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DESCRI N OF RELATED ART

[8002]  -Crude oil, or petroleum, is a complex multi-component mixture of various
hydrocarbons and compounds containing nitrogen, oxygen and sulfur. Most crude oil

also contains minor amounts of nickel and vanadium.

[0003] The exact chemical composition of a given crude oil will vary significantly
depending on its point of origin. As a result, the chemical and physical properties of
crude oil vary. Crude oil itself is rarely used as a fuel because (a) its properties are 100
{ 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 petrolcumn based
products is relatively complex and refinery operations vary greatly. However, at a high
level, a number of commonalities exist. E,;gt, 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
(1.GO), heavy gas oil (HGO) and residue. Third, each fraction, or cut, is removed as a
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WO 2008/ 021218 PCTI US2007/ 017766 -2. streamthrough a liquid side draw in
the APS tower. The streans renoved fromthe APS tower through the Iiquid
side draws can be sold as finished products or blended wth other streans
and/ or further processed to increase econom c value. For exanple, high

boi | i ng APSYP28M8(92812448 such as kerosene, LGO, HGO and r esiP§T&RUR/ObESConvert ed
into | ower boiling products such as gasoline by subjecting the streans to
further distillation in a vacuum pipestill (VPS) foll owed by thermal
cracking and/or catalytic cracking in a fluid catalytic cracking (FCOC

unit. Alternatively or in addition, caiplytic reformng, isonerization,

al kyl ati on, polynerization, hydrogenation, and various other operations and
conbi nati ons thereof can be used to upgrade streans into higher val ue
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analyses is the crude assay. When a crude oil 1S assayed, it Is distilled in
two steps. PRU¥ESHhod such as ASTM D2892 (see Annual Book of ASTM St andards,
Vol unes 5.01-5.03, Anerican Society for Testing and. Materials,

Phi | adel phia, Pa.) can be used to isolate distillate cuts b0|I|ng bel ow
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use of their composition, are better suited to make different products.
Fmally, the pressures, temperatures and flow rates that are ideally suited to successfully
process each stream in a refinery process vary depending on the composition of the
stream. Refineries are constantly seeking better ways to optimize the operation of each
unit in thé process to better achieve the optimal balance between the amount and value
of petroleum products produced and the production expenses incurred.

[0005] In the petrochemical industry, extremely detailed analyses of feed and
product materials (assays) arc often utilized for making business decisions, for
planning, controlling and optimizing operations and for certifying products. Chief
among these analyses is the crude assay. When a crude oil is assayed, it is distilled in
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



(343C to 538-568C) and a vacuumresidue cut. At a mninmum cuts
corresponding to typical products or unit feeds are typically isolated that

i nclude foll ovvi ng: |l i quefied petroleumgases (LPG at initial boiling point
to 68F (20C s 1§t rai ght run naphtha WD 2008/ 021218 PCTI US2007/ 017766
-3 (LSR) at "W sE (20C to 68.3C); heavy straight rif/HSAPHYHZS HSR) at

155F to 350F (68.3C to 176.7C), kerosene at 350F to 500F (176.7C to 260CQ),
di esel at 500F to 650F (260C to 343.3C), vacuumgas oil at 650F to 1000F
(343.3C to 537.8C); and vacuumresidue at 1000F to 1054F (537.8C to
567.8C). Each distillate cut is then akalyzed for elenental, nolecular,
physi cal and/or performance properties. The specific anal yses conducted
depend on the typical disposition of the cut. Exanple analyses are known in
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processed Pﬁﬁgﬁg"{l&gt%rl gkl%' data for "representative" past cargoes.
[ 0008] More recently, Exxon Mobil Oor poration s virtual assay technol ogy has
dramati cal | the tine an se to tain,a detai de assay
to a few rl angggc?‘gﬂ?h%a’ﬁ% r‘?c \’ﬁ- "Fﬁa‘f ﬁ%s"a"ﬁ”’c Jﬁg‘a éi e'%cr.'i'éctral
data to a Id:@nmuotm‘ wilh iemiployi dﬂerenpess‘aymdleat ff&si‘cbﬂfpbﬂﬁﬁﬁalmndémdcdss
descri bed, in alia Pat No. 62. 1 C. 2003,
the entire ™ 5‘5‘1’“%#@5? %M?@ & may’ bé
employed. For example, the high detail hydrocarbon analysis (HDHA) method
described by Jacob, Quann, Sanchez and Wells (Qil and Gas Journal, Jul. 6, 1998) can
be employed.

[0007] A detailed crude assay using a process, such as HDHA, costs many
thousands of dollars and takes weeks to complete. As a result, the assay data used for
making business decisions, and for planning, controlling and optimizing operations, is
seldom from the cargoes currently being bought, sold or processed but rather historical
data for "representative” past cargoes.

[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, infer 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



reference. [0009] The crude assay data will typically be stored in an
el ectroni c database where it can be nmathematically manipulated to estimte
crude qualities for any desired distillation range. For exanple, comerci al

Ccrude assay‘é’lylgﬁg‘isz?ﬁiﬁ% are avail able from WO 2008/ 021218 (Tqﬂ‘m#?@&]w,/ﬁplﬁ%

-4 Haverty and BPI Consultants Inc. - both provide
tools for nmanipulating the data, as does Aspentech Inc. Assay data is
publ i shed by Crude Quality Inc., by Shell G| Conpany and by Statoil. The
property versus distillation tenperature data is typically fit to snpoth
curves that can then be used to estinmaté-the property for any desired
distillation cut. 100101 The on-line optimum operation of the crude
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Accur acy ofprvmgomﬁmmwmsm be suff|C| ent to predi ct the actual
process interactions and constraints. 100111 Unfortunately, effective
on-line RTO of crude distillation columms requires the |lunping of detailed
assay feed [00W0]act dihe oatlingneptinnim opeatiom of ghei crude: distillation eojumen, blewdings, t here
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be sufficient to predict the actual process interactions and constraints.

[0011] Unfortunately, effective on-line RTO of crude distillation columns requires
the lumping of detailed assay feed characterizations into boiling poini cuts. In other
words, there are about 10,000 or so different molecular species in crude oil. The model
used in the RTO of the crude distillation column is unable to include all of these
species. As a result, a major simplification is made. The species are grouped together
into "cuts." Each cut has a specific boiling point range. Thus, for example, all of the
molecular species whose boiling point lies between 330°F (165.6°C) and 350°F
(176.7°C) might be combined together into a single component known as a 340°F
(171.1°C). This greatly 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 concermned 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 propertics and product yields. In
other words, a static representative feed is characterized for a given downstream unit



distillation colum RTO as the crude distillation colum is nostly concerned
with the boiling points of the conponents that it processes. 100121
Therefore, detail ed assay feed characterizations are unavailable to

downst r eam lications - which rely instead on stat] (g,r f erence
characteri z%ﬁﬁ@%hﬁt are then tuned to current bul k pr%‘%‘g{ﬁ%ﬁ §°1§7ﬁg pr oduct
yields. In other words, a static representative feed is characterized for a
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 mateB-current nmeasured bul k properties,

yields, or operating conditions. This static feed reference
characterization, because it is not based on updated feed characterization
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the inventisuMur. [0016] FIG 2 provides an |Ilustrat|ve arch| tecture for
applications used in one enbodinent of the invention. [00171 FIG 3
illustrates streamflow in a typical APS system 100181 FIG 4 illustrates
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permit enhanced optimization of refining processes.

[0014] The drawings are for illustration purposes only and are not intended to limit

the scope of the invention.
[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 strcam 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

[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
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100191 The invention provides a nethod and neans of predicting, in near
real- time, the detailed chem cal conposition of major streans in a
refinery, including those WO 2008/ 021218 PCTI US2007/ 017766 -6 downstream
fromthe crude distillation colum. The dynam cally updated feed

charact er i Z%¥PBM2EH be derived in near real time fromBG/ER2eY PSS abase of
current crude diet, RTO information about upstreamrefinery units and
various anal yzer inputs. The chem cal conpositions of each stream are
stored and updated in a plant wi de database. A broad range of property
calculations can . be ascertained, eith@r automatically or on demand, from
the conpositional information. An application permts users, such as
operations, planning and engi neeri ng personnel, to access the database
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in a stream, e.g., sulfur content; (b) to better monitor the health and reliability of
equipment by providing a more accurate understanding of the equipment's operating
environment; and (c) to enhance the accuracy of compositional based RTOs throughout

the plant with more accurate inputs.

DETAILED DESCRIPTION OF INVENTION

Definitions

[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, toa
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 §.B., Structure-oriented lumping: describing
the chemistry of complex hydrocarbon mixtures, IREC Res 31:2483-2497 (1992), the
entirety of which is incorporated herein by reference.) Conversely, "delumping” is a



structure oriented lunping (SOL) is a known neans in the art for |unping
stream conponents. (See, e.g., Quann, R J., Jaffe S.B., Structure-oriented
| unpi ng: describing the chem stry of conplex hydrocarbon m xtures, | &C Res

31:2483-2497 (1992), the entirety of which is incorporated herein by
reference.wa%ﬂvﬂ?éﬂ?y, "del unpi ng” is a WD 2008/ 021218 ¥ ﬁé&ﬁ%ﬁ?ﬁl??66
-7 process where |unped data is expanded again ("delunped”), usually by
reversing the operations performed by the original |unping algorithm
"Process unit" neans any device in a crude oil refinery that treats a feed
stream to generate one or nore product?streans having a different chem ca
conposition from the feed stream In exanple, process units include

at nospheric distillation units, vacuumdistillation units, naphtha

hydr ot r eat eprocess whereclatrped watn is ekpanded again (Sdehonpd!), uspally Yyyshversingaher
units, fluid catalviic cracking. units, .hvdrocpracker units, alkylation units
and isoneriofg{alﬁgﬁsﬁﬂ*%&%ﬁ&%‘c rrll)uﬁ?lf%ggﬁan 00l " neans an application that
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det er m nes,hydrotreaier uhits)| iid roatalyeiet erackivgg usied, hydrociagkéroiiniss, plkglaties units t by
nodel i ng tﬁt}ﬁé.%)roc.ess uni#’ and the product streans produced thereby

(general ly °l'Pcﬁ"r%"°'Wf’é fmodynam ¢ and/ or kinetic properties), reconciling
predi cted resul t"Provesshmenitorilg togl" onsnns an applicatiod diat prodells aif pretese anit and

oo m 2o ot e S e phnd e ERRaRy el BeREERRA bl
a nol ecul arkisaticoproperties)t without hre¢ongiling (redibted moswdwsewith agfuahptosess| anit or
conponent s Argd‘%tme&%_w t hout perform ng kinetic or thernodynam c

"Processor” means a processing unit, or a collection of processing units, that run
a given application.

"Real time"” means on demand.

"Real time optimization application" or "RTO application” means an application
that determines, in near real time, optimized set points for a process unit by modeling
the process unit and the product streams produced thereby (generally including
thermodynamic and/or kinctic properties), reconciling predicted results with actual
process unit and/or product streamn measurements, and optimizing the performance of
the process unit to maximize certain results 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



cal cul ations. "Streamt neans any gas, liquid or sem-liquid in a refinery
“flowing to or froma process unit. In exanple, "streant includes crude oil
as well as LPG LSR, HSR, kerosene, diesel, vacuumgas oil, vacuum residue

and precursors thereof. "Upstreani neans on the streamin t%‘g ﬂl rection
“opposite tWOWYRIYE the stream Conversely, "downstre2nVUHREMN8h t he
streamin the direction of the flow of the stream The Ri gorous On-Line
Conposition (ROC) Method WO 2008/ 021218 PCT/ US2007/ 017766 -8 [0021] The
invention is a collection of applications that performa nethod of

predi cting, dynamcally, in near real ~8i-ne, the nol ecul ar conposition of
streans in a crude oil refinery. The nethod, referred to herein as the
Ri gorous On-Line Conposition (ROC) nmethod, is described below with
reference to FIG 1. [0022] Step Il in FIG | corrprises obt ai ning detail ed

I nf or mat i 0. t he. ti.on ot ent ude_oi | streans
to a refi %ff; d% 1“"5’%"%&7 *]““BPO&?RPI’EE" "t’%epeé{‘ M%gannot be
cal cul at egp rédlaiﬂgcﬂﬁﬁlﬁmﬁﬁnaieﬁfm(-ﬁmg,ﬂlc mﬂammatoufpesmpnessmns tnal nmass
flow and th t or I nf a, crude ass dat a Thi s

i nf or mat i cfﬁ“‘f"ar'i'sl t Hﬂfe‘eﬁ?’?&tﬁ) P?'B'Fh ARy gﬁsﬁf“brary
(e. 9., BOCompdsiton{ROCHINGBod] i duseritedibelviw with referencebIGIaL a for vari ous

crude oils). The conposition and property information for each potenti al
crude oil is formtted and stored in the crude assay database in accordance

with a pregetzned Ste®INindFEG. 1 Bompliss oMiiflag deanbdﬁﬂuﬁmahl Fﬁdmaheibed in
t he crude assay, data ase as.a u i of the edefined te

exanpl e, i%°Mpogitign of & pefental crydesoi g"‘ﬁ‘oﬂ'“ﬁ’é ﬁ‘gy B8t PE’WB
conponent SprepdiMieiCof iy aGédmnd aﬁd daﬂxdthﬁb t:ﬂamhﬁaeﬁorht&mpm.tmoawmagent s in
the crude oil will be Iurrpe& rma s bset that,represents the . best fit

with the g9 gjoging spid, information 1p p.cye |5c
7,000 CO%&}M»@WW&WM&%&GM&MMW ﬁﬂ)om.a&t&ssiream

e e koS Uahalihe P St IR TR Jaick
crude o:ls) The composition and property information for each potential crude oil is
formatted and stored in the crude assay database in accordance with a predefined
template. In other words, each crude oil is described in the crude assay database as a
subset of the predefined template. For example, if a given crude oil has 10,000
components, but only 8,000 components can be characterized in the template, the
10,000 components in the crude oil will be lumped to form a subset that represents the
best fit with the 8,000 components in the template. Similarly, if a crude oil has 7,000
components, any component in the template missing from the stream will be recorded
in the subset as being present in zero quantity (i.e., absent) and any component in the
stream that does not conform with a component in the template will be recorded as the
component in the template that provides the closest fit.

[0023] Idecally, 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-linc 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



stream that does not conformw th a conponent in the tenplate will be
recorded as the conponent in the tenplate that provides the closest fit.
100231 Ideally, the tenplate characterizes a sufficient nunber of nol ecul ar
conponents in sufficient detail to provide or derive an ta needed
by any realwotz‘?oﬁ@n&bﬂi m zation application, off-line pr)gggggm%#ﬁ??%ri ng
tool, shadow nodel and/or bul k property correlation that pulls nolecul ar
conponent data or property data fromthe crude assay database. Accordingly,
the tenpl ate provides significant sorting information about the various

mol ecul ar conponents in each crude oil-9For exanple, in one enbodi nent, the
tenpl ate descri bes nol ecul es by the nunber and type of atons (e.g., carbon,
oxygen, nitrogen, sulfur and various netals) present therein and the WO
2008/ 02121@@%?{-%2@@#09@@8 of certpimimgleculay pooigties ogatolefin and diglefin n

nmol ecul ar |sef e , fidd ket afidl i Wyl [ nds, and
saturat ed ;@%éﬁé?{éj@%t?cegorﬁ#ﬁ ga present atﬁ e{rﬁgf’@ﬁPrrg%% Z%IQ%H{ tdri]céa?érrpl ate
i s highly deeigrably thertemplatg is thighly detafiied, opeaning ghat @t charagierizes ayre d 00 r

conponent s, pLe y pLele) &@9 nés nor e
pr ef er abl y%%ﬁgoéﬁ%%'uwgﬁérgnpon%%é‘?if{gg?ﬁ ach%s bset gfs?qslggfnat ed

wi th each mwore preferablyovercSQfi0imdlecadaricomponsntsl in t he crude assay - dat abase
using a unique identifier. Accordingly, a subset description of a crude oil
can be pulled fromthe crude oil database using the unique identifier

associ at ed [0024] t hdEachilsabset agsodied vitlegach potenfiblrude oirfeed iseorobtinithe ng
detailed d 0, 'F’me -C | b based
physi cal p?%%lgr‘{;lays]&o acﬁi’gqagfne"égg@%?gg% ﬂ%ﬂ’g\i}\nﬂg‘@" ?gp%aplr’é@gglgﬁloﬁe Wi ndow
of refi ni ngrusiseridtdapnbe polipd ifsimghe qoudec e sdatatiase dasingnthe wniguey ddentifiens

period. For I reanms to an APS unit are primarily virgin crude
oil and regf/%éga@t‘ﬁg'airlr‘gsg?%{'a feed streamto an APS unit during the given

time periodis avirgin crude oil, the detailed data on the feed streamis

pulled fro cryde .ass dgt abase de gr.i.gd L N, St | _usin he_uni que

I dentifier rﬂé@é@ci ated v%n f%ﬁﬁéqc%“a%mcﬁﬂ% sgb%eﬁdege‘g% ioﬁt ﬁ‘&nﬂo‘tec'ﬁ"

Al t er nat i vebmpotidntsiarid: aon-sompasitidnal hased ysinalt prdpertieg) of hetug)i feed streams
flowing to a predefined window of refining operations comprising a process unit during

a given time period. For example, feed streams to an APS unit are primarily virgin
crude oil and recycle streams. If a feed stream to an APS unit during the given time
period is a virgin crude oil, the detailed data on the feed stream is pulled from the crude
assay database described in Step 1 using the unique identifier associated with the crude
oil's subset description. Alternatively, if a feed stream to an APS unit during the given
time period is a recycle stream, the detailed data on the feed stream is pulled from a
product stteam database that is populated in subsequent steps of this method, using a
unique identifier and timestamp associated with a subset description of the recycle
stream. Regardless, the data on the feed stream is obtained in the form stored, i.c., as a
subset of the template described in Step I above.

[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-linc measurements, or any combination thereof.

{0027] In one embodiment of Step 3, an RTO application is employed to obtain
intermediate and/or product stream propertics and, optionally, product stream



tinme period is a recycle stream the detailed data on the feed streamis
pulled froma product stream database that is popul ated in subsequent steps
of this nethod, using a unique identifier and tinmestanp associated with a
subset description of the recycle stream Regardless, the on the feed
streamis obPANREH2H the formstored, i.e., as a subsé’lt} H‘%%"?@"?@rrpl ate
described in Step 1 above. [0026] Step 3 in FIG | conprises obtaining
property data fromactual internediate and/ or product streans produced in,
or by, the predefined wi ndow of refining operations during the given tine
period. This step can be perforned usi-i§- RTO applications, |ab analysis,
on-line neasurenents, or any conbination thereof. [00271 In one enbodi nent
of Step 3, an RTO application is enployed to obtain internedi ate and/ or
product st lcempoqjﬁ@pdntni e JFonrekample; iaunAPSyRT@r aphlication mywicls\vih 2083 /upit] 218

PCT/ US2007/ ?M o) I cation
nodel s an L%ézé%gtp rec%gg@ es pre‘?jﬂ%t ec} per%ﬁ%nce %@'@E‘?ﬁgﬁm

act ual uni Mpruptﬂesmndr&hﬁnnhmzesshe perforprangreof the amitn dTlelmtpus pf isuglz es t he
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properti es,prmiuclt Istmpadproneatemedmdt bungpied e interanedidite rmteaan(addcﬁnalcpmdnst tions.
[ 00281 In- apnol héuei\ rrbodi ment of Step 3, property data on internediate and/or
product strea be obt ai ned by direct neasurenent and/or |aboratory

anal yses of |nterrredi ate and/ or product streans. This alternative is npst

of ten enpl when an . RTO {or. s unit i,s not.gvailable. [00291
Step 4A i n?%] 1 E‘bﬁﬂ?ﬁhgregm Egﬁ)'ﬂ’gj Fﬁ?e%‘%frﬁm%ﬂw runs
nodel s of tpheiupraﬁbaﬁisrtaﬂ baiohhhmdoliy dmmsumﬁmaﬁudmrsaboiabqnmsekabﬁ on

feed stream co Slt and .non- conuQ i 0 al .based a roperties.
In FIG 1, “éfﬁ‘m ?’H@ enﬂ“ e }2 mestio é@%’ﬁé?@ an APS

unit, thi slﬁﬂﬁarlﬂ&;irbecssdﬁhambhﬂumﬁ. in Step 2. Alternatively, this data
can conme fromupstream analyzers (e.g., FTIRvirtual assay). Alternatively,
when the predefined wi ndow of operations

[6029] Step 4A in FIG. 1 comprises communicating, to a proccssmg engine that

runs models of the predefined window of refinery operations, detailed data on feed
stream composition and non-compositional based feed stream properties. In FIG. 1, as
would be the case when the ROC method is employed with an APS unit, this data is the
data obtained in Step 2. Altematively, this data can come from upstream analyzers
(e.g., FTIR-virtual assay). Altematively, when the predefined window of operations
being modeled comprises a reactor that performs actual chemical conversion {e.g., the
riser in an FCC unit), as opposed to simple scparation (e.g., an APS unit), and an RTO
or off line process monitoring tool for the reactor generates an accurate and detailed
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



‘bei ng nodel ed conprises a reactor that perfornms actual chem cal conversion
(e.g., the riser in an FCC unit), as opposed to sinple separation (e.g., an
APS unit), and an RTO or off |ine process nonitoring tool for the reactor
‘generates ap e and detailed representation of pr m
corrpositioﬁyo?@@r‘i‘r"? e data fromthe RTO or off I|ine prcl)’ g@%&oﬁgﬁﬁ%ﬂ ng tool
can be delunped, translated to the tenplate, and comrunicated to a

processi ng engi ne that nodel s subsequent steps in the wi ndow of refinery
operations (e.g., distillations). 100301 Step 4B in FIG 1 conprises

comuni cating, to the same processing-1ngine, the property data obtained in
Step 3 on actual internediate and/or product streans produced in, or by,

t he predefined wi ndow of refining operations. 100311 Step Sin FIG, 1

conpri ses iniermedipte aad/on Brodyuct stepagy groperty snesswremsents.  The Brocessing, enging: j on of
product st ggg 's‘eelaﬁesmbmnb%nbﬁgfampemeh%ﬁadwmoaa&.uakch\%mmaﬂw
PCTI US20071017766 _internedi ate and/ or product stream property nmeasurenents.
The procesi agnelagilarcacceunting took tat cacepungsy for haw molequles moye shrugh: the o
shadow mds@em%%a@a%@%mgebmﬁo@ iNEABAE R prées Pt (e}, tRIOnolbIs!

accounts for how nol ecul es nmove ough the ~predefined wndow of refinery
oper at i ons Mixer| madely splitter modelss companept spjitter rpedelsarib eyt models) withpule| s
splitter "%ﬁLni COMPRCRRA tRdnolifmiBOdf! kirkBe ChiculdRESE. S) ! hQBiding™RKi Ng
conplicated thernodynam c_or_ kinetic cal culations. By avoiding

t her mody nathesmadinamic and kinetic calculations; the pmormfpef compositionpparsmetens thatr anet er s
t hat it icbAbhG t @ty ' f er abl
25 than of B pRRSREd o Tuatil coRBlrBiaP ' @e, Bieekibly lebs thun, dilfy, G000V

| ess than rty mnutes) rises dramatic dow

nodel s canmingeyJiscy dramatigelly. s ffhus thecshartzmt @Kem models ehn pyegess) detgiled
r ef er abl nts in
p y [seé/n??] cKarieratof g ook %&fi 3’8*3“5?9‘1‘%‘"‘5 ?g@ggﬁsﬂﬁlﬁgw o

arelative ort period of tine. ehgl ne 1 hat

cont ai ns t AB0Gmalrowlansnmencnenis in @ relativaly short peded offime.css wherein: (a) a

predi ction of product stream conposition is obtained by running each shadow
nodel to account for various changes in conposition performed by each

oper ation #3]n t Wbe prosessinighenging Hubvowhins did shadgwopedals perfermsamtwgb) t he
prediction Pglrt g%ﬁ%?%e%? C@Y 2GRS bP Proldiict” e Clontidsitfoh s 36faliitl by

i nternmedi a
running each shadow model to account for various changes in composition performed

by each operation within the predefined window of refinery operations; and (b) the
prediction of product stream composition is reconciled with actual intermediate and/or
product stream properties. The input to the first shadow model in the processing engine
is the detailed data on the feed stream (e.g., obtained in Step 2) above which was
communicated to the processing engine in Step 4A above. The input for any
subsequent shadow model in the processing engine is the output for the immediately
preceding shadow model. The output for the last shadow model in the processing
engine is a detailed prediction of product‘s'tream composition, expressed as a subset of
the template. To reconcile the prediction 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
propertics are calculated by the processing engine based on the predicted composition
and compared 1o the actual intermediate and/or product stream propertics. 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



product stream properties. The input to the first shadow nodel in the
processing engine is the detailed data on the feed stream (e.g., obtained
in Step 2) above which was comunicated to the processing engine in Step 4A
above. The jnput for any subsequent shadow nodel in the processing engine
I's the out pwppzl"?ﬂmfﬂﬁ I mmedi ately precedi ng shadow mde‘l’&'@%@“@’dz"gﬁt for
the | ast shadow nodel in the processing engine is a detailed prediction of
product stream conposition, expressed as a subset of the tenplate. To
reconcile the prediction with actual internmediate and/or product stream
properties, the processing engine uses-ide internediate and/ or product
stream properties obtained in Step 3 above which were comuni cated to the

processing engine in Step 4B above. More specifically, predicted
i nt er nedi atshadew andelsrmddifies therpredicted comppositians tapeovidd & bestifisdo the adal

processi ng ggg: 'ng %g Ofjekhe predicted conposition and conpared to the
actual internediate aﬁ% or e%)'r oduct stream properties. Fixed nodel

paranmeters in the shadow nodels are then adjusted to mnimze the difference
bet ween t dicﬁedi t ' d/ or ,prod a O t‘ﬁg and the
actual int Lﬁ#@%fate an o@glgfggﬁépg]?%gmdgﬁg%démést{ogé? St ng fixed
nodel par aneieposition, ¢éxpeessétbas & subsatOf BRABMPRIL I&-oRGIdUSH 8ctifl intétnediaté 2
shadow nodeén%,orgodi {uIcF thﬁ?.gﬁeergi ctﬁ% comrposi t ih:?cﬁs t‘gﬁmo idﬁ%bgggmgit to

t he actual "“produc sfgi’r’@ﬁ' P opee’sr’tlesp.m{'%&’s]” PTEN ASiin ep 5is a
det ai | ed prarcibséricewf d{000rarduarte mdleeaduncompopens in the praduot stecnar] isfar marabset  of
br oper t | es. Scailed Saltke ey byl praioct Skealy Soymoion SNprBlcPe trowd b =
absence of proGided,dor cxampleyby an WPSTRTOMonents in.the product stream is far
nore detailed than the highly | unped product stream conposition information

that would be provided, for exanple, by an APS RTO 100341. Step 6 in FIG
1 conpri sesj0934].i nStep & I FUGL 1 |cothpyisea itaringOthe Orecqiiciled prediction afpréduwiposi t i on

product st rEENRLePRALEn REHEEin feR, EABRFCboPe qE PRESR ratrmeebeny he
data i s t hdntor &prodaviastieant detabdsé asing aduniquesitreamniderifidyamd, timestangp. t The uni que
stream data is then retrievable from the product stream database, using the unique stream
identifier and timestamp, for use in modeling and optimizing downstream operations.
The product stream database illustrated in FIG. 1 is separate from the crude assay
database. However, this distinction between the databases is not necessary and, in an
alternative embodiment, the databases arc merged.

[0035]) Step 7 in FIG. 1 comprises extracting, from the product stream database,
using a unique stream identifier and time stamp, information regarding the composition
and properties of a product stream. This information can then be used to model and/or
optimize one or more downstrcam refining operations. In this regard, it should 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 streamn 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 databasc is used directly as a feed stream to a downstream process
unit, the stream coinposition obtaincd from the database can be used as an input for an



identifier and tinestanp, for use in nodeling and optim zi ng downstream
operations. The product stream database illustrated in FIG 1 is separate
fromthe crude assay database. However, this distinction between the

dat abases is . n ssary and, in an alternative enbodj h at abases
are rrerged.%[(bﬁéqﬁ}?%ﬁep 7 in FIG 1 conprises extracti ng#&ﬁ%’ﬁ?ﬁ{mzmgroduct
stream dat abase, wusing a unique streamidentifier and tinme stanp,

i nformati on regarding the conposition and properties of a product stream
This information can then be used to nodel and/or optimze one or nore
downstream refining operations. In thisl¥egard, it should be recognized
that the product streamfrom an upstream process unit (e.g., an APS unit)

can either form or be used to form the feed streamfor one or nore
downst r eam RFQtapplication {pr offflinegirodessing madel) fom theadvvalstedm q:ny:esaanmpr doluct

streamfro tream

| nput for %%ng;: g'@v%g%ea H'mégvys&d%?t%'g%gﬁg?&% exa&ufp‘i&gag shown
in FIG 1 tgenaaﬂpmgslatad r(egg, lwinpexd) ;and t comverteddr intn tbihnwd‘dm mdebarﬂ)dat abase
is used di M gépef treamto a downstream process unit, the stream
conpositio & ned T e dat abase can be used as an input for an WO
2008/ 021218 PCTI US2007/017766 -13 RTO application (or of f-1ine processing

del) f t t hi t he st
Compobi t1 oM OO7E ch Rl BRSO St npefl ey it nEORL 1625, PR ol |

transl at ed thet. wodify mq)aﬂ:)ptﬁitidmaﬁ‘rweﬁ-éaaﬂswf&dmntme produet wiréams ﬂatabaneni by the
particul ar RTQ applicatiopn. 100371 Alt.ernatlvel I_n addltlon there
is a seri es“'%’q ﬁg y""ﬁﬁ'g?'ﬂtw PWXYW Wﬁé‘stream
stored in tmmmnstmldﬁtlﬁawenmls, in thiersame hm:i:e:odasaibedmtmem
process uni t a.downsir r oG uni.t . _a second. 0ces ne can
enpl oy shadmé ﬁﬁ?f qﬁ’@%&%&ﬁaﬂwmmb% “3 r‘*Erﬁﬁ%ﬁﬁéach
operation Ishﬂdhvﬂgmﬂd ih Il sttoomtroassing engins s thercdmpobitioni of the pmdh@sﬁ-émfl rst
shadow nodel, i.n the s cond en e.c he
product st redgped Bemy 9?'%%‘5 g‘a\ﬁc‘ﬁ’t@gtégﬂﬁs‘% l"fﬂgg%sﬁ' lr‘B he | ast
shadow nodesecond prh&ssmg engme is then the feed stream composition to the process unit and

can be used to create the input for an RTO application (or off line processing model)

that models the downstream process unit.

[0038] The output from the RTO application, which is now based on more

dynamic feed references, can then be utilized to update the product stream database.
Alternatively, the output from the RTO application, as already discussed in the context

of a reactor such as the riser in an FCC process unit, can be used as an input to another
processing engine that utilizes shadow models to mimic subsequent refining steps (e.g.
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 umits. 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.



second processing engine is then the feed stream conposition to the process
unit and can be used to create the input for an RTO application (or off

| i ne processing nodel) that nodels the downstream process unit. 100381 The
output fromthe RTO application, which is now based on nore dyvnam ¢ feed
ref er ences, WO BEME be utilized to update the product s]qué'é%o%é‘{li\qﬂése.
Alternatively, the output fromthe RTO application, as already discussed in
the context of a reactor such as the riser in an FCC process unit, can be
used as an input to another processing engine that utilizes shadow nodel s
to mmc subsequent refining steps (e.gl4-distillation). 100391 The net hod
descri bed above can be repeated for any nunber of downstreamrefinery
operations. The nature of the process units, or any given w ndow of
refinery opj@0d0] onsThe REG methodpronizies beiter sompdsitivmnl data Farmhodels ofirefiskry

Sui tabl e process _untts,incl ude or _ex le. additio PS. uni t,S,. _yacuum
distillati O?Pemi’io{’%, %ﬁ;%{)ﬁ:;meﬁvgr%’forggp??})ﬂn*mrg%tﬁ y?f@mrté 0 Bini ts,

di still at e dptidwiedtionadfomultiplé anitd iniadefimdrp uginga plane ediden 8 TN thas optimilzescr acker
units, alkylatiaon units, and,isonmeri.zati on units. A. reconciled prediction
of the comBETHR HFORBMS PR AP L meffersr chBhotioh ¥ Jou oitu A
product datgrbéts steams seand froin@ach procapaniat i ons even further downstream WO

2008/ 021218 PCT/ US2007/ 017766 -14 100401 The ROC nethod provi des better
conpositional data for nodels of refinery operations. The ROC nethod al so

pr_o;n des a m]?pprt |m|1a5phh§ em)g:ﬁeﬁga_ d & dwh ; ?{gmm Zant benpaft mﬁgatl pl e
units in arefinery using a w de optim zes ant - e
perfor nance““b%@@lf“ﬁhmf %gﬁﬂﬁﬁﬂmm&ﬁ‘? the g‘FB%ﬁ“'é‘?‘ré%%m%gg' a8 oduct s
streans to gpplicdtionbr eaNdttioh Q€ Rplicktibrs. witdtidthé nE&L for Blumiah entElventiol di@dn St eps
descri bed Fﬁ{)a 028 be perforped autﬂ%tic?lélnz_or, on denmand. | n .ot her

wor ds, eac St tbéfp%PE%'cﬁ'émp@‘?P(?P opf applicatiops. Mpep 51 d &ction
of appl i catin@hen dpetaist}vithtut thesedd for fuRbierhiman imem@niidon or can be perfor ned

by an application or a collection of applications, upon conmand by a human
operator, w thout the need for further human intervention.

[0042) The more frequently the ROC method is performed, the closer the
information obtained by the method comes to being real time information. The
principle limitation on the frequency in which the ROC method can be run is the
frequency in which the on-line analyzers and/or RTOs utilized in the ROC method are
run. For example, if the ROC method uses an RTO that runs once an hour, then the
ROC method can also be run once an hour. If, however, the RTO is run once every two
hours or once every half hour, then frequency the ROC method can be run is doubled or
halved, respectively. The ROC method is preferably run at least once every four hours,

preferably at least once every two hours, more preferably at least once every hour, and
ideally at least once every half hour. The time it takes to run the ROC method itself,
once the necessary inputs arc available, is dependent on the complexity of the shortcut
shadow model reconciliation case, which 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.
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10042] The nore frequently the ROC nethod is perforned, the closer the

information obtained by the nethod cones to being real tinme information. The
principle limtation on the frequency in which the ROC nethod can be run is

the frequency in which the on-line analyzers and/or RTGs utilized in the

'ROC et hod WPE008/03R18 For exanple, if the ROC nmet hod useF@IAHHHEE runs
once an hour, then the ROC nethod can also be run once an hour. If,

however, the RTOis run once every two hours or once every half hour, then

frequency the ROC nmet hod can be run is doubled or halved, respectively. The
ROC nethod is preferably run at | east orge every four hours. preferably at

| east once every two hours, nore preferably at | east once every hour, and
ideally at | east once every half hour. The tinme it takes to run the RCC

met hod itself, once the necessary inputs are available, is dependent on the
conpl exi ty .of _ | _ econciliation case, which could

i ncl ude one5roBEUQUS A dREY o) SHerfe refinery. In the nost conpl ex
case, it should run in under one hour, preferably less than thirty m nutes
and, ideall Nt to twenty mnutes. WD 2008/ 021218 PCT/.US2007/ 017766
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etail ed chenical conposition or streanp in_a refinery, .ingluding

t hose downdhdl PWB"FPGU&“'B@FW%PFB&WI‘&W%‘%"?@T%‘PM%H ein
as the Ri mm&:&bﬁ%&m&a&mbﬂ@mﬁwstm syfibrh i \descFibed hefbsCr i bed
herein wth reference, as aparopriate, tQ FIG, 2, which, proyides %8

i || ust r at i VEthgefarencecas ARpropsia .W%|Mm%w§°mﬂhmewﬁx’m D44] As
set forth itRe dpplications dikeldséd Béreinonponent of a ROC system 2000 is a

dat abase, referred to herein as the ROC dB 210, that stores information for
each of the mmjor refinery streans - although information for virgin crude

oi |" feed ?ﬂ‘é“ﬂ%‘e set Fbith iAlHAE. rzowméecglg t oF Q' ROC! JsRmS2 &' £

dat abase. dB 210 is a read/wite abase that includes a detail ed

conposi t i orfatabascersierred todgrsin as the| ROG (B T4, thag stgres infoppation fopeachnfdhe | o\ and
various bulpajet fefacty Rreifs L Aifoulh HMfofm@ilidf fo Brglft eiida bl f¥ed streams can, but

does not have to be, stored in a separate database. The ROC dB 210 is a read/write
database that includes a detailed composition for each stream as well as temperature,

pressure, mass flow and various bulk stream propertics that cannot be accurately
calculated from composition alone. Preferably, this information is stored on a
dynamically updated basis. The stream data is retrievable from the database with a
unique stream identifier and timestamp associated with each stream.

[0045])  The detailed composition data stored in the ROC dB 210 for each stream is
stored in accordance with a predetermined template (referred to herein as the ROC
superset template) which can be as large 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 represcnteci, 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 moicties (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.



cal cul ated from conposition alone. Preferably, this information is stored on
a dynamcally updated basis. The streamdata is retrievable fromthe
database with a unique streamidentifier and tinmestanp associated with each

stream [00451 The detail ed conposition data stored in ﬁg@%@ﬁg 0 for
each streamP20%8¢t31%d in accordance with a predeternin 2% ref erred

to herein as the ROC superset tenplate) which can be as |large as desired
but nmust be sufficiently detailed to contain every conponent required. by
any application that pulls information fromthe ROC dB 210. The nol ecul ar
data is stored in such a way that eachr¥ntry provides significant sorting

I nformati on about the nol ecule represented, e.g., the nunber and type of
atons (such as the nunber of carbon, oxygen, nitrogen, sulfur and netal
atons) and the nunber, type and | ocation of nolecular noieties (such as the
nunber and ti oPnGdd i €1 | ' y ef ] s~ bonds,
saturated rings an eﬁ%ﬁatur%‘?eg rﬁ%‘g?ac}g%e ergﬁdﬁﬁ%WSﬁﬁg?{gg

tenpl at e clsupersatdemplate (called hedhioa ROSHperseit represantagiop). Faningsangce ghe ROG 00

conponent s SSEQ r Sent 21218
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stored as af thebstesampis, tfe exR@iple,saipaphthn cute thyl strean( oaly| andy have 200 »f RBC
superset r EOht 1 beforeC the I;g % . ri€ etk Rt y
descri be a%grenﬁ’?l re assay f?fgf nEhgc ?‘9‘% conpadnen s@'r%?t ?s case, Fftn?he
stream i s, positivewalus| for the 20 komponents, int the ROT cuperset\iemplaje present A9Ghef t he
conmponent s., Ther efor 6, ¥ "F{(ﬁ | ifl Esﬁg | f"%g.ge Sfetm w | |
list a positl ve&\clla+ue gfﬁ he %g’ggenpcg@ S | r?ﬁ?h%q% S pertset $?d§npl ate
present i n niisdng fomghesteah.a zero val ue for the 9,800 conmponents in the RCC
superset tenplate mssing fromthe stream [0047] Commercial databases such

as Mcrosoft Access and Oracle, when populated with historical information,
can be used0047} he Cobtnercial Idatabakescswch, as MioosofiefAdcesserand | Ordebe swhelat abase

can al so be cr.eat 0048 set. forth in FlG, 2 0 conponent of
the ROC sy &)Btr%a%g\giﬂln éusgor‘-nclﬂ ie"&onna{lon, canq'»e useE as the ROtl'.h B0 rﬁowevrcrep, a

more efficient in-house database can alsoc be created.

[0048]  As set forth in FIG. 2, the second component of the ROC system 2000 is an
application, referred to herein as the ROC property calculator 220, which takes stream
molecular composition and returns streamn bulk property values, such as weight fraction
sulfur ("wtfrac sulfur"). Commercially available software, such as SimSci's ROMeo or
PRO/I and AspenTech's AspenPlus can provide this functionality. As will be
appreciated by those skilled in the art, the interface to the ROC property calculator 220
can vary greatly as it is dependent on the particular coﬁ‘nmrcial or in-house package
selected to make the calculations. In other words, one can calculate properties such as
density or viscosity or cloud point with any of the aforcmentioned commercial
software, or custom software, but the inputs required by the software will vary
depending on the parlicular 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



application, referred to herein as the ROC property cal cul ator 220, which
takes stream nol ecul ar conposition and returns stream bul k property val ues,
such as wei ght fraction sulfur ("wtfrac sulfur"). Commercially avail able
sof twar e, ch as Si s ROVeo or PRO 11 and AspenTech: S can
provi de th| Q{?Pr%? f‘%}ﬁsr ity. As will be appreciated by tﬁ%@géﬁﬁ#% in the
art, the interface to the ROC property cal cul ator 220 can vary greatly as
it is dependent on the particular comercial or in-house package selected
to make the cal culations. In other words, one can cal cul ate properties such
as density or vi scosrty or cloud point 1'ﬂvrth any of the aforenentioned
commercial software, custom software, but the inputs required by the
software wi || _var depend| ng on the particul ar equatlon usedq% t he
conput er prigg éﬁﬂaéo? ek othey, programs f EPgine2  t he
third corrpmsassadr&xmcm AR wudwﬁiemﬁ ot lhteffaces

programm ng interface, referred o herein as the query intertace 230, on a
net wor k 225(*%"%%@%8’@@@@%9?%\@@@@%9‘%0 and the ROC property

cal cul ator 220 for information about a given stream by providing.a unique
streamidentifier and timestanp. Users of the query interface 230 can
i ncl ude WO H0058] 0214 figst foxtios 1g0 2A b Reomplishedithrdugh theajueryliosrface2B00sher

programnms 203 ' ' | Oy g Bg? e@glg | el ow.
The query iﬁ'?gpfd‘agclg"g g%%%%k?%{ilgggg{’ W th other |ﬁstz%r=§]gn§ie;§§€%;%§m in
FIG 2) or 2 sThainformation detrigyrsl mlumdefothhohmleMmaﬁd byt
function th h :ggg ;pﬁ ohnterface 230 is sinply
the retri evﬁp 8‘@32’%?%@?&%@% [ on‘gi er s ream data stored in the
ROC dB 210. The information retrieved can be used, for exanple, by plant

hi stori ans y pI| LN at ] ni t
oper ati on. @géﬁ coéln?iﬁ'f]un& Y’hgp&fnng? can ‘g)ségh Wgﬁe fyhﬁ'%%gancgt he
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210, such as%v%)gﬂ'ﬁ? per é“%%n ?m 39°r°§ ﬁ’% pr ope?’%‘ wfgh{ 220.

For exanpl teﬂﬁ!r.uslelheC&GCrmW mclﬂubkzzo For example, a user can request a bulk
stream property such as octane for a given strcam (e.g., a reformate stream) over a

given period of time (e.g., a three month period). To perform this purpose, the query
interface 230 first obtains the stream compositions over the given time period from the
ROC dB 210 and then obtains the requested property for the stream compositions from
the ROC property calculator 220.

[0052] A third function that can be accomplished through the query interface 230
is to convert a detailed stream composition in the ROC dB 210 into lumped component
slates. For example, a user can convert a stream composition in the ROC dB 210 into
lumped component slates to run an FCC process model. 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 model. The query interface 230 provides this functionality. A scparate
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 siate.

[0053]) As set forth in FIG. 2, the fourth component of the ROC systemn 2000 is a
second network service programming interface, referred to herein as the expansion



stream property such as octane for a given stream(e.g., a reformats stream
over a given period of tine (e.g., a three nonth period). To performthis
purpose, the query interface 230 first obtains the stream conpositions over
the given tinme period fromthe ROC dB 210 and then obt uest ed
‘property foY0eWEE2am conmpositions from the ROC propg#?ﬁjs%@ﬁgﬁl?%tor 220.
(0052] Athird function that can be acconplished through the query interface
230 is to convert a detailed streamconposition in the ROC dB 210 into
| unped conponent slates. For exanple, a user can convert a stream
conposition in the ROC dB 210 into | urk8ed conponent slates to run an FCC
process nmodel. In general, to run an FCC process nodel, the detailed
conposition in the ROC dB 210, which contains thousands- of conponents, rrust
be mapped imerface I @r”é'&%éd“ﬂu?ﬁp@op%ﬂ'ﬂﬁo%to sxpand, pederilvep, ﬂt!‘}mPWe
nodel . The fgge ﬂj%ﬂ'e ngl i tay
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ROC syst errbﬁlow mmmmmmbcw!w etherrigterfaces (showm iy ef err ed
to herein t qﬁé‘;@%]( 82007/017766 -18 interface
240, to al o?v a user on a net Séindiibre 0 expa or de-lunp, a |unped

conponent slate (i.e., |unped stream corrp05|t|on) to provide a ROC superset

r epr esent atg of e m. t he Sl on .ot C 4 n be
i ndi vi dual lbégz}'dSA f)[?me %%"(ri' N m%sz&f'ﬁ 'ﬂ"% e prgggr‘gﬂ%aﬁ %"%%0%
eng| ne 270skitesonghatts freinow. mibldelingx pppliviaton,i sichr hsice réxd Otimenofitgnizatiangr at ed
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(not shown € expansi on |nterface necéssary, 1or Vst ance,
when a conpamporient smmgmmwmwmaapﬂhmawlmﬂs dgfithe as a

rR(GJ?Jl del rzrﬁo?‘iout runsdz?agv\er dr&‘n@ﬁf‘h 2 ar ac erl zaz‘?ﬁ'ons ﬁ%suggfset
tenpl at e. Hata@biénedwillaso bé luniped and, in order to put the product stream data into the
ROC dB 214, the product stream data needs to be delumped. For example, components
have to be lumped for an FCC real time optimization model based on a 1,000
components that draws from a ROC dB 210 that characterizes 10,000 components.
Therefore, to put molecular component data on a product strcam obtained from the
FCC model into the ROC dB 210, assuming the FCC model itself does not have
suitable delumping capability, the product stream information from the FCC model has
to be delumped.

[0055) A separate interface call must be written for cach lumped component slate
to expand the model product streams 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



feed streamdata is lunped, e.g., by the query interface 230, then any
product stream data obtained will also be |unped and, in order to put the
product streamdata into the ROC dB 210, the product stream data needs to

be del unped. For exanple, conponents have to be lunped for an FCC real tinme
optim zat i oo 8sed on a 1,000 conponents that dr HYFPEHYBOC dB 210
that characterizes 10,000 conponents. Therefore, to put nol ecul ar conponent
data on a product stream obtained fromthe FCC nodel into the ROC dB 210,
assum ng the FCC nodel itself does not have suitable del unping capability,

t he product streaminformation fromthel9sCC nodel has to be del unped.

[ 0055] A separate interface call nust be witten for each | unped conponent
slate to expand the nodel product streans to a nore detailed conposition.
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to expand tway tol penfoam thy fuficiién < ancp basically sévetses e lagiRdl tise glgaorithin used to
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However, 806 t hat require little lunmping of Iighter conponents
and, since an FCC cracks heavier conponents into |ighter conponents, any

Foed.  Tor APBSE] 7 s e i o BEG 10 o popmonten o b ROKL el 2B o

product CONRRRG nktwdik Seivick Proge@hmingaih@efach, refeired/ tof KepéTh as deﬁ?phmnmeuper set

Gt cams. o ASba it lows ysrs on o neEvink 135,18 mah 25 2oty SELle GoPEORR B | he
function - ROQ shpeaict niplaté.cUsérs OF thelitappii ifiteifice 150 cah Be individuals 205A er
programs 205B - including the programs in the ROC engine 270 discussed below. The
mapping interface 250 can be integrated with other interfaces (shown in FIG. 2) or
exist as a standalone interface (not shown).

[0057}]  The mapping interface 250 is most often necessary when an entirely new
crude oil feed is introduced to the refinery. For example, if an arbitrary crude assay has
10,100 components, and the ROC superset template only maps 10,000 components,
then an application program in the mapping interface 250 lumps the extra components
in the assay to conform with the ROC superset template. In other words, any
components in the 10,100 components that are not matched in the 10,000 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,
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. Prcferably, the mapping interface 250 uscs a process called
“structure oriented lumping.” (See, e.g., Quann, RJ, Jaffe SB, Structure-oriented



lunp the feed streans. [0056] As set forth in FIG 2, the fifth conponent of
the ROC system 2000 is a third network service programm ng interface,
referred to herein as a nmapping interface 250, that allows users on a
network 225 to nmap an arbitrary detail ed conposition to the ROC superset
tenpl ate. Ué’@rzg"ﬁéigutlﬁe mappi ng i nterface 250 can be i ndi V' @EIYOITEN or
prograns 205B - including the prograns in the ROC engine 270 di scussed

bel ow. The mapping interface 250 can be integrated with other interfaces
(shown in FIG 2) or exist as a standalone interface (not shown). [00571
The mapping interface 250 is nost oftemoecessary when an entirely new
crude oil feed is introduced to the refinery. For exanple, if an arbitrary
crude assay has 10, 100 conponents, and the ROC superset tenplate only naps
10, 000 conpampitigs, detcridinga theapiginistit iof ofiplyy Aydrocarbive miktubés) J&EQ Bes ace 250
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interface Jdeptifichand timesiamps Prefembly, the popylation intesface 360 is only Falled by these o
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is incorporated herein by reference.) [0058) As set forth in FIG 2, the

si xth conponent of the ROC system 2000 is a fourth network service -

pr ogr ammi nd0PAfker f Fow exaraple vsing thoRAE method.a REQ osshasdox medel formpspessee 260,
to all ow USEKS uliRg the \Qleip idterdace 330 daf PulidhfonhBfor of it compbsitioh bf a feed

stream from the ROC dB 210 once an hour using a unique stream identifier and
timestamp. The RTO or shadow model then runs a prediction of product streams from
the refinery which, in accordance with the ROC method, is reconciled with other
models and data on actual product stream properties., The population interface 260 is
used to push this reconciled product stream data into the ROC dB 210 using a unique
stream identifier and time stamp. The ROC dB 210 thercby contains dynamically
updated information on the composition of product streams flowing from the process
unit.

[0060]} As set forth in FIG. 2, the seventh component of the ROC system 2000 is
an application, referred to herein as the ROC engine 270, which antomatically
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 Ri -Lin siti Engine

R Engine Generall



detailed product stream conposition data and other data with a uni que
product stream identifier and tinmestanp. Preferably, the popul ation
interface 260 is only called by the ROC engine 270 (discussed bel ow). The

popul ation | f 260 can be integrated wth other

shown) or e‘%ﬁ?ﬁ({sgg&i’g standal one interface (shown in FI G’Q}Zr?ﬁsfze@@%’gé? For
exanpl e, using the ROC nethod, a RTO or shadow nodel for a process wunit,
using the query interface 230 can pull information on the conposition of a
feed streamfromthe ROC dB 210 once an hour using a unique stream
identifier and tinmestanp. The RTO or -2ladow nodel then runs a prediction of
product streans from the refinery which, in accordance with the ROC net hod,
is reconciled with other nodels and data on actual product stream
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Oracle dB. The tcconcllod pmduct stream composition is then available for other

purposes, such as usc in molecular component models of procecsses that occur
downstream of the process unit.

[0062] The ROC engine 270 is built on a commercially available platform, such as
SimSci’'s ROMeo or AspenTech's AspenPlus. The ROC engine 270 contains, or is in
communication with, a program that models a process unit - which may be an RTO for
the process unit, other ROC engines, a process health monitoring tool, database of
historical plant measurements and lab analyses, or a combination thereof. The 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



reci pe, and tracks the nol ecul es through the unit operations by m xing,
splitting, and cutting streans and stream conponents in a manner that

provi des a best match to either neasured refinery stream properties or
stream properties . froman on-line RTO Since the ROC Engi zﬁ Ls built
wth comrerQY:(?éqof’@%}nﬁVai | abl e software, comuni cations bgg\l%/@g%\o% g 1e7lm§n-l I ne
RTO, | ab, and on-line neasurenents are avail able through various neans, the
nost comon bei ng comrerci al dat abases such as Honeywell's PhD or Oacle
dB. The reconcil ed product stream conposition is then available for other
pur poses, such as use in nol ecul ar com@dnent nodel s of processes that occur
downstream of the process unit. 100621 The ROC engine 270 is built on a

comercially available platform such as SinBci's ROVMeo or AspenTech's
AspenPl us. npmberruisteeays Withoh09'scas 1080's of compenentsy Incoptrast themodels\ipthe o
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hi st ori cal cpPaatonse Jaking advantageef thisisinaplifiegsonstrust, custemmpdals arsbuithier eof .
The ROC  engithit, &hfllaR fiBhe &S fle! coninrbill SiarGss BRicSolaES hilSRa splifiek bel ow)

that nodel © rel evant upstream processing, such as streamnergers, stream
splits andmedrisowitheut thayarrespongding therprodynamip equion® sour ce, ni xer, and
splitter nodels provided by the comercial platforns. 10063] All sections
of the ROC Engine 270 utilize a ROC superset representation of each slate

as wel | as[0064) pr TpeROC engincdpplication cpa bé trigeertddy antoenakicillyRun basedyon

Cal cul at or [ 9{! S (iﬁz% gg j eTﬁgE ?H

tenpl ate Bgé%ﬂ%{e?gspwemgse 0 &%%?‘cal s rg m m%éel%l cons rﬁ@ﬁﬁﬁ)l oyed
i(n pl at f or part oficommsrcigiynsvailatie RDKeplatfermis pethe ROC Engieaaiba setup to nmher

wor ds, the ' nStr mﬁgh'ﬂ BFQB r 8t A

cal cul ati orﬁ';s'ﬂtﬁ%t%"g':easn%(ﬁgg}é’ SO vecfaﬁ%%é ar‘é‘ée@%bzggs%@%‘% ¢

PCTI US2007 ¢8inaté 6f stre@th compuiition afid bulk@anlitiesi t h 100' s or 1000' s of
conponents. In contrast, the nodels in the ROC engine 270 are nol ecul ar

accounting tools that don't require thernodynam c cal cul ati ons. Taki ng
advant age (8065)i s Sbrjphusly] the ezmn astureodf, the ROCHengive290sfop eachlprodess it or

group of process units will vary depending on the exact nature of the process unit or
units being modeled. Therefore, for the purposes of further illustration, a ROC engine
270 for a typical APS wunit, which is a process unit common to every refinery, is
described below.

Itlustrative APS ROC Engine

[0066) FIG. 3 describes a typical APS 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, kcrosene/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 8 number of modules. These
and other modules are discussed below.



performsimlar functions to the comercial platforns' basic source, mx and _
splitter nodels, wthout the correspondi ng thernodynam c equations. [0064]
The ROCC engi ne application can be triggered to automatically run based on
‘events such_as the successful conpletion of an RTO syst S
functional iW) #8023+ of commrercially available RTO pl }@rﬁ}lﬁ%ﬁmy_gp&t he ROC
Engi ne can be setup to run nultiple tines a day to automatically popul ate
the ROC dB with the nost recent estimte of stream conposition and bul k
qualities. [00651 Qoviously, the exact nature of the ROC engine 270 for each
process unit or group of process unit®3will vary depending on the exact
nature of the process unit or units being nodeled. Therefore, for the
pur poses of further illustration, a ROC engine 270 for a typical APS unit,
which is a process unit conmon to every refinery, is described bel ow
I'llustrati m&P;@;@@oE&?gﬂ&léwgﬁﬁmS descri bes a typical APS system
3000. In F : ree tanks, nanmely Tank 301, Tank 302 and Tank 303
provi de individual or m xed feed streans to an APS tower 310. The APS tower
310 then c (ﬁﬁ]he tﬁg@.ﬁg ih |y plrex . gaﬁﬁ fectesr gsene/ | et
fuel 340, F‘lsg gagﬁgi 35 an_dhregﬁfuggg.g ?ﬁ%%l 4b€rl qg‘t rat e@st he
i nt err el at bimanb Sesccontainimgodrsailed ¢mde pssapTRQDsitenyi(net 400@0 in G o) r ack
t he detail L b {‘gﬁi@ égﬁﬁ 310 in
FIG 3. AP@M&%’#%B%‘%EW |seé9gaﬁgsn%3§ﬁ%gglrlr%g§ es. lf&ese artd ot her
modul es ar erude assay dwik proiperties dt zedtn d2 ralcalard e 1be eomposiden usiag ther ude
Assay Conpg#Hd | i %Hgé;]‘ LS | I cal
APS ROC eng“?#ebﬁ’w ?gEgQ@gPpg%Ei’ gﬁe?%{t | na?L?ﬁ?IH eg' c%?glhm hgﬁ%%t%l:lol ed
crude assaygreatsdpsiop aivaique idantifichfonmadheride@ssay) whichmblows the ashay da@Cosheper set
tenpl ate a a lghe&aC kd biﬂ@lﬁ@iﬂrﬁfﬁ C 5\ttt clggydgsfsay
bul k prope?ﬁqﬁg‘}seht ﬂg'tn g%ﬁ#(‘)t %gﬁgbé‘lﬂghl ated fro t'l”cue COh‘pOglntqi on using the
ROC pr oper tgmpesitian istroferred 1§ dergin aswe RGKE assay, Sld. o Eagh Yindry dlrccontainingse bi nary
files are crge assay bulk property is referred to herein as a ROC bulk property file. A

conventional crude assay library can be formatted in this matter to avoid the need to

create and populate a separate database.

ROC Component Property Repository

[0069] The second module in a typical APS ROC engine 4000 is a ROC
component property repository (not shown in FIG. 4). Many custom models within an
APS ROC engine 4000 may require properties for each component in the ROC superset
representation of the feed stream, such as normal boiling point (NBP), specific gravity
(SPGR), and molecular weight (MW). These properties are stored 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 xﬁaintenance, 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.



created using a unique identifier for each crude assay, which allows the
assay data to be retrieved fromthe files efficiently. Each binary file
containing a crude assay conposition is referred to herein as a ROC assay

file. Each binary file containing a° crude assay bul k I eferred
‘to herein %O &‘ﬁé@ Bl k property file. A conventional %F%z@s@g@ﬁ i brary

can be formatted in this matter to avoid the need to create and popul ate a
separ at e dat abase. ROC Conponent Property Reoositorv 100691 The second
nodul e in a typical APS ROC engi ne 4000 is a ROC conponent property
repository (not shown in FIG 4). Many-2dustom nodels within an APS RCC
engi ne 4000 may require properties for each conponent in the ROC superset
representation of the feed stream such as nornal boiling point (NBP),
speci fi ¢ glaskModel SPGR), and nol ecul ar weight (MN. These properties are
stored for each conponent in the ROC superset tenplate (e.g., if the ROC
superset tenplate characterizes 10,000 conponents, then these properties
will be det[ﬂﬂm]nedmadnﬂmbddeﬁmatﬁﬁcﬂiKHSRoe dgir2CID00 doapemkaméde].. Fépr ease

of mai nt enance Ls..des ave o one C of .th nt.
properties e?‘?f”?lﬁe ny ga‘i‘f‘ gﬁlse#?g; E‘P 3% %8?'08@??’?
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e Cormos RS 00 FRIFalaKE e i TR, f O SRR HAJEPES RO ang
403 blending the composition of each crude oil in the tank by the weights provided in the

crude recipe. The output of the model is the component weight fractions of the blend.

In addition, this model contains the stream mass flow, which can be provided directly

through on-line measurement or indirectly through an RTO for the APS unit that

communicates with an on-line analyzer.

Source Model

[0071) The fourth module in a typical APS ROC cnginc 4000 is a called a source
model (not shown in FIG. 4). The purpose of the source model is to mimic process
streams other than virgin crude stored in the tanks, Process strcams 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



in FIG 4 represent the crude oil feed in each of tanks 301, 302 and 303,
respectively, of the APS system 3000 in FIG 3. The tank nodel input is the
crude recipe (i.e., the weight fraction of each crude present in the tank
and its corresponding assay identifier). During initialization each tank
‘model readsVPR @?'&6@ assay conposition fromthe ROC as"EﬁSﬁ?"P@"&ﬁ

cal cul ates the tank conposition as a ROC superset representation by

bl endi ng the conposition of each crude oil in the tank by the weights
provided in the crude recipe. The output of the nodel is the conponent
wei ght fractions of the blend. |In addi?bi-on, this nodel contains the stream

mass flow, which can be provided directly through on-line neasurenent or
indirectly through an RTO for the APS unit that communicates with an
on-1ine angrovided bySeithera diregt mcpggement Oh an foptlineHRFQwS the atmaespherisi gude APS ROC
engi ne 400Q;d-5 d,c@; a source nodel (not shown in FIG 4). The purpose
of the source ) I'S to mnmc process streans other than virgin crude
stored in the tanks. Process streans other than virgin crude are also

pot enti al ﬁrt%%%t he at nospheric crude distillation tower, such as
recycl e st I nported feeds for which detail ed assay data isn't

provided. The detailed ROC superset representation of the conposition of
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is called
distillation column 310. The mixer model input is the mass flow and composition in

weight fraction for one or more streams. This model blends the composition by weight,
and its output is the mass flow and composition in weight fraction of the blended
product stream. The mixer model employs the following formula:
Weight Fraction component (i) = 3 weightfraction(i, j) * MassFlow( )
o
where i equals the component and j equals | to n feed streams.

Splitter Model

[0073] - The sixth module in a typical APS ROC c:iginc 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



nodel . The purpose of the m xer nodel is to mimc the blending of different
streans. A ROC engine may have nultiple m xer nodels dependi ng on the
nunber of mxing points in the process being nodel ed. For exanple, in FIG
4, the APS ROC engi ne 4000 contains a single mxer nodel 410. The single
‘m xer nodelW2MBERIEs the stream flowing fromthe poi FCTHISIHE ¢ hree
feeds fromtanks 301, 302 and 303 in the APS system 3000 of FIG 4 conbine
to create a total feed for the atnospheric distillation colum 310. The

m xer nodel input is the mass flow and conposition in weight fraction for
one or nore streans. This nodel bl ends26ke conposition by weight, and its
output is the mass flow and conposition in weight fraction of the bl ended
product stream The m xer nodel enploys the follow ng formula: Wi ght
Fracti on cd&owenenFIG: 3 represcyisiafrelativély sinople APS dﬁignFIIbis(q‘o) unysivek for suchqual s

t he conpon n Q! w Model [0073] The
sixth mduﬁ@iw%%ﬁiﬁaﬁg en@?’r‘@sﬁ%gﬁl S C a splitter nodel.
The purpose of the splitter nodel is to mimc a point where a given stream
splltsmt tip streans W hou der i n ach e in.copposition. In
ot her 411" I bR St St oand N P P RYSE P by,

reaches a meﬁoraaﬂﬂﬁphlasumtmdtemmermmrﬁdmnﬁss(ﬂog of HW gﬁﬂacu n one
direction and the_ renajnder S in no direction) and.n e |n
corrpositioﬁ"‘ﬁ'f‘??e?weé%‘“{‘f@e\ff?g iﬂ’ ‘g&f’ @ P "m W@“FFE&P
splitter mﬁah&tﬂﬂma@d split tritivs od prodactahass{flows. mrample,nnﬁselqwmess

bei ng m)de SPW en é,n 000 in FIG 4 does not show a splitter
model beca ﬁﬂlﬁ "'gﬁ K ?“B’g PPN the APS system 3000 of FIG 3. WD
20081021218 PCTM&@BWMY:@@) 1@&Mﬂ*$nm&swaynts a relatively
si nmpl e APS e5| IS no unusual or Its to oc stream from
the APS in |ll o g’“r?fel"gﬂ %Hf’%f)&ﬂ@fer nmodel

is the rrass.:fchqw awgemeﬁpésnﬁﬂh b&ﬂﬁlwbm&&ﬁﬁfdaﬂnc@ﬁpédmusrihe&mgﬁtr eam and
either the _split, ratio ss flow of " R roduct streans. The nodel

output is s sayal 81“‘ %’a["é'ﬂ‘pﬂ?'Bﬂ'ﬁt"t 085 cal cul ated from

Component Splitter ]

[0075] A seventh module in a typical APS ROC engine 4000 is called the
component splitter model. The purpose of the component splitter model is to mimic a
point (e.g., at a stripper) where sclected components (e.g., water or H,S) are split out of
a stream so that the stream undergoes a change in composition. An APS ROC engine
4000 may have multiple component splitter models depending on the number of
component split points in the process being modeled. The APS ROC Engine 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 corfxponent 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 ﬁ'c;m the main
stream, and the second containing the remaining components. The component mass



the inlet mass flow and split ratios or product mass flows. For exanple,
mass flow can be calculated by the follow ng formula: Mass Flow Stream (i)
- Inlet Mass Flow Split Ratio Stream (i) where i equals | to n and n

represents \%’gﬁ“‘g’zﬂg{ﬁé of product streans off the splittq;mmé'gﬁ&%??ér)achange

I n conposit t he product stream conpositions in wel ction
Is equal to the inlet conposition in weight fraction. Conponent Solitter
Model [0075] A seventh nodule in a typical APS ROC engi ne 4000 is called the
conponent splitter nodel. The purpose of the conponent splitter nodel is to
mmc a point (e.g., at a stripper) wdhre sel ected conponents (e.g., water
or H2S) are split out of a streamso that the stream undergoes a change in
conposition. An APS ROC engi ne 4000 may have mnultiple conponent splitt.er..
nodel s depdletisnig the firstestreambare calculatedripdhe delloying masoenh from thetiplet prastess

bei ng rmdelﬂg)e’%ﬂﬁﬁg&%@ﬂg%&%%pmw FIG 4 does not show a conponent

splitter no ecause no suc occurs in the APS System 3000 of FIG
3. However, FMass BloveGiompehts(lolet Mass iFlaw)yx (Inlet) WikmsCompsi)gh (Split Frac not
unusual for onent splits to occur upstreamfromthe APS in nore

conpl i cat e&: s@sﬁems. [0076] The input to each conponent splitter nodel is
the mass f Iwheramcqualenpdsint anshnj sepres¢ngsh thef nembéroof tfe ploduitnstesamst r Then  and
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are to be delsmemated fromthe inlet stream This nodel has two outlet
streans, one containing the conponents to be separated fromthe main
stream and the second containing the remai ni ng conponents. The conponent
mass WO 20t Model 8 PCT/ US2007/ 017766 -27 flows in the first streamare
calculated in the foll owi ng manner fromthe inlet mass flow, conposition,
and conponent split ratio: Mass Flow Conp i = (Inlet Mass Flow) x (Inlet
W frac Cond0077ix ( Jbkidighth asodul@ ixp ai fypical APS ROC Engine 4000 is called a cut

model. The purpose of the cut model is to mimic the behavior of the distillation
column or flash drum. A ROC engine may have multiple cut models depending on the
number of cuts in the process being modeled. For example, in FIG. 4, the APS ROC
Engine 4000 uses cut models 421, 422, 423 and 424 to mimic the cuts made in the APS
system 3000 of FIG. 3 by the distillation unit 310. Cut model 421 mimics the resid cut,
whose residue is the resid stream 360 in FIG. 3. Cut model 422 mimics the light gas
0i] cut, whose residue is the light gas oil stream 350 in FIG. 3. Cut model 423 mimics
the kerosene/jet oil cut, whose residue is the kerosene/jet oil stream 340 in FIG. 3. Cut
model 424 mimics the naphtha cut, whose residue is the naphtha stream 330 in FIG. 3
and whose precipitate is the fuel gas strcam 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 streamns. 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.), edited by Perry, R.H. and Green, D.W., McGraw-Hill (1997), the



where i equals | to n and n represents the nunber of the product streans.
The conposition and mass flow of the second product streamis cal cul ated
via mass bal ance. Cut Model [00771 The eighth nodule in a typical APS ROC

Engine 4000 is called a cut nodel. The purpose of the cut de] [s to mmc
the behavi oA i stillation colum or flash drum %ﬁ%‘“é"%”ﬂ‘d?ﬁ% may

have multiple cut nodel s depending on the nunber of cuts in the process

bei ng nodel ed. For exanple, in FIG 4, the APS ROC Engi ne 4000 uses cut
nodel s 421, 422, 423 and 424 to mimc the cuts made in the APS system 3000
of FIG 3 by the distillation unit 310-28ut nodel 421 minmics the resid cut,
whose residue is the resid stream360 in FIG 3. Cut nodel 422 mmcs the
light gas oil cut, whose residue is the light gas oil stream 350 in FIG 3.
Cut nodel 42giraty of whichiis bergby incotperatest byoreferenge, Thistesare hwg parametess inthe
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t he model. The purpose of the analyzer model is to mimic bulk properties. For example,

the ROC engine, by and large, uses weight percent and mass flows. However, one may

need to calculate a volumetric flow to reconcile data obtained from an RTO application.

The analyzer model can be configured to calculate bulk properties such as volumetric

flow at standard conditions and distillations. (See, e.g., ASTM D2887, D86, D1160,

and D6352) A ROC engine may have multiple analyzer models depending on the

number and type of conversions that need to be made. For example, in the APS ROC

engine 4000 in FIG. 4, for each cut generated by each cut model (421, 422, 423 and

424) there is also an analyzer model (431, 432, 433, 434 and 435) that decrives mass

flow and distillation values for the cuts. This information is then used in a reconcile

case (discussed 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



conponent that will partition equally between the overhead and bottons
product stream The second paraneter, called the "Nnf, refers to the

m ni rum nunber of theoretical stages and determ nes the effici ency of the
cut. The Nmnethod, as well as all other shortcut distil %ﬁlon thods

estimtes tWQ2PERIIBL of each conponent in the over heddHr et 8 r eam

The fraction of each conponent in the bottons product streamis then
calculated to satisfy the material bal ance. Anal yzer Moddel [0079] The ninth
nodule in a typical APS ROC engine 4000 is called an anal yzer nodel. The
pur pose of the analyzer nodel is to m489 bul k properties. For exanple, the
ROC engi ne, by and | arge, uses wei ght percent and mass fl ows. However, one
may need to calculate a volunetric flowto reconcile data obtained from an
RTO appl i catvaitable inlkigs anvalel st arenigipicalbyanotomessoreidi purcbiderios. e fllawdngul k

properties I ' . r G.condi ti ons and

distillati ofr313 "h?%% w&‘“&“’“’k@?ﬂ%”&@%ﬁ%‘%@ and D6352.) A ROC engi ne
may have mul ti plldqudsl yzerValFtbey s Miesp Eloow/Bgeamn SPGR  nunber and type of
conversi ons that,need to engi ne 4000
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there is aI so an anal yzer nodel 1, 432, 433, 434 and 435') t hat derives
mass f1 owSE cwsam SRORS eavals JU 1 brelghtEaction§) / SRGR(] ang; Stveam MW" ¢ hen

used in a reconC| I e case (discusséd bel ow) between the APS ROC engi ne 4000
and data obt ai n'edlirom a real tinme optimzation appl i cation for the

at nospher i ¢qual8 11/ abwedghtfactioh/ A6(NIrandicequalpd oy wherspds Ge mamber of [ 0080)

I nputs to each anal yzer nodel are the nmass flow and stream conposition in

vyel ght fr acbinpbnerkiliRREOROIC supeRerttmplatelsed i n the bul k property cal cul ations
are obtained fromthe ROC conponent property repository. Each anal yzer
nodel nust be configured to specify the streamas either liquid or vapor

e 1 or O Tt 2o
OWS or m xe ase Sstreans are no -
avai | abl e iAmpRfiionapd compepext NBP, (peasyred, in arcordanes with 4 # ?#él D36 The

fol l ow ng DI1160, or D6352). For purposes of an analyzer model in the APS ROC Engine 4000,
the distillation points are calculated at fixed weight, or volume, pércents (0.5%, 5%,
10%, 30%, 50%, 70%, 90%, 95%, and 99.5%). Several commercially-available
products can be used to calculate ASTM distillations from cr‘)mposition,-such as
SimSci's PRO/II. The analyzer model can either call one of these commercially-
available packages directly, or contain its own algorithm for more efficient
calculations. The algorithm should include a calculation of the stream true boiling
point curve (TBP) by weight. A TBP by weight provides the temperatures at which the
specified sample weight percent is in the vapor phase at 1 atmosphere pressure. The
TBP by weight is calculated from the components' NBP and weight fraction by
ordering the components by ascending NBP. The cumulative weight percent is
calculated for each component, and the temperature ;:omsponding 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 comesponding 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
dc:termine how much of a component boils between the start of its component boiling



formul ae for calculating the volunetric flows can be utilized: Liquids: Vol
Fl ow = Mass Fl ow Stream SPGR Vapor: Vol Flow = Mass Flow Std Mol ar

Vol une/ St ream MWV where "Stream SPGR' equals 1/ (E [weigiafraction(i)l SPGR(i)]
and "Strea v jghtfractio(i)/MNi)] and i equals nis

t he nunberr{gwog‘gt;}a s 1/ F conponents in the ROC supersetjf'cﬁgﬁp 0;)9@.%6[60081]
The streamdistillations can be nodeled directly fromthe stream
conposition and conponent NBP (measured in accordance with ASTM D2887, D86,
D 160, or D6352). For purposes of an anal yzer nodel in the APS ROC Engi ne
4000, the distillation points are calt¥-ated at fixed weight, or vol une,
percents (0.5% 5% 10% 30% 50% 70% 90"/% 95% and 99.5% . Several

comerci al | y-avai,l abl e roducts can,be used.to cal cul ate, ASTM disti]|l ations
from conpodPtacdtd adermperaly ‘SF‘PC?BC'FS@_‘ ge- qﬁ#?eT%ﬁwa ¢ cony t her
cal | one ofto ithe sifose® NSTM idishillitiorPinethodd | Chaptie Basake P ETdchiical Matsdkai N its
own al gorithmfor nore efficient _calculations. The al m shoul d_i ncl ude

orit
a cal cul at iryRlighed (hyothe; Amsrican, Petralenm jInstitute, 5th; ed. (Max ’?’P%P) HeotEhgpt . A TBP
by wei ght RiiGyH 4€ heteb§ ﬁ%ﬁefﬁmb?sreﬁm%' phovidi8 the P&fulaliorid ash dglarii ght
percent is in the vapor phase at | _ at rmsp’here pressure. The TBP by wei ght
i s cal cul atnesEssery ie eqnvert 3 ki by, weighthjomny of theabgys ABTMmEAdSy  or dering t he
conponents by ascendi ng NBP. The cunul ati ve wei ght percent is cal cul ated
for each caonponent, and the tenperature corresponding to the desired
" per cent ofBQCHBSigk| above is stored. If the desired wei ght percent in the
vapor phase points fall between conponent cunul ative wei ghts, the
correspondi ng TBP is obtained by linearly interpolating between the
conponent NB&%@] Foﬂ"’st‘%l?@dmct'haé)@%m RAGEngne A0 insalled the RAC AR ge

material (<ikGR5del (dbt SRdwn SEIAG. HY ThE GRficsd BT R RUC dBMMOMead! i@ dlichg W dt hs

is required to accurately estimte the TBP tenperatures. This algorithmis

nuch nore dosputastionzed individuab gy program); g vpdate the ROE & after 1bey ROC engine over
the same tGHREMAiHEC 4GRS moSa IS bifiled fofary Ut Wit id pdptiatdifie ROEEBUMTE TO
determ ne how nuch of a conponent boils between the stﬂg?t of ?t S _conponent
boi | i ng After each successful ROC engine solution, the mass flow, composition, and bulk
properties of interest are written to the ROC dB for some streams. The ROC dB sink
model performs this function, using the population interface 60. This model must be

configured with a unique ROC dB strcam identifier and time stamp for each stream.

The ROC Engine Reconcile Case

[0083]) The modules discussed above are the building blocks of the APS ROC
engine 4000. When combined in the correct sequence, they can be used as a molecular
accounting tool to track individual molecules throughout a given window of refinery
operations including the APS 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 mode) 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



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
distillation nmethod. Chapter 3 of the APl Techni cal Databook, published by

‘the Aneri cw%g@%{g?lléfsum Institute, 5th ed. (May 1992), t.'i"ETﬁﬁﬁdoyﬁf YecOf  Which

I's hereby i ed by reference, provides the equations an I agr anms
necessary to convert a TBP by weight to any of the above ASTM net hods. ROC
dB Sink [00821 The tenth nodule in a typical APS ROC Engi ne 4000 is called
the ROC dB sink nodel (not shown in FLG 4). The purpose of the ROC dB sink
nodel is to allow a user (authori zed-Bhdi vi dual or program to update the
ROC dB after the ROC engine runs. The ROC dB sink nodel is utilized for any
stream used to ,popul ate the dB.., After each successf|id ROC engine
solution, ¥ s““F'ﬁﬁv," UBYSH o Ihe jvglye of these, model mﬁm@'ﬁmm@%t are
witten tomoliRuidemodBtd Rid thedilph thd adess udile ROC dB sink nodel perforns this
function, using the population interface 60. This nodel nust be configured

with a unique ROC dB streamidentifier and time stanp for each stream The

ROC Engi ne}dm nCi b {cinfertil) RFO ﬁiﬁfoﬁﬁﬁglggﬁdcdh Hethatisin A Qofhpafe molel

bui | di ng bl ockS of the APS ROC engine 4 . When conbined in the correct

sequence, Vainblesate plany segsurementsp| Bhig |fupctionelity st prayided gia mepagyrempnt

| ndi vi dual 1EF abddCao Mo [MVAYIRY, HEOSIEY A BIREVaHabeNS
i ncluding t ea%g’gugﬁit 310. %ﬂ?’éed conﬁy@ﬁoﬁag‘?%yﬁe&ﬂm n% gf t he

refinery olfesagh meamromprionedel issaloplated o sepresent the didferernel betwesy the sand 402)

and sour cg RS SuddHAShe HoB8WalueSt reams are then split, mxed, and cut to
mmc the separations perﬁ"(r)rneugi as the stream goes to and through the APS

nit 310. The nodels nove the nol ecules within and between the streans

based on fj ar I ' ' ] bl Bl ie@M i Nt O
two or mrﬁ%&guc%mﬁsﬂ;gg&é%oﬁn sp |‘{£Pq€tlgflﬁ§§+{’§§&g’ge%9tcﬁe cor}gonent

splitter npldbrm ¥heonnect the dnpiuts frar n-lineanalya@sdabl anslyges, BEQaystems: dnd

case of 't nESRRSEEtholt fo MPROTCHigid Shiamdl P BBbfE, 29EMG hem 4 T

f act or, orprovide mass flows and TBP distillations for all of the ROC model product streams. If
no RTO system is available, lab analyses can provide TBP or other distillations for
some, or all, of the product streams. On-line flow measurements are typically available
for most refinery streams. The values of thesc inputs are the "plant" values in the
measurement models in the ROC engine, which are connected to the appropriate ROC
models. For example, in the APS ROC enginc 4000 of FIG. 4, mecasurement models
441, 442, 443, 444 and 445 reconcile data from the real time optimization application
for the disﬁliation column 310 in FIG. 3 with data predicted by the cut models 421,
422, 423 and 424, respectively, as converted to comparable values by the analyzer
models 431, 432, 433, 434 and 4385, respectively.

[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 bies 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



WO 2008/ 021218 PCTI US2007/ 017766 -31 theoretical nunber of trays. The val ue
of these nodel paraneters determ ne how the nolecules nove to and through
the process unit. (0084] Al comercial RTO platfornms provide a mechanismto

conpare mici‘gbr%g%%iz |l es to plant neasurenents. This fu%ﬁ%}@dﬂo&%gglsval e

provi ded v astrenent nodels, which associate a plant "neasure

to a nodel variable. A bias variable in each neasurenent nodel is
calculated to represent the difference between the plant's neasured val ue
and the nodel value. (0085] The ROC engjne uses neasurenent nodels provided
by the commercial platformto connect” the i nputs fromon-1line anal yzers,

| ab anal yses, RTO systens, and nonitoring tools to the ROC engi ne

vari abl es. For exanple, the Q system can prQyi flows d. TBP
distillati éﬂmrwa"%“m"%e&&f ot mctﬂe?@ﬁﬁﬁﬁl fink fgodef M€ st em i s
avai | abl e, goplilaits #ie/ROC JBEWitR GY indérmbiibn af the eh@bf élich bidckahil@oRatibRr sonme, or
all, of the product streans. On-line flow neasurenents are typically

avai lable for nost refinery streaps. The val ues of these inputs are the

“plant” valm&giﬂaomﬂ_&%@ﬂr@mmemm%em, which are
connected to the appropriate nodel's. For exanple, 1Th the APS ROC engi ne
4000 of FIG 4, neasurenent nodels 441, 442, 443, 444 and 445 reconcile

data fromt al d4 | f ' Y HrisEedrh tDQeAll §hicallyP il n
colum 310 [ihgs_?fG %d“m‘%agbg%"éﬁﬁ‘& ed b th?&%ﬂpﬁgdel S 4!%1,&1 Jﬁ}Zdl 423
and 424, r ofgdatic feed yefergnce ehapctarizations tor mpich cugrrtdsed, hulk propertiesy 7 or

model s 4311yﬁé&2ﬁ&%3w&34;@%43’5ms5%&%%w A térentd DREAc1 & zatiGR0 BetduSe Case”

is run on the engi ne application. During the reconcile case, fixed

del par artboenrs ngtbased op apdated feards ehagsanterization informatione pfien deadAtgj bt ed t o
m ni m ze t hggual duiins @n@:ﬁ%ﬂu?@ﬁehﬂﬂoﬂbj ective function. The RCC engi ne

objective function Is the sumof the squares of the neasurenent nodel bias
vari ables. The ROC engine fixed paraneters in the splitter, conponent

i i g OOREE'y THECROC, dnCafo VLS et ) Sndichl) paue e Bed The 10
qual i ti es (relgzence fogstreangy located downstesam ofpny given process unit including any given
APS unit. This permits enhanced optimization of the downstream refinery units,
facilitating the modeling of stricter environmenta! laws and regulations governing fuel
components such as sulfur, Tracking the molecules through the crude distillation
columns to the feed systems of downstream refinery units allows for more accurate
tuning of reactor kinetics to match product qualities, enhancing the predictive quality of
the reactor system to changes in operating conditions.

[0089]) More particularly, upstream ROC engines provide inputs to downstream
RTOs and/or ROC engines 270 (i.e., those RTOs and/or ROC engines 270 modeling
refinery stream compositions downstream of the APS column). 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 2 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.



reconciliation answer obtained provides a detailed conposition, in the form
of a ROC WD 2008/ 021218 PCT/ US2007/ 017766 -32 superset representation, for
t he product stream The ROC dB sink nodel then populates the ROC dB with
this infor ' he end of each successful sol ution.pefRid,66%h The RCC
Engi ne Domngyrzggh#?%ﬁa ude Distillation Colums 10087] Crbcnventl on'gll96 RTO
systens downstream of the APS systemtypically rely on static feed

ref erence characterizations tuned to nmatch current feed bul k properti es,
yi el ds, and product qualities. These stgtic feed reference
characterizations, because they are not ‘based on updated feed
characterization information, often lead to sub- optinmal solutions and
non-r obust behavi or. 100881 The ROC dB 210 provides a nmeans to dynamically
update the feed reference for streans |ocated downstream of any given
process uniQlesingl| udi ng any given APS unit. This permts enhanced

optim zation of the downstreamrefinery units, facilitating the nodeling of
stricter environnental |aws and regul ati ons governing fuel conponents such

as sul fur. [§096)Ki n@All hsublictvas, @atebf3r ahd) hpadrdit spplidatictiss indntiohéddrin thid urms to

the feed systeps ,of downstreamrefine upits allows for nopre agguragte
uni ng of _IBERIRGHIOR; 4B herein Gopmpraied by, 1p; e crame, grient o, df e

predi cti ve ifidividualypudlicatidif paRar bo patétSdpplitdtionClagreificallp pad dhdividually
conditions. 100891 ggte arti Iar!x, up rgggl, _engi.nes provude i nputs to
downst r eam™ h WE@?‘@‘?} 57 Yad) ﬁq m s’t‘?fbé’e"%‘f&h“éﬁﬂ)’&"m engi nes
270 nodel i Rfted héttinliepdiosdrt.eam conposi ti ons downstream of the APS col um).

The downstream RTO systens generally receive and provide inputs to and from
t:heir corresponding ROC engines 270. For exanple, the downstream RTO

systems prqgostH MeShe pPrééntindentidh Qs Hod lifited inl dcapé BY e spekiTic eMibodthene! Y
streans. However, whereas feed conposition in he APS RCC engi ne 4000 was
model ed rmidessyibeq heteins indesde variou sadifications ¢fthe pesentinventigmdn addigign to

CoNpPOsi ti OygERIdebcibél hefedh Will BD&phfent BPHHoSE of BidflaPy 3kifl MSHE altOFom the
characterize the tuned feed conposition and any reactor eff]|uent
conposi t i orferesoipg fAeserptionandzsesomipenying Arpvings s Burther, although s diesest ate. An

expansi on iipcatib i been described in the context of particular implementations in particular
environments for particular purposes, those of ordinary skill in the art will recognize
the that the uscfulness of the invention is not limited thereto and that the present
invention can be beneficially implemented in any number of environments for any

number of purposes.



240 is used by the source nodels to expand the RTO system s | unped product
stream conponent slates to the ROC superset tenplate used in the ROCC

engi ne. WD 2008/ 021218 PCT/ US2007/ 017766 -33- C osing 100901 Al
publications, patents and patent applications nmentioned in this
specification are herein incorporated by reference to the sane extent as if
each individual publication, patent og patent application was specifically
and individually indicated to be incb‘%brated by reference. No admission is
made that any reference cited herein is prior art. 100911 The present
invention is not limted in scope by the specific enbodi nents described
herein. |lodagMs various nodifications of the present invention, in addition
to those described herein, will be apparent to those of ordinary skill in
the art fromthe foregoing description and acconpanyi ng draw ngs. Further,

al though {he pfEaAM orbAYERDERR: BBRcNEERnSER0h BEtdeihs S bR Hpualy
particul ar i nplementations IR particular “environnents for par{|cﬂﬁ r
pur poses, canipoismgahe folldwirgrsgepski |11 in the art will recognize the that the

useful ness of the i.nvention is not |imted_thereto %ng$that t he present

i nvention cAh beSBERGAR &1dafaP3se; ATINOFLAR deta for DofRAtiA tr

@BMSenvi ronnents for

any  nunber (of PysERREStrom e ddRlbAMBorhposhidRlalPkr Rled BEM ST e oI ecul ar

conposition of streans in a crude oil refinery conprising the follow ng
steps: (i) stori depignatedgroim eflvms o movmstinéry ioperatiertsalufiog aplesigmatédtimé eed
streans; (ii) selecting, fromthe database, conposition data for feed
streans fl ow ng PE desi gnated group of one or nore refinery operations

during a degijiiynabb@iningeom RElch@ne fdal fithe BpfiRizAlid0appliOfcAt, dngiFsdrs,one real
time optimzation applications, analyzers, |aboratory analysis, or
conbi nati on t her bpratgsy apalysis; opeembingiaythercof prpeiinmeasurements of actual

intermediate and/or product streams produced in, or by, the group of refinery
operations during the designated time period,;

(iv)  communicating the feed stream composition data selected in step (i) above and
the intermediate and/or product stream property data obtained in step (iii) above
to a process engine that comprises one or more molecular accounting models for
modeling changes in composition made in or by the designated group of
refinery operations;

(V) running the one or more molecular accounting models in the processing engine,
using the feed stream composition data communicated in step (iv) above as an
input to at least one molecular accounting model, to obtain a prediction of the
composition of a stream formed in or by the designated group of refinery
operations during the designated time period and then reconciling the prediction
with actual intermediate and/or product stream property data; and

(vi)  storing the reconciled prediction of intermediate and/or product stream

composition in a database.

2. The method of claim 1, comprising the additional step of selecting, from the
database of step (vi), composition data on a feed stream flowing to a group of one or more

refinery operations located downstream from the group of refinery operations designated in

step (ii).



i nternedi ate and/ or product streans produced in, or by, the group of
refinery operations during the designated tine period; (iv) conmunicating
the feed stream conposition data selected in step (ii) above and the

i nternedi ate and/ or product stream property data obtained in step (iii)
above to a process engine that conprises one or nore nolecul ar accounting
nodel s for nodeling changes in conposjfion nmade in or by the designated
group of refinery operations; (v) ruh}ﬁ'hg t he one or nore nol ecul ar
accounting nodels in the processing engine, using the feed stream
conposition data comrunicated in step (iv) above as an input to at |east
one nol ecyl ar EHeGRMRdd GTE1dTRCEWhert eheQltbighite®gidtp Of fefiney dpbratibis congpiResi ti on
of a streamforned in or by the designated group of refinery operations
duri ng t he® af@esphaag pigestille period and then reconciling the prediction with
actual internedi ate and/or product stream property data; and (vi) storing
the reconciled prediction of internediate and/ or product stream conposition
in a dat abase.The.melhel ofieddimdl, ofhere cachistdp isqperfprmai awgorhdtizallgldi ti onal step of
selecting, fromthe database of step (vi), conposition data on a feed
streamflowing to a group of one or nore refinery operations |ocated
downstre fr t SR i b (gle@ ted in step (ii).
-35- 3. '?:Sr?e montﬂﬁégég(?{ cl ail% li%fe{%a?ﬁgpgségﬁgﬁg?e grngﬂg' of refinery
operations conprises an atnospheric pipestill. 4. The method of claiml,

where each st is perfornmed autonatical lly. 5. The thod of claim1l, where
onch stori o pFra Rl PIARC, RS T moRuinkarrai g Tolgh AP polpsefen ek

nol ecul artheefodyidnhit @r RiRded Saleatidk. perform any thernodynam ¢ or kinetic
calculations. 7. The nethod of claim1, where the entire nethod is perforned

at | east once an hour and takes less than thirty mnutes. 8. The nethod of

claim1 where BLLEAM FHMAR { bHerelRl Bneib HeBbdifpeHidRSd b fedst B diolr | S

and takes less than thirty minutes.

8. The method of claim 1 where stream composition data stored in steps (ii) and (vi) 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.
9. The method of claim 8 wherein the template characterizes over 1000 components.

10.  The method of claim 1 where the database of step (ii) and the database in of step

(vi) are the same database.

11.  The method of claim 1 where the database in of step (ii) and the database in of step

(vi) are different databases.

12. A method of predicting the molecular composition of streams in a crude oil refinery
comprising the following steps:

(i) storing composition data for potential feed streams in a database;



stored in accordance with a tenplate that characterizes a sufficient nunber
of nol ecular conponents in sufficient detail to provide or derive any data
needed by any real tinme optimzation application, process nodel and bul k
property correl ation that obtains nolecular conponent data fromthe

dat abase. 9. The nethod of claim8 wherein the tenplate characterizes over
1000 conponents. 10. The nethod of claim 1l where the database of step (ii)
and the database in of step (Vi) are e same database. 11. The nethod of
claim1l where the database in of step (ii) and the database in of step (vi)
are different databases. 12. A nethod of predicting the nol ecul ar

conposi t i S«nm OfseREtiR2 KB the BathddeloRpbsitibl 4418 fof feddViREMS H1BGingftE af Ol | oW ng
steps: (i) storing composition data for potential feed streans in a

dat abase; - 36-degighated gmup of ensriniare triing-onsratiophghsiga desigdatedtimgr f eed
streans fl ow ﬁ§@ a designated group of one or nore refinery operations
during a desi &%a €d tinme period; (iii) obtaining fromat |east one real
time opt i(tii)z atobeainifP fomCa ldadtoneaed tiytiesptintizAion applicktiord AAlysdr Slabdditory

conbi nati on t hereof, progerty neasurenments of actual internediate and/or
product st r earfBalypisds capmbingtionthereot, propsrty acaspsemens gt iyl srtermedialer v

oper ati ons durg i i 1R ek 4 m&qm& ing the feed
stream corrposia’??%ﬁf’%g?%%gg?gﬁlggu%egrﬁz’togggl’(t?igglesg%‘\é%/eg%n t ﬁgﬁﬁelhﬁt er medi at e
and/ or pr oductopstatiemsndyring pley degigiated tiotetperiodsd in step (iii) above to a

ngi ne t hat . i : | ecyl ar, . ti |s f
rodel i ng CangeumpicalRg e tord e compRoifon B2 e BB LELEPoYr AU TEE
refinery operiafehfdiite bi¥d/or proMidR StrdatEpropétydatd BBt SnoPinatdp (AF) aB6EOWNAL | NY

nodel s in the processing engine, wusing the feed stream conposition data
comuni cat ed iMosssEgnginathateaapesespng T mepLmolegyaraccoudiog madelsden ecul ar

seoount 100 ko ARLE B SBGGEF KA 8 HNEATR B AR, PO
operations;

(v)  running the one or more molecular accounting models in the processing engine,
using the feed stream composition data communicated in step (iv) above as an input
to at least one molecular accounting model, to obtain a prediction of a intermediate
and/or product stream composition formed in or by the designated group of refinery
operations during the designated time period and reconciling the prediction with
actual intermediate and/or product stream property data by (a) calculating predicted
properties for the intermediate and/or product streams based on the predicted stream
composition obtained by the molecular accounting models, (b) comparing the
predicted stream properties to the actual stream properties, and (c) adjusting fixed
model parameters in the molecular accounting models to generate a predicted
composition of intermediate and/or product streams that minimizes the difference
between predicted stream properties calculated there from and actual stream
properties to obtain a best fit; and

(vi)  storing the reconciled prediction of the intermediate and/or product stream

compositions in a database.



operations during the designated tinme period and reconciling the prediction
with actual internediate and/or product stream property data by (a)
calculating predicted properties for the internedi ate and/or product
streans based on the predicted stream conposition obtained by the nol ecul ar
accounting nodels, (b) conparing the predicted streamproperties to the
actual stream properties, and (c) adjusting fixed nodel paraneters in the
nol ecul ar accounting nodels to generat® a predicted conposition of

i nternedi ate and/or product streans that mnimzes the difference between
predi cted stream properties calculated there fromand actual stream

properti ey, t o Abissémblg cb@ptisihgt ; and (vi) storing the reconciled prediction
of the internediate and/ or product stream conpositions in_a database. -37-
13. An as®enbladaabassrthatistages files desciabing fred stream compasition asiwedasdeesler i bi ng f eed
stream Co.rrpos's%ﬁﬂbﬁﬁtp?@ﬂé{tyaaﬁdfcgﬁgoneﬁ{%BES%PM}” {i@perty and conponent
property information; “*(I1) “a processin ngli ne that ’conprises (a) one or

mor e nol iyl ara pomesing enginaheisdomprisésa(h) ofece mae deddcghnbedustinpodds one or

nore refinery eratjons.to predict. product tream conposition; and (b) one
or nore appli e M%ﬂgraﬂ@@mpﬁé opf BemBtegafinssy gBRratons e B’&FHC_&BWEB% tion
with actual prdistompseadn; RAPRI0he 65mb abplicatiBhSihktdilile ?fcﬁﬁké&t ed

properties for the product stream based on the predicted stream conposition
obt ai ned by t peodvst siamapomposition withgcmsdebdyct §tpgancpnopertienlyy (lhealcyatad ct ed
stream properties .to the actual stre roperties; and éﬁ’: adj usting fixed
nodel par amet é’irr%d_sl‘ftﬁ&?wge%f éoég?cﬁoé%g%%ﬁ%ﬂo% e‘ir%’btzlfgre[rabct grﬁff‘glt e a predicted
product c0rmoSdom[peﬂtialhalstaime@byrtmﬁole&tﬂmabé&uaﬁ@glﬁ@da@,tmﬁwin@ﬁﬁg ket ed stream
properties calculated there fromand actual stream properties to_obtain a
best fit; and Predigtyd giream prEpeItes tRake aptus) zeameproprtiess ang (30 adiesting: fixedm
conposition predi.cti Qﬁgm' . I engi ne. 14.
The assenbly Orﬁﬁg}:ge}r%ﬂ%grs&ﬁer el hﬁ?ﬂg&r‘%ﬂ@%ﬁé glrogélg?:(g eﬁ-{% faﬁéé?ﬁ%giea g in the
processi ng engroducticomposjionfthat ihihindzeynhly diffeteacabdwiénymtdicted afreamt at i ons.

properties calculated there from and actual stream properties to obtain a best fit; and

(iii))  a database that stores reconciled product stream composition predictions

communicated thereto by the processing engine.

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

processing engine don't perform thermodynamic and kinetic calculations.

15.  The assembly of claim 13 where each feed stream composition and each reconciled

product stream composition is stored using a unique stream identifier.

16.  The assembly of claim 13 where each reconciled product stream compositions is

stored using a unique identifier and time stamp.

17.  The assembly of claim 13 wherein said molecular accounting models include at
least one model selected from tank models, mixer models, splitter models, component

splitter models and cut models.



15. The assenbly of claim 13 where each feed stream conposition and each
reconciled product streamconposition is stored using a unique stream
identifier. 16. The assenbly of claim 13 where each reconcil ed product
stream conpositions is stored using a unique identifier and tinme stanp. 17.
The assenbly of claim 13 wherein said nol ecul ar accounting nodel s include at
| east one nodel selected fromtank nodels, m xer nodels, splitter nodels,
conponent splitter nodels and cut nodds. -38- 18. The assenbly of claim 13
wher e dat abase (i) and database (ii) are the sane database. 19. The
assenbly of claim 13 where database (i) and database (ii) are different

dat abases)8.  The assembly of claim 13 where database (i) and database (ii) are the same

database.

19.  The assembly of claim 13 where database (i) and database (ii) are different

databases.



