
C H A P T E R  I 
IN T R O D U C T IO N

L o w  tem p era tu re  p ro c e sse s  in  m a n y  chem ical p ro c e sse s  a re  en e rg y  
d e m a n d in g  parts w h ich  c o n su m e  a  la rg e  a m o u n t o f  energy  to  d r iv e  re fr ig e ra tio n  
c o m p re sso r  units. It is im p o rta n t to  d e s ig n  re fr ig e ra tio n  system  d u e  to  sav e  en e rg y  
co n su m p tio n . P in ch  a n a ly s is  (P A ) is a g e n e ra l m eth odo lo gy  fo r  d e s ig n  o f  th e rm a l 
a n d  ch em ica l p rocesses b y  a p p ly in g  ex ch an g e r-m a tc h in g  b e tw e e n  h o t an d  co ld  
s tream s. T h e  PA  m eth o d  h a s  tw o  g rap h ica l rep resen ta tio n s ; C o m p o s ite  C u rv es  (C C s)  
an d  G ran d  C o m p o site  C u rv es  (G C C s)  w h ic h  represen t th e  m in im u m  en erg y  
req u irem en t. H o w ev er it h as  th e  lim ita tio n  w h e re  on ly  tem p era tu re  is  th e  m a in  d e s ig n  
v a r ia b le . In th e  case o f  o p e ra tin g  b e lo w  a m b ie n t tem p era tu re  w h e re  e x p a n s io n  an d  
c o m p re ss io n  o f  stream  a re  req u ired  a n d  p re ssu re  b eco m es th e  v a r ia b le  fo r  design . 
L in n h o ff  e t al. (19 8 2 ) p ro p o se d  th e  o n io n  d ia g ra m  w h ich  in d ica te s  th e  seq u en ce  o f  
d e s ig n  th a t inc ludes co m p re sso rs  a n d  e x p a n d e rs  in s id e  the h ea t re c o v e ry  sy stem . I f  
p re ssu re  o f  s tream  is m an ip u la ted , th e  u tili ty  req u irem en t an d  e n e rg y  c o n su m p tio n  
m ay  b e  red u ced , th e re fo re , p re ssu re  sh o u ld  b e  in c lu d ed  in  th e  s tream  d a ta  lik e  
te m p e ra tu re . E xergy  a n a ly s is  (E A ) is a  to o l to  u tilize  po w er o r  sh a f t w o rk  w h e re  
te m p e ra tu re , p ressu re  an d  c o m p o s it io n  a re  th e  p ro cess  v ariab les  u se d  to  c a lcu la te  
e x e rg y  c o n te n t in  th e  p ro cess . L in n h o ff  a n d  D h o le  (1992) c o m b in e d  P A  a n d  E A  
m e th o d s  w h ich  a re  rep re sen ted  in  g rap h ica l m e th o d  called  E x erg y  C o m p o s ite  C u rv es  
(E C C s) an d  E x erg y  G ran d  C o m p o s ite  C u rv e s  (E G C C s) b ased  o n  C a rn o t fac to r. T h e  
E C C s  sh o w s th e  a rea  o f  h o t a n d  c o ld  c o m p o s ite s  cu rves w h ich  p ro v id e s  th e  ex e rg y  
lo sses  d u e  to  hea t tra n s fe r  a n d  E G C C s sh o w s  th e  exergy  lo sses  re la te d  to  h ea t 
tra n s fe r  b e tw een  the p ro cess  a n d  u tili tie s  sy stem . T hey  h e lp  f in d  a p p ro p ria te  
p la c e m e n t o f  load , level a n d  n u m b e r  o f  re fr ig e ra tio n  cycles. H o w e v e r, ex e rg y  
ta rg e tin g  is n o t ex p lic it b e c a u se  it is n o t lin e a r  re la tion . A sp e lu n d  (2 0 0 7 )  p ro p o sed  
th e  E x te n e d  P in ch  A n a ly sis  a n d  D e s ig n  (E x P A n D ) to  u tilize  h e a tin g  a n d  c o o lin g  
o b ta in e d  by  p ressu re  c h an g es  to  m in im iz e  w o rk  co n su m p tio n  b y  u tiliz in g  ten  
h e u ris tic  ru les  to  ac c o m p lish  th e  ta rge t. G u n d e rsen  (201 2) p ro p o se d  th e  n e w  
g ra p h ic a l m e th o d  th a t fo r ex e rg y  ta rg e tin g  e x p lic itly  w here  th e  a x e s  o f  d ia g ra m  a re  
e x e rg e tic  tem p era tu re  an d  te m p e ra tu re  b a se d  ex e rg y  w h ich  a re  lin e a r  re la tio n . T h e
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go a l o f  th is  research  is  to  re d u c e  th e  en e rg y  an d  p o w er c o n su m p tio n  w ith  c o n s id e rin g  
ex e rg y  ta rge ting  in  ea r ly  s tag e  o f  design . B y  ap p ly in g  th e se  g ra p h ic a l m e th o d o lo g ie s  
su ch  as  shaftw ork  ta rg e tin g  b y  L in n h o ff  an d  D h o le  (1 9 9 2 ), E x P A n D  m e th o d  by  
A sp e lu n d  (2007) an d  n o v e l ex e rg y  d ia g ra m  by  G u n d ersen  (2 0 1 2 )  fo r  m in im iz in g  
ex e rg y  requ irem en t, it h e lp s  o b ta in  th e  im p ro v ed  p ro cess  w ith  m in im u m  w o rk  
req u ired . In add ition , th is  m e th o d o lo g y  is ap p lie d  to  case  s tu d y  o f  c o m p le x  L N G  
(m u ltis tag e  cascade c y c le )  u n d e r  su b a m b ie n t tem p era tu re . F u r th e rm o re , th e  ca sc a d e  
re fr ig e ra tio n  system  is d e s ig n e d  b y  m a th e m a tic a l p ro g ram m in g  fo r  re s tru c tu re  o f  
ex ch an g e rs  in o rder to  im p ro v e  th e  p ro cess  w ith  m in im u m  e n e rg y  a n d  w o rk  requ ired .
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