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Abstract — Chemical plants which consume lots of energy are not operating in the best conditions due to their own
peculiar nonlinearity, instability, and diverse disturbances. In order to improve this, the plant wide optimization was per-
formed. It is important to select the most appropriate number of decision variables which strongly affect the operating
cost because there are too many decision variables which economically have an effect on plant wide. For instance, if all
decision variables which can economically affect are applied in optimization and then the result of the optimization is
applied to operation, a lot of operating conditions should be going to be changed. As a result of changing a plenty of
operating conditions, the cost of the change will absolutely increase. Thus, in this study, the method of selecting the most
appropriate decision variables which can influence on saving operation costs was presented in order to optimize plant
wide. TPA (Terephthalic-acid) plant is considered as a case study. In other word, after modeling, the most proper deci-
sion variables was selected by examining the degree which decision variables influence on operating costs through sen-
sitivity analysis. In TPA process, the three decision variables were selected by the presented method in this study. Then
the plant was optimized by selected the decision variables. Consequently, it was seen that the plant are expected to save
the 350 million won of energy annually without additional investment for facilities or remodeling of the plant.

Key words: Plant-Wide Optimization, Sensitivity Analysis, Variable Selection, TPA Process
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TPATE2 A= 2 PX(p-xylene)E Mn-Co-Br Z 1l &}ol] HAc
(acetic-acid) §1 &l 712 AFSIAIA TPAE A|Fsh= 3792
%A Fig. 194 Hi= vle} o] 371845, AlsRks., A4 s, A%
37, Blislr, S T8 HeEHoE 7AE] Qlth

7] 45 3= 7159 3715 v g5 7oA Wt
SHETA g5k

A HEE BN Es) SRelA SgE Saligl ¢
=] ZollA T3 4 Bl

2 N

571l &8t

&) AAEH W7 el o) w2 vt ik
PX+2.5 02— 4-CBA +2 H20 (1)
PX+ 1.5 02— P-TOL + H20 Q)
PX+3 02— BENZ+2 H20+CO2 3)
PX+8.5 024 CO+4 CO2+5 H20 @)
PX+3 02— TA+2 H20 )
HAC+2 02 —2 H20+2 CO2 (©)
HAC+0.25 02— 0.5 CO2+0.5 H20+0.5 MA )

PX(p-xylene), 4-CBA(4-carboxybenzaldehyde), P-TOL(p-toluic-
acid), BENZ(benzoic-acid), TA(terephthalic-acid), HAC(acetic-acid),
MA (methyl-acetate)

@), (6) HEe-2elA K= 23} o] Whg7] el dgel PX
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Fig. 1. The flow sheet of TPA process.
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TR.Min < TR < TR.Max (5)

7} unitd Z-sketad

Ti.Min < Ti < Ti.MaxJ Pi.Min < Pi < Pi.Max? szm < fl < fi.Mch (6)
o171¢l1A

i : Number of unit, j : Number of stream,
F : Flow rate (kg/hr),

f : fraction,

k : Component,
C : Concentration,
TR : Reactor temperature (°C), T : Temperature (°C),
P : Pressure (kg/cm?), SC : Cost per energy (W/MMkcal),
MC : Cost of material (W/kg),
EC=g(T, P, f, spec) : Energy expend per hour (MMkcal/kr),
ML =h(T, P, f, spec) : Material loss per hour (kg/hr)
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Fig. 3. The result of sensitivity analysis.
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Fig. 4. The amount of profit according to the changes of tempera-
ture in the first condenser.
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Fig. 5. The amount of profit according to the changes of tempera-
ture in the second condenser.
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Fig. 11. The amount of profit according to the changes of bottom
pressure in the dehydration tower.

A Btk 1 A3E Fig 110l YERASIEE Aw)7]e] qheo] vt
oA I Yo ER Au|7|e] Aol s Hof gk
HO| 2n7h gskAl HaL g Al -] hEjRlel gf At
7F oA Hol =4 o] # Y] whiell Eniel SRT
o] 1-FHEe St S ©vt O] S7ER Qe 55
719 dgo] S7kslo] AUAE Arto] TrekaL, SRH| =4
=9 EH9] SUFR § AR FEEE HACY e S7IsH| Ak
-2. Z[Xs} A}

WA Aol oJate] 24 nlgoll G T HE et
el 24 g ARSele] HA3E AAE oS Table 13}
Fig. 120 YeRigith. iS5 F7keb #2545 3 A wis &
7Fe w230 W] 3ol uhE o)) TRt

HAgs AT W W F71 A DA v (), S 24
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Optimum value

Current value

1 2 3 4 5
Crystallizer 2 temperature (°C) 156.234 162.244 162.244 162.244 162.244 162.244
Condenser 1 temperature (°C) 158.681 - 156.091 156.091 156.091 156.091
Crystallizer 1 temperature (°C) 187.167 - - 185.008 185.060 185.008
Tower bottom pressure (kg/cm?) 1.70241 - - - 1.67216 1.85080
Recycle ratio 0.55279 - - - - 0.50900
Profit (thousand won/year) 0 251,927 305,585 344,338 353,319 355,663
The rate of increase of total profit 251,927 53,658 38,753 8,981 2,344
Table 2. The result analysis of hierarchical optimization
Profit (Wrhr) Number of optimum variables
1 2 3 4 5

Tower condenser steam generation 6,251 6,216 8,527 8,994 8,146
Tower reboiler steam expend 25,475 25,547 25,505 25,667 21,531
High pressure steam generation 0 18,167 18,167 18,167 19,579
Low pressure steam generation 0 -13,518 -13,518 -13,518 -14,115
Reactor HAc burning 0 -3,360 -3,360 -3,360 -3,648
Tower HAc loss 6 -182 -1,042 -874 -922
Absorber HAc loss 78 1,551 5,035 5,372 7,012
Reactor PX burning 0 -20 -20 -20 -26
Reactor TA generation -1 4,183 4,183 4,183 7,350
Total profit 31,809 38,584 43,477 44,611 44,907
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