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Abstract — This paper considers the optimal operatiagditions to minimize the annual capital and operating cost of a crude
distillation unit, which consumes enormous energy. Reflecting on the complexity of intervention and interconnection among
each unit, optimization task was carried out for the whole crude distillation unit including preheat train, atmospheric/vacuum
distillation column, light naphtha stabilizer, etc. Optimization results were compared with those from commercial plant of
which capacity is 150,000 BPSD. From this comparison, we can save 20,000,000 Kcal/h in the optimal case. It is also con-
cluded that annual capital and operating cost was reduced from 10,649,000 US$/ to 9,185,230 US$/y, which is equivalent to

14% cost saving.
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Fig. 2. Schematic diagram of heat exchanger network.
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Table 1. Column configuration of the Base Case

=4
12 Base Case g &, Hax He Yol &5
A

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 2. Operating conditions for the Base Case
Stripping steam
Main column
Temperature [°C] 170
Pressure [kg; fem?] 4.63
Flow rate [kmol/h] 555.1
Kerosene side-stripper
Temperature [°C] 170
Pressure [kg; len?] 4.63
Flow rate [kmol/h] 138.8
LGO side-stripper
Temperature [°C] 170
Pressure [kgs /em?] 4.63
Flow rate [kmol/h] 238.7
HGO side-stripper
Temperature [°C] 170
Pressure [kg;/cm?] 4.63
Flow rate [kmol/h] 94.4
Pumparound
HN
Flow rate [kmol/h]
Return temperature [°C] 3’33?8
Duty [10%cal/h] 149381
Kerosene
Flow rate [kmol/h] 1,286.1
Temperature drop [°C] 40
Duty [10%cal/h] -4.9884
LGO
Flow rate [kmol/h] 1,481.1
Temperature drop [°C] 50
Duty [10%cal/h] -9.9891
HGO
Flow rate [kmol/h] 725.0
Return temperature [°C] 286.5
Duty [10%cal/h] -8.0028
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Table 3. Constraints for the operating cost and annual cost optimization

Rate of pumparound[kmol/h] Minimum Maximum
HN pumparound 2000 4000
Kerosene pumparound 800 2000
LGO pumparound 1000 2000
HGO pumparound 500 2000
LVGO pumparound 100 180

Duty of pumparound[1%&cal/h] Minimum Maximum
HN pumparound - 0
Kerosene pumparound - 0
LGO pumparound - 0
HGO pumparound - 0

Duty of condenser[f&cal/h] Minimum Maximum

- -15

Rate of product[bbl/d] Minimum Maximum
HN 24,050 24,065
Kerosene 15,610 15,625
LGO 26,125 26,140
HGO 10,400 10,430

Pressure[kgcn?] Minimum Maximum
ADU column 1.80 2.8
VDU column 0.03 0.06

Vapor fraction of heater inlet stream[-] 0

Minimum approacH[C] 10

st5t5 8l H39A M 15 20014 28



AsFsAe A4 24 13

350 : . , . . Table 5. Results for the annual cost optimization
——— Crude oil Design variables Optimal case Base case
300 . Iﬁ;g:ty n:zh:tl}?a ] Objective function(annual cost)[US$/y] 9,185,230 10,649,000
e L Koy e Utility cost{US$A] 8,430,900 9,844,000
§o ........ Light gas oil Duty of HN pumparound[#&cal/h] -17.3091  -15.0240
E 200 + — = Heavy gasoil Duty of kerosene pumparoundfk6al/h] -3.1423 -5.0060
Py —— - Residue Duty of LGO pumparound[f&cal/h] -13.4652 -10.0310
£ 150 | 1 Duty of HGO pumparound[fRcal/h] -10.6398  -5.3158
E Duty of condenser[18cal/h] -41.4354 -51.8780
P 100 1 Duty of LVGO pumparound[1®cal/h] -2.3167 —-2.0309
Pressure of ADU column[kéen?] 2.8 2.33
07 Pressure of VDU column[kéen?] 0.03 0.05
0 ) ) ) Rate of HN pumparound[kmol/h] 3,042 3333.0
0 200 400 600 300 1000 Rate of kerosene pumparound[kmol/h] 1,812 1286.1
Temperature [°C] Rate of LGO pumparound[kmol/h] 1,998 1481.1
] o Rate of HGO pumparound[kmol/h] 1,323 725.0
Fig. 3. Distribution of products. Rate of LVGO pumparound[kmol/h] 102 151
HN product[bbl/d] 24,060 24,055
Table 4. Results for the operating cost optimization Kerosene product[bbl/d] 15,610 15,615
Design variables Optimal case  Basecase  LGO product[bbl/d] 26,130 26,130
Objective function[US$/y] 8332670 9844000  HGO productbbld] 10,410 10,410
Duty of HN pumparound[f&cal/h] -13.7137  -15.0240 Feed tray . . 34 33
Duty of kerosene pumparoundfkal/h] —7.7933 -5.0060 Vapor fraction of heater inlet 0 0
Duty of LGO pumparound[f@cal/h] -13.4325 -10.0310
Duty of HGO pumparound[fRcal/h] -11.8245 -5.3158 400
Duty of condenser[fcal/h] -39.3677 -51.8780
Duty of LVGO pumparound[f&cal/h] -1.3424  -2.0309 350
Pressure of ADU column[kgem?] 2.8 2.33 200 b
Pressure of VDU column[kgem?] 0.04 0.05 5)
Rate of HN pumparound[kmol/h] 2,835 3333.0 % 250@‘
Rate of kerosene pumparound[kmol/h] 1,597 1286.1 f_i 200
Rate of LGO pumparound[kmol/h] 2,000 1481.1 !g
Rate of HGO pumparound[kmol/h] 2,000 725.0 g 1507
Rate of LVGO pumparound[kmol/h] 100 151 = 100 b o
HN product{bbl/d] 24,060 24,055 - gi‘;‘]f;“}“z; :ef;‘s’:)e
Kerosene product[bbl/d] 15,620 15,615 50t —a— Bubble T (optimal case) ]
LGO product[bbl/d] 26,130 26,130 0 ! . : ' : : :
HGO product{bbl/d] 10,410 10,410 ) 4 6 g 10 12 14
Feed tray . . 34 33 Heat exchanger
Vapor fraction of heater inlet 0 0

Fig. 4. Temperature profiles in the heat exchanger network.
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a : coefficient of cost function
A : heat exchanger area fin
b : coefficient of cost function
c : coefficient of cost function
C : cost [US$ly]
Ci : capital recovery factor
fy : type factor of heat exchanger
fn : material factor of heat exchanger
fy : pressure factor of heat exchanger
i :interest rate of return [-]
k : project life
N - number of tray
Q : heat duties [kcal/h]
=Ry
cond :condenser
col :column
hx : heat exchanger
reb : reboiler
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