
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/




11

1.0 " '-.28 ·~ 
-- =2_2 1n 

j, l.h iiiiiii!i 

., II~ I. I 
- 11~1~ 

111111. 
25 

11111
1 
·
4 

111111.
6 

Mir t/()r r1l"I Iii ,r>l IJl!r1N II .I 'tt.\ld 

... ·, . . .., ·, 

' 
I I I I 11 I I 



1 

' 
' '' 

0'1912 
UNITED NATIONS 
INDUSTRIAL DEVELOPMENT ORGAlll~TION 

TEXTILE MONOGRAPHS 
UF/GL0/181116 

WATBI aJISERVATDI 
INTHE 

TEXTILE INDUSJRY 

Distr. 
Lmll'ED 
UNIDOllOD.-
11llp1& .... 1911 
ENGLISH 

a..d on die work of G.J. Pmrilh. Airhy lllltitutl. Mii-.... U...Jl9d ~ 





' ) 

CONTENTS 

INTRODUCTION ............................................ 5 

Wa.ter consur.1pti)n in thP, industry •••••••••••••••••••••• 5 

Qi.i?.li t;r and ::ru:i.nti tv requirements • • • • • • • • • • • • • • • • • • • • • 7 

Reason~ for ronservation •••. •••••••••••••••••••••••••• o 

Ap;:roach to conservati"n •••• • \· ••••••••••••••••••••••• 

I. r.IEASURE~·i!:!N'l' OF 1~1ATER CO~St.ThiPT i o~,~ •••••••••••••••••••••••• 

Simple methods f-:,r batch-processing machines •••••••••• 

Si~ple methods for ~ontinuous machines •••••••••••••••• 

Instruments for flo·11 mea.su.rement •••••••••••••••••••••• 

Water aJ..di t ...................................... ,,. .... . 

lC 

11 
1.2 

13 
15 
16 

II. TJ\RGEr FIGURES FJR WATER CONSIB1IPE:ON. ••••••••• •••••• •• •• 17 

Alte~native sources of target information ••••••••••••• 17 

Targets from works' data •••••••••••••••••••••••••••••• 17 

Targets from theoretical analysis ••••••••••••••••••••• 23 

Comparison of target values ••••••••••••••••••••••••••• 26 

III. WA~ CCNSERVATIOY !t!EASURES •••• ·•••••••••••••••••••••••• 27 

Conc;ervat i.0n ~,., reducing proc~ss demand •••• • • • •••• • • • • 27 

Savings on existing machines and processes •••••••••••• 28 

Conserva.t ion by water reu.se • • • • • • • • • • • • • • • • • • • • • • • • • • • 33 

Summary of conserva.ticn meas•.:.res • • • •• • ••• •. • ••••••• ••• 41 

IV. C01'SEQUENCES OF WATZR CONSERVATION .................. ,. .. 
Cl.ar"c:i.eteristics of texti:!.e effluents •••••••••••••••••• 

~~fe0ts of conservation measures •••••••••••••••••••••• 

43 

43 

45 

V. CONCLUSION ••••••••••••••••••••••••••• ••••••••••••••••• 47 

An illustrativP- example ......................... 49 

References ••••••••••••••••••••••••••••••••••••••••••••••• 53 



1. 

L1. 

................... ~sge2t0d lirr.it3 for water rcnt~rn1n~r.ts 

Comparison of water ,~::mst:r.:ption figures 

Effect of rnarhine type on W3.ter ronsumption 

•• "l •••••••••••••••• 

............... 
Effect of dyes~u~f in ji~ dyeing •••••.•••••••••••••••••••• 

7 

, '.) 

5. Distribution of W3.ter .~onsurnption between pr~wessi!'"'.2" 
baths 3.nd washing • . . . . . . • . . . • • • . . . • . . . . . . . . . . . . . . . . . . . . . . . ?l 

c. 
Vo O;itiIIIllm washing rondi tions to produre ::i. ;:::i.shi::fi 

per~orillanr.€ of 15 per cent •••••••••••••••••••••••••••••••• 

7. c~mparison of target values . ............................. . ?6 

8. Comparison of W2ter ~iaJity dqt~ .......................... 



'.-later consw. et ion in the industr_,y 

The textile ind.ustr,v ccnsLunes large 21.mount:3 of .·mt er in its varied 

processing ;iperations, ~.ut in tJ-,e mecl.anic3.l processes of spinning and o'_· 

fabric produ.cti::r. viater i~ used ~rimaril:," for steam raising and humidiLcation 

in air-condi t io~1ing system~. These services are not S?ecific to t.he text i 1 e 

industr~' and their water l".O!q'.lirements have no features that are pecul i.a.!' to 

t~.e textile l'perations c::mcerued. In 7.hese areas there is only a li1J1ited 

~11mb~r Jf activities, s 11ch as i.,rarp ::-::izing 'i.nd water-jet ;;eaving, where the 

wa..ter consumption is ass.Jciated di:r.'ect.ly 'ditr. the textile :naterial and 

it is small compired with those found in the wide variety •Jf process33 

employed in terti le dyeing a.ni orinting. 

It is reasonable therefore to restrict ~ considerat:.0n of water 

c1nsum~tion in the textile ir:dustry tc the ;~ct i vit ies loosely defined. by 

(;he term "finishing", where it is botr. m0st [ ubstanti.>.l and directly determined 

by pr:>cessine raquirements. Textile finishing inclu.ies the preparatory 

prL•cesses of desi.zing, scouring and b]ea.ching as well as the operations of 

d.yeing and printing and va.ri.ous supplem~nta: pr.Jcesnes such a.s the application 

of resin or finishing agents. Appropriate qJerations in this group are 

applied to textilf' materials in the fonn of 100~e fibre or yarn as well as 

to fabric. 

The lT!ust :cea.dily a%.ila.ble figure for ...rater conswnpt i or. i.s the overall 

spP-cific consumption, i.e., the t 0Jtal amo 1.mt of -,.ater used by al2. processes 

in finishing di •1ided by th.:! total weight of :ia.terial processei in tte works. 

However, 3uGh ria t:i. shu<-1 =· rer.1.::i.ri:oi.bly '.·1ide r~nge of valuc~s: ~ne surve f (1 J 
qi1otes a ran.§'.'e from Ll!1der 5 to civcr 500 1-./kg. Much of thi~ wide V3.riatiJn 

the ratio ;:,f th-:: e;ctre:nes ;.s over 100 to 1 - is ascribable to major differences 

in the exten~; ancl Gorr.plcxi ty of +,he ;•roces~>es involved., 'but e·1e~ when 

s:.milar cate6'1Jries are corr.pared the rati0 of tha extr~oes nay be 5 or 6 to 1. 

Tn these c~rcurrntar..cei3 it is virtually impossible to :3e+,ect C.·:msi.stent 

r'..if..'.\~rences in tha water consumption ·Jf differi::int pror;esses, for exaniple, 

;y·a.rn and fa br ~ c dyeing. 

Bec3.use of t.his wide range of val'.l~S of overall specifir; wa.ter consi<mption, 

+.he :..verag-) value for tl1ti ir•riuntr-s ~a who}e has limited. signjficance. At 
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_rresent this a.ver-a·~e pro 'J::.bly lies !.n the rar..ge 0f 1')::>-i20 1/'r..g rl.n:..t rr."l.y prov Lie 

a gJ.ide to the water -~onsl.iil':pti0n i.n a. di~tt"ic+. or r~gi.on in r;alati.on to :_t~: 
produ•:.ti on of finished textile~. It is Qf little ass:i star..~e to the in·i.i. ,_. idual 

fini..sher, wh:J rnust loQi<. mGr~ clo::.~e~y at his 0wn .:lata and a.t the relevance of 

com;ia.ra.ble or target fi_gures if l:.e 1 s to a.ttem~t a logi,·:a1 a.p:;::roach to -.. ater 

con;;erva.t i<>:a. 

There are, :!low.-~ver, a nW"lber of' poir.t:.: worth ma~ing. The :i.verage '5pecif:_c 

,.:ater co!lSil'Ilption for the ind0istr.r a.s a w!lole ~-~ea in ".;~1e 1
..:.Vi er pc.rt 1)f the 

range quoted abG•re. It is the very :.miall cons·.1mption::; that· indi,..c:.te abnormai 

s~.t,1::1.tions; for cons1unpti.0H :i.bove approxirr.:i.tely 30 or 40 l/ke some con,mon 

faature>l a.re likely to be obser·..re<l.. A w:)rka ~-1i~h a cc-nsuir.ption a.t or above 

this 1-~vel must l•e carrying out a significant number of individ1ta.l l'per&.tiori~ 
in preparation and dye1ng or printing, a.nd such a. works will typica.11;/ have 

a. steam co.nsumpt:_on one q-..i:i.rter to Ot!e s:Lxth of the direct wa~~r ccnsurrtpti.0;1 

in procesf>ing; in other words, for ea.ch ton of <;team i 0r:.oducei sone 4-6 tons 

ot' ·..r::..t:-:r -,;ilJ. be used in processing. This narrow range i_s i.n 111a.rked contrast 

to the wide range of individu..!1.l water (and steam) consumptions. It. results 

from the fact tha.t a si.;bsta.ntia.l proportion r;f steam is used for w:..ter heating 

and that altern~t ive processes do not employ dramatically 1lifferent te~nperat11res. 

Aetna.Hy l~ss than 1 ton of water is ccnsmied in the prodJ.ction cf 1 ton 

c; f .:otf!M.1. Ti1e ar'!ount of fresh wa.-+:er fed to the bo: ... -.s depends on t:hn p:~rcentage 
condensate recovery and l::.>S3E:S a.3socia.t~i witr. the hoi. ler operation, a.nd j n 

a. typical Pi.tuation f~s'i water L13.Y be requirt-od to make up roughly 50 per cent 

of the ste""111 prod·.iced. It foll.)WS that bc..'Ller ma.ke-up water is likely to 

rapresent rcughly 10 per cent of the water supplied directly for proressing. 

'l1his fra.cti<.m i::i not large e1:0U6h to have much signif ica.ncn fc:;r avera.gP. water 

cono>umption f:gurns, so i_t is unimporta..nt whether process water al...:ir1e or 

proces~ watf!r plus boiler fe•3d watP.r is quoted, but it is lt.rge eno.igh to be 

sif;'1ific?..nt when considering in detail the situation at a. specific works. 

Of the steam which is nnt return,.;d a.2 condensate to t~1e boiler, a. part, 

at least, will b~ cond~nsed in process water baths, effectively auginentLng the 

clirect water supply. This dfect i. s offset by loss~s a.t'ieiM from 1eliberate 

a.nd. inadvertent eve.po ration a.nd by le'l.kag~, 130 the effluent flow froru +,he 

W•jrks i 13 typically 5-10 per ce!'!.t lower t,ha.n the inflow of proces3 water. 

T' staffing leve lr-; i.n tE::xt ii£: finj sh i.ng works ~re 8uch th:1.t "t1.e 

domt::lstic water consumptior.. ib likely '~o be only 1 or ? per 0ent of +.hP-

proce.sc wa.tP-r demand. 

l 
I 

i 



- 7 -

Quality and guantity requirements 

In textile finishing o~erations water is U8ed mai~ly for twv purposes: 

first as a solved for processing chemicals, and secondly, and still by 

virtue of its solvent action, as a washing or rinsing medium. In either 

situation it must not contain a.ri.y contaminants that would 3.dversely affect 

the chemical process or the ·•ashing operation, and it n:ust ':>e pr•'!Sent in 

sufficient quantity to p1':>vid~ a contact ~ith the textile mater:al aiequate 

for the 1.mifor.nity of processing demanded. 

In ~rinciple, the quality requirements may differ from process to 

process, so that waters of different degrees of purity could be emplJ;:;ed, 

but the i::omplicati~ns of using ~ niultiplici ty of supplies 0f d.ifferer..t 

quality are such tha.t the normal p~ctice is to have a. single supply of a 

quality sufficient for all purposes. In only a fe~ instances ~re additi0na.l, 

pilrified supplies used for particularly critic-...1 process'.}s. It :.s t:ter~fore 

reasonable to speak of a sin~le quality requirement, and there is general 

a.green.ent on quality criteri2. Several authors have specified arceptable 

impurity limits, en erlem;ive list beins given by Lit"t~.e [2]. Tr.ere u.1e 

some di~crepancies between the numerical values propos~d ~y different 

authors (table 11 but these reconunendations reflect reasonably accuratel3 

the chara....;t.~iistics and the .ra.riability of water curr3ntly employed ~or 

satisfaci.ory pr0cessing. Many water supplies, fro:n sarface or undergrom1d 

sources, can b-3 purified. to some degree by fil tra.tion and do ft en '..ng, al tho!tgh 

special treatment may be required for particular contali!inants. 

Table 1. Suggested limits for water contaminants 

Author Colour Turbidity Alka- lfa-:-dness Total Fe Mn Cu 
(Ha'7.en} lPl'U) linity (as c~co3) :dOlids 

(as eaco
1

) 
mg/1 

Li-ttle[2] 10 5 100 10 500 o. '\ 0.05 0.01 

Hirst and Rockl3] 25 60 100 0.5 0,1 

Harker and Rock [..i) 70 500 o. 1 0.05 0.01 

Nordel(5] 10 5 500 () .1 0.1 

Cotton Handbook fi>] 5 75 1~ :?00 0.05 ().0:? 

Fair and Geyer[7] 20 5 2no o.?5 c.o::> 

Hetherin.c;.on [R] 5 7) 1 () 2()() 0.05 ().():;> 

Morton(!] (). 1 0.05 

I 
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Th~ ,....l.ter q:antity requirer::eH: (i.e. sufficient w-ater to achieve the 

rP.quired llnifor.nity of proc~ssing) !s to a considerable extent a funrtion of 

I'!achine design. Differant n·achines ha'TP. t:1eir o-m ·~h:.racteristic fea.turt::s 

that set J,>'°'ar limits to '.he amoi.lr.t of water th~y recr.lire in 0rier tc• process 

a. giver: quantity of material. This is most cbviously the .~as~ lliith "::-atch

p~0ce~~:ng mach:ne~; one with a hish liquor-to-material ratio, sur.h as a 

winer or a hank dyeing machine, cannot he expected to offer the same water 

economy as one with a low ratio such as a jig or pack. dyeing machines. 

In a similar way, the specific water consumption for a process depends 

on its comple:x.ity (the number of individual operations in a particular procesL). 

As the choice of the machine to be used for a particular process may be a question 

of availability or preference and as the complexity of proces~ing also admits 

of much personal choice, a wide divergence may exist between the total water 

consumption at two works, although those works perfonn the same general 

type of processing. 

Where water is emploJed in the preparation of chemical baths there is 

little tendency to use it extravagantly .since water consumption must be 

matched by chemical consumotion to maintain th~ specified bath concentrations. 

However, this restriction does not apply to washing processes which cannot 

be adversely a.ffected by using "too much" wa.ter. It is in washing processes 

that personal choice is most evident and more water is used rather than le~s. 

Therefore, substantial water savings can be made but the finisher must be 

satisfied that such savings will be A0rthwhile and safe and find the correct 

way to implement them. 

Substantial reductions ~ould be ~ade in process-water r.onsumption either 

by using less or by reuse, but these alt~rnatives have quite different effects 

on quality and quantity, the criteria for which are basic to the industry's 

w~ter requirements. A direct reduction in process-water consumption would 

mean that production requiremel"lts must be maintained with a lower quantity 

of water, but with the quality Wlimpaired. Reus~ would pennit the quantity 

of water employed in processing to remain unchanged at the expense of possible 

deterio1-a.tion in quality. There is clearly no single solution; both alternatives 

mu~t be considered in relation to the requir6111ents and the opportunities at 

each particular site. 

'Reasons for conservation 

Water conservation is necessary when there is a reduction in the available 

water su~ply, when a fixed supply hinders expansion or when there are increasing 

demands on a region's 9upplies. 
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The necessity of water conservation may also result from restrictions 

on the disposal of effluent, but this situation is less likelj since water 

conservation alone is an effective sol~ ion only if the restriction is 

exclusively on the volume of effluent discharged. Ji>re general effluent 

restrictions require d~fferent corrective actions in which water conservation 

may play a minor part. 

It may be possible to solve the problem by tapping a more remote water 

aource or by treating an available water supply of unsatisfactory quality. 

However, the financial arguments (the cost of water and of effluent treatment 

is approximately 4 or 5 per cent of total processing .:;osts) generally favour 

conservation and are the main incentive where there lS no physical limitation 

on water quantity or quality. 

Even if external incentives a-re not sufficient to justify conservation, 

internal factors must be taken into acc3unt. Because of the close correlation 

between steam consumption and water consumption in textile finishing, in any 

situation where water is heated a saving of water will produce an automatic 

saving in energy. If the water is heated close to boiling point, the financial 

benefit from the energy zaved will be five or six times as great as tre savings 

in water and effluent costs. Energy is saved most effecti·Jely by a direct 

reduction in process-water demand. Although energy can also be saved by the 

reuse of hot water, it. is not necessary to reuse the water in order to recover 

the heat it containL. 

Substantial savings can also be expected if water conservat~on leads to 

reduced chemical costs, but the situation here is not so clear-cut. A 

reduction in chemical consumption can be achieved by reducing the volume of 

chemical baths, but water consumption in this area tends alread. to be 

limited because, as already pointed out, it must be matnhed by chemical 

con8"Ulptien. A saving in wasa water Will net directly affect chemical 

consumption and the main scope for saving appears to be by the recovery ~f 

chemicals in reused water. At present this is practicable only in a limited 

number of situations, although where it can be employed the chewi~.a.l saving 

is a major importance. 

On balance, energy conservation is likely to be the most consistently 

significant incentive. Its importance is such that, whatever the external 

situation, potential energy sa~ings alone are sufficient to justify serious 

consideratlun of any opportunities for water conservation. 
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Approach tu conservation 

It is perfectly feasible to reduce water consumption in a piecemeal 

manner, seeking good-housekeeping measures here and there and larger savings 

by ma.chinery replacement or by introducing water reuse O!! one or two machines. 

Su~h measures will generally be successful, but they cannot lead to any real 

understanding of the water consumption situation or provide any assurance 

that the measares are bei.ig ·.t·plied where they will do the most good or that 

their results represeJ'l+. satisfactory rather than moderate or poor performance. 

If the problem is to be tackled in a $y~tematic way, it is necessary fi1'Bt 

tc establish the pattern of water consu~ption at the worke in question and tn 

compare these results with appropriate target figures, secondly to examine 

alterna.tive conservation procedures, and finally to introduce a conservation 

programme based on these considerations. This sequence of actions demands 

a more quantitative attitude to water consumption than is yet widespread 

in the industry but is an unavoidable prerequisite of the comparison process; 

it is equally essential whether the performance of a particular machine is being 

compared with a target figure or the improvement in the machine's performance 

is being determined following the introduction of conservation measures. 

The measurement of water consum)tion, then, involves conducting a "water 

audit" for the works in sufficient detail to establish the major water-using 

operations and to derive specific water consumption figures for these 

operations. It is necessary to examine the situation in such detail since 

it is only at this level that meaningful comparisons can be made with target 

figures or guidelines deri ,,e1 either from similar measurements at other 

works, of ;rhich sufficient have been published to serve this purpose, or from 

theoretical analyses of the processes involved. In either case the target 

values will relate specifically to process-water demand and to conservation 

achieved by redu~ing this demand. The pros and cons of conservation by this 

means and by water reuse must then be examined sc that the most ~iitable 

conservation prograr.11De can be introduced. 
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I. ~-~URE'MENT OF WATER CONSUMP."ION 

The type of measurements required for water consumption is dictated. 

by the foI'1llat in which target values are presented, and target valuen are 

v??ly meaningful when they deal with indh5dua.l unit operations, that is, 

with a pa1·~ivtlar process perfonned on a partic ... lar type of machine. The 

more p~e~iaely the target values are defined, the easier it is to compare 

data. Target values are of nece~sity expres:,.':'"!. .Ln 1.enns of the specific 

water conswnption, the amount of water used divided by the weight of textile 

material processed. 

Considering the Wide range of combinations of machines and nper?tions, 

studying each combination in detail might well be ffiore confusing than 

helpful because of the m~;s of data produced. Steps must therefore be taken 

to reduce the data to le evaluated. 

First, the important ma.chines must be identified. It is likely that a 

works' staff will be able, without recourse to any measurements at all, to 

identify the small number of machines or groups ot· .,;imilar machines, perhaps 

four or five; that are res~nsible for one half to two thirds of the total water 

consumption of the works. One or two measurements should be made to check 

theae conclusions and to extend the list to provide coverage of 70-80 per cent 

of the total water consumption, but the effort rec:i·ired should not be great 

a.r..i it would probably be uneconomical to aim for a more detailed coveraf'e. 

Y should be possible to reduce the number of machines requiring detailed 

investigation to aboutten in a typical works. Where substantially identical 

machines are performing similar work(for example, a row of jigs or pack 

dyeing machines), only one or two should br selected to represent the group. 

The next step is to consider the O?P.rations performed on the selected 

machines. Again, it should be possible to identify a small number of classes 

of work that together make up the major _ 3.rt of the machine's work-load. 

This number may be as few as one or two and will rarely be more than six. 

In the latter circumstance consideration may be restricted to two or three 

as typical of the group. By this procedure it should be p~ssible to reduce 

the nur:ber of operations requiring evaluation to manageable proportions, say 

not more than 25 or 30 in a works of average size. 
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One consequer ce of such a selection p!'Ocedur~ is that coverage of the 

total water consumpt:.on is far from complete. The situation is not he:...ped if 

the measurements are made by the simpler means that in general are s~itable 

only for spot readings or for measUI·..:ments over a limited period. Nevertheless, 

it is iesirable to attemrt to produ.~e some form of water audit, wh:ch if 

possible should include the measurement of consumption in individual sections 

of the \tt)rks as well as tile total consumption. If this is not done, significant 

iteusof water consumption may be ove-rlooked. 

A description of the simpler methods applicable to inttividual machines 

js given below followed by the techniques suitable for the measurement of 

total and sectional flows. 

Simple methods for batch-process) ng machines 

The essential rPquirement for determining specific water co~sumption by 

batch-processing machines is to ascertain the volume of water used each time 

the mGchine is filled _nd to count the number of fillings in the processing 

of a known weight of material. It is necessary to note what each filling i& 

used for (dye bath, rinse etc.), unless this information is already ? ·m.ilable 

from processing records. 

The simples• procedure to determine the volume is to calculate it from 

the dimensions of the vessel. If the vessel has a regular shape, the only 

equipment required is a rule or tape. 

i.l the vessel has a complex shape or is much encl'~abered below the water 

level (with fabric guide rollers, for example) it is preferable to measure 

the water volume directly. This can be done most simply by pumping the water 

from the vessel into a container of known volume. Alternatively, the "bucket

and-stopwatch" procedure may be ueed: the flow l'ro1n a hose is calibrated by 

measuring how long it takes to fil 1 i:i. container of known volume a.nd the 

filling of the processing ,,essel with the hose is timed. 

Another alterna.·i;ive makes use of the dilution principl ). •.rhe vessel is 

filled with clean water and a known amount of svme teEt substance is added; 

the solution is thoroughly stirred, a sample removed and the conc3ntra.tiJn 

of the test substan,:e determined. This test may be conducted, for example, 

wit.h a dyestuff, the concentration of which can be ~etermined by a 

I 
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spectrophotometer or colorimeter, or by sample-dilution and v:sual comparison. 

Alternativ(ly, a readily available inorganic salt, such as SQdium chloride, 

may be u~ed; this can easily be measured by conductivity. 

Each of these procedures requires access to the machine in order to 

make the measurements, but interference with production is brief. 

One or other of these four measuring procedures is sui tab1_e for most 

batch-processing machines in their noI'll!al mode of operation; that is, when 

the vessel is filled only a~ discrete intervals. The methods are ~nt applicable, 

for example, to overflow rinsing on jigs or winches or to those jet dyeing 

machines that must be kept full of water, in which cas~, the water flow is 

continuous or sem~-continuous and the mea:-· 1 t"ements must be made by the methods 

appropriate to continuous operation. On the other hand, "standing baths" in 

continuous washing ranges should clearly ... e treated as batch processes. 

Tha determ~nation of water volume has been described above as though it 

requ.irei measuring once only for each machine; that is, as though each machine 

had a unique volume associated with it. In some instances, where for example 

the machine must be completely filled with water, this is true, but in open 

vessels it is not necessarily ~o. In the latter case! it is important either 

to c'·eck that the water depth is the same each time the vessel is filled or 

to pr~pare a simple ~olume indicator in the form of a dip-stick or calibration 

marks on the side of the vessel. If the water volume is observed to vaI"Y 

appreciably the measurements should be repeated once or twice to obtain a better 

average and to have some indication of the range of variability in water 

consumption. 

All measurements should be made under normal operating conditions, 

therefore, it is importa~t that operatives should not be unusually economical 

or careful c'l.uring the measuring period. 

Simple methods for continuous ma.chines 

ThP. essential rrqu.irernent for continuous machine~ is to determine the 

total quantity of water consumed during the proce.1sing of a certain mass of 

textile material. In contrast to batch-processing machines it is primarily 

flow rates that must be measured, but a complicating factor is the volume 

I II I. 
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of water contai!'led in the tank or tanks of the machine. These tanks al'e 

coDB11only filled with fresh water either at the start of a particular run 

or at the start of a shift or a day, and the que.~tion is whether or not this 

volume makes a significant contribution to the total water consumption. 

The relative te.nk capacities and flow rates in a conventional wanhing.

ra..."lge are such that the through-flow is equal to the total tank volwne in a 

time typically between 20 and 60 minutes. If processing is continuous (in 

the sense that the tanks are not drained and refilled) for a whole shift 

or longer, the effect of the tar.k capacity is relatively slight; in much 

shorter runs it could make a substantial contribution to water consumption. 

The ideal procedure ·for dealing with continuous-processing machines is 

to measure the tank capacity (any of the methods appropriate to batch processing 

may be employed) and the water-flow rate, and then to record the total ml.Bs 

of fabric processed in a partirular period, takin~ note of ma.~hine stopo~.e-es 

and whether or not the water flow is turned off during these intervals, 

in order to arrive at an accurate figure for the total water consumption. 

This is inevitably a time-consuming procedure, and the less accurate results 

obtained by measuring only the water through-flow and calculat·.ng the fabric 

throughput from the processing speed are likely to be adequate for most 

purposes. 

Water flow rates may be determined by the counterparts of two of the 

procedures applicable to volume measurement. A direct measurement is provided 

by the bucket-and-stopwatch procedure if a r.ontainer of suitable size can be 

inserted under the inflow or the outflow (it is immaterial whether the water 

input or the effluent is measured). Sometimes this may be difficult to do, 

as for example when the input is dietributed via a spray pipe at a nip, and 

in any event the container size is likely to be limited and timing possible 

for a few seconds only. The timing can be extended and accuracy improved 

bJ. using the tank on the machine as the container; having determined the 

tank volume, it is only necessary to measure how long it requires to fill. 

In a multi-tank ma.chine, such as a continuous washing range, there may 

be several water inputs and care must be taken th~t none is missed. If the 

effluent stream is readily accessible it is an advantage to measure the total 

flow there. Furthermore, measurements can be made on the effluent without 

interfering in any way with production. 
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The simple methods of flow measurement effectively give only spot readings, 

and their reliability is dependent on the extent to which the actual flow rate 

is lilc"<!ly to vary over an extended period and on the accm."a.Cy with which a 

control valve setting is repeated when the flow is stopped i:l.lld tu.med on again. 

A number of measurements on different occasions is desirable to provide an 

indication of this variability. 

Instruments for :!'low measurement 

The obvious application of flow meters is in permanent ins~allation for 

the continuous measurement of total flow or of the flow in sections of the 

works, although they may equally well be employed on individual machines 

or groups of machines if this is warranted. 

Tt".e flow of supply water in completely-filled pipes is readily measured 

by f ~cw meters of the conventional type, in which an impeller is driven by the 

WF.r;er flow, or ~J devices, of which there are now an appreciable number, that 

measure some other property of the flow. Effluents, which, in add~tion to 

being contaminated, comnonly flow in open charmels or incompletely-filled 

pipes, require a different measuring procedure. Their flow is usually 

determined by introducing into the charmel an obstruction, and this head is 

measured in some way and the measurement converted into a signal proportional 

to flow. 

The permanent installation of a flow meter to measure eith~r the total 

water inpl.'.t or effluent discharge is essential, and serious consideration 

should be given to th~ metering also of flows to sections of the works and 

to the most i.mportant individual machines as part of a more quantitative 

approach to water consumption. The most important ini"o:rmatjon to be derived 

from a permanently installed meter is the total water consumption over a given 

period. Instruments that give only a reading of the instantaneous flow rate 

are not suitable; a direct reading of the total quantity should be provided. 

'lr.i.e recording of flow rate on a chart is helpf'ul for identifying periods of 

high or low consumption, b11t a chart should not be the only output provided 

as the comput"tion of the total water quantity 0....1 then be i.. tedious business. 

A combination of flow-integration plus recording is ideal, although it may well 

be fol.Uld that the recorder charts are rarely consulted. 
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Where permanent jnstallation of a flow meter is not felt to be justified, 

a temporary installation may be made; in this way one or two meters with 

appropriate measuring ranges mo.y be eoployed over a period to quantify the 

coi...sumption thrcughout the works. However, the inconvenience attendant upon 

the installation of a conventional flow ~eter in a VGter line and, equall:'y, 

its subsequent removal for use elsewhere makes this exercise worthwhile only 

if monitor:ng at each locatiou is carried out for at least a week or two. 

Jt>re rapid testing is possible using "non-invasive" meters, which do not 

require the pipeline to be broken into; devices of this type, altho-:.igh 

relatively expensive, are ci·o1ailable as transportable units. Temporary 

inst~llations may also be set up to measure efflu~~t flow rates where a 

suitable location can ba found t•or the introduction of a tempo~-ry weir; here 

?.gain, portable measuring devices are available. 

Water audit 

Measurements of water consumption by individual machines are made principally 

to derive specific values for selected unit operations. The same measurements, 

combined with data from production records, provide average values for the total 

water consumption to be expected on each of the important ma.chines in the 

appropriate period, which ~y be, for emmple, a day or a week. 

These values may then be compared with one another and summed fer 

comparison with the corresponding figure for the works as a whole and, if 

these data are available, for individual SP.ctions of the works. At this stage 

all sources of water consumption not directly related to processing must be 

considered such as the water employed in washing-down machines, floors or dye

mixing vessels. W'Aere such water consumption occurs in a controlled way, as 

is frequently the case, for emmple, in the washing of printing scre~ns, it is 

worthwhile attempting some simple measurements (using, say, the bucket-and

stopwatch procedure), but elsewhere it may prove difficult to obtain more 

thar. rough estimates based on the use of hoses. 

Nevertheless, it is preferable to be armed with rough estimates rather 

than no data at all, and with this supplementary informati~n it is feasible t9 

compare the proportions of "recorded" and "unrecorded" water consumption. 

This will prevent any excessive unrecorded consumption going unnoticed, and the 

i~entification of areas requiring further investigation will be faciliated by 

this auditing procedure. 
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II. TA.~GET FI'AJRES FUR WATER CONSUMPl'ION 

Alternative sources of target information 

Two different sourc3s may be cons11lted for water consumption targets; 

one.data compiled from measurefue~ts at a number of works and t~e other, 

fimires derivP.d fro~ theoretical and experimental studies of thP. 

p.·.•or.P.RRP.R ir.vc.lvei. Each has its advant~s and disadvant~s, 
although works' data will perhaps have a more practical appeal, since these 

are derived from mec.surements made under conditions of normal works' practice. 

Indeed, it is important that such works' data should represent simpi.y an 

examination of works' practice without any attempt to impose constraints on 

the conditions employ~, whether or not the examiner (who may well have his 

own prejudices} considers them wasteful. 

Collected in this way, wor·ks' data display the pattern of water consumption 

of a number of finiahing establishments; they can provide worthwhile targets 

only if thgy are sufficiently extensive to include a number of careful users, 

and they can only indicate target consumption by comparison of these lower 

values with the renaincler. The target values indicated cannot therefore be 

absolute ones. 

The alternative of deriving target values from the theoretical a.na.lysis of 

water-using operations has the advantage that the results produced are independent 

of current operating practice. Furthermore, since the analysis must be based on 

certain, defined. ~sumptions, it is ;_mmediately apparent what must be done to 

achieve the tar6et figure. It follows, therefore, that care must be taken 

to ensure that the assumptions rep:r·~ent realistic operating conditions 

achievable in practice. 

Targets from works' data 

Bumerous authors have published water consumption figures in articles 

dealing with water consumption or water consel'V3.tion. At the level of unit 

processir.g operationA aetailed results have been preoented by Burford and others 

E<Dand Gopujkar~1], and particularly extensive lists are given in a series of 

articles by Jaeckel, Knight and Pyle on batch dyeing processes f 2), by Little 

~)and in the publication The Use of Wa1:er by the Textile lndustr; E.}J 

I 
I 

I 
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It is immediately apparent from the:se survt:?:rs that even at the level of 

operations a remarkably wide range of specific wa+~r consumption is 

obtair.ed. In The Use of Water by the Textile Inc1.ustry a coraparison is given 

of data collected in India, the United Kingdom of Great Britain and Northern 

Ireland, and the United States of America (-~ble 2}. Although t~ere a~e 

some interesting differences in average water consumption, the most noticeable 

features are the wide ranges of variation, rarely less than 4 : 1. 

Table 2. Compariso~ of water consumption figures 

Specifi~ water ~onsumption (I/kg} 

India !f 
Process Average Range 

Desizing and washing 11 

Ki~r boiling and washing 24 
Hypo~hlorite bleaching and 

~~shing 11 
Continuous peroxide 

bleachiDJ 

Mercerizing 

Jig dyeing (vat) 

Continuous dyeing 

!I aopujkar D 1] • 

60 

35 

'Ef Textile Research Council D 3] . 
~ Burford and others Do] . 

22-25 

27-92 

UK.§/ USA~/ 
Ave.rage Banga Average Range 

26 1-47 21 1"(-25 

2i:; 
..I 5-46 68 :'4-111 

68 21-173 310 276-343 

38 13-64 90 
26 11-57 11 
82 38-196 102 

38 9-63 32 17-50 

I 
I 



--1 
- 19 -

This wide variability is c&-..ra.cteristic of virtually all .neasurements 

qiiotM. t and ii:: r.a.usP.d mainly by differenres in water consumption (a) on differen-t 

types of machine; (b) for dyestt..ffs, related to their proressing requirement~; 

(c) between ~hemical baths and rinses; and (d) according to the effects of 

mac-hine loading. 

A number of examples are givwi below to illustrate these points, using 

mainly data take!l from '!be Use of W::i.ter in the Textile Industry. 

The influence of machine type is illustrated in table 3 for a ·.rariety of 

fabric preparation and dyeing processes. In each instance the data :from a 

large number of processing operation.& have been combined; for example, the 

results for dyeing relate to a variety of fibres 3.nd of dyestu:ffs. 

Table 3. Effect of machine type on water cJr..sumption 

Process Procesr- ing mdhod §Eecific water consumEtion ~lL!s&l 

Average Ienge 

Scouring Continuous 30 3-94 

Jig 18 2-48 

Winch 73 41-146 

Peroxide bleaching Continuous 33 13-64 

Jig 41 8-80 

Winch 57 54-60 

Continuous 38 10-63 

Jig 11 5-300 

'linch 183 28-540 

Beam 92 31-166 

Washing Continuous 19 3-60 

Jig 52 2-220 

Winch 81 41-195 

Beam 35 23-89 

Continuous (with an average M'\ter consumption ranging from 20 to 4.0 l/kg) 

and .ii.l!.' (20-80 l/kg) use less water on average than beam (35-90 l/kg) 

or winch (60-90 l/Icg) processing, but this difference results 

primarily from a difference at the bottom end, rather than the whole, of 

of the range. Both continuous and jig processing show low water conswnption, 

but these low values are never obtained on the wineh or the beam machine. 

At the top end of the ranges the differences between the machines are n't 

pronounced. 
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Var~ la...-ge water cons>.imption !!!'J.St result mainly rl"'Om the user's choice: 

and it is ap;;:arent that on each of these machines some users are prepared to 

employ large quantities of water. l)n. the other hand, however, the user 

can only be as economical as the machine allows, and it is apparent fron:; 

these figures that very low water consumption ca.r.lllot be obtained on winch 

or beam machines. 

An indication of the "best" value attainable with each type of machine 

may be the averages of the lowest values (table 3}: 

!-.& 
Continuous 7 

Jig 4 

Winch 41 
Beam 27 

There are la:rge differences in the amounts of water employed for 

different dye stuffs in jig dyeing (table 4}, for which the complexity of 

precessing is priJDE..rily responsible. Ttu1s, in azoic d,y~ing the development 

of the colour may be done in from three to five steps with intermedi~te 

rinses, whereas a d.irect or disperse dye might be applie:i in one process 

followed by a single wash. 

Table 4. Effect of dyestuff in jig dyeing 

Dyestuff Specific water consumption ( l/kg) 

Average Range 

Azoic 153 

Sulphur 136 44-297 
Soluble vat 118 

i?eactive 93 56-133 

Vat 82 38-196 

Acid 44 41-48 

Direct 34 5-99 

Disperse 6 4-9 
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Variations in washing practice exist, h\lvever. Uthough the i&ore complex 

processes use a gr~ter numbe.L· of WP.shes, the use of a ruru::ing .rash i11 othsrs 

may increase the V3.ter r-onsumption greai.J.y, and one ~ !Ch 1--ur.nillf{ wash '-""\.? r-or.sume 

more water than a number ;,f single sta~ic washes. This effect it't responsible, 

for instanc~, for the veey wide rar.ige of values recorded for direct d,..veing; 

in some works only one or two static washes a.re employed, with tota.l water 

consumption less th.an ro l/kg; in others, running washes increaseci. the total 

water consumption considerably. Veey- low values are only possible when the 

number of individual steps is few. 

When comparison is made between the water consumption in 1>:receeairu? baths and 

~bing, it is apparent that ,rashing is responsible for the najor part of the 

water consumption (table 5). 

Table 5. Distribution of ~ter co11SU1Dption 
between processing baths aLd w-~hing 

Processing method Average specific water 
consum;et ion ' l[!sg} 

Process Wash TQtal 

Continuous: 

Scouring (kier and rope 
washer) 4 22 26 

Scouring (kier and open-
width washers) 5 25 30 

Peroxide bleaching 1 12 13 
Dyeing 9 25 34 

Jig: 

Scouring 3 10 13 
Peroxide bleaching 2 44 46 
Dyeing 1 70 11 

Winch: 

Scouring 22 56 78 
Peroxide bleaching 26 64 90 

Dyeing 55 126 181 

Beam: 

Dyeing 14 36 50 

Package machine: 

Scouring 10 19 29 

..:a.sh 3.S 

percentage 
of total 

35 

83 

92 

74 

11 
96 
91 

72 
71 
10 

72 

66 

I 
I 
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Some interesting differences between processing ~ethods can be seen 

from table 5. In winch processing the washing 'lperations consistently 

require approximately ·ro per cen! of the total water consumption; in jig 

processing the percentage is higher &lid. in two instanr.es is over 10 per r.ent. 

Continuous proce•eing also uses a hi~er percentagp of 11ater for washing. 

The L'eason for these differ .1r.es is to be found in the inherent r.harar.teristir.s 

of the ma.chines and the attitude ~ova.rds water const:mption in r.hemical 

baths and in washing operations. On the jig, for example, it is perfectly 

feasible to use small quantities of water, and water consumptio~ in 

chemical baths tends to be held down by the constraint imposed by rhemir.al 

consumption. In washing, where this constraint does not apply, less effect 

is likely to be made to keep the water consumption to the lowest practicable 

level; as a result, proportionately much more water will be employed in the 

washing stages. Generally similar considerations apply in continuous processing, 

but on the winch it is just not feasible to use very little water, even for 

chemical baths. 'ftlerefore, although a generous attitude may still prevail to the 

use of wash water, the difference is not so marked. 

Values quoted for ranges of specific water ronsumption represent a wide 

variety of operating practices and inevitabi, include results of differences 

in machine loading. In virtually every instance a reduction in machine 

loading is accompanied by an increase in specific water consuopticn. This is 

unavoidable in batch processing on machines that must hold a fixed volume of 

water, when any load less than the maximum that tl:.e ~achine will accept must 

increase the specific water consumption each time the vessel is filled, but 

in practice the effect is observed also on machines where the water volume 

can be altered and on continuous-processing machines. 

In jig dyeing, for instance, there is a tendency to use a fixe1 length of 

fabric, so that the time of treatment for each end is constant. This gives 

a variation in batch weight proportional to the fabric weight per unit length 

and correspondingly higher water consumption for thP. lighter fabrics if the 

volume of liquor is not altered. In one works studied, the specific water 

consumption increased frvm 21 l/kg to 84 l/kg as the batch weight was re~ .ed 

from 240 to 60 ~g. The same effect is observed in winch processing where again 

there is a tendency not to alter the water volume as the batch weight varies. 

In r.ontinuous washing operations there is a tendency to run a given machine 

with a fixed water through-flow rate, but little effort is made to adjust 

processing speeds to achieve a constant mass throughput rate of fabric. Most 

often, perhaps, a machine is run at a constant speed or the speed may be 

reduced slightly for heavier fabrics. Ass a result there must be a higher 
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specific water conslDDption on lighter materials, since in effect the machine 

luad.ing is reduced in these circumstances. 

Therefore, the lowest values in any quoted ranges of water consumption 

~f!llerally relate to conditions of maximlDD machine loading. If these lowest 

values are to be employed as target figures, this point must be borne in mind 

and the possible adverse effects of ltlnderloading recognized. In some 

circumstance13 it may be possible to achieve optimum water consumption on an 

underloaded machine (for example, on a washing range by reducing the water. 

flow or on a jig by reducing the volume), but in others (for eiample, pack, 

beam or jet dyers) it may prove virtually impossible. 

Targets from theoretical analysis 

:t'heoretical anal.7ses bearing directly on vater consm.ption have in the 

main dealt vith washing processes. Bonkal.o [1ia and a little later ParishD.~, 
pointed out that the perto?'ll&Dce obtained traD a continuous washing range could 

be described in teras of only tvo independent paraaeters, one related to water 

consumption and the other to the efficiency or interchange of impurity between 

the goods being washed and the wash water. Experimental vork shoved that the 

efficiency paraaeter could ~ derived, vith an accuracy sutf'icient f'>r al1 

practical purposes, ~ assuming the process to be gOTerned by simple diftusion 

or -.as-transfer relations. 

A little later Morton (1-~ ~pplied a similar theoreti~..al treatment to 

batchwise washing on a jig, and Parish C1] has shown that the same l..asic 

principles apply to washing on a perforated beam. 

The esRP.nti:d 'fM.tures of these analyses in the context of water consumption 
are that they deal with efficiency in the washing process, and specifically with 

the quantity of wash water it is reasonable to use. Sy.bsequent investigations 

have considered in detail the efficiency factonwith a view to defining the 

influence of process variables on it, but without altering the 'lalidity of the 

general conclusions from the original analyses. 

'l'he tunction of' 8111' vuhing process is to transfer an ~ity traa the 

textile material to the vuh water. The effectiveness with vbich this is done, 

called the vuhing perl'ormance P, ia defined as the ratio or the aount of' 

illpurit7 rellOTecl trm the textile •terial to the Uk.IUDt initially present. 
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The vssbing J>C!1"f'?1"11&1lCe ot a process. vhether it operates batchvise or 

continuously, is dete:ndned by the relative amount of vater used and the 

r.umber of stages in the process (in batch operation the number 

ti.mes the vessel is drained and refilled, in continuous oreration the number ot 

caapartaents in the machine). 

The relative aaount of vater used is expressed in the:!'retical analyses 

as the water factor P, defined as the ratio of the YOlmte (or tl01r rate) of 

vas~. vater to the YOluae (or nov rate) of vater retained by the textile material 

at t'le end or the stage. It differs tram conventional aeb.oures ot relative 

vater consumption in that it is di•ensionless, i.e., it is not given as so many 

litres per kilogram of' material, but as so J1811Y litres per litre of vash vater 

retained by the material. 

The efficiency of each process stage is the measure of hov closel7 the 

real process approaches an ideal one operating vi th the same vater factor. The 

ideal process cannot remove all the impurity traa the goods, because the contami

nat: ~n in the wash vater limits the cleanliness achievable; the goods cannot be 

relativel7 clewier than the vash water they retain. The efficiency E of a real 

system may then be defined by the ratio of the aaount of impurity removed by 

the real process stage to the UtOunt of impurit7 removed when the goods are 

brought into equilibrium vith the vash vater. 

The equations that relate P,E, and F to each other vill be found in the 

publications referred to above. For the present purpose it is sufficient to 

note one :important conclusion that follows from them: Optimum washing conditions 

are represented by a balance between efficiency and vater consumption in eaoh 

washing stage. It is unprofitable to operate ·rith these factors out ot Oalance 

anc!, in particular, with a water factor that is too large tor the efficiency. 

It is poasible to determine the optimum value ot F to achieve a given vashing 

performance. By vay ot illustration, optimum conditions tor achieving a P ot 

35 per cent are presented in table 6. 

It has been assumed in deriving these figures that continuous 

vaahing employs a counterfiov of well water; the water factor 

F for each stage is therefore th.e same as the total water factor Ft • In 

batchwise washing on a ma.chine where the water volume can be adjusted, three 

washing stages (as on the continuous machine) are optimum. With a filling 

of fresh water each time.it is possible to achieve the same performance as on 

the continuous ma.chine, and with the same efficiency and a slightly 

smaller value of F, but Ft is now three times the value for one stage. 
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A batch-proceesing machine of f"'..xed volume is assumed to prohibit the use 

of an P-•_-a.lue less than 8. It is then uneconomical to use th-r:-ee washing stages. 

Two Wl.1.l suffice if the efficif;llcy is increased (for example by increasing the 

washing time per stage) to keep E and P in balance. 

The abovP remarks refer only to the water consumption as defined oy F • 

.Between this factor and the conventional measure of water consumption there 

are significant differences bet~een continuous and batch-processing machines. 

On a continuous washing range the mangle squ.eeze between stages reduces the 

water content of the fabric to a va.lue that makes the corresponding .Jpecific 

water conswuption Ut numerically similar to Ft' typically (as shown in table 6) 

approximately twice as large. 

Continuous 

Table 6. Optimum wa.ishing conditions to produce 
a washing performance of 95 per cent 

Washing parameters Number Total 
(per stage} of water 

Efficiency Water factor stages f~tor 

E (%) F Ft 

80 4 3 4 

Batch, adjustable 
3 9 volmne 80 3 

Batch, fixed 
volume 88 8 2 16 

Corresponding 
specific 
water consumption 
Ut (l/kg) 

5 

18 

30 

In general, continuous washing can be partic11larly economical because, 

with counterflow, it makes repeated use of the same water and because the 

mangle nips help to keep Ut numerically similar to Ft• Batch processes are 

inherently more water-intensive because they use the water once only and 

th~re is no inter-stage squeeze. 

The figures in the last column of table 6 represent theoretical target 

figures for washing t~ a specified performance level. SiLiilar calculations 

Jh8.y be made for other assumed values of washint; performance, and when this is 

done j t is found that the optimum way to obtain significantly different 

values of performance is to vary the number of washing stages, without much 
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change required in either the eificiency or the water consumpt1on per st~~· 

These f~ 0".lr"...S may then be translated into general-purpose target figures! 

as follows: 

Continuous washing 

Batch w~~hin5, 
adjnstable volume 

Batch washing, 
fixed volume 

Comparison o:f target values 

5 l/kg, with cow1terflow 

6 l/kg per stage 

15 l/kg per stage 

Theoretical considerations can provide target values for water consumption 

per process stage, but they cannot define the n:JID.b~.T' of stages requir:=d. in batch 

processing ~-1ithout reference to the complexity of the operatiori. and the aeverity 

required of the washing treatme:r•ts. It is -~herefore instructive to compare the 

above theoretical values with the lowest valaes observed in works processing 

(table 7). 

Table 7. <nmpariscin of targP.t values 

Specific wat~r cr,m,;· "l!ption ( l/kg) 

Theoretical Practical 

Continuous 5 witn counterflow 1 

Batch 
(adjustable volume) 6 per sta ,e 4 Jig 

Batch 
(fi.x:ed volwne) 15 per stage 27 Beam 

~1 Winch 

For continuous processing, where the nwnber of std.geS is unimportant (if 

counterflow is used), the agreement is very good. The beam and winch data also 

a.re consistent with the theoretical figure for fixed volume batch processi. ~; 

the pratical results represent the water ~onsumption to be expected from one chemi~al 

bath followed by one or two rinses, which is a li>~ly minimwn processing 

sequence. It is only for the ji.g that the practical figure itJ J.ower than the 

value to be expected on theoretical grounds. A value as low as 4 l/kg can only 

be explained if it corresponds to only a single proces lng stage. 

The theoretical figures then may be used with some cunfiience as target 

values for the water conswnption in each procecsing stage. It remains 

necessary for the user to make his own decision regarding the number of stages 

he requires. 

I 
I 
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III. WA'IER CONSER'TATION MEASURES 

In view of the widespread current interest in this subject it is not 

surprising that over the past few years many authors have ma.de reference to 

some aspects of water conservation or water recycling. A useful summary of 

practical suggestions for conservation has recently been published by a 

Working Party of the Society of D-,fers and Co~-.1urists [1.~, and this article 

also ~ontains a substantial list of references. Many suggestions are also 

discussed in a review article on energy conservation by Wyles ~9]. 

One fe3.ture of many published articles is that the authors make no obvious 

distinction between conservation measures directed towards reducing process 

demand and those effecting saving by water reuse. These alternatives, as has 

been pointed out, represent quite differP..nt approaches to the problem and it is 

preferable t" discuss them separately. 

Conservat~ . by reducing process demand 

Water consumption target figures relate directly to process consum~tion 

and theref0re act prima.rily as a stimulus to savings by reducing process demand. 

The methods by which such savings may be achieved are rather varied, but may 

conveniently be descr'..bed as (a) good-hous'9keeping measures; (b) savings on 

existing machines and processes; ( c) i:Javings by machinery changes; and ( d) 

aavingq by process changes. Within this listing there are really two distinct 

categories, represented respectively by those measures that require only a 

change in operat~r practice and those that require some physical alteration to 

be made to a machine or some other discrete change. In a general ~ay, (a) 

and (b) come into the first category, (c) and (tl) into the second. 

Savings brought about by instructing an operator to perform (or not to 

perform) some action are represented, for example, by a decision to fill jigs 

only to some specified level or to dispense with overflow rinsing. Such 

measures are easy to initiate and, very usefully, may be introduced in small 

steps; however, they ffiay be difficult to maintain. 

Savings brought about by making some discrete change to the machine or the 

process are represented, for example, by the introduction of counterflow on a 

washing range or a decision to alter a processing sequence. These measures 

are likely to be somewhat more difficult to initiate and may involve some 

capita: expenditure; they can probably only be introduced as substantial step 

~hanges, but once introduced should be self-maintaining. 

I 
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Good-housekeeping measures 

Although no g-..nar.:.l guid.elines ca..Y?. be given for i;hie id.'='nti fication of 

gooQ-housekeeping measures, opportunities for savings can be picked up by a 

critical eye in the course of a water-auditing exercise. Examples are taps 

am:. hoses left running when not in use, valves that do not shut properly, and 

leaks. Indlvidually such sources of waste may be relatively trivial, but 

corrective measures can collectively produce substantial savjngs. In addition, 

the attitude towards waste of this nature can have a strong influence on 

general attitudes to water consumption; a tightening-up here will 3erve to 

emphasize the importance of conservation elsewhere. 

Savings on existing machin~s and processes 

Comparisons of actual water consumption data with tar~t figures indicate 

the magnitude of savings that may be achieved simply by using less water and 

without changing machines or processing procedures in any way. Savings of this 

nature are likely to be more available in washing operations than in chemical 

baths. 

On continuoa.s washing ranges c01mterflow of wash water is the single most 

important factor. The benefit in terms of washing performance from running 

fresh water into each tank iG very small and the extra water and steam 

requirement is considerable. There are virtually no circumstances under which 

it is necessary to introduce any substantial fractions of the fresh water input 

part way along the range; apart from a possible small water consumption in 

nip-sprays, all the water sho.ild be fed into the last u.'lit in the range and all 

the effluent discharged fromthe first. Even when the range contains an 

intermediate, standing chemical tank it may be possible to c~rry the counterflow 

round this w1it, although in some circumstances it is preferable to treat the 

two washing sections separately. 

Most modern machines are, of course, arranged to permit counterflow by 

gravity from one tank to the next, and this facility should be used wherever 

pussible. Where it is not provided it is well worth introducing some suitable 

arrangement, if necessary pumping the liquor between compartments. 

In terms of washing performance the use of a single supply of fresh water 

and counterflow must give a result somewhat inferior to that provided by 

individual water supplies with tl.e same flow rate per stage. Theoretically, 
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therefor~, some slight increase in the thrc>'1ghflow rate should be e~ployed. 

with counterflow. However, under most practical conditions the :rt:!quired 

increase will be quite negligible, and even in the least favourable circumstances 

will not exceed 25 per cent. It is this fact that makes counterflow so desirable. 

For example, a four com~)a.rtment range producing a satisfactocy result with 

a feed of fresh water into each compartment at 100 I/minute would have a total 

water usage of 400 I/minute. If the machine were converted. to counterflow with 

a single supply at 100 I/minute it is most unlikely that there would be any 

detecta~le deterioration in performance, but to be ass-.ired of the same result 

this single flow might be increased. ·to 125 l/minute. This still rep~esents a 

substantial reduction of nearly 70 per cent in the originaJ water consumption. 

Second in importance to the introduction of c.ounterflow is reduction in the 

actual water-flow rate. For most purposes, as already discussed, a specific 

water consumption in excess of about 5 l/kg car.not readily be justified.. 

Exceptions may, however, occur in the washing of printed goods where a low 

impurity concentration in the wash water is necessary to prevent deposits on 

white parts of the pattern, although the contaminated water may still have 

a~ple "wa.shing capacity" for the coloured parts; this may also apply, for 

a different reason, in the washing of highly fibre-substantive impurities, 

where the substantivity requires a higher water consumption to achieve the 

desired washing effect. Even in these circ~stances, however, a conSlJillption 

of more than 12 l/kg is hardly likely to be worthwhile. 

When a ta.rget value is se·t for the water consumption on a washing range 

in tenns of litr~s of water per kilogram of fabric, it implies that the 

actual water-flow rate should be adjusted to suit the throughput rate of 

different fabrico. If this is not done) the likely effect will be unnecessarily 

high water ccnsum;tion with lighter-weight goods. However, to arrange an 

operating procedure that would take account of every possible fabric quality 

that might be pro~~ssed on one ma~hine could be extremely diffi~lt unless 

the water flow is controlled automatically. With whol!y manual control it is 

generally practicable to define no more than two or three flows and some 

means must be provided t~ indicate the rate of flow; the instrument used must 

be of the type that provides a direct reading of flow rate. In any event, 

if an attempt is tc. be made to reduce the -water consumption it is desirable 

to incorporate a flowmeter in order to check that the specified flow is in 

fact being used. 
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The target figure for water consumption in conti:iuous washing pro.:esses may 

be much lower than the value a finisher has r&easured on his own equipl!!~r..t. Although 

accepting the general validity of target data, he may be rel~ctant to make such 

a large ch3llge in a single step. It is therefore a valua~le feature of simple 

water-flow reduction that changes may be :nade as gradually as desired. It 

would be perfectly reasonable, for example, to reduce the water flow in steps ~r 

10 or 20 per cent, ensuring that there was no deterioration in product quality 

before proceeding to the next step. Indeed, it would be quite feasible for a 

user to determine his own limit in this way, reducing consumption until some 

deterioration was observed (it would be unlikely to be serious with small step 

changes) and then reverting to the next higher flow-rate. 

If the water is used COW'lterflow and its flowrate is trimmed to a modest 

va.lue, there is little more that can, or need, be donf Ahile the machine is 

running. However, it is important to enaure that the flow is switched off when 

the machine stops; there is no advantage in maintaining the water flow with 

the machine stationary. 

The direct reduction of the specific water consumption in batchwisa 

processing operationF. (without change in the machine or operating procedure) 

can be achieved only b;r reducing the amount of water added each time the 

machine is filled 01· ir:creasing the load of t~xtile material, or both. 

Any batch machine in effect sets two limits to the specific water conSUJilption; 

one by virtue of its inherent liquor-to-g:>ods ratio, the other by the minimum 

water vol:.une it can employ. Although in many instances these are not absolutely 

fiA~d values, each machine or machine type has its characteristic liquor ratio, 

below which it is impracticabl~ .;:r at least undesirable to operate, and its 

minimum volume requirement, below ·.:hich it would be considered impossible to 

run. These are both lower limits, and machines can be, and frecr~ently are, 

operated with rat~\s higher than their nominal values. 
ft 

The minimum volume determines the minim\DD load of textile material that 

allows the (minimum) liquor ratio to be employed; for any smaller load the 

liquor ratio will be greater than its optimum value. Underloading should there

fore ~e avoided if at all possible, but this does not necessarily mean that 

the machine should always carry the maxim\DD load it can hold. If the water 

volume can be reduced in proportion to the reduction in load, the liquor-to

goods ratio may be kept at its optimum value until the limit on liquor volmne 
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is reached. It is only beyond t:his point that underloading really occurs. 

Water conservation measures should therefore be directed towards achieving 

+.he opt~um liquor ratio as consistently as possible. On closed machines holding 

a fixed vollllile of liquor this can only be done by keeping the load as close as 

possible to the maximum value; on opan vassels where the water volume is 

adjustable tLe problem is most conveniently dealt with by control of the water 

level. Over-fi~ling and, in particular, the use ~: running ri!'lSes should be 

avoided at all costs. 

A:3 in the corresponding situation on continuous machines, the idea! of a 

water level precisely matched to the requirements of each particular load would 

be virtually impossible to supervise, and the ~se of two or three set levels 

is likely to be all that is practicahle. A.utoma.tic level controls can be used 

for this purpose, or a single control might be used as an upper, safety limit. 

Savings by machinery r.hanges 

The direct replacement of an old machine by a new one of the same general 

type is likely to lead to water savings, since machinel"'J manufacturers are 

increasingly aware of the energy and water consumption of their prcducts and 

strive to produce designs that are more economical in both respects. 

Although processing requirements must be the main criteria when contemplating 

machinery replacement, the opportunity for improving water consumption should 

always be borne in mind. F.owever, it is ~asonable to leave this aspect 

entirely to the machinery manufacturer and to expect to find conservation 

automatically built into the new machine. Jbdern designs permit lower water 

consumption and generally make it easier to achieve, but they can rarely 

automatically guarantee it. The user must still use his judge:nent and control 

of operating procedures to ensure that the full potential of the machine is 

realized. 

The effects of machinery replacement on :.ra.ter consumption are perhaps 

likely to be more ap~arent in batchwise than in contir.uous processing. In 

particular, the introduction of a rr.achine capable of operating at low liquor 

ratios will provide a drama.tic reduction in water demand in comparison with 

the high-liquor-ratio machine it replaces. In this respect the latest 

generation of jet-dyeing machines offer significant advantages over both 

winches and earlier jet-dyers. 

I 
I 
I 
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The same principle can be put into practice among the existing machines 

in a works by arranging as far as practicable to process on mac:hines offering 

the lowest licr.wr ratios. So far as prod.uction requirements pemi t work 

should be distributed between machines of different c~pacity so as to maximize 

the macline loadings. 

'!'he opportunities for the :.ntroduction of water-aaving changes in"':o eristing 

machines a.re :!"&latively feil& l:l one sense, the addition of a counterflo1" system 

to a continuous nshing range could be put into this category, but',more rele'Y'"-nt 

are s~ti:>na fer reducing the volume of water in batch-precessing machines 

by the introduction c;f "volUille-f':.lling" inserts into spaces n:>r.nally occupied 

~r water that is not directly contributing to the processing effect. Squire 

(fo] !las suggested fitting inserls of this type into winches and i~to beam-

dyeing ma.chines. 

Savings by process changes 

'ftlis catggory of conser-.ration measures includes s~vings achieved either 

by altering the procassing se~ence on a given machine er by processing on an 

entirely different type of i:.achine. Although substantial savings can be made 

in +.hese ways, the changes involved are m1>re intim~tely associat~d with processing 

requirements than any of those discussed previously. '!'here is therefore more 

scope for individual choice and more likelihood of disagreement as tc which 

measures are or are nor pN.Cticable. In presenting a summary of the very 

large nun:ber of conservation 111easures that have been proposed it is recognized 

that many finiahers will consider some to be inappropriate to their individual 

circUlilstancee and requirements. 

Since batch processes are inherently more water intensive than continuous 

pr::icesses, conservation meaaures ~ost conrnomly depend on either restricting a 

batch-processir.g sequence or replacing batch processing by continuous or semi

continuous operation. The simplest fol'll', of rttstriction is to eliminate one or 

more rinsing baths or to combine chemical treatment baths. Under these 

circumstances the water savings are normally directly proportional to the 

~umber of stages involved, fer example, the compression of the sequence 

scour-rinse-dye-rill6e-rinse to scour-~e-rinse-rinse reduces the water 

conso:mption by 40 per ceni. and the elimination of the final rinse b:,r a further 

20 per cent. 
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The ability to cake changes of this nature JJa.7 be facilitated by the use 

of additional or alternative chemical products, such as specific dy-e-bath 

auxiliaries or water-soluble spinning lubricants, and as a consequence mariy 

suggestions for conservation by seqaence-reatriction are related to the use 

of modified chemical processes. 

Conservation achieved by changing to an entirely ~iff erent type of processing 

requires tte JLost serious consideration of production requirements, and. in general 

production demands rather than water conservation mast be the primary consideraticn. 

Nevertheless, water savings have prompted a number of suggestions for changes 

of this nature and low water (and energy) consumption is a major factor in some 

developments. 'lhus, it haR teen suggested in yarn dy-eing that package 

processing should be ecployed wherever possible to replace hank precessing 

because of its lover liqu.ol'-to-goods ratio, and padding techniques have been 

employ~ to replace winch processing of knitted cotton goods. However, such a 

::hange :nay cause problems; for instance, it is reported fis] that one processor, 

a.lthough 11Sing a padding procedure, continues to wash-off in the winch, feeling 

-::hat this i& neceSsar"".f to achieve the handle he requires. Under these circumstances, 

al though the procedure may be adv--ontageous in ether respects the water savings 

will be small. 

The use of very low liquor ratios in batchwise dy-eing, typified by the 

Sancowad system ~1] and processes related to it ~~, enables the d,yeing 

operation itself, on certain classes of goo:is, to be perfonned with a specific 

water consumption of from 1 to 1.5 l/kg, a fig-.ire not much greater than that 

required in pad:iing. However, although fabric dyeing by this technique was 

originally tried with a water consumption in this range, the figure was 

subsequently increased to 4 or 5 l/kg, to facilitate handling of the material. 

It is interesting to note that these figures are close to the target valUbS 

quoted in table 1 for batch processing in machines allowing choice cf water 

volume. 

Conservation by wa.ter reuse 

The main attraction of conservatiun measures based on water reuse is that 

they treat water as ~ ~ervice to the works and make no specific demands on the 

processing requirements. So long as water quality is not in:paired to a 

significant extent by recycling, the processing operations can continue free from 
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worries about the &dverse effects of reduced water quantity and the proble:ns 

of implementing and maintaining direct economy measures. 

Although it is t:rue rev users would prescribe to this extreme view and 

expect to make savings solely by rec:rcling, it is equally true that most would 

expect, or hope, to be able to supplement direct process 3a".lings by so:ne use 

of recycled water, and thereby avoid or postpone taking the direct savings 

to thl!ir e:rl!"eme limits. Certainly, s~stions for conservati..:-n ~y rec:·cling 

ab:nnd in the literature and invastigations of recycling schemes have been 

reported for several years, bl!t there is still no evidence that on average 

the direct process de:nand has been reduced to a.~hing a1:>roach:.ng the limits 

attainable. 

The main problems of recycling concern the quality of the water and any 

necessary treatment of it. The important dis~inction is between water that 

can be reused without 3.nJ treatment and that vhi~h requires some treatment, 

rather than between different degrees of treatment. •ihether the recycled water 

is suita~le for all purposes or should be restrictl!d to specific processes 

only must then be decided. In pri:lciple, there are four categories of water 

conserved for reuse, but in practice it is conv~ient tc consider a.11 "Aaste

vater treatment systems as one group, and to restrict the categories to three: 

Untreated, for general p-.irposes 

Untreated, for specific purposes 

Treated 

Before discussing these categories, the requi::-ements for process-water 

quality in the context of water reuse should be considered. 

A list of the suggested limits for water contaminants is given in table 1 • 

These contaminants, however, may be fou."ld in natural waters and are not 

necessarily representative of those present in water that has been used in 

textile processing. Organic matter (measured, for example, by che1?1ical oxygen 

decand, or COD) does not appear in table 1 since it is not normally a 

significant factor in raw waters altho~h it is a. r.?a.jor factor in textile 

effluents. AlJo important is the fa.ct that the acceptable colour levels quoted 

relate to naturA.l colouring matters and not specifically to the colour resulting 

from textile dj'Astuffs. 
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A recent study on 11ater quality conducted by three researr.h associations 

in the United Kingdom of Great Britain and Northern Ireland~"ilwa.s con~ernEY.l in 

part with an examination of this problem (table 8). Measure111ents were made of 

the actual levels of conta.ltinants in the 11aters employed for pror.essing in a 

variety of works, a.11d experiments were performed on the effects in fabric 

preparation and dyeing operations of specific contaminants, including those to 

be found in 11aste-11aters in a form of residual dyestuffs and orga.nir. matter. 

Table 8. Comparison of water quality data 

Works' Experimental data 
process (Tolerable values) 
waters 

Property or Suggested average White Medium 
imJJllrity limits values fabric dye shade 

Colour ( Absorba.nce 0.0003 0.005 

( Hazen 5-25 10 1 20 

mg/I 
(Fe 0.05-0.3 0.1 0.2 0.35 

Metals (Cu 0.01 0.05 0.2 O.A 

(Al 0.25 !I b/ 
0.5 n.d.-

Organic matter 
(COD) 500 150 

Inorganic salts ) 150-500 200-1000 1200 1000 Dissolved salts ) 

Hardness {as Ca.CO 
3
) 15-100 50-AO El (50) n.d. 

!I Value from Little[2}; ether values from table 1. 

El n.d. = not determined. 
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The suggested limits (ta~le 1) are .:ompared with a.verage V-d.lues f~r works' 

process waters (or ~s, vhere a single average does not appear :1.ppropriate), 

and these figures are then compared with two sets of experimental results, 

referring respec·Uvely to preparatory processes (white fabric) and to dyeing 

in a medium shade. The experi:nental results are expressei in terms of 

"~olerable values", which "indicate those conce!ltrations ~roducing a specific 

but tolera.ble variation in the proc:!uct, usually a small shade variation. 

Three significant points emerge from these comparisons. First, the average 

quality of worlc:s' process waters is generally within or clos~ to the range 

presented by the suggested limits. Secondly, in all respects but that of colour, 

the experimentally dete:nuined tolerable values, although generally somewhat 

higher than the suggested limits, are not so much higher as to indicate that 

process waters can tole~te much additional contamination. Tfiirdly, in respect 

to colour the experimental results show a significantly higher sensitivity in 

preparatory processes that is indicated either by the suggested limits or the 

works' measurements; for some operations, at least, a very strict limit must 

be set when dyestuffs are the source of colouration. 

General reuse withou.t treatment 

W:Lter reused without treatment for general p'..lrposes is retunied to the 

works' central water-storags system and must introduce no contamin:lnt at such 

a concentration that, ~fter dilution with the fresh supply water, it is present 

at an unacceptable level. The quality requirements discussed above indicate 

that only small increases in most contaminants are permissible and dyestuff 

concentrations must be kept to a particularly low level. 

I 

! 
I 
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For assuredly safe results, the recycled water must be substantially as 

clean as the ncrmal incoming water supply. The O!lly used water that really 

meets this requirement is cooling water. 'l'his stands little chance of bei?UJ 

contaminated in use and there can be no objection to returning it to storage 

for process use; the heat it contains is generally beneficial rather than 

o~herwise. 

In some, perhaps in many, instances it would also be possible to reuse 

clean rinse waters in the same way, but the recovery system must incorporate 

safety measures to ensure that more contaminated waste-waters cannot ~t 

thro~, or must be provided wit!: equipment to llll)nitor the water quality before 

i~ is returned and to accept or rej~ct as appropriate. In view of these 

uncertainties and complications many users may be reluctant to contemplate 

general purpose reuse for even the cleaned rinse water&, preferring instead 

to employ specific reuse procedures where the problems may be less severe. 

Specific reuse without treatment 

Water reused without treatment for specific ptL...-poses is employed for one 

or two processes only. It is usually, although not always, necessariJ to store 

the water f~r subsequent use, and consiuerations of cost and convenience dictate 

that this form of recycling is most manageable when restricted to a single area 

of the works and, preferably, to a group of similar machines or to an individual 

machine. 

Specif~c reuse measures are likely to be particularly applicable to bc..tch

wise processing (on a continuous machind reuse is practiaed automatically in 

the safest and most convenient manner when counterflow is employed). The most 

obvious procedures involve the storage of clean rinse waters for reuse either 

in rinsing or in the preparation of chemical baths. Since the water is reused 

for processes similar to its first use, the problems are not so severe as when 

gen6ral reuse is in question. Furthermore, any catastrophies (resulting, for 

eJm.1Dple, from collection in error of a dirty rinse bath) will not be so far

rea.ching. 

The same principle can be applied to the reuse of chemical baths and in 

particular of dyebaths. It ia necessary to- ensure that the bath is reused 

( 
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for the same or a deeper shade and, although it w01.1ld be possible to pump liquors 

between adjacent machines, it is generally more convenifillt to retain the dye 

liquor in .:Jne vessel and remo\·e the goods for subsequent processing on another 

machine. By using one machine in this way, allocating to it a series of dyein.,"'S 

of the same colour or a progression from light to heavy shades, the frequency of 

machine cleaning can also be reduced. 

The reuse of chemical ba.ths automatically lei!.ds tc the reuse of those chemicals 

present that have not been removed by the textile material or lastroyed in the 

chemical operation. However, advantage can be taken of this - by using less chemicals 

when the second bath is prepared - only if suitable means are employed to determine 

the residual concentra.tions of the chemicals concerned (or, less satisfactorily, 

by making estimates of these concentrations). It is.quite practicable, under 

appropriate circumstances, to treat reused chemical baths as though they were 

clean water and to prepare repeat baths using the sta.:idard quantities of the 

chemicals involved. On the other hand, it is equally practicably, when conditions 

are suitable, to allow for ~he residual chemicals by simple, direct measurements, 

such as pH or solution conductivity [23]. In these circumstances the i:>enefits 

from chemical savings m::Ly, in fina.ncial terms, be appreciably greater than those 

from water savings. 

The general reuse of chemicals in this way is hindered by the complexity of 

the chemical baths involved and the number of parameters that may need to be 

measured in ord.e.r to define the composition. The reuse of dye baths and other 

chemical baths in some batch processes appears to be one of the few instances in 

which, at the present time, it is reasonable to look for chemical recovery 

associated with water reuse. Those in3ta.nces where chemical recovery is the 

primary incentive (rer.overy of sizing agents or of caustic soda. after mercerizing) 

are characterized by the chemical of interest being the only, or much the largest, 

constituent of the liquor. 

Treatment for reuse 

Water contaminated to any significant extent is not suitable for general

purpose reuse without some form of treatment; the brief discussion of quality 

requirements earlier in this section indi~ates the level of purity required. 
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There is no doubt that it is technically feasible to purify waste-waters 

(either the wastes from individual machines or processes or the total mixed 

effl~ent from a works) to this level, and a very large number of e::perireental 

and pilot-scale studies have been reported. However, the successful treatr.:~nts 

appear to require tailoriQ?; to suit particular conditions, a.nd at present there 

is no single procedure that stands out as the obvious choice for all circtU::stances. 

Furthermore, although treatment costs are often difficult to assess, the general 

impression is that these costs are such that they would only be justifie~ in 

e:cepi.iona.l circumstances. 

There is so much that can be done at the present time to conserve water 

byjts direct reduction in processing and by reuse without treatment of 

clean waste-waters that it seems premature for the majority of users seriously 

to contemplate waste-water recycling schemes. The explanation for the considerable 

effort currently being expended on such schemes, and for the widespread interest 

in the subject, may lie in the obligation, increasingly being imposed, to treat 

effluents before discharge back to the environment. The fact that a water stream 

is required to be purified before being thrown away leads to the feeling that 

the purified water should be put to some more practical use. Hcw~ver, the 

quality requirements for discharge and recycling are substantially different 

(a comparison of the processing requirements listed in table S with any effluent

discharge conditions will show this) and it fellows that the conventional methods 

employed to treat effluents for discharge do not produce a water quality generally 

suitable for recycling. This explains the wide variety of alternative treatments 

that have been employed in recycling studies a.nd the fact that, to be successful, 

they must be more severe (a.~d are therefore likely to be more coR~ly) tha.n 

conventional treatment. 

The tendency is for the conditions imposed on discharged effluents to become 

more demanding. Increasir.gly this must reduce the difference between discharge 

and recycling: both in respect of quality standa.rds and of treatment costs. In 

the medium-or long-term it seems that the arguments in favour of recycling must 

become more pressing than they are at present, and more promising treatments 

therefore deserve mention. 
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Of the treatments that have b>:en employed to enable waste-waters to 

be reused, mcst frequently mentioned are adsorption on activated carbon 

(.24, 25] and reverse osmosis [?6]. Alone, these processes are unlikely 

genera.Uy to be satisfactory and each benefits from some pretreatment of t~e 

waste. This may take the form of a conventional biological plant or of a 

seque.~ce of flocculation a.T!d filtratio~ or flotation. other processes that 

have been employed i~clude ad.sor~tion on other materials than carbon, electro

dialysis and catalytic oxidation. Each of these pro.'.:esses has its virtues and 

ea.ch can make a significant contribution to purificatj_on in appropriate 

circumstances, but in general it appears that a. se~ence of processes must be 

eaployed for consis~ently satisfactory results. The most promising sequences 

seem to be those incorporating flocculaticn and carbon-adsorptinn or flocculation 

and reverse osmosis. 

A recent i!l?lovation, the IBK system of high-pressure, m~ltiple-effect 

evaporation [27.J, offers the pros;ect of a single treatment that is capable of 

producing water •:>f very high quality. In thl.s system the functicns of effluent 

treatment and steam raisir..g are intimately related ·l.Ild it is therefore perhaps 

easier to envisage the syste~ as a pa.rt of the services in a completely n~w 

plant rather than as an accessorJ or replacement in a works with an existing 

boiler and effluent-disposa.l system. 

In the IBK system useful steam is generated b;r the evaporation of 

waste-water a.nd "';he number of stagea in the evaporation process dete.""l!lines 

(and is nureerically equal to) the ratio of water treated to steam produced. 

Temperature and pressure limitations are lD:ely to restrict the realistic 

m.unber uf stages to three, whe1eas the overall water/steam ratio in a typical 

te~ile works is closer to five. Althoigh this is to the disadvantage of the 

evaporation system as a solution to eff~uent disposal problems, it does not 

preclude its use for the purpose of water recovery since only three fifths of 

the effluent needs to be treated and this would make a substantial contribution 

to water saving. 

The extensive use of direct water conservation measures might alter the 

picture somewhat, but probably not to a dramatic degree, since to a considerable 

extent water and steam savings proceed together. In terms, however, of the 
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actual capacity of equipment required ~;riy water conservation measures must be 

be~eficial. This also applies to any effluent treatment system and is a further 

reason for regarding direct water savings as the first requirement. 

K~ter savings by substitution 

Water savings were once claimed as a :aajor benefit of the substitution 

of organic solvents for aqueous processing. However, the success of an..v 

alternative procedure mainly depends on the technir.al advantages it offers, and 

incre3.Sing costs of solvents make it less reasonable ~t present. 

Work on solvent-processing systems continues! for sound technical reasons, 

altho1J6n it is generally recognized that very efficier_t solvent recovery must 

be ar.~deved to keep costs com;etitive with aque-..•;,;3 systems. Where sulver..t 

processing can be justified on technica::i. grounds, the consequent reduction in 

water consumption is perhaps best regarded as wholly incidental. 

Summary of conservation measures 

Use less 

Good housekeeping 

.Measure 

Counterflow 

Reduce flow rate 

Match flow rate to 
fabric 

Turn off flow when 
machine stl)pped 

Replace old machine 

Reuse -
General-purpose savings· 

2 Cooling water, possibly clean rinses: 1 

(Effluent treatment for recycling: 4) 

On continuous machines 

Savi!:!!s 

4 

3 

2 

1 

3 

index 

(Rarely applicable; reuse is automatic 
if counterflow employed) 
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On batch-processing machines 

Avoid underloading 

Avoid over-filling and 
running rinses 

Match filling to load 

2 

3 

where possible 2 

Reduce number of 
process stages 4 
Transfer process to 
more economical 
machine 4 
Replace old machine 3 

Rinse baths 

Dye baths etc. 

3 

3 

This summary includes estimates of the savings that might be achieved 

by each of the measures listed. It is assumed. that average, "uncontrolled" 

conditions are employed before the conservation measure is introduced, and 

the savings indicated relate specifically to the consumption on the relevant 

machine or process. Thus, for example, if good housekeeping practices are 

not already in force it is estimated that they can effect a moderate saving 

in the total water ~o~sumption at the works. The introduction of counterflow 

on a continuous washing range might reasonably be expected to make a large 

saving in the consumption on the machine; replacing an old machine of this 

type by a new oue could produce a significant saving in all processes involved, 

and so on. 

Such estimates of savings are only approximate, but, they may be of 

assistance as a guide to the relative importance of alternative procedures, 

particularly if read in conjunction with target and actual figures for water 

consumption. 
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IV. CONSEQUENCES OF WATER CONSERVATION 

Characteristics of textile effluents 

The net effluent flow from a textile dyeworks O!' printworks is typically 

10 per cent lower than the fresh-water inflow, and the effluent discharges from 

the worl:s most of the processing chemicals used plus any impurities extracted 

from the textile material in the processes of desizing, scouring and bleaching. 

Of the total mass of chemicals employed in processing, the only iteins that do 

not pass through to the effluent are those deliberately applied to the textile 

(dyes, finishing agents) and small quantities that escape rinsing processes or 

are lost in other ~s. 

Although textile effluents are notoriously variable, both in flow rate and 

composition, in the short-term, the long-term average composition may be derived 

with reasonable precision from a knowledge of the total effluent flow, the total 

chemical consumption and the impurity loss from the textile material. With the 

exception of raw wool, which is particularly heavily contaminated and requires 

special treatment, natural fibres mq be expected to carry 5-10 per cent of 

their weight in the form o-£ impurities. The amount removed in finishing depends 

on the severity required in the preparatory processes and is typically 3-10 

per cent. Synthetic fibres are less contaminated, so the overall range of impurity 

loss, depending on the fibre types involved, ~ be 7-10 per cent. This material 

is mainly organic, of natural or synthetic origin. 

The consumption of process chemicals depends greatly on the actual operations 

performed, but a typical figure for all the processes in a dyeworks or printworks 

is in the range of 8-20 per cent of the weight of t~xtile material, of which 

perhaps one quarter is organic chemicals. 

The total load discharged in the effluent is therefore between 10 a."\d 

30 per cent, or, 100-300 g/kg of textile material. Of' this load 40-150 11: 

represents organic matter. With an average water consumption in the region of 

100 l/kg of textile, the effluent composition is total solids 1,000-3,000 mg/l 

and organic matter 400-1, 500 mg/l. When allowance is made for the different 

levels of degradability of different organic products in terms of the parameters 

normally applied to effluents ( chemic&l oxygen demand (COD) and 5-day biochemical 

OJIYgen demand (BOD)) for the acidity and alkalinity of the inorganic materials 

and for the properties of suspended and dissolved matter), these figures translate 

into the following typical effluent characteristics: 



pH 

COD 

BID 

Suspended 
solids 

Total solids 
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4 to 12 

!JSl1. 
200-1,500 

100-600 

50-200 

1,000-3,000 

'!he BID level is much too high to be generally acceptable for discharge untreated 

into a stream or river, and this factor has been the major influence in deter

mining the form of treataent most widely employed at the present time. After 

neutralization (and possibly the addition of suitable nutrients), textile effiuents 

are amenable to treatment by the conventional biological methods, employing 

percolating-filter or activated-slud&e systems in their various forms. Treated 

in this wq, textile effiuents, alone or in adaixture vi th domestic sewage, can 

be purified to an acceptable level, represented, sq, by the widely-used requirement 

1of BOB ~n mg/l, suspended solids 30 mg/l. 

Biological treatment brings out a large reduction in the concentration of 

biodegradable organic substances and a substantial reduction in the suspended 

matter, but has little effect on tne other characteristics of the waste. The 

treated effiuent m;q then be low in BID, but its COD m;q bE: reduced only to 

100-200 rr..;/l; the total concentration of solids is reduced only by the elimination 

of some of the organic chemicals and is still likely to be in the range 

•A00-2.000 mg/l, the major components being sodium chloride and sulphate ions. 

Although the parameters of IOD and suspended solids concentration are the 

ones most frequently quoted in relation to effiuent pirification, restrictions 

m;q be placed on several other impirities or properties. Thus it is co1111on to 

find pH and temperature limits imposed, and limits may also be placed on nitrogen 

(for instance, as ammonia), on heavy metals, on sulphide and cyanide and on specifi~ 

organic substances, such as oil or phenols. Where there is concern about the 

salinity of the receiving water a limit 1183' be imposed on total solids, and a 

limit on sulphate m;q be imposed for the protection of sever pipes and sewerage 

systems. Overall there is likely to be a limit on the flow rate of discharge, 

probably in the form of a ma.xi.awl average rate and a maxiau1 peak rate. 

These limitations are iaposed for the protection of the environment and 

are, in principle, deter11ined by the capacity of the receiving water (stream, 

river, lake or estuary) to absorb each particular impurity without its quality 

being significantly impaired. This capacity is defined primarily by the flow 
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rate or volume of the receiving vater, by its condition before the vaste is 

discharged into it and by the quantity of illpuri ty discharged. As far as the 

discharger is concerned this quantity is controlled by the permissible volune of 

dischargt= and the permissible concentration of the iapirity in question, but it 

is co .. on to find these two liaits treated as though they were independent. 

Thus, for example, a pel'llissible peak flow rate of 100 m3/h and a OOD limit of 

20 mg/l together defind an acceptable BOD discharge rate of 2 kg/h, and it mist 

be assumed that the receiving river is able to assimilate OOD at this rate. 

However, the use of a fixed B>D concentration limit arbitrarily restricts the 

quantity discharged when the flov rate is less than its peak value. 

One exception occurs vb.en the effluent flov rate is coaparable to the 

river flov rate upstreaa of the point of discharge. In this case, it aay be 

reasonable to iapose iapurity concentration liaits independently of the effluent 

flov rate, but in all other instances the use of independent limits aay not 

only seem unfair, but wq also act as a positive disincentive to conservation, 

although their administrative convenience is obvious. 

~ffects of conservation measures 

Generally, all measures directed towards the reduction in process demand or 

the reuse without treatment of clean waste-waters are not expected to reduce to 

any significant extent the quantity of impirities disct.a.rged, and hence will 

increase iapirity concentrations in direct proportion to the volume reduction. 

This is not quite tru.e vb.en the conservation measures take the form of a process 

change to utilize a machine with a lover liquor-to-goods ratio and hence permit 

lower quantities of chemicals to be employed. The reuse of chemical baths mq 

also permit chemical consumption to be reduced and ~estrict the quantity of 

impurity extracted from the textile material [23]. Nevertheless, the changes 

resulting from the adoption of all measures but ·i;hose involving waste-water 

treatment are represented by a volume reduction accompanied by a proportionate 

increase in impurity concentrations. 

These changes are apparent in the first place in the raw effiuent, and their 

consequences depend on the treatment given and, to some extent, on whether this 

treatment is applied on-site to the textile ef'fiuent alone or at a sewage works 

to the textile effiuent in admixture with other wastes. 

If' the effluent is treated on-site the reduced volume flow-rate increases 

the contact time in the treatment plant and it may be possible to reduce the 

:eoD and suspended solids to their previous discharge concentrations. At the 

I 
I 
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sewage works the volume change will be less apparent, but again the increased 

contact time lla\Y be beneficial. 

However, this refers only to those iapirities removed by the treatment. 

The increased concentration of some other impirities llla3' be harmf'ul to the 

operation of the treatment plant and cause a serious problem. More coDBDOnly, 

however, the important feature is that maey- iapirities, and particularly the 

inorganic constituents, pass through treatment at their increased concentrations. 

'l''herefore concentration limits may be exceeded.. 

Many' users, although they do not discharge the maxirlua voluae of effluent 

to which they are entitled, value this entitlement as a safeguard for future 

expansion in activity and would be reluctant to reduce it. However, where 

conservation measures have produced a substantial, consistent reduction in flow 

accompanied by high :impurity concentrations it would be reasonable to accept a 

reduction in the volU11e entitlement in exchange for increases in the concentration 

limits which recognize that the total illpirity discharge is unchanged. 

Where effluent treatment for recycling is concemed the situation is less 

clear-cut. These treatments vary appreciably in the extent "to which t!tey achieve 

separation of water from the solid residue. The specialized treatments designed 

for chemical recovery {for example, of sizing agents or caustic soda) reclaim the 

material in the most convenient form, typically as a concentrated solution, but 

of the general treatments some (e.g. carbon adsorption and multiple-effect 

evaporation) produce at most a dry residue; others (e.g. fiocculation) ]WOduce a 

sludge; and others {e.g. reverse oSDOsis) produce only a concentrated liquor. 

The nature of this residue, in which the water impiri t:i.es are concentrated, 

determines the influence of the process on overall effluent characteristics. 

Most processes for effluent treatment and recycling are described and 

discussed in relation to their ability to solve an effluent disposal problem as 

well as to produce reusable water. In view of their cost it is espential to pa.,y 

due regard to this dual function in any consideration of this form of water 

conservation. 

I 
I 
I 
I 
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V. calCWSI<ll 

The topics discussed in this 11<>nograph can be •~secl b7 
a description of the steps leadjng to the introduction of simple conservation 

measures at a printworks; this is done in the al'.nex. In the example given there, 

the measurements and data analysis were mostly performed by staff mem't:ers of 

the Shirley Institute, but could equally well have been made by the works' staff, 

following the guidelines indicated in this monograph. The conservation measures 

were introduced by the works' staff. 

11.aey' works are already extensively employing the conservation measures 

described above, hit the average situation is still that of a works where the 

water consumption could be substantially reduced by restricting process 

consumption and reusing clean waste-waters. 1n the short term (the next four 

or five ;years), it is reasonable to expect that a ;nore widespread adoption of 

these measures will lead to a fall in average water consumption of perhaps 30 

per cent. 

In the long term, by talr.ing advantage of developments in machinery and 

control systems that must surely occur, but without recourse to the widespread 

use of effluent treatment and recycling systems, the average consumption ~ 

fall to 40 or 50 per cent of present values. However, it is difficult to 

envisage the actual processing requirements being, on average, capable of 

reduction to 1111ch below these figures. Only if it becomes generally necessary 

or economical to employ treatment and recycling will th~ average consumption 

be reduced mucc further. The practical situation might then approach very 

closely the limit set by the water loss by evaporation. This too must be 

expected to be reduced by technological developnents {because of its high energy 

consumption), and the limit~ well be as little as 6 or 7 per cent of the 

present water consumption. This would be achieved, for example, by cutting the 

actual process demand to 50 per cent of the present level and recycling 90 or 

95 per cent of the resulting effluent. 
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Annex 

.All ILLlJS'J.'RATIVE RUMPLE 

Bae~~· The works in question performs fabric preparation, printing 

am. finishing, ma.inly on cor.tinuous machinery. The investigation was undertaken 

because the WO!'ks' management wished to examine the possibility of using simple 

means to reduce water and steam ~onsumption, not because of any external pressures 

on water supplies. 

Data collection. The works already had the following information available, 

expressed as average daily values: total water consumption; boiler feed-water 

consumption; total steam consumption; and, for individual machines, fabric 

throughpit {in kilograms) and duration of operation (in hours). 

Examination of processing schedules and observation of the ma.chine~ 

c.Jncerned indicated that the major use of process water occurred on a rope washing 

range used in fabric preparation and on four open-width washing machines, and 

measurements of water consumption were made only o~ these machines. 

Th 'pe washer used only cold w·~ter, but the open-width machines had 

unheated apartments and three or four compartments with the water steam-heated; 

it "las obf- rved that fresh water was fed intc each one, although the individual 

water-flow rates appeared to be carefully controlled by the machine operator. 

Measurements of wa~~~ flow into the rope washer and into each compartment 

of the open-width machines were made by the bucket-and-stopwatch me-ihod. In 

adiition, tank temperatures were measured as appropriate. 

:Qata analysis. The daily water conEWDptions on the ~ashing machines were 

calculated from the measured flow rates and the ave:rage operating hours. These 

figures were assembled with the known boiler feed-water consumption and estimates 

of consw:iption elsewhere to produce a water audit for the works. The important 

features are presented by e.~pressing the measured water consumptions a.s percentages 

of the total works' wa.·ter consumption: 

Four open-width washers: 

Rope washer 

Boiler feed water 

hot 

cold 

Per cent 
32 

1 
J4 

12 -
85 

The balance is readily accounted for by estimates made of the consumption in the 

washing of printing blankets, washing~own etc. This estimate confirms the 

expectation that the washing ranges account for the major part of the total water 
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consumption and shows that no other significant source of consumption has been 

missed. 

Spec:i.fic water consumptions were calculated :from water measurements and 

production data: 

Open-width washers: hot 

cold 

24-30 
6 

Rope washer 17 

Conservation measures. The total water consumption in each of the washing 

operations was much higher than the target :figures for these processes. On the 

open-width machines this was because no counterflow was employed in the heated 

sections; the flow into individual compartmemts was close to the target figure 

at 6-8 l/kg. 

The action suggested was to introduce counterflow, maintaining the previous 

:flow through each compartment; and leave the cold-W3.ter system unchanged (it 

would be physically difficult to direct this :flow into the heated tanks). 

The effect of those changes would be to red11ce the total water consumption 

on the machines by approximately 60 per cent. 

On the rope washing range only a single water supply was used, but the 

:flow was excessive. 

The action suggested was to reduce the flow to about half its previous 

value. 

The steam savings resulting from the water savings on the open-width 

machines was calculated from the reduction in daily water consumption and the 

tank temperatures. Expressed in terms of the overall water and steam consumptions 

in the works the calculated savings were: 

Counterflow on open-width 
machines 

Reduced :flow on rorr washer 

As percer.tage of total 

Steam 

22 15 

17 

.Consequences of conservation. A total water savings of 40 per cent was 

predicted, but it was ascertained that that would pose no problems in relation 

to effluent disposal. 



Aotion. The works' management proceeded i111Dediately only with the 

measures proposed for the open-width machines. After making the necessary 

modifications and introducing some supplementary changes they were able to show 

savings, in both water and steam, a little higher than predicted. 
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