
C H A P T E R  III  
P R O C E D U R E

T his w ork has determ ined the exergetic effic iency  o f  p lan t 2 o f  the 
B angchak R efinery . T here are tw o parallel p lants in  the B angchak refinery. 
T his w ork has determ ined  the exergetic efficiency in  each un it and w aste  heat 
bo ile r o f  the refin ery  to indicate the therm odynam ic perfo rm an ce o f  the 
various sections o f  the plant. The analysis o f  m ajor equipm ent w ith  the low est 
e ffic iency  has been studied  in  order to determ ine possib le  im provem ents in  the 
operation  o f  such equipm ent.

3 .1  C a lc u la t io n  M e th o d  fo r  P h y s ic a l  E x e r g y

T he P hysical exergy (Bph) o f  each process stream  w as obtained  from  
the P rovision  II com puter sim ulation program  w hich calcu lates the physical 
exergy  by  (H -T 0*S). In order to define Bph , it w as necessary  to  specify  the 
com ponen t and  condition  o f  each stream  (tem perature, p ressure) in  order for 
calcu lating  the en thalpy  and entropy o f  each stream . In addition , a suitable 
th erm odynam ic m ethod  is requ ired  to determ ine the correct value.

P rov ision  II com puter sim ulation program  recom m ends a suitable 
m ethod  fo r such calculations. F o r the light hydrocarbon  stream  the Solve- 
R ed lich -K w ong  (SR K ) therm odynam ic m ethod  has chosen  to define the 
physical p roperties. F or the w ater and steam  system  the physica l p roperties 
can  be ca lcu la ted  by  the SRK therm odynam ic m ethod  w hich  specifies a steam  
table option . A nd the G rayson-S treed m ethod w as selected  to calcu late  the 
physical p roperties o f  light oil and heavy oil. In th is m ethod  it w ill use Curl- 
P itzer m ethod  to calculate liquid  enthalpy and entropy.
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In o rder to  specify  the com ponents o f  each stream  in the process the 
gas chrom atography  has been used  to define the com ponent o f  light 
hydrocarbons. A nd fo r the heavy hydrocarbon  com ponents it is d ifficult to 
determ ine the exact com position and these are specified  by a d istilla tion  curve. 
T he A ST M  D 86 , TB P and API gravity  w ere used  as input to specify  such 
stream s.

In the exergy report from  PR O  n  program . T here are 5 exergy 
func tions w h ich  depend on the various applications o f  the user. The two 
sign ifican t ou tputs that used in th is รณdy are B(EXS) w hich  is the exergy at the 
ex isting  state o f  the stream  and B(EVS) w hich is the exergy at the environm ental 
state at To and  p 0. The use o f  B(EXS)-B(EVS) has been  determ ined  to denote the 
exergy  o f  each  stream .

3 .2  C a lc u la t io n  M e th o d  fo r  C h e m ic a l  E x e r g y

S zargut e t  a l. (1988) defined the standard  chem ical exergy o f  organic 
and inorgan ic  substances at reference te m p e ra to e  (298.15 K) and reference 
p ressu re  (101 .325  kPa). In order to find  the chem ical exergy  o f  each stream, 
the m ole pe rcen t o f  each com ponents has to be determ ined. H ow ever fo r heavy 
oil a calcu lation  o f  the chem ical exergy cannot be m ade d irectly  because the 
com position  is no t defined. T herefore the elem ental analysis o f  organic 
com pound  C ,H ,0 ,N ,ร ,and H20  w ere used  to estim ate the chem ical exergy 
from  the form ula.

Bch =  (Ci+LZw)(3 + (bch S-Cs) z s+ bcha Z a+ bchwZ w (3.1) 
= (C r 9L Z H2)P+ (bchs-Cs)Z s+bchaZa+ bchwZw (3.2)

w here
Cf = gross calorific  value o f  the m oist fuel 
Cl = net calorific  value o f  the m oist fuel
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L = enthalpy o f  w ater vaporization
Z h2 hydrogen m ass fraction  in m oist fuel
/ . .  = w ater m ass fraction  in m oist fuel
Zs = m ass fraction o f  sulfur
Za = m ass fraction  o f  ash
hchs — standard chem ical exergy o f  su lfur
Bcha standard chem ical exergy o f  ash
Bchw — standard  chem ical exergy o f  w ater

P = 1 .041+0.17 2 8 ^ - Z + 0 .0 4 3 2 ^ — +0.2169-^—- 1 - 2 .0 2 8 -^ 7
c y

(3.3)

Bch-Cs= 9683 kJ/kg.
E xam ple
C rude oil has m ass fraction  o f  c  (Zc)=86.3, z+=13.6, ZO2=0.01, z n=0, 
z s= 0 .11, z water=0 and API gravity  = 42.5, and heating  value =46070.9 kJ/kg

p =  1.041 +  0 . 1 7 2 8 ^ 4  +  0 . 0 4 3 2 ^ - + 0 . 2 1 6 9 ^ - 1| f l - 2 . 0 2 8 ^ 486.3 86.3 86.3 y 86.3 y
= 1.0675

Bch = (46070.9+0)* 1.0675+(9683*0.11)+(50*0)+0 
= 50245 kJ/kg.

3 .3  C a lc u la t io n  F o r m u la

3.3.1 E xergetic  E fficiency  o f  P rocess 
It can be determ ined from

1 . 1. . ^ u s e f u l  change m ixing + B CreditExeraetic efficiency = ---------------- 5—------------5------------ABdnv ing
w here

ABusefhi change = exergy change from  feed  to p roduct 
ABmixing =  change in exergy fo r separation

(3.4)
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ABdnving = exergy change o f  all stream  used to 
operate the process

Bcredit = useful exergy deriving from  process.
For som e p rocess the exergy efficiency is no t convenient, an alternative 
m easure  o f  perfo rm ance is degree o f  perfection  (ๆ p)

w here

Exergy o f  useful product 
Feeding exergy

Bp + Bq + พน
Bp + Bqf+ Wf (3.5)

Bp =  usefu l p roduct exergy
B q =  usefu l exergy increase o f  heat source or heat sink being 

the task o f  the operation 
พน =  usefu l shaft w ork perform ed 
Bf =  feed  exergy delivered to the system  
Bqin =  exergy decrease o f  feeding heat source 
W f =  feeding exergy.

3 .3 .2  E xergetic  E fficiency o f  H eat E xchanger N etW ork
A n exergy balance for the heat exchanger netw ork  is given as

ท ท ท ท
id  ท, hot stream "*"^® i,m ,coldstream—“ ® i,ouLhotstream ”*‘ ^® i,out,coldstream"*"ï (3  6 )

i i i i

® desired output
ท
?  ® out .Coldstream i

“  ®  in .Coldstream 1 (3.7)

w here ท is the num ber o f  heat exchangers. B ecause chem ical exergy changes 
do no t take p lace  in the heat exchangers, All exergy flow s in th is equation  can 
be treated  as physical exergy. The desired output is the exergy increase o f  the 
crude oil stream . T herefore the exergetic efficiency o f  heater is

B desired output
T h e n  -  y r ~d̂riving (3.8)
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“ Bout .Coldstream — “ Bjn .Coldstreami ________ i__________ท ท“Bout.hotstream — ̂ Bjn.hotstream i i

3.3.3 E xergetic  E fficiency o f  Furnace
The exergy balance o f  the furnace is given by

Bcold stream̂- Bfhel — Bheated stream̂ B stacked (3-9)
B desired output — B heated stream — B Coldstream

the exergetic  effic iency  o f  furnace is
B heated stream- B Coldstreamh furnace TJ rj (j.10)•Feed ~  ^  stack

w here:
1 is in ternal exergy loss or irreversibility .

3 .4  O v e r  A ll  P la n t  A n a ly s is

T he B angchak refinery  consist o f  tw o parallel plants. For th is thesis 
only  p lan t 2 w as studied. The norm al design capacity  o f  p lan t 2 is 40,000 
barre ls p e r day. The p lan t w as d ivided in to nine units fo r the analysis as show n 
in  F igure 3.1. F u e l g a s

F ig u r e  3.1 P rocess flow  diagram  o f  p lant 2
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C rude is charged in to the T opping unit (T PU ) w hich  separates it into 
six d istilla te  products i.e., fuel gas, LPG, naphtha, kerosene, diesel oil, g a so il 
and residue. T he fuel gas from  TPU  and o ff  gas from  o ther units is sent to the 
Fuel G as T reating  U nit (FG TU ) to rem ove the H 2S by scrubbing w ith  
d iethyam ine solution. A cid gas from  the FG TU  is fed  to  the Sulfur Recover}' 
U nit w h ich  p roduces su lfur from  the acid gas in the form  o f  liqu id  su lfur as a 
product. A nd  treated  fuel gas is consum ed in seven burners th roughout the 
plant. The rem ainder o f  the gas is sent to p lan t 3. LPG  is separated  from  
ethane in  the D eethan izer and su lfur is rem oved in the LPG  T reating  U nit 
(LPG U ). N aph th a  is fed  to the N aph th a  Pretreating  U n it (N PU ) to  elim inate 
su lfur com pounds and is separated  into light naphtha and heavy naphtha. The 
light naph th a  is reacted  to form  isom erate in the Isom erization  U n it (ISO U ) to 
increase the octane num ber by changing the paraffin  naph tha  to  branch  chain 
naphtha. T he heavy  naphtha is changed from  paraffins to arom atics to 
increase the octane num ber in the C ataly tic  R eform ing U nit (CR U ). H igh 
su lfur kerosene, diesel oil, and gasoil are treated  to rem ove su lfur com pounds 
in  the G asoil H ydro D esulfuring unit (G O TU ). The h igh su lfur stream s are 
b lended  in  the m ixer to y ield  h igh-speed  diesel. The residue from  the bottom s 
o f  low -p ressu re  distillation  colum n is recovered  as fuel oil fo r being last 
p roduct. T he sim ple process flow  diagram  o f  this p lan t is show n in Figure 3.2.
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F ig u r e  3 .2  S im p le  p r o c e s s  f lo w  d ia g ra m  o f  p la n t  in c lu d in g  u t i l i t ie s

In  th i s  s tu d y  th e  c r u d e  o il  is  th e  m ix tu r e  o f  th r e e  c r u d e  T P  (T A P IS )  
= 3 4 .6 % v o l ,  P h e t  =  6 4 .4 % v o l  a n d  L B  (L A B U A N )  = l % v o l  in  r a te  o f  81 to n /h r . 
T h e  A P I  g r a v i ty  o f  th is  c r u d e  a n d  d i s t i l l a t io n  c u rv e  in  d e g re e  C e ls iu s  w a s  
s h o w n  in  T a b le  3 .1

T a b le  3 .1  D is t i l l a t io n  c u rv e  o f  c r u d e  o il
Method Liquid vol.(%) Temp(°c) Method Liquid vol.(%) Temp(0c)
TBP 1 lv% -15.1 ASTMD1160 1 lv% -

5 lv% 51.8 5 lv% 57.8
10 lv% 90.3 10 lv% 95.1
20 lv% 139.2 20 lv% 140.8
30 lv% 187.8 30 lv% 185.8
50 lv% 281.3 50 lv% 279.2
70 lv% 375.9 70 lv% 374.4
80 lv% 435 80 lv% 421.8
90 !v% 530.2 90 lv% 501.3
95 lv% 629.9 95 lv% 593.5
100 Iv% 794.3 100 lv%

API 42.5
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3 .4 .1  P r o d u c t  C o m p o s i t io n
T h e  c o m p o s i t io n  o f  L P G  w a s  s h o w n  in  T a b le  3 .2

T a b l e  3 .2  C o m p o s i t io n  o f  lp g  p r o d u c t____________
Composition % Vol.

C2H 6ร 0.001

h2s 0.00005

c2h6 0.002427

c3h8 0.369

IC4H10 0.2245

C4H10 0.4

C5H12 0.00364

T h e  c o m p o s i t io n  o f  I s o m e ra te  w a s  s h o w n  in  T a b le  3 .3

T a b l e  3 .3  C o m p o s i t io n  o f  i s o m e ra te
Composition %Vol.

Isobutane 0.001
Normalbutane 0.007

Isopentane 0.279
Normalpentane 0.092
Cyclopentane 0.015

22Dimetyhlbutane 0.156
23 Dimetyhlbutane 0.053

2methylpentane 0.172
3methylpentane 0.092
Normalhexane 0.058

Methlcyclopentane 0.031
Cyclohexane 0.031

Benzene 0.000
Normalheptane 0.013
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T h e  c o m p o s i t io n  o f  f u e l  g a s  p r o d u c t  w a s  s h o w n  in  T a b le  3 .4

T a b le  3 .4  T h e  c o m p o s i t io n  o f  fu e l  g a s  p r o d u c t
C o m p o sitio n % M o le

H 2 0 .597

H 2 s 0 .0 0 0

C H 4 0 .126

C 2 H 6 0 .126

C 3H 8 0.061

C 4 H 1 0 0 .036

C 5 H 1 2 0 .034

4 )  R e f o r m a te
A P I  g r a v i ty = 4 8 ,  s p e c i f ic  g ra v i ty = 0 .7 8 8 ,  h e a t in g  v a lu e = 4 6 4 2 1 .6 k j /k g  , 

m a s s  f r a c t io n  o f  c = 0 .8 6 ,  m a s s  f r a c t io n  o f  H = 0 .14
5 )  K e r o s e n e

A P I  g r a v i t y  =  4 6 . 1 ,  s p e c i f i c  g r a v i t y  =  0 . 7 9 6 ,  h e a t i n g  
v a lu e = 4 6 3 0 4 .1 2 k j /k g  , m a s s  f r a c t io n  o f  c = 0 .8 6 ,  m a s s  f r a c t io n  o f  H = 0 . 14
6 )  H ig h  s p e e d  d ie s e l

A P I  g r a v i t y  =  4 0 . 1,  s p e c i f i c  g r a v i t y  =  0 . 8 2 4 ,  h e a t i n g  
v a lu e = 4 5 9 0 9 .3 5 k j /k g  , m a s s  f r a c t io n  o f  c a r b o n = 0 .8 6 4 ,  m a s s  f r a c t io n  o f  
H = 0 . 135 , m a s s  f r a c t io n  o f  0 2 = 0 .0 5
7 )  R e s id u e

A P I  g r a v i ty = 2 6 .9 ,  s p e c i f ic  g r a v i ty = 0 .8 9 3 ,  h e a t in g  v a lu e = 4 1 0 0 3 .2 k j /k g  
, m a s s  f r a c t io n  o f  c = 0 .8 6 4 ,  m a s s  f r a c t io n  o f  H = 0 .1 1 6 , m a s s  f r a c t io n  o f  
0 2 = 0 .0 2 7 ,  m a s s  f r a c t io n  o f N 2 = 0 .0 2 4 ,  m a s s  f r a c t io n  o f  ร = 0 .0 1 3 1 .
8 )  L iq u id  s u l f u r  a s s u m e d  to  b e  p u r e  l iq u id  su lfu r .
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