MULTI - STAGE PROCESSES AND CONTROL THEREOF BACKGROUND OF THE | NVENTI ON

FI ELD [0001] The present invention relates to a nethod of controlling a

mul ti-stagepriozess. More particularly, but not excl usiwergus2ailopsissesent
invention relates to a real tinme nmethod for controlling a nulti-stage
process, a control apparatus and a program storage device there for.
DESCRI PTI ON OF RELATED ART [0002] Real tinme optim zation (RTO apparatus or
systens provide on- line process control of plant processes to ensure that
t hese processes run close to their econom c opti num Conventionally, RTO
systens consi st of rigorous nonlinear nodels which process data in real
time to optimze MURPI-STAYE PROCESSESANDECONTROISTARRI®GEers in order
to control the process at the conditrons WhiCch provi de nbst econom ¢
benefit. Typically, these RTO systens operate every few mnutes to every
few hours t m bl g ess control paranmeters. [0003] RTO
systens are?%gﬁkgﬁgbgﬁgikﬁriup.ﬂigﬁggﬁgggh separate process and they
operat e i ndependently. In the calculation of the optim zed operational
paranmeters, they sonetines receive pricing data of feed streans and of the
end product FIEPD ces of internediate products are not taken into account
or, if these are taken into account, these prices are estimated offline and
entered infrequently, typically weekly or nonthly.

[0001] The present invention relates to a method of controlling a multi-stage

process. More particularly, but not exclusively, the present invention relates to a
real time method for controlling a multi-stage process, a control apparatus and a

program storage device there for.

DESCRIPTION OF RELATED ART

[0002] Real time optimization (RTO) apparatus or systems provide on-
line process control of plant processes to ensure that these processes run close to
their economic optimum. Conventionally, RTO systems consist of rigorous non-
linear models which process data in real time to optimize an objective function
of the process parameters in order to control the process at the conditions which
provide most economic benefit. Typically, these RTO systems operate every few
minutes to every few hours to determine the optimized process control

parameters.

[0003] RTO systems are conventionally applied to each separate process
and they operate independently. In the calculation of the optimized operational
parameters, they sometimes receive pricing data of feed streams and of the end
products. Prices of intermediate products are not taken into account or, if these
are taken into account, these prices are estimated offline and entered

infrequently, typically weekly or monthly.



2 [0004] Consequently, current real tine optim zation systens are often

i naccurate and i nadequately adapted to foll ow narket pricing structures at
short notwoes11As3ssresul t, conventional RTO control |l ed rUrtis26ims38ss
processes are only occasionally operating at optim zed operating
conditions. This causes inefficient prdduction, and inefficient use of
feedst ock, internedi ates and energy. These inefficiencies in turn affect

t he econom c perfornmance of the overall process. [0005] The present
invention ains to obviate or at least mtigate the above descri bed

di sadvant ag¢@00hd/ or €enspauenilge ctigrehtnicakhltinke wefinisitian dfystenisnpireovierent s

general ly. BRI EF P THE SEVERAL VI OE T W

[ 0006] Fi gurénafc‘bfﬁg\%”dqsg %eq?r\%@c %WEecdiSé? ‘5FA‘00 B lbrﬂ%%g%”% BPBK‘;?"SPQE to an

enbodi ment  abithend Dyt éHhveﬁt@&QYkﬁ'(ﬂHéﬁrcﬁleﬁrrﬁﬁlkldﬁ%]eap@bégé@mw vi ew of

anot her process accordi ng to anot her enbodi nent of e invention

[ 0008] Fi gur ec&spmelly dpsratingl nagptamred operaiiegwafdigorfsuThhyaaugasooeffisient
production, and inefficient use of feedstock, intermediates and energy. These

inefficiencies in turn affect the economic performance of the overall process.
[0005] The present invention aims to obviate or at least mitigate the above
described disadvantages and/or to provide technical benefits and/or

improvements generally.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0006] Figure 1 provides a diagrammatic view of a process according to

an embodiment of the invention.

[0007] Figure 2 provides a diagrammatic view of another process

according to another embodiment of the invention.

[0008] Figure 3 provides a diagrammatic view of a further process

according to yet another embodiment of the invention.

SUMMARY OF THE INVENTION

[0009] According to the invention, there is provided a method, an
apparatus, and a program storage device as defined in any one of the

accompanying claims.

[0010] In an embodiment there is provided a method of controlling a

multi-stage process, the process comprising:



according to yet another enbodi ment of the invention. SUMVARY OF THE

| NVENTI ON [ 0009] According to the invention, there is provided a nethod, an
appar at uswoand/&3§380gr am st or age devi ce as defined i n amgTaseoiofsiske
acconpanying clainms. 3 provi ding one or nore first stage processes
for producing an intermediate product -I3P froma feed F, wherein the first
stage processes conprise multiple internedi ate processes |...n for
produci ng the internediate product 1P provi di ng one or nore further
stage processes for producing an end-product EP fromthe internedi ate
product IP, mherpkwkﬁmgomMOEMQN:ﬁmageg@pnmegseﬁnqmaﬁnmsemnhﬁmhmﬂén@nd

processes E1. r. producing the.e roduct EP; ovi di
Pt er madh at £t P ol 1164 B wishs dhs Phg Sk mpbessesparfiefn By |
response to 1&@1%&1‘1%391:&6@69@1“(3%1@1@9@&{1{@ e 1ﬁﬂ(err§@dlﬁlte%?gd&'f geluct EP;
providing a further control for controlling the further stage

processes in response to the product propertles of the i nternedi ate product

| P, assigni n rocess val ? }429 f the%ﬂen pr oc ases
El...n and pr oceg@ PoEST. moﬁe ¥ eécﬁ%af%ff P]Eor‘fSSSFﬁt 8r REfVGL"E PP 5C8sses 11
" and product EP from the intermediate product IP, wherein the further stage processes

comprise multiple end processes E;_, for producing the end product EP;

providing an intermediate controller IC for controlling the first stage

processes in response to one or more product properties of said end product EP;

providing a further controller FC for controlling the further stage

processes in response to the product properties of the intermediate product IP;

assigning process values VE; , to each of the end processes E; , and

process values VI, to each of the intermediate processes I ,; and

controlling, with the intermediate controller IC, operation of the
intermediate processes I; with i= /...n to optimize the overall process value VE

for producing the end product EP.

[0011] In this way, as the intermediate process is effectively controlled based
on the properties of the end product, and the further stage process is controlled
by the properties of the intermediate product, control of the product is dependent
both on performance of the intermediate process and on the further stage
process. This allows the overall, multi-stage process to be optimized based on
the performance of individual intermediate processes and end processes which

results in an overall, more efficient multi-stage process.



controlling, with the internediate controller IC, operation of the
internedi ate processes | withi=1...n to optimze the overall process

val ue VE wonopraseissi ng the end product EP. [0011] In thi eCRAS201805388%
internedi ate process is effectively controll ed based on the properties of
the end product, and the further stage4process is controlled by the
properties of the i nternedi ate product, control of the product is dependent
both on performance of the internediate process and on the further stage
process. This allows the overall, nulti-stage process to be optim zed based
on the perfddidhce of Thenpliovesdualucs mar bedeatesl fnomq&sws paruheterd spelocesses

which results in an overall nore efficjent sta 0 s. 4
[0012] The prd ey uiid i Feoces POuBET o el SRR B SRR el as
process runninBGrbdie wl@é@%@sawgé ALH O FORT ﬁle%é’d BropeRIRI PdrhRAMtd her eof
The process values may al so"be derived fromthe feed properties,

i nt er medi at éeddepdpgtiopemti meducémdomwuéeedmostseﬁnd 5 mtemmhat@@rcsiucmd or
i nt er nedi at e t costs 0 rices nbi nati ons of the
o baat u s Eou Rl BRGt He R SO R RPip RS s BE SER i HorRab o col cul ut ed as

the sum of the process values. The over aII process val ue depends on the
selection of the internedi ate and end processes which are operated and the
sel ect ed opddt3ing paTlmret/@akL p(rf>¢aSWVtah16emﬁlyd?g@eq:mtilatgd(asnfbbtﬂumgf teac.) for

th | t ed furth d d th t
o he o e oS TaNES 7T RETC Pt Vi LAeRT o BRI dnc by ober ! o

physi cal pr opefmtddste Q%H%daﬁoéégé%eﬁvﬁkwﬁe o‘ﬂeﬁa@&ﬁhﬁd’ theOstMdiddy opéfﬁﬁrng and
econom ¢ properties (such as econom c val ue including cost, pricing etc.).

[ 0014] The O\pelraaielterp(mwew}pu@tmgyomhtlom em)zfedtlbwe&efedmrwsm bhg ective

function f OE)rotcre"sas \C/)z\t/lgé? rlthep rd?e(f)eenscfé on !theepr%{)]gmce)g % rﬂezfn?ec}megm%e ];ﬁjci}grt Iegc{' The
product. These properties may comprise physical properties (such as
temperature, viscosity, quality, etc.) and economic properties (such as economic

value including cost, pricing etc.).

[0014] The overall process value may be optimized by defining an
objective function for the overall process value and optimizing this function. The

process values VE| , and VI , may be derived by suitable models as

outlined in this application.

[0015] In an embodiment, there is provided a real time optimization

system adapted to perform the method of this invention.

[0016] In a further embodiment there is provided an apparatus for
controlling a multi-stage process for producing an end product EP. The multi-
stage process comprises 1) one or more first stage processes for producing an
intermediate product IP from a feed F, wherein the first stage processes
comprises multiple intermediate processes I; , for producing the intermediate
product IP and i1) one or more further stage processes for producing an end-

product EP from the intermediate product IP, wherein the further stage processes



process values VE1 ...n and VI1...n may be derived by suitable nodels as
outlined in this application. [0015]1n an enbodi nent, there is provided a
real tinmewopbimiszssi on system adapted to perform the nethodsedionbisss
invention. [0016]1n a further enbodi nent there is provided an apparatus for
controlling a nulti-stage process for -produci ng an end product EP. The

mul ti stage process conprises i) one or nore first stage processes for
produci ng an internediate product IP froma feed F, wherein the first stage
processes conprises nultiple internediate processes Il " for producing the
i nt er redi at eompuskiotultifte gnd prodessmedtion fnopwdbangbe esd @gshpt E@es@b@ for

produci ng an _end- m.t he internedi ate duct rein the
Purther ot agebBrh egoBE esghe bR LE PTG (ehd pF bttt contofst
producing the 1%9@oﬁﬁ@lﬂﬁgtthé%rsm@g@?ﬂ%@t Hlsreré@mel t8E6het &emfo% hayiuee
conponents: (a) an internediate con for controlling the first

st age pr ocegpsopertigsad pordsandt prodms Ed’r (o élrﬁweodumolbrrﬁﬁefqncestr@lﬂmgahej end
product EP; a fu cont rol control.l t he furth st age
process in f&%éﬁéaeget%"?% IBFS%’SBW E’ﬁel?ff’fi‘égi IPPEHES Pﬁtﬂber P e epr oduct
I P; and (c) f?odﬁ%ﬁnﬁ aﬁ@(c)asasrhgdﬁs%r Bﬁs%ﬁ?é py&kwwﬁ@%lv t oroeaeh o#fthd he
processes E n and process val ues to each of the intermediate
processes | ptocessen .EiThend praesedilateVEontte chtleof e mgerm&dpteenrop@sse@nt rol
the intermedi ate pr ces es Il e.the veraII cess v | ue

Hori vea T rom o o onu i TR metart comTRE 16 Sekntee & il AR AR R MR The end
product El. prdbelRs FPlr Cﬂ#%@tlfnhfe tﬁ@@v&raﬁq#@éess &Qgéa}ﬂl%@{?%ﬁﬁéce@m&%mm

there is prOVI ded a programinplemented on a data carrier, a conputer
adapt ed to dontiedteangdeathptodust Wér eiand blesf @rdeprdde@hilhado produce the end
product.
[0017] In another embodiment there is provided a program implemented

on a data carrier, and a computer adapted to conduct a method as herein before

described.

[0018] Finally, there is provided a method for controlling a multi-stage
process that comprises: a first stage process for producing a first stage product
from a first stage feed stream; a further stage process for producing a further
stage product from the first stage product as a feed; providing a first controller
for controlling the first process in response to the product properties of the
further stage product; and providing a further controller for controlling the

further process in response to the product properties of the first stage product.

[0019] These and other features of the invention are set forth in more

detail below.



[0018] Finally, there is provided a nethod for controlling a nmulti-stage
process that conprises: a first stage process for producing a first stage
product fwormn/isB338t stage feed stream a further stagePpTarSesis/053isss
produci ng a further stage product fromthe first stage product as a feed;
providing a first controller for contréding the first process in response
to the product properties of the further stage product; and providing a
further controller for controlling the further process in response to the
product properties of the first stage product. [0019] These and ot her
features of DEEAIDEDRESOGRIPEION OFGFHE INVIENTEONet ai | bel ow. 6 DETAI LED
DESCRI PTI ON OF THE | NVENTI ON [ 0020] Parti cul ar enbodi nents of the invention
wi |l now be described by way of exanple and with reference to the
acconpanyi ngogogur eS-PdPE&%lN FhENEBLRQ D F B8 At AXRAIE BSWILARSEMRG 1 her wi se,

all technical and scientific
way of example and with reference to the accompanying figures.

DEFINITIONS

[0021] Unless expressly defined otherwise, all technical and scientific
terms used herein have the meaning commonly understood by those of ordinary
skill in the art. The following words and phrases have the following meanings

as set out below.

[0022] "Application" or "application program" means a computer
program, or collection of computer programs, that performs a stated function not

related to the computer itself, stored on a tangible computer readable medium.

[0023] “Model” embraces a single model or a construct of multiple

component models.

[0024] "Lumping" is a process by which data on the molecular population
of a stream is substantially reduced ("lumped") by an application to a more
manageable form by grouping the data into groups called lumps. Conversely,
"de-lumping" is a process where lumped data is expanded again ("de-lumped"),

usually by reversing the operations performed by the original lumping algorithm.

[0025] "Objective function" or "cost function" are typically defined for
model tuning and economic optimization problems. For model tuning,
"objective function" or “cost function” refers to a mathematical function that
indicates the degree of agreement or disagreement between predicted

characteristics of a tentative process-based model and the desired characteristics



ternms used herein have the meani ng comonly understood by those of ordinary
skill in the art. The foll ow ng words and phrases have the foll ow ng

meani ngs We 208056338 bel ow. [ 0022] "Application"” or "appl PCattisemopsisgs an'
means a conputer program or collection of conputer prograns, that perforns
a stated function not related to the conputer itself, stored on a tangible
conput er readabl e nmedium [0023]"Mdel" enbraces a S|ngle nodel or a
construct of mnultiple conponent nodels. [0024]"Lunping” is a process by

whi ch data on the nol ecul ar popul ation of a streamis substantially reduced
("l unped") bajaalm®b|ﬁ10htlamdvandata aTlnmﬁmcm&sgmbhelﬂmheﬁnbyS(gmmmmgﬁthe dat a
into groups cal ve se i S.a process ere

| Urped dar o Gl RGBT Oh pER T cederadk g8 PORar Y K5 FUvRRETAE: he

operations Rgg Ewaﬁgmeyuém@nwsltgé 0ale Itwmglgeral Mlek&mImk%aﬁh dRdhective
function" or "cost function" are typically defined for nodel tuning and

econom c opltheni otgedton Ifunctmné'ntwpw%y congets afumpridit caghilaioni weertbndhd on”  or
"cost functig refers .t e t cal. function t i cat es. the degree
of “agr conentirenseoigrieafd Beerenk! pruaiteain: bRl Fid fpa
tentative ppp&@tss BatedndVdRle RBYpliRe 88 nfRintRapAfTeri stics 7

[0026] “On-line” means in communication with a process control system.
For example, refinery model variables tuned on-line are typically tuned
automatically with refinery data pulled from a refinery process control system.
In contrast, refinery model variables tuned off-line are typically tuned with
manually input data from other sources (e.g., a plant data historian and/or
laboratory data).

[0027] "Process unit" means any device in a crude oil refinery or chemical
manufacturing plant that treats a feed stream to generate a product stream having
a different chemical composition. For example, "process unit" embraces
atmospheric distillation units, vacuum distillation units, naphtha hydrotreater
units, catalytic reformer units, distillate hydrotreater units, fluid catalytic

cracking units, hydrocracker units, alkylation units, and isomerization units.

[0028] "Processor" means a central processing unit, a single processing
unit, or a collection of processing units in communication with one another that

work with data and run a given application.

[0029] "Real-time" means instantaneous or up to four hours or less,
preferably up to 2 hours or less and more preferably up to 1 hour or less, up to

30 minutes or less, or up to 5 minutes or less.

[0030] "Real-time optimization application” or "RTO application" or

"RTO" means an application that determines, in real-time, optimized set points



of a nodel from known data. The function is commonly defined so as to
attain a value of zero for perfect agreenent and a positive value for

non- agr eewerb11/@ssst he optim zation drives the val ue torerds2@e08388§-0r
econom c optim zation, the "objective function" typically consists of a
profit cal culation V\/ner eby the differedce is cal cul ated by product

real i zations mnus feed costs and m nus operating costs, and where the
optim zation maxim zes profit. [0026]"On-1ine" neans in conmunication with
a process control system For exanple, refinery nodel variables tuned
on-line ar e foryppomkssyunitihe dnaumoneg cergdih yesnilts and efiinmeizingdetraimpdsbkésl from a

refinery process CO ol syste n contrast,.refinery nodel variables
{ined of f 1 SRR B0 B e b etpear s (0aREPY §1 MBEASs dBita 11 om ot hor
sources (e.g., a plant data historian and/or |aboratory data).

[0027] "Process unit" nmeans any device in a crude oil refinery or chemi cal
manuf act uri heP3l ant t'Raocess E@lus"avfa@@dompl@amSthasgbmrtapperatlmﬁdusit stream

having a diftferent chem c npositio For roces; unit"

orbr aces at ABEpRBSSS s AepaRr i the sdectpRenl Lt B BhonpEs naphtha
hydr ot r eat efrdiict 8nd RRbpérhtibsal '@®5OMRRN inUdhd Sepediis bh th@t@ediyd 6@&5@
units, fluid catalytic cracking units, hydrocracker units, yl at’i on

units, and psmmerz {aﬂq)wmat@mczpsratl[ng@zeqhtlﬁnmceecs)sﬁ)r theredersechpioeeseahnd
processi ng uanth g e Iﬁgoces@ﬂn? nit, 6\% coll ection. of .processing
units in coffftu cBIEOPS Wi 9 s 8T S eSFhBﬁOP PR WY HOGHRC NG S18h a given
appl i cati ony Q28] (siReads- tEﬂnBEraﬂH@&H&o‘siﬂ?tcﬂﬁh@”%&%n‘arec%lﬂorhfé 8 rtlBsPl”S or

| ess, preferably up to 2 hours or |less and nore preferably up 1 hour or

| ess, up to(8Ghns fetomemar valeg 'sinclodingposippBcimgrett)es or | ess. 8

[0032] "Economic value" is value of a product or process based on its cost
or ability to generate income. The economic value may be derived from pricing
information, product properties, quantity of product, quality of product and/or a

combination of the aforesaid parameters.
[0033] "Overall economic value" is the sum of economic values.

[0034] "Shadow Price" for a fixed or constrained model variable means
the amount that the RTO profit objective function would change if the variable is

increased by one unit.

[0035] "Stream" means any fluid in a refinery flowing to or from a
process unit. For example, "stream" includes crude oil as well as liquefied
pertrol gas (LPG), light straight run naphta (LSR), heavy straight run naphta
(HSR), kerosene, diesel, vacuum gas oil and vacuum residue and precursors
thereof. "Intermediate Stream" refers specifically to a stream produced by one
process unit and routed to another for the purpose of further elaboration into a

"finished product"”, meaning that it is suitable for sale at a specified market price.



for a process unit by maxim zing certain results and mnimzing certain
results using a nodel that mmcs the process perfornmed by the process

uni t. [0080]20RArmesss val ue” is value of a process basedpom/tst&ionpmssat i onal
cost. The process val ue depends on the selection of the process for

produci ng a product and its operationalcost. This in turn depends on the
sel ected operating paraneters (flow rates, operating conditions, etc.) for
the sel ected processes and on the properties of the product. These
properties may conprise physical properties (such as tenperature,
viscosity, d36lty, etlépsjreand reeamsom mepcvpmeirtet idiasct(csuoﬁ thes flomc ohdlnd ¢ val ue”
i ncl udi ng cost icing.etg 32] "Econom ¢ va " 1s,va ue f a product
or process. Bl bR HvishEgRT Ipshs g8 qunel BEESH At dht Howhel dadnom ¢
val ue may beugghi ved &ﬁ&msngCpﬂageésnftﬁé "Rt @bdidE Qebet pRICERBE't '\x%%ld quantity
of product, quality of product and/or a conbination of the aforesaid

par anmet er s. ggEO3a3Y "®IJQI’ alllpst@@mndmnm thal Ubitthies sthee quocesfesecwhol @real ues.

[ 0034] " Shad(a\év Price" .for gj[l(% constrai ned nodel variable neans the
anount t hat “PHESERS FIP%#ﬁhE" ulfﬁljné % &98Unct i on woul d change if the variable
is increased by one unit. [0035]"Streant neans any fluid in a refinery

flowwng to or froma process unit. For exanple, "streant includes crude oil
as well as I[@jS?dzfi ed 'PetermediatgggodudPGneahd grptm@tcrc avhgétt iy prodnegshinaar LSR) ,

heavy stral run na rosen vacuum gas oi | and
Vacutm r o SRS BREG P B Eoy e RS b /i Y TR wdeps

speci fical | ygh@p iﬁ"ocﬁfcf"eﬁ@%&ré)?wa%@t WicAng pPéRUcCS 2. ﬂdﬂhér angh ﬁﬁ}ééﬁdofté) anot her
for the purpose of further aboration into a "finished product”, neaning

that it is spaiticabk enfliostagalpeocass whishecidrs etfemthe kernpadiate stage process

DESCRIPTION

[0038] Conventionally, controllers in the form of real-time optimizers
(RTOs) are used to control processing units, such as pipe stills, reformers,
FCCU, energy systems, etc. The individual RTOs are often controlled by a real
time optimization system, which runs on an on-line process control computer
and which automatically calculates and implements the optimization results. The
system aims to keep each phase of the plant operation close to the economic

optimum.

[0039] The current practice 1s for manufacturing planners to provide off-
line estimations for intermediate stream prices, which are updated weekly or
monthly. Often, a single price valuation is given for the whole stream, which is
independent of the stream's actual quality, and therefore frequently inaccurate.
Sometimes, an additional quality-based price modifier is provided to adjust the
stream's price according to a resulting key quality. Due to the low frequency of
price updates, and due to their low economic information content regarding
quality or molecular composition effects, these intermediate stream pricing

schemes provide limited economic guidance to the RTO systems. As a result, an



9 [0036] "Upstreant neans in the opposite direction of the flow of the
stream Conversely, "downstream® neans in the direction as the flow of the
stream |IwoOaomulsBi38st age process, the "internediate staQETprsmams&ssﬁ woul d
general |y occur upstreamfromthe "further stage processes" which are
downstream from the intermedi ate stage$0-[0037]"Intermedi ate product” neans
a product which is produced in an upstream stage of the particul ar process
which is not the |ast stage of the process. "End product” means a product
which is produced a further stage process of a particular nulti-stage
process whi didivdoaltys aafinge RTiheystemewnbdérat & ptstyéityr vigie sgwaldESCRICRITI ON

[ 0038] Convent

(RToS) ar e BRUGUEL Roke FOPOIbega, Rieiird SPPEEh ERbLaTLHIOR 4 ©

reforners, E&%éateansﬁgmew%ﬁ)ﬁm pRhEwidd6ptinisth Vpeiagbn RTOs are often
controlled by a real tinme optimzation system which runs on an on-1line

process control conputer and which automatically cal cul ates and i npl enents

the optimz resul,ts. The |m;to kee ea hase of t e pl ant
operation clﬁ)(g@ to th 1@’88“%%1%@{} ?ﬁm ?]bl?ga@i“f eis for
manuf act uri @&g@'ﬁ&&%ﬁe’% S sRyd %I%IE miehﬂ@dlﬁt%t %ﬂéﬁﬁét@%r\ﬁ@g ab TE&S fpdi at e

stream prices, which are updated weekly or nont Oten, a single price
val uation i su@eqeentpmceme anh ptoslusing eamor whire hnd prqdndepeﬂiuaeme oferalhe

t m t | t h f f tl t S
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price accordigifhniie RcofSYhdd Y r&ﬁ%uﬁé‘%éds‘t’ockuﬁ@teﬁ@e&lﬂ@ drdVedd paURREY Of
price updates, and due to their |ow econom c information content regarding

quality or pnb@wh@rgy@ndmtetsourcn@ fst pacing hest ¢amnectped theagveitls tr esa pri ci ng
schenes pro¥| de limted econom c guidance to the RTO systens. As a result,
an

[0041] The invention provides optimized performance of a multi-stage
process by ensuring that the selected processes are operated at selected operating
conditions to ensure optimized performance of the overall multistage process.
The multi-stage process may consist of an entire manufacturing complex (such
as a refinery or chemical plant). The method of the invention ensures optimized
operation of this process in real time as it operates the process at or close to the
economic optimum. More particularly, the method of the invention provides the
calculation of real-time prices for intermediate stream compositional species or
qualities, working back from the blending of finished products, in order to drive
multiple intermediate and further controllers towards a consistent plant-wide

optimum operation.

[0042] In an embodiment, there is provided a method for controlling a
multi-stage process as shown in Figure 1. The process comprises a first stage
process for producing one or more intermediate products IP from feeds F, and a
further stage process for producing further products or end products EP from the
intermediate product IP; wherein the first stage process comprises multiple

intermediate processes 11 p for producing the intermediate products IP and the



- 10 - individually acting RTO systemw || tend to push "its" unit towards
a local optinmum point, rather than an integrated approach whereby all RTGs
are integweted/isss3achi eve a gl obal, plant-w de opti mum epeEnsLe10/053888

[ 0040] Conventi onal RTO systens are incapable of controlling nmulti- stage
processes conprising multiple intermedliate products serving as feed to
subsequent processes and produci ng one or nore end products so that the
overall integrated process operates to an econom c optimum taking into
account econom c factors such as real tine feedstock, internediate and end
product pri dether stage gyoasdcamises soliiple rgd anetepyes dijngn feviebduaonastt ed
therewith in real tine. [0041] The invention provides optim zed performance

of a multi- dredyetspEBcdds mycesh sfurtherg inchizdes tave infenmediase) copeldersKs far e
ted at sel i di tj i i f
oF L he- over & fiihE O REL Bub D8R RIS Po GREHL BoP bl Mo BEILE! T2 67

an entire nmanuh@ehidbidticGOPPlagd A fltRr asn@olleTEMEsy caftratingntieafurpeant ) . The
nmet hod of the invention ensures optim zed operation of this process in real

time as it 696 AWssy Hereppasede ther produet eeerties phdicdasrvediateapoduaiin  More
particul arl t he met hod of the invention provides the cal cul ati on of

real -time prices for internmedi ate stream conpositional species or

qualities, working back fromthe bl ending of finished products, in order to

drive nultiple internediate and further controllers towards a consistent
pl ant - wi de dR43um opdy e Biernfedoupipee anctpdivghneontrolieddyetakingpingvi ded a
met hod for gonffplid g%p%{t%‘é' §f Rt 89f PJ&%FSaSndaﬁlgsﬁl%‘ﬁ'ér s gngggée%s Yor The
process conprises a first stage process T0r produci ng one or hore

i nt er nedi at rqiueihgtths ch® pfadent fseedgolfed ARthgantddcbert thé peHertegeFste f or
produci ng further products or end products EP fromthe internedi ate product
| P; wher ei nintpengdiate pradush el freodiss stagdrmpr ingagateds ari qoueledneentind oif dee
P oCesses Tyl BvRERURLIM eI GHTRA LB BE SGHE LSt uandolhe | - 11-
further stage process conprises nultiple en oCésses . nh for "produci ng
end to its overall optimum. In contrast, in conventional real time optimization

systems, each stage is independently controlled to its optimum for each stage

without taking into account the overall optimum of the integrated multi-stage

Process.

[0044] In this way, an integrated method of controlling the multi-stage
process is achieved as both the intermediate controller and the further controller
use properties of the respective end product and intermediate product to control
their respective intermediate and further stage processes. In addition, it is
possible to provide additional control input which may not be directly dependent
on product properties, but which may relate to product properties nonetheless.
Such information may comprise economic information about the end product
and intermediate products such as price, in the form of spot price or futures

price, availability, batch information and product specifications.

[0045] In another embodiment, each of the intermediate process I; , are

adapted to produce the same intermediate product IP. This may also apply to



products EP. The process further includes an internediate controller IC for
controlling the first stage process in response to one or nore product
properti esoabitdsassend products EP and a further control lper/use) 53888
controlling the further stage process in response to the product properties
of the intermediate products IP. 1004312As the internediate stage is
effectively controlled by taking into account the properties of the end
product, and the further stage process for producing the end product is
controlled taking into account the properties of the internedi ate product
of the first stage, an integrated, or coupled, control of the process is
provi ded which allows the nmulti-stage process to be controlled close to its
overall optimum In contrast, in conventional real time optimzation
systens, each stage is independently controlled to its optinmmfor each
stage without taking into account the overall optimmof the integrated

mul ti-stage process. [0044]In this way, an integrated nethod of controlling
the nulti-stage process is achieved as both the internediate controller and
the further controller use properties of the respective end product and
intermedi ate product to control their respective internmedi ate and further
stage processes. In addition, it is possible to provide additional control

i nput  whi ch [e@6] not  bEnidiiy aidved de pRNAIIOS wak OTHE brdReP@ARY cemprikit Whi ch
may relate to product properties nonetheless. Such information may conprise
econoni ¢ i niler sei Pbessighong propess gathep Mdduch taawbhi ofitee pegessee Epr.odtitd s such
as price, in the formof spot price or futures grice, availability, batch

i nf or mat i onPEFESHraaEEL Vibeai 4 csaeh ol the _intepme IPSOBBCTHES ls.nachieved in

var ues VEL e 2onPHRET R T e TR FeolShot RSB Tl U0,
to each of [D&allTPrBETE TnRk CicPHOS FSHE Pldtesd PAIBESTRAIRE e AL pesduepnt rol s

the internmediate processes | to optimze the
VI1 .. n and the end product Ei  p to produce the end product. The further

controller controls the end processes E; to optimize the overall process value to
produce the end product. In this way the multi-stage process is controlled to
produce the end product. The overall process values are optimized by defining
an objective function for the overall process value and optimizing said function,

the controllers controlling the respective processes E1 . and E1_ 4 1n

response to the optimized objective function. The objective function may
comprise properties of both the intermediate product and of the end product.
Properties may comprise product composition, quantity, price and physical
properties such as density, flow rate, viscosity, temperature, and concentration

and/or combinations thereof.

[0047] In another embodiment of the invention, the intermediate
controller activates one or more intermediate processes EI. To meet the
optimized objective function, the intermediate controller activates one or more
intermediate processes EI which allow the overall, multi-stage process to

perform at its optimum.



overal | process value derived form process values for the internedi ate
product VII ...n and the end product E1 ...n to produce the end product.
The furthwo 20oms8338l er controls the end processes Ei toPoptiseeinesishe
overall process value to produce the end product. In this way the

mul ti-stage process is controlled to ptdduce the end product. The overal
process val ues are optim zed by defining an objective function for the
overal |l process value and optim zing said function, the controllers
controlling the respective processes El...n and El...n in response to the
optinized of®B]i ve fThecturhar cditeliebjnegt alve a¢tivacd dioh onenpre dopnitseam

properties of both the |nternedi ate product and of the pr oduct
B oper 1 oa RISFERSIrT S ABHBAIE: SchrisgRtter dh, AR safltdt f PeBriiRiihy si ca
properties gurbLas fdRMSh Yy WHiWMHeAsRralV pf&eS berates APk &fptinfym. 2Kk

concentration and/ or conbinations thereof [0047]1n another enbodi nent of

t he inventi pmceshealups domhdi iateamediater piadeet amt endtpesdushenayr berslegved

i nt er medi at rocess El .. To et the optim zed objective functi.on, the

| nt or medi at SBbIREALY <R oL ermsesr Medred Ay hskipratic apulsss

whi ch al I owchR@riove pRbduct B&hbbsiﬁérﬁ%aﬂﬂit??ﬁﬁ@e W poysi@l Propertlds Su@Phd num - -
13 - [0048] The further controller nay also activat'e one or nore downstream
processes EdgasityAfawrratchiviscosstyi rempesghanes and eoncheratminguldat icombofativhs

optim zed obj ective function for which the overall process operates at its
opti mum Thé&"$¥Ycess val ues for the internediate product and end product
may be derived from feed and/or end product properties, the feed and/or end
product properties conprising product conposition, quantity, price and
physi cal pr i es slishpasedevdiuasyYEf | gwandiivd] | i seodirtvgd byemperdat ure, and
concentration and/ or conbinations thereof [0(_)49]]3The process values VE1 ...n
and VI 1. .. nCamprigiggi Q/éﬂlabv blepdigpg) model, a quality barrel model, a component

lumper model, a component delumper model, a compositional pricing model, an
intermediate stream source model, a mixer model, an analyzer model, a
compositional blending model, a total feed source model and/or combinations of

the aforesaid models. These models are discussed in further detail below.

[0050] The process values may be derived from shadow prices, the
objective function being derived from the shadow prices. Shadow prices are

discussed in further detail in the section below. The process values VI1  , are
derived from the process values VE{ . Conversely, the process values

VE1 . pare derived from the process values VI p.

[0051] In a preferred embodiment, the process is controlled in real time.
This allows the process to be controlled in relation to real time market prices or
spot prices. The process may further comprise the step of predicting product
properties, and product price in particular, by means of a predictive model. The
process may be controlled in relation to the predictive model. Alternatively, the

product properties may be predicted by means of a predictive model. According



conprising a quality blending nodel, a quality barrel nodel

| unper nodel, a conponent del unper nodel, a conpositional

a conponent
pricing nodel,

i nt er medivaiDeoHt0S8EM source nodel, a m xer nodel, an analPgTars20mmedsss a
and/ or conbi nati ons
of the aforesaid nodel s. These model s- &#e di scussed in further detai

conpositional blending nodel, a total feed source node

bel ow. [ 0050] The process val ues may be derived from shadow pri ces,
obj ective function being derived fromthe shadow pri ces.

.n are deﬁ@amuh@ﬁowmnh@tbmo¢$g©vﬁhﬂquOMEBhnphnw@mdumns@ﬁymeMEOprocess

vaI ues VEL .. are fromthe_proc

oref orr e eRBBAMRERLPTEHE 3oLt PEBU RoringA TH QPapedi e,

t he

an

Shadow prices are
di scussed in further detail in the section below The process values VII

n

[ 005

Thi s all ows

1]In a

the process to be controlled in relation to real tinme nmarket prices or spot
prices. The process may further conprise the step of predicting product

properties, |@Hd]pr oduthe process dfrthparvencen anry Heyimpdemented irae>p'stéitg cal ve

nodel

. t 1 th t del .
Ntornat 1 ver U SREn FR ot R TEN ollit i Reb s chPBah et il Rakfe eih 1°%°

The

f OCeSS na

predictive m@lcomﬁqpe@rt@hcalgulare At corh@uAReNE rehNUSR! HREcHAGHR Vajudr ovi ded
a process inplenented on a data carrier or conputer adapted to conduct the

met hod as hef deetbefrennes, detcemediew. pfod0d23tiamspast esd podduchetreamenthon may be

i mpl ement ed %

steps O )flcon![roﬂmg a Iﬁrst stage process in response to one or more product
properties of said end product EP and controlling a further stage process in
response to the product properties of the intermediate product IP optimize the
overall economic value derived from economic values for the intermediate

product and the end product.

[0053] Figure 2 shows a typical implementation of the process of the
invention by integration of existing, independent RTO applications. Existing
RTO applications in this example are modified to contain additional supporting
modules so that the RTO controllers can perform the functions in accordance

with the invention.

[0054] The process produces a number of products 101: motor gasoline
(MOGAS), benzene, xylene, kerosene, diesel, HFO (heavy fuel oil) and LPG
(liquefied petrol gas) from crude oil. The process comprises a crude distillation
stage 90, a reformer stage 92 and a fluidized catalytic cracking (FCC) stage 94.
Intermediate product from the distillation stage 90 is fed to the reformer stage 92
and the FCC stage 94. Controllers in the form of real time optimization modules

102, 103 control the various processes.

[0055] The functionality of these modules 102, 103 varies. This depends
on whether the process units of each stage 90, 92, 94 optimized by each

controller create, or process as feed, one or more intermediate streams, and



time optim zation (RTO application program conponents which enabl e each
RTO controller to cal culate and comunicate, in real tine, the economc

val ue of Weedistssssans, internediate product streans andPemaspeo@sisss
streanms. The steps of controlling a first stage process in response to one
or nore product properties of said endlproduct EP and controlling a further
stage process in response to the product properties of the internediate
product | P optim ze the overall econom c val ue derived from econom ¢ val ues
for the internediate product and the end product. [0053]Figure 2 shows a
typical i rrplwdrwém ahdwmlsoxfprcn@@emn@wsmoaf finisked hleaded prodoytsi nff@gevaty on of

exi sting, ent RTO a ons. Existi RTO applications. .in this
oxampl o ar o THEHRIE0 ORI B b TGO S SUBOPE ARG oY S50 hat ¢ he
RTO contr ol hehgdegadd e doaeipdnanel dHtidien $nddild SO0 KA EalWhlhids tnh@eamventl on.
[ 0054] The process produces a nunber of products 101: notor gasoline

(MOGAS), betinente velleene ShidovoBens, Ofchaeb moledﬂm qrlveappsitioedl spetips &nd LPG
(l'iquefied petrol gas) .fr ude oil. The prqcess conprises a crude

Gi sti 1 att ol ibysgetooinit A0 hireipsSeanes BRdoane ) GF drrisa s rsrs

cracki ng (Fgﬁamﬁéaﬁﬁﬁgﬁ ateNL@nsE AL RLE &ﬁﬁgﬁchﬁiQ@Hkb&%oﬁMSthk@tﬁ@ﬁ stage
90 is fed to the reformer stage 92 and the FCC stage 94. Controllers in the

f orm of reakcernompc o@ﬂuqm whith on tmodadeessed 08, defds @dn@p’romzc e whjecovs

processes. [.0055] The functiona . dul es 103 varies. This
depends on &H&?‘ﬂ}%? 5916%388%‘518&‘?%‘1“6‘?5 ‘E@Sch%@i‘ei é“t@finecb§e Sg&a%taf% zed by
each contr 0|s<l:rﬁrdlfeEﬁﬁtt@ ﬁni%hedP bmétsm@ﬁdlhgeﬂte VaRftieh al@pBicindt @hRd) Be €
streans, and - - whet her they al so produce one or nore finished bl ended

products. F@oncbm@dyatl antcempedtlam% lsveleamitt ¢rat bé sommeaeldby calguldngshe eam
process uni a set to the correspo ontroll er
odul e 105 GheRHIE aridREe! fied ot ings et Rodot R BP0k Bbol b | ce.
each nol ecul ar or conpositional species to that process unit. For the

upstream units producing the same internedi ate streanms, nodels are added
whi ch convel@06he conposidei dmthwad)mpesmlmab aad oquoaityc bara¢ lueduathinchnd n t urn

are used to define .and optim the objecti efunctlons

cor r espond: RGCIBG BoScrBae Ghal i o fich b Bt BROPBPANS SISEPPEct 1y ¢ 0
fini shed pradyciredth @BMpBStioAEcrY@! Bt FRRG Y tsthMex CAE @goshonapnduct ed
at a conpositional level, or it can be conducted by cal culating the

econoni ¢ quahd gyaligarbagkl Shdovt Pudriscly calvelastd wathehaseroediabeefepd sdeans bl end.

are based on the composition of each stream, as input to the downstream

controller. As the upstream controller executes each new optimization cycle, the
quantity and composition of the intermediate feed streams changes, and the
Shadow Prices of these streams as valued by the downstream controllers will
also change. To continuously track this dependency of Shadow Prices on feed
composition, the upstream controllers communicate, after each optimization
cycle, the latest predicted stream qualities to the downstream controllers. This

results in eventual convergence of all controllers to a plant wide optimum.

[0057] Figure 3 illustrates the integration of two RTO controllers 220, 230
for a reformer and a FCC unit. The reformer controller comprises a number of
models consisting of a source model 222, a mixer model 223, an analyzer model
224, a total feed source model 226, a composition blend model 225 and a quality
blend model 221. These models are discussed in further detail below. They



[ 0056] I n order for the conpositional and quality-barrel valuation and
pricing to be accurate at all tinmes, it nust reflect current operating
condi t i onsoand/s8338am conposi tions across the manuf act upcmgscaopssss The
conpositional and quality-barrel Shadow Prices as cal culated for the
internedi ate feed streans are based onléhe conposition of each stream as
input to the downstream controller. As the upstreamcontrol |l er executes
each new optim zation cycle, the quantity and conposition of the
internedi ate feed streans changes, and the Shadow Prices of these streans
as val ued byahchleteddlmplton)eﬁm agnthe oldriens infetheditts carchemg erodiot stedmnuousl y

track this depende of Shadow_ Prices on f 03| ion, tream
bontrol | er s DGO La peopeRpgapt Lok S sk aemgdiaRnd Rrodip?
predi cted stfeaAM Qéiﬁhichﬂe@%yttﬁe hfecdam st frRapeent rol | er S. This results in

eventual convergence of controllers to a plant w de optinum
[0057] Figure 3 ill ustrates the integration of two RTO controllers 220, 230

f f d he trol | i ses.a nunb
of madel s cOIERET 1 ng el LSe35 G Fsatr B Sifnal v ser
rodel 224, @pbotidhm A6AIBOM! CQuIRAk AP Gnodt HORABIAE OhdOhRAADEL 225 and

a quality bl end model 221. These nodels are discussed in further detail
bel ow. They suppbst thecadecof atudtiplhesoprtiopempiesswah mhliplapbpogvd fitnstinesli at e and

end product streanms bas d on the properties o ed streans a

it er modi at & ndoBrisEET LOPCHHEh BUTPRAIEADE] By He BB 8 n ¢ he
Figure. [ 00§§]e€5ﬁr§1@%%mzﬁ on rhb@e)e&ﬁﬁabl@%x%@e%%f'doﬁﬁﬁér@ﬂaﬁy Ak gilHANSt ruct ed
usi ng open form non-linear equation-based nodeling software and net hods

t hat suppor softwercusrel ofethadstinglude daVIGx wonchrade snedeling mlhtforpd evallha}bée:t | ve

functions ( dat rec nci Liati justs va es..base

actual pl an? ghf‘é ge W IR @n 33‘%‘;9{%625 ﬁg‘ﬁorr%lﬁtgl i M?ﬁ% fige &y I es of
commer ci al | ¥oauanlsbe @%&ﬁﬁfo%) a«mﬂlcﬁ%he%oaaﬁigugﬁatm mlehlel $roth Model i ng
pl atform ava| | abl e from Aspen Technol ogy, Inc. and ROveoO (Rigorous On-line
Model i ng wi fivessyratSimdchbHswdr.opthreferably,omhe whoddts | onaprmpaie| eanlgj Blfél form
cach RTO apBhTEEPo S 2 EOReY AR YA ReANBE FSUEYS ahg S SEHeRs. —These
systenms al r gaghdynAne GQIeHABS M Atk ?@@ Eddaﬁ%@%ﬁéﬂ QRS sAbD R MBRaypul t abl e,
or may easily bé configured for node many of the process unit

oper ati ons Easily. be @tpsﬁgurbdatfobmad@hnngmneanyno&éxesplfolcwhleet opgrhfionsefssg., val ves,
conpressors,,) ..,,Howev for .the onponent s of rocess unit
(ot ©F eact HaIFEO e ot BT LETS: 575 ShpBEreoPHe UAIEETof nodel s
avail abl e i @oﬁt‘ﬁ@%&'c@bﬁl@d@&hﬂ%eﬁbﬁ% rocE&Qﬁﬁﬂ e eRdsts§smbhat a8 € added
to existing RTO applications nay be inplenented on conventional comrerci al
nodel i ng pl austommbuilThe eoehitesnti theospior atfi mydelseawdableold epsnmagiaal so be
formed from ﬁl‘l c calculation blocks. These bl ocks are provided by the
nodel i ng pl é’%hdg ™h al | ow codi ng of underlying equations to provide
the desired functionality, as described below. These nodul es may al so be

incorporated in existing RTO controllers.
[0059] The modules that are added to existing RTO applications may be

implemented on conventional commercial modeling platforms. The modules
incorporating the controllers may also be formed from generic calculation
blocks. These blocks are provided by the modeling platforms which allow
coding of underlying equations to provide the desired functionality, as described

below. These modules may also be incorporated in existing RTO controllers.

[0060] The various models which are used to assign process values to the

products are discussed in further detail below.



- 17 - Quality Blending Mddel [0061] The quality bl endi ng nodel cal cul ates
the i nspection properties of a finished blend which are a result of the
wei ght ed woabitop3zsent ri buti ons of each bl end conponent PCoEmiSa@0i063888 t he
fini shed product pool. The properties that are cal cul ated by the Bl end
Model are typically for the critical qlatity specifications which nmust be
met by each type of finished product, as required by industry standards or
by a specific sales contract. For every applicable quality "j" the
foll ow ng generalized bl ending equation is added to the Bl endi ng Model :
PF(i)* q(i, GuetinOBiendipgiddef* q(k, j)* ,0(k, j) = 1Ak=1 QNE i F (i)* O(i,
i) +i F (k)* O(k, i)] z=1k=1 where "F(/)" are the flow rates of the
"i" intermedi ate streams nunbered 1 to N which are routed to finished

product bl englye1gy fronrrw@%s@;sbwaaﬁqg rh@@etl carcﬁlaltéa the ﬁﬂspbctidﬂepr@ﬁ&ﬁes ef the
gi ven RTO application, and "q(i,j) quality of "ith" such

stream " F(R){inighed Hi¢rel Whichy aras e@ubfoftﬂm@Weightadrmwlmedwranbutsms edrgachunber ed
1 to Mwhich are route o .finished duct bIendn rom s units
out si de. t he PedanBPnEHd DR MRTE SppRTEaEABH TPeo Th7 RRPRESIEREDr ot her
RTO appl i caihiRpled ‘t%nﬁe"}ﬂéﬂﬂ Moh lér% tif&all yf for tIg:U& ticﬁyq&fh& E‘}?‘emﬁ@aﬁon§ uch
stream and "Q,)" quality calculated for the finished product

pool . Depenadimeh muSt he mﬂldiy eqchbﬂyendnécﬁmm wodits ae nequived byt mdugshendi ng
| | t | "

TECRy e StpadtE RE DG SBEUR Sles PPuts Rl SRt ety SphBLIL A e or °

mass/time). fcﬁldﬂllhgrglaﬂeraﬁﬂ% H?érﬁf‘ﬁjg é(?i;a 8 is led'ed tcb the BIOAdiAg Md&[‘ stream and

quality will attarn a val ue uni if the endrules call for a mass or

vol unme bl endi ng basi s , . Lt rm ned by the
appropriate correl ati oﬁé‘/@t ﬁé’fBI gﬁtﬁfrﬁgﬁ%sq s7h e‘ﬁ%“d?me on a "factor"

basi s.

0G)*[ ZF(z‘) *o(i, )+ ZF(k) *g(k, /)]

where "F(i)" are the flow rates of the "i" intermediate streams numbered 1
to N which are routed to finished product blending from process units that are in
the scope of the given RTO application, and "g(i,j)" is the "j/*" quality of the "i"™"
such stream; "F(k)" are the flow rates of the "k" intermediate streams numbered
1 to M which are routed to finished product blending from process units outside
the scope of the given RTO application (e.g. in the scope of other RTO
applications), and "g(k, j)" is the 'fj’h" quality of the " " such stream; and "Og)"

is the "j o

quality calculated for the finished product pool. Depending on the
quality blended, and consistent with the blending rules generally used in
industry, units of measure of flow rates "F(i)" and "F(k)" will be either on a
volumetric or mass basis (e.g. volume/time or mass/time). Similarly, the blend
factor " ¢(i, j)" for a given stream and quality will attain a value of unity if the
blend rules call for a mass or volume blending basis only, or its value will be

determined by the appropriate correlation if the blend rule is to be done on a

"factor" basis.



- 18 - [0062] The intermediate streamflowrates "F(/)" and their qualities
"g(i,j)" are within the optim zation scope of the given RTO application,
and wi ||l wbenafssssvary as a function of its optim zati @0TMS2@ES/053888
Conversely, the internediate streamflow rates "F(k)" and their qualities
"q(k,j)" are outside the scope of the-§¥ven RTO application, and therefore
w Il be unaffected by the optim zation noves of the given RTO application.
In the Bl ending Mddel, these latter variables are defined as independent
variables with fixed values and, as part of the RTO integrati on nechani sm
their val ueg0(6d]g. f|Dw reiceschatd siteahi tllovs)rawis| 1FHE aptdhed dplisther

"upstreant RTO.applications enever the onpl et hei r. optim zatjon
cybre. I ordel b i GRRRUTEATER sears SBr Fbse oROsp s RETILnd ¢ hen
conmuni cat e (fQe @t 8fary URSH I RAMoRWISits tRInIBAt@HnNAov8EONehCeria@y Uenhof the

“quality-barrel” (quality*flow effect of each "external" stream on the
fini shed pr ogemtednite stieany, floanradesd! KO naald their iqublitees" (k)] pre vetsiddded to t he

L i T
z=1k=1 | 006%&@&25@% enovRE BE thel dived RTONpplIBANAL I1RMhE BRIGERMNSIANHeRIependent

quality- barrel adjustnent termfor every "external" internmediate stream
flow rate "ty vaankles s defaieidtas thdemenidprit varibhieswaitludixefl vehsh ahd( ks j )" in

th duct bl i | i t [. t h th it t
e enaa t et el R e R Bl ot SRR e oo il dnd Sach
ACK. )" 1S SRR AT A s RARONTBY e el i

generated for it during every écononm c optim zation cycle of the dgiven RTO
appl i cat i oncomplete SleadphnPritwe ayelr deemder to lseabladhregmen RITcampdicatior debi t

for each "quality-barrel” of the respectiyve streama tp the bl end pool,
[ di mensi ol BB B SO M GRaID L Ey GPBEY i Oyt marginaf
mass/tine)] e&dBnhi@Nalue Sf thee qlhlity-barrel” (quality*flow) effect of each "external”

stream on the finished product blending, an additional variable "A(k,j)" is added

to the blending equation as follows:

ZF(I‘) *q(, J)* 9, ) +Z[F(k) *q(k, )+ Agb(k, DI* §(k, J) =

Q(])*[ZF(i)*cé(i,j)+ZF(k)*¢(k,j)]

[0063] Variable "4 ,(k,j)" in this equation represents an independent quality-
barrel adjustment term for every "external" intermediate stream flow rate "F(k)"
and its quality "g(k,j)". The value of each "A(k,j)" in the product blending model
is set equal to zero such that it does not influence the result of the blending
calculation. However, because each "A(k,j)" is an independent variable, a
Shadow Price "APY%p(kj)" is generated for it during every economic
optimization cycle of the given RTO application. This Shadow Price represents
the incremental credit or debit for each "quality-barrel" of the respective stream
added to the blend pool, in dimensions of
(currency/time)/[quality*(volume/time, or mass/time)].  Similarly, since all

"external" streams "F(k)" are also independent variables, a Shadow Price



"external" streans "F(k)" are al so i ndependent variables, a Shadow Price -

19 - " PFsp(k,j)" is generated for themas well, in dinensions of
(currencywoioe)0s3s8l ume/time, or mass/tine). [0064] The BohadmseiPosises for
all "F(k)" and "A(k,j)" determned in this manner are subsequently

comuni cated to the "upstreant RTO appl?cations inplenented in the
internmedi ate or upstreamcontrollers which optimze the flow rates and
qualities of these internediate streanms. Thus, the econom c objective
functions of the "upstreant RTGCs are formulated to directly include, as an
econoni ¢ dr "wé stthg" ShiadogerRriteds foor thaind h$ owelht el adtmensidrist i ef.

SSmlarly, the econom bj ective function of every "downstreant RTO
appl i cati on%me@ﬁyfiﬁﬁg)@ﬁoggﬁ%ﬁ@l%rm H@F%(&]F”iegi shed product Bl ending Mdels is
al so nodified, to effect a systematic and consi stent comuni cati on of the

Shadow Prices between "downstreant and "upstreant RTOs. The foll ow ng

nmodi fi cati oh@06ehl e nadehe bhadesv Bhipesctor\adl THAL't ansh"Afc /1" hdeterdongrs tir ant' RTOs.
Modi fications required for "upstreani re, descri,b i n_the next

sect i o (QuATIDL B Fareqsaay oG aRst o BF AT S RA) ARBBHETD! a

Profit obj eghpMeehtaGh HNintdiRediake mgasﬁ;grﬁgo&%l;e?gwhf&ﬁ IRl SCPRABE
optim zation cycle: Profit =1 'Fp() 01 '1,*Pp, 1" Products - iftWPO F'ds -
rates and qualities of these intermediate streams. Thus, the economic objective
functions of the "upstream" RTOs are formulated to directly include, as an
economic drive, the Shadow Prices for said flow rates and qualities. Similarly,
the economic objective function of every "downstream" RTO application which
includes one or more finished product Blending Models is also modified, to
effect a systematic and consistent communication of the Shadow Prices between
"downstream" and "upstream" RTOs. The following modifications are made to

the objective function of the "downstream" RTOs. Modifications required for

"upstream" RTOs are described in the next section (Quality-Barrel Model).

[0065] The following is an example of a Profit objective function that is

maximized during the RTO economic optimization cycle:
I J M

Pl"Oﬁt = Z [Fp(l) *Pp(i)]Products - Z [FfO) *PJO)]Feeds - Z [Fu(m) *Pu(m)]Utilities
il P m=l

where "Profit" is the net profit calculated as the difference of product
realizations minus feed costs and minus operating costs (currency/time); "F,(1)"
are the flow rates of products produced and "P,(i)" their sales prices
(currency/flow rate); "F(j)" are feed rates processed (flow rate/time) and "Pj)"
their purchasing or replacement costs (currency/flow rate); and "F,(j)" are
related utilities costs (flow rate/time) and "P,(j)" their costs (currency/flow rate).
Consistent with the addition of one or more Blending Models to a "downstream"
RTO application, the Profit objective function is modified by including

additional feed cost terms for intermediate streams from "upstream" units that



[F(m *Pu(ni)Jd Uilities j=1nrl where "Profit" is the net profit

cal cul ated as the difference of product realizations mnus feed costs and
m nus opewethngssssts (currency/time); "Fp(i)" are the Plowscenos3sss
products produced and "Pp(i)" their sales prices (currency/flow rate);
"Ft,)" are feed rates processed (flow 2&te/tine) and "PO' their purchasing
or repI acenent costs (currency/flowrate); and "FO" are related utilities
costs (flowrate/tinme) and "PRO" their costs (currency/flow rate).
Consistent with the addition of one or nore Bl ending Mdels to a

" downst r eanfreRT@tepplirectyt itodinishied Podhdtt blemjingt andk tarace iovtsides ohlk f i ed by
i ncl udi ng addj.tional feed cost.ter for internedi ate streans from

"upst r eant GH% Lzafign scope of, gh da?rv@sgg?ﬁl B‘Tj(g%n?pé’&’ff‘?OQO fi ni shed product

bl endi ng, and that are outside of.the 0£t| m zati @gn scope of the «x

" downst r eamPr@0=aDpl FeatPaill pr o ) 1FE) *RiiRp (-0 dFodt) EPayh0) 1 DFeeds

[F,(rr)*PVnHutll g 1=1j =1k=1 [F2(Kk) *PRej (k)] ™ where "Fj (k)" are the
flow rates z (kae iate streanms routed from"upstreant units to finished
product ble dfn) "PR/k)" are their "Reference" Prices typically

supplied by the pI ant's Pl anner/Econom st. These prices represent the best
estimate of the average vaI ue of each internedi ate stream over_ a given

operating pl anni W§eiSerifd, 2ahdhe AoV sates of r%ﬁ'ieélﬁe‘ﬂ)‘9tea5tFﬁ§ﬁ’f§eY0“6€f WoHhs,
i ncl uding uslﬁ?s‘?{eaﬁlh PR PhAR ed’ oHﬁ‘ct,t b‘? o‘l?%%g: I{)f’ﬁrﬂe tﬂ%r gfé%r ! weekl y

or nonthly o |ne I hear-p e profit ] ective
function i sPriced ugeidalias sdppl@ard lb@d tl&b(p\l/ﬂstﬂ’l@n&ﬂiﬂmmmﬁrsit.ce§hew ¢uicag ed by
RTO for the internmediate streamrates, " PFsp ", and quality-barrel,

PQsp(k, j) " reprarenbibieIbpst esppeisee the ﬁzéera&ecv@ﬁ%ﬁ§ %@iclh\}'a etraedits SHEYVOVEF bel ow

the R f
e et er enge Pl Sy, (EAGRL PEud NS RERSRLGR, nilBeshaRomhe |
with this i neletirgtad oshlwﬁmg?nalmlwaiouadbtmﬁed éloat theeplmndrhaveekly or

Pl anner - suppl i ed Ref erence Prices. This also Fr ovides a prici n(Fg fall-back
mechani sm wHEEHy affiline élﬁ%%rrléamﬁmw@d@bﬁn B8R fsurrofib Ola@étw%@m gmer s

i nt er medi at a | G " g{ajtsér RTO

experi ences?%&%{regl %Qnﬁg%%%%?gagg% g %lﬁad%@?gfigé(%%ggﬁlﬁ%g ]%p e ftgﬁreHl Shadow
Prices. WheintadnhedREOSstasaen rares) Ny Rt e r aar nﬁlhlﬂfyl’-lﬁmmen(ﬁ')A,quﬁkw)gh t he
Shadow Pri ce vaI uation represents a real-tine increnmental adjustnent, or
fi ne-t uni ngactgpl YFFGPT@P%%#H%EFEEW%‘@W%W&%M? 8t Beloyrtha Refasrsediits: pri ce.

As described in the next section, the economic objective function of the

"upstream" RTO is also modified to be consistent with this incremental Shadow
Price valuation relative to the Planner-supplied Reference Prices. This also
provides a pricing fall-back mechanism whereby the "upstream” RTO can
continue to use the Planner's intermediate stream Reference Price in cases when
the "downstream" RTO experiences a prolonged outage, and therefore does not
update the Shadow Prices. When all RTOs are running at their normal
frequency, though, the Shadow Price valuation represents a real-time
incremental adjustment, or fine-tuning, of the Planner-supplied intermediate

stream Reference Price.



-21 - Quality-Barrel Mdel 100661The Quality-Barrel nodel dynam cally
cal cul ates the price for each internediate streamtaking into account the
ef fect ofwpaba/mssdsqual ity Shadow Prices cal cul ated by PrhE/UsSesipms3Issy e
"downstreant’ RTO applications. The Quality-Barrel nodel takes as inputs the
i nternedi ate stream Reference Price "F@#k)" (typically supplied by the

Pl anners, and the sanme one used in the "downstreant RTO); the internedi ate
strean1qua|ity "ql(k,j)" calculated by the "upstreani RTO the Shadow
Prices for the internediate streamflowrate and quality, " PFsp(k)" and "
PGsp(k,j)" RepeecBunel Yoddal cul ated by the "downstreant RTO, and a
reference quality "QR f(k,j)", which typically is the product specification
for the corresponding quality in the finished blend pool. The product price

for the "kt ipjodept er mehea aﬁ%;f B@ﬂ%l‘ ﬁm&i@le ﬁ@fhi%b!ﬂly?ltcﬂftuba\fesﬁﬁ?éﬂ§r1@é thhe
foll owi ng equation: P p(k 3,+0( 1-qi ( R f(k,j)l*
APQsp(k,j) &ach intermeghase estt‘eel(nktak}r)g mtg aolqeuml @lﬁd¢ﬁﬁ@tf(ﬁcta@r ahdrqtathgsf ven

st ream and a it The val ue, of this bl endin t of, uni 1.0) if the
bl endi ng rur Bty Brisds GalBlatGL 8y e Eaner &S I fEE" Sk TQutmdadstisndi ng
basi s only, T Qﬁaﬁhtyf}ja‘#&l %(I)del hexdetser Tg;u&eglebﬂltérﬁﬁdﬁlw)@f?wth At Gefefd €l ation
if the blend rule is to be done on a "factor" basis. The adjusted price

"Pp(k)" cal Cucat'Ba Y (t}mlcalls'cwaplueﬂqby thei Mpurters, and ftlee qsﬁmff pie tmjdenttha/e
function of , " upst, .catjon, as.alre ove, where
sl pir R ReoCT: o ERRHF nicTh el SalaRY PR PRI o o
"Fp(k) " in theReRNAUTE ﬂfe%ﬁbwrlet%észtﬁﬁ HRNNEFR8RR Qfeam flow rate and
Profit=[ Fp(k) Pp(k)Jproducts- [ Ff 0) 5%01 Feeds j=1 [F,(m*Pvnivutiiities
quality, "AP (k)" and "APY%p(kj)" respectively, calculated by the
"downstream" RTO; and a reference quality "Qg.(k,j)", which typically is the
product specification for the corresponding quality in the finished blend pool.
The product price for the "} intermediate stream is then calculated by means of
the following equation:
J
Pyfk) = Pro(k) + AP spk) + 3 ¢(k. ) *[qu(kj) - Quehf)]* APsp(kj)
=l
where " ¢(k, j)" 1s the blending factor for a given stream and quality. The
value of this blending factor is unity (1.0) if the blending rule for the given
quality calls for a mass or volume blending basis only, or its value will be
determined by the appropriate correlation if the blend rule is to be done on a
"factor" basis. The adjusted price "P,(k)" calculated by this equation is input to
the profit objective function of the "upstream" RTO application, as already

defined above, where it is multiplied times the corresponding intermediate

stream flow rate "F,(k)" in the economic product realization expression.

Profit = X R PRl O [FO P -

i [ Fu(m) *P u(m)] Utilities

m=1



- 22 - Conpositional Econom c Valuation of Internediate Streans [0067] For
internedi ate streans which are sent to other parts of the plant for further
processi ngo(e11igs3sseact ors, distillation, etc.) and not fPrmitshedopssssiuct

bl endi ng, and which cross the optim zation scope of two or nore RTO
appl i cations, the Shadow Pricing nmethoddtogy is applied to conpositiona
species, rather than to quality-barrel effects. The foll ow ng nodul es are
added to existing RTO applications to enable the cal cul ati on and

comuni cati on of Shadow Prices for conpositional species that characterize
each i nt er médnatoeitionallarmno@onpametion Of imgewtliceandirédded unper" Mdel [0068] The
pur pose of conponent |unping or de-lunping is to convert the conponent

sl ate, or popul ation of conpositional species, of a given streamin one RTO

appl i cati on|ggp7at ch tdianthedmMeCARRAE WHictShRtLndRf diRéd p2R Afth@prhher RTO
application. This conversion is achieved by reducing, or expanding, the

nunber of cdoplmidat pracessitge(egd. veartatsr diamlatmnd etd v end moulbigeshed prokper set

of streamc nents,. respectively, ile.retaining.the sane to nass,
and by appl g EarBIh G e (e O s SORF i AV oo PeEaRd Qe
physi cal andpsi@fbeal tBr RRI aicig WRGhERNo&OPAPbliLN8! c@hMRPnAl €Sent in

the stream (e.g. Paraffin, Aromatics, Qefins, etc.) For every internediate
stream i n eapdeiesupgharghan’ toRTBligppard affcots. a Therfpboremg modidpesre added

" Del " Model i d 1 t th t slate to th
Coout Toa as i ESisting S0 REL RS S e bl d ARSI B A bR PE. 1
Figure 3 thehaddtiMBices 432 compbsibhdfTBedR9 BANVIBL G e cadiClateriRARANENT

slate (used in the FCCU RTO nodel flow sheet) to the "Reformer"™ conponent
sl ate (usedsireamihe Refornmer RTO nodel flow sheet), so that Shadow Prices
cal cul ated by the Refornmer RTO 220 for each conpositional species inits
feed can be directly input as prices for -23 - the sane conpositional

speci es in g, Ryeh r@u%j@ec&ﬁd\/@efl&mﬁ&jn%&y t he FCCU RTO applicati on.

Conpositional Pricing del
[0068] The purpose of component lumping or de-lumping is to convert the
component slate, or population of compositional species, of a given stream in
one RTO application to match the stream component slate definition of another
RTO application. This conversion is achieved by reducing, or expanding, the
number of components in the given stream to derive a subset, or superset, of
stream components, respectively, while retaining the same total mass, and by
applying lumping, or de-lumping, rules which aim to retain the physical and
chemical properties of the key compositional groups present in the stream (e.g.
Paraffin, Aromatics, Olefins, etc.) For every intermediate stream in each
"upstream" RTO application a component "Lumper" or "Delumper" Model is
added to convert the component slate to the one required as input for the
corresponding "downstream" RTO application. In Figure 3 the "Lumper" 232 in
FCCU RTO 230 converts the "FCC" component slate (used in the FCCU RTO
model flow sheet) to the "Reformer" component slate (used in the Reformer
RTO model flow sheet), so that Shadow Prices calculated by the Reformer RTO

220 for each compositional species in its feed can be directly input as prices for



[ 0069] The conput ational output of the "Lunper” or "Delunper"” nodel is a
standard streamincluding total nolar rate (noles/tinme) and nol ar
concent r avpani1(osss3e percent or fraction) for each speci esT/useommabises f or
connection to another nodel, as well as a mass rate (mass/tine) for each

| 'unped or de-|unped conposi t| onal specl&s. To ensure conservation of mass
in the |unping or de-lunping process of conpositional species, it is these
mass rates that are used in the profit objective function of the "upstreant
RTO, together with the correspondi ng conpositional Shadow Prices cal cul at ed
by the "dowhist saperiCoRpitidig spacipose tief prdfe @penpiosi funaial oPthiec FagUvbdel

233, added tRfof(Q he "upstream RTO 230, is to evaluate the follow ng price
cal cul ati on @9601? ‘ntermedi ate stream "k" which is to be valued on a
conposi tional Shadow Pricing basis: Pp(k) = PRk) + 1 Mk)mk,j)* AP('
sp(k,j) where:Mk) =nm(k,j) J=1 and "PR/ k)" (currency/mass) is the

st r eam Ref elCongesionakli(itiypiMadel y supplied by the Planners, and the sane
one used in the "downstream RTO); "m(k,j)" is the nmass rate (nmass/tine) of
the Il h" conpositional species in the "kth" internediate stream "MKk)" is
the stream | ”HSSTKeaéc%lf(lﬂﬁfo?laI bﬁ’fﬁﬁt’ oﬁHQ"Lurﬁﬁ’ér" o%p]blﬂ er'l Bodd1§s Shadow
Price (currency/mass) for the ,..th,, conpositional speci es in the "kth"

i ntermedi at @ standargh csdteaml anelddblg tthial " dolwms tratearinoRFOmMes adsondlbed bel ow.

The adj usted P | cul at ed h t
Tput to-t hofiebftion Bk elrent bttt io B cobsnis Naahle RIS HEa | on.
as already @ehho@er ARAYE asWAAT s lal mhss Ak (Ih@isytﬁﬂe)t forBach m@mped &ft de-
correspondi ng internedi ate streamflow rate " Fp(K)" (mass/time) in the

economi ¢ pr datoptd waposztamabﬁp®xq@r ebsere tonservatidn af ensSs ne ghw IBoyee Model
[ 0070] For ever gll nt er redi at e stream 23gl that cr osses t he ogtes nﬁa%ati on

umping process of compositional species, it 1S these mass 1 are
used in the profit objective function of the "upstream" RTO, together with the
corresponding compositional Shadow Prices calculated by the "downstream"
RTO. The purpose of the Compositional Pricing Model 233, added to the
"upstream" RTO 230, is to evaluate the following price calculation for every
intermediate stream "k" which i1s to be valued on a compositional Shadow
Pricing basis:

J

Py(k) = Pref(k) + M(k) ~ mk,j)* AP sp(k,j)

where: M(k) = i m(k,j)

J=l
and "Pg(k)" (currency/mass) is the stream Reference Price (typically

supplied by the Planners, and the same one used in the "downstream" RTO);

"m(k,j)" is the mass rate (mass/time) of the "/

wythn

compositional species in the

intermediate stream; "M(k)" is the stream total mass rate (mass/time); and

n thyy

"APCsp(k,j)" is the Shadow Price (currency/mass) for the compositional

"k intermediate stream calculated by the "downstream" RTO, as

species in the
described below. The adjusted price "P,(k)" (currency/mass) calculated by this
equation 1s input to the profit objective function of the "upstream" RTO

application, as already defined above, where it is multiplied times the



scope of two RTO applications, where its flow and conposition are
potentially optim zed in an "upstreant RTO 230 and then becones the feed to
a processwonnti/ospissm zed in a "downstreant RTO 231 (exclpaaiusgomiosisshed
product bl ending), a Source Mddel 222 is added to the "downstreani RTO
application. One or nore Source Mdel s24rmy be required, depending on the
nunber of feed streans processed in the unit. The purpose of the Source
Model is to define a consistent set of input conditions for the
"downstreant’ RTO, including conponent slate conposition, flowrate and

t hermal pr operespesdingsntpemediae strbam iflovegtat/ing" tmehdmerm bkt ewwenmihie t wo
RTO applicatio upstreant RTO application updates the stream

conposi ti onQFOC@lﬁtgarﬁt‘Pﬂe@Xg@ﬁ?% Model of the "downstreanm’ RTO every tine
the former conpletes its optim zation cycle. M xer Mdel [0071] The purpose

of the M xer Mddel 223 is to mmc the blending of the various feed streans
that are rodttednediareberepmooess Mnile/s optini zed by the "downstreant RTO

application 220. One or nore M xer Mddels may be required, depending on the
physi cal configuration of the unit's feed system The M xer Mdel input is

the standar %WOF eam dajraedef '1ﬂtb1trh&1"ate sﬁ%hrﬂ@%tﬂﬁ@'c@éss@é M épmheadidd me) and
conposition (nmole fraction), as well as key thernpbdynam c properties for

one or nor e ssapeeetntsyof R appélcmcwhmdm BowTHnd duinyesitivbded potgnpalty i s t he

bl ended nol ar .fl ow rate, Iar,, t her npdy, C properties. -
25T Anal y2 SPURARE 50 b S 5D 220 G e Rty b HEiblo 3 BHSRS ¢ o
convert theyhlepgiadiAlr AR MbwhstfchOv REE 231F(€5!E|11ﬁﬁng el sl REokRMPOSI tion
X nmolarQ for the "ith" conponent and outputs fromthe M xer del 222 to

total streablamdsy)rabeurtEdbodel @ﬁﬁsshddqdetp thﬂddwnﬁream"thOfapahcatl@n Xxmass\
(1) The Tol Low g foruul 2 can be eed Lo achieve 1 hi g comver sin;, f massO =
streams processed in the unit. The purpose of the Source Model is to define a
consistent set of input conditions for the "downstream" RTO, including
component slate composition, flow rate and thermal properties. As part of the
integrating mechanism between the two RTO applications, the "upstream" RTO
application updates the stream compositional data in the Source Model of the

"downstream" RTO every time the former completes its optimization cycle.
Mixer Model

[0071] The purpose of the Mixer Model 223 is to mimic the blending of
the various feed streams that are routed to the process units optimized by the
"downstream" RTO application 220. One or more Mixer Models may be
required, depending on the physical configuration of the unit's feed system. The
Mixer Model input is the standard stream data definition, including molar flow
(moles/time) and composition (mole fraction), as well as key thermodynamic
properties for one or more streams from the Source Models. The Mixer Model
output is the blended molar flow rate, molar composition and thermodynamic

properties.



XmassO = fmassO F mass where "frmass0" is the "ith" conponent mass rate.
Conposi tional Bl ending Model [0073] The purpose of this nodel is to generate
t he ShadowoRpiios3§38r each conpositional species by usi ngcarnsadjpwosissent
technique simlar to the Quality-Barrel valuation approach described above.
In order to enable the "downstreant Ri® application to calculate and then
communi cate to other "upstreant RTOs, the margi nal econom c val ue of each
conpositional species in the internediate streamfed to the process units
inits optimzation scope, an additional variable "Ac(i)" is introduced to
the feed naglwababraWodelequations, as follows: fl nmassO = frmassO Ac(1) F4
mass -!mass(i) XA nassO fl nmassO nmass where vari able YmassO' is the
resulting output fromthe Analyzer Mdel, and variabl es superscripted with

the letter E@dmwe _thﬂlecwrgsﬁpmg%ﬂm URAZ2¥ & 1A e ert QM Bhaly the
Anal yzer Mdel. Variable "Ac(i)" in this equation represents an independent
mass rate adjrean meolar fflow eateh'foanPosid inolal coppesi@sn x,,.29 for the "i""
component and outputs from the Mixer Model 222 to total stream mass rate
"Fass (mass/time) and to a weight fraction x,,,(i). The following formulae can

be used to achieve this conversion:

fmass(l) = xmolar(l) * mW(l) *Fmolar
I
Fmass = Z fmass(i)
=l

xmass(l) = fmass(i)/Fmass

where "f,,.(1)" 1s the it component mass rate.
Compositional Blending Model

[0073] The purpose of this model is to generate the Shadow Price for each
compositional species by using an adjustment technique similar to the Quality-
Barrel valuation approach described above. In order to enable the "downstream"
RTO application to calculate and then communicate to other "upstream" RTOs,
the marginal economic value of each compositional species in the intermediate
stream fed to the process units in its optimization scope, an additional variable

"Ac(i)" 1s introduced to the feed mass balance equations, as follows:

fqmass(i) = fmass(l) + AC(I)
FA mass i f4 mass( l)
s (D) = mass(D/F s

where variable "f,,.(i)" 1s the resulting output from the Analyzer Model,
and variables superscripted with the letter "A" are the corresponding "adjusted"
variables output by the Analyzer Model. Variable "A¢(i)" in this equation

represents an independent mass rate adjustment for each compositional species



"i" in the feed streamof the process unit optim zed by the "downstreant
RTO application. The value of each "Ac(i)" in the Conpositional Blending
Model s wetorHgsad3st o zero such that it does not influemrce/ush@onsmssst of

t he mass bal ance cal cul ati on. However, because each "Ac(i)" is an

i ndependent variable, a Shadow Price ”M\PcspO is generated for it during
every econom c optim zation cycle of the "downstream RTO application. This
Shadow Price represents the increnental credit or debit for adding a unit
mass rate of each conpositional species to the unit feed stream in

di mensi ons 4f" i(ld:he rfmﬂcsylfeaimef) the maessss iung optip0EddhyTHe "Sloadstedn’| B4 f or al |

"Ac(i)' det er th| mgnner ,gr e, uently. c ni.cated . to the
"upst r eant ﬁﬂ@%ﬁ 8@ ﬂé@pllpg%t &8%06‘%‘9}1%{% ‘%IIH% PGW't at es and
conposi ti on§et0équhh€o k&b%ﬁ@l@%a@ﬁﬁd@ésr&ﬁrlﬁﬂu&fée%éh%ﬂtt d@th@ niadb %alah&?
econoni ¢ objective functions of the "upstreant RTOs are formulated to

directly inchlgdietioms Hiowsvendrecaussr cacd, "zﬂ&(e‘"stﬂadmwm@lmeué@ltfmﬂablﬁe amass flow
rates for e h conposi,t » Speci e s descri bed above under the
headi ng_of CRECERREEE B oRAY" PrOF i MOad BV E S, Ty nOPHEO LB

obj ective f'é?@i%'o‘f@hé)ﬁddv!?}%tre%"‘m appicalid® amp SKRIoWOPriteSrptaentiREl fied, to

effect a systematic and consi stent conmmuni cati on of the Shadow Prices

bet ween " dowmst¢mental' crrdd o ujpbitr ivamddiREOs uniTeass alateoodl paphneminpasgamiabns ar e
made to the obj.ective fupction of. the downtream Os, An exanple of a
Prof i 1 ob] edbTI 1P BHCETIbReH K g (R TR AT R RIS LEB RN o

optim zation cycle was gi ven above under Quality Bl endi ng Model . Th| S

obj ective function is nodified to add the feed cost termfor the

i nt er medi at ¢0&M] eanthe Sbpdex dhiced fhy allh'(a4d(éétdet®mmddnirt ﬁe’s enfumer @re Profit

=l FA*PpQ pr “PM Feeds -1F(11 *Pu n " (k) *PRej (k)]
“o7 - et § SURSHERC domBReted i | PSR by PHECRE.  Thete

Pl anner / Econgpfication®paihliadie qwrﬂa%darﬁp(% obifiBsE orefher BRGaedlkces
represent the best estimte of the average value of each internedi ate

st ream over sae@nSVen oﬁaemmtemgwptham n@ep@mnonhlc aectisie foectewtsi obttkd by a

nunmber of maan n t he,.nar val uati on obt ai.ne fromthe
Bl anner s’ velRTB Tt A Sarp Rl @ HiTHa Do i g Sro0ent: T
reference prsmadw PrREs fd’ittﬁé mg qqtoev Bl LRI RIS cdRFoHERAI 'sﬁedié%e ﬂ'h@fié t

Ob] ective function as shown, the Shadow Prices cal culated by t
"downst r eamdeRT@ed oatboeyac hndsw s htadng| ofs phec i(aanposRE@Al JBrTcmgd?t/Iuéﬂl y

represent the in ntal val uat.i.o abo e or b w th renc i ce.
Total Feed STUNED NGl Sienb TSR QUEtEh (e Hot O RBEE SoURIE) Nodel

226 is to CapM@datioh M€also modified, to effect a systematic and consistent communication
of the Shadow Prices between "downstream" and "upstream" RTOs. The
following modifications are made to the objective function of the "downstream"
RTOs. An example of a Profit objective function that is maximized during the
RTO economic optimization cycle was given above under Quality Blending
Model. This objective function is modified to add the feed cost term for the

intermediate streams, represented by the last term in the equation:

Profit = Z [Fp(D)*Pp(i)] proa Z [FA)*P )] Feeas - i [Fu(m)*P(m)] vy - i

k:

UN

[Fr])*PrefK)]

where "Fy(k)" are the flow rates of intermediate streams sent from

"upstream" units to "downstream" units for further processing, and "Pg. (k)" are



total mass rate and conponent weight fractions back to the standard stream
data format of nolar rate, nole fraction conpositions, and consi stent

t her nodynaioize1ipnsegserti es, so the feed stream can then becraszeonsisst o t he
remai ni ng RTO nodel s. Transfer of Shadow Prices and Stream Data Between
RTGs [0076] Any number of already avaitdbte means can be enployed to
transfer data relating to internedi ate stream Shadow Prices and conposition
data between controllers and/ or RTO applications. The data may be stored in
a database which is accessed by the controllers. - 28 - Validation and

Fal | back %@h@m'f@fﬁepwﬂlﬁhmllﬁrﬂupﬂsie&w thelpdarg'd PlhsnﬂedEvmmiefam&s RTO

applicati on ali d before in nt to the " treant

conpar | ng 1 ASCTaNS BRI 00\Far e RAGPritea FrAcl GRICa HF S5 ML Shing”
clipping t h%e hierddteVal@X 6L 85LH MESMcUAld Strdavn bvaqat giveR etaiing Glalinon of
"Reference Prices" for internediate streans al so provides a pricing

fall -back mpehedi s mrb@bystmtreéed s & rrearter RIFOMeams, coeltilmgeuseoofigke t he
Pl anner' s inter.nelgi alilfel Z’ m %S ere:} e I?rl ce,in ses vvhet% h(ta .
" downst r eam ARG ER X BUATIAL AREABCY, fiony B%d’ PG evekha ¥ nBPRYS THERS not
update the ﬁﬂ@ﬁofy}’arﬁﬁh§ eodelNeBeduke 'i_"érfgﬁené‘é %r&ﬁh@nﬂoﬂgnt@ﬁméd?@cb IstraQhBd
frequency, though, the Shadow Price valuation represents a real-tine
i ncrenent al izdjpdesttinging Prodit objeatve ﬁm0hgn apfhavire tRt Shadorw Bupgsl dabuilated

i nt er medi at eam Ref erenc i According to ano enbodi ment
of the | nveRt Bif £ HE B e, Aol A B oty sy cdaatbel ng.  he
met hod st epacﬁﬁuﬁﬁéplrés%& tﬁ@%c@&n&ﬁﬁ@a‘l\%feﬁ%o&’@%él&@%é RefeRMLE Plic@

mul ti stage process for producing an end product as herei nbefore descri bed.

Total Feed Source Model

[0075] The purpose of the Total Feed Source Model 226 is to convert the
total mass rate and component weight fractions back to the standard stream data
format of molar rate, mole fraction compositions, and consistent thermodynamic
properties, so the feed stream can then be connected to the remaining RTO

models.
Transfer of Shadow Prices and Stream Data Between RTOs

[0076] Any number of already available means can be employed to
transfer data relating to intermediate stream Shadow Prices and composition data
between controllers and/or RTO applications. The data may be stored in a

database which is accessed by the controllers.



[ 0079] Any of the above described nodels, either alone or in conbination,
may be used to assign values to the internedi ate and/or further processes.
The nodelworray/@B38 be used, either al one or in conbi natcons2eio/ ssts ne or
cal cul ate properties which are associated with the internediate and further
processes and/or products. [0080] The p?%sent i nvention may be inpl enmented
as a real tine optimzer unit, conprising an internediate controller 1C for
controlling the first stage process in response to one or nore product
properties of said end product EP;, and a further controller FC for

cont r ol | i ng Viahdafiar emFalthamgdIqgvaniemws i n response to the product properties

of the internediate product IP, wherein each - 29 - of the processes E111
and each of the processes Il...n" have assigned process values VE1 " and
VIT " and|gdwe)int ers&ab@t%@e@w&ldt@dbyoa&&ﬂdn%aﬁlhm@ta%rr@mo%%repr ocesses

[1...n" to opt| m ze the overall process value derived from process val ues
for the int efah@dechbefom bdugtselvl to. tha"'upsictati R BEQd bp rcothpeting/Bie Shadowpr oduce

the end product. 111 n. a f rther, .e di.ment., .the invention is

ol ement ed e alge A et 1oy B0 SEAE AR g iapig ¥R, Sest or

sof tware 'ntMQbQBhH 1Hﬁ&$0ﬂﬁﬁﬁn@@ﬁ&kﬁlQ?fRéﬁn9@§QHkQ@dﬂﬁaﬁmgﬁﬁﬁmm

i npl enented may be stored on the conputing apparatus by any storage nedium

i ncl udi ng, butamonlsbiprovidds aopricieg dalttbads eplegnisma grierély thes'ks),strcambact

di sks and Sone ortlon f he det ile escr |n are
consequent | 1 17 G ADRINEH ShitGels tiptiats S R e Bt B mvol vi ng
synbol i c re@ﬁ&‘ée@h@ﬁ'tﬁgs"dbfwr@l@@a&ﬁ’“l@ﬁ@ @grlpe%h@esbht ﬁrd%ﬂg@tl%ﬁta%@;@rﬁd’ or a
conputing systemor a conputing device. These descriptions an

r epr esent at ithemefosgr dogsheotrmints the eshadywt Prosss. | WhehellaRTOs airefrfigung ael y

convey the ubstanc f their. work to_pthers skil n the art. The
brocess and § it dooliRp P RHARY Bbsopbbonrenmiyoftajre
quantities. tlg%fﬁbﬂemenfam@aﬁg&n%f d?%%&ﬁﬁhg'dfthé‘ﬁﬁaﬁnau bh&d BferhRlfud he form
of electrical, magnetic, or optical signals capable of being stored,

transferred,strwm&efﬂchcedbwpar ed and ot herwi se mani pul ated. It has proven
convenient at tines, principally for reasons of commobn usage, to refer to
these signals as bits, values, elenents, synbols, characters, terns,

nunbers or fdgrg|i ke. A&Qﬁ&hgttosfa%fh@r b&n}k&ﬁm@nﬂ Q)f”lHédm\J%ﬁH@ﬁ(eﬂheret hat all of
these terns are to be associated with the appropriate physical quantities

and are mer grovidwiw ennputer prageins fapphiedingghe hetodpiemtdstdegised bnd ass

speci ficall or as,_otherw se nmay be apparent, thr hout the present
o 56l osure, heRuts e et bie PR+ B sef RS RTos BoALSBE Hor oo

el ectronic %ﬁuggasﬁégahbagfydygg@g&ls and transforns data represented as
physical (electronical or magnetic or optical) quantities within some

el ectronic device storage into other data simlarly represented as physi cal

[0079] Any of the above described models, either alone or in combination,
may be used to assign values to the intermediate and/or further processes. The
models may also be used, either alone or in combination, to define or calculate
properties which are associated with the intermediate and further processes

and/or products.

[0080] The present invention may be implemented as a real time
optimizer unit, comprising an intermediate controller IC for controlling the first
stage process in response to one or more product properties of said end product
EP; and a further controller FC for controlling the further stage process in

response to the product properties of the intermediate product IP, wherein each



- 30 - quantities within the storage, or in transm ssion of display

devi ces. Exenplary of the terns in this description are without limtation
t he ter mswprot@ssi3ng, conputing, cal cul ating, determ ni rgTAaIsdoidiosyskayi ng.
[0083] The software inplenented aspects of the invention are typically
encoded on sone form of program storagé?medi umor inplenented via some type
of transm ssion nedium The program storage nedi um may be magnetic (for
exanple a fl oppy disk or hardrive) or optical (a conpact disk read only
menory, or DVD), and may be read only or random access. Simlarly the
transmi ssi onf tedipwnesry Ihe . tanidseast @faﬁvleeproomsi:&:éﬂ afhdyerassigned pmecess her

suitabl e transm ssion known the art.. The i ntlon ot limted
by these aspALES SE anyll voH Frghemdit dfomedptogantiihe R8P RSy ovi deq
a method of jgemhddit 'p’?&e@se'g‘-ﬂ ti tosél?egﬁlzmtﬁ’&%&all%?&e@@v@lﬂ@@feﬁ%@ flogf )
control ling the process. The invention has the inportant advantage that it

al | ows real pracess cdws for thef intdmmegiateepreductalli ngandhthe ead poeditct Méal .. ta ne
external econo ¢ dat $ allows the process to operate in response to
real time maf %IH?J for feed streans, end products and internediate
products and feed streams. [0085] 1t should be appreciated by those skilled
in the art that the concepts and specific enbodi nents di scl osed herein may
be readily (@08l]zed ds a buadis ehdhrodroelitf Yhegneomtidesisgrhplgmentedr osta uct ur es

T e 1 S8R B PSSl TNEDSREHN DR 2B, 20

?ﬁenggpgﬁgggﬁeﬁ%ﬁﬁ E&@{ﬂ%féﬂetdeéa%eﬁ%%e@ﬁ i PR AKINNhAP Be dBorS@bnfRE th 10
computing apparatus by any storage medium including, but not limited to,
recording tape, magnetic disks, compact disks and DVDs. Some portions of the
detailed description herein are consequently presented in terms of a software
implemented process involving symbolic representations of operations on data
bits within a memory or a computing system or a computing device. These
descriptions and representations are the means used by those in the art to
effectively convey the substance of their work to others skilled in the art. The
process and operation require physical manipulations of physical quantities.
Usually, though not necessarily these quantities take the form of electrical,
magnetic, or optical signals capable of being stored, transferred, combined,
compared and otherwise manipulated. It has proven convenient at times,

principally for reasons of common usage, to refer to these signals as bits, values,

elements, symbols, characters, terms, numbers or the like.

[0082] It should be borne in mind, however, that all of these terms are to
be associated with the appropriate physical quantities and are merely convenient
labels applied to these quantities. Unless specifically stated or as otherwise may
be apparent, throughout the present disclosure, these descriptions refer to actions
and processes of an electronic device, that manipulates and transforms data
represented as physical (electronical or magnetic or optical) quantities within

some electronic device storage into other data similarly represented as physical



CLAIMS: 1. A nethod of controlling a nulti-stage process,

conpri si ng

i nt er nediwoeoprseksst

conprise nu

t he process

a) providing one or nore first stage processes for producing an

ltiple internedi ate processes Il...n" for producing the

IP froma feed F, wherein the firsPCIB@EPFIB8ESSES

i nternedi ate product |P; b) providing dke or nore further stage processes
ng an end- product EP fromthe internedi ate product I P, wherein

for produci

the further stage processes conprise nultiple end processes E1 " for
produci ng the end product EP; e)providing an intermedi ate controller

| C for

controlIingquhﬁﬁk$w@ﬂﬂ@ﬂag@mpg®cm$363n$mmﬂempﬁ@@ﬂaydedn@&&kemmh@ypfoduct

f said duct .EP; d t troller FCf
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properties
controlling
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to each of
i nt er nedi at
controller
optimze th
2. The net ho

t he en
e processes "; and h)controlling, with the |nterrredi ate

| t th t
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type of transmission medium. The program storage medium may be magnetic
(for example a floppy disk or hardrive) or optical (a compact disk read only
memory, or DVD), and may be read only or random access. Similarly the
transmission medium may be twisted cable, optical fibers or some other suitable
transmission medium known in the art. The invention is not limited by these

aspects of any given implementation.

[0084] There is thus provided a method of controlling a multi-stage
process, and an apparatus for controlling the process. The invention has the
important advantage that it allows real time control of the process taking into
account real time external economic data. This allows the process to operate in
response to real time market conditions for feed streams, end products and

intermediate products and feed streams.

[0085] It should be appreciated by those skilled in the art that the concepts
and specific embodiments disclosed herein may be readily utilized as a basis for
modifying or designing other structures for carrying out the same purposes of the
present invention. It should also be realized by those skilled in the art that such
equivalent constructions do not depart from the spirit and scope of the invention

as set forth in the appended claims.

processes E1 and process values VII " to each of the

to



operation of the end processes E, with i=1...n to optim ze the overall

process value VI for producing the internediate product IP. - 32 - 3. The
met hod ofwol2aimsiszswherein the controller selects a pro®e3askoioms3sEs with
i=1 ...n for activation to optim ze the overall process value VE for

produci ng the end product EP. 4. The mdthod of any of the preceding clains,
wherein the overall process value VI is optim zed by defining an objective
function for the overall process value VI and optim zing said function, the
further controller FC controlling the end processes E, in response thereto.
5. The net h€dL.AMAany of the preceding clains, wherein the overall process
value VE is optim zed by defining an objective function for the overall
process value VE and optim zing said function, the internmediate controller

I C controllijng tﬂ%étﬁb@bﬂ?&itfﬁll@n%)é REBESASe brockdy, IRSPOASE coMpHighe- 6. The
met hod of any of the preceding clains, erein the'internediate controller

transfers data rel atiprgvidmg kee i ot monedirsit stape quessess for pwdutiogfar t her
controller FC and the further contro r transfers data relating to the
further process E, tp‘n{eﬁ@e&ﬁ{eePW@B?tahle%@élﬁtar g‘?efief’ Iwg,’_.ere‘}’l? tﬁ%g{rﬁe%ﬁ%‘a of any
of the preceding cl aijfBeesitiecBhipris@enpitgfls CintRhRRRE | B8c&NWT| Se Bhysi cal
properties and econom ¢ values of the product, the respective controllers

control ling the interpredicangthsrineussdate pPoduetlf;he end processes EP in
response thereto

process val ues aP)eBdé?}FYe/lgﬂan; gg%ogﬁ%%g?sl@%ﬁte?ﬁﬁ%goccg%egﬁef%?@@W@)A%fr ;e)lr gdbgte
5 The. ot hod of any o K he e ] O R el SRyal Lo
VEL " and VI1 " are dartherestagsy prcassde compripr imsiltige &nd pabdessesdEiendbng
producing the end product EP;
e) providing an intermediate controller IC for controlling the first
stage processes in response to one or more product properties of
said end product EP;
f) providing a further controller FC for controlling the further stage
processes in response to the product properties of the intermediate
product IP;
g) assigning process values VE; , to each of the end processes E;_
and process values VI; , to each of the intermediate processes
li. n; and
h) controlling, with the intermediate controller IC, operation of the

intermediate processes I; with i= /...n to optimize the overall

process value VE for producing the end product EP.

2. The method of claim 1, wherein the further controller FC controls
operation of the end processes E; with i=/...n to optimize the overall

process value VI for producing the intermediate product IP.



- 33 - nodel, a quality barrel nodel, a conmponent |unper nodel, a conponent
del unper nodel, a conpositional pricing nodel, an internedi ate stream

sour ce noaelp1iasag3ger nodel , an anal yzer nodel, a conpo®criusea/obisendi ng
nodel, a total feed source nodel and/or conbinations of the aforesaid
nmodel s. 10. The nethod of any of the pd2ceding clains, wherein the process
values VII" and VE1 " are derived fromthe respective process values VEl1 "
and VIl ". 11. The nethod of any of the preceding clains wherein the
process is controlled in real tine. 12. Areal tine optimzation system
(RTO adapt 8d t oThemnfethad oﬁelahntlhm‘dlea@ndbd corgrblien selagts aif probessdr ec Edi ng

clainms. 13. An ratus for contro It|- r oces

produci ng an end&gtﬁdadct” E‘S %@tﬂ% &?‘H ng Tﬁgﬁé@&s\{%%ﬁ ses i)
one or nore firs roah@iggﬂwé}ﬁieﬁg&sctw pr oduci ng an internedi ate product IP
froma feed F, erein the first stage processes conprises multiple

i nternedi ate processes 1 " for producing the internedi ate product | P and
ii) one or rth cesses. for, pr cin n _end- product

from the | nfler medtaEaaCaD PHReRERD B SR & et Phaetes
conprise nultipl g1800/ 10k QGRPHSK B Jd%ﬁfqﬁlrg 2 @Eﬁ'é@ﬁ\?kgfddaﬁo&'fgr HeOskkes1l EP,
wherei n the apparatus conprises t "'owm ng conponents: (a)an

i nt er medi at e conprogédsevalueCVi end @cptltmz;hg ismig fuhetidn, thet fisthageopradlbeds i n
response to one or Ertl es of gaid end product EP, - 34 -

(b) a further coﬁ‘?qh@ln?lﬁl?igr %%HEBFOC%S%F ol PP HECFUPt her stage process in

response to the product properties of the internedi ate product IP;, and

5. The method of any of the preceding claims, wherein the overall process
value VE is optimized by defining an objective function for the overall
process value VE and optimizing said function, the intermediate

controller IC controlling the intermediate processes I; in response thereto.

6. The method of any of the preceding claims, wherein the intermediate
controller transfers data relating to the intermediate processes I; to the
further controller FC and the further controller transfers data relating to

the further process E; to the intermediate controller IC.

7. The method of any of the preceding claims, wherein the product
properties comprise physical properties and economic values of the
product, the respective controllers controlling the intermediate processes

IP and the end processes EP in response thereto.

8. The method of any of the preceding claims, wherein the process values
are derived from process operating parameters and/or product properties

such as composition, quantity, price, and physical properties.

9. The method of any of the preceding claims, wherein the process values

VE, , and VI, _, are derived by a model comprising a quality blending



(c) a nmeans for assigning process values VE1 " to each of the processes
El...n and process values VI...n to each of the internedi ate processes |
", wher eiwot2bha/dsai3er medi at e controller IC is adapted toPcontseab/ 053368
internedi ate processes Il " to optim ze the overall process value derived
from process val ues for the intermediaf&-product VI...n" and the end
product Dl11...n to produce the end product. 14. The apparatus of claim13,
wherein the apparatus conprises a conputer based internediate controller
and a conputer based further controller. 15. The apparatus of claim 14 or
13, wherein the aypogak atqueliyobrprel sexled compparent baged nogptel,r e@npdrent

optim zing an obj i sai d oq|ect|ve Lunclion rising

t f t
control paranet e{j%ﬁl@b\?/fg? %ﬁ&:‘i%gﬁﬁoélt‘toﬂél PIAHRE Rntiehran ‘;’5‘?%‘8’8@% SULAY " process

E, internediate pipElGhodd? anthiekdnRiiedust aﬁﬁ’lyz&a'n%dépth”&c?rﬁp’osﬁ?dnﬁw ating
the optinized objective function, said controllers controlling the

respective proceb@e@ngtnaﬁd Etoumibﬁhsmm@enudethedbDNDmbumpananﬁﬂh¢s
corresponding to ‘%5{8 (an zed objective function. 16. A program storage
devi ce readabl e % ® embodyi ng a program of instructions executabl e
by the machine to perforn1the met hod steps of any of the preceding clains.

10.  The method of any of the preceding claims, wherein the process values
VI, , and VE; , are derived from the respective process values VE;

and VI; ..

11.  The method of any of the preceding claims wherein the process is

controlled in real time.

12. A real time optimization system (RTO) adapted to perform the method as

defined in any of the preceding claims.

13.  An apparatus for controlling a multi-stage process for producing an end-
product EP, wherein said multi-stage process comprises 1) one or more
first stage processes for producing an intermediate product IP from a feed
F, wherein the first stage processes comprises multiple intermediate
processes I, , for producing the intermediate product IP and ii) one or
more further stage processes for producing an end-product EP from the
intermediate product IP, wherein the further stage processes comprise
multiple end processes E; , for producing the end product EP, wherein
the apparatus comprises the following components:

(a)  an intermediate controller IC for controlling the first stage process
in response to one or more product properties of said end product

EP;
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14.

15.

16.

-34 -

(b)  a further controller FC for controlling the further stage process in
response to the product properties of the intermediate product IP;
and

(©) a means for assigning process values VE; , to each of the
processes E; , and process values VI, , to each of the
intermediate processes [y,

wherein the intermediate controller IC is adapted to control the

intermediate processes I, , to optimize the overall process value derived

from process values for the intermediate product VI; , and the end

product El; ., to produce the end product.

The apparatus of claim 13, wherein the apparatus comprises a computer

based intermediate controller and a computer based further controller.

The apparatus of claim 14 or 13, wherein the apparatus comprises a
computer based optimizer for optimizing an objective function, said
objective function comprising control parameters corresponding to the
intermediate process I, end process E, intermediate product IP and end
product EP, said optimizer calculating the optimized objective function,
said controllers controlling the respective processes I; and E; in response
to the control parameters corresponding to the optimized objective

function.

A program storage device readable by a machine embodying a program of
instructions executable by the machine to perform the method steps of

any of the preceding claims.



