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Abstract — As a crude distillation unit(CDU) is one of the important processes in refinery industries and consumes enormous
energy, an optimal design of a CDU was attempted. The target CDU is under commercially operated and its capacity is 150,000
BPSD. The mathematical models for an atmospheric distillation column(ADC) and naphtha stabilizer were established and we
formulated the objective function so as to minimize the energy consumption. The optimal feed locations of both the atmo-
spheric distillation column and stabilizer were obtained by solving mixed-integénear programming problems. The opti-
mal duties of condenser and pumparound in the ADC were determined by the optimization task. In the case of optimal design,
vapor and liquid load was apparently decreased and the size of the ADC and the stabilizer was accordingly decreased. The opti-
mal feed tray of ADC and stabilizer were 34 and 14 respectively, and the condenser duty of the ADC was decreased by the
amount of 15% and the duty of pumparound, which permits heat recovery, was increased by the degree of 37%.
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Table 1. Trends of petroleum demand in Korea
1990 1991 1992 1993 1994 1995 1996 Average annual growth rate
Gross consumption[£@bl] 356.3 424.7 514.2 546.6 621.5 677.2 721.2 -
Growth rate[%] 24.1 19.2 21.1 9.8 10.1 9.0 6.5 12.5
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Table 2. Column configuration
Numbers of trays
Main column 35
LN stabilizer 30
HN side-stripper 4
Kerosene side-stripper 2
LGO side-stripper 2
HGO side-stripper 2
Locations
Feed for main column 33
Feed for LN stabilizer 17
Stripping steam of main column 35
HN pumparound draw and return 9,8
Kerosene pumparound draw and return 18, 17
LGO pumparound draw and return 24,23
HGO pumparound draw and return 28, 27
Table 3. Operating conditions
Stripping steam
Main column
Temperature [°C] 170
Pressure [kg; /cn?] 463
Flow rate [kmol/h] 555.1
Kerosene side-stripper
Temperature [°C] 170
Pressure [kg /] 4.63
Flow rate [kmol/h] 138.8
LGO side-stripper
Temperature [°C] 170
Pressure [kg /] 4.63
Flow rate [kmol/h] 238.7
HGO side-stripper
Temperature [°C] 170
Pressure [kg; /cn?] 4.63
Flow rate [kmol/h] 94.4
Pumparound
HN
Flow rate [kmol/h] 33338
Return temperature [°C] 70
Duty [10%cal/h] 149381
Kerosene
Flow rate [kmol/h] 1,286.4
Temperature drop [°C] 40
Duty [10%cal/h] -4.9884
LGO
Flow rate [kmol/h] 1,481.8
Temperature drop [°C] 50
Duty [10%cal/h] -9.9891
HGO
Flow rate [kmol/h] 725.3
Return temperature [°C] 286.5
Duty [10%cal/h] -8.0028
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Table 4. Feed conditions

Component Composition
H,O 0.0000
Propane 0.0061
i-Butane 0.0052
n-Butane 0.0283
i-Pentane 0.0215
n-Pentane 0.0438
NBP114 0.1965
NBP227 0.2979
NBP377 0.2180
NBP537 0.1152
NBP667 0.0341
NBP824 0.0333
Flow rate 150,000 BPSD
Pressure 3.5 kgen?
Temperature 376C
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Table 5. Optimal solutions for atmospheric distillation column
Design variable[1¥kcal/h] Optimal case Base case Case | Case Il
Objective function -3.2975 11.5550 6.3870 2.9433
Duty of pumparound 1 -15.3742 -14.9381 -15.1433 -15.0669
Duty of pumparound 2 -5.7817 —-4.9884 -5.8042 -6.9571
Duty of pumparound 3 -13.3646 -9.9891 -10.7678 -11.4332
Duty of pumparound 4 -10.9739 -8.0028 -8.8162 -8.8159
Duty of condenser -42.1984 -49.4739 -46.9258 —-45.2158
Feed tray 34 33 32 31
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Fig. 2. Internal vapor and liquid flow in atmospheric distillation column. Fig. 5. Internal vapor and liquid flow in light naphtha stabilizer.
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Table 6. Optimal solutions for light naphtha stabilizer
Design variable[1®kcal/h] Optimal case Base case Case | Case Il
Objective function 3.60166 3.7477 3.6284 3.6774
Feed tray 14 17 15 16
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a, A :constant

b : constant

B : constant, bottoms molar flow rate [kmol/h]

c : component

C : set of components in feed

CD :condenser, {1}

d : constant

D . distillate molar flow rate

e, E :constant

f : flow rate of entering stream [kmol/h]

F : feed molar flow rate [kmol/h]

FT :set of all possible feed traysN{ .1, N2, - N'g”,;“—l }

g : function

h : function, specific enthalpy [J/mol]

K : equilibrium ratio

L : liquid molar flow rate leaving the stage

N :number of trays

NP :the set of trays within column which excludes PA and FT

p : side product molar flow rate

P : pressure [Pa]

PA  :the set of SBSR

Q : heat duty [kcal/h]

r sinternal or side reflux ratio

R sinternal or side reflux molar flow rate

RB :bottom tray, {N,.4

SP  :the set of side product traysng Nsp ... N'é”,;t }

SR :the setof return side reflux stream tra%;,{,—l, Nép—l, N'g”,;*—:l }

T : temperature [K]

TR :set of stages within the column including the trays, condenser
and reboiler, {1, 2, ..., Nat

\% :vapor molar flow rate [kmol/h]

W  :side withdrawal molar flow rate [kmol/h]

X : continuous variable, liquid phase mole fraction

X : set of continuous variables

y : discrete variable, vapor phase mole fraction

Y : set of discrete variables

z : objective function, mole fraction of entering stream, binary
variable(1, if the feed enters on the stage)

Jz2|o|A 2Xt

(d : fugacity coefficient of pure liquid component i

Y; :activity coefficient of component i in the equilibrium liquid

R mixture

:/ : fugacity coefficient of component i in the equilibrium vapor

mixture

w : acentric factor

AR

f : feed

k :index of side withdrawal trays

| : liquid

st : steam

v : vapor

=Ry

:index of components
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j :index of stages

k :index of side withdrawal trays
con :condenser

max :maximum

r :reduced property
reb :reboiler
st : steam
EHozsl
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