WO 03/ 014264 2 1 NOV 2005 PCT/ EP02108807 PROCESS TO PREPARE A HYDROCARSON
PRODUCT  HAwh b§p0326ULPHUR CONTENT OF BELOW 0. 05 Wt % The pr esgif/epébwggds on
is related to a process to prepare a hyd[qfa[bon product having a sul phur
content of below 0.05 wt% starting fromtwo or nore hydrocarbon

f eedst ocks having a sul phur content of above 0.05 wt% 5 and optionally

wherein the hydFGGk Bor® grotue i ‘B Aely oFedhi o AafaBE Rerrgry®
processes are known wherein fi i@hmhmas mElowroduststare obtai ned by

bl endi ng various 10 hydrotreated and non-hydrotreated gas oil conponents
as stored in storage vessels in a so-called gas oil-blending farm The

hydrotreated ‘gas Oi IPheORRRRRMS i3ve Bl ned A a15ed) €5t 4 NPr¥aeseUuso
sources of suitable hydrocarbon refinery streans having an el evated

sul phur cont enPTepaze £5 WFGRERADMRIWES JHRPFBE e sS whPhuf HESR L PRt oPer
to reduce sai gdgulPRULSCoReL: Q13 d QWYL 18Y¥E! or EXSPP! BFaPbcaSHER

refinery streanms are kerosene fractions, straight run gas oil, vacuum gas
oil, gas oil afeebsaionéd having lermwdlphormaidmigpepr ozkszband Pi ht whhd

heavy gycle ol Enﬁs ﬁQ'%%ﬁ‘l”edot‘h%xa fdetid £atal yf%.f @&ngn”gg?- AN
exanpl e of non- y8 otreated gas oi I conponents, ich are used in the
bl endi ng processptaiplépare ltaited itn shed gasoivhersin t hlee gagdootathbaxt i on

as obtained in_a fuels.hydrocracker rocess._ 25.1n recent years the
sul phur speci f PESEFSH ﬁ&rag§?§<9ﬁg %P§ﬁ§§r13r%ﬁﬂé% sharply because of

environmental requRe€trety. pAokestsker areduaidwon wife ddien speel shed gssl phur
| evel s is expec |t has been en  such tighter sul phur

specificationsoiiS@rPguﬁ Sm@??F??gﬁgﬁ%?%%h £ndifig ;4a 5005

10 hydrotreated and nonmhydrotreated gas oil components as
stored in storage vessels in a so-called gas oil-blending
farm. The hydrotreated gas oil components are obtained by
subjecting various sources of suitable hydrocarbon
refinery streams having an elevated sulphur content to a

15 hydrodesulphurization process unit (HDS) in order to
reduce said sulphur content to a lower level. Examples of
such refinery streams are kerosene fractions, straight
run gas oil, vacuum gas oil, gas oil as obtained in a
thermal cracking process and light and heavy cycle o0il as

20 obtained in a fluid catalytic cracking unit. An example
of non-hydrotreated gas oil components, which are used in
the blending process to prepare the finished gas oil, is
the gas o0il fraction as obtained in a fuels hydrocracker
process. '

25 In recent years the sulphur specification for gas
oils has been reduced sharply because of environmental
requirements. A further reduction of the specified
sulphur levels is expected. It has been found that when

such tighter sulphur specifications have to be met the



PCT/ EPO2/ 08807 above process to prepare on-spec gas oil is not 1@g¢qmﬁtely
suited to naxi mse the gas oil production. The object of the ﬁ&ﬁg%’

i nvent i onW&O¥RHHovi de” for a process wherein the production/BF04%H7

sul phur gas '5 oil in a refinery environrei -can be nore easily
maxi m sed. This object is achieved with the follow ng process. Process to

conti nuousl y prepgre roydLacaEhpneBLodich-shay i desifod,sul phur

content, which sulp content 10 is a specified value | ower than 0.05

w % starting fadeqguatelzasvited ¢p maxdMiper dddr BHs falddpoedechionng a
sul phur content of e Q. 9 i e | S of
(a) blending the fm29§¥ %gggégr%Fzgﬂﬁygpgggggoﬁ%ffgﬁgggg?%iQ%?q%géfﬁ%ea
sul phur contentfof abprvec8s65whe¥eint bhkopmoaulaitemaed ff dexlv s piner &3
reducing t he sulg?ur content of the_ blended,feed nix%yre iniﬁ

hydr odeSul phuri®¥hti bh ¢ HERT1BEEY, 0¥y TOBPG i 7 a AN FFVSarHoit+¥ act i on
havi ng a reduceshx2fi sgdphur content, conprising the effluent of step (b)
and determ ning the_ sul phur content of the hydrocarba fraction, and (d)
Obtai ning the fnal Hyd URIBOh b oBBBLFPONILRG. CHer AL IO S op

(c) and conparimgEdes StbpbYhtiRRoG8NYepteps réehehRidietd rbait ePrddlctv th
t he desired sul phur content of the_hydrocarbon product and adjusting the
process to achilt¥&lihad fpelsafpAULPRYAL ERP 6N tr & DI SOE o RBcRRE i s

close py equal {p §hg destied vauhphubweentgah of oshe thydracar PfgikcCt
wherein the 30 production of the hydrocarbon product having the desired
sul phur cont entat sleptt nt¥edobympreehydredasbanr deed tasks BlastHdihg i n

step (a) and Ofs%%*m%gigscﬁ%%nepsgggb Pel B, 08t @e%gblmi%d ggbf‘c;]eeggﬂ t he

sul phur cont ent ocarbon fraction as determn step (c) is
taken 35 into aogounges 20h&lOvt@pg50f

(a) blending the two or more of the hydrocarbon
15 feedsﬁocks, having a sulphur content of above 0.05 wt%,
to form a blended feed mixture,
(b) reducing the sulphur content of the blended feed
mixture in a hydrodesulphurisation (HDS) step,
(c) obtaining a hydrocarbon fraction, having a reduced
20 sulphur content, comprising the effluent of step (b) and
determining the sulphur content of the hydrocérbon
fraction, and
(d) obtaining the final hydrocarbon product from the
direct product of step (c) and comparing the sulphur
25 content as determined in step (c) with the desired
sulphur content of the hydrocarbon product and adjusting
the process to achieve that the sulphur content of the
hydrocarbon product is close or equal to the desired
sulphur content of the hydrocarbon product, wherein the
30 production of the hydrocarbon product having the desired
sulphur content is optimised by integrated control of the
blending in step (a) and of the HDS unit operation in
step (b), and wherein the sulphur content of the
hydrocarbon fraction as determined in step (c) is taken

35 into account.



WO 03/ 014264 PCT/ EP02/08807 - 3 1t has been found that with Ythg%gucggess

accor di ngwiaoos/alnms4i nvention a better-control |l ed process i s PEOIYEROREIBOT O
prepare | ow sul phur gas oil products. Due.t® the inproved process control
and process line-up it has been possible 5 to optimse, for exanple, the

| ow sul phur gas oil _producti on. further advantage is that no bl endin
farm is required. ’F%e dleboeced} (?an;atgﬁton"}'l_ i@ﬁei8185?§Fnéﬁco§§l&grg8t
product of stephEC)nfh@rts dhen hysransr o oo Dieigt pretéber idi beekliviedr to
after accunulation in 10 st%b“age vessel . Below, a nore detail

ed
description of PXERELS; TS OPWYT 199 Yttt PHeFLr ngu8oRR pFEf eFPEgved

enbodi ments. Ferthessaduitagesd dhecddwentnompi it nhhscpaencheakibrem
sai d description.. Although the process of the present invention is 15

sui tably used f6r CRf}MBGoedLR EHFUPRe Hefv St phatPhBF 08&EL 81 1f or
exanpl e not or %gt%luggg,oﬂ._t lpl St s %d\yanﬂgécﬁdtdﬁé’t anpr B%gﬁ%ihgegéﬁﬁar e

a gas oil prod oil products, also referred to int ni

States of AnmedscaegsidiesselThy duidstosarhan firadleionhavhicer izedbbpingda %
vol unme recover . f i t abl st han 9 % poi nt of
sui tably Iowergghgér%%g g,r%g%to?ge%éﬁgeic)of suﬁlgg‘ﬁé\%ﬁ% g?ggéqén 40 or
greater than phredootresididim@iCetcane Nunteeft ea ot oo pat honofinsai t abl y

| ess than 0 C, oly aromat.ic ydr ocar bon content of sujtably_bel ow
106 (1% and SCPPSE JeRTE T PO i v e e R G t PR oEne |
specific refethteeihsemtdert ovigds b@ Igivert hiendbldinmglesome ppreferired nust
be under st ood t?ﬁt t he eacléumr%% as dj scl.osed be ovlﬁé al so af)ﬁlx to ﬁ]he
producti on of GEREALMERSSuI Shdr PEHEAT ST SHuCt's® atRBT aF hg™t Bt he
spirit of the peesfst cliedvelroan.saSiarddgtgipdesnal s for the process are
at least two or nore hydrocarbon feedstocks having a sul phur content

above 0.05 wt % |n Ad4EPPREIR, tHehErorESFs Cdckid S RIFSR B 1L bpe8 18

15 suitably used for any process to prepare low-sulphur
products, for example motor gascline, it is especially
directed to a process to prepare a gas oil product. Gas
0il products, also referred to in the United States of
America as diesel products, are further characterized by

20 a % volume recovered at 256 °C of suitably less than
65% (V/V), a 95% point of suitably lower than 360 °C, a
Cetane Index of suitably greater than 40 or greater than
the corresponding Cetane Number, a cloud point of
suitably less than 0 °C, a poly aromatics hydrocarbon

25 content of suitably below 11% (m/m) and a flash point of
suitably above 55 °C. Although frequently specific
reference 1s made to gas oil in the below description, it
must be understood that the teachings as disclosed below
also apply to the production of other low-sulphur

30 ‘refinery products according to the spirit of theipresent
invention.

Starting materials for the process are at least two
or more hydrocarbon feedstocks having a sulphur content

above 0.05 wt%. In addition, other feedstocks such as



WO 03/014264 PCT/ EP02/ 08807 - 4 | owsul phur hydrocarbon feedstogigy 208
additives _can be wused. In step (a) the two or nore hydrocqg?gﬂ Eﬁ%ﬁﬁtOCks
havi ng a QU?gﬁWﬁmEontent above 0.05 wm % are bl ended. 5 Pref PO PRYee or
nore and nore preferably four or nore of -t Hose hi gh-sul phur feedstocks
are blended in step (a). The advantages of the present process are even

nore achi eved wheng s 2 AighskspHRReE 0L SR 1%531 { ocks ALe
bl ended in step (a). g% sugﬁ a ﬁ?gh 10enuﬁber 5? ee3§¥%€§§g?% ﬁ%@dg%he
met hod of optimssichg the total process will beconme nore conplex. It has

been found that witfhtggegel(gyv gggcg@,geEgrp;ngfrgr ﬁqg,%fggg,tsrgbgclc gf%é;&’%éocﬁé‘

i nproved optim sation can be achieve anples o e used

in step (a) aréavihd ypisalbhuprodotedti abaveefli.dér wtdt asar ilmlendedr ces:
ker ose fractigQns, straig run_gas oil, wvacuum gas il as oil _as
obtainedl in aIﬁﬁﬁqﬁﬁa%f%cgﬁﬁ%ep?gc%ggeaﬁﬁd Ppﬁﬁt%gﬁéolgﬁ§9pc§%$% of I M3E®
obtained in a fdiuithosatiad yght sulphcki fgedbitbeckEharkeaseed ractstosp (a) .

according 20 to the present inventjon has an initial boilin oint (1BP)
of between 160 14 SRt 2R 0F | AP BEFFRAY BOPRESS PES THehaldRn 220

and 260 C. The sstyiadHd whEn0ascRi & higpeti admbert e gagreiduigmet i on,
whi ch has been obtained in the atnospheric distillation of the crude

petrol eum 25 r éEORFEPF e RBEDCRIENECAFENASEBP dR) beliEEN SIB ehd*12BO C

and a PP of betywern 320 #084380-Ls THeu¥eauuRe gR%HRW JS Jeiwasi @ lthe
fraction as obtained in the vacuum distillation of the residue as

obt ai ned in t h&o&lsdyveraes es redll odecems pherpc camplien-atlitohad 29rn ciaerd
240"and 300 C 578 o PHH o Thel W S0 L A RS Co TR (R Tt
process al so prodicgsrevedjaspioimi$aatenonanwhechcimgvied -used in step (a).
52233 ot 251 LS £ e DL eD 180 BOLC2HA Sl A °0P O
15 typically produced in a refinery at various sources:
kerosene fractions, straight run gas oil, vacuum gas oil,
gas o0il as obtained in a thermal cracking process and
light and heavy cycle oil as obtained in a fluid
catalytic cracking unit. The kerosene fraction according
20 to the present invention has an initial boiling point
{IBP) of between 160 and 180 °C and a final boiling point
(FBP) of between 220 and 260 °C. The straight run gas oil
fraction is the gas oil fraction, which has been obtained
in the atmospheric distillation of the crude petroleum
25 refinery feedstock. It has a IBP of between 180 and
280 °C and a FBP of between 320 and 380 °C. The vacuum
gas oil is the gas oil fraction as obtained in the vacuum
distillation of the residue as obtained in the above
referred to atmospheric distillation of the crude
30 petroleum refinery feedstock. The vacuum gas oil has an
IBP of between 240 and 300 °C and a FBP of between 340
and 380 °C. The thermal cracking process also produces a
gas o0il fraction, which may be used in step (a). This gas

oil fraction has an IBP of between 180 and 280 °C and a
35 FBP of between 320 and 380 °C. The light cycle oil



21NOV2005 WD 03/ 071264 PCT/EP02/ 08807 5 fraction as obtai ned &itNQ 3003 g
catal yti cwey@akiszsg process will have an | BP of between 18®cambo26€¢C and
a FBP of between 320 and 380 C. The heavy Eycl e oil fraction as obtained
ina-fluid catalytic cracking 5 process wiltf have an | BP of between 240

and 280 C and a FBP of between 340 and 380 C. These feedstocks will have
a sul phur cont émacsficbave GOEinmdoiThe haniduastalphar coectkdmy will be

about 2 wt% | g Lhe Jf 9RESS REROTHL sk 0o NS LBYAN BANAHIC HBY w3 LU o
hi gh- sul phur feéédstocks fromthe various refinery Sources are blendedin
step (a). Any $BPplofs Hegposeock20 tdrad 3BANOE . bBhdi heevlyycysde ioilstep (a)

can either be _used.as feed.for.a refinery,hydrocponversion_unit., for
exanpl e a fuel grﬁf%rl(%} éa‘c?e?b%ﬂeéorl% ?I%}'ﬁyga?3]99¥V l‘fS%?&&Pﬁg unit,
or can %e tenperacisy siidrecave aarstIBRgerf vesseén The eadt 8D 6T Ghids a
storage space, whic an conprj.se one re_storage vessels, ¢ e
used as bl endfRg 8gn§3c?r¥éfﬁerhtﬂaosla£ r3%rrg£t.mﬁ’?§?e ﬁﬁfii Sf:lklseé’s}raﬁt ﬁ%@ve
storage vessel g angpsed.cohesdi O SEOT @ges Vessel ThaOmhgikeed sha phier e
any surplus cycle oil and the remaining storage vessels can be used for,

optional |y nmi x€@REENtoM1klhedg eRAHE g iy®lr ocar bon feedstocks. Cycle oils

are preferably keptapad froupdhe Qidielifsedst ocks. 1 SvEREB) kaesui tably
performed in a state of the art 25 HDS unit. In such a unit the bl ended

feed Mi&kture | yardemsadtiahisnlphuadierdsiepka Supmabhe WBSiedsakgstinesy

the presence of hydragen.. }{}%ﬁ%@?@ﬁ g%t?é?of‘gﬁ.t SAﬁfaQ&rﬁa?usH%%d\éf%%g s

easily renoved together w conponents 1 n a work-up an
fractionati on $beti cansfott e 30 14ES-Iphiusdd obn t ieepf f&LenanotitherHbs

eactor. e ERA) B AP P IR oapaeauey TRl R RO Bk 8
sui t abl e cat al ggtspdke anifaiedls pldmbernean ler akuik nar oa £bbalit eabbybdénum on
aIuMIE% cracking unit, or can be temporarily stored in a storage
vessel. The content of this storage space, which can
comprise one or more storage vessels, can be used as
blending component at a later moment. Preferably at least
two storage vessels are used, wherein one storage vessel
20 is used to store any surplus cycle o0il and the remaining
storage vessels can be used for, optiocnally mixtures, of
the remaining hydrocarbon feedstocks. Cycle oils are
preferably kept apart from the other feedstocks.
Step (b) is suitably performed in a state of the art
25 HDS unit. In such a unit the blended feed mixture is
contacted in a reactor with a suitable HDS catalyst in
the presence of hydrogen. The sulphur components react to
H»S, which is easily removed together with other light
components in a work-up and fractionation section of the
30 HDS-unit from the effluent of the HDS reactor..The
catalyst is suitably a heterogeneocus catalyst comprising
a carrier, a Group VIB metal and a non-noble Group VIII
metal. Examples of suitable catalysts are nickel-
molydenum on alumina or cobalt-molybdenum on alumina

35 catalysts. Possible HDS processes are described in



35 catal ysts. Possible HDS processes are described in 21 NOV 20D% NOW 2005
03/ 014264 PCT/ EP02/ 08807 6 Handbook of Petroleun1Refininq)Processes,
Robert A WRHBEE6Ed i tor in Chief, 2nd edition, McGaw Hil IFCISEHEd8807
8.29-8.38. In step (b) an additional catalyti ¢ dewaxing of the 5 gas oi
product may be advantageously perforned in order to |ower the pour point

and/ or cloud pajmalok N 0pSt b o T REEGhinEY Bheiallaes the catal ytic
dewaxing is perforned after the HDS step has been performed. Mre

preferably, thUddS & epsepatst haitatraliyt Chidearint «aiepsons eMdbraw
perfornmed in one reactor vessegl, mggrein the' different catalysts are
present in a séilds d2%tacket®pRds®- Suitabl e dewaxing catal ysts will

conprise a nol ecul argp si€ye, (1§ baiRdgadapdoaa e @Hﬂa‘ily'tlidr‘%fé%\laxi%%t@ﬂaltené‘
non- noble nmetal such as nickel or cobalt. The nolecular sieve 15 materi al

is typieally a9msdiin goredesy enap| Beuparastageousdw me ol Qored dimm@erin

the range of fr t . f i I | £V

are  ZSM 11, Z3M f%@s@%g%ﬁ%%%g% g?%%ﬁé‘@@f’% 48&%‘%‘; &1
SSZ- 23, SSZ-24piQucas, BSyEombBEs-Bhe §8zal33tic dedamimp2 s Rresflayymest
nol ecul ar si ev re 2 n bi i rably a
|l ow acidity rg1 rt%crt o&%@@%%%ﬁ?gng éﬁ’%&f\‘%%ﬁ. rsﬂg?;esepzﬁel%q{a%ff’r ee
of alum na, suitthaeblHDSidtems dihe shefaseadytihedeabuingostdmatarezeol ite

crystallites, as enpl i fied 25 above, is preferably nodified,.b ‘
cub ect ng't he PR 1 15e0t0 SPRTF PR RS anP eI (P HReT Sh
dewaxi ng cat al ysitalijist Preparpmts senanini dSsgseesnogastaidkedewsmd .ng i s

further descrihed.in WO A-0029512. In step (¢).the effluent of step (b) is
suitably 30 nmi¥edaRih %F“fﬂfa%%a‘?%%%ly%gs‘r’bl% RITPRG S8 SuMhGCUiGnt ent

of bel ow 0.05 w%vedr viglathstiCina 4 ogrsubphury Rrdeacashan daedst ogdnd s
available in the specific refinery. For_exanple, refineries conprising
also a fuels noble metal such as'nickel or cobalt. The molecular sieve
15 material isg typically a medium pore size molecular sieve
having a pore diameter in the range of from 0.35 to
0.80 nm. Examples of suitable molecular sieves are
ZSM—ll,JZSM—lZ, ZSM-22, ZSM-23, ZSM-35, ZSM-38, ZSM-48,
ZSM-57, S8zZ-23, SSZ¥24, S5z2-25, SSZ-26, SSZ-32, S88Z-33
20 and MCM-22. Preferred molecular sieves are ZSM-5, ZSM-12
' and ZSM-23. The binder is preferably a low acidity
refractory oxide binder maferial, which is essentially
free of alumina, suitably silica. The surface of the
aluminosilicate zeolite crystallites, as exemplified
25 above, is preferably modified by subjecting the
crystallites to a surface dealumination treatment. Such a
dewaxing catalyst, its preparation and its use in gas oil
dewaxing is further described in WO-A-0029512.
In step (c¢) the effluent of step (b) is suitably
30 mixed with a hydrocarbon feedstock having a sulphur
o content of below' 0.05 wt%, provided such a low-sulphur
hydrocarbon feedstock is available in the specific
refinery. For example, refineries comprising also a fuels
hydrocracker will produce a gas oil feedstock in said

35 hydrocracker, which has a lower sulphur content than



hydrocracker will produce a gas oil feedstock in said 35 hydrock aNBe005
whi ch haswg d3aMesss sul phur content than 21 NOV 2005 WO 03/ 0p4¢3fpo2/08807
PCT/ EP0O2/ 08807 7 0.05 wt% Further exanples of such feedstock arée a
hydrotreated kerosene fraction, fatty acid fhethyl ethers, and fuel
fractions as obtained fromthe product of a Fischer-Tropsch reaction. It
i s advanteaageou$ .08 biténd Funthese d:tvmrslephef $uaket Feadstockheref &l uent of

step (b) rather than ble hem w t e high-sul phur fractions i step
("1 6r oy oubvbhtt el s Bt E SR A DR g SRk VT Elned s’
this is suitabhy dixedi fecdriamd hees (dytthnosdckesth thecheodhBt To@pach
synt hesi s produyct. Exanples of Fischer-Tropsch erived gas oils_ar
described | n EPLACEE3846 PSR AGHTRI - I A-DIATIF0 L HERRLG 1584450

WO A- 01833648, WOsA- Q18364 phR AXRE30As WD th§026585en¥0of- 80E8534)
EP- A- 1101813, US- A- 5888376 and US-A- 6204426. 15 Suitably. the , |
Fi scher - Tr opsch28Bfitvédagadlsnd wheam wdnsidhe diiak-sehBbuboffrgfiapeein

preferably at lsggﬁt (25 W% ebhdismanddddrgar paraffins. The weight ratio
of iso-paraffins to normal paraffins will suitably be greater than 0.3.

This ratio may be uPhes Fascsgn-dBapsHi dRBL¥ed i 225 s bkt Weend@eandtBisThe
actual value f 1S PRt | IilHe P& 8T aryd ngg, g+ feqbyr -

hydr oconver si o%g %Pézgssgiugeg\%lgeprepare t}ﬂée Eﬂ’sch@?f%gp%sgh gggpsled

ker osérfe or ga¥ropkchr syntthe shiss giracuRtopFtangdt hesf sEipebeaucT rosSenk

cyclic-paraffi ] b r f.. .25 i.scher - T C rved gas oil
wll suitably ngggég 55% aﬁzﬁ%ur?b%r d-(%f%gilﬁgtﬁee&r]%trhaénp ‘2%%§%€r3éf erably
above 70 and awdiat0[Loaflicon WOHAE MHilch WAHAf@Ir8 3436, ndpeh+0y8B6B48 t hin

i Schor- Tr opaclOgRs CaRr i1 MaDAC Ao alhe 72 OOt 32 b “BervaRa° 336 400
C, a density BP-hetweeslahouts-0.-5% s8Ry .af g/SHB-620452€, and a
ViSCO%EFy bet ween aggg a%l? %%% %i%c%%@dfﬁgggﬁkEﬁeé%%éélgas oil will
consist of at least 920 wt%, more preferably at least
95 wt% of iso and linear paraffins. The weight ratio of
isd—paraffins to normal paraffins will suitably be
greater than 0.3. This ratio may be up to 12. Suitably

20 this ratio is between 2 and 6. The actual value for this
ratio will be determined, in part, by the hydroconversion
process used to prepare the Fischer-Tropsch derived
kerosene or gas oil from the Fischer-Tropsch synthesis
product. Some cyclic-paraffins may be present.

25 The Fischer-Tropsch derived gas o0il will suitably
have a cetane number of higher than 60 and preferably
above 70 and a distillation curve which will for its
majority be within the typical gas o0il range: between
about 150 and 400 'C. The Fischer-Tropsch gas oil will

30 suitably have a T90wt% of between 340-400 °C, a density
of between about 0.76 and 0.79 g/cm3 at 15 °C, and a
viscosity between about 2.5 and 4.0 centistokes at 40 °C.

Preferably, additives are added to the effluent of
step (b} in step (c). Examples of gas oil additives are

35 additives which boost cetane number, adjust electrical



Preferably, additives are added to the effl gent of step (b) inZ2dtNgy 1069 .
Exanpl es §&{€ﬁ@éﬁhl additives are 35 additives which boostgégkg&ﬁmgﬁnber,

adj ust el 21 Nov 1005 WO 03/014264 PCT/ EPO2/ 08807
conductivity, depress cold flow properties 8ike CFPP (cold filter
pl uggi ng point), pour point and/or inprove Colour, Lubricity. The sul phur

content of thechugeearhan {IAian, a%1§ DLA PEdpER+Iker 1% ey

determ ned. This can _ an on- e analyzer or by neans
of off-line néasldefditts mpdsigaicnd aroimist aneeubypadats aofd/XRF ifHp ncae

fl uorescence) ar ( ra wi.Qlet fluorescence). Alternatively use can
be made of nea?oﬁgvgérgh% gcﬁ§'§urenent net hods to determ ne the sul phur

content as for exaffhkesdéptiirbecriterGB-df 2308H Bdrédtaohboa fuadelt i onased

qual ity estimator can be used for determning.th . phur._content, as
Wl be descriBREALACHoNE GeCH |{°’bét%végﬁ%r’ﬁh”§‘5ep§56$ i I;Sir?ﬁﬁ’re By
content as detgeghBedfi An $heR il driaprparet W thebhe d€siofed 15wephur
content. If the determ ned sul phur content in steg (c) and the__desired
sul phur cont enfe8f U RERERESUMEARE TS ha O Tgad! DY #NCHr BELRE28St Pdr *Rdo (FudiRY

the process witiupeedctachs &3 adjpustied: rLdy LSt NI HErekeE@TR)CONPri ses
integrated control of the blending in step (a) and of the HDS unit

operation in shEperBRLiVRA Y MSEyCRTedP R JMIDIOhineabeingsddeiched in nore

det ai | gbel ow, L y i j j N ktiQns
of the HDS uniI?Q?ﬁa%}“g?lépm%g%ﬁ%}dj%ﬁiﬁe&g?oggg fit" %fogg%gltblagded

feed mixture Byrchangbhg dhecedmsshiin diP-di-2He3 Bl 8@ndBdsPeed meidetlure as
oot e, S Eagka) LS 00 Lanal A L0 5L o L P il by
oper ati ng condstiphsromonhenthD&suniitl lofbestdgs¢bijbed $ni melmky deéerfidr ned by
maki ng use below.
15 In step (d) the sulphur content as determined in
step (c) is compared with the desired sulphur content. If
the determined sulphur content in step (c) and the
desired sulphur cohtent of the resulting final gas oil
product differ too much, the process will need to be
20 adjusted. Adjusting the process cqomprises integrated
control of the blending in step {(a) and of the HDS unit
operation in step (b). The integrated control will be
described in more detail below, and suitably comprises
adjusting the operating conditions of the HDS unit in
25 step (b) and adjusting the properties of the blended feed
mixture by changing the composition of the blended feed
mixture as obtained in step (a).The optional addition of
low-sulphur hydrocarbon feedstock in step (c) can also be
adjusted.
30 Adjusting the process operating conditions on the
/a'HDS unit of step (b) is suitably performed by making use
’ // of a model-based controller, such as for example a
\ multivériable controller, in particular the well-known
\\J‘MPC (Multivariable Predictive Cohtroller) controller.

35 Process conditions, which are manipulated in order to



of a nodel -based controller, such as for exanple a nultivaHaﬂﬂéN0V2m5
control | eswobflompessti cul ar the wel |l -known MPC (NUItivariablpcBEBQMthve
Controller) controller. 35 Process conditions, which are manipulated in
order to 21NOV2005 WO 03/014264 PCT/ EP0O2/ 08807 9 achieve the desired

sul phur content, are for exanple the feed rate of the bl ended feed

m xture to theQQK}QHﬁtthet%%shyﬂ@ogéhphééyépétaﬁﬁ t BEet diegeraname ridie | e

inthe HDSre c%}f"”\?ﬁé dQHO%éES 9t 0eHP GeRCLHS 353N be

i nfluenced by a justlng t et tenperaiure” or by adjusting t'he
amount of quenctmanhotcinceg@zs a@i@:edleoanﬁheheeaemaargt@etem@mftm afn tthee

catal yst beds ofud e JOS.. 1 &gk Of en The, GHRNCH AEXW § 1Ry 2dyANtagequS] ¥

be part of the eed m x as o0 in st
control5l oop tmanwﬁaamnﬁlummsédabptsd@tsthngkﬁﬁeumebdanalaﬁ ﬂampéﬁaﬂwmen

into account. Prefera contro] |l e naxi 'zes he f eed e to
R e S S RS (R £ LIRSS SPRER R R e
product is cl OS;elet Qezarcteﬁru@é E@@wé@@ifﬁd sel ﬂhurcaaauget pkais BIEt&mal M

content as determned in step ( % referably the sulphur content of
the gas oil fr&EAGPYT afthey FHD %Wﬁ%ﬁ Bﬁ%rmFéeagYéeﬁégﬁavé ¥ebf® &Fddd.cf

This is advantageoueRACAUSEd tmi st i Pe S4! BPYEiALAL eRt sekpt ha) .f imaltgas
oil fraction of step ( e. the direct 20 Eroduct of step

will dgﬁernlnecpm§ﬁﬂﬁrﬁﬁﬁp dyhtente RNt heorFhaR1GAS Qiltbﬁo@&@guﬁltealﬁhe
hydro- carbon prodifirsd foaldlf SXEIPAEcodn Ol eRke¥BkuBR Ot nkowpcsul phur

bl endi ng feedstocks 1s tenporarily available to nded wth the gas
oi |l effluent oﬁommayklgr mepiizeeduie efeedduat fohcot heuRPRuLNLE t he HDS

step (Step (b)%) oA éi%ﬁg }-ﬁ]taxtg%( ufph&fséoﬁx‘?QHEthg”tgfe %E'n@ﬁ“ re%‘i‘ red)-

such that afte ur-content 1nt I'rect §a0ct o
step (c) renalpsadumﬂaHS)dﬂuﬁaktnrqmieq@ﬁhethahdeséaadregaphuwnCDmmemune

Prljregdeldsfeed M xtur ;30 SABRE RGRESSEL L NaSt EPniRLa0tnaLEEENRL) VElY that
preferably the sulphur content of the gas oil fraction
after any low-sulphur feedstocks have been added. This is
advantageous because it is the sulphur content of the
final gas o0il fraction of step (c), i.e. the direct

20 product of Step (c), which will determine the sulphur
content of the final gas o0il product, i.e. the hydro-
carbon product. If, for example, a great volume of low-
sulphur blending feedstocks is temporarily available to
be blended with the gas oil effluent of step (b), the

25 required reduction of sulphur in the HDS step (Step (b))
can be relaxed {(i.e. less reduction of sulphur regquired)
such that after blending the sulphur content in the
direct product of step (c) remains close to the desired
value. This can result in that more blended feed mixture

30 can be processed in step (b) or alternatively that more
of the high-sulphur gas oil feedstocks,. like cycle 6ils,
can be part of the blended .feed mixture as prepared in
step (a).

The final gas ocil product will have a sulphur

35 content close or equal to the desired sulphur content.



of the high-sul phur gas oil feedstocks,. like cycle oils, can bZaHNQVtZU[Ef
t he bl end xture as prepared |n step (a). The flnaﬁ $o s

pr oduct mﬁﬂ?gﬁavéﬂ; sul phur 35 content close or equal to thecdﬂ%?éiao7

sul phur content. 2 1 NOV 2005 WO 03/ 014264 JRCFH EP02/ 08807 - 10 Wth
close is here preferably neant within 10 ppm (0.001 w% and nore

preferably w t RiiRhS QARBOfi d heer desi & £drsyl phieasenterthinThe ggs red
sul phur content will be a value of below 0.05 wt % preferably bel ow 0. 01

wo 5 and nore (9r80dr M%) FNDRYCDOBTNE S5 2BhY WitthiBe 5 @aFederficon t he
product Spec'fH%@E&%@SéMYﬁthnﬁbﬂﬁén@'ffﬁéeBESEQEddbbﬁﬁﬁ@F JBERit will

situations. The desired sul phur content wll typically be a val ue of
greater than OGOQOBaMﬂ%(Qi[ﬁﬁﬁOWIQ @% %t%arprﬁéﬁrﬁhﬂy bederw BoWddarhz 10
my ev beco Loye, t r N+ of egulsati;gRs ,gonme into
force. ﬁhe fi gg gﬁ@ o%%f%gjtl can e@glgr%gt ggldohlcﬂf rbca%tl on as

obtained in stépp@uﬁenﬁem&bwhe;punducttﬁpecnflaateonalnhuCMBnm@rt@d the
sul phur content f thet c{g%f ctlonﬁgg b%aiged in % be
continuously SYGaFTSIte (%re erfée SIPEr”é uf phtif &8Htsen r?ﬁl@ |n
which this is eeamhluedc@rrﬁemm:t]tﬂe fy@cdd Dy ase abt-ail nedoifn g¥le@ eleC)t Hetn
directly transpor rodu peline or e i.d fracti

| oaded into a h?gowg°2d% éﬁb %?%ﬁl%ﬁag %ﬁé?n Vv §8§Wﬁqry
fractiign of Stﬁ@ (elefBY etchiy ﬂQiWé&E'%eerncfui'éStlgﬂﬁuljblv@ﬁ:ﬁﬂte@ﬁd stored in

a storage vessel. In such a situation it is inportant that the sul phur
content of thESEPARGEENSH CORE §€H¥hg%x0%%sel after being filled 25 to a

predeterm ned | evel phis requal g@rs 108§ Auide @@ﬁ'ﬁ@dtﬁé”Bhk‘éc%oeﬁﬁmoﬂ-rhe
properties of this final gas roduct in the storage vessel Can be

derived by caféapattpngatsh@bat@é gt opaR i 68) of HepRebYedd, Meaat thet in
effluent of Stgpcégkalwhtﬁ%ea5%5f3a'ﬂhé'gﬁiﬁﬁhfabgntent of the gas oil

15. fraction as obtained in step {c) will be continuously
equal or close to the desired sulphur content. Examples
in which this is required are when the fraction as
obtained in step (c) is directly transported to a product
pipeline or when said fraction is loaded into a transport

20 means, such as a ship or train.

The gas oil fraction of step (c) may alternatively
be first accumulated and stored in a storage vessel. In
such a situation it is important that the sulphur content
of the mixture in the storage vessel, after being filled

25 to a predetermined level, is equal or close to the
desired sulphur content. The properties of this final gas
cil product in the storage vessel can be derived by‘
calculating the average properties of the feed, i.e. the
effluent of step (c), which are fed in time to said

30 storage vessel, and the quality of any material which
resides in the storage vessel at the beginning of the
run. Thus in this situation ﬁhe compariscn in step (d) of
the determined sulphur content of step (c) and the
desired sulphur content of the final gas oil product is

35 performed by first estimating the sulphur content of the



30 storage vessel, and the quality of any material which resi @esNihiihe

st or age Wﬁﬁqﬁhlﬁ%4the begi nning of the run. Thus in this $ichugiheoet he
conparison in step (d) of the determ ned phur content of step (c) and

the desired sul phur content of the final oil product is 35 perforned
by first estimating the sul phur content of the WO 03/014264 - 11
21NOV2005 PCT/gER0 ZEJS SO @@y opFeagReady phesefioraget Ne sstedr spsadswel

based on said saa\(ﬂpcg %Q?ex?fi&sé’héﬁlc#ﬂ?{ eE&nPé‘ﬁ‘EdeEgBh%nd%%r Gded.n Sl phur
content in step (c), and Secondly conparing sal . sul phur cont ent
estimation of tshdpdas: aidntient hin vetssel (8) wi ahdt becdesilved andaahiurg said
content. In such.a.situation.jt i | | ess, {npartant. (t hat ,t,he sul phur
content of the Suﬁf&-‘rud:cacroonotn@?%aess%\%lp%‘t?r%o??o%hgsgggt Qﬁ%e&n, r%:hs evpes(s’(%rEL
remai ns5 const antilth dheseldxi tde sekphed sohphnt.cant enth shidie dedtiingh fied

to said storage ,hessel.  The process 10 control even allow the sul r
Content of t ha iyl SEn e TURCHS ST D Rkcban EHOPHBS: For BN it ent
of the hydrocarkonredict (Jof i certehorpeni @ ebthimed iifh tdiep (9

conpensat ed by | ower sul phur contents of the m xture already in the A
storage vessel T6M3GS KNS PF deiteed 48 RYer 8eaLb6A FPQ&’[}WU&né?O“ﬁﬁ%t

neans that thepraceseiRrs rd®re fdexd bitbiygbovasskye ahet ReJiesid ed
final and stored gas oil product. Preferably the estimation of the

sul phukO cont enFosftrod garam 2 ¥iaq ddh et i igleuyesserens aded o hatfjupstaninn
20 required sulphur ;eontente (thgy "%F&@%%ggdvg}piggpg"koﬁ%en\@' }dft ﬁ:g‘le

t
determned in step (c). Fore exanmple, if sulp _content o .
product al r eadpyids ocleebsirogpeduc/estel 4 scoetaint herdedi péd tduephwf this

speci fication the i n , uent .of st
may 25 be rel a%gdcfﬁ%%?l%e%%%@?qﬁﬂ%ﬁu%&c %‘?%n%?ﬁt%% ﬁgnﬁglre %EL t}%(sﬁ%)ng
an esti-nmation eflrehdyqual itthe cftdimystoeagel tankof ahbleusrngrs @rebduced

estirmfgon, tOh%h&%%%fﬂ%ﬁ”%fgcgféggF”bﬁf@ means that the process has
more flexibility to arrive at the desired final and
stored gas oil product.
Preferably the estimation of the sulphur content of
a partly filled storage vessel is used to adjust the
20 required sulphur content (the “controlled variable”) as
will be determined in step (c). For example, if the
sulphur content of the product already in the storage
vessel 1s below the desired sulphur specification the
| regquired sulphur content of the effluent of step {(c) may-
25 be relaxed (i.e. a higher sulbhur content). This manner
of dsing an estimation of the guality of the storage tank
and using said estimation, to either relax or tighten the
réquired sulphur reduction in step (b), composition of
the blended feed mixture in step (a) and/or influence the
30 blending of low-sulphur feedstock in step (c), further
reduces the chance of the above referred to product give-
away (i.e. a higher quality than required).
Typically there is a significant and varying dead
time between the HDS unit-operating conditions in

35 step (b) and a sulphur analyzer response on the



requi red sul phur reduction in step (b), conposition of the lﬁé#ggaﬂﬂlﬁeed

m xture in step (a) and/or influence the 30 blending of Io
f eedst oclwon3stsept (c), further reduces the chance of the g%iéégggﬁg?red

to product give- away (i.e. a higher qualith€ than required). Typically
there is a significant and varying dead tine between the HDS

uni t - oper at i Ng hg@Rdida Qe | M35 54:8Pa$ bdbBadnadsuhpBYepanadl)y.z e dAsRONSE
on the 21 NOV 2005 WO 03/014264 - 12 PCT/ EPO2/ 08807 hydrocarbhon fraction
as obtai ned i nt8iidp Ie@ HaA U of S SRR S deiBet Rt ST h¥ Picdhdige HiSenit

after which thegHRGunited iy adidisied d¥eths MBE duambael @ &
change in feed conposition, will be high. This results in for exanpl e
of f - spec pr oduéesdorcomnsdi-toprimiwkll gag bigh. pFbdactrerltmorin Hiox reason

it is preferre k X base Litys i.matar. for
det er mp%i ng thgxragﬁ:i%hﬁ)rﬂi%ﬁ%\t&o t esf(?%c?i gﬁﬁi hbgﬁg%tzfg?tg%ﬁgql
performance of prhdukfdoni.| IFdye tihips oveiseheht t he pukphyredl ¢ ccoetkentusss

predicted by th |, ha [ty esti S e .S0-¢al | ed
"controlled vaP?a%Fgl%dleﬁ ?:ﬁlgse%ggd%%%ﬁa%ﬂ%t%agﬁgegez%arﬁrg%el?j%sictgir?al as
descri bed aboveulpSuch canteted dfasEde giedctiorsinmatep Wic)l. Maed
additional information in rt red'ft t he sul phur %ont nt. Sych 15
addi ti onal infB?ﬁgEFgﬁnfghcgéqﬁﬁ%D@ﬁ?ﬁﬁh4 é%%f%%?r8$eahg eﬁlgﬁﬁé uﬁg@@r

m Xt urle as obt abAe@nitn ast eRred)ct ddieo s Ut Ipdiufiod €DNbeBkd 0fukhe thowssumahwr

feedst ock, which may be added in step (¢) and the HDS unit operating
conditions, fofS BRERAPPE (ﬁﬁﬁ?ﬁﬂ%éﬁéﬂgﬁﬁEﬁgﬁ+%? YIELahe o edct GE2HPC

tenperature angdfgkehbie ofal inf¥a Siafed rath 19-410Ss 0Pes 8t hBYdecedidda0RSovieN
addition to the determ nation of the sul phur content in the fraction as

obtai ned i.n st8PCPcR BORSdelbasess skt yer B 1 BARORI ¥olbengsfantsidésosa)
used to 25 pred}eh 7278 0 Her Hadhed ehmidd dg ’El@é e¥ANbhdas c®hltent. Such

15 additional information can be the sulphur content of the
blended feed mixture as obtained in step (a), the sulphur
content of the low-sulphur feedstock, which may be added
in step (c) and the HDS unit operating conditions, for
example hydrogen partial pressure, average reactor

20 temperature and/or the earlier referred to HDS operating
conditions.

In addition to the determinafion of the sulphur
content in the fraction as obtained in step (c) a model-
based estimator can also be advantageously'used to

25 predict some other of the remaining relevant gas oil
properties of said fraction. Examples of such properties
are the earlier referred to Cetane Index, Cetane number,
Cloud Point, Cold Filter Plugging.Point (CFPP), Flash
Point, Pour Point, Density, Viscosity, Colour, Lubricity,

30 electrical Conductivity, total Aromatics content, Di+-

‘ aromatics content, Poly Aromatics Content, and
distillation temperature for 90%, 95%, or 100% recovery,
distillation curve, sulphur species distribution
according to boiling point range, and Nitrogen content.

35 Such a model based quality estimator will preferably use



properties of said fraction. Exanples of such properties are t hel S 40V 2806
referred W 6sbang | ndex, Cetane nunber, C oud Point, Col dedF/kb®rosso?

Pl uggi ng. Point (CFPP), Flash Point, Pour Rajnt, Density, Viscosity,

Col our, Lubricity, 30 electrical Conduct i—vilt%y,' total Aromatics content,

D +- aromatics content, Poly Aromatics Content, and distillation

t enper at ur e f 0@SOGYPES%heo oD% teedver ythe dptendedt fFeadcoivéursul pher

species distri i .Qr di ili j n i tr

content. 35 Su?ﬁbga%%oec%%g{ge q%%il)ﬁ/é e%%ﬁﬁ%%h%fﬁ%@g;% gpgbh?q%gg |0f2 1
NOV 2005 WO 03h@l4264RCHERORI0BBDItivdS added nput stap [ropebriederabliyhe
bl ended feed m turet.t het DS %oera.ti ng condit(ijons and/or the_nature and
vol une of the aCti Bt § S atffed si’%pa(%’?FePf" Varsh y the
esti mated propevhitedlanetised 491 vai XDriee ashyeletded Sbedow L ofinmetkedtas Wi | |

be expl ained below. In case the final gas ojl product _is obtained in a
final storage %\}é@s}elgatghé’ RHEHE & ?a}étr%lvr%ﬁ] b‘f‘h%rfb’égi)oﬁ OIfHGperties

of said storedypiseeUCt HealteaSih ey esid BE Bsvads expeai §gd borl sul phur.
These estimations of the 10 properties of the stored gas oil product can

be used in a REPECAGVETCES EPIT ATIRANGI UG | FaBea bXPl BPNEETABRERA
Model based quali by g3binRf Hcs ahA MRl gk Aher{ Ohs X amphe

described in Viel F., Hupkes W, Inferre Measur enent, Hydrocar bon

Engi nééri ng, Apribe200ks 1§ pdges t78-<rb.gBuch heeddbakedagubei tged in a
estimators are re I I_hr at.e om t] ti k t] [,S
preferably per?ggﬁeégﬁg’ic%g?ggl%ﬁ]t gnegt;heéz;q dagr;ﬂc?}“’%/a i%é;f% %gééré%ﬁk'of
the property, whi chMpsledsbiamaidediuayl itthe eualdttor esdreratell Kabwbrabdon i s

R A Y
non- st eady st aMeaeQféiien@ns HAdb caa rb@mp @riciigreaming, Aertif2ooult to
perfoEglif a ngaggeg%gh%.d%%%hﬂﬁg%el based quality estimators are
preferably calibrated from time to time. Calibration is
preferably performed making use of the real and validated
measurement of the property, which is estimated by the
quality estimator. Calibration is normally performed
20 under steady state conditions in order to compare the
' real and validated values with the estimated values.
Under non-steady state conditions such a comparison would
be difficult to perform if a considerable dead time
\ _ exists as explained above. Applicénts have now found a
25 method, which overcomes these problems making it possible
to calibrate the model-based estimator (QE) on-line under.
non-steady state conditions. This so-called Robust
Quality Estimator (RQE) is preferably used in the process
accofding to the present invention. The new method of
30 this RQE will be explained in more detail below (see for
example Figure 3-4). The real and validated measurement
may be a laboratory analysis or more suitably by means of
an on-line analyser which can be using near infrared

(NIR)or nuclear magnetic resonance (NMR) spectrographic

35 methods.



exi sts as expl ai ned above. Applicants have now found a 25 net hdd} NGhI®h
over cones these roblens making it possible to calibrate t | - hased
esti mat or ¥ ﬁillne under non-steady state conditions. EﬁT@ggﬁmﬁ |1 ed
Robust QJallty Estimator (RQE) is preferabll4 used in the process
according to the present invention. The new nethod of 30 this RQE w il be

expl ained in nore detaidtdie! o (seeefelenefﬁgpkstEb%ﬁfet%éhlgﬂlwl%ﬁluland
val i dated neasurenent nmay be a | aboratory analysis or nore suitab _

means of an oASEdsE oAl yisercolit Rl LA be osPAg ﬁ@apbltﬁflﬁ‘araed)le(mdq@ or

nucl ear magnet i ( S 005
WO 03/ 014264 POFFERES 00807 *15%4 Pﬁié?@%ﬁ? ?Eef%§a§?§h ing rat| ong

hi gh- sul phur t@@dsEochsﬁaRHXﬁulphmedsp@cnfdeatnonobﬁamheaHﬂeﬂdmdjf@a&d
m Xt ur This rati o w II pref er ny be chosen.such that a certhal n sul phur

speci f:%catl on SEXEHE SHItEh FdFH ek 557 W ur B+ hEsPBE P4) P mét™hiHi 1 e one
or nore other pp:b@p&lthjees off tiHe rblamdi@d feed mixture, off the effffllwemtt of

step (b), of th drocarbon fraction, of step ( nd/ or uItlnater of
the final hydr 8%ar°’ﬂ¥78ﬁ’ p&’ddué’tg a%'e R TR sf%@G%%BQCP i S4PortS)Such an
ot her propertyah@/eanuhe igeitane |dexne GBide NyabetarShaugridaiurk, acel d

Filter Plugging Point (CFPP), Flash Pojnt, Pour Point, Density
Viscosity, CclBathipuBr dgsdyekisRastErfat komduBerhi ap, OFéﬁglpﬁpéﬁﬁﬁﬁbs

contenlp D+ apgpnNaki et 6N BMex POt HOMBEHSS, OO@&SGH paAdtdi sbild ation
15 tenperature for 90% 95% or 100%recovery distiTlation curve,

sul phur speC|eElﬂt§ﬁrP5@@9meNﬁﬁwnﬁr&FE%Pbolflﬁgh Point . r Beye, PaAdt,
Nitrogen cont eBEBI sIRe. S%%*&%rs(l%gﬁt% 16D %ﬁgfﬁéi‘{gd ET SheRced) . Mre

preferably, bleénding in step is contro |ng use of a
nmodel based qu@bhtiycesviirmt i duotefl tkmmnzpimrcmmem Pa+theobkénded f eed

mxture. This .BLendtng paRg Ml £ASCLALANS SHLPAYL: FIRLETLAO"

15 temperature for 90%, 95%, or 100% recovery, distillation
curve, sulphur species distribution according to boiling
point range, and Nitrogen content.

The sulphur content can be measured in step (a).
More preferably, blending in step (a) is controlled by

20 making use of a model based gquality estimation of the
sulphur content in the blended feed mixture. This
blending operation, based on the sulphur content of
blended feed mixture may still lead to a possible give-
away. (i.e. a higher quality than required) in the |

25 remaining above cited gas oil properties. To reduce the
above described give-away and increase the robustness of
the operation a so-called and well-known Blend Property
Controller (BPC) is suitably used in step (a). B Blend
Property Controller will allow to optimize the blend

30 recipe in terms of desired properties and at minimum
costs based on the properties of the different blending
components (i.e. the hydrocarbon feedstocks used in
step (a)) and the economic value of said blending
components. The BPC will control the blending process

35 based on the quality (sulphur content and/or one or more



bl ended feed m xture may still lead to a possible give- away (iZé.Nog 2003

hi gher quelg é301ixan required) in the 25 remai ni ng above ci tygd/e@s/oob
properties. To reduce the above descri bed gi ve-away and i-ncrease the

robustness of the operation a so-call ed”ahd wel | -known Bl end Pr operty
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Controller wilbf-thel owher gpoptirze esHe dfl erite 30l edégdefeadt mirbuok as

desired propertjes.and at m.nimym, cests based on the properti,es of ,the
i frerent b endPhg REamonanes (Be T bt rBadoPBcRE 2aebaY o
step (a)) and mbesacedopirC egalinateld 38 dhddrendings ,modebpoasstisquibet BPC

will control the_bl epndi ng process 35 sed on the qualjt sul phur_ cont ent
and/ or one or ABFEM3tCROVTEE65 PIRESEH 4 4”@?%%’2/%%0&“—56 5ROBRSEhe

ot her ‘propertigsalotyt Rethigrded freed iFpUtur® ASthObd 2t Negt L OnSheRe{3d) as
These properties may be directly neasured or estimated means of

] by a
model based quaPFEyPYesPEnaPadl tipre tprefteTani il by rebfsabtyhe Ehted
Robust 5 Qual '}BYeJE_éih?HEQ'E;ioEbeth@pﬁtrofp%rrtt}h%leeﬁ{di%'@@l@?d&!ué as used
by the quality estimafor will preferably bé the blending ratios, the
property bl endPrepeutessandd/propdeniddd dandidrcas endi Hee | vk E@esof t he
various feeds .ag i t T, pr rtJ . the 10
vari ous feedst%%ﬁégggﬁk%ebﬁgggupggaoﬁgl i(s?ic)eepor(régf'f- I neéf(%éeg{;le gr?%dthe
met hod Oof neaswarhgushéedidbtecdst cpnoper ticesured mpustnofoNI®REAsline. A

cxabl o doocr| Dedel B AGEIRICHE nBAG, S0 IR e el oheaet 1.
conpensat e forbyodeé of nHTBUkaCYoar ediaill e Hes ardlednth VaB+ala2 203 Y88 ues
of the properties, W i_g L __esti mated by the nodel -based estimator, can
be measured byalﬁia%gmgf 5152 gl ne |aboratory sanpling or by neans of an
off-line sem 20 aurlesrhodeN BEANR gnalyser eshriefatrcablwi Advweaneedto be
Statiggical Process S04 ol heeineayes ahe WPt dsate for model
inaccuracy or drift. The real and validated values of the
properties, which are estimated by the model-based
estimator, can be measured by means of off-line
laboratory sampling or by means of an off-line semi-

20 automatic NIR/NMR analyser. Preferably advanced
Statistical Process Control techniques are applied to
check whether the gquality estimator has to be updated. In
a more preferred embodiment the above-cited RQE is used

i to estimate the properties of the blended feed mixture.

25 It has been found, that the above described control
scheme comprising a MPC and BPC control loop, opticnally
in combination of a (R)QE, will provide a suitable
control only, when there is integration between the
control of BPC and MPC. In the described control scheme,

30 the sulphur content is controlled by the MPC while the
other properties are controlled by the BPC. If there was
no integrated control, conflicts between MPC and BPC
could occur. Suitably, the integrated controcl comprises a
global reconciliation layer (e.g. rules on top of MPC and

35 BPC)to provide for a solution for these conflicts.



check whether the quality estimtor has to be updated. In a rmr%1N0V 2003

preferred enbodi nent the above-cited RQE is used to estimate the
properti e¥QP3PHE4| ended feed mixture. 25 It has been founBCTERIYOSEHe

above described control schenme conprising B MPC and BPC control | oop,
optionally in conbination of a (RQE, will provide a suitable control

only, when therg s dinte LoD PeLuRen 1 the; ononthly of :?"‘H']gﬁ C.

t he descri bed control sc%ﬁe:?r%ﬂ,jgso tﬁe sgﬂ'pﬁgrlogloEt ntr i sfogg%tro lel\éc:)( btyﬂét]he
MPC whi | e the MiCherayprrgdpceée esharBDEohntakked obynshvgeBRG.at ftheherul Mmsr
no i ntegrated tr.Qd. Nt L t P I i
Suitably, the %’%{é%l?altcea (?%Ilrl]tJr?%lsm%gn%ﬁlggegggaﬁgfqoggﬁsrtg%&r{gﬁElofaa i on z?y%r
(e.g. rules on thep Hifs VRO wendeB5 BPGht anpeovndaitowizws glaitriton iftorcddlese

confligts. 2 1 N 00 03/ 014264 PCT/ EPQ2/ 08807 _.-. 16 . Wt haut .a

gl obal % econci leggt:{i czg??latﬁilae 1 F ot HERaTpFRECERRC I%%uﬁ& Olne&d-'cé"c’t"ﬁe& Mg e

i ntake to ensukeenhalorddheadudphugecspecof adjtibonthe mEkeshe DI \iwE C
constraints are net by, the HDS.  However ap_econom ¢ view pqQint, it

i
could 5 wel | bETRISHH LU ao%‘?)%’éi??ch%Pugg]PoNPlct o FICd i e Thore

advant ageous t @cadirésit wWHiel &M k&P £188dHDEOMRAS MO nith K& .der diephal p
the MPC to achi eve sul phur  control while keeping the HDS maxi mum i nt ake.

A gl obal recoA€FPngtilgR igferl axer iRVeHaE Sheh SushostbmePtdgrd qontmpl

sol utigns take sphacs.o N Wy gfeL@bl y the control of both the bl ending
operation and the HDS unit 1s incorporated into one extended MPC

control | er, which ofioin® seefrnablhethel eortnglopér heitbnthe slepdiag, the
HDS process in.1a, $t6R R AN, ORipONA ] Y %SQn%Qr‘ngB;%@edpri?x@éc ntékﬁnd' ng

in step (c). Sﬁgjtably, t he econom c pI‘O:lfIt st maxi m sed.
exanpl e of a sektebldedeMBéhdeshtvRO leontwini teropsimheeShelothMilhe vari at e

and st kg L, 35 GeRgh DR, | BoIPHBSOBBLL N 20 e i

15 step (b) and optionally also the final product blending
in step (¢). Suitably, the economic profit is thereby
maximised. An example of a suitable extended MPC
controller is the Shell Multivariate and Optimiser
Controller (SMOC) as described in more detail in

20 Marquis P., Broustail J.P., SMOC, a bridge between State
Space and Model Predictive Controllers, BRpplication to
the automation of a hydrotreating unit, IFAC Model Based
Process Control, Georgia, USA, 1988, pages 37-45. In such
a control configuration the extended MPC will control the

25 sulphur content and preferably one or more of the
remaining gas oil properties of the fraction obtained in
step (c) (i.e. the “controlled variables”)
instantaneously by manipulating the blending operation in
step (a), optionally the blending of effluent of step (b)

30 with low sulphur hydrocarbon, feedstocks in step (c} and
the control of the HDS unit in step (b) as described
above. The extended MPC will also optimize the total

process in economic terms by maximizing the overall non-

linear profit function (“Max Profit”), comprising on-line



Space and Mbdel Predictive Controllers, Application to the aut dvhNOba0hf

a hydrotreadofighsey t, | FAC Mbdel Based Process Control, Gaar@kpyzobidi
1988, pages 37-45. In such a control configuration the extended MPC wil |

control the 25 sul phur content and pref erabl¥ one or nore of the
remai ning gas oil properties of the fraction obtained in step (c) (i.e.
the "control | edweralslsd esd9f £iokermns aheoushy bympaneptisdpiregutchie phlierd ng

operation in t ) .. .0pt.i the. bl ending of efflyent of step (b) 30
with | ow sul phﬁareqﬂ*r?)}%’?!?oc{:hatr boofnqpcg‘ie%?s{? o%ﬁ%Pi ‘rﬁ g?‘éﬁpf’%)engﬁa ?t'he control of

the HDS unit in step (b) as described above. The extended MPC will also
optimze the tofal rocess in econopjc ternms, by maxim zing the overal

non- |inear prdft § q(ﬂ1%n SRt PYEFEE ¢ H PFgéHg%on-gFﬁeofl NOV 2005
| A10 03/ 014264 dmp/drRed G8&0lbwraile + upe enéfnefiicients for the .
conponent s/ product prices “per weight or volunme unit ("$conponent i"): Max
Profit = Product_flowate * $product - Sum of (Conponent i flowate *

$conmpongnt _i ) 5 Wiengidt i oduiq oW Bl grat §7the thewriaeratet B8 the
finished product in step (c), in terms of weight or volune per tine

period; "$ proditishes] tHodugtueinfstee (¢] ni shebepradaét wasohy Phe same
terms as for 0 b " Nnonent ¢ i e": LS e t 0 of
GBI Hime f’%ﬁp&&l $ é%ﬁ%‘qi% ( % thh vB?}%’ pat enl

hydr ocar bon feedstock i n step " and opt T , I'nthe same ternms
as for the "Prddaodshiddowrmdelct uvhixign Biagsamhe peohstaguficrion is

equi val ent to wg@i_ninm si ne G i on, [ atter n;
represent ed by gkgh é%%ﬁ%i%i?\ﬁﬁé@éﬁﬁ%ﬁ#f&h&lIO%Qt%S ﬁgnggaE?§wtﬁéte
sul phur0 and onefohydooe aofbdrhe extderocigasn astepr Opertard optibrally (c),

bl ended Toed ATxEre BRORTROET T2t ot ) Pare SOt PRERED the

ext ended MPC asagim@stinmtteéd gualfiitty. fuhdndet basegulPayignati ty esti nator

fror e preferabl%i%?%i%&%%ﬁt %b%%%t function, which latter can be .
represented by the sum term in the above equation.

15 A Preferably the sulphur and one or more of the other
gas oll properties of the hydrocarbon fraction as
obtained in step (c) and said properties of the blended
feed mixture as obtained in step (a) are supplied to the
extended MPC as an estimated quality. A model based

20 ~guality estimator, more preferably the cited Robust
Quality Estimator, is used tc estimate the gas oil

! quality (properties).

The invention will now be illustrated by making use

of Figures 1-4.

25 Figure 1 describes the state of the art HDS line-up.

Figure 2 illustrates an embodiment of the present

invention with a preferred control scheme.
Figures 3-4 illustrate the Robust Quality Estimator.
Figure 1 shows the state of the art HDS operation.

30 To the HDS unit (101) wvarious feeds (102, 103, 104) are
fed. These feeds are stored in storage vessels (105, 106,

107). Such storage is located between the source of the

various hydrocarbon feedstocks (not shown) and the



Quality Estimator; is used to estimate the gas oil quality (prPTﬂin@g).
The invention will now be illustrated by nmaking use of Figures 1-4.
Figure 1 WOIR¥d the state of the art HDS |ine-up. Fi gurBCHEPY4ER7 at es

an enbodi rent of the present invention wiflB & preferred control schene.
Figures 3-4 illustrate the Robust Quality Estimator. Figure 1 shows the

state of the aipsHPS: €PN atlONThe3RrERAUNS HRS whd ty6d0dp) i Yakiraustbegds

(102, 103, 104) are fed. These feeds are stored in storage vessels (105,

106, 107). Suth @ibfagentsveseatled BéBredPIhel Eburee bhet héendangous
hydr ocar bon f o] nok.,,S : = 2 005
PCT/ EP0210880(73P€E@ ﬁ%:f%i (1§¥) EQ%“%?% uc%su%%g}%géﬁﬁ?%gg?esépggé e in
di fferent vesserem (1008, redetivedy ofighss Huweplivg cérremt 1HDF. pBpdstdsi ng
| ow sul phur HDS prod . arat r the relatively higher |.phur,
contentL" HDS p%u%%sggégfﬁﬁigs%gogslie Idgrgt G Wi et aplé%dsly%?‘l %rgo ng:,&qa n
stored in vessess¢11P)1havhagihhe tthesidesd repbcspechfiontidhe Theendi ng

farm (111) may al sp, conprise orage vessel (113) for_| ow sul phur
hydr ocar bon { CALRAGLRS. TRbR GRLE) OMad A SAraT A (e R ORI |
Addi tives are vdsagidech19)t herf ibaksgaph@id HFdEEL ribyn "Bad8sebcrB, on-1 i ne

additive injection (114). Figure 2 illustrates a preferred enpodi nent of
the present iTEH i dFS FPHuRePICEHENS O4 Fisc el tWittort ihlbh%Ey PFEpare

a gasy@i | prodigded 129)tHaVERHa2 dasdesir ed il Wy GRURA o TAR BROESRS
as illustrates starts froma kerosene feéedstock (I21), a straight run
gas oil feedstastdif{ipR)inheghéaum(daddloi|l feedstock (123) and a cycle oil

feedstock (124), ali; o ng a1 3UbpRYE o oCOMLemecly ADUB AL %ot the

According to step the 20 net of the present 1 nvention, a selected
m Xt ure of present invention. Figure 2 shows a process to

continuously prepare a gas oil product (120) having a

15 desired sulphur content. The process as illustrates
starts from a kerosene feedstock (121), a straight run
gas oil feedstock (122), a vacuum gas oil feedstock (123)
and a cycle o0il feedstock (124), all having a sulphur
content of above 0.05 wt%. According to step a) of the

20 method of the present invention, a selected mixture of
these feedstocks is formed to obtain a blended feed
mixture (125). Any surplus feedstock can be temporarily
stored in storage vessels (126, 127). Part of the earlier
stored feedstock may be part of the blended feed

25 .mixture (125). The blending operation is operated by
making use of wvalves {(128), which valves are controlled
by the Extended Model Process Controller (129) via
control line (130). In order to control the blending
operation the quality of the blended feed mixture f125)

30 is estimated making use of a Robust Quality
Estimator (1315. The estimated quality is at least the
sulphur content and preferably one or more of the other'
gas oil properties. '

In step b) of the methods, the sulphur content of
35 the blended feed mixture is reduced in the HDS



these feedstocks is forned to obtain a blended feed mixture (12%NDVAN0S
surpl us f sadle/meksscan be tenporarily stored in storage vesselsrizhdgh;
127). Part of the earlier stored feedstgcfgngy be part of the bl ended
feed 25 m xture (125). The bl ending operation is operated by naking use
of valves (12B), which valves are controlled by the Extended Model
Process Controfpek (1238).vFae eprrasiing sencidgony rehridee EBScontrol the

bl endi ng operation q i t l.end e i r i
esti mat ed naki%iﬁs(eigg) ag%bsé{le Oz'}lhi%tdg vEs%lt ﬁ%ﬁ%@r ci3()F1T13'8{1§é| %Eéﬁg%gﬁ &ei%l
quality is at Peestssheontupphar dddttentsuand thredf ex abl §£ omeent swiphof the

ot her . gas oil - | e : b). of ,t.he ho t u F_content
of 35 the bl e%%)ée"gpf%%% %sx{:fé}:éﬁﬁgdr )eléluécgé%l #%e ﬁ%g)ﬁie?\%)ﬂ%%%n}/%g &
031014264 PCT/E£R02108897011 pOodunitt ((232) haWhimgperatdewi ceddstipmsr of
the HDS unit (133) are, control |l ed ﬁi.a (136) by the Extended Model Process
Control |l er (12H° SUER*thataPEGPFF Cit&Rt sul phur  reduction is obtained in
this unit (132) forrmwbéeémi @9 afSthenmktgad,oitlo pheductf(dsid) hBY3Ngot he

desired sul phur, and_ renni nin roperties. In step c). of the nethod, to
the effluent (AB)HIF uRhe #@%fEH?Bt( eft PhEm @vrﬁstaepl%;s)ulaplp%ww phtit

gas oi | feedstedsdd3K) (894 pbhai BpdatiRed RVILOG ARG rd Skadded. ad@edhi s
feedstock is fed froma separate feedstock storage vessel (135). The rate

of gas0oil fecddstockesdsuycksischdadr Srradapy PR abea RRIE Mekl STPHReEss
torage vessels (30) (1o the 31T aont LLID Cia elnedls bharrioe @
i njector (138)comtwekbed loy bldi hytandee Yededayrasnesorfiont retl &y hed)
and Sui tably oRe Or b o AT REr  BRoRort ren of T heTFect TG Ry ocar Bon
fraction, whictdmghevelisers piobuctof tbm stfdguent i€l33) via in-line
15 additive injector (138). The rate of adding additives may
be controlled by the Controller (129) or may be
controlled separately. The sulphur content, and suitably
one or more other properties of the resulting hydrocarbon
fraction, which is the direct product from step c), is
20 determined after any addition of low-sulphur feedstocks
and additives.

The direct product of step (c) as thus obtained may
be accumulated and stored in .2 final gas oil product
storage vessel (140) cor may for example be directly

25 " loaded into a ship (141). The sulphur content and one or
more of the remaining gas oil properties of the hydro-
carbon fraction as obtained in step (c), as fed to said
storage vessel (140), may be estimated by making use of a
Robust Quality Estimator (142). These estimated values

30 . are the “controlled variables” as used by ,I

" Controller (129). The properties of the gas oil product
in storage tank (140) are also estimated by making use a
Robust Quality Estimator (143). These estimated values
are also used as input for the Controller (129). Based on

35 these values the optimiéer can adjust the set point for



20 deternined after any addition of |ow sul phur feedstocks andlAddVilllies.

The direcy, @ﬁﬂyﬁa of step (c) as thus obtained may be acgﬁgyhﬁ@ﬁﬂgﬁanple

stored in a gas oil product storage vessel (140) or
be directly 25 | oaded into a ship (141). -Tkk® sul phur content and one or
nore of the remaining gas oil properties of the hydro- carbon fraction as

obtained in stgRipehr %%ﬂ%@%ﬁ‘%éﬁﬁ‘%eﬁﬁfﬁﬁﬂ@ V@éﬁ@koilég)an&ﬁ %s” of
estimated by making use of a Robust CQual |t¥ Estimator (142

esti mat ed val ueBe3dnieamerld ateomrwiuad asar %%I%@"Séédu§§@r@$eC0ntroIIer
(129). The prop %ggégs ggothe gas oil product 1in storage tank (140) are
al so estimated by nmaking use a Robust Quality Estimator (143). These
esti mated val ues ak®n al§otma&iQﬂ;whqnﬂlﬁ(ﬁhekmu&bntyobfethelggdeBas@d

on 35-these va timser c n dj. us point, for 2005
00 031614964 PEEERR05] SHE T By A ke shicahttent %le“%aidﬁsrl\rNQV
"controlled vaqhabﬂey"bfothetmanaﬂegaﬁﬂhxﬂepxmdmbmt as ﬂedthe Satdatlon
storage vessel (140 iituati.on rei.n t y oduct of
5 step (c) sho Bnbéh&Bnt %ﬁac;uﬁ%/ ]tﬂaéieméﬁt otl}eheqa%% a%g& (ﬁgﬁp g %
final gas oil peodyel. apel gulahetsi tdatimn fahenshipe (341D wsluoaﬁ@el pehe
above Wi not e use e quality o t e feed to the ship

b RQE (143) | b d. Th I f the feed h hi

will then be @stimated by W&M%ﬂ?lﬂﬁ?(ﬁ REE (14%9) - 10 The RQE's shown in

Figurge2 will requitgei RBHE sl BhoWrdan tQ @mieﬁlfr@&;upﬂe Thgut eqHi r ed
input and related neasurenments are not shown in Figure 2. The wi ||
further be cal ?BRa¥ eBooRaKkenarh e sidfiatg Aise Bte reaguinpd ¥BPREaned

measur ement s. J@faf@gufnéggug'%ﬂe'n'%% %rreofﬁotl%ﬂaw}? maﬁyeéﬁysn&s ahe Rgp
shown in Figure 2. In the schene Figure 2 the Controfler (129) w

try to optim svellhefHDSham beog@rlaa:hr@rteshm-tme Y pradueg pseoyfi seal
obt ai ned Mh'Cnnn§sv§£QBSEEBeﬁeg§%%%ﬂ€%ts. The required on-line or off-

15 line measurements are not shown in Figure 2.
In the scheme of Figure 2 the Controller (129) will

try to optimise the HDS unit operation such that a
product (120) is obtained which has properties close to
or equal the desired qualities (in order to avoid product

20 give-away) by controlling the composition of the blended
feed mixture via leO), controlling the HDS unit
operating conditions via (136) and controlling the amount
of low-sulphur feedstock via (137). The controller will
base its decisions on the estimated gqualities as measured

25 at (131), (142), (143) and (144). Further input for the
Controller will be the component prices (see formula
above) and the desired product properties.

The model based quality estimators, which are

suitably used in the prccess according to the present

30 invention, will have to be calibrated using historic
quality measurements. The use of historic quality
measurements is not straightforward. For example in the
present process the time (dead time) between the moments
that the actual measurement of a property, e.g. sulphur

35 level of the product of step (c), becomes known and the



or equal the desired qualities (in order to avoid product 20 giZ/leNaVNgQi))" by
control | i mg bh@4p@anposi tion of the blended feed m xture viRCT/EBANS807
controlling the HDS unit operating conditi,ons via (136) and controlling

t he amount of | ow sul phur feedstock via (é?). The controller will base
its decisions on the estimated qualities as neasured 25 at (131), (142),
(143) and (144yomeptt odr GhfpRcibtl tTRASYIRNe DY | ©F WRLRtBECLNe 1O5fponent

prices (see foppukad pRROMEeBNGYdE Hesdyethtodyst wREAPRRE! B8 1TRgrEDdel
based quality estinmators, which are swtablg/ used in the process

according to tHe-preddf cadlitivarm iand WRS ferdedealbbytabnpr &hed using
o etor i e T ! . .
ol et bysEhasy S e, o atanes MRkl SRRLEEEHLS

is not straigh rwar exanple 1n present  proc
time) between thechemging dfhdthd premdsmlgaisesur enent aofiratpr opethy, e.g.

sul phur 35 level ,of th roduct qf ste bec nown.and_t he, Z1INOVno
V0 63/ 014264 PETF LRGBS Pttt SEHPY TR SOT UM RRatareRenttrs
relatively | ongccoGhhewheghengrenas sucte ast dyngnilessbetneedathet@E i nputs
(e.g. HDS condi t'hggs %nd HDS feed qualifty) and the nmeasured qualities and
a phenomenon n&FfmaPF§ Peftdsr YD &P Uhangi ng of the process gains, i.e.
adrift inthe ratig bederend Riita ARthedd pilvwarstodl di beat2kes, i DEOis
account when use is made of such historic data to calibrate the process

nodel .14 n or deFuUBBOBaFHatt Ot Fedd- hdent@R SitudiFoHRat p¥sj ¥herotbfst omary

to calibrate Qyabbb¥sESbinMRalch WIRY e fpncesspiorivhighitheyoarg)ed
applicable is 1Tn its so-called steady-state, i.e. in the situation in
whi ch the procéssadyl-gtaties dnisf-orif i@ &dristaditon nieowposht Fon, Pseaeesand

vel ocity at the)gnhrance and.af e &xdeHf the één;?&ﬂ@i@taﬁg- sfhiboygh

such calibration wll give good results wth respect to systemto be
monitored, it vslosikll atondiedendd anseharsligtopthersexbecalisthavail abl e

15 operation. Although such calibration will give good
results with respect to the system to be monitored, it is
still considered to be sub-optimal because available
dynamic (non-steady state} information is not used. This
because calibration has to wait until the process has

20 reached a steady operating point. Moreover the presence
‘of a steady-state detector is required in order to know
when calibration can start.

Preferably the following calibration method is used
which can also be used under non-steady state conditions.

25 ""Model Estimators making use of such a calibration method
are referred to in this application as the Robust Quality
Estimators (RQE). The RQE according to the present
invention provides a more accurate and robust gquality
prediction, which improves the performance of the guality

30 control scheme according to the present invention.

The improved automatic on-line calibration method
comprises:

A) collecting raw proéess data,



dynam c (non-steady state) information is not used. This beca@seNQOV 1005
calibrati ) wait until the process has 20 reached a
operating%‘%&ﬂ@"£ reover the presence of a steady-state d@?@g oﬁmﬁg
required in order to know when calibratiro@Zcan start. Preferably the
followi ng calibration nethod is used which can al so be used under
non- st eady stabg COpgiclde®nSng 2atbdell it s@t Of SsEBI AY WHe Righsttle a
calibration nethod are referred to in this application as the Robust
Quality EstinBEBFESERAGICITHS R At ot Ty +6tLAB pleddft 9a5nPert i on
provi des a nor @ugqgga@te and robust quality prediction, which inproves
the performance of the quality 30 control schene according to the present
i nvention. Th€)i nppavedsedichdtiic aradired tani bhaeieh A¥NRBAC EoApsiisds:

A) colleecting : S -4&){ - 2 RCTLEPO2/ 08807
- 22 pr ocegg}q’ﬁgﬁgglt%a%ggﬁ%lt g:cliee%fll stﬁ%tﬁgéég%éhgégp%géss ‘nodel
to obtain a prBdict sbrrahg tdegdsomiintemeediste Gipnatessbhginkidsin
prediction thr nani . f.unct i ons reati ng two

i nternedi ate s?§%§|§¥ %%I%t?ﬁﬂ%?ﬁ%ﬂaéﬁwﬁgﬁﬁe%ﬁeﬁiggérgfgnals obtained in
step C) as a fHhcti oatafietviing iat Hilst driyme B retreali agdavalhdatene of a

I d | i dat ed f the . i]. it t.he hi
[he 10 abeol UTESRPREAGaRE b (AR Vel Lah ot W ERt hOGr PhoaPaYe e

signah® i n theabkBRuper mdchiG@id &80 Mk ighuin® waltd Nbfuthandweax nfem-
specified dead tinme, which val ues  define the mnimm and maxi num
predi ction pos@FBF@FGFF1@EPé§I&Hlﬁfﬁtﬁiqﬁﬂﬁ%ﬁ+?$ eI hEFRENPRBIAILPT &r ence

15 between thepk gahuAndn¥ahiaddideh f%}_’é%irﬁ@:ﬂtdé‘é@ t e dr @Ai caNGaIpassed
bet ween the m ni num and maxi num predj ction possible as obtained in step

E), O proceedfA§inpt Rhet @3 niynym ance mapsioiR xreLet 6pnt Ressible,

F) calculating the deviation as being the difference

15 between the real and validated measurement and the area
encompassed between the minimum and maximum prediction
possible as obtained in step E),
G) = proceeding with step I} if the absolute value of the

deviation obtained in step F) is zero, or, proceeding

20 with step H) if the absolute value of the deviation
obtained in step F} is larger thanlzerb,
H} incorporating the deviation into the process model,
and . |
I) | repeating steps A)-H).

25 The process model, which is calibrated with the

method of Lhe present invention, is suitably a so-called
input-output parametric model, which has been obtained
off-line from history process data and gas oil quality
measurement. Examples of such models are Multiple Linear
30 Regression as described in for example, Introduction to
linear regression analysis by Montgomery and Peck, John
Wiley & Sons, 1992, Linear Dynamic Model (in the Laplace
transform Domain} as for example described in Linear
Systems by Keilath, Prentice-Hall, Informatiocn & System

35 sciences series, 1980 and Radial Bias Function Neural



devi ation obtained in step F) is zero, or, proceeding 20 with $teNOWHI f
t he absol w@oxalma of the deviation obtained in step F) ispdEER®M0SENAN
zero, H) incorporating the deviation into the process nodel, and I) .
repeating steps A -H). 25 The process nodel’,” which is calibrated with the
met hod of the present invention, is suitably a so-called input-output
paranetric nodBEtYRREKeH oRds Bedd Yobtidithetru s £ i ABNEESRTHI §BoEPIprocess

data and gas oLbkafHaki ki sdPBRRY GRERL . esn@f rsughraRde! fedlBrx for
Mul tiple Linear 30 Regression as described in for exanple, Introduction to

| i near regr esskpRranampsgiiorhyanh ftegarmerng anth®ekkocgofhngw Py tReSIREE,
1992, Linear A C lo Gigny et pl S LR r
exanpl e descr Pﬁggg}n %/lgg%g’r 14 ;spg’%ﬂby%?%%? L?%Er?f P@gﬁhﬁ%‘ﬁﬁa b8 the

| nformeti on & Systhem 35 shiee presesar imesde 11 3Op hiwld Radd at hBi agpEunct ram
Neural WO 03/014264.-.23_,21 NoV.207 RPCT/ EP02/ 08807. Networ k _(optionally
W th Caussi an TRFGELak) DA5% GRoCTaD & erT eI R 4 BARGPGEaRiLE
Grosi. Networkefleet apprexipaniofopraukd caiddeay. fdheteogeedbhlsqgoblthe

| EEE, 78(9): pages 1485-1497, Sept.enber 1990. Depending.on the 5 nature
of the pr ocessgﬁgiﬂ@?téﬁﬁl %’&&taﬁ&%tl%ﬁé"%fﬁbe é?e?%%g‘ﬁ%t%?gér dat a received,

those skilled in theightewsl showel ectpridiedypfoddl processvingeinbat Ehen
gas oil quality estimation best fitting the perceived c&JoaI . Figure 3
shows ¥ procesE2WoBEPCEEF Rakend 2 npdth & RARCADS MRFpt otessPEaYAdED) 20The

process nodel ééiiﬁéeghd%%sa%ile%iamtt%ﬁ @as) Oluh il {5 yukdd) asWohgliti S
used as input for contrdller (12), which may control for exanple a valve

(not shown). nggréogtapééeghdéé)a bdihe ME3) caiHerel nferepsapp}eand (D)

o B s et S b (ab B
val i dat ed wherein steps (C) and (D) are performed. Further shown is
15 a validation module (5), which wvalidates the real gas cil
quality measurement (4) to obtain a real and validated
gas ©il quality measurement (6). Based on the input from
module (3) and the real and wvalidated gas oil éuality
measurement (6) a deviation is calculated in (7). If the
20 " deviation is greater than zero as described in . step (G)
the deviation (8) 1is used for calibration of the process
model (1), preferably by making use of the Kalman
Filter (9).
The collection of raw process data (2) in step (A}
25 to be used in the method according to the present
invention can be carried out by methods known in the art.
It is customary in process control technoloéy to measure
data (2) at a number of points over a period of time. For
instance, in refining operations, operating parameters
30 such as temperaturé, pressure and flow are normally
measured at frequent intervals, or even in a continuous
manner and they can be stored and processed in many ways
as i1s known to those skilled in the art.
In order to get a prediction cf the gas oil

35 guality (11) out of the raw process data (2) collected



gas oil quality measurement (6). Based on the input from rmduI?‘l(@v @W
the real and validated gas oil quality neasurenent (6) a deviathion i

cal cul at edV? A3/QIAP64 | £ the 20 deviation is greater than zer oPE¥ERENEBIbhed
instep (G the deviation (8) is used for_cajibration of the process
nodel (1), preferably by making use of the Kalman Filter (9). The

col l ection of raw process data (2).in_ste A tao.,be .used in_the .
met hod accor di g% & XHE p‘?%g%ﬁfééi Fﬁeﬁﬂoggsga%%’éﬁca( i é"d‘tﬁgluso%fﬁﬁacfhjords
known in the ardtep | {B) S StebpoNBf yibsnthuecess ¢ent fodll teeiind wdrddiction

nmeasure data (2) at a nunber of points over a period of tine. For
i nstance, in refiSHng operations, operating paraneters 30 such as

tenperature, pressurshd(d) ovsaie 8988REEN1 BRApURedtale WeRGRNfor
intervals, or even in a continuous nanner and they can be stored and

processed i n nEWEAmBisic anTEkingovmlibrehsss - sEhiise@ndn fityd bt . sthePsor der

to get a predi ¢ti;gn of i ual,i :11) t ; prcess
data (2) col | ool \%%%ﬁg%@%&ﬁéeg ?& I\%}ék%é&u%%ﬁgpgf/ §07 T ha
above ref erred thess cteayss notel cf1gulit lobecfs&btel mindtam, ( Bnd St () is
t hus the gas oi] YA iction . s . pP..EChils e jal. st
in the nethod %{Dgre ealu(%/no cfesl‘dé(:f%iné)l?%e{:ggl}zg}rngt P(%n?Ch‘?hlrggaln%‘ﬁH%&réas‘f%%s
will al so be i meastrramehtbis ekt ncheisgasf oFlgyneldtyl ns peefeorstezps t he

cal culy o0 of e Ml T S0 JUY oLt 1) SRBOSREPLE ol 54

performed. 10 Streps{f@r ifuriiats y(pertaled hyicappbynndynamidglaric the

(qanster funct Lons (sq-called, uncer talp Sumamico)t (e, pesdclion of

intermedi ate sirgdal $imdlNaHs tEANst Big T L6 EABErAEEi Wekl skgewn d.00l's to

one -Dynamic transfer functions are well known tools to one

15 skilled in the art and are for example described in
Linear Systems by Keilath, Prentice-Hall, Information &
System sciences series, 1980. In step (D) these inter-
mediate signals (20, 21) are stored as a function of time
in history. This will result in essence in an

20 (uncertainty) area (22) in which the actual process
response should be placed and which will become very
narrow when reaching the steady-state situation (23, 24).
It is also possible that the uncertainty area (22), in a
non-steady state situation, is reduced to a line

25 corresponding to the event in which the independent
dynamic transfer functions are identical- (this situation
is not shown in Figure 4). The so-called minimum and
maximum prediction possible are obtained by calculating
from the history the absolute minimum (27) and maximum

30 values {28) of these two intermediate signals (20,'21) in
the time period corresponding to a minimum (25) and
maximum (26) specified dead time. The dead time is a
-function of the virtual location of the gas oil quality

estimator relative to the location where the real gas oil

35 guality is measured, time for the real gas oil guality to



15 skilled in the art and are for exanple described in Linear Sﬂsl@%m%

Keil ath, Mendiddesal |, Information & System sciences seripeSI/ERERE307 N
step (D) these inter- mediate signals (20, ,21) are stored as a function of
time in history. This will result in esser%ce in an 20 (uncertainty) area

(22) in which the actual process response should be placed and which wl|
becone very nhEr BRafEed eachitdiahe ey -conitt sphaat f68 €23mPRe) . |t

i s al so possi b!fﬁouh@gtteh%nlaﬁgeﬁﬁawom%.( 2@)e &Qaéhtﬂﬂg‘éEﬁaQ)é %E%Eﬁtyhe

situation, is reduced to a line 25 corresponding to the event in whic
i ndependent  d¢rasiraineghSyerorfeurdtilord ave tlhkemital FYomi shést dapibna is

not shown in Fjgut . e | 1 i Yy : i Lation
possi ble are ro@ggﬁﬁgﬁ‘) b(gggalac(lﬁr g@irlnlgﬂnénr @ﬁrr?ég#s’i% ?%gbggggkgt e

m ni murh (27) amndpmesemiing0 ted desnd 28)riofd tdiesehe worooees nbdsabeysignal s
(20, 21) in the.tinme_period rrespondiing to a Juninu 25) and Ximum
(56] apeci {1 ecMBba tPsEtnd Modd d el 21 TafndtTRELe4e ety apddity

| ocation of thgegasremenguglzid y-> ext'imatorcdmatédvenitht tieel peatiiobedher e
the real gas oil 35 ,quality is nmeasured, ti for the, real gas oil lity
o 21 Nov T 00s00B 5310 84204 thCARERO b LI5S SRS hEde P LaTARE SeRGr
process condi t hgASmakenuaxamsl)e pJéﬁ\Meat%ea@r&Li | glve T 9@l ¢la Upes The dead
time can be easily determned by one skilled in the art. Fromthis input

a maxithum (26) andBREAFRUFEESHITdedd s iSheddy R heth B 3ephrRsehbfng t he

tinme period of ;t-Be pLOGesanhiyt Qaty %id@ﬂ(ﬁhéfbéﬁég’&f?tﬁ@eafﬁaé¥§ﬂéms
val idated gas oil quality neasurenent (29 -> 29') is conpared with the

predicted gaswall gdahptycadya cedzpraie v Wpkoreadyt st atm eR7havand

Cteady- sate | Tuatron  Phe Breatl 201 aa b Very Trds, e St ar o of e

art systens whhi vrihdrtenl pecahinemend (dur iafy Hteaahs stht eqerl htwvelst he

risk %% nakingwftﬁ?hs%hgagbg%%t%%%gfaﬂgﬁﬁaféE%'fﬁﬂ method according to
the present invention, however, is specifically designed
to calibrate only when the real and validated
measurement {s) (28) of the gas o0il guality are outside
the uncertainty area (22), thus preventing instabilities

20 in closed-loop. Advantageously the calibration method

according to the present invention can be performed under
steady and non-steady state conditions.

In step (E) in the method according to the present
invention part of the calibration process is carried out

25 by calculating the deviation (30) (the so-called
prediction error) as being the distance between the real
and validated measurement (2%') and the area (22)
encompassed between the minimum (27) and maximum (28)
prediction possible as obtained from the earlier

30 calculation.

The real and later validated measurement (28) of the
gas oil quality can be an on-line or off-line measurement
of the gas o0il quality. Examples of the gas oil quality
and the possible measurement techniques, including NIR

35 and/or NMR, have been discussed above.



and val i dated neasurenent(s) of the gas oil quality is 15 wthi rHHQV ;@gve

ment i onedywas Pe143g3€ Met hod according to the present inventﬁ@ﬂgpﬁﬁmgwer
is specifically designed to calibrate only when the real and validated

nmeasurenent (s) (29) of the gas oil quality<4& e outside the uncertainty
area (22), thus preventing instabilities 20 in closed-|oop. Advantageously
the calibration netbadsteecoddi nthd mddupiesenfor nvebiboatdan perposes

per f or med under ead nd non-st.e tate conditjons. In step (E) in
t he met hod acc%Fdﬁﬁ@ Féa?hé‘“ﬁfé'%ﬁd%qgl#éﬁ??%?F%‘??ko? tﬁgecgﬁisbroétgi on
process is carguglidyt is2%ee redlmud atorigy tiiea sievéaéhes (20) ) (bethe gas
so-cal |l ed predictionﬁirror) as being the dj stance between the real and

val i dat ed neas®FenBRELlE28) WARED KEearte 33 thaconpastadnbyt aesa tke) -

m ni mim (27) apgh "B THBW( 28k A8 G i%h ROSSE L endge Pbt ahngehkroRLELE
earlier 30 calculation. The real and |ater validated_ neasurenment (29) of
the gas oil qgublth§ €ahcydadiocenafi Ahreordef¥atior fRRsupendffcrépedhe gas

ol quality. L89aBbybN2ndas AnlariUiald b s ANk & Nea PASSLE! gngeasul enent

t echni ques, i ncluding RII R 35 and/ or ave been di scusse ove. 21 Nov
2005 WO 03/ 01de6ila PCIHEPD2EGB80Q7 15 2@ rd n mapi @) thée thef ubhédstedr

calibration p ses_-0 real .a | i dat t.of the.ga i
quality is deﬁ%ﬁ%i%%%} %ﬁ%§%§§§%5Fe%%h¥§K?%gﬂfq%gPﬁigégggp 6$Iw%3§ﬁﬁt§P%
whi chlére out sunkeetheinhgertraiant(22ar e (RY)e fraansde stdeénrthbal i bration

of the nodel. In other 52 ds i f the ca | ation, t he dev_iLati o?.%SO) as
described herBHA AWy &L hoRB Y FEEINE Aol RPESAT LR 975t Rl d8Giafvon
obt ai nled isI ze\raaluérgan'rt]hg UE&H_aﬁ:henvaljodatﬁdancanﬁﬁl(pahotrelaeu:neaantasof t he
gas oil quality is within the 10 uncertainty area (22) or pore precjse,
RO G (A SR LR Al f e gl TR P PRI g 8

val ues, the deyinti@dnt3Rhel Byncecll iRQf e Wb AScarried out up till

15 now as there is no need to refine the system. If,
however, the deviation (30) as calculated shows that the
absolute value of the deviation (30) is larger than zero,
as shown in Figure 4, the deviation (30) obtained will be
incorporated into the process model in step (H) and the

20 previous steps @ill be repeated (step I). The net result
will be the generation of a modified, more precise,
predictive process mcdel, which will then serve as the
basis for further modifications depending on the level of
deviations being observed during the course of the

25 calibrating process.

Preferably step (H) is performed, such that
incorporation of the deviation (8) into the process
model (1) is performed with the use of a Kalman
filter (9) (See Figure 3). The result of performing

30 step (H) in such a manner will be that the deviation can
be incorporated into the process model by adjusting its
linear parameters thereby updating the prediction band
and improving the process model. The use of a Kalman
filter is well known in the art of process control

35 operations. Reference is made in this respect to



further input in the calibration process but the system will cdnkNHuBlby
repeati ngwdessieqs carried out up till 15 now as there is perRpehst@

refine the system I1f, however, the devi_at2|gorl (3D) as cal cul ated shows
that the absolute value of the deviation ((30) is |larger than zero, as

shown in Figure 4, the deviation (30) obtained will be incorporated into
t he process nodétochasttas (FHjoeaeseheand bibiediusgsThpery'| bybdarcepastked

(step 1). The |t W atign i.fqi . 0QLe .
precise, pr edﬂgg:ﬁ@gﬁ%r%cpe%%éﬁoﬁ%%%?@ﬁ%\j %#}Qt ﬁg%eggrgeghfgs%gﬁel%gg%f}g’
for further noWiofli.c&tdi,onss deperimee dhatmen | Evbtens adeviiat esssenbei ng

observed durin he _gour.se,of_.he callbratin e} . Preferably_step
(H is perforn%gftlgnﬁgh%t Ta haﬁ%llc%rgp}ilr%%%nt%?yt%legae\%lgz ron° %) ?%tévﬁ%
process$s nodel elipinatesr fudraratbed hot heheisreofuaceabmancilli hhed 1€9) ( See

that the devi abPan ol <5 HHeorHor At S FTLLS | HE* pFOfeds hBgePebpod
adj usting its akiBednnparaTeiRy Hidesebyinpsatiag. t he prediction band and
i nprovi ng the process del.. The use cgh_éa Kalman filter is well _known in

the art of process ¢bntfOUIsE RSethsdridiaReis ente PE Had@apniiprers is
respect to 21 NoY 2005 t\Wa Q3 ULA264 RGIIERYE P880dns; RichSteehastirsed

Processes and Filtering Theory" bg/ Jazwi nski (Academ c Press, Mathematics
and Sci®nce an8UEnynAEar ine S ly et 2t 7@ynd ot hers Kap frahtf LBt BEY2ALY in

essence optimt,sLAGRARIH & Advildny Wikyral fsﬂqféfrB%iQHtwheﬁ §VBPocess is

elimnate, the noise on the neasured gas oil quality, which nakes them
very sui.t abl e Peingseriexatias neidrod strabiuitate ccondipiesént i nvention.

It shoul d be noted. r{haL . he 1ise Rl AN 1 [4 8551 b Sng Noke | kELhEA 0

. . : ; B
calibration operations, which are carried T0 out inder hon stea y-state
condi tions, asfiltes edadl Ihhecapaiies faqrovdidiagtasehel prasentati on when

a progess s invention an even more robust control method is obtained.
The use of Kalman filter has the additional advantage
that it will keep improving the accuracy of the gas oil
guality estimation process. In the event that no real and
validated measurement of the gas o0il quality is received,

20 calibration as defined in steps E, F and G is not carried
out. The system will repeat steps A-D until a further
real and validated measuremént of the gas o0il gquality is

received.



bei ng operated under steady-state conditions. It has been foun F%
conbining“éﬂgﬂg n filter with the process according to the Eresen 15
i nvention ¥Wdt ore robust control nethod is obtained.

Kalman filter has the additional advantage2gthat it wll keep i mpr ovi ng
the accuracy of the gas oil quality estimation process. In the event that
no real and validated neasurenent of the gas oil quality is received, 20
calibration as defined in steps E, F and, Gis mog carried out. The system
will repeat steps A-D until a further “Teal and val i dated neasurenent of
the gas oil quality is received. 21 NOV 2005 WO 03/014264 PCT/ EPO2/ 08807
- 26 CL Al MS lprBeaeess d epiibins ¥ iﬁ&ﬁéeaahpbﬂ%i%%%b%n

product having a deS|red sul phur content, Wwhic hur™ content is a
speci fi ed val uprpewet teaing G5 dﬁf%re%t%l#lplm@rW@htentbeblblthlhv\@Uéphm‘re
hydr ocar bon fe S ha bgve:-0 mﬁ@b whi ch
process conpr?ggggﬁﬁelgte E#%% %.%Htlen |ng %ﬁgitggagrengéewg

hydr ocarbon feedstacks frioaviatg lessatl phwr comeng hﬁdaboaeb@nOfewd%ﬁodks
forma_bl ended_feed m xture duc t he .content of th

bl ended feed MF¥%tliPe? |ﬁu&pﬁﬂﬁwéﬁﬁﬁﬁQ) f ?%% ?FE@ gep" L) BEPSE ﬁlng
a hydrocar bon ébﬁptueeS el @@e@mreduced sulphur content, conprising the
ef fl uent of st det erm ni ng the sul content of the

hydr ocar bon 15 %} gl&ﬁd%g&) aﬁtgﬁmmﬂf%réguﬁm%|h% HP585PBBN product
fromthe di re@éeaéedums Oha%lieRy &C)s\al gﬂawlormﬁmgttbe sBbPpBUD. psoRtent as
determned in step (c) with the desire sulphur content of the hydrocarbon
product and adf QSEPHQ asiplepgesy Fesss Mgt eve that the sul phur cont ent

of theghydrocajhpn peaddshg $hel @%a pure@tdit tdhe €esi bednded feed

mixture in a hydrodesulphurisation (HDS) step,

(c) cbtaining a hydrocarbon fraction, having a reduced
sulphur content, comprising the effluent of step (b) and
determining the sulphur content of the hydrocarbon
15 fraction, and
(d) obtaining the final hydrocarbon product from the
direct product of step (c¢) and comparing the sulphur
content as determined in step {(c) with the desired
sulphur content of the hydrocarbon product and adjusting
20 the process to achieve that the sulphur content of the
hydrocarbon product is close or egual to the desired
sulphur content of the hydrocarbon product, wherein the
production of the hydrocarbon product having the desired
sulphur content is optimised by integrated control of the
25 blending in step (a) and of the HDS unit operation in
step (b), and wherein the sulphur eontent of the A
hydrocarbon fracticn as determined in step (c) is taken
‘into account.
2. Process according to claim 1, wherein a
30 Multivariable Predictive Controller (MPC) is used for the

integrated control in step (d).



sul phur content of the hydrocarbon product, wherein the prodchﬂcNﬂvaﬂUflt he

hydr ocar baip @aghsgt having the desired sul phur content is gQalEs58R70Y
integrated control of the 25 blending in s% p (a) and of the HDS unit

operation in step (b), and wherein the SufFphlr content of the
hydrocarbon fraction as determined in step (c) is taken into account. 2.
Process accordBng tBrekasm gcopreiision ta 30N t1 ar i ableheretincinvehe

Controller (MPQ). | S for,th i rated ntrol, i e d). 21 Nov
5005 V0 05/ rasknt el ERshy koS EH G FA oL %}&%B&?%‘%’ﬁgego}%éi m1 or
2, wherein in mbeturcentsobbakiaethd nswitppur{ontentaloén t et bl eadednteed

m xture as obtained_in step_(a) _is taken into account. . 4. Process ,
according to aﬁy on%ISFEEFaF%EOEgépgwﬁQrépﬁ!?q§1?#LF%ﬁﬁﬁ?oilgisﬁhﬁﬁﬁbﬂnt
is taken of atiheasé eB8trpLOpEEbLY a@ide@htt Han ddeersubphuk TeAtenbneof a
fluid selected fromthe %roup consi sting of the blended feed ~m xture,
the ef fluent OPTSRePt¥b) OTRET tREThydCoSAIBINT TR, 2D & fPpbEess

according to agy188ee8f rebal Mhelutoupheridsl stitey contingl Wichhesprocgss is
arranged so as to optimse at |east one property of the hydrocarbon -

product, ot hermixhahetr hEhgurPphdreasnCEnB ey that ane e | eedroearbether
property of the Qg@{gﬁgrbon product is close or equal to 15 a desired
quality the hyd?ocar on product. 6. Process according to clainms 4 or 5,
wher ellA the at5.| eaBrooagsotheprgiogetpyany seleectfed faions thred grouprein

consi sting of | nde t neg _n e Poj .1 he
Col'd Filter Pl %lgegi %’ggg?%t Ogcﬁﬁ) EQP%E%O?Lﬁ %sr%%‘oqén(%j,s? %eg gg%r%{;l&ﬁ%%gt he
Density, the \ascbsas¥y, onehprCpkoty, ofulbhiechtynirddermireqgirodatt, other

Conductivity, the total Aromatics, content, .th i.+-ar.onptics content, the
Poly Aromati cst¢Hht BT, S%ﬁﬁgfjﬁeca%teﬁcl’ alsiooﬁc_'agcm? et e@e?%ﬁ o5, CYRGE or
100% r ecovery,ptteedt gt bf| aheohydubeerbon product is close or equal to

15 a desired gquality the hydrocarbon product.

6. Process according to claims 4 or 5, wherein the at
leést one other property is selected from the group
consisting of the Cetane Index, the Cetane number, the
Cloud Point, the Cold Filter Plugging Point (CFPP), the

20 Flash Point, the Pour Point, the Density, the Viscosity,
the Colour, Lubricity, the electrical Conductivity, the
total Aromatics content, the Di+faromatics content, the
Poly Aromatics Content, and the distillation temperature

' for 90%, 95%, or 100% recovery, the distillation curve,

25 the sulphur sbecies distribution according to the boiling
point range, and the Nitreogen content. ‘

7. Process according to any one of claims 1-6, wherein
the integrated control also controls the addition of
additives in step (c).

30 8. Process according to any one of claimé 1-7, wherein
the integrated control also controls‘the addition in
step (c) of a low-sulphur hydrocarbon feedstock to the
effluent of step (b).

9. Process according to claim 8, wherein the low-

35 sulphur hydrocarbon feedstock that is mixed in step (c)



25 the sul phur species distribution according to the boiling poi Al N%%Q@
and the Nitrogen content. 7. Process according to any one of clains 1-6,
wherein the integrated control also controls the addition of additives
in step (c). 30 8. Process according to any38ne of clains 1-7, wherein

the integrated contyol al controls_the ition in step (c) of a

| ow sul phur hytt'ota BSneﬁzﬁdg?ﬁ%RD%osﬁﬁB %ggﬁhﬂﬁﬁ Qﬁsgigﬁu%bfpn§?nﬁr6€éss
according to gl&ai 5, 8p. whergisn the | ow 35 sul phur hydrocarbon feedstock
that is mxed in step (c) 21 NOV 2005 - 30 with the effluent of step (b),

has a sul phur TontRnbcefs bkelcyrdind W% ladm B axes$, acterding tthe clavm 8

or 9, wherein the | ow _sul phur hydrocarbon feedstock is selected fromthe
group 5 of a YasPBPF MﬁﬁaQﬁFQébo§?§9HEBQ%wﬂﬁzf? ?EeayGFﬁﬁkéﬁk%r?raup

hydr ot g eat ed osegssf Laat i1y cf fdd Yasaehd a18idy | rebhes seuand fuel
fractions as obtainéd from the product of a Fischer-Tropsch reaction. 11.

Process accor diygrooramkeane ofhydodhreBted, kerysime fdadetienn niamgtyhe
sul phur content of th s qil fractign_.in step (c) is_perfornmed affer
addi ti on of th%cJrSMFIeEUIg'g'hl?r%}}W'oc%?ﬁoﬁu?ged%sﬁag%él:gri a r8%§§§r!fc‘i‘oj%ﬁ?ﬁg
to any one of ghai geohultl e ef fiscReFRAYYRIEN rdSctissd, for determ ning
a property selected 15 fromthe group consisting of the sul phur content

of the bl endedli eeBrocesy @cadredisuy phar apyntoaret @f cheimsf Budht, WJieseep
(b), e sul phur _content t hydrocarbon fracgtion, .an ot her .praperty. as
r eci tia in cl aﬁlij%%rgﬁntlﬁlg et \éﬁdcﬁin%teucte,ogfttt}%eg%?fPﬂrgn%o Cgf‘@B
(b), or of 20i4hgtbpdroariwrpdracined. akdeProi®bsi @8COFdLAG t1wany one
of clainms 1-12, wherein a nodel based quality estimator is used for

det ermi ni ng a SpiBpELt P YsEIEa PR r BERHREO§Foup consisting of the sul phur

content of the, bl epdedfeed Mt fy LBERY RIME of claims 1-11, wherein

a measurement 1is used for determining a property selected
15 from the group consisting of. the sulphur content of the
blended feed mixture, the sulphur content of the effluent
of step (bk), the sulphur content the hydrocarbon
fraction, an other property as recited in claim 6 of the
blended feed mixture, of the effluent of step (b), or of
20 the hydrocarbon fraction.
13. Process according to any one of claims 1-12, wherein
a model based quality estimator is used for determining a
property selected from the group consisting of the
sulphur content of the blended feed mixture, the sulphur
25 content of the effluent of step (b), the sulphur content
the hydrocarbon fraction, an other property as recited in
claim 6 of the blended feed mixture, of the effluent of
step (b), or of the hydrocarbon fraction.
14. Process according to claim 13, wherein the model
30 based quality estimator is a self-calibrating quality
estimator, which is capable of calibration under steady
state and non-steady state conditions.
15. Process according any one of-claims 13-14;- wherein
the model based quality estimator is calibrated on line

35 by making use of real and validated measurements of the



25 content of the effluent of step (b), the sul phur content thé”NUV 20es

hydr ocar bawmo bs/aczéon, an other property as recited in clal pePEehrisbe
bl ended feed m xture, of the effluent of _ %ﬁeg_(b), or of the hydrocarbon
fraction. .. 14. Process according to claim13, wherein the nodel 30

based quality estimator is a self-calibrating quality estimtor, which is
capabl e of cal FHERNEH TSN StERERS 37 P Ef ahdnNRoRY sPBady &t &r&ay

condi tions. 15¢1BL0e@e% RCCUH NG A1 0NEcRf 1 ghal B8- 43~ 44k iyRerel pn-t he
nmodel based quality estimator is calibrated on line 35 by making use of
real and val i dateg Weagar efienkat ofludreesgentcy 2005ytword3rechnégue to

PCT/ EPO2/ 08807 1, +33 1 %yhfg%ﬁ' (%gn&gﬂ@g¢$€sg£émghgg or on-line X-ray

fl uorescence anal yti cal Ique or an o ine or on- line Utra violet
fl uorescence aiélyt Peakeseclatiapsiing tobtann ¢he sil phaimgohtéht wherein

measurenent. 5 . . Pro acc ' 0. an e a| 1- 15, .wherein-
t he hydrocarboﬁﬁgrgﬁgggﬁ%ghgb 3%%% f% S é%a %}n?% gL %F%Paéé?végsgl as
filled with thetbydyecarserlf reactiidniesf witleptfie)hydrfocRPrborséractandi of
to claim16, wherei 5he sul phur 10 content and/or the quality of at

| east one ot heP SPOB& ty in the storage vessel is deternined when the
storage vessel7is pablkkysfiddeddiand vhereiimthe, M¥ea:s0 tR&esulpBarof
this determnation in or%§; t o adj oces so as to ogtinise t he

ust_ t he
proper¥h es of FRBLEBFaPIRY@ToddoGats Ipf dfucdt i hee Rk SBBr ahReVeRERP RN

the vessel is fhlkgd steragy edeiriminedidyvahindd. wiPeQRCERS 3€68EEENG tO
claim17, wherein the determ natiaon of the sul phur content and/or of the

qual ity of theV&fSPéadf BF¢ tothdl Idrsherand ivdieetidr Hed 2BChylaakPakease

of a nodel basgdcqual ihY sestdt®Binati®n %&@%@cger%g@sﬁ%ﬁ@ygeaee%
(0]

clainms 1-18, wherein the process is adjusted in step ( SO as

maxi m se the PpPoRFt LPURBLILSY SE' e misTRartien eriee ofoval ubydrasprbon
15 product in the storage vessel when the vessel is filled

to a predetermined level.
18. Process according to claim 17, wherein the
determination of the sulphur content and/or of the
guality of the at least one other property is performed
20 | by making use of a model based quality estimator.
19. Process acéording to any one of claims 1-18, wherein.
the process is adjusted in step (d) so as to maximise the
profit function (“Max Profit”, in terms of value/time),
Max Profit = Product flowrate * S$product - Sum of
25 (Component_i_ flowrate * Scomponent_i),
wherein “Product_flowrate” is the flow rate of the
hydrocarbon fraction in step (c), in te:ps of weight or
volume per time;
“S$product” is the value of the finished product per
30 weight or volume unit; and
“"Component i flowrate” is the flow rate of feedstock
component i in terms of weight or wvolume per time,
wherein a feedstock component is a hydrocarbon feedstock

used in step (a) or (c), or an additive used in step (c).



Max Profit = Product flowate * $product - Sumof 25 ( conponent 2 il MV diat e

* $conmpongp erein "Product flowate" is the flow rat
hydr ocar bon f('!r"l)élc"tzﬂgn in step (c), in terns of weight or ?C%PBD&S

"$product" is the value of the finished p‘ro%l%cT per 30 vvel ght or vol urre
unit; and "Conponent i flowate" is the flowrate of feedstock conponent
i in ternms of \/\Hcg:bmpmelvblm'relpethm PE Lcewbdr elomp@rfeeﬂﬁslqnﬁo:mmmmm)rl S
a hydrocarbon feedstock wused in step (a) or (c), or an additive used in
step (c). 21 NGV ' WO 03/ 014264 PCT/ EPO2/ 08807 - 32 "$conponent i" is
the price of cambnendreipertheesghhadlonvokurarrdrd Wiar ejved el Summat i on
is carried OUtzﬁ%S% al | feedstocg conponents. 5 20. Process according to
any one of cl ai SURLK WFHIFRPRE tRe hydr ocarbon product is a gas oi

products 21. Praresspaccassidgededany e0eafl ehai 88 E12Qmanhens N wHd¥eein
hydr ocar bon feedstocks used in step (a) conprise two or_ nore refi nery
sour ces chosenqhﬁnﬁﬁ@ﬁ9¢¢%@0%fPEQQBCRe%ésénéaﬁrQéﬂl6W°@¥%ﬁralght run gas

oi | fraction, ; vagyypgas Qééofcﬁfﬁ%' €8; aﬁygéﬁeoblf fcrl%%{soﬁ% ORIl ned,
in a thermal cracking process and a ht of heavy cycle oil as obtai ned

ina fluid catdha itydreeiiihen pf@%‘é%%OCkQZUSPﬁoéés§t@@cdﬁdl mg:ntmrnaﬁﬁ/ ore’
of claims 1-21, r\r’]\’ﬁ'rftf N 54 Qxl)lrbésps%géﬂ?@rbﬁ Re RHESe doce
e a Goup

hydr ogen and a rogeneous conprising a carrier
VIB net@l and ammlﬁrmm,\/m SheaaghtzzunPgeeemlacfoxﬂqhm,tca any

ore Ot LA™, S D £ LR uTSHL LU g sl o
according to clia m hemteel ecrathiengcptobeati andi a penhdr med HeawW) cycle
collecting raMIprocesstﬁgf%ed in a fluid catalytic cracking process.
22. Process according to any one of claims 1-21, wherein
15 step (b) is performed in the presence of hydrogen and a
heterogeneous catalyst comprising a carrier and a
Group VIB mefal-and a non—-noble Group VIII metal.
23. Process according to any one of claims 1-22, wherein
in step (b) next to the hydrodesulphurisaﬁion step also a
20 catalytic dewaxing step is performed.
24. Process according to claim 14, wherein the
calibration is performed by
A) collecting raw process data,
B) processing data collected in step A) through the
25 process model to obtain a prediction of the gas oil
quallty,
C) processing this prediction through dynamic transfer

functions thus creating two intermediate signals,

D) storing the two intermediate signals obtained in
30 step C) as a function of time in history,
E) retrieving at the time of a real and validated

measurement of the gas oil gquality from the history the
absclute minimum and maximum value of the two inter-

mediate signals in the time period corresponding to a



B) processing data collected in step A) through the 25 pr oces§1rPMemsto
obtain a pweds/ciieen of the gas oil quality, C) processing pdi/gp@lgesi7cti on
t hrough dynam c transfer functions thus_ckeating two internediate
signals, D) storing the two internmediate signals obtained in 30 step O
as a function of tinme in history, E) retrieving at the tine of a real and
val i dat ed measur ement 01:j tg&. as %i I cih%al idt ydefar lIhe h&gtolr]y tge

absol ute mi ni mut'aRg™ 8%l (e %61° Tie- o Gt ert"fedi at & SY% afg in
the tinme peri odetbneeshendiingmum &nil risC m2H0 T 1A 03¢ D 2bds H1 EP02/ 08807
- 33 mnimum and nmaxinu ecified dead . tine, ich values . define the

i ni mum and ekl muntpHEAACELGH BBSs e A RPT AT g The HEVTBTTER as

bei ng the diffesencen beeveenlt hed eall iand owlnddal etrmas U4 eaetke aggde bhe
area 5 enconpassed between the m ni num and maxi mum predi ction , possible

as obt di ned i eRELPPEFSe@) befrgese diheg M &G M3FLRYe BB GE2CTal ue
of the deviatjofspbiai BedobRagher kh iste#e9,, or, proceeding wth step

H if the absolute value of the deviation 10 obtained in step F) is |arger
than zero, H $hcorperaeragngheigbysieror )i dtfo the vl mrfdle ohndhe)

repeating stepnseMstion obtained in step F) 1is zero, or, proceeding

-with step H) 1f the absolute value of the deviation

10 . obtained in step F) is larger than zero,
H) incorporating the deviation into the proccess model,
and

I) repeating steps A)~-H).





