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APPENDICES

Appendix A Nomenclature,

Indices

— T o O —

g

Parameters

Set of time periods
Set of all commodities
Set of crude oils

Set of products

Set of intermediates
Set of productive units
Set of properties

Set of scenarios

prOyQy Property g of commodity ¢ from unit

PXPg  Maximum property g of product p
p%q  Minimum property  of product p
cyieldo.c Percent of component ¢ in crude oil o (%)
yieldyC Percent yield of commodity ¢ from unit (%)
demrt  Demand of product p intime period t )
UG Maximum capacity of unit )
Minimum capacity of unit )
Q0 Maximum monthly purchase of crude oil o )
00  Minimum monthly purchase of crude oil o )
SO  Maximum storage capacity of product p )
et Unit sale price of product p in time period t ($/m3)
@t Unit purchase price of crude oil o in time period t ($/m3
cit  Unit purchase price of intermediate I in time period t ($/m3)
dpt  Unit cost of lost demand penalty for product p in time period t
(119
R Probability of scenario

densityu Density of feed to unit (ton/m3)
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fuelu  Percent energy consumption for unit - based on tFOE (%)

disc  Percent discount from normal price (%)
Variables

POUcqt Property g of commodity ¢ from unit  in time period t

AF  Amountof feed to unit intime period t (M3

AOua  Amountof outlet commodity ¢ from unit intime periodt (13
AUL'L Amountof commodity ¢ flow between unit  andunit , in time
neriod t (m3

MANURt Amount of product p produced in time period t (M3
ACOt  Amount  ofcrude oil o refined in time period t (M3
Aljt ~ Amountof intermediate | added in time period t (m3
ASHt  Amountof product p stored in time period t (m3
ALRt  Amount — of lost demand for product p in time periodt (M3
ADRt  Amount — of discount product sold in time period t (m3)
BumtRt Amountof product p burnt in time period t (M3
Usedt  Amountof fuel used in time period t (tFOE)
TPpt  Income from selling product p in time period t ()
TOot  Expense from purchasing crude oil o in time period t ()
Tljt ~ Expense from purchasing intermediate in time period t ()
TSH  Expense from storage product p in time period t ()
TLpt  Expense from lost demand of product p in time period t ()
TDRt  Expense from discount sales of product p intime period t ()
salespt Sales of product p in time period t (M3
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Appendix B Blending equation for each property.

The product properties used in this model can be calculated by based
on the Equation (3.5). The following equations show how each property is
calculated.

(1) Octane blending (Gary and Handwerk, 2001)

Octane numbers are blended on a volumetric basis using the blending octane
numbers of the components. In practice true octane numbers do not blend linearly
and it is necessary to use hlending octane numbers in making calculations.

A0 (B.)
where:
ONbiend = blending octane numbers of total blend
ONj = blending octane numbers of component i
\ = volume fraction of component i

(2) RVP blending (Baird, 1989)

The theoretical method for blending to the desired Reid vapor pressure
requires that the average molecular weight of each of the streams be known.
Although there are accepted ways of estimating the average molecular weight of a
refinery stream from boiling point, gravity, and characterization factor, none of these
methods lend themselves to use in linear programming models. A more convenient
way is to use the empirical method developed by Chevron Research Company. Reid
Vapor Pressure Blending Indices (RVPI) have been compiled as a function of the
RVP of the blending streams. The Reid vapor pressure of the blend is closely
approximated by the sum of all the products of volume fraction (V) times the RVPI
for each component. The Chevron equation for RVP follows:

RVPI =RVP'Z (82
RVPAA =1 VRVPI) (B3)
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where:
RVP Reid vapor pressure, psia
RV P Iblend Reid vapor pressure blending indices of total blend
RVPIi Reid vapor pressure blending indices of component |
\ volume fraction of component |

(3) Aromatic blending (Baird, 1989)
Aromatic blending can be calculated by the sum of all products of volume
fraction (V) times the aromatic content for each component.

%Ardd = V,(%Aro), (B4)
where;
joafoblend  Percent of aromatic content in total blend
%ArQj percent of aromatic content in component i
V1 volume fraction of component i

(4) Freezing point (Baird, 1989)

Maurin (1967) presents a direct method for the weight blending of freeze
points. The freezing point of the blend can be approximated by the sum of all the
products of weight fraction ( ) times the freezing point index (FPI) for each
component. The blending index numbers for this system are presented in Table BI.

FPlbiens ~ I ¥FPI)1 (BS)
V.xS.G.,
TS sG, )
where:
FP 1 blend freezing point indices of total blend
FPI, freezing point indices of component i

W weight fraction of component i
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V, = volume fraction of component i
56, = specific gravity of component i

(5) Cetane index blending (Baird, 1989)

Cetane number blending can be estimated lingarly on the volume basis by
the sum of all products of volume fraction (V) times the cetane blending index for
each component. ~ Although this is an approximate method, it can give the
satisfactory result.

C/,,,W =f£ (B?)
where:
Cluena = Cetane indices of total blend
CI; = cetane indices of component |
Vi = volume fraction of component |

(6) Viscosity blending (Baird, 1989)

Viscosity is not an additive property and it is necessary to use special
techniques to estimate the viscosity of a mixture from the viscosities of its
components. The use of blending index systems provides a much simpler approach
to viscosity blending and is most often used in linear programming models to
represent the viscosity blending of distillate and residual fuels. 1t is usually true to a
satisfactory approximation that the viscosity blending index numbers (VBN) of the
blend will be the sum of all the products of the weight fraction times the VBN for
each component. In equation form:

(1 VBN) (B8)

where:
VBNbiend = Viscosity blending index numbers of total blend
VBNj = viscosity blending index numbers of component i
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i = weight fraction of component |

Blending of kinematic viscosities (centistokes) may be done at any
temperature, but the viscosities of all components of the blend must be expressed at
the same temperature. The Réfutas system can be used to calculate VBN. The
equations for the Réfutas blending index numbers are as follows;

VBN =10.975 + 14.535(In(In(GST +0.8))) (B.9)
CST =exp(exp((VBN - 10.975)/14.535))- 0.8 (B.10)
where;
VBN = viscosity blending index number
CST = Viscosity in centistokes

(7) Sulfur blending (Maples, 2000)
Sulfur blending can be calculated lingarly on the mass basis by the sum of
all products of weight fraction () times the sulfur content for each component.

%Sulfurt,,d=x,(VoSulfur), (B.I)
(B.12)

where:
%Sulfurblend = percent of sulfur content in total blend
%Sulfurj = percent of sulfur content in component i
weight fraction of component i
\i volume fraction of component i
SG, specific gravity of component |
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(8) Specific gravity blending (Maples, 2000)
The specific gravity of a blend can be estimated very accurately from the
sum of all products of volume fraction (V) times the specific gravity for each
component,

=y VI%SG)i (B.13)
where;
SG biend =specific gravity of total blend
SGj =specific gravity of component |
Vi =volume fraction of component |

(9) Pour point blending (Baird, 1989)
Hu and Bums (1970) presented equations for estimating these properties of
blends. They employed the concept of substituting blending index values for given
properties. Pour point can be determined from the following equation;

(pp +459.69)1c
PP1=10,000" B.14
T (140+459.69) 1t B4
_ (459.69+ 140"
pp = (PPI) 10000 459.69 (B.15)
where:
PP =Pour point, °F
PPI =Pour point blending index
X = Constant

Although the optimum value for the constant x must be determined
experimentally for a given refinery, Hu and Bums determined that x values of 0.08
for pour points gave the best results on an industry-wide basis.
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The pour point of a blend can be estimated very accurately from the sum of
all products of volume fraction (V) times the pour point index for each component.

PPIN=T, VifPI), (B.16)
where:
PPIblend = pour point indices of total blend
PPIj = pour point indices of component i

Wi = volume fraction of component i



Table Bl Maurin freeze point blending indices for weight blending (Maurin, 1967)

. .. Blending Blending  Freezg  Blending
POIr"C  Index Index™ Point, C  Index

50 112 9 28.3 16 65.3
45 122 8 29.0 17 68.2
-40 14.0 7 29.8 18 71.0
35 15.8 6 30.7 19 74.2
30 17.6 5 31.8 20 174
29 179 4 32.9 2 80.7
28 183 3 34.0 22 83.9
2 18.7 2 35.0 23 87.1
-26 19.0 1 36.1 24 90.4
25 19.4 0 37.2 25 94.0
24 19.8 1 38.3 26 97.6
23 20.3 2 39.5 27 101.4
22 20.8 3 40.9 28 105.8
21 213 4 42 4 29 110.1
20 21.8 5 43 8 30 115.4
19 22.3 6 45.2

18 22.9 7 46.7

17 23.4 8 48.4

16 24.0 9 50.2

15 245 10 52.0

14 25.0 1 54.2

13 25.6 12 56 3

12 26.2 13 58.5

11 26.9 14 60.6

-10 21.6 15 62.8



Appendix C Data of commodities and productive units.

Table CI' Fuel used in processing unit (expressed in fuel oil equivalence)
(Favennec, 2001)

Units Fuel used (wt%)

CDU2 18

CDU3 18

NPU2 2

NPU3 2

1S0U 4

CRU2 25

CRU3 25

KTU 2
GO-HDS 2

DGO-HDS 2



Table C2 Oman crude specification

APl Gravity ~ 34.80
Methane vol%
Ethane vol%
Propane vol%

Description

Vol. yieldoncrude  Iv%
Aromatics content V%
Cetane index

Freeze point °C
RONC

RW kg/em2
Specific gravity

Sulfur wit%
Viscosity @50 ¢ et
Viscosity @L100 ¢ ¢St
Pour point c

0.00
0.02
0.33

FG
0.02

% Sulfur
|s0-butane
N-butane

LPG
155

1.160
vol% 0.30
vol% 0.92

Component Fraction

LN N  HN IK  DO+GO FO
533 270 630 1330 2240 4630
120 425 824 1194 2094 ,
| 3010 4640 5410
, 8050 -7460 -5350  -8.80

6950 4920 4060  27.60 ,

0.0 016 004 000 , ,
06017 07119 07385 07844 08447 09367
0012 0027 0030 0108 0687 1938

, 041 054 101 364  609.00
034 040 062 166 5222
| | 790 1.00



Table C3 Tapis crude specification

API Gravity
Methane
Ethane
Propane

Description

Vol. yield on crude
Aromatics content
Cetane index
Freeze point
RONC

ecific gravi
SBIfur_g )
Viscosity @150 ¢
Viscosity @ 100 °c
Pour point

44 50
vol% 0.00
vol% 0.54
vol% 0.66
FG
V% 0.54
V% ,
°C
kg/em2
wt%
cSt
cSt
C

% Sulfur

0.025

Iso-butane  vol% 0.82

N-butane

LPG
2.69

vol% 121

Component Fraction

LN N HN K DO+GO

321 570 1070  21.90
178 511 1309 1682

| | 2090 4510

| | -8350  -51.10
61.70 7600 6820  60.30
066 015 005 000

06713 0.7247 0.7557  0.7857
0.000 0000 0001  0.004

043 0% 0%
031 037 058
| -63.40

30.40
1741
59.30
6.00

0.8271
0.034
2.88
137

FO
21.50

33.30

0.9175
0.056
15.26
4,59
53.40



Table C4 Labuan crude specification

API Gravity
Methane
Ethane
Propane

Description

Vol. yield on crude
Aromatics content
Cetane index
Freeze point
RONC

§VP.f. !
ecific gravi
Salfur_g )
Viscosity @ 50 °c
Viscosity (2100 °c
Pour point

31.80
vol%
vol%
vol%

V%
V%

c
kg/em2
wt%

cSt
cSt
°C

0.00
0.02
0.22

FG
0.02

% Sulfur  0.080
Iso-butane  vol% 0.18
N-butane  vol% 0.36
Component Fraction
LPG LN MN HN
076 242 320 900 2030
| 7.05 064 1613 2636
, 1130 30.20
i , | -67.80
8320 7640 7360  50.20
064 016 004 000
06898 0.7402 0.7759 0.8280
0001 0001 0002 0017
| 053 0.62 1.04
0.35 041 0.63
, | -86.50

%vol
ol bosco ko

42.70
41.67
39.20
-8.10

0.8911
0.083
3.31
146

20.70

0.9530
0.175
132.07
1450
45.10



Table C5 Séria light crude specification

APl Gravity ~ 35.80 % Sulfur ~ 0.068

Methane vol% 000 Iso-hutane  vol% 0.26
Ethane vol% 000  N-butane  vol% 0.62
Propane vol% 025

Description Component Fraction %vol)

_ FG  LPG LN MN |IN K DO0+GO FO
Vol. yieldon crude — v% 000 113 477 400 1130 2310 3500 1950
Aromatics content % | | 260 819 1588 2428 5356 ,
Cetane inclex | | | 1280 3160 4300

Freeze point °C | | | | -09.60 640

RONC | | 7950 6800 60.70  49.60 |
RVP kglem2 | | 069 016 004 000 | ,
Specific gravity | | 06798 0.7415 0.7696 08200 0.8781 0.9506
Sulfur t% | | 0000 0001 0003 0020 0080 015
Viscosity @50 ¢ ¢St | , 021 020 02 034 1329
Viscosity @150 ¢ ¢St | | 021 02 02 021 1687

Pour point c - - | | -65.80 | 35.90



Table C6 Phet crude specification

APl Gravity ~ 40.70 % Sulfur 0,050
Methane vol% 000 Iso-butane  vol% 0.37
Ethane vol% 007  N-butane  vol% 1.04
Propane vol% 037

inti Component Fraction (%vol
Description ST T s e A PRTS

Vol. yield oncrude  Iv% 007 178 305 370 850 1500 2810 38.00
Aromatics content  [v% | 106 593 1215 1442 1458 ,
Cetane index | , | 2260 4560  61.40

Freeze point c | , , -88.80 -48.90 1340

RONC , 7000 6140 5350 4160 , —
RVP kglem2 | 071 016 004  0.00 , ,
Specific gravity | | 0.6662 07200 0.7502 0.7840 08236 0.8941
Sulfur wit% | | 0.000 0000 000l 0006 0047  0.087
Viscosity @50 ¢ ¢St | | , 03%5 048 094 312 3972
Viscosity @ 50 °c ¢St | | 022 0260 052 150 1059
Pour point °C - | - - - -51.50 | 55.90



Table C7 Murban crude specification

APl Gravity ~ 40.80 % Sulfur 0867
Methane vol% 000 Iso-butane  vol% 0.45
Ethane vol% 007  N-butane  vol% 1.32
Propane vol% 052

e Component Fracti |on (%vol
Description 6 G LN N k bosco Fo

Vol. yield on crude  [v% 007 229 594 330 10 10 2040 2590  29.70
Aromatics content V% | 176 041 1241 2048 2548 ,
Cetane index | | 2190 4350  53.20

Freeze point c | | 9020 -56.10  -2.60

RONC | 7600 7220 7010  56.30 | |
RVP kglem2 | 0./5 016 004  0.00 | |
Specific gravity , 0.6609 0.7145 0.7438 0.7883 0.8455 0.9268
Sulfur wt% | 0000 0000 0000 0107 1051 1688
Viscosity @50°c ¢St | 039 052 093 309 884l
Viscosity @50 ¢ ¢St | 028 03 057 14 1384

Pour point c | | | -13.00 | 33.40



Table C8 Product specifications (x = maximum, = minimum)

Description LPG PG ISOG JP-1 HSD FO#1 FO# FOVS
RON 0 9In 9
RVP 378°C kPa X B
Aromatic Content vol% X 3dx 25X
Freezm? Point C 47X
Cetane Index 47n
Viscosity @ 50 ¢ cot 780  7-180
Viscosity @ 100 ¢ et 3-30
Sulfur Content wt% 0.05x 2 2 0.5x
Pour Point C Ax  Ux  BIX

Product specifications are based on rules from Ministry of Commerce (MOC.).



Table C9 Product storage data

Description LPG SUPG ISOG JP-1  HSD FO#1 FO# FOVS
Product stored at initial m3d 1500 14100 8400 15400 54000
Storage capacity m3 5000 16000 14000 28,000 80000 5000 15000 35,000
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Appendix D Members of sets.

aref G {RON, ARO, RVP}

AV e {YD, RON, RVP, ARO, Cl, SG}

AWg G {FP, , V50, V100}

Ccdu G {FG, LPG, LN, MN, HN, IK, DO, FO}

Ceru € {FG, LPG, REF}

CDU ¢ {CDU2, CDU3}

cia G {MTBE, DCC}

Co G {OM, TP, LB, SLEB, PHET, MB}

Cp G {LPG, SUPG, ISOG, JP-1, HSD, FOI, F02, FOVS}

CRU 6 {CRU2, CRU3}

ctank G {OMT, TPT, LBT, SLEBT, PHETT, MBT}

GSP G {GSP91, GSPY5}

HDS G {GO-FIDS, DGO-HDS}

in G {MTBE, DCC, REF, ISO, LN, HN}

int G {MTBET, DCCT, REFT, ISOT, LNT, HNT}

itank G {MTBET, DCCT}

nap G {LN, MN, HN}

ptank G {LPGT, GSP91, GSP95, JPT, DSP, FOIP, FO2P, FOVSP}

UCu G {(OM,OMT), (TP,TPT), (LB,LBT), (SLEB,SLEBT),
(PHETPHETT), (MB,MBT)}

Ul 6 {(MTBE,MTBET), (DCC,DCCT)}

UPU G {(LPG,LPGT), (SUPG,GSP91), (ISOG,GSP95), (JP-LJPT), (HSD,
DSP), (FOLFOIP), (F02,F02P), (FOVS,FOVSP)}
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