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PREFACE 

Water resources systems have been an important part of resources and 
environment related research at IIASA since its inception. As demands for 
water increase relative to supply, the intensity and efficiency of water 
resources manage3ent must be developed further. This in turn requires an 
increase in the degree of detail and sophistication of the analysis, including 
economic, social and environmental evaluation of water resources development 

. alternatives aided by application of mathematical modeling techniques, to 
generate inputs for planning, design and operational decisions. 

In the years of 1976 and 1977, IIASA initiated a concentrated research 
effort on the modeling and forecasting of water demands. Our interest in 
water demands derived itself from the generally accepted realization that 
these fundamental aspects of water resources management have not been given 
due consideration in the past. 

This paper, the ninth in the IIASA water demand series, reports on the 
analysis of drinking and industrial water demands carried out recently in 
the Netherlands for the preparation of a master plan concerning water resources 
management in that country. The preliminary version of the paper was drafted 
by J. Mulschlegel during his two visits to IIASA in 1977 and 1978. The 
paper is one of several invited contributions to IIASA's "Survey on Methods 
for Estimating Water Demands and Wastewater Discharges". 
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ABSTRACT 

Structural plans have been drawn up in the Netherlands for the 
various sectors of government administration. These long-term plans, 
by their very nature and extent, are only of a provisional character. 
Within this framework a master plan on how to meet future drinking 
and industrial water demands has been prepared by the National 
Institute for Water Supply. 

Until recent years, various types of trend extrapolation were 
used for all forecasts of water demand. At this moment a Component 
Method of Forecasting is in practice. Recent research programs have 
resulted in detailed data on industrial, commercial, public and household 
water uses. Several factors which determine water use are discussed in 
this paper. 
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I n  t h c  N e t h e r l a ~ ~ d s  S t r u c t u r a l  P l a n s  a r e  drawn up f o r  t.he v a r i o u s  
s e c t o r s  o f  governlnel~t aCiministratior1, t h e  long-term p l a n s  ( cove r ing  
approxima. te ly  30 y e a r s )  a r e  o f  t h e  n a t u r e  and e x t e n t  o f  f e a s i b l e  
and nece s sa ry  p r o v i s i o n s .  T h i s  nrethod o f  p l ann ing  d a t e s  froril 1972 
when t h e  M i n i s t e r  o f  Housing and Town and Country p l a n n i n g  
( p h y s i c a l  p l a n n i n g )  asked  a n  i n t e r m i n i s t c r i a l  conuniss.ion to 
p r e p a r e  a maste r -p lan  f o r  t h e  town and c o u n t r y  p l a n n i n g  of t h e  
f u t u r e .  Within  t h i s  framework i t  w i l l  b e  n e c e s s a r y  f o r  s e v e r a l  
s e c t i o r ~ s  o f  t h e  government to  p r e p a r e  mas te r -p lans  f o r  t h e  s u b j e c t s  
coming under  t h e i r  competence i n  c l o s e  cooperut i .on w i t h  t h e  p l a n s  
concerned i n  o t h e r  s e c t o r s .  The conlbincd s e c t i o n a l  p l a n s  c r e a t e  t h e  
p o s s i b i l i t y  f o r  a  wel l - founded government p o l i c y  i n  economic, s o c i a l  
and c>ilvironmental a s p e c t s  and  f o r  t h e  d e c i s i o n  . a s  t o  how town 
and count-ry p l a n n i n g  h a s  t o  be  developed i n  o r d e r  t o  e n s u r e  a  
minifirdm o f  c o n f l i c t s .  
The g e n e r a l  i d e a s  unde r ly ing  t h i s  p l a n n i l ~ g  are: 

- p l ann ing  f o r  p a r i o d s  o f  3 t o  5 y e a r s  i s  i n s u f f i c i e n t  f o r  t h e  
e x e c u t i o n  o f  major p r o j e c t s  ( s e a p o r t s ,  p o w e r s t a t i o n s ,  r e s e r v o i r s  
and wa t e r  supp ly  i n f i l t r a t i o n  p r o j e c t s ) ;  

- it is  d e s i r a b l e  t o  have i n  e a r l y  s t a g e  a  rough i d e a  o f  t h e  
p h y s i c a l  and f i n a n c i a l  f e a s i b i l i t y  o f  schemes; i n  t h i s  way 
t i m e l y  c o n s i d e r a t i o n  o f  a i L e r n a t i v e s  i s  p o s s i b l e ,  f o r  example 
a f t e r  c o n f l i c t  w i t h  o t h e r  s e c t o r s ;  

- e a r l y  compar i s ion  o f  t h e  p ropose s  p o l i c i e s  o f  t h e  s e c t o r s  and 
t h e  o v e r a l l  p o l i c y .  For example t h e  sun1 o f  demands made on t h e  
space  o f  raw rriaterials ( i . e .  ground and s u r f a c e  wa t e r )  a v a i l a b l e  
may e a s i l y  p l a c e  a n  unaccep t ab l e  burden on t h e  environment;  

- e a r l y  i n fo rma t ion  on government p o l i c y  w i th  r e g a r d  t o  t h e  l a r g e  
i n f r a s t r u c t u r a l  p r o j e c t s  w i l  p r o v i d e  major p o i n t s  o f  d e p a r t u r e  
t h a t  w i l l  e n a b l e  l o c a l  a u t h o r i t i e s  t o  d e c i d e  on t h e i r  cou r se  o f  
a c t i o n .  

I n  a d d i t i o n  t o  s e c t o r p l a n n i n g  a l s o  f a c t o r p l a n n i n g  is  neces sa ry ,  i n  
t h i s  c a s e  s p e c i a l  t o t a l  w a t e r  u s e  (qvan t j - ty  a n  q u a l i t y  problem) o f  
t h e  s e v e r a l  s e c t o r s .  

The p l ann ing  of  water-management i n  t h e  Ne the r l ands  t a k e s  p l a c e  a t  
v a r i o u s  l e v e l s .  Regional  l e v e l  p l a n s  a r e  drawn up i n  u n i t s  r e s p o n s i b l e  
f o r  water-management (wate r -boards ,  p r o v i n c e s )  wh i l e  similar p l a n s  are 
a l s o  p r epa red  i n  v a r i o u s  s e c t o r s  ( s u p p l i e s  o f  d r i n k i n g  wate r  and wate r  
f o r  i n d u s t r i a l  u s e ,  a g r i c u l t u r e  and s!i ipping).  The c e n t r a l  a u t h o r i t i e s  
are con f ron t ed  w i t h  t h e  t a s k  o f  combining t h e  r e g i o n a l  and  s e c t o r a l  
p l a n s  i n t o  a n  i n t e g r a t e d  p l a n  f o r  water-management. 
I n  connec t i on  w i t h  t h e  p l a n n i n g  o f  i l i t e g r n l  water-management i n  t h e  
Ne the r l ands  a j o i n t  s t u d y  r e l a t i n g  t o  t h e  development o f  a systems 
model ( P o l i c y  A n a l y s i s  o f  Water-management i n  t h e  Ne the r l ands -  PAWN) 
i s  now be ing  c a r r i e d  out. by t11e M i n i s t r y  o f  T r a n s p o r t  and P u b l i c  Works. 



2 .  Or-!];ni.r,atj.on o f  t h c :  p l ann ing  of drinki-nrj  and I n d u s t r i . a l  wa te r  ~?l j?pIy.  ---- ------- 

The rcclster p l a n  f o r  t h e  fut -ure  water supp ly  h a s  Seen p r epa red  by t h e  
H i j k s i r i s t i t u u t  voor  D~r inkwatc rvoorz icn ing  (Na t i ona l  I n s t i t u t e  f o r  
Water S l l p p ~ ~ / 1 4 i i l i s t r y  o f  Hea l th  and Environment) . 
T h i s  p l a n  d e a l s  s u c c e s s i v e l y  w i th  t h e  fo l l owing  s u b j e c t s :  

- wate r  problems i n  g e n e r a l ;  
- t h e  f u t u r e  wa t e r  demand; 
- t h e  a v a i l a b l e  wa t e r  r e s o u r c e s ;  
- t h e  d e s i r a b l e  governme~lt. p o l i c y ;  
- t h e  works t o  be  c o n s t r u c t e d ;  
- t h e  a d m i n i s t r a t i v e  p rocedu re s  which n e c e s s a r i l y  p r ecede  t h e  

execu t i on  of works. 

Of predominant importance i s  t h e  government p o l i c y  i n d i c a t e d  i n  t h i s  
p l a n  w i th  r e g a r d  t o  t h e  o b j e c t i v e s  o f  wa t e r  supply .  These a r e  d e f i n e d  
i n  such  a  way t h a t  it i s  c l e a r  what i n t e r e s t s - a r e  i nvo lved  i n  wate r  
supply  p lann ing .  A f u r t h e r  a n a l y s i s  o f  t h e  o b j e c t i v e s  l e a d s  t o  c e r t a i n  
conc lu s ions ,  t h e  main ones  r e l a t i n g  t o  wate r  management, town and 
coun t ry  p l ann ing ,  r e s e a r c h  a c t i v i t i e s ,  t h e  economy and t h e  environment.  
These c o n c l u s i o n s ,  as  a b a s i s  f o r  government p o l i c y ,  w i l l  have 
consequences f o r  t h e  p r a c t i c e  o f  wa t e r  supply  management as  w e l l  as 
f o r  p h y s i c a l  p l ann ing .  The ag reed  p o l i c y  i m p l i e s  t h e  k i n d  and  s i z e  
o f  t h e  t e c h n i c a l  works which must be  c o n s t r u c t e d .  I n  o r d e r  t o  
g u a r a n t e e  t h e  c o n s t r u c t i o n  of t h e s e  works a  s p e c i a l  l e g e l  b a s i s  w i l l  
be  c r e a t e d  f o r  more d e t a i l e d  p l a n s .  
The master p l a n  must be  r e v i s e d  p e r i o d i c a l l y ,  i n  p r i n c i p l e ,  e v e r y  
f i v e  y e a r s .  The d a t e  mentioned i n  t h e  t i t l e  o f  t h e  master p l a n  
i n d i c a t e s  t h a t  t h e  p o l i c y  it l a y s  down i s  based  on t h e  view e x i s t i n g  
i n  t h a t  p a r t i c u l a r  yea r .  

Bes ides  t h e  long-term p l a n  (master p l a n )  t h e r e  i s  a l s o  o medium-tern 
p l s n .  T h i s  i s  a  t en -yea r  p l a n  p r epa red  by t h e  Veren ig ing  van Exploi-  
t a n t e n  van Wa te r l e i d ingbed r i j ven  i n  Neder land ( t h e  Nether lands  
Waterworks A s s o c i a t i o n ) ,  which e n t e r s  i n t o  d e t a i l s  and h a s  t o  f i t  
i n t o  t h e  framework @f  t h e  long-term p l ann ing  o f  t h e  government. The 
ten-year  p l a n  g i v e s  a d e t a i l e d  su rvey  o f  t h e  e x i s t i n g  waterworks,  as  
w e l l  as t h e  works t h a t  have t o  be e s t a b l i s h e d  t o  s e c u r e  a r e l i a b l e  
water supply f o r  t h e  coming t e n  y e a r s .  T h i s  p l a n  must b e  r e v i s e d  
eve ry  two y e a r s .  

A s  h a s  been seen  from t h e  above,  t h e  wa t e r  supp ly  f o r  t h e  p o p u l a t i o n  
and i n d u s t r y  and f o r  o t h e r  s e c t o r s  w i l l  be  a p a r t  o f  t h e  assessment  
o f  i n t e g r a l  and r e g i o n a l  i n t e r e s t s .  T h i s ,  however, does  n o t  a l t e r  t h e  
f a c t  t h a t  t h e  s e c t o r a l  w a t e r  supp ly  should  e q u a l l y  be seen  a s  a t o t a l  
system because  o f  t h e  mutua l  r e l a t i o n s h i p  between t h e  p r o j e c t s  
f u n c t i o n i n g  i n  t h i s  system and t h e  sup ra  r e g i o n a l  a s p e c t s  which a r e  
o f t e n  connected w i th  t h i s .  Taking t h e  o b j e c t i v e  a s  t h e  ensurance  o f  
t h e  d r i n k i n g  w a t e r  and i n d u s t r i a l  water supply ,  optimum s o l u t i o n s  
w i l l  h a v e ' t o  be  sought  by means o f  a systems approach,  though t h e s e  
need n o t  n e c e s s a r i l y  a l s o  be  optimum i n  a r e g i o n a l  o r  i n t e g r a l  sense .  
The o b j e c t i v e  o f  e n s u r i n g  t h e  p u b l i c  d r i n k i n g  water supply  i n  t h e  
Nether lands  i n v o l v e s  t h e  s a f e ,  u n i n t e r r u p t e d  d e l i v e r y  o f  s u f f i c i e n t  
wa t e r  a t  s u f f i c i e n t  p r e s s u r e  and o f  good and  c o n s t a n t  q u a l i t y  i n  a 



xcspunsible :!way 5 n t c - rmr ,  of the riati onal eco;loiny and the con!r!~anit:-y , 
i n  order t o  pr.ovide for t1)e needs of t l ~ c  popl_ilatior~ and indus+:ry 
in  such a way tha t  othr?r interesks axe. 11ar11:ed a s  l i t L l e  a s  po:jsiSlc-: 
and so tha t  these a c t i v i t i e s  f i t  in  11arrnaniousJ.y w i t h  the desired 
physical s t ruc ture ,  regard bcinq i~ad t o  the basic s t a r t i n g  points 
of environmental hygiene and the general ecological conditions. 

A systen~s model is  a t  present being developed t o  enable a water 
supply system based on the above objective to  be designed, i n  which 
respect wc ]lave opted fo r  a s e t  up consisting of separate sub-models. 
In addition, a d i s t inc t ion  has been made between systems models for  
long-term, medium-term and short-term planning which, incidental ly ,  
should in t e rac t  with each other.  With regard t o  the long-term plan 
thought is  being given to  a f inancial  and economic optimisation of 
a l te rna t ive  water supply systems, in  which respc:.ct the e f f ec t s  m u s t  
be indicated to  other sec tors ,  quantified i f  possible.  This i s  based 
on estiinates of water requirements obtained by comparing a domestic 
water consumption sub-model with the available quant i t ies  of groundwater 
and surface water derived from sub-models (see f igure 2 . 1 . ) .  
For the purpose of f inancial  and economic optimisation, a sub-model has 
been developed which permits an optimum choj.ce t o  be made from water 
recovery projects  and the associated network of main supply pipel ines ,  
by minimising the costs  (lit. 2 ) .  Promising a l te rna t ives  can be 
selected which can be worked out in  fur ther  d e t a i l  in  the context 
of the medium-term planning. A more deta i l ed  optimisation of possihle 
a l te rna t ives  should take place, having due regard to  a l l  the relevant 
aspects.  For those purposes consideration i s  being given t o  using 
multi-objective optimisation techniques. A t  present The Surrogate 
Worth Trade-Off method is  being investigated with regard to  i t s  
possible applications.  
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FIGURE 2.1. 
STRUCTUAL SYSTEM MODEL FOR DRINKING WATER AND INDUSTRIAL WATER SUPPLY 



3 .  Drinkinq and  i n d u s t r i n j .  water danancl. _. - _  --- - _ .- _. . -__- 
A s t u d y  of  w a t e r  consunlpt.j.on i s  i n  p r o g r e s s  i n  1-he Netherlands f o r  
.the purpose  of c o l l e c t i n g  b a s i s  know!.edge f o r  t h e  f o r e c a s t i r i g  o f  
wa tc r  r e q u i r c m c n t s ,  t o  assist t h e  p1o.nning o f  d o n ~ c s t . i c  ant3 indust ] - i .a l  
w a t c r  suppl . ies ,  e s p e c i a l l y  f i t  i n  w i t h  t h e  ~ n a s t e r p l a n .  I n  th i - s  c h a p t e r  
a summary o f  t h e  a n a l y s e  o f  t h e  h i s t o r i c a l  demaild i s  g i v e n .  

I n  t h e  K e t h e r l a n d s  s e v e r a l  c a t e g o r i e s  o f  w a t e r  u s e  a r c  d i s t i n g u i s h e d  
based  on t h e  k i n d  o f  consumer and  supp ly :  
A. Supply by p u b l i c  w a t e r  company 

1 .  demand of  houscho lds ;  
2.  i n d u s t r i a l  demand; 
3. demand of  conunercial ,  p u b l i c  and a g r i c u l t u r a l  g r o u p s  and  

r e c r e a t i o r i a l  f a c i l i t i e s ;  
4. o t h e r  demands: - l e a k a g c  l o s s c s  

- demand o f  t.he water-works . 
B. S e l f - s u p p l y  

1. denland of  househo lds ;  
2 .  i n d u s t r i a l  demand; 
3. demand o f  c o n ~ m e r c i a l ,  p u b l i c  and  a g r i c u l t u r a l  g r o u p s  and 

r e c r e a t i o n a l  f a c i l i t i e s .  

We have tc n o t e  t h a t  i n  t h e  N e t h e r l a n d s  t h e  u s e  o f  s u r f a c e  w a t e r  f o r  
c o o l i n g  p u r p o s e s  i s  n o t  inc l i ided  i n  t h e  f o r e c a s t i n g  f o r  t h e  rnaster p l a n .  
Water withdrawn f o r  a g r i c ~ l t . u r e  from ground and  s u r f a c e  w a t e r  s o u r c e s  
i s  also n o t  i n c l u d e d  i n  t h e  m a s t e r  p l a n .  

F i g u r e  3.1.  s h c d s  a strean f low diagram o f  t h e  t o t a l  w a t e r  consumption 
i n  t h e  y e a r s  1972 and  1976. 
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FIGURE 3.1.  
DRINKIE.IG, IP.!DUSTRIAL AND AGRICULTURAL M'ATER 
SUPPLY IN 1972 AND 1976 



A t  p r c s c n t  ~ C M ~ ? X  t h a n  one  pex celit o f  t h e  d u e l l i i ~ g s  a r e  n o t  connec;tecl 
t o  t h e  p u b i i c  water s u p p l y  (= B 1 )  . 
T l ~ e s c  c iwe l l ings  a r e  d is rec jar t led  h e r e .  

Thc g e n e r a l l y  a c c e p t e d  d e f i n i t i o n  o f  d o n ~ e s t i c  water consumpt ion  is: 
Water consumpt ion  i s  tlw consu~r ip t ion  e n t a i l e d  by  a c t i v i t i e s  
b o t h  i n s i d e  a n d  o u t s i d e  a d w e l l i n g  t h a t  i s  i n t e n d e d  f o r  
pe rmanen t  o c c u p a t i o n .  

Some i d e a  of t o t a l  domestic w a t e r  consuniption is p r o v i d e d  by f i g u r e  3 . 2 . 1 . ,  
which shows t h e  t r e n d  of p c r  c a p i t a  consumpt ion  o v c r  t h e  p e r i o d  from 
1950 t o  19?6,  b a s e d  o n  d c l i v c r y  wit1ii.n t h i s  c a t e g o r y  b y  t h e  pub1j.c w a t e r  
supp1.y. I t  should be n o t e d  t h a t  t h c s c  d a t a  a r e  n o t  a l w a y s  b a s e d  on d i r e c t  
measurement of water consuinption.  C o n s e q u e n t l y ,  t h e  consumpt ion  f i g u r e  
a lso i n c l u d e s  s h o p s  a n d  s m z l l  i n d u s t r i a l .  cs; t abLi shmen t s .  

F i g .  3 . 2 . 1 .  : Average  p e r  c a p i t a  consuniptibn ( s m a l l  u s e r s ) .  

The a c t i v i t i e s  i n  which w a t e r  i s  u s e d  j.n a h o u s e h o l d  may be c l a s s i f i e d  
i n  v a r i o u s  ways ( w e  h a v e  o p t e d  f o r  t h e  t h i r d  c l a s s i f i c a t i o n ) :  
a .  1. p e r s o n a l  consumpt ion ;  
a .2 .  consumpt ion  r e l a t e d  to  t h e  dwel l . ing;  
b.1. consumpt ion  i n  t h e  d w e l l i n g ;  
b. 2.  consumpt ion  o u t s i d e  the  d w e l l i n g ;  
c .1 .  p e r s o n a l  h y g i e n e  o f  t h e  members o f  a househo ld :  w a s h i n g ,  b r u s h i n g  

t e e t h ,  u s i n g  t h e  l a v a t o r y ,  etc.; 
c .2 .  l a u n d e r i n g :  wash ing ,  r i n s i n g ,  p r e s s i n g ,  m o i s t e n i n g ,  etc.; 
c . 3 .  p r e p a r a t i o n  of mea l s :  c l e a n i n g  t h e  i n g r e d i e n t s ,  p r e p a r i n g  f o o d ,  

d i s h w a s h i n g ,  making c o f f e e  a n d  tea ,  etc.;  
c .4 .  c l e a n i n g  t h e  home: c l e a n i n g  rooms, k i t c h e n ,  etc.,  s c r u b b i n g ,  

mopping up ,  c l e a n i n g  windows etc.; 
c . 5 .  o t h e r  a c t i v i t i e s :  w a t e r i n g  t h c  g a r d e n ,  wash ing  t h e  car, w a t e r i n g  

p l a n t s ,  t e n d i n g  p e t s ,  .etc. 



C l . c ; i ~ l y ,  not: a l l .  t h e s e  a c ! . i v i t i e s  cc;nsume t h e  same q u a n t i t i e s  cT vjatex. 
Thcrc? a r e ,  f o r  i n s t a n c e ,  d i . £ f e r e ~ l c c s  i l l  t h e  degrec? i n  whj ch Ir.:iey o c c u r ,  
Loth  j.n ternls  of prc?scnce and f r e q u e n c y ,  and i n  hot w a t e r  con:;urnption 
of  each o p e r a t i o i l .  The conihinat.r;.on o f  p r e s e n c e ,  f r e q u e n c y  an2 constunptioii 
p e r  o p e r a t i o n  i n c i i c a t e s  what p a r t  o f  t o ta l  consumption i s  a t t r i b u t a b l e  
t o  a p a r t i c u l a r  o p e r a t i o n  i n  th i . s  catecjory.  T h i s  a s p e c t  w i l l  be  r e v e r t e d  
t o  s u b s e q u e n t l y .  

The f a c t o r s  c o n s i d e r e d  t o  b e  o f  i n f l u e n c e  on d o m e s t i c  w a t e r  consumption 
a r e  numerous and may r e l a t e  t o  p r e s e n c e ,  f requei lcy and consumption o f  
t h e  v a r i o u s  o p e r a t i o n s .  The e f f e c t s  of t h e s e  f a c t o r s  may v a r y  b o t h  
r e g i o n a l l y  and l o c a l l y .  A s  f a r  a s  t h e  i n d i v i d u a l  househo1.d i s  concerned,  
t l ie e f f e c t s  o f  t h e  f o l l o w i n g  f a c t - o r s  a r e  t a k e n  i n t o  a c c o u n t .  

- F i r s t ,  t h e  s i z e  o f  t h e  househo ld .  A l a r g e  househo ld  w i l l  o b v i o u s l y  -- 
use  mcze w a t c r  t h a n  a s m a l l  o n e ,  s i n c e  p e r s o n a l  consumption w i l l  
i n c r e a s e  i n  p r o p o r t i o n  to  t h e  numbcr o f  p e r s o n s .  With dep le t j .on  o f  
t h e  f a m i l y ,  p e r s o n a l  consumptj-on w i l l  r ise as a r e s u l t  o f  t h e  l a r g e r  
s h a r e  t a k e n  by non-persona l  consumption.  I n  t h i s  c o u n t r y  frnnily 
d e p l e t i o n  h a s  been o c c u r r i n g  a t  a f a i r l y  h i g h  r a t e  i n  r e c e n t  y e a r s ;  

' f r o m  a b o u t  4 p e r s o n s  i n  1960 t o  3.2 p e r s o n s  i n  1976. 

A l i m i t e d  s u r v e y  showed t h a t  t o t a l  p e r  c a p i t a  c o n s u m p t i ~ n  is n o t  
p r o p o r t i o r r a t e  t o  t h e  number o f  p e r s o n s  i n  t h e  home ( s e e  f i g .  3 .2 .2 . ) .  

f i g .  3 .2 .2 . :  Average p e r  c a p i t a  consumption i n  r e l a t i o n  t.o t h e  rrumber 
o f  o c c u p a n t s  o f  a home ( r e f e r e n c e  y e a r s  1975 a c d  1976) .  



tllitt-. z h i l c l r ~ ~ ~ ,  $or cxampJc,  11;lve a n d / o r  e n t a i l  d i f f c , r e n t  nc2cCis 
f  rorn ~ d u 1 . t ~ .  
I n  t h i s  c o n t e x t  t h e  f a n i l y  PIICLSC may be cons i .de re6  a m a j o r  i n f l u e n c e .  
The c y c l e  c o n y l c t e d  b y  a Earnily i s  u s u a l l y  d iv j .dec~  i l l t o  a nu.ni5i.r o f  
p h a s e s :  
1 .  t h e  i n i  ti.?]. p h a s e  - newly m a r r i e d ,  husband a n d  w i f e  b o t h  working 

i n  many c a s e s ;  f o r m a t i o n  o f  t h e  h o u s e h o l d  r o u t i n e ;  
2 .  t h e  growing f a n l i l y  - c h i l d r e n  a l - r j .ve ,  t h e  w i f e  o f t e n  s t o p s  work ing ;  
3 .  t h e  complet .ed f a m i l y  - t h e  c h i l d r e n  s tar t  e z r n i n g ;  
4 .  t h e  d i m i . n i s h i l ~ g  Family  - t l i e  c h i l d r e n  l e a v e  home; o n l y  t l i e  m a r r i e d  

c o u p l e ,  o r  one  o f  them, i s  l e f t .  
Each p h a s e  i s  a t t e n d e d  b y  i ts own p a t t c l - n  o f  l i v i . n y  and  c o r r e s p o n d i n g  
water consumpt ion  (governed  e . g .  b y  degree o f  p r e s e n c e ,  c h i l d r e n ' s  
a g e s ,  income) . 

- E d u c a t i o n ,  o c c u p a t i o n  and  income a r e  t a k e n  a s  i n d i c a t i o n s  o f  s o c i a l  
-.--- ----- --A 

s t a i u s ,  s o c i a l  class and mode o f  l i v i n g  o f  t h e  h o u s e h o l d .  I n  a l a r g e  
number of c a s e s  t h e r e  i s  a clear r e l a t i o n  t e t w e e n  t h e s e  t h r e e  f a c t o r s .  
I n  t h e  h i g h e r  income b r a c k e t s  c e r t a i n  t y p e s  o f  d o m e s t i c  a p p l i a n c e s  a n d  
c o m f o r t a b l y  a p p o i n t e d  h o u s e s  a r e  e n c o u n t e r e d  more f r e q u e n t l y .  However, 
it is  n o t  o n l y  a h i g h e r  l e v e l  o f  a f f l u e n c e  t h a t  l e a d s  t o  i n c r e a s e d  
o w n e r s h i p  o f  consumer d u r a b l e s .  The p o s i t i o n  i s  a l s o  i n f l u e n c e d  b y  t h e  
w i f e  b e i n g  g a j n f u l l y  employed.  
The l e v e l  o f  e d u c a t i o n  seems t o  h a v e  l i t t l e  e f f e c t  o n  o p i n i o n  fo rming  
as r e g a r d s  t h c  d e s i r a b i l i t y  o f  a p a r t i c u l a r  consumpt ion  p a r t e r n .  
Occupation c a n  a l s o  a f f e c t  t h e  w a t e r  consumpt ion  o f  a h o u s e h o l d  f o r  
p c r s o n n l  h y g i e n e  a n d  wash ing ,  i f  o n e  or more o f  i t s  members'  o c c u p a t i o n  
i n v o l v e s  " d i r t y  work".  

- The f o l l o w i n g  arc a number o f  a s p e c t s  whose i n f l u e n c e  o n  w a t e r  consumpt ion  
i s  d i f f i c u l t  t o  assess: 
- t h e  h o u s e h o l d ' s  s o c i a l  a c t i v i t i e s  - scalc and  f r e q u e n c y  o f  e n t e r t a i n i n g  

a n d  v i s i t i n g ;  
- l e i s u r e  a c t i v i t i e s ;  
- s t a t u s  symbols  - t h e s e  o f t e n  l e a d  t o  a p a r t i c u l a r ,  w a s t e f u l  way o f  

l i v i n g .  

T h i s  l a t t e r  a s p e c t  i n v o l v e s  a " p s y c h o l o g i c a l  f a c t o r "  which h a s  a n  i n d i r e c t  
e f f e c t  on' w a t e r  consumpt ion  t h r o u g h  its i n f l u e l l c e  on a l l  manner o f  
d e c i s i o n s  c o n c e r n i n g  mode o f  l i f e ,  p u r c h a s e ,  u s e ,  a s s o c i a t - i o n  e t o .  They 
a r e  t h e  s t a n d a r d s  a n d  h a b i t s  o f  t h e  h o u s e h o l d ,  t h e  l i v i n g  s t a n d a r d  
a s p i r e d  to .  F o r  i n s t a n c e ,  t h e  number o f  t i m e s  a d a y  d i s h w a s h i n g  is  done ,  
t h e  s i z e  o f  t h e  wash ing  up a n d ,  w i t h  it, t h e  water consumpt ion ,  w i l l  n o t  
o n l y  depend  o n  t h e  number o f  p e r s o n s ,  b u t  a lso on  t h e  way t h e  m e a l s  a r e  
s e r v e d  ( s a u c e p a n s  o r  d i s h e s  on t h e  t a b l e ,  whether or n o t  a c l e a n  p la te  
and c l e a n  c u t l e r y  a r e  u s e d  f o r  e a c h  c o u r s e ,  e t c . ) ,  t h e  method o f  washing 
u p  ( p r e  a n d  p o s t  r i n s i n g )  e t c . w i l l a f f e c t  water consumpt ion .  

- Whether o r  n o t  price is  a f a c t o r  i n f l u e n c i n g  consumpt ion  c a n  o n l y  be  
a s c e r t a i n e d  i n  t h o s e  cases wllere t l re  cost is v i s i b l e .  The e f f e c t  o f  
pricc c h a n g e s  on  consumpt ion ,  i . e .  p r i c e  s e n s i t i v i t y  d e p e n d s  n o t  o n l y  
on t h e  e x t e n t  o f  t h e  i n c r e a s e / d e c r e a s e  i n  p r i c e ,  b u t  a l s o  on  t h e  
s t r u c t u r e  o f  t h e  consumer p r i c e  and  t h e  u s e  t h e  water j.s p u t  t o .  
I n i t i a l l y ,  a n  i n c r e a s e  i n  t l ~ e  p r i c e  o f  water w i l l  n o t  g r e a t l y  a f f e c t  
t h e  consumpt ion  of w a t e r  i n  t h e  h o u s e ,  b u t  i t  w i l l  h a v e  more e f f e c t  
on t h e  o u t d o o r  u s e  o f  w a t e r ,  f o r  i n s t a n c e ,  f o r  w a t e r i n g  t h e  g a r d e n  
and washing t h e  car. The l i m i t e d  price e l a s t i c i t y  i s  d u e  t o  a number 



of l'ilc:tors: 
. j.11 t h e  I~ouschold, tap--watcr is 1arqcl.y irrcplncnljlc (l~ygicne, 
prc~j)aratiorl or food) ; 

. c):l>cndi turc on water represcr~ts only a very rimall part of the 
f i~nlily. budget (about 0.5 per cent) ; . . 

. automatic (giro) relnitt.ance of water charges which greatly reduces ' 

visual impact; 
. in many cases the water rates are included in the rent. 

- The extent to which individual n?easureinent affects water consumption -------- 
is being analysed in currelit investigations. Interim results of these ' 

investigations and regular coniparison between average water consumption 
in supply areas with metered and non-metered dwellings warrants the 
cautious conclusion that installation of an individual metcr generally 
leads to'a (temporary) reduct-ion in consumption and is partly responsible 
for average consumption in mctc-red homes being lower. 

Before going into details of the present structure of domestic water 
consumption, a definition of what is meant by a household would seem 
appropriate. 

The term "household" is used to describe any group of two or more persons 
who live togethcr under conditions of domensticity and together run a 
conmunal household (i.e. sharing a living room, the cooking, meals, etc.). 
Distinctions are drawn between single-family, multi-family and non- 
family households. Although persons living alone are not included in 
this definition, they will - in order to simplify discussion - be 
referred to as single-person households. 

In describing the structure of present-day domestic water consumptior: the 
afore mentioned division into 5 categories will be adhered to. 
A - Personal hygiene 

A substantial part of water consumption in the household is accounted 
for by toilet flushing and bodily care. 
Besides the availability and technical characteristics of the sanitary 
equipment, it is essential to know the frequency with which certain 
operations and uses occur. 
. There are various designs of W.C. cisterns. The tendency for some 
time now has been to install cisterns with somewhat reduced water 
consumption. Depending on the type of cistern, consumption will 
vary from 6 to 15 litres. Average consumption is 8 litres. The 
frequency of flushing is influenced by the fact that people are 
absent from their homes for part of the time (office, factory, 
school etc.). Average frequency is 4 times a day per person. Hence, 
specific consumption for toilet flushing is 32 l/h.d. 

. Water consumption at the washbasin averages 3.5 1 a time. A 
frequellcyof10 times a week results in a consumption of 5 l/h.d. 
Total water consumption for showers and baths is determined in 
part by the availability of these facilities in the houses. It 
has here been taker1 as 68 per cent and 21 percent respectively. 
Average consumption per use of shower and bath is 60 and 120 1 
respectively. The frequency of use being 3.5 and 2.5 a week, 
this gives an average per capita consumption of 29 1 a day. 
Total specific water consumption for bodily hygiene thus amounts 
to 34 l/h.d. 

B - Laundering 
It is necessary to distinguish between washing by machine and by 
hand. In this country the washing machine (automatic or otherwise) 



is s f  irriily e s t a b l i s h e d  ilnd il;cl.i.spensable a p p l i a n c e  t o  be  found 
i n  90 p e r  c e n t  o f  households .  I n  n o s t  of t h e  remainil ig households  
t h e  l aund ry  i s  n o t  done a t  ho1ne. I n  s p i t e  o f  t h e  washing machir?e 's  
h i g h  degree: o1 p e n e t r a t i o n ,  mat~ua l  washing i s  s t i l l  p r a c t i s e d ,  
ecren i n  homes where t h e r e  i s  a machine. A11 impor t an t  development 
a f f e c t i n g  wa t e r  consumption is  t h e  i n c r e a s e  i n  garments  made o f  
s y n t h e t i c  f a b r i c s .  Toge ther  w i th  c o l o u r e d  a r t i c l e s ,  t hey  account  
f o r  une - th i rd  o f  t h e  weigh t  o f  t h e  d r y  wash. By u n i t  o f  we igh t  
more watex is  used  f o r  t l l e se  k i n d s  o f  a r t i c l e s  t h a n  f o r  wh i t e  
a r t i c l e s .  The l oad ing  o f  t h e  machine a l s o  p l a y s  a p a r t ,  e s p e c i a l l y  
wi th  co lou red  and wool len a r t i c l e s .  The t e c h n i c a l  c h a r a c t e r i s t i c s  
(make and t y p e )  o f  t h e  machine a l s o  a f f e c t  i t s  wate r  consumption. 
Consumption r anges  from 85 t o  180 l i t r e s  a week, t h e  average  be ing  
135 1. Frequency o f  u se  w i l l  depend on s i z e  o f  t h e  f a m i l y ,  f ami ly  
phase  and behav iour  p a t t e r n  ( e . g .  v iews on c l e a n l i n e s s ) .  With an 
average-s ized  f ami ly  t h e  f requency  w i l l  be 4 washes a week. Nhexe 
wa t e r  consurr~ptiun amounts t o  2 l / h . d .  f o x  washing by hand, 
consunlption i n  households  w i t h  a washing machine w i l l  average  
23  l / h . d .  T o t a l  s p e c i f i c  consumption f o r  l a u n d e r i n g  i s  t hen  
23  l / h . d .  

c - Food p r e p a r a t i o n ,  d ishwashing etc. 
Divergen t  customs i n  t h e  matter o f  p r e p a r i n g  food r e s u l t  i r ~  a wide 
s p r e a d  of  wa t e r  consumption p e r  household.  We have p u t  t h e  ave r age  
a t  3  l / h . d .  D i r e c t  ( t e a ,  k o f f e e ,  etc.) and i n d i r e c t  consumption of  
wate r  is  a b o u t  1 l / h . d .  T h i s  consumption v a r i e s  w i t h  t a s t e .  
I n  t h c  Nether lands  t h e  dishwashing machine is s t i l l  a compara t ive  
r a r i t y ,  w i t h  a p e n e t r a t i o n  of 8 p e r  c e n t .  Diswashing by hand is 
s t i l l  g e n e r a l  p r a c t i c e .  There  a r e  d i f f e r e n t  ways o f  manual 
dishwashing,  r e s u l t i n g  i n  a f a i r l y  wide v a r i a t i o n  i n  wa t e r  consumption. 
Washing and  r i n s i n g  i n  one o r  more bowls w i l l  u s e  t h e  l e a s t  amount o f  
wate r .  I f  r i n s i n g  i s  done under  r unn ing  wa t e r  t h e r e  w i l l  be  a n  
a p p r e c i a b l e  i n c r e a s e ,  wh i l e  washing and r i n s i n g  under  runn ing  wate r  
means a m u l t i p l i c a t i o n  of  wate r  consumption. For  a manual dishwashing 
f requency  o f  3 t i m e s  a day we have p u t  ave r age  consumption a t  11 1 
a t ime .  When t h e r e  i s  a d i shwasher ,  t h e  f requency  o f  manual 
dishwashing d r o p s  t o  once a day ,  b e s i d e s  which consumption is  then  
reduced t o  10 1 a t ime .  Average wa t e r  consumption o f  d i shwashers  i s  
40 1 p e r  o s e r a t i o n .  With a u s e  f r equency  o f  5 t i m e s  a week t h i s  
r e s u l t s  i n  consumption of  12 l / h . d .  i n  households  w i t h  a dishwasher .  
S p e c i f i c  wa t e r  consumption f o r  washing up  i s  t h e n  11 l / h . d .  

D - Water consumption f o r  c l e a n i n g  pu rpose s  i n  t h e  house i s  s l i g h t  and 
may be p u t  a t  1 l / h . d .  

E - Like  t h e  consumption ment ioned under  D ,  w a t e r  consumption i n  t h e  
c o u r s e  o f  o t h e r  a c t i v i t i e s  is  r e l a t i v e l y  s l i g h t .  The components 
a r e  c a r  washing, wa t e r i ng  t h e  ga rden ,  t e n d i n g  p o t t e d  p l a n t s ,  e t c .  
Although t h e s e  consumption colriponents are p u t  a t  o n l y  1 l j h . d . ,  
wa t e r i ng  t h e  lawn d u r i n g  t h e  s i x  summer months i n  r e s i d e n t i a l  
a r e a s  w i t h  a r e l a t i v e l y  h i g h  number o f  l a r g e  ga rdens  can  cause  
s u b s t a n t i a l  peaks  i n  consumption. 

Tab le  3 . 2 . 3 .  shows t h e  s t r u c t u r e  o f  p r e sen t -day  ave rage  domes t ic  wate r  
consumption. 



It s!iould b c  no t ed  t h a t  t h i s  i s  a n a t i o n a l  average, which may d i f  fc r  
f~rorn r e g i o n a l  o r  l o c a l  consumption f i g u r e s .  

Table 3.2.3. 

With t h e  p o p u l a t i o n  of  t h e  Ne the r l ands  numbering 13.7 m i l l i o n ,  t o t a l  
domest ic  water consunpt ion  ove r  a p e r i o d  of one y e a r ,  based  on t h e  
d a t a  from t a b l e  3.2.3. is 530 x 10Gm3. S i c c e  t h i s  volume a p p l i e s  
t o  an average  y e a r ,  t h e  f i g u r e  may d i f f e r  somewhat from t h e  q u a n t i t y  
d e l i v e r e d  t o  households  by t h e  p u b l i c  w a t e r  supp1.y i n  a n  extreme 
y e a r ,  e s p e c i a l l y  on days  w i t h  a h igh  peak consumption. 

- -- 

ca t ego ry  

- 
. - u s i n g  t h e  l a v a t o r y  

- p e r s o n a l  hyg iene  o f  t h e  members 
o f  a household 

. l aunde r ing  

. p r e p a r a t i o n  o f  meals, d i shwash ing  
e t c .  

. c l e a n i n g  t h e  home 

. o t h e r  a c t i v j . t i e s  (a .0 .  washing t h e  
c a r  and wa t e r i ng  t h e  ga rden )  

t o t a l  

p resen t -day  
consumption 

32 l /hxd  
34 " 

23 " 

15 " 

1 " 

1 " 

106 l/iixd 



3 .3 .  I n d u s t r i a l  w a t c r  de in i l l~c i  ( A 2  -i B2) -- 

For  t h e  purpose  o f  t h i s  r e p o r t ,  i n d u s t r y  h a s  bcon d i v i d e d  i n t o  
i r l d u s t r i a l  cat- .egories,  bra l lches  and sub-branchcs .  ?'he most i m p o r t a n t  
o f  t h e s e  i n  tcrlns of  w a t c r  consu~npt ion  a r e  sl.lown i n  t a b l e  3 . 3 . 1 .  
t o g e t h e r  w i t h  t h e i r  w a t e r  consumption and cor res l jond ing  p r o d u c t i o n  
o v e r  a nunher  o f  y e a r s .  

Water p r o d u c t i o n  and re -use  meet t h e  demand o f  w a t e r  in i n d u s t r y .  

The s u p p l y  o f  w a t e r  f o r  i n d u s t r y  compr i ses :  
- supp ly  o f  t ap-wate r ,  d i v i d e d ,  where n e c e s s a r y ,  by q u a l i t y  i n t o :  

n o n - p u r i f i e d  o r  o n l y  p a r t l y  p u r i f i e d  water, d r i n k i n g  water and 
w a t e r  p u r i f i e d  beyond t h e  s t a n d a r d  f o r  d r i n k i n g  water; 

- p r i v a t e  r e c o v e r y  of  f r e s h  ground w a t e r ;  
- p r i v a t e  r e c o v e r y  o f  f r e s h  s u r f a c e  water; 
- p r i v a t e  r e c o v e r y  of b r a c k i s h  o r  s a l t  g round  w a t e r ;  
- p r i v a t e  r e c o v e r y  o f  b r a c k i s h  o r  s a l t  s u r f a c e  w a t e r .  
The f i r s t  two s o u r c e s  a r e  o f  importance f o r  t h e  S t r u c t u r a l  Diagram; 
t h e  t h i r d  o n l y  as f a r  a s  t h i s  w a t e r  is n o t  used e x c l u s i v e l y  f o r  
c o o l i n g  p u r p o s e s .  

I n d u s t r i a l  w a t e r  consumption can  be  s u b d i v i d e d ,  a c c o r d i n g  t o  u s e ,  
i n t o  water f o r :  
- c o o l i n g ;  
- b o i l e r  f e e d i n g ;  
- p r o c e s s i n g  p u r p o s e s ;  
- s a n i t a r y  u s e ;  
- o t h e r  p u r p o s e s ,  i n c l u d i n g  f l u s h i n g ,  washing,  c l e a n i n g ,  f i r e  

e x t i n g u i s h i n g .  
A l l  t h e s e  p u r p o s e s  set  c e r t a i n  s t a n d a r d s  as r e g a r d s  t h e  q u a l i t y  o f  
t h e  w a t e r .  These  s t a n d a r d s  v a r y  w i d e l y  by u s e  and by i n d u s t r y .  T h i s  
is i l l u s t r a t e d  by t h e  fact t h a t ,  on t h e  one hand, t ap-wate r  i s  used 
f o r  c o o l i n g  p u r p o s e s ,  as  on t h e  o t h e r  hand n o n - p u r i f i e d  s u r f a c e  w a t e r  
s u f f i c e s  f o r  some p r o c e s s i n g  p u r p o s e s .  

Of to ta l  i n d u s t r i a l  consumption o f  a b o u t  550 m i l l i o n  m3 i n  1976, 
some 200 m i l l i o n  m3 were p r o v i d e d  by t h e  p u b l i c  w a t e r  s u p p l y .  About 
25 p e r  c e n t  o f  t h i s  w a s  o f  a q u a l i t y  d i f f e r e n t  f rom t h a t  o f  d r i n k i n g  
wate r .  

I n d u s t r i a l  w a t e r  consumption i s  i n f l u e n c e d  by numerous f a c t o r s ,  many 
of  which a r e  i n t e r - d e p e n d e n t .  The most i m p o r t a n t  o f  t h e s e  a r e :  
- s c a l e  o f  p r o d u c t i o n ;  
- p r o d u c t i o n  c a p a c i t y ;  
- number o f  employees;  
- p r i c e  o f  t h e  w a t e r ;  
- q u a l i t y  o f  t h e  w a t e r  a v a i l a b l e ;  
- t echno logy ;  
- m e n t a l i t y ;  
- government measures .  
The weigh t  of t h e s e  f a c t o r s  d i f f e r s  by i n d u s t r y  and t y p e  of u s e  or 
s u p p l y  



-- --- 
i n d u s t r y  b r anches  i n  s t u d y  s t u d y  

Food, d r i n k  and 
tobacco  i n d u s t r y  

Chemical i n d u s t r y  

o S l a u g h t e r  houses  
and meat p r o c e s s i n g  

o P o u l t r y  
o Dai ry  and  mi lk  p r o d u c t s  

o Sugar  
o F i s h  p r o c e s s i n g  p l a n t s  
o F l o u r ,  b a r l e y  and r i c e  m i l l s  

o F a t s  and o i l  r e f i n i n g  and 
p r o c e s s i n g  

o Vege tab le  and  f r u i t  
p r o c e s s i n g  

o Bake r i e s ,  b i s c u i t  f a c t o r i e s  
e c t .  

o Cocoa, c h o c o l a t e  and  swee t s  

o Starch and starch d e r i v a t i v e s  

o F o o d s t u f f s  

o Other  food  i n d u s t r y  

o D i s t i l l e r i e s  

o Brewer ies  and mo l t i ng  houses  
- 
o S o f t  d r i n k s  

o Tobacco p r o c e s s i n g  

Petroleum i n d u s t r y  

Paper  i n d u s t r y  

Metal  p r o c e s s i n g  and  e l e c t r o t e c h n i c a l  i n d u s t r y  

M e t a l l u r g i c a l  i n d u s t r y  

T e x t i l e  i n d u s t r y  
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Close r  a n a l y s i s  o f  t h e s e  f a c t o r s  and t h e i r  i n f l ~ l e n c e  on wate r  
consumption w i l l  t a k e  s e v e r a l  more y e a r s  o f  r e s e a r c h .  

From r e s e a r c h  performed t o  d a t e  (see t a b l e  3 . 3 . 1 . )  i n  c o l l a b o r a t i o n  
w i t h  i n d u s t ~ : y ,  it h a s  meanwhile been a s c e r t a i n e d  t h a t  i n  a  l a r g e  
number o f  i n d u s t r i e s  t h e r  is a  dcrnonstrable  r e l a t i o n  between t h e  
s c a l e  of p roduc t i on  and wa t e r  c o n s ~ i n p t i o n .  
T h i s  had l e d  t o  t h e  i n t r o d u c t i o n  o f  t h e  term " s p e c i f i c  water 
consumption",  which i s  d e f i n e d  as t h e  q u o t i e n t  o f  wa t e r  consuxpt ion  
and one o r  o t h e r  f a c t o r  which i s  a y a r d s t i c k  f o r  t h e  s i z e  o f  a  
p l a n t .  T h i s  f a c t o r  may be  the  s c a l e  o f  p roduc t i on ,  t h e  number o f  
employees,  t h e  raw materials consumi?tion, e t c .  There  i s  ev idence  
t h a t  t h i s  s p e c i f i c  consumption changes  w i t h  t i m e .  Moreover, w i t h i n  
a  p a r t i c u l a r  i n d u s t r y  f a i r l y  c o n s i d e r a b l e  d e v i a t i o n s  from t h e  
average  may occu r .  T h i s ,  a l o n e ,  is  a n  i n d i c a t i o n  t h a t  b e s i d e s  t h e  
a f o r e  mentioned f a c t o r  ( p r o d u c t i o n ) ,  o t h e r  f a c t o r s  a f f e c t  consumption 

The aim o f  r e s e a r c h ,  s o  f a r ,  h a s  been t o  de t e rmine  t h e  t r e n d  o f  
s p e c i f i c  consumption i n  the v a r i o u s  i n d u s t r i e s .  However, s i n c e  wa t e r  
consumption i s  n o t  i n  p r i n c i p l e  a f u n c t i o n  o f  t ime  t h i s  r e s e a r c h  
i m p l i e s  assumpions concern ing  t h e  t r e n d  o f  t h o s e  f a c t o r s  t h a t  a r e  
cond i t i oned  by t i m e .  Although t h e s e  cannot  be  det-ermined q u a n t i t a t i v e l y  
it is p o s s i b l e  t o  s a y  of  a numSer o f  them whe the r t ney  I-lave been o f  
i n f l u e n c e  and ,  i f  s o ,  i n  a p o s i t i v e  o r  a n e g a t i v e  s ense .  
Among t h e  most  impor t an t  o f  t h e s e  a r e :  
- i n t r o d u c t i o n  o f  t h e  P o l l u t i o n  o f  S u r f a c e  Waters A c t  i n  t h e  p e r i o d  

a f t e r  1970; a l t h o u g h  p r i m a r i l y  aimed a t  combat t ing  p o l l u t i o n ,  t h i s  
government measure h a s  c o n s i d e r a b l y  a f f e c t e d  consumption: 
. t h e  d i r t  l o a d  had t o  be  reduced ;  p u r i f i c a t i o n  by i n d u s t r i a l  p l a n t s  

meant t h a t  less d i r t y  wnte r  s u i t a b l e  f o r  a number o f  u s e s  became 
a v a i l a b l e ,  r e s u l t i n g  i n  lower o v e r - a l l  w a t e r  consumption; 

. a l evy  was charged  on t h e  r e s i d u a l  d i r t  l o a d ,  and i n  many c a s e s  on 
t h e  q u a n t i t y  o f  wa t e r  as  w e l l .  T h i s  c o n s i d e r a b l y  r a i s e d  t h e  c o s t  
o f  o v e r - a l l  wa t e r  management, s o  t h a t  i n  a  number o f  c a s e s  t h e  
a l t e r n a t i v e  means o f  s a t i s f y i n g  t h e  demand - re -use  - became 
f i n a n c i a l l y  i n t e r e s t i n g ;  

. t h e . P o l l u t i o n  o f  S u r f a c e  Waters A c t  and i ts d i s c u s s i o n  h a s  
f ocused  i n c r e a s e d  a t t e n t i o n  on i n d u s t r i a l  wa t e r  management, 
r e s u l t i n g  i n  more r a t i o n a l  consumption i n  niany p l a n t s ,  t h i s  
developtnent p robab ly  commenced b e f o r e  1970; because  o f  t h i s  
and t h e  g r a d u a l  i n t r o d u c t i o n  of  r a t i o n a l i s a t i o n  programmes i n  
i n d u s t r y ,  the  graph  r e p r e s e n t i n g  s p e c i f i c  consumption i n  1970 
d i d  n o t  deve lop  a pronounced t u r n  ( s e e  f i g .  3 . 3 . 2 . ) .  

- t h e  i n t r o d u c t i o n  of t h e  p r o v i n c i a l  ground-water r e g u l a t i o n s ;  
b e s i d e s  compulsory r e g i s t r a t i o n ,  t h e s e  a l s o  f e a t u r e d  compulsory 
l i c e n s i n g ;  a p a r t  from t h e  f a c t  t h a t  i n  s p e c i f i c  cases wi thdrawal  
i s  p e r m i t t e d  o n l y  on a l i m i t e d  scale, i f  a t  a l l ,  t h e s e  r e g u l a t i o n s  
have l i k e w i s e  drawn i n c r e a s i n g  a t t e n t i o n  t o  i n d u s t r i a l  wa t e r  
management; 

- t h e  v e r y  . sharp  rise i n  energy  p r i c e s ;  among o t h e r s  t h i n g s ,  t h i s  
ha s  l e d  t o  b e t t e r  u t i l i s a t i o n  o f  t h e  h e a t  t r a n s m i t t e d  by wa t e r  
( c o o l i n g  .water ,  steam) . 



FIGURE 3.3.2. 
AVERAGE SPECIFIC WATERDEMAND 
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- t - l r c ~  s i ~ a r p  ~-i!:c? raw rrintericls p r i c c s ;  t h i s  had l e d  t o  t h e  
I-ccovery o f  substclnct:s  from wast  water ,  t hus  f a c i  l i t a t i n g  
rc-usc and  r c c i r c u l a t i o r i .  

F i g u r e  3 . 3 . 2 .  shows t h e  t r e n d  of  s p e c i f i c  coi~suinption by t h e  whole 
of i ~ i d u s t r y .  Owing t o  t h e  need t o  s w n a r i s e  product ion  and water  
consumption of d i f f e r e n t  i n d u s t r i e s  i n  o r d e r  t o  provide  a p i c t u r e  
r e l a t i r i g  t o  t h e  e n t i r e  i n d u s t r y ,  t h e  volume of  product ion  is 
expressed i n  g r o s s  added va lue  ( a g a i n s t  f a c t o r  c o s t s ,  i n  1970 
p r i c e s ) .  I n  f i g u r e  3 . 3 . 3 .  t h e  r e s u l t s  o f  t h e  survey  a r e  given i n  
g r e a t e r  d e t a i l  and r e l a t e d  t o  p h y s i c a l  product ion  by i n d u s t r y .  



Commercial, p u b l i c ,  r e c r e a t i o n a l  and a g r i c u l t u r a l  water  deinand 

Th i s  group o f  water  consumers i n c l u d e s  t h e  fo l lowing s e c t o r s :  
- a g r i c u l t u r e  and f i s h e r i e s ;  
- b u i l d i n g  t r a d e  and e l e c t r i c a l  and s a n i t a r y  eng inee r ing ;  
- commerce, h o t e l  and c a t e r i n g  t r a d e ,  r e p a i r  workshops; 
- t r a n s p o r t ,  s t o r a g e  and communication f i r m s ;  
- banking and insu rance ,  s e r v i c e  i n d u s t r y  (commercial) ;  
- s e r v i c e  i n d c s t r y  (non-commercial) . 
These s e c t o r s  consume mainly d r i n k i n g  water  and f r e s h  ground water .  
There i s  a l s o  some use  o f  s u r f a c e  water  f o r  sp ray ing  and i r r i g a t i o n  
i n s t a l l a t i o n s  i n  t h e  a g r a r i a n  s e c t o r ;  however, such consumption f a l l s  
o u t s i d e  t h e  scope o f  t h e  mas terp lan .  

Water consumption by t h e s e  s e c t o r s  can be c l a s s i f i e d  according  t o  use  
as water  f o r  t h e  fo l lowing  p rocesses :  
- hygiene ; 
- product ion  and/or  p rocess ing ;  
- food p r e p a r a t i o n ;  
- a i r  cond i t ion ing ;  
- sp ray ing  and i r r i g a t i o n ,  and 
- o t h e r  purposes ,  such as c l e a n i n g  and f i r e  e x t i n g u i s h i n g .  
For hyg ien ic  purposes  and f o r  t h e  p r e p a r a t i o n  of food d r i n k i n g  water  
is  g e n e r a l l y  used.  I n  t h e  r e c r e a t i o n a l  s e c t o r  and, i n  emergencies ,  
i n  medical  and s i m i l a r  i n s t i t u t i o n s  ground water  won p r i v a t e l y  i s  
a l s o  used f o r  t h e s e  purposes .  For  t h e  o t h e r  water-consuming a c t i v i t i e s  
bo th  ground and d r i n k i n g  wa te r  a r e  used ,  wi th  a tendency t o  swi t ch  
from d r i n k i n g  t o  ground water  a s  more water  i s  c o n s ~ ~ e d ;  t h i s  i s  
p a r t i c u l a r l y  t r u e  of  a i r c o n d i t i o n i n g  and sp ray ing  and i r r i g a t i n g  
a c t i v i t i e s .  

A s  wi th  i n d u s t r i a l  water  consumption, t h e r e ,  seem t o  be good' grounds 
f o r  assuming t h a t  water  consumption i s  de termined by t h e  l e v e l  o f  
product ion  i n t h e , d i f f e r e n t  s e c t o r s .  Yet,  i t  i s  c l e a r  from f i g u r e  3.4.1.  
t h a t  i n  t h e  p a s t  n o t  on ly  p roduc t ion  b u t  o t h e r  f a c t o r s  t o o ,  must have 
p layed  a p a r t .  However, r e s e a r c h  i n t o  f a c t o r s  t h a t  i n f l u e n c s  water  
consumption i n  t h e s e  s e c t o r s  has  n o t  y e t  reached t h e  s t a g e  where t h e  
r e l e v a n t  f a c t o r s  can  be c l e a r l y  i n d i c a t e d .  Notably t h e  h e t e r o g e n i t y  
of t h e s e  s e c t o r s  and t h e  l a r g e  number o f  i n s t i t u t i o n s  hamper p rogres s  
of  t h e  i n v e s t i g a t i o n .  

In  p r i n c i p l e  it may be  s a i d  t h a t  as m o r e p e o p l e  a r e  employed i n  a 
p a r t i c u l a r  s e c t o r  o r  make u s e  of  t h e  f a c i l i t i e s  o f f e r e d ,  water  
consumption f o r  hyg ien ic  purposes  and f o r  t h e  p r e p a r a t i o n  o f  food 
i n  t h e  s e c t o r  w i l l  i n c r e a s e ,  and w i l l  dec rease  accord ing ly  i n  t h e  
domest ic  and i n d u s t r i a l  s e c t o r ,  s o  t h a t  t o t a l  water  consumption 
remains t h e  same. T h i s  s h i f t  may account  f o r  some of  t h e  r i s e  i n  
water  consumption over  t h e  p a s t  decade,  f o r  t h e  s e r v i c e s  s e c t o r ,  
t h e  c o m m e r c i ~ l  s e c t o r  and t h e  government departments  have shown an  
a p p r e c i a b l e  i n c r e a s e  i n  p roduc t ion  and corresponding employment. I n  
a d d i t i o n ,  'water c o n s m p t i o n  has  been i n f l u e n c e d  by t h e  o v e r - a l l  
improvement i n  t h e  environment of t h e  work p l a c e ,  which i n  l a r g e  
o f f i c e s ,  e d u c a t i o n a l  e s t a b l i s h m e n t s  and s u c h l i k e  inc luded  t h e  
i n s t a l l a t i o n  o f  a i r c o n d i t i o n i n g  p l a n t s .  Here it should  be  noted  
t h a t  a i r c o n d i t i o n i n g  p l a n t s  of  r e c e n t  des ign  no longer  use  wa te r ,  
which means t h a t  water  consumed f o r  t h i s  purpose i s  o f  d imin i sh ing  
importance.  
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Tile corrl;i.deriiblc ;Ltc;lti.on paic! t o  1:l;ln's we l l be ing  is  a l s o  ref.l:.:;.t.cd 
b y  t h e  i .ncrc,lsinq n ~ l n ~ h e r  of beds i n  t h e  11saltii s e r v i c e .  I n  t h e  p e r i o d  
irorn 1965 t o  1975 t h e  i nc r€a sc?  i n  t h e  p o p u l a t i o n  was 11.5 p e r  c e n t ,  
wh i l e  t h e  nuniber o f  beds  i n  t i le h e a l t h  s e r v i c e s  p e r  liead of t h e  
popu l a t i on  i n c r e a s e d  by more t h a n  50 p e r  c e n t ,  which undoubtedly 
a f f e c t e d  wate r  consurnptj.on i n  t h i s  s e c t o r ;  n o t a b l y  consumption f o r  
food prcpara t . ion  and f o r  h y g i e n i c  and o t h e r  pu rpose s .  Modernisat ion 
of h o s p i t a l s  f u r t h e r  a c c e n t u a t e d  t h i s  e f f e c t  on accoun t  of a i r c o n d i t i o n i n g  
p l a n t s .  

Morc l e i s u r e  h a s  l e d  t o  i n c r e a s e d  p a r t i c i p a t i o n  i n  a c t i v e  s p o r t s .  Meeting 
t h e  growing demand f o r  s u i t a l ~ l e  f a c i l i t i e s  meant a  90 p e r  c e n t  i n c r e a s e  
i n  t h e  number o f  s p o r t s  f a c i l i t i e s  between 1965 and 1976. Water consumption 
i n  t h i s  s e c t o r  i s  de te rmined  mainly  by t h e  number o f  peop l e  u s i n g  t h e  
f a c i l i t i e s  and - i n  t h e  c a s e  o f  swimming b a t h s  and p l a y i n g  f i e l d s  - 
c l i m a t i c  c o n d i t i o n s .  

Whereas c l i m a t i c  c o n d i t i o n s  a r e  o f  minor importance i n  t h e  s e r v i c e s  s e c t o r  
a s  a  whole,  i n  t h e  a g r a r i a n  s e c t o r  t h e y  a r e  of eminent  importance.  The u s e  
o f  advanced p r o d u c t i o n  t e chn iques  s e e k s  t o  d e c r e a s e  dependence on t h e  
c l i m a t e ,  s o  a s  t o  a ch i eve  a h i g h e r  and more c o n s t a n t  l e v e l  o f  p roduc t i on .  
I n  r e c e n t  y e a r s  s p r a y i n g  and i r r i y a t i o n  i n s t a l l a t i o n s  have been employed 
on an  i n c r e a s i n g l y  l a r g e  s c a l e ,  and have occas ioned  a s h a r p  rise i n  wate r  
consumption, n o t a b l y  i n  t h e  d r y  summer o f  1976. 

From a l l  t h i s  i t  may be concluded t h a t  i n  t h e  p e r i o d  under  rev iew water 
consumption p e r  u n i t  o f  added v a l u e  h z s  i n c r e a s e d ,  b u t  t h a t  t h e  e x t e n t  
t o  which t h e  v a r i o u s  f a c t o r s  are r e s p o n s i b l e  i s  n o t  y e t  c l e a r .  With a  
view t o  g a i n i n g  more i n s i g h t  i n t o  t h i s  q u e s t i o n  s t u d i e s  a r e  b e i n g  
conducted i n  t.he s e c t o r s  consuming most w a t e r .  From s u r v e y s  a l r e a d y  
performed a number o f  s p e c i f i c  consumption d a t a  can now be  determined.  
These a r e  shown i n  t a b l e s  3.4.2. t o  3.4.4. 

Table  3.4.2.: Schools  

Type of  e d u c a t i o n  

Nursery s c h o o l  
Pr imary s choo l  
Secondary s choo l  
Secondary t r a d e  s c h o o l  
S low- learner  s c h o o l  
High t r a d e  s c h o o l  

7 

Average wa t e r  demand ( i n  m3) p e r  p u p i l  y e a r  

1971 

2.98 
1.71 
1.61 
3.44 
4.10 
2.31 

1972 

2.90 
1.77 
1.77 
3.27 
3.54 
2.13 

1973 

3.06 
1.73 
1.48 
3.17 
3.78 
2.17 

1974 

3.01 
1.78 
1.41 
2.79 
3.79 
2.10 

1975 

3.09 
1.82 
1.46 
2.63 
4.03 
2.12 

4 
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Table 3.4.3.: Universities 

Table 3.4.4.: Public Health Service 

University hospitals 
Other hospitals 
Psychiatric hospitals - 
Hospitals for permanently'.Gtarded 
Nursing ' homes 

i 

2.17 m3 per patient-day 
0.63 m3 per patient-day 
0.32 m3 per patient-day 

3 0.33 rn per patient-day 
0.3 m3 per pati-ent-day 

University 

Tilburg 
Amsterdam 
Utrecht 
Groningcn 
Rotterdam 
Leiden 
Nynegen 
Dclft 
Eindhoven 
Wageningen 
Enschede 

- 

Number 
of 

students 

3.3 
27.6 
17.6 
12.5 
7.2 
12.5 
11.9 
9.6 
4.2 
3.7 
2.1 

Average water demand (in m3 per student per 
year) (period 1974/1975) 

Public water supply 

9 
3 5 
4 0 
56 
5 7 
69 
77 
8 7 
143 
146 
157 

Including 
own groundwater supply 

- 
- 
43 
- 
- 
- 
- 
133 
945 
240 - 



13y o t ? ~ t ' ~ r  watclr tlc~n~alltl j s  rni!ant t h e  c 1 i f r r . t - c ~ ~ c e  b r t w e c n  t i l e  volume of  
drj.l ikillq v ~ i ~ t c r  w)li a h  i s  t lel . iver-c5 1:o t h e  s u p p l y  a r e a  and t h n t  
i s  bol~cjh t  by l.1-;c! consumers .  'I'1~li.s consuiilji t ion C O I . : ; P ~ ~ S C ~ S  loss i n  
tra:lr;i::i s c i o n  a r i s i n g  f rom I.c;l!ccges i n  t : ranslnj .ssion,  main ancl s c r v j . c e  
pipel  lnc!:, ant1 wat.cr u s e d  f o r  f 1 ush_i r ~ c j  t h e  ne twork .  I n  so far as it 
i:; norl-l!leterc.d, t11j.s a l s o  i - n c l u d c s  ~!at:c:r uncd f o r  f i r e  e x t i n g u j . s t ~ . i n g ,  
sp::aying p u b l i c  p a r l t s  ar~c! ga rc l cns ,  ctc. L o s s  frc.j:n 1-ealcayes o c c u r r i n g  
i n  j .nt:erl~al p i .g iny  i s  included. i n  t h e  wi l tc r  consumpt ion  o f  t h e  
c a t e y c r y ,  i l l  q u e s t j - o n .  

Ot.her wat-ex demand h a s  undergone a I.esr; s l ~ d r p  r i se  t11an t h e  o t h c r  
ca t . ego r . i c s .  C a l c u l a t e d  as  a p ~ 5 r c e n t a g e  of d o m e s t i c ,  i n d u s t r i a l  and  
colnmerci n l ,  p u b l i c ,  r e c r c ? a t i . o n a l  a n d  a g r i c u l t u r i l l  wat-er dciiland, i  t 
shows a r e l a t i v e  d e c l i n e  f rom l C . 9  p e r  c o c t  i n  1369 t o  8 .5  p e r  c e n t  
i n  1375. 

'rhe r c i i sons  why t h i s  consumpt ion  h a s  l a g g e d  bchj-nd t h a t  o f  t h e  o t h e r  
c a t e g o r i e s  a r e  t h e  d e c r e a s e  i n  loss f rom l z a k a g e  a n d  t h e  r e d u c e d  
f r e q u e n c : ~  w i t h  v~hic11 t h e  ne twork  i s  f l u s h e d .  The r e l a t i v e  d e c l i n e  
i n  l e a k a g e  loss is e x p l a i n e d  by  t h e  improved p i p e l i n e  m a t e r i a l  
( o t h e r  consuri lpt ion droppi..rl frolr: 1062 m3/km p i p e l i n e  i n  1965 t o  
1046 m3/kn: p i p e l - i n e  i n  1975) and  t h e  f a c t  t h a t  t .he i . n c r e a s e  i n  
water c o ~ ~ s u m p t j . o n  was n o t  a t t e n d e d  by  a c o r r e s p o n d i r , g  i n c r e a s e  i n  
t h e  l e n g t h  o f  t h z  s u p p l y  ne twork  51  and  32 per cent .  r e s p e c t i v e l y  
be tween  1965 and  1 3 7 5 ) .  The r e d u c e d  f r e q u e n c y  o f  f l u s l ~ i n g  i s  d u e  
t o  t h e  more i n t e n s i v e  u t i l i s a t i o n  cf t h e  ne twork  and improved 
p u r i f i c a t i o n  t e c l l n o l o g y  . 

I n  1369 o t h e r  w a t e r  demand w a s  70 .7  m i l l i o n  1,13 com,arcd w i t h  
79.2 m i l l i o n  m3 i n  1975. 



4.  Forccasti.nq clrinkilq and i n d u s t r i a l  water dr.m;inrl. --- - -- --- 

4.1. Forccastincl i n  p rac t i ce .  

T i l l  recent  years  i n  t h e  Netherlands var ious  types of t r end  ext ra-  
po la t ion  genera l ly  were used f o r  a l l  p r ~ g n o s i s  of t h e  f u t u r e  water 
demand. A s h o r t  d i s c r i p t i o n  is given. 

Time s e r i e s  ex t rapo la t ion  c o n s i s t s  of obta in ing d a t a  f o r  p a s t  years ,  
observing t h e i r  t r end  and ex t rapo la t ing  i t  f o r  f u t u r e  years. Linear 
extrapolat iorl  is  ~ilost f requent ly  used, b u t  vazious non-linear 
functions may be appropr ia te  f o r  cases  of  rapidly  increas ing (o r  
decreasing) use. This method can be  expected t o  give q u i t e  accura te  
r e s u l t s  i f  fo recas t ing  is f o r  a r e l a t i v e l y  s h o r t  per iod i n t o  t h e  
fu tu re  and t h e  time s e r i e s  t r e ~ d  i s  q u i t e  r egu la r .  Although a l l  these  
fo recas t ing  rnethods a r e  based on t h e  assumptiorl t h a t  r e levan t  condi- 
t i o n s  do not  change, o r  change i n  a known o r  p red ic tab le  manner, time 
s e r i e s  extrapol-at ion i s  perhaps more vulnerable with respec t  t o  t h i s  
a s s u l ~ i p t i o ~ ~  than o ihc r  forecasting methods. I n  pure ti me s e r i e s  ext ra-  
po la t ion ,  no account is takca of anything except  t h e  t reng of past 
observations. In some app l ica t ions  g r e a t e r  weight is plac&dLo:~ more 
recen t  observations than on e a r l i e r  observations.  For t h i s  purpose, 
exponential  sinoothing, moving averages,  o r  s i m i l a r  techniques may 
be used, b u t  these  approaches a r e  d i f f i c u l t  t o  j u s t i f y  unless  some 
r a t i o n a l i z a t i o n  can be given f o r  t h e  weighting used. Such a r a t i o -  
n a l i z a t i o n  nmst usual ly  depend on knowledge concerning r e l a t e d  
va r iab les  o r  changing social-econonic condit ions.  

In order t o  overcome, a t  l e a s t  p a r t i a l l y ,  some of t h e  inadeqnacies of 
time s e r i e s  ex t rapo la t ion ,  fo recas t ing  of  water  requirements is f r e -  
quently based on changes i n  t h e  values  of  o the r  va r iab les  over time. 
For exaniple, populat ion,  income, i n d u s t r i a l  growth, c o s t  ( including 
c o s t s  of po l lu t ion  c o n t r o l ) ,  a r e  f requent ly  used a s  explanatory 
va r iab les  i n  a mul t ip le  regress ion equation t o  p r e d i c t  water use. I n  
some cases ,  mul t ip le  regress ion is used t o  p r e d i c t  use by s e c t o r s ,  f o r  
example household and i n d u s t r i a l ,  and t o t a l  water use i s  obtained 
a s  t h e  sum of these  s e c t o r  uses. 

I n  the  Netherlands t h e  R i j k s i n s t i t u u t  voor Drinkwatervoorziening 
(National I n s t i t u t e  f o r  Water Supply) p r a c t i c e s t h e  Component Method 
of Forecast ing a t  t h i s  moment. This method involves four  s teps :  

a.  iden t i fy ing  t h e  volumes of water used f o r  d i f f e r e n t  purposes; 
b. forecas t ing t h e  development of va r iab les  which a f f e c t  water 

demands ; 
c .  fo recas t ing  t h e  amount needed f o r  each ind iv idua l  purpose i n  t h e  

f u t u r e  ; 
d. adding these  separa te  volumes t o  ob ta in  a f o r e c a s t  of t o t a l  demand. 



(1. 1.1. l'ot-t!cclsfinq \:;iti!r demand oZ households. .- - -- 

F i q u r e  4.1.1.1. sho-:~s the framework f o r  forecas t ing water demand of 
households. 

Figure 4.1.1.1. 

Submodels: Economy Research: Surveys 
Populaticn s t r u c t u r e  Study of top  cluality 
Socia l  Study of water use 
E t c .  

External var iables  

v 
Submode': 

Forecast t o t a l  water demand 

Component submodels: 
Forecast water demands of t h e  
various a c t i v i t i e s  

1 
> . 
b 

d 

Inventory of o ther  data: 
temp. 

I 
I 

Climate< 
evap. 

I 
Dissemination of  apparatus, e t c .  
Etc. 



The  housi.ho1.d wntr-.r dc~nancl f o r e c ~ r s t  subn~odel is colrlposed of  co!nponent 
subr~lodels : 

- T o i l e t  f l u s h i n g  : WTi = Bi . STi . VTi 

where WT = t o t a l  water  demand i n  yea r  i f o r  t o i l e t  f l u sh ing ;  
i 

Bi 
= nunlber of  popula t ion  i n  y e a r  i; 

STi = average weighted frequency of  t o i l e t  f l u s h i n g  p e r  
person i n  y e a r  i; 

VTi = average use p e r  f l a s h i n g  i n  y e a r  i. 
3 
J 

- Personal  washing : WLi = Bi . Z (SLirn n = l  
. VLi 1 

r n 

where WL = t o t a l  wa te r  damand i n  y e a r  i f o r  upkeep; 
B~ = number of popula t ion  i n  yea r  i; 
i 

1 
= average weighted number use  o f  wash b a s i n s  p e r  person 

i n  y e a r  i; 

2 
= average weighted number use of  shower p e r  person i n  

y e a r  i; 

SLi, 3 = average weighted nunlbcr use of  b a t h s  p e r  person i n  
yea r  i; 

1 
= average demand pe r  pe r sona l  wash i n  y e a r  i by use of  

wash bas  i n  ; 

2 
= average demand p e r  pe r sona l  shower i n  y e a r  i by use 

of shower; 
VLi13 = average demand p e r  pe r sona l  b a t h  i n  yea r  i by use of 

bath.  
2 

- Washing : WWi = Bi . 2 (SW n = l  i , n  VWi.n)  

wi 
= to ta l  water  demand i n  yea r  i f o r  washing; 

Bi 
= number of popula t ion  i n  yea r  i; 

SWiIl = average weighted nu~nber o f  hand washing person  l.n 
yea r  i; 

"it 2 
= average weighted :lumber o f  machine washing p e r  person 

i n  yea r  i; 
VW = average weighted demand p e r  hand washing i n  yea r  i; 

i t 1  

VWi = average weighted demand p e r  machine washing i n  y e a r  i. 
2 

- Dishwashing: wAi = Bi . C 
n = l  (SA. . VA 

1 1 n  it n 

WAi = t o t a l  water demand i n  y e a r  i f o r  dishwashing; 

Bi = rimer of popula t ion  i n  y e a r  i; 

= average weighted number of hand washing p e r  person 
i n  yea r  i; 

S A 
i , 2  = average weighted number o f  machine washing p e r  person 

i n  yea r  i; 

vAi, 1 
= average demand p e r  hand washing i n  yea r  i; 

VAi, 2 
= average demand p e r  machine washing i n  y e a r  i. 



WCi = tot.! water demand i n  year i f o r  car washing; 
Ui = nuinher of  population i r k  year  i; 

SBi = average weigl~ted number of c a r  washing per  person i n  
year i; 

VB = average demand per  c a r  washing i n  year  i; 
i 

- Sprinkling : WEi = Bi . SEi . VEi 

WEi = t o t a l  water demand i n  year i f o r  spr inkl ing;  

Bi 
= number of population i n  year  i; 

SE = average weighted number of  sp r ink l ing  per  person i n  
i 

year  i; 
V I i  = average weighted demand per spr ink l ing  per iod i n  year 

i. 

The a sd i t i on  of these  component water demands gives  t h e  t o t a l  water 
demand of households i n  every a rea  which a r e  considered: 

Wi = Bi . (mi + WLi + WWi + WAi + WB. + WEi) 
1 

4.1.2. Forecas t ing,  i n d u s t r i a l ,  commercial, r ec rea t iona l  and publ ic  -- water demand. 

The fo recas t ing  of t h i s  demand includes t h e  product of the s p e c i f i c  
demand of the severa l  branches o r  groups and t h e  production or 
a c t i v i t y  level .  Future production l e v e l  of e x i s t i n g  f a c t o r i e s  is 
taken from an economic model of t h e  Centraal  Planbureau (Bureau f o r  
Centra l  Planning).  This  model includes the  var iab les  of import, ex- 
por t ,  c a p i t a l  invest-ment, household expenditure, e t c .  This forecas- 
t i n g  of i n d u s t r i a l  a c t i v i t i e s  g ives  production l eve l  f o r  each branch, 
group o r  subgroup of t h e  industry.  

3 For example t he  u n i t  values of water demand were expressed i n  m /ton 
and the  t o t a l  water demand of t he  indust ry  branch may be calcula ted 
based on production volume i n  tons. 

3 A t  t h i s  moment u n i t  values a r e  a l s o  t r i e d  t o  be  converted i n  m / 
gui lde r ,  and t h e  t o t a l  water demand of the  branches and groups may be 
calcula ted based on production value i n  gui lders .  

The equation f o r  ca lcu la t ing  the  i n d u s t r i a l  water demand i n  the year 
i is given below: 

W (I) = water demand i n  year i; 

'if j = production i n  physical  u n i t  i n  year  i and branch j; 

WP = s p e c i f i c  water demand i n  process i n  year  i and 
branch j; 

WK = s p e c i f i c  water demand f o r  cooling i n  year i and if' branch j; 
n = number of  branches. 



\?lien product ion csnnot  ))c givrn  jrr p!~ysicnl  u n i t  P may bc 
evalua ted  \:j t t i  V ~ I ~ U C  added from the equat ion:  i l l  

P = r . TW. .; 
i , j  i , j  -1. , J 

r = f a c t o r  
i , j 

17.1 = (g ross )  va lue  added i n  y e a r  i on branch j;  
i l l  

'i, j 
= i n d u s t r i a l  product ion i n  y e a r  i on brancli j. 

To g i v e  a more d e t a i l e d  d e s c r i p t i o n  of t h e  r e l a t i o n s  between 
i n d u s t r i a l  water  use  and t h e  f a c t o r s  which i n f l u e n c e  it, a t  t h i s  
moment w e  d r a f t  more d e t a i l e d  equat ions  which are no t  y e t  p rac t i ced :  

n 

and W ( I ) i I j = L ( I ) i , j  + E W ( I I i I j  

i n  which: 

V C I ) , ,  j = water  use i n  yea r  i on branch j; 

W ( I ) i , j  = water  demand i n  y e a r  i on branch j; 

L ( n i I j  = p u b l i c  water  supply i n  y e a r  i on branch j; 

EW (I)i , = own water  supply  i n  y e a r  i on branch j; 

H ( I I i ,  = r euse  of water i n  y e a r  i on branch j. 

I n  t h e  fo l lowing func t ions  a "+" befo re  a f a c t o r  i n d i c a t e s  t h a t  increa-  
s i n g  t h i s  f a c t o r  i n c r e a s e s  t h e  l e v e l  o f  t h e  commodity on t h e  l e f t -  
hand s i d e  of  t h e  equat ion  (e.g. an i n c r e a s e  i n  Kn EW causes  H ( 1 ) .  
t o  i n c r e a s e ) .  I n  a s i m i l a r  way a - b e f o r e  a f a c t o r  i n d i c a t e s  t h a t "  
i n c r e a s i n g  t h i s  f a c t o r  dec reases  t h e  commodity on t h e  le f t -hand side. 

H ( I I i I  , = func t ion  [-Kn H I  + Kn EW, + t, + V ( 1 )  + Kn waste] 
i , j ,  

E W ( I ) ~ ,  j =  func t ion  [-Kn EW. + Kn H I  + t. + V ( I I i I  j] 

Kn H = c o s t s  of r euse ;  
Kn EW = c o s t s  of  own supply;  

t = water supply  charges;  
Kn waste = c o s t  of  d ischarge  waste water. 

= = func t ion  [+P + C, - KnW, + om2, + s u b s t i t ,  - T2] 
i r j ,  

C = cons tan t  demand; 
KnW = weighted c o s t s  of  water; 
on2 = l a w s  s p e c i f y i n g  accep tab le  water q u a l i t y  i n  

food processing;  
s u b s t i t  = c o s t s  of s u b s t i t u t e  a r t i c l e s ;  

T2 = water sav ing  technology; 

KnW = func t ion  + t, + L ( I ) i I j I  + KnEW, + EW(1) 
i,j, 

+ Kn H I  + H ( 1 )  + Kn waste,  - Kn oprofac]  
i , j ,  

Kn oprofac  = product ion c o s t s  (excluded water) i n s i d e  t h e  fac tory .  



l<nElr! = function [ .+ input. kn EW, + om4, - T1, - gun 11 

input kn Ek1 = f ixed  and variable costs  of own supply; 
om4 = ext ra  costs  of rules  of groundwater managenlc~nt; 

T1 = technology of water pumpillg and treatment 
process ; 

gun 1 = qual i ty  of raw water. 

KnII = function [ + input KTI H, - T ~ ]  

input Kn H, f ixed and variable costs  of reuse. 

t = function [ + input KII L, + pp] 

input Kn L = fixed and var iable  cos ts  of public supply; 

PP = pr ice  policy. 

C = function [ +  cap, - K n W ,  + 1, -m] 

Cap = production capacity of the  industry; 
1 = number of labours; 
m = mentality. 

gun 1 = function [ + o m l ,  + gun21 

om1 = laws which regulate water pollution; 
gun* = qua l i ty  of Ian waste which comes over t h e  fron- 

t ier.  

T2 = function [ +  Pi , , K ~ W ,  + T ~ J  

T3 = water decrease by changes (e . g. technology) . 
In pr incipal  we could use t h i s  submodels for  the  d i f f e ren t  s i ze  of 
areas ( t o t a l  country, region, province, c i t y  area) .  In pract ice  the 
model cannot be used on an area smaller than a region of the  country 
because of the aggregated nature of t he  data  i n  the economic model. 

4.1.3. Other water demand. 

Agriculture water demand. - ...................... 
Agriculture water use has been analyzed very thoroughly i n  recent 
years, especial ly  by i n s t i t u t e s  which are special ized i n  agr icul ture  
studies.  

Only a r e l a t i v e s m a l l  p a r t  of t he  demand of t h i s  type of water use is 
included i n  the  master plan, especial ly  the  public water supply. 



In  v . i . c~  o f  w11at hiis been s t a t e d  i n  paragraph  4 .  I . ,  w e  s h a l l  i n d i c a t e  
by r e c c r e n c c  t-.o a  n u ~ l ~ b e r  of  developlnents i n  what manner and t o  what 
e x t c n t  t h e  f a c t o r s  mentioned i n  pa r ag raph  3.2. a r e  c apab l e  o f  changing.  
Subjects t o  be  d i s c u s s e d  i n  t h i s  c o n t e x t  are: 
u r b a n i s a t i o n ,  t y p e s  o f  d w e l l i l ~ g s ,  water-consuming a p p l i a n c e s ,  ou t l ook  
and s i z e  of  houscho1.ds. 

a .  Urban i s a t i on  -- 
The p o l i c y  o f  t h e  Nether lands '  government w i l l  on ly  become appa ren t  
a f t e r  some t i n e .  I n  tlie wes t e rn  p a r t  o f  t h e  c o u r ~ t r y ,  i n  p a r t i c u l a r ,  
f u r t h e r  development o f  u rban i s ed  r u r a l  m q n i c i p a l i t i e s  and dormi tory  
towns w i l l  c o n t i n u e  f o r  t h e  p r e s e n t .  
T h i s  means a  r e l a t i v e l y  l a r g e r  p r o p o r t i o n  o f  new d w e l l i n g s  i n  t h e s e  
a r e a s .  
I n  t h e  l onge r  t e rm,  w i t h  a d e c l i n e  i n  growth r a t e  o f  t h e  p o ~ u l a t i o n ,  
t h e r e  may be  a f u r t h e r  development o f  r e s i d e n t i a l  areas i n  e x i s t i n g  
c o n c e n t r a t i o n s .  

b ;  Types of  d w e l l i n g s  
A f t e r  t h e  Second World War, housing p o l i c y  w a s  more concerned w i th  
q u a n t i t y  t han  w i t h  q u a l i t y .  The b u i l d i n g  o f  r e l a t i v e l y  i nexpens ive  
dwe l l i ng  u n i t s  d i d ,  however, mean l i m i t e d  d i f f e r e n t i a t i o n ,  which 
a l s o  a p p l i e d  t o  k i t c h e n  equipment and s a n i t a r y  f a c i l i t i e s .  
The average  q u a l i t y  o f  t h e s e  f a c i l i t i e s  a l s o  a f f e c t s  houses  now 
be ing  b u i l t .  However, s i n c e  new p r o p e r t y  r e p r e s e n t s  o n l y  a f a i r l y  
smal.1 p r o p o r t i o n  of  t h e  t o t a l  supp ly  of  d w e l l i n g s ,  t h i s  i n f l u e n c e  
w i l l  be  s l i g h t  f o r  t h e  p r e s e n t .  I n  t h e  l o n g e r  t e r m  b u i l d i n g  work 
w i l l  c o n c e n t r a t e  on b r i n g i n g  t h e  q u a l i t y  o f  e x i s t i n g  dwe l l i ngs  i n t o  
l i n e  w i th  t h e  new l i v i n g  p a t t e r n a n d  hous ing  s t a n d a r d s .  

c. The i n c r e a s e d  p r o s p e r i t y  o f  t h e  l a s t  y e a r s  is  r e f l e c t e d  i n  t h e  
v i r t u a l  doub l i ng  o f  p r i v a t e  consumption p e r  head o f  t h e  ~ o p u l a t i o n .  
One o f  t l ie consequences  o f  t h i s  i s  t h a t  a  l a r g e r  g roup  o f  households  
can a f f o r d  t o  pu rchase  domes t i c  a p p l i a n c e s ,  i n c l u d i n g  t h o s e  t h a t  
consume wate r .  T h i s  shows t h a t  t h e  needs  o f  t h e  consumer r a p i d l y  
adap t  t o  what comes w i t h i n  h i s  r e ach .  T h i s  c e n e r a l l y  r e s u l t s  
i n  t h e  p r e sence  i n  a household o f  a  k i n d  of  s t a n d a r d  package o f  
f a c i l i t i e s  and a p p l i a n c e s .  A s  r e a l  p r i v a t e  consumption is expec ted  
to  s t a b i l i s e  o r  i n c r e a s e  o n l y  s l i g h t l y ,  t h i s  t r e n d  w i l l  b e r e t a r d e d  
i n  t h e  f u t u r e .  

d .  The growth i n  v a r i o u s  f i e l d s  w i tne s sed  i n  t h e  l a s t  decade or two h a s  
g r a d u a l l y  l e d  t o  a  f u l l e r  r e a l i s a t i o n  o f  its l i m i t s ,  n o t a b l y  on  
account  of env i ronmenta l  e f f e c t s  and exhaus t i on  o f  r a w  m a t e r i a l s .  
Water consuming o p e r a t i o n s  a l s o  have a d i r e c t  o r  a n  i n d i r e c t  i n f l u e n c e  
on t h i s .  Whether t h i s  awareness  w i l l  r e s u l t  i n  developments r e s t r i c t i n g  
t h e  u se  o f  wa t e r  w i l l .  depend on t h e  w i l l i n g n e s s  of t h e  consumer t o  
a t t u n e  h i s  o p t i o n a l  behav iour  t o  t h i s  awareness .  A p o t e n t i a l . l y  
impor t an t  f a c t o r  i n  a l l  t h i s  i s  t h e  " d i s p e n s a b i l i t y "  of  a p a r t i c u l a r  
a p p l i a n c e .  A washing machine, f o r  example, g e n e r a l l y  merits t h e  r a t i n g  
" ( a b s o l u t e l y )  i n d i s p e n s a b l e " ,  whereas  t h i s  i s  f a r  less t r u e  o f  a 
dishwasher .  T h i s  a s p e c t  i s  bound t o  a f f e c t  t h e  deg ree  o f  p e n e t r a t i o n  
o f  domes t ic  app l i ance s .  

Already n o t i c e a b l e  among t h e  developments  i n  r e g a r d  t o  l i v i n g  a s  
a f ami ly  i s  t h a t  a  growing c a t e g o r y  o f  peop l e  f i n d  it imposs ib l e  
t o  deve lop  adequa t e ly  i n  such  a set  up. I n  consequence,  more 
ex t remely  s m a l l  households  a r e  l i k e l y  t o  be found. Moreover, more 



worr~en are expectcd t o  t ake  on jobs,  and t h i s  may i n c r e a s e  t h e  ~:ccd 
f o r  more e f f i c i e n t  and/or auton~atcd domestic chores  and t h e  
purchase o f  (water-consuming) appl iances .  

e .  One datum t h a t  h a s  t o  be taken i n t o  account  i n  determining f u t u r e  
dol i~est ic  water  consumption is t h e  average number o f  occupants  per  
dwelling. A s  is ev iden t  from f i g u r e  4.2 .1 . ,  t h e  downward t r e n d  of 
t h e  n e x t  two o r  t h r e e  decades is expected t o  s t a b i l i s e  i n  t h e  
f u t u r e  a t  around 2.7 occupants  p e r  dwell ing.  

Figure 4.2 .1 . :  Future  average number of  occupants  p e r  dwelling. 

average nuribcr of occupants  p e r  dwell ing 
4.5 1. 

y e a r  

The e f f e c t  of  t h e  t r e n d s  we have o u t l i n e d  on t h e  d i f f e r e n t  elements of 
domestic water  consumption may now be  t r a n s l a t e d  i n t o  a q u a n t i f i c a t i o n  
of  t h e  r e s p e c t i v e  s p e c i f i c  consumption da ta .  A s  i n  paragraph 3.2 . ,  
consumption has  been d iv ided  i n t o  f i v e  ca t egor i e s .  

A - Personal  hygiene . The tendency t o  i n s t a l l  c i s t e r n s  wi th  a s l i g h t l y  reduced water 
consumption w i l l  p e r s i s t ,  though on a smaller scale. Espec ia l ly  
where t h e  o l d ,  u s u a l l y  l a r g e ,  c i s t e r n s  a r e  rep laced  by new ones,  
average consumption and, i n  p a r t i c u l a r ,  t h e  spread i n  consumption 
w i l l  become l e s s .  This  should r e s u l t  i n  average water  consumption 
f o r  each t o i l e t  f l u s h i n g  dropping t o  7 litres. 
I n  t h e  pe r iod  covered by t h e  p l a n  t h e  working popula t ion ,  as a 
percentage  o f  t h e  t o t a l ,  i s  expected t o  remain t h e  same o r  t o  
decrease.  
A s  a r e s u l t ,  use  o f  t h e  t o i l e t  a t  home may i n c r e a s e  s l i g h t l y .  I t  
has  been assumed t h a t  t h i s  e f f e c t  w i l l  be more o r  less n e u t r a l i s e d  
by t h e  tendency f o r  more prolonged educat ion  and t r a i n i n g ,  causing 
t h e  pexsons concerned t o  be away from home more o f t e n  and f o r  
longer  per iods .  



l ' z~ r t l y  c~wi.ng t o  i nc r c i l s i ng  co~lriumption t i l e  ave r age  frcquencly of 
t o i l e t  f lush i r ly  is expcc ted  t o  i n c r e a s e  t o  4 . 5  t i m e s  p e r  pex'son 
p e r  day. S p e c i f i c  wa t e r  consumption f o r  t o i l e t  f l u s h i n g  i n  t h e  
hon~c w i l l  t h e n  be 32.5 l /hxd .  

. Water consumption p e r  a b l u t i o n  a t  t h e  wash-basin i s  n o t  l i k e l y  
t o  change i n  the f u t u r e .  Frequency,  on t h e  o t h e r  hand, w i l l  
p robab ly  d e c r e a s e  t o  8 t i m e s  a week, owing t o  i n c r e a s e d  
a v a i 1 i . h i l i t y  and Inore f r e q u e n t  u se  of b a t h  and shower.  T h i s  w i l l  
r e s u l t  i n  a s p e c i f i c  consumption of  4 JJhxd. 
By t h e  y e a r  2010 t h e  a v a i l ~ h i l i t y  o f  shower and b a t h  is expec ted  
t o  r e ach  62 and 39 p e r  c e n t  r e s p e c t i v e l y .  Because o f  changes  i n  
a t t i t u d e  and d i f f e r e n t  u t i l i s a t i o n  o f  t ime ,  t h e  f requency  of  u s e  
w i l . l . j . n c r ea se  somewhat t o  4 .5  and 3 .5  t i m e s  p e r  person  p e r  week 
r e s p c c t i v e l y ,  w h i l s t  as  r e g a r d s  consu~npt ion  p e r  a b l u t i o n  o n l y  
b a t h s  a r e  expec t ed  to  show an  i n c r e a s e ,  v i z .  t o  150 l i t r e s  a t ime.  
T h i s  w i l l  r e s u l t  i n  a s p e c i f i c  consumption o f  52 l /hxd.  T o t a l  
s p e c i f i c  wa t e r  consumption f o r  p e r s o n a l  hyg iene  w i l l  t h u s  amount 
t o  56 l /hxd.  

B - Launc1crj.nq 
A s  s t a t e d  e a r l i e r  on ,  t h e  p e n e t r a t i o n  d e g r e e  o f  washing machines,  
around 85  p e r  c e n t ,  h a s  v i r t u a l l y  ~ e a c h e d  s a t u r a t i o n  l e v e l .  With 
t h e  d a c r e a s e  i n  t h e  s i z e  o f  housholds  t.he numbcr o f  households  
w i l l  i n c r e a s e .  T h i s  means t h a t  t h e  p e n e t r a t i o n  deg ree  i s  l i k e l y  
t o  d e c r e a s e  r a t h e r  t han  i n c r e a s e ,  b u t  t h e  a c t u a l  number o f  
machines w i l l  p r o b l a b l y  i n c r e a s e .  
I n  t h e  medium-long term wa te r  consumption p e r  washing programme 
is expec ted  t o  d e c r e a s e  as a r e s u l t  of t h e  l a r g e r  p r o p o r t i o a  o f  
machines w i t h  reduced  wa t e r  col~sumption.  Although t h e r e  w i l l  a l s o  
be  a s h i f t  a s  r e g a r d s  t h e  t y p e  o f  a r t i c l e  washed, it h a s  been 
assumed t h a t  t h i s  w i l l  n o t  a f f e c t  wa t e r  consuinption and t h a t  t h e r e  
w i l l  b e  no need t o  change t h e  f requency  of manual washing. 
I n  consequence of  t h e  developments o u t l i n e d  h e r e ,  ave r age  wa t e r  
consumption p e r  washing w i l l  d e c r e a s e  t o  115 l i t r e s .  With an  
average  occupa t i on  o f  2.7 p e r s o n s  p e r  d w e l l i n g  u n i t ,  t h e  f requency  
is  4 washings a week. From t h i s  f o l l o w s  a wa t e r  consumption of  
25 l /hxd.  Toge ther  w i t h  a consumption of 2 l /hxd  f o r  manual 
washing, t h i s  g i v e s  a s p e c i f i c  wa t e r  consumption f o r  l aund ry  
purposes  o f  27 l /hxd.  

C - Food p r e p a r a t i o n ,  d i shwash ing ,  etc. 
N e i t h e r  i n  r e g a r d  to t h e  d i r e c t  and i n d i r e c t  consun~pt:ion of wa t e r ,  
no r  consumption f o r  t h e  p r e p a r a t i o n  o f  food are such  developments 
expec ted  t h a t  t h e  r e l a t i v e l y  s m a l l  consumption f i g u r e s  of 1 and 
3 l /hxd  w i l l  undergo s i g n i f i c a n t  changes .  A s  t h e r e  i s  as y e t  no 
ev idence  o f  any development which w i l l  r educe  t h e  wa t e r  consumption 
of washing machines,  t h e  p r e v i o u s  f i g u r e  o f  40 l i t res  p e r  washing 
h a s  been r e t a i n e d .  With t h e  d e c r e a s e  i n  t h e  s i z e  o f  households  
t h e r e  w i l l  b e  r e l a t i v e l y  more washing machines i n  t h e  f u t u r e .  By 
t h e  y e a r  2010 t h e  p e n e t r a t i o n  l e v e l  i s  expec t ed  to r e a c h  a b o u t  
25 p e r  c e n t .  Some change i n  t h e  f requency  o f  manual dishwashing 
t o  twice may b e  expec t ed .  Consumption w i l l  i n c r e a s e  to  18 l i t r e s  
a t ime .  The f requency  o f  u s e  o f  t h e  d i shwasher  i s  ma in t a ined  a t  
f i v e  t i m e s  a week. I n  households  x i t h  a dishwasl ler ,  manual 
dishwashing w i l l  c o n t i n u e  t o  ave r age  once a day  w i t h  a wa t e r  
consumption o f  10 l i tres. 
Fu t u r c  average  per c a p i t a  wa t e r  consuniption i n  households  w i t h  
and wit l lout  a d i shwasher  w i l l  a c co rd ing ly  amount t o  19 and 
13.5  l /hxd.  S p e c i f i c  wa t e r  corlcumption the11 works o u t  a t  15 l /hxd.  



D - The r e l a t i v e l y  sma l l  consumptiol~ of water  f o r  c l ean ing  t h e  house 
remains the s&me a t  1 l /hxd,  s i n c e  no major changes a r e  expected 
i n  t h e s e  ope ra t ions .  

E - I n  t h e  nex t  few y e a r s  t h e  p ropor t ion  of new h igh - r i s e  dwel l ings  . .." 
w i l l  bc sma l l e r  than  a t  p re sen t .  Th i s  means a growiiig nunher o f  
homes wi th  gardens. Moreover, t h e r e  i s  a t r e n d  towards both 
l a r g e r  gardens and inc reased  use of  au tomat ic  sp rays .  Both involve 
h ighe r  water  consumption. A s  a consequence, average consumption 
f o r  water ing t h e  garden w i l l  rise to around 2 . 5  l /hxd. 

According t o  p r e s e n t  in format ion  t h e  number of  p r i v a t e  c a r s  w i l l  
r each  s a t u r a t i o n  p o i n t  i n  t h e  ' 8 0 s .  A s  t h e  motorcar w i l l  
i n c r e a s i n g l y  become a u t e n s i l ,  t h e  frequency o f  washing w i l l  
probably become l e s s .  On t h e  o t h e r  hand, water  consumption p e r  
wash w i l l  i n c r e a s e ,  a s  more use i s  made of t h e  hose. L a s t l y ,  
t h e r e  a r e  i n d i c a t i o n s  of  more f r equen t  use of  car-wash s t a t i o n s .  

Also worth mentioning is water  consumed i n  t end ing  p o t t e d  p l a n t s .  
The q u a n t i t y  involved has  r i s e n  r e l a t i v e l y  sha rp ly  wi th  t h e  more 
widespread p r a c t i c e  of h e a t i n g  s e v e r a l  rooms i n  t h e  house, notably 
wi th  t h e  i n s t a l l a t i o n  of  c e n t r a l  h e a t i n g ,  and t h e  presence o f  more 
and l a r g e r  p l a n t s .  

I n  t a b l e  4.2 .2 .  a n t i c i p a t e d  s p e c i f i c  u s e s  i n  succes s ive  y e a r s  a r e  
t abu la t ed .  

Table 4 .2 .2 . :  S p e c i f i c  water  consumption. 

A - . us ing  t h e  l a v a t o r y  
. pe r sona l  hygiene 

B - doing t h e  laundry  
. hand 
. machine 

C - . p r e p a r a t i o n  of  meals e t c .  
. dishwashing 
. consumption 

D - c l ean ing  t h e  home 

E - o t h e r  a c t i v i t i e s  
- 

T o t a l  '( l /hxd)  

today 

3 2 
3 4 

2 
2 1 

3 
11  

1 

1 

1 

106 

1980 

32 
3 5 

3 
2 2 

3 
12 

1 

1 

1 

110 

1990 

33 
4 4 

2 
2 3 

3 
13 

1 

1 

2 

122 

2060 

3 3 
48 

2 
2 4 

3 
14 

1 

1 

3 

129 

' 2010 

3 3 
5 6 

2 
2 5 

3 
14 

1 

1 

4 

139 



4 . 3 .  F u t u r e  i n d u s t r i a l .  water demand ( ~ 2 *  + ~ 2 " )  --- --- .------- 

O f  t h e  v a r i o u s  methods f o r  de te rmin ing  f u t u r e  wa t e r  consumptiorl 
d e s c r i b e d  i n  paragraph  4 . i .  t h e  t r e n d  method was chosen f o r  t h i s  
r e p o r t .  I t  presupposes  i n s i g h t  i n t o  t h e  p r o d u c t i o n  p r o g n o s i s  as w e l l  . I' 

a s  t h e  t r e n d  of  s p e c i f i c  consumption by i n d u s t r y .  

For  t h e  p roduc t i on  p r o g n o s i s  u s e  i s  made o f  t h e  r e s u l t s  o f  c a l c u l a t i o n s  
w i t h  econo~nic  inodel o f  t h e  C e n t r a l  P l ann ing  O f f i c e .  

I n  c o n s u l t a t i o n  w i t h  i n d u s t r i a l  e n t e r p r i s e s  and  i n d u s t r i a l  a s s o c i a t i o n s  
invo lved  i n  t h e  a f o r e  ment ioned su rvey  prognoses  o f  s p e c i f i c  consumption 
f i g u r e s  were drawn up. I n  o r d e r  t o  e n a b l e  t h e  forecast f o r  i n d u s t r y  as 
a whole t o  be  compiled from t h e  i n d i v i d u a l  p rognoses  o f  t h e  d i f f e r e n t  
i n d u s t r i e s ,  t h e  common denominator  "added va lue"  was adopted  f o r  
p roduc t ion .  I n  drawing up t h e  p rognoses  of s p e c i f i c  wate r  consunpt ion  
a number o f  assumpt ions  were made r e g a r d i n g  t h e  t r e n d s  o f  t h e  f a c t o r s  
mentioned i n  pa r ag raph  3 . 3 .  

The e f f e c t s  o f  p r o d u c t i o n  volume, p roduc t i on  c a p a c i t y  and number o f  
employees have i n  p a r t  been i n c o r p o r a t e d  i n  t h e  p roduc t i on  of  Dutch 
i n d u s t r y .  I n  a d d i t i o n ,  t h e  p r o d u c t i o n  volume/product ion c a p a c i t y  r a t i o  
a f f e c t s  t h e  s p e c i f i c  wa t e r  consumption o f  a number 05 i n d n s t r y  groups.  
Bes ides  a consumption p r o p o r t i o n a l  t o  p roduc t i on ,  t h e r e  i s  t h e  m a t t e r  
o f  c o n s t a n t  consumption. P l a n t  h a s  t o  be coo l ed  o r  hea t ed ,  even i f  
less o r  n o t h i n g  i s  produced. T h i s  t a k e s  c o o l i n g  wa t e r  o r  s team a s  
c o n s t a n t  consumption. Fo r  t h e  i n d u s t r i e s  i n  q u e s t i o n  normal deg ree s  
o f  u t i l i s a t i o n  have been assumed. These are o f t e n  round abou t  85 p e r  
c e n t  o f  maximum p roduc t i on  c a p a c i t y .  
Water consumption f o r  s a n i t a r y  pu rpose s  i s  l a r g e l y  de te rmined  by t h e  
number o f  employees. For  a l l  i n d u s t r y  t h e  q u a n t i t y  j.s sma l l .  R e l a t i v e l y  
l a r g e  f l u c t u a t i o n s  are o f  minor importance i n  de t e rmin ing  t o t a l  
i n d u s t r i a l  consumption. I t  h a s  been assumed t h a t  t h i s  e f f e c t  w i l l  
remain a t  t h e  1976 l e v e l ,  w i t h  p o s s i b l y  a v e r y  s l i g h t  i n c r e a s e  owing 
t o  improved s a n i t a r y  p r o v i s i o n s  i n  f a c t o r i e s .  

- Much importance is  a t t a c h e d  t o  t h e  p r i c e  o f  w a t e r ,  a t  l e a s t  where 
t h e t o t a l c o s t s  o f  wa t e r  management i n  i n d u s t r i a l  e s t a b l i s h m e n t s  i s  
cons ide r ed .  These c o s t s  can  be broken down i n t o  t h e  c o s t  o f  p roduc ing  
o r  buying water, t h e  c o s t  o f  t r e a t m e n t  b e f o r e  o r  a f t e r  use ,  and  t h e  
c o s t  o f  d i s c h a r g e .  
. Producing and buying water .  

Up till now t h e r e  h a s  been no charge  f o r  r e c o v e r i n g  ground wate r .  
I n  connnec t ion  w i t h  expec t ed  new l e g i s l a t i o n ,  a l lowance h a s  been 
made where p o s s i b l e  i n  drawing up t h e  p rognoses  f o r  a s m a l l  l evy .  
Bes ides  a l e v y  on t h e  r ecove ry  of  ground w a t e r ,  t h e  cost of  energy  
is impor t an t ,  f o r  i n d i r e c t l y  energy  c o s t s  a r e  o f  c o n s i d e r a b l e  
i n f l u e n c e .  Cool ing  by any means o t h e r  t h a n  ground w a t e r ,  u s u a l l y  
consumes more energy .  A s h a r p  rise i n  energy  c o s t s  w i l l ,  t h e r e f o r e ,  
have t h e  e f f e c t  o f  i n c r e a s i n g  t h e  c o s t  o f  r e c o v e r i n g  ground wate r  
f o r  c o o l i n g  p r i c e s .  
I n  t h e  su rvey  among f a c t o r i e s  it w a s  found t h a t  a l lowance  is  made 
f o r  t h i s  s h a r p  r i s e i n c o s t s .  For many i n d u s t r i a l  e s t a b l i s h m e n t s  
t h i s  ha s  proved a d e t e r r e n t  t o  s t k i t c h i ~ l g  o v e r  t o  a l t e r n a t i v e  methods 
o f  coo l i ng .  
Inves tment  c o s t s  are a f a c t o r  when expans ion  o r  rep lacement  o f  ground 
wa t e r  r e cove ry  is  contemplatetr .  Where f i n a n c i a l  r e s o u r c e s  are 
l i m i t e d  a s l i g h t  s h i f t  from p r i v a t e  r e cove ry  of  ground wa t e r  t o  
d e l i v e r y  by t h e  p u b l i c  w a t e r  supp ly  ( t ap-wate r )  cou ld  be  dec ided  
on ,  i n  which case t .here would i>e no nccd f o r  inves tment ,  b u t  - 
ins t -cad  - annua l  c o s t s  would i n c r e a s e .  ~ o w c v e r ,  t h e  e f f e c t  on 



privaLe i-ccovery is thought  t o  be s l i g h t .  
Levies  play no p a r t  i n  t h c  use  of  s u r f a c e  water  f o r  process ing  
purposes.  Nei ther  arc energy and investment  c o s t s  of  much 
importance. However, f o r  o t h e r  r ea sons  s u r f a c e  water  is seldom 
an  a l t e r n a t i v e  t o  grour~d o r  tap-water .  Compared wi th  ground 
water ,  tap-water i s  r e l a t i v e l y  expensive t o  buy. I n  drawing 
up prognoses f o r  f i rms  t h a t  use tap-water - o f t e n  because 
they  have no cho ice  - w e  have made al lowance f o r  an i n c r e a s e  
i n  tap-water r a t e s ,  which i s  i n  exces s  of  t h e  rise i n  t h e  
average p r i c e  l e v e l .  The reason  f o r  t h i s  is  t h a t  more than  60 per  
c e n t  of i n d u s t r i a l  consumption o f  tap-water i s  i n  a r e a s  where 
t h e  water  supply  companies now use  s u r f a c e  water ,  o r  w i l l  be  doing 
s o  i n  t h e  near  f u t u r e .  A sha rpe r  rise i n  t h e  r a t e s  i s  expected 
because t h e r e  a r e  some misgiv ings  as r ega rds  t h e  q u a l i t y  o f  t h e  
s u r f  ace  water .  

. Water p u r i f i c a t i o n  by i n d u s t r y .  
When ground water  i s  used,  p u r i f i c a t i o n  g e n e r a l l y  c o n s i s t s  of no 
more than  demine ra l i s a t ion  . Only f o r  s p e c i a l  p rocess ing  purposes 
and f o r  use as b o i l e r  f eed  water  is any fur.ther t r ea tmen t  necessary.  
The c o s t s  o f  t h i s  a r e  compounded of investment  c o s t s ,  energy c o s t s ,  
l abour  c o s t s  and t h e  c o s t  o f  chemicals .  A s  f a r  a s  t h e  t w o  former 
i t e m s  a r e  concerned, t h e  sarue a p p l i e s  as mentioned under recovery.  
I n  t h e  case o f  t h e  two l a t t e r  i t ems  e x t r a  c o s t  i n c r e a s e s  have n o t  
been taken  i n t o  account .  
I n d u s t r i a l  e s t ab l i shmen t s  now us ing  and pu r i fy ing  s u r f a c e  water  
a r e  l a r g e  e s t ab l i shmen t s  s i t u a t e d  i n  p l a c e s  where good ground water  
i s  n o t  a v a i l a b l e  i n  s u f f i c i e n t  q u a n t i t i e s .  A p o s s i b l e  a l t e r n a t i v e  
f o r  such e s t ab l i shmen t s  would be  t o  use  a l a r g e  volume o f  mains 
water  which i s  expensive,  l o c a l l y .  Any i n c r e a s e  i n  t h e  c o s t  of  
p u r i f i c a t i o n  w i l l  n o t ,  t h e r e f o r e ,  b r i n g  about  changes i n  t h e  soarce 
o f  t h e  water  supply.  S ince  s u r f a c e  water  p u r i f i c a t i o n  i s  o f t e n  
complicated and expensive,  s a t i s f a c t o r y  i n d u s t r i a l  water  management 
w i l l  g e n e r a l l y  be i n  e x i s t e n c e ,  so t h a t  t h e  expected i n c r e a s e  i n  
t h e  c o s t  i t e m s  f o r  p u r i f i c a t i o n  a r e  l i k e l y  t o  have very  l i t t l e  
i n f l u e n c e  on consumption. P u r i f i c a t i o n  o f  tap-water  i s  customary 
only  f o r  s p e c i a l  p roces s ing  purposes and f o r  b o i l e r  feed.  

. Costs  of  d i scha rge  and p u r i f i c a t i o n  a f t e r  use.  
These c o s t s  cannot  be  cons idered  s e p a r a t e l y .  An i n d u s t r i a l  es tab l i shment  
w i l l  i n v a r i a b l e  a s c e r t a i n  what i's economically more advantageous: 
c a p t i v e  p u r i f i c a t i o n  or paying d i scha rge  c o s t s .  I n  t h e  pe r iod  from 
1970 t o  1976 d i s c h a r g e  c o s t s  i nc reased  wi th  such r a p i d i t y  t h a t  more 
f i r m s  adopted i n t e r n a l  measures t o  l i m i t  p o l l u t i o n  both  quant i ta t ive1.y 
and q u a l i t a t i v e l y .  Capt ive  p u r i f i c a t i o n  d i d  admi t ted ly  i n c u r  a d d i t i o n a l  
costs, b u t  i n  many c a s e s  t h i s  worked o u t  cons iderably  cheaper  than  
paying t h e  levy .  Often,  an a d d i t i o n a l  advantage w a s  t h a t  water of 
reasonable  q u a l i t y  became a v a i l a b l e ,  which w a s  s u i t a b l e  f o r  re-use. 
For  t h e  f u t u r e ,  up t o  about  1985, a cont inued sha rp  r ise  i n  t h e  levy  
on d i scha rge  h a s  been reckoned wi th .  

- Qua l i ty  of t h e  a v a i l a b l e  water.  
The d i v i s i o n  of t o t a l  consumption i n t o  ground, s u r f a c e  and t a p - ~ a t e r  
depends up t o  a p o i n t  on t h e  q u a l i t y  o f  t h e s e  sources .  Re la t ive  t o  t h e  
p r e s e n t  s i t u a t i o n  t h e  q u a l i t y  of ground water  is n o t  expected t o  
change much, a t  l e a s t  n o t  t o  t h e  e x t e n t  t h a t  i ts use by i n d u s t r y  w i l l  
e i t h e r  dec rease  o r  i n c r e a s e .  Firms us ing  s u r f a c e  water  do  expec t  some 



worsening. 'rile cor!:;~unpi-..i.oil of  s u r f a c e  water  f o r  b o i l e r  feed  
water ::i 11 .i. i ~ c r c a s c  so~iicwl\at owing t o  l a r g e r  p l ~ r i f i c a  tj 011 and . . 
discharge  l o s s c s ,  b u t  no t  t o  t h e  cxkent  t h a c  t h i s  needs t.o be  
taken i n t o  accoznt .  With cont inueJ  worsening oE s u r f a c e  w ~ t e r  
t h e r e  is a cons idc rab lc  1ikel ihooG i h a t  L i r m s  cCjh' us ing  s u r f a c e  
water  f o r  purposes o t h e r  than coo l ing  w i l l  Lncrcosing1.y swi tch  
t o  tap-water.  I r !  t h e  evcnt  of c e r t a i n  s u r f a c e  wa te r s  showing 
inlprovenient , it is conce ivable  t h a t  some f i n n s  w i l l  change t o  
s u r f a c e  water  i n s t e a d  of t h e  tap-water they  a r e  usj.ng now. 
These p o s s i b i l i t i e s  have t o  be taken  i n t o  account  i n  a s s e s s i n g  
t h e  sha re  o f  w a t e ~  t o  be supp l i ed  by t h e  water  supply compani.es 
i n  t o t a i  consumption. EIowever, they  a r e  n o t  expected t o  have any 
s i g n i f i c a n t  e f f e c t  on t o t a l  consumption. 

- Technology. 
Follokring new l e g i s l a t i o n  on waste water d i scha rge  and rc-covery 
of ground water ,  indust-ry has  been paying cons ide rab le  a t t e n t i o n  
t o  i ndus t r j . a l  water  management i n  t h e  l a s t  6 . t o  7 y e a r s .  A s  a 
r e s u l t ,  s u b s t a n t i a l  economies have been e f f e c t e d .  I n  many i n d u s t r i e s  
s p e c i f i c  water  consumption has  f a l l e n  sha rp ly ,  o f t e n  by more than  
h a l f ,  i n  some c a s e s  t o  around 10 p e r  c e n t  of  t h e  volume used i n  t h e  
1950 - 1960 pe r iod .  I n  some i n d u s t r i e s ,  however, consumption has  
alniost dropped t o  'he l e v e l  where any f u r t h e r  sav ing  is p o s s i b l e  
only  a t  a h igh  c o s t .  I n  t h e  food and a l l i e d  i n d u s t r y  a lower l i m i t  
is s e t  i n  some c a s e s  by r e g u l a t i o n s  concerning hygiene. 
I n  most i n d u s t r i e s  some f u r t h e r  d e c l i n e  i n  consumption i s  expected,  
b u t  no t  on t h e  s c a l e  of 1970 - 1976. 
I n  some i n d u s t r y  groups ( inc lud ing  t e x t i l e s  and p l a s t i c s )  changing 
p roces s  t echno log ie s  us ing  more water  f o r  humid i f i ca t ion  of t h e  a i r ,  
e t c . ,  a r e  expected t o  l e a d  t o  h ighe r  s p e c i f i c  consi~mption. Fur ther  
i n v e s t i g a t i o n  w i l l  i n  due course  provide  more informat ion  about  t h i s .  

- Menta l i ty .  
Besides t h e  e f f e c t  produced by c l o s e r  a t t e n t i o n  t o  t h e  c o s t  and 
technology of i n d u s t r i a l  water  management, c o n s u l t a t i o n  w i t h  
i n d u s t r y  d u r i n g  t h e  p r e p a r a t i o n  of  t h e  l e g i s l a t i o n  mentioned i n  
t h e  preceding  paragraph a l s o  had i t s  e f f e c t  on t h e  men ta l i t y .  
That a lone  has  brought  about  t h e  expected r educ t ion  i n  water  
consumption. Wasteful consumption such a s  t h a t  caused by t a p s  l e f t  
running unnecessa r i l y ,  e tc . ,  has  been s topped by such s imple remedies 
a s  t h e  use of  s e l f - c l o s i n g  t a p s ,  sp ray ing  j e t s ,  etc. Genera l ly ,  t h e  
obvious measures have a l r e a d y  been taken.  Continued d i s c u s s i o n  o f  
t h e  need f o r  e f f i c i e n t  use  o f  water  w i l l  be  necessary  t o  keep 
a t t e n t i o n  focused on t h i s  s u b j e c t .  I n  some i n s t a n c e s  it has  been 
found t h a t  i n i t i a l l y  d i s c i p l i n e d  use o f  water  r e v e r t s  t o  a c e r t a i n  
c a r e l e s s n e s s  i n  use.  

- Government measures. 
Apart from measures t h a t  a f f e c t  c o s t ,  such  a s  l e v i e s ,  e t c . ,  t h e  
Government can a l s o  impose r e s t r i c t i o n s  on t h e  recovery o f  ground 
and s u r f a c e  water .  It should be  remenbered t h a t  t h i s  w i l l  n o t  always 
r e s u l t  i n  decreased  consumption. I n  many c a s e s  it w i l l  cause  a s h i f t  
towards tap-water ,  provided product ion  is t i e d  t o  a p a r t i c u l a r  
l o c a t i o n .  I n  o t h e r  c a s e s  t h e  con~pany is l i k e l y  t o  seek expansion 
of  product ion  e l sewhere ,  p o s s i b l y  o u t s i d e  t h e  Netherlands.  We may 



assunle t h a t ,  i n  e i t h e r  c a s e ,  'his w i l l  have the e f f e c t  o f  i n c r c o s i n g  
t h c  c o s t s .  I n  c e r t a i n  c a s e s ,  however, t h e  colnpany wil l .  b e  ab1.e t o  
i n t r o d a c e  a n  a l t e r n a t i v e  p r o c e s s ,  one which r c q u i r e s  l e s s  wa t e r ,  i f  
any. A c a s e  i n  p o i n t  i s  p l a n t  coo l ed  w i t h  ground w a t e r .  For  new 
p l a n t s  t e chn iques  a r e  a v a i l a b l e  which, depending c n  t empe ra tu r e  
l e v e l  and t h e  nece s sa ry  t empe ra tu r e  d i f f e r e n t i a l ,  s c a r c e l y  
i n c r e a s e  c o s t s .  Obviously ,  t h e  conve r s ion  o f  e x i s t i n g  p l a n t  is  
more c o s t l y .  
I n  t h e  p rognos i s  o f  s p e c i f i c  water consumption w e  have a l lowed  f o r  
a f u r t h e r  d e c r e a s e  i n  f r e s h  ground wa t e r  consumption f o r  c o o l i n g  
purposes  on ly .  For t h e  p r e s e n t ,  t h i s  d e c r e a s e  ha s  been estimated 
c o n s e r v a t i v e l y .  A f u r t h e r  survey  now be ing  conducted i n  c o l l a b o r a t i o n  
w i th  i n d u s t r y  and t h e  p r o v i n c e s  shou ld  i n d i c a t e  what deg ree  o f  
l i m i t a t i o n  is  p o s s i b l e  i n  t h i s  d i r e c t i o n .  

Summarising, it may be s a i d  t h a t  a f u r t h e r  r e d u c t i o n  o f  s p e c i f i c  water 
consumption is  f e a s i b l e  and l i k e l y  i n  many i n d u s t r y  g roups .  A s  some 
o f  t h e  p o t e n t i a l  f o r  r e d u c t i o n  i s  a l r e a d y  b e i n g  u t i l i s e d  o r  w i l l  b e  
i n  t h e  n e a r  f u t u r e ,  t h e  r a t e  o f  d e c r e a s e  is  expec ted  t o  d imin i sh .  
I n  f i g u r e  4.3.1.  p roduc t i on ,  s p e c i f i c  consumption and wa t e r  consumption 
by i n d u s t r y  as a whole is  p l o t t e d  a g a i n s t  t ime.  For  a number o f  aub- 
i n d u s t r i e s  f i g u r e s  4.3.2. t o  4.3.6. f o r e c a s t  s p e c i f i c  consumption. 
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FIGURE 4.3.3. 
SPECIFIC WATER CONSUIdiPTION IN THE 
POULTRY INDUSTRY 
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1 average water consumption in production process 
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FIGURE 4.3.5. 
SPECIFIC WATER CONSUIdIPTION IN 
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4.4. Fiit .~lrc c:o~nmcr'c:isi, r4ilbli.c, r c i : r e a t i ona l  and i ig r icu l t -u ra l  waller dc~1~11:ci - ------ - -- ---- 
( ~ 3 %  .I u2n) 

1 1 1  dcsc~:il).i.ng 1.11~? t r c n d  o f  wilt-er consurnpt.ion by t - l ~ c s e  s e c t o r s  j.n 
I . ~ ; I I .  i t~ r? - ;1 \ )11  3 .  4 .  i t WCI!; foilnil t h a t  knowledge of those? f a c t o r s  t h a t  
arc capab le  of i n f l u c n c i l ~ g  consumption i s  s t i l l  l i n i i t cd .  The 
p~:ocjnos.i s w.i.11, t h e r e f o r e ,  b e  more i n  t h e  n a t u r e  o f  an i n d i c a t i o n .  

Water consumption i n  t h e s e  s e c t o r s  is  de te rmined  by t h e  l e v e l  o f  
a c t i v i t y  t h e r e .  A s  an i n d i c a t o r  o f  a c t i v i t y  we chose  t h e  added 
val.ue, and a s  a  nieasurc o f  wa t e r  consumption t h e  s p e c i f i c  consumption; 
fu t .u re  wate r  consumpt.ion i s  u l t i m a t e l y  de te lmined  by t h e  t r e n d  o f  
I>oth t h e s e  i n d i c a t o r s .  

I t  is  assunied t h a t  i n  t h e  comj-ng decades  s t r u c t u r a l  changes i n  t ap -  
water  consumption, r e f l e c t e d  i n  s p e c i f i c  consumption, w i l l  n o t  occu r  
on t h e  s ane  s c a l e  a s  i n  t h e  p a s t ,  b u t  t h a t  s p e c i f i c  consuml>ti.on w i l l  
c on t i nue  t o  i n c r e a s e .  

The growing a t t e n t i o n  p a i d  t o  p e r s o n a l  hygiene, '  w i t h  i t s  a n t i c i p a t e d  
e f f e c t  on domes t ic  wa t e r  consumption,  w i l l  a l s o  have an impac t  on 
c o n s ~ m p t i o r ~  i n  t h e  commercial ,  p u b l i c ,  r e c r e a t i o n a l  and a g r i c u l t u r a l  
s c c t o r s ,  e s p e c i a l l y  as a r e s u l t  of  t h e  p r o v i s i o n  o f  more e x t e n s i v e  
washing f a c i l i t i e s  f o r  p e r s o n n e l  i n  t h e  s e r v i c e  i n d u s t r y .  I n  a d d i t i o n ,  
a l lowance must be  lnacle f o r  t h e  u s e  of  new water-consuming product i .on 
t e chn iques  i n ,  f o r  exalnple, t h e  h e a l t h  s e r v i c e ,  i n d u s t r i a l  c l e a n i n g  
s e r v i c e s  and i n  t h e  a g r i c u l t u r a l  s e c t o r .  I n  view o f  t h e  expec ted  
i n c r e a s e  i n  l e i s u r e ,  more i n t e n s i v e  u se  i s  l i k e l y  t o  be  made o f  
e x i s t i n g  f a c i l i t i e s  f o r  s p o ~ t  and r e c r e a t i o n ,  wh i l e  new, p o s s i b l y  
water-consuming f a c i l i t i e s  w i l l  p robab ly  b e  developed.  F i n a l l y ,  t h e  
tendency f o r  more ex tended  educa t i on  may i n c r e a s e  s p e c i f i c  consumption 
by e d u c a t i o n a l  e s t a b l i s h m e n t s ,  i n  s o  f a r  a s  t h i s  t r e n d  h a s  n o t  a l r e a d y  
been discoun'ied i n  t h e  p roduc t i on  t r e n d  o f  t h i s  s e c t o r .  A l l  t h e s e  
f a c t o r s  combi.ncd s u g g e s t  a s p e c i f i c  consumption o f  t ap-wate r  o f  
3,75 m3 p e r  u n i t  o f  zdded v a l u e  i n  t h e  y e a r  2010. 

For t h e  purpose  o f  de t e rmin ing  f u t u r e  wa t e r  consumption, t h e  u n i t s  
o f  s p e c i f i c  consumption and p r o d u c t i o n  have been combined. I n  t a b l e  
4.4.1. t h e  r e s u l t s  i n  r e s p e c t  o f  t ap-wate r  consulnption a r e  s e t  o u t .  
I n  a d d i t i o n ,  t h e s e  s e c t o r s  w i l l  r e cove r  some 50 m i l l i o n  m3 of  ground 
watc r .  

Tab l e  4.4.1. 

s p e c i f  j.c consumption o f  t ap -  
3 3 watc r  (m /10 g l d .  ) 

9 g r o s s  added va lue  (10 g l d . )  

6 3 t ap-wate r  (10 m ) 

1980 

3.1 

99.7 

300 

20 10 

3.6 

830 

1990 

3.3 

140.9 

460 

2000 

3.5 

180.7 

630 



Future  o t h e r  water demand ( A @ ) .  - - 

Other water demand w i l l  cont inue  t o  be 'caused mainly by leakage l o s s e s  
i n  t ransmiss ion ,  main and s e r v i c e  p i p e l i n e s  and by f l u s h i n g  o f  t h e  
net-work. Considering t h e  s t e a d i l y  improving q u a l i t y  of  t h e  p i p e l i n e  . 1 
m a t e r i a l  t h a t  w i l l  be  i n c r e a s i n g l y  used,  and t h e  improved methods 
f o r  t r a c i n g  and r e p a i r i n g  l e a k s ,  leakage l o s s e s  a r e  u n l i k e l y  t a  
i nc rease  more r a p i d l y  than  they  have done i n  r e c e n t  yea r s ,  The need 
t o  f l u s h  t h e  p i p e l i n e  network i s  expected t o  a r i s e  wi th  t h e  same o r  
reduced frequency, mainly as a r e s u l t  of  i n c r e a s i n g l y  i n t e n s i v e  use 
of t h e  system. By reason of  t h e  foregoing,  a  s l i g h t  downward t r end  
i s  expected. 

For the  yea r  2010 o t h e r  use is es t imated  a t  7.5 p e r  c e n t  of tap-  
3 water consumption by c a t e g o r i e s  A l ,  Bl and C l ,  o r  about  130 m i l l i o n  m . 



5. '1'0::al. f ~ t . u  c(  ! di:j nking all(? i i i d u s t r i c l  hva t e r  dci~~ili~d in t . 1 1 ~ 2  FJe t.l~e~-l.t~:.i,.!z . - -.-..- - -------- - .- -.---. -. - 

'Jut-a1 frc:-ih wol:c!r c o n s w r . p t i o ~ ~ ,  c x c l i ~ d ~ . i ~ g  cooli.ny water  from s i i r f a c c  
wi~t.~:r, and cxclucling ~ ~ r i v a t c  r e c o v e r y  i n  a g r i c u l t u ~ r c ,  b u t  inc.ludirig 
~ x i v j a t c ?  r e c o v e r y  o? b o t h  ground and s u r f a c e  water 1 . 1 ~  i n d u s t r y  and 
by the :;ortors cornnlercial, p u b l i c ,  r e c r e a t i o n a l  and a g r i c u l t u r a l  i s  
shown i n  t a b l e  5.1. 

1 

- 

t e r r i t o r y  

6 3  demand (x  10 111 ) 
-- 

s i x ~  o f  p o p u l a t i o n  
(X 106) 

y e a r  

1976 

1474 

13.7 

1980 

1590 

13.9 

1930 

2008 

14.6 

2000 

2532 

15.2 

2010 

3091 

15.3 


