mg/l kg/h 

UF feed  2.5  10,000 25.0  12,000 30.0 

UF filtrate 90% 2.25 30% 3,000 6.8 20% 2,400 5.4 

UF concentrate 10% 0.25 70% 75,000 18.3 80% 98,400 24.6 

         

RO feed  2.25  3,000 6.8  2,400 5.4 

RO permeate 80% 1.8 10% 300 0.5 5% 120 0.2 

RO concentrate 20% 0.25 90% 13,800 6.2 95% 11,500 5.2 

 
 
Table 5.13 
Mass balance for chloride and sulphate for the mixed 
desizing/bleaching water based on the analytical results for testing 
at Green-Tex. 
 
 Chloride Sulphate 

 % mg/l kg/h % mg/l kg/h 

UF feed  100 0.3  800 2.0 

UF filtrate 90% 90 0.2 50% 400 0.9 

UF concentrate 10% 190 0.0 50% 4,400 1.1 

       

RO feed  90 0.2  400 0.9 

RO permeate 1% 0.9 0.0 1% 4 0.0 

RO concentrate 99% 450 0.2 99% 2,000 0.9 

 
Overall the testing shows that approximately 99% of the analysed components will 
end up in the two concentrates in a volume of approximately 20% of the feed.  
 
Conclusion from the membrane testing 
Based on the results from the testing it can be concluded: 
 
Regarding the testing with UF: 
 
 The filtration of both the mixed wastewater and the desizing/bleaching water 

can be done with a stable flux around 70-80 l/hm2 for the MDS membranes and 
40-50 l/hm2 for the CoMeTas membranes with a TMP of 3-4 bar. 

 
 It is estimated that the mixed wastewater can be concentrated 10-20 times 

resulting in a concentrate volume of 5% of the feed. The desizing/bleaching 
water can only be concentrated 5-10 times (min. 10% concentrate) due to the 
viscosity of this water – even if treatment is done at temperatures around 60°C. 

 
 The testing with the CoMeTas membranes gave for both water types a slightly 

turbid filtrate. Whether this is due to insufficient sealing and ‘cross flow’ or 
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simply a consequence of more open membranes cannot be concluded 
definitively, but if it is due to the penetration of micelles and other high-
molecular components it will mean a higher load on the RO membranes which 
is not recommended.  

 
 For the MDS membranes there were no sign of irreversible fouling. 
 
Regarding the testing with RO: 
 
 The treatment of the ‘UF pre-treated’ water gave no problems and a 5-times 

concentration is expected to be possible.  
 
 The specific flux was around 23 l/hm2 with a TMP of 12 bar.  
 
 The resulting water quality is very fine – see table 5.12 – and it is expected that 

this water is applicable for all processes in the dyehouse. 

5.4 Key results for Kemotextil 

Kemotextil was involved in a development project during 1996-97 where testing of 
different water flows were conducted with membrane filtration /6/. This project 
identified an approach for the application of membranes in wet textile industry but 
gave disappointing results due to irreversible blocking of the membranes used. 
 
The membranes used at that time were mainly spiral wound polysulphone 
membranes – ultra and microfiltration – and composite reversed osmosis 
membranes.  
 
It was concluded that the fouling of the membranes was mainly due to cationic 
surfactants and silicon. 
 
The new testing program has had the aims: 
 
a. To see if the use of ceramic membranes can solve the problem with fouling and 

irreversible blocking of the membranes.  
 

b. To compare the results achieved with MDS supplied membranes and the 
membranes supplied by CoMeTas for ultrafiltration (UF). 
 

c. To identify the optimal scenario for water treatment – in particular determine if 
all water must be treated in both UF and reversed osmosis (RO) – or if the 
rinse water can go directly to the RO system – or perhaps need no treatment. 

 
The membrane pilot plant testing started end of June 2008 and went on for nearly 
three months interrupted by the summer holiday. 
 
The tests have included testing with the following water flows: 
 
 The existing composite wastewater collected in the wastewater basin – tested 

on UF+RO with both membrane types for the UF. 
 
 The pre-treatment, dyeing and the two first rinses (‘Testing mixture 3’ 

indicated in table5.14) – tested on UF+RO with both membrane types. 
 
 The two hot rinses (‘Testing mixture 2’ indicated in table 5.14) – tested only on 

RO. 
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 The last rinse and the softening bath (‘Testing mixture 1’ indicated in table 

5.14) – tested only on RO. 
 
Detailed results are found in the test report from MDS. Below some overall 
conclusions are summarised. 
 
This section describes the results of the testing program while the treatment and 
disposal of the concentrate are dealt with in chapter 7. 
 
Table 5.14 
Simplified description of the processes applied at Kemotextil and the 
testing mixtures. 
 

Production 
process 

Input/Chemistry Output Approx. volume 
(m3/d) 

Pre-treatment e.g. 
Desizing (only used 
for cotton fabric) 

 

Dyeing Dyestuff – many 
different types 
Salts, etc. 

Rinsing 
Typically in 5 
steps: 
Cold (20°C)  
Warm (60°C) 

 
Textile/water ratio 
in most processes 
around 1:10 

Testing mixture 3 75 
 

Hot (95°C)  
Warm (60°C) 

 Testing mixture 2 75 

Cold (20°C)  
Softening Cationic Softeners 

Silicon, etc. 

Testing mixture 1 50 

 
The pilot plants were operated on most weekdays during the period, but 
unfortunately relatively few registrations of the corresponding values for flows and 
pressure were registered. Still this is enough to document a fairly stable operation 
for two-three weeks without any cleaning. 
 
UF membrane unit results 
The calculated data for specific flux, permeability as well as the temperature 
recorded are presented in figure 5.15. 
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Figure 5.15 
Calculations of specific flux, permeability and transmembrane 
pressure (TMP) for the registration from the ultrafiltration testing at 
Kemotextil. 
 
The specific flux varies from 230 to 50 lmh. These variations reflect significant 
changes of the filtrate pressure and filtrate-flux affected by manual regulation of 
the pressure during operation time. Therefore the permeability is calculated to get 
specific data which are independent of the pressure conditions. 
 
In figure 5.16 results for the CoMeTas-membranes are shown as registration no 0 
to 44. During this operation time from registration the permeability is reduced from 
250 to 25 l/(m²hrbar) probably due to organic materials covering the membrane 
surface or filling the pores. After this time the permeability has a rather constant 
value of 25 l/(m²hrbar). 
 
By calculating the natural logarithm of the permeability it can be demonstrated 
how the build-up of the deposits in the membrane surface is an exponential process 
of time.  
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Figure 5.16 
The natural logarithm of the permeability of the CoMeTas UF 
membrane for the first registrations illustrating the reversed 
exponential build-up of a ‘coating layer’ in the membrane system. 
 
The MDS membrane (no 56 till 66) has a lower porosity than the CoMeTas 
membrane but shows a rather constant permeability of approximately 50 
l/(m²hrbar) corresponding to a specific flux of 100 lmh using a trans-membrane 
pressure of 2.0 bar. 
 
From these results it is concluded that the benefit of applying a membrane with a 
higher porosity (the CoMeTas membranes having porosity around 330 kD) is lost 
in this application due to the build-up of particles which are not removed by the 
back-flush operation mode. 
 
For the MDS membranes (having porosity around 50 kD) this phenomena is not 
found probably due to the fact that the particles in the water are not trapped within 
the membrane surface layer.  
 
RO membrane unit results 
The results from the RO membrane testing show fairly stable values during the 
entire test period – see figure 5.17. 
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Figure 5.17 
Operational data from the RO testing at Kemotextil. 
 
The actual flux varied between 40 and 60l/h at a pressure of 30 bar. With a surface 
area of the test membranes of 2.5 m2 this corresponds to a specific flux of 15 lmh 
which is quite common for textile applications. The variations seen are probably 
due to the variations in salt concentration in the water. 
As is can be clearly seen there is no tendency to a decline in the flux during the 
period indicating that the UF system protects the RO membranes efficiently. 
 
During the first and the last period of operation (no 0 to 45 and no 50 to 78) the 
effluent from the ultrafiltration is feed to the reverse osmosis membrane.  
From no 50 to 60 rinse water (testing mixtures 1 and 2 – ref. table 5.4) is fed 
directly to the reverse osmosis without ultrafiltration.  
 
It can be seen that there is no significant difference between operation data using 
ultrafiltration and reverse osmosis or reverse osmosis only. The specific flux in 
both situations can be calculated to approximately 15 lmh. 
 
After the testing were finalised the RO membranes were opened to see the interior 
– see figure 5.18. As it can be clearly seen there is a deposit of (black) particles 
between the spacers and on the membrane surface. This is found only after the 
testing of rinse water without pre-filtering with UF.  
 
Due to the design of the reversed osmosis systems those particles cannot be 
removed by washing of the membrane system and so the application of RO 
filtration without UF pre-filtering can only be recommended when the rinse water 
is absolutely free from particles, which was not the case at Kemotextil.  
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Figure 5.18 
Opened RO filtration module. 
 
Composition of the filtrate and permeate 
Another aim of the testing naturally was to evaluate the composition of the 
resulting filtrate and permeate against the present water quality. 
 
Table 5.15 shows the composition of the feeds tested with the membrane treatment, 
while table 5.16 shows the UF filtrates and table 5.17 the RO permeate. Except for 
a few of the samples for the mixed wastewater all samples were taken during the 
period with MDS UF membranes. 
 
Table 5.15 
Chemical composition of the feeds from the testing at Kemotextil. 
 

Content pH TS 
mg/l 

Conductivity 
mS/m 

COD 
mg/l 

Chloride 
mg/l 

Sulphate 
mg/l 

Total P 
mg/l 

Mixed wastewater 10.0 3,600 570 750* 820* 160* 3.7 

Selected flows:        

Vat dye liquor 12.3 20,000 2,600 3,900 20 6,500 74 

Reactive dye liquor I 11.7 12,000 1,300 3,800 500 3,400 62 

Reactive dye liquor II 11.8 32,000 5,200 740 17,000 110 0.68 

2.+3. rinse 9.8 2,900 510 120 1,300 41 0.24 

4.+5. rinse 7.8 500 60 300 65 34 0.22 

* Average of 5 samples. 
 
The table clearly reflects the very different composition of the individual recipes 
applied in the dye-house – and further illustrates how the different rinsing baths are 
very diluted compared to the ‘treatment-baths’. 
 
Table 5.16 
Chemical composition of the UF filtrate from the testing at 
Kemotextil. 
 

 COD 
mg/l 

Chloride 
mg/l 

Sulphate 
mg/l 

Mixed wastewater 280 1,100 200 

Selected flows:    

Vat dye 1,300 36 6,100 

Reactive dye liquor I 1,300 500 2,400 

Reactive dye liquor II 680 18,000 75 
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As expected the UF filtration shows a very limited impact on the content of 
chloride and sulphate while a reduction of COD is found. 
 
Table 5.17 
Chemical composition of the RO permeate from the testing at 
Kemotextil. 
 

 COD 
mg/l 

Chloride 
mg/l 

Sulphate 
mg/l 

Mixed wastewater 28 3.5 5.8 

Mixed wastewater 5 21 1.9 

Selected flows:    

2.+3. rinse <5 2.3 <0.5 

4.+5. rinse 8.3 8.1 <0.5 

 
The RO permeate is for all the samples absolutely free from colour and as seen 
from table 5.17 COD, chloride and sulphate have been reduced to a level far below 
the values found in most drinking water. 
 
Concentrate composition/mass balances 
In table 5.18 and table 5.19 the mass balance for the future system is illustrated. 
The starting point for the calculations is the values for the mixed wastewater. 
 
Table 5.18 
Mass balance for volume, dry solids and COD based on the 
analytical results for testing at Kemotextil. 
 

 Volume Dry solids COD 

 % m3/h % mg/l kg/h % mg/l kg/h 

UF feed  10  3,600 36.0  750 7.5 

UF filtrate 98% 9.8 25% 900 8.8 40% 375 3.7 

UF concentrate 2% 0.2 75% 136,000 27.2 60% 19,000 3.8 

         

RO feed  9.8  900 8.8  375 3.7 

RO permeate 80% 7.8 1% 9 0.1 5% 7.5 0.1 

RO concentrate 20% 2.0 99% 4,500 8.7 95% 1,850 3.6 
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Table 5.19 
Mass balance for chloride, sulphate and phosphate based on the 
analytical results for testing at Kemotextil. 
 
 Chloride Sulphate 

 % mg/l kg/h % mg/l kg/h 

UF feed  820 8.2  160 1.6 

UF filtrate 80% 660 6.4 30% 48 0.5 

UF concentrate 20% 8,900 1.8 70% 5,650 1.1 

       

RO feed  660 6.4  48 0.5 

RO permeate 2% 13 0.1 2% 1 0.008 

RO concentrate 98% 3,200 6.3 98% 240 0.5 

 
Overall the testing shows that approximately 99% of the analysed components will 
end up in the two concentrates in a volume of approximately 20% of the feed.  
 
Conclusion from the membrane testing 
Based on the results from the testing it can be concluded: 
 
That it is possible to operate and maintain a membrane system based on ceramic 
ultrafiltration membranes followed by reverse osmosis with mixed wastewater 
from the textile dyehouse Kemotextil. Also individual ‘treatment baths can be 
handled in the membrane system without blocking the membranes, but these 
testing were only conducted for short periods and hence it cannot be concluded that 
it is possible to maintain the membranes in a proper condition if concentrated 
treatment baths are treated individually.  
 
Cleaning of the membranes were done a couple of times during the testing period 
and proved to be able to recover the performance of the membranes – although it 
was not possible to remove the coating layer that build up in the CoMeTas UF 
membranes during the first days of operation. 
 
Both UF membrane products are able to do the job, but there is an uncertainty of 
the specific flux of CoMeTas membranes in the long run.  
 
Filtering of selected rinse-flows directly to the RO membrane system has been 
proved possible showing the same efficiency as without the pre-treatment with UF. 
Accordingly, the full scale system can be established with UF pre-treatment only 
for the flows containing particles, etc. In this situation it must be efficiently assured 
that the flows going directly to RO are free from particles that will otherwise 
accumulate in the RO membranes and reduce the lifetime of the RO modules 
significantly. (A system for collection of fairly clean flows is in place in the 
dyehouse). It might further be considered if these flows can be recycled without 
any treatment.  
 
The combined membrane system shows a very high efficiency in removing both 
substances of organic matter (COD) and dissolved salts (chlorides and sulphates). 
The resulting RO permeate has a very low concentration of both COD and salts and 
is absolutely free from colour and that is why it is expected that this water is 
suitable to any use within the dyehouse. 
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5.5 Key results for Trevira 

Trevira has a long record of testing of different membrane systems for application 
in their dyeing of polyester yarn. Earlier studies have included and demonstrated 
successful application of a fairly similar approach, but without using ceramic UF 
membranes. The earlier studies also indicated that the major challenge in the 
treatment of the water is the fouling of the membranes with the polyester oligomers 
and an UV-absorber applied in the process. 
However, the overall aim of the new testing program is to see: 
 
a. If the problems with fouling by the oligomers and the UV-absorber can be 

overcome by use of ceramic membranes and provide a system with a 
reasonable payback. 
 

b. If realistic and costs efficient alternatives for treatment and disposal of the 
concentrate from the treatment can be identified. 

 
This section describes the results of the testing program while the treatment and 
disposal of the concentrate are dealt with in chapter 7. 
 
The testing was mainly done with the MDS membranes – during the period 26 May 
till 13 June 2008 – and then the CoMeTas membranes were tested briefly for two 
days during 18-19 June. 
 
The pilot plants were operated on most weekdays during the period, but 
unfortunately relatively few registrations of the corresponding values for flows and 
pressure were registered. Still this is enough to document a fairly stable operation 
for two-three weeks without any cleaning. 
 
UF membrane unit results 
The specific flux, the permeability and the transmembrane pressure (TMP) are 
shown in figure 5.19. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.19 
Specific flux, the permeability and TMP for the test period at Trevira. 
The long testing period is with MDS membranes while the two days in 
the end are using CoMeTas membranes. 
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As is can be clearly seen from figure 5.8 there is a steep increase in TMP/decrease 
in permeability during the first few days of operation with the new membranes 
after which a fairly stable permeability around 40 l/(m2*h*bar) is maintained for 
the remaining period. 
 
This clearly indicates formation of a fouling layer on the membrane surface, but the 
fact that all the values afterwards are fairly stable indicates that the fouling layer is 
not increasing during the test and is counterbalanced by the back flushing. 
 
For the CoMeTas membranes a similar pattern was observed – but not registered – 
during the first few minutes of operation. This is probably due to the higher 
porosity of the CoMeTas membranes. 
 
The result indicates a lower specific flux and a significantly lower permeability for 
the CoMeTas membranes, but naturally it is difficult to judge based on these few 
registrations and very short period of operation. 
 
Overall it is concluded that the testing with the UF membrane system demonstrates 
that a stable flux can be achieved despite the presence of fouling agents like the 
oligomers and the UV-absorbers. 
 
RO membrane unit results 
The results from the RO membrane testing show completely stable values during 
the entire test period. 
 
The actual flux was 30 l/h at a pressure of 20 bar. With a surface area of the test 
membranes of 2.5 m2 this corresponds to a specific flux of 15 l/hm2.  
 
These results confirm the expectation that the operation of the RO membrane 
system will be ‘absolutely unproblematic’2 if the water is pre-treated with the UF 
system to produce a clear liquid. 
 
Composition of the filtrate and permeate 
Another aim of the testing naturally is to evaluate the composition of the resulting 
filtrate and permeate against the present water quality. 
 
The average composition of the UF filtrate and the RO permeate is shown in table 
5.20. The analytical program covers both the testing of the MDS UF membrane 
followed by the RO membrane (5 samples) and the testing of the CoMeTas UF 
membrane followed by the RO membrane (2 samples) in order to identify the 
differences. 
 

                                                      
2  Quote: D. Böettger, MDS. 
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Table 5.20 
Chemical composition of the UF filtrate and the RO permeate from 
the testing at Trevira. 
 

UF filtrate RO permeate  

MDS CoMeTas MDS CoMeTas 

Total solids (mg/l) 1,790 2,100 <20 <20 

COD (mg/l) 1,076 1,150 29 17 

Chloride (mg/l) 45 45 3 1 

Sulphate (mg/l) 558 530 7 2 

Total P (mg/l) 3.3 4 0.009 0.011 

pH 8.6 7.2 7.6 7.9 

 
Two things can be concluded from table 5.1:  
1) That there is no significant difference in the composition of the filtrates and 

permeates due to the different membrane systems applied, and  
2) That the composition of the RO permeate is comparable with the freshwater 

used in the dyehouse. 
 

Concentrate composition/mass balances 
The third important aspect to consider in the pilot plant testing is the composition 
of the concentrates for disposal/use. During the testing the generation of maximum 
concentration has only been tested few times and the composition of the 
concentrates is done by calculating the mass balance for each of the parameters. 
 
In table 5.21 and table 5.22 the mass balance for the future system is estimated.  
 
In the calculations a two stage reverse osmosis system is anticipated in order to 
reduce the final volume of RO concentrate for disposal. 
 
Table 5.21 
Mass balance for volume, dry solids and COD based on the 
analytical results for testing at Trevira. 
 

 Volume Dry solids COD 

 % m3/h % mg/l kg/h % mg/l kg/h 

UF feed  30  2,200 66.0  1,600 48.0 

UF filtrate 95% 28.5 25% 1,200 34.5 40% 640 18.2 

UF concentrate 5% 1.5 75% 21,700 31.5 60% 20,000 29.8 

         

RO I feed  28.5  1,200 34.5  640 18.2 

RO I permeate 80% 22.8 1% 12 0.3 5% 32 0.7 

RO I concentrate 20% 5.7 99% 6,000 34.2 95% 3,100 17.5 

         

RO II feed  5.7  6,000 34.2  3,100 17.5 

RO II permeate 80% 4.6 1% 60 0.3 10% 310 1.4 

RO II concentrate 20% 1.1 99% 30,000 33.9 90% 14,000 16.1 
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Table 5.22 
Mass balance for chloride, sulphate and phosphate based on the 
analytical results for testing at Trevira. 
 
 Chloride Sulphate Phosphate 

 % mg/l kg/h % mg/l kg/h % mg/l kg/h 

UF feed  62 1.9  620 18.6  3.4 0.10 

UF filtrate 50% 31 0.9 75% 465 13.3 50% 1.7 0.05 

UF concentrate 50% 650 1.0 25% 3,600 5.3 50% 35.7 0.05 

          

RO I feed  31 0.9  465 13.3  1.7 0.05 

RO I permeate 10% 3.1 0.1 5% 23 0.5 0,5% 0.009 0.0002 

RO I concentrate 90% 140 0.8 95% 2,200 12.7 99,5% 8.5 0.05 

          

RO II feed  140 0.8  2,200 12.7  8.5 0.05 

RO II permeate 10% 14 0.1 5% 110 0.5 0,5% 0.04 0.0002 

RO II concentrate 90% 660 0.7 95% 10,700 12.2 99,5% 42 0.05 

 
Conclusion from the membrane testing 
Based on the results from the testing it can be concluded: 
 
Regarding the testing with UF: 
 
 The filtration of the mixed wastewater can be done with a stable flux around 

80-90 l/hm2 for the MDS membranes with a TMP of 2.5-3 bar. For the 
CoMeTas membranes the values are approximately the same but due to the 
very short testing period it cannot be determined how stable the values are. 

 
 It is estimated that the mixed wastewater can be concentrated 10-20 times 

resulting in a concentrate volume of 5% of the feed.  
 
 For the MDS membranes there was no sign of irreversible fouling. 
 
Regarding the testing with RO: 
 
 The treatment of the ‘UF pre-treated’ water gave no problems and a 5-times 

concentration is expected to be possible in each step. 
 
 The specific flux was around 15 l/hm2 with a TMP of 20 bar.  
 
 The resulting water quality is very fine – see table 5.20 – and it is expected that 

this water is applicable for all processes in the dyehouse. 
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5.6 Summary of membrane testing findings 

Besides demonstrating a stable operation and identifying the mass balance for the 
key compounds the membrane testing had the purpose to identify the dimensioning 
parameters for the sketch design. 
 
In table 5.23 the specific flux and the permeability for the mixed wastewater tested 
are illustrated together with the estimated maximum concentration factor. 
 
Table 5.23 
Specific flux, permeability and estimated maximum concentration 
factor for the four case industries. 
 

  Berendsen 
Textil 

Service 

Green-Tex Kemotextil Trevira 

Ultrafiltration: MDS membranes      

Specific flux l/hm2 170-180 70-80 ~100 80-100 

Permeability l/m2hbar 70-80 ~30 ~50 30-40 

Estimated maximum concentration factor 50 20 50 50 

Ultrafiltration: CoMeTas membranes      

Specific flux l/hm2 - ~50 60-110 50-100 

Permeability l/m2hbar - 15 80 → 20 20-30 

Reverse osmosis      

Specific flux l/hm2 25-30 23 15-20 15 

Transmembrane pressure bar 18-20 12 30 30 

 
For the MDS membranes the differences in specific flux and permeability for the 
three dye-houses are fairly small, while more variation is found for the CoMeTas 
membranes.  
 
For the laundry a significantly higher flux and permeability was found. 
 
For the reverse osmosis testing the flux is more or less the same for the four testing 
operations.  
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6 Identification of c0ncentrate 
handling and disposal options 

The possible disposal options for ‘wet residues in industry’ have been 
comprehensively dealt with in the Ph.D. thesis by Alejandro Villanueva /8/ 
prepared as part of the Centre for Water in Industry (CEVI) during 1999-2004. 
This report will not attempt to cover this topic in details but just briefly summarise 
the practical pragmatic approach used in this project. 

6.1 Approach – disposal according to the nature of the compounds 

The basic approach for considering the different disposal options for the 
concentrates generated in the membrane plant is to identify the ‘nature’ of the 
compounds found in the concentrates. Can we expect these compounds to be 
readily biodegradable and hence suitable for treatment in some kind of biological 
treatment systems or must we expect to find more recalcitrant compounds that need 
treatment in an incineration plant or perhaps even deposes to a waste disposal site? 
 
One reason for this approach is the legal requirements. Furthermore this is an 
attempt to identify the most sustainable solution for the disposal or use of the 
concentrate, but also options where the compounds are seen as a valuable resource 
have been considered. 
 
This assessment of the compounds further has significant impact on the selection of 
the method for concentrating or dewatering of the concentrates from the membrane 
system. For some disposal options the concentrate must be handled as a liquid but 
for others the receiving system prefers solids.  
 
The ideal process for the approach is described in figure 6.1 and in the sections 
below the options considered in this project is further described. 
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Figure 6.1 
The steps involved in identification of the optional disposal routes for 
the concentrates. 
 
Identification of the key compounds in the water 
Identification of the key compound to be found in the water must take the lists of 
raw materials and the lists of auxiliary chemicals as the starting point.  
 
For the plants involved in the present project the water flows are presently being 
discharged to a municipal treatment plant – in some cases after equalising and 
neutralisation of pH. 
 
Since they all deal with different types of wet textile processing the basic activity is 
to treat the textiles – or the fibres – with some kind of chemicals to achieve 
cleanliness or add a dyestuff.  
 
For that reason the raw material used – the fibres/textiles – might in principle be 
considered an inert material and the main concern is the different auxiliary 
chemicals used for the different baths. 
 
This principle of considering the raw materials as inert is naturally not completely 
true. Textiles will liberate small amounts of loose fibres – called ‘lint’ and further 
some monomers/oligomers from synthetic fibres might be washed out. Further 
some textiles might contain some residual chemicals from the spinning and 
weaving in the supply companies – spinning oils, wax or sizing agents. 
 
Similarly the soiling of the laundry received in the industrial laundry need some 
kind of environmental assessment. 
 
Often a textile plant uses several hundred different raw materials and auxiliary 
chemicals and this being so it is obvious that such an assessment has to be limited 
to the key products/compounds and to some extent has to be based on an expert 
judgement. 
 
Typically it is possible to sort out the chemical products in different categories 
according to their use and nature and this has been the approach of this project. 
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In addition the Danish textile industries have been involved in a voluntary scheme 
for environmental assessment of the chemical products they use, and this scheme 
further provides an overview and some information of the nature of the different 
products. 
 
The assessment of the compounds to be found in each concentrate is included in 
the presentation of the scenarios in chapter 7. 
 
Assessment of the faith in the treatment system 
For a membrane treatment system the key to understanding the faith of the 
different compounds in the system is information of the size of the particles or 
molecules. 
 
The diagram in figure 6.2 shows the ‘cut-off’ ranges for the different types of 
membranes.  
 

 
 
Figure 6.2 
Illustration of the ranges of cut-off for the different membrane types. 
 
As mentioned in section 5.1 the membranes used in this project were ceramic 
ultrafiltration membranes with a cut-off value of 20 kD and 300 kD for the MDS 
membranes and CoMeTas membranes respectively plus reversed osmosis 
membranes with a cut-off of < 50D. 
 
This means that the ultrafiltration membranes will hold back colloids and particles 
bigger than the porous size applied and leave the rest to pass the membranes 
including all kinds of dissolved molecules and salts. 
The reverse osmosis membranes (after ultrafiltration) will keep back all bigger 
molecules and allow only organic materials like formaldehyde, methanol and 
ethanol to pass. 
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Consequently, the concentrate from the ultrafiltration will contain all precipitated 
matter and colloids plus a small amount of dissolved matter – according to the 
concentration of the actual compounds. But the ultrafiltration membranes will not 
impact the concentration of the dissolved compounds. 
 
This means that any further concentration and dewatering of this concentrate flow 
can be done relatively simple by mechanical filtration, etc. 
 
The reverse osmosis membranes on the other hand will up-concentrate a lot of 
dissolved compounds, except the substances mentioned above. Hence any further 
concentration required for this flow is limited to more reverse osmosis filtration, 
evaporation or evaporative drying unless the compounds are precipitated in some 
way. 
 
From a technical/economical point of view this means that further concentration of 
this flow – beyond what can be achieved in the reverse osmosis plant – will be 
relatively complicated and expensive and should be avoided if possible. In other 
words from a technical point of view this flow is very suited to continue being 
discharged to the municipal wastewater treatment plant. 
 
Environmental assessment of the key compounds found in the concentrates 
The environmental assessment of the compounds in the concentrates is essentially 
focussing at the same properties/groups of compounds that are in focus for the 
environmental assessment of the wastewater: Toxicity, bio-degradability, etc. Such 
information will typically be available in the safety data sheets and the specific 
environmental assessments made in relation to the assessment of the wastewater 
for permitting discharge to the municipal wastewater treatment plant.  
 
Some compounds might be regulated by some specific concentration limits in the 
wastewater permits and for those substances it is important to assess the actual 
concentrations found in the concentrates from the pilot plant testing.  
 
In practice the focus will often be on compounds like oil/grease, heavy metals, etc. 
The majority of such substances will be found in the concentrate from the 
ultrafiltration due to the oils ability to create micelles and the heavy metals affinity 
to oil and similar compounds3.  
 
The specific assessment of the concentrates for the case industries is found in 
chapter 7. 
 
Selection of disposal scenarios for each concentrate 
As already mentioned selection of the disposal option will depend on the nature of 
the compounds in the concentrates and the need for further concentration and 
dewatering will to some extent be a consequence of the final disposal option in 
focus. We are in fact, however, talking about some kind of treatment/disposal trails 
or scenarios. 
 
The disposal options and the dewatering options considered in this project are 
further described in section 6.2 and 6.3 respectively. 
 
Technical/economic assessment of disposal scenarios 

                                                      
3  This phenomenon might to some extent be used to control the composition of the two 

concentrates by adding more compounds ‘collecting/binding’ the hydrophobic 
compounds.  
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The technical and economic assessment of the different scenarios are presented in 
chapter 7. 

6.2 Handling and disposal options assessed 

An overall list of final disposal options is listed in table 6.1. Wastewater treatment 
plants are included even though they are not an end disposal since it is naturally to 
be considered to continue this present approved disposal if an agreement with the 
authorities can be established. 
 
Table 6.1 
Possible end disposals for the concentrates with indication of their 
relevance. 
 

End disposal option Suitable for Examples Handling/treatment 
demands 

Wastewater treatment 
plants 
(If this is the present 
practice) 

Biodegradable 
compound/organic matter 
Nutrients 

Wash water Liquid discharge 
Delivery by truck to 
wastewater plant sludge 
digester  

Beneficial use of 
compounds 

Compounds found is high 
enough concentrations to 
make recovery 
economically feasible 

Phosphorus 
 

Depends on the 
compounds 

Agriculture Biodegradable 
compound/organic matter 
Nutrients 
Inert inorganic materials 

Wastewater from 
productions using organic 
raw materials like meat, 
vegetables or milk 

Both liquid and solid 
handling are used 
Use of energy content by 
biogas production might 
be applied 

Waste incineration with 
ash disposal 

Organic matter  Plastic or other synthetic 
organic 
materials/compounds 

Normally low water 
content is required 

Solid waste disposal 
(‘dump site’) 

Inert inorganic matter with 
limited pollution of heavy 
metals, etc. 

Sand/soil Normally low water 
content is required 

Destruction plant for 
hazardous waste 

Hazardous organic matter Paint/organic solvents Normally liquid handling 
is required 

 
 
 
 
 
 
 
 
 
 
 

6.3 Dewatering and drying options assessed 

For those disposal scenarios where further concentrating and dewatering of the 
concentrates are applied, the options listed in table 6.2 have been used. 
 
Table 6.2 



 

68 

Overview of the assessed technologies for treatment/ concentration 
of concentrates. 
 

 Concentrating 
options 

Dewatering 
options 

Remarks 

Concentrate from 
ultrafiltration 

Further 
concentration in an 
ultrafiltration unit – 
either separate or by 
use of the 
separation plant in 
shorter periods 

Drying drums Relatively simple 
operation but high 
energy 
consumption 

Concentrate from 
ultrafiltration 

 Reed bed system Simple low tech 
solution using no 
energy 

Both concentrates Evaporation 
column – MDS 
design 

Drying drums Relatively simple 
operation but high 
energy 
consumption 

 
Evaporation column 
The evaporation system developed by MDS is a fairly simple evaporator working 
at low temperature and making use of hot air from the production plants’ drying 
operation. The principle is illustrated in figure 6.3. 
 
 

Exhausted
Air (40°C) 

Concentrate of the
Membrane Plant

Condensate Separator

Droplet -
Separator

Sludge

Condensate

Exhausted Air

 
 
Figure 6.3 
Principle of operation for the evaporation column. 
 
In the scenarios where this technology is applied it is assumed that the unit can 
reduce the volume 10-15 times. Further it is assumed that the unit consumes only a 
few kWh for the circulation pump and the fan. 
Drying drums 
The drying drum is again a very simple piece of equipment where the concentrate 
is applied on the surface of the steam-heated drum. The evaporated steam/moisture 
from the concentrate is sucked away above the drum. 
 
An illustration of a possible design (Anhydro) is found in figure 6.4. 
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Figure 6.4 
Drying drum (Anhydro-type). 
 
Steam consumption for the evaporation is estimated to 300 kWh/m3 evaporated. 
 
Depending on the nature of the compound in the concentrate and the local situation 
air cleaning might be needed. This is not accounted for in the cost estimates. 
 
Reed bed systems 
Reed beds have been used for sludge reduction in Denmark since 1988 when the 
first sludge processing system was introduced. Long-term sludge reduction takes 
place in reed-planted basins, partly due to dewatering (draining, 
evapotranspiration) and partly due to mineralisation of the organic matter in the 
sludge. The dewatering phase thus results in the dry matter content of the sludge 
remaining on the basin surface as sludge residue, whereas the majority of its water 
content continues to flow vertically through the sludge residue and filter layer. The 
sludge residue water content is further reduced through evapotranspiration. In 
addition to dewatering, the organic matter in the sludge is mineralised, thereby 
minimising the sludge volume. Oxygen diffusion via filter aeration and through the 
cracked sludge surface and oxygen diffusion from the roots into the sludge residue 
enable e.g. aerobic microorganisms to exist close to the roots and in the sludge 
residue (figure 6.5). The overall sludge volume reduction occurs without the use of 
chemicals and involves only a very low level of energy consumption for pumping 
sludge and reject water. Experience from the sludge treatment plants illustrates that 
this type of system is capable of treating many types of sludge with a dry matter 
content of approx. 0.5 to approx. 3-5%4. 
 

                                                      
4  Steen Nielsen: Sludge Treatment and Drying Reed Bed Systems – from 

www.orbicon.dk  
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Figure 6.5 
Principle of operation for a reed bed system. 
 
When dealing with the concentrates from the membrane filtration three aspects 
need clarification: 
 
 Will the reeds be able to live in the actual concentrate? 
 
 What will be the efficiency of the filtration for the different compounds? 
 
 What will be the capacity for the system? 
 
In order to enlighten this a little further a pilot testing unit was created and loaded 
on a daily basis with the wastewater of Berendsen and Kemotextil during some 
months – see figure 6.6. 
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Figure 6.6 
Test container for a reed bed system and wastewater from 
Kemotextil before and after filtration. 
 
This is far from being a sufficient test, but it demonstrated that the plants could 
actually live in the wastewater and provided some figures for the filtration 
efficiency mentioned below along with the scenario description (chapter 7). 
 
According to Orbicon the sludge loadings amount to a maximum of 60 kg dry 
solids/m²/year – and this figure has been used for the calculations of the scenarios. 
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7 Sketch design of full scale 
plant alternatives and 
assessment of sustainability 

The sketch design is the attempt to describe the possible future situation from a 
technical and economical point of view. In this respect the description is a 
synthesis of information from all the preparatory activities. 
 
Figure 7.1 provides an idea of the activities performed and the flows of 
information. 
 
 

Scenarios
Technical and 

economic 
description

Mapping of 
the water 
flows

Design of 
composite 
flows for 
testing

Pilot plant 
testing

Design of full 
scale plant

Estimating 
ecomic figures 
for full scale 
treatment 
plant

Selection of 
concentrate 
handling 
options

Estimating 
economic 
figures for 
concentrate 
handling

Sustainability 
assessment of 
scenarios

Description of 
water related 
production

Assessment 
of nature of 
compounds in 
water / 
concentrates

 
Figure 7.1 
Key activities in the preparation of scenarios for water treatment and 
recycling schemes in industries with indication of flows of information. 
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Wastewater preparation

Production

Water preparation

13 Batch machines

Raw water supply

Wastewater

Raw water:
40 m3/d

Water 
softening unit

Ultrafiltration 
unit

Reverse 
osmosis unit

2 CBWs

RO treatment 
of boiler water

UF concentrate 
storage

For boiler 
water prep.:
2 m3/d

Regeneration 
water:
4 m3/d

Boiler water:
1,2 m3/d

Boiler RO 
concentrate:
0,8 m3/d

Soft water for 
production:
38 m3/d

’AquaCycler’

AquaCycler
overflow:
? m3/d

RO 
retentate:
10 m3/d

UF 
concentrate:
5 m3/d

New fresh water 
(RO permeate):
85 m3/d

Evaporation:
16,9 m3/d
(15%)

 

7.1 Scenarios for Berendsen Textil Service 

The water scheme selected for the industrial laundry is illustrated in figure 7.2 with 
indications of daily average figures for the individual flows. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.2 
Key water flows in the industrial laundry after establishing the 
membrane system. 
 
As seen it has been chosen to keep the AquaCycler plant for direct recycling even 
though this means a higher complexity of the system. 
 
It has been decided to continue discharging the water from regeneration of the 
ionic exchanger for water softening, due to the high salt content found in this flow. 
 
Further it has been chosen to discharge the RO retentate to the municipal 
wastewater treatment plant again due to the relative high salt content. 
 
In table 7.1 the water flows before and after the introduction of the membrane 
treatment units is indicated. 
 
It can be concluded that the systems save 76 m3/d of raw water intake and reduce 
the wastewater discharge from 100 m3/d to 15 m3/d – depending on the disposal 
option chosen for the concentrates. 
 
Assessment of the nature of the chemicals used 
Based on the assessment of the auxiliary substances used and other factors it can be 
concluded that the matters in the wastewater/concentrates consist of: 
 
a) The soiling from the laundry. 
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b) The detergents used. 
Regarding the soiling it is assumed to be mainly of organic nature – skin fat, spots 
of food, etc. – since the laundry serves only hotels and restaurants. 
 
Regarding the detergents an assessment has been done in relation to grating the 
laundry the Swan label and hence is it assumed that the detergents are fully 
biodegradable and with a limited toxicity. 
 
Overall this means that in the selection of the disposal routes for the concentrates it 
can be assumed that the nature of the matter is mainly organic biodegradable 
compounds. 
 
Scenarios selected for assessment 
The scenarios selected for further assessment are illustrated in the diagrams in 
figure 7.3 till 7.6. 
 
For the company the most obvious disposal route is to maintain the discharge of the 
compounds to the municipal treatment plant. This option is taken as scenario 1 
(figure 7.3).  
 
In scenario 2 all compounds in both concentrates are treated in a planted sludge 
bed. See section 6.3 for further description. The percolate from the sludge bed is 
discharged to the municipal wastewater treatment plant. Hence dissolved salts, etc. 
that may not have been trapped in the sludge bed will be trapped in the sludge in 
the treatment plant or end up in Roskilde Fjord. 
 
In scenario 3 and 4 the ultrafiltration concentrate is further concentrated and 
transported by tank truck to either a biogas plant or the sludge digester at the 
municipal treatment plant. In both cases the organic matter is concerted into biogas, 
while nutrients, etc. are used as fertiliser in agriculture. 
 
In scenario 5 the ultrafiltration concentrate is further dried in a drum dryer after the 
concentration and then delivered to a public solid waste incineration plant. 
 
In table 7.1 the scenarios are summarised and the faith of the different groups of 
compounds in the water is described. 
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Ultrafiltration 
unit

Reverse
osmosis unit

UF 
concentrate:
5 m3/d

New fresh water 
(RO permeate):
85 m3/d

RO 
retentate:
10 m3/d

Wastewater for 
treatment
100 m3/d

Municipal 
Wastewater TP

Treated water
to Roskilde fjord

Sludge to 
farmland

Berendsen Textil Service: Scenario 1

Ultrafiltration 
unit

Reverse 
osmosis unit

UF 
concentrate:
5 m3/d

New fresh water 
(RO permeate):
85 m3/d

RO 
retentate:
10 m3/d

Wastewater for 
treatment
100 m3/d

Municipal 
Wastewater TP

Treated water
to Roskilde fjord

Sludge to 
farmland

Berendsen Textil Service: Scenario 2

Planted 
sludge bed

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.3 
Illustration of the flows around the treatment units and the 
concentrate disposal for scenario 1 for the industrial laundry. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.4 
Illustration of the flows around the treatment units and the 
concentrate disposal for scenario 2 for the industrial laundry. 
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Ultrafiltration 
unit

Reverse 
osmosis unit

UF 
concentrate:
2 m3/d

New f resh water 
(RO permeate):
88 m3/d

RO 
retentate:
10 m3/d

Wastewater for 
treatment
100 m3/d

Berendsen Textil Service: Scenario 5

UF concentrate 
storage

Concentration 
during weekends

Drying drum

Public incineration
plant

Ash for disposal

Steam Steam/moisture
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Wastewater TP

Sludge to 
farmland

Treated water
to Roskilde fjord

Ultrafiltration 
unit

Reverse 
osmosis unit

UF 
concentrate:
2 m3/d

New fresh water 
(RO permeate):
88 m3/d

RO 
retentate:
10 m3/d

Wastewater for 
treatment
100 m3/d

Berendsen Textil Service : Scenario 3 + 4 

UF concentrate 
storage

Concentration 
during weekends

Biogas plant / 
Digester WWTP

Fertiliser 
in agriculture

Municipal 
Wastewater TP

Sludge to 
farmland

Treated water
to Roskilde fjord

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.5 
Illustration of the flows around the treatment units and the 
concentrate disposal for scenario 3 and 4 for the industrial laundry. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.6 
Illustration of the flows around the treatment units and the 
concentrate disposal for scenario 5 for the industrial laundry. 
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Table 7.1 
Overview of the disposal routes for the concentrates in the different 
scenarios. 
 
 Concentrate from ultrafiltration Concentrate from reversed osmosis 
 Concentrating/ 

Dewatering 
End disposal Concentrating/ 

Dewatering 
End disposal 

Scenario 1 None Discharge to municipal treatment 
plant. 
The matter to be used together 
with the other sludge from the 
plant as fertiliser in agriculture. 
Soluble matter like salts to be 
discharged to Roskilde Fjord 

None Discharge to municipal treatment 
plant. 
The matter to be used together with 
the other sludge from the plant as 
fertiliser in agriculture. 
Soluble matter like salts to be 
discharged to Roskilde Fjord 

Scenario 2 Concentration, 
dewatering and 
mineralisation in 
a reed bed 

Liquid from the reed bed to be 
discharged to municipal 
treatment plant. 
Soluble matter to be discharged 
to Roskilde Fjord. 
After several years disposal the 
mineralised sludge will be taken 
either to incineration or solid 
waste dump site 

Filtering and 
mineralisation 
in a reed bed 

Liquid from the reed bed to be 
discharged to municipal treatment 
plant. 
Soluble matter to be discharged to 
Roskilde Fjord. 
After several years disposal the 
mineralised sludge will be taken 
either to incineration or solid waste 
dump site 

Scenario 3 Further 
concentration in 
the ultrafiltration 
unit during 
weekends. 
Filtrate treated in 
the RO plant 

Transport by tank truck to 
anaerobic digester in municipal 
wastewater treatment plant. 
The matter to be used together 
with the other sludge from the 
plant as fertiliser in agriculture. 
The very limited amount of 
soluble matter to be discharged to 
Roskilde Fjord 

None Discharge to municipal treatment 
plant. 
The matter to be used together with 
the other sludge from the plant as 
fertiliser in agriculture. 
Soluble matter like salts to be 
discharged to Roskilde Fjord 

Scenario 4 Further 
concentration in 
the ultrafiltration 
unit during 
weekends. 
Filtrate treated in 
the RO plant 

Transport by tank truck to biogas 
plant. 
The matter to be used as fertiliser 
in agriculture. 
The very limited amount of 
soluble matter will be applied to 
farmland 

None Same as above 

Scenario 5 Further 
concentration in 
the ultrafiltration 
unit during 
weekends. 
Filtrate treated in 
the RO plant. 
Concentrate 
drying by drum-
drying plant 

Transport by truck to waste 
incineration plant. 
The matter to be used together as 
fertiliser in agriculture. 
The very limited amount of 
soluble matter will be applied to 
farmland 

None Same as above 
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Comments/further assessment needs 
The selected disposal scenarios need further assessment with respect to legal 
acceptability, technical feasibility, economy and sustainability. 
 
The issue of sustainability will be dealt with separately in chapter 8 by comparing 
the overall environmental impacts of the 6 scenarios (including the reference 
scenario – the present situation). 
 
Scenario 1 
Here the key questions are: 
 Will the municipality accept to receive the same amount of pollution in a 

limited amount of water meaning significantly increased concentrations? 
 What will be the costs of discharging – including the special fee paid for 

industrial wastewater with higher concentrations of COD and nutrients? 
 
Scenario 2 
Here the key questions are: 
 Will the municipality accept to receive the liquid permeate from the reed bed? 
 What will be the costs of establishing the reed bed? 
 What will be the cost from emptying the reed bed after 10 years of operation? 
 Will it be possible to use the produced soil as top soil or will it have to be taken 

to dump sites or incineration plants? 
 What will be the delivery fee? 
 
Scenario 3 
Here the key questions are: 
 Will a biogas plant within limited distance accept the concentrate? 
 What is the biogas value of the organic matter in the concentrate? 
 What will be the costs of transporting? 
 What will be the delivery fee? 
 
Scenario 4 
Here the key questions are: 
 Will a municipal treatment plant – with Roskilde being the first option – accept 

the concentrate? 
 What is the biogas value of the organic matter in the concentrate? 
 What will be the costs of transporting? 
 What will be the delivery fee? 
 
Scenario 5 
Here the key questions are: 
 What will be the installation costs and operation costs of a drum drying plant? 
 Will a municipal waste incineration plant accept the matter? 
 What will be the costs of transportation? 
 What will be the delivery fee? 
 
These questions are addressed below. 
 
Legal aspects of wastewater discharge 
The discharge of industrial wastewater to a municipal wastewater treatment plant is 
in Denmark regulated by the Environmental Protection Act and the Guidelines 
from the Danish EPA /10/. 
 
The laundry in Roskilde received a revised discharge permit in 1999. The demands 
in the permit are summarised in table 7.2 together with the estimated composition 
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of the wastewater to be discharged from the different scenarios. Figures in bold 
indicates values exceeding the permit. 
 
Table 7.2 
Present and predicted wastewater composition. 
 
Parameter Limits in 

the permit 
from the 
municipalit
y 

Scenario 0 
Present 
wastewater 
discharge 

Scenario 1 
Wastewater 
for 
discharge 

Scenario 2 
Wastewater 
for 
discharge 

Scenario 3, 
4 and 5 
Wastewater 
for 
discharge 

Flow 
(m3/year) 

Max: 45,000 24,000 7,500 7,500 7,000 

Temperatur
e 

Max: 50°C 30 Max: 50°C Max: 50°C Max: 50°C 

pH Min: 6.5     

pH Max: 9.0 10 Max: 9.0 Max: 9.0 Max: 9.0 

Settled 
material (2 
h) 

50 ml/l 20 64 0 0 

Total solids - 3,200 10,300 4,000 9,400 

Suspended 
solids 

300 mg/l 325 1,000 0 0 

Oil and 
grease 

50 mg/l 400 1,300 0 0 

COD To be 
measured 

3,000 9,600 1,500 6,500 

BOD To be 
measured 

1,500 4,800 360 2,300 

Total 
Phosphorus 

To be 
measured 

40 128 10 60 

Total 
Nitrogen 

To be 
measured 

20 64 5 30 

 
COD, phosphorus and nitrogen are measured for use in calculation of the special 
loaf fee. 
 
Regarding scenario 1 it may be concluded that the concentrations of settled 
material, suspended solids and oil and grease will exceed the acceptable limits 
quite significantly. It is possible that a negotiation with the authority can solve this 
problem, but so far it is seen as a limitation for scenario 1. 
 
Regarding the other scenarios the resulting wastewater will fulfil the demands in 
the present wastewater permit and that is why this discharge is expected to possess 
no problem in the future. 
 
Legal aspects of concentrate disposal 
In scenario 1 the concentrates are discharged to the wastewater treatment plant and 
this might mean a problem with the authorities. 
 
In scenario 2 both concentrates are dewatered and mineralised in a planted reed 
bed. Berendsen has in one other location in Denmark such a planted reed bed. 
Getting the permit for that was not a problem although the authorities naturally 
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wanted some description and documentation – especially regarding the membrane 
beneath the system.  
 
Generally it is seen as a good thing that the industries take some responsibility to 
treat their waste. 
 
Hence it is expected that this scenario will give no legal problems regarding the 
initial concentrate disposal.  
 
For the accumulated ‘soil’ in the reed bed it is expected that this material can be 
used as top-soil in dump sites or similar when the need for emptying arise after 
approximately 10 years. Use in agriculture might also be considered since only 
limited concentrations of heavy metals and xenobiotics are expected, but due to the 
limited amount establishing of the legal procedure for that will probably not be 
relevant. 
 
In scenario 3 the concentrate from the UF treatment is transported by truck to the 
local wastewater treatment plant and pumped directly into the anaerobic sludge 
digester. This will naturally require a negotiation with the authorities, but since the 
plant already receives a quite big amount of sewage from industrial sources and 
emptying of household tanks, it is expected to be accepted by the plant. 
 
In scenario 4 the concentrate from the UF treatment will be taken by truck to an 
anaerobic biogas plant. The nearest plant is Hashøj Biogas plant in Dalmose 
approximately 50 km away from the laundry. 
 
According to a contact to who facilitate the contact to the biogas plant the material 
must fulfil the requirements of the ‘Danish Statutory order on application of waste 
products to agriculture’ (BEK. No 623/2003) with respect of the content of heavy 
metals and xenobiotics – and have a dry matter content above 10%. Both 
requirements are expected to be fulfilled by the concentrate in question.  
 
This has not been investigated further since the economic assessment show that this 
scenario is not the most interesting. 
 
In scenario 5 the concentrate from the UF treatment is further dried in a drum 
drying system and transported by truck to a waste incineration plant.  
The nearest is KARA/NOVORENs plant in Roskilde a few km from the laundry.  
 
According to the information material from the plant (www.karanovoren.dk) they 
do receive dewatered sludge. So again this scenario is considered legally feasible. 
 
Costs of wastewater discharge 
The cost for discharge of wastewater in the municipality of Roskilde consists of a 
fixed volume fee of 22.00 DKK per m3 plus a special load feed calculated by the 
formula: 
 
Special fee =  
(Load factor – 1) * Water volume * Operating share (%) * Volume fee 
 
Where the load factor is determined as: 
0.4 + 0.4 (COD/800) + 0.1 (N/60) + 0.1 (P/20) 
 
COD, N and P means the concentration measured in mg/l. If the concentrations are 
above the values (800, 60 and 20 respectively) the value is used otherwise the 
values are used. 
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The operating share is 56% meaning that the operating costs per m3 are 12.40 
DKK. 
 
The resulting values and annual costs of the different scenarios are shown in table 
7.3. 
 
Table 7.3 
Estimation of the annual water costs – wastewater discharge fee 
and raw water purchase. 
 

  

Scenario 0 

 

Scenario 1 

 

Scenario 2 

 

Scenario 3, 

4 and 5 

Load factor calculation      

COD  1.5 4.8 0.7 3.2 

Total Phosphorus  0.2 0.64 0.1 0.3 

Total Nitrogen  0.1 0.1 0.1 0.1 

Total load factor  2.2 5.9 1.3 4.0 

Unit price – special load fee DKK/m3 12.40 12.40 12.40 12.40 

Unit price – volume DKK/m3 22.00 22.00 22.00 22.00 

Volume cost DKK/year 528,000 165,000 165,000 154,000

Load cost DKK/year 357,120  459,420 30,650 263,900

Total discharge cost DKK/year 885,120 624,420 195,650 417,900

Raw water consumption m3/year 27,600 9,375 9,375 9,375

Unit price - raw water DKK/m3 8.87 8.87 8.87 8.87 

Raw water costs DKK/year 244,812 83,156 83,156 83,156

Total water costs DKK/year 1,130,000 708,000 279,000 501,000

 
It can be concluded from the table that the scenarios with membrane treatment all 
have reduced water costs – as expected – and scenario 2 has significantly lower 
costs than the others. 
 
Costs of establishing the reed bed 
Dimensioning of the reed bed plant mainly depends on the load of dry solids. From 
literature the key dimensioning factor has been found to be around 60 kg 
DS/m2/year. This corresponds to an area of approximately 1250 m2.  
 
The costs to establish this unit is estimated to 400 DKK per m2 or totally 500,000 
DKK. This figure of course needs verification. 
 
Operation of the plant is limited to pumping cost for the load and is therefore 
neglected in the calculation. 
 
Costs for establishing the drum dryer 
The costs for establishing the drum dryer in scenario 5 is estimated roughly to 
500.000 DKK. 
 
In table 7.4 the operational costs of the unit is estimated. 
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Table 7.4 
Estimated annual operational costs of the drying plant for 
concentrate. 
 

Operation of drying unit   

Drying volume m3/year 500 

Operating hours hours/year 2,400 

Steam consumption kWh/m3 300 

Steam consumption kWh/year 150,000 

Natural gas consumption m3/year 13,950 

Natural gas costs DKK/year 52,000 

 
It is assumed that it operates for 10 hours per day and that the steam consumption 
is 0.5 m3 per m3 evaporated. 
 
Costs of transportation and delivery of concentrate 
Table 7.5 shows the assumptions regarding transport and delivery fee for the 
concentrates in scenario 3, 4 and 5. 
 
Table 7.5 
Estimated costs related to the transport and disposal of the UF 
concentrate. 
 

  

Scenario 

3 

Scenario 

4 

Scenario 

5 

Volume  m3/year (or t/year) 500 500 50 

Cost of transportation DKK/m3 (or t) 150 250 250 

Cost of delivery DKK/m3 (or t) 100 - 853 

Concentrate disposal DKK/year 125,000 125,000 55,100

 
In scenario 3 where the concentrate is delivered to the digester of the municipal 
treatment plant it is assumed that the transport can be done for 150 DKK per ton, 
while the longer transport to the biogas plant in scenario 4 means a higher cost – 
and so does the transport of the dried concentrate in scenario 5. 
 
In scenario 4 it is assumed that the concentrate can be delivered free of charge 
because it gives a good contribution to the biogas production.  
 
The fee for delivering the dried concentrate is fixed by the Danish waste companies 
in cooperation and includes a waste fee to the Danish State of 375 DKK per ton. 
The fee chosen is the one for ‘dewatered sludge with DS>30%’. 
 
Costs of operating the membrane plants 
The costs of operating the membrane plants are estimated in table 7.6. 
 
Two situations are covered since in scenario 1 and 2 the UF concentrate is not 
further concentrated while this is the case in scenario 3, 4 and 5. The second 
situation means longer operating times. 
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Table 7.6 
Annual operational costs of the membrane treatment plants. 
 

  

Scenario 

1 and 2 

Scenario 

3, 4 and 5 

Operation hours  5,280 6,380 

Costs of electricity DKK/kWh 0.863 0.863 

Manpower DKK/hour 200 200 

Operation of UF    

Operating hours hours/year 5,280 6,380 

Electricity consumption kWh/hours 19 19 

Electricity consumption kWh/year 100,300 121,200 

Electricity DKK/year 86,600 104,600 

Chemicals DKK/year 2,250 2,250 

Replacement of membranes DKK/year - - 

Sum of operational costs DKK/year 88,800 106,800 

Operation of RO    

Operating hours hours/year 5,280 6,380 

Electricity consumption kWh/hours 6 6 

Electricity consumption kWh/year 31,700 38,300 

Electricity DKK/year 27,300 33,000 

Chemicals DKK/year 1,500 1,500 

Replacement of membranes DKK/year 13,750 13,750 

Replacement every  no of years 3 3 

Cost of replacements DKK 41,250 41,250 

Sum of operational costs DKK/year 42,600 48,300 

Operation    

Manpower hours/day 2 2 

Manpower DKK/year 96,000 96,000 

Maintenance    

Manpower hours/day 0.5 0.5 

Manpower DKK/year 24,000 24,000 

Equipment – estimate DKK/year 20,000 20,000 

Total operation costs  

of membrane installations DKK/year 271,400 295,100 

 
Due to the fact that these estimates include operation and maintenance the totals 
are slightly higher than the ones calculated by MDS but within the same range. 
 
Total costs and potential savings of the scenarios 
In table 7.7 the investments and operational costs of the different scenarios are 
shown. 
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Table 7.7 
Summary of estimated annual operational costs and investment for 
the different scenarios. 
 

 Scenario 0 Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 

DKK Present 
situation 

Both conc. 
to WWTP 

Both conc. 
to reed bed 

UF conc. to 
WWTP by 
truck 

UF conc. to 
biogas plant 
by truck 

UF conc. to 
incineration 
by truck 

Annual water costs 
(Water in/out) 

1,130,000 708,000 279,000 501,000 501,000 501,000

Annual operational 
costs of installations 

- 271,000 271,000 299,000 299,000 347,000

Annual extra 
operational costs for 
concentrate handling 

- - - 125,000 125,000 55,200

Heat energy savings 119,000 119,000 119,000 119,000 119,000 119,000

Total annual 
operational costs 

1,130,000 860,000 431,000 802,000 802,000 785,000

Investment in 
membrane plant 

- 1,660,000 1,660,000 1,660,000 1,660,000 1,660,000

Investment in 
concentrate handling 

- - 500,000 - - 500,000

Investment totally - 1,660,000 2,160,000 1,660,000 1,660,000 2,160,000

Annual savings - 389,000 817,000 446,000 446,000 464,000

Simple payback time  4.3 2.6 3.7 3.7 4.7 

 
From table 7.7 it can be concluded that from an economic point of view the only 
attractive alternative to the present situation is scenario 2 where both concentrates 
are treated in a planted reed bed before discharge of the percolate to the municipal 
treatment plant. 
 
This is due to a number of reasons: 
 
 There is no further concentration of the concentrations in the membrane plants 

and hence no extra costs for energy, etc. for this purpose. 
 
 Filtration (and further mineralisation of the dry solids) of the concentrations in 

the reed bed is done by natural forces and hence no extra costs for energy, etc. 
is used for this purpose. 

 
 Filtration is expected to reduce the concentrations to a level where the special 

load fee is very low.  
 
The issue of the filtration efficiency is one of the uncertain points of this and in 
order to enlighten this a little further a pilot testing was done during the autumn of 
2009. It the test the reed bed pilot test unit was loaded on a daily basis with 
wastewater from the laundry.  
 
The composition of the percolate from the reed bed is shown in table 7.8 in 
comparison with the typical composition of the wastewater. 
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Table 7.8 
Composition of the percolate from the reed bed pilot plant unit 
compared with the typical wastewater composition, the actual 
wastewater permit and the modelled composition. 
 

 

Actual wastewater 
permit 

Present wastewater
Typical 

composition 

Reed bed percolate 
Sample: 
13/10-09 

Modelled 
composition of the 
reed bed percolate 

pH Max: 9.0 10 7.42 - 

Settled material (2 h) 50 ml/l 20 Not tested for 0 

Total solids (mg/l) - (mg/l) 3,200 4,100 3,291 

Suspended solids (mg/l) 300 mg/l 325 Not tested for 0 

Oil and grease (mg/l) 50 mg/l 400 Not tested for 0 

COD (mg/l) To be measured 3,000 270 1,646 

BOD (mg/l) To be measured 1,500 Not tested for 514 

Total Phosphorus (mg/l) To be measured 40 0.42 14 

Total Nitrogen (mg/l) To be measured 20 3.4 7 

Conductivity (mS/m)   666  

Chloride (mg/l)    1,680  

Sulphate (mg/l)   251  

 
In this way the pilot testing confirms the estimated/modelled composition of the 
reed bed percolate and further indicates that the reduction efficiency of phosphorus 
and nitrogen might in fact be better than assumed. 
 
Further it indicates that there will be no conflict with the actual wastewater permit. 
 
If the suggested dimensioning is used the 1250 m2 will receive annually 7500 m3 
corresponding to only 6 m3/m2/year. This will make it possible to establish a very 
slow percolation through the reed bed which in theory should give a good 
possibility to have an efficient absorbance in the ‘filter’.  
 
Another concern regarding the reed bed system is the worry that the efficiency is 
lower in the winter period. This of course might be the case, but again with a 
careful dimensioning it should be possible to operate the plant efficiently also in 
the winter. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

87 

7.2 Scenarios for Green-Tex 

The water scheme selected for the textile dyehouse Green-Tex is illustrated in 
figure 7.7 with indications of daily average figures for the individual flows. 
 

Wastewater preparation
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Water preparation
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(2 high pressure)

Raw water supply

Wastewater
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Raw water 
storage
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New fresh water 
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Evaporation:
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Evaporation 
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Water for 
production:
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Wastewater for 
treatment
160 m3/d

 
Figure 7.7 
Key water flows in the textile dyehouse Green-Tex after introduction 
of the membrane system (scenario 3). 
 
In total integration of the membrane system for maximum treatment in average 
saves 175 m3/d of raw water intake and reduces the wastewater discharge from 220 
m3/d to approximately 45 m3/d. 
 
Assessment of the nature of the chemicals used 
Basically the matters in the wastewater/concentrates consist of: 
 
a. The sizing agent and other ‘impurities’, etc. contained in the ‘raw’ textiles. 
b. The different auxiliary substances used for the bleaching and dyeing. 
 
Regarding the compounds contained in the textiles prior to treatment, this will be 
mainly different forms of sizing agents from the weaving.  
 
The exact composition of the sizing agents is not known, but it is estimated that the 
majority is based on starch – with a minor share being different synthetic sizing 
agents. 
 
As stated earlier one idea to treat the wastewater from the desizing separately – 
presently part of the bleaching process – might be relevant in order to be able to 
dispose this concentrate separately. 
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This wastewater flow is estimated to 50 m3/d containing approximately 75% of the 
COD from the entire plant. 
 
Overall this means that in the selection of the disposal routes for the concentrates it 
is assumed that the nature of the compounds in the desizing wastewater makes this 
fraction suitable for disposal into the agricultural system. The compounds in the 
remaining flows – the dyestuffs, etc. – are not suitable for this disposal route due to 
their nature without some further treatment. 
 
Scenarios selected for assessment 
The scenarios selected for further assessment are illustrated in the diagrams in 
figure 7.8 till 7.12. 
 
For the company the most obvious disposal route is to maintain the discharge of the 
compounds to the municipal treatment plant. Hence this option is taken as scenario 
1 (figure 7.8). In this scenario the mixed wastewater is treated in the membrane 
system. 
 
In scenario 2 all compounds in both concentrates are disposed to incineration after 
evaporation and drying. For the evaporation the idea is to use the simple 
evaporation tower illustrated in section 6.2 and use the air from the ‘calendars’ as 
the source for energy. Thus it is assumed that the process will require no further 
energy input except for a small amount of electricity for the circulation pump. The 
process will run at the actual temperature of the concentrate – estimated around 50-
60°C.  
 
From a disposal point of view it might not be the best option to transfer the 
relatively high amount of salts to the incinerator. In alternative 3 the two 
concentrate flows are therefore kept separate and only the UF concentrate – 
containing a relatively low amount of salts – is further evaporated and dried.  
This means that the majority of the salts is directed to the municipal treatment plant 
and from that discharged in the salty recipient Øresund. 
 
This principle is kept in the remaining scenarios but in scenario 4 and 5 an attempt 
to transfer the valuable part of the organic matter – the size compounds – to energy 
conversion in a biogas plant is introduced. 
 
In scenario 4 the whole treatment unit handles just the desizing/bleaching water 
while in scenario 5 the total amount of discharged water is treated, but the 
concentrate containing the size is kept separate, while the rest is discharged to the 
municipal treatment plant. 
 
In table 7.9 the scenarios are summarised and the faith of the different groups of 
compounds in the water is described. 
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Figure 7.8 
Illustration of the flows around the treatment units and the 
concentrate disposal for scenario 1 for textile dyehouse Green-Tex. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.9 
Illustration of the flows around the treatment units and the 
concentrate disposal for scenario 2 for textile dyehouse Green-Tex. 
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Figure 7.10 
Illustration of the flows around the treatment units and the 
concentrate disposal for scenario 3 for textile dyehouse Green-Tex. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.11 
Illustration of the flows around the treatment units and the 
concentrate disposal for scenario 4 for textile dyehouse Green-Tex. 

Ultrafiltration 
unit

Reverse 
osmosis unit

UF 
concentrate:
4 m3/d

New fresh water 
(RO permeate):
124 m3/d

RO 
retentate:
32 m3/d

Wastewater for 
treatment
160 m3/d

Evaporation unit

Green-Tex: Scenario 3

UF concentrate 
storage

Concentration 
during weekends

Drying drum

Public incineration
plant

Ash for disposal

Hot air from ’calenders’

Steam Steam/moisture

Air

Municipal 
Wastewater TP

Sludge to 
farmland

Treated water
to Øresund

Ultrafiltration 
unit

Reverse 
osmosis unit

UF 
concentrate:
2 m3/d

New fresh water 
(RO permeate):
40 m3/d

RO 
retentate:
8 m3/d

Wastewater for 
treatment
50 m3/d

Green-Tex: Scenario 4 
NB: Only desizing/bleaching water

UF concentrate 
storage

Concentration 
during weekends

Biogas plant
Fertiliser 

in agriculture
Municipal 

Wastewater TP

Sludge to 
farmland

Treated water
to Øresund



 

91 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.12 
Illustration of the flows around the treatment units and the 
concentrate disposal for scenario 5 for textile dyehouse Green-Tex. 
 
 
Table 7.9 
Overview of the disposal routes for the concentrates in the different 
scenarios. 
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 Concentrate from ultrafiltration Concentrate from reverse osmosis 
 Concentrating/Dewate

ring 
End disposal Concentrating/Dew

atering 
End disposal 

Scenario 1 None Discharge to municipal 
treatment plant 
The non degraded compounds to 
be used together with the other 
sludge from the plant as fertiliser 
in agriculture. 
Soluble compounds like salts to be 
discharged to Øresund 

None Discharge to municipal 
treatment plant 
The non degraded compounds to 
be used together with the other 
sludge from the plant as fertiliser 
in agriculture. 
Soluble compounds like salts to 
be discharged to Øresund 

Scenario 2 Further concentration 
in the UF unit during 
weekends, drying and 
delivery to waste 
incineration plant. 
Filtrate from UF 
treated in the RO 
plant 

Organic compounds will be 
incinerated while the inorganic 
compounds will end in the ash/slag 
from the incineration plant. 
Condensate from the drying 
operation will partly be emitted as 
steam and partly be integrated into 
the RO filtrate 

Further 
concentration in a 
second stage RO 
unit – or during 
weekends – drying 
and delivery to 
waste incineration 
plant 

Organic compounds will be 
incinerated while the inorganic 
compounds will end in the 
ash/slag from the incineration 
plant. 
Condensate from the drying 
operation will partly be emitted 
as steam and partly be integrated 
into the RO filtrate 

Scenario 3 Further concentration 
in the ultrafiltration 
unit during weekends, 
drying and delivery to 
waste incineration 
plant. 
Filtrate from UF 
treated in the RO 
plant 

Organic compounds will be 
incinerated while the inorganic 
compounds will end in the ash/slag 
from the incineration plant. 
Condensate from the drying 
operation will partly be emitted as 
steam and partly be integrated into 
the RO filtrate 

None Discharge to municipal treatment 
plant. 
The matter to be used together 
with the other sludge from the 
plant as fertiliser in agriculture. 
Soluble matter like salts to be 
discharged to Øresund 

Scenario 4 
NB: Only 
desizing/ 
bleaching 
water 
included in 
the 
treatment 
system 
 

Further concentration 
in the ultrafiltration 
unit during weekends. 
Filtrate from UF 
treated in the RO 
plant 

Transport by tank truck to biogas 
plant. 
The matter to be used as fertiliser 
in agriculture. 
The very limited amount of soluble 
matter will be applied to farmland 

None Same as above 

Scenario 5 Separate handling of 
desizing and other 
water flows. 
Desizing flows: 
Further concentration 
in the ultrafiltration 
unit during weekends. 
Filtrate treated in the 
RO plant. 
Other flows: 
No further treatment 

Desizing flows: 
Transport by truck to waste 
incineration plant. 
The matter to be used together as 
fertiliser in agriculture. 
The very limited amount of soluble 
matter will be applied to farmland.
Other flows: 
Discharge to municipal treatment 
plant. 
The matter to be used together 
with the other sludge from the 
plant as fertiliser in agriculture. 
Soluble matter like salts to be 
discharged to Øresund 

None Same as above 
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Assessment needs for the scenarios 
These selected disposal scenarios need further assessment with respect to legal 
acceptability, technical feasibility, economy and sustainability. 
 
The issue of environmental sustainability will be dealt with separately in chapter 8 
by comparing the overall environmental impacts of the scenarios most 
economically attractive. 
 
Below please find the key questions to address in the assessment of the scenarios. 
 
Regarding discharge to wastewater system - scenario 1, 3, 4 and 5 
Here the key questions are: 
 Will the municipality accept to receive the same amount of pollution in a 

limited amount of water meaning significantly increased concentrations? 
 What will be the costs of discharging – including the special fee paid for 

industrial wastewater with higher concentrations of COD? 
 
Regarding establishing of drying plant - scenario 2 and 3 
Here the key questions are: 
 Will the municipality accept that the plant establish a drying unit? 
 What will be the installation costs and operation costs of a drum drying plant? 
 Will a municipal waste incineration plant accept the matter? 
 What will be the costs of transportation? 
 What will be the delivery fee? 
 
Regarding disposal to biogas plant - scenario 4 and 5 
Here the key questions are: 
 Will a biogas plant within limited distance accept the concentrate? 
 What is the biogas value of the organic matter in the concentrate? 
 What will be the costs of transporting? 
 What will be the delivery fee? 
 
These questions are addressed below. 
 
Legal aspects of wastewater discharge 
The discharge of industrial wastewater to a municipal wastewater treatment plant is 
in Denmark regulated by the Environmental Protection Act and the Guidelines 
from the Danish EPA /10/. 
 
The dyehouse is expected to receive a new wastewater permit in the near future. 
However, the demands are not known and therefore the general requirements from 
the Danish EPA guideline for industrial wastewater are used instead. These 
demands are summarised in table 7.10 together with the estimated composition of 
the wastewater to be discharged from the different scenarios. 
 
 
 
 
 
 
 
 
 
 
Table 7.10 
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Present and predicted wastewater composition. 
 
Parameter Limits from 

the Danish 
EPA 
Guidelines 

Scenario 0 
Present 
wastewater 
discharge 

Scenario 1 
Wastewater 
for 
discharge 

Scenario 3 
Wastewater 
for 
discharge 

Scenario 4 
Wastewater 
for 
discharge 

Scenario 5 
Wastewater 
for 
discharge 

Flow (m3/year) - 38,400 10,750 6,900 28,600 9,500 

Biological Oxygen 
Demand (BI5) 

- 1,100 3,900 1,200 400 1,200 

Chemical Oxygen 
Demand (COD) 

- 2,500 8,900 2,600 1,000 3,000 

Chloride 1,000 1,100 3,900 5,400 1,500 4,300 

Sulphate 500 220 780 600 300 800 

Suspended solids 500 370 1,300 0 440 1,300 

Total solids - 3,700 13,000 9,100 3,100 9,000 

Conductivity - 440 1,600 700 550 1,600 

 
COD is measured for use in calculation of the special load fee – see further below. 
 
In scenario 2 the concentrates will be dried and delivered to disposal and hence 
only a minor wastewater discharge is expected. The composition of this flow has 
not been estimated, but it is expected to have a composition not exceeding the 
guideline values. 
 
In scenario 3, 4 and 5 the one or both concentrates are discharged to the wastewater 
treatment plant since in principle this is the best option for the high amount of salts 
and other inorganic compounds in the water. 
 
Regarding all the scenarios discharge of chloride will significantly exceed the 
recommended limit value. For scenario 1 and 5 also sulphate and suspended solids 
will exceed the acceptable limits quite significantly.  
 
Whether the municipality will consider that a problem will have to be clarified. It 
should be recalled that it is the same amount as already discharged and after 
treatment the receiver of the wastewater is a salty recipient – Øresund. 
 
It is possible that a negotiation with the authority can solve this problem, but so far 
it is seen as an obstacle for the assessed scenarios. 
 
Legal aspects of other ways of concentrate disposal  
In scenario 2 both concentrates are dewatered and dried in a drum drying system 
and in scenario 3 the concentrate from the UF treatment is dried in the same way 
for delivery to a waste incineration plant. 
 
This option is chosen since approx. two third of the dry matter in the concentrates 
are organic matter and if delivery to a waste incineration plant is accepted this is 
much cheaper than delivery to a waste disposal site. 
 
Again this has to be negotiated with the authorities whether they will accept this 
solution due to the relatively high salt content. 
 
Alternatives might be delivery to Kommunekemi – a very expensive solution not 
considered. 
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In scenario 4 and 5 the concentrate from the UF treatment of the desizing is 
transported by truck to a biogas plant for use as a biogas source.  
 
The nearest plant is Hashøj Biogas plant in Dalmose approximately 80 km away 
from the plant. 
 
According to a contact person who facilitate the contact to the biogas plant the 
material must fulfil the requirements of the ‘Danish Statutory order on application 
of waste products to agriculture’ (BEK. No 623/2003) with respect of the content 
of heavy metals and xenobiotics – and have a dry matter content above 10%. Both 
requirements are expected to be fulfilled by the concentrate in question – but this 
needs further investigation/assessment if this solution is chosen. 
 
Alternatively the desizing concentrate can be delivered by truck to the local 
wastewater treatment plant and pumped directly into the anaerobic sludge digester. 
This will naturally require a negotiation with the authorities, but since the plant 
already receives a quite big amount of sewage from industrial sources and 
emptying of household tanks, it is expected to be accepted by the plant. 
 
An investigation of the biogas-potential performed by DTU confirms the value.  
 
The results showed that the compounds in the concentrate were ‘readily 
transformed under anaerobic conditions and no signs of inhibitory compounds were 
found’. The concentrate proved to have a methane-potential of approx. 300 ml 
CH4/g VS. For the concentrate tested this corresponds to 10 m3 biogas per m3 
concentrate, but compared to the future concentrate this was diluted approximately 
3-4 times.  
 
This means an expected production of 30-40 m3 biogas per m3 concentrate in the 
future scenario. 
With an estimated value of the biogas of 2-3 DKK per m3 this means a gas value of 
the desizing concentrate around 75-100 DKK. 
 
Costs of wastewater discharge 
The cost for discharge of wastewater in the municipality of Helsingør consists of a 
fixed volume fee of 29.40 DKK (in 2009) per m3 plus a special load feed calculated 
by the formula5: 
 
Special fee = 2/3 * Load factor 
Where the load factor for COD is determined as: 
(COD – 600) / 1,800 
COD is the concentration measured in mg/l.  
 
The resulting values and annual costs of the different scenarios are shown in table 
7.11. 
 

                                                      
5  Using the system for COD. 
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Table 7.11 
Estimation of the annual water costs – wastewater discharge fee and raw water 
purchase. 
 

  
Scenario 

 0 
Scenario 

1 
Scenario 

2 
Scenario 

3 
Scenario 

4 
Scenario 

5 

Load factor 
calculation  

 

Total load factor  0.7 3.1 0.6 0.7 0 0.5

Unit price  
– discharge DKK/m3 29.40 29.40 29.40 29.40 29.40 29.40

Wastewater  
costs DKK/year 1,148,000 321,500 50,000 206,700 854,000 285,600

Load costs DKK/year 400,000 492,000 - 77,300 - 67,000

Total discharge  
costs DKK/year 1,548,000 813,500 50,000 284,000 854,000 352,600

Water  
consumption m3/year 43,200 15,600 9,600 13,400 33,600 15,100

Unit price  
– raw water DKK/m3 8.25 8.25 8.25 8.25 8.25 8.25

Raw water  
costs DKK/year 356,400 128,700 79,200 110,900 277,200 124,700

Total water  
costs DKK/year 1,904,700 942,200 129,000 395,000 1,131,000 477,400

 
It can be concluded from the table that the scenarios with membrane treatment all 
have reduced water costs – as expected – with scenario 2, 3 and 5 having 
significantly lower costs than the others. 
 
Costs for establishing and operation of evaporator and drum dryer 
The costs for establishing and operation of the evaporator and drum dryer in 
scenario 2 is estimated roughly to 1.200.000 DKK for the unit handling the entire 
amount of concentrate (25 m3/day) and 400.000 DKK for the drying unit handling 
only the UF concentrate (4 m3/day). 
In table 7.12 the operational costs of the units are estimated. 
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Table 7.12 
Estimated annual operational costs of the drying plant for 
concentrate. 
 

Operation of evaporation unit  Scenario 2 

Volume m3/year 6,000 

Operating hours hours/year 8,000 

Electricity consumption per m3 kWh/m3 2 

Electricity consumption kWh/year 16,000 

Electricity costs DKK/year 13,800 

 
Operation of drying unit  Scenario 2 Scenario 3 

Drying volume m3/year 400 960 

Operating hours hours/year 2,400 2,400 

Steam consumption per m3 kWh/m3 300 300 

Steam consumption kWh/year 120,000 288,000 

Natural gas consumption m3/year 11,160 26,800 

Natural gas costs DKK/year 41,600 99,900 

 
It is assumed that the drying unit operates for 10 hours per day and that the steam 
consumption is 0.5 m3 per m3 evaporated water. 
 
Costs of transportation and delivery of concentrate 
Table 7.13 shows the assumptions regarding transport and delivery fee for the 
concentrates in scenario 3, 4 and 5. 
 
Table 7.13 
Estimated costs related to the transport and disposal of the UF 
concentrate. 
 

  Scenario 2 

Dewatered UF and 
RO concentrate to 
incineration plant 

Scenario 3 

Dewatered UF 
concentrate to 
incineration plant 

Scenario 4 and 5 

Liquid UF 
concentrate to 
digester 

Volume  m3/year (or t/year) 32 77 480 

Cost of transportation DKK/m3 (or t) 250 250 100 

Cost of delivery DKK/m3 (or t) 670 670 150 

Concentrate disposal DKK/year 29,400 70,700 120,000 

 
In scenario 2 and 3 the dewatered concentrate is delivered to an incineration plant. 
In scenario 4 and 5 it is assumed that the concentrate is delivered to the digester of 
the municipal treatment plant nearby at a low delivery cost. 
 
If this is not accepted and the concentres must be delivered to a biogas plant with a 
longer distance the transport might be more expensive. 
 
The fee for delivering the dried concentrate is fixed by Nordforbrænding and 
includes a waste fee to the Danish State of 375 DKK per ton. The fee chosen is for 
‘homogeneous production waste’ (‘ensartet produktionsaffald’). 
Costs of operating the membrane plants 
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The costs of operating the membrane plants are estimated in table 7.14. 
 
Two situations are covered since in scenario 1 and 2 the UF concentrate is not 
further concentrated while this is the case in scenario 3, 4 and 5. The second 
situation means longer operating times. 
 
Table 7.14 
Annual operational costs of the membrane treatment plants. 
 

  Scenario 1 Scenario 2 and 3 Scenario 4 Scenario 5 

Operation hours  5,280 6,380 6,380 5,280

Costs of electricity DKK/kWh 0.863 0.863 0.863 0.863 

Cost of manpower DKK/hour 200 200 200 200 

Operation of UF      

Operating hours hours/year 5,280 6,380 2,640 5,280

Electricity consumption kWh/hours 25 25 25 25 

Electricity consumption kWh/year 132,000 159,500 26,400 132,000

Electricity DKK/year 113,900 137,650 22,800 113,900

Chemicals DKK/year 3,750 2,250 2,250 2,250

Replacement of membranes DKK/year - - - - 

Sum of operation costs (UF) DKK/year 117,700 139,900 25,000 116,200

Operation of RO      

Operating hours hours/year 5,280 6,380 2,640 5,500

Electricity consumption kWh/hours 8 8 3 8 

Electricity consumption kWh/year 42,240 51,000 7,900 44,000

Electricity DKK/year 36,500 44,000 6,900 37,900

Chemicals DKK/year 1,500 1,500 1,500 1,500

Replacement of membranes DKK/year 12,500 12,500 5,000 12,500

Replacement every  no of years 3 3 3 3 

Cost of replacements DKK 37,500 37,500 15,000 37,500

Sum of operation costs (RO) DKK/year 50,500 58,000 13,300 51,900

Operation      

Manpower hours/day 2 2 2 2 

Manpower DKK/year 96,000 96,000 96,000 96,000

Maintenance      

Manpower hours/day 0.5 0.5 0.5 0.5 

Manpower DKK/year 24,000 24,000 24,000 24,000

Equipment – estimate DKK/year 20,000 20,000 20,000 20,000

Total operation costs  

of membrane installations 

DKK/year 308,100 338,000 178,400 308,000

 
Due to the fact that these estimates include operation and maintenance the totals 
are slightly higher than the ones calculated by MDS but within the same range. 
 
Total costs and potential savings of the scenarios 
In table 7.15 the investments and operational costs of the different scenarios are 
shown. 
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Table 7.15 
Summary of estimated annual operational costs and investment for 
the different scenarios. 
 

 Scenario 0 Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 

 Present 
situation 

Both conc. to 
WWTP 

Both conc. to 
evaporation 
and drying 

UF conc. to 
drying 
RO conc. to 
WWTP 

Treatment of 
dezising 
water only 
UF conc. to 
digester, RO 
conc. to 
WWTP 

Desizing 
conc. to 
digester, 
remaining to 
WWTP 

Annual water costs  

(Water in/out) 

1,900,000 942,000 129,000 395,000 1,130,000 477,000

Annual operational 
costs of installations 

- 308,000 393,000 438,000 178,000 308,000

Annual extra 
operational costs for 
concentrate handling 

- - 29,400 70,700 120,000 120,000

Heat energy savings - 253,000 253,000 253,000 127,000 253,000

Total annual 
operational costs 

1,900,000 997,000 298,000 650,000 1,300,000 652,000

Investment in 
membrane plant 

- 3,380,000 3,380,000 3,380,000 2,030,000 3,380,000

Investment in 
concentrate handling 

- - 1,200,000 400,000 50,000 100,000

Investment totally - 3,380,000 4,580,000 3,780,000 2,080,000 3,480,000

Annual savings - 1,160,000 1,860,000 1,510,000 729,000 1,510,000

Payback time (years) - 2.9 2.5 2.5 2.9 2.3 

 
From table 7.15 it can be concluded that scenario 3 gives the highest annual 
savings while scenario 5 has the lowest payback time. 
 
Due to the uncertainties in the economic assessment the differences found between 
the different scenarios must be seen only as indicative. 
 

7.3 Scenarios for Kemotextil 

The water scheme selected for the textile dyehouse Kemotextil is illustrated in 
figure 7.13 with indications of daily average figures for the individual flows. 
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Figure 7.13 
Key water flows in the textile dyehouse Kemotextil – with membrane 
treatment. 
 
As mentioned before, the plant has established a system for collection and use of 
rinse water. Hence for all the typical recipes it has been decided which water to 
collect for direct recycling without treatment. 
 
The amount of water collected for direct recycling will depend very much on the 
actual production. For certain types of dyeing the volume is up to 30% but for other 
types it will be zero. Due to the uncertainty and the limited volume this option is 
not considered in the scenarios below. 
 
In total integration of the membrane system for maximum treatment in average 
saves approx. 165 m3/d of raw water intake and reduces the wastewater discharge 
from approximately 200 m3/d to approximately 35 m3/d. 
 
Assessment of the nature of the chemicals used (not ready) 
Basically the matters in the wastewater/concentrates consist of: 
 
a. The sizing agents, etc. contained in the ‘raw’ textiles. 
b. The different auxiliary substances used for the bleaching and dyeing. 
 
Regarding the compounds contained in the textiles prior to treatment, this will be 
mainly different forms of sizing agents from the weaving.  
The exact composition of the sizing agents is not known, but it is estimated that the 
majority is synthetic sizing agents – since the majority of the textiles handled and 
dyed are synthetic. 
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Scenarios selected for assessment 
The scenarios selected for further assessment are illustrated in the diagrams in 
figure 7.14 and 7.15. 
 
In the first two scenarios the mixed wastewater from the production is treated in the 
two-stage membrane system while in scenario 3 and 4 a segregation is made so all 
‘particle free’ water is only treated by RO. 
 
For the company the most obvious disposal route for the concentrates is to 
maintain the discharge of the compounds to the municipal treatment plant. For that 
reason this option is taken as scenario 1 and 3 (figure 7.13).  
 
In scenario 2 and 4 the concentrates are ‘pre-treated’ in a planted reed bed in prior 
to discharge to the municipal treatment plant in order to reduce the amount of 
organic matter, etc. Dissolved salt will pass this system and go to the municipal 
treatment plant – as it is the case now. 
 
7.16 shows the results of the pilot scale testing of the planted reed bed. 
 
Table 7.16 
Composition of the percolate from the reed bed pilot plant. 
 

  Wastewater Percolate Percent reduction 

pH   6.7 7,0  

Conductivity mS/m  420 530 -26% 

Total dry solids mg/l  4,000 2,200 45% 

Total P  mg/l  3.2 1,8 43% 

Chloride  mg/l  1,600 860 46% 

Sulphate mg/l  235 155 34% 

COD  mg/l  830 210 75% 
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Figure 7.14 
Illustration of the flows around the treatment units and the 
concentrate disposal for scenario 1 and 3 for textile dyehouse 
Kemotextil. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.15 
Illustration of the flows around the treatment units and the 
concentrate disposal for scenario 2 and 4 for textile dyehouse 
Kemotextil. 
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In table 7.17 the scenarios are summarised and the faith of the different groups of 
compounds in the water is described for the selected disposal scenarios. 
 
 
Table 7.17 
Overview of the disposal routes for the concentrates in the different 
scenarios. 
 

 Concentrate from ultrafiltration Concentrate from reverse osmosis 
 Concentrating/De

watering 
End disposal Concentrating/De

watering 
End disposal 

Scenario 1 None Discharge to municipal 
treatment plant 
The matter to be used together 
with the other sludge from the 
plant as fertiliser in agriculture. 
Soluble matter like salts will be 
discharged to local river 

None Discharge to municipal 
treatment plant 
The matter to be used together 
with the other sludge from the 
plant as fertiliser in agriculture. 
Soluble matter like salts will be 
discharged to local river 

Scenario 2 None Dewatering/mineralisation in 
planted sludge bed  
Organic compounds will be 
degraded while the majority of 
salts will pass and end up in the 
municipal treatment plant 

None Dewatering/mineralisation in 
planted sludge bed  
Organic compounds will be 
degraded while the majority of 
salts will pass and end up in the 
municipal treatment plant 

Scenario 3 
NB: Part 
of water 
only RO 
treated 

None Discharge to municipal 
treatment plant 
The matter to be used together 
with the other sludge from the 
plant as fertiliser in agriculture. 
Soluble matter like salts will be 
discharged to local river 

None Discharge to municipal 
treatment plant 
The matter to be used together 
with the other sludge from the 
plant as fertiliser in agriculture. 
Soluble matter like salts will be 
discharged to local river 

Scenario 4 
NB: Part 
of water 
only RO 
treated  

None Dewatering/mineralisation in 
planted sludge bed 
Organic compounds will be 
degraded while the majority of 
salts will pass and end up in the 
municipal treatment plant 

None Dewatering/mineralisation in 
planted sludge bed  
Organic compounds will be 
degraded while the majority of 
salts will pass and end up in the 
municipal treatment plant 

 
In scenario 3 and 4 it is assumed that approx. 70% of the water can be sorted out 
for treatment without UF – only in the RO system. 
 
The idea is to make use of the established system for rinse water collection but to 
move the borderline for sorting in the recipes in the way that the criteria for 
collection is ‘particle free water’ contrary to the present criteria that states ‘water 
absolutely free from colour’.  
 
Comments/further assessment needs 
These selected disposal scenarios are further assessment with respect to legal 
acceptability, technical feasibility, economy and sustainability. 
 
The issue of environmental sustainability will be dealt with separately in chapter 8 
by comparing the overall environmental impacts of the scenarios. 
 
Below the key questions to address in the assessment of the scenarios: 
 



 

104 

Regarding discharge to wastewater system - scenario 1, 2, 3, and 4 
Here the key questions are: 
 Will the municipality accept to receive the same amount of pollution in a 

limited amount of water meaning significantly increased concentrations? 
 What will be the costs of discharging? 
 
Regarding pre-treatment in planted sludge bed - scenario 2 and 4 
Here the key questions are: 
 Will the municipality accept to receive the liquid permeate from the reed bed? 
 What will be the costs of establishing the reed bed? 
 What will be the cost of emptying the reed bed after 10 years of operation? 
 Will it be possible to use the produced soil as top soil or will it have to be taken 

to dump sites or incineration plants? 
 
These questions are addressed below. 
 
Legal aspects of wastewater discharge 
The discharge of industrial wastewater to a municipal wastewater treatment plant is 
in Denmark regulated by the Environmental Protection Act and the Guidelines 
from the Danish EPA. 
 
These demands are summarised in table 7.18 together with the estimated 
composition of the wastewater to be discharged from the different scenarios. 
 
Table 7.18 
Present and predicted wastewater composition. 
 
Paramet
er 

Limits 
from the 
Danish 
EPA 
Guideline
s 

Scenario 
0 
Present 
wastewate
r 
discharge 

Scenario 
1 
Wastewat
er for 
discharge 

Scenario 
2 
Wastewat
er for 
discharge 

Scenario 
3 
Wastewat
er for 
discharge 

Scenario 
4 
Wastewat
er for 
discharge 

Flow 
(m3/year) 

- 44,000 
12,300 12,300 12,300 12,300 

Chemical 
Oxygen 
Demand 
(COD) 

- 750 2,700 740 2,700 740 

Chloride 1,000 800 2,900 1,700 2,900 1,700 

Sulphate 500 160 570 410 570 400 

 
As indicated by bold figures in table 7.18 the concentration of dissolved salt will 
increase significantly due to the concentration taking place in the membrane units. 
Whether that is considered a problem has not be discussed with the municipality so 
far, but basically it will be the same amount of salts as discharged in the present 
situation. Whether the municipality will consider that a problem will have to be 
clarified. 
 
Costs of wastewater discharge 
The municipality of Herning does not operate with a special discharge fee for high 
load industrial wastewater. Consequently, the calculation of the discharge fee for 
the concentrate is fairly simple. Please refer to table 7.19. 
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Table 7.19 
Estimation of the annual water costs – wastewater discharge fee 
and raw water purchase. 
 
  Scenario 0 Scenario 1-4 

Load factor calculation   

Unit price – discharge DKK/m3 20.50 20.50 

Wastewater costs DKK/year 902,000 252,560 

Water consumption m3/year 48,400 13,552 

Unit price – raw water DKK/m3 6.00 6.00 

Raw water costs DKK/year 290,400 81,312 

Total water costs DKK/year 1,192,400 333,900 

 
It can be concluded from table 7.19 that the scenarios with membrane treatment all 
have reduced the same water costs. The level is reduced to approximately one third 
of the present. 
 
Costs of operating the membrane plants 
The costs of operating the membrane plants are estimated in table 7.20. 
 
Two situations are covered since in scenario 1 and 2 the UF concentrate is not 
further concentrated while this is the case in scenario 3, 4 and 5. The second 
situation means longer operating times. 
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Table 7.20 
Annual operational costs of the membrane treatment plants. 
 

  Scenario 1 Scenario 2 and 3 Scenario 4 Scenario 5 

Operation hours  5,280 5,280 5,280 5,280

Costs of electricity DKK/kWh 0.863 0.863 0.863 0.863 

Cost of manpower DKK/hour 200 200 200 200 

Operation of UF  10 10 3 3 

Operating hours hours/year 4,840 4,840 4,840 4,840

Electricity consumption kWh/hours 42 42 19 19 

Electricity consumption kWh/year 203,300 203,300 92,000 92,000

Electricity DKK/year 175,400 175,400 79,400 79,400

Chemicals DKK/year 3,750 2,250 2,250 2,250

Replacement of membranes DKK/year - - - - 

Sum of operation costs DKK/year 179,200 177,700 81,600 81,600

Operation of RO      

Operating hours hours/year 4,840 4,840 4,840 4,840

Electricity consumption kWh/hours 8 8 8 8 

Electricity consumption kWh/year 38,700 38,700 38,700 38,700

Electricity DKK/year 33,400 33,400 33,400 33,400

Chemicals DKK/year 1,500 1,500 1,500 1,500

Replacement of membranes DKK/year 12,500 12,500 14,668 14,668

Replacement every  no of years 3 3 3 3 

Cost of replacements DKK 37,500 37,500 44,003 44,003

Sum of operation costs DKK/year 47,400 47,400 49,600 49,600

Operation      

Manpower hours/day 2 2 2 2 

Manpower DKK/year 96,000 96,000 96,000 96,000

Maintenance      

Manpower hours/day 0.5 0.5 0.5 0.5 

Manpower DKK/year 24,000 24,000 24,000 24,000

Equipment - estimate DKK/year 20,000 20,000 20,000 20,000

Total operation costs  

of membrane installations 

DKK/year 366,600 366,600 271,200 271,200

 
Due to the fact that these estimates include operation and maintenance the totals 
are slightly higher than the ones calculated by MDS but within the same range. 
 
Total costs and potential savings of the scenarios 
In table 7.21 the investments and operational costs of the different scenarios are 
shown. 
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Table 7.21 
Summary of estimated annual operational costs and investment for 
the different scenarios (DDK). 
 

 Scenario 0 Scenario 1 Scenario 2 Scenario 3 Scenario 4 

 Present  
situation 

All water treated 
with UF and RO. 
Conc to WWTP 

All water treated 
with UF and RO. 
Conc to reed bed 

-> WWTP 

Rinse water only 
RO - the rest 

UF+RO. Conc to 
WWTP 

Rinse water only 
RO - the rest 

UF+RO. Conc to 
reed bed -> 

WWTP 

Annual water costs  
(Water in/out) 1,190,000 334,000 334,000 334,000 334,000

Annual operational 
costs of installations - 367,000 365,000 271,000 271,000

Annual extra 
operational costs for 
concentrate handling - - - - - 

Heat energy savings - 145,000 145,000 145,000 145,000

Total annual 
operational costs 1,190,000 555,000 554,000 460,000 460,000

Investment in 
membrane plant - 3,450,000 3,450,000 2,180,000 2,180,000

Investment in 
concentrate handling - 400,000 - 400,000 - 

Investment totally - 3,850,000 3,450,000 2,580,000 2,180,000

Annual savings - 637,000 639,000 733,000 733,000

Payback time (years)  5.4 6.0 3.0 3.5 

 
From table 7.21 it can be concluded that scenario 3 and 4 gives the highest annual 
savings and the lowest payback time. The only difference between the scenarios is 
due to the investment in concentrate handling – the planted sludge bed. 
 
In the calculations of the operating costs for the scenarios with reduced UF 
treatment it is assumed that this has no negative impacts on the RO membranes. 
This is probably not realistic since the load on the membranes will be higher 
compared to the situation with full ‘protection’ of the UF membranes with UF pre-
treatment. 
 
Replacement every year will mean that the annual operational cost will increase 25 
tDKK, so it is still as limited increase that will not change the fact that this option 
is the most lucrative. 
 
Whether the planted sludge bed is needed or not will depend on the point of view 
of the authorities.  
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7.4 Scenarios for Trevira 

The water scheme selected for the textile dyehouse Trevira is illustrated in figure 
7.16 with indications of daily average figures for the individual flows. 
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Figure 7.16 
Key water flows in the textile dyehouse Trevira after introduction of 
the membrane system (scenario 1). 
 
In total integration of the membrane system for maximum treatment in average 
saves around 320 m3/d of raw water intake and reduces the wastewater discharge 
from 400 m3/d to approximately 90 m3/d – depending on the scenario for treatment 
of concentrate. 
 
Assessment of the nature of the chemicals used 
Basically the matters in the wastewater/concentrates consist of: 
 Mono- and oligomers of polyester and other compounds originating from 

the fibres 
 The surplus of the different auxiliary substances used for the dyeing 
 
The auxiliary substances include dispersion dyestuffs, dispersion agents, levelling 
agent, detergents, buffer/dyebath stabiliser and salt. 
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Totally it is estimated that the annual consumption of auxiliary substances is 
around 750 t of which approximately 550 t are found in the wastewater prior to 
treatment. 
 
According to the cut-off of the UF membrane it is estimated that this membrane 
will mainly reject detergents as micelles and chemicals on crystalline form, while 
the majority of the dyestuffs and salts from the dyeing will pass the membrane. 
 
In total the organic substances is estimated to around 400 t/year and the COD/BOD 
ratio of around 6 indicates that in general the organic material is not readily 
degradable. Hence disposal options like biogas plants have not been considered. 
 
On a yearly basis around 175 t salts are used – as chloride and sulphate – with the 
majority (around 160 t) being sulphate.  
 
At present this amount of sulphate is discharged to the municipal wastewater 
treatment plant but due to the fact that it is feasible to recover – and represent a 
value – recovery of sulphate is included in scenario 3. Further the discharge of salt 
is unwanted in the fresh recipient (the river Gudenåen).  
 
Scenarios selected for assessment 
The scenarios selected for further assessment are illustrated in the diagrams in 
figure 7.17 till 7.19. 
 
In all the scenarios the mixed wastewater from the production is treated in the two-
stage membrane system since segregation of rinse water for recycling is already 
fully established in the plant. 
 
For the company the most obvious disposal route for the concentrates is to 
maintain the discharge of the compounds to the municipal treatment plant. 
Therefore this option is taken as scenario 1 (figure 7.17).  
 
In scenario 2 all compounds in both concentrates are disposed to incineration after 
evaporation and drying.  
 
For the evaporation the idea is to use the simple evaporation tower illustrated in 
section 6.2 and use ventilation air from the buildings as the source for energy. 
Hence is it assumed that the process will require no further energy input – except 
for a small amount of electricity used by the circulation pump. The process will run 
at the actual temperature of the concentrate – estimated around 50-60°C.  
 
From a disposal point of view it might not be the best option to transfer the 
relatively high amount of salts to the incinerator but this option is seen as the 
optimal solution for the disposal of the organic material. 
 
In order to reduce the salt load on the incineration the two concentrate flows are 
kept separate in scenario 3 and only the UF concentrate – containing a relatively 
low amount of salts – is further evaporated and dried.  
 
The RO concentrate containing the majority of the salts is treated in a ‘crystalliser’ 
for sulphate recovery and then discharged to the municipal treatment plant.  
 
This means that the majority of the sulphate is recovered and in total the load of the 
municipal treatment plant is significantly reduced compared to the present 
situation. 
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Figure 7.17 
Illustration of the flows around the treatment units and the 
concentrate disposal for scenario 1 for textile dyehouse Trevira. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.18 
Illustration of the flows around the treatment units and the 
concentrate disposal for scenario 2 for textile dyehouse Trevira. 
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Figure 7.19 
Illustration of the flows around the treatment units and the 
concentrate disposal for scenario 3 for textile dyehouse Trevira. 
 
In table 7.22 the scenarios are summarised and the faith of the different groups of 
compounds in the water is described for the selected disposal scenarios. 
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Table 7.22 
Overview of the disposal routes for the concentrates in the different 
scenarios. 
 
 Concentrate from ultrafiltration  Concentrate from reverse osmosis 
 Concentrating/De

watering 
End disposal Concentrating/De

watering 
End disposal 

Scenario 1 None Discharge to municipal 
treatment plant 
The non degraded compounds 
to be used together with the 
other sludge from the plant as 
fertiliser in agriculture. 
Soluble compounds like salts to 
be discharged to the river 
Gudenåen 

None Discharge to municipal 
treatment plant 
The non degraded compounds 
to be used together with the 
other sludge from the plant as 
fertiliser in agriculture. 
Soluble compounds like salts 
to be discharged to the river 
Gudenåen 

Scenario 2 Further 
concentration in 
the UF unit 
during weekends, 
drying and 
delivery to waste 
incineration 
plant. 
Filtrate from UF 
treated in the RO 
plant 

Organic compounds will be 
incinerated while the inorganic 
compounds will end in the 
ash/slag from the incineration 
plant. 
Condensate from the 
evaporation and drying 
operation will partly be emitted 
as steam and partly be 
integrated into the RO filtrate 

Further 
concentration in a 
second stage RO 
unit – drying and 
delivery to waste 
incineration plant

Organic compounds will be 
incinerated while the 
inorganic compounds will end 
in the ash/slag from the 
incineration plant. 
Condensate from the 
evaporation and drying 
operation will partly be 
emitted as steam and partly be 
integrated into the RO filtrate 

Scenario 3 Further 
concentration in 
the ultrafiltration 
unit during 
weekends, drying 
and delivery to 
waste 
incineration 
plant. 
Filtrate from UF 
treated in the RO 
plant 

Organic compounds will be 
incinerated while the inorganic 
compounds will end in the 
ash/slag from the incineration 
plant. 
Condensate from the 
evaporation and drying 
operation will partly be emitted 
as steam and partly be 
integrated into the RO filtrate 

Crystallisation of 
sulphate (as 
Glauber salt) 

Discharge to municipal 
treatment plant. 
The matter to be used 
together with the other sludge 
from the plant as fertiliser in 
agriculture. 
Soluble matter like salts to be 
discharged to the river 
Gudenåen 

 
Assessment needs for the scenarios 
These selected disposal scenarios need further assessment with respect to legal 
acceptability, technical feasibility, economy and sustainability. 
 
The issue of environmental sustainability will be dealt with separately in chapter 8 
by comparing the overall environmental impacts of the scenarios. 
 
Below key questions to address in the assessment of the scenarios: 
 
Regarding discharge to wastewater system - scenario 1 and 3 
Here the key questions are: 
 Will the municipality accept to receive the same amount of pollution in a 

limited amount of water meaning significantly increased concentrations? 
 What will be the costs of discharge? 
 
Regarding establishing of evaporation and drying plant - scenario 2 and 3 
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Here the key questions are: 
 Will the municipality accept that an evaporation and drying unit is established? 
 What will be the installation costs and operation costs of an evaporations unit 

and a drum drying unit in the two situations? 
 Will a municipal waste incineration plant accept the matter? 
 What will be the costs of transportation? 
 What will be the delivery fee? 
 
Regarding establishing of crystalliser for sulphate - scenario 3 
Here the key questions are: 
 What will be the installation costs and operation costs of a crystalliser unit? 
 
These questions are addressed below. 
 
Legal aspects of wastewater discharge 
The discharge of industrial wastewater to a municipal wastewater treatment plant is 
in Denmark regulated by the Environmental Protection Act and the Guidelines 
from the Danish EPA. 
 
The dyehouse has a permit based on permitted amounts of COD and total dry 
matter discharged per kg yarn produced (plus total annual permitted amounts). This 
means that discharge of the same amount of substances in more concentrated 
wastewater in principle will not require a new wastewater permit. 
 
The estimated composition of the wastewater to be discharged from the different 
scenarios is illustrated in table 7.23. 
 
Table 7.23 
Present and predicted wastewater composition. 
 

Parameter Limits from 
the Danish 
EPA 
Guidelines 

Scenario 0 
Present 
wastewater 
discharge 

Scenario 1 
Wastewater 
for discharge 

Scenario 3 
Wastewater 
for discharge 

Flow (m3/year) - 100,000 24,000 19,000 

Biological Oxygen 
Demand (BI5) 

- 280 n.d. n.d. 

Chemical Oxygen 
Demand (COD) 

- 1,600 7,000 2,800 

Chloride 1,000 65 270 145 

Sulphate 500 650 2,700 120 

Suspended solids 500 43 n.d. n.d. 

Total solids - 2,200 9,200 6,000 

Conductivity - 200 800 930 
n.d. = not determined. 
 
In scenario 2 the concentrates will be dried and delivered to disposal and hence 
only a minor wastewater discharge is expected. The composition of this flow has 
not been estimated.  
 
 
 
 
Legal aspects of other ways of concentrate disposal  
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In scenario 2 both concentrates are evaporated and dried in a drum drying system 
and in scenario 3 the concentrate from the UF treatment is dried in the same way 
for delivery to a waste incineration plant. 
 
This option is chosen since more than two third of the dry matter in the 
concentrates are organic matter and if delivery to a waste incineration plant is 
accepted this is much cheaper than delivery to a waste disposal site. In scenario 2 it 
is estimated that 72% of the dry solids is organic matter and in scenario 3 the 
organic matter is 94%. In both cases this should not be a problem to deliver to 
incineration. 
 
Of course this has to be negotiated with the authorities. The alternative delivery to 
Kommunekemi will completely destroy the possibility to establish the project with 
a payback and that is why this option has not been considered. 
 
Costs of wastewater discharge 
The cost for discharge of wastewater in the municipality of Silkeborg consists of a 
fixed volume fee of 24.00 DKK (in 2010) per m3. 
 
The resulting values and annual costs of the different scenarios are shown in table 
7.24. 
 
Table 7.24 
Estimation of the annual water costs – wastewater discharge fee 
and raw water purchase. 
 
  Scenario 0 Scenario 1 Scenario 2 Scenario 3 

Unit price – discharge DKK/m3 24.00 24.00 24.00 24.00 

Wastewater costs DKK/year 2,400,000 576,000 - 456,000 

Water consumption m3/year 110,000 26,400 13,200 26,400 

Unit price – raw water DKK/m3 5.00 5.00 5.00 5.00 

Raw water costs DKK/year 550,000 132,000 66,000 132,000 

Total water costs DKK/year 2,950,000 708,000 66,000 588,000 

 
It can be concluded from table 7.24 that the scenarios with membrane treatment all 
have reduced water costs – as expected – with scenario 2 having significantly 
lower costs than the others due to the fact that in this case a full closed system is 
established. The consumption is simply to compensate for evaporation. 
 
Costs for establishing and operation of the evaporator and drum dryer 
The costs for establishing the drum dryer in scenario 2 and 3 are estimated to 
roughly to 1250,000 DKK for the unit handling the entire amount of concentrate 
(40 m3/day) and 600,000 DKK for the unit handling only the UF concentrate (21 
m3/day). 
 
In table 7.25 the operational costs of the unit are estimated. 
 
 
 
 
 
 
Table 7.25 
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Estimated annual operational costs of the evaporations and drying 
plant for concentrate. 
 

Operation of evaporation unit  Scenario 2 Scenario 3 

Volume m3/year 9,000 5,000 

Operating hours hours/year 8,000 8,000 

Electricity consumption per m3 kWh/m3 2 1 

Electricity consumption kWh/year 16,000 8,000 

Electricity costs DKK/year 13,800 6,900 

 
Operation of drying unit  Scenario 2 Scenario 3 

Volume m3/year 900 500 

Operating hours hours/year 8,000 8,000 

Steam consumption per m3 kWh/m3 300 300 

Steam consumption kWh/year 270,000 150,000 

Natural gas consumption m3/year 25,110 13,950 

Natural gas costs DKK/year 93,700 52,000 

 
It is assumed that the unit operates for 22 hours per day and that the steam 
consumption is 0.5 m3 per m3 evaporated water. 
 
Cost of the crystalliser has been roughly estimated to 1 mill. DKK. 
 
Costs of transportation and delivery of concentrate 
Table 7.26 shows the assumptions regarding transport and delivery fee for the 
concentrates in scenario 3, 4 and 5. 
 
Table 7.26 
Estimated costs related to the transport and disposal of the UF 
concentrate. 
 

  

Scenario 2 

Dewatered UF and 
RO concentrate to 
incineration plant 

Scenario 3 

Dewatered UF 
concentrate to 
incineration plant 

Volume  t/year 450 250 

Cost of transportation DKK/t 250 250 

Cost of delivery DKK/t 650 650 

Concentrate disposal DKK/year 405,000 225,000 

 
In scenario 2 and 3 the dewatered concentrate is delivered to an incineration plant.  
 



 

116 

Costs of operating the membrane plants 
The costs of operating the membrane plants are estimated in table 7.27. 
 
Two situations are covered since in scenario 1 and 2 the UF concentrate is not 
further concentrated while this is the case in scenario 3, 4 and 5. The second 
situation means longer operating times. 
 
Table 7.27 
Annual operational costs of the membrane treatment plants. 
 

  Scenario 1, 2 and 3 

Operation hours  8,000 

Costs of electricity DKK/kWh 0.863 

Cost of manpower DKK/hour 200 

Operation of UF   

Operating hours hours/year 8,000 

Electricity consumption kWh/hours 64 

Electricity consumption kWh/year 512,000 

Electricity DKK/year 442,000 

Chemicals DKK/year 37,500 

Replacement of membranes DKK/year - 

Sum of operation costs (UF) DKK/year 480,000 

Operation of RO   

Operating hours hours/year 8,000 

Electricity consumption kWh/hours 19 

Electricity consumption kWh/year 128,000 

Electricity DKK/year 110,500 

Chemicals DKK/year 1,500 

Replacement of membranes DKK/year 36,000 

Replacement every  no of years 3 

Cost of replacements DKK 108,000 

Sum of operation costs (RO) DKK/year 148,000 

Operation   

Manpower hours/day 4 

Manpower DKK/year 192,000 

Maintenance   

Manpower hours/day 2 

Manpower DKK/year 96,000 

Equipment - estimate DKK/year 40,000 

Total operation costs  

of membrane installations 

DKK/year 955,000 

 
Due to the fact that these estimates include operation and maintenance the totals 
are slightly higher than the ones calculated by MDS but within the same range. 
 
 
Total costs and potential savings of the scenarios 
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In table 7.28 the investments and operational costs of the different scenarios are 
shown. 
 
Table 7.28 
Summary of estimated annual operational costs and investment for 
the different scenarios. 
 

 Scenario 0 Scenario 1 Scenario 2 Scenario 3 

 Present 
situation 

Both conc. to 
WWTP 

Both conc. to 
evaporation and 
drying 

UF conc. to 
drying 
RO conc. to 
WWTP 

Annual water costs  

(Water in/out) 

2,950,000 708,000 66,000 588,000

Annual operational costs of installations - 955,000 1,060,000 1,060,000

Annual extra operational costs for 
concentrate handling 

- - 512,000 284,000

Heat energy savings - 600,000 600,000 600,000

Total annual operational costs 2,950,000 1,060,000 1,040,000 1,330,000

Investment in membrane plant - 7,500,000 7,500,000 7,500,000

Investment in concentrate handling - - 1,250,000 1,600,000

Investment totally - 7,500,000 8,750,000 9,100,000

Annual savings - 1,890,000 1,910,000 1,620,000

Payback time (years) - 4.0 4.6 5.6 

 
Here it can be seen that the continued discharge to the municipal wastewater 
treatment plant – scenario 1 – has the lowest investment and the lowest payback 
time. 
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8 Environmental assessment of 
the treatment scenarios 

As a final evaluation of the treatment scenarios an environmental assessment has 
been performed. This is an addition to the assessment of the chemical composition 
of the concentrates performed as a basis for the selection of the disposal routes for 
the concentrates. 

8.1 Primary energy as the key indicator 

The environmental assessment is focussed on the consumptions and savings of 
primary energy. This indicator has been selected because it corresponds well with 
the emissions of CO2 and other greenhouse gasses. 
 
Similarly to the economic assessment the environmental assessment covers the 
following elements: 
 
 Energy use for the operation of the membrane plants and the concentrate 

treatment and handling – including electricity for pumping, gas for drying and 
fuels for truck transport. 

 
 Energy savings due to the implementation of the membrane plants, etc. 

including heat energy saving due to recycling of the warm treated water, 
savings in the energy for water treatment in the municipal wastewater 
treatment plants and energy generated as biogas or heat from incineration of 
the concentrates. 

 
Naturally a list of assumptions needs to be made in such calculations – the key 
assumptions are listed below: 
 
 Data for the energy consumption for operation of the membrane plant is 

provided by MDS together with the estimated investment costs. 
 
 Data for energy for drying is estimated as half a ton of steam per m3 of 

concentrate treated – with one ton of steam corresponding to 600 kWh. 
 
 As figures for the transport of concentrate it is assumed that the trucks for 

concentrate carry 10 m3 or 10 tonnes per load and drives 5 km/l diesel. Further 
a needed distance is assumed in each case. 

 
 The savings in heating need is calculated as an estimated average heating need 

for the total water need of the production, where typically the implementation 
of the membrane plant system will mean a saving around 50% – e.g. the 
heating need is reduced from 10C -> 50°C (40°C) to 30°C -> 50°C (20°C). 

 
 The production of biogas in the biogas plant or municipal digester is estimated 

to 25 m3 gas per m3 of concentrate (35 m3/m3 for the dezising water from 
Green-Tex). 
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 For calculation of the energy produced by incineration of a dried concentrate it 
is assumed that the COD content of the concentrate is turned into heat with an 
efficiency of 50%. 

 
 For calculations of the saved energy consumptions in the municipal wastewater 

treatment plants, the average figure for Danish WWTP (1,7 kWh per kg BOD) 
is transferred into a figures for COD typically assuming a ratio of 1:2.5 
corresponding to 0.68 kWh/kg COD. 

8.2 Energy balance for implementing the system at Berendsen 

For Berendsen Textil Service the result of the environmental assessment is 
illustrated in figure 8.1. 

 
 
Figure 8.1 
Estimated uses and savings of primary energy for the different 
treatment scenarios for the industrial laundry Berendsen Textil Service 
in Roskilde. 
 
It may be noticed that the potential saving in heat energy approximately 
outbalances the electricity use for operation of the membrane plant. In this way the 
overall impacts of implementing the membrane system make sense from an energy 
point of view. 
 
Comparing the scenarios it becomes obvious that scenario 2 is the most beneficial 
from an energy point of view. Actually there is a net energy surplus of 22 MJ/m3 
for this solution. This makes sense since no energy is used for the biological 
filtration/drying and dewatering of the concentrates in the reed bed plant. 
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8.3 Energy balance for implementing the system at Green-Tex 

For Green-Tex the result of the environmental assessment is illustrated in figure 
8.2. 
 

 
 
Figure 8.2 
Estimated uses and savings of primary energy for the different 
treatment scenarios for the dyehouse Green-Tex in Helsingør. 
 
At this plant the calculations show that the energy used for the membrane plant is 
more than outbalanced by the estimated savings in heat energy.  
 
For all the scenarios there is a net gain of energy. The continued discharge of the 
compounds in the concentrates (scenario 1) and the solution where the concentrate 
from the desizing water is delivered to a biogas plant (scenario 5) both shows a 
fairly high net energy yield (33 and 31 MJ/m3 respectively). 
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8.4 Energy balance for implementing the system at Kemotextil 

For Kemotextil the result of the environmental assessment is illustrated in figure 
8.3. 
 

 

Figure 8.3 
Estimated uses and savings of primary energy for the different 
treatment scenarios for the dyehouse Kemotextil in Herning. 
 
For this plant the heat energy savings outbalance the electricity need for the 
membrane plant in the two scenarios where only part of the water is treated in the 
ultrafiltration system. The net gain has been estimated to 13 MJ/m3 for scenario 4 
where the concentrates are ‘pre-treated’ in a reed bed system before discharge. 
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8.5 Energy balance for implementing the system at Trevira 

For Trevira the result of the environmental assessment is illustrated in figure 8.4. 
 

 
 

Figure 8.4 
Estimated uses and savings of primary energy for the different 
treatment scenarios for the dyehouse Trevira in Silkeborg. 
 
For all three scenarios the estimated heat energy savings outbalance the need for 
electricity for the membrane system. The highest net gain of energy is seen in 
scenario 2 where the concentrates are evaporated, dried and delivered to an 
incineration plant. For this scenario the gain of energy has been estimated to 15 
MJ/m3 treated water.  
 
Still it must be stressed that the calculations of heat energy savings are pretty 
inaccurate and hence these calculations must be considered estimates. 
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