
C H A P T E R  V
S U G G E S T IO N S  O N  T H E R M O D Y N A M IC  E F F IC IE N C Y

IM P R O V E M E N T

T he m ain  exergy  used  in  the p lan t has been supplied  in  the from  o f 
fuel and steam . In  order to  decrease the am ount o f  these quantities the 
im p ro v em en t o f  som e m ajor equipm ent has been stud ied  to determ ine possible 
m od ifica tio ns. T his chap ter includes th ree recom m endations to im prove 
effic iency  o f  TPU  d istilla tion  colum n, the overall bu rner system , C atalytic 
R efo rm ing  Unit.

5 .1  A p p l i c a t i o n  o f  P in c h  T e c h n iq u e  to  C h e c k  th e  M in im u m  
T h e rm o d y n a m ic  C o n d itio n  o f  th e  D is tilla tio n  C o lu m n

T he tem pera tu re-en th alpy  (T -H ) diagram  or the tray -en thalpy  diagram  
o f  a d istilla tion  colum n or the colum n grand com posite  curve (C G C C ) is a 
u sefu l rep resen ta tio n  for targeting  studies and be genera ted  from  a converged 
sim ulation  o f  a base-case  colum n design. It w as in itially  genera ted  by D hole 
(1992). T he calcu lation  procedure for the C G CC  involves de term in ation  o f  the 
n e t en tha lp y  d efic it at each stage by generating  envelopes from  either a 
condenser (top -do w n approach) or a rebo iler (bottom -up approach). In this 
study the to p -d o w n  approach  m ethod w as used to generate  C G C C . B oth o f  
m ethods g ive the sim ilar resu lt o f  the C G CC . The position  and the curve o f  
C G C C  can  determ ine the po in t in the colum n w here ineffic iencies arise such 
as the position  o f  C G C C  at feed  stage far from  the vertical axis w ill suggest a 
reflux  m od ifica tio n , or a sharp enthalpy change in the profile  n ear the feed 
location  w h ich  ind icates th at feed  preheating  or cooling  is needed.
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5.1.1 G enerating  the C G C C
T he data  used  in  th is study resu lted  from  an already converged 

co lum n sim ulation . N orm ally  the sim ulation  provides ou tput in term s o f  m olar 
flow  and  com positions on a stage-by-stage basis. The considera tion  o f  light 
and heavy  keys has been  specified  by  using the m ore volatile feed  com ponent 
as the m ain  com ponents o f  the top p roduct as the ligh t key and the m ain 
com ponen ts o f  bo ttom  p ro du ct as the h eav y  key. The solution proceeds to the 
operating  line equation  and equilib rium  line w hich  are obtained 
sim ultaneously  and in corpo rated  in  to the equilibrium  com positions o f  the 
vapour and  liqu id  stream s em erg ing  from  each stage the m ass equation  are 

G m mYL*-LminX L* = D l (5.1)
GrainYh -LminXn = D h (5-2)

The envelope at and after the feed  stage w ill be
GrainYL -LminXL = D L-F L 
Grain Y h -LminXn = D H-F H

W here:
Grain =  m in im um  vapour flow  
Lmin = m in im um  liquid  flow
Y l * = equilib rium  vapour m ole  fraction  o f  ligh t com ponent 
Y h* =  equ ilib rium  vapour m ole  fraction  o f  heav y  com ponent 
X L* =  equ ilib rium  liqu id  m ole fraction  o f  ligh t com ponent 
X H* = equ ilib rium  liqu id  m ole  fraction  o f  heavy  com ponent.

A nd  the en thalp ies fo r the m in im um  vapour and liquid  flow s(H Gmin, Fftmin) are

(5.3)
(5.4)

obtained  from
LIGmin = H G*(Gmin/G*)
Lftmin =  H L*(Lmin/L*)

W here:
Ho* =  equ ilib rium  vapour en thalpy
H l * = equ ilib rium  liqu id  enthalpy
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G* = equilibrium  vapour flow
L* = equilib rium  liquid flow.

U se en thalpy  balance
Hdef =  H Lmm-H Gmin+HD (5.5)

A nd the envelope at and after the feed stage is given by
Hdef HLmjn-HGmiiAH[}-Hfeed (5-6)

The C G C C  can be obtained  from
H C G C C  = H def+Qcondenser (5.7)

the ne t en thalpy  deficit at each stage generating envelopes from  a condenser to 
a reb o ile r w as p resen ted  in Figure 5.1.

F ig u re  5.1 E valuating  enthalpy deficit at a stage

5 .1 .2  C G C C  o f  2C 102 A tm ospheric F ractionator
The C G CC  o f  2C 102 generated  from  actual condition in 

p rocess w as illustrated  in F igure 5.2.
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E n  t h  a l p  y ( * 1 0 7 k J /  m 0 1)

F ig u re  5.2 C G C C  o f  2C 102

From  the profile  o f  the CG CC a horizontal d istance betw een 
the p inch  p o in t and the vertical axis represents the scope fo r reduction  in 
reflux  ratio . R educe the reflux  ratio  and m ove tow ard the vertical axis this 
reduces the condenser and stripping steam  load. This show n in Figure 5.3. A 
reduction  reflux  ratio  from 0.35 to 0.18 gives the m in im um  reflux  ratio  that the 
gasoil still w ill be on specification . The reduced reflux  ratio  reduce the load on 
the condenser from  11.15*106kJ/hr to 11.04* 106kJ/hr. This also reduces the 
load o f  stripp ing  steam .

F ig u re  5.3 C G C C  o f  2 C 102 after reduction  reflux ratio  and base case
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5.1.3 C G C C  o f  2C 105 D ebutan izer
The C G CC  o f  2C 102 generated  from  actual condition  in 

p rocess w as illustrated  in Figure 5.4.

F ig u re  5 .4  C G C C  o f  2 C 105 base case

T his colum n has a low  distance from  the pinch poin t to the vertical 
axis th is m ean it has already has a reflux  ratio  close to the optim um  
conditions.

5 .1 .4  C G C C  o f  2C 106 D eethan izer
The C G C C  o f  2C 102 generated  from  actual condition in 

process w as illustrated  in  Figure 5.5.

0 2 4 6 8 10 12 14
E nth alp y  (*  10 ?kJ/hr)

F ig u re  5.5 C G C C  o f  2 C 106 base case
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T his colum n also has low  distance from  the p inch po in t to  the 
vertical axis. This m eans the colum n is operating  near op tim um  conditions.

T he C G CC  can tell som e po in t o f  therm odynam ic im perfection  
and scope fo r im provem ent o f  the sim ple colum n bu t for 2C101 the C G CC 
cannot genera te  because the pum p around stream s do no t determ ined  in  the out 
pu t o f  sim ulation  program . T hen it cannot determ ine a com plete ly  m ass 
balance and  en thalpy  balance equations for each stage.

5.2 R e c u p e ra t io n  by P re h e a tin g  C o m b u stio n  R e a c ta n ts  w ith  E fflu e n t 
C o m b u s tio n  G as

U tiliza tio n  o f  the physical exergy o f  the effluent com bustion  gas for 
th is purpose  is effective because it is no t only low ers the specific  physical 
exergy o f  the gasses re jec ted  to the environm ent bu t also reduce the flow  rate 
o f  these  gas 5 due to  reduction  o f  fuel consum ption.

T he relative reduction  o f  the fuel consum ption  in a heating  furnace 
due to  recuperation  w as presen ted  in F igure 5.6 and can be determ ine by 
m eans o f  the com parison  o f  the energy balance o f  the furnace cham ber 
supp lem ented  w ith  a recuperato r and w ith  out a recuperator.

H a = 0  Qw Hi
I f f R ecuperator

Q r

Fz(l-co)

C om bustion
“g!fses

๐

F ig u re  5 .6  Schem e o f  furnace w ith  recuperator
The energy  balance fo r com parative furnace operating  w ithout 

recuperation  has the form
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FzQ = Qu+Qw+Hi+Fz(l-ô+a)S(Tsz-T0)
For the furnace equipped with recuperator,

Fz(l-co)(C|+qR) = Qu+Qw+Fli+Fz(l-co-8+a)S(Ts-To) 
where Fz = fuel consumption in the comparative furnace. 

CO = fuel economy index due to recuperation 
-AF

(5.8)

(5.9)

-AF = reduction of fuel consumption.
H) = enthalpy of combustion gases leaking from the furnace 

chamber.
qR = recuperation heat per unit of fuel
8 = relative heat capacity of the combustion gases leaking from the

furnace.
a  = relative heat capacity of air penetrating into the furnace 

chamber through leaks.
ร = the mean heat capacity of combustion gas.

From Eqs 5.8 and 5.9 the fuel economy index can be calculated.
m_ qR+S(l-p+q)(Tsz-Ts)

Cl + qR-S(Ts-T0)
(Tsz-Ts)= (X’-l)* 9 r

substitute 5.11 in to 5.10
qR(X '-(a-a)(X '-l)(£>=-

(5.10)

(5.11)

(5.12)C,+qR-S(Ts-T 0) 
where X’= coefficient of temperature distribution inside chamber.
The multiplier of fuel exergy economy pB can be defined as the ratio of the 
reduction of fuel exergy consumption to the exergy increase AB’ of the pre 
heat of combustion of the reactants 

-AFbp_ © bppB=ะ- ÀB' 1-© Abph
(5.13)
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where
Abph = the increase of physical exergy of combustion reactants per 

unit of fuel
bp = specific exergy of fuel.

This refinery already has the WHB so the stack gas temperature is not 
high (187°C). There fore, significant heat recovery is already inplace. The 
total amount of stack gas from seven furnaces is 3,200 kg mole/hr. In this 
study the temperature change will be from 30 to 120°c and stack temperature 
will reduce from 187°c to 84°c, Assume the coefficient X’=1.4, the leakage

CO b p
coefficient 8 -a  =0.1 we need to find pB by pB= j _ c 0

bp = 835.86 - d -
m o l

Abph = A(tA-tb-toln —) =0.32*(393.15-303.15-303.151๙ m 4 r ) )
t 0 3 0 3 .1 5

A = Cp*À*nAmin
= 0.03*1.1*9.65 =0.32------ -----

m o l fu e l ° K

substitute all in equation 5.12 will get co=0.05 , Substitute in to equation 5.13 
gives pB=l 1.12.

The delta exergy of air from 30 to 120°c is 325 kw  
The exergy of fuel will be reduced by 11.12*325=3623kW and the work of 

this fan is about 90kW. Therefore the efficiency of the furnace after 
installation of the recuperator will be

B u s e fU l . ^ๆ = 7----- —------ ------ —— -— *100
(B d r iv in g  -  B re d u c t io n )  +  B fa n

______________1 7 6 2 7 .5  _  2 9 %
= ( (6 4 2 9 6 .2  -  3 6 2 3 .0 4 )  +  9 0 )  =
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From this number the efficiency has increase from 27.4% to 29%. It 
is not large because the temperature is already low due to the generation of 
steam by the waste heat boiler. The amount of fuel reduction is 3623 kw  or 
15.66kgmole/hr of fuel gas from the total is 215.75kgmole/hr. And from the 
amount of fuel reduction will enhance the exergetic efficiency of overall plant 
by reducing imported fuel oil. Therefore the new exergetic efficiency will be

4 =  34.1%
2 6 0 3 5 .1 -3 6 2 3 .

Although the furnace has already recovered heat from the stack gas 
and its temperature is low, the efficiency is nevertheless a low value. The 
inevitable loss from combustion and the high temperature heat transfer which 
occurs gives exergy loss. Therefore an avoidance of furnaces in the process is 
an effective way to improve the thermodynamic efficiency of the refinery.

5 .3  R e p la c e  t h e  2 F 3 0 4  b y  a H ig h  P r e s s u r e  S te a m  H e a t  E x c h a n g e r

The catalytic reforming unit uses 2F304 to heat hot oil that IS passed 
to the convection zone of 2F301, 302, 303 and raises the temperature from 
300°c to 310°c in order to be a heat source of the stabilizer reboiler of 2C301 
and the debutanizer reboiler of 2C105 in TPU. This flow diagram was shown 
in Figure 5.7. The remainder of the heat will be use to generate saturated high 
pressure steam from the BFW in 2E309 because the temperature of hot oil is 
equal with the SH. Therefore, it can used as a heat source instead of the hot
oil. In additional the bubble point and dew point of the reformate in the 
operating pressure are 216, 2 3 4 ° c .  Therefore, the temperature of SH is high 
enough to be heat source in the reboiler.
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F R O M  T P U

2F301,302,303

F ig u r e  5.7 Scheme of 2F304 in CRU

The new flow diagram of the CRU after using SH instead of hot oil the 
Bcredit will not have ÀB hotoil that is exported to the TPU but it will have the 
ABsh-bfw that derives the BFW through the convection zone of 2F301, 302, 
303. For Bof driving the amount of fuel gas used in 2F304 about 16 kgmole/hr 
can be replace by ÀB of SH and CPH(high pressure condensate). The 
modification scheme diagram and the result obtained from the calculation 
were illustrated in Figure 5.8 and Table 5.1 respectively.

F ig u r e  5.8 New scheme of 2F304 in CRU
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T a b le  5 .1  The exergy of every stream for new scheme CRU
I n p u t Exergy

(kW)
O u tp u t Exergy

(kW)
Feet Products

Heavy Bphy 51.5 Reformate Bphy 7.3
naphtha

Bche 329066.2 Bche 281009.2
48057.0 H21 Bphy 0.8

Bche 42.7
H 22 Bphy 81.8

Bche 4910.8
LPG Bphy 61.6

Bche 38164.1
Top2c302 Bphy 23.8

Bche 5186.6
Top2d302 Bphy 0.2

Bche 18.0
C r e d it

BFW Btot 161.7 SH Btot 2445.0
C o o l in g  w a t e r  in C o o l in g  w a t e r  o u t

E302 Btot 1191.0 E302 Btot 1192.4
E303 Btot 1016.4 E303 Btot 1017.5
E306 Btot 1111.6 E306 Btot 1112.9
E307 Btot 327.1 E307 Btot 327.5

E le c t r ic i t y 147 7
2F301 Bphy 9.6 stack Bphy 205.1

Bche 3556.0 Bche 257.0
2F302 Bphy 23.4 stack Bphy 335.2

Bche 5804.9 Bche 419 6
2F303 Bphy 9.3 stack Bphy 158.9

Bche 2752.3 Bche 199.0
AIR in Bphy 9.0

S te a m
SH to Btot 1445.4 Btot 844.6

reboiler
SH(in) Btot 2919.4 SL(out) Btot 2094.9
2k301 2k301
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Efficiency of new scheme for CRU is
product -feed + AB SH _BFw + B mixing

AB พr-ws file Ig as 3 burners —stack SH-CPH inreboiler + SH-SL in turbinecom pressor “*~®elec
=23.8%

In comparison with 15.9% of the base scheme it was indicated that a furnace 
yield a high exergy loss for which it should be avoided if another heating 
system can be substituted.
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