
CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS

5.1 Water Network (WN) Design

F ro m  case  s tu d y  1.1 u s in g  p u b lish ed  so u rce  and  s in k  d a ta  (P rak ash  et a l ,  
2 0 0 5 a), r e su lt n e tw o rk  fro m  M IL P  m o d e l ru n n in g  b y  G A M S  can  id en tify  a  m in im u m  
fre sh w a te r  f lo w  ra te  u sa g e  and  m in im u m  w as tew a te r  d isc h a rg e  as  sam e as lite ra tu re  
te c h n iq u e s  su ch  as  W C A  an d  w c c . In  add ition , W N  re su lt f ro m  M IL P  h a v e  lo w er 
s tream s u sa g e  c o m p a re d  w ith  lite la tu re  ne tw o rk  by  N N A  m e th o d . F ro m  th e  sam e 
d a ta  o f  s in k  an d  so u rce  as  case  s tu d y  1.1, case  s tu d y  1.1b sh o w s  a  d iffe ren ce  resu lt 
W N  b e c a u se  o f  d iffe re n c e  co st d a ta . T he -n e tw o rk  try  to  h av e  lo w er s tream s 
( fre sh w a te r  s tream  +  sp litin g  s tream  +  w as tew a te r  s tream ) b y  11 s tream s to  10 
s tream s b e c a u se  o f  h ig h  p ip in g  c o s t by  in crease  f re sh w a te r  f lo w ra te  and  u n u sed  
sou rce . F ro m  case  s tu d y  1.1c u s in g  w ate r n e tw o rk  m o d e l fo r  sev era l f re sh w a te r  
sou rce , d iffe re n c e  c o s t o f  f re sh w a te r  by  vario us so u rc e s  g iv es  a  d iffe re n c e  n e tw o rk  o f  
W N  b y  th e  sam e  d a ta  o f  sin k  and  so u rce . O p tim a l W N  is g en e ra te d  w h ere  2 0  pp m  
w ith  50  $ /t o f  f re sh w a te r  sou rce  is ch o se n  by M IL P  m o d e l. F ro m  case  s tu d y  1.2 and
1.3 u s in g  p u b lish e d  so u rce  and  s in k  d a ta  (Foo , 2 0 0 8 ), d iffe re n c e  d a ta  an d  ad a tp ted  
da ta  a re  a lso  ru n  by  M IL P  m od el. T h e  re su lt o f  m in im u m  fre sh w a te r  and  w a s te w a te r  
f lo w ra te  a re  o p tim a lly  en su red  by  W C A  and  w c c . In  case  s tu d y  1.3, lo w e r  s in ks 
c o n c e n tra tio n  lim it in  d a ta , o p tim a l W N  w ill re q u ire  h ig h e r  m in im u m  f re sh w a te r  
flow rate .

5.2 Water Network with Treatment and Regeneration

C a se  s tu d y  2 u s in g  p u b lish e d  re tro fit W N  d a ta  (T an  et a l. , 2 0 0 7 ), w h ic h  are 
p ap e r  p ro c e ss , f re sh w a te r  f lo w ra te  req u ired  in  p ro c e ss  can  b e  re d u c e d  by  re tro fi ttin g  
n e tw o rk  th a t  in c o p o ra te d  by  ad d  reg en era tio n  u n it. T he  in itia l n e tw o rk  req u ire
1989.06 t/h o f  freshw ater and generate 1680.3 t/h w here the total annual cost is 
$4,138,829.23 per year. WN is developed without regeneration added, freshw ater and 
w astew ater are decreased to 848.12 t/h and 539.36 t/h analyzed by WCA and w cc
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techniques w here the TAC is $1,564,642.88 per year. R etrofiting shows a better result by 
regeneration concern in the proper investm ent. W ater N etw ork with Treatm ent and 
Regeneration m odel running by GAM S give a result netw ork with optim al flowrate. By 
maximum  regeneration flow rate, freshw ater flowrate is reduced to 308.76 t/h with zero 
w aste discharged where the TAC is $752,720.32 per year Furtherm ore, retrofit network 
result by N L P m odel is optim al than literature result retrofit network (Tan et a l,  2007) that 
indicate the efficiency o f  optim ized-based method that is exceeding than insight-based 
method.

5.3 Water Network Design with Several Treating Units

T h e  p re se n te d  c a lc u la tio n  p ro c e d u re  is a n o th e r  m e th o d  to  so lve  M IN L P  
p ro b lem , w h ic h  is very  c o m p lex  m o d e l, o f  w a te r  n e tw o rk  sy n th esis . T he  "best 
so lu tio n  a re  s lig h tly  im p ro v e d  by each  s tep  b ecau se  o f  p rev io u s  ca lc u la te d  v a riab le s  
are  u sed  as  in itia l v a lu e  fo r  n ex t c a lc u la tio n . S econ d  c a lc u la tio n  is th e  key  step  w h ere  
th e  p ro p e r tre a tm e n t u n it is  ch o sen  to  tre a t w as tew a te r  to  a  d es ire  c o m p o sitio n . T h ird  
c a lc u la tio n  is  fo r  p ip in g  ca lcu la tio n  fo r th e  last c a lc u la tio n . F ro m  c ase  study  3 .1 , in 
th e  last c a lc u la tio n , so m e  flo w ra te s  a re  ad ju sted  to  lo w er p ip in g  ann ual co st, 
re su ltin g  in  g e n e ra tin g  e co n o m ica l w a te r  n e tw o rk . O th e rw ise , in c a se  study  3 .2 , the  
fo u rth  c a lc u la tio n  d o es  n o t a c tiv e  b eca u se  o f  all p o ss ib le  s tream s p ip in g  cost are  th e  
sam e  th a t n o  n e e d  a s tre a m s  a llo c a tio n  by  p ip ing  co st. T h is  c a scad in g  c a lcu la tio n  
h e lp s  sh are  th e  b u rd en  o f  so lv e rs  to  re d u c e  n o n -c o n v e x ity  o f  M IN L P  p ro b lem . T h e  
o p tim a l w a te r  n e tw o rk  re su lt is c lo se  to  o n e  from  li te ra tu re  (S o te lo -P ic h a rd o  e t ah , 
2 0 1 1 ) e n su re d  th a t fo u r-s tep  c a lcu la tio n  g iv e s  the  o p tim a l resu lt.

5.4 Water-and-Heat-Exchanger Network (WHEN)

A  n e w  d a ta  o f  f ix ed -f lo w ra te  p ro b le m  w ith  te m p e ra tu re  d e s ire d  is d e v e lo p ed  
in itia lly  c o n su m e  40 .5  t/h  o f  f re sw a te r, 3 ,543 .7 5  k w  an d  4 ,1 4 7 .5 0  k w  o f  h o t an d  
co ld  u tility  w ith  10 e x c h a n g e rs  w h ere  th e  T A C  is $ 2 ,3 4 3 ,0 2 3 .1 6  p e r  year. W H E N , 
d ev e lo p e d  M IN L P  m o d e l, c an  m in im iz e d  b o th  fre sh w a te r  and  u tili tie s  by  b o th  tw o  
m e th o d s  o f  s e q u e n tia l s tep . F ro m  the  sa m e  data , du e  to  h ig h e r  v a lu e  o f  ho t and  co ld  
u tili tie s  c o s t th a n  fre sh w a te r  cost, W H E N  w ith o u t W N  d es ig n  g iv e s  a  b e tte r  re su lts
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th a n  W H E N  w ith o u t H E N  d e s ig n . F u rth e rm o re , it g iv e s  a  b e tte r  re su lt th an  tw o -s te p  
d e sg in ed  W H E N  b e c a u se  W N  d es ig n ed  s tep  o f  tw o - s te p  d e s ig n  m ay  d ec rease  h ig h  
en e rg y  sou rce  s tre a m s  e x is t fro m  five  s tream s to  th re e  s tream s by  n o n -iso th e rm a l 
m ix in g . H o w e v e r, th is  m o d e l is  n o t th e  m o s t e c o n o m ic a l resu lt. D e v e lo p ed  fro m  
tw o - s te p  W H E N  m o d e l, fo u r -s te p  W H E N  m od el is  d e s ig n ed  by  d o u b le  th e  
ca lc u la tio n  p ro c e d u re  fro m  tw o - s te p  W H E N  m od el th a t m a k e  th e  m o d e l has m o re  
o p p o rtu n ity  to  re a c h  b e tte r  o p tim a l p o in t. W H E N  fro m  f o u r -s te p  d e s ig n ed  g iv es a  
b e s t re su lt c o m p a re d  w ith  o th e rs  by  lo w e s t T A C , w h ic h  e q u a l to  $ 3 8 5 ,9 8 1 .4 3  p e r  
y e a r  and  to ta l s a v in g  is $ 1 ,9 5 7 ,0 4 1 .7 3  p e r  year. T h e  o p tim a] n e tw o rk  h av e  a lo w er 
e x ch an g e rs  a n n u a l co s t an d  fre sh w a te r an n u a l co s t e v e n  th o u g h  th e  n e tw o rk  
c o n su m e s  u tili ty  h ig h e r  th a n  W H E N  w ith o u t W N . F o u r-S te p  c a lc u la tio n  W H E N  
g iv e s  b e tte r r e su lts  th an  o n e  fro m  tw o - s te p  W H E N  b e c a u se  o f  m o re  d eg ree  o f  
f reed o m  o f  W H E N  d es ig n  in  th e  m o d e l. T o ta l hea t e x c h a n g e rs  a re a  is d ec reased  
b e c a u se  o f  h ig h  te m p e ra tu re  d iffe ren ce  b e tw e e n  so u rces  a n d  s in k s  (T Q U T H lj an d  
TK2j) o f  H E N 2 . H o w e v e r, th is  m od el s tra teg y  can  n o t g u a ra n te e  th a t th e  re su lt is 
g lo b a l o p tim a l re su lt. T he  p ro b lem  can  b e  p ro v ed  by  o th e r  so lv e rs  to  v a lid a te  th e  
re su lt. M u lt i - s te p  c a lc u la tio n  W H E N  m ig h t be  c o n s id e re d  in  th e  fu tu re  stu dy  to  
im p ro v e  co st sa v in g .
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