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ABSTRACT

The Refinery Blending Manager’s main objectiveadulfil the production program
coping with inventories, intermediates’ quality adodistic constraints. Off-spec production
compromises this objective and quality give-away mase from uncertainty to achieve on-

spec product with available intermediates.

Even though the optimal recipe depends also oresumarket scenario and on the
intermediates shadow values calculated by LPs llyghe Blending Manager has neither the

means nor the time to take decisions considerieggtlaspects.

OTTMIX — the Prometheus application dedicated ten8ing Optimisation — is
designed to provide the Blending Manager with gabé tool calculating optimal recipes
according to current inventory, market scenarigiditic constraints and production schedule:
the application manages autonomously the operati@search issues (matrix generation,
optimisation, solution reporting) thus no additibis&ills are requested to the user. The
increasing confidence of the Blending Manager agpplication’s predictions results into the

effective progressive reduction of quality give gvead laboratory work.

Describing the deployment of a Multi Period BlerglifProgram for a complex
conversion refinery (based on a real case), theoawnalyses the impact of alternative
market scenarios and inventory constraints on gienal recipe and estimates the resulting

economical income.

BACKGROUND

Finished products blending constitutes one of tlstrdelicate phases of the whole oil
refining process: often these operations are naosidered with right attention by refiners
even if the poor optimisation of this operation gartentially frustrate good part of the efforts

effected for improving the refining process.
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Blending Optimisation means the maximisation ofébenomical return obtainable by
product Sales — or more explicitly — the maximizatof high-value products vyields; this
usually (but not necessarily) coincides with th@imisation of quality give away.

As a “thumb rule” blending margins can be improweaimising the use of low-value
intermediates for the production of high-value prid; this is generally true but cannot
abstract from an holistic approach: intermediat@ponents management must account for all
the grades to be produced and should be driverhéydsults of planning and scheduling
applications. Moreover it is not easy to define rilative values of blend components, which
depend on the processing economics and may chaegdime.

Refinery blending procedures can be consideregidmajor categoriés
« Batch Blending, undertaken with or without blendersing one or several tanks for the

production of a commercial product,

- In-line Blenders, using on-line analysers at thépou of the blender, so that an on-

specification product is delivered either into tfeished product tank or dispatched
directly to the customer.
Modern plants privilege In-line blenders becausthefhigher performances provided:

- Lower time needed for product manufacture: bat@ndihg involves constraints due to

homogenisation, quality control and laboratory detat are overcome thanks to the
availability of online analysers. This permits &mluce stock levels and maintenance costs
related to off-site facilities (lower amount of skovolume required per ton of product
delivered).

« Better quality monitoring: sampling may be probléiman case of batch blending since

sample reliability could be affected by poor of laganisation. In case of in-line blending
this problem is limited to the reliability of thenayser and is not affected by
homogenisation.

+ Management of complex formulations: the increasingmber of commercial

specifications to be controlled and of componentslable (resulting from the increased
processing complexity) complicates the blendingof@m: in-line blending formulations
are calculated by Multivariable on-line controlléepplying LP Methods and controlling
simultaneously more quality specifications) whhegde supports are rarely used in case of
batch blending.

Notwithstanding all these advantages the refinendbe world equipped with in-line

blenders are nearly the 20 percettiis is mainly due to the high cost of investmienblved:
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in-line blending requires the implementation of-sites automation that means the set-up of a
Tank Management System (providing data for offssi@perator management), of an
Automatic Transfer Management System (needing aerquaie instrumentation and
permitting the automation of transfers) and of arel Management system (comparing the
availability of component tanks with schedulinguggments and automating in-line product
formulation).

Especially in case of existing blending facilitidse elevate number of additional
equipment and instrumentation required to adequatk farms to in-line blending
discourages Refiners from investing and Batch Blemdpproach continues to be applied.

The aim of this work is to improve the profitabjiliof Batch Blending with a software
application supporting the planning of blending pen and providing the Blending
Operator (who is charged to decide when and hoprépare product tanks) with the same
technologies exploited by multivariable controllers

The Batch Blending Operator, who does not dispdseneine analysers providing
real time data, is generally induced to take safedygins to be sure that the tank will be on-
specification with no need of further quality catiens.

As a matter of fact one of the main advantagesidihe blending is the reduction of
quality give-away: in case of not automated batlgnding, a positive contribution in this
direction can be obtained providing the Operatdhwai system predicting in a reliable way

the quality of the resulting mixture; this progigs$y improves his confidence in the results

of the operation permitting him to reduce safetyairss.

To provide concrete results the system must be tabfeodel in detail the Blending
Operations (with all the necessary complexity degyebeing at the same time of simple
usage (with an interface oriented to Operator niigptand able to autonomously manage the
techniques applied to solve the problem).

As an example, the weekly schedule of gasolinedahgnoperation in the internal
depot of a complex conversion Refinery is handlé@t e help of OTTMIX, the Prometheus
Solution dedicated to Finished Products Blendingal@y and availability of blending
components, tank bottoms, product specificatiomsmilations, logistic constraints and
delivery schedule are used to build automaticalWudti Period LP/MIP model aimed to find

the most profitable way to satisfy problem consiisi

! Refinery Operation and Management, J.P. Faverditions Technip, 2001
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PROBLEM DEFINITION

In the Refinery whose case is modelled as exantipeBlending Operator Prepares
Finished Products in the tanks of the internal Depden a tank is ready (full and on-
specification), its content is transferred to tikxéemal Depot where it is made available for
tank truck or tank wagon loading facilities. Usyalie internal depot’s tanks are filled during
the day while transfers to external depot are noagenight.

Tank content quality is monitored with laboratonalysis that are time expensive and

affect the whole tank preparation process: onéefexpected goals is reduce the number of

tests required for each tank.

Starting from the week shipping schedule, consdemtermediates availability and
guality, the Blending Operator decides which tamliptepare, how and when. While taking
these decisions he ought to:

- Minimise quality give away: not only formulate a product on-specification higo to use
at best available components maximising the ecocalmeturn (the value of high quality
intermediates is typically higher of poor qualityes).

- Manage intermediates. consider current and expected availability of hedsending

component in order to avoid unforeseen shortag@xoess.

+ Manage blending facilities: schedule each tank preparation coping with lagist
constraints and trying to optimise each tank ustofa

The problem that is modelled in this example is fheparation of Gasoline products
in the tanks of the Internal Depot: Table 1 repties commercial specifications of the four
grades of Gasoline produced and Table 2 the gemnd#ta of the eight tanks destined to
their preparation.

The components used for the gasoline blending iatedl in Table 3: quantity and
quality data of the intermediate products produbgdthe Refinery depends on Plants’
operative conditions and are updated retrieving ttaim refinery database.

Besides Butane and MTBE, high octane componentpm@@uced by Isomerisation
and Reforming Units: neither Cracking Naphtha nékyRate Cuts are available for gasoline

Blending.
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SPECIFICATION UNIT HEAVY LIGHT UNLEADED | UNLEADED
NAPHTHA NAPHTHA PLUS
Min Max Min Max Min Max Min Max
Antiknock Additives Clear Clear Clear Clear
Density kg/dm3 | 0.660| 0.730| 0.630| 0.660| 0.720| 0.775| 0.720| 0.775
Sulphur ppm 500 300 150 150
Paraffines %V 65.0 87.0
Aromatics %V 12.0 4.0 37.8 40.0
Benzene %V 0.9 0.9
Octane Number Motor _ 85.2 87.2
Octane Number Research _ 95.2 98.2
Reid Vapour Pressure bar 0.840 0.500| 0.800| 0.600| 0.900
Recovered@70C %V 48 50
Recovered@100C %V 71 71
Recovered@125C %V 50 95
Recovered@150C %V 75 75
Recovered@165 %V 95
Recovered@180C %V 85
Naphthenes + Aromatics ~ %v 13
Vapour Lock Index _ 1050 1150

Table 1 — Gasoline Products Grades

NAME |PRODUCT MINIMUM MAXIMUM
VOLUME VOLUME
[m3] [m3]
TK002 |Unleaded 1308 6594
TK004 |Unleaded 1048 6309
TKO005 |Unleaded 2001 8667
TK006 |Unleaded 2037 8876
TKO011 |Unleaded Plus 884 5109
TKO022 |Heavy Naphtha 600 4789
TK023 |Light Naphtha 212 982
TKO027 |Heavy Naphtha 234 2007

Table 2 — Gasoline Products Tanks

NAME DESCRIPTION

Butane Butanes mixture from LPG Treatment Unit

MTBE Imported Methyl Tert-Butyl Ether

Isomerate Naphtha from C5/C6 Isomerisation Unit with Recycle of Hexanes

SR L.Naphtha
SR M.Naphtha

Straight Run Hydrotreated Light Naphtha from Splitter Unit

Straight Run Hydrotreated Mid Naphtha (Benzene precursors cut) from Splitter
Unit

Straight Run Hydrotreated Heavy Naphtha from Splitter Unit

Bottom of Isomerisation Unit DelsoHexaniser

Naphtha from Reforming Unit mixed in plant with Iso-Pentane produced from Light
Naphtha DelsoPentaniser

SR H.Naphtha
DH Bottom
Reformate + IC5

Table 3 — Intermediate Components

SYSTEM DESCRIPTION

The problem has been handled using OTTMIX, the tbeus Linear Programming
optimiser dedicated to Refinery Blending operatiolgplying LP and MIP techniques, the
software calculates the best way to produce LPGoldee, Distillates and Fuel Oils from
intermediate refinery stocks, accounting for Margetes, Intermediates stock quality and

guantity, Product specifications and Productiogédts.

If the technological background is the same of LBnRing Applications (and
partially of Multivariable Controllers used for Ime Blending Systems), program operating
PROMETHEUS
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environment has been specialised to handle thedBignProblem, providing functions

specifically designed for this aim: one of the fduny ideas of Prometheus’ Vision consists

in_promoting the widespread use of Optimisation Bledby removing (or reducing) the

technological gap that up to now has impeded thpplication outside of the Planning
Department. To operate the Model a mathematicatdraand is not needed, and just a good

understanding of the specific operation (Blendimghis case) is requested.

The simplicity of use of the model doesn't invohrey structural rigidity: the blending
operation has been deepened to equip the progrémtie necessary flexibility to model
every different problem. Moreover expert users diaectly improve the LP model by adding

User Balances, Variables, Coefficients and Comgai

CHARACTERISATION OFBLENDING COMPONENTS

Covering the entire crude oil boiling range the leggtion manages four types of
physical propertiesieneric (covering most part of the properties useful todeia Blend),
Evaporate (weight or volume fraction recovered at a givenliBg Temperature for a given
distillation test), Temperature (Boiling Temperature corresponding to a given veced
fraction for a given distillation test) ar@mposite (automatically calculated with a formula
from other property values, for example [RON + MQON]).

Program predefined properties are listed in Table 4

For any category it is possible to define additidoser Defined Properties with their
specific characteristics (Unit, Formats, Mixing BuBlending Indices, etc.); Figure 1 shows
the application’s panel useful to manage Physioapétties.

All the physical property defined in the Model asawailable for intermediate
components characterisation and can be used toededimmercial specifications once that a

Mixing Rule has been provided.

£ Gasoline Blending Schedule_¥L (Refinery Internal Depot)=>1 - Weekly Schedule |

Generaities | Blancs |

- Temperature (1) it Ui :
&-Composits (4] Mame: [ron_ | Uit type: lm
Ry Deseiiption. [Research Octane Unit: lﬁ
SN -
N Type [GENERIC |
~Wal
-
Deiived; I - Referencevalue: [
Use volume factor, B2 - Rieference curve: l—;[
~Librar P
Pure Comp.. 7 - Light ends: 7 - M 0]
Pseudo Comp.: W - Light streams: I - M 130 -]
Heawy streams: [ - Fomal. [0 5 =L
% Add Duplicate Delete Ll B Predsfined £
- | — | - | = B ser Defined =

Figure 1 — Property Manager Panel
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Depending on their boiling range, Blending compdseran be allocated over three

categories:

« Light Ends. components that can be characterised from theosition (usually LPG or

very light fractions) and whose property valuesdirectly calculated by the program.

- Light Sreams: components characterised with properties usefuGfsoline blending.

« Heavy Sreams. components characterised with properties usefuMid Distillates and

Fuel Oil Blending.

Figure 2 shows the characterisation propertieshef ltight Streams used in this

example: it is necessary to provide all the prgoperalues related to the commercial

specifications set for the products to be prepared.

In the case of this example the characterisatiora dalculated by the refinery

scheduler have been entered, but they can alsetteved from Refinery Information System

taking advantage of data Import/Export capability.

There is no theoretical limit to the number of caments used by the model.

m Gasoline Blending Schedule_¥L {Refinery Internal Depot)=21 - Weekly Schedule ] 5
Light Sheams |
Mame Description Linit 15 LM T M DH HM Rl
Diescription |zom L.Maphtha |MTEE .Maphtha | DIH Btm H.Maphtha |R38+CS
Furchaze Mode Wolume Yolume Volurme Yolurne Wolume Wolume Yolume
TINI Iritial Boiling Point - TEP C 36 36 70 7B 74 86 28
TFIN Final Boiling Point - TBP i 74 76 a0 86 7B 155 215
DENS Diensiy kgédm3 0E620 0.6620 0.7000 0.7033 0.7370 07510 07702
SULP Sulphuir ppm 17 17 1] 22 5 34 30
Y050 Wisoosity @50°C it 0.37 0.37 0.00 043 0.40 0.58 0.51
%100 Wisoosiy @100°C it 0.23 0.23 033 0.20 0.40 0.36
rOLW Molecular weight F.g/mal 0.00
PARA Paraffing: By 90.30 88.00 100.00 7470 45.00 55.20 44.61
N&FT Waphtenes By 3.70 3.70 0.00 2040 56.00 31.60 5.67
SROM Aromatics By 0.00 2.30 0.00 450 0.00 13.20 4372
BENZ Benzene By 0.0 23 0.0 4.0 0.0 20 049
OLEF Olefing By 0.00 0.00 0.00 0.0o0 0.00 0.00 0.00
MOM_ Motor Octane = 80.2 E36 100.0 531 68.0 451 876
MOKE MON 0.5 TEL = 881 778 105.0 E7.2 780 601
MOMM MON 0.5 THL = 83.0 787 106.0 E7.9 73.0 611
ROMN_ Research Octane = 820 E7.3 105.0 51.2 768 47.4 37.0
RONE RONDSTEL = 83.0 833 108.0 E7.2 81.5 B5.0
RONM RON 0.5 TML = 83.5 835 109.0 68.0 820 BE.0
RC1_ RO rec &100°C = 820 E7.3 105.0 51.2 768 50.2 831
ROIE ROMN D05 TEL rec@]00°C | 83.0 833 108.0 E7.2 81.5 E7.0
ROM RON 0.5 TML rec.@100°C 835 835 109.0 B8.0 820 65.0
BvP_ Reid % apour Pressure bar 0.928 0.837 0.450 0.450 0.274 0.033 0.433
BROM Eromine Mumber a/100g 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MITR Mitrogen ppm 0.0
EOFD Rec. @70°C By 3749 379 95.0 0.0 0.0 oo 238
E100 Rec.@100°C By 100.0 100.0 100.0 100.0 389 0o 424
E115 Rec.@15°C By 100.0 100.0 100.0 100.0 100.0 270 52.0
ER2E Rec.@25°C By 100.0 100.0 100.0 100.0 100.0 437 59.9
E150 Rec.@150°C By 100.0 100.0 100.0 100.0 100.0 85.5 735
E165 Rec.@165°C By 100.0 100.0 100.0 100.0 100.0 1.6 88.2
E180 Rec.@180°C By 100.0 100.0 100.0 100.0 100.0 7.7 36.8
EZ10 Rec.@210°C By 100.0 100.0 100.0 100.0 100.0 100.0 100.0
E250 Rec.@250°C By 100.0 100.0 100.0 100.0 100.0 100.0 100.0
E300 Rec.@300°C By 100.0 100.0 100.0 100.0 100.0 100.0 100.0
E350 Rec.@350°C By 100.0 100.0 100.0 100.0 100.0 100.0 100.0
E3E0 Rec.@360°C By 100.0 100.0 100.0 100.0 100.0 100.0 100.0
E370 Rec.@370°C By 100.0 100.0 100.0 100.0 100.0 100.0 100.0
N+ WAFT + AROM By a7 120 0.0 253 55.0 448 h5.4
Ri_2 (RON-+MOM]2 = a1 5 103 52 72 48 32
WL “Yapour Lock Indes = 1613 1522 1115 450 274 38 00!
Add | Duplicate | Helete | Expart | Import | Preview | Exit Al
Figure 2 — Light Streams Characterisation Data
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MODELLING COMMERCIAL SPECIFICATIONS

OTTMIX manages various types of Commercial Speatfans depending on the
nature of the object to be controlled:
- Property: to control the value of product property (for examplax Density equal to...)
«  Component list: to control the concentration of a list of purengonents contained in the
product (for example: Max C2 minus content in LRGducts)
« Additives: to model the contribution and the costs relaedhe use of additives (for
example: Pour Point Depressants or Cetane Imprpvers
- Antiknock Additives: to model the behaviour of lead based Antiknocklifides (TEL and
TML).
It is possible to associate commercial specificetioo each characterisation object
defined in the Model (Figure 3).

[ Gasoline Blending Schedule_¥L (Refinery Internal Depot)=:>1 - Weekly Schedule ==Set-UpD =] 3]
Definition | Component List I Additives | Anliknucksl Selection I
Mame D escription Type Object Type
MIE205 Min rec.&@205°C Min Property
MAEZ10 Max rec.@210°C [GEH Fioperty
MIE250 tin rec. @250°C tdin Property
MAE 250 I ax rec.@260°C dax Property
MAE 300 I ax rec.@300°C Max Froperty
MIE350 Min rec. @350°C tdin Property
MAE 350 2 rec.@3I50°C fax Property 5'
MIE3ED tin rec. @360°C inn Property
MIE370 tin rec. @370°C inn Property
MM+ _ in NAFT +AROM in Property
M+, M NAFT +4R0M b Property Mo _ Desciiption - [15x rec. @205°]
AN+ Max Ni+Wa Max Property N+Y_ Type:
MIFM_2 Min [RON+MON)/Z Min Bty RM_2 ¢ e |
MWL Min L Min Property YL Object Type : Ipmpg[[y j MAE 205
rmLL Mfax LI Mfax Property WL Object - Iﬁ
MIC4__ tdin C4 tdin Component C4_
MIC2-_ tin C2- tdin Component C2-_
MACZ-_ tax C2- bl an Companent C2-_
MICE_ Min C3t Min Compenent i % gt | ey |
MAC3 Max C3 tax Companent C3
MACE+ Max Ch+ Max Companent Ch+,
MACFPP Max CFPP Max Additive CFPP
MIE3EI in E3601 tin Additive E36l
MIENOK Min Antiknock Additive Iin Antiknock
MAKHOK I ax Antiknock Additive [LE Antiknock
Add Duplicate | Delete | Ezpart | Imnpart | Preview | Exit | Apply |

Figure 3 — Commercial Specifications Types and Dntfion

Commercial specification constraints are set fartheBroduct Tank (Figure 4): this

constraints are always mandatory and the applicai@m not suggest formulations with “Out

of Specification” products.
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Gasoline Blending Schedule_¥L {(Refinery Internal Depokt)= -Products =>Gasolines —|O ﬂ
Defirition | Composition | Additives | Yolume Factors
MNarne D escription Uit E1 E2 F1 G1 G2 G3 G4 H1
D escription H. Maphtha |H. Maphtha |L. Maphtha |Unleaded Unleaded Unleaded Unleaded Urlead. Plus
Sale Mode Wolume olume Wolume Wolume olume olume Wolume Wolume
Dest. Tank 022 -%.Mph | 027 -%.Nph |023-4.Nph |002 - Unl95 | 004 - Unl95 | 005 - Unl95 | 006 - Unl95 |01 - Unl38
Antiknock Clear Clear Clear Clear Clear Clzar Clear Clear
MIKMOE, Min Antiknock Additive | g/t
MAKNOE. | Max &ntiknock Additive | gt
MIDENS | Min Density ka/dm3 06600 0.6600 0.6300 07200 0.7200 0.7200 0.7200 0.7200
MADENS | Max Densiy ka/dm3 0.7300 0.7300 0.6600 0.7750 0.7750 0.7750 0.7750 0.7750
MASULP | Max Sulphur ppm 500 5001 300 150 150, 150 150 150
MIPARA | Min Paraffines v 5.00 E5.00 87.00
MAARDM | Max Aromatics v 12.00 12.00 4.00 37.80 37.80 37.80 37.80 40.00
MABEMZ | Max Benzens 0 048 ng 04 048 048
MIMON_ | Min MOM C 85.2 85.2 85.2 85.2 g7.2
MIROM_ | Min ROM C 95.2 95.2 95.2 95.2 98.2
MARON_ | Max RON C
MIRD1_ Min ROM rec.@100°C |
MIRWP_ Min RYP bar 0.500 0.500 0.500 0500 0600
MARYP_ | Max RWP bar 0.840 0.5840 0.800 0.800 0.500 0.500 0.500
MIEDFD Min rec. @70°C v
MAEDFD | Masx rec.@70°C v 48.0 420 48.0 48.0 50.0
MIET00 Min rec. @100°C v
MAET0D | Max rec.@100°C v .0 A 1.0 1.0 1.0
MIET1E Min rec.@115°C v
MAE11E Max rec. @115°C v
MIE125 Min rec. (@125°C v 0.0 50.0 35.0
MIET50 Min rec. @150°C v 75.0 780 75.0 750 750
MIETES Min rec. @165 v 45.0 95.0
MIET80 Min rec. @180°C v 85.0
MIN+S,_ Min NAFT +AR0M v
MAN+A_ | Max NAFT+AROM v 120
MIRM_2 | Min [(ROM+MON]/2 C
MIMLI_ Min LI C
WAL Mai LI C 1050 1050 1050 1050 1150

Add Duplicate | Delete | Expart | Impart | Preview | Exit Apply

Figure 4 — Product Tank Commercial Specifications

Besides commercial specifications, the Model pesrtot specify which intermediate
components the model can use to prepare each dohiphoduct (Figure 5): composition

ranges (min/max weight percent content in the fi@tsproduct) may be also set at this level.

Gasoline Blending Schedule_¥YL {Refinery Internal Depok 1 - Weekly Schedule =]
Diefintion  Campasitian |Additives| “alume Factars
Name Unit [E1 E2 F1 G1 G2 G3 Gd H1
D escription H. Naphtha |H. Maphtha |L. Maphtha |Unleaded | Unleaded | Unleaded | Unleaded | Unlead. Plus
BU Hw MO MO MO 0-3 0-3 0-3 0-3 0-3
DH Hw |YES YES MO YES YES YES YES YES
HN Hw |YES YES MO YES YES YES YES YES
15 Zw |NO NO NO YES YES TES YES YES
LM Fw |NO MO wES YES YES TES YES YES
MN Fw |NO wES wES YES YES TES YES YES
MT Fw |NO MO MO 0-14 0-14 0-14 0-14 0-14
Rl Fw |MNO MO MO YES TES TES YES TES
Add Duplicate | Delete | Ezport | Impart | Breview | Eit Lpply

Figure5 - Defining Product Composition

MIXING RULES

One of the main issues involved with Blending Operamodelling is the prediction
of hydrocarbon mixtures’ properties: in some cafesa reliable prediction of mixture’'s
quality, property values must be converted intoewe$s before being linearly blended on

weight or volume basis.
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The calculation of properties with linear behavi@irepresented by (1), beingdhd
Qi the property value and the quantity (weight oruvad) respectively of each blending
component andfand Q, the property value and the quantity of the mixture
(1) Pn*Qm =2 (P*Qj)

If linearisation indexes are used, the formula bee® (2), beingdx() the linearization
function applied to the property value:

(2) 1dX(Pm)*Qm = Z [1dx(R)*Qi]

Moreover, to calculate some particular properti&stiknock, Evaporates), additional
parameters (Volume Factors) must be considerdukibliending calculation to account for the
physical / chemical behaviour of each component. ikstance the resulting RON of two
mixtures SR Naphtha / Reformate and SR Naphthanidsate is different even if Reformate
and Isomerate have the same RON: this behavialuago the different chemical structure of
the two components. In this last case the calarndbrmula becomes (3) or (4), being Fi the
correction factor associated to each blending carapb
3) Pn* Z (Q*Fi)=Z (R*Qi*Fi)

(4) ldx(Pm)* = Q*Fi = Z1dx(P)*Qi*F;i

Table 4 details the type of Mixing Rule applied neanage each hydrocarbon
predefined property; the system manages also UseriBtary Methods.

Figure 6 shows some Volume Factor Values: a detatady should be carried out
basing on historical data to find the values beshd the real contribution of each Blending
Component.

Gasoline Blending Schedule_¥L (Refinery Internal Depot)=>1 - Weekly Schedule ==P =10 5[

Definition | Composition | Additives  Velume Factors

Mame MON_ ROM_ RD1_ EO7D E100
Description | Motor Octane | Research Octane | RON rec.@100°C | Rec.@70°C | Rec. @100°C

BU (Imp) 1.02 1.05] 1.05 11 1.05
DH (Imp] 1 1 1
HH [Imp] 1 1 1
15 (Imp] 1.19] 1.18 1
LN (Imp] 1 1 1
3
1
1

MM [Imp)] 1 1
MT (Imp) 1.03 1.03
Rl lImg] 08l 0.78 0.78

Add Duplicate | Delete I Export: | Import: | Preview | Exit Lpply

Figure 6 - Volume Factors
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PROPERTY TYPE | MIX | VOL PROPERTY TYPE | MIX | VOL
RULE | FACT RULE | FACT
@) &) (©)] (@] ) ()
Standard Density G LV NO |Pour Point G \Y NO
Sulphur Content G LW NO [Nitrogen Content G LW NO
Kinematic Viscosity@50C G W NO |Aniline Point G LW NO
Kinematic Viscosity@100C G w NO |[Cetane Index G LV NO
Paraffins Content G LV NO |[Diesel Index G LV NO
Naphthenes Content G LV NO |Ash Content G LW NO
Aromatics Content G LV NO |Asphaltenes Content G LW NO
Benzene Content G LV NO |Conradson Carbon G LW NO
Olefins Content G LV NO [Nickel Content G LW NO
MON (Motor Octane Number) G LV YES [Vanadium Content G LW NO
MON Tetra Ethyl Lead 0.5 (4) G LV YES |[Test D86 Rec@070C E LV YES
MON Tetra Methyl Lead 0.5 (4) G LV YES |[Test D86 Recovered@100C E LV YES
RON (Research Octane Number) G [\ YES |[Test D86 Recovered@150C E LV NO
RON Tetra Ethyl Lead 0.5 (4) G [\ YES |[Test D86 Recovered@180C E LV NO
RON Tetra Methyl Lead 0.5 (4) G |\ YES |Test D86 Recovered@210C E LV NO
RON Recovered @ 100C G Y YES |[Test D86 Recovered@250C E LV NO
RON Rec@100C TELO.5 (4) G Y YES |[Test D86 Recovered@300C E LV NO
RON Rec@100C TMLO.5 (4) G Y YES |[Test D86 Recovered@350C E LV NO
Reid Vapour Pressure G Y NO |[Test D86 Recovered@360C E LV NO
Bromine Number G LW NO |Test D86 Recovered@370C E LV NO
Flash Point G Y NO [(RON+ MON)/2 C LV NO
Freezing Point G Y NO [Vapour Lock Index C LV NO
Cloud Point G \Y NO
(1) Property Type: G = Generic, E = Evaporate, C = Composite
(2) Mixing Rule: LV = Linear Volume, LW = Linear Weight, IV = Index Volume IW = Index Weight
(3) Use volume factor (YES / NO)
(4) Added with 0.5 cc of Tetra Methyl Lead / Tetra Ethyl Lead per Litre

Table 4 — Predefined Property Mixing Rules

PERIODS
The Blending Problem is managed on a Multi PeriadeB for each period specified in
the simulation (Figure 7) it is necessary to defthe corresponding duration (in days).
Depending on the length of the periods the apptinaiay support the scheduling of short
(for instance a week as in the example), mediurshort-medium term cases (a sequence of
short duration periods joined with a sequence o lperiod).
10/

Periods |

Mame Unit |1 2 3 1 ) E 7
Diescription tdonday Tuesday ‘wednesday | Thursday | Friday Saturday Sunday
Diration [Day] 1 1 1 1 1 1 1

Start 10/03/2008 | 11/03/2008) 12/03/2008| 13/03/2008 | 14/03/2008| 15/03/2003) 16/03/2008
End 10/03/2008 | 11/03/2008) 12/03/2008 13/03/2008 14/03/2008| 15/03/2003) 16/03/2008

Add Duplizate | Delete | Eppart | Impart | Preview Exit Lipply

Figure 7 - Simulation Periods

Multi Period representation permits to manage tleading problem with an holistic
approach, and this may constitute and advantageceso in-line blending: components are
used not only to adjust the current formulation bt managed considering also future
periods expected schedule; especially in case wipoaents shortage an overview of next
future operation may provide tangible advantages.
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Increasing the number of periods means to incrpegglem dimension and it results
time expensive for matrix solving process (espécialcase of MIP cases with many Integer
Variables), thus a good compromise between numbpemods and detail of schedule must
be found.

For each period defined it is possible to set Ciapand Economics constraints of
each object involved in the simulation (blendingnmpmnents, finished products, tanks,
groups, etc.). When they are not set, the preypeu®d data are considered.

TANKS

Tanks objects are available to simulate the laggstf Blending Operation and are
used either to set capacity constraints (minimuchraaximum quantities) and to specify — in
case of product tanks — the quantity and the quafithe tank bottom that is to be included in
product formulation.

Besides Tank’s Stock Mode (defining whether capadé#ta are handled in weight or
volume base), additional parameters are set touatdor immobilisation costs, to quantify
Tank’s content economic value (at the beginningheffirst period and at the end of the last
period) and to simulate the specific utility congiion associated to the usage of each tank.

Product Tanks definition mask is showed in Figurea8y finished product is
compulsorily associated to a tank.

In this specific example, immobilisation costs aceounted for the 7 % per year of

Tank content’s value that is set to be equal tBthéo of product’s sale price.

i Gasoline Blending Schedule_¥L (Refinery Internal Depot)==1 - Weekly Schedule ==| - |EI|1|

Definition IEaDacityl InitiaIStockl
Mame Lt 002 a04 an5 i) o1l 022 023 027
Diezcription Unl 95 Unl95 Unl95 Lnl. 95 Unl98 |v.Mph W.Mph W .Mph
Stock Mode Wolume Wolume | Vaolume “alume Wolume | Valume Wolume Wolume
Interest cast Hdpear 7 7 7 7 7 7 7 7
% price % 80.00 40.00 a0.00 80.00) 8000 40,00 80.00 &0.00
Walorization £/m3 - £/ton
Compulzory stack coeff. |_ 1 1 1 1 1 1 1 1
Product Gl G2 G3 G4 H1 E1 F1 Ez2
FLEL kcal/m3 - Mkcal/ton
ELEN bftadhi/m3 - Miw/hiton
H20R m3/m3 - m3/ton
HPST ton/m3 - tondton
LPST ton/m3 - tondton

Add [uplicate | Delete | Export | I mport | Preview Exit Lpply

Figure 8 - Product tank Definition

Tank bottom is automatically included with its siieajuality in product formulation;
corresponding data can be either entered or imghdrtam Refinery Information System
(Figure9). The system permits also to estimate unknownabrupdated information using

Library data that are built through historical detses.
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i Gasoline Blending Schedule_¥L (Refinery Internal Depot)=:-1 - Weekly Schedule =>Produ =] 3]

Diefinition | Capacity ~Initial Stack

Name Desciption Onit M2 |ooé (o005 [oos om |0 023 027
Description Unl95 |Unl95 |Unl95 |Unl95 |[Unl98 |Y.Mph ¥ Nph W .HNph
Rieference Stieam U35 [UL95_ |ULS5_ |UL95_ |ULS& [MD_NPH |LT_NPH |MD_NPH
TINI Inkial Boling Paint- TBF__| T T = =
TFIN Final Bofing Paint - TBP__| T 20 70 1=
DENS Densty ko/dm3 | 0.7950) 0.7550] 0.7950] O pemimmmmeenl et e
SULR Sulphur pm 50 0 0 §! Gasoline Blending Schedule_¥L {(Refinery Internal Depot)==>1 - ¥Weekly Schedule =
x?gg z:zzgz:g g?gDFE Ez: Defintion  Capacity | [nitial Stack I
MOLY/ Molecular weight ol o0z 004 05 005 on 022 023 |07
PARA Paraffing By Tesanaian Unl% |Un95 |Unl95 |Unl95  |UAl98  |MMph  |VNph |¥Nph
LAY Naphte.nes By - | Stock Mode m3 m3 m3 m3 m3 m3 m3 m3
2RO ATmefies By 3780]  37E0|  3780| el Stock 17800 10480 26500) 21000 8840|7200 2120[ 2360
BENZ Benzene By 03 03 0.3 Manday - Min T302.0] 10480) 2001.0] 2037.0]  Se40)  600.0] 2120] 2340
OLEF Olefins Hu Qoo o00o) 000 Manday - Max £E940 63000) £6e70| 89760 51090) 4789.0) 9820 2007.0
MON_ Motar Octane E 852 852 &s2 TuEsezn-in Ta080] 10480) 20010 20370  Be4n| G000 2120] 2340
IO IR @3 TIEL Tuesday - Max £534.0| 63030 86670 se7e0| 5109.0 4789.0) 9820) 20070
BIRTY IR W Tl = Wednesday -Min | 1308.0) 10430 2001.0] 2037.0) 8340  600.0) 2120[ 2340
T e Ui = %2 #2942 Wednesday -Mas | 6994.0) 63030 88670 8a97e.0| 5109.0] 4rean| 9820 20070
RONE RON 0.5 TEL = Thustian- 13080 1043.0] 2001.0] 2037.0) 8840  600.0| 2120|2340
RONM RO L = Thursday - Max E5O40| 63090 @867.0 8760 5109.0| 4789.0| 5820 2007.0
R, RNEEENIIT |l Friday - Min 13080 10450 2001.0] 2037.0] 6840 600.0| 2120] 2340
[FDilE RIS EL =T | Friday - Max E5940| 3090 @867.0| 5760 5109.0| 4789.0| 9820 20070
RO I L EBEIITE | Satuiday - Wi 7302.0] 10480] 2001.0] 20870  ee40] 6000|2120 2340
Egﬁh Eiiﬁi”ﬁ.f;ﬁﬁ““’e ':;’ - 00| OBO0)  0600] U Fooy day- Man £504.0 63090 G667.0| 5760 5109.0| 47990 9520 2007.0
e Sunday - Min 73020 10480] 2001.0] 2037.0]  ee40] 6000 2120 2340
bdd Duplicate Delete Export Impart Sunday - Max £594.0| 63090 88670 88760/ 51090 47890 9820 20070
|
Add | Duplizate | Delete | Ezport Import Ereview

Figure 9 — Tank Bottom Quality and Initial Stock

BLENDING COMPONENTSAVAILABILITY AND PRODUCTION CONSTRAINTS(ECONOMICS)

PRICES
The Optimisation problem is focused on the Blendidgpartment, as if it was an

independent company buying intermediate and sefliighed products; thus it is necessary
to define purchase and sale prices for each oinjectved.

The economical value given to intermediate andsfiad products is very important
since it constitutes the real “driving force” ofetloptimisation process; if in case of finished
products it is possible to consider market salegs;i a direct reference for Intermediates
purchase prices is not available, either becauséntarmediates market” does not exist in
reality, either because the real value (for thénegy) depends on many factors linked to
refinery operation and market.

A reasonable approach, assuring uniformity withif&e/ Planning Models, consists
in using the “shadow values” calculated for eadermediate by the LP Model: these data
represent the calculated value of each intermediabeluct and are retrievable from of
Refinery LP Model Results.

While getting these data attention must be paidh® reliability of the solution:
sometimes, not well consolidated LP simulations m@ytain unreasonable “shadow values”
due to a “stressed” solution: that is why pricefnitéon is a job that should be handled by the

Planning Department that is charged to produce Klyeenonthly depending on Refinery

ERTC AM Conference 2008, Lisbon, Portugal Page 134of PROMETHEUS



ERTC Asset M aximisation Conference 2008

Consolidated habits) the set of reference pricesnfiermediate and finished product to be
used for Blending Optimisation.

The set of prices used for this example is repoiediable 5: being the simulation
aimed to the development of a weekly schedule,epritave been kept constant in time;
exercises aimed to simulate longer periods of tmey also account for expected market

fluctuations by setting different prices in diffatgeriods.

PRODUCT TYPE PURCHASE PRICE SALE PRICE
[€/m3] [€/m3]

Butane Intermediate 192.38 -

MTBE Intermediate 415.66

Isomerate Intermediate 242.29

SR L.Naphtha Intermediate 235.53

SR M.Naphtha Intermediate 259.55

SR H.Naphtha Intermediate 273.54

DH Bottom Intermediate 265.69

Reformate + IC5 Intermediate 357.82 -

Heavy Naphtha Finished - 254.43

Light Naphtha Finished - 265.43

Unleaded Gasoline (95) Finished - 329.48

Unleaded Plus Gasoline (98) |Finished - 368.89

Table 5 - Intermediate and Finished Product Prices

QUANTITIES

Quantity constraints are provided either to defirtermediates availability and to set
minimum and maximum productions: not providing anfer means to assume an unbounded
guantity.

The availability of blending components is given the amount available at the
beginning of the simulation (specified as “initetock” in the intermediate tanks) plus the
guantities produced by plants during each perioesé last are considered to be “purchased”
in bounded quantities, considering the amountsutatied by the scheduling model.

Figure 10 shows the form dedicated to the inpuhtdErmediate products economics:
depending on specific scheduling needs two altermadpproaches can be applied for
intermediate products management:

- The amounts produced by the plants are fixed (MimmQuantity equal to Maximum
Quantity) in order to force the Model to utiliseeth even if it results not profitable: in this
case formulations are less driven by the valuentdrmediate products and the Model
optimises the management of storage faciliti®ar{t Driven Approach)

- The amounts produced by the plants are upper boufM®aimum Quantity unbounded)
permitting the Model to utilise them only if it ndés profitable: in this case formulations
are mainly driven by the value of intermediate &inthed productsEconomics Driven

Approach).
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Through Figures 10 and 11 it is possible to compfa@eoperation summaries resulting
from the two different approaches (being unchargjedther constraints); obviously a mixed
approach is applicable too (some intermediatesifa some free).

=" Gasoline Blending Schedule_¥YL {Refinery Internal Depol 1 - Weekly Schedul, i - |EI|1|

Imports Purchase

T i T T
MName Period Piice Min Gty M ax Oty bin Lot

2-11 Mar/11 Mar 2008 £/m3 m3 3150{m3 m3
3-12 Mar/12 Mar 2008 £/m3 m3 60| m3 m3
15 [1s0m) 4 -13 Mar/13 Mar 2008 £/m3 m3 562.5/m3 m3
5 - 14 Mar/14 Mar 2008 £/m3 m3 562.5(m3 m3
E - 15 Mar/15 Mar 2008 £/m3 m3 306.5| m3 m3
7 - 16 Mar/16 Mar 2008 £/m3 m3 386.8|m3 m3
1-10 Mar/10 Mar 2008 | 273.54|&/m3 m3 116.2[m3 m3
2-11 Mar/11 Mar 2008 £/m3 m3 6.2 m3 m3
3-12 Mar/12 Mar 2008 £/m3 m3 T16.2[m3 m3
HM [H.Naphtha] 4 -13 Mar/13 Mar 2008 £/m3 m3 137.3|m3 m3
5-14 Mar/14 Mar 2008 £/m3 m3 137.3| m3 m3
E-15 Mar/15 Mar 2008 £/m3 m3 0.0/ m3 m3
7 - 16 Mar/16 Mar 2008 £/m3 m3 00| m3 m3
1-10Mar/10Mar 2008 | 24272|€/m3 m3 264.5| m3 m3
2-11 Mar/11 Mar 2008 £/m3 m3 264.8|m3 m3
3-12 Mar/12 Mar 2008 £/m3 m3 264.8/ m3 m3
LK [L.Maphtha) 4-13 Mar/13 Mar 2008 £/m3 m3 0.0 m3 m3
5-14 Mar/14 Mar 2008 £/m3 m3 0.0/ m3 m3
E - 15 Mar/15 Mar 2008 £/m3 m3 181.3|m3 m3
7 - 16 Mar/16 Mar 2008 £/m3 m3 1813 m3 m3
1-10 Mar/10 Mar 2008 | 252.20|&/m3 m3 290.8/m3 m3
. 2-11 Mar/11 Mar 2008 £/m3 m3 890.8|m3 m3
N (lE-EE) 3-12 Mar/12 Mar 2008 &/m3 m3 | 630.8(m3 m3
4 -13 Mar/13 Mar 2008 £/m3 m3 9929 m3 m3
Add | Dupficate | Delete | Ezxport | Impart | Preview | Exit | Apply
Figure 10 - Intermediate Products Economics
o]
all periods I
T T T T
= —| GAH. Maphtha | GA L. Naphtha [ GA Unleaded G Unlead. Plus
STREAMS IMIT.STOCK | FIN.STOCK |IMPUTS 022 027 023 0oz 004 005 006 011
Outputs + Losses G039 B2773 -384.8| -4883.0) 8195 64311 16704 30801
Initial Stock 72085 H039) -16E2 -139.2| 134349 -791.2) -20008] -15855 -£78.9
BU [Butane] 288.2 1.1 189 1010 -18.0 -69.2
DH [DIH Btm] 3955 518.7 1893 -100.5 2239
HM [H.Maphtha] 21163 7405 18436 18436
MT [MTBE) 951.9 13174 -340.0 21 B25S -30.2 -14.3
15 [Isom] 25487 27686 16621 -5 A2 Bz -36.8 -16.3
LN [L.Naphtha] 15667 2075.7 245.6 -245.6
RI [R98+CE] 36275 1780.7| B8E1.9 2292.0 27034 -1866.4
M [M.Maphtha] 22506 3079.2 -3079.2
Add | Duplicate | Delete | Exzport | Imnpart | Ereview | Exit | Apply |

Figure 11 - Operation Summary in case of Plant Driven Approach

i
all periods I
T T T T
= —| GAH. Maphtha | GA L. Naphtha [ GA Unleaded G Unlead. Plus
STREAMS IMIT.STOCK | FIN.STOCK |IMPUTS 022 027 023 0oz 004 005 006 011
Outputs + Losses 5039 -4001.6 -384.8| -4883.0) 8195 64307 -1668.7) 28181
Initial Stock 72085 H039) -16E2 -139.2| 134349 -791.2) -20008] -15855 -£78.9
BU [Butane] 288.2 1.1 189 1010 -23.2 -64.0
DH [DIH Btm] 3955 3985 210.0 -100.5 -B3.0
HM [H.Maphtha] 21163 7405| 13758 13758
MT [MTBE) 951.9 11856 -340.0 21 -3544 261 -387.5
15 [Isom] 25487 8756 17305 -5 7.2 9370 -339 209
LN [L.Naphtha] 15667 131041 245.6 -245.6
RI [R8+CH] 36275 1780.7| B8E1.9 2292.0 29031 -1BEE.7
M [M.Maphtha] 22506 2250.6 -2250.6
Add | Duplicate | Delete | Exzport | Imnpart | Ereview | Exit | Apply |

Figure 12 Operation Summary in case of Economics Driven Approach

Figure 13 shows the form dedicated to the inpufimithed products economics:
besides price and min/max columns the “Delta Cagadimaximum capacity minus
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minimum capacity) of the tank associated the prbdsceported as well as the MIP mode
meaning if the sell is to be managed as an integeable (the program is allowed to sell the
product only if the tank is full) or not.

¥ Gasoline Blending Schedule_YL (Refinery Internal Depot)=>1 - Weekly Schedule =>Econo =31 x|
Product Sale
1 i i
Product Period Price HMin Gty tax Gty Delta Capacity MIP
2-11 Mar/11 Mar 2008 £/m3 m3 | 5261.0{m3 5261.0 wES
3-12 Mar/12 Mar 2008 £/m3 m3 | 5261.0/m3 5261.0 ES
4 - 13 Mai/13 Mar 2008 £/m3 m3 | 5261.0{m3 5261.0 wES
T 004- G2 Wnleaded) oy o1 M 2008 £/md m3 | 6261.0/m3 5261.0 YES
E-15 Mar/15 Mar 2008 £/m3 m3 | 5261.0/m3 5261.0 TES
T - 16 Mar/16 Mar 2008 £/m3 m3 | 5261.0{m3 5261.0 TES
1-10Mar/10Mar 2008 | 329.48)£/m3 m3 | BEEE.0|m3 EEEE.0 ES
2- 11 Marf11 Mar 2008 £/m3 m3 | BEEE.0|m3 EEEE.0 TES
3-12 Mar/12 Mar 2008 £/m3 m3 | BEEE.O|m3 BE66.0 ES
TK 005 - G3 [Unlzaded) 4 - 13 Marf13 Mar 2008 £/m3 m3 | BEEE.0|m3 EEEE.0 TES
5-14 Mar/14 Mar 2008 £/m3 m3 | BEBA.O|m3 GE66.0 ES
E - 15 Mai/15 Mar 2008 £/m3 m3 | BEEE.0|m3 EEEE.0 wES
7 - 16 Mar/16 Mar 2008 £/m3 m3 | BEBE.O|m3 EEEE.0 ES
1-10Mar10Mar 2008 | 329.48| £/m3 m3 0.0/ m3 E839.0 MO
2-11 Mar/11 Mar 2008 £/m3 m3 0.0/m3 EB33.0 MO
3-12 Mar/12 Mar 2008 £/m3 m3 0.0{m3 E833.0 MO
TK 006 - G4 [Unlzaded) 4 - 13 Marf13 Mar 2008 £/m3 m3 0.0/m3 E833.0 MO
5-14 Mar/14 Mar 2008 £/m3 m3 0.0/ m3 6839.0 MO
E - 15 Mar/15 Mar 2008 £/m3 m3 0.0/m3 E834.0 MO
7 -16 Mar/16 Mar 2008 £/m3 m3 | 62390/ m3 6839.0 MO
1-10Marf10Mar 2008 | 388.89| £/m3 m3 | 4225.0/m3 4226.0 MO
2-11 Mar/11 Mar 2008 £/m3 m3 | 42250 m3 42250 MO
TROTT- A1 [Unlead Plus) (593 a2 Mar 2008 &3 m3 | 42250/ m3 4235.0 ND
4 -13 Mar/13 Mar 2008 £/m3 m3 | 42250 m3 42250 MO -
Fadd [uplicate | Delete | Exzport | Impaort | Preview | Exit | Apply

Figure 13 - Finished Products Economics

GENERAL BOUNDS
Sometimes it is necessary to specify capacity beuiod a group of objects: for

example, the Blending Operator might be interesteproducing a given amount of product
without caring of which tanks will be used for tipsrpose or better, he might be interested in
knowing which sequence of tanks is most profitaioleprepare in the forthcoming week:
General Bounds permit to group together under #reescapacity constraint more objects
(finished product tanks in this case).

Figure 14 shows General Bounds Definition Formthis specific example a General
Bound has been defined for every product gradejggng together the tanks associated to the
same grade.
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", Refinery Internal Depot {Gasoline Blending Schedule_¥L)=>1 - Weekly Schedule ==General Bo =] 3]

Definition | Capacity | ", Refinery Internal Depot {Gasoline Blending Schedule_¥L)=>1 - Weekly Schd
Lnik HWMP LTHF LL35 Ul Defirition  Capacity |

Description Heawvy Maphtha |Light Naphtha |Unleaded 95 |Lh
Stock Mode Volume Valume Volume Mame HYHP LTNP LIL95 LLss
Cost £/ton il i} i] Diescription Heavy Maphtha | Light Maphtha  |Unleaded 95 | Unleaded 98
BU [Impart] MO NO NO Uit m3/day m3/day m3Aday m3Aday
1S Impaort] NO NO NO Monday - Min
HM [Import] MO NO NO Monday - Max 5962 770 24052 4225
LN [Import) NO NO NO Tuesday - Min
Rl (Import) MO NO NO Tuesday - bax 5362 770 24052 4225
M (Import] NO NO NO Wednezday - Min
DH [Import) MO NO MO Wednesday - Max 5362 770 24052 4225
MT [Import) MO NO NO Thursday - Min
TK 022 - E1 [Product) YES NO NO Thursday - Max B9E2 770 24052 4225
TF, 027 - E2 [Product] YES N WO Friday - Min
TK 023 - F1 (Praduct] MO YES NO Friday - Max 5962 el 24052 4225
TK 002 - G1 [Product) ] NO YES Saturday - Min
TK 004 - G2 [Product] NO NO YES Saturday - Max 5362 770 24052 4225
TK. 005 - G3 [Product] NO NO YES Sunday - Min
TF. 0B - G# [Product) ND [TT] VES Sunday - Max 5362 770 24052 4225
TE 011 - H1 [Product] NO NO MO
FUEL Mikcalfm3 - Mkcalfton sdd | | Dupicse | | Deke Expot Iripot
ELEN adhdm3 - Miwh/ton
H20R m3/m3 - m3ton
HPET tondm3 - ton/ton
LPST tondm3 - ton/ton

Add | Duplicate | [elete | Ezpart | [rnpart | Preview | Exit | Apply |

Figure 14 General Bounds Definition

Similarly it is possible to set capacity boundsuging together more periods, in case
that the Blending Operator was not interested ecgping when a given amount of product
will be exactly shipped provided that that amouiit e prepared by a given date.

INTEGRATION WITH REFINERY INFORMATION SYSTEM

To be really usable in the ordinary planning piagtithe system must be integrated
with Information System of the Refinery, in order get automatically the data useful to
perform the simulation and to minimise direct datéering.

The program is equipped with import/export funcéigrermitting to write to and read
from MS Excel Files (see Figure 15).

Within Excel Environment it is possible to buildtamation procedures retrieving data
from the Refinery Information System and prepartihgse transfer Files in a format easily
read by the application.

Data to be retrieved from the information system ar

Intermediates and Tank quality data: from laborattatabase

Intermediates expected availability: form shorttescheduling applications

Tank status data: from tank management systems

Prices and shipping schedule: from planning aneédwalng applications.
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5l
” Ele Flle Modfica Wisualzza' Inserisci Formako Strumenti Dati Finestra 2 |
D HSRY|[s 2B o-~- A% = £ 45 [08H 10 -7
|| 15 5ans seri - -lgrs|A=E==EH8% . daeEl-0-A
[ | =07
‘@i Gasoline Blending Schedule_ ¥L InDut.xls:1 ]
A | B e B | E | E e | H | g Tk L |
1 |Name Desciption Uit 15 N MT MM DH _ HN R
2 |Description lsom  L.Maphtha MTEE M .Maphtha DIH Btm H.Maphtha R98+C5
| 3 |Purchase Mads Yolume Volume  Yolume Volume Yolume  Yolume Yolume
4TI Initial Boling Paint - TRP - °C 36 36 70 76 74 6 28
5 |TFIN Final Boiling Point - TEP - 'C 74 76, a0 =3 76 155 215
| 6 |DENS Density kg/dm3  0.EE2 0. SBZI I 07033 07F 0751 07702
| 7 [SULP Sulphur PRM 17 2 5 34 30
8 [vos0 Wisoosity @50°C st 037 1} 37 043 04 058 051
3 |yvion Visoosily @100°C st 029 029 03 02 04 03
10 |MOLW Molecular weight Kg/mel [
| 11 |PaRA Paraffing B 0.2 28 100 47 45 6.2 44E1
12 |NAFT Naphtenss Zy a7 97 i 04 55 6 567
13 |AROM Aromatics P ] 23 i 43 i 132 4972
14 [BENZ Benzens P i 23 i 4 i 2 ns
15 |OLEF Olefing By [t} 0 [t} 1} 0 1} 1}
16 [MON_ Matar Detane _ 0.2 636 100 531 62 451 @8
|17 [MONE MON 0.5 TEL _ 88.1 778 105 67.2 78 601
18 [MONM MOM 0.5 TML _ a3 787 106 6749 79 61.1
|19 [RON_ Research Dotane a2 E73 105 51.2 765 474, 57
4| 4| » P\ REF 1 LS IMPORTS REFIPRDECO/ (E1]
0 70 = =5 Tl [ ] = [
1 |Product Period Price. Price Min Qty Min Qty Max Qty Max Qty Sched Qty St:hed Bty Delta Capacity MIP
2 |TK022-E1[H. Naphtha] 1-10Mar/10Mar 2008 189.33 £/m3 m3 4189/ m3 4183 YES
| 3 |TK022-E1 [H. Naphthal  2-11 Mar/11 Mar 2008 £¢m3 mad 4189 m3 m3 4189 YES
| 4 |TK022-E1(H. Maphtha] 312 Mar/12 Mar 2008 £¢m3 ma 4189/ m3 md 4189 YES
| 5 |TK022-E1 [H. Naphtha] 4 -13 Mar/13 Mar 2008 £/m3 ma 4189 m3 ma 4183 YES
| B |TK022-E1 [H. Naphthal 5-14 Mar/14 Mar 2008 £/m3 m3 4189/ m3 m3 4183 YES
| 7 |TK.022-E1 [H. Naphthal §-15 Mar/15 Mar 2008 £im3 m3 4189 m3 m3 4189 YES
| 8 |TK022-E1(H. Naphtha] 7 - 16 Mar/16 Mar 2008 £¢md ma 4189/ m3 md 4183 YES
| 9 |TK027-EZ[H. Naphtha] 1-10Mar/10Mar2008 18933 £/m3 ma 1773 'm3 ma 1773 YES
|10 |TK 027 -E2 [H. Naphtha] 2-11 Mar/11 Mar 2008 £4m3 ma 1773 /m3 md 1773 YES
|11 |TK 027-E2 [H. Naphtha]  3-12 Mar/12 Mar 2008 Eém3 m3 1773 'm3 m2 1773 YES
|12 |TK 027 - E2 [H. Naphtha] 4 -13 Mar/13 Mar 2008 £¢md m3 1773 m3 md 1773 YES
|13 |TK 027 -E2[H. Naphths] 5-14 Mar/14 Mar 2008 £/m3 md 1773 'm3 ma 1773 YES
14 |TK 027 -EZ [H. Naphtha] 6-15 Mar/15 Mar 2008 £/m3 ma 1773/m3 m3 773 YES
|15 |TK 027 -E2 [H. Naphtha]  7-16 Mar/16 Mar 2008 £ém3 ma 1773 m3 m3 1773 YES
16 |TK 022-F1 [L. Maphtha)  1-10Mar/10Mar 2008 20077 £/m3 m3 770 im3 m3 770 NO
17 |TK 023-F1 IL Naphtha]  2-17 Mar/11 Mar 2008 £/m3 3 F70m3 m3 770 NO
18 |TK 023 -F1 (L. Maphtha] 312 Mar/12 Mar 2008 £/m3 ma 770/m3 md 770 NO
19 |TK 023-F1 [L. Naphtha]  4-13 Mar/13 Mar 2008 ém3 ma 770 m3 m3 770 ND
4[4[} b REF 115 MPORTS REF 1 PRD ECO
Pronto | I I [ [ Nom | [ A

Figure 15 Data Exchange via MS Excel

MATRIX GENERATION AND OPTIMISATION PROCESSES

Running the Optimisation Process the system autoatigt generates a Linear
Programming Matrix representing the blending proble

In our example the Blending problem is represerigdabout 1200 balances, 900
variables (of whom 30 to 60, depending on the nunob®@bjects handled in MIP mode, are
Integer), and 6700 coefficients.

The problem is solved using a commercial solveNQO API): two alternative
Optimisation Algorithms are available: Pure LineBrogramming and Mixed Integer
Programming (that is mandatory to perform MIP fimics).

The problem is solved in less than one second theéh_P algorithm and in about one
minute with the MIP algorithm (depending on the mamof integer variables used in the
specific case).

In case of infeasible problems, the system provadesport detailing which constraints
have caused the infeasibility. Figure 17 showsrépert produced by the program in case of
incapacity to produce the specified amount of potelwn specification (being the limiting
specification Research Octane Number): the repwmttlights the volume balance of the

product, the balance of product specification amel maximum composition bound set for
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MTBE, that is the component used by the model igerthe octane number of the mixture to

the desired level.

# Solver status & Solver status
Current operation Current operation
| Optimization terminated | ‘ |
Details Details
Solver environment creation a rr Erndd sesmamary -
Solver license limits retrieving. X X
Feading matrix file. Starting optimizer... .
Problem size retieving Solver environment creation
Integer variables setting... Solver license limits retrieving
Solver wnning... Reading mallik file. -
Solver status retrieving. .. Problem size retrieving
OPTIMAL in 11.997 sec. Salver runhing. .
Optimization terminated. Result is: 1285596.6 Salver status retrieving.. .
INFEASIBLE /UNEOUMDED in 0.003 sec.
- -
Summary Summary
1185 Raws | MIP  Algorithm ‘ 11839 Rows ‘ LP  Algarithm ‘
893 Columns 897 Columns
35 Int, Var, OFTIMAL [Result is 1,285 596.6] (v ‘ 0 It Var INFEASIBLE /UNBOUNDED Fa g ‘
6655 NonZero Yalues 6687 MonZem Values
00> 00z
? Showy matris Show solution | ? | Shawe matrix | Show solution

Figure 16 — Example of Optimisation Process Reports

z ' Sviluppo’,Simral-Ottmix', 51M5" Gasoline Blending Schedule_¥L'Work' Gasoline Blending Schedule_¥L.i - ol =l
dha| S| e |
ntfeasibility Report -

OTTMIX Z.11.0

Simulation: Gasoline Blending Schedule VI
Date: 25.03.Z005 - 13:08

8§88 Bufficient set of constraints:

ITEN TAG EIND DESCRIPTION FORMAT
[011 111BIVLHL Rowr Volume balance of product 1 -» refinery
1 -» period
H1 -+ product
[DZ] L1SHIMIRON_ Rowr Balance of product specification 1 -= refinery
1 -= period
H1 -» product
MI -= Mi=max, MI=min
RON_ -» specification
[031 L1HHIMNT. ... Rowr Maximum craantity of stream in product composition 1 -» refinery
1 -» period
H1 -+ product
MT.... -= stream

|

Figure 17 - Infeasibility Report Example

RESULTS

The application produces many reports providing iafyrmation useful to define the
production schedule. Each report details the opeyaisset suggested by the optimal solution
either for one specific period and for the globehedule (all the periods defined in the

simulation). All the reports are automatically eledted by the system after optimisation run

and can be examined upon request.
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Reports can be considered of the following types:

« Economical Reports: detailing the economical result of each periodeirms of purchased

components, shipped products, operative and immabdn costs and stock valorisation

(Figure 18)

=} Economic Balance

Economic Balance in periad '1' |

g =l

Duplizate |

Delete |

Ezpart

Impart |

Breview |

Exit

—/INTERMEDIATES/PRODUCTS [ ACQUIRED OTY ton | DELIVERED GTY tan PRICE £/tan TOTALE | INCR.VALUE £/ton
Butane 1061 251.76 -26706.44 23295
DIH Btm 236 27769 -6549.12 7E.55
H.Maphtha 872 27425 -23911.596 -54.83
MTBE 554.79 -0.03
Isom 208.5 284.06 -59217.0 -56.86
L.Maphtha 178.2 274.24 -48086.18 -54.83
R98+C5 E86.1 340.72 23376370 1E3.50
M.Maphtha 105.2 274.25 -28854.94 -40.02
TK 022 - H. Naphtha 270.55 54.47
TK 027 - H. Maphtha 12867 260.89 33868210 33.89
TK 023 - L Maphtha 2449 304.20 T4487.38

Tk, 002 - Unleaded 369.81 036
T, 004 - Unleaded 370.55 140.85
T 005 - Unleaded 370.85 017
T 006 - Unleaded 37125 043
TE 011 - Unlead, Plus 1503.9 386.28 580927.30 138.27
Gross Total 1391.9 3035.5 5E4037.40

Financial Costs -B14.73

Initial Stock Value B73076.40

Final Stock Value E710622.00

Total Result 5304654.00

Apply

Figure 18 - Economic Balance example

« Operative Reports: summarising the quantities handled to producé déacshed product

in a given period (Figure 19) and — on a multi pefbase — the status of each intermediate

and finished product tank accounting for purchasisignding and shipping operations

(Figure 20)

-E Blendings Balance

Blendings M aterial Balance in period 1" |

T
—| GAH. Maphtha | GA L Naphtha —

T T
G Unleaded

Duplizate |

Delete

Ezpart

Imnpart |

Preview

= GA Unlead. Plus
STREAMS INIT.STOCK | FIN.STOCK | INPUTS | 022 027 023 ooz 004 005 006 011

Outputs + Losses -503.9) -1456.5 -384.8| -1437.2| 8193 -2266.4) -16821 -2168.6
Initial Stock. 72085 5039 1652 -139.2) 13439 791.2| -2000.8) -1565.5 -678.9
BU [Butane] 1061 -18.9 -37.8 437
DH (DIH Btm) 3935 388.2 349 -34.9

HM [H.Maphtha) 21163 14821 7214 214

MT [MTBE] 8932 3865 506.7 -48.1 -20[ 1466 274 2026
15 [Isom] 25487 26151 1420 362 -R2 426 2258 -33.4
LM [L.Naphtha] 1555.7 14853 2456 -245.6

Rl [R98+iC5) 35275 30897 11239 11238
MN (M.Naphtha) 2250.6 17261 529.7 570.0 9.0 -11.5 9.2

Apply

Figure 19 - Blendings Balance example
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=
ulti Period Production in all periods |
T T T T T T T
=i = 1 dayshom 10/03/2008 = 1 dayshom 1T/03/2008 = 1 days from 12/03/2008 | —/rom 1340]
DESCRIPTION UNIT |STOCK [IN/OUT |BLEMDING |STOCK | INAODUT |BLEMDIMG |STOCK |IN/OUT |BLEMDING |STOCK |INAOUT |B
Butane tan 1061 -106.1 97.2 972
DIH Bim ton 3935 236 -343 388.2 236 411.7 236 -307.0 128.3 249
H.Maphtha ton 21163 87.2 214 14821 872 -316.8 12625 87.2 1333.7 | 1031
MTBE ton 893.2 B06.7 386.5 386.5 165.9 A62.4
Izom ton 2h48.7 | 2085 1420 26151 2085 28236 | 2085 -f03.2 23288 | 3723
L.Maphtha ton 18867 | 1752 -245.8 14853 | 1752 1BE0DE | 1752 1835.8
R38+CH ton 3/275 | EBBE1 -11233 30897 | EBE1 37758 | EBBEI -2416.9 2045.0 | 7E4.7
.M aphtha ton 22606 | 106.2 £29.7 17261 1052 -950.3 881.0 105.2 -43.4 942.8 1521
TK 022 - H. Maphtha | ton 503.9 0.0 503.9 503.9 A03.9
TK 027 - H. Maphtha | ton 165.2 | 128E.7 1291.4 1698 | 13671 12671 167.2 167.2
TK 023-L Maphtha |ton 139.2 -2449 2456 1399 1399 1339
TK 002 - Unleaded ton 13439 933 14372 14372 1437.2
TK 004 - Unleaded ton 791.2 281 819.3 819.3 813.3
TK 005 - Unleaded ton 2000.8 265.6 22664 22664 | -4872.4 41202 14E2.6
TK 00E - Unleaded ton 156855 96 16821 16821 16821
TK 011 - Unlead. Pluz | ton EFB9 | -1503.9 1489.7 EB4.7 EB4.7 BE4.7
‘Weight total 20500.0 | - 188563 188725 - 15497 4

Sdd | Duplicate | [Delete | Export: | Impart: | Preview | Exit | Spply

Figure 20 - Multi Period Production Balance example

« Solution Analysis Reports. analysis of the marginal values contained insthleition aimed
to highlight the constraints limiting the resulidending components shadow values and
the blending options that have been excluded byrtbéel resulting unprofitable (Figure
21).

=% Wasteful Options D% ;Iglil

Uneconomical Options in period 1"

T
=/ INTERMEDIATE |- FROM TOPRODUCT | PEMALTY

= KIND £/ton
N Intermediate | M Maphtha | L. Maphtha 1659.03

Intermediate | M Maphtha | Unleaded 429,69
HM Intermediate | H Maphtha Unlead. Plus 350.86
M Intermediate | M Maphtha | Unlead Pluz 336.99
HM Intermediate | H.Maphtha Unleaded 203
LM Intermediate | L.Maphtha Unleaded 237.82
—IoH Intermediate | DIH Btm Unlead. Plus 220.33

Intermediate | DIH Btm Unleaded 158.92
Rl Intermediate | R35+CS Unleaded 187.34
LM Intermediate | L.Maphtha Unlead. Pluz
=N Intermediate | DIH Btm H. Maphtha

Intermediate | DIH Btm H. Maphtha
Intermediate | L.Maphtha Unleaded
—ILM Intermediate | L.Maphtha Unleaded
Intermediate | L.Maphtha Unleaded
Intermediate |H.Maphtha | H. Maphtha
Intermediate |H.Maphtha | Unleaded

=/ HN Intermediate |H.Maphtha | Unleaded
Intermediate |H.Maphtha | Unleaded
Intermediate | RE8+CH Unleaded
=Rl Intermediate | R98+C5 Unleaded
Intermediate | R98+CH Unleaded
15 Intermediate | lzom L Maphtha
—IDH Intermediate | DIH Btm Urnleaded
Intermediate | DIH Btm Urnleaded
= Intermediate | Butane Unleaded
Intermediate | Butane Unleaded 0.01
s | Duplizate | [Delete | Ezport | [t | Previegm | Exit | Apply

Figure 21 - Wasteful Options Report Example
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« Products Reports: Available only on single period base, these repoetails the suggested
blending recipe (Figure 22) and the calculated igugFigure 23) for each product
produced in the period.

= TK 011 - H1 Unlead. Plus =0l

Qualities in perind 1 Compasition in period 1* |

T
—|INTERMEDIATE CO| WALUE |= TK 011 - Unlead. Plus
FROM CRUDES & PLE|£/ton ton £/ton
Initial Stack 6783
Butane 48471 43,7
DIH Btm 354,25
H.Maphtha 219,36
MTBE 55476 2826
Izom 271 334
L.Maphtha 219.35
R95+CS 510,22 1239
t.Maphtha 234,23
Total 2168.6

Sdd Duplicate | [elete | Export | | ot | Preview | Exit Lpply

Figure 22 - Finished Product Composition

I
Qualities in period 1* | Compasition in period "1 'I
T T

—|PRODUCTS =l Unlead. Plus

TANE =01 = S
SPECIFICATIONS UMIT  |DELTA QUALITY £+00
Dengity kag/dm3 0.0100 0,7520
Sulphur ppm 10 k]l
Aromatics v 1.00 36.74
Benzene v 0.0 07
Moator Octane _ 1.0 83,3
Research Octane _ 1.0 98.2) 2781
Reid Yapour Pressure | bar 000 0,658
Rec &70°C Hv 1.0 448
Rec.@100°C By 1.0 61.0
Fec.@150°C v 1.0 835
Fec.@180°C v 1.0 98.5
“apour Lack Index _ 100 947

Add Duplicate | Delete | Expart | [rmpart | Preview | Exit Apply

Figure 23 - Finished Product Quality

IMPACT OF ALTERNATIVE MARKET SCENARIOS
To demonstrate how the Market Scenario affects Moelsults, the price scenario

reported in (Table 5) has been changed increabmglitferential between Unleaded 95 RON
and Unleaded Plus 98 RON of ZIm° while all the other constraints have been left
unchanged.

Intermediate components quantities are fixed (assyra Plant Driven Approach),
thus we intend to analyse how the change of priiterential affects the optimal management
of blending components.

Product formulation resulting from the two casegeaported in Table 6: while the

production of Light and Heavy Naphtha, and the Itgteoduction of Gasoline remain
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unchanged, the percentile production of Unleaded3B8 over Gasoline is almost doubled

(from 8 to 16 %) and the average formulation ohbmtoducts changes.

CASE A - LOW DIFFERENTIAL

INTERMEDIATES (ton)

FINISHED PRODUCTS (ton)

INIT.STOCK| FIN.STOCK | INPUTS | H. NAPHTHA | L. NAPHTHA [ UNLEADED [UNLEADED
95 PLUS 98
PRODUCT TANK BOTTOM 7208.5 669.1 139.2 5721.4 678.9
BU (Butane) 327.7 0 321.1 6.6
DH (DIH Btm) 399.5 519.7 392.3 127.3
HN (H.Naphtha) 2116.3 7405 18435 1843.5 0
MT (MTBE) 951.9 951.9 0 771.9 180
IS (Isom) 2491 2259.8]  2070.5 0 2020.7 49.8
LN (L.Naphtha) 1522.8 2272.5 0 2272.5 0
RI (R98+iC5) 3527.5 1780.7|  6861.9 0 6469.3 392.5
MN (M.Naphtha) 2250.6 3079.2 2885.6 193.6 0
TOTAL 5790.5 2605.3 15431.7 1307.8
BLENDED IN PERIOD 5121.4 2466.1 9710.3 628.9
CASE B - HIGH DIFFERENTIAL
INTERMEDIATES (ton) FINISHED PRODUCTS (ton)
INIT.STOCK| FIN.STOCK | INPUTS | H. NAPHTHA | L. NAPHTHA [ UNLEADED [UNLEADED
95 PLUS 98
PRODUCT TANK BOTTOM 7208.5 669.1 139.2 5721.4 678.9
BU (Butane) 288.2 0 226.5 61.7
DH (DIH Btm) 399.5 519.7 392.3 127.4
HN (H.Naphtha) 2116.3 740.5] 18435 1843.5 0
MT (MTBE) 951.9 1084.4 0 710.8 3735
IS (Isom) 2491 2609.6]  1720.7 0 1698.4 22.4
LN (L.Naphtha) 1522.8 2272.5 0 2272.5 0
RI (R98+iC5) 3527.5 1780.7|  6861.9 0 5283.1 1578.8
MN (M.Naphtha) 2250.6 3079.2 2885.6 193.6 0
TOTAL 5790.5 2605.3 13767.6 2715.3
BLENDED IN PERIOD 5121.4 2466.1 8046.2 2036.4
Table 6 - Impact of Price differential on Model Result
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CONCLUSIONS

OTTMIX is an LP/MIP driven application dedicated tioe optimisation of Batch
Blending Operation on a Multi Periodic Base; a Magiened to support the definition of the
weekly schedule of Gasoline Blending Operationbiesen presented.

The application disposes of an intuitive interfam@ented to the mentality of the
Blending Operator, and can be easily managed eviéimowt a specific Mathematical
Background.

Expected advantages are:

- progressive reduction of quality give away,

« reduction of laboratory tests needed to monitoctbguality,

« better management of intermediate components (ealyt preserved for future
productions),

- improvement of high value products yields from teme quantities of intermediate
products,

« reduced investment cost against other well estadlistechnologies aimed to obtain

similar results.
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