
CHAPTER II 
LITERATURE SURVEY

2.1 Definition of Exergy

E xergy  is the shaft w ork or electrical energy req u ired  to produce the 
m ateria ls in  its specified  state from  m aterials in th e ir na tura l state in the 
env iron m en t by  a reversib le process, heat being exchanged  w ith  the 
env iron m en t at a tem perature, To only.

N orm ally  excluding nuclear, m agnetic, electrical, po ten tia l and kinetic 
in terfacia l effects the exergy can be defined as

B = Bph+ B ch (2.1)
w here  Bph= The physical exergy w hich is the w ork obtainable  by taking the 
substance th rough  reversib le physical processes from  its in itial state 
tem pera tu re  T, pressure p, to the state de te im ined  by  the tem pera tu re  T 0 and 
p ressu re  p 0, o f  the environm ent.

B ch= The chem ical exergy w hich is the w ork th at can be obtained  by 
tak ing  a substance having the param eters To, Po to the state o f  therm odynam ic 
equ ilib rium  w ith  the datum  level com ponents o f  the environm ent.

In o rder to com pute the exergy a reference  env iron m ent has been 
defined. T he reference environm ent is the state o f  m axim um  chaos, w hich 
every  system  w ill tend to approach ultim ately. It is a m odel o f  the situation on 
the earth  at sea level and is determ ined by the tem perature  25°c, the pressure 
1 A T M  and the concen trations o f  gases in the air, m inerals and other 
com ponen ts in the sea or the E a rth ’s crust.
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The physica l exergy (Bph) is com posed o f  tw o parts, one depends on 
tem perature(Bpht),the o ther depends on pressure(Bphp). It can be w ritten  as

Bph = Bpht+Bphp (2.2)
w here Bpht =  (H-Ho) -  T0(S-S0)

= j (d H -T 0dS)
TO

= J n ( C p d T - T 0C p ^ )
“  TO t

nCp ( T - T 0) - T 0 1ท ^

Bphp-  ^  ท 1RT0 In —L

B p h  =nC p T( T - T 0) - T 0 ln - f - + Z n.RT0 ๒-^
A nd B chi = Z r i jh

.'. B = A H -T 0A S + Z n ,P j (2.3)

2.2 Research Related to Exergy Analysis

D in cer and Erkan (1986) analyzed  the exergy  loss in a Turkish 
refinery . T hey  found  that furnaces (3 furnaces) w ere the m ost exergy loss 
equ ipm ent (about 60%  o f  the to ta l exergy loss) due to no heat recovery  o f  the 
flue gas. The second m ost loss w as air and w ater cooling  equipm ent that w as 
used  fo r reducing  the tem perature  o f  various stream s. A n exergy loss for the 
equ ipm ent w as abou t 19%. B y using the in tegrated  heat exchangers betw een 
ho t and  co ld  m ay reduce this loss. H ow ever it w ill increase  the in itial capital 
cost. O ther equipm ent p roducing  exergy loss w ere heat exchangers (9 .25%  o f  
to tal loss) and d istilla tion  colum ns (6 .65%  o f  to tal loss). T hey found  that the 
overall exergy  effic iency  o f  th is refinery  w as 5.9% .
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O liveira  and H om eeck (1997) presen ted  an exergy analysis o f  
pe tro leum  separa tion  processes at offshore p latform s using a H ysim  version c  
to  ob tain  therm odynam ic properties. T hey analyzed  the p rocess d ivided into 
th ree m odules; separation, com pression, and pum ping. T hey  found  that the 
separa tion  m odule  w hich  w as com posed o f  a heater and a separato r had  the 
low est e ffic iency  (22% ) com pared w ith  those o f  the com pression  (48% ) and 
pum ping  (62 .1% ) m odules because o f  the tem perature d ifference be tw een  the 
separa tion  and  exhaust gas. The overall exergetic effic iency  o f  the offshore 
p la tfo rm  w as 9.7% .

Z em p e t  a l. (1997) presen ted  a new  procedure fo r the analysis o f  the 
energy  o f  d istilla tion  process based on the analysis o f  the d istribu tion  o f  the 
driv ing  fo rce  in  the colum n , given by the tem perature  and com position  change 
across a stage. This m ethod  has been used  to show  the exergy  loss profile  
a long the d istilla tion  colum n. The shape o f  the exergy loss profile  w as then  
u sed  to determ ine the overall loss o f  the d istilla tion  colum n. T he shape o f  the 
exergy  loss profile  could be used to identify  beneficial co lum n m odifications 
w h ich  cou ld  lead  to a h igher colum n efficiency.

G raveland  and G iso lf (1998) presen ted  an exergy analysis o f  vinyl 
ch lo ride  p lan t using A spen P lus and E xercom  softwar e to  calcu late  the exergy 
con ten t o f  the stream s. T he results they  show ed in  an exergy  flow  diagram  
prov ided  a c lear p icture  on how  the exergy w as lost th rough the process. They 
found  the so lu tions to reduce prim ary exergy losses in  the process in  w hich 
they  w ere; op tim ization  o f  the u tility  generation  process; op tim ization  o f  the 
u n it itself, co-production , selecting m ore exergy effic ien t process routes, 
red ucing  the requ ired  process steps, and heat in tegration.

D o ldersum  (1998) developed a com m ercially  available exergy analysis 
program . M o st recen tly  an exergy analysis o f  reaction  and d istilla tion  sections 
w ith in  a refin ery  has been  perform ed. In the reaction  section  endotherm ic 
reac tion s take  p lace after w hich the p roduct stream  is cooled  in a heat
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exchanger netw ork  afterw hich the reaction products are separa ted  in a 
d istilla tion  section . From  the exergy analysis it can be seen th at the m ain  part 
o f  the loss occurs in  the furnace and distillation colum ns. To reduce the exergy 
losses in  th is  d istilla tion  colum n, he proposed several m odifications. T hese are 
1) decrease  operating  pressure to achieve low er operating  tem peratures, 2) use 
h igh  p ressu re  steam  reboiling  instead o f  a furnace reboiler, 3) separate feed 
stream s and  4) recom press the over head. W ith these m ethods the to ta l exergy 
losses m ay  be reduced  by  70%  that directly resu lt in a prim ary  fuel reduction  
o f  40%  fo r the colum n. Separating o f  feed stream s could save an addition  10% 
o f  the req u est energy  and give a m ore stable operation o f  the colum n.

C o m elissen  and H irs (1998) presented  an exergy analysis o f  cryogenic 
air separa tion  process, w hich  is the m ain m ethod o f  air separation . They 
show ed  th a t m ore  than  h a lf  o f  the exergy loss takes p lace in  the liquefaction  
un it and a lm ost one - th ird  in the air com pression unit. M inor exergy losses 
take p lace  in  the d istilla tion  unit and heat exchanger. The overall e ffic iency  o f  
the liquefac tio n  un it w as 25% , 46%  for the distillation  unit and 86%  for heat 
exchanger. In the liquefaction  unit the m ajor exergy loss occurs from  the low  
effic iency  o f  com pressor.

R ivero  e t  a l. (1999) calculated the physical exergy and the chem ical 
exergy  o f  a m ix tu re  o f  light crude oil (Isthm us) and heavy crude oil (M aya) by 
using A spen  p lus in obtain ing the therm odynam ic properties. T hey  used  a 
F ortran  com puter program  to calculate the exergy. The first step w as to 
characterized  the com ponents o f  the crude oil m ixture by  experim ent. Then 
determ ine the reference conditions and calculate the physical exergy o f  each 
com ponen t by  using A spen  Plus and Fortran program s. The chem ical exergy 
m ust be id en tified  fo r each com ponent and pseudo com ponents before  the 
calcu lation  is m ade by the com puter program . F inally , the sum  o f  the chem ical 
exergy  and physical exergy is used to give the to tal exergy o f  a stream . They 
found  that the variation  o f  the m ixture w ill affect the chem ical exergy o f  crude
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oil. T h e  p h y s ic a l  ex e rg y  c o n tr ib u tio n  to  th e  to ta l e x e rg y  o f  th e  m ix tu re  is  sm all
c o m p a re d  to  th e  ch em ica l e x e rg y  o n ly  a b o u t 4 %  o f  th e  to ta l ex e rg y .
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