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Abstract—Exergy rate profiles, exergetic efficiency and
irreversibility were used to examine the driving forces in
multicomponent distillation system with the view to identify-
ing feasible and efficient operating parameters. The mixture
used comprised of 5% propane, 15% iso-butane, 25% n-
butane, 20% iso-pentane and 35% n-pentane. Operating
variables were feed temperature (-30 °C and -80 °C), pres-
sure (800 kPa and 1200 kPa), and reflux-ratio (2 and 6).
Stage-by-stage system exergy analysis was estimated. Col-
umn profiles of base case -30 °C, -80 °C, -30 °C-reflus ratio
6, -80 °C reflux ratio 6 and base case reflux ratio 6 did not
crossed thus are thermodynamically feasible. Base case -30
°C-reflux ratio 2, -80 °C-reflux ratio 2, and base case-reflux
ratio 2 were crossed and constricted and are infeasible. Base
case results gave efficiency of 81.7% at depropanizer and
65.2% at debutanizer. Base cases sensitivity results with -30
°C, -80 °C and reflux ratio 6, efficiency range 57.40 — 70%
and 65.20% - 54.90% for depropanizer and debutanizer
respectively. Spitted cases gave 81.7% and 62.20% with
more scatter profiles. Splitted feed base case -30 °C design
gave the lowest overall system exergy loss rate of 1.12E+6
and efficiency of 95.70%. Design feasible parameters, sys-
tem efficiency and irreversibility which form basis for sys-
tem improvement can be identified and evaluated.

Index Terms—exergy, rate-profile, driving-forces, irreversi-
bility, multicomponent-distillation

L INTRODUCTION

Distillation is the mostly used separation technique in
chemical and petrochemical industries and its increasing
usage is accompanied by a increasingly large consumption
of energy [8]. Distillation is known for the separation of
about 95% of most fluids and that around 3% of the total
energy consumption in the world is used in distillation
units [7]. According to recent estimates, 40% of energy
used in refinery and other continuous chemical processes
are consumed by distillation [19]. Therefore designing
energy efficient distillation processes had been an im-
portant issues discussed in various literatures [14,9]. The-
se analyses have focused only on energy and ignored the
quality of energy. The energy demand in distillation sys-
tem is an increasingly inevitable process performance
factor, due to the increasing pressure to save energy.

Estimation of the minimum energy needed by different
distillation systems can offer some early evaluation tool
for comparing various efficiencies thereby alternative cab
efficiently determined. Generally in distillation, energy
input at the reboiler is used to evaporate a liquid mixture
and is lost when liquefying the vapour flow at the conden-
ser to obtain a reflux liquid flow. Conversely, energy
recovered at the condenser cannot be used to heat other
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flows in the same distillation column due to the fact that
temperature of the cooling medium is usually much lower
than that of the column flows. Researchers having been
instigated by the large energy demand, have developed
new sequences that can enhance savings in both energy
and capital costs.

One of such options was the use of interconnected dis-
tillation systems, commonly referred to as Thermally
Coupled Distillation Sequences (TCDS). TCDS have been
designed more robustly for the separation of three-
component mixtures. TCDS with a side rectifier or with a
side stripper, and the fully integrated distillation column
(or Petlyuk system) have been shown to provide important
energy savings with respect to use of conventional distilla-
tion sequences [1,10,11,12,13,23]. A few attempts have
been devised to extend this concepts to four or five com-
ponent mixtures, either by conceptual arrangements or on
shortcut methods [4,21].

[3] have shown a more formal design strategy for two
types of thermally coupled systems for four-component
mixtures, one with a side rectifier and a side stripper
(TCDS-SR/SS) and the other one based on an extension of
the Petlyuk system (TCDS-PR). Their analysis showed
how a design for each integrated sequence can be deter-
mined from the conventional tray structure of a distillation
sequence, and how such a design can be optimized for
optimum energy consumption.

Tray distillation is most commonly modelled by assum-
ing that equilibrium is established between the vapour and
the liquid at the outlets of each tray in the column. How-
ever, in reality equilibrium is not attained. The first at-
tempt is to account for the irreversibility in the process
due to tray efficiencies. The Murphree efficiency
measures to which degree equilibrium is reached [15].
Exergy analysis has been used successfully to examine the
thermodynamic efficiency of distillation columns [27,18].
Exergy is a thermodynamic property that measure the
quality of energy contained in a substance and of its de-
parture in temperature, pressure and composition from the
environmental conditions. This consequently allow con-
sideration in an integral way energetic, economic and
ecological aspect in analyzing industrial processes [20].
Hence going a step further, to evaluate the quality of ener-
gy lost via exergy analysis is an efficient technique for
reducing inefficiencies. [2] published a thermodynamic
analysis of crude oil distillation systems which includes
aspects like energy and exergy analysis, performance
evaluation and system optimization.

A careful evaluation of process and plant design using
exergy analysis provides platform for identification and
quantification of the sources of inefficiencies or process
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irreversibility-related losses. [26] have shown that large
savings could be obtained if high quality energy can be
reduced. Moreover, the use of irreversible thermodynamic
principles in distillation process is still under development
[20]. Results of exergy and exergoeconomic analysis had
been presented and explained by [16] for industrial pro-
cesses. However, traditional exergy analysis has focused
on the overall thermodynamic efficiency of separation and
the relation of spent work (utility consumption) to the
ideal work required for the separation. Very little infor-
mation about how to proceed to optimize the column is
available to engineers. Other recent works in the applica-
tion of exergy analysis to the optimization of distillation
columns considers the column as a reversible process.
From [6] the resulting temperature-enthalpy profile permit
the engineer to identify useful modifications to enhance
the thermal efficiency of the column, hence better heat
integration in the process is achieved. However, the as-
sumption of reversibility presents some limitations for the
application of this methodology to multicomponent sys-
tems [24]. Several attempts had been made by various
researchers to introduce diagrammatic methods that could
aid in the design and retrofit of energy efficient distillation
processes [22,17,25,6,5]. Much consideration has not been
given to multicomponent distillation systems. The aim of
the research is to develop a method of using exergy analy-
sis to generate exergetic driving forces in columns of
multicomponent distillation system. This work deals with
a study of separation into components mixture comprising
five components — 5% propane, 15% iso-butane, 25% n-
butane, 20% iso-pentane and 35% n-pentane and presents
a stage exergy rate diagrams (profiles) with the view of
determining feasible and efficient multicomponent distil-
lation system.

II. METHODOLOGY

A. Model Simulation and Data Extraction

The distillation separation of the mixture into pure
components was carried out using Hyprotech System
Simulator (HYSYS vs. 3.2). Four columns were selected
in series with the bottom product of one serving as the
inlet feed of the next. The columns are named Depro-
panizer, Debutanizer, Butane splitter and Pentane splitter
sequentially. The specifications of the first column of the
base case include feed temperature of -50 °C, feed pres-
sure of 1000 kPa, and reflux ratio of 4. The model was for
a total condenser. The simulation was carried out with the
initial specifications where temperature, pressure, specific
enthalpy, and specific entropy and flow rates for column
streams and the tray by tray compositions were obtained.
The specific enthalpy and entropy for the tray by tray
vapour and liquid phase at reference (environmental con-
ditions) temperature of 293 K and pressure of 101.3 kPa
was computed. The simulation is for total condenser.

B.  Exergy Calculation

The exergy balance for open systems at steady state
used was given by Jean-Francois et al (2008) as;

Expy = (H — TyS) — (Hy — TpSy) (1)
EIL-;.:_[ = EIE;:_[ +RTD{?‘1I[ (2)
30

Exrorar = EXpy + Expy = [({H — T,5) -
(H, — T,5,) + {E?F:_[ + RT, lﬂ-ri}:l]

3)
Tray by tray irreversibility was obtained by
I= L ysExt, + Vi y» Ex[\F «ExT 4
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The first law (energy) and second law (exergy) effi-
ciency are expressed by the equations

TEx,
v= 5 5)
n= £ ()

the exergetic efficiency for a real column is written:
Ly+Exh+D+Exy —F+Ex"

Mex = = o —gea: @)

Application of equation (3.7), (3.8), (3.9), and (3.10) to
the multicomponent distillation process considered in this
study gave exergy efficiency and irreversibility equations;
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C. Stage Exergy Rate Diagrams

At every stage of the distillation column, the liquid and
the vapour enthalpy and exergy rate values were calculat-
ed. The rate diagrams were then generated by plot of ex-
ergy rate of the tray by tray liquid and vapor phases versus
tray number. Columns exergetic driving forces was evalu-
ated from the exergy rate profiles. Exergetic efficiency
and irreversibility was also obtained and was used to de-
termine exergetic driving forces which help to identify
feasible and efficient system. Sensitivity analysis was
carried out to identify the effect of variation in the operat-
ing parameters on the systems. The operating variables
considered were feed temperature and pressure, and re-
flux-ratio. The temperature range considered was -30 °C
and -80 °C, pressure was 800 kPa and 1200 kPa and reflux
ratio considered was 2 and 6. Single and 50% splitted feed
variation was also considered.
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III.

In the first part, converged simulation results show that
the model used were perfectly. Fig. 1 give the process
flow model sequence for single feed system and Fig. 2
gives the process flow model sequence for splitted feed
system. The Depropanizer consist of 55 trays with feed
tray on 19. Debutanizer consist of 62 trays with feed tray
was on tray 31. The profiles of component composition
versus tray number for the separation obtained are given
in Fig. 3 and Fig. 4. The results also show that the compo-
sition of propane was vaporized at the feed inlet position
located on tray 19. Fig. 4 show that iso-butane and n-
butane was vaporized on the feed location and was sepa-
rated to the top of the column as distillate leaving iso-
pentane and n-pentane as liquid to the bottom of the col-
umn. Iso-butane and n-butane was separated by butane
splitter component. Similarly, iso-pentane and n-pentane
was separated by pentane component splitter.

The exergy rate diagram gives a pictorial representation
of the happening within the column as regards the exergy
profile. Specific enthalpy diagram as used by [17] gave
heat and mass transfer effect in the distillation of a binary
mixture but the profiles as presented in this study are for
the case of total enthalpy which is all encompassing. The
liquid and vapour profiles for each stage of the column
reveals the driving force within the column and gives
insight into the feasibility of a given operation for some
set of operating conditions. The exergy rate diagram has
the added advantage of determining the feasibility of not
only binary columns but multicomponent columns as well.
This research gives credence to this. For feasible design,
the profiles are not expected to cross nor be constricted.
This is because their crossing will amount to reversal of
driving force within the column and hence make such
design infeasible. Constriction situation is a case where
the liquid and vapour lines do not cross but give extremely
close profile. Constriction cases though feasible are unde-
sired because such condition renders the design inefficient
in terms of energy usage.

Fig. 5 and 6 shows the exergy rate diagrams for the col-
umns of the base case design. The exergy profiles did not
crossed showing feasible thermodynamic system with
feasible process parameters. The base case design with
splitted feed exergy profiles neither cross nor constricted
as shown in Fig. 7 — 8. Here the liquid and vapour profiles
are well spaced and scattered. Therefore operating the
distillation system at the specified conditions with splitted
feed is thermodynamically feasible.

Exergy profiles for sensitivity analysis were presented in
Fig. 9 - 27. Profiles base case -30 °C, -80 °C, -30 °C-
Reflus ratio 6, -80 °C-Reflux ratio 6 and base case-Reflux
ratio 6 were not crossed. Profiles of base case -30 °C-
Reflux ratio 2, -80 °C. Reflux ratio 2, and base case-
Reflux ratio 2 gave crossing in their depropanizer. The
columns and systems exergetic efficiency and their corre-
sponding irreversibilities (exergy loss rate) systems are
shown in Table 1 and Table 2. Base cases results gave an
exergy efficiency of 81.7% at depropanizer and 65.2% at
debutanizer. Base cases sensitivity results with -30°C, -
80°C and reflux ratio 6, efficiency range 57.40 — 70% and
65.20% - 54.90% for depropanizer and debutanizer re-
spectively. Spitted feed base case gave same exergy effi-
ciency range of 81.7% and 62.20% when compared re-
spectively with depropanizer and debutanizer of base

RESULTS AND DISCUSSIONS
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cases. 800 kPa case gave 82.1% and 62.5% at depropaniz-
er and debutanizer respectively. 1200 kPa case gave much
lower exergy efficiency 0.66% and 0.65% at depropanizer
and debutanizer respectively which do not compare well
with the efficiencies given by the base cases, splitted feed
cases and 800 kPa cases.

This shows that operating this multicomponent distilla-
tion system at feed pressure of 1200 kPa will be grossly
inefficient and unrealistic despite the feasible exergy rate
diagram. Therefore this confirm the need to supplement
the second law efficiency calculation with the exergy rate
diagram to determine the actual feasible operations and
design. By overall system exergy efficiency, splitted base
Case (-30 °C - 1000 kPa) gave better efficiency of 97.99%
over other base cases -30 °C of 95.70%. Exergy loss rate
(irreversibility) indicated that base Cases (-30 °C - 1000
kPa) gave lower overall value of 1.51E+06. Multiple
(splitted) feed for splitted base Case (-30 °C - 1000 kPa
gave an enhance exergetic efficiencies of 97.99% and
much lower exergy loss (irreversibilities) of 1.12E+06.

7.00E+07
6.00E+07 - ﬂ-
5.00E+07 - ‘ 1
4.00E+07 - ‘
Exergy Rate | | d
(KJ/hr) | Y —— Liqui
3.00E407 - | \'-""'nh ‘ = Vapour
| "
|‘ "
2.00E+07 g -
Peered hd
1.00E+07 - [
|
«W
0.00E+00 T T T T T 1
o 10 20 30 40 50 60

Figure 5. Profile of exergy rate versus tray number for the depropaniz-
er of the Base Case

3.00E408 -

2.50E+08 !

2.00E+08 - ‘

Exergy Rate (KI/hr) 1.50E+08 f‘ |
' —+— Liquid

1.00E+08 - | Vapour

5.00E407 - ',h’ "h-—-"

0.00E+00 T T T 1

Tray Number

Figure 6. Profile of exergy rate versus tray number the for debutanizer
of the Base Case

32

§00E-07
500607 M, vararerere
|
|
P |
SOOETT 1 iy [
|
.~ A ‘
Brerey Rate [K/hr) 300607 | | e |
| I‘- | —— liquid
o | S T . e Vapour
100607
D00E-00 : . . .

Tray Number

Figure 7. Profile of exergy rate versus tray number the for Depro-
panizer of the Base Case multiple feed

3.00E408
2.50E408
2.00E408
Exergy Rate (KJ/hr) 1.50E408

1.00£408
—Liquid

5006407 D — Vapour

0.00E400

Tray Number

Figure 8. Profile of enthalpy rate versus tray number the for Debu-
tanizer of the Base Case multiple feed

5008407
430807 ymmnan M eranassnnnnnnnsan snassnsn, .
400407
3506407 "y '-_
3.00€407
Exergy Rate (KI/hr) 2.50€+07
2006407 - a
1508407
L00E+07

5000406

0.00€+00

Tray Number

Figure 9. Profile of exergy rate versus tray number for Depropanizer
of base case, 30°C

3006408
T
2506408 .
2.00E+08 L)
Exergy Rate (K)fh) 1506408

100E+08

SO0E+07

0.00E00

Tray Number

Figure 10. Profile of exergy rate versus tray number for Debutanizer of
base case, 30°C

http://www.i-jes.org



PAPER
EXERGY RATE PROFILE OF MULTICOMPONENT DISTILLATION SYSTEM

006407 160E408
3006407 LA0RHB
'
006407 1 -
"
aoopr | T '
Y
100E408
1
5.00E407
seray Rete ()/hr] S00EA07 \
Exergy Rate (i0/hr) Exergy Rete (K)/hr) 7 |‘ | y
4006407 1 ——tiid ' ——ligid
v 600EHT \ 8 vapour
L} |
3006407 [
! L0007 |
2006407 ' LTI
O0EH
M, I R Raaaa e te s s 200007 P et TR
e * : e /
L00E+07 e '«“ ”4”
4 .
000400 -
o0 0 10 0 0 Q0 50 €@ 0
0 0 i 30 Q0 50 0
. . Tray Nurher
ray Number

Figure 14. Profile of exergy rate versus tray number for Debutanizer of

Figure 11. Profile of exergy rate versus tray number for Depropanizer base case, 30°C, Reflux Ratio 2

of base case, 800C

80067
450E408
A0S | pnanenrente, 00507 X
n
]
" T
3506408 [ '
' BO0ED - '
1 1
3.00£+08 L] ll l.l
" L] |l|| 'll—llllml—llllblllllll'l|‘
. SO0ET - ' '
2506408 . '
Exergy Rate (K)/hr) ]
2.00€+08 4 Liquid Exergy Rate [K)/hr] 4006407 -
i i - Vapour + ligid
1506408 i ' *- o
e -
100408 ! i
sengans ; A TN
2WE7 - P iy
SOOEAT | eensssussnnssaiopbonin,, P ey e e £
oy ot
i L0 | HHH
0008400 a .
0 10 0 30 40 50 60 70 '
Tray Number D000
0 1 0 » @ 0 %
Figure 12. Profile of exergy rate versus tray number for Depropanizer Taa Nuriter

of base case, 80°C
Figure 15. Profile of exergy rate versus tray number for Depropanizer
BO0ET of base case, 30°C, Reflux Ratio 6

4 S0E+08 -
5.00E407 !

4.00E+08 - I“"“Illllll"lu'l

40067 " "
R 3506408 - 1
: [ ]
Exergy Rate (K)fhr) 3.00€407 3.00E+08 ]
—— Linuid II
== — 250648 Y
2008407 A Exergy Rate (K/he)
L ) 200608 il
g " T 1 [} & Vapowr
Lot & 150E108
............. , L0008 ! "
0.00E+00 — ™J Iillull""mullllll'l“
0 i n E 0 50 60 SO0E7 '“""“"""”.""“, ..""N"!lvnunﬂn,nlﬂn
by
Tray Number T
0.00E400
: : 0 10 i El ) 5 [ n
Figure 13. Profile of exergy rate versus tray number for Depropanizer
of base case, 30°C, Reflux Ratio 2 Ty Humber

Figure 16. Profile of exergy rate versus tray number for Depropanizer
of base case, 30°C, Reflux Ratio 6

1JES — Volume 4, Issue 2, 2016 33



PAPER
EXERGY RATE PROFILE OF MULTICOMPONENT DISTILLATION SYSTEM

B00E07
TH0E+07
B.00E:07 1

500807 1
II
Hannnnnneig
Exergy Rate (X)/hr) 4.00E+07
+ linid
= Vo
300E407 fagar

(LT

2007 Yhag,, |,
LI L
'l '!Q.uuu‘vﬂt.u'tﬂnho,‘
1o0en -
ey
0006400
0 0 0 El 0 50 i

Tray Number

Figure 17. Profile of exergy rate versus tray number for Depropanizer
of base case, 80°C, Reflux Ratio 2

1.80E408

1.60E408
b,

140E408 n
1206408

1.00E408
Exergy Rate (K)/hr)
8.00€407 +— Liquid
. - Vapour
6.00€407

.
4006407 T T A T

S b s
L00E407 - #+++etrataninn, o

0.00E+00
Tray Number

Figure 18. Profile of exergy rate versus tray number for Debutanizer of
base case, 80°C, Reflux Ratio 2

9.005407
8005407
005407 "
6005407 - ™ |
[
/ ST | P
Exergy Rate [K)/h, | b
o ! 4005407 | 1
3000407 1|
[ ]
2005407

"llnmmnlllmn-n.II

—+— Liquid
——Vapour

i q"w“‘"‘“'““'““““““”w
I —

0.002400 T

0 0 0 30 4 50 6

Tray Number

Figure 19. Profile of exergy rate versus tray number for Depropanizer
of base case, 80°C, Reflux Ratio 6

34

4.50E-08 -

4.00E-08 4 F“-."I

350E-08 - | )
3.00E-08 | '

2.50E-08 -+ n
Exergy Rate (KI/nr)
200E-08 -/ \ —— Liquid

! —\
1.50E-08 - | apour

1.00-08 - '
S00E-07 ~fussraonsrsssssiuy
Wom“w’”‘

Nm\‘“l"
0.00E-00 ‘ : : ‘ ‘ ‘
0 10 2 30 40 0 6 70

Tray Number

Figure 20. Profile of exergy rate versus tray number for Debutanizer of
base case, 80°C, Reflux Ratio 6

700407 +

6.00E407 -

5.00E407 | “\

£.00E407 -
Dergy Rate ‘
3.00E407 - |

I"Hl—u»ﬂ-ﬂlllrﬂﬂllull.
h

—— Liquid
2006407 4|
| \

0BT I i

—+—Vapour

T
ol

(.00£400 T T

0 10 0 30 i 50 60

Tray Numbar

Figure 21. Profile of exergy rate versus tray number for Depropanizer
of base case, Reflux Ratio 2

1.80£408
1.60£408
1.L0E408 - | p
1.20£408 "
1.00£408 | \

Exergy Rate (KJ/hr)
8.002407 |

—+— Liquid

6.005407 l —=— Vapour

4.005407 B et

2.00E407 "’“’“Mmm\

0.00£400 T T T T T

Tray Number

Figure 22. Profile of exergy rate versus tray number for Debutanizer of
base case Reflux Ratio 2

http://www.i-jes.org



PAPER
EXERGY RATE PROFILE OF MULTICOMPONENT DISTILLATION SYSTEM

9 00EHT |
8006407 |
7006407 | i

60007 - = RS
1 1
SOOET || g, | ee——,
Evergy Rate (KJ/hr) | LY
100EHT7 | 1
3006407 | !

200E407 -

—+—Liquid
——\Vapour

J’\W“WWM»MQ“,‘
100E+07 eeestetasbiring, f
+

0.00E400 T T T T T 1
0 10 20 30 40 50 60

Tray Number

Figure 23. Profile of exergy rate versus tray number for Depropanizer
of base case, Reflux Ratio 6

450408 -
AOEE | i,
n
350E+08 - | )
3006408 - | '
2.50£408 - s

Exergy Rate (K)/hr) | |
2.00E408 - | |

—+— Liquid
1.50E408 | [ —s—Vapour
L00E408 - 1

S0EHDT - wssmeemsttsstion,

0.00E400 T T T T T T 1
0 10 20 30 40 50 60 70

Tray Number

Figure 24. Profile of exergy rate versus tray number for Depropanizer
of base case, Reflux Ratio 6

1.00E-08
C.00E-07
B00E07 - 1" \
et |
E00E-07 1 |
Exergy Rate (K)/hr) 5.00E-07 i

400547 | ' o

(] !
200607 ——\apour
200607 )

100Es07 #ssssstssenns, |

(.00E-00

Tray Number

Figure 25. Profile of exergy rate versus tray number for Depropanizer
of base 1200KPa Case

1JES — Volume 4, Issue 2, 2016

6.00£408

5.00£408 - | !
|
\
4.00E+08 \
| "
| h
Exergy Rate (KJ/hr) 3.00E408 \‘
‘ ! —— Liquid
i |
2.00E4+08 \‘ ——Vapour
'
[
1.00E408 wmww\ IR

0.00E+00 T T T T T T 1

Tray Number
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(1]

TABLE L.
COLUMNS AND SYSTEMS EXERGETIC EFFICIENCY FOR
FEASIBLE DESIGN CASES
Design Process Condi- Exergy Efficiency (%)
tions Depropanizer |Debutanizer |System
Base Case (-50°C,[81.70 65.20 58.72
1000Kpa, RR4)
Base Case (-30°C,|70.00 54.90 95.70
1000Kpa, RR4)
Base Case (-80°C,|79.60 65.20 58.17
1000Kpa, RR4)
Base Case (-30°C,|66.80 61.30 79.98
1000Kpa, RR6)
Base Case (-80°C,[57.40 61.30 75.22
1000Kpa, RR6)
Base Case (-50°C,[63.00 61.30 78.16
1000Kpa, RR6)
1200KPa (-50°C, RR4)|0.66 0.65 89.18
Case
800KPa (-50°C, RR4)(82.10 65.20 59.50
Case
Splitted Feed Case (-50°C,|81.70 65.20 58.72
1000Kpa, RR4)
Splitted Feed Case (-30°C,|81.70 65.20 97.99
1000Kpa, RR4)

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

TABLE II.
COLUMNS AND SYSTEMS IRREVERSIBILITY FOR FEASIBLE
DESIGN CASES
Design Process Irreversibility (KJ/hr)
Conditions Depropanizer Debutanizer  |System
Base Case (-50°C,|1.05E+7 2.54E+7 3.58E+7
1000Kpa, RR4)
Base Case (-30°C,|7.78E+6 2.49E+7 1.51E+6
1000Kpa, RR4)
Base Case (-80°C,|1.23E+7 2.54E+7 3.76E+7
1000Kpa, RR4)
Base Case (-30°C,|9.08E+6 3.33E+7 4.41E+7
1000Kpa, RR6)
Base Case (-80°C,|1.36E+7 3.33E+7 4.38E+7
1000Kpa, RR6)
Base Case (-50°C,|1.07E+7 3.33E+7 1.58E+7
1000Kpa, RR6)
1200KPa (-50°C,|9.10E+6 2.54E+7 6.17E+6
RR4) Case
800KPa (-50°C,|1.05E+7 2.54E+7 3.59E+7
RR4) Case
Splitted Feed Case (-|1.05E+7 2.54E+7 3.58E+7
50°C, 1000Kpa,
RR4)
Splitted Feed Case (-|7.79E+6 2.16E+7 1.12e+6
30°C, 1000Kpa,
RR4)

IV. CONCLUSION AND RECOMMENDTIONS

[19]

The use of exergy analysis in improving the operation

of multicomponent distillation from the dimension of

[20]

exergy rate diagram has been emphasised. There is need
to optimize the examined feasible operating condition

ranges and also determine columns exergy loss distribu-

(21]

tion profiles in order to determine the optimum condition
of operating this multicomponent distillation system.

There are great potentials of applying exergy rate dia-

grams to other chemical processes.

36

[22]
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