WD 2010/ 042223- PCT/ US2009/ 005566 - 1 OPTI M ZI NG REFI NERY HYDROGEN GAS
SUPPLY, DI STRI BUTI ON AND CONSUMPTI ON I N REAL TI ME BACKGROUND COF THE

| NVENTION  FIELD 100011The present invention is directed to optim zation
of hydrogen g@®28uppl2gs (e.g., acquisiti o_n} _and use in a RGEATUSHOP/YS56 achi eve
an objective function. Mre particularly, the present invention is directed
to mat hemati cal nodel s that capture key constraints, process kinetics and

contr ol structureIs such t [ A Nﬂwﬁp‘{sgﬁ ?gﬁﬁ)m& oci at ed

i ght gas use € ar—t et rom—tRI10)
enpl oying said nodels, a AR LONSUMPEION IN REAL ,@, y and al | ocation of
hydrogen gas in a refinery using said RTO and a refining operation

cont ai ni ng Saiﬂ&@R&E%ﬂ‘ﬁﬂ RVERNORP ART

FIELD

[0001] The present invention is directed to optimization of hydrogen gas
supply (e.g., acquisition) and use in a refinery to achieve an objective function.
More particularly, the present invention is directed to mathematical models that
capture key constraints, process kinetics and control structures such that a wide
envelope of hydrogen gas and associated light gas use can be modeled, as well
as a real time optimization (RTO) employing said models, a method of
optimizing the supply and allocation of hydrogen gas in a refinery using said

RTO and a refining operation containing said RTO.

DESCRIPTION OF RELATED ART

[0002] Refineries, especially oil refineries, often comprise numerous
hydroprocessing reactors that consume hydrogen at individual rates, purities and
pressures. The hydrogen to run these hydroprocessing reactors is obtained from a
variety of sources, each of which provides hydrogen at individual rates, purities,
pressures and costs. A complex array of piping distributes the hydrogen gas
from the various supply sources to the various consumption sites. Integrated
into this complex array of piping are controls that alter, among other things, the

flow rate, purity and/or pressure of hydrogen.

[0003] Modern integrated oil refineries are being pressed to conform to
increasingly tighter manufacturing constraints and specifications. For example,

the permissible sulfur content for diesel fuel has decreased from 500 ppm to 10
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BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The drawings are provided for illustrative purposes only. The

drawings are not intended to limit the scope of the present teachings in any way.

[0005] FIG. 1 is a flow diagram showing the movement of light gases
through an illustrative refinery.

[0006] FIG. 2 is a flow diagram showing the movement of light gases and
oil products through an illustrative hydrotreating unit.

[0007] FIG. 3 shows the order of reactors and reactions in an illustrative H,

plant.

[0008] FIG. 4 shows the movement of H, gas through an illustrative H, gas

manifold.



BRI EF DESCRI PTI ON OF THE DRAW NGS 100041The drawi ngs are provided for

illustrative purposes only. The drawi ngs are not intended to limt the
[0005]FIG 1 is a flow diagram

scope of the present teachings in any way. v d
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[0006]FIG 2 is a flow diagram show ng the novenent of |ight gases and oil
products through an illustrative hydrotreating unit. [00071FIG 3 shows the

order of reactgggy)andri§agichons thd RN bf F4atihdt hve Hd2nBh Y permeate and

retentate out from an illustrative H, separation membrane.
[0010] FIG. 6 is an illustrative graph of a variable penalty function.
[0011] FIG. 7 outlines a method of the invention.

SUMMARY OF THE INVENTION

[0012] Small improvements in the cost of hydrogen gas acquisition, or in the
reduction of "waste" through excess consumption or loss to fuel gas, can have
substantial impact on refinery profits. The present invention is able to capture

such improvements.

[0013] One embodiment of the invention is a system wide model (H, system
model) for characterizing a hydrogen supply, distribution and consumption
system (hydrogen system) in a refinery, such as an oil refinery. The hydrogen
system might be for only a particular window of operations, but preferably the
hydrogen system is for the entire refinery and includes all the hydrogen gas
producers and hydrogen gas consumers in the refinery, as well as the headers
and controls used to deliver the hydrogen and associated light gases from the
producers to the consumers. The hydrogen system comprises one or more, and
preferably multiple, supply sources that provide hydrogen at individual rates,
purities, pressures and costs, multiple consumption sites that consume hydrogen
at individual rates, purities and pressures and an interconnecting hydrogen
distribution network. The H, system model is a collection of non-linear kinetic
models of the individual components in the hydrogen system impacting the
movement and consumption of hydrogen. In some cases, non-linear kinetic
models for components in the hydrogen system that impact the supply of
hydrogen are also included (e.g., if an H, plant exists in the refinery). The H,
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system model tracks hydrogen gas, and preferably also tracks associated light

gases including C;-Cs hydrocarbons, H,, H,O, CO, CO,, H,S, and NHj, given
operational conditions. The H, system model represents each molecule type in a
light gas stream as a discrete component. Preferably, the H, system model also
tracks the disposal of unused or expended hydrogen gas and associated light

gases into the fuel gas system (i.e., the furnaces) used to power the refinery.

[0014] Another embodiment of the invention is an apparatus comprising a
RTO computer application for a hydrogen system (H, system RTO) in a
refinery, preferably an oil refinery. The RTO application is stored on a program
storage device readable by a computer. The H, system RTO monitors and
optimizes the supply (e.g., acquisition) and allocation and, thereby,
consumption, of hydrogen gas in the hydrogen system. Preferably, the hydrogen
system is as previously described and, therefore, comprises one or more, and
preferably multiple, supply sources that provide hydrogen at individual rates,
purities, pressures and costs, multiple consumption sites that consume hydrogen
at individual rates, purities and pressures and an interconnecting hydrogen
distribution network. The H, system RTO contains an H, system model.
Preferably, the H, system model is as previously described and, therefore,
comprises linked, non-linear, kinetic models that characterize the movement and
consufnption (and in some cases the supply if, for example, an H; plant exists) of
hydrogen gas in the hydrogen system. The H, system RTO loads current
operating data and uses said operating data to populate and calibrate the models.
The H, system RTO also loads operating constraints for the hydrogen system.
The H; system RTO then manipulates, in an iterative manner, model variables to
determine feasible solutions of operating targets for the hydrogen system that
meet operating constraints. Finally, the H; system RTO outputs a recommended
solution of operating targets that will move the operation of the hydrogen system
toward a performance related objective function. Preferably, the recommended

solution is the optimal solution to the objective function. The H, system RTO is
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characterize the movement and consumption (and in some cases the supply if,
for example, an H, plant exists) of hydrogen gas in the hydrogen system. The
second step is loading current refinery operating data into the application and
using said operating data to populate and calibrate the models. The third step is
manipulating, in an iterative manner, model variables to determine feasible
solutions of operating targets for the hydrogen system that meet operating
constraints. The fourth step is determining a recommended solution of operating
targets that moves the hydrogen system toward é performance related objective
function. The fifth step is implementing the recommended solution of operating
targets using at least one process control system. Preferably, the recommended

solution is the optimal solution to the objective function. However, it may also

be a near optimal solution.

[0016] Finally, another embodiment of the invention is a refinery, preferably
an oil refinery. The refinery comprises at least three components. The first

component is a hydrogen system. Preferably, the hydrogen system is as
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temperature, pressure, flow rate, gas purity, valve position or compressor speed).

"Real time," as used herein, is relative to the speed of process transients in
a hydrogen supply, distribution and consumption system. Real time means at a
speed equal to or faster than the response time necessary for the hydrogen
system to reach a steady state when one or more of its operating variables has
changed. Thus real time is typically a matter of minutes if not seconds.

"Real time optimization" or "RTO" means a model based computer
program that performs a full optimization cycle (data collection, reconciliation
and optimization) in real time on a conventional Windows/Unix/VMS based
server or desktop computer.

"Supply" in the context of hydrogen supply to a refinery embraces, but is
not limited to, the flow of hydrogen into the refinery from a non-refinery source
(whether free or purchased) and hydrogen manufactured by the refinery.

“On-line” means in communication with a process control system. For
example, refinery model variables tuned on-line are typically tuned
automatically with refinery data pulled from a refinery process control system.

In contrast, refinery model variables tuned off-line are typically tuned with
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into the fuel gas system (i.e., the furnaces) used to power the refinery.

[0020] In an oil refinery, the window of refinery operations modeled would
typically include one or more hydrotreating units that remove contaminants such
as sulfur (i.e., hydrodesulfurization) and nitrogen (i.e., hydrodenitrogenation)
from hydrocarbon streams and/or cause saturation (i.e., hydrogenation) of
hydrocarbon streams by a catalytic process performed in the presence of
hydrogen. Each hydrotreating unit consumes hydrogen at an individual rate,
purity and pressure, to produce a variety of products having set specification
requirements and, to a varying degree, recycles unexpended hydrogen.

Therefore, each hydrotreating unit should be independently modeled.

[0021] In an oil refinery, the window of refinery operations modeled would
also typically include one or more hydrocracking units that convert heavy

complex organic molecules into relatively lighter saturated hydrocarbons by a
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light gases into the tuel gas system (i.e., the furnaces) used to power the
refinery. [003mquldhbaindspendently prodgleds he wi ndow of refinery operations
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to light hydrocarbons. This light end stream is then de-ethanized/depropanized
to get a high concentration H, stream. However, in many cases the reformer
cannot satisfy all of the H, requirements of the refinery. This is often true, for
example, where one or more hydrocrackers are in operation. In such cases,
additional H, can be purchased on the open market or pumped in from an
associated petrochemical plant or some other source. Additional hydrogen gas

can also be produced in an H, plant where a hydrocarbon feed (typically C,
through Cg¢ hydrocarbons) is converted to H; and CO,.

[0023] An important decision in the modeling process is whether a given
hydrogen supplier should be optimized. If optimizing a hydrogen supplier is not
possible or not desired, then the hydrogen product from the producer can be
treated as a fixed source of constant flow and composition and a model of the
hydrogen supplier is not required. For example, hydrogen gas purchased on the
open market or pumped in from a source outside the refinery is typically not
under the direct control of the refinery but is available at a known rate, purity

and cost on a constant basis (or on demand within a limited operating window).



catal ytic process perfornmed in the presence of hydrogen. Each hydrocracking
unit consunes hydrogen at an individual rate, purity and pressure, to
produce a variet 3oroducts havi ng set specification requirenments and,

to a varying d& g’é" 2%cycl es unexpendedifydr ogen. Ther dJFE200455p6

hydr ocracki ng unit shoul d be independently nodel ed [ 00221Pr ef erably, the
hydr ogen used by the hydroprocessing reactors (i.e., the hydrotreaters and
hydr ocr acker s) . r

o ovi des. hydr S ere s A s EDY ?%%1@“%%%@%@%?2&?@%‘Sc*é**;%1943
conmon source tmfmcbdedjrsogesuppiya;numed: rRatthee rif ai lsydnomlt sippliec unt's cveesil.

Catal ytic refoqrner ts chem cal rear,range hydrocarbon nol ecu
produce hi ghe uﬁ)‘EFS&nB FEHSr Pnsigs! éf)éﬂt ang ?aIFFgmﬁr ﬁ’fe%’tsgoé’ﬁ@“gfl to a&“@‘ht gas

by- product . ?tho G@ﬁev@:rsqmn%oﬁﬁ&t@x'ny\wt&tHa?S&L‘iﬂiE% oBﬁbtWE” tHenRinCptinviz&Rmt ai ns a
high ratio of 112 to hydrocarbons. This |ight end streamis then

de- et hani zed/ @éﬁh@ip@mﬁ lﬁé@t desigpbic @%ﬁlfgﬁloéélnléémd@t i Bhis ip typigadlyrthe cesgever

in nmany cases r f of the
refinery. Thi é&?gﬂt%l?{é) &?ﬁn&?%%e 1%91&1 rr% rXoth‘ Wﬁaé%flmg h? %& ﬁc%ﬂH& W?gﬁtg%lr%acker S
are in operat iand). therefeseicdhanging s reﬁﬁi@hdr's @padatldﬂZo dmprobe lpdrogiaaasdgeonutt he

open mar ket or nped in from an associ at rochem cal plant or sone
other sour ce. TAHAF ERGRaEeSAl Bt dgstea F%PIEB%HE‘?S?)FW%@S MiRARNEPd o) ant

where a hydr Oﬁ?a&pﬂlﬂnfﬂé%t(rﬁ\)’sl? b6 atiliYeddr thit i@ Bt (BYdreasr Rmadt ﬂe§ns)
converted to 112 and 100231An i nportant decision in the nodeling
process is mérphepacéz of ﬂ@rﬁ(hmhsog@d\ theu pgsit |aed ®hm95xﬂ109e0foﬁbﬁlmdan lbe

optim zing a e not .pOSSi n_the
Py ogen. r od SRR HaRh G cratep Bioaliss b bk Rlind Sng R, o sl Bt
constant fl owimpag conposition and a nodel of the hydr ogen supplier is not
requi red. For exanple, hydrogen gas purchased on the open market or punped
in froma source outside the refinery is typically not under the direct
control of thgmgfi NgiowdME, inSnRA%Y 30 & Rt 11&11%91‘3% IRigle Bothd tsﬁdﬁﬂ? cost
on i constant ba5|s (or on’demand”w thin a [imted operating wn

Si nce there ieptimizptowsiwaibin tthe (Sf:onteb’élﬂhfeqtrclqgss minngation  drorcoxampig,, tht:here is

i 5 over ar o BE plaf RYEAE subihi e Thagiito Jub¥dhPaRR g RRe o o <

operation to adH&l@lanhyﬂroqgemdbmyachgen%as mqmwsﬂemge atidtthe opadatioh 9F ARS S

obj ective, then an optim zation on that unit is not desirable and no nodel

i s needed. ThHsp]iaEt‘F?ﬂ‘%ﬁﬂ%ﬂ@h@e@awlq‘%ﬁowl8f§he|r€ IRgVor mers si nce maki ng
notor gasoline is significantly profitable and;, therefore, changing a
reforner's operation to inprove hydrogen usage but reduce notor gasoline is
not desi rabl e[0025] al Anofrrayhdsempdeesipingreadroniroigdisiributanistierhydrdgentgaat nust
be utilized o‘g contr t.terns frangeach of

Phe sour see, o e kiRt S Rprsh B the oA R b e Blrb e oy ped
in the H2 sysdies nadglatelSineN AP aray bﬂglﬁ@%ater@ddmtoldomadbrt@cﬂle%\a fafeput .
a

[0024] I-|0Weverpun|t}r’1 aﬂg/&y p?c%s?uerg olftthé iygr?)gég gas! eTElgsel cno%h:rg?semg}? rlrl?chslclijep%tles r
alia, valves, compressors, separation membranes, scrubbers (which typically
attract CO, and other contaminants into solution) and pressure swing absorber
("PSA") devices (which typically employ a catalyst to absorb CO, CO,, and
other contaminants). The hydrogen gas manifold and each of these control

points should be modeled.



optim zation within the scope of the process sinulation. For exanple, the
operation of an H2 plant typically should be nodel ed, since the sole

pur pose of an_H2 Iant is to provide hydrogen gas for network use and the
operation of JPHY%H*&ht is typically unger the conpl et ECHEPYPOSHS t he
refinery. [0025] An array of conplex piping and controls distributes the
hydr ogen gas fromthe various hydrogen supply sources to the various
hydrogen consygpig) on ﬁx‘éd%l%xon' rrt@g)ra%ﬁﬁre' Blificiblid Sofé hiMeRhg B preneﬁaﬁ
controls that ‘alter the flow] purity and/ or pressure of the hydrogen
gas. These coruelgas spstgmi asqtandef therll £systen apodehbines jn wﬁpcass this js the

separati on nenhrane ubb which .t attr

cont am nants i} {n&ag%if:mqa ﬂ’j‘o sé?le%%lég]?@gg alé]“‘%% é%rfseagb]ieces
(whi ch typi calobyradmpbOihe 2elededalet tHetetd BEOHR cmeremmaas elecpﬁﬂaﬁrents

contam nants). The hydrogen gas nmanifold and each of these control points
shoul d be nodel ed. [0026]In addition, it is preferable to include sone
nodel i ng of t t del
rodel 119 of CHAE! TR, » 4flaL 5, AU ERAT IR Bl D8 oo KRRE T
gases. These pmﬂeblslyvmu]tqblcr esppelyeniurdebethatganaidredrydocﬁgenrm méivme rateg,ves

thereto and the.different furnace r i rement [ 0027] Thus |caI H2
Syst om model AT BRaTEE K SRt AUTHHE HOPGMAR SRV SBRyRdrases
suppl y sourcegt ibidRsIoMtEle RYGePIRA Blesdurdl Yhdludl int@t@ecind iHydRsen
pressures and costs, nultiple consu ion sites that consune hydrogen at

i ndi vi dual r aflisgibugon neiwesk aReeferablysior en ol refingryi the SYRROV ARIEESSRPMIBFBE 0gen
di stribution k fe e u urces
conpri se. il t T ETEotp el Sefiaigt froh Hhnated ChifiBhch, SRS BBeeRR

hydr ogen nenufmaatfacturigg pbhatss, hydrdgangeichr iofh gdses g&seﬂed eftyml dgdfagem

hydr ogen cons tion sites ch of f gases produced b a catal ytic

reforner and ﬁ%@}l@g%ﬂn I B}S‘%g‘a‘rﬁqah glsgéﬁf’élpé?‘@g: agty HiGeto 3

Preferably, their6QnsYoREbd OffoRi A SasCUTRED SR trGBhdrhiRhIe plindr opr&&%gr Ngeunits
sel ected fromhydrotreaters and hydrocrackers. Pref er ably,

i nt er connect i PSRBT Oy etitedi eampringt inpntiplet WdrRPIOSAISHILS e@ltﬁuﬁieﬂﬁcﬁﬁde feant r ol
conponents t Oh)?(LEt%atérg eanfdI y:.’im{:x%%ﬁers pu ﬁ)&«%fé! agﬂ/d/ tﬂé it e?éo%ﬁ P%‘g’%&g en

selected fro con paration
scrubbers, pr &SSmn&ommW@rhbﬁ)ﬁfpréss nﬁlhd)l@@ﬁmdsaﬂﬁ}ﬁ)neﬂrsetbea’l&blﬂye flohe H2

system model al so enbraces the di al of unu ed or, expended hydrogen and
associ at ed |i Gt PYEL pA/er PW@S%@?%@&O&@%@@W& iR ¢ %&@Pptrpesrérsﬁ ry. In

one particul aydlyes &E@faﬁ@ﬁi AR Nt senitberstH2p éysiltr@”&\mﬁ elab?&ﬁ&’é' ke 2a
col l ection of |inked nodels for each of the’ fo | ow n catalytic

hydr opr ocessi ¢mgnpressoss. ( Breferabliyy theots eustemsmods) drlsc ﬁ@gr@@c% theedigpgsal 08)

he.stean o PREro! PR AECBRRo Qb B RO Inle o oot BB SRR R o o

header for H2thggswibr sid debitédyonn oﬁ@baﬁleﬂaﬂﬁbtaﬁﬁaﬂémbmﬁﬁkh@meqﬁﬁi}&tdnﬂns
(e.g., PSA devices, nmenbranes, CO2 scrubhbers, etc (fSté val ves in the
di stribution R SRMPFiseTH GPllﬁﬁﬁﬁof‘sOfalHH‘eFiéP%%?é%foa?a\?Eé’ e fotbowrigel (Gas

system (i ncl udidighicV BlaSpRRESIAY uﬁﬁ@s(fe[ga' M @dtredt&ls, BYFRLRRRALS elch; (B

di stribution syip?em and reactor uni
reactor operations in hydrogen manufacturmg plants (e.g., operations in the

steam reformer, the water shift units and methanator); (3) the manifold header
for H, gas distribution; (3) separation/purification operations (e.g., PSA devices,
membranes, CO, scrubbers, etc.); (5) valves in the distribution system, reactor
units and release valves to the fuel gas system (including valve opening

constraints); (6) compressors in the distribution system and reactor units



(i ncluding conpressor performance curves); and (7) fuel gas furnace

requi rements. [00281Typically, the highest purity hydrogen gas is first fed
to the nost crjtical /[ highest severity hydroprocessing unit%s whi ch
consume sone, "Bl 1, of the hydrogen. The resultiﬂﬁnﬂﬁ‘wggg“ﬁrom
these units is lower in hydrogen purity. The off-gas is then collected
(generally with sonme anount of separation, scrubbing, etc.) and recycled in
the unit or uggdiulithef QRELRLNAGF PHESRRHACESRIAY, Wid (§) - £l 486 | RitfiadeOl nts,

t he hydrogen purity of these streans becones very |low and the streans are
then utilizedreguemehtsgas, hydrogen plant feed, or sent through a
purification process. The cascade of hydrogen through the various units and
ot her processes often involves a |large portion of the refinery. 100291To
illustrate, FI6928] i STypiddligWikt Aghasn minihygrdgee gapve i fedf to theghbstgases
through a representative refinery. For the sake of sinplification, the flow
di agram onl y §HBH / tighepiopapmtyt slromgerssigs Aniisy WMuidbensteg sopghPulgies. The
novenent of hegv] : j Lt ts) is
ot shown. 1 nifh (g ARERTE 16 fsulthp ST0E TRinf iR, bR IByAn BuRiads
treating a vapistyy Tok qffgasoiseben chdlected dggnenadlyorish sothe smopntoafiseparanomg ht

i ncl ude gasoline,, .naptha, kerosene, jet fuel, diesel d .ot her product
streams from éﬂaﬁ"*&%ﬁ‘%f iaB‘Ii r‘f‘é’\ﬁ% .1h1th%|”8’té’rr &% too%’?g(f’r{%g?frlyéiﬁ?i?{&gﬁﬁlings ( HDC)
for treating QGgigyy ak~BAGEs p&iaR) theViRddreich Mirits QFMERS stragnt Beddmed Vérycal 1y,
gas oil froman atnospheric distillation tower and residues froma vacuum
distillation lmyand fiesrcamsere eerytiizsdas faeingasnBydrogon plans feednof sentl G 1
are a catal ytj f f ) i I These
are hydrogen Egﬂ%éég%ﬁﬁﬁggﬁggéﬁgﬁ%drggtﬁmggﬂ%ﬁg? ePQ%€§§8& nﬁgbﬁ?§§? Al so
shown in Fl G udits androtlet provgsdeh efthy drvodyes adags porion ottt fefideygen sources i s
a conpl ex web of piping and nenbranes, PSA and val ve operations for
controlling the flow and conposition of the |light gas streams. As shown in

FIG 1, presspg9) t empefliabiiate, FEG 1k vAbAt GagbOEREing Nhé Qhoddhcnt of
di stribution systemis readily available fromon-1line "anal yzers at

mul tiple poi nkightigasesHbropeb easpresepiativeanbingry e or Hicovakfidf sinplfiggenertie| y fed
the hydr ogen 2 P oFNEHETs L AR enf M hyglo MR o Rl iy L
b_ur ned int heTlﬁmnmaeramttdfaieaﬁemqakﬂme(erg_e,f Ilhﬂ_@lt‘iynarf ﬁiﬁﬁﬂ?eﬁis@ndﬂ;rbﬁucﬁs)fih ow
ol udi ng. hycROGERBaD FHeolfos 3 BBEiRsaty g uesiet (MRS Spito forareatfam i n
FIG 2 is illysdric bVfetfiedi Qe Sol€as.| Mhesd PréducsNawht iftifdeGasdline,
naptha, kerosene, jet fuel, diesel and other product streams from a distillation
tower. There are also hydrocracking units (HDC) for treating heavy streams
from a variety of sources including, typically, gas oil from an atmospheric
distillation tower and residues from a vacuum distillation unit. These are the
hydrogen consumers. Also shown in FIG. 1 are a catalytic reformer (Reformer)
unit and an H; plant (H2 Plant). These are hydrogen sources. Purchased
hydrogen is another hydrogen source. Also shown in FIG. 1, connecting the
hydrogen consumers and hydrogen sources is a complex web of piping and
membranes, PSA and valve operations for controlling the flow and composition
of the light gas streams. As shown in FIG. 1, pressure, temperature, and flow

rate information for this distribution system is readily available from on-line



[0031] As evident fromFIG 1 and FIG 2, the piping and controls for
novi ng hydrogen and associ ated |ight gases between supply and consunption

units, and within su |y and consunption units, are quite con{gpl ex. An
effective H2 YHUMHbel nust characterize the operati dif "gF2UERE Gt t he

maj or hydrogen sources, sinks, and distribution and mani pul ati on operations
i n the envel ope of refinery operations selected. Mdel Construction

[0032] For a_giaaigot NOMuRIpId HoliS"idf MBCHRELRNS TN dnlSd:ClidlintatiohOls an
entire refinery, "1 ndividual cdnponents in the hydrogen supply, distribution
and consunpt i gangylidy fadiatos prodess edotrdllsysteme diipahe Fl G dbdws mottipdeibitasdel s,

are then connegted.i fl ow sheet to.form an overal.l tem mmdel t hat
oo soont o t neteroednErogeR R LTy ERETRC SREDE P 6 e PR SR R0t
and pref erabl ¥n@blme®in thBeumatdsnBitpowleP B3It erably, all of the subnodels
are constructed using open form non-linear equation-based nodeling

software and net hods that support the use of nmultiple solution nodes with
mul ti pl e obj egt fui;tcﬁsi ¢ , L i At ' | :SE S
vari abl es basi@‘?’gﬁ ac uaili)gﬁs%n “gg{agggﬁl%%ﬁﬁggg%gﬁn%hggi %bgaeﬁg%ﬁ%de) .
Sui t abl e exangl@it") ahd tightgses intluding\igidtageh @as IR 10h Rl @2&Bing unit. The

14PCT/ US2009/ g\?de?z?gram in FIG. 2 is illustrative of the hydrotreating units shown in FIG. 1.

[0031] As evident from FIG. 1 and FIG. 2, the piping and controls for
moving hydrogen and associated light gases between supply and consumption
units, and within supply and consumption units, are quite complex. An effective
H, system model must characterize the operation of each of the major hydrogen
sources, sinks, and distribution and manipulation operations in the envelope of

refinery operations selected.

Model Construction

[0032] For a given window of refinery operations, and preferably, for an
entire refinery, individual components in the hydrogen supply, distribution and
consumption system are modeled. These component models, or submodels, are
then connected in a flow sheet to form an overall H, system model that
represents the flow distribution of hydrogen and light gas through most, and
preferably all, of the refinery.

[0033] Preferably, all of the submodels are constructed using open form,
non-linear equation-based modeling software and methods that support the use
of multiple solution modes with multiple objective functions (e.g., data
reconciliation which adjusts variables based on actual plant data and an

economic optimization mode). Suitable examples of commercially available



- software and net hods include DMO which is a nodeling platform avail able
from Aspen Technol ogy, Inc. and ROMeo(r) (Rigorous On-line Mddeling with
equat i on-based optimni zation) which is a nodeling platformavail able from

| nvensys Si nBQICRYYEP Preferably, the-system nodel is EIASEPYEEEE using
ROMeo nodel s and nmet hods. These systens al ready have code based on
under |l yi ng equations which are suitable, or may easily be configured by one

of ordinary Si%l){’tl:vaf'enaﬁdﬂ'?r;[eﬁ{(%dstiﬂcltaﬁe q?MbaWhﬁ:h 50 Reghd g)gartu adilablae

hydr ogen system conponents (e.g., valves, conpressors, ers etc...).
However, for tfieen dspen Gocipiodogys dnp and REGMed®a Rgapay On-lsyes Modelieg with t he
hydr opr ocessi ng reactors, hydroge |.ant. react por.s 2 pl ant, . gas ni fol d
and nenbrane &ﬁ??t?)“,' %@@P&‘Hé@g’“?o‘%gh diist W‘%&Pgtﬁﬁgg s@%‘%ﬁ? a%&é‘ code
and under | yi ngneasat BpRSciffscdr! apkdfadblyhehd ¥ htad eodd dis asoiReh @b @ Gisingght  gas
novenent through the conponent units does not already exist.

100341Typi cal REMpogrededs gnd tmelbRrisg hese susiposialicady drve Lode fhased 90r eam

d .by- anell j .
product st r ea, Aiby sRIAHE i £ Yoo REGh eatsngg,gi nfiBreliBylonel e

cust om subnod e nore conp unrts are si using creative
| unpi ng. Thi s oglieat | skill ric rtbasets tac bepuitatile oforspeddingCnhey wifsthe Hylkdeogdd syst em

nodel tends to becone so conplex that it isnot —c ut ationﬁll mapageable:
[0035] or e par¥Sit CARPGICTER 4% 8 HANER| TIRSFSSPTe SHHEPRTS Sltpex IOHFYE: e
custom zed t oifcOab% QMplePtothp&ntSr PRPGUEEAT syiient (Cg! Ny BGHBSesGRBY- I N

other words, the |ight gases are represented as discrete conponents and the
ki neti c nodel &cagioss, dedeigep dlant neactdrashli plant, izas mastfaldeandomembeaneaindtsy

descri bing t e, JumRagt. of n! MGy BRI BeGlAn RN JBG ol Hdbn AR5 SRuafohl:

i nstance, noSt Species w a carbon nunber Tower "than six’arerepresented
in the nodel &8 tracking dualhydesgeanant assotiatedoliphtaghs ndwghesnt alrdagh thenber
conponents are |unped together in groups based on distillation range to
reduce comput &QWWWUPFM%@%PPWIW’ VOEBE The preferred process for designing
nodel s for the different conponents in the hydrogen systemis described in

nore detail bel ow
[0034] Typically, instead of tracking the composition of each feed stream,

product stream and by-product molecular species through the unit, the custom
submodels for the more complex units are simplified using creative lumping.
This greatly increases computation speed. Otherwise, the H, system model

tends to become so complex that it is not computationally manageable.

[0035] More particularly, the submodels for the more complex units are
customized to focus on capturing the behavior of the light gases only. In other
words, the light gases are represented as discrete components and the kinetic
models are developed in a fashion that focuses on accurately describing the
impact of the process changes on the light gases. For instance, most species with
a carbon number lower than six are represented in the model as individual
components. In contrast, higher carbon number components are lumped together

in groups based on distillation range to reduce computational difficulty.



Model i ng Hydrotreati nz_Reactors [0037]Hydrotreating reactions are
conversion reactions that occur in the presence of hydrogen. There are four
mai n hydrotres}oizg reaction mechani sms, nanely: (1) desul phurization, where
organi ¢ sul fuf ¢ ﬂﬁbﬂdﬁﬁ:’ds in the predoni ngnt |y hydrocar bdit &Y PEEEL with
hydr ogen inside the reactor to produce hydrogen disulfide and paraffins;
(2) denitrogenation, where organic nitrogen conpounds in the predom nantly
hydrocarbon f ggghdjeactniv §iarehedr Qekisd ol d@esxg;;xﬁlg]r GREAN fof MeOWE&eRONI A
and paraffins; (3) saturation/hydrogenation of olefin, diolefin and ot her
unsat ur at ed neamgerems incthe bygdrogenisysterolsl destribedliy motedetdil belowe onpounds™) ,
where the ol efinic conpounds in the predom nately hydrocarbon feed undergo
addition reactions with hydrogen inside the reactor to produce paraffins;
and (4) satur afodeihp¥idesieaghy Rea@brsar omat i ¢ conpounds, where aronatic
conpounds in the predom nately hydrocarbon feed undergo addition reactions
wi th hydrogen inside the reactor to produce paraffins. Al four of these

reacti on nechagy il S I S] e - hyd r i ngul.eact or
and shoul d be?@ggﬁsgﬁﬂe}réﬁ?%mtéh;eﬁmgel%rx[dcg%llg%[?@ﬁe&%%é}%t{hggto ?ﬁ}gr @ eglgt or
nodel s are ri gosenss of dstlogenndéless arhdburunaini lpdrotrdagng vsactigpeneebamsmnns t o
cal cul ate the_hydrogen.cons tion needs of each hydrotreating uni

repr esent ed. ?ﬁ%glﬁydrg]t)r éiﬁﬂlfﬁg’%aﬁ%‘f’i o eqrgarﬁfes‘ﬁﬂgt SAPRRYPn 1 Féshi on
that focuses giedaginandychydré®ebd Ted ricOGESS HAAREE Sindide! ihghfeabtdsas only.

For each hydrotreating unit, the rate of hydrogen consunption required to
perform the rBRdbsOAYHOEMA SisyHidedard ppigliinsafd deniyogematinnet whereofrereip

properties of : Jqﬁg r or
properties i nglltt]]&g%ﬁ ?%g ()nrdggllgte}%egﬁ F&ng %@e@%ﬁéﬁ%@gg§%a?g“§§él}{d§%%%ence
time. WO 2010kiik222Be PCidatts2009s 00pfudifice 16ammbnén keand eephrpffioper t (39S
e OB BURSRPAPRELR ek 1 TRE B Lt 5 oo
compounds (collectively, "olefinic compounds"), where the olefinic compounds

in the predominately hydrocarbon feed undergo addition reactions with
hydrogen inside the reactor to produce paraffins; and (4)
saturation/hydrogenation of aromatic compounds, where aromatic compounds in
the predominately hydrocarbon feed undergo addition reactions with hydrogen
inside the reactor to produce paraffins. All four of these reaction mechanisms
occur simultaneously inside each hydrotreating reactor and should be

represented in the model.

[0038] The hydrotreating reactor models are rigorous custom models that
utilize Arhenius type equations to calculate the hydrogen consumption needs of
each hydrotreating unit represented. The hydrotreating kinetic models are
customized in a fashion that focuses on accurately describing process changes on
light gases only. For each hydrotreating unit, the rate of hydrogen consumption
required to perform the reaction mechanisms described above is a function of
key properties of the reactor and the feed to the reactor. The key reactor

properties include reactor operating temperature, pressure and residence time.



[ 0039] The fornmula for determ ning the actual rate of hydrogen consunption
by a given hydrotreating reactor due to a given reaction nmechani smcan be
generically expressed as follows: = [KI, * Pres e(-Eai / Tenp)/LEs= *

V [H1 / (KzZ Zﬂ@éﬁ”% K3; * [NH3] + 1.06)} * [Xi], w&Tdsapppopses « g
the actual rate of hydrogen consunption in a given reactor due to a given
hydrotreating reaction nmechanism"i," where "Kl: is an arbitrary rate

const ant t hat : 4 LY 0t reat tyyon "i'
in the react orTrht% B(ﬁgggé(yn ﬁokgﬁtegyﬁl?dghll%ggﬁlgﬁ%éﬁg aée)ééj{l%"g? zétrllitzgg%g?gﬁ) on,
where "Pres" ivdithhare pmperdant én ordet toecaptae indrbitiomeffectS.Eai " is the activation
energy for hydrotreating reaction "i" tuned off line to match plant test
data (i.e., tuned manually when additional data fromlab analysis is

avail abl e), whe038] Temhie fosmblAgfof @étB@ialng!tRe Bdtudinater FaGtiMgen WO uptiddSY" i s
the liquid hourly space velocity or residence tine of feed in the reactor,
where "[Hd" i 8YtheiveBl ydretsgating readtom g & éngiysn reastionemeeraissr cas beeasur ed
by anal yzi ng or, where "K2: is an inhibition factor
for hydr otreafg’lé%gﬂ?lg}égﬁ}ggﬁw%fo ug&to t he presence of H2S in the reactor
and, Iike the activatirar gakrdres T s FiUATH/IGSV ¥ [i] { KA [ERS Pt &3t *t est dat a
(a higher K2; neans nore inhi bitiﬁg# V\,E%r . S]" is the nole fraction of
H2S in the reactor as neasured by a]|J§/ i r‘?g p[ uct fromthe reactor, where
"K3: is an i nQihbietvop 'fi8ahOhcthAralRYsHTIBIdF QR BEsUNSR I i8N given kdacidiQuueeact or

+

due to the presence of NH3 and, |ike the activation energy, is tuned off
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reactor. [0040] The generic equation above is solved seﬁar ately for each of
the four hyd#dsitianat defg framdab enalysécisavieade), iwherd Rewphéy thagemperature

equation is s y " [ ion, depif.ro L on
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a plant step te.gt. wher e g}rsudden change is introduced into the unit and the

unit's respor8@dItionfAHPT Hrdrydrqtreating seaghons 'y i1y the regptar gu¢ o) the presence

of NHj and, like the activation energy, is tuned off line to match plant test data
(a higher K3; means more inhibition), where "[NH;]" is the mole fraction of
ammonia in the reactor as evidenced by analyzing product from the reactor, and
where "[X;]" is the mole fraction of reactants for hydrotreating reaction "i"
present in the reactor as evidenced by analyzing product from the reactor. As

evident, this is a continuous stirred tank reactor (CSTR) model that assumes the



[ 0041] Once the rate of hydrogen consunption for each of the individual
reacti on nechanismis known, the total rate of hydrogen consunption by a
gi ven hydrotreating reactor can be calculated in the foll ow ng,maoner:
VHF-Li = E VHI'? 2N 5at VArSsat VDS VDNimhere "Vii Tun i'"SHREPEPY rate of
hydr ogen consunption by the hydrotreating unit, "voisat" is the hydrogen
consunption rate of the unit for saturation of olefinic conpounds, "vnsat"

i's the hydr ogep, G@NsHAR Bhpoditien 9 b%h@pﬂé&nftatfvgrofstﬁé Héﬁbbﬁﬂo&fwiﬁ:ﬁ@ﬂﬁt ic
conmpounds, "vps” 1s the hydrogen consunption rate for desulforization of

organi ¢ sul furrezgt@l. "vDN' is the hydrogen consunption rate for
denitrogenation of organic nitrogen. In other words, the total rate of
hydr ogen consunption of a hydrotreating reactor is the sumof the hydrogen

consunpt i on r go@R)]f or TiRAghedit dghistidroatiove)isls6lvéd sdparigelly €o€ tdchrofhe Hauti sis.
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each hydr ocr a@ne¢ piegatie gempoundiifos wrumaticokydreganadent e valugh orniddeland
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values of "K2," and K3;" may vary for different hydrotreating reactions “i” on a
given feed. The activation energies (Ea;) can be found in open literature and are
often adjusted to best match plant data. All the rate constants (i.e., "Kli," "K2;",
and "K3;") are empirical and are tuned to plant data, often requiring a plant step
test where a sudden change is introduced into the unit and the unit's response is

monitored (Z.e., a sensitivity analysis).

[0041] Once the rate of hydrogen consumption for each of the individual
reaction mechanism is known, the total rate of hydrogen consumption by a given
hydrotreating reactor can be calculated in the following manner:
VHTU = Z VHT,i = Voisat T Varsat+ Vps + Vb

where "vyry" is the total rate of hydrogen consumption by the hydrotreating unit,
"voisat" 1s the hydrogen consumption rate of the unit for saturation of olefinic
compounds, "va,sy” 1S the hydrogen consumption rate of the unit for saturation
of aromatic compounds, "vps" is the hydrogen consumption rate for
desulforization of organic sulfur and "vpy" is the hydrogen consumption rate for
denitrogenation of organic nitrogen. In other words, the total rate of hydrogen
consumption of a hydrotreating reactor is the sum of the hydrogen consumption

rates for each of the four hydrotreating reaction mechanisms.



utilize Arhenius type equations to cal cul ate the hydrogen consunption needs
of each hydrocracking unit represented. Thus, the reactor nodels include

bot h the hydr t equati ons di scussed preV|oust as wel|l as custom zed
ki netic rméel ng%%/44gzgs hgdr ocracking reacgions in a fashi VN FBcuses on
accurately describing the inpact of process changes on |ight gases only.

For each hydrocracicing unit, the rate of hydrogen consunption required to
perform each of the hydrotreating reactions and to generate each of the
Cl-05 products is a functlon of key properties of the reactor and the feed
to the react oModE ! sagking Regotgrer t i es i ncl ude reactor operating

t enperat ure, pressure and reS|dence time. The key feed properties include

| i ght gas phase species (i. , H2, H2S and NH3) which are inportant in
order to capt yoes2]nhiAi tH}QIBodiidkeﬁt sloeg{ OeMmiEfgdf r myﬂfli(btlfe@fer defbes rrip%u'sng thhe
actual hydrogen consunptlon rate in a given hydraocracking reactor for the
gener at i gn 019 % yfirocragkinggeactigns, n fhecaddpfiamabbydra¢racking Brac HASALe SYRStigdionar i cal | y

expressed as ol ligMSinar YR ?%Qﬁ x%ggsn% GF g& 2QQ9¢ O;S’a?ﬁfiﬁarl farodelt4l
Pres * e(-Ea rre” e??LﬁBV & [HA /" (K gg§K6 Ny y oéé
ions destabilize carbon bonds in the predominately hydrocarbon feed (generally

Cs+), causing them to break into smaller molecules (C;-Cs) that are then
saturated. Therefore, these hydrocracking reactions can be characterized by the
substitution of hydrocarbon functional groups in the bulk oil with hydrogen.
The generation of C,, C,;, C;, C; and Cs hydrocarbon products occurs
simultaneously inside each hydrocracking reactor and should be represented in

the model.

[0043] The hydrocracking reactor models are rigorous custom models that
utilize Arhenius type equations to calculate the hydrogen consumption needs of
each hydrocracking unit represented. Thus, the reactor models include both the
hydrotreating equations discussed previously as well as customized kinetic
models for the hydrocracking reactions in a fashion that focuses on accurately
describing the impact of process changes on light gases only. For each
hydrocracking unit, the rate of hydrogen consumption required to perform each
of the hydrotreating reactions and to generate each of the C,—Cs products is a
function of key properties of the reactor and the feed to the reactor. The key
reactor properties include reactor operating temperature, pressure and residence
time. The key feed properties include light gas phase species (i.e., H;, H,S and
NH;) which are important in order to capture inhibition effects.

[0044] The formula for determining the actual hydrogen consumption rate in
a given hydrocracking reactor for the generation of C,, C,, C;, C4 and C;

hydrocarbon products can be generically expressed as follows:



+ 1.0 )) * [Y] where "vuic, ," is the rate of hydrogen consunption for the
generation of a hydrocracicing product "i" on a given feed flowing to the
reactor, where "K41" is an arbitrary rate constant that represents the
overal | acti vIMOROI4R2AE hydrocraci cing reacti on tuned orAGTAS2YWHISCh
hourly changes in plant operation, where "Pres" is the pressure in the
reactor, where "Ea" is the activation energy for the hydrocracki ng reaction
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moni tored (i.e., a sensitivity analysis). [0046] Once the hydrogen

consunpt i on ffbﬁ ProsencrenfelN R iib tho feagtos fands likchthe activation energy, is tuned off
line to match plant test data (a higher K6 means more inhibition), where "[NH;]"

is the mole fraction of ammonia in the reactor as measured by analyzing product
from the reactor and where "[Y]" is the mole fraction of Cg¢+ product in the
reactor as measured by analyzing product from the reactor. As evident, this is a
CSTR model that assumes the reactor product composition to be representative

of the composition within the reactor.

[0045] The generic generic equation above is solved separately for each
hydrocracking product “i.” In other words, the equation is solved separately for
the generation of C,, C;, C3, C4 and Cs hydrocarbons. Only the value of "K4"
changes between the equations. The values of the remaining variables remain

the same. The activation energy "Ea" can be found in open literature and is



di fferent hycirocracking products is known, the total rate of hydrogen
consunption for the hydrocracking reactions in the hydr ocr acker can be

calculated in the following manner: VHC = VHC, i = Vi VC2 VC3 VC4 VC5 where
"vie is the t3PHO4S of hydrogen consumption for the R IR (e
reactions in the hydrocracicing unit, "vci" is the hydrogen consunption

rate for C hydrocarbon generation, "N/c2" i's the hydrogen consunption rate
for C2 hydrocay ratign. . " hSAt b N viatve for
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of the hydr ogen, fRASIUIPL h QbhsiRli§SanhBkisfiener ating each of the hydrocracking
products. [0047] Once the total rate of hydrogen consunption for the

hydr ocr aci ci ng reactlons in the hydrocracklng unit is known, the total rate
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where "vyc" is the total rate of hydrogen consumption for the hydrocracking
reactions in the hydrocracking unit, “v¢,” is the hydrogen consumption rate for
C, hydrocarbon generation, "vc," is the hydrogen consumption rate for C,
hydrocarbon generation; “vq;" is the hydrogen consumption rate for C;

1

hydrocarbon generation, "vcs" is the hydrogen consumption rate for C,
hydrocarbon generation; and "v¢s" is the hydrogen consumption rate for Cs
hydrocarbon generation. In other words, the actual hydrogen consumption rate
for the hydrocracking reactions in the hydrocracking unit is the sum of the

hydrogen consumption rates for generating each of the hydrocracking products.

[0047] Once the total rate of hydrogen consumption for the hydrocracking
reactions in the hydrocracking unit is known, the total rate of hydrogen
consumption in the hydrocracking unit can be calculated in the following
manner:
VHCU = VHC + VHT

where "vucy" is the total rate of hydrogen consumption of the hydrocracking
unit, “vyc” is the total hydrogen consumption rate for hydrocracking reactions in
the hydrocracking unit and "vygr" is the total hydrogen consumption rate for the
hydrotreating reactions in the hydrocracking unit (calculated in the same manner

as "vyry" above).



[0048] The H2 reactor is a customfirst principles nodel designed to
represent each of the reactors present in a typical hydrogen production
facility. The nodel sinmulates the kinetics (both reversible and
irreversi bl e WOIHE) | heat effects ang catal yst acti AAHPS2PHYSHdel i s
capabl e of predicting product yield/ conposition based on varying heat input
and/ or feed conposition. [0049]1n a H2 plant plant, hydrocarbon feed
(typically C1 through C6) is converted to CO H2, CO2, CH4 and H20. Unli ke
t he hydroprocessing reactor nodel, it is inportant to rigorously nodel al

t he nol ecul ar Meadeting $12aRlameRdacass t he ener gy bal ance. The reactors nodel ed

i nclude the steam cracker, the water-gas shift converters and the

met hanator. [0050]FIG 3 shows an illustrative H2 plant set up. Referring
to FIG 3, theoeyspcesphdem Neadtdt & St Baid@! ALK SPridcdlks anoded dRf@EdEDL) Wwhere
hydrocarbon feed (e.g., CH4) and steam (H20) are passed over a catalyst at
hi gh t enper at uepzeseat gach afgboRactass pesentdarabynicabhyitpern prodyctipndfakifdly.ogen

gas (H2) . The iy 0001 4o, COREIAIEAL | B0l LIS, BEAGHELcrlBid Shalidnig! ¥ | ow

and, in a refinéery, use can Oor “carbon nonox
Accordi ngly, iheattdffecieadd sitelpstoavgivily. Mheemaddleis cgpabls bf fpredictingeplodnc ar e
typically enployed to increase the hydrogen gas, yield by converting the
car bon nonoxi él@){cﬁ?ﬂrﬁp‘lséﬁoé‘otﬁs%‘? %V@é“@%@glnﬁlﬁga%ifﬁ TRIPROSHIAr ogen gas i n
the process. This is generally done by passing the steam cracker product

over another catalyst at high tenperature (e.g., 650F) in the presence of
nore steam A{0048] s doiti2 plaet plaodlytresarbeaniced (boiepdsdd diroughr €atsi vel y

hi gh purity hydroge i, t r tities.,af . carhon _nonoxi de. . Since
carbon nonoxi envggﬁgl&ggé’mza{beé nga}?fs%‘r%gg?g)‘ceﬁ@}kfstpei HOTRRESF P aPs REeiPT
appl i cati ons, niolel, gasinps@tideto figorbitymasl all the ndtedulanpedes velhagihes

catal yst and WD 2010/ 042223- PCT/ US2009/ 005566 22 -
energy balance. The reactors modeled include the steam cracker, the water-gas

shift converters and the methanator.

[0050] FIG. 3 shows an illustrative H, plant set up. Referring to FIG. 3, the
process begins in a steam cracker (a.k.a., a reformer) where hydrocarbon feed
(e.g., CH,) and steam (H,O) are passed over a catalyst at high temperature (e.g.,
1500°F) to form carbon monoxide (CO) and hydrogen gas (H,). The hydrogen
gas concentration of this product is relatively low and, in a refinery, not much
use can be found for carbon monoxide. Accordingly, in the next step one or
more water-gas shift converters are typically employed to increase the hydrogen
gas yield by converting the carbon monoxide into carbon dioxide (CO,) and
making more hydrogen gas in the process. This is generally done by passing the
steam cracker product over another catalyst at high temperature (e.g., 650°F) in
the presence of more steam. At this point, the product stream is composed of a
relatively high purity hydrogen gas with trace quantities of carbon monoxide.
Since carbon monoxide can deactivate downstream catalyst in many refinery

applications, the gas product is then sent to a methanator which uses catalyst and



hi gh tenperature (e.g., 800F) to convert the remaining carbon nonoxide in
the gas product into nethane (CH4). [00511Cverall the reactions in this
system can be described as: CHy + xH20xCO + [x + (y/2)] H2(steam reform ng)
CO + H20 1-4 ¥E2WORYat er/ gas shift) CH + 3H2 --> CH4 HETHPYOUMSIRanat i on)
[ 00521The resulting process streamconsists of nostly H2, CO2, CH4 and
steam Typically, the gas product is then purified to renove the carbon

di oxi de usi ng.,one r T ' IS, ] , heed
ot be-r1 gor ot Ly HpsERLE (L4003 oA tBREnTe bbb AL AGR
opportunity - gamptodact infoayethames(THy).nts such as the mi ni mum and maxi num CO2
renoval are captured. The streamis then renoved by a flash tank. The end

result is a relatively pure H2 streamwith a m nor amount (<5% nethane.

100531The H2 ne@Ajor oRash tdevediRRs th iy syskhScdntse ol Mid 4si gor ously
C.H, + xH,0 €= xCO + [x + (y/2)] H, (steam reforming)
CO+H,0 €-»> CO, +H, (water/gas shift)
CO + 3H, €- CH4 + H,O

(methanation)

[0052] The resulting process stream consists of mostly H, CO,, CH,; and
steam. Typically, the gas product is then purified to remove the carbon dioxide
using one or more scrubbers. The scrubbers, in this instance, need not be
rigorously modeled because there is not much optimization opportunity -
instead, key constraints such as the minimum and maximum CO, removal are
captured. The stream is then removed by a flash tank. The end result is a

relatively pure H, stream with a minor amount (<5%) methane.

[0053] The H, reactor model developed for this technology rigorously
models all of these reaction mechanisms. Note that steam reforming is heavily
endothermic and the utility cost of providing that energy is high. Thus these
reactor models rigorously model the energy balance. Each of the H, reactor

model components is described individually in more detail below:

Steam Reforming

[0054] The first modeled reaction is steam reforming. The overall rate of
decomposition of hydrocarbons to carbon monoxide and hydrogen gas can be

expressed as follows:
Vreform, i — Ki * [Cl] * CXp [ Ea/ (Rgas Temp)
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I s wat er/gas sh reversi
species “i” in the reactor (e.g., each of C through Cg).

Water/Gas Shift

[0055] The second modeled reaction is water/gas shift. This is a reversible
reaction that results in an equilibrium mixture of reactants (i.e., carbon monoxide
and steam) and products (i.e., carbon dioxide and hydrogen gas). The forward
water/gas shift reaction rate can be represented by the following formula:
Vwegs forward = Krae * Pco * Puzo

where “Vigs forwara” 18 the forward rate of reaction, “Kg.~ is a forward rate
multiplier calculated in the manner defined below, “Pco” is the partial pressure
of carbon monoxide in the reactor as measured by analyzing product from the
reactor and “Py,,” is the partial pressure of steam in the reactor as measured by

analyzing product from the reactor.

[0056] The reverse water/gas shift reaction rate can be represented by the
following formula:
Vygs reverse = Krate / Keq * Pco2 * P2

where “Vygs reverse. 1S the reverse rate of reaction, “K.~ is a reverse rate
multiplier calculated in the manner define below, “K.;” is the equilibrium
constant and calculated in the manner defined below, “Pco,” is the partial
pressure of carbon dioxide in the reactor as measured by analyzing product from
the reactor and “Py,” is the partial pressure of hydrogen gas in the reactor as

measured by analyzing product from the reactor.



reaction that results in an equilibriummxture of reactants e., carbon
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manner def i nedvhsed OWe. Pebe weight ofghepapter/grs Pridsatahst oK clardgnedc diicde in

the reactor a [ b lLyzi dugts f t c SPH2" s
the parti al pr%%lggg%? ;h’ o?d t%%ﬁ%%et% %%g ?gntg*t ﬁ%ﬁ r é%c oragg‘égtﬁ’g‘aérg{rég%gythe
anal yzi ng pr ogsetiod,r Ry, {"hés rthachmiversal\\gas? @bOstart2 2R3 - “Toinp PG 1thiS26391005566

temperature of the reactor.

[0058] For the reverse water/gas shift reaction rate, the equilibrium constant
“Keq” can be calculated as follows:

Keqg=Keqree ™ €xp [ H; * (1/Temp - 1/Temprer) / Rgas ]
where “Keq rof” is an equilibrium constant for the reaction as determined from a
text or in the lab at a given temperature, “H,’ is the heat of reaction, “Temp” is

actual temperature of the reactor. “Temp, is the reference temperature at

>

which the heat of reaction was determined, and “Rg,” is the universal gas

constant.
Methanation

[0059] The third modeled reaction is methanation. This is a reversible
reaction that results in an equilibrium mixture of reactants (i.e., carbon monoxide

and hydrogen gas) and products (i.e., methane and steam).

[0060] The forward methanation reaction rate can be represented by the
following formula:

Vineth forward = Krate * Pcng * Przo

where “Ki.” is a forward rate multiplier calculated in the manner described

below, “Pcus” is the partial pressure of methane in the reactor as measured by



[ 0057] For the forward and the reverse water/gas shift reaction rates, the
variable "Krate" can be calculated as follows: Krate Wat * K* exp [ Ea /
(Rg" Tenp) ] where "Wat" is the weight of the water/gas shift catalyst,
"K' is a geneMOZP4¢@tonstant tuned offadine to plant FATAS200pYs5G6s t he
activation energy of the reaction, "Rgas" is the universal gas constant and
"Tenp" is the actual tenperature of the reactor. [0058] For the reverse

wat er/ gas shif; al?ﬁg&y&ﬂc{ ﬁg hb r;gdcﬁg%h idpr | ur;g &Q'b?&?a[l‘_greshﬂﬁg olfg@cgnpﬁ;

cal cul ated as eq = eq re exp Tenpref) /
Rgas | wher e ‘tikegactef 4s measaredetmndalylzmgtmomumﬁk)anﬂlefrmctdrhe reaction as
determned froma text or in the lab at a given tenperature, "1.1,' is the
heat of reaction, "Tenp" is actual tenperature of the reactor. "Tenpre; is

the reference [§EyIper athy eevdtsehiefanktih R&RtioRfrateeamt boneprseial efynineed, and
"Rgas" is the uni versal gas constant. Methanation
following formula:

Rreverse = Krate / Keq * Pri2’ * Peo
where “K.~ is a reverse rate multiplier calculated in the manner described
below, “K¢,” is the equilibrium constant and calculated in the manner described
below, “Py,” is the partial pressure of hydrogen gas in the reactor as measured by
analyzing product from the reactor and “P¢o” is the partial pressure of carbon

monoxide in the reactor as measured by analyzing product from the reactor.

[0062] For the forward and the reverse methanation reaction rates, the
variable “K,,’ can be calculated as follows:

Krate = Wea * K * exp [ Ea/ (Rgas Temp) |
where “W,,” is the weight of the methanation catalyst, “K” is a generic rate
constant tuned off line to plant data, “Ea” is the activation energy of the reaction,
“Rgas” is the universal gas constant and “Temp” is the actual temperature of the

reactor.

[0063] For the reverse methanation reaction rate, the equilibrium constant
“Keq” can be calculated as follows:

Keg =K *exp [ H; * (1/Temp - 1/Tempres) / Rgas ]
where “K¢q rf” is an equilibrium constant for the reaction as determined from a
text or in the lab at a given temperature, “H,” is the heat of reaction, “Temp” is

the actual temperature of the reactor, “Temp,s” is the reference temperature at

»

which the heat of reaction was determined, and “Rg,” is the universal gas

constant.

Overall Mass Balance Equations




[ 0059] The third nodel ed reaction is nethanation. This is a reversible
reaction that results in an equilibriummxture of reactants (i.e., carbon

nonoxi de and %dro%&r;h}gas) and products (i.e., nmethane and stea%;_
[0060] The for War ' Hanati on reaction rzde can be repr S&HSEWHF6he

followng formula: Vmeth forward = '(rate * PCH4 * PH20 where "Kra; is a
forward rate nmultiplier calculated in the manner descri bed bel ow, "Pci-14"
is the partial pressure of nmethane in the reactor as neasured by analyzing
product fromthe reactor and "PH20" is the partial pressure of steamin the
reactor as nmed8d¢d blheamat yatenof prodidetodn for coonsumepticaof or species can be

determined by summing the above reforming, water/gas shift and methanation
“rates with the appropriate stoichiometry. For example, in the case of hydrogen,
the net rate of production ("viz proa”) would be calculated in the following
manner:
VH2 prod = 3 *Vimeth, forward = Vimeth, reverse T Vowgs, forward = Vwgs, reverse T 2.1 [ (Xityi/2) *

Vreform, i]

[0065] Similar equations can be constructed for the net rate of production or
consumption of H,O, CO, CO,, CH,4 and other hydrocarbon species. These rates
are then used to solve the overall mass balance. Again, using hydrogen as an

example:

Mass Hydrogen out = Mass Hydrogen in + Vy3 production

Modeling Hydrogen Distribution Headers

[0066] Hydrogen gas distribution among the many suppliers and consumers
in a refinery is handled by a distribution header or pipeline. Several hydrogen
gas suppliers feed into a common header at different points. The composition
and flow rate of each hydrogen gas feed may be different and may vary over
time since some sources provide a relatively pure hydrogen gas stream and other
sources provide hydrogen gas mixed with different combinations of other light
gases. Each consumer draws off from the header at a different point and the
demand from each consumer can vary over time (e.g., as a result of unit RTO
actions and changing unit feed composition). Because the hydrogen gas leaves
the header from different locations, it is never completely mixed. Therefore,
each hydrogen gas consumer receives hydrogen of a different purity level

depending, largely, on where the consumer draws hydrogen.



[ 0061] The reverse nethanation reaction rate can be represented by the
followng fornmula: Rreverse = Krate Keq * PH23 * COP where "Krate" is a
reverse rate multiplier calculated in the nmanner described bel ow, "Keg"

the equilibri WAEAEEht and cal cul at ed-pn- t he manner de&diSBEE BE#Cow,

"PH2" is the partial pressure of hydrogen gas in the reactor as neasured by
anal yzi ng product fromthe reactor and "Pco" is the partial pressure of

car bon nonoxi 0t r | MR . t he
g?(l):(iO?:} hend ea%4:A &@?}%@?%ﬁ&&%@&el%% B yPIiRPUC hioEha0

reactor. [006 t he forwar he reverse nethanation reaction rates,
the vari abl e "nirdet ¢Hatceatcubmes dlosu distréduition drodnges: vitiausefeed Vit prodict: exp |

Ea / (Rgas Te where "Wat" is the wei 0 he net hanation catal yst,-
T 18 e genertmh o ddi Tsapesitonfiin® bydBal B dRE S ERE Vi
activation engbfiin@h will@®erifpatte®most Ry hydRoddnegas Nhat@htedd tHedfeadanataant and
"Tenmp" is the actual tenperature of the reactor. [0063] For the reverse

met hanat i on r @88t iclosest 4 éhe pojat whericl the cPRpHIES Edvesniydrogen gas. Demand is

satisfied based on a pressure balance around the unit. This establishes a priority

order for the product streams.

[0068] FIG. 4 is illustrative. FIG. 4 shows a hydrogen header configuration
400. The configuration has five hydrogen gas suppliers 401, 402, 403, 404 and
405 flowing into the header 410 and two hydrogen gas consumers 426 and 427
pulling from the header 410. In FIG. 4, the hydrogen consumer on stream 426
might be the dominant consumer. In such a case, the model will satisfy its flow
demand for the hydrogen consumer on stream 426 first with flow from the
hydrogen supplier on stream 401, then 402, and so on, until the flow demand of
the hydrogen consumer on stream 426 is met. If streams 401, 402 and part of
403 are sufficient to meet the flow demand of the hydrogen consumer on stream
426, then any remaining flow — namely, stream 403 (whatever remains after
satisfying stream 406 demand), stream 404, and stream 405 - will feed the
hydrogen consumer on stream 427. Therefore, as the flow demand for the
hydrogen consumer on stream 426 changes, the compositions for both hydrogen

consumers 426 and 427 will change as well as the flow rate on stream 427.

Modeling Membranes

[0069] As high purity hydrogen streams are used their purity drops, but the
streams still contain a significant amount of hydrogen. Therefore, hydrogen
systems often contain membrane separation units to remove contaminants and

increase the purity of hydrogen streams.



"Keg" can be calculated as follows: Keg = K* exp [ H * (1/Tenp -

1/ Tenpref) / Rgas where "Keg "f" is an equilibriumconstant for the
reaction as determined froma text or in the lab at a given tenperature,
"Fir" is the WO'E#**Peaction, "Tenp" ispghe actual tendé&rASHO¥Y57%0t he
reactor, "Tenpref" is the reference tenperature at which the heat of
reacti on was determ ned, and "Rgas" is the universal gas constant. WD
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consunption o peci es can su ng the above reformng,
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bundle 510. A retenate 530 exits in one direction and a permeate 540 exits in

another. Typically, the permeate is a higher purity hydrogen stream.

[0071] The membrane separation model is a custom first principles based
model that rigorously characterizes the feed and kinetics of the separation
process. The model allows optimization of feed rate, feed mix, and process
conditions subject to various operating constraints (such as dew point). The
expression for the rate of each light gas species crossing the membrane is

calculated as follows:
#Tubes * K7 * P, * ¢/ Te™)  (1/ FlowRate )** *(X; * Pres, -

Y; * Pres,)

where " Vpermeate, i ' 1S the rate at which a species "i" that enters the permeate,

Vpermeate, i —

"#Tubes" is the total number of tubes that comprise the membrane, "K7" is a rate
constant tuned off-line that accounts for tube surface area, "P;" is the
permeability of species "i" across the membrane, "Ea;" is the activation energy of
for each species crossing the membrane, "Temp" is the temperature of the
membrane unit, "Flowrate" is the flow rate through the membrane, "X;" is the
mole fraction of species "i" on the feed side of the membrane, "Pres," is the
pressure on the feed side of the membrane, Y; is the mole fraction of species "1"
on the permeate product side of the membrane,”" and "Pres," is the pressure on

the permeate product side of the membrane.

[0072] To determine the rate and composition of the permeate product
formed, the aforementioned formula is separately solved for each of the light gas
species that cross the membrane (i.e., each of C;-C4, NH3, H,S, Hy, H,O, Co, and

CO,). Preferably, the membrane is modeled as a plug flow. In other words, the



Vreform ii [0065]Sim|ar equations can be constructed for the net rate of
production or consunption of H20, CO CO2, CH4 and ot her hydrocarbon
species. These rates are then used to solve the overall nass bal ance.

Agai n, using WPH YUY as an exanpl e: Masm Hydrogen out THEASEMG6gen in +
vi-i/ production Mdeling Hydrogen Distribution Headers [0066] Hydr ogen gas
di stribution anong the many suppliers and consuners in a refinery is

handl ed by a d| ' ' L ; :
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Modeling PSA and CO, Scrubbers

[0073] Hydrogen purification models such as PSA or CO, scrubbers can be
represented using standard library models available in most RTO software
design packages (e.g., ROMeo or DMO). Only a simple model is needed to
capture either a constant efficiency or efficiency as a function of one or more
process conditions (e.g., temperature, residence time, etc.). In these cases a
"component splitter" model is typically used where, for example, the CO,
removal efficiency is specified. The form for this equation is application
specific and varies, but a typical example would be:
CO, removal efficiency = 1 / (K8 * Temp + K9 * FlowRate)

where "K8" and "K9" are arbitrary (tuned) constants, "Temp" is the reactor

operating temperature, and "FlowRate" is feed flow rate.

Modeling Valves and Compressors

[0074] Modeling constraints on changes in flow rate is important. Typically,
flow rate constraints are associated with valves and compressors. Again, the
valves and compressors can be represented using standard library models

available in most RTO software packages (e.g., ROMeo or DMO).



PCT/ US2009/ 005566 27 [0067] The cust om hydrogen header nodel is a
relatively sinple algebraic nodel that cal culates flow distribution anong
the various feed and ?roduct streams in the header. The conposition of the
hydr ogen gas P25 gi ven consuner wigl be i npact ed H3dt295/0%58
hydrogen gas that enters the header at a point closest to the point where
t he consuner draws hydrogen gas. Denmand is satisfied based on a pressure
bal ance aroun Ut . i j Woldl - pr oduct
ctroams. 10068 PRE *aereo Ty bEOtR HER ALl e 86 SoRE nosBicR
confi gur at i oncaBe reprhentainfvith angtdinerofheasumbereothyittebyy evailphle seppieropals 401,

402, 403, 404 and 4 owi.ng. into the . header, 410, and,two, hydrogen,gas
consumers 426"% 8154(2)[%0%{?0} {HgFIABF PR ef’d%‘}ltal?%o.va Y I'—‘Tl%‘mielnfjfhteﬁrgoﬁifadrogen
consuner on StdRFE H4He mi Pk ke fibhe cgeiion afbmC aNsWABEr of Nequdliy saitelse, the

model will satisfy its flow demand for the hydrogen consumer on stream 426
first with fl algrnatoies (he., theditopeywell pptatien Jon stream 401, then 402, and so
on, until the flow demand of the hydrogen consuner on stream 426 is nmet. If
streans 401, 402 and part of 403 are sufficient to nmeet the flow denmand of
t he hydrogen p@I6pNMeIFodRo/IpDEGANRSARS) clithdn asenyressmadiveadsng flovosurvesn RNy,
stream 403 (whatever, remains after satisfyjng stream 406, demand), .stream
404, and st r eHmta0pillbagk) Yaq’(%gé‘“faﬁ@n%ﬁ?'ogbég‘?q%oéwu%‘r be sloe (casily #9ng

Therefore, ascdhgiefdidy AaMNE n{Rkelstii@ (PYELIGORD s6ARARTRICkE. SKORRB) 26

t
changes, the conpositions for both hydrogen consuners 426 and 427 w ||
change as wel Instagce, peoviidesw suapbledpompressoni mRRel. Model i ng Menbr anes [ 0069] As
hi gh purity hydrogen streans are used their purity drops, but the streans
still contain a significant amount of hydrogen. Therefore, hydrogen systens
of ten cont ai nMudeligERe:] $REFudddce units to renove contam nants and increase
the purity of hydrogen streans.

[0077] It is preferable to include some representation of the fuel gas system
in the model since this is the ultimate destination of spent light gases. The
furnaces are represented using standard library models available in most RTO
software packages (e.g., ROMeo or DMO). Basically, each furnace model is a
combustion calculation to predict the heat derived from a given amount of air
and a given composition and amount of fuel gas. In addition, each furnace
model includes, or should be integrated with, models of the valves and nozzles
thereto and associated constraints (e.g., the molecular weight range of fuel gas

required by the nozzles).



WO 2010/ 042223- - PCT/ US2009/ 005566 28 [0070]FIG 5 illustrates a typical
menbr ane separation unit 500. The nenbrane separation unit 500 conprises
one or nmore bundles (in this case one bundle |abeled 510) of rmult

nenbr ane t ube¥OW4HRs case four |abel eff 520a, 520b, 5 Ggﬂmﬁﬁﬂmgﬁﬁd)

Hydr ogen containing feed stream 501 fl ows across bundl e 510. A retenate 530
exits in one direction and a perneate 540 exits in another. Typically, the
perneate is a higher purity hydrogen stream [0071] The nenbrane separation
nodel is a customfirst principles based nodel that rigorously

char act eri zes RT@ Applidationd Usingethe Moddl t he separation process. The node
allows optimzation of feed rate, feed m x, and process conditions subject
to various operating constraints (such as dew point). The expression for
the rate of eaqrs)i JMhndRG SHBSIiIRENICHOBS! iAGertid xmﬁberp@a@mssc %hed as

foll ows: Vperneate, i= #Tubes * K7 * pi * e(Eai/ TeqP te ).5
*(X1 * Pres, RTO computer application for a hydrogen system (H; system RTO) in a

refinery, preferably an oil refinery. The RTO application is stored on a program

storage device readable by a computer. The H, system RTO monitors and

optimizes the supply and allocation of hydrogen gas in the hydrogen system of a
refinery. Preferably, the hydrogen system is any one of the hydrogen system
embodiments, or combinations thereof, previously described and, therefore,
comprises one or more, and preferably multiple, supply sources that provide
hydrogen at individual rates, purities, pressures and costs, multiple consumption
sites that consume hydrogen at individual rates, purities and pressures and an

interconnecting hydrogen distribution network.

[0079] The H; system RTO contains an H, system model. Preferably, the H,
system model is any one of the H, system model embodiments set forth in the
section above or combination thereof. Therefore, the model preferably
comprises linked, non-linear, kinetic models that track the movement and
consumption of hydrogen gas in the hydrogen system. Further, in refinery
operations where, for example, an H, plant or other hydrogen source is under the
control of the refinery, the H, system model may contain one or more linked,
non-linear kinetic models for a hydrogen gas production plant or other hydrogen

supply source that track the supply (e.g., manufacture) of hydrogen gas.

[0080] In addition, the model preferably tracks the movement and
consumption of both hydrogen gas and associated light gases. More particularly,
the models for the hydrogen consumption units preferably represent light gases
as discrete components and lump heavier materials into key performance

characteristics, including olefinic compounds, aromatic compounds, organic



yi * Pres2) where " Vperrneate, i " is the rate at which a species "i" that
enters the perneate, "#Tubes" is the total nunber of tubes that conprise
the menbrane, "K7" is a rate constant tuned off-line that accounts for tube
surface area, WOBYW0#E2% he perneability ofy species "i" adtdeS*WHESHEnbr ane,
"Ea," is the activation energy of for each species crossi ng t he nenbr ane,
“Tenp” is the tenperature of the menbrane unit, "Flowate” is the flowrate
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for each of the light gas species that cross the nenbrane (i.e., each of
Cl-4, NH3, H2S, H2, H20, Co, and CQ2). Preferably the nenbrane i s nodel ed
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the H, system RTO performs various "what if" tests by manipulating key
degrees of freedom within the models, which correspond to key operating
variables within the refinery, to produce feasible solutions given the operating
constraints. Finally, the H; system RTO outputs a recommended solution of
operating targets to move the operation of the hydrogen system toward a

performance related objective function.

[0082]  Accordingly, in one embodiment, the invention is an apparatus
comprising a real time optimization computer application stored on a program
storage device readable by a computer, wherein the application optimizes the
supply and allocation of hydrogen gas in a hydrogen system of a refinery that
comprises one or more supply sources that provide hydrogen at individual rates,
purities, pressures and costs, multiple consumption sites that consume hydrogen
at individual rates, purities and pressures and an interconnecting hydrogen
distribution network, where the application comprises linked, non-linear, kinetic
models for the movement and consumption hydrogen gas in the hydrogen
system and where the application (a) loads current refinery operating data and
uses said operating data to populate and calibrate the models, (b) loads operating

constraints for the hydrogen system, (¢) manipulates, in an iterative manner,



[ 0073] Hydrogen purification nodels such as PSA or CO2 scrubbers can be
represented using standard |ibrary nodels available in nost RTO software
desi gn packages %e.g. ROVeo or DMO). Only a sinple nodel is needed to
capture eitheOP' BB ANt efficiency or.efficiency as a RUASEIEMSHS one or
nore process conditions (e.g., tenperature, residence tine, etc.). In these
cases a "conponent splitter” nodel is typically used where, for exanple,
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I nportant. Typically, flow rate constraints are associated with val ves and
conpressors. Again, the valves and conpressors can be represented using
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objective function. However, the recommended solution could also be a near

optimal or more optimal solution.

[0084] The objective function can be related to any performance parameter
for the hydrogen system. For instance, the objective function may be the
minimization of hydrogen gas bleed to fuel gas or, conversely, the maximization

of hydrogen gas fed to high value consumption units.

[0085] The objective function can also be an economic objective function.
Suitable economic objective functions are the minimization of hydrogen gas

supply and distribution costs or the maximization of profit.

[0086] For example, the objective function can be the minimization of cost
for hydrogen supply and distribution. In this embodiment, the application
typically loads economic data for calculating costs for hydrogen supply and
distribution and uses said economic data to calculate said costs for each feasible
solution. For example, the objective function can be calculated considering, for
each feasible solution, the costs for all the feeds to the network (i.e., light gas
feeds as well as heavier liquid hydrocarbon feeds to the H, plant), utility costs
(i.e., steam, electricity) and values for all the light gas products. The H, System
RTO then typically determines, for each feasible shift in plant operation, the
total cost and then determines a more optimal shift that minimizes cost while
meeting the consumption requirements of the hydrogen consumers and other

operating constraints.



PCT/ US2009/ 005566 30 [0075] The rel ationship between flow rate, pressure
drop, and valve position can be represented with any one of a nunber of

wi del y avai | abl e commer ci al nodels. ROwveo, for instance, provides a

sui tabl e "val V&*HE4B The nodel requir®es- one to pick d’q‘p A GREHE01 on from
a nunber of equally suitable alternatives (e.g., the "Honeywel|l equation").
[ 0076] For conpressors, key criteria are pressure versus flow curves, RPM
limts, spillback valve [imtations, etc. Again, this can be done easily
using comercially avail able nodels in a typical RTO software package.
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near derl ved LI (ideasy fth BhluAffhsids 48 fspémaﬁa%%pxga@qtsamunt

of fuel gas. eac nace nclu es, or s
i nt egrated w fdr, hymo:@hssupplytdn&i diatribagiomrdd ueez $aid ctédremst datnth ededateat ed

ﬁgrzl ;t 2‘2') nts ( ero(%t as ala?ffquxllc% uelt\%en e gum of SaId F pro ucI vaﬁuesga 1id the $in'o salgy the

hydrogen supply and distribution costs for each feasible solution. This
embodiment typically requires economic data from the plant operator to value
the refinery products (e.g., diesel, gasoline, etc...) made by each hydrogen
consumer based on product specifications. More specifically, the refinery
operator enters base values for each product and correlations that define changes
to the base values as a function of changes in product quality that may result due
to hydrogen supply changes. For example, for each hydrotreater, the refinery
operator would enter values for changes (e.g., $/Appm) in key product qualities
such as nitrogen content, sulfur content, olefinic content and aromatic content.
Similarly, for each hydrotreater, the refinery operator would enter values for
changes (e.g., $/Appm) in key product qualities such as C,-Cs content. The H,
system RTO can determine, for each feasible shift in plant operation, the
resultant delta between the value of products produced and the cost, and then
determines a more optimal shift that maximizes this delta while meeting

consumption requirements and operating constraints.

[0088] The H, system RTO runs on a conventional Windows/Unix/VMS
based server or desktop computer. Preferably, the H, system RTO is integrated
with, or in communication with, at least one refinery process control system, and
runs automatically on a regular periodic basis. Preferably, the recommended
solution of operating targets is automatically communicated and implemented by

the process control system. However, the recommended solution of operating
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[ 0078] Anot her enbodi nent of the invention is an apparatus conprising a RTO
conputer application for a hydrogen system (H2 system RTO) in a refinery,
preferably an“Gi¥'%&hery. The RTO appligation is stor d§TOR2EHEHHr am
storage device readable by a conmputer. The H2 system RTO nonitors and
optim zes the supply and allocation of hydrogen gas in the hydrogen system
of a refinery f.ehRbl Smi t | et Neld pydrogen
syst em enbodi Fr%%tg,csolrﬁ c%ong% Eatl O%Q%EQPZ%‘?@%%%@’FOU& y escrr(lsljglgrg and,

t heref ore, cowrputicder mmewoandrappeyvabba plaef epaitoy pmed toiipplementatiohy Theur ces
that provide hydrogen at individual rates, puritie ressure nd costs,
U T pl 6 consIASEROROMTAN Y MM EA Bt FEs RyRIPE S oa RO Pl P aRCl AP es.
purities and Rh@SSHaBR RECs@BortFIIRF SRANS &Y Mg Todirsit (DN2@).i on

networ k. [0079] The H2 system RTO contains an H2 system nodel. Preferably,
the H2 system nodel is any one of the H2 system nodel enbodi nents set forth

in the sectio ve ophi j f .

preferably com)@? es ﬁ%‘ﬁ"e%@%&éﬁﬁ%@% Q% ur?eigrlgﬁl%@éerﬁ%m{angtoq?érjgégﬁla{ he
movenent and petslicrpasionPreferibidrthg &l sgasmiRTO herinydtagatically st Bast daeet her
in refinery operations where, for exanple, an H2 pla or oth hydr ogen
source is und@YerYﬁ?Burc"&qt rPsre B‘Ffetr?'@y’raégg)aﬁ@’&??_ef’ﬁré”% 0 gpwteﬁo%weﬁﬁg,
contain one O &stehdWEO,caR BB it AERAEL dsieNBly Cto"RAGIutdsor a hydrogen gas
production plant or other hydrogen supply source that track the supply

(e.g., manufacture) of hydrogen gas. 100801l n addition, the nodel
preferably trﬂﬁ)bﬁ] th?\/l&%vs%%laﬁﬁdthe H, system RTO can perform each of the

following functions:

Operating Data

[0091] Once the fundamental structure and connectivity of the H, system
model for the H, system RTO has been constructed, and when the plant
operation is in steady-state, the H, system RTO pulls data regarding current
operating conditions within the refinery from at least one, and possibly more
than one, process control system (e.g., a DMC) via an external data interface. In
other words, the application pulls real time data regarding the operation of the
refinery. The model variables corresponding to key plant measurements are then
defined by the live plant data, Typical plant data downloaded for this purpose
includes process measurement data on reactor conditions (temperatures,
pressures, flowrates), compressor speed, valve positions, flowrates throughout
the network, product quality requirements (e.g., product sulfur, nitrogen,
distillation curve and specific gravity), and feed availability for the H, plant and
composition. Typically, this data is pulled from a process control system or
other plant data historian and, for the most part, it is ultimately derived from on-
line analyzers positioned throughout the refinery. Preferably, this operating data

is loaded automatically.



consunption of both hydrogen gas and associated |ight gases. Mire
particularly, the nodels for the hydrogen consunption units preferably
represent |ight gases as discrete conponents and | unp heavier naggrlals
into key perfgpﬁg Wé&2thar acteri stics, ingduding ol ef i ni CCLERPBUMGLS
aromati ¢ conmpounds, organic nitrogen and organic sulfur, that are chosen
such that the nodels will predict the correct shift in Iight gases when an
operational change is introduced. Typically, the H2 system nodel also
tracks the disposal of unused or expended hydrogen gas and associated |i ght
gases into a HMEH]ga§wa$mannnhapmp&mgnemﬁﬁemwe&ihadgihﬁﬁoﬂ&ﬂiheyﬁansystem

RTO | oads curre t| n S said eratin opul at e
and cal i br at e“f“ﬁ %Hﬁﬁ-@g@ Pﬁ? Sat §6101§8té% S@Be‘?’&?rie 2ross
constraints ( %egsurexﬁ@rﬁiidf@ért&g afeCdbddtenmiatiey variablBein e h@RNae QBRURRr S) for
t he hydrogen system The H2 system RTO then nani pul ates, in an iterative

manner, nodel a%maamugec’e & geadsenian®esteitd viitte theomgesussenstdags e datothey

targets for t yAr gt ot her

wor ds, the HZQ'?rA;gtg‘ Sé#??@nélngstatrhl ousd eﬂ\%ﬁgﬁ?&‘:@g fc1 fehg?%raaog%r%rﬁtls aﬂfj ating

key degr ees obthérr eexd:mnwv(etgm nurihg constedts) thahiredoncide rrﬁﬁi&brmledxmdmywaher ating

variables within the refiner grod ce f.easi bl e solutio s iven the
?ll;)ns SRR C

operating condtaljoppretingdata; S PRSI GATY NS ded

sol ution of opgfBlel REtHeAHa8B4IS necthddd V@r tﬂeﬁoﬁaﬁlrgaaatgr}e@éncnm%lohyﬁwﬁ%syst em
toward a performance rel ated objective function. [00821Accordingly, in one

enbodi nent, t#Wesq sukded inothe jagt. aFhis ppsait detagcqeisitipn iasd mepdg! rumdng piogedure
optim zation 8%%”5@5@@8'&8%&18”’ 510’5“%? Qﬁténm(ﬁ‘*’?f%zes ?%GR%S\{I 1ﬁ§ and

readabl e by a € ap ion‘op e supp
al l ocation ofddvyaxlrongeamgaaﬁ rhoded pk’k}dicftumel’and)p&drﬁma@t afd relhtet anydel hating

conprises one or nore s |y sources that proyi ydro n at i ndividual
rates, puri t|]@§am‘fﬂﬁé§§%§]§5 biyterizeds %treH@P& aa SLS@ﬁl ﬁ”’%li’rpéé%‘n?fﬁat
consune hydrogen at individual rates, purities and pressures and an

i nterconnecting hydrogen distribution networ k, where the application
conpri ses | i nigesomimBRatai near, ki netic nodel s for the novement and
consunpti on hydrogen gas in the hydrogen system and where the application
(a) loads current refinery operating data and uses said operating data to

popul at e and [0893]br aIfetHehebjmdm sunctibp ik eadscompatiatobigtice ahe@imtteenf or t he
hydr ogen system. (c) tﬁﬁlfjl tes, in an iterative manner, nodel vari ables

to determ ne $BULANSPEsIY| hssﬁfe“épngQt i legds delpaant fEEPIQIRiS Kt dgen

system t hat r&@ﬁo@@mﬂﬂewmﬁ@mmanre%smdsoﬁa)oneutmgt &oﬁo&?&@mﬁﬂ
sol ution of operating targets to nove the operation of the hydrogen system

toward a per ftopigalhciaciudesthe ¢osthjfeurdhased hynlcogenrat different pressures (e.g., tier
pricing), the costs associated with running the hydrogen plant (e.g., the feed
cost), the costs associated running each compressor (e.g., steam, electric costs),
each membrane operation (e.g., compressor costs), and furnace duties for fuel
gas (including any environmental penalties if excess fuel gas is sent to flare).
For larger compressors, operating costs should be included as a function of flow
rate. In addition, if the economic objective function is profit, this data would
also typically include base values and valuations for changes in refinery products
that may result due to changes in hydrogen supply to hydrogen consumers.
Typically, this data is pulled from a process control system or other plant data

historian - but it is ultimately derived from plant operator inputs. Economic data



[ 0083] Preferably, the recommended solution is the optimal solution to the
obj ective function. However, the recommended sol ution could also be a near
optimal or nore optimal solution. [0084] The objective function can be
related to anyoﬁgﬁﬁﬁ?ﬁhnce paranet er forsthe hydrogen sySteREY ¢ nst ance,
the objective function may be the m nim zation of hydrogen gas bleed to
fuel gas or, conversely, the nmaxi mzation of hydrogen gas fed to high val ue

consunpti on unhd S50 bORBAET BRe AR RG1d & Gsel HRGIFIRN PréRraBlyS thib ScdHonie aRaN C
Suita Fe C h

obj ective function. onom ¢ objective functions are the

m ni m zati on of lohdedrawgmmatgaly suppl y and di stribution costs or the

maxi m zation of profit. [0086] For exanple, the objective function can be
the m nimzation of cost for hydrogen supply and distribution. In this
enbodi ment, tlenapRhtscati on typically | oads econom c data for cal cul ating
costs for hydrogen supply and distribution and uses said econom c data to
cal cul ate said costs for each feasible solution. For exanple, the objective

function can | cukat c ' [ r f i Ol ' t'he
costs for all @Rgﬁf eeds r?gmt ﬁgssh/gtt%a{/oggo( F%ge |V8htt%%gaés%h?reae€giswag&?v\?eqtl as
heavi er |i qui dpdwtitigocarditionsf dedsldvant tmstiingsl fomtthe optimlidatipn qostlem(aree. ,
steam electricity).and values for, all the |iqght S. products,. The H2
Syst em RTO t i pilB&IcoySHRea 4 dscondifons Abit  sGPgR 4o bt pptimprabtng
operation, thgrobRilm&eshtighd Then tie bt NferfingDESndRiMrisMBhe Dpkrfating hat
mnimzes cost while neeting the consunption requirenments of the hydrogen
consuners andc@shaintsope tyicaly loadest intg thedtl: system RTO from a process control

system or other plant data historian where they have been previously entered by
the refinery operator to define the allowable operating window of the plant.
Constraints can also be loaded directly using a user interface. Preferably, the

constraints are loaded automatically.

[0095] Constraints for a simple hydrotreater or hydrocracker which affect
hydrogen demand include the following: flow rates of gas feeds; products and
effluents; temperatures of reactor inlet, outlet, hot separator and cold separator;
pressures of reactor, hot separator and cold separator; valve positions of control
elements (any valves in the hydrotreating unit are potential constraints); and
measured or calculated operating conditions such as treat-gas ratio, reactor
hydrogen partial pressure, reactor effective isothermal temperature (EIT), flow
velocity, equipment duties, and stream qualities and purities (e.g., sulfur content,

nitrogen content, distillation curves, specific gravity).

[0096] Constraints for a simple H; plant that affect hydrogen supply include
the following: reactor operating temperatures, feed hydrogen to carbon (H/C)
ratio, steam rates, hydrogen product purity, CO/CO, purity, and furnace/fuel gas

limitations.



WO 2010/ 04222334 - PCT/ US2009/ 005566 - [0087]Alternatively, the objective
function can be the nmaxi mzation of profit, where profit is based on a

val uati on of eroducts made by the hydrogen consuners minus the

cor r espondi ng 08t 22hydr ogen supply angg di stribution. AGTUSAI¢0EMs0di ment ,
t he application | oads econonmi c data for cal cul ating values for products
made by the hydrogen consunption sites and for calculating the costs for

hydr ogen suppl d distri b j ToXale] il o] | at e
prof it as a ailfPElcne i Sy B4 1°BR Bl 3ARARTRGOR, Br borclBLRl 2 7
of sai d hydr odggdrageplyyteamnctlate Hrincipatly o maiatasnihgrcoetrch of alses sidtemsaidut i on.
Thi s enbodi ment typi cal Ia%tpreq ires ecg“go ic data,.fromthe IpI ant operator to
val ue the ref iMERG B BYEEPY - (VT SEELEY, ﬁﬁ’_&%‘iaf’ﬁ%,enﬁ?‘@? ?Sl_rﬁ\ﬁi’é‘@_ b each
hydrogen consuygRirolPareiicORigh' Qﬁ&fﬁowsﬁﬁfgefs'ﬁﬁt feRiperanlY! ré&v@e hh@adthsr the

refinery operator enters base values for each product and correl ations that
defi ne changesnaasurementsasml wahuels dasice fange tlinpitations cleg&slvenpribensst

qual ity that result due tq hydrogen su e r.ex | for
each hydrotr egoé?tfa“?tﬁ S 8V1§ﬁr§§yre§i§relg a orPar\II%ﬁi% e Eﬁ@?f\%} gltgée)g y%?)@ngﬁlgqu ges

(e.g., $/ Appmindlwdedie vetaeitydimictidhs,talles able phesdtretaiges gléquid tsviebrangessinl f ur
content, olefinic content and aromati c conte Simlarly, for each

r nt..
hydrotreat er, VE¥els28f PR FOnsiErERtians rekaksd el ot Fectigh-u EQMPETSSULaRgEdantSe ¢ |
$/ Appm i n keyg Rt aduch @g,aucb'bf‘rg ﬁsﬁﬂﬁ?@x? afelinfpert@RNESRlrain B8 HZ §petam RTO

can determ ne, ‘for eac easl In plant operation, the resultant

del t a bet ween system apd stwudd bpmodeled sppropdatekyd and t he cost, and then

determ nes a nore optimal shift that maximzes this delta while neeting
consunption requirenments and operating constraints. [0088] The H2 system RTO

runs on a conyg9sj onathe\WhirHuus toiirainVEndhade thes oaer arl ndedktpseanput er .
Preferably, the H2 system RTOis integrated with, qor in comrunication wth,
at |east one faflingetoy they dwmace. c ohhgse| nglpde cralvea Rasitighs PESEWRaIPRalf¥s) on a

regular per! oficfeca®3ienPhAd FAey kARMAROUIERIEkAIHLLARIGH) oper at ng

targets is automatica communi ca énment ed by the process
control system However, the recommended solution of operating targets
could al so be,.comuni cated to any plant operator conputer or process
control for rg\aﬁg&;@gﬂw approval by a plant operator prior to

i npl enentation. The process control system can be a basic process
controller or a nodel -based, nultivariable process controller such as a
Dynani ¢ Mat ri 0088ht r it thipvpeinty goggwTiset b isypsevsd rrd erfeiblys ptimplt o run

automati cal | yo;%'?atﬁlgr E&Hésafor the hydrogen system can be calculated. Key degrees of
freedom within the models, which correspond to key operating variables within
the process plant, are manipulated to generate different feasible solutions (i.e.,
different solutions that meet the constraints), which are then compared to
achieve the objective function subject to imposed constraints. In other words,
the H, system RTOQ, in an iterative manner, continuously runs different “what if”
scenarios using the models described above to characterize the hydrogen system
under different operating targets and then evaluates the same relative to the
objective function. Illustrative operating targets include flow controller settings
for distributing H, across the network to consumers, pressure controller settings
to move H, distribution across’speciﬁc lines in the H, network, flow meter

settings for the purchase of high and low pressure H; from third parties (e.g., Air



periodic basis. Preferably, the H2 system RTOis run automatically at |east
once every hour and, nore preferably, at |east once every 15 to 30 m nutes.
However, the H2 system RTO can be run as fast as every 1 to 10 m nutes.

[ 0090] Mor e paWPizﬁ%ll{"éerW, the H2 system REQ can perf or m d4¢/SHR/R0F6

follow ng functions: Operating Data [0091] Once the fundanmental structure
and connectivity of the H2 system nodel for the H2 system RTO has been

const 1 uct ed,  gnch WeTkd D B ARhARPCEAHIR | Serliflest $A0Y- $hBEn LbEnkR System

RTO pul | s data regarding cur operating con ions within the réfinery
from at | east compressondpgrassdtiehy pubities adnbthe dike, process control system
(e.g., a DMC) via an external data interface. In other words, the
application pulls real tine data regarding the operation of the refinery.

The nodel var [ghoep I’ &aRPMiiNthd SbjkawePfabliod TRARIY MIERHiftidh Ot &R0
defined by the live plant data. Typical plant data downl oaded for this

pur pose i ncl uthes fpr easbfsaselasalutine e Hasystem K& eelonlates i pyasald cost of
(tenperatures, pressures,,flowate . es . . | ticons,

{1 ow at o5 b DHBEEH eyt eR: Th s RBRE S RReyOR G dhe SRLIFLAAGh drons:
product sul f uprofi) thew §aneachifedsitie sdlution eher Ne systdn R ichicalagrsate bygralland
feed availability for the H2 plant and_conposi this data is

tion. Typically,
pul | ed from apmﬁée_égas S@B’ﬁ‘PPo a%@%f"éfﬁhﬁﬁéﬁ’ﬁéﬁn %'*(gﬁpm@é{)eéﬂ?ﬁ %C%‘I’BP‘?%_S( Oggnd, for
the most part el he st YbdditIBL Lhtiietd YR 145t YO Rddsite gﬂﬁﬂt%ﬁe{osd&@ﬁhfhboned

t hroughout the refinery. Preferably, this operating data is | oaded
aut onmat i cal | ywheth 2e10£04RagiBle JButiCTy BS20090 GBS GopaUD 2P Mpeng cthe r ent

operating Congll)jgclztgl%s fiftlc 1or|1.oacﬁgs Ip%c%sst rclzgnt|i_|nzue§yv.%r'iti“alr%e process is manually

terminated or all feasible solutions have been evaluated and the optimal solution

has been identified.

[00101] The H, system RTO optimizes hydrogen supply by optimizing
hydrogen purchases from third parties as well as the operating severity of the
hydrogen product plant (if present) and feed thereto. The H, system RTO
optimizes hydrogen distribution by optimizing the hydrogen balance to fuel gas,
as well as the purification processes (e.g., membranes and PSAs) and
compression to reduce overall system costs. The H, system RTO optimizes
hydrogen consumption by decreasing or increasing the purity and flow rate of
hydrogen fed to consumption units within constraints required by the unit.
Finally, the H, system RTO optimizes the fuel gas system by optimizing a
combination of flow rate and calorific value for the light gas supply to the

furnaces while maintaining demanded duty, and reducing material to flare.

[00102] Often the energy requirements of the various processes and the
energy content of the gas being sent to flare cannot be effected - however, this
application can discriminate between the various molecules providing that

energy and, given available degrees of freedom, choose the best disposition for



nodel , the H2 system RTO then undergoes a calibration step whereby gross
measurenent data errors are detected and key variables in the nodel are
sel ected and mani pul ated to produce a '"best fit' with the neasurenent data.
In other word¥0 &S system RTO tunes_ifie nodel by sel®&d{YSAY*EiaGes for
constants and other variables (e.g., tuning constants) that reconcil e nodel
predictions with actual operating data. This step can be perfornmed using

any one of a iLabl f t icCal t ' dat a
reconcil i ati O%H%?\/\%&{uga‘?t §e lgrin%aeg |’nilft & g;'r% t Mﬁi‘%ﬁ l%ﬁ{a@%{%@ﬁ—lz

acqui sition angstemdIOtmay bg apleoweghve ehasamdlecdes fromt galng 36 Agfutdeee "tiyeal

Ti me Systent S). of ROVep. Resul ting devjatiqgns. betwee | predictions
2na plant - dat SOERE MERAYER Aotie AT ARG HaPRATERIEE 4166 CHER) b ot & od.
for trending, |aR&lvfiesnaBCLIERIRh ab COH.). TREQKEERME foGCONAZA GalahbdAAR3 1! f
the objective function is an econom c objective function then,

si mul t aneousl| yo flagsanbe 8 yignifinapTerneditgbthe apphication of tviviecknadegy f or

economi cal ly nmeasuring potential feasible solutions. This econom ¢ data
woul d typically includes the cost of purchased hydrogen at different
pressures (e.Qupdti er pricing), the costs associated with running the

hydr ogen plant (e.g., the feed cost), the costs associated runni ng each
conpressor (e.g., steam electric costs), each nenbrane operation (e.g.,
conpressor CO?GOQM]I a_r"lfilefé{ftﬁﬁc@f gt HESydioh RO isARBokdiftEdiudi R ol'@@)/atin
environnmental penalties 1f excess fue?l gas is sent to flare). For Igrger
conpressors, &engsttanggtsgbaitreprshentiad ipwrovesl, aud gredferablyf aptional psteaxdy-fthtow r at e.
In addition, if th onami c. objecti.ve.function is.profit, this data would
al so typicall §°ri %8?“&?3"%8838/5%?5? 'ue‘gg%{ﬂﬁ lli}gpraéiﬁ Sﬁgragfég q%rﬁgﬁg%hﬁ%ﬁ 2¥i nery
product s t hat comuplleesdttingsdue disaritiitiagdesadrosshiie hogok so1paisymess, pydsagen
consuners. Typically, this data is_pulled froma process control system or
other plant deRROHESselingh to mave Kz distriutiogaeapss aRGCNG dIDES o fiea

operat or 1 nPUgwolit MR inEtef 3 thingd¥Br 40 Bt o tigtMhrld W?&%&?g%%@ can

al so be | oaded directly using a user 1nter erab econoni ¢
dat a i s | oadettirdupasties (cal | Air Products etc.), temperature controller settings, valve

position settings, compressor speeds, stream purities and the like. Typically, the

H; system RTO provides updates for somewhere between 30 and 50 targets,
which are then implemented and enforced by the process control system. The H,
system RTO communicates these operating targets to a process control system or
some other plant operation computer for automatic or manual implementation.

Preferably, this communication is done automatically on-line.

Implementation

[00104] In one embodiment, the H, system RTO solution is communicated to,
and implemented automatically on-line by, a process control system such as a
basic process controller or model based multi-variable process controller. In this
way, the operating targets of the solution can be achieved in a controlled fashion,
as the process control system takes account of the dynamics of the process whilst

moving base level controllers to the new set-points. A new optimal can be



Constraints [0094] When the H2 system RTO nodel s have been calibrated to
current operating conditions, the relevant constraints for the optim zation
probl em are | oaded. The constraints are the conditions that a solution to
the optim zatVeatppeBtiem nust satisfy. Ljke the current PEPEBUOHWE 00
conditions, the operating constraints are typically |loaded into the H2
system RIO froma process control system or ot her pl ant data historian
where t hey have eV|ous ent er.ed flner ope t o . define
the al | owabl er%ﬁg?d:ﬂ? ﬁ@yvﬁnr‘\id Jrnmd (bqnﬁ‘%?m &9 ltolnaelt ¢ c%lr??eéﬂgoorbaet | oaded
directly usingge O)uggtre interface. Preferably, the constraints are | oaded
automatical ly. 100951Constraints for a sinple hydrotreater or hydrocracker
whi ch affect hydrogen demand include the follow ng: flow rates of gas
feeds producigypefl MRS, drHRALRLHT B8 18] TR RO lch Bb usLdlin gh, Dot
separator and co separator,;’’pressures o reactor, t separator and cold
separator; vahdésqosiddeoils to erabodimeht, dieenmrﬁtmg(tmgytsmmewhitiontdnesent

hydr ot reati ng unit .are tential constraint X and measureld 0{? cab.é:]ul at ed
operating cont Hi%bisPieyechima Kt gperafar Gompuier qr B1aeess CRUER YA har tF al
pressure, reaglfl ofthdi6Fined fevisWé hed E'i?dro&e@rfﬂ@hé\b WpB mabnd)impldrstity/ @lefLi t Y,
equi pment duties, and streamqualities and purities (e.g., sulfur content,
nitrogen cont ppicallylivia a prosessentrok system. s@é@m"ihépmc‘&\?ﬁ eqnyrol pysiers ram et ral nts
for a sinple o u

reactor oper aF%aBL ap%cetgggk)ﬁ'?(gels& #regwggg%eéh otyc‘:/étl? %??-ﬁ'iet%e C&R-%AI% st eam
rates, hydrogamh[asedlMC purity, CO CQR purity, and furnace/fuel gas
limtations. WD 2010/ 042223PCT/1JS2009/ 005566

[00106] Typically, the H, system RTO provides updates that are implemented
and enforced, minute-by-minute, by the process control system. Typically, in
response to frequent reformer regeneration swings, as well as H, compressor
failures and other supply disruptions, the process control system will temporarily
adjust purchased H, and/or purge to preempt and smooth H; system fluctuations.
Relying on the H, system RTO for guidance, the process control system will also
adjust pressure levels in the H; system to maintain the desired flow distribution,

consistent with the optimal H, quantity and purity established for each consumer.

Process control

[00107] Under normal circumstances, when solving an optimization problem,
process control is handled by some form of advanced process control, utilizing
some form of basic process controller or model-based, multivariable process
controller (e.g., a DMC). In other words, the process controller has constraints

and, normally, the H; system RTO is built to respect the same constraints.

[00108] However, it is not uncommon, for a variety of reasons including

intentional decisions by the plant operator to maximize some aspect of plant



[00971The constraints found in the general piping network of a refinery
hydrogen systemrelate principally to maintaining control of the system and
managi ng i nvent or More specifically, constraints encountered relating to
control incl u\’.’f@zf‘r%fjﬁ%?nd | ow ranges for_jenperature, pr&SIEPHUNF Bt her
measurenents and control device range Iimtations (e.g., valve positions).
Constraints encountered rel ati ng to managi ng inventory of the system would

nclude 17ne Yl 8fddsy i) BMEkbORRinE S BURRYGCH! GRNIES AARIBR 1l st | evel

ranges in vessel's and any COI’ISI ions re ow di rection.
Conpr essor CORJO @ztlhteeognam 4 vidhetek corsaping fretrcthy planedath and afd e vawlatedpor t ant

constraint on this, type of system and should | ed

100981The f ur RARSEAEAS A1 lgni ng]}lhﬁ\s ’gh%‘/S(F&T 3&@%‘?6‘8&2}3@&68&?{9 gﬁ“ﬂts
l'eadi ng to theofddr n%ﬁmﬁﬁﬁ%mmﬁum Y& loperanesilt inBhsibRit9Sare! enddéfors, fuel
mol ecul ar wei ght and netallurgy limtations (e.g., tenperature

| i mtations). modelediag stlixnd l{m@@]th@ agshinptipo being t@tﬁwml)’mg regplegared, and

Car cul ated KBybRorSRBIR: P BEaRicherdtnab Bl dhaREle T oRBEB B8k,

key oper ati ngwwain aiheés W thin the process plant, are ITB.I’II pul ated to
generate different feasible solutions (i.e., di fferent sol utions that neet
the constraints), which are then conpared to achieve the objective function

subj ect. Lo | RSN COnRbAGIAY, i Qo e hidopal hEuLpRIRLEN REQ Hyn an

iterative ma cont | nuous runs diffefent scenari os u5| ng the
nodel s descri hettnaBRR it elvedyar gooetd 2ey tménﬁmr@lgamlsm@mmﬂﬁﬁhedﬁfzf er ent

operating tar n_.eval uat.e th ive
function. 11 |§Y§[%?’10’3% g ?lgtayﬁé’uflﬁ%et& mfel %Owngg%ﬁ% ro:as g’%'tlgl(eé%tl ngs
for distributjpeatkily atftiagsa kélexdietomstrint @a@@eswmmmapr #98 Ungamentf al | er
settings to nove H2 distribution acraoss specific |i S nthe H2 networ Kk,
flow neter setanswyat 8J0, thedlysyptemaB EOdnayegpmyisad Pcﬁ% 108 PIPESFLORE m ¢ hi r d

parties (€.g.quefdf ma Ft)flé}gﬂﬁ% Rrfehf clfaﬁ'g@ %r%cﬁ %intor(mll e’f‘hé‘ﬁ&ﬁt‘ figs. valve
position setti ngs E)/rrpr essor speeds purities and the |ike
the H, system RTO runs, it assumes the relaxed constraint is 10.001 and
recommends 10.0, which the process control then imperfectly implements as
10.002. In this iterative manner, the cooperation between the RTO and the
DMC, results in a constraint being violated more and more every cycle. For this
reason, the standard relaxed bound philosophy can be inadequate for certain

variables within a hydrogen system on-line optimizer.

[00110] Therefore, in one embodiment, the H, system RTO possesses some
independent process control. More particularly, penalties are assigned to
feasible solutions that fail to comply with specified variable limits. The amount
of each penalty depends on the identity of the variable limit violated and the

degree of the violation.

[00111] For example, for certain variables, the models can be built to provide
economic incentives for the RTO to alleviate bound violations. Such models can

be generally referred as penalty functions. In this way, the RTO can make



[ 00100] For exanple, if the objective function is the mnimzation of cost,
then for each feasible solution the H2 system RTO cal cul ates the overall
cost of the solution. Alternatively, if the objective function is the

maxi mi zati on WP PG then for each fegsi bl e sol uti on PCAGSHYY NP em RTO
cal cul ates the overall profit of the solution. Each tinme, the H2 system RTO
conpares the econom cs of the newest feasible solution to the | ast best
feasible solution n t t f

i mpr ovenent td Q/\ﬁga&gcﬁ“ é’?/% nma %‘%&gb&g{c dl \t/)g)l g)\refs’t %ﬁﬁﬁmf% 0 ;yg{(::lglgsé contl nues
until the proegegsvdribleaitoedss yorteslier. nEirﬁds that thé bpfirmzet bito csmshdttn (oswmlliyave
been eval uated and the optimal solution has been identified. 00101] The
H2 system RTO ‘Hﬂislrﬁ?dz’@sfr?f?dﬁl%@@ﬁessslfﬁﬁ??ﬂ ByieE erares Mo MLPIPLX PRases
fromthird pa%% bEtnR ok fuAG (ftnh@alﬁbo%hﬂl bﬂgldé%‘ffiﬁég eciied! Bunly doagae
product pl ant present) feed théreto. The H stem RTO optim zes
hydr ogen di st nﬁntsru'on onntbyutgptmtm objnet ﬂlh@ldmycﬁ)og@mhbmgag@leegtlYm‘élﬂCg@ls as

|l th
compr essi on 18 Ui usraried ptiens TR BN GLR A ee. o

hydr ogen consygpti on by decreasing or increasing the purity and flow rate
of hydrogen fed to consunption units within constraints required by the
unit. Finally, the H2 system RTO optim zes the fuel gas system by

optim zing a f@l‘? hatrh s Yay! HOW ALhEA Al fhe aNibgifis i@Sott BSulddsght gas
supply to the ngces% ag éréf}ll gt?dr%\ilen derralnda'ed }tczlut ébglrsld r%dum ng
material to fbawelatxﬂ)ﬂ@aﬁﬂﬂeﬂﬂmpmhk&y eatiemlgtspdnsaappheém@ﬁtesomcmhéumnous

processes and,t cont e sent..to f.lare an ot be
effected - Wévé r}gﬁg%o%(ﬁﬁ’lcl qﬂ?& g‘&ﬁgﬂ} é’ r‘llée[ 8pt15[8{%&8?1 SP 'O04r i ous
nol ecul es pr ovh@be@autyh@agxﬁﬂﬁeqy c@ﬂ@louan Yoy eeaappadiraatelagiges 10fthdyr -aedom

choose the best disposition for WO 2010/042223-- PCT/ US2009/ 005566 40
each nol ecul aknawipe getrgRe escappines, pepalgs Sfogr e pxjolations afdty Beasspemified the H2

system RTO may be %b lt%c!il%es‘alv LRESE: B KGSwh! HRd9R) i tr@vca shiigace by
repl aci ng them wth® an equi va eht” amount on a heat ng va ($/btu) basis
of a | owner vafabasmeﬁsecﬁérepémﬂtgrfumsloﬁmglgh@emjanbmgmlpieetf fodwe sﬁvenil ¢imesal ue

,[ne)Lﬁﬁg: g;yt[ ° 4 %tgf[%ct(fx?encobs? o? ,%Q{,é Ie:)?[%@%edbtg%%;rlegt t?ne violatiéi pépec lnognth(e?f L

weight like this gives a consistent drive to alleviate the violation if possible. As
an example, in a case where the ultimate move is to purchase hydrogen from a
supplier, the penalty function weight could be set to be some multiplier of the

purchase cost.

[00113] FIG. 6 illustrates this concept. FIG. 6 is a graph where the x axis
represents a variable value and the y axis represents an economic penalty value.
The variable has two limits, namely, a lower limit (LLIMIT) and an upper limit
(ULIMIT). As long as a feasible solution maintains the variable value within
these limits, the penalty assigned to the solution is zero. However, if the feasible
solution requires the variable value to fall below the lower limit (LLIMIT) or
above the upper limit (ULIMIT), then an economic penalty is assigned. The
farther outside these limits, the higher the penalty. A slope defines the weight of
the penalty per degree for violating the lower limit (Slope = LowSoft Weight)



[ 00103] The output of the H2 system RTOis a consistent set of operating
settings/targets that represent an inproved, and preferably optinmal,
steady-state for the hydrogen system Again, illustrative operating targets
i ncl ude flow WMW@HZQ settings for disgqibuting H2 acrf6d&SeHEB#ework to
consuners, pressure controller settings to nove H2 distribution across
specific lines in the H2 network, flow neter settings for the purchase of

hi gh and | ow . i I g i . g. i 0 t ),
enper at ur o cORt iy PEReraupltRShpd | Aot Sipfn g il PRICLS 5] fre
speeds, st r eanlifferenttsiopes,anvolabien bf Ke.lowyphamlicyn be heigh2d slyfféremt yRh@n pr ovi des

updat es for sonmewhere between 30 . and 50 targets, which are then igapl enented
and enf or ced ng}'ﬁ%tr%l 5 Eé‘ggerg%ﬂﬁ‘ﬁfi'o{%ugg%rt%W¢ﬁ€t5ﬁ§‘§%@mc%véw i cat es
t hese operati Rgriiié GeiSiabR. @ process control system or sone other plant

operation conputer for automatic or manual inplenentation. Preferably, this
comuni cation is done automatically on-line. Inplenentation [001041 In one

enbodi nent, t H21 st em RTO sol ution is conmuni cated to, and inpl enent ed
aut omat i cally%#m%g% process control system such as a basic process
controller or nodel based nulti-variable process controller. In this way,
the operating targets of the solution can be achieved in a controlled

fashion, as t ﬁ@lﬂgbceg’se Hohstean RAGL eambe Bead agpechibieh Sreaveneydismmigd of t he

process whils i I - pei A new
opti mal can bge %C%lmﬁ%g%ﬁl}a%ﬂ ; lrj%g%tglgﬁ 8%%65%%?&;&\? ggx%hggzgﬁsi?%nﬁl y and

w th mnimal Bdfsmapbatungreesyvenyn,-1@ntimges.t ransi ently or at steady-state.
[ 00105] Alternatively, or in addition, the H2 system RTO can be used in an
advi sory node. In this enbodi nent, the operating targets of the solution

are sent to a[b1dsspliayedonventofd ARTOQRY RIT s6WBP WL GeaddLstite OFr@BRncoONt 1 O
system The plant operator then reviews and approves the new optinma_and

i npl ement s t h&wFEAPE B8l respeasibilityp pbleapsicabopreel &g dhemndaguing, compolpr ocess
o) s SHGAD HouR sk LRSS ORI . ARG Pty
may require the H, system RTO to understand these transients. In such cases,
ignoring process dynamics and implementing solutions at a rate faster than the
"time to steady-state” of the system can result in significant controller issues.
Accordingly, in one embodiment, the H, system RTO uses externally calculated
model predictions of transient response. More particularly, constraints for some

variables are adjusted based on a prediction of transient response.

[00116] The predictions become important during the optimization case,
where the maximum allowed moves have to account for this transient response.
In this way, the optimization case take into account the future value of the
variable, as predicted by this external calculation. Thus the calculation would be
as follows:

Max allowed move = (Constraint-Measurement) - Predicted Transient Response

[00117] For example, if the H, system RTO wanted to increase a reactor

operating temperature (with a measured value of 900°F) with a constraint (upper



[ 00106] Typically, the H2 system RTO provi des updates that are inpl enented
and enforced, mnute-by-mnute, by the process control system Typically,
in response to frequent refornmer regeneration swings, as well as H2
conpressor faMAPWE*EM ot her supply disguptions, the prisdéS3YRTIeol
systemw || tenporarily adjust purchased H2 and/or purge to preenpt and
snmooth H2 system fluctuations. Relying on the H2 system RTO for gui dance,

t he process cont:[0 i J .50 ad) ' 2
ystom t o mai REAP G RY TR M Pl eRa L RRIPPARTIR (R ERE v okl Sy

opti mal H2 quaisth,ithenathe npnimiiny iratablthesREO doald pafonmoonddien S°Pr ocess
control [00107] Under normal circunstances, when solving an optim zation
probl em process control is handled by sonme form of advanced process
control, utiligimg] SRR ofPBB fanBiRERESinGORL s4UEAIR PO iHDSGLs Brsed,

mul tivariable process controller (e.g., a DMC). In other words, the process
control | er hagseohsve ahqaseredndluendprriliel yariableeinHpuestign epeROrdapsesput the t o
respect the sane constraints, [0010 Ho er., It is _ngt un ,afor a
Variety of redUi TAR T NS PR Poat St Eiors hd ByOfte R Bt ot or 1o
maxi m ze soneprgtal vadic foravé dui(l Stiiz0Ho? A3nly4he RiedslssAORIEHREO DG 2
operations, fqor DMC constraints to be violated. In such cases, the H2

syst em RTO wi fhe qugepyalyeshoulq B aeightedindhe Bode! salBFAtOROOIRCHNE flpatiganand use
the violated cqshé dkplet@ndis"@havem thon R oFiEr blw¥s HEpFER ¥ ladha not
make the probl em worse. Constraint violations due to operational

i nf easi bi | it ycerent vales, dho modehoadibratwnasse gioakkbootimuattéanptinigeo agiaimizei on

mcopendent |yt A gt EERES ok BT RS iR Bl shoute

be set to zero. The model calibration case will then calibrate the model to

current operating conditions as required and be unaffected by the presence of the

predicted value, except to calculate its offset.

Computer Loaded With The RTO

[00119] Yet another embodiment of the invention is an apparatus comprising
a computer loaded with an RTO computer application. For example, the H,
system RTO can be loaded and run on a conventional Windows/Unix/VMS

based server or desktop computer.

[00120] The RTO computer application is any embodiment of the RTO
computer application described above or any combination thereof. The RTO
application optimizes the supply and allocation of hydrogen gas in a hydrogen
system of a refinery. Preferably, the hydrogen system is any one of the
hydrogen system embodiments, or combinations thereof, previously described
and, therefore, comprises one or more, and preferably multiple, supply sources

that provide hydrogen at individual rates, purities, pressures and costs, multiple



[ 00109] Unfortunately, in some cases, this may cause problens. The H2
system RTO is always going to try to find an optimal, which neans the H2
system RTO wi | | al wa s push to the limt of some constraints. Sonetinmes
repeat edly hi VPR "4*Fel axed constraint-gmn be detri ment™&"/USE8O%HEt ance,
If a constraint is 10 the H2 system RTO may recomend 9. 999. The process
control system may then inplenent the change inperfectly as 10.001. The

next time the H%uﬁ’ﬁﬁbﬁr@l@l—% V\ﬁr&%nsdntle A3ANTRR Athmdivelhax eflte3Opatitiad Nindi S

10. 001 and recomme the process control then inperfectly

i mpl ements as pﬂf@SlﬁeQandlammtwcsmmt%@n@thydeogmrﬁlmbuttmet}w#erat i on between the
RTO and the DMC, results in a constraint being violated nore and nore every
cycle. For this reason, the standard rel axed bound philosophy can be

i nadequat e foyooaenf aiAs \pagviedyl L sstated,hitie am/chppumoaypxteﬁmm@ tomprises
optimzer. [00 I n one enbodi nent, H2 system RTO

11 Th f
possesses sonﬁnkfﬁ’}ﬂ@%'ﬁﬂ;}gﬁ? L’E‘PE@&@"@JH{ ths moygzRent 65 P?WF’%W hydeagsnt i es
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variable lim each penal epends on the identity of the

variable lim bparami@deeaiawdldsesrselddmgraemgafatatﬂoqaopubtmndmllb{mmb@od?dﬂ
can be, bui,l vi de econom c

exanple, for rtain variabl es
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targets for the hydrogen system that meet operating constraints and (d) outputs a
recommended solution of operating targets to move the operation of the

hydrogen system toward a performance related objective function.

Method

[00122] Yet another embodiment of the invention is a method of controlling
the supply and allocation and, thereby, consumption, of hydrogen gas in a
hydrogen system of a refinery, preferably an oil refinery. Preferably, the
hydrogen system is any one of the hydrogen system embodiments, or
combinations thereof, previously described and, therefore, comprises one or
more, and preferably multiple, supply sources that provide hydrogen at
individual rates, purities, pressures and costs, multiple consumption sites that
consume hydrogen at individual rates, purities and pressures and an

interconnecting hydrogen distribution network.

[00123] The method comprises at least five computer implemented steps. The
first step is activating a H, system RTO application. The second step is loading
current refinery operating data into the application and using said operating data
to populate and calibrate the models. The third step is manipulating, in an

iterative manner, model variables to determine feasible solutions of operating



integrated noves to correct bound violations, enmulating the action of a

mul tivariable process controller. Limts that the optim zer is to consider
(usually lim¢ts read in fromthe process control system are read into the
penal ty funct "Orf'Hé*BoUnds on the functieon value: only JEtEEYEPEne

speci fied bounds does the function contribute to the object function. By
penal i zi ng the objective function, a driving force is created to nove the
variable in qygsti o8 heWidged Bteth MR hRd: bpdting dRQdAiAL. 1The! Bhsth WRY:

penal ty nodel s behave in"a way ‘anal ogous to soft bounds or violation

vari abl es. Thés gdeterhinyng al wodmmeddéds selpiyon of apsrating @rgete thapembyasctheon
(usually, the,econom c. objective function.used,in.the optinm.zatlon

sol uti on) . ThESHORGH LRI deerEmiaet el avisdivg RRiod sLFEBRR e

wei ght. |f thayindslemkmpnthedRBbIARNESDEEMich PLOptraties tirgéts ldthgvatoleadti ons
can be specified. However, because they are not always known, and to

i mprove sol ut PBH PreAssS cArER] systane fo peiaBge Yo SeEingoioneny ir smareecetilt rarily
set to be sev j h egLive: co e X orrect
the violati onsé %rice:nﬁ;feh%., 'S/ ﬁg\te\fs/\iei%%a;{ﬁfoﬁlkg{e{f ﬁr%&eg’u 3%@\52&%,0%2{5%1?%”{@8% ve to
al | evi at e t heahsodieat,icompréssposmidithe liké)s Buefeeatdppthe re¢commendesiesohtmnest he
ultimate nove_.i s t.o purchase drogen froma supplier, 'the penalty function
wei ght coul d Bi§° bfnai)ﬁolﬂtéo%@ﬁggﬁble?ﬁ“fﬂé‘@?tm&‘f t he purchase cost. [001131
FIG 6 illustrates this concept. FIG 6 is a graph where the x axis
represents a variable value and the y axis represents an econom c,lpenal ty
val ue. The vall0ddtle Raeferaply, theitiZssystran®TR applicafier is japy tonglaf| the RTQnd an
upper limt ( | . i Ut . i.QE ai ari abl e
Vel e wi thi n Ik ofifodiRh 38 ArkRBloLPoaRbHhAAR, WBICD ShpRurbinn) O
However, if tthe Heastdmh KD lapplication queferably tdrepnsesilaikeé noallireat kinkdt | bel ow

the lower limt éLtthT% or .above the upper linmt 'éuta'g@m’ then a
econom ¢ penalPP§els thak shirgeierize ’%ﬁénqufmeﬁg?n CRTSHIRUPH N SHELASESHEC hi gher
the penalty. Alpﬁiyome f&eéie{ﬁﬂﬁe}ﬁ?%l%temts)tbﬁhﬁ%@éé%ai)% tREe QR bR

violating the Tower limt (Slope = LowSoft Weig

2010/ 042223- FoYeus2Bodadlso e models imthg aphlcatiopealsq ragkt the heyesent ppdih Sof t
Weight). As s J t differ i {0 t he

| ower bound c‘%ﬁg\%gb ﬁ%‘féﬁé%?gé%"e? rft aﬁést' hglﬁr:(;rea%\';llﬁ gﬁ%zﬁr}%r%x %?A (fd%ies ﬁ)ﬁgfel? bound.
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External Predictions. [00114] The H2 system RTO can. he ru t a nmuch high
frequency t hngmll?i }bq*}f”ef)&“aé?}fi%frgﬂiemef TIRANGE RATACRTEI G gt “‘?‘B& H¥C every
few hours, a dddppupdsBdRASATEIMBRINGY OrRRGEE nBYser ahd 1B g MifYhESr, that are

chosen such that the models will predict the correct shift in light gases when an

operational change is introduced. Typically, the models would also track the
disposal of unused or expended hydrogen gas and associated light gases into a

fuel gas system that powers the refinery.

[00125] The objective function may be related to any performance parameter
for the hydrogen system. For instance, the objective function may be the
minimization of hydrogen gas bleed to fuel gas or, conversely, the maximization
of hydrogen gas fed to high value consumption units. A particularly beneficial
objective function is minimization of cost to supply and distribute H2 or

maximization of profit, wherein profit is calculated as the difference in value



[00115] In a conventional RTO the RTO solves a steady-state problem -

del egating the responsibility of transient control to the underlying
control system However, in the case of the current invention, the high run
frequency mayWVP%* Bt he H2 system RTO. 9. under st and t HEJESEPYNET%Nnts. I n
such cases, ignoring process dynam cs and inplenenting solutions at a rate
faster than the "tinme to steady-state"” of the systemcan result in

significant couryollge v%ﬁ%%ro@?«%%é&id&%ﬁ Pyitﬂe ‘Pf}%oﬁ@ﬂﬂt&)@{?ﬁiw LiE 2

system RTO uses externa c predictions transi ent
response. Mor eogdo supply and gistribaresthe &,nt s f or sone vari abl es are adj usted
based on a prediction of transient response. [00116] The predictions becone
i nportant during the optim zation case, where the nmaxi mum al | owed noves

have to accounyor2¢| tMofe pAdRSIAY! il 8APRBBdindht tthe SbjeBive HlRtBRALE Wnzat i on.
case take into account the future value of the variable, as predicted by
this external ceenosf @bjegtive Tunetionhd araaxemple; it obieeiive Ractien maly ksnthe Max

cLboued IOV b Sl BSOS e L i B
oper ati ng temexiaigukeordonit hdaa nbascrliadatita) tiee @lbstd 06fF )hydidgen asupphys tandi nt
(upper WO Zo%ixos{rﬁﬂl%%rzl 3(215- prpeg/I({uLsJ yzggs%ﬁ'iggchi%?o 6156 application of hydrogen supply
and distribution and calculating said costs for each feasible solution.
Alternatively, the objective function may be the maximization of profit. In such
case, the method will further comprise the steps of loading economic data for
calculating values of products made by the consumption sites (as previously
described) and costs for hydrogen supply and distribution (as previously
described) and calculating profit as a difference between the sum of said product
values and the sum of said hydrogen supply and distribution costs for each

feasible solution.

[00127] Accordingly, in a preferred embodiment, the method is a method for
operating in an oil refinery, where the oil refinery comprises (i) multiple H,
consumption units that consume H, in order to produce refinery products, each
H, consumption unit having one or more control components and (ii) an H,
distribution network that distributes H, to the H, consumption units, the H,
distribution network also having multiple control components. The method
comprises a first step of formulating a non-linear programming model that
comprises an objective function and one or more constraints, wherein the
objective function is for an economic parameter, wherein the quantity of refinery
products produced by each H, consumption unit is represented as a function of
the quantity of H, consumed by the H, consumption units as supplied by the H,
distribution network and wherein the quantity of H, supplied by the H,

distribution network is represented as a function comprising one or more of the



limt) of 920F, but the "predicted" externally cal cul ated transient
response was +5F, then the nmaxi mumincrease the RIO could performwoul d be
15F. [001181w%0ia 09#533‘“ on of this functionality in a H2 systemF

i nvol ves the Use Of measur ed val ues-#®¢ the variabl €4% S&‘t?%@‘t’i"’én one
to represent the current value for use during nodel calibration and anot her
reading in the predicted value for use during optim zation. Only the

measur enent r eRyeSeR! iplsitf, NRnfysrdieRt af(&'ﬁt‘é&sﬁféo'éfdth@eHy\Edu%ﬁﬁdd e g nmodel
calibration objective function - as the expectation is to have a non zero

of f set betwee l&ﬁh@tmedﬁmoela ardrecmethodt compiiees, a t seeombdedp ©4l fepeisingon case

shoul d not be t he t he
predicted val ueg&%)%gp {A\Q/Cé)?ng)rmr{én%%&dlgfar%hou?&gg% gié evgrgﬁpsgpr?ﬁuceﬁpdel
calibration casehevitlj todshmiptionlunhs. aU'(hetrﬂiHihdﬂDdﬁhpxﬁSbs QuUthir@itepoPRpdiuldighg

conditions as required and be unaffecte y the presence of the predicted
val ue, except % NRBIIREITL PEOErIRMGHE Juqde cp#bt}t'%recee)%med #2t h Theemrthod] 00119]

Yet anot her epbadhiRn fRfhs ttgyobmeeam “reﬁﬁeﬁrrbp%% aéatasc&ﬁn%t?gmghﬂeaﬁ

conputer | oaded wth an RTO conputer pp Ication. For exa
syst em RTO canndeeattonpeardmated thahdesrmmes a neagtor iconditionfardbevl, donsumpiBnbased

server or deskt 001 The RI Q copput er cation i.s any
enbodi nent of ut“ﬁsoaﬂo%q%s 0¢ 9P egﬁg}; PRLeEH s e(rglé%faﬁggﬁé’ Vorate Ry ity,
conbi nati on t kgipeefture Tdhel/drl fee R0 dCHY k@EhnPini thie ZBSdibhiButold RbtwolAd The

al l ocati on of hépr ogen gas in_a hydrogen systemof_ a refinery, Preferably,
the hydrogen SE©dROMPrigeya s Yep Pﬁeowﬁtregtéﬁ ngpdingps er@smrﬁ@m@odqi

conbi nati ons mﬁrtﬁxfeﬁn Féiﬁllgydagaesﬁﬂé HEflodRGm fl&grae;v&?lg St tdifigs one or

nore, and prefera supply sources t at prov ogen-at
i ndi vidual rates utlpurtlot ﬂxesuorphmwregraamlngcmo@e;l nith¢ imdtbod compsxsesmal on

sites that copsu i ndi vi dual tes urit essures and
an i nt er connett FH Sﬁ%a‘?fg%e’ﬁtlﬁgé)lnfaloﬁlﬁ?%ﬁowgﬁ Ft?oge’ttﬁﬁkgﬁﬁ%gm&b MPBus| y
stated, the Ridwapphidét HORoM@hRIoADINItsCREFIIRES the WeRAionWHaihéd1e The

ki netic nodels for the novenent and consunption hydrogen gas in the

hydr ogen syst @&thadcompsisahanicgith gvien ) prdedicalburapssiing sepheny thisught i ng
data and usesgsgid operating data to populate and calibrate the nodels, (b)
| oads operating constraints for the hydrogen system (c) nenipulates, in an
iterative manner, nodel variables to determ ne feasible solutions of

operating tar for the hydrogen.s that neet operatin onstraints
and (d) out pu@gigsl i’b?ﬁ?ﬁrﬁ% t@%?t&‘? éﬁ Ogﬁéerpétcf"i’téet”éﬁ @‘é‘f’g‘ag‘ba(ihb%at he
]gper ?t ion (|\)/L tIEthalhﬁéiﬁ&ﬂ@'&aﬁys'[MB}et PMETablg, DRM hethBBNEDs! £t bR ADEREY | Ve
uncti on. 0
hour and, even more preferably, every 15 to 30 minutes. However, the H,

system RTO can be run as fast as every 1 to 10 minutes.

[00129]  Alternatively, in each case, the recommended solution of operating
targets can be communicated to a plant operator computer and, upon review and
approval, implemented on command by the plant operator using the process
control system. Alternatively, and preferably, the recommended operating
targets are automatically implemented by the process control system.
Preferably, the process control system is a model based multi-variable process

control system such as a DMC.



[00122] Yet anot her enbodi nent of the invention is a nethod of controlling
the supply and all ocation and, thereby, consunption, of hydrogen gas in a
hydr ogen systezgof a refinery, preferably an oil refineny. Preferably, the
hydrogen syst 8MTPY4K¢ one of the hydrogsn syst em enbodifreAtsa 0/ gsee

conbi nati ons thereof, previously described and, therefore, conprises one or
nore, and preferably nultiple, supply sources that provide hydrogen at

i ndi vi dual T atgg30pur Fic.SF illRIr8SS HeSReBDE it BRES detdl! Uh BIE. FOBRNWHRALARN Sites
t hat consune hydrogen at individual rates, purities and pressures and an

i nt er connect i nedi¢agelr angéher detsan inthe porvessefonusikg ah (ISP mTREOmstdesetitednpr i ses
at least five,conputer inplenented steps. The first step is activating a H2
system RTO ap&F?ﬂgtion. The second step is |oading current refinery
operating data into the application and using said operating data to

popul ate and calibrate the nodels. The third step_is manipulating, in an

d
iterative mant¥H3lhodarstvathebitast” stspddiherii systemeRIOos @ctvated prmhepes
operating tar t ti gepGr ai nt s.
The fourth stQE%F§C{§?€?E@ﬁP%gﬁggfg% nﬁ%ﬁg@%%gngﬁﬁghogf;gﬁg a??ng targets
t hat noves t heathjemggkanl sthet emomatically en peaghbar panodic bedinlegl, elgre thiitye
function. The f.iftﬁg step is ig@l ene ti ng tge re&gmrenfded sol ution of
operating t ar JRPECY DY APTRTESF EYUFOT SYcpOh OB LEMABKPY 8 FCIRPLY 8RS  change t he
settings for one or nore control conponents (e.g., valves, separation
menbr anes, scrubbers, pressure smﬁng{absorbers, conpressors and the |ike).

Preferably, tHO13Ecomseonteds d1s| "MatyiRec Set-yp” sispi Hgre.stbe hisystemoR TR

bi ect i ; . - . ; . . .
gn;egn;vgf ?E%&I Cﬁ%bg??géﬁ%%ﬁﬁﬁﬁﬁggﬁﬁéﬁ?%Q@%EEP%%F%92%§€%&%$Q%%%%%hg?iLﬁs
t her eof Accor ijilpugleyl_, intch¢heHZlosw sheem &kdtlap pl, i Dateno RO gfrecabdsy awp ipgit ses

| i nked non-linear Kkipetic del s that characterize the anenent.anq
consunption (SRR o‘f?éTeﬁggtggnft? ez}pr‘ﬁ‘Pgeli fTheoperating datapts agpreyiopslyne

exi sts) of hyguseded. Iqspically, NAishobEABRNdRY 3¢ 8HWnida8Eh@dBticdilerBRAg! s i n
the application also track the novenent and consunpti on of associated |ight
gases. Nbre pRIPESSE gPBiFolysystepeanthigdiased on actal mpdivzsy dHomertinnnisemadnsidei t s
repr esent Iigﬂg{er&ﬁl%g}s as discrete conponents and |unp heavier materials
into key performance characteristics, including olefinic conpounds,
aromati ¢ conmpounds, organic nitrogen and organic sulfur, that are chosen
such that the ls.wll predict the correct shift in |jght gases when an
oper at i onal cfﬁgﬁg’i i SUPWfang sl Pt LEW[R"H&# sy eqqq@n%ggqasre{;gmt& arseg r ack
the di sposal @t opfinSRoR obfeHROB dBACHNOE QR SRR d ANPhid $e8kdmiceshd igR§ gases
into a fuel gas systemthat powers the refinery. [00125] The objective
function may Wevipeslutdsscribsdany ypisallvr this detapiar pyttedefrofmop praeeshyedngigbn
system For i n h i ive f. i 1.k 1 i of
var ogen gas Breaep e st dhg RGN, B SEt End UIREBL AL 01 ogen
gas fed to hirghinargloperatonaungdriodiv basist EEcofompdr ddte vhmalsy bbésweled cirattly
objective function is. mpimzation of cost to supply and distribute H2 or
maxi mi zat i on ‘BP8FHFT F‘,tergﬂ‘?g'rei n profit is calculated as the difference in
val ue WD 2010/ 042223- 4 -PCT/ US2009/ 005566 8

[00134] Third, is the "Run Data Rec" step. The model, now properly
configured for data reconciliation, is run in data reconciliation mode. The result

is either "Successful " f'Invalid," or "Fails."

[00135] Fourth, is the "Check Data Rec" step. The final value or "best fit"

for the data reconciliation objective function is checked. If the final value is



bet ween the val ue of products produced by the H2 consunption units and the
cost to supply and distribute the H2. [00126] Mre particularly, in one
enbodi nent th§, ggﬁgzéve function is an econom c objective function. For
exanpl e, the 8B €CITVE function may be the- nini m zati on ‘G EELY5 such
case, the nethod will further conprise the steps of |oading econom c data
for calculating the costs of hydrogen supply and distribution (as
previously deggk %gashbrat»%méﬂ eheARRlid Sidtek %ls&tedm%og@mps U R0 the fit
distribution and cal culating said costs for each feasible solution.

Al ternativel yor thessequgrsctis elandaned: i Blevwnsheetoerludsearerabep vipdated smraffecpthef it. I n
such case, the @%Ep g wll further conprise the steps of |oading economc
data for cal cdf atlﬁg val ues of products nade by the consunption sites (as
previ ously described) and costs for hydrogen supply and distribution (as
previously described)_ and, cal cyl atln%ﬁprofit as_a difference betmeen t he

sum of said plYHdel fthes Hisa PREMS Sa1-BP" sigpd ﬁfaf‘pdg@?ﬁswﬂaw Artiem

di stribution I in a
preferred emggﬁhnéﬁlﬁ mmﬁad% 3 d r?g&gﬁﬁe? Ehg&f or Igf%ér%at in gfcﬁ%ggdr?g?éd
refinery, whetecertfgued ther ﬁéwm@cgﬁ foo i mstamzem)n mu. t These ¢dhstaintsuarptason
units that consune H2.in.o roduce.refiner oducts, each

consunpt fon aRT R desCaRet o vige B driruS auhRulehFBRhR ahoqeRs Shdh,

di stribution pgte@ik plandidadi ibioriby Werd fhel hald Bl pRATRIITPEdtORd WY he, the
H2 distribution network also having nultiple control conponents The net hod
conprises a flegensoppralE tordeinat thagaliowibie IopaebRe pvagosmel nﬁlerrB’é‘éT t hat
compr i ses an AleG! Yoind UPHd Qs AR HIoMRy ISR BESORFLHD T he
obj ective functioni or an econoni c paraneter rern e quantity of
refinery prodaptisatpomoidtecfade.by each H2 consunption unit is represented as a
function of the quantity of H2 consuned by the H2 consunption units as
supplied by the H2 distribution network and wherein the quantity of H2
supplied by t{pe14] dissith] ButHcoMRagtOPpfilh"i siey. e MRS fRdHEd isafurdtd WGt @8

conpri sing one or nore of the flow rate, purity, tenperature and pressure
of the H2 streiesdiven funeiopp fori ke | ydeogsn ﬁﬁt%rwmf?h@%ﬂﬁoﬁp@émﬁﬂ%es a
second step o C r h e of the
ot imery. prodgdy Lkt ARAC0RAGE (BhAbRET IR PR HRRE kctBh
conprises a t'ﬂnvaixdétoeﬁFmis pdﬁmSataasgfut héhendhe butpetis qoscﬂgﬂcamnmgtmpdél W th
the econom c data., The ne og (of0) ses a.fourth step of receiving refinery
operating dat%’%ﬁﬂﬁfpgvﬁﬁlﬁ? P& “ﬂﬁ@pP@5E¥3?gﬁ%raneter that determnes a
reactor condition for the H2 consunption units and at | east one operating
paraneter that determnes the flowrate, purit t enper at ure and/ or
pressure of HI0EI¥eafgvanth, tlﬁglel—(ﬂlmcgt@l?‘imﬁ si&h.- %ﬁ?%h‘kopﬂmélam BeJatiemnpri ses
a fifth stepof; hp%g' afﬁxg%ahhﬁclﬂgé‘ 'éd&?o% cHé&&{oamgguF@ﬁl%'c u}(@ E@ e,
refinery operating dat nprises a six step of 0O Palnlng a
solution to tdaeuatiyrmnbmveathepcrtggnﬁmﬁmgxormdkédcrosTtlmq;m&ﬁdmﬂp@ts’qﬁothﬂs@
seventh step . of adjusting one r nore control components of the H2
distributionlﬁﬂPQB{%eﬁﬂﬁﬁﬁ?°¥ﬁ ths3sthF6KS on units according to the sol ution
obt ai ned. The nethod conprises an eighth step of periodically repeating
steps one through seven. [00128 In each case, the cycle of nethod steps
can be run adf i chighth, of the r'dmplemenfe Cheek'c stgnsi Brocrgsr eogradfsvstepl y, t he
met hod steps e r y 15 to
30 i nut eo. P, A SRS YELY i Bl A0 ens SRl REY SRESIGF el A 8EY, 0016
m nut es. [Oomdxthébmmahtiumhqlutmm each case, the recomended sol ution of
operating targets can be comrunicated to a plant operator conputer and,
upon review and approval, inplenented on command by the plant operator
using the prqgesm) COan'ﬂth ST RIPlerAbd el zﬂ%ﬁfs"@!eﬁ Iﬁﬂﬁls@h@ééﬁ!iﬁp{xﬂ/ to thipe
recommended operatlng targets are automatically inplenmented by the process
control syst @aint,pihef et ytargeite of rthe @pti mizshion ololwtiont are $ant fo rmpedcebmsed

nmul ti-vari abl e process control systemsuch as a DMC. [00130] FIG 7
illustrates the nethod in nore detail. In FIG 7, each square indicates
anot her action in the process for using an H2 system RTO as descri bed
her ei n.



[00131] First, is the "Start" step. The H2 system RTO is activated and
opens its associ ated nodel database in preparation for running. The H2
system RTO ca i nvoked either automatically on a regul ar._periaodic basis
(e.g., every t?bz(rﬁiof?”r%#(nut es) by a processz control systerﬁcngsg%w&”éﬁ"ﬁnd by a
refinery operator. [00132] Second, is the "Data Rec Set-up" step. Here,

the H2 system RTO is set up for data reconciliation. Process operating data

and status fl agsudls§stbMRR b 8PlditbPeald? cBJlnBYMeﬁh]?ﬁé sol@fitth 5%6%@%5%@@ RTO

processes any | ogic ' necessary to correctly configure the nodel.” The

oper ati ng dat andysbeagutpmeti¢adlys¢ommiusicatedh ¢el and yppleaienied byha progess aontngl dat a
i s downl oaded astgtrgnal&héaltl.ylfr m a i)r Qcess ¢ 1Jnt rtol yr%t egl an ist. b?]sed on
actual anal yzg}’ Thr o HEl T O Fr f:ns‘f)lr]il AL WE T LB RS f% f:f%’]oma 1cally

Si mul t aneous| yentab 4 plafit GSrator caMpuRe AN iinplefiheedr &l evaniand GyshkVilag t he
optim zation objective function is downl gaded. This econom c data is as
previ ously deSBFRI9BJUPORy Fvieay [apd appiayal af 4hg ep¢ating (Rrestynising aoRiesesscont r ol
system or pl a@‘gntggts%tg}hstori an and is based on data created and updated by
the refinery operator on a periodic basis. Econom c data can al so be | oaded
directly using a user interface. [00134] Third, is the "Run Data Rec" step.

The nodel, no r.oper, canfigyred for data.regonciliation, is run in data
reconciliati om’ﬁﬁﬁﬁ. 'ﬂfﬁg’ r‘%é‘il’ﬁgtﬁ?sg Ig}ptl%?m?%ﬁ%ce&‘?'u‘fl?m'ul? r%aﬂ%z}nd?’, .?lagr
"Fails." [001ghfind-aedebdtry ifsr 418 resdieek sikRbRARCBDMpIARR. is THefdrnBa@ at s ue or

"best fit" for the data reconciliation objective function is checked. If
the final val BRnts F@yeinsanedr asHag dmightuee samé tourthg splant: Ieperatas- datved in

an attenpt toirﬁmgrg?%wagwcf%ﬂ_he sequence i s abandoned. Fl ow sheet

val ues are als o refl'ect the new solution. [00136] Fifth, is the
"Optim Set-up" step. Here, process control systemconstraint limts and

status are re L. rther, ecessaty ) ogic.is processed.to configure
the flow shee@gll%ﬂ tﬁievgﬁﬁ’i’ ﬁ’i“gﬁf\{?lg'n 1516, E¥ﬂe§§gp'cgh§f’$°é‘f3ﬂ‘feslsgﬂlésﬁ‘ﬁg and

previ ously degemdaerdatdbake &adlbded. constraints are pulled froma process
control systemor plant data historian where they have been previously

entered by the refinery operator to define the all owabl e operati ng wi ndow

of the plant. oppygvein o308RnBhinidiP of RSLEMLE 211 GRS dRBHEH MovkNFe P! ant

operator using t applicatron inter
conducted automatically, on-line, in communication and cooperation with at

least one process control system, preferably a model based multi-variable
process control system such as a DMC. In this embodiment, the operating data,
any economic data and the operating constraints for the problem to be solved are
automatically downloaded from a process control system and/or other plant data
historian. The application is then run automatically and the results are

automatically sent to and implemented by a process control system.

[00144] In another embodiment of the method, all of the steps described
above except the implementation are conducted automatically, on-line, in
communication and cooperation with a process control system, preferably a
model based multi-variable control system such as a DMC. In this embodiment,
the operating data, any economic data and the operating constraints for the

optimization problem to be solved are automatically downloaded from at least



[00137] Sixth, is the "Run Optini step. The nodel is run to solve the

obj ective function for the hydrogen system while neeting consunption

requi renents given operating constraints. The result is either

"Successful , "WORPAIY' or "Fails." If,_SSuccessful," t HEA/BHEYYIIHuUt is a
solution consisting of optimal or near optiml steady state operating
targets. [00138] Seventh, is the "Check Optint step. Here, the optim zation

solution is checked. Thj n.include cust eck.10 at the
sol ution act udl'f ¥ 955t %W@g??%séé%ﬁf%f P@l ' g %ﬁg@tgﬁ%&a& o@%%"%@%@%‘%g
reports shoul ghenl 198 denidtitaly ahdehecrRBtsUrE abtoafatichies sent he akdant dpbRALE9]

Eighth, is the "Inplenent Check" step. Process control system | im ts and
status are re&8MPRCRgal BEN RoredWST SPETRIE TEKIFWE iy BRPTONEY &he, rey ! thtndaf f ect

the optim zat iiﬂ@g?‘%w%@{&ul&% %PMC%QOH&Q B@m. | npl enent Targets" step.

If all is succe up to t nt, the optinal targets of the
optim zati on $@0146] orlnanethse ambodingnpeithe ssthaipat keadt ong stepinoadditiongopl ant

operator conputer. The sol ution. of ratin arget s be automatically
conmuni cat ed %erﬂﬁ‘ﬁf‘té%ﬁ?@d‘sb%?nag‘g?‘gg@ggal oﬂﬁ?l e g@i#ﬂ?ﬂemﬁpgg}eﬁ‘ tively,
the sol ution gfe opeh@id A8tal ahPaictnéfBy 8Ra AMHOMBLdgeddting S@Rtrain®s forpihent

operator conputer and 1 nmplenented on conmand by the plant operator, upon
revi ew and apppimigetion proflempter be isplyed £2p dies dowaloadeda aypaadsally: e 3
system [001 e i g : A q - r
status flag sé%‘%cf%g&%gglegggﬁg?%@ pgélel;ﬁ%tgﬁ%?hg s@bce@sﬁ‘%ﬁ%%ﬁ#’gt({?on IS
perfornmed at tlhiofthealard mafbe entesddadicmretly dyfthagsemagtite thee sfthe rio using apl ant

operator that inplenentation was syccessful. [00142] .El eyenth,, and.finally,
e " End R B dREAES D MBI A Hot AABIHoRSA AN T80 s
cl osed. scenario. The application is then run and results may be implemented manually,

upon review and approval of the refinery operator, or automatically, using the

process control system.

Refinery

[00146] Finally, another embodiment of the invention is a refinery, preferably

an oil refinery. The refinery comprises at least three components,

[00147] The first component is a hydrogen system. Preferably, the hydrogen
system is any one of the hydrogen system embodiments, or combinations
thereof, previously described and, therefore, comprises one or more, and
preferably multiple, supply sources that provide hydrogen at individual rates,
purities, pressures and costs, multiple consumption sites that consume hydrogen
at individual rates, purities and pressures and an interconnecting hydrogen

distribution network.



[00143] In one enbodi nent of the nethod, all the steps described above are
conducted automatically, on-line, in comunication and cooperation with at

| east one process control system preferably a nodel based nulti-variable
process cont r &0 YYPHEM such” as a DMC. I ns4his enbodi mentPCHYFRPEF%t i ng
data, any econom c data and the operating constraints for the problemto be
sol ved are automatically downl oaded from a process control system and/or

ot her plant d i St nﬁg)g jcati i i y and
the results aﬁg@lgglt]orrgﬁ ggabloﬂgn?e t tkgpgn%ﬂ@%?oe&nehﬁ?g{fglrobfﬁng?g%éelggth%tontroI
system [ 00144pntrois sreolt sueogearsystdimeirefecdbly, emods] hestd, miulti-variatie psicegss

descri bed above except .the | enentation are conducted automatically,
on-line, in c&ﬂﬂrﬂﬁfeéﬁ‘cl?lb?‘? aa]thchsoeﬁ‘é‘?lgﬁdon with a process control system

preferably a nodel based nulti-variable control systemsuch as a DMC. In

this enbodi ment, the operating data, any econom c data and the operating
constraints fdV0Kd8k oHRq wirdaomnengntosach sxstase RIE) eprlicarien fon eismizEgl | v

downl oaded fr p r her .pl ant
data historiatt %Pé’ll’g%%{'iagg?ﬁg’r‘? ol ?ﬁeﬁgﬁﬂér?“g%‘[‘%t}k{r@r ied?a'ﬁf@‘/’%%‘dg%shg‘ Bl t s
are automati callipgeesistdna Brefitrablly, thecdR B® compotep apicatidin smny enefadiaent
operator revie approves the resylts a i npl ements the results using
P Br ocess condt Bt B0 SRR OPRE T OO b FOWR I AR YR BB Rod o
| east one stepccoimlfli theORpPIRaliNe profet-BRERbADGE HhRRY nof-1GRAH KEiR”

manual [y off-line. I'm this enbodi ment, the operating data, any economc
data and the opdelstthaighavairieathetmoyanent pad eprsumriptigni(and ir winte¢asesnthige

sol ved can be l. iv¢al{ . r t and/ or
oCher ot ant s IREEARbRTRY RSl LS BRNARESH 30! Bt MURIET L
entered di r ectysyeniy PrdferabBetheaainotiéle it theeapplichition 4l track tg @ovapgaitiapdt i on

user interface based on | aboratory data or a hypathetical "what if'
scenario. TheCHSBMPHER o8 Fssasiatefh HERY Fasghd Mexspardc y,b*geiw%r&ﬁ@a

manual 'y, UpOoRydig¥diL¥6RApaABR WAt retbsdnl Bight bhdes ¥ cﬁ&?ététc‘ahxfoﬁéms and
automatically,” using the process control sSystem Refinery 001461 Finally,

anot her enbodlumnheayiertrhaterigly antoi kay pesfoamerds echaracterfsties, nelbtipgapiefiic

refinery. The i Y. i.ses at.| .t e C onent s. 471 The

first corrpone%(%ﬁ)llwsu %gg’h%fg@%géﬁg@ %&gﬁi 8%?% erlr}%%%/n, ﬁ%rgﬁ?fﬁrs 5%?1%%%‘% IS

any one of t hehdagidsundethatsiis hesdeBnbiddpregiot the ireCOsift i lighngasthehentn

previously described and, therefore, conprises one_qr nore, and géﬁferably
e

mul tipl e, supPheatisat ekange Haintdusede Tapialyetheanofsly wauid alsortzac
purities, preggysgotmthsc@ot Sxpdhideld 'hgtsil%gﬁlg RSYARA LR cRtddeRgHt: HakesCiARS 4 MTE

hydrogen at individual rates, puriti pressures and an 1 nterconnecting
hydr ogen di st fuehgasisystemghatqroivers the refinery.

[00150] The H, system RTO loads current operating data and uses said
operating data to populate and calibrate the models. The H, system RTO also
loads operating constraints for the hydrogen system. The H, system RTO then
manipulates, in an iterative manner, model variables to determine feasible
solutions of operating targets for the hydrogen system that meet operating
constraints. The H, system RTO then outputs a recommended solution of
operating targets to move the operation of the hydrogen system toward a
performance related objective function.  Finally, the H, system RTO

communicates the recommended solution of operating targets to the process



[ 00148] The second conponent is at | east one process control systemthat
controls the hydrogen system Preferably, a nodel based, nulti-variable
process controller such as a DMC i s enployed. [00149] The third conponent
is a H2 syst eMORTY 43H1 i cation for optimging the suppl YCAHE2HPPS4t i on
and, thereby, consunption, of hydrogen gas in the hydrogen system
Preferably, the RTO conputer application is any enbodi nent of the RTO
conmput er appl i i SGY.| j: i ] .

Accordi ngly, tcﬁ‘g&‘%{%gft?@aﬁr%%%g’rl%? g%ﬁ%?%@%%@?@@%&ﬁsn@gabﬁgép |h?1ueoélrtoki netic
nmodel s t hat clisrdigéctive fendtioa. novenent and consunption (and in sone cases
the supply if, for exanple, an H2 plant exists) of hydrogen gas in the
hydrogen system Preferably, the nodels in the application also track the
movenent and ¢RASYPAOfin OfheaSEEGIAL Rfhclidl MaydBS G8latddDie aR el BHhaidey. t he
model s for the hydrogen consunption units represent |ight gases as discrete
conponent s angatamefer heiathe dydrogersysen. For insleaye,she pbicptaycRinghen meydei st i cs,

i ncluding olefmc.co unds romatic 0 S rganic nitrogen d
organi c sul fu ' frﬁﬁ?ﬁg@éoncﬁgs%ﬁ&%e@h gf’%?@%#ggrr%‘(?gléﬁwbﬁl cﬁsonrveerl or @'&ge
correct shift maRinhizgdn ¢fasdsogehens f3d to hedhatalwé@nsemptigeuniss. i Nt r oduced.
Typically, the nodels would al so track the di sposal of unused or expended
hydr ogen gas and associ ated |ight gases into a fuel gas systemthat powers

the refinery. do98350], Hhe e’ﬁﬁao’%ﬁ’rﬁfﬁ%ﬁ%{fe@i{%&%ﬁ ‘?@%n%@@ﬁ&}ﬁfc%_}ﬂcgitvgza”d

uses said operating data to popul ate an I brate the nodels.

syst em RTO al SwctioadEonpeamztle,rthe obpmstiveafunckorf maytheghéyniogeatiwysfi @st. The H2
system RTO t hgn nipulates,.in an iterative. ne el ..variables to

det ermine f ea§1 Bt csag?’utﬁf’ dﬂ%ih%‘? deefl]”gﬁ 'rn“é”?peﬂ*sggﬁg S{GBF %?ﬂga%%gg%rborqngyst em
that meet opedah ifsrtatdingahetésts dhBydidg@ysippy MU UibHibAtion (FBUrsvidusly

recomrended sol ution of operating targets to nove the operation of the

hydrogen syst €afFibsfir iite Wer poplifatier e lbadigenburply \andr ¢idebwien prdal |y,
the H2 syst em REQGOMIHAICAE %f eh&h ?&%&ﬁ@;@&gﬁ%.sozkl‘ﬂérhﬂf’ve@}, ﬂ@%bﬁéé:‘t'@g
targets to the process control system Preferably, the recommended
sol ution is tfusctopt mmayl be theumagimizatiorhef ghbpfitct v eudhumate, dhe mdtdgll 54l Agai n,

the objective.function.may be related to an er.f orymance ranet er f.or the
hydr ogen syet RISEEPRE B8 CRers, HelogmB e DR RS O Gy BOEE PRbes of

m ni m zati on gbdiysdrhagebydns chisaaptivn sftee{as previGisly aestyiBedeind cdshefor

maxi m zati on of hydrogen gas fed to high value consunption units. [00152]

I n one enbodiErEensuPyyjaad disiabytipndes Bievioyskyflesariiedhped etipdating/profitnct i on.
For exanpl e, | i j i, oo i .3 I'n
such case, thgghgrrgt %% llsquw%{?t éegtﬂgger%rypsra?ggqbﬁg{rg@gggs%o t?og m‘épsz%%nom C
dat a for cal duldadgengupleg anddissrimftiohycdste dareash fgzkipleasudutebnst ri but i on (as
previ ously described) into the application of hydrogen supply and
distribution and cal culating said costs for each feasible solution.

Al ternativel ypo133 ORicesHingsy, fiHNE bi<FerréP¥mBEdinttat, My i rfiAe| @ingHsePrpfit. In
such case, the nethod will further conprise the steps of [oading econom c
data for cal deashttiregycarapansstsof Therfggtieampongakisiy/hydiegcaictysigapthabinclidess (as
previously d ri C f r i i . on (as
previ ously dg"z‘gr"fﬁgﬁ% Sgﬁglyc%ﬁc}:%ﬁ? Zlgtr#g}xgird g?‘ S’? @g}?g&k éﬁl(ﬁ?}g}l%n%gsbglt%\/\%%h t he
sum of sai d predues andl vess,amdltipie cousamptieaisiesh yltat ogesume plydrogend at

di stribution.casts for each .feasihle solution [ 00153 Ac.corg%glﬁ , 1na

preferred emBUYItER}L ratehe PRENES, REAPIPS e@ndypany dDiEfCOppgCline . ts. The
first conmponemtribfion AAHOAGEMTHRY ScBAA (cBafpohdt! i AR SleAM RN pradBéss comBBl Y
sources that provide hydrogen at individual rates, purities, pressures and
costs, nulti précwdhapepirplsrihe hydogemaysterandhashing apwgercnais atheptimiaa|

rates, puritichANfePLesstpaR: RAGAid! £ RANTGGL! DR YAOgCR HhaLE | bu i on
networ k. The 'second®conponént is at. | east @ one procesS control systemthat
control s the apylitadgen Bhessppticatidre optimnizds clsrpappintand sallacatapt ofrhydrogen
conprising a conputer |oaded with a real tine optimzation conputer
application. The application optim zes the supply and al |l ocati on of

hydr ogen



gas in the hydrogen system and conprises |inked, non-linear, kinetic nodels
for the novenent and consunption of hydrogen gas in the hydrogen system
The applicati §,r2) éaﬂ) loads current refinery operating data and uses said
operating dat 2 X8"0éB ate and cal i bratesghe nodels, (h)PGEEHLEFHoati ng
constraints for the hydrogen system (c) manipulates, in an iterative
manner, nodel variables to determ ne feasible solutions of operating
targets for theg n]\/@keqlgafbgéx§§§éﬂltahakom§ﬂgesqm%a}ﬁd?lgnﬁéap,%ﬁamhéde& fr

out puts a reconmended”sol’ution of operating targets to nove the operation
of the hydrogdle mpsementtandenodsemptent of mainegenr gisan able bipfregen vwstdmndihieon and
(e) communi cates.the reco nded, sal ution of operating targets.to .the

br bcess cont r Srospon i IPER Fen: fronyiPherne PR i BpHane g
autonmati cal | y t®popultRgstiddtalitisteSthe Vs &101 ©F ebal| dperithe tohsaimtLREQ i s run
at | east once_and hour and, ideally, every 15 to 30 mnutes. However, the
H2 system RTONYHREHE SYsigmate)fmanipylgtesy iy gn iterasive gnaansnt medel] pateblp ton each
case, in one i : : I Smd = ld c i cal.dl ;th the
P ocess cont r o P doksibib 1GHP S Sheleind Brglls HE SRR R aR il 0,
conpri Si ng oneeer opaang oonstaints; ofdp @uegnits adiecahmendesl seitiport tof dbpbyatinge
conputer, are automatically comunicated to and inplenented by. the process
control ler. Aff&HAT i”?)oé’leyt,hgtcﬁ’@rarné)eo?ﬁ’é’ﬁ d“%gf’lnuﬁsg’%‘ E‘PW et &F fﬂﬁ“"t“&?get s

may be inpl empgdted oBRcERNMBRRHOP Y@ (B) SHhmARRARS Mo rdédhidtnded sORASH oFONt I Ol
system wupon review and approval of the targets. [00156] The refinery is
preferably a PRAratingdArgetsie tappiogess santrehsy$tEMg t hat the optim zation and

i npl enentation are perforned automatically in comunication with a process
control system Accordingly, in the preferred enbodi nent, the H2 system RTO
perfornms each[08il54]he Ifi ehtlovasey tHeumsilicatien auiscamdrnatadally :on & regudubaises t he
nodel with acfual refiner ta aut ticall ulled froma proce control
system and | odf5° BYy &% ¥n q% Yaten %V&Hi‘ a¥ g@b?%er?@dtl}%’r ag‘ﬁj g%éfyve
function pul | ggr§ 197 BPMARRSS FOWEVE Y Bl 8P3BRIRP0 QinNBE ril 8hkasdak a
historian; (ii) calibrates the nodels to the plant data; (iii) |oads
process const®@hnt & plimimges.r om a process control system and/or other plant
data historian, (iv) solves for optinmal targets for the hydrogen system

t hat achi eve the objective function while nmeéeting consunption needs and
operating congoiss]nt $n caohl {dse) im nglecmAboOdinidne, Si0d UioputdrSisngn aoplingess
control system Concl usion 00157% I n sup‘n‘ati on, ,sone enbodinents of the

i nvention ar COPUNYEraOBV IR s Processrpaap! system apd i prgrmErndsd selHtighpar at us
conprising a gfegderdtingraftRitd, HokfHrsy SRTBH RIre ao%a&bpaéfn?anéﬁ UdRBtRHE
program storage devi ce readable by a conputer. The application optim zes

t he supply ar@tpitiedbattheporputhy drogiemgacallyrcommyndeaied v angsimplieroénted
refinery that | SES uppl 0 ) t. provi.de hydrogen at
i vi dual r palOBisBR gt ARERGMEN fhe BRPTHEGH HnBoR Sk Bt n e« oo
that consune thigeisaggnbatimphkéientedudl cérinafid byl plaheSpaRdr, Nistis Hipescedd an

i nterconnecti ng hydrogen distributjion netwyrk. The application conprises

| i nked, non-IqoﬁE%}rsyStﬁFhéP‘i”br%P@ srproyahef Hisvaigeist and consunpti on
hydrogen gas in the hydrogen system The application |oads current refinery
operating data and uses said operating data to popul ate and calibrate the
nodel s, | oadd0Gi5é] at Theyredionst isgirefesabiyoa foliye ohyide eperatiopsmemingrtinit phd at es,

in an iterati manner., .k | var.i ables to determ ne feasible solutions of
opernt i o+ oo Tr TGS and TRRE oK ALGR BBkt b Bl A At A BuBBat oo o
and out put s avittes provessdesht®0lsystedn AfcopdiapBi imnehd pie@etesl dribdiiment, fig

operation of IJIhe hyerI%en sfystem toward a f)er,forman,ce rel ated objective
functi on. » system RTO performs each of the following functions automatically: (i)

populates the model with actual refinery data automatically pulled from a

process control system and loads any economic data relevant to solving the



WO 2010/ 042223- 58PCT/ US2009/ 005566 - 1001591 Nunerous variations of this
first apparatus enbodinent exist. In a first variation, the recommended
solution of operating targets is the optimal solution to the objective
function. In 0?8@8ﬁ81§ariation, the objertive function HUEHEESH8ni ¢
objective function. In a third variation, the objective function is

m nimzation of cost and the application | oads econom c data for

cal cul ating cBfe3ifdfundi6h BARA BURPA YrorBsh Qintbl §fitinh QRA/BP SiHF $Pant @htd
econom c data to calculate said costs for each feasible solution. In a
fourth vari at ihegrianhe(iip bjadibtatese theimsededm to stheaplant zatap ofiii)oflogsls opiocessnd t he

TP vt ogen Coniamit aied; £8° 2, flosEd: S’ Aihrd Ahiort inel " il W™l BY
di stribution arebriseaysilvbsGooThAl ta@ER fbOthe AlyBrogah Syseemlthdt adliede the

di fference between the sum of said product val ues and the sum of said
hydr ogen supplbieaiie msten wilile anceting censumptioacteedeand Bperaieg gensyiRinty;n a

fifth variati . i i i i1 1y conprise one or
nore |inked, %@%Q%Pﬁggggﬁ#%gkﬁﬁhﬁgﬂgﬁggfﬁg%ggﬁ§ﬂﬁgg%ﬁaégs grodﬂgtion pl ant

or other hydrogen supply source. In a sixth variation, the nodels in the
application trach t.he novenent and consunption of hydrogen gas and

associ ated | i GRESIQS | n a seventh variation, the nodels in the
application for the hydrogen consunption units represent |ight gases as

di screte conponents and | unp heavier materials into key perfornmance

char act eri st i W157Ihclmduaygnaion isame eshpdimedts, of thomivieation fgo upidgsatedr gani ¢
nitrogen and grganic sulfur, that are chosen such that the nodels will
predict the correct shift in |ight gases when an operational change is
introduced. In an eighth variation, the nodels in the application track the
di sposal of u or, expende drogen gas and associ ated |igh ases into
a fuel gas sy@igﬂt hét %‘gﬁe?lgg?ﬂé‘efl%f‘? né‘? y 3PHARAMS (COIRRYISIE | 3¢ igf’aL t%Pﬁe

appl i cation i gptiniiz@mAéSRbe AppliRhtidsto RN GRS sWrhde d@licd RAGAhIONE
process control system and runs automatically on a regular periodic basis.
In a tenth vaby acwputer hBhe andieaierentimigesticshrRly aog elegatiog of iydwgsn | s
automati cal | y_co; j i ces 0

Systom | n arEs DuLTbARRER 4Bl br TRAFIRE IR hphlafe BRESE ReRo MY

sol uti ons t hadoufcas Ithdt prevade hydmigtt as peiivitua datesr puaiies, piesduiss, amhebsts)e

anount of each pepalty depends on the variable limit .. .
5010/ 04222355B¢P wpbes saes that GPIEﬁ“&%ee'&V‘Jéﬂ%?“t ﬁemé’éf\g/‘g@é IS (RyEities

violation. | bhMBdurésh aM@rdrBlihBRonkdeing ORRIrb &N iR tiRitioROABWHAL | aphes are
adj usted based on a prediction of transirent response. In a thirteenth
variation, tppHedtioneqoynpirisestinkéd, noaflinger, kingtid medels fppthy reevemeat andnpri se
mul ti pl e sour C r onsi.st.ing p d rogen,
on- si Lo hydr Son HRler hfortd Beb 16, e hRUGRAS bRt Fhe RURASERATIANE] o
from the hydrongent egdinstinppérating idagss andyisésogad dpeedingf dat9as eppplhadused by a
catal ytic refohger ﬂ?d hyd[o en _routed from an asPociated petrochem cal
plant. In a fBUreke en”_%i’te Sat P%‘_?f', OPFfAURR{GOREFANE s Oénthéi hydragsmavsiemnd t he
consunpt i on $hAfsuIeIPH 9 i%}h&w'n?ar@xﬂ;ﬂlaaacea%ﬁa Widefrmfle e RhiL T om the

group consisting of hythotreaters an drocrackers. In a fifteen

vari ation, t iselutinne of oypseasingn targatsirfogeine diydtogehystom tlagtwoedt operptinges

I tipl . I h l,ow, : i d/
of hybr ogen SBRUERREH Shpine tgRutpeniRGel iy P upd et f bl =" ©

menbr anes, sopefabien sof [Heed§dioges \Mys@nARSWANIE b SpafEinaatd MeR&dr sbjetfivel
sixteenth varjation, the operating targets include flow controller settings
for distribu€WH§°HQ across the network to consuners, pressure controller
settings to nove H2 distribution across specific lines in the H2 network,
flow nmeter settings for the purchase of high and | ow pressure H2 fromthird
parties, tenperature controller settings, valve position settings,
conpressor speeds and streampurities. In a seventeenth variation, the
refinery is an oil refinery that conprises multiple supply sources and the
application | oads current refinery operating data and uses said operating
data to popul ate and calibrate the nodels, |oads econom c data for

cal culating costs for hydrogen supply and distribution, |oads operating
constraints for the hydrogen system nmanipulates, in an iterative manner,
nodel variables to determ ne feasible solutions of operating targets for

t he hydrogen systemthat neet operating constraints and, for each feasible
solution, calculates the costs for hydrogen supply and distribution and
outputs the optinmal solution of operating targets to mnimze cost. In an
ei ghteenth variation, the refinery is an oil refinery that conprises



WO 2010/ 042223- PCT/ US2009/ 005566 60 - nodel s, | oads econom c data for

cal cul ati ng val ues for products nade by hydrogen consuners in the hydrogen
system and costs for_ hydrogen supply and distribution in the hydrogen

syst e Ioadswé)ng'roé?ﬁz?‘?/g constraints for-s$$he hydrogen systeH>?HHMPHAI at es,
in an iterative manner, nodel variables to determ ne feasible solutions of
operating targets for the hydrogen systemthat neet operating constraints
and, for each @3] Pl Quelout vaRatidhR &F thR! frsEGANPALE eABbAinlent EREE ULRRE
profit as a difference between the sum of said product values and the sum
of said hydrodist wupgby, tadredormmendedt santioroof Hpewmticlg datgstst s thheopdipndl mal

sol ution set of e ing. targets.to Xim z rofit ch.of . these.

vari ations naﬁmﬂﬁgﬂﬁth?? C?ﬁeqﬁ’ﬁgl?’}'r@ Sgﬁ%rde%’f?ﬁ?n’etlh? E@Faé‘feoﬁ%c 5 Fn any
combi nati on. RAREEKLIA dbpsetng fendtiod] Man thisl edriatippAthatdlgectioBFuhdiondisa
conputer |oaded with a real tinme optimzation conputer application. The
appl i cati on i gupigHzationeofycost pad fhp apeligatien laedscesopamiodeta for salcalatipet ne
appar at us of fel i t..angd: i d . Of rtlﬁm’ e ithed

vari ations thgér;ggst ﬁ%?ggﬁggggwgaat@oglst eglggﬁrﬂ Fsoeg%ll(g ei@% I ?d&g%rbtgdi ment
is a nethod ofalcdatersaid dosty foheach digasibje sotatical. | lnaafoudh vefiatiopg thegdiecgias i n a
hydrogen system of a refinery. The th conpri ses, one or nor uppl y
cur oo et BPSUPRE RGGGHIPnS! PRUT R SLERLD 5t eraemi daBeRFes and
costs, nulti ptgcaemsuiRbéOforSploasct hddeCON By drY 086 uAiptibA ditkd dHal
rates, purities and gr essures and an interconnecting hydrogen distribution
network. The FRSth&R Bripeenseupnly andadistribuior Gywguesss sar%p@crfmv@diaéq éps. The
first step is i i I i.m i r | Lon that
conpri ses |1 niad nearp st BFfratch Bl b A8 G ok BB A b Dot o
of hydrogen gasn bfisaithbydrpgeroggplsyst distribiitien sestofod esthefeasiblelsokutiong Iz ur r ent

refinery operat.i data into e. applicati.on d usjng said operating data
to popul ate a?'lhhgg'lapgq% g‘etlﬂgé%ﬂ’etﬁ’ .apﬂ'll"f@t‘f)ﬂiaa t‘Q’E‘%Iﬁ' WS PPRGT BIREF at i ng
constraints iRiRd! hen-8Rer 16 ticoRoddls Sorf #UYEREEH BBs b@aﬁe«ﬂérpgiaaf bPBthet N an

iterative manner, nodel variables to determ ne feasible solutions of
operating t absegenisgpplyseutegddngsiktl yenasion; hgtmedsds ingpe ppplicagior ek r ai nt s.

The fifth st i ] C i . Lng,.targets
o move the aneryPEEl HatRd el SEOTRIARE 3P il 10 Rlea TRE! Bleelond 41 90 5
obj ecti ve furevemh.vafiltdorsithd mosteBpini the iapplicanien tfon thet Inelro genosomemapdors ol ut i on
of operating targets w | east ,.one process control systemto change the

t h, at
settings for YH& 8Pfe§ﬁ51,télgébﬁ?ﬁﬂéﬁséﬁfﬁ'ﬁﬁéﬁ@ogg}t@@pgduwp vigf aderials

separ ati on NERRY REE HerfSihiahbh WharackFiSE&U 'iﬁcl§(¥ih%g)]@flﬂ§9rééﬁfp%uﬁ&g FOMRIESSOr' S,
[ 001621 Nunerous variations of this third nmethod enbodi ment exist. Anpng

ot her t hi ngs,compeupdimsigaaic aispisee and onganis sgéurt Hat apprhaesan isoeh thas ¢hé bed in
the first e ' . ' ude f e scr | .vari.ations
thereto or gﬁg&ice(l)@rﬁglhlngr{g ?lgn hég%g%&?ﬁt%p}é%@ %?tgl% g?%‘o%{&%ﬁ%w@?gf%ang? %ret hod
steps are runn@edueadt | mahh eigh avariagon,athep@bdelsliin thasdpplieatibnt eck d@gomMmended
operating tar(ﬁjets are automati cal I%bc nmuni cated to a BI ant operator

conput er and, REHH HeArast anerrepiibludrosshiasetndhassecigied dight gasepinfocs s
control system) %%ts%taﬁtma@owerg thedBRAGGT 1N @rdifth! Riatibh &hE ¥GhIRaRbn BT hod
steps are run autonatically on a regulaf periodic basis and the recommended
oper at i ng t argfegratedr itz ardneonseinigativommtini at deasti one peasdssi epitroheysted, by t he

process contr e . 1631 A fourth enbodi nent i net hod f.or
operating in aglril rg%(ﬁss‘rlte |angca(r}3p?'. e "G et Pﬁl& @"’Sésowg? ias%ggl( V?narﬂ?fltl e H2
consunpti on uwedohEndrddall sohmivund bkratingOtaigdts i aptoadhticslly ebinfrmjcapdoguct s,

each H2 consug{Eti on unit having one or nore contral onents and (ii) an

. co
H2 di stribut 8% IH@{SHRFEES §¥t thai RreFsss gwdolsystemy hdn 1 glsNeRtApYaraHomn t s,

the H2 di str!p@x»mﬁ&na@eiswgﬁ& %%&SW'Smﬁmﬁ 2! i1 49 Wohfply AP  The
met hod conprises at |east eight steps. The first step I's” for ating a
non-| i near pradghdentinnty, andi¢che amatntcohpachspemabin depgralst any thef varmbleohmaind one
or nore constraints, wherein the objective function is for an econonic
paranmeter, wherein the quantity of refinery products produced by each H2
consunption unit is represented as a function of the quantity of H2
consuned by the H2 consunption units as supplied by the H2 distribution
net wor k and



wherein the quantity of H2 supplied by the 142 distribution network is
represented as a function conprising one or nore of the flowrate, purity,
tenperature and pressure of the H2 streans in the 112 distribution network.
The second st&f % 409/0?@63& ving econom ¢ das®a- conpri si ng t HETHSARYARFOval ue of
the refinery products produced at the H2 consunption units. The third step
i s populating the nonlinear programm ng nodel with the econom c data. The
fourth step 'Sﬂ&%@laﬂarﬂ& H@grb@%fﬂ)eoﬂ%faﬁ%n%‘l%lfﬁ?%dtﬁn“%e%odsﬁﬁ%& one
reactor paraneter that determnes a reactor condition for the

consunpti on urfortwrrwmiimblelseamdjosted b@ﬁed@nlarrgeqbaMGneﬁ@ansndmatesnen@r fes t he

fl / P H2
i stri buti on ABESEER VRGBSR I PQINeRY X oBtl BoRy P R APl iEes

programm ng needbrivd nkultiple §®?¢d§e§e&’ec€&19ﬁ@tﬂ g gasup. c&'ﬂmtﬁgxbm pSfchRsdds
obtaining a solution to the non-1linear_progranm ng nodel. The seventh step

i s adjusting &xérogen, n@'?élt%dmdmﬁencmﬁibﬁé‘i‘ff@g owla'@tﬁae hygroges gy o @Aseset wor k
and/ or H2 con r deighth
B e VT
vari ations of byhi satdlptix rdsfomaetrrmnﬂ bydmghnm@ntedefxmmtan dsso@atkd lpstrovlmrmaah on,

t he objective {unct on i.s either mnlm%latl n of .cost to ?“%51 ag’(ﬁ

di stribute 11998 At QUTEB SPTIRTSE | BeR 5 BPoPil reteRn Rt Weed as
the differencgodsimypaibaittel ?ﬁsé mﬁumw@d@é rERsiHE hmith e eRdfrbix the H2
consunption units and the cost to supp %lomr d| strrbute the H2. In a second
variation, at gospsenssiingof hvdrestassr pcrpekegs. Hdy fideandtk variptioni thet hat
produces a pl I n a 0

consunmed by tHﬁ&hb%%o@]r; cllilbgilyJ unli?n?@{bgle\é{rggioglﬁt 80’9 gn&lé dhtl |o%0€%)r¥pr| si ng
the quantity ocim;b&enmrtsumed thmﬂgwneate,tpungy ead/or pfesture dfltghto@asel@ctetin a
third variatiﬁn, | east one H2 _.copsunption unit is a h\éfq} otreating unit,
and wherein t qu‘g%f‘?‘l%ﬁ%‘lslsﬂé of A G?‘re*&%?“‘?‘h@eﬂ‘;b%ﬁ’r BYE> RFFSEUF s
represent ed a%ﬁgfaﬁﬁbé@ RAnd RBRPLELAY. TNE stedntt Tatiadbn Hhe GPBRUABE darB¥st he

foll ow ng processes: desul phurization, denitrogenation, saturaftion or

hydr ogenat i oningludanflew ueentedlensttings néri diseibuinginds acrass bhat betworlorioor

hydr ogenat i on n t 04

PCT/ US2009/ oo%"g‘é‘é‘ﬁé’gng}e&%‘rﬁg%t@gﬁl e C“l“%S% Jr;wr?odlfl EQ ons (I‘a{(;lll nf&g%f’e?’ﬁc

non- | i near pr g anrthe @, e brki, ritdwudmsercmmmgs foothe plfrcltdse of digloand gow
constraints for eacEItZIJZ a tion unit: flowr ‘te of %as feeds; refinery
products and FFftife mrf‘etﬁﬁ Se (GJPPIatuES, EPRYFOlich SEHINES. e alY & POFtiPRet , hot
separator, a“éittﬁ%k deoraisdl SpeedPafd SHESN %nﬁesf eRC YventeRhthSERANBH Mhe and

col d separator; val ve position of a control conponent; treat-gas ratio;
reactor H2 patleﬁtlfa’b’ jor s it éeﬁli@acﬁbefr cemt)emsl mltﬂm@tmﬂmﬁour@wp@néttﬁﬁe flow
vel ocity; eq esi ay .| e In a
fourth vari aﬁp@ﬂ%\ﬂ{oﬁqg“ﬁ e?ll ngi?}{/yr}f % ng §ata%xrqlg§1§%s %%ienog €rTD¢ ggtﬁé pl ant s
and the arrour;ioparatd-&docfa:brﬂ;me@ueamoaale hlotra’s woaaimd dathi €p @danitaE astsafok unct i on

conprising t ki netics of steamreformng, water-gas Shl ft and

met hanat i on, klry drogep [supRiyangrdisipution nlaads PReratipg C?rrﬁérams&h 91 the Ay d19eRr anmi ng
model i ncl udesseRe BhnifRhRs Ofn (4A° ARG GhadREr #idde vhRBRIE! 3bUlemiiR: Car bon
ratio of the feed, steamrate, H2 product purity, and CO'CO2 purity fo

each H2 pl antfeaSéblelsolutmsecﬁmma@ngata%dmrfohehe dodprgesesystdre thahnetezt y cost
of operating the. o | ant,s,. (i t N ata further
cormr ses ot PEARE B AP EntS B R febind ohUBoR FUGLARY BEBHEIEE Tor an
H2 pl ant, anchy(iogeh Reppigjandtdingibeti@pan@puonnhe 9ptind] ssihiiog of operatin®!
corrponent of an H2 plant .according to the solution obtained. In a fifth
variation, tH&EBSAOr BINERFRERENt &1 3N ¢ighteppth gyastatippy theo Fetinstney 0 @ik ude
one or nore bber, a
pressure sw ggﬁ%éggg{rag%ﬂ%gﬁ matlg?répérﬁgg%psomﬁag& %@%&?Qﬁ fl%sﬁc, t g met hod
further conprefiesy ppoegng ditagndiuess saidopesating data of papudateend caliteate the
programm ng nodel has been violated and, in response, rel axing the
constraint, and wherein the objective function further conprises a penalty
function that is a cost value of the constraint violation. In a seventh
variation, the nmethod further conprises predicting a transient response to
the adjusting step, and adjusting a constraint of the non-Ilinear

progranmm ng nodel according to the predicted transient response. In an
eighth variation, the oil refinery further conprises one or nore fuel gas
furnaces having one or nore control conponents; wherein the non-Ilinear
programm ng nodel further conprises a constraint for the fuel gas

requi renents of each fuel gas furnace; wherein the econom c data further



WO 2010/ 042223- - PCT/ US2009/ 005566 64 conprises the nonetary val ue of the
heat generated by each fuel gas furnace; wherein the refinery operating
data further conprises the amount of |ight gases being sue lied to the fuel
gas furnace, Ui nlvﬁ‘r‘?@“%‘ount of heat genergied by each fudlCTg3¥%WHace, or
bot h; and wherein the method further conprises adjusting a control
conponent of a fuel gas furnace according to the solution obtained. In a
ninth variati %detst‘QOaLdégl?%orﬁﬁﬁ@Sda'te{" %p%aﬁbﬂafiﬁgf\}arﬁfersyfd’i‘r oGRS EREEE ©Y 2as

di screte conponents and the heavier materials are |lunped together into
groups based dydubigen consateominrthadedrogtinsystahn anthesss Yarlydtogensupply dnd

utilized in the fourth odi mrent either ,al one.or in an onbi.nati on.
T001651 A 11 ARTIRGRE oEoEn aT P Ro KPS ORI SrS R A RE ey oesen
conponents. Thgstérh! SlanGUIREY)EML ah SiteRatided HREBEY, SHEAE W dradlesi RC du@AGIneNE OF
nore supply saqurces that provide hydrogen at individual rates, purities,

pressures and feasibles solwipes feopasptiipmprreeln oriths hydipgwonytipm Hplrwern at
i ndi vi dual ra%g?ratirggiéé&ﬁkgﬁxtsaﬂgi g&e%?r%' rf@a%ibl@?ﬁugcﬁh,:ugésg{a?@ggééb%%HiQQaQ%gr ogen

di stri bution netwo e second c onent IS rocess control
system t hat coaltulateprofieashy diftgemceshesyem théisemt off saild paxdpoineditesi andathe

optim zer conprising.a, conputer |loaded,wth.a real ti optim zatijo
conput er appl ‘Hﬁtqfos%“fwgr(%?‘? ﬁ?lif?lﬁga”_ﬁh@s_ BRP%y Caﬂ_ﬁt %ﬁﬁtgﬁfsoﬁl}e&pt dr ogen
gas in the hyeHiQERNs&Yst §eratilBerafRB ioCAhkiMIzE PRI SERH bNiRSL vARLtidnknear,
ki netic nodels for the novenent and consunption of hydrogen gas in the

hydr ogen syst B¥Y brhtlizgshiniteafifse ambedignenteithes along ef imarycogpurationng dat a and
uses said operating data to populate and calibrate the nodels. The -
application also | oads operating constraints for the hydrogen system The
appl i cation t [08h60tanidpsdcahe embodindemt is A1 gipavaudesmgtising®dempurt icddkés to
determ ne feasi ol utions. of. operating pé_argets ngr t he hydrogen system

| e p
that neet opeVati® Sﬁé%"sPPt&PWES’n THEPUEhIRRSR I TherPRIGRIOR § the saB® mended

sol ution of opah@hpplitatish B6JFibEP wilh\Bedll %o ARBLIAR Hihd ARt BYELARRMA: SYSt em
toward a performance rel ated objective function. Finally, or

si nul t aneousl| 3nd maE iaglpi¢ eay i dnthe hdeacrthednvatiatigne sher¢te eresronmembisdtion| ut i on
of operating %lgrrggts to the process control system WD 2010/042223- 6

- PCT/ US2009/ 005566 5 [ 00166] Numerous variations of this fifth refinery
enbodi nent exi st. Anong ot her things, the conputer application may be the

application ibed in the first apparatus, enbodi nent and may include any
of the descrﬁ@gﬁg]\}ar?\af}?‘%s‘?“lﬁ‘?@r@?‘ﬁ Eradﬁ?tﬁ%m‘gfib reRtriing rhe eypply and

allocation of hydrogen gas in a hydrogen system of a refinery. The method
comprises one or more supply sources that provide hydrogen at individual rates,
purities, pressures and costs, multiple consumption sites that consume hydrogen
at individual rates, purities and pressures and an interconnecting hydrogen
distribution network. The method comprises at least six computer implemented
steps. The first step is activating a real time optimization computer application
that comprises linked non-linear kinetic models for the movement and
consumption of hydrogen gas in the hydrogen system. The second step is
loading current refinery operating data into the application and using said
operating data to populate and calibrate the models. The third step is loading
operating constraints into the application. The fourth step is manipulating, in an

iterative manner, model variables to determine feasible solutions of operating



[00167] A sixth enbodinent is an oil refinery. The oil refinery conprises
mul tiple conponents. First, there are multiple H2 consunption units that
consune H2 in_pr CJ refinery products, each H2 consuy ion unit having
one or nore c‘gﬁtzﬁé?ﬁﬂ@%grrponents. Next thefie is an H2 di st&&hﬁf‘}(’%??’?‘fgtmrk
that distributes H2 to the H2 consunption units, the H2 distribution
network having nultiple control conponents. There is also a process control
system that cepbé@ks tﬁ@ﬁy&egerpgysf&i fhaf RIREY QerARBROAGHiSts OfTht Mihlstep is
consunption unit and the 112 di'stribution network. In addition, there is a
conput er | oaddetewniningaa resamimasded peldton ahopgsptitiectargetmto Mpee thedweratign

application c rises an ohjective.function for Qnoem ra er and
one or nore cgfr@{er(ﬂ nts™ R e%?%watrﬂe@ %edgon |a?§/e ggaquegﬁjﬁ(étrlv %gﬁ%{r@t}lﬁroduced
by each 112 ceirgismgs isQmplbdnting thieRtaanRhéd @dutionfdfivpeiating efrgéoeviguant i ty
of H2 consuned by the H2 consunption units and suppljed by the H2

di stribution HesuRIEKProgHse cantiok systeguignehange de sqpings p1 pg) Ohnore, gontpol
distribution Behyfiidits' SIdER! FRANLER cASscBalaB rhOflbhed WEnBbePpfslc! Ne
gquantity, flow rate, purity, composition, and pressure of tﬁe streans in
the 112 di st r swugiabsorbes wod kompreesarpdel i ng appl i cati on perforns each the
follow ng steps: (a) receives econonm c data conprising the nonetary val ue
of refinery products produced at the H2 consunption units; (b) populates a
nonl i near progoAGT] NNuIREEhs Vdridfiohd 6f 8EOMO etHéd 8mbbdimene ekl EAmoaE T nery
operating data conprising one or npre reactaor t;ﬁar aneters that determne a
reactor condi Pihenthings, ecspmputeroappligpionomay et the paplsationrdeseritedopepat i ng

parameters th m lﬁ@pl%'t : j i,t-i,on,
and/ or pr essufr’:}{eSt %?B%mse?{raae%dr}@a?n tl dee %ﬁ' %tg%vg%%&ts?%ﬁ%detmp%%@%? a%%pul ates
t he nonl i nearcqmmgatamnihegeafodéh omiet vartdtiony did weely afperdiddngtepatass rie)

obtains a solution to the non-Ilinear. progqr i ng nodel ; and _.(f) outputs a
Fecormended: oHIEEHEY oPd TSAESH oo BT HIOe CORBOREREY oBrrepife tuget

di stribution gfetweitaticilNecéMmaanRaiednrb iaQflastNiperatét cdsiuler e&ﬁcﬁﬁ&i Raidw the
solution obtained. [001681 Nunmerous variations of this fi ft enbodi nment
exi st. Anpng ¥dmpprevial igwlemented usipg tha progessi coatrpbsysiay. Wdtarpasivgbplin cat i on
described in [ g :@5{ in H VA aid e i.bed
vari ations the;enlragjteg V(E)rr%téotn?ly co%@%g{?‘%%}t e?ﬂeso%w?ﬁaone a\?lg?llﬁ}ét% F%nx,%%?#e)
conput er i s iperiodicl bags caminthe cacommendéd dpeeatingotagats caret motonsatwhiéyn and
the process control. temautomatically perforns a control conponent

adj ust nent accc‘?gfr’al‘i]rﬂ%a%%/ o ghd 1 &Wé?@@ﬂx’ﬁ@fwwobﬁﬁmt ed by the
conputer. [001691 However, the present invention is not to be limted in

scope to these specific enbodi nents or any other enbodi nents set forth
herein. Addi th@H%»ﬂ effofsurthesmleodimanty isr 3 supthasoBirfopemtingnia atheHeednaiyl | be

readi Iy appargftoif Qgh % éisc% gz\nﬂlﬁlgt}s'p_lé Efalrc%)ﬂédr?nﬁt&ﬁtnﬁ%% gtl%z{t;%ﬁg&ﬂﬁe ﬁgﬁ goi ng

description and acconpanyl er, presén
i nvention haorireto pledure tenhehe paidactsn eddheHe aphsuahptafn anip davingubd or

i npl ementation in a particular enviyonpenf for. a particylar. pyrpose, those
of ordinary éWrFICOP%&tWE‘%ﬂnF“WaPB (’r‘)eé‘b%i({}%f‘g'i%ﬂn ‘i?ettg’oﬂ‘sg’iabfiﬁ SSstnot
limted thergbmand coR@imgtltp RHiRSant H, Rt faRoBeaREMling! Alliple

inpl enented in any nunber of environments for any nunber of purposes.
Accor di ngl y, ceneolsiogipesersat The methasedopwprishoat ldash eighbstsps. uBlek first stepvs of t he

full breath {;lr%ﬂ‘ﬁ)ﬂ ' the p 5ﬂ§ nvent | on [.scl.os herein. - 67
- WHAT IS CLX Hg talﬁin trllgga}rnérﬁiﬁ? aw% %%ée?mmgtchgh@glrs %Sggag Bglseggéﬁeppl Y,
di stri buti on famtion and one or more constraints, wherein the objective function is for an
economic parameter, wherein the quantity of refinery products produced by each
H, consumption unit is represented as a function of the quantity of H, consumed

by the H, consumption units as supplied by the H, distribution network and



consunption, conpri sing: at | east one hydroprocessing unit for
processi ng a hydrocarbon stream wherein each of the at |east one

hydr opr ocessi it _consum ng hydrogen gas at an indivi f% w_rate,
purity and pr§§833@¥23 at | east one-épdrogen supplyl%ﬁﬁ#mg g?ﬁ?ively
connected to the at |east one hydroprocessing unit for supplying hydrogen
gas at the individual flowrate, purity and pressure to the at |east one
hydr opr ocessi Qghebdth the quantity GHTH, subSHEBYRE tH,Bs ek 0w BikSib répredchRa
network operatively connecting the at l'east one hydroprocessing unit to the
at | east one Rkydrfogeionsegmprisinghpre or more ofithediaw sdtespwrityniemperategtand| | i ng
the individual flow rate,, purity. r ae. of y sypplied
fromthe at | géegf,urgr?ef %/(ij{rzos gﬂmgﬁ%%& yﬁﬁugﬁsﬁlglo hneett‘g&]?egfsl?g%%gga&ep i

hydr opr ocessi Agelting économic dgta @oipticing tige Sysétarn fabic obthe trefineng pradutent
operating conditions of the at |east one h droprocessingwﬁnlt, the at | east
one hydrogen §_£95’}9F?f1 ahihe HnoRpentien eréSnnkt F}H@ HyRIiD GER g theplRT-on
netvork, Wher ghihthSprihifd inddBPH b kiDeoABANA dARS Thbuit §igh IHecdilipy rat e,
tenperature, purity and preessure of the hydrogen gas within the refrinery;
and a hyadfimegeospesatsicedataroeteprifing anboart boe reagtoa paragpstdrithati determiress uppl y
of hydrogen fromthe at,.l.east qne,hydrogen. su gg/ uni the at |east one
hydr opr ocessi ﬁgrefﬁ%?“t C?W%ﬂbﬁort ﬁ’@ ﬁﬁf@?%%?ﬁ}éo& Pﬁ ﬁ?‘graéé;éa(r%t 8pgpoﬂef)altj‘flﬁon

net wor k, wher gafimihe it dicegfinas 5 EwWREE | pugityTREmnpémagire and/or pPalsurd @ift
device conprising an external data interface configured to receive, from

t he nonitori ni2§{eamnin hadhaistribpeempstivgria al he AEH ST 1§ PoPRIsting theahan-
operating congjd.i 11;“]?” ' ' I &he'Gadakhe age devi ce
coupled with gh%&gﬁﬁggna %2%%ﬁ?ﬁ%%#?%égﬁnﬁﬂgﬂgéﬁ$éter-readggﬁgss ofage
devi ce st ori ngbtainingad selutien epthemonaineanpognpumerg mpdéli CHtel ssmenthistapeisn t he
application is,.operable to requjate, in real. tije,. the. .sup h% nd

aFocati on of MigHiega st EafrehmponriS o e Histi S BRI R, 1o
the at |east HNRANGMFIINOGERKSIARGrdiY to kY SdlGlor BbRIMRANNERE eitthy@pogen

di stribution network at individual rates, purities, pressures and costs;
and periodically repeating steps one through seven.

[00164] Numerous variations of this fourth method embodiment exist. In a
first variation, the objective function is either minimization of cost to supply and
distribute H, or maximization of profit, wherein profit is calculated as the
difference in value between the value of products produced by the H,
consumption units and the cost to supply and distribute the H,. In a second
variation, at least one H, consumption unit is a hydrocracking unit that produces
a plurality of light gases, and wherein the quantity of H, consumed by the
hydrocracking unit is represented as a function comprising the quantity of H,
consumed in generating each of the light gases. In a third variation, at least one
H, consumption unit is a hydrotreating unit, and wherein the quantity of H,
consumed by the hydrotreating unit is represented as a function comprising the
quantity of H, consumed by the following processes: desulphurization,
denitrogenation, saturation or hydrogenation of unsaturated non-aromatic

compounds, and saturation or hydrogenation of aromatic compounds. In a third



a conputer for executing the application, - 68 - where the
application conprises |inked, non-linear, kinetic nodels for the novenent

and consunpti r n gas in the refinery and where t S_
conpri sing nn%’lzla{}ﬁ)g'rdl}g | es, each of the-ébdels relatingt "ﬁ%@?’@“@%"ﬁ

consunption at each hydroprocessing unit or the hydrogen novenent in the
i nterconnecti ng hydrogen distribution network, and where the

appl i cation, whagiaxardoad or(Rbrd BatEamiey bEMe heA-liNErYpRRRndhingdmdatia and
uses said operating data to populate and calibrate the nodels, (b) |oads

oper ati ng condedladastoge ppmarg ef edoBgwingsspasteaints (fer eashdiptangemption pnigin

it (i . ; ) LUt
oper at i ng ¢ ar s o0C eI Pelly) BrelRES Y Mnl GRS Boberdi b 8 Wacktr
i nt erconnect i nget)yshcog@tlel, hbt sdpdtatan amndtoldrskpdrhtet; presurd 6fa ogetar] hatg

constraints and (d) outpu a reco nded. sol uti on of operating targets,
whi ch, upon i ﬁ‘fﬂag?‘?%taﬁfii%hjsﬁﬁ}’af%‘éﬁ é’_ﬁﬁFrRﬂS‘th&earrFoqtfPlrfﬁgg’oPﬁ%t; g’ﬁ%ﬁ’%&ﬁ on of
the at |east ofg, RYAIRIE paHRMPhkssuY, reackdteerRletilERotheANS RUPERRIECASS NI
unit and the interconnecting hydrogen distribution network toward a

performance retlatitéd espujpmodnt dutkesingteaonqualitigs;i angl stocay gnogen s agiourth t he
refinery. : l2 ‘Bgee relfilne%y %]h (r:l ai mn.l V\/ggr%rtrge r or]rrrﬁgdeg gl ution
of operating f’graéé)tns r88u§g86 yﬁ‘f 3 acf))fﬂpl c&t Pon T Pie 6p9f‘ 12%olGti on to
the obj ecti veahdiimtdfd, produced atZachTHe plagt isnepies@itedha fanktivh@optibigg
objective function is econom¢. . 4. The refinery of claim1l where the
appl i cation | 88dEneEs Qb sicamaeforming. veateeeas shithand msthanatign, kphths gas AFuppl vy
and distributj t i i Hx?xﬁﬁ i (eXol ol sl

cal cul at e sai geogetfﬂsgg%%lﬁs i@gﬁ%kela{gﬁhﬂl }g‘lago utllngﬁhg%eg V\herescotngg&gg(};rgcotfi ve
function is nihei rwhctat pperatiig ¢wsperature, H,:cabhonTratior &ff thaefegd, ofteaph aatey Howher e

the application | oads. econpm ata for. cal atjng val yes for prqducts
nmade by at Ieg?gugn%urﬁ%d?’gggggggéipr‘félt%fq‘i)rte ﬁgﬁ%:BLan (I"@r H‘ﬁy?flpf}@’@ﬁc g%ﬂpl y and
di stribution, fuMher Corhfreses it moaEthBcI4B 65 ofcRatthetiBio BASOE nibaé 8L, tpargI(BY! at e

profit as a difference between the sumof the values of said product and
the sum of safb§ MFERtIBGedRta Gpney COMPTiSEs at jagsk P PRIGEICET{tBat deferminesai bl e

solution and WQ&Le bhGHORI BF bhVa, k! bRl (P HPAGTMERY sRP Mhy RioRidrse
adjusting a control component of an H, plant according to the solution obtained.
In a fifth variation, the control components of the H, distribution network
include one or more of the following: a valve, a separation membrane, a
scrubber, a pressure swing absorber, and a compressor. In a sixth variation, the
method further comprises recognizing when a constraint of the non-linear
programming model has been violated and, in response, relaxing the constraint,
and wherein the objective function further comprises a penalty function that is a
cost value of the constraint violation. In a seventh variation, the method further
comprises predicting a transient response to the adjusting step, and adjusting a
constraint of the non-linear programming model according to the predicted
transient response. In an eighth variation, the oil refinery further comprises one
or more fuel gas furnaces having one or more control components; wherein the
non-linear programming model further comprises a constraint for the fuel gas

requirements of each fuel gas furnace; wherein the economic data further



- 69 - 6. The refinery of claim1l, wherein the application
additionally conprising one or nore |linked, non-linear kinetic nodels for a
hydr ogen gas 0 tj.on plant or other hydrogen suppl y SQUI G 0/00ss 7.

The refinery (5}{0 zgﬂgordr%‘?q wher e the hydrogeéen- syst em nodel ]?lr}r AR DR rovenent
and consunption of hydrogen gas and associated |ight gases. 8. The
refinery of claiml1l where the |inked, non-linear, kinetic nodels include

nodel s for ”U|cbhﬁh§eshﬁh@r&&i&&?%ﬂd&oﬁlﬂﬂetlﬁat g&si:ryvé@wéacﬁ hﬁm%%&&@r the
mul tiple hydroprocessing units include rate equations in which |ight gases

are represent ethezein dhasteliaee epsnpingedats fuather heamprisas th%ltamoilafl of laght gasasped
Into key perfqf Hx%%ﬁgl‘fm%atﬁé %.1&%1 rgtgk ESnaden Gt %a u%t @ét ge?x&%? By gg%cftllosen

aromatic conpoun rgani ¢ ni gen and O ni C SU

such that the fﬁm@ek furade, opbettit afid tvhereﬁomeaﬁéthsdlﬁfrther noﬂnpgkﬁs @aseng\when an
of claim1l where

oper ati onal a i's introduce finery
tﬁe conput er &B‘ﬁ?‘ﬁ&&ﬂ%ﬂer}t ? gla%‘ﬁéu‘i"%cer@ﬁmdé?%mttﬁ% SB‘I“EB’&QQV“W dRdsed or
expended hydr ggen \aﬁ%&}n%@%@g@gﬁg&%lmgmﬂ BARRSy b Rp ?e[sweéh aggﬁségét em

that powers the refinery. . The reflnery of aim1 ere
application i somn@reaytsaar@dhwhtmlemmanenal@@mhmnﬁdttogmhw intp groepcastd oh

system and r IESHE lIJ<;[nO %g%g al égc Of Fnds€ %Jalrf'zii{mr?se I}rlla(g/d & ut%ﬁlszleg ‘in the fourth

embodiment either alone or in any combination.

[00165] A fifth embodiment is a refinery comprising at least three
components. The first component is a hydrogen system that includes one or
more supply sources that provide hydrogen at individual rates, purities, pressures
and costs, multiple consumption sites that consume hydrogen at individual rates,
purities and pressures, and an interconnecting hydrogen distribution network.
The second component is at least one process control system that controls the
hydrogen system. The third component is an optimizer comprising a computer
loaded with a real time optimization computer application for optimizing the
supply and allocation of hydrogen gas in the hydrogen system. The application
comprises linked, non-linear, kinetic models for the movement and consumption
of hydrogen gas in the hydrogen system. The application loads current refinery
operating data and uses said operating data to populate and calibrate the models.
The application also loads operating constraints for the hydrogen system. The
application then manipulates, in an iterative manner, model variables to
determine feasible solutions of operating targets for the hydrogen system that
meet operating constraints. The application then outputs a recommended
solution of operating targets to move the operation of the hydrogen system
toward a performance related objective function. Finally, or simultaneously, the
application then communicates the recommended solution of operating targets to

the process control system.



11. The refinery of claim1l where the reconmmended sol ution of operating
targets is automatically comrunicated to and inplenented by the contro
system e refinery of claiml where the at st one hydrogen
supply unit conpﬁ%m:%pnultlple sources sé&$ ected fron1théméﬁ%ﬁBWg’ﬁ§|stlng
of purchased hydrogen, on-site hydrogen manufacturing plants, hydrogen rich
of f gases recycled fromthe hydrogen consunption sites, hydrogen rich off
gases produced by a catalytic reforner and hydrogen routed from an

associ ated petrochem cal plant. - 13. The refinery of claiml
where the at [[@H$H6] onléumwmrym@mmghlarﬁfthsreﬁm@aé@dmmtuepﬂ% Among

hydr opr ocessi g nfhs; SR 86680l LM LAG, H8UR FRNSIRELIS, SLHMG Bt figat e s

and hydrocrackers. I'nery-o

i nt er connect i Mgsthappangancdbsdinichtiahd maeinvirde anpf itise destribed plagatiast r ol
conponents to alter the flow, ;rate, purity and/or pressure of hydrogen
sel ected fromﬂi%ﬁoﬁfé%c%h@?%‘?r} W@ret?? val ves, separation nenbranes,
scrubbers, pressure swi ng absorbers and conpressors. 15. The
refinery of claiml1l where said operating targets include flow controller
settings for @067] bu‘tiShgh lemntadiner is e eibreforeky.t dheonk tafinesy cpmpasasr e

controller settln S to I stribution eC|f|c i the H2
net work, flow r]i% ey °°€%Fi°“ﬁf¢}§ f(gdrsfh%’erﬁu?chas 1p3$ Slﬁﬁ 6 e p?ess{}re H2
fromthird pacéisame HMEiPprodiuting refiféryPrbéuctss %Ta&h g Scon@hporP Qi thia Giig
settings, Corr}(:))gee grs rcl)lrorescri)(?n?%? cgrr}g)ogft:r{tse awegtu trhle:;el is an H, distribution network that
distributes H; to the H, consumption units, the H, distribution network having
multiple control components. There is also a process control system that
controls the one or more control components of the H, consumption unit and the
H, distribution network. In addition, there is a computer loaded with a non-
linear modeling application. The modeling application comprises an objective
function for an economic parameter and one or more constraints, wherein the
quantity of refinery products produced by each H, consumption unit is
represented as a function of the quantity of H, consumed by the H, consumption
units and supplied by the H, distribution network, wherein the quantity of H,
supplied by the H, distribution network is represented as a function of one or
more of the quantity, flow rate, purity, composition, and pressure of the H,
streams in the H, distribution network. The modeling application performs each
the following steps: (a) receives economic data comprising the monetary value
of refinery products produced at the H, consumption units; (b) populates a non-
linear programming model with the economic data; (c) receives refinery
operating data comprising one or more reactor parameters that determine a
reactor condition for each H, consumption unit and one or more operating
parameters that determine the quantity, flow rate, purity, composition, and/or
pressure of H, streams in the H, distribution network; (d) populates the non-

linear programming model with the refinery operating data; (e) obtains a



16. A method of controlling the supply and allocation of hydrogen gas in a
hydr ogen system of a refinery that conprises one or nore supply sources

t hat provide r at individual rates, purities, pressures and costs,
mul tiple consﬂ#&f’ﬁgﬁﬂa tes that consune-égdrogen at i ndiP\?iTgﬁéqW?ﬂé?(’gs,
purities and pressures and an interconnecting hydrogen distribution network

havi ng one or nore control conponents selected from val ves, separation

menbranes, SCIYRAGH So Y RISHAGr D IEMARSOHBAES aﬁ@?ﬁ%@ft@ﬁ&@é&m&%ﬁ” si ng
the follow ng conputer inplenmented steps: i) activating a real time
opti m zati on edipiment tappt ioc mdrecontnelt compapeints @ the eedistribution petaorki net i ¢

dels f h d ' f | he hyd
System ity SIS BapRRG R SRR pprdlos P ERSIERREB AR T 0 T he

application and using said operating data to popul ate and calibrate the

nodel s; i ii) loading operat :&g constraints into the application;
(iv) mani pul al9H§8] i Nymrerope variptians Rinthisy fifthsaiodimasnt fHits A B0op18hsH ne

oper at  ng. conbl ar AL ORAEE! ARGREIELS, b i e e Eae AR o or
oper ati ng t ar gebsdinentrené mdye include any of the described varnations thereto or any
combination thereof. In one variation, the computer is in on-line communication
with the process control system and the process control system automatically
performs a control component adjustment according to the recommended

adjustment outputted by the computer.

[00169] However, the present invention is not to be limited in scope to these
specific embodiments or any other embodiments set forth herein. Additional
embodiments and various modifications thereto will be readily apparent to those
of ordinary skill in the art from the foregoing description and accompanying
drawings. Further, although the present invention has been described herein in
the context of a particular implementation in a particular environment for a
particular purpose, those of ordinary skill in the art will recognize that its
usefulness is not limited thereto and that the present invention can be
beneficially implemented in any number of environments for any number of
purposes. Accordingly, the claims set forth below should be construed in view

of the full breath and spirit of the present invention as disclosed herein.



operation of the hydrogen systemtoward a performance rel ated objective
function; and -71 - (vi)inplenenting the recomended sol ution of operating
targets with at | east one process control systemto change the settings for
one or nore control conponents sel ected fromval ves, separation nmenbranes,
scrubbers, pressure swi ng absorbers and conpressors. 17. The met hod
of claim 16, where the cycle of nethodgsteps are run automatically on a
regul ar periodic basis and the recommended operating targets are
aut omat i caWHAdIMRIWABMERISt 0 a pl ant operator conputer and, upon review
and approval, inplenented using the process control system 18. The
nmet hod of claim 16 where the cycle of nethod steps are run automatically on
a regul ar periodi c basirdinand hatvieg r @tiarimendpdtogyme gad ismgply,adigeibstian ennd
automatically communi cated to and i npl enented by the process control
consumption, comprising:
system

at least one hydroprocessing unit for processing a hydrocarbon stream, wherein
each of the at least one hydroprocessing unit consuming hydrogen gas at an individual
flow rate, purity and pressure;

at least one hydrogen supply unit operatively connected to the at least one
hydroprocessing unit for supplying hydrogen gas at the individual flow rate, purity and
pressure to the at least one hydroprocessing unit;

an interconnecting hydrogen distribution network operatively connecting the at
least one hydroprocessing unit to the at least one hydrogen supply unit;

a control system for controlling the individual flow rate, purity and pressure of the
hydrogen gas supplied from the at least one hydrogen supply unit to the at least one
hydroprocessing unit;

a monitoring system for monitoring current operating conditions of the at least
one hydroprocessing unit, the at least one hydrogen supply unit and the interconnecting
hydrogen distribution network, wherein the current operating conditions including the
flow rate, temperature, purity and pressure of the hydrogen gas within the refinery; and

a hydrogen system model for monitoring and optimizing the supply-of hydrogen
from the at least one hydrogen supply unit to the at least one hydroprocessing unit
through the interconnecting hydrogen distribution network, wherein the hydrogen system
model comprising:

an input device comprising an external data interface configured to receive, from
the monitoring system, current operating data regarding the current operating conditions
of a refinery;

computer-readable storage device coupled with the external data interface, the
computer-readable storage device storing a real time optimization computer application,
wherein the application is operable to regulate, in real time, the supply and allocation of
hydrogen gas from the at least one hydrogen supply unit to the at least one
hydroprocessing unit through interconnecting hydrogen distribution network at individual

rates, purities, pressures and costs; and

a computer for executing the application,



19. A nethod for operating in an oil refinery, where the oil refinery
conprises (i) nmultiple H2 consunption units that consunme H2 in order to
produce refinery products, each H2 consunption unit having one or nore
control conponents and (ii) an H2 distribution network operatively coupl ed
to the multiple H2 consunption unit that distributes H2 to the H2
consunption units, the H2 distributionggetwork also having nultiple control

conmponents, wherein the nethod conprises: ~(a) formulating a

non-| i near progivhaigi Hg adiestionhaempdwpriinked aen-bisjas ckingtéc fmaslelsi &4 tad one
or more CopslEAbit fd WORLELR.T HSaBRLEGHL YR HUNERKAD Lt LAk AMhLoRn0M C
paraneter, whereln the quanhtity-of “refinery products produced by each H2
consunpt i oporoprising rsoded paredéent aadh attha nfodels rél@mgad hydregapuansuntptioofat ¢42h
consuned b he H2 .consutngtiﬁn ugits as su B{ i.ed, by. %he H2 di trdi buti on
networ k an APETHE Rt AR rES (Y B"fge‘ﬁz‘“%‘(fﬁﬁe 48 By PIREORDE t BT on
net wor k i sdicepuesemitestkagda function conprising one or nore of the flow

rate, purity, tenperature and pressure of the H2 strea in the H
di stribution nebiBE Khe applicationg pypen séféwﬁhéa>elea4§o°rwremdr§5§ew@ﬁwgg ﬁ@tat he

nonetary Valdugse®faitineraihg A8t Yo opaiHEt shdRiafBid&etle 3hodeRe (1A 0&R NS MR ON
units; (c) tpopul atirng the non-linear progranm ng nodel with the
(6}

econoni ¢ deangiraints for the fydrpganesysieny (ebmanipuiptaspdt ati igtyatmameipnpdding at
| east one {g£AGHOL, &%ﬁg‘fﬁtfl@a(siﬁl@%lu%ts%? BpdfithgRarb €88 he SR bdcOR dffRent e H2

COI’]SUITpti on units an east one
supply unit and the interconnecting hydrogen distribution network that meet the operating

constraints and (d) outputs a recommended solution of operating targets, which, upon
implementation by the control system, to move the operation of the at least one hydrogen
supply unit, the at least one hydroprocessing unit and the interconnecting hydrogen
distribution network toward a performance related objective function relating to hydrogen

usage in the refinery.

2. The refinery of claim 1 where the recommended solution of operating

targets produced by the application is the optimal solution to the objective function.
3. The refinery of claim 1 where the objective function is economic.

4. The refinery of claim 1 where the application loads economic data for
calculating costs for hydrogen supply and distribution, where the application uses said
economic data to calculate said costs for each feasible solution and where the objective

function is minimization of cost.

5. The refinery of claim 1 where the application loads economic data for
calculating values for products made by at least one hydroprocessing unit and costs for
hydrogen supply and distribution, where the application uses said economic data to
calculate profit as a difference between the sum of the values of said product and the sum
of said hydrogen supply and distribution costs for each feasible solution and where the

objective function is maximization of profit.



- 72 - operating paraneter that determnes the flowrate, purity,
tenperature and/or pressure of H2 streans in the H2 distribution network;
(e) popul ating the non-linear programm ng nodel with the refinery operating
data; (Oobtaining a solution to the non-linear programm ng nodel;

(g) adjusting one or nore control conponents of the H2 distribution network
and/or H2 consunption units according.g¢.the solution obtained; and

(h) periodically repeating steps (az - (9). 20. The method of claim
19, wherein thebone dhe mmerycrrdaima rw@rfbm theh@phmpn@é@tlolmﬂagmmmg model

| ncludes opg, of ] R fni@l. hOEfGk 'kﬁx‘%@%o%%sfé{ thghl%ﬁ%‘P g?seﬁ&% J{ﬁ% GRfR WPt i on

unit: flow rate gas feeds; I’ nery product tenperature
of a reactmmmnnha@pnsmmbiﬂmumutIet hot separator, and cold separator;
pressure of a reactor, hot separator, and cold separator; valve position of
a control conponent; treat-gas ratio; reactor H2 partial pressure; reactor
ef fective isot hernal Theemamre@t of €lairh | lOWh¥rel 1€ ihlyiog&t vy st Modd Ltk €8, thet r eam

ualities; and streampuritfies
g movement anda conFs)umptlon of hydrogen gas and associated light gases.

8. The refinery of claim 1 where the linked, non-linear, kinetic models
include models for multiple hydroprocessing units, and wherein the models for the
multiple hydroprocessing units include rate equations in which light gases are represented
as discrete components and heavier materials are lumped into key performance
characteristics, including olefinic compounds, aromatic compounds, organic nitrogen and
organic sulfur, that are chosen such that the models will predict the correct shift in light

gases when an operational change is introduced.

9. The refinery of claim 1 where the computer application is operable to
regulate the disposal of unused or expended hydrogen gas and associated light gases into

a fuel gas system that powers the refinery.

10. The refinery of claim 1 where the application is integrated with, or in
communication with the control system, and runs automatically on a regular periodic

basis.

11. The refinery of claim 1 where the recommended solution of operating

targets is automatically communicated to and implemented by the control system.

12. The refinery of claim 1 where the at least one hydrogen supply unit
comprises multiple sources selected from the group consisting of purchased hydrogen,
on-site hydrogen manufacturing plants, hydrogen rich off gases recycled from the
hydrogen consumption sites, hydrogen rich off gases produced by a catalytic reformer

and hydrogen routed from an associated petrochemical plant.



21. The nethod of claim 19, wherein the control conponents of the H2
di stribution network include one or nore of the following: a valve, a
separation menbrane, a scrubber, a pressure swi ng absorber, and a
conpr essor.
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13. The refinery of claim 1 where the at least one hydroprocessing units

includes multiple hydroprocessing units selected from the group consisting of

hydrotreaters and hydrocrackers.

14. The refinery of claim 1 where the interconnecting hydrogen distribution
network comprises multiple control components to alter the flow, rate, purity and/or
pressure of hydrogen selected from the group consisting of valves, separation membranes,

scrubbers, pressure swing absorbers and compressors.

15. The refinery of claim 1 where said operating targets include flow
controller settings for distributing H, across the network to consumers, pressure controller
settings to move H, distribution across specific lines in the H, network, flow meter
settings for the purchase of high and low pressure H, from third parties, temperature

controller settings, valve position settings, compressor speeds and stream purities.

16. A method of controlling the supply and allocation of hydrogen gas in a
hydrogen system of a refinery that comprises one or more supply sources that provide
hydrogen at individual rates, purities, pressures and costs, multiple consumption sites that
consume hydrogen at individual rates, purities and pressures and an interconnecting
hydrogen distribution network having one or more control components selected from
valves, separation membranes, scrubbers, pressure swing absorbers and compressors,
comprising the following computer implemented steps:

(1) activating a real time optimization computer application that comprises
linked non-linear kinetic models for the movement and consumption of hydrogen gas in
the hydrogen system;

(ii) loading current refinery operating data into the application and using said
operating data to populate and calibrate the models;

(iii)  loading operating constraints into the application;

(iv)  manipulating, in an iterative manner, model variables to determine
feasible solutions of operating targets for the hydrogen system that meet operating
constraints;

(v) determining a recommended solution of operating targets to move the

operation of the hydrogen system toward a performance related objective function; and
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(vi)  implementing the recommended solution of operating targets with at least

one process control system to change the settings for one or more control components
selected from valves, separation membranes, scrubbers, pressure swing absorbers and

COMpressors.

17. The method of claim 16, where the cycle of method steps are run
automatically on a regular periodic basis and the recommended operating targets are
automatically communicated to a plant operator computer and, upon review and approval,

implemented using the process control system.

18. The method of claim 16 where the cycle of method steps are run
automatically on a regular periodic basis and the recommended operating targets are

automatically communicated to and implemented by the process control system.

19. A method for operating in an oil refinery, where the oil refinery comprises
(i) multiple H, consumption units that consume H, in order to produce refinery products,
each H, consumption unit having one or more control components and (ii) an H,
distribution network operatively coupled to the multiple H, consumption unit that
distributes H, to the H, consumption units, the H, distribution network also having
multiple control components, wherein the method comprises:

(a) formulating a non-linear programming model that comprises an objective
function and one or more constraints, wherein the objective function is for an economic
parameter, wherein the quantity of refinery products produced by each H, consumption
unit is represented as a function of the quantity of H, consumed by the H, consumption
units as supplied by the H, distribution network and wherein the quantity of H, supplied
by the H, distribution network is represented as a function comprising one or more of the
flow rate, purity, temperature and pressure of the H, streams in the H, distribution
network;

(b) receiving economic data comprising the monetary value of the refinery
products produced at the H, consumption units;

(c) populating the non-linear programming model with the economic data;

(d) receiving refinery operating data comprising at least one reactor parameter

that determines a reactor condition for the H, consumption units and at least one
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operating parameter that determines the flow rate, purity, temperature and/or pressure of
H; streams in the H, distribution network;

(e) populating the non-linear programming model with the refinery operating
data;

® obtaining a solution to the non-linear programming model;

(& adjusting one or more control components of the H, distribution network
and/or H, consumption units according to the solution obtained; and

(h) periodically repeating steps (a) — (g).

20. The method of claim 19, wherein the one or more constraints of the non-
linear programming model includes one or more of the following constraints for each H,
consumption unit: flow rate of gas feeds; refinery products and effluents; temperature of a
reactor inlet, reactor outlet, hot separator, and cold separator; pressure of a reactor, hot
separator, and cold separator; valve position of a control component; treat-gas ratio;
reactor H, partial pressure; reactor effective isothermal temperature; flow velocity;

equipment duties; stream qualities; and stream purities.

21. The method of claim 19, wherein the control components of the H;
distribution network include one or more of the following: a valve, a separation

membrane, a scrubber, a pressure swing absorber, and a compressor.



