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[0001] The field of the invention is apparatuses and

nmet hods for predicting the conposition and properties

of streans in a petroleumrefinery. Mire particularly,
the invention is directed to apparatuses and net hods

for generating on-line, near real-tine, dynamcally
updat ed predictions of the conposition and properties

D)

of a given RT [ 0002]
m xture of v O '

- conmponent
cont ai ni ng nitrogen, oxygen and sulfur Nbst crude oi
BAEGKSRGUNDROFSTHENRVENTMIN S of nickel and vanadi um
100031 The exact chem cal conposition of a given crude
oil wll vary significantly depending on its point of
FIEPD @FrHEIN® @ the chenical and physical
M@e oil vary. Crude oil itself is
rarely used as a fuel because (a) its properties are
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typical refinery, crude oil purchase on the open
mar ket is stored and commngled in storage tanks until
DESCRIEEONGF RBUATED AR nitial crude oil feed is often
a mxture of different crude oils. Second, the feed is
heated on its way to an atnospheric distillation unit
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cut being eqU|vaIent in boiling range to one desired
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crude onjl vary. Crude o1l itself is rarely used as a fuel because (a) its properties are t0o

variable and (b) its properties do not meet the specifications of most furnaces, boilers
and engines. Processing crude oil into more useful fuels and other petroleum based
products is relatively complex and refinery operations vary greatly. However, at a high
level, a number of commonalities exist. First, in a typical refinery, crude oil purchased
on the open market is stored and commingled in storage tanks until processing. Thus,
the initial crude oil feed is often a mixture of different crude oils. Second, the feed is
heated on its way to an atmospheric distillation unit (a.k.a. atmospheric pipestill or
"APS"). A typical APS tower, or column, comprises a series of trays, liquid side
draws, pump arounds, and a condenser. The APS tower distills the feed at atmospheric
pressure and separates the feed into fractions, or cuts, each cut being equivalent in
boiling range to one desired product, e.g., gasoline, naphtha, kerosene, light gas oil

(LGO), heavy gas oil (HGO) and residue. Third, each fraction, or cut, is removed as a



-2 streamthrough a liquid side draw in the APS tower.
The streans renoved fromthe APS tower through the
wo p@paiozi2e8 de draws can be sold as fini shed proRPCIUS200T/017766

blended wth other streanms and/or further processed

to increase econom c value. For exanple, high boiling
APS products such as kerosene, LGO HGO and residue

can be converted into |ower, boiling products such as
gasol i ne by subjecting the ¢tTeans to further
distillation in a vacuum pi pestill (VPS) foll owed by

t her mal _crackj ng.and/ or cat tic cracking in a fluid
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f the stream Refineries are constantly seeking
proglé‘ftf’er ways to optim ze the operation of each wunit in
the process to better achieve the optinal bal ance

0@? ween the am)uqt and, val ye . of petrol eum products
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for certifying products. anong t yses
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(343C). The residue fromthis distillation is further
kstil])ed using.a nethod such as AST 236 t
loogbgduc{é' gTesPFtI"?%'Fg“ tlgg‘&%% r?‘?‘ﬁ"ﬁ‘%’e '&egﬁﬁé ?’F’B’ﬁ?%@é ffeed and
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two steps. A method such as ASTM D2892 (see Annual Book of ASTM Standards,
Volumes 5.01-5.03, American Society for Testing and Materials, Philadelphia, Pa.) can
be used to ‘isolate distillate cuts boiling below approximately 650°F (343°C). The
residue from this distillation is further distilled using a method such as ASTM D5236 to
produce distillate cuts covering the range from 650°F to approximately 1000-1054°F
(343°C to 538-568°C) and a vacuum residue cut. At a minimum, cuts corresponding to
typical products or unit feeds are typically isolated that include following: liquefied
petroleum gases (LPG) at initial boiling point to 68°F (20°C); light straight run naphtha



petrol eum gases (LPG at initial boiling point to 68F
(200 ; light straight run naphtha WO 2008/ 021218
w2007/ 017766 -3 (LSR) at 68F to 155F (2BCX/U82007/017766

68. 3C); heavy straight run naphtha (HSR) at 155F to

350F (68.3C to 176.7C), kerosene at 350F to 500F

(176.7C to 260C), diesel at 500F to 650F (260C to
343.3C), vacuumgas oil at @50F to 1000F (343.3Cto
537.8C); and vacuum resi dué€-at 1000F to 1054F (537.8C

to 567.8C). Each distillate cut is then analyzed for
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deseak%%?mlrs Quann,SegFhezand, Wells () |aag§i*ﬁalgumal Jul. 6, 1998) can
?p@&dcally | owered the tine and expense to obtain a
| ed crude assay to a few hours and a few hundred
doI lars. Virtual assay conpares spectral data to a
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[0008] More recently, Exxon Mobil Corporation's virtual assay technology has
dramatically lowered the time and expense to obtain a detailed crude assay to a few
hours and a few hundred dollars. Virtual assay compares spectral data to a library of
historical spectra and other information and is described, inter alia, in U.S. Patent No.
6,662,116 issued Dec. 9, 2003, the entire contents of which are hereby incorporated by

reference.

[0009] The crude assay data will typically be stored in an electronic database
where it can be mathematically manipulated to estimate crude qualities for any desired

distillation range. For example, commercial crude assay libraries are available from



distillation range. For exanple, commercial crude

assay libraries are available from W 2008/ 021218
wEOBB2007/ 017766 -4 Haverty Systenms | nc. aneCHP$2007/017766

Consul tants Inc. - both of which provide tools for

mani pul ating the data, as does Aspentech Inc. Assay

data is published by Crude Quality Inc., by Shell Ol

Conmpany and by Statoil. The property versus

distillation tenperature data is typically fit to

snoot h curves that can then be used to estimate the
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Queljtydng, iy Shelt Db Corepepy apdtsh iaigil-cFhe Brepegy vgsus distilation
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cal cul ates and inplenments the optim zation results,

property frr any dgsifesl digidationgah phase of the plant operation
close to the econom c opti mum The cornerstone of any
successful RTO systemis feed characterization
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of A Siiresafi faE] Sete s itk CheCter ity ntbimaion and, thegrocess
mo8dIOupbn tWiiclt thedaldliltions|adé bastdC OA ébiitadySofUla Préces® models must
lude all, of these species. As a result, a major

[ . .

be sufhgientkto predishthe actyalprocess interaetionscang, constraintse
together into "cuts." Each cut has a specific boiling
poi nt range. Thus, for exanple, all of the nvolecular
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worgsctheteyare abent d 9,000 50 differentt melseular speciws dre dride dilh lhe model

r. -y i T [t .als ives
o 95011 8 B0 LTS S e it o e
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el sy 85 Ppdifc ERnelegial T 1ot ol xdaple all of the
moledGiaP |spaties oflarse, baitihgi paint dies dhetiveard 330°F (165.6°C) and 350°F

ct.er.izations are unavailable to downstr,eam RTO
7B 3%6F gt FE oRfhinedl foelSY o R sfpels) coMpRer IR o a 340°F
(171 aP€y. @néegreatly reduces the number of species needed in the crude distillation

column RTO. It also gives a component breakdown that is "good enough" for the crude
distillation column RTO as the crude distillation column is mostly concerned with the

boiling points of the components that it processes.

[0012) Therefore, detailed assay feed characterizations are unavailable to
downstream RTO applications - which rely instead on static feed reference
characterizations that are then tuned to current bulk properties and product yields. In

other words, a static representative feed is characterized for a given downstream unit



characterizations that are then tuned to current bul k

properties and product yields. In other words, a
wa@r@siozi2iepr esent ati ve feed i s characteri zed fRPECT/EHS2007/017766

gi ven downstream unit WO 2008/ 021218 PCT/ US2007/ 017766

-5 and then used as the reference for all feeds to the

unit. The downstream RTO systens then tunes the

static feed as needed to matsch current neasured bul k

properties, yields, or operating conditions. This

static feed reference characterl zation, because it is

t based.on dat d char,act erizati,on
and e 98T Foie oieaie: 0 plL Teds & BRedstt nhhe SQRPIsBRTE) gystems
then @iindsGhel statib Q'béﬂ/il@ﬁeed&h 6 matchhae it Rftasurpd fbhll@ﬁlopertles, yields,

refineries struggle to trict envj ron
or PRERNTHL EORUBONa; 1D oA TGO PEBRIFOREET Tatredy is not

bas%@l b updafil Jted tchiidlesizifort Gaformiation,! 8fieRVRAEY t6DEEb-optimal
dynam cal | y updated feed characterizations for

soly@npsAndaenriobus behaviery Thieisdresgmingn prablem as refigegies struggle to
medPithitter Qﬁbﬂb&n&(@pﬁ%dﬂﬂp&g{?aﬁaﬁé %Bvéi"fungefubf‘ té¥dponents such as
processes. BRI EF DESCRI PTI OF THE SEVERAL VI CF
sulfisE DRAW NGS [ 0014] The drawings are for illustration
purposes only and are not intended to limt the scope
of the invention. 100151 FIG 1 illustrates the nethod
[0023¢ps ft0 rwmﬂd bebdesinblet tof devdop Nnmmend | dynami¢dlly]l Gipdated feed

FIG .2 proy an illustrativ rc re for
chagpgprizaPhg for dow oA, RECest, bt FEInG ACTOl G piein, This would
perhfifédntlantddoptimizhlioiséf RfiffhgProcessesf | ow in a typi cal APS

system [0018] FIG 4 illustrates the interrelation

bet ween conponents in a conposition processing engine
BRUBE DESCRIFTIONO¢ THR SEVERAE VIEYES OFOTHEIDRANVEINGS

system described in FIG 3. SUMVARY OF THE | NVENTI ON

[0019] The invention provides a rret hod and means of

rqdi C Ristra
mﬁﬂposmhlgon ‘H?' ?ra%(r)ff){: gt r eatﬁd a re?slngdyiﬁg in%g n%ciﬂ%h to limit
thetﬂnomﬂ/t@i@@&tllelS PCT/ USZOO?/ 017766 -6 downstream
fromthe crude distillation colum. The dynam cally

updat ed feed

[0015] FIG.1 illustrates the method steps for one embodiment of the invention.

[0016] FIG. 2 provides an illustrative architecture for applications used in one

embodiment of the invention.

[0017] FIG. 3 illustrates stream flow in a typical APS system.

[0018] FIG. 4 illustrates the interrelation between components in a composition
processing engine used in one embodiment of the invention for _the APS system

described in FIG. 3.

SUMMARY OF THE INVENTION

[0019] " The invention provides a method and means of predicting, in near real-

time, the detailed chemical composition of major streams in a refinery, including those



characterizations can be derived in near real tine
froman assay database of current crude diet, RTO

wo pdosozeis on about upstream refinery units andPUBRUSOF017766
anal yzer inputs. The chem cal conpositions of each
stream are stored and updated in a plant w de
dat abase. A broad range of property cal cul ati ons can.
be ascertained, either autqmtically or on denmand,
fromthe conpositional information. An application
permts users, such as operations, planning and

i neef.i rsopnel.... ccess . th d ase
co R AP BE FRRL gl “EARRn e TRy wpdss rcs
charatftarizationan be tdesived e dhediryreahtime fremr ani asshy rdababase of current

i m t.he operation of a given ref.inery unit and/or.
crug ety K0 informatio apait wpstpchny refineny Yegius pipligtinputs
Thé chémRar esmpbsitions of &g&x ﬁ&_éa?laeel stoted faﬁatti;gﬂatedabxgutplant wide

st ream copposi ti ons. Such information can pe used,, )
databaser hi Broaflorangg PSmegéﬂpufadg@e@.mS_( &% ¢ be negriained, either
autbRhli@lllyd8F ol @éiani) Sfforfl Pthe Néobhpti3itiinal 'ix%hﬁﬁti&flemadtpplicaﬁon
properties in a stream e.g., sulfur content; (]b2 0
perpUtstusersysich a¥ operatians |Rlannisg) apd lengippering, personnel, fo access the
datfishidt RRBy BY iRfiRehy | (8% 2o RhE). PRIl iRFImARER IS URNGRE by each
of the edui pnent' s”operating  environnent; and (c) to
useg fip fuiker: optinaize (the operstion i giveporfinerly auit ayor the plant as a

r - . .
whbfd! OWERO l‘%‘é’éﬁzﬁ uP‘T“I%E\lIE IR &R efymalib hefiled information
abdup G2edm Kompositionsi rpchanfismation ghn deesselairntert bkia, for following

oV ' 3t lLi.cation" or " jcat | .
puspics? YAr ABOTOAE decinlORS WA iz B pafRR BRI prgpertcs
in a Gitmeamg e. oy sgfianeontéha(b)ptr bettersmanitomtiel healthodnd reliability of

related to the conputer itself. "Lunping" is.a .
oSSRy pipidiie i RIS Seswreth anyetanding of B, fainsntsopgrating
enviiohf®At; and (SUbehharideahe dcouestyadttompositioaal Hased) RTOsathtoughout
h brPl an@.gtgl i cation using an algorithm to a nore
the DA SARPRS ASPRIR B Supi ng t he data into groups
called lunps. For exanple; structure oriented |unping
, is_a known neans in the art for |unping stream
SEERJAESCR ——":’-’ FTI,{ e 1A =-’"§ TION , Jaffe S.B.,
Structure-oriented |unping: describing the chemstry

of compl ex hydrocarbon mi xtures, |&EC Res 31:2483- 2497
De , the entirety of which is incorporated herein

by reference.) Conversely, "delunping"” is a WD

2008/ 021218 PCT/ US2007/017766 -7
[0020] The following words and phrases have the following meanings:

"Application" or "application program" means a computer program, or a
collection of computer programs, that performs a function not related to the computer
itself.

"Lumping" is a process by which data on the molecular population of a stream
is substantially reduced ("lumped"), generally by an application using an algorithm, to a
more manageable form by grouping the data into groups called lumps. For example,
structure oriented lumping (SOL) is a known means in the art for lumping stream
components. (See, e.g., Quann, R.J., Jaffe S.B., Structure-oriented lumping: describing
the chemistry of complex hydrocarbon mixtures, I&EC Res 31:2483-2497 (1992), the

entirety of which is incorporated herein by reference.) Conversely, "delumping" is a



process where |unped data is expanded again
("del unped"), usually by reversing the operations
w@eeoBoerresl by the original |unping algorithm PEr/OS®ET017766

unit" means any device in a crude oil refinery that
treats a feed stream to generate one or nore product
streans having a different chem cal conposition from

the feed stream In exanple, process units include

at nospheric distillation units, vacuumdistillation
units, naphtha hydrotreater units, catalytic reformner

units, distillate .h eater | fJuid al ytig
progfs.Whers IRpRPEY Sefnyig RyEra et ( Beluigiodyy, Ssvalfy b reersing the
op@ﬁdods'wﬁhhé@by(ﬂibéﬁglhﬂl B&g@g&.ﬁﬁnl toring tool"
no

an application that rocess unit and
the Gﬁ‘ﬁd{““stm?é‘&‘ﬁ?nb devige waeﬁ&eéa{/) efiperycthat treats a feed stream

to gdietdts!ohd of @Pﬂiﬂ%@m&éaﬂﬁ $aQing Kdiffeldrt cREARGI Ed)rﬁﬁasmon from
W t hout reconci redicted results wth actual

thepfesd efteapm tInopxamy @dB@PeS:Gt writsringdude atnmspheric @istillation units,
vadiRA{ disfil E&Fﬁﬁ&' BSpHE h dre{re@clc&)uksees eq[efo%epm Wktillate

unit run a glve app Icat 1 on
hydreamtelbnn@hs rfiyid catalgid crackivg omitsrhydoctackemphits; alkiydation units

an@{so;h&%?&m ation" neans an application that
det erm nes, |n near real tinme, optimzed set points

for "ErOpcasoeg@tqmgt tobl/ m@mslanrwg:plmttmrpﬂmt owdlelsra progess unit and

t 0 gene
the; BEGOREE Stcdm rEAla RS SRr ST AR B ambaynagmic andior
kinetic pnapdriies) \pitmixta'eemhmlmgj ptediated Inesnhs usith agtuat @8scess unit or
oéinltt and/ product stream nmeasurenents, and
Progpt sﬁﬁeﬁﬁ"n‘% %he performance of the process unit to
max f‘Pnozessoé'rrhéuﬂs arpr6cdssing anil, o aitdliecton of pricBssirpSutlifssthat run
Shadow nodel " neans a ol ecul ar account i ng tool that
agmc&aegl“ﬁlfgnnoverrent of nol ecul ar conponents in a

proclea:ﬂ timd"inetdns pardemiafing ki netic or thernodynam c
cal 911{1 qziltl ons.. "Streant neans any gas, liquid or
sem Rfal fineoRtimization applicgtion” g #PRljcatipy yngans an application

thab d@eRSines! h tneas féaﬁﬁﬂﬁp HS%:mi'zféa 'sePdints ol 4G28cest WHR by thodeling
as well as LPG LS ker osene, diesel, vacuum

theqpeocess| unif aang,the ngéﬂfé sifeamsr produsest dhemgby e(generally including
therthbdna R andRA NEindit b ﬁiésfa}&bﬁhhﬁ% \}Qr ng: | RBults with actual

opposite the flow of "t ream
procefs it ansken PregdustsStisAm: measyremaents.i and; dpsinizingcthe perfofmance of

thepScebd it & makidfiz6 LdrB esults and minimize certain results.

"Shadow model" means a molecular accounting tool that mimics the movement
of molecular components in a process without performing kinetic or thermodynamic
calculations.

"Stream" means any gas, liquid or semi-liquid in a refinery flowing to or from a
process unit. In example, "stream" includes crude oil as well as LPG, LSR, HSR,
kerosene, diesel, vacuum gas oil, vacuum residue and precursors thereof.

“Upstream” means on the stream in the direction opposite the flow of the
stream. Conversely, “downstream” means on the stream in the direction of the flow of

the stream.

The Rigorous On-Line Composition (ROC) Method




The Ri gorous On-Line Conposition (ROC) Method WO
2008/ 021218 PCT/ US2007/ 017766 -8 [0021] The invention
w0 2008/0z2l$ ecti on of applications that performBCHESINOT017766
of predicting, dynamcally, in near real-tinme, the
nol ecul ar conposition of streans in a crude oil
refinery. The nmethod, referred to herein as the
Ri gorous On-Line Conpositi (ROC) nethod, is
descri bed below with refererfce to FIG 1. 10022] Step
1in FIG 1 conprises obtaining detailed information
regarding the conposition of a potential crude oil
feed streans to a refinery, as well as physi cal
[oonrlpper TheSnwéntioh€isS4 cBREdtionNaf apPivatibnd ehdt Fperfrml BC0method of
fraom conposition alone (e.g. tenperature, pressure,
predistingredydmamically, im a -ims; fhegmelscular GpmPAtitipn ofistreams in a
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Compgogition é%?@h mﬁhq ss Q%ﬁ@%&f»gb%t’ atitsreferenge te a"rmallns
HDHA data for various crude oils). The conposition
and property information for each potential crude oil
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[0023] Ideally, the template characterizes a sufficient number of molecular
components in sufficient detail to provide or derive any and all data needed by any real
time optimization application, off-line process monitoring tool, shadow model and/or
bulk property correlation that pulls molecular component data or property data from the
crude assay database. Accordingly, the template provides significant sorting
information about the various molecular components in each crude oil. For example, in
one embodiment, the template describes molecules by the number and type of atoms

(e.g., carbon, oxygen, nitrogen, sulfur and various metals) present therein and the



one enbodi nent, the tenpl ate descri bes nol ecul es by

the nunber and type of atons (e.g., carbon, oxygen,
woedosogens sul fur and various netal s) present PECEUS1I007/017766

and the WD 2008/ 021218 PCT/ US2007/ 017766 -9 nunber,

type and | ocation of certain nolecular noieties (e.g.,

olefin and diolefin noieties, aromatic bonds, and

saturated and unsaturated rifHgs) present therein.

Preferably, the tenplate is highly detail ed, meaning

that it characterizes over 1000 nol ecul ar conponents,

re prefer,abl yv.over 2500 nol ecul ar ¢ onent nd ]
nuffBEE ShE 50 B 8F <o MRlSHle dhaleire e dorash fnd diclefin
m({iéi&BA]arc_EF\m:cit: swaad ds! afd Ssutina teﬂdﬁm'l t hasag&&e@oﬁﬁgegi pfegent therein.
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PriiEihly. dhd, elate fohiehbr detallod, Mopanit that 1 coleisrizes over 1000
mol&suldri @nptneis, fhoré [piéferadly oven2560 mult&ar’ Etfipdefits and even
crude oil database using the unique identifier
moge pesderably P Var $¢00 melesulas sempenentss] Step 2 in FIG 1

conpri ses obtaining detailed data on the nol ecul ar

conponent s and non-conpositional based physical
[0024per Eack subsetaswalatddewithstack potentipl omidagil feed is stored in the
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process unit durrng grven tinme peri 8d” *For exanplie,
crude eoil staneberpulled aftorAPtheu nrudeaoid database i usingy itheiunique identifier

' cycle streans. If a feed streamto an

ass&%ggnvﬁplgﬁr%?ﬁ%?‘t he given tine periodis a virgin

crude oil, the detailed data on the feed streamis

led fromth ude assa at abase descr.i bed i

[o‘ggép 1 SR Ay ad,of cfagm"asﬁvwgﬁ"@fle Aegalods g op the mmelecular
corfiporitts Snd nén-SulipesitidRd Chdsed iphPsicd)! %ﬁb&i‘k& \62l détual ffed streams

feed streamto an APS unit during the given tine . .
flopying toe predefined syipdew of refinine pperallerscamaprising & pesessunit during
a giRACLHMERABY! SFRUWafipld, 'fOLR StredML 5 ABd gﬁf@ﬁ%@ﬁ@g@ virgin

that is popul ated i n subsequent steps ] )
cruggjoilang regygle sreamenif 4 ffead siredm: tonars ARSpunit duing theogiven time

i .S S i R 7 K
reld Y30 05 1N s e B0V S0
assay) databasmdeseribed in iStep 1 using dhe vnigueideofifichassociatet avith the crude

oil'd et Q&Qng{i:?rﬁt Sﬂeﬁmﬁ%g Sif a[tgg%%eaﬂ X ar? i uaﬁﬂitGduriLng the given

conpri ses ai ning property om ac
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subset of the template described in Step 1 above.

81 t|hﬁ crude

[0026] Step 3 in FIG. 1 comprises obtaining property data from actual
intermediate and/or product streams produced in, or by, the predefined window of
refining operations during the given time period. This step can be performed using

RTO applications, lab analysis, on-line measurements, or any combination thereof.

[0027] In one embodiment of Step 3, an RTO application is employed to obtain

intermediate and/or product stream properties and, optionally, product stream



[0027] In one enbodi nent of Step 3, an RTO application
is enployed to obtain internediate and/ or product
W@ eoosam2ps operti es and, optionally, product stPEHDSAI/017766
2008/ 021218 PCT/ US2007/ 017766 -10 conposition data.
For exanple, an APS RTO application nodels an APS
unit, reconciles predicted performance of the unit
with actual unit informti 03 i ncluding stream
properties and then optimz 2t he performance of the
unit. The output of such an RTO can include, inter

corﬂ)os?lﬁon a‘;}x galcl!t'or :Fa!g?ﬂqr% p'iﬁé elggat A j nt S meoc&eq %S unit,

recomdiles rprediated pdrfcﬁﬁﬁt&?ﬂ gf fthe ahit Dﬁ/ﬁﬁi uﬁfual Qﬁi’t’pﬁﬁﬁﬂaﬁgﬁ including
00281 I n anqt her enpbodi Step erty data

PioPe s drd B ARMDES BeoRRsarmans bhe output of such

an Rmbﬂﬁ&cmﬂcd hﬁt@&hﬂé&%ﬂé@ﬁhﬂﬁﬂﬂéﬁfreﬁ@ﬂ@rﬁﬁé}frﬁédlate and final
anal yses of i nt er medj at e and/ or product streans._ This

proghete SHERP, @roRsTHRss  ansk lempedpintgraedigie nstesam reng final product
" comhp&itiyecess unit is not available. [00291 Step 4A in

G 1 conprises comunicating, to a processing engine
that runs nodel s of the predefined wi ndow of refi nery

rat | t ed a 03| t

(0028F" ° 1 Bowe koot R % & Propfith, TR 58 IPEFRLdA andror
proguct. stxfbamas:ankurbbiaxhed bl elircas meadueemeériteandoc labdx’atwly Iaﬂalyses of
. 0 ed n APS uni ata is t dat
im GBIy BpBfecPuenp. mhis sllBr e o most aficn EFhbygsiavhen an
RTOrformhegabessgammiishotzeaidablé.e. 9., FTI R-virtual assay).

Al ternatively, when the predefi ned w ndow of

operations being nodel ed conprises a reactor that

[0029) f OF Stepr4A Ul FIGHENESiitprise8 R Rinthifating; tb a préssihs $Rfine that
in a uni t), as opposed to_sinple separation
rung é“‘g‘ﬂ"s gh “mvgrqﬁlﬁﬁps window, of pefinery ropsrations,ndetpilest datg on feed

stredR ¢ dnpdsitibrf & ndrléorhpliitidiarbRkd Q‘é:e'o&‘gf Eﬁrﬁgerﬁ‘ég UiPFFG. 1, as

and detailed representation of
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representation of product stream composition, then the data from the RTO or off line

process monitoring tool can be delumped, translated to the template, and communicated
to a processing engine that models subsequent steps in the window of refinery

operations (e.g., distillations).

[0030] Step 4B in FIG. 1 comprises communicating, to the same processing
engine, the property data obtained in Step 3 on actual intermediate and/or product

- streams produced in, or by, the predefined window of refining operations.

[0031] Step 5 in FIG. 1 comprises running the processing engine to obtain a

detailed prediction of product stream composition that is reconciled with actual



100311 Step 5 in FIG 1 conprises running the

processing engine to obtain a detailed prediction of
w@e@dozR21st r eam conposition that is reconcil edP@i/Uk2007/017766

actual WO 2008/ 021218 PCT/ US2007/ 017766 -11

i nternmedi ate and/ or product stream property

nmeasurenents. The processing engine conprises one or

nore short cut programs, calkhed shadow nodels. Each

shadow nodel is a nol ecul ar “accounting tool that

accounts for how nol ecul es nove through the

efin ration Iudln i he

iAol pRRl: Slrpdef DrOferly BREST RS, Thp $H603sihg engine
compxhses pee ormohed Shortﬂltmmmmss@illeﬁtshaddm ehwidelsaBach shadow model

is § e abcdintng dRe B S8Rt By o IRABRIEE Have, fiouh the

preBeﬁl&Id windawcof] raﬁhﬁpfopeidﬁﬁnﬁ itluding theqsr6Pe3s uhit@a g., tank models,
ara ters fhat n ocessed within a suitab

Ofelt Fhliter oo nio3RIRtey medels @pd Fut pedels) without
mamngUt&?ﬁplfcbﬁeﬁS tﬂéﬂﬁ&ﬁiy‘nﬁﬁalid Yor Tiitetic hecakhPitfons Ut 2 d@vbiding

el s can process detailed stream characterizations
thegnodypamiq gnd kingticr ealeidationsy the amounyafy %peswrefpera@eﬁtsrs that

canP¥€ procetisd mhﬁ(‘djglﬁfabf@%ﬂﬁﬁgﬁén ltlHlea g{eﬁe b léglofhtan thirty

period of tinme. 1003 e proceSS|n
minuses) a8 dramatisalioilmsdbe shpardus shadaw tnmielqom process detailed

strdah? 9§a§§ct¥\d;fa'i1‘8h£] og QQA éfbb émfgljabﬁ'%\%fr 2@6@ %ﬁ&:&tﬁ% q@%}ﬁbly over

conpositron Is o runni ng eac
50Q0omaleculancorhponenty xn@uslablwallygshert iperiodwptimiet i on

performed by each operation within the predefined

wi ndow of refinery operations; and (b) the prediction

[0032] pr Oll‘hé tprodessifignen@ifie bt téilains the shudow fbdélst ferforms a two-
act ual terne at e nd/ or _ praoduct stream properties,

Pa“rﬂ?"Ffﬁpﬂ’ ereR: ¢ jctionof RFoRBEcTTeam SOMBPRSItoN issphigined by

runfii@ é48h shaddw ehdaet ﬁi h@duRfor vaRoldehdrged i LéRpeNifich Performed

obtained . in Step 2) above which was comrunicated to

by each ppejauen Mﬁ%ﬁ'@? Reedetines} ayindow g glinery Rperatinns; ped (b) the

preditYion D¢ PRRAIE Rieal B6IAPOARGIELs deBokdIRARTIAF %ﬂﬁﬂt&ﬂ%ﬁfé and/or
is the output for the inmedi atel precedi ng shadow

progueistreamipsopsntighst Thednputiie theSrst shadewwmadeldn thapropessing engine
is thE QReBRlH Whta SAGME Feld s@edlfil@ly e&&as&'uﬁtst@g fz‘if bﬁw%&‘i&h was

Sstream conposli t1on, expresse as a subse
commppicated . toT they prasessing enginepire Stepi 44 atiave. adthealnput for any

subg%ﬁﬂmdggvemgag/ A thl 59?%%&1}1& Pﬁ%g& Rh& QS{R& ?Gc'r thE: t1§1mfid1ately

cessi ng engl ne use ate a
preegding shadomo perdel. e SThebowtpute fori the Sasxpslﬁdavbvamedulfrmcﬂxevmeessmg

engarben}ma eﬁ%ﬁ% sr%éllg%l | ca?r) ?0%%&; ee%m gap?sr'ltt'(l?‘:’}rj r?gaf s a subset of
the aechplate.pr Dal u-e¢or$ile dghenprediction with actual intermediate and/or product
stream properties, the processing engine uses the intermediate and/or product stream
properties obtained in Step 3 above which were communicated to the processing engine
in Step 4B above. More specifically, predicted intermediate and/or product stream
properties are calculated by the processing engine based on the predicted composition
and compared to the actual intermediate and/or product stream properties. Fixed model
parameters in the shadow models are then adjusted to minimize the difference between
the predicted intermediate and/or product stream properties and the actual intermediate

and/or product stream properties. Adjusting the fixed model parameters in the shortcut



properties are cal cul ated by the processing engine
based on the predicted conposition and conpared to
wao b@sazual | ntermedi ate and/ or product streanPCT/US2007/017766
properties. Fixed nodel paraneters in the shadow
nodel s are then adjusted to mnimze the difference
between the predicted internedi ate and/ or product
stream properties and the aigual i nternedi ate and/ or
product stream properties. justing the fixed node
paraneters in the shortcut WO 2008/021218
PCT/ US2007/ O dow
shadow oaels e RfGeRd SRiprens to BEvdq £ e i the actual
demmtahmng@egamksstreantpropert|es 100331 The end
result of Step 5 is a detailed prediction of product
stream conposition, expressed as a subset of the

[0033]P! atfhe Lfif GBGIH OF SdehPs aiﬁtéx‘adetéxléhe{)f@@étﬂheof PP4R}t stream
product stream properties. The prediction, which

corppesiten sxpragsqdiay & sybiset qfithe &méateorecae@&dc@tbm@abwmedme
I i

and/br E%irﬁcétr@ ah Ulikr%é dp‘ﬁg g+ The ﬁéﬁﬁhﬂﬁ ﬁﬂcﬂ 9&3&%}% émhe presence

or abseeemof: 6,000 girtrone mnlkgldmatormmtehm invthe Ipdodust stream is far more

cofIB e hha7 Bl ShediotibiiobR Yo foadh ol would be

prayidedy fiotexampid, bgamARSRIOL t i on obtained in Step 5
above, along with product stream properties, into a
product stream dat abase using a uni que stream

[003int | ISty 621HIFIGITR Sdomifitises! b@ringathd reconiciléd prediction of product
retrievable from tJtilelHSroduc st ream dat abase, usi ng

streaf, OFAPARYOR(QLUARTA 1Ty SHAR F1AbPves AIoRE ALK BEOGUSk FFeas propertes,

intd ﬂ’adﬁétl diteaada@bdse rﬂsiﬂgnﬂ uﬁﬁw StreSadensfiei Mﬁmestﬁk@ The
product stream database illustrated in FIG, 1 is

datgets dhen actricyable Heom the preduch stream: database, pging \the unjqyesstream
idefltifitd Atd titlesRRIP\ESNude iR rﬂ@&éﬁi‘@sﬁﬁ 6&111%&52&9&% operations.

and, in an alternative enbodi nen t abases are
Thenpredust spreamsdatshasp iltustrted| i F1Ge dnprsepe@t@mm pgpde assay

dathb QY G d#l':?é dﬁﬁﬁégﬂﬁ‘l walahime: datéﬁ?&éé‘?xs %ot Ab&iGary and, in an

streamident] nme stanp, rmat1on
alterngfavecimippdiment; thrpdatatiasesrare metgedk operti es of a product
stream This information can then be used to nodel
and/or optimze one or nore downstreamrefining
[0035]r at iSeeys 7 1hrFlGli E coraprised  extractirp) firoin liee pfdﬂnogfﬁ'eaﬂd database,

that the t srea froman upstr ss uni
usip 8 FURBE HIFpEer s VHHEP: IPDURCO NGB b (prposition
and pfdiibrtieb Q’ffaQﬁddﬁdt ls@adthf ThisOifforfation icn divn et lisedtd model and/or
OPWH&U‘EQC g{ I“é%ff"‘n %%?rg%ll‘t S'ggﬂnlgg{n%;aq}%tnlsonlna&?sugegaarg it sﬂould be

recognized that the product stream from an upstream process unit (e.g., an APS unit)

can either form, or be used to form, the feed stream for one or more downstream units.
Thus, compositional information about a given product stream from an upstream
process unit is useful in determining feed stream input for models of downstream

process units.

[0036] For example, as shown in FIG. 1 by a dotted arrow, when a stream from
the product stream database is used directly as a feed stream to a downstream process

unit, the stream composition obtained from the database can be used as an input for an



process unit is useful in determning feed stream

i nput for nodels of downstream process units. 100361
wao-ensexanpl e, as shown in FIG 1 by a dotted apPeDWs§2007/017766

when a stream from the product stream database is

used directly as a feed streamto a downstream process

unit, the stream conposition obtained fromthe

dat abase can be used as an g put for an WD 2008/ 021218

PCT/ US2007/ 017766 -13 RTO gﬁl ication (or off-line

processi ng rmdel) for the downstream process unit. In

hi s exa estreamco i 0 which is
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dat abase as it travel s froman upstream process unit
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application, which is now based on_nore ‘nam ¢

cany b usedfpsreate the inputfosan RTO; mcwepruﬁmfﬁ @r(g%ﬂns: fmodel)

thaBinb8AN Al ARARBam phbdess Bt | vel y, the output fromthe
RTO application, as already discussed in the context

of a reactor such as the riser in an.FCC process unit,
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oW no mnrc su sequent
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distillation).

[0039] The method described above can be repeated for any number of
downstream refinery operations. The nature of the process units, or any given window
of refinery operations, used in the method is not particularly limited. Suitable process
units include, for example, additional APS units, vacuum distillation units, naphtha
hydrotreater units, catalytic reformer units, distillate hydrotreater units, fluid catalytic
cracking units, hydrocracker units, alkylation units, and isomerization units. A
reconciled prediction of the composition of each product stream is then used to update

the product database for use in modeling operations even further downstream.



units include, for exanple, additional APS units,

vacuumdi stillation units, naphtha hydrotreater
wanios®212¢@t al ytic reforner units, distillate PCT/US2007/017766

hydrotreater units, fluid catalytic cracking units,

hydr ocracker units, alkylation units, and

i sonerization units. A reconciled prediction of the

conposi tion of each product 5trean1is then used to

update the product dat abasd*for use in model i ng

operations even further downstream WD 2008/021218
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frequency in which the on-line analyzers and/or

infopmatiopeabtained hby i method somes tor being msal timeninformation.  The
. . I r :

it TRIORISH 088 8n7 ) Sl HORSHao N e e

frequsney én whidhethRo-line anplyzerscandéordR T0s wtilizérbinr the ROGmaghod are

evelry t
rurf ér/exidic 1 the ROUIeIRAUER G RIS sl O o H0uP then the
RO¢mathddican glsefberrab byce amhatr. 1§ howeverg thedVEQ\is fumuonce every two
referabl t _l.east ongcej,every ..t hqurs, . npr
hol24f Snce (Vo) SAFRodk, Bien E3RnSJAERRIC ko safi ety ifoubied or
halved; s¢spectivelev Thy RIIC mettodris preferablyaniat ldasd@ice leveryUour hours,
e

h met hod itself once the necess i nputs are
prefSJSIF b1 O B s o By S TRBLTEALLYL Bt [PAgioreR gvery hour, and
idesliyat least oreb @tery hatfikdburt eNeNtimk iintakes tC Afethe VMO Chmethod itself,

coul d include qQne process unjt, or span the enti
once it Regessary ynpyle axefailabla s depéndent of thegosmplaxiey,pf fhe shortout
shado@ahodél rebsndiliationedagé, alhi¢h could include one process unit, or span the
entire refinery. In the most complex case, it should run in under one hour, preferably

less than thirty minutes and, ideally, in ten to twenty minutes.



| ess than thirty mnutes and, ideally, in ten to
twenty mnutes. WO 2008/021218 PCT/ US2007/017766 -15
wah@smyes ous On-Li ne Conposition (ROC) Systenr¢D08B827/017766
The coll ection of applications that perforns the
met hod of predicting, in near real-tine, the detailed
chem cal conposition of major streans in a refinery,
i ncluding those downstream_ ficom the crude distillation
colum, is referred to herein as the R gorous On-Line
Conposition (ROC) system This systemis described
herein wth reference, as appropriate, to FIG 2,
whi ch provides an illustrative architecture for the
ThaRigdreas On+ldnel Coniposieidn IROEN BystefiD441 As set forth in
FIG 2, the first conponent of a ROC system 2000 is a
dat abase, referred to herein as the ROC dB 210, that
[00343)r es Thefcelle&ionoof Aplicatehs tHat ipeformP iKY metod éX predicting, in
streans - although information for virgin crude qil
neaf Jregl-Umpee s detaed (rhemical ccompsition, of (ppige streaps dp 3 refinery,
inch 8¢ BoWALtARARS Fom e cRide H&iltalidni Ohiinh, 68 9fefrtd €o herein as

dat abase that includes a detailed conposition for each

the Rigeepusd@nldne Compositionr RQEL systeme B systamsis dasexibed herein
with Refeledck %p?%ﬂﬁm?% ?(z g‘ﬁ??ﬁp&ﬁfcw&vihg@in ﬁﬁlgﬁﬁe“vebﬁchiteCMe for

accurately C rom conposition a
the ppplicatigps disclosedhéminor nation is stored on a

dynam cal |y updated basis. The streamdata is

retrievable fromthe database wth a unique stream
[004dgnt | Aiseset Sorth tin RIG. @)tha FRsiCé@hpshent b acROIC SystedR D000 is a

00451 _The det ai.l ed co i, 1 i a stqored in the
datpfine, istertid 1 Herein a6 s RPL 48 23D, B ol Jhfbfmaien fi ek of the
major eeftieey m'readT t emgtiu\%hhqn(homﬁﬁéx:) 6ot Vifgim erude Tbil&'ged _E@ealiimd an, but
super.set t nmp ate). | C ca as rge S esire .
dogs, {0t bave 19 Besgipredinghpenpraie dabase. | She RO 48210, i g read/write
dat&l5ueP B 1Thclh@6B 4 Idefhiled omip¥sifiBR | fof 8ddhOdtréahifhs Welll 88 temperature,
information fromthe dB 210. The nol ecul ar _dat a

prefsurg masy flow and vagions, bully streamc properticy thatoampos be accurately

cal&il&ted f fr6ANtomPbiilifn A1GALN ”Pféf&ﬁblgp% ilSrRloAC W Stored on a
represented, e.g., the nunber and type of atons (such
dyngmnically ppdased basis.c dheottreamydajaris refrievale fions the databasg with a

unif&d fleaft! IR fierd d 'bc'ateYlR?irtTlggg:hl @i on of
nol ecul ar noi eties (such as tlhe nunber an [ ocati on
of olefin noieties, diolefin noieties, aromatic bonds,

00334 2558 18887 Bk B S0 ISR LG s i
stoednipcaventdancerwith prppédatanliged vemplafeO@efened aa ditiréin asdthe ROC
sup%x\'/s% ter&loglgtefgvgfc%rc%gl a%vlgrrge as desired but must be sufficiently detailed to
contain every component required by any application that pulls information from the
ROC dB 210. The molecular data is stored in such a way that each entry provides
significant sorting information about the molecule representcd, e.g., the number and
type of atoms (such as the number of carbon, oxygen, nitrogen, sulfur and metal atoms)
and the number, type and location of molecular moieties (such as the number and
location of olefin moieties, diolefin moieties, aromatic bonds, saturated rings and
unsaturated rings). Preferably, the ROC Superset template characterizes over 1000
components, more preferably over 2500 components and even more preferably over

5000 components.



5000 conponents. WO 2008/021218 PCT/ US2007/ 017766 -16

[ 00461 The information stored about each streamis
wGar@smzi2as a subset of the ROC superset tenplBCEUS2007/017766

(call ed herein a ROC superset representation). For

i nstance, the ROC superset tenplate may describe an

entire assay using 10,000 conponents. In this case,

if the streamis, for exanplig,_ a naphtha cut, the

stream may only have 200 of the conponents.

Therefore, the ROC superset representation of the

streamw Il list a positive value for the 200

conmponents in the ROC superset tenplate present in the
[00:46] e amThednformation wiekedeatfont eddhestieafiDis staregd aparsubset bf the ROC

t he super.set. tenpl m ssing fromthe_styeam
suRefoh FRIBHHLEH 4o or i P HIAC superditetesaRIon oFor Jsiaacs, the ROC
supefsét tanaslhR. mity) @EscriBe b letiRChsvAy ﬂs&%& 0000 @3mponents. In this case,
informat|{on, can be used as the dB 210. However

. a
if therstreany 1% ifen examplgo g Sephthe s thecfram RpybenlyriayeciPo of the
corh . AsTheedfofe thd) RAIC Fs'ugbrg’e)t’ rdpP&seRfafion %icfﬂgp%éﬁlzﬂo will list a

the ROC system 2000 i s an ~application, referre )
posiiye valugsfor fhe RO comperenty ie the RQE superset tepplah pregent in the

strédnd @A a Pt GHluR" fof AP X860 Qaw?ygger{t? GHrdie %F?%{Fe@ék Kemplate

_property val ues, such as weig fraction su
migsing fremche sirgam." ) . Commercial ly avail abl e software,
- such as Sinfsci's ROVo or PRO Il and AspenTech's
AspenPl us can provide this functionality. As will be
[00:45)r eciCanemerbial t datstmseski suckdas rMidiesaft tAcdebe andt @rhélee when

potyettd Sl ishuRAE inrbiitioRe ik OF 166 2 TBORLES HBSRTE, However, a
mordefficiene irpholsa glatabas caglalyd Beccreambd: t he cal cul ati ons.

In other words, one can calcul ate properties such as
density or viscosity or cloud point with any of the

00ABY" €MARLPRRG if FIGE 2CIHR! o?ﬂféo‘P@Jo% {f the RO Ly st i
[ software, but tlhe inputssﬁaqui re b§nthe soft\/va)Fseen\;\nzP?o‘san

appligatjon, gefesedita dersin entheROEC property exjaulatos 2205 whichytakescstream
IS0 6 040 ol YL DB Gl s o
sulfug (Owifeacsulfini").s Comanerpially swaildble seftware asuchrag SimSci's ROMeo or
HIAk € L rein -1 hg. Ly.interface .
PROJY Skl Aopeh Pt Adpibile ch Tpdidel B ol PAS win be
appR@iatgd by thosgrsiilidddn fiRCart,gho preetfgcectal thel R prapey fealculator 220

can' Vir§'giBltlyPHs 19 Wepéhadht'SE 13 PERATRY cBhferdal8r fh-HilsIYRckage
selected to make the calculations. In other words, one can calculate properties such as
density or viscosity or cloud point with any of the aforementioned commercial
software, or custom software, but the inputs required by the software will vary
depending on the particular equation used by the computer program doing the

calculation.

[0049] As set forth in FIG. 2, the third component of the ROC system 2000 is a
first network service programming interface, referred to herein as the query interface
230, on a network 225 that allows users to query the ROC dB 210 and the ROC
property calculator 220 for information about a given stream by providing a unique

stream identifier and timestamp. Users of the query interface 230 can include



streamidentifier and tinmestanp. Users of the query
interface 230 can include WO 2008/ 021218

w2007/ 017766 -17 individuals 205A and opdIEDS2007/017766
prograns 205B - including prograns in the ROC engine
270 di scussed below. The query interface 230 can be
integrated with other interfaces (shown in FIG 2) or
exi st as a standal one mterfece (not shown). [0050[ A
first function that can be acconpl i shed through the
query interface 230 is sinply the retrieval of

O A5G S0P P DERE B0 A6 enine

27Q disdysséd beloxanhe quéry ipteafate 336 tcan ibe nntegratbdawnth other interfaces

iR KT 35 Sl o A “eRaRn P enot B b

acconpl i shed through the query interface 230 is to

({q%guest the cal cul ation of bulk stream properties from
[0 defefirst finctign that can be acgomplished thipughothe guery iatestage| 230 is

smi;ﬁy tHeGetRelaltit d%ifﬂlcd%ﬁﬁaoéiﬁoi%h@ BiheP Sir&h HataSHrbd In thYIROC dB

the ROC property cal culator 220. For exanple, a user

21¢; 5 The dnfganation m}nkvedswremdoﬁ@r example.tby:plast hmam rand by
didEN %ﬁ%}; g f over
ap‘g‘|°vén plenr%lio &ﬁsngm ﬂmaa %ree kgﬁ% peri od) To
performthis purpose, the query interface 230 first

06317, Y e SRR S et B et

230 aqums trequest aper ¢alcdlator of bulke atrearn rrpm@ettiesnﬁrofxf ahe detailed

coBRRTGH ALLEF o otk RO SR B O ABLAHD: SHED B weight percent

sulfur} eiafthe RQC Propeityt calOslatee 2202 Rﬂﬁte&bin@tk @l dsefdan request a bulk
corrBosi tion n t he dB 210 into | unped conponent
Wﬂxcﬁ“ BSrstane for pgiven Stream (¢ ¢ a Jelopmatgstream) over a

giveR PBASd bf Gind (@. ¢ N& tHeE nfbRtY peridd)! OTo perfaias tiGie éllthe query

sl.ates to ryn an FCC process npdel n general, tq run
intefface @30 figst phtaias thegstream ¢amppsitions weeew@m 1w pefiod from the

RORQUB 3P0 448 thai bisthinG A Righstdd5rd ?or thE seOR eBRBbsitions from

nust be mapped to the nore reduced | unped conponéent
ﬂleéi%l@rqr@qmqab“@latmﬂ%e FCC nodel . The query interface

230 provides this functionality. A separate interface

call is witten for each | unped conponent slate, where
(00523 | o4 thirﬂd'nnctixppﬂng cart be acheinplished twoyglsibei query ntérfce 230
. [QV. dev par
18 t{)%gp‘?rregtdzgﬁgggq ﬂ uses J’sqtﬁge'b%c%g%npediﬁ olrrrlgor?é'ﬁ %componem
slah.aFer exddi181a Bsersan cbnvdrha istredth Gompositibe ih ther ROC dB 210 into

lumpegpc%pr?p%tnex?tf sl%tgg t(B(rxu:n Sé}/\Slg(?@ p‘%c())ge%s 'Bodel. In general, to run an FCC
process model, the detailed composition in the ROC dB 210, which contains thousands

of components, must be mapped to the more reduced lumped component slate required
by the FCC mode}. The query interface 230 provides this functionality. A separate
interface call is written for each lumped component slate, where the logic for mapping
the detailed composition to the lumped component slate is provided by the developer of

the model which uses the reduced lumped component slate.

[0053] As set forth in FIG. 2, the fourth component of the ROC system 2000 is a

second network service programming interface, referred to herein as the expansion



second network service programm ng interface, referred
to herein as the expansi on WO 2008/021218

w2007/ 017766 -18 interface 240, to al | oRCHUSXET/017766
on a network 225 to expand, or de-lunp, a | unped
conmponent slate (i.e., lunped stream conposition) to
provi de a ROC superset representation of the stream
Users of the expansion intenface 240 can be
i ndi vidual s 205A or prograns 205B - including the
prograns in the ROC engine 270 di scussed below. The

imERREPPAG do' QIth P iy SRR 25 10/, Br gl gy homped

comporemt aslate( (i, dtmaped) .steQd54dmpbsitien)p ao spronvidentae RO esuperset

240 i s necessar f i ngt.ance, when,a ¢o ent e
repg;sgplatiap o e Sy  Llsers' GiIBE Xpapspinikriae 340 cop by inividuals
205A roz Prograits 2058 Higdudifp thé prodrams iR Mhe ROU eflpiavR70eMscussed

stregm dat a frcn1éhe ROC dB 210 but runs fewer .
beloyn Db rPapsiondpteeace, 249 cansbe inteerated with-othep dpterfaces (shown in
FIGEDPbrodxist ab @ stindglon¥iHiél$acei(hott dh8wnf) €€d stream data is

| unped, e.g., by the query interface 230, then any

product stream data obtained will also be |unped and,

jgy10r dgh .t : - ts d '

(00157 & e deaiiof erBlc8 248 is SELARY Brinbict, bty o Fpponent
slaeo originatgs| &ont apoedsting appdicetiony bech wspadrehbrtine dpfithization

Y

coroparient charagtesiz4tihnd GBarc thepROEN fuperseT hanplate eln bthepwiords, if the

ecul ar conponent data,on a product ream obt ai ned
feofl A€, Fota FOTRRRAL .o Hy 8 Rt 0, TR ) Groflig stream
dath GBtaimediewill alkelbe lamped aed, ik avder t6 put el Frodedt Wiighm AHata into the

i Li , the product stream,information fromthe
Ro_fclﬁﬁ Al pradiy Bz Bfistsdo beclsmped.: iop gxample, components
haviente bealitnged foras tFAE 1okl bR opfimifitiel mddBEBased on a 1,000
onent slate_  to expand the nodel product streans

CcO
compprigntspthat dmavs flom adhpbsiBiZd0. theh charagierzes,10,000 components.

Théréferé) dionBut! MBlecUIAP REmBBARIR "t of| Apfoduetl str&ifn RBREM from the
streamis dependent on the reaction chemstry applied

FCEComedel jrte the RPC4B 210 assyaning Hhe rEGE ouedsl| itsgifadershme have
snilABREeturiping &Emliw tHel 7 0duct 3REar iffoRRAHGS frofl] th¥ FCC model has
avai l able -~ that afilize Turrpe conmponent sl ates, but
to herdelympetbd used to expand the product slates obtained
fromthese nodels differs because the reaction
chem stry in the process units being nodeled differs
[0085] e par scparata idterfack @all anidsy de optitdaefsicach haspdd canponent slate

to gx tagcll ltﬁed rr?orzi%i %%dsﬁcto Istre%ms to a more detailed composition. The logic for

expanding the lumped component slate for the product stream is dependent on the
reaction chemistry applied to the feed. For example, both hydroprocessing and FCC
models have been written - and are commercially available - that utilize lumped
component slates, but the method used to expand the product slates obtained from these
models differs because the reaction chemistry in the process units being modeled
differs More particularly, for a hydroprocessing model, a detailed analysis of a
"typical" product stream from the process unit, expressed in accordance with the ROC
superset template, may be used to create the delumping rations used to expand the

lumped product component slate to a ROC superset representation of the product



"typical" product streamfromthe process unit,
expressed in accordance with the ROC superset
wo eovplozi2es nay be used to create the del unpi ngPCHUSINT 017766
used to expand the |unped product conmponent slate to
a ROC superset representation of the product WO
2008/ 021218 PCT/ US2007/ 017766 -19 stream However,
FCC nodel s exist that requi little | unping of
i ghter components and, r‘ge an FCC cracks heavier
conmponents into lighter conponents any | unped

s e GRS e e G 8. b

and] &dintgpar FOCatia0ks heddert Copgirith ine h@hﬁd l¢6fnponents any lumped

conposition can be cal cul ated direct fro
eﬂ&f&?ﬁ@&ﬂﬂ&%p@?@&%%@@ﬁp&pﬁ'&%& Fed foed. Therefore, in
suchr 845§, 2theYdelumphheS Hiidk Ogked for eﬂﬁhﬂ NiRE oﬂﬁ&d&ﬁﬁposmon can be
streams uses static ratios - |S|sthe sinpl e

calgylgted dirgetly fpm 3 ﬁ@aﬂ%ﬁgﬁowwsamptfa@temq of ﬂle\f@ds e%wferably,
thetsﬂl%tég?%i: dbfﬁn%ﬁﬁ@h’&ﬁki %@mﬁ&sts&tlcl 1488s Lhiy fh?seﬁ the simplest

streafrs. orth 1n FIG 2, the f
waz Serperhenm ﬂwfﬁm%m@@nd Pasieally peersessthg logikiin ghealgagthm used to
fhe it dfelfikanm ng interface, referred to herein as a
pping Interface 250, that allows users on a network
225 to map an arbitrary detailed conposition to the

038} SRS R 2 SRSt P R LA o0 i

thmdmdtwdtmr'hbe progeghmiftg interfdte, feféred@iliteein 49 athﬂHﬁé @eterface

250 b te
25 b4 Ypnh e o et B e St Sl oo to the
RO} supdseormplate. e Usas %fﬂi&haﬁﬁiﬁmerfﬁ&%mcaﬁ_ Ibe iR IuAE 205A or

i nter e 25 st often necessary . when an entirely
progeafps %‘fﬁ% ?'13%@3 Rreerams g thecRYG ¢ngine2 T0:discussed belgiv. The
mafpiafihRrfatd 280 cﬁﬁmet R(f\‘at@d Weleh B8R YntBdaces {EhdWh in FIG. 2) or

conmponents, and the superset tenplate only maps

ex‘%@@@@'@é‘?ﬁé%ﬁ{f@e (nphshevm. application programin the
mappi ng i nterface 250 | unps the extra conponents in
the assay to conformw th the ROC superset tenplate.

[0057] ot h&he mapping msrfaccczipoa amess oiften triecesidry1@ben an entirely new

o ed.jn
e THA0E e 12 BT DKl by e sy b
10,400 komnpendnts; tanfli the VRO su;ti‘set lcﬁmﬁl% ordyp nmptem 06Components,

e Y BTR 8B Y sl k358 S B componcns

in thecessaprtp. céifomm ewith stheeROGhsaperse, temptkhe astE)txm words, any
conhl\gogxlﬁntr?gﬁ{ g{l 8@'9@ ﬁg&o@%tggxlbgllﬁaé:arrg r}lg{ t\ﬁatc‘?ntegl Im the ?8 %83 component
ROC superset template, have to be matched with the best fit within the 10,000

component ROC superset template. Obviously, the larger the ROC superset template,

H

the less this activity becomes necessary. However, some companies, such as Exxon
Mobil Corporation, obtain extremely detailed assays - meaning that the ROC superset
template is rarely as detailed as the crude assay because the ROC superset template
only needs to be as detailed as the requirements for the models that pull information
from the ROC db 210. Preferably, the mapping interface 250 uses a process called
“structure oriented lumping.” (See, e.g., Quann, RJ, Jaffe SB, Structure-oriented



tenplate is rarely as detail ed as the crude assay

because the ROC superset tenplate only needs to be as
waledaitieds as the requirenments for the nodel s tPex/up200t/017766

information fromthe ROC db 210. Preferably, the

mappi ng i nterface 250 uses a process called

"structure oriented lunping." (See, e.g., Quann, RJ,

Jaffe SB, Structure-orient e? WO 2008/ 021218

PCT/ US2007/ 017766 -20 | unpi Rg: descri bing the

chem stry of conpl ex hydrocarbon m xtures, |&EC Res

31:2483-2497 (199 the entirety of which is.
horsiag oSS Binen (e ey fcramble) Bydspepsomanisires, JAHC Res
31:2483-287 Q1992 ehes entirbtyoTwhicle it inGdrpbRateditdrein byt refereiee)

is a fourth network service progranm ng interface,

referred to herein as the population interface 260,
0058] 2 | QW 8 €drth netaer i
( 216 Wi th dgg ai Ii}ggf%r%id%.tS&sf]tg r%ggmggonpmg{st?% ?{()(.?16%&%%&% Oisa
fougthhegtwgek servioehprostamming iptesfaget referrednto hereim as ther population
; t9d@eS Prefe I | atl Wt .
i G 260719 Moy SRH0F & peonC2 RO BbhOf 1 BDICOE8 210 wit
detpitedopipdudtistrepaedmpasgion date aidothe? @atacwith auniquecproduadstream

i B GEel B! PAGERHD e A58 By e by

ROEX engihe 270 (disgusshé bBoS)meTho gopulatiiiOinerfaia2biicam e lintegrated
. . it ' t h i.nt erf 230
i ik B oo B 508 A AL T . 2

fromthe ROC dB 210 once an hour using a uni que stream
identifier an timestanp. The RTO or shadow nodel

[065%%n r Hpsexampledising e RAC methade # REQ enphadopompdel fer a process
unif, &fsingeth¥ qiehe ﬁnteﬂf&emﬁag?elflﬁix%ﬁﬁhtfoheom é@ﬁﬁl{%ﬂioni of a feed

reconcil ed with other s and data on actua

stregiy rogt the RQm 4B FJ8r encesan heur wsingl atynigne stream ddentifier and

timé§itfmpS THEFEFO R sRARIW hdids] thef P 4 E&dﬂﬁiﬁﬂ l{ﬁ'&)rocﬁt{c? §Pdams from
data into the ROC dB 210 using a uhique stream

the j rgfipenyi phicharig acrendanceamith theeRQCCmithad Oisticeensiilpd with other

o648 80 Lt 80 oL TP R rertce 260

useg) (te pushy thig reconcilgbpodunisstrcan data irto ithe ROE. dB, 210hesing a unique

v th y 00.,i s n. .
Sueglglpﬁgég??lg?@rqe erred t ?h ereléna%s (ﬁ@x%g 8%‘3?‘5‘% di’%',mcauy
updatedcinfoarmation tancthk | cpmposition | oftpredudt atrdarhaiflosdng fifom the process

;eonmposi tions and bul k properties for major refinery

Streanms and updates the ROC dB 210 using the
popul ation interface 260. The ROC engine 270 is

[Oﬂggif r ! Rg%ctl &mgeﬂq;etf Itﬁ.e éeQ/e}x ecor;r%gnegte g {h%”R8fc s.ty?tlersfl 2000 is

an application, referred to herein as the ROC engine 270, which automatically

calculates the detailed stream compositions and bulk properties for major refinery
streams and updates the ROC dB 210 using the population interface 260. The ROC

engine 270 is described in more detail in the next section of this text.

The Rigorous On-Line Composition (ROC) Engine

ROC Engine Generally



The Ri gorous On-Line Conposition (,ROC) Engine ROC
Engi ne Generally WD 2008/ 021218 PCT/ US2007/ 017766 -21

wQ 0@80112The ROC Engi ne 270, in general, conpriBEBUSNET/017766
or nore nol ecular accounting tools. The ROC Engi ne
270 receives input stream conposition and properties
fromrefinery crude tracking systens (e.g.,
AspenTech's ORION), on-line,,analyzers, |ab anal yses
and ot her nonitoring tools %hd then reconciles stream
properties wth the conpositional predictions of its

deJ S eal ly, the ROC, Engine 270
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Orack HB. The lfwb'rﬁ\il\lﬁd Qiﬁoduct hgeﬂn FH&@RT C())%gﬁdnhitt trl]ﬁﬁdﬂaﬂalﬂe for other
rocess .unit - iC e an or. the process
€F., Sittheis BRI RPleEUlar FomRoRERts Tadsls, 0t RAFEFY et ocour
dovhﬁﬁ»bamdﬂ‘fdmees@fmuthl storical plant neasurenents and
| ab anal yses, or a conbination thereof. The ROC
engi ne 270 al so generally includes custom nodel s

[0068FSC rTP@ﬁd@LﬂgMe 39¢s s Sh a croﬁ{rﬁéf@ﬁil?' légﬁxﬁa{bq?maéfogﬁasuch as

processing, suc h as stream nergers, eam sp
SimSeiipBA¥vieo op gisperTechiscAspepPluse TheeROEséngimoTQ eontains, or is in

conf Ly P LR SR i i ST 0 o
the lp[rqxiesz ang, RGEr RPEr gginase prgeeass dteatth mmﬁtaraxghto@l adatabase of
hist%ﬁﬁ%l%gé?&%}%&ﬁso Rid tl% grparlysgls,aér' e? rcl,cs)m L ereo tlﬂe ROC

engine 270 also generally includes custom models (described below) that model

relevant upstream processing, such as stream mergers, stream splits and component
splits, and replace the basic source, mixer, and splitter models provided by the

commercial platforms.

[0063] All sections of the ROC Engine 270 utilize a ROC superset representation
of each slate as well as bulk property correlations performed by the ROC Property
Calculator 220. The number of components desired in the ROC superset template
precludes the use of a typical "stream model" construct employed in platforms such as
SimSci's ROMeo or AspenTech's AspenPlus. In other words, the typical "stream

model” platforms require thermodynamic calculations that cannot be solved for a large



Cal cul ator 220. The nunber of conponents desired in
the ROC superset tenplate precludes the use of a
W y@Bozl218 st r eam nodel " construct enpl oyed i n PCHUSNTI®L7766
such as Sintci's ROVeo or AspenTech's AspenPlus. In
ot her words, the typical "stream nodel" platforns
requi re thernodynam c cal cul ati ons that cannot be
solved for a large WO 2008/_%1_218 PCT/ US2007/ 017766
-22 nunber of streams wth 0's or 1000's of
conponents. In contrast, the nodels in the ROC engi ne

nufifed, &Rt Z0p R 20003, 8PclaRbplciniiblps. B s in we

ROST rpginki Zém amntoﬂemta,r ameﬁmmgtmﬁxﬁ shzardbrhuwhtnré Ghermodynamic

rform | a ncti.gns to .t rmermal | at
calfTRGHC Tt aplag o SR sirthlied A, siStar gtodeLAre built o
perfarirt emﬁimﬂd‘iml@ldn_b @b I’tﬁd)tﬁﬂi’ﬂb eﬁclﬂqpﬂaffbgﬁﬁi ba{sx@%@ce-rhﬂ)l( lamsplmer
ine application can be triggered to automatically
mﬁ%ﬁ %‘8 ?1°°"é‘§?8ﬂ'?‘§in§ thesmadynaguc equatianss | conpl et i on
of an RTO systemcycle. This functionality is part of

commer ci al I(%/@aval | abl e RTO platforms, so the ROC
[0084)i ne Tha ROME cnging ppplication cambe tiiggesed formuomatikallyrun based on

eventd QIR 6 B dutc QSR 8 ?‘p etidfi oF R KD \Q%gt%}f(\t glgle'mﬁ'ﬁs fcBotality is

esti mat e of stream cofposi tion and ualitres.
part Qﬁmnmalbus\ra]labler&T@mafomt s thedROCHEngM¥Ccanbe swup to run

mu?t?pﬁf tithestq d&gp{oog&%%aﬁn?hegé%%lc Ot ﬁE)Cp gc 3th glP ontgégtsrecent

vary endi ng on nature or the

estimmate obstreauncdmpdwm'gamﬂﬂﬂk qdalitiéser ef ore, for the
pur poses of further illustration, a ROC engine 270
for a typical APS unit, which is a process unit conmon

[0065] eV e Obvicisiy) &feyexabﬁnatﬁ&e%q&hénaécb&kgm z‘rd fd&%&l@bio\é@ss unit or
APS ROC Engi ne [[Q0661 FI G 3 describes a typical APS

group of groessy ity Hﬂ'ﬁhvefy depandingcon Hhacexact patwe 9f thenrrogps unit or

A 3t
ums tr e%%rs%td gﬁd aﬁmﬁgf&?o \f/‘\(/g rtﬁé/ Egﬁobl'é%é%%gmt@} o:/lvglrrstr%gaileg{3 thiﬁéqmgme

27Q. fgrsa typicale AF Ssupip awhichnisa Pregesy) anitacynmon dghevery 2finery, is
deskBb&BKIIGwW] et fuel 340, light gas oil 350 and resid

360. [00671 FIG 4 illustrates the interrelation

bet ween conponents in an APS ROC engi ne 4000 used to

Iubstraie “agﬁq;% ghh £d conposition of streams to and
roug ower 310 in FIG 3. APS ROC Engi ne
4000 conprises a nunber of nodul es. These and ot her
[0088f\! CRIG’ § QLRGHSS Sy BRhCP KPS system 3000. In FIG. 3, three tanks,
namely Tank 301, Tank 302 and Tank 303 provide individual or mixed feed streams to
an APS tower 310. The APS tower 310 then cuts the feed streams into fuel gas 320,

naphtha 330, kerosene/jet fuel 340, light gas oil 350 and resid 360.

[0067] FIG. 4 illustrates the interrelation between components in an APS ROC
engine 4000 used to track the detailed composition of streams to and through the APS
tower 310 in FIG. 3. APS ROC Engine 4000 comprises a number of modules. These

and other modules are discussed below.
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Conposition and Property Files [0068] The first nodul e
w0 poog/o2eps cal APS ROC engi ne 4000 is a col | ect POnUs$007/017766
binary files containing detail ed crude assay
conpositions (not shown in FIG 4) nmapped to the ROC
superset tenplate as well as a collection of binary
files containing crude a3§%y-bulk properties that
cannot be cal culated fromthe conposition using the
RCC property calculator 20 (e.g., weight fraction
asphaltenes). These binary files are created using a
uni que identifier for each crude assay, which allows
s\ ssay @ompesition andh BropedyFilesed from the files
efficiently. Each binary file containing a crude assay
conposition is referred to herein as a ROC assay file.
[0068f h bll'ﬁﬂfﬁtStf hifoﬂuléoigt ?i biB4l APSCRleeeR%ﬁ%)ﬁoEUHK a coltlection of
. _proper is referrg 0 herein as a R u roper
bmgm gfesAX°%HV’§n§F‘6ﬁ%4 caydeqassay S%Vnmsﬁmﬁy(“@&ﬁ‘%ﬂ@m in F1G. 4)
mapptd B ithe RO shpbirset ihPIRle dsQvdl A & cONELBRYF btugu.r{ Hi&S¢dntaining

and popul ate a separate database. ROC Conponen

cruds aysay ibplicpmpsrtiesrthat Goeoy berralcylatednfiomuhe compesision using the
ROCYPropétty SiieulBidr m@,ewéiggﬁghmﬁi@nﬁﬁ;%t&g@ Org& binary files are

property repository “(not n% custom.
cregtedusing giunique identifigpgorach erugiemesaypvbickeallomesthe pssay data to be
e R HrbinC thd e ARG ONBAN 'ihdr SIS CoRREE
o epr esent ate‘:c on of the ggedﬁg‘%hr gg‘m sﬁch as nor?raaf crude assay
contpisitiongis referred (thBRYcin 9pe ROCasgaafile, y EachRt@iyry fdadontaining a:

I I ' (; ese, properti re,stored f

erud? o853y Bk Blopbhy Y theenbLChAERT B 4 KRS ARUE (OG5 e A
conyé¢mgidRaCcnudp aassayt libraryptat be dbranatted dn ithis mdt€er@0Gavoid the need to

0 nent,s, then th roperties will be determ ned
cwagﬁgnncgng%tbia&p%%ﬁg@a?%e 10, 000 conponents). For

ease of maintenance, it is desirable to have only one
component properties in the application.
H e PE RS bnent property repository is a
cust om nodel w thout any equations. During nodel

ipitialization, it |oads the conponent properties
(0063} |B'e"alsemdamdéﬂes.lnméxmcebwggﬁwmcppwecww éam ROC
At ks L I 4$1 [ [ [V ete
confibn@l Heber P Rpobibrt (B Bpn G- 41 PFY choh oltfiwnin an
APS RQfagngine #800:may requiite psoprstiescios each enmprinent im the ROC superset

e SInBIHORCST thp SeddPditThy &i—g&j ing JORR G 150“90' i

rep pl é‘ﬁ orm t Ei % 'S acég{'ﬁﬂ iys:#]e ug!)ﬁlééﬁ'gf(yr%e Cgpec'ﬁc gravity
(SPEB) mnsk molaculap 0&ighe (MVE). PUT¢sEIPROB:THi€x1a4E 8fored for each component
in the ROC superset template (e.g., if the ROC superset template characterizes 10,000

components, then these properties will be determined and stored for each of the 10,000
components). For ease of rﬁaintena.nce, it is desirable to have only one copy of the
component properties in the application. Therefore, the ROC component property
repository is a custom model without any equations. During model initialization, it
loads the component properties into local parameters. These component properties can
be either read in from a file, or stored in a library or DLL. The custom model should be
written in such a way as to allow all other custom miodels to reference the parameter

values. In SimSci's ROMeo platform, this is accomplished using a reference pointer.



-24- Tank Mbdel 100701 The third nodule in a typica
APS ROC engi ne 4000 is a tank nodel. For exanple, in
wWOo-2@s/01218 he APS ROC Engi ne 4000 cont ai ns t ankPemtis1087/017766
401, 402 and 403. The APS ROC engi ne 4000 nay have
mul ti pl e tank nodel s depending on the nunber of tanks
in the process being nodel ed. The purpose of each tank
nodel is to mmc the conp aition in each crude tank.
For exanpl e, tank nodels 40%7°402 and 403 in FIG 4
represent the crude oil feed in each of tanks 301, 302
T gng!§O§, respectively, of the APS system 3000 in FIG
5 tank nodel input is the crude recipe (i.e., the
wei ght fraction of each crude present in the tank and
' correspondi ng. assay identifier). Durin
[O(Hﬁti alThs thirdmodaledn %éﬁl@ah”ﬁ(?& RO MWW@%SGMSMCL For
exer@IBOR FIGN4. e APS ROCEnde AW0d bbitaitl dafi hfddleR £71, 402 and

the tank conposition as a superset representatién
403,y Thy| ARS) tepging Hi#9sinay davemutiple tenk aeodsld dépending on the
B [ Qyi ' r [ T .
nh B0 of ik, (HE el BERY LSS WA pufpobd B CAERL B ol is o
mimyjc thh gonpesition irl cachadide tank. Fon examyde|tardombdeéls 401,402 and 403

R R N T T —
of REAPID systdme 3006 im FIG. 8haThe tankaodel iripas isvthe lensde recipe (i.e., the

on-Line anal yzer.. Source Npdel [0Q711 The fqurth . )
wefbli rp@forfSt¥af Shde BRégeS rand it GoprerRonding assayidgntifier).
Dusing irntitaliZatioR, eath @inkThedd) rédds fhdcrude asshi ?oﬂpbﬁﬂstﬁ rt]iQ)fm the ROC
Streans O er

t he.,source del is to mmc _process .
asst, JHE 0 GrirulAs e JaBK OmRRSiR ok ROC pEBSisreptossatation by
blendifig thd Eeifipositichi 6f eAhUGdAbR iR tEOtaRR I ihe Aleif RS $Povifed in the
c1_uahe athEIFher| c crude distillation tower, suc

e

h
ISP 51 euiRt offhe imgdst islhe coppeneH, weiBhtcactions pf the blend.

In &@RIE0h, UHE Inddel contBing thélSeean] hfass BBWaWHIch B oS BRAAGE! directly
regres_ntatlon of the conposition of these* stfeans

o ling, ypegspeeanent on indirgethye through apuRTEs forsthehARS unit that

conﬁhaﬁhﬁegﬁitﬁrag%%egﬁﬁ%s of process nodels, or FTIR
Virtual Assay Technol ogy. Configuration information in

this nodel determ nes whether the conposition is to

Smp@eM%ﬁgl fromthe ROC dB 210 or a text file. The
conmpositions can be any arbitrary detail ed
conposition. The mapping interface 250 described

ve | ed to,convert the,inql conposj. tiaqn to
100785 G, K R BB S CAPS oo aBBR Yoo i source
moddii(sotnsisiein mORIGI 45 The paipose Bf RS Sodrt®wodehisCld mafiichsrocess

streams other than virgin crude stored in the tanks. Process streams other than virgin

crude are also potential feeds to the atmospheric crude distillation tower, such as
recycle streams and imported feeds for which detailed assay data isn't provided. The
detailed ROC superset representation of the composition of these streams may be
obtained from a variety of sources, such as static references, outputs of process models,
or FTIR Virtual Assay Technology. Configuration information in this model
determines whether the composition is to be read from the ROC dB 210 or a text file.
The compositions can be any arbitrary detailed composition. The mapping interface
250 described above is used to convert the inlet composition to conform with the ROC

superset template. In addition, this model contains the stream mass flow, which can be
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either a direct neasurenent or an on-line RTO of the
wa@resspnes i c crude distillation colum. M xerP®btst007/017766

[00721 The fifth nodule in a typical APS ROC engine

4000 is called a mxer nodel. The purpose of the

m xer nodel is to mmc the blending of different

streams. A ROC engine nay_have nultiple nxer nodels

dependi ng on the nunmber of mxing points in the

process bei ng nodel ed. For exan‘pl e, in FIG 4, the APS

In Sin eI 410.

profiea IR0bEr S10hcts Rl of b 0 SRR TD EE i crade
disilaton dodurpoi nt where the three f eeds fromtanks 301,

302 and 303 in the APS system 3000 of FIG 4 conbi ne

to create a total feed for the atnospheric
MigkrModdlat i on col utm 310. The m xer nodel input is the

mass flow and conposition in weight fraction for one

or nore streanms. This nodel blends the conposition by

[0072] 9Nt The ith infcdul/ iR dl typizal APSTREIC fehPitle DO is called a mixer
conposition in weight fraction of the blended product

model; ckhp purResereiitbe minermodels &y mimie thedilensding gf Hiffarentstreams.
A l@O@éér%g Sﬁa?‘ﬂa’vg Qm:fig Orﬂp&} n(dd)cls—d ci’l\ﬁihg *an {h@w of mixing

where | equ e conponent
pmaﬁdnj the jpoegess elne modaedi For exarspleSii FIGed, titedaPS ROC engine

WS SR e e

streapi flowing fiomdhe peint whmerthc thaeqfeieds froinctanksa3@), 302 and 303 in the
t { | t
S T T T TR e ——

dlsﬁﬂm:mpttolmhﬂﬂlﬂo dEhe ﬂ‘ixiﬂroﬁodbl aputtis Wemassflewngidecomposition in

ches a fork and Lits to, two or
@H ﬁs% 9r gne oh BRI YEEms, aﬂ?léﬁmdaﬁhfaﬁ%rnmtwn by weight,
and’ ﬁﬂﬁiu&ﬂﬂ lis R Snass I %Bedoniiid'sﬂiﬂnl ﬂﬁ))v fodetioh adtfhel Blended
e oCcurs, engi ne 4000

onposi ti othe
Profiisf shreaym- t'ﬁ“ﬁF(e“"Qa? iqmpleysthe é?léovaegéwaﬁnﬂg on the
nunmber of split points indhe process being nodel ed.
TheWaight Rostiongiomponestdi)i= D weightfrddtian(irg) * MassFlaw( )
splitter nodel because no gdch split occurs in the APS

wheér¥ § e&iIS R E R pdnkit and: j equals 1 to n feed streams.

Splitter Model

[0073] © The sixth module in a typical APS ROC en'gine 4000 is called a splitter
model. The purpose of the splitter model is to mimic a point where a given stream
splits into multiple streams without undergoing a change in composition. In other
words, the splitter model mimics a point where a single stream reaches a fork and splits
into two or more streams (e.g., 20% goes in one direction and the remainder goes in
another direction) and no change in composition otherwise occurs. An APS ROC
engine 4000 may have multiple splitter models depending on the number of split points
in the process being modeled. The APS ROC engine 4000 in FIG. 4 does not show a
splitter model because no such split occurs in the APS system 3000 of FIG. 3.
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represents a relatively sinple APS design. It is not
wapwwsiozd21§ or such splits to occur upstream freeT/Ukm®07/017766

APS in nore conplicated systens. [0074] The input to

each splitter nodel is the mass fl ow and conposition

in weight fraction of the i nI et stream and either the

split ratio or mass flow of -1" product streans.

The nodel output is the nas$ f'l ow of each product

stream as cal cuI ated from the inlet mass flow and

t fi | For X
Ho??l/ér Fié 59§p FL;I':% el\P'si ?I}Ple% o%l%lgelf |‘g’“3‘|l?§§g’ such
splits twmcsur qmém)frmn thel APS e aoré-tamplicatial sylsteﬁa;t io Stream
(i) where i equals | to n and n represents the nunber
of product streans off the splitter. Since no change

[007a) C omms idpubto QR YpBiterirh6ddd iPlhe Ghass oGedhd cisitdndRSweight
fraction is equal to the inlet conposition

t
frac!rq%n\m/gﬁl Em injgt é@ﬁ?@nandcﬂ% rfeatspEhratio e masgdlow 067871" sproduct
streafiée Mth SR bEtpuPistthé YidsE Abw 1B prédit ffeaftf A9 ch}%ulated from

cal l ed the corrponent splitter nodel. The purpose of
the injgt massolbens and split reties onpreduct;mass dlaysqi Kor gxamplenmass flow can

ere sel ected conponents (e.qg.,
be éﬁmﬂated %& #E%@i]{)w%ﬁ)}mWOut of mp (e.g.

a streamso that the
st rh@m Ehd*eﬁtym (ix=dhlenYass Flow MSplit Rato StréamADS ROC
0 h 0 itter
o580 8 000N TS oLRHE Bl BB SR i e sl
Sinpoinot cshange tiln €oprpositios dreursy thmﬂtddadt stidatn ABMpBSEons in weight
does nat. show a conponent

fraiR i Pt i s b B R B 1 e
APS System 3000 of FIG 3. However, FIG 3 represents

Coid rel ivgl si,npl e APS design. It is not unusual for
%M@gpto occur upstreamfromthe APS in
nmore conplicated systems. [0076] The input to each

%gn'ponent splitter nodel is the mass fl ow and
[00d8}posht pexenth, medulmin 3 smirdn ARS RQC | engine 400@ ds called the

conﬂﬂﬁlle 1R} hodeAt Tﬂépﬁr‘ﬁﬁs&%&%ﬁ{p@&ﬁ sph ef ﬂgﬁgleig to mumc a

fromthe inlet stream " Con ration of e conp
Pointfleig:.tata strirher) Where s¢leeted cmgnemmnwmes OaHeSl a:e bpht out of

Jolas ¥y aS I

a SSBRT T UEE ol ASahhdefies R In dSnBodfBAE AH9RPS B engine
4009cmay chave mulsiple lrompenent splitteanmodels depending onx the number of
con@%&@t‘ gyh? %o“?? il &gaﬂrgéegg bg?lnprggc?c%é Ig APLROL! %ﬂgme 4000 in
FIG. 4 does not show a component splitter model because no such split occurs in the

APS System 3000 of FIG. 3. However, FIG. 3 represents a relatively simple APS

design. It is not unusual for component splits to occur upstream from the APS in more

complicated systems.

[0076] The input to each component splitter model is the mass flow and
composition in weight fraction of the inlet stream, and the split ratios for components to
be removed from the inlet stream. Configuration of the coxhponent splitter model
specifies which components are to be separated from the inlet stream. This model has
two outlet streams, one containing the components to be separated frc;m the main

stream, and the second containing the remaining components. The component mass
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first streamare calculated in the foll ow ng manner

wo e@se2es i nl et mass flow, conposition, and cREPUSE®NT/017766
split ratio: Mass Flow Conp i = (Inlet Mass Flow) x
(Infet Wfrac Conp i) x (Split Frac Conp i) where i
equals I to n and n represents the nunber of the
product streans. The corrpc_)?'ti on and nmass flow of the
second product streamis cal°¢ul ated via mass bal ance.
Cut Model [0077] The ei ghth nodul e in a typical APS

ROC [ 000 | | del . Th . of
oS 536 5 RSP NS 4 Gk P B e s
flod edrhpdsidiergand compoRentbplidraigt drum A RCC engi ne may

Jes i am £ 0Ben vy 5017 AhiehoW ke (PR D) s (Split Frac
COEng 4, the APS ROC Engi ne 4000 uses cut nodels 421, :

23 and 424 to mmc the cuts made in the APS
whesest egyalpdotom ppdsn mpssseptsethgi numberaef the praduct seams. The

rﬁﬁésnﬁ@{j @hd 4assTHBWC of [the se&stiad de@uct shban s’ EabliRd! ¥ia mass
the resid stream 360 in FIG Cut nodel 422 mmcs
balanee. | i ght gas oil cut, vvhose reS| due is the |light gas
oil stream 350 in FIG 3. Cut nodel 423 mmcs the
kerosene/jet oil cut, whose residue is the
CutModekne/jet oil stream 340 in FIG 3. Cut nodel 424
m m cs the naphtha cut, whose residue is the naphtha
stream 330 in FIG 3 and whose precipitate is the
[00AT§] gdhke &txglﬂhrmadhﬂeilﬂ zFbif:uca% APS)(RZ@QZ Engirié 1000 Sadhlﬂed a cut

del inclu th t. nass, CONpPoOsi,ti
mofil. TBF GaurpeiL et st O frOteiois 8, Bitbteothe o of e, diilation
coll_?_nmtdrlﬂaah idéuim mﬂabmgngiﬁ fagl hSVkC hhultiple tbﬁnwumbaﬂmg on the
e t is the SS 0 conposition _in weig
et Sty e peocest B ReROAE L LR SRS G JIC- b TRAARS ROC
Engifieél 3000 Gsestubfholiels A2l £4120 1423 bh® 424 fFiinihicSthe @8¥ made in the APS
sysgqq?,gos'tl Qns are d(ra‘gendent on the short-cut nethod

stitation ygit 3ilflg Gys madsl 43 emimpicsitheeresid cut,

whé3¢ fe§iige @J‘ﬁie%snh@ﬁ‘eﬁ%@qm@@ CLORRELY4ZERERIdsRhY }lght gas
The Nm approach is based on a theoretical analysis o

oil gut, whese msidugts the light gas eil segdny 350 iMFEGs 34 $Bit mpdsl 42 mimics

the k2RI Endifl U Bi1cBf SvHdst b Riasity ngﬁq !
e?(g ] der ¢ "Fenst -Sﬁﬁlgelé \%301%? @&%&%@ 1%2;‘16 3 Cut
mod@lr‘ﬂﬁ myingies thecraphthaggut.ewhose residue is the naphtha stream 330 in FIG. 3
and whose precipitate is the fuel gas stream 320 in FIG. 3.

[0078] Inputs to each cut model include the inlet mass flow and composition in
weight fraction and the parameters of a short-cut distillation modeling method such as
the Nm method. The output is the mass flow and composition in weight fraction of the
overhead and bottoms product streams. Equations used to calculate the product stream
compositions are dependent on the short-cut method chosen. Component normal
boiling points are obtained by referencing the ROC component property repository.
The Nm approach is based on a theoretical analysis of a tower operating at full reflux.
A discussion of the basic equations utilized in the Nm approach can be found under
"Fenske-Underwood-Erbar-Maddox Method" in Perry's Chemical Engineer's
Handbook (7th ed.), édited by Perry, R.H. and Green, D.W., McGraw-Hill (1997), the



Handbook (7th ed.), edited by Perry, RH and G een,

DW, MGawH Il (1997), the WO 2008/ 021218
wEOBB2007/ 017766 -28 entirety of which i s heCED$2007/017766

i ncorporated by reference. There are two paraneters in

the Nmnethod, the first is a cut point tenperature,

which is the boiling point of the conponent that w ||

partition equally between t5§ over head and bottons

product stream The second“paraneter, called the

refers to the m ni num nunber of theoretlca
ffl iencyof the cut,

emﬂ%n@%et R i€ B0 |RGboralpy By el TRersio P Y el im e
Nmraetioat; thesﬁrsmst a<ut Ipeirtrtamipemuref “dnimhxscmeplsmhng point of the

t he rhe roduct stream The fract]j of , each
corapisah it WA (HRCSHSE EQTALY, PENEER: the; PYsthiads Spd, dfttoms product

streaﬂidc lﬂThatﬁggﬁld)Tﬁﬁineﬁry cﬂl&a tﬂlat 'Nind) référs 20 qﬁe Kggahmﬁeﬁmnber of

Mode e njnt ulein typlc

thegwgfﬂe;%eenﬂ detegpings %ﬁfgﬁﬁpg&e "ﬁﬁ%é@ well as

all 8thel BRorf¥@ dystifiatig® dfkhddg, ERintdtéd ﬁle tﬁﬂc’ﬁoﬂ o I%Séﬂ b&ﬁﬁoféﬂi in the
exanpl e, the ROC engine, by and |arge, uses weight

ovesheadeprodupidstresss Thswhractiqn,ef) each epmpapgnt incthg hotoms product
stréaﬁl sYhél &uduiel Wﬂt{sf)ﬁm@ ﬂaﬁbﬁ gacil e data obtai ned

froman RTO application. e anal yzer nodel can be

configured to cal cul ate buI k properties such as
%%érlc flow at standard conditions and

I STI ions. (See, e.g., ASTM D2887, D86, D1160,

and D6352.) A RCC engi ne may have nultiple anal yzer

10673 - THEREHE nioRied Bpichl AR O a8l i cated ap gmalyzer

mod&lS R purpogd dil&hé%ﬁlyw hbdel i4 to hiimie Bﬁlk ;ﬁ'Uﬁerﬁesﬂ eFéit &thmple,

ach. ¢ (421, 4 423 an 24) e is
theﬁ?% hging by wﬂﬁf%a%?s “("2! t pejepnt an gmsa awan O}VEX$T, one may
neddtd caldlate/£6oliRiEic floW's ?d%@néilesddtﬁ bBtairRA fitth 4R RT@kpplication.
the cuts. This |nforrrat|8n is then used in a reconcile

The, aralyzegimedel cam bg sopfigums ﬁ%@h%bwhgrm%wwsm@nemc

flowndl stkdardoBomiifees AddOBisBlladiR! (del8. gODAsm #2887, D86, D1160,
dgﬁél ication for the atnospheric distillation colum
an

39%) t AeROpenging tazy bave eﬂﬂmleanslyzﬁomslsmﬁm@ng@n the
nmﬁﬁé‘rfhnafi?ﬁé/ 6P£omps%ns%§t hd tH%%%n aﬁagﬂ e APS ROC
rrponen rdper 52

osition n welght fraction.
enm@ﬂ‘hlq FY¥G 4 for gacip cutt gensrdted byteacin sutamedelo(létzba 4\‘&1 423 and

424) B iB%1 [ 0 éa@%

)85, AR 9148, APORI S50 5Pl e s
flowtand adistiliationt vabues| for) thedcuss. \'Ihpoqummwnué theml wsedtiniacreconcile
casg l(&’x\%l%ged below) between the APS ROC engine 4000 and data obtained from a
real time optimization application for the atmospheric distillation column 310 in the

APS system 300 of FIG. 3.

[0080] Inputs to each analyzer model are the mass flow and stream composition in
weight fraction. Component properties used in the bulk property calculations are
obtained from the ROC component property repository. Each analyzer model must be
configured to specify the stream as either liquid or vapor phase if volumetric flow at

standard conditions is selected. Volumetric flows for mixed phase streams are not



standard conditions is selected. Volunetric flows for
m xed phase streans are not WD 2008/021218

w2007/ 017766 -29 available in this nodePCHOS20aT/€17766
typically not nmeasured in refineries. The foll ow ng
formul ae for calculating the volunetric flows can be
utilized: Liquids: Vol Flow = Mass Fl ow Stream SPGR
Vapor: Vol Flow = Mass Flow:Std Mol ar Vol une/ St ream MV
where "Stream SPGR' equal s t (E [weigh fraction(i) /
SPGR(i)] and "Streaml\/W equal s 1/ E

available P i gl adt e st 108 tensied ciebtes s ahe Tollowing
forhﬁtael fot ealclilamglﬂhe%auﬁéme fiowdicanh be udlizedis can be

node| ed . di rectl rom.the str am co osition and
nﬁ&ﬁ’é‘?ﬁr NBP (‘ﬁé"é%‘ur—éﬂa?# QW SE8R 1 ASTM D2887,

D86wapbit 160,  arol PR 2 MadsHloW SRS ar Vol@ReAhRhh2aAW
nmodel " in the APS ROC Engi ne 4000, the distillation

w2 SRS S5 P81} g v

99 59 . Several commer ci al | y-avail abl e products can

0.ca cuI tiions from
°q"e§ﬁTHZ§f (e iciohd ML S § oy 110 el gy i g mummber of
nodel ‘can either caI | one of these comrercially-
comparichtsiih¢he RO gpersdt teapldty.,, or contain its own
algorithmfor nore efficient calculations. The
al gorithm shoul d i nclude a cal cul ati on of the stream

[0081)e DUhti BgeanPOdistill@inge can' B M¥deled gaﬁectﬁr TRinbyhe stream
wei ght prow des the_ tenperatures at

corappsitiqry apfl comperenhNBIh (measpredin 4%0444"?%@"‘93%‘6%98%7 Dge,

D1860, br 3369521 €6£ pRpBSSWEhn ahlfzer! x%BdEMthﬁé Qllis R@c Engine 4000,
cal cul at ed fromt e conp onents NBP and i ght

therdigiiliation pajnts Grey e%lFWQtetihaé fixsdpueieht, or bgpha%emmgs B6%, 5%,
109%18064i M504Rt '70% V‘@O‘ﬂht%@?r &5 i99i 534 C aéé‘\}élr']%t %gfclﬂgpg\/mlable

conmponent e tenperature correspo
proguefs reag be p@pé éﬁt caé«rtﬂatﬂ ASTMY digtidlations fmxm@mmsfuqnh euch as

Sinfl&35 'EEOME! e Qﬁ&lg&?mrflb&‘elt% ¥1 caﬁ)lh ?ﬁg of Qﬁé&t (s.or;\ﬂ)et'clally-

( et ween conponent ative wel
avaglable e ppokagien gdit®tlyi sor (xoataire dits btyWh i alg&nﬂ;m for more efficient

calédﬁtﬁf a0| ﬂ)é P\ o%Ws%Gu hl cﬁx%?p ogﬁﬁ@ﬁ{\l glE of tﬁg et%llrLB boiling

S|gn| a-range it
poiftcuto (YBPbynweight eAél‘BE ty ateigint |pt¢mdcasuha gemmraqumem twhich the

oo Al Sl Bk e eSS AR el e
TBE obsp wiaiphto isa khlgulatede froimy ¢he sompenetitd' t NBPeamd asigitnfiaction by
ordering the components by ascending NBP. The cumulative weight percent is

calculated for each component, and the temperature corresponding to the desired
"percent off" listed above is stored. If the desired weight percent in the vapor phase
points fall between component cumulative weights, the corresponding TBP is obtained
by linearly interpolating between the component NBPs. For streams with a significant
amount of naphtha-range material (< 400°F), a more detailed algorithm using
component boiling widths is required to accurately estimate the TBP temperatures.
This algorithm is much more computationally intensive, since multiple components
boil over the same temperature ranges. Generally, a normal distribution is assumed to

determine how much of a component boils between the start of its component boiling



boil over the sane tenperature ranges. Cenerally, a

normal distribution is assuned to determ ne how nmuch
wo@Rooag/ozmponent boils between the start of itSsPCT/US2007/017766

conmponent boiling WO 2008/ 021218 PCT/ US2007/ 017766

-30 range and a tenperature within its boiling range.

The TBP by weight is then converted to the chosen

ASTM di stillation method. %pter 3 of the API

Techni cal Dat abook, published by the Anerican

Petroleum Institute, 5th ed. (May 1992), the entirety

ran%% an&’g t&“{)ﬁ%ﬂﬂg (ﬁﬁx itg 88{1@8 (5% eed 'F% ’f‘ﬁf’ \ enc %ﬁ/t is 8 then converted

e equatl ons an r anb
to tenchosen ASTRP d)gtlllﬂlog hhethod.aiGhapfer Bhﬁf ﬂlboA(H T&Hulcal Databook,

pobTRER Ry hEhimbricn dEtitlp i ot hert: (R Hatecentipety of

whihdéd heredly Hicorporated FByGrefjencdh dihkldéoﬁﬁ edudtiofs Fad dfdgrams
Il ow, a user g hori zed i ndi vi dual

si nk nodel |s
nesgasasy BT g B BY O B d° RRXOHIBCAPPYS ASTM FSthasitgi ne
runs. The ROC dB sink nodel is utilized for any stream
to populate the ROC dB. After each successf ul
%&Q&@ine solution, the mass flow, conposition, and
bul k properties of interest are witten to the ROC dB
for sone streans. The ROC dB sink nodel performs this

[0Q&?dct i dhe tenth mpduleeingotypical ABS RQCHrginse4®9. is Thllsl the ROC dB
sh iy ﬂ&'. Q# anpe Ws@o &x'e%C %g:mgﬁ n%(i&\;?é?sr?o allow

entl ler and tinme s eac Stream
a MQﬁan@OMMi\riduatax ProgenJ to GhdatethitUROEC dB aftes thedROC engine

caS948 S SRR B 5, om0 e
Afler eacle duasssfuhiRQC Ldngme sodothen) t the gniSQOﬂon cbxlhpﬁiﬁtlon, and bulk

B ARS8 4 2 i B 5 meg ap ik

moﬂelepbrﬁﬁﬁisahistﬁuﬁétu&i, using the gsopmaﬁen @itetfie 60. efmrsemsdel must be
rovi the tank nodel s (401,

d
°°"310¥2““§1 32‘)‘%&? zﬁ){t@caﬁb’d‘é}‘% lergaddimgstampder each stpam.

are then split, mxed, and cut to mmc the

separations performed as the stream goes to and
“4#5&45%&&&&92@5_\2&3&310 The nodels nove the

nol ecul es within and between the streans based on

fi xed paraneters. The splitter nodel splits the inlet

[0083] c amTheitmodules discussed abovsiant thet beilding fhheokd afithe pAPS ROC
o AND: 00531 OGO SR P T v e
accemm! o track dndiniduhlemlwntes ahtoughsutid given onindewhaforefinery
ope‘?ﬁfongka{lgihgltﬂe t.'S‘I]-'PS unit 310. The feed composition at the beginning of the
refinery operations window is provided by the tank models (401, 402 and 402) and
source models, whose product streams are then split, mixed, and cut to mimic the
separations performed as the stream goes to and through the APS unit 310. The models
move the molecules within and between the streams based on fixed parameters. The
splitter model splits the inlet stream into two or more product streams based on split
ratios, as does the component splitter model. The cut models (421, 422, 423 and 424)
separate the components based on the short-cut distillation method parameters. In the

case of the Nm shortcut method, these parameters are the cut point and Nm factor, or



case of the Nm shortcut nmethod, these paraneters are

the cut point and Nmfactor, or WO 2008/ 021218
wEOBE2007/ 017766 -31 theoretical nunber of PCHYS2007/017766

The val ue of these nodel paranmeters determ ne how the

nol ecul es nove to and through the process unit. [0084]

Al comrercial RTO platforns provide a nechanismto

conpare nodel variables togplant nmeasurenents. This

functionality is provided via neasurenent nodels,

whi ch associate a plant "neasured” value to a nodel

memt,aat}l ogt@g vaﬂ@%& eség{z}d Bt men ?\ﬁhow the

cal represen
mO]@Icalnshwveneas@lﬂudugtaﬂxuprmsbmma nodel val ue. [ 0085]
The ROC engi ne uses neasurenent nodels provided by the
comercial platformto connect the inputs from

[0084] | i nallacsthinesvid, R’rebplaﬂa:lnyssgﬁwuféw fidcHafli¥ih t2B66mpare model
orlgg tools to the ROC engine_vari abl e For

N@BEﬁp OcP hénwesegsfg'se m &S, funstigppliRy 14aRROVIded, Kiapgasurement

modéiE, whith |ab§o’éldt@ﬂald(n@ Pmedsurf” valiR B dmBRsslariabid l'!pﬁitblas variable

st r eans. TO systemis avail able, |ab anal yses

in eagh, mepgreaentimpde) s wﬁ'épteé ite represent thealifference between the plant's
messhuted ,;y.ugggim%&q igf,g eans. On-line flow neasurements
a

are typically avall for nost reflnery streans.
The val ues of these inputs are the "plant"” values in

005, 88§ S MR B4 bt

platform recdiidScRBE ispgs fieml ofline fandllyZers Alab ramalysess RO systems, and

o e e e Sl et 5 B 5 o

protids tnhdsk dlows andCT BPdistill@tiond fof &1 o8 thé ROCAbacliProdict s@éams. If

he cut. nod 4 422, 423 and 424,
no R@p é%%‘?'vewvaﬁgﬁe’oﬁé dnalyges ean: BrRYide. B BE ompthet disjillatigns for
sonf) 8f yI1,80f thé'Pelubt shiehms4 Sh-lideAowhidasaitihehtdare typically available

res cfively. [0086] A "reconcile case" is run on the
ﬁéﬁ‘% s&ffﬁmsc éﬁhF' ovplues of; thgsg frputs aro e [Rlantgsvalues in the

med‘shﬁ%ﬂ%nﬂ%elmrtﬁm@ %n?h@ WHRh38E LShriBteddb itRO |aﬁ§'o¥mate ROC

nmeaning they are adjusted to ninimze the value o

modale Eppexampleotn hsjARS ROC engine 4980 of i GRdC megagunement models
4410R4£C443Y A4l %@td‘lg r}e{:ﬁ\c‘lg %aﬁa ﬂf thg: I?%ﬂ &H Q@pplication

rreasurerrent nodel bl as vari a
for thecdigtibatiomeeluma 3K inhEIGH3 wﬂedataqmpghdrw thpl out tneodels 421,

a L ALe i e
il B o LR Ul iy, o
modaisié3l, 432, 43% 934 eud #35despecivelpam qual i ti es (nmass

flows, distillations). The

[0086] A "reconcile case" is run on the ROC engine application. During the
reconcile case, fixed model parameters are the decision variables, meaning they are
adjusted to minimize the value of the application objective function. The ROC engine
objective function is the sum of the squares of the measurement model bias variables.
The ROC engine fixed parameters in the splitter, component splitter, and cut models
are therefore adjusted in the reconcile case to minimize the difference between the
model and measured product stream qualities (mass flows, distillations). The

reconciliation answer obtained provides a detailed composition, in the form of a ROC



reconciliation answer obtained provides a detailed
conposition, in the formof a ROC WD 2008/ 021218
w2007/ 017766 -32 superset representati oPCT/I82007/017766
the product stream The ROC dB sink nodel then
popul ates the ROC dB with this information at the end
of each successful solution. Extending The ROC Engi ne
Downstream O Crude Distillghion Colums [00871
Conventional RTO systens downstream of the APS system
typically rely on static feed reference
el [ O tane cu e uk k
sufSpat JEpELl i Yon HE ok Bt THETROLGR, B “model then
pomtlates thefR@G dBewith ¢his énfohmativat @rthe end offench lsaaessdal solitéon.
are not based on updated feed characterization
information, often lead to sub- optinmal solutions and
Exteading Ahi¢ R 00 gD owhi&il OT zu R PistiBatiddCplummisdes a
means to dynamically update the feed reference for
streans | ocated downstream of any given process unit

[0087! udiCegvértiondl RT® sy¥rems!Bbivnstidang oPBITAPS SRANEIally rely

optim zation of the downstreamrefinery units,
on plgs

FIfeedhrafergnesehasprienizatigns funed, toanatech syuentofend bull properties,

iel @Vand Plodie® Yhaiti QNS THEEE Lt QIPRRGAL Az

Yieas sul fur, Trlélackil%S ?ﬂg%n%%{:]g?éggﬁétfﬁrfgug tﬁée}hzru g@’ because

they age inot daseshon opidated sfeed chiwactedizatiary irtformativh, often lead to sub-
¢ ' i.S:allows for nore accurate

opﬂﬁ%&ftﬁoﬁ %‘g&{’%—?&%ﬁg l%ag'gﬁt o match product qualities,

enhancing the predictive quality of the reactor

te 0 s..pn operating condjtions., 100891 Mbre
(0341 "TThe, ROTHES 21l AOMES o IS ot o Pnically) hrgaley the feed
refd‘_?_i!é&bi‘ eﬁmmdg'&:&cd ﬂ_d#rﬁﬁtrdzi%:oﬁﬂgi ?QSn Q%Qesgslunﬂ inclubing@ny given
angd/ .or engi nes podel i n refinery stream .
AP EOH'E)‘EJS inﬁ‘lﬁ ri?'ﬂ‘&ﬁﬁgg‘f”é%ﬁ% BP“’PP?é‘“ﬂPS’ngHC_u%‘)".‘S"PH@ refinery units,
facllRiv! 1he 3AddRTiRg oTSEictEeri@dARRhial 1460E fld/ RedRHoRS P¥éiRing fuel
i nputs to _and tfromtheir correspondin engi nes

companenisofuchy airapidur. ¢ Haadkdng dbe aaplerutes Yyoughihe coydeqdistillation
colIMa§ td HRWFEAdsysRINRISE HoWhsttdahl f'éﬁ&?%l uRRS aflofve for more accurate

i
refi nery streans. However, whereas Teed conposition in
tuningeofapasterdanetingitn anatgoproduet avelities enhanicingythe predietivie quality of

the FORRIrSys@AB A AR TEberafiLORRGREIC! feed composition

mai nly“via sourcé no ource nodels are used to
characterize the tuned feed conposition and any

cto fluen onposi ti Usual ly. .t he
1008317 ot et Ellary [RSGem JOG enfind epbyide ARty da e
RTOstandfoa ROC2eiBiries 2THe( el) thoésecR TON rand/otRIBC Senigines 270Ndodeling
reﬁtngrey s%zgmsgo%gogﬁc’onls ‘HEBSQ&Q&S %?%ltle Rﬁ’ ec%mmn). The downstream RTO

systems generally receive and provide inputs to and from their corresponding ROC

(-

engines 270. For example, the downstream RTO systems provide mass flow and
product distillation inputs for refinery streams. However, whereas feed composition in
the APS ROC engine 4000 was modeled mainly via tank models, downstream ROC
engines model feed composition mainly via source models. Source models are used to
characterize the tuned feed composition and any reactor effluent compositions.
Usually, the RTO system utilizes a lumped component slate. An expansion interface
240 is used by the source models to- expand the RTO system's lumped product stream
component slates to the ROC superset template used in the ROC engine.



conmponent slates to the ROC superset tenplate used in
t he ROC engi ne. WD 2008/ 021218 PCT/ US2007/017766 - 33-
w@k@siozg18.00901 Al l publications, patents and PeX/Es81007/017766
applications nmentioned in this specification are
herein incorporated by reference to the sane extent as
if each individual publication, patent or patent
appl i cati on was specifical[§3§nd i ndi vidual |y
indicated to be incorporated by reference. No
adm ssion is made that any reference cited hereinis
prior art. [00911 The present invention is not limted
in scope by the specific enbodi nents described

Cldsingei n. | ndeed, various nodifications of the present
invention, in addition to those described herein,
w Il be apparent to those of ordinary skill in the art

[0090pm t A}l Publiegivnsg pieems“ 'aﬁidi Patend dapplicatigian théigioned in this
drawi.ngs. Furthey, alth %@ QQ presen i nvention has
SPeEHEIGAofD i  IFAEIN FHpTRraiesh tex Feletenpe. ip | g same extent as if each

indivithia® PeBliddtic) atent B rptateﬁU |aﬁ?lxcaﬁ6ﬁ | wan§pificall9rand individually
partlcular purposes those of ordinary skill 1n the

indygatedjo be incomprntsd byteferencs; Npadimigsion iems Bf‘h*!‘ﬁ’ély reference
citddWer&h iOpribSariOt |imted thereto and that the present

i nvention can be beneficially inplenmented in any

nunber of environments for any nunber of purposes. WO

0055 VR B L il 508 SR ot g

desstibabhareinn Iadesd,) deriois| modxﬁbaumrswfﬁberpreis&itngvemmn in addition to

fol,l 0 ste storl first d bage,
thoged tRBbPP BRI with bd aRpR e lD hott. S Sy, SRUFH B ar from the
forepling idesigiptionoand hEC(fmlbaiiyufgaHﬁdiﬁags CWJ hltmsnghatl& present

., feed treanB fl to a t W ndow refiner

v s e clgrorTR L e Eonpert o cparutan AR TpHer thagticula

emmaneﬁtsnm afticula §,i those o ORinGFE skill im8er &t Wil recognize
anal or any_co |nat|on t her eof operty

the aats thee pisfbless; OfF die, Hvention ismaat Aemiteda igraie 3sidothat the present

mvé‘ﬂtl’cﬁla%n BE AsbneRictally implenthted B ahi 'miinbék WM vifonments for any
refinery operations during a tine period;
number of purposes.



(iv) conmunicating the feed stream conposition data
selected in step (ii) above and the internedi ate
w@easoe12p¥ oduct stream property data obtai ned PCT/ESB®P7/017766
(ii1) above to a process engine that conprises a
string of nultiple nolecular accounting nodels for
nodel ing the first wi ndow of refinery operations; (v)
runni ng the one or nore nnlﬁ ul ar accounting nodels in
the processing engine, usi é't he feed stream
conposition data communicated in step (iv) above as an
CL&% to the first nol ecular accounting nodel in the
g to obtain a prediction of product stream
conposition and then reconciling the prediction with
i nternedi at e d/ or product stream pr.o ert dat a; and
L (vif &q%n@f? ioting e i melec it PPPRTioN F Sirearms afy a crude oil
re isinPthe TBNoWhg!0ps: Same or dlfferent as the
first atabase 2. The nethod of ,claim 1, conprising

t he(dddi stosing ing first database camppgitiansiata fos potsatiahfged streams;
dat gpase sel@&méo $ioht 8RR fFI3{ darabhsé doRfifbsitionSatl fek@%@ﬁﬁ flowing

a_second wi ndow of refinery operatl ons | ocat ed
to ajfiveh vindoyof refimenheperations during awines periad; ner y

0 p e Qﬂé\/ O?ﬁ rﬁn% Tﬂgmrr&t:@ ‘3{1 xﬂ(];reck? ﬁpl%ﬁf)ﬁs t:ﬁﬁlyfzéxrss 'iaboratory

ery operations conpr
anadysmspﬂh eny combjnation|thereaf, prbpertie measurements dfractualtigtesmediate
i ne eral i C .
and/0F pREGEL Srdlt B Rced ., SR, SRR HSow (St R S6 oferations
dulémgétlmemﬂDS/ 021218 PCT/ US2007/ 017766 -35 5. The

of claim er ach ste per
ot O e Rafing e e Aty SfiofiS df, Bigersg ip step )
ab(BV\AI:de &; ﬁﬂfeﬁlﬁédl’ﬁtli i/ stepradact s?reafﬁgﬁroﬁéﬂlil ﬂdtaO(fbtﬁlhadl fih Istep (iii)
ere the nol ecul af accounti ng no erform .
abah for 1 2Ry FARIE 17t SRR SustiDg ol PUASIe goleqylar accounting
models itmodel gahefitst Windéw of e fidepPopérati@onci | i ng t he
pr edi ct| on of oduct stream conposi tion wth

P nt EPmeruming theane PrBerscnolerlanacoonpting mpdalsiin theprocessing

engifé, iRingatle fédd dthand &rhpdvitich meem&haaté“@in%ﬂw fbove as an
pr edi cted propertles for the intermedi ate and/o

‘“PBF i the: fisst maolpulamaccquating modst dnithe Sing ip hiRin a prediction of
pro%ﬂé’@@ééatxﬂ Q:‘?m%%ﬁioﬁegncp%ém ?ed%ﬁtg.ﬁgl the ﬁﬁfcﬂHﬁ‘tWﬁﬂ mtermedlate

nodel's; (ii) conparing predict tre properties t
ander praduds sireammpropestyedats;@nd and (i) adjusting fi xed

erdE‘\Ll) pagﬁ%hetﬁé ré&n‘:ﬁ@d B}yd?c(if&laﬂx ?9&%ﬁﬁtda%asc that may be the

same or different as the first database.

2. The method of claim 1, comprising the additional step of selecting from the
second database, composition data on a feed stream flowing to a second window of

refinery operations located downstream from the first window of refinery operations.

3. The method of claim 1 where the first window of refinery operations comprises

an atmospheric pipestill.

4, The method of claim 2 where the second window of refinery operations

comprises a process unit downstream from an atmospheric pipe still.



nodels to mnimze the difference between predicted
stream properties and actual stream properties to
wo@bdoaorzi2as best fit. 9 The nethod of claim1l, wWer/ES100E017766
entire nmethod is perforned at | east once an hour and
takes less than thirty mnutes. 10. The nethod of
claim1l where stream conposition data stored in the
first and second dat abases ks ‘stored in accordance
with a tenplate that charac?erl zes a sufficient
nunber of nol ecul ar conponents in sufficient detail to
provi de or derive any data needed by any real tine
opti m zation application, process nodel and bul k
5. pr offke imethabofi cthiat 1,0mheré 8ichaépmisperfonhed abtamadocaihonent
data fromthe database. 11. The nethod of claim 10
wherein the tenpl ate characteri zes over 1000
6. CONIRG @ivilsod dflaif], Asls@eBAch st Rpeffonifed b8 dembhh@W Ng
nodul es: a first database that stores files describing
feed stream conposition as well as feed stream bul k
7. PT OMRE tn¥etBEW o £ QAR 1 SWherd 'il%oﬁmelulap fa@&ﬁ‘ﬁhh@ Paod®dd bt perform
2008/ 021218 PCT/ US2007/ 017766 - - a processing
anythgrmedymamic epkipetic ealcylationsne or m)r e nol ecul ar
accounting nodels that nodel a w ndow of refinery
operations to predict product stream conposition; and
8. (b) Thaenathodrof elaipdl whereithe step ndtrecanciling the predidiiat of product

. i .
st Qe NRb el e DALY D RREEL o83 4 Bormes
in the fellowing opanner:e@) camﬂmtgmkedmedhmpqmahforhhcrm:yerbmdtaheand/or
[ diff fr flrst databas t
PP uRap S B P o BRB8T Fngeby the moccuar
accpuntihg ahodels; cnm)mmmpaahgdpreﬂmeﬂh strelarh aprupertiey td1 @actual stream

T E N W T I R —

moféle Ctos fiighisd) he diffiRende m%ﬁi Prédicte pfopeftits and actual
ki netic calculations. 14. The assenbl y of claim12

%P'@Wﬁ’&%‘??@%%‘b‘?ﬁ&l tions are stored in the first

and second dat abases using a unique streamidentifier.
15. _The assenbll}élof cl.aim 12 where the stream

9 conphe mstherd of¢lain (o mawre therentire meghadgis performed at least pce an
how# anlitAleS 1d4@Rtn thirf mififest | ™8 stanp.

10. The method of claim 1 where stream composition data stored in the first and
second databases is stored in accordance with a template that characterizes a sufficient
number of molecular components in sufficient detail to provide or derive any data
needed by any real time optimization application, process model and bulk property

correlation that obtains molecular component data from the database.

11. The method of claim 10 wherein the template characterizes over 1000
components.
12. An assembly comprising the following modules:

- a first database that stores files describing feed stream composition as

well as feed stream bulk property and component property information; and



16. The assenbly of claim 12 wherein said nol ecul ar
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wo esrank nodel s, m xer nodels, splitter nodeP&T/US2007/017766
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conmposition in the foll ow ngemanner : (i) calculating

predi cted properties for thé product stream based on
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nmol ecul ar I N deks. (il1).co rin redicted

stream 6 r 3%%%# #Héé 1%%t4l51§$ c(sot"r")é'gﬁ? g{)agpg'r‘?i g‘s;mgﬁd molecular
accounting amijdeds ithey rhodelda widddw pafi safinesy operativhe to predict product

nmol ecul ar...accounting nodels to mnim the di.fference
sl SERRORFBGT BbL ot Bivimoiy apelations afer Hepiile Bpfagpiream
corppayiior, itk®uph peddiaed propbriek thdt can be calculated there from, with actual
product stream properties;

- a second database, which may be the same or diﬁ'm_’ent from the first

database, that stores reconciled product stream composition predications communicated

to the database by the processing engine.

13. The assembly of claim 12 wherein the molecular accounting models in the

processing engine don't perform thermodynamic and kinetic calculations.

14. The assembly of claim 12 where the stream compositions are stored in the first

and second databases using a unique stream identifier.

15. The assembly of claim 12 where the stream compositions are stored in the

second database use in a unique identifier and time stamp.

16. The assembly of claim 12 wherein said molecular accounting models include at
least one model selected from tank models, mixer models, splitter models, component

splitter models and cut models.

17. The assembly of claim 12 where one or more applications in the process engine
reconcile product stream composition in the following manner: (i) calculating
predicted properties for the product stream based on the predicted stream composition
obtained by the molecular accounting models; (ii) comparing predicted stream
properties to actual stream properties; and (iii) adjusting fixed model parameters in the
molecular accounting models to minimize the difference between predicted stream

properties and actual stream properties to obtain a best fit.



