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APPENDICES
Appendix A Simulation data to keyword for light crude.

$ Generated by PRO/II Ke}/word Generation System <version 5.61>
% I(%?_nEerated on: Sat Mar 27 19:58:29 2004

TOLERANCE STREAM-0.001

DIMENSION SI, TEMP=C, ENERGY-KWH, STDTEMP=0, STDPRES=101.325

SEQUENCE SIMSCI

CALCULATION RVPBASIS=APIN, TVP=37.778, RECYCLE-ALL
COMPONENT DATA

LIBID
1LETHANE/2,PROPANE/3,IBUTANE/4,BUTANE/5,IPENTANE/6, PENTANE/ &

THERMODYNAMIC DATA
METHOD SYSTEM-GS, SET-GS01, DEFAULT
STREAM DATA
PROPERTY STREAM-CRUDE, TEMPERATURE-21.111, PRESSURE-446.06,

PHASE-M, &
RATE%VRA:794.999 ASSAY-LV
AM-CRUDE, DATA-5,45/10,82/30,186/50,281/70,382/90,552, &

TBP STR

TEMP-C

APl STREAM-CRUDE, AVERAGE-36
LIGHTEND STREAM-CRUDE,
COMPQSITION™)-1,0.13/2,0.78/3,0.49/4,1.36/ &

5,1.05/6,1.3, MATCH
PlF;I?A\OSEEIIQ\ATESTREAM-WATER, TEMPERATURE-21.111, PRESSURE-446.06,

RATE(M%=4535.93, COMPOSITION%M =1
PaI?A\OSFI’EEK{ATE TREAM-RSTEAM, TEMPERATURE-260, PRESSURE-446.06,
RATEQNT_F=6020.06 COMPOSITION%M)ﬂl
PROPERTY STREAM-KSTEAM, TEMPERATURE-260, PRESSURE-446.06,
PHASE-M, &

RATE(WT_I)=6673 COMPOSITIONSDME)=7,1
PROPERTY STREAM-DSTEAM, TEMPERATURE-260, PRESSURE-446.06,
PHASE-M, &

RATE(WT_lF 1991 COMPOSITION(PM =7
PROPERTY STREAM-ASTEAM, TEMPERATURE-260, PRESSURE-446.06,
PHASE-M, &

RATE(WT)=3452.15 COMPOSITION(M)=7,1
PROPERTY STREAM-SI, REFSTREAM-AGQO
PROPERTY STREAM-S3, REFSTREAM-DIESEL
PROPERTY STREAM-S5, REFSTREAM-KEROSENE



80

PROPERTY STREAM= 7, REFSTREAM=S
PROPERTY STREAM-S9, REFSTREAM-NAPHTHA
PROPERTY STREAM-SI 1, REFSTREAM-COND
PROPERTY STREAM-S13, REFSTREAM-RESIDUE
PROPERTY STREAM= 15 REFSTREAM=PA1
PROPERTY STREAM-SI 7, REFSTREAM=PA2
PROPERTY STREAM= 19, REFSTREAM=PA3
UNIT OPERATIONS

MIXER UID=M1

FEED CRUDE WATER

PRODUCT M=MIXED

COLD FEED=MIXED, M=HEATED
OPER CTEMP-104.44
FLASH UID=F1
FFFD FTF.ATF
PRODUCT - | V-DESALTED
ADIABATIC
HX UID-E7
HOT FEED-S7, M-S8
OPER HTEMP-21.111

COLD FEED-DESALTED, M-HDESALTED, DP-34.474
OPER CTEMP-204.44

COLD FEED-HDESALTED, M-FEEDCRUDE, DP-206.84
OPER CTEMP-360
COLUMN UID-T1
EéER[,)AMETER TRAY-34,10
FEEDCRUDE,29/KTURN, 8/DTURN. 15/ATURN 24/RSTEAM,34 SEPARATE
PRODUCT OVHD(LV)=NAPHTHA 250, WATER(M)=DECANTED,1, &
LDRAW(LV)=KDRAWN.9,144, LDRAW(LV)=DDRAWN, 16,69.9998,

LDRAWELVE:ADRAWN 25,121, BTMS(LV)=RESIDUE 211, &
SUPERSEDE-ON
CONDENSER TYPE-TFIX, TEMPERATURE-43.333

DUTY 11/22.-0.021/3.10.-0.038/4.17 -0.005

PA FROM-4 TO-2 PHASE-L. TEMP-104.444

PA FROM-12, TO-10, PHASE-L, TEMP-171.111

PA FROM-19. TO-17, PHASE-L, TEMP-232.222

PRINT PROPTABLE-PART

ESTIMATE MODEL-REFINING

PRESSURE 1.206.815/2,210.262/34.279.21

SPEC STREAM-NAPHTHA D86(()95 cg VA E 18
SPEC STREAM-KEROSENE, D8 é95 'VALUE-271
SPEC STREAM-DIESEL, D86(95, UE 377



8l

SPEC TRAY=28, RATEéLV,BBL/H , PHASE=L WET, DIVIDE, &
STREAM-FEEDCRUDE, RATE(LV,BBL/H), TOTAL,WET, &
VALUE=0.03

VARY DUTY-1

VARY DRAW=KDRAWN,DDRAWN ADRAWN

TELOW TOT(V)-COND,2, PA(L)=PA1,4,2/IPA2,12,10/PA3,19,17

SIDESTRIPPER UID=SS1

PARAMETER TRAY=4,10

FEED KDRAWN,1/KSTEAM 4

PRODUCT OVHDgM)=KTURN, BTMS(LV)=KEROSENE,144

PSPEC PTOP-218.54

PRINT PROPTABLE-PART

SIDESTRIPPER UID=SS2

PARAMETER TRAY-4,10

FEED DDRAWN, 1/DSTEAM 4

PRODUCT OVHD}M)=DTURN, BTMS(LV)=DIESEL,69.9998

PSPEC PTOP-239.22

PRINT PROPTABLE=PART

FEED ADRAWN,1/ASTEAM 4

PRODUCT OVHD(M)=ATURN, BTMS(LV)-AGO,121

PSPEC PTOP-253.01

PRINT PROPTABLE=PART
CALCULATOR UID=CA5

DEFINE P(l) AS STREAM-PA 1, TEMPERATURE(C)

DEFINE P(2) AS COLUMN-T1 DUTY(3,WATTF2

DEFINE P(3) AS STREAM-PA2, TEMPERATURE(C
DEFINE P(4) AS COLUMN-T1, DUTY(4,WATT,%
DEFINE P(5) AS STREAM-PA3, TEMPERATURE(C)
(il

P3
R4-P4
R5-P5
RETURN
CAT CUT ATOR TTTD=CA4

DEFINE P(l) AS STREAM-RESIDUE, TEMPERATURE(C)

DEFINE P(2) AS COLUMN-T1, DUTY (LKW

DEFINE P(3) AS COLUMN-T1, TRAY-2, TE PERATUREEC&
DEFINE P(4) AS COLUMN-T1, TRAY-29, TEMPERATURE(C)
DEFINE P(5) AS COLUMN-TL, DUTY (2 WATT)

PROCEDURE

RI-Pl

R2-P2



R4=P4

R5=P5

RETURN
CALCULATOR UID=CA3

DEFINE Pg AS STREAM-DIESEL, D86(5,C), MINUS,
STREAM-[I)(8E6 95S(%ENE, &

D86

82

DEFINE P gAg STREAM-AGO, D86(5,C), MINUS, STREAM-DIESEL, &

C
DEFINE P(3) AS STREAM-KEROSENE, TEMPERATURE(C)
DEFINE P(4) AS STREAM-DIESEL, TEMPERATURE(C)
DEFINE P(5) AS STREAM-AGO, TEMPERATURE(C)
PROCEDURE
RI-Pl
R2-P2

p
R4-P4
R5-P5
RETURN
CALCULATOR UID-CA2
<\ DEEINE P() AS STREAN-KSTEAM, RATE(WT LBIH) TOTAL WET,
' STREAM-KEROSENE, RATE(LY BBLHITOTALWET
<\ DEEINE P(2) AS'STREAV-DSTEAN, RATE(WT LBIH) TOTALWET,
" STREAM-DIESEL, RATE(LV BBLIH)TOTAL WET
<\ REEINE P(3) AS STREAN-ASTEAN, RATE(WT LBIH) TOTALWET,
' STREAM-AGO RATE(LY 8BLIH) TOTAL WET
DEFINE P(4) AS STREAM-RSTEAM; RATE(WT,LB/H), TOTAL WET,

DIVIDE
REAN-RESIDUE, RATE(LY BBLI)TOTAL WET
DEANE P(5) AS STREAM-KEROSENE, D86(5,C), MINUS, &
REAM-NAPHTHA, D86(95.C)

URE
CALCULATOR UID-CAL
DEFINE P(l) AS STREAM-NAPHTHA RATEéLV,MS/H)TOTAL,WET
DEFINE P(2) AS STREAM-KEROSENE, RATE(LV,M3/H),TOTAL WET
DEFINE P(3) AS STREAM-DIESEL, RATE(LV,M3/H) TOTAL.WET
DEFINE P(4) AS STREAM-AGO, RATE(LV M3/H). TOTAL WET
DEFINE P(5) AS STREAM-RESIDUE, RATE(LV,M3/H), TOTAL,WET



PROCEDURE
R1=P1

' P3

R4=P4

R5-P5

RETURN
HX UID-E13

HOT FEED-SI9 M= 20

OPER HTEMP-232.22
HX UID-E12

HOT FEED=S17, M-S 18

OPER HTEMP-171.11
HX UID-E1l

HOT FEED-SI5 M=516

OPER HTEMP-104.44
HX UID-E10

HOT FEED-S13, M-S14

OPER HTEMP-260
HX UID-E9

HOT FEED-SI 1 M-S 12

OPER HTEMP-43.333
HX UID-ES

HOT FEED-S9, M-S10

OPER HTEMP-21.111
HX UID-E6

HOT FEED-S5, M-S6

OPER HTEMP-21.111
HX UID-E5

HOT FEED-$3, M-S4

OPER HTEMP-21.111
HX UID-E4

HOT FEED-SI, M-S?

OPER HTEMP-21.111
END
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Appendix B Simulation data to keyword for intermediate crude.

$ Generated by PRO/II Ke}/word Generation System <version 5.61>
% IC%eLnEerated on Sat Mar 27 20:13:02 2004
TOLERANCE STREAM-0.001
DIMENSION SI, TEMP-C, ENERGY-KWH, STDTEMP-0, STDPRES-101.325
SEQUENCE SIMSCI
CALCULATION RVPBASIS-APIN, TVP-37.778, RECYCLE-ALL
CBI%/IIFE)ONENT DATA
1,ET|7-|A|_|N2%/2,PROPANE/3,|BUTANE/4,BUTANE/5,IPENTANE/6,PENTANE/ &
THERMODYNAMIC DATA
METHOD SYSTEM-GS, SET-GS01, DEFAULT
STREAM DATA
PROPERTY STREAM-CRUDE, TEMPERATURE-21.111, PRESSURE-446.06,
PHASE-M, &
RATE%LVRA 794.999, ASSAY-LV
TB; ESI\T/I% CRUDE, DATA-5,94/10,131/30,265/50,380/70,506/90,670, &
AP STREAM CRUDE, AVERAGE-27.7
UGI\}I-'ATFCNI-[I) STREAM-CRUDE, COMPOSITION®)-10.1/2,0.3/3,0.2/4,0.7, &
Pm%IEEWESTREAM-WATER, TEMPERATURE-21.111, PRESSURE-446.06,
RATE(Mg =4535.93, COMPOSITION(M)=
PROPERTY STREAM-RSTEAM, TEMP ATURE 260, PRESSURE-446.06,
PHASE-M, &
RATE(WT)-12173, COMPOSITION(MF? =71
PIFiIFfA\OSPEEIF\{/ITY STREAM-KSTEAM, TEMPERATURE-260, PRESSURE-446.06,
RATE(WT =2707.17, COMPOSITION(M)=
PROPERTY STREAM-DSTEAM, TEMPE TURE 260, PRESSURE-446.06,
PHASE-M, &
RATE(WT)-1731, COMPOSITION(M)=
PROPERTY STREAM-ASTEAM, TEM RATURE 260, PRESSURE-446.06,
PHASE-M, &
RATE(WT)-1672.89, COMPOSITION(M)=7.1
PROPERTY STREAM-SI, REFSTREAM-AGO
PPOPFRTY STRRAM= 7 RFFSTPF AM=F)TFSIFL
PROPERTY STREAM- ! REFSTREAM-KEROSENE
PROPERTY STREAM-S7, REFSTREAM-SW
PROPERTY STREAM-S9, REFSTREAM-NAPHTHA
PROPERTY STREAM-SI 1, REFSTREAM-COND
PROPERTY STREAM-SI3, REFSTREAM-RESIDUE
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PROPERTY STREAM-S15, REFSTREAM-PAI
PROPERTY STREAM-S1 7, REFSTREAM-PA2
PROPERTY STREAM-S19, REFSTREAM-PA3
UNIT OPERATIONS
MIXER UID-M1
FEED CRUDE,WATER
PRODUCT M-MIXED

COLD FEED-MIXED, M-HEATED
OPERCTEMP-104.44
FLASH UID-F1
FEED HEATED
PRODUCT -, V-DESALTED
ADIABATIC
HX UID-E28
HOT FEED-S7, M-S8
OPER HTEMP-21.111

COLD FEED-DESALTED, M-HDESALTED, DP-34.474
OPER CTEMP-204.44

HX UID=E3
COLD FEED-HDESALTED, M-FEEDCRUDE, DP-206.84
OPER CTEMP-360

COLUMN UID-T1
PARAMETER TRAY-34,10

FEED
FEEDCRUDE 29/KTURN 8/DTURN, 15/ATURN, 24/RSTEAM 34 SEPARATE

PRODUCT OVHD( LV -NAPHTHA, 1545, WATER(M)=DECANTED, 1, &
LDRAWELVK RAWN 9,94.8892 LDRAW L\Q DDRAWN. 16, &
60.673, LDR W&L\Q =ADRAWN,25,58.6361, BTMS(LV)=RESIDUE, &
426.679. SUPERSEDE-0

CONDENSER TYPE-TFIX, TEMPERATURE 43.333

DUTY 1.1/2.2.-0.025/3.10,-0.013/4.17 -0.002

PAFROM-4 TO-2 PHASE-L. TEMP-104.444

PAFROM-12 TO-10, PHASE-L, TEMP-171.111

PA FROM 19. TO-17, PHASE-L. TEMP-232.222

PRINT PROPTABLE-PART

ESTIMATE MODEL-REFINING

PRESSURE 1,206.815/2.210.262/34.279.21

SPEC STREAM-NAPHTHA D86895 cg VALUE-182

SPEC STREAM-KEROSENE, D8 égs VALUE-271

SPEC STREAM-DIESEL, D86(95,C). VALUE-327

SPEC TRAY-28, RATEéLVB L/ & PHASE-L WET, DIVIDE, &
STREAM-FEEDCRUDE, RATE(LV,BBL/H) TOTAL,WET, &
VALUE-0.03

VARY DUTY-1

VARY DRAW=KDRAWN,DDRAWN ADRAWN



TELOW TOT(V=COND.2, PA(L)=PAS,18,1TIPA212.10/PAL45
SIDESTRIPPER o
DARAVLTER TRAY=410
FEED KDRAWN, UKSTEAM 4
PRODUCT OVHDé )=KTURN, BTMS(LV)=KEROSENE, 144
PSPEC PTOP=218.54
PRINT PROPTABLE-PART
SIDESTRIPPER UID=S52
PARAMETER TRAY=410
FEED DDRAWN, UDSTEAM 4
PRODUCT OVHD§M) =DTURN, BTMS(LV)=DIESEL69.9998
PSPEC PTOPA239.22
PRINT PROPTABLE=PART
SIDESTRIPPER UID=SS3
PARAMETER TRAY=40
FEED ADRAWN, JASTEAM 4
PRODUCT OVHD(M)=ATURN, BTMS(LV)=AGO,121
PSPEC PTOP=253.01
PRINT PROPTABLE=PART
CALCULATOR UID=CA5
DEFINE P(I) AS STREAM=PAL, TEMPERATURE(C)
DEFINE P(2) AS COLUMN=TI, DUTY(SWATTFg
DEFINE P(3) AS STREAM=PA2, TEMPERATURE(C)
AS COgRMN=TI DUTY(4WATTF2
S STHEAM=PA3, TEMPERATURE(C)

S STREAM=RESIDUE, TEMPERATURE(C)
DUTY/(LKW

LUMN=TI,

COLUMN=TI, TRAY-2, TE PERATUREEC%
COLUMN=TI, TRAY=29, TEMPERATURE(C)
COLUMN=TI, DUTY(2,WATT)

RI=P1

R7=P?

p=p

R4-P4

R5=P5

RETURN

CALCULATOR UID=CA3
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DEFINE Pg AS STREAM=DIESEL, D86(5,C), MINUS,
STREAM-KEROSENE, &
D86 95,Cg

DEFlNDEESg gé\) STREAM-AGO, D86(5,C), MINUS, STREAM-DIESEL, &

DEFINE P(3) AS STREAM-KEROSENE, TEMPERATURE(C)

DEFINE P(4) AS STREAM-DIESEL, TEMPERATURE(C)

DEFINE P(5) AS STREAM-AGO, TEMPERATURE(C)
P

N=P3
R4-P4
R5-P5
RETURN
CALCULATOR UID-CA2
DIV?EE”\J&E P(l) AS STREAM-KSTEAM, RATE(WT,LB/H), TOTAL,WET,
" STREAM-KEROSENE, RATE(LV,BBL/H),TOTAL WET
DIV?I%E”\J&E P(2) AS STREAM-DSTEAM, RATE(WT LB/H), TOTALWET,
'~ STREAM-DIESEL, RATEELV,BBL/H?E,TOTAL,WET
DIV[I)I%E”\J&E P(3) AS STREAM-ASTEAM, RATE(WT,LB/H),TOTAL,WET,
" STREAM-AGO RATE%LV BBL/H) TOTAL,WET
DIV[I)I%E”\J&E P(4) AS STREAM-RSTEAM, RATE(WT,LB/H), TOTAL WET,
" STREAM-RESIDUE, RATEgLV,BBL/H),TOTAL,WET
DEFINE P(5) AS STREAM-KEROSENE, D86(5,C), MINUS, &
STREAM-NAPHTHA, D86(95,C)

E

PROCEDURE
BI-PI
Id

R4-P4

R5-P5

RETURN

CALCULATOR UID-CAL

DEFINE P(I) AS STREAM-NAPHTHA. RATEéLV,M:%/H) TOTAL WET
DEFINE P(2) AS STREAM-KEROSENE, RATE(LV M3/H),TOTAL WET
DEFINE P(3) AS STREAM-DIESEL, RATE(LV.M3/U) TOTALWET
DEFINE P(4) AS STREAM-AGO, RATE(LV M3/H) TOTAL WET
DEFINE P(5) AS STREAM-RESIDUE, RATE(LV M3/H),TOTAL WET
PROCEDURE

RI-P]

p DT

' P3



=l

HHOT "+ = S19M =520
OPER HTEMP=232.22

HHo fEEd| i7,M=518
OPER HTEMP=171.11
HX UID=E4
HOT FEED=S 15 M=s16
OPER HTEMP=104.44
HX UID=E31
HOT FEED=S13.M= 14
OPER HTEMP=260

B
OPER HTEMP=43.333
HX UID=E29
HOT FEED-S9, M=510
OPER HTEMP-2L111

OPER HTEMP=21111
HX UID=E26

HOT FEED=S3, M= 4

OPER HTEMP-21.111

HOT FEED=S1 M= 2
OPER HTEMP-21.111
END
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Appendix C Simulation data to keyword for heavy crude.

$ Generated by PRO/II Ke%/word Generation System eversion 5.61>
% I(%?_nEerated on: Sat Mar 27 20:16:04 2004

TOLERANCE STREAM=0.001

DIMENSION SI, TEMP-C, ENERGY-KWH, STDTEMP=0, STDPRES=101.325
SEQUENCE SIMSCI

CALCULATION RVPBASIS=APIN, TVP-37.778, RECYCLE-ALL
CIE)IIE;AIPDONENT DATA
1ET|7-|ﬁl§|g/2,PROPANE/3,|BUTANE/4,BUTANE/5,IPENTANE/6,PENTANE/ &

THERMODYNAMIC DATA
METHOD SYSTEM=GS, SET=GS01, DEFAULT
STREAM DATA
PlFilF'{A\(.')SFI’EEK{ATESTREAM =CRUDE, TEMPERATURES 1.111, PRESSURE-446.06,
RATE%VR/] 7194999, ASSAY=LV
TBP STREAM-CRUDE, DATA=5,133/10,237/30,344/50,482/70,640, TEMP=C
AP| STREAM=CRUDE, AVERAGES0 -
LIGHTEND STREAM-CRUDE,
COMPOSITIONS:M)S 0.04/3,0.04/4,0.11/5,0.14/&
6,0.16, MATCH
PIFiIFfAOSPEER{/ITT&STREAM-WATER TEMPERATURES 1.111, PRESSURE-446.06,
RATE(M)-4535.93, COMPOSITIONEM) -7
PPHSA\OSFI)EEK{/ITT& TREAM-RSTEAM, TEMPERATURE-260, PRESSURE-446.06,
RATE(WT)-17284.1, COMPOSITION(M)z
PIEISA\OSFI)EEKQ/ITY STREAM-KSTEAM, TEMPE TURE 260, PRESSURE-446.06,
RATE(WT -1392.26, COMPOSITION(M)=7,1
PPHF,QA\OSFI)EEIB/ITT&ST EAM-DSTEAM, TEMPERATURE-260, PRESSURE-446.06,
RATE(WT_P 1705.23, COMPOSITION(M)=
PPHFSA\OSFI)EEIF\{/ITT&S REAM-ASTEAM, TEMPE TURE 260, PRESSURE-446.06,
RATE(WT_|)=2373.78 COMPOSITION(M)-7,1
PROPERTY STREAM-SI, REFSTREAM-AGO
PROPERTY STREAM-S3, REFSTREAM DIESEL
PROPERTY STREAM-S5, REFSTREAM-KERO SENE
PROPERTY STREAM-S7, REFSTREAM-SW
PROPERTY STREAM-S9, REFSTREAM-NAPHTHA
PROPERTY STREAM-SI 1, REFSTREAM-COND
PROPERTY STREAM-SI3, REFSTREAM-RESIDUE



PROPERTY STREAM-SI5, REFSTREAM-PA1
PROPERTY STREAM-SI7, REFSTREAM-PA2
PROPERTY STREAM-S19, REFSTREAM-PA3
UNIT OPERATIONS
MIXER UID-M1
FEED CRUDE WATER
PRODUCT M-MIXED

COLD FEED-MIXED, M-HEATED
OPER CTEMP-104.44
FLASH UID-F1
FEED HFATF.n
PRODUCT -, V-DESALTED
ADIABATIC
HX UID-E7
HOT FEED-S7, M-S8
OPER HTEMP-21.111
HX UID-E2
COLD FEED-DESALTED, M-HDESALTED, DP-34.474
OPER CTEMP-204.44
HX UID=E3
COLD FEED-HDESALTED, M-FEEDCRUDE, DP-206.84
OPER CTEMP-360
COLUMN UID-T1
PARAMETER TRAY-34,10

FEEDCRUDE 29/KTURN,8/DTURN, 15/ATURN,24/RSTEAM 34, SEPARATE

PRODUCT OVHD(LV)=NAPHTHA 56.4674, WATEF\{})I\ZIE;DECANTEDJ ,

LDRAW LVFZ:K RAWN,9.48.7994 [ DRAW(L
50.7218, LD AWFLV):ADRAWN,QS 245364, &
BTMSIQLV):RES DUE,605.819, SUPERSEDE-ON

CONDENSER TYPE-TFIX, TEMPERATURE-21.111

DUTY 1.1/2.2.-0.018/3.10.-0.009/4.17 -0.001

PA FROM-4, TO-2. PHASE-L, TEMP-104.444

PA FROM-12, TO-10, PHASE-L, TEMP-171.111

PA FROM-19. TO-17, PHASE-L, TEMP-232.222

PRINT PROPTABLE-PART

ESTIMATE MODEL-REFINING

PRESSURE 1.206.815/2.210.262/34.279.21

SPEC STREAM-NAPHTHA D86895 cg VALUE-182

SPEC STREAM-KEROSENE, D8 égé VALUE-271

SPEC STREAM-DIESEL, D86(95,C), VALUE-327

SPEC TRAY-28, RATEéLV,BBL/H "PHASE-L WET, DIVIDE, &
STREAM-FEEDCRUDE, RATE(LV,BBL/H) TOTAL WET, &
VALUE-0.03

VARY DUTY-1

VARY DRAW=KDRAWN,DDRAWN ADRAWN

DRA WN,16, &

90
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TELOW TOT(V)=COND,2, PA(L)=PA3,10,17/PA2,12,10/PA1 4,2
SIDESTRIPPER U2l
PARAMETER TRAY=410
FEED KDRAWN, UKSTEAM 4
PRODUCT OVHDgM) KTURN, BTMS(LV)=KEROSENE, 144
PSPEC PTOP=21854
PRINT PROPTABLE=PART
SIDESTRIPPER UID=SS2
PARAMETER TRAY=410
FEED DDRAWN, UDSTEAM. 4
PRODUCT OVHD§M) DTURN, BTMS(LV)=DIESEL 69.9998
PSPEC PTOP=239.22
PRINT PROPTABLE=PART
SIDESTRIPPER UID=SS3
PARAMETER TRAY=40
FEED ADRAWN, UASTEAM 4
PRODUCT OVHD(M)=ATURN, BTMS(LV)-AGO, 121
PSPEC PTOP=253.01
PRINT PROPTABLE=PART
CALCULATOR UID-CA5
DEFINE P(I) AS STREAM=PAL, TEMPERATURE(C)
DEFINE P(2) AS COLUMN=TI, DUTY 3, WATT
DEFINE P(3) AS STREAM=PA2, TEMPERATURE(C
DEFINE P{4) AS COLUMNS L DUTY(4,WATTF2
DEFINE P(5) AS STREAM=PA3, TEMPERATURE(C)
R

R4=P4
R5=P5
RETURN
CALCULATOR UID=CA4
DEFINE P(l) AS STREAM=RESIDUE, TEMPERATURE(C)
DEFINE P(2) AS COLUMN=TI, DUTY (LKW

DEFINE P(3) AS COLUMN=TI, TRAY-2, TE PERATUREEC%
DEFINE P(4) AS COLUMN=TI, TRAY=20 TEMPERATURE(C)
E) I PE{EAS COLUMN=TI, DUTY(2, WATT)

CALCULATOR UID=CA3
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DEFINE Pg AS STREAM-DIESEL, 86(5,C), MINUS,
STREAM-KEROSENE, &
D86 95,C§
DEHND%E gé STREAM=AGO, D86(5,C), MINUS, STREAM-DIESEL, &

DEFINE P(3) AS STREAM-KEROSENE, TEMPERATURE(C)
DEFINE P(4) AS STREAM-DIESEL, TEMPERATURE(C)
DEFINE P(5) AS STREAM-AGO, TEMPERATURE(C)
PROCED

RI-PI

R2-P2

R4-P4
R5-P5
RETURN
CALCULATOR UID-CA?

o\ JEEINE P(1) AS STREAN-KSTEAM, RATE(WT LBIH) TOTAL WET,
' STREAM-KEROSENE, RATE(LY BBLIHITOTALWET
\REEINEP(2) AS STREAN-DSTEAN, RATE(WT LBIH) TOTAL WET,

' STREAM-DIESEL RATE(LY BBLIHTOTALWET
-\ DEEINE (3) A STREAM-ASTEAM, RATE(WT LE/H). TOTAL WET,
' STREAM-AGO RATE(LY.8BL) TOTAL WET
o\ DEENE P8 AS STREAM-RSTEAM, RATE(WT LBIH), TOTAL WET,
" STREAM-RESIDUE, RATE(LV.BBL/H).TOTAL WET
DEFINE P(5) AS STREAM-KEROSENE, D86(5,C), MINUS, &
STREAM-NAPHTHA, D86(95,C)
PROCEDURE

%Z-PZ

R4-P4

| torn

CALCULATOR UID-CAL
DEFINE P(I) AS STREAM-NAPHTHA RATEéLV,I\/I(%/H)TOTAL,WET
DEFINE P(2) AS STREAM-KEROSENE, RATE(LV M3/H) TOTAL WET
DEFINE P(3) AS STREAM-DIESEL, RATE(LV 3/H TOTAL WET
DEFINE P(4) AS STREAM-AGO, RATE(L ,Mé/H),T TAL,WET
DEFINE P(5) AS STREAM-RESIDUE, RATE(LV,M3/H),TOTAL,WET
i

R3-P3

E



TFfED=519,.M=520
R HTEMP=232.22
ID=E1?

FEED=S17, M=518
R HTEMP=171.11

D=S 15, M=s 16
R HTEMP=104.44

@)
=
1
rm
T
7
D
H
) O
=
11
D
H
I~

HX UID-E9
HOT FEED=S11 M= 12
OPER HTEMP=21.111

HHOT"EED=59; M=S10
OPER HTEMP=21111
HX UID=E6
HOT FEED=S5, M=56
OPER HTEMP=21111
HX UID=E5
HOT FEED=S3, M=54
OPER HTEMP=21.111
HX UID=E4
HOT FEED=S 1 M=82
N [g)PER HTEMP=21111
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Appendix D The formulas of the annual cost and the net present value (NPV).
The annual costs

The annual costs (§/year) = Operating costs ($/year) + Fixed costs ($/year)
Operating costs

Operating costs ($/year) = Utilities costs ($/year)

Utilities costs ($/year) = Cooling utility costs ($/year) + Furnace costs
($/year)

Cost data:

Fuel gas = $6.83/ (MW h)

Cooling water = $1.2287/ (MW h)

Assuming: Working days per year = 24*365 h
Fixed costs

Fixed costs (§/year) = Fleat exchanger costs ($/year)

Heat exchanger costs ($/year) = 1168.5H0@ (A in m2) / Depreciation life
(years)

Cost data:

Depreciation life = 10 years

The Net Present Value (NPV)

NPV =

S (C, +C L) X (A ) (-0 (s 0 s> (L ) (Cs v CL )0

C| = Fixed capital investment = 11685 (A inm3
R = Furnace and cooling water costs before retrofit

X = Furnace and cooling water costs after retrofit

Cs = Salvage value = assuming = $0

Cw = Working capital = assuming = $0



D = Depreciation/year = Q/rit

t = Tax rate = assuming = 30 %.

| = after tax rate of return = Interest=59%. = useful plant life = 15 years
nt= Depreciation life (tax purpose) = 10 years

Fuel gas cost = $6.83/ (MW/h)

Cooling cost = $1.2287/ (MW/h)

Assuming: Working days per year = 24*365 h

95
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Appendix E Simulation data to keyword for light crude of area optimization .

$ Generated by PRO/II Keyword Generation System eversion 5.61>
$ Generated on: Mon May 03 01:14:11 2004
TITLE
TOLERANCE STREAM=0.001
DIMENSION SI, TEMP=C, ENERGY=KWLI, DUTY-WATT, HTCOEF-BTU/H,
&
STDTEMP-0, STDPRES-101.325
SEQUENCE SIMSCI
CALCULATION RVPBASIS-APIN, TVP-37.778, RECYCLE-ALL
COMPONENT DATA
LIBID
IETHANE/2 PROPANE/3,IBUTANE/4,BUTANE/5,IPENTANE/6,PENTANE/ &
1,H20
THERMODYNAMIC DATA
METHOD SYSTEM-GS, SET-GS01, DEFAULT
STREAM DATA
PROPERTY STREAM-CRUDE, TEMPERATURE-21.111, FRESSURE-446.06,
PHASE-M, &
RATE(LV)=794.999, ASSAY-LV
TBP STREAM-CRUDE, DATA-5,45/10,82/30,186/50,281/70,382/90,552, &
TEMP-C
APl STREAM-CRUDE, AVERAGE-36
LIGHTEND STREAM-CRUDE,
COMPOSITION?)-1,0.13/2,0.78/3,0.49/4,1.36/ &
5,1.05/6,1.3, MATCH
PROPERTY STREAM-WATER, TEMPERATURE-21.111, PRESSURE-446.06,
PHASE-M, &
RATE(M)=4535.93, COMPOSITION(M)=7,|
PROPERTY STREAM-RSTEAM, TEMPERATURE-260, PRESSURE-446.06,
PHASE-M, &
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RATE(WT)=6020.06, COMPOSITION(M)=7,1
PROPERTY STREAM=KSTEAM, TEMPERATURE=260, PRESSURE=446.06,
PHASE=M, &
RATE(WT)=6673, COMPOSITION(M)=7|
PROPERTY STREAM=DSTEAM, TEMPERATURE=260, PRESSURE=446.06,
PHASE=M, &
RATE(WT)=1991, COMPOSITION(M)-7,|
PROPERTY STREAM=ASTEAM, TEMPERATURE=260, PRESSURE-446.06,
PHASE=M, &
RATE(WT)=3452.15, COMPOSITION(M)=7,1
PROPERTY STREAM=SL, REFSTREAM=MIXED
UNIT OPERATIONS
MIXER UID-M1
FEED CRUDE,WATER
PRODUCT M=MIXED
HX UID=EL
COLD FEED-MIXED, M=HEATED
OPER CTEMP-104.44
FLASH UID=F1
FEED HEATED
PRODUCT -, V-DESALTED
ADIABATIC
HX UID-E2
COLD FEED-DESALTED, M-HDESALTED, DP-34.474
OPER CTEMP-204.44
HX UID-E3
COLD FEED-HDESALTED, M-FEEDCRUDE, DP-206.84
OPER CTEMP-360
COLUMN UID-TL
PARAMETER TRAY-34,10
FEED
FEEDCRUDE, 29/KTURN,8/DTURN, 15/ATURN,24/RSTEAM,34,SEPARATE



9%

PRODUCT OVHD(LV)=NAPHTHA,250, WATER(M)=DECANTED, 1, &
LDRAW(LV)=KDRAWN,9,144, LDRAW(LV)=-DDRAWN, 16,69.9998,

LDRAW(LV)=ADRAWN,25,121, BTMS(LV)=RESIDUE 211, &
SUPERSEDE=ON

CONDENSER TYPE-TFIX, TEMPERATURE=43.333

DUTY 1,1/2,2,-21/3,10,-38/4,17 -5

PA FROM=4, TO=2, PHASE-L, TEMP-104.444

PAFROM-12, TO=10, PHASE-L, TEMP=171.111

PA FROM=19, TO=17, PHASE-L, TEMP-232.222

PRINT PROPTABLE-PART

ESTIMATE MODEL=REFINING

PRESSURE 1,206.815/2,210.262/34,279.21

SPEC STREAM-NAPHTHA, D86(95,C), VALUE=182

SPEC STREAM=KEROSENE, D86(95,C), VALUE-271

SPEC STREAM=DIESEL, D86(95,C), VALUE-327

SPEC TRAY-28, RATE(LV BBL/H), PHASE=L WET, DIVIDE, &
STREAM-FEEDCRUDE, RATE(LV,BBL/H),TOTAL,WET, &
VALUE=0.03

VARY DUTY-1

VARY DRAW=KDRAWN,DDRAWN,ADRAWN

TFLOW TOT(V)=COND,2, PA(L)=PA1,4,2/PA2,12,10/PA3,19,17

SIDESTRIPPER UID=S831

PARAMETER TRAY-4,10

FEED KDRAWN, VKSTEAM 4

PRODUCT OVHD(M)-KTURN, BTMS(LV)=KEROSENE,144

PSPEC PTOP-218.54

PRINT PROPTABLE-PART

SIDESTRIPPER UID-SS2

PARAMETER TRAY=4,10

FEED DDRAWN,1/DSTEAM 4

PRODUCT OVHD(M)=DTURN, BTMS(LV)=DIESEL,69.9998



PSPEC PTOP=239.22

PRINT PROPTABLE=PART
SIDESTRIPPER UID=5S3

PARAMETER TRAY=4,10

FEED ADRAWN,1/ASTEAM 4

PRODUCT OVHD(M)=ATURN, BTMS(LV)=AGO,121

PSPEC PTOP=253.01

PRINT PROPTABLE=PART
HX UID=E4

HOT FEED=COND, M=313

COLD FEED=S1,M= 2

CONFIGURE COUNTER, =40, AREA=100
HX UID=E13

HOT FEED=S 135M=s14

OPER HTEMP=43.333
HX UID=E5

HOT FEED=PALM= 15

COLD FEED=S2, M=S3

CONFIGURE COUNTER, =37.5, AREA=100
HX UID=E14

HOT FEED=S15 M= 16

OPER HTEMP=104.44
HX UID=E6

HOT FEED=KEROSENE, M=817

COLD FEED=S3, M=54

CONFIGURE COUNTER, =35, AREA=100
HX UID=E15

HOT FEED= 17, M=s18

OPER HTEMP=21.11
HX UID=E7

HOT FEED=PA2, M= 19

COLD FEED=54, M= 5
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CONFIGURE COUNTER, =30, AREA=100
HX UID=EL6
HOT FEED=519, M=520
OPER HTEMP=171.11
CALCULATOR UID=CAL
CONSTANT 1,1168.5/2,0.65/3,10/4,1.2287/5 246,365
DEFINE P(l) AS HX=E4, AREA(M2)
DEFINE P(2) AS HX=E5, AREA(M2)
DEFINE P(3) AS HX=E6, AREA(M2)
DEFINE P(4) AS HX=E7, AREA(M?)
DEFINE P(5) AS HX=E13, DUTY(WATT)
DEFINE P(§) AS HX=E14, DUTY(WATT)
DEFINE P(7) AS HX=E15, DUTY(WATT)
DEFINE P(8) AS HX=E16, DUTY(WATT)
PROCEDURE
R1=P1+P2+P3+P4
R2=P5+PG+P7+Pg
R3=(C 1*(R1+*C2))/C3
RA=C4*C5*C6*R2
R5=R3+R4
RETURN
OPTIMIZER UID=0P!
SPEC ID=0PTLSPECL, STREAM=S5, TEMPERATURE(C), VALUE=104.44
VARY D=OPTIVARY 1, HX=E4, AREA(M2), MINI=0, MAXI=1000
VARY ID=OPTIVARY2, HX=E7, AREA(M2), MINI=0, MAXI=1000
VARY ID=OPTIVARY3, HX=E6, AREA(M2), MINI=0, MAXI=1000
VARY ID=OPTIVARY4, HX=E5, AREA(M2), MINI=0, MAXI=1000
OBJECTIVE CALCULATOR=CAI, R(5), MINIMIZE
FLASH UID=F?
FEED S5
PRODUCT = 6, V=57
ADIABATIC
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HX UID=E8

HOT FEED=DIESEL, M= 21

COLD FEED=S7, M=38

CONFIGURE COUNTER, =27.5, AREA=100
HX UID=E17

HOT FEED=S21, M=322

OPER HTEMP=21.11
HX UID=E9

HOT FEED=PA3, M= 23

COLD FEED=38, M=S9

CONFIGURE COUNTER, =25, AREA=100
HX UID=E18

HOT FEED=S23, M=524

OPER HTEMP=232.22
HX UID=E10

HOT FEED=AGO, M=325

COLD FEED=S9, M=§10

CONFIGURE COUNTER, =20, AREA=100
HX UID=E19

HOT FEED=825, M=S26

OPER HTEMP=2111
HX UID=E1l

HOT FEED=RESIDUE, M=327

COLD FEED=510, M=S11

CONFIGURE COUNTER, =23, AREA=100
HX UID=E20

HOT FEED=S27, M= 28

OPER HTEMP=260
HX UID=E12

COLD FEED=S11, M=s 12

OPER DUTY=1
CALCULATOR UID=CA2
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CONSTANT 1,1168.5/2,0.65/3,10/4,6.83/5,24/6,365/7,1.2287
DEFINE P(I) AS HX=ES, AREA(M2)
DEFINE P(2) AS HX-E9, AREA(M2)
DEFINE P(3) AS HX-E10, AREA(M2)
DEFINE P(4) AS HX=E11, AREA(M?)
DEFINE P(5) AS HX-E12, DUTY(WATT)
DEFINE P(§) AS HXHEL7, DUTY(WATT)
DEFINE P(7) AS HX-E18, DUTY(WATT)
DEFINE P(8) AS HX-E19, DUTY(WATT)
DEFINE P(9) AS HX=E20, DUTY(WATT)
PROCEDURE
R1=P1+P2+P3+P4
R2=P6+P7+P8+PY
R3=C1 *(R1**C2)/C3
RA=C4*P5*C5*CS
R5=CT*C5*C6*R?
R6=R3+RA+RS
RETURN
OPTIMIZER UID=0P2
SPEC ID=OPT2SPECI, STREAM= 12, TEMPERATURE(C), VALUE=360
VARY ID=OPT2VARYI, HX=ES, AREA(M2), MINI=0, M AXI-10000
VARY ID-OPT2VARY4, HX=E9, AREA(M2), MINI-0, MAXI-500
VARY ID-OPT2VARY?2, HX=E12, DUTY(WATT), MINI-0, MAXI=2000
vary ID=OPT2VARY3, HX=E1L AREA(M2), MINI=0, MAXI=1000
VARY ID-OPT2VARYS5, HX=EL0, AREA(M2), MINI=0, M AXI-10000
CONSTRAINT ID-OPT2CONS1, STREAM-S23, TEMPERATURE(C), &
MINI-232.22
CONSTRAINT ID-OPT2CONS2, STREAM-S27, TEMPERATURE(C),
MINI-260
OBJECTIVE CALCULATOR-CA2, R(6), MINIMIZE
END

— o o S ——r
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Appendix F Simulation data to keyword for intermediate crude of area
optimization .

$ Generated by PRO/II Keyword Generation System <version 5.61>
$ Generated on: Mon May 03 01:20:43 2004
TITLE
TOLERANCE STREAM=0.001
DIMENSION SI, TEMP=C, ENERGY=KWH, DUTY=WATT, HTCOEF=BTU/H,
&
STDTEMP=0, STDPRES=101.325
SEQUENCE SIMSCI
CALCULATION RVPBASIS=APIN, TVP=37.778, RECYCLE=ALL
COMPONENT DATA
LIBID
1ETHANE/2 PROPANE/3,IBUTANE/4,BUTANE/5,IPENTANE/6,PENTANE/ &
1,H20
THERMODYNAMIC DATA
METHOD SYSTEM=GS, SET=GS01, DEFAULT
STREAM DATA
PROPERTY STREAM=CRUDE, TEMPERATURE=21.111, PRESSURE=446.06,
PHASE=M, &
RATE(LV)=794.999, ASSAY=LV
TBP STREAM=CRUDE, DATA=5,94/10,131/30,265/50,380/70,506/90,670, &
TEMP=C
AP STREAM=CRUDE, AVERAGE=27.7
LIGHTEND STREAM=CRUDE, COMPOSITION(M)=1,0.1/2,0.3/3,0.2/4,0.7, &
MATCH
PROPERTY STREAM=WATER, TEMPERATURE=21.111, PRESSURE=446.06,
PHASE=M, &
RATE(M)=4535.93, COMPOSITION(M)=7,1
PROPERTY STREAM=RSTEAM, TEMPERATURE=260, PRESSURE=446.06,
PHASE=M, &
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RATE(WT)=12173, COMPOSITION(M)=7,1
PROPERTY STREAM=KSTEAM, TEMPERATURE=260, PRESSURE-446.06,
PHASE-M, &
RATE(WT)=2707.17, COMPOSITION(M)-7.L
PROPERTY STREAM-DSTEAM, TEMPERATURE=260, PRESSURE-446.06,
PHASE=M, &
RATE(WT)=173L, COMPOSITION(M)=7|
PROPERTY STREAM-ASTEAM, TEMPERATURE=260, PRESSURE=446.06,
PHASE=M, &
RATE(WT)- 1672.89, COMPOSITION(M)=7,1
PROPERTY STREAM-SI, REFSTREAM=MIXED
UNIT OPERATIONS
MIXER UID-M1
FEED CRUDE,WATER
PRODUCT M-MIXED
HX UID-EL
COLD FEED-MIXED, M=HEATED
OPER CTEMP-104.44
FLASH UID=F1
FEED HEATED
PRODUCT := , V-DESALTED
ADIABATIC
HX UID=E2
COLD FEED-DESALTED, M=HDESALTED, DP-34.474
OPER CTEMP-204.44
HX UID-E3
COLD FEED-HDESALTED, M-FEEDCRUDE, DP-206.84
OPER CTEMP-360
COLUMN UID-TL
PARAMETER TRAY-34,10
FEED
FEEDCRUDE,29/KTURN,8/DTURN, 15/ATURN 24/RSTEAM,34,SEPARATE
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PRODUCT OVHD(LV)=NAPHTHA, 1545, WATER(M)-DECANTED, 15&
LDRAW(LV)=KDRAWN.,9,94.8892, LDRAW/(LV)=DDRAWN, 16, &
60.673, LDRAW(LV)-ADRAWN,25,58.6361, BTMS(LV)=RESIDUE, &
426.679, SUPERSEDE-ON

CONDENSER TYPE=TFIX, TEMPERATURE-43.333

DUTY 11/2,2,-25/3,10,-13/4,17 -2

PA FROM-4, TO=2, PHASE-L, TEMP-104.444

PA FROM-12, TO-10, PHASE-L, TEMP-171.111

PA FROM-19, TO-17, PHASE-L, TEMP-232.222

PRINT PROPTABLE-PART

ESTIMATE MODEL-REFINING

PRESSURE 1,206.815/2,210.262/34,279.21

SPEC STREAM-NAPHTHA, D86(95,C), VALUE-182

SPEC STREAM-KEROSENE, D86(95,C), VALUE-271

SPEC STREAM-DIESEL, D86(95,C), VALUE-327

SPEC TRAY-28, RATE(LV BBL/H), PHASE-L,WET, DIVIDE, &
STREAM-FEEDCRUDE, RATE(LV,BBL/H) TOTAL,WET, &
VALUE-0.03

VARY DUTY-1

VARY DRAW=KDRAWN,DDRAWN,ADRAWN

TFLOW TOT(V)=COND,2, PA(L)=PA3,19,17/PA2,12,10/PA1,4,2

SIDESTRIPPER UID-SS1

PARAMETER TRAY=4,10

FEED KDRAWN,1/KSTEAM 4

PRODUCT OVHD(M)=KTURN, BTMS(LV)=KEROSENE,144

PSPEC PTOP-218.54

PRINT PROPTABLE-PART

SIDESTRIPPER UID-3S2

PARAMETER TRAY=4,10

FEED DDRAWN, YDSTEAM 4

PRODUCT OVHD(M)=DTURN, BTMS(LV)=DIESEL,69.9998

PSPEC PTOP-239.22



PRINT PROPTABLE=PART
SIDESTRIPPER UID=8S3

PARAMETER TRAY=4,10

FEED ADRAWN, VASTEAM 4

PRODUCT OVHD(M)=ATURN, BTMS(LV)=AGO,121

PSPEC PTOP=253.01

PRINT PROPTABLE-PART
HX UID=E4

HOT FEED=COND, M= 13

COLD FEED=S1, M= 2

CONFIGURE COUNTER, =40, AREA=1
HX UID=E14

HOT FEED=S13, M= 14

OPER HTEMP=43.333
HX UID=E6

HOT FEED=PAI, M=S15

COLD FEED=82, M= 3

CONFIGURE COUNTER, =375, AREA=1
HX UID=E15

HOT FEED=S15 M= 16

OPER HTEMP=104.44
HX UID=E7

HOT FEED=KEROSENE, M= 19

COLD FEED=S3, M= 4

CONFIGURE COUNTER, =35, AREA=1
HX UID=E16

HOT FEED=S19, M=320

OPER HTEMP=2111
HX UID=E8

HOT FEED=PA2, M= 21

COLD FEED=34, M= 5

CONFIGURE COUNTER, =30, AREA=1
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HX UID=E17
HOT FEED=82L, M= 22
OPER HTEMP=17111
CALCULATOR UID=CAL
CONSTANT 1,1168.5/2,0.65/3,10/4,1.2287/5,24/6,365
DEFINE P(I) AS HX=E4, AREA(M2)
DEFINE P(2) AS HX=E6, AREA(M2)
DEFINE P(3) AS HX=E7, AREA(M2)
DEFINE P(4) AS HX=E8, AREA(M2)
DEFINE P(5) AS HX=E14, DUTY(WATT)
DEFINE P(8) AS HX=E15, DUTY(WATT)
DEFINE P(7) AS HX=E16, DUTY(WATT)
DEFINE P(8) AS HX=E17, DUTY(WATT)
PROCEDURE
RL-P1+P2+P3+P4
R2=P5+PG+P7+P8
R3=(C1*(R1**C2))IC3
RA=CA*C5*CE*R2
R5=R3+R4
RETURN
OPTIMIZER UID=0PI
SPEC ID=0PTLSPECL, STREAM=S5, TEMPERATURE(C), VALUE=104.44
VARY ID=OPTIVARY1, HX=E4, AREA(M2), MINI=0, MAXIM 000
VARY ID=0PTLVARY2, HX=E8, AREA(M2), MINI=0, MAXIM 000
VARY ID-OPTLVARY3, HX=E7, AREA(M2), MINI=0, MAXIM 000
VARY ID=0PTLVARY4, HX=E6, AREA(M2), MINI=0, MAXI=1000
OBJECTIVE CALCULATOR=CAI, R(5), MINIMIZE
FLASH UID=F2
FEED S5
PRODUCT = 6,V=S7
ADIABATIC
HX UID=E

N N S/



HOT FEED=DIESEL, M=523

COLD FEED=S7, M= 8

CONFIGURE COUNTER, =21.5, AREA=1
HX UID=E18

HOT FEED=S23, M=524

OPERHTEMP=21.11
HX UID=E10

HOT FEED=PA3, M= 25

COLD FEED=S8, M=39

CONFIGURE COUNTER, =25, AREA=]
HX UID=E19

HOT FEED=S525, M=526

OPER HTEMP=232.22
HX UID=Ell

HOT FEED=AGO, M=327

COLD FEED=39, M=S10

CONFIGURE COUNTER, =20, AREA=1
HX UID=E20

HOT FEED=S27, M= 28

OPER HTEMP=21.11
HX UID=E12

HOT FEED=RESIDUE, M=S29

COLD FEED=S10, M=311

CONFIGURE COUNTER, =23, AREA=]
HX UID=E21

HOT FEED=529, M= 30

OPER HTEMP=260
HX UID=E13

COLD FEED=S11, M=512

OPER DUTY=1
CALCULATOR UID=CA2

CONSTANT 1,1168.5/2,0.65/3,10/4,6.83/5,24/6,365/7,1.2287



DEFINE P(I) AS HX=E9, AREA(M2
DEFINE P(2) AS HX-E10, AREA(
DEFINE P(3) AS HX=E11, AREA(
DEFINE P(4) AS HX=E12, AREA(

DEFINE P(5) AS HX=E13, DUTY(WATT)

DEFINE P(6) AS HX=E18, DUTY(WATT)

DEFINE P(7) AS HX=E19, DUTY(WATT)

) )

) )

)

M2)
M2)
M2)

(

DEFINE P(8) AS HX-E20, DUTY(WATT
DEFINE P(9) AS HX=E21, DUTY(WATT

PROCEDURE

R1-P1+P2+P3+P4

R2-P6+P7+P8+P9

R3-C1*R1**C2)/C3

R4-C4*P5*C5*Ch

R5=C7*C5*C6*R2

R6-R3+R4+R5

RETURN

OPTIMIZER UID=0P2
SPEC ID=0PT2SPECI, STREAM-SI2, TEMPERATURE(C), VALUE-360
VARY ID-OPT2VARY1, HX=E9, AREA(M2), MINI-0, MAX1-10000
VARY ID-OPT2VARY?2, HX-E12, AREA(M2), MINI-0, MAXI-2000
VARY ID-OPT2VARY3, HX-E11, AREA(M2), MINI-0, MAX1-10000
VARY ID-OPT2VARY4, HX-E10, AREA(M2), MINI-0, MAX1-1000
VARY ID-OPT2VARY5, HX-E13, DUTY(WATT), MINI-0, MAX1-2000
CONSTRAINT ID-OPT2CONS1, STREAM-S25, TEMPERATURE(C), &
MINI-232.22
CONSTRAINT ID-OPT2CONS2, STREAM-S29, TEMPERATURE(C),
MINI-260
OBJECTIVE CALCULATOR-CA2, R(6), MINIMIZE
END
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Appendix G Simulation data to keyword for heavy crude of area optimization .

$ Generated by PRO/II Keyword Generation System -Aversion 5.61>
$ Generated on: Mon May 03 01:22:51 2004
TITLE
TOLERANCE STREAM=0.001
DIMENSION SI, TEMP=C, ENERGY-KWH, DUTY=WATT, HTCOEF-BTU/H,
&
STDTEMP=0, STDPRES=101.325
SEQUENCE SIMSCI
CALCULATION RVPBASIS-APIN, TVP=37.778, RECYCLE-ALL
COMPONENT DATA
LIBID
IETHANE/2 PROPANE/3,IBUTANE/4,BUTANE/5,IPENTANE/6,PENTANE/ &
1,H20
THERMODYNAMIC DATA
METHOD SYSTEM=GS, SET=GS01, DEFAULT
STREAM DATA
PROPERTY STREAM-CRUDE, TEMPERATURE-21.111, PRESSURE-446.06,
PHASE-M, &
RATE(LV)-794.999, ASSAY-LV
TBP STREAM-CRUDE, DATA-5,133/10,237/30,344/50,482/70,640, TEMP-C
APl STREAM-CRUDE, AVERAGE-20
LIGHTEND STREAM-CRUDE,
COMPQSITION(M)-2,0.04/3,0.04/4,0.11/5,0.14/&
6,0.16, MATCH
PROPERTY STREAM-WATER, TEMPERATURE-21.111, PRESSURE-446.06,
PHASE-M, &
RATE(M)=4535.93, COMPOSITION(M)=7
PROPERTY STREAM-RSTEAM, TEMPERATURE-260, PRESSURE-446.06,
PHASE-M, &
RATE(WT)-17284.1, COMPOSITION(M)=7,1



PROPERTY STREAM=KSTEAM, TEMPERATURE=260, PRESSURE=446.06,
PHASE=M, &
RATE(WT)= 1392.26, COMPOSITION(M)=7,1
PROPERTY STREAM=DSTEAM, TEMPERATURE=260, PRESSURE=446.06,
PHASE=M, &
RATE(WT)=1705.23, COMPOSITION(M)=7,1
PROPERTY STREAM=ASTEAM, TEMPERATURE=260, PRESSURE=446.06,
PHASE=M, &
RATE(WT)=2373.78, COMPOSITION(M)-7,
PROPERTY STREAM=S 1, REFSTREAM=MIXED
UNIT OPERATIONS
MIXER UID=ML
FEED CRUDE WATER
PRODUCT M=MIXED
HX UID=EL
COLD FEED=MIXED, M=HEATED
OPER CTEMP=104.44
FLASH UID=F1
FEED HEATED
PRODUCT = , V=DESALTED
ADIABATIC
HX UID=E2
COLD FEED=DESALTED, M=HDESALTED, DP=34.474
OPER CTEMP=204.44
HX UID=E3
COLD FEED=HDESALTED, M=FEEDCRUDE, DP=206.84
OPER CTEMP=360
COLUMN UID=TL
PARAMETER TRAY=34,10
FEED
FEEDCRUDE,29/KTURN 8/DTURN, 15/ATURN, 24/RSTEAM,34,SEPARATE
PRODUCT OVHD(LV)=NAPHTHA,56.4674, WATER(M)=DECANTED,L, &
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LDRAW(LV)=KDRAWN.,9,48.7994, LDRAW/(LV)=DDRAWN, 16, &
59.7218, LDRAW(LV)=ADRAWN,25,24.5364, &
BTMS(LV)=RESIDUE,605.819, SUPERSEDE-ON

CONDENSER TYPE=TFIX, TEMPERATURE-21.111

DUTY 1,1/2,2,-18/3,10,-9/4,17 -1

PA FROM=4, TO-2, PHASE-L, TEMP-104.444

PAFROM=12, TO-10, PHASE-L, TEMP=171.111

PA FROM-19, TO=17, PHASE-L, TEMP-232.222

PRINT PROPTABLE-PART

ESTIMATE MODEL-REFINING

PRESSURE 1,206.815/2,210.262/34,279.21

SPEC STREAM-NAPHTHA, D86(%,C), VALUE-182

SPEC STREAM-KEROSENE, D86(95,C), VALUE-271

SPEC STREAM-DIESEL, D86(95,C), VALUE-327

SPEC TRAY-28, RATE(LV BBL/H), PHASE-L WET, DIVIDE, &
STREAM-FEEDCRUDE, RATE(LV BBL/H), TOTAL,WET, &
VALUE-0.03

VARY DUTY-1

VARY DRAW=KDRAWN,DDRAWN,ADRAWN

TFLOW TOT(V)=COND,2, PA(L)-PA3,19,17/PA2,12,10/PA1 4,2

SIDESTRIPPER UID-SS1

PARAMETER TRAY=4,10

FEED KDRAWN, 1/KSTEAM 4

PRODUCT OVHD(M)=KTURN, BTMS(LV)-KEROSENE,144

PSPEC PTOP-218.54

PRINT PROPTABLE-PART

SIDESTRIPPER UID-SS2

PARAMETER TRAY=4,10

FEED DDRAWN, 1/DSTEAM 4

PRODUCT OVHD(M)=DTURN, BTMS(LV)=DIESEL,69.9998

PSPEC PTOP-239.22

PRINT PROPTABLE-PART
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SIDESTRIPPER UID=3S3

PARAMETER TRAY=4,10

FEED ADRAWN,1/ASTEAM 4

PRODUCT OVHD(M)=ATURN, BTMS(LV)=AGO,121

PSPEC PTOP=253.01

PRINT PROPTABLE=PART
HX UID=E4

HOT FEED=COND, M=513

COLD FEED=S1,M=32

CONFIGURE COUNTER, =40, AREA=1
HX UID=E13

HOT FEED=S13, M= 14

OPER HTEMP=2111
HX UID=E5

HOT FEED=PA1 M= 15

COLD FEED=32, M= 3

CONFIGURE COUNTER, =37.5, AREA=1
HX UID=El14

HOT FEED=S15, M=316

OPER HTEMP=104.44
HX UID=E6

HOT FEED=KEROSENE, M= 17

COLD FEED=S3, M=54

CONFIGURE COUNTER, =35, AREA-1
HX UID=E15

HOT FEED= 17, M= 18

OPER HTEMP=2111
HX UID=E7

HOT FEED=PA2, M= 19

COLD FEED= 4, M= 5

CONFIGURE COUNTER, =30, AREA=]
HX UID=E16
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HOT FEED=S19, M=520
OPER HTEMP=171.11
CALCULATOR UID=CAL
CONSTANT 1,1168.5/2,0.65/3,10/4,1.2287/5,24/6,365
DEFINE P(I) AS HX=E4, AREA(M2)
DEFINE P(2) AS HX=E5, AREA(M2)
DEFINE P(3) AS HX=E6, AREA(M2)
DEFINE P(4) AS HX=E7, AREA(M2)
DEFINE P(5) AS HX=E13, DUTY(WATT
DEFINE P(6) AS HX=E14, DUTY(WATT
DEFINE P(7) AS HX=EL5, DUTY(WATT
DEFINE P(8) AS HX=E16, DUTY(WATT
PROCEDURE
RL-PL+P2+P3+P4
R2=P5+PG+P74P8
R3=(C L¥(R1+C))/C3
RA=CA*C*CH*R?
R5=R3+R4
RETURN
OPTIMIZER UID=OPI
SPEC ID=0PTISPECL, STREAM=S5, TEMPERATURE(C), VALUE=104.44
VARY ID=0PTIVARY1, HX=E4, AREA(M2), MINIM), MAXIM 000
VARY ID=0PTIVARY?2, HX=E7, AREA(M2), MINI=0, MAXIM 000
VARY ID=0PTLVARY3, HX=E6, AREA(M2), MINI=0, MAXI=1000
VARY ID=OPTIVARY4, HX=E5, AREA(M2), MINI=0, MAXI=1000
OBJECTIVE CALCULATOR=CAI, R(5), MINIMIZE
FLASH UID=F2
FEED S5
PRODUCT = 6,V=S7
ADIABATIC
HX UID=E8
HOT FEED=DIESEL, M=S21

P S



COLD FEED=S7, M= 8
CONFIGURE COUNTER, =21.5, AREA=1
HX UID=E17

HOT FEED=321M= 22

OPER HTEMP=21.11
HX UID=E9

HOT FEED=PA3, M= 23

COLD FEED=S8, M= 9

CONFIGURE COUNTER, =25, AREA=1
HX UID=E18

HOT FEED=S523, M=524

OPER HTEMP=232.22
HX UID=E10

HOT FEED=AGO, M= 25

COLD FEED=59, M=S10

CONFIGURE COUNTER, =20, AREA=1
HX UID=E19

HOT FEED=S25 M= 26

OPER HTEMP=21.11
HX UID=Ell

HOT FEED=RESIDUE, M= 27

COLD FEED=S10, M=311

CONFIGURE COUNTER. =23, AREA=1
HX UID=E20

HOT FEED=S27, M= 28

OPER HTEMP=260
HX UID=E12

COLD FEED=S11, M=§12

OPER DUTY=1
CALCULATOR UID=CA2

CONSTANT 1,1168.5/2,0.65/3,10/4,6.83/5,24/6,365/7,1.2287
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DEFINE P(I) AS HX=ES, AREA(M2)
DEFINE P(2) AS HX=E9, AREA(M2)
DEFINE P(3) AS HX=E10, AREA(M2)
DEFINE P(4) AS HX=ELL, AREA(M2)
DEFINE P(5) AS HX=E12, DUTY(WATT
DEFINE P(§) AS HX=EL7, DUTY(WATT

(7)

)

)

DEFINE P(8) AS HX=E19, DUTY(WATT

DEFINE P(9) AS HX=E20, DUTY(WATT

PROCEDURE

R1=P1+P2+P3+P4

R2=P6+P7+P8+P9

R3=c 1*(R1**C2)/C3

R4=C4*P5*C5*Cb

R5=C7*C5*C6*R2

R6=R3+R4+R5

RETURN

OPTIMIZER UID=0P2
SPEC ID=0PT2SPECI, STREAM=S§12, TEMPERATURE(C), VALUE=360
VARY ID=OPT2VARY 1, HX=E8, AREA(M2), MINI=0, MAXI1=2000
VARY ID=0OPT2VARY3, HX=E12, DUTY(WATT), MINI=0, MAXI=2000
VARY ID=0OPT2VARY4, HX=E11, AREA(M2), MINI=0, MAXI1=2500
VARY ID=0OPT2VARY5, HX=E10, AREA(M2), MINI=0, MAXI= 10000
VARY ID=OPT2VARY6, HX=E9, AREA(M2), MINI=0, MAXI=1000
CONSTRAINT IDOPT2CONS1, STREAM-S523, TEMPERATURE(C), &
MINI=232.22
CONSTRAINT ID=0OPT2CONS2, STREAM=S27, TEMPERATURE(C),
MINI=260
OBJECTIVE CALCULATOR=CA2, R(6), MINIMIZE
END

(
(WATT)
(WATT)
DEFINE P(7) AS HX=E18, DUTY(WATT)
(WATT)
(WATT)
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