WO 03/ 014264 PCT/ EPO2/ 08807 - 1 PROCESS TO PREPARE A HYDROCARBON PRODUCT
HAVI NG A SULPHUR CONTENT OF BELOW 0. 05 wt % The present invention is

rel ated twoaspr4a6£ss to prepare a hydrocarbon product haecCmgEPa2/esshphur
content of below 0.05 wt% starting from tjwa. or nore hydrocarbon

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

ot her feedstocks. The invention is especially related to a process wherein

the hydrocar bgig, oS mulcc?] PSP wm(depﬁ%dﬁ oHcsluet fRefinery Juasegses

are known wherei gas oil products are obtained by bl ending
various 10 hydrotreated and ndiNEE¥btGRAEPYS Wi [Wiconponents as  stored
in storage vessels in a so-called gas oil-blending farm The hydrotreated
gas oil conmponents are obtained by subjecting various sources of suitable
hydr ocar bon refi neﬁwstpmmdxnmfalmreli@/aleé@tﬁsﬂ peura gomaads tte a 15

hydr odesul phur| zation pr t ﬁggﬁg | phur
content to a Iovxéar ]ioevaglh%;(gosca épgsuudc h%g‘%?{r?erag ssl{l eans ar e%rg&rjo&s)ﬁ;ne
ILaCtI ?)ns, s'f(rbaalgm 0 ram vga?sd Tﬁdxtmqlmmngdmcoldn TyEs mydlas:ajﬁ!cal ned in a
ermal cracki rocelhsiJ an i nd heav Céﬁcc e f)l I oned in a
i }h"’h 19 gh TxEnpt t r eg(?

fluid catal yt| npl-e non- gas ‘0i |
conponent s, whirah @jﬁ@mrﬂy nothdrwe ﬂﬁe&ﬁhdtgcandﬁ&ssimmmrmarﬂes the finished

gas oil, is the fractl as_ obt ai ned |na. Irocra ker
process. 25 Ir?sr ij%a‘?eslal Fhd- Sped sk d q?hew Ot C)riﬁas

been reduced %cﬂlc}’t bﬁﬁaéJS@@foﬂnV(dmm]n)t eﬂroduaj:tw rerrents A further

reduction of the speC|f|ed sul phur levels .is exp I en found
that when such tidift ;ﬂﬁf? CEHRES At eretlorl Hé,\l%ﬁsnetcﬁ
03/ 014264 PCT/cEm%rSIQ&ﬁﬂZts 22 r@hoves pHacess chzarmlepﬁr@mmmec gas oi | is

not hydrotreated and non-hydrotreated 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 oil 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 oil 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



adequately suited to maxi m se the gas oil production. The object of the
present invention is to provide for a process wherein the production of | ow
sul phur g&® 03/056264 | in a refinery environnent can be norePEAFPLY08807
maxi m sed. This object is achieved with the follow ng process. Process to
continuously prepare a hydrocarbon product having a desired sul phur
content, which_sul phur content 10 is a sgecified val ye l.ower than 0.05 wt %

starting from %8P VFeRSCERS &P RSFEAATAPECEPEGN I9P8eltodRs "RAvi ng a

sul phur cont entdetiuahevy Guldedt %o WakéhipeOEBSS gagoBRN peSduke isheps of

(a) blending the t or re' of the hydrocarbon 15 feedstocks, having a
sul phur cont ent ofm§58v8g8?6§ RF%?Eet TEEPM-alBVERELANT 28d TR REGFEDE( b)

reduci ng the sgbphur pgertert wvakbrehe Bhendeddl:eedonmbXt 46§ sR1Bhur gas
hydr odesul phuri sation (HDS), step, (¢) obtaining a hydrocarbon fraction,

having & reducBdl 28 SulrFAdReEynEENE rOBBRPEI SRRgPENBOERT PaBALYof step (b)
and determ ni pgxthesadl phur content of the hydrocarbon fraction, and (d)
obtaining the final hydrocarbon product fromthe direct product of step
(c) and conparing tBReisurpRget 25 eehienedayifbt 6hfi AedlPHisgepreersdith

the desired subpBuksgoRberbnefintiBeshydLeeLkanapLodusta2pdnadi-uglipg the
process to achieve that the sul phur Content of the hydrocarbon product is

close or equal PE¥iPReadesEiead sulphur eontent.ovhink RAydpbuar bontpnoduct,
uhereiiy the 30igradupkianigh YheuBYdpaear bagnPhogyCl havLeg g deskhed

sul phur content is optimse y integrated contro nding I n step
(a) and of theaHDSeafitt topepat monei hydspeprbbl, fandswhekei havhagsal phur

o o o SRR PEL GRS P AN S Besh ek [ taken 30

comprises the steps of
(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 hydrocarbon
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.



It has been found that with the process according to the invention a
better-controlled process is obtained to prepare |ow sul phur gas oi
product s.wDWa/014264¢ he i nproved process control and proces®CIIiEPe2/04807t has
been possible '5 to optinise, for exanpLeg the | ow sul phur gas oi
production. A further advantage is that no blending farm is required. The

hydr ocarbon fractio which is obtain as, di rect product of st C
forns the hydrocarbg% BFdangen g??ﬁ%rgg?Fe%f€§ B?eagf%?eﬁﬁcﬁﬁﬁPﬁggﬁé %ﬁ a
10 storage vesskt.iBekowioa apbettetracbrtrdesedi ptbossef ist BbsaiA¥antbon

ill b i i ncl udi f d . enbodi ts. _F her adyant ages of
the i nventi on WFFPEEBotoNeCElBREE | ¥om Sif dORESLrTBti BHE APt RBagh PRaved

process of theppoesentconvesli andi sroddssuiiabtypusedhiorpasy presesset 0
prepare. | ow su] phur, ., products, for exanple t or soline, it 1s especially
directet to a %508%E§£%Beprtﬁar%X%m@§ 'thegf%ﬂﬂﬁg.p%%E 96F1 °ptoduct s, al so
referred to inptbeudhided Bt abeshet aAiBRtEge adsdiRse! nOrPUELESngaESrm
further characterized, by 20 a % vol une recovered, at 250 C of SU|?any | ess

than 65% (V/ \AS5 529534 pBi nfR8f REGT PaBTHor olver CEhem, 3ebieh &s chtaheefndex

of suitably grgateiréban,A0qQEtgseatetpt Pan £&hes CORE esPARILRLLLRT ane
Nunmber, a cloud point of suitably less than 0 C, a polf aromati cs
a

hydr ocar bon 25P¥eRteht B tReTt AbF§ChEY o9F 130k ¢/ ayCaRdlatiPASKR pdi nt  of

sui tably abovesfdr&Lye Ayt bhough ééf&wﬁnélMoﬁée&éééfleae&@é@ﬂfﬁtién”@ e to gas
oil in the below description, it nust be understood that the teachings as

di scl osed bel ovii@l soveppl9nt vl theoproiver | brcbidbrhesonovpsef phoed 30
refinery produghiso RERORELNOFLLLROR SBYELa0ls LD DAESEMbonl DYEN1ON.

Starting materials for the process are at Teast two or nore hydrocarbon
f eedst ocks havb@geme sl phur fzont entd abovelPtd%wt % I n addition, other

f eedst ocks such as m&%&%@@g 5%&559%9&%9@7 pflesent invention is

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

20 a % volume recovered at 250 °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 is 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 the'present
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



| ow sul phur hydrocarbon feedstocks and additives can be used. In step (a)
the two or nore hydrocarbon feedstocks having a sul phur content above 0.05
wt % ar e bWwerwdedi2ed Preferably three or nore and nore pref ®@CAHPY2/6880T or
nore of those high-sul phur feedstocks are,blended in step (a). The

advant ages of the present process are even nore achieved when such a

hi gher nunber f hi E sul phur, feedstocks are blended in step (a). Wen
such a high 10 ﬂﬁnﬁg pBFrf ¥8§98€Egcpsfﬁ§gat9ﬁ55n@?ﬁoadéﬁtéﬁﬁﬁnpépnéethe
total process Mkéd. beconme nore conplex. It has been found that with the
bel ow described preferred control nethods an inproved optim sation can be
achi eved. Exanpl es bF FeeBstdtkENEotBe d5e8Orf Bydporaybarefesdgstgpkeal |y

produced in a refingry §ﬁl#ﬁﬁk05§n§QHEC§§ovek@r©§eﬂ€°féﬁétbQ@ﬁdeatra'ght
run gas oil, vacuum gas oi as oil as obtained in a thermal cracking

process and |?§%¥eéﬁelﬁe‘awe@yerem@rﬁ agdoBpaF negefarabivufaurcaramrptec

cracking unit.,#he keeogepns- Eﬁ@?ﬁh?nfééﬁQEQbﬁg §9et81éH8e8r§ﬁeQ§ gnygnt|on
has an initial boiling point % of between 160 and 180 C an f1 nal

boi | i ng poi nt TREBPiVaRtaaeaee QQ@ BREsS9BD proypesserai glienruargas oi
T o heri ¢ thgcg?%vgalw£é?0ghe crnﬁi&HePaﬁ IlaSggzggtﬁwnewwe{égstock | t

at nospheric disti ation o etro eum
has a | BP of bEteeenoeBe and b280de@:andSbeFBPabf BeeneencB26 ahdh380 C.

The vaguum gag, @l isethe.qas.0LL fLactign.ps abLaLgede pothe: vagyun.

di stil atlon e residue as o taln ove referre
at nospheri c disttal aproncos WhélcbedemaompeerobmphexefIhehysfbedst6oundThe

vacuum gas of | has ancy | BR.of, betwsen: 240, and. 00, C.and. a FED gl petueen

340 and 380 cracklng proces ro uc s a g

fraction, whi cdmnaypbevededptimssepifa)cadhbs gablemeﬁ fractlon has an | BP
of between 180 and 280 an%ﬁg ?5 FBP oﬁ betwgen 320 and F The Ilght
cycle oi | WO 03/01 oFBREDOCks w$&d A%EE0 T TAE

15 typically produced in a refinery at various sources:
kerosene fractions, straight run gas oil, vacuum gas oil,
gas 01l as obtained in a thermal cracking process and
light and heavy cycle o0il 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 o0il i1s 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 oil fraction, which may be used in step (a). This gas
01l fraction has an IBP of between 180 and 280 °C and a

35 FBP of between 320 and 380 °C. The light cycle oil



5 fraction as obtained in a fluid catalytic cracking process wll have an
| BP of between 180 and 260 C and a FBP of between 320 and 380 C. The heavy
cycl e oi Iwofiaczson as obtained in a fluid catal ytic craclPCREPB2/S80TESS
wi Il 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 content of above 0.05 wt% The

HHXIHUWISU|phur content will be about 2 wt%_ |In the process_according to
this i nventi onfFREL100vERI BBE2ANEH- 301 Phlit Ui EedaEBeRELFr 6HREKENGar i ous
refinery sourgescass Qh@mdﬁgvénaﬁtEEP(@f bé@MeéHr@bgsahaegéboe& ahhag
cannot be directly used in st eg - can either be wused as feed for a
refinery hydrotBRvefsPehvwaant 3 Poﬁndeﬁﬁﬁplﬁ aThﬁeh§aﬁyd?M§#9cQéi unit or a
fluid Cata'yt'§ré§t§5ﬁcgbnQbHQhEedOEncgnf?§18e3E95§9t£¥ sLorgdnfn a storage
vessel. The content of this storage_space, which can conprise one or nore
storagé vessel Brogafasbeilselads apl éRBI a§ b@hﬁ@ﬁ@n?49ta3dléﬁﬁr frofedt 2
Preferably al Leashe!wleabarageovesscbsodre Ushlsc WRELELELORE 1 01 3hGve
vessel 20 is used to store any surplus cycle o T and the remal ni ng
storage vessel® sahpbherusedtent, obpebonal PyOhi wtar eSheohaximhenr emdphiing
hydr ocar bon fe S C are preferably kept apart fromthe other
f eedst ocks. St§§§%%§%lglg% 8 g§g%%r oWﬁed in a state of the art 25 HDS
unit. In such a un|InthbebpendedsfeedondxmgrEO|Bhlsonmaeheuonnthereactor

W th ui t abl atal yst_in h I n f _hy gen, The su hur
corrpoﬁlléflts rea%?r%gugkéggxmk%P%ﬁhP% g%§?§§8?gr§roge tgﬁg KeF 1 Gith FEH?IM ght
conponents in aomocksuaranuléndedibnastep $ettihnyoéurpéu§0féﬁﬁsunck from

the effluent of e HDS re r ter eneous
cat al yst conpr?%?ﬁ caﬁngé s?e lrgcgf%u g?pa %neﬁgﬁ oup
VIII netal. Bxasples ﬁéeSUEbabhereﬁiaéygtByafec@nvkeblnﬁlyd@ﬂunf@n al um na

o cobal Lol YRdeneIL ol 2LENL "2y a3 CRLRLY R, « PORSL PR TS REQTGRSES are

15 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 oil and the remaining
storage vessels can be used for, optionally 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

H9S, 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 heterogeneous 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



WO 03/ 014264 PCT/ EP02/ 08807 6 Handbook of Petrol eum Refining Processes,
Robert A. Meyers Editor in Chief, 2nd edition, McGaw Hill, pages

8. 29- 8. 38wolmaosep (b) an additional catal ytic dewaxi ng ofPCrhpo2/688¢gas oi l
product may be advantageously perfornmed ingrder to |ower the pour point
and/or cloud point of the gas oil product. Preferably, the catalytic

dewaxing is petforned, after the HDS step .has been perfornmed. Mre
preferably, t%‘gnﬂ%‘éoﬁ é’&ts%a?ﬁ&‘ﬁﬁém‘c%éllg’ﬂpg 3§\ﬁ§>ﬁsﬁﬁsst eps' are 10
performed in ORGHERACKO MeReel patiRielil [he ol f hekenl: Gatal ypksa e
present in a series of stacked beds. ui tabl'e "dewaxi ng catal ysts wl |
conpri se a nol dédilar pagiesvd,- 2816i-38er and a G oup VIII netal, suitable a

non- noble netal su i I r : h Lecul ar, si eve 15 eri al
is typically a medi E% %%reg g}éieaﬁnﬁgggl%g%hgge\%g@% \%lgrclgdgwsgrlggdf)ggﬁ‘ rin
the range of fgem ©135prodkc80may bEX adples agkoswsiltyapee forheduliar csideves

are ZSM 11, Z SM 22, 7ZSM 23, . ZSM 35, ZSM 38, ZSM 48, . ZSM 57, |

SSZ- 23, ssz-24§%;ééwfé,¥é§zpféf §§2p§2?n§22?3§§58%aﬁ81ﬁEwP%2Fhﬁr8FérPé&

mol ecul ar si evesoduetZSWesfeZ8H12 taedcZSKHZ31icThHewhixnder iiss ppi-gbemall y a
| ow aci dit refract i.de, bi nder terial, which | s essenti al free
of al um na?/ sui—’ltfgﬁrry%@i)él ?@g StRE LGSt gggnoPetrﬁgrmﬁflunhﬁS& Pirf?gteéa%ré’l'i te
crystallites, aaeexesplsikpedadd abeveatiksyptef deablkyngpdicbibedaby subjecting
the crystallites_to a surface deal um nation_treatnent. ﬁu_ch,% dewaxi ng
cat al . its PFEPRFEEFoANaRdSi F?aﬁ'gQri He§5&1oi MRedenaxitRg PdIfGrenss
described in W0=2A20029513rel Bretept(eh theeefitkuemt sehcxbapbEl)y.i s suitably

30 mixed with a h\édégcar bon f,eedstﬁck havi ng a sul phyr content of bel ow
0.05 wt% provPHéd®8uth Ig P& SurpharYShydFolar GERPF&E8s FoBRIFS UAR4i | abl e

in the specifigiekefi BepYndEer aayaapteoupeliner nesatonBLishRdcaksaoa-fuel s
hydrocracker m%gglgrgg%%% %u%%sagikigiggsggcgokgliéi%he molecular sieve
15 material is 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,’ZSM—l.Z, ZSM-22, ZSM-23, 7ZSM-35, ZSM-38, 7ZSM-48,
ZSM—57, SSZ-23, SSZz-24, SSZ-25, S8SS8S7Z-26, SSZ-32, SS7-33
20 and MCM-22. Preferred molecular sieves are ZSM-5, ZSM-12
| and 7Z3SM-23. The binder is preferably a low acidity
refractory oxide binder maierial, 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
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 o0il feedstock in said

35 hydrocracker, which has a lower sulphur content than



35 hydrocracker, which has a | ower sul phur content than WO 03/ 014264

PCT/ EP0O2/ 08807 - 7 0.05 w% Further exanples of such feedstock are a
hydr ot r eawed3skerzesene fraction, fatty acid methyl ethers, PCArEP0L/088DH7
fractions as obtained fromthe product of _Fischer-Tropsch reaction. It
i s advant ageous to bl end 5 t hese | ow sul phur fractions to the effluent of

step (b) rath r ., bl hemwi th_the h- sul_phur fractions in step
(a) for obviou %a@ s PO WhERSEi SRARPL ?Foﬁg guagrﬁgﬁasﬁagkoFFelé added,

this is suutabpar@bt@aﬂ@d keopsthe fba@t@@ﬁaCngiyFaégaeﬁeﬂﬁyir@egébs,
synt hesi s product | es_ of Fischer-Tropsch derived gas oils are

described in EPRA- §%§§ raCVE?¢§0§§1?%taV@?% 61971 ¥hevpradneB3abea

WO A- 0183648, rY¥ExReP183644cn WL A0183641: YO AgPRR05 5@u¥£&@‘9939534
EP- A- 1101813, US-A-5888376_and US- A- 6204426. 15 Suitably t

Fi scher™ Tr opschl @87 Y@d-§4sPdrr GFrFtiephstetthe affieast 9@ fEop bl e

preferably at £§@ﬁér9§hMﬁggPénHSQhéﬁdwitHeﬁﬁepﬁi%ﬁiéﬁ§phJPef¥§b9BEnEa&ho of
iso-paraffins to nornal paraffins will suitably greater than 0.3. This

ratio may be upted {2) Sortabriop® ¥@R8CRAtio is between 2 and 6. The
actual value for thigenrpiiondtlrrbesdetgLpmped 4La @fitlsb%d%gﬁ this

hydroconversion process used to prepare the Flscher Tr opsc erive
kerosene or gassofiitalhytpetFisehefrqropsenh @y@rh@sa@ke@}oﬂu%theSone

cycli araffi b K rops 0|
MY|| gﬁ?tably ﬁ%a h g ?gﬁ%§£%n%%$d%$€hlE%Q@ﬁ%%g 8 Oggﬁgﬁé gg?y above
70 and a dlStId¢alV©@ @@$v@lhh|@hemﬁ$$0tbbedtsn Eﬁrbf58§8bé,mﬁth|n t he

Lypical 0as OlholANGei: beL MR- @b0h 7 1300200 400, e | THE ALBEUSEALT oPSCh

gas oil will sui y have a bét ween enS|ty of
bet ween about @O?B—@h&3®479 @®€h80383&51£2W@ﬂﬂ—@02053505W®yAb@®MEEa4about

2.5 and 4.0 ceplistpksssal, 405G FoglSiablYs gUdhLLY6s, 26 added to the

ef fl uent of
15 Suitably the Fischer-Tropsch derived gas oil will

consist of at least 90 wt%, more preferably at least

95 wt% of iso and linear paraffins. The weight ratio of
iso-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 oil 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



step (b) in step (c). Exanples of gas oil additives are 35 additives which
boost cetane nunber, adjust electrical WO 03/014264 PCT/ EPO2/ 08807 8
conduct i WOy3/00ep+ ess cold fl ow properties |ike CFPP (colPdTfEPO2/€880Dl uggi ng
poi nt), pour point and/or inprove Colour,qlLubricity. The sul phur content
of the hydrocarbon fraction as 5 obtained in step (c) is determned. This

can be done by ans, of an on-line analyzer or by neans of off-line
measur enent s rf%%{ré%i% oY i (REERIRES P b ankObiP 5= Y 5 ¢ 2yl 1 k¢ UoF®Rcence) or

WF (Utra viol@i1d luorese gingﬁldg@irm_t,i V§dyr Usei e@na e/ drdendf onear
infrared 10 neasurenent nmethods to determ ne the sul phur content as for
exampl e descri®Pyh EBEDSY30918. Al so, a nodel based quality estimator

can be used for detm{dridinthiheodulANUs GO eNfar @S Mdd besdesss iped in

nmore detail below 15 In step (d) the sul phur content as determned in

step (&) is col@iEdvih THRP des) riyl defiprFnebntBNES ¢3n hheders epii ned
sul phur cont enfe dy sa;j_epar( Gn-anthd he,, desl f ed. n&O0f e@ffﬂiirﬁ{enee i to

resulting final gas oi product differ too nuch, the process w
be 20 adj ust edieaRjURMSTHEE tTRA Prer@ SO onpriaeee i bif atganedof ¢ORTr of vivt he

bl endi ng in st %}gﬁ f S, b Lperati ' ). The
i ntegrated con@ﬁlocf@vﬁ é(? %igg%:\}fb%%%]a nor e %%tglqué%ﬁ%ﬁcé)ﬁd sui tably
conpri ses adjAdstgmmptieeloperss igap dohdiadeomst gfeahelHDSiRdlt in 25 step

(5) agd 20 ol OBl SR O IR B (oo it vy g, o
opti onal addi tficon efamplew-dad ghilredyidy dardoh3 F¥Edst otkso n stepd€t) can
o0, b, adiUsbasa 86, AP e 2 ess, SeeLtia0 sl g oy ihe
control | er, susiimgsif arorebeanpl easa will be described in more detail

below.

15 In step (d) the sulphur content as determined in
step (c) 1s 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 comprises 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
HDS unit of step (b) is suitably performed by making use
of a model-based controller, such as for example a
multivariable controller, in particular the well-known
MPC (Multivariable Predictive Coﬁtroller) controller.

35 Process conditions, which are manipulated in order to



mul tivariable controller, in particular the well-known MPC (Miltivariable
Predictive Controller) controller. 35 Process conditions, which are

mani pul atwo os1asder to WO 03/ 014264 PCT/ EP02/ 08807 9 a®kirapre2/od4se7 desired
sul phur content, are for exanple the feedgqrate of the blended feed m xture
to the HDS unit the hydrogen recycle and t he terrperature profile in the

HDS t t il th tor 5 be. i nf] d
by adjusting (ARG GBA T AP oLoP bHRtr BLWPBYE FoByahy SLT i REFaROLAL EBF

quench mi xtur ef@sd adged 9 thBeblengéantseheneenréwooothéhepsatal ¥yt beds
of the HDS aﬁt or. .The quench m xture may advant ageously be part of the
bl ended feed nf ?u?%dﬁgg%%tﬁ?‘ﬁ%ﬂl‘? n2R¢ epR e ay SR AT € i Eelﬁrﬁgh%‘?ojrnl%% t he

rel evant constppg ntSa®fot herhlbSc béraf €re Obr&PUISEiL aKEA KD Oragsoypt -
Preferably the MPC controller maximzes the feed rate to the HDS unit,

provi déd that ¢ Rl HREHUEBARENPY 0l Ret iRGathgaiest | inpebdiemresatrsge t o

or equal the d@ﬁlmydaéyugbyﬁ C@Héeﬂﬁouﬂé of hgusHERNHI xCORL et Agadet e5 i ned
in step (c) is preferabl %e sul phur content of the gas oil fraction

after any | ow St pheRcae %t}é%T(‘ée%v’@W%e‘éﬁ HaesrtThy st i Bedadvhntagedhs
because it is f@@c@é‘fphﬂlﬁe he 8k r@ixﬁ@@e Cﬁmé&‘a&dﬁﬁté’é};éo&é%tbgnpgf%%f’p

(c), i.e. the direct 20 uct of step , determne t
sul phur cont e*hftieoblﬁh‘ée@llﬁ%?dgasx%‘illfep@%d%’@alﬁle@ ig hetedfa - chrbohis

produgiy FO5n X3P %fypatlgéeﬁ%}é/\?éﬁl@e &fl%*\! drédé"&PuEhﬁ'ﬁlﬁ‘éi'ﬁ‘rle are

feedstocks |s t enpor ar aval | eto Wtht as ol
ef fluent of step ¢d)rseheaksnrigud redceentict Foafofalsly phiue ME’\Cthe HDS st ep

(Step (b)) cg%@@ ﬁhe su?}ghufzeée rggg&t%%@eogos%g%du&? Ored) such

that after bl r-Content TH t direCt pro f step (c¢)
remai ns cl ose p:oo‘tirée@esma’edtheva‘@unbphﬂ'hl soglaent esfil the nfihat gws eobl ended

o0, MUt 40;880;be, protessetl A g0, (Mo g ool PLoalLyply. Dahtpes o

15 The sulphur content as determlned 1n step (c) is
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 oil fraction of step (c), i.e. the direct

20 product of step (c¢), which will determine the sulphur
content of the final gas oil 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 required)
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 alterhatively that more
of the high-sulphur gas oil feedstocks,. like cycle bils,
can be part of the blended .feed mixture as prepared in
step (a).

The final gas o0il product will have a sulphur

35 content close or equal to the desired sulphur content.



can be part of the blended feed m xture as prepared in step (a). The final
gas oil product wll have a sul phur 35 content close or equal to the
desired swbpbir426ont ent. WO 03/ 014264 PCT/ EP02/ 08807 - 1@CTMPO2088DDSE i S
here preferably nmeant within 10 ppm (0._0% w % and nore preferably within
5 ppmof the' desired sul phur content. The desired sul phur content w ||

be a value of below 0.05 wt% preferably below 0.01 wt% 5 and nore
preferably belBiWD. b5t 35 2wte wpTeieerb Hepeerieht Vb imel riveflict

speci fi cati onsiswieh wey) bengdhdferent rd osp o) ff ernent smrketosituati ons. The
desired sulphur content will typically be a value of greater than 0.0005
W% (5 ppm). ldeskred eanlphar ednsenionefhdoimerarsd 191 evern riconell bwer

when nore tighte goverpments 6@%%!@@%@%}&%%@1@@@9 ¢ Igal gas ol

product can be the direct gas oil fraction as obtaired in step.(c). Hereby
is meadt that and mexerpaeieribky peelod QN0 suphurandmmeht ¢ t he gas oil

15 fraction as i i i | : i - close to
the desired su %@%t%ﬂtﬁ%%%%%& %%Q%fﬁ‘ﬂg%%yﬁ@lr%gﬁ% Gre when
the fraction adifibtentnetor ndsieprént) narkit exttyetiemspdthedlesi medr oduct

pi pel i ne or ' ' S ed. 4 r ort-2 ,isuch as
a ship or tr%@ﬂ%ggéaéﬁg%+@w%%i%%%&gp§c% \ﬁ‘g}?eal %r %ﬁ%ﬁsyth%rg
first accunul al €0 @ndvist of 2dopm) a Bt oragelemssdiat |Tthisuddwar Shdwadaon it
is i grtant t hat the ul(phur ontent. of the m'ﬁ%ture in_the storage

vessel, after Bel negve?rlll a5 10 pvfréearétné?l?ﬁe nteJ()g ev ?Yerinsmeercl:]tual or close

to the desiretcgulgphisnsondentindherq@roperties of this final gas oil
produc 10 e ot orage vesgl,can be Seriaed by oSl ofnat e suetpoe
time to said Irsdoiageayessedinandid hetepialdty drany imtmesarad wa€hin
a certain time period the sulphur content 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
0oil 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 comparison 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



resides in the storage vessel at the beginning of the run. Thus in this
situation the conparison in step (d) of the determ ned sul phur content of
step (c) wWod3vheoed desi red sul phur content of the final ga®CoiHPOpOSSOLCt S
35 performed by first estimating the sul phygf content of the WO 03/014264
PCT/ EP02/ 08807 - 11 gas oil already present in the storage vessel based

on said avera sul.phur e d.on.the determ ned ul. phur . cont ent
in step (c), a%gssgégng&ﬁ%%b g&?%%%gaﬂg F%ﬁlﬁ%&ﬁagghﬁﬁﬁﬁegs 197d S of the
gas oil in theseesseiverbos tshlohe rdesinte ts blaphkdr cnonthentdedarngivedd a

Situation it 1.kl be | ess inpartant that the sul phur..content aof the
hydr ocar bon (ggngFﬁg F%&%ﬁ%§nl s 555Fai ed FﬁdgﬁgﬁoPg%y FEREETS o ridtiht | y

cl ose to the desipadrsubphentcestemativhi lo& heiengalkediflo igaitthes tveya@a
vessel .. The process, 10 cont.rol, even allow the sul phur content of the .

hydr ocat bon fWé%ﬁiBﬁet§e5%5§gds ﬁghﬁﬁéFPg e?&rpﬁ5r588 enttisiHen it
hydr ocar bon predatt bkEoles scampairt aper itdd tofhki BRlphiurt kiositens eFReRsat ed
by | ower sul ph onte xture .already_ in the storage vessel or

r .c ts of the.m _
of the later pE¥86888r 9“h§@@8c89ghanP§5998n§§ ¥P¢§lﬁ€§n§ntﬁ&@Ptﬁé)process

has nore flexibinkihy tenatbinteyatlbhe desicheddbishakdand]phier @dngastoi |
pr oduct . Prefersbiy the estimation of the sul phur content of a partly
filled storage"Ves8ePeiBIuded €68 58iHsEtOREIS0 VEEGHIr ed SUPEREESEoNt ent

(the "wpntrol | edn¥abiablen) aasowchke baigdaher BoAednin ot eBe( &ldrE®arbon
exanple, if the sulphur content of the product _already in thé storage

vessel is bel oW BREIBBsIPe§*EGRPN R s pEEL RS RN Ke CoOnEgitr €F Ehiephur

content of thenofthugRboll pebeRcECEommYy 2erhgihebaxeda( breridahi ey
sul phur content). This manner of using an estinmation of the quality of the

storage tank aRdG8PRYS3AFE BYt LREETrOANLPBUEI ERBECREFaRfoithei ghirdnrehe
required sul phyn rEedycthoRnkNs$HeRGEPYes6RAPASI biEORRAS 1 4the Bl gpded f eed
n1XtLHf%I & stegyégécgggégrf&gg%gggg? &Q?s means that the h
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
required sulphur content of the effluent of step (c) may"
25 be relaxed (i.e. a higher sulphur content). This manner
of using an estimation of the quality of the storage tank
and using said estimation, to either relax or tighten the
required 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



bl endi ng of | ow sul phur feedstock in step (c), further reduces the
ggance of ?he above re?erred to product give- away (i.e. a higher quality
than requwoed)id42dypically there is a significant and varyiPag/EPezoB80T i me
bet ween the HDS unit-operating conditions inp 35 step (b) and a sul phur
anal yzer response on the WO 03/014264 PCT/ EP02/08807 - 12 hydrocarbon
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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 determination 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



Poi nt, Pour Point, Density, Viscosity, Colour, Lubricity, 30 electrical
Conductivity, total Aromatics content, D+ aromatics content, Poly
Aromat i cswGmaens4 and distillation tenperature for 90% PEFAPOZO8SAD0%
recovery, distillation curve, sulphur speggies distribution according to
boi ling point range, and N trogen content. 35 Such a nodel based quality

estimator will_preferably use WO 03/ 014264 P EPQ2/ 0880 - 13 as_jnput
the properties®of iR bif%%o%ﬁoﬁ%]élﬁl?ﬁ Xt ré,‘e t(f}i\en‘%t% %%ee G O dr ¥ ons
and/ or the natup® @k ol ngrecofidithend raed/onstlendchadetd | ves astete | oif St ep

(c). Preferabl the estimated properties ar sed in a nore advanced '5
control et hodyl?fs W‘E}"Fth%n%xﬂ%i?fg %Y%?N.aqkﬁe‘gajs% THP [Fhal PR HRPLY

product is obtgidedsi e dd NotoSd Of BGe aveSsRld the 4 endidli v aneed el evant
other gas oil properties of said stored product can also be estimted as

expl ai Red for SUHpHUYy .PahHeRd 23t et ihsSH LA MEAPHIIpertt 622 R stored

gas oi |l product;i can hes used pFod@uctf & ahvancad oo reindetdhadkagew || be
expl ai ned bel ow. Mdel based quality estimators are well known and are for
exanpl e descriBEFEGh Vil remainkipken el eifatly et have 4T etfeht , Hydr ocar bon

Engi neering, Aprdde200ls d6 PROESsHSrdS pushtodsl based,duddiinated

estimators are preferabl% calibrated fromtine to tinme. Calibration is
preferably perForewd ks hol @B eSwiPhe. rEgsarms i v oheds@ir ement  of

the pFL@pe”% mr%é}ﬂ%eﬁé' Bt £ds Oyr ch‘ez%asquéﬂi_t@’rc?é&éméé%{- Lalibsaiion is
normal I'y. perfor 20 under steady state conditions in order to conpare
the real and nvete datethoed vesnivieh netehedtd atied Vg s la Unktdrbebow st eady

state conditions syghy qg@ﬂi@%\l- I ! iffi t if a
consi der-abl e dead ti mséal exi sts as eiﬁ%ra%ntelgﬁatgiovgé.%pﬁ%aﬂﬁ&ﬁg\%{iow
found a 25 netdwosl, fashi etemuves cimesr e el ipricis enk. mekipies tW poskibdered o

calibrate the M@a@ﬁ%ﬁ?ﬁ%ﬁ%&%ﬂbén@n&ﬂiééﬁ%&n%ri1”%0%,eady state

conditions. This sO
15 pages 73-76. Such model 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 ittpossible
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
according 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.



Quality Estimator (RQE) is preferably used in the process according to the
present invention. The new nethod of 30 this RQE will be explained in nore
detai |l bewowsfsees for exanple Figure 3-4). The real and PalriEPar/ess07
measurenent nmay be a | aboratory anal ysisqQr nore suitably by nmeans of an
on-line anal yser which can be using near infrared (N R) or nucl ear magnetic
resonance (NWVR) sp tro raphic s. WD 03/01 PCT/ EPO2 08807 -
14 In step (a), the'bf %%IE ’ra%l1 rr%#erf Jen%lﬁ%tjs?ul‘bﬁ rhe ¢ RERT Sk RE
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tenperature for 90% 95% or 0% recovery, distillation ™ curve, sul phur

speci es di st ri'biithigh acterHFeg %E)e%bﬂ@ﬁh@lm})o@ﬁch Ayt e INFeRDYen
contenty. The sulphur contentrcad, b ﬁ% bk StePoy >P01Mrec<gi&f erably,

blending in step (a) Is control[ed use a nodel sed
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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 quality 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 o0il 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). A 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



the operation a so-called and well-known Bl end Property Controller (BPC)
is suitably used in step (a). A Blend Property Controller will allowto
optim ze wWhesblentl 30 recipe in ternms of desired properti @ETAaPI2/6880T ni num
costs based on the properties of. the different blending conponents (i.e.

t he hydrocarbon feedstocks used in step (a)) and the econom c val ue of

sai d bl endi ng onponents. The BPC will contraql_th | endi ng: process 35
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of measuring theerdifriereaiti @y ofere irepertbypherdgig R &8 4wt exanpl e

described in = 5230, = 5 8. 44T : lity
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propeiples. Wh fle eelddmak ad it MRl haeath- £ald MR e e Cpm O 5
y nmeans of o Ine Taboratory sanpling of by neans of an
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SLati ot cal Prapan, S JP Qe ale GARLI st d o, el Mptder (e
above-cited R@nd £risebbidl@sti mate the properties of the bl ended feed

mxture. 25 It has queeer}ngcf)elﬁ.n astehaatql}aqeltayboevseci%a%cgli bv?i lcq{]a'f\;emto be

15 calibrated from time to time to compensate 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 quality estimator has to be updated. In
a more preferred embodiment the above-cited RQE is used
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, optionally
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 control comprises a
global reconciliation layer (e.g. rules on top of MPC and

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



schenme conprising a MPC and BPC control |oop, optionally in conbination of
a (RQ wll provide a suitable control only, when there is integration
bet ween tWe 030264 ol of BPC and MPC. In the described conPCBIEPSDbESHE, 30
the sul phur content is controlled by the NRC_while the other properties
are controlled by the BPC. If there was no integrated control, conflicts

bet ween MPC a .%gc coulg oc];ur. Sui tably, thf i nt egrat ed con{rol
conprises a 3&0 PUT 6T 0P ht TR A Jr#%?’b. FYFes b t O BRI RPCBRd 35
BPC)to provi devformay seddiconciorupheser goaftd céssuMO OB4014264sulphur

PCT/ EP0O2/ 08807 - 16, Wthout a global reconcjliation |ayer, for exanple,
the MPC may r%%‘?ﬁjeg%%t% THtBKe VERndYr a1t hatorher 3t phuire met by

speci fication tise MEds Wiedwsysam £r&RNsi et s Smat ev el Hyint hei HSsuHewever,
froman econonmc view point, it could '5 well be that in such a specific
situatPon it Wit PRveE2beeh etk %d%ﬁﬁja%%%u%l’%a%ﬂ?%s%tt%%u%‘ii X&V #IDS

feed conposithdadh imbofE dedivd R @t Pud heo MG & o aehd exexsdll Phgrre&@ntrol
whi | e keepi ng the HDS maxi num i nt ake. u@ Jg{lﬁobal reconciliation | ayer avoids
§-dhs

that such sub-SPiRetttomt iRl order b CRAKE" Pl Be e2CIVbPEC pretidhabl y t he
control of botdy,{he bl @odi ke APEhatipn @iel hde: tihie iidrds Ancospor ated

into one extended MPC controller,” which optimses both the blending
operation in steprralliapompRyrbcrseidn Umktepch byukmepopia brneadnryral so
t he f'%@al pr odégzltuipi&pgi{gkeiﬂg@p (c). Suitably, the economc profit is
t hereby maxi msed. An exanpl'e of a suitable extended MPC controller is
the Shell MiltivariMeee gk Gt serhe Comretl eof (SMIO)ths esedined in

nore detail i i ) r tald, J. P.. % i b en State
Space and %d&g%%%%?ié%g&%gr%eﬂ%t Alpé;I J|';r(l:at| onr%%gét%g@%uﬁgn\ﬁti on of a
hydr ot r eat i ng emiendedEACWboeit Babkelr, Prlocesso@oiniots 1@son gille USA, 1988,

Fﬁges 37-45. Ly sveh o &, 8oPLy oL, copfdguration fhe gxs ended MPG w1 control

15 step (b) and optionally also the final product blending
in step (c¢). 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, Application 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



25 sul phur content and preferably one or nore of the remaining gas oi
properties of the fraction obtained in step (c) (i.e. the "controlled

vari abl eswp o3iongseant aneousl y by nmani pul ati ng t he bl endi ng POp&Pa/H8SN7 i N
step (a), optionally the blending of effluent of step (b) 30 with |ow

sul phur hydrocarbon feedstocks in step (c) and the control of the HDS unit
in step (b) as described above. The_extended MPC wi |l al so optim ze the

total process ?%e%%%ﬁoﬁP%fféFﬁ%nE§ haki FiSi rgP RSBV RFPINeh PTHEEP

profit functiopef"MaxXglEobitvdiueeMphisi NUsEBmbbRAENND 03/ 014264
PCT/ EP0O2/ 08807 - 17 tuneable.coefficients for the CTonponents/product

prices per weight or volume unit ("$component i"): Max Profit = Product

flowate * $prM9§CProf§@nl0?ro&€@ﬂD9D§ﬁ£atef*0$%§é§UCt$CO§@@n§Bt i) 5
Wherein "Product flowate"” is the Tlow rate of fini shed product in

step (c), in téFpmPoRreRBiyhElevrayel inkcpmPORERE _bbriod; "$ product™ is the

value of the finished product using the sane ternms as for $conponent i
"Conponent i flowate" is the flow rate 10 of hydrocarbon feedstock in step

(a), ahd optional | yWiieyeini hPredughnel eerated l$cﬁh¢rﬁQOWWQ@U%tOfIEM?ate"
Maxi m sing the Pé?éhédePS&%QP 1S sgubvabentif %eP%Q'@%SW %EOSt

function, whic atter can repr esent ed’ by e sumterm e above
equation. 15 Prelenabpyrthensupphuedants omieomﬂctrﬁres ofhe h*eabw.ecpf Yyas oil

properties of %gg.%¥ déééggeed Qfﬁ Oﬂhéssaﬂ%tééPﬁg iD f%gp (c) and said

properties of ure as obtained 1n step (a) are
suppl i ed to thescexpeneed Am{:é@ompoesmtnatéhomu@1$fyLSAtM®délo%aseﬁe20

dsed 15 coti mts PPEERERRht EE0AY TR Bhobter B8 AR RIREELT AR now
gualrriy (properfi he invention w now
be |||ustratedlmytm®k$mmeuterm@fa§lQ@rethé ﬁProduct_flowrats”.
Maximising the profit function is equivalent to
minimising the cost function, which latter can be
represented by the sum term in the above equation.

15 Preferably the sulphur and one or more of the other
gas o0il 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 quality estimator, more preferably the cited Robust
Quality Estimator, is used to 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) various 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



25 Figure 1 describes the state of the art HDS |ine-up. Figure 2
illustrates an enbodi nent of the present invention with a preferred
control swben®142kd gures 3-4 illustrate the Robust QualityPEStHPOH08307
Figure 1 shows the state of the art HDS_opgration. 30 To the HDS unit
(101) various feeds (102, 103, 104) are fed. These feeds are stored in

st orage vessel 54105 1 . _Suc t or i S ated hetween th
source of theH%vSaruinolats]@%&r)dchR)eo . e@‘{eh(fzctsocaiget(hneotﬁljs)srcuﬁlv{iﬂldC and tsﬁcem\ﬁﬁ?
03/ 014264 PCTHEPQR/fTR8@NHTt vekZelldDI W ,t 1(001)L10The Horodckudtlserefiridie HDS

unit are stor [ i.f.ferent vessel 108,, 109 0) of, the bl endi farm
(111). By stoffldarﬂil'l P‘&ﬁvlém S B r ch? ctsél?é‘b’frziﬂqjes H‘rroéjrﬂci%‘?e 585G Vel y

hi gher sul phurfreanttért rHDStArvedycts ghed tsulphuos siditerto Hiend-calhgass oi |
product, as stored in vessel (112 avi ng the desiyed specificatjon. The
Dl endi By ar mit1TP) FHET S CCORERSt 2 Borige RSEUGIE | Froy Hoed 2

| ow sul phur hydseedr han 2heedstioekshe Wiisthredl &predi fad qaraduct Tefe t he HDS

unit. Additives are 10 added _toq the final gas oil product by nmeans of an
on-1ine  addi FLFOTHASeERah (4) T3 G FHIPRISE & 6% O afteef or r od

enbodi ment of yih@e1pr@sent Adivarki-Ghl JriGu e & cthawsrd AIREAST KD
continuously prepare a gas oil product f(120) havi ng a 15 desired sul phur

content. The phéEEs$rgs NAY Gstraest fartths HlomuaiKer Skl Wesd 75ck

(121)j0a straigifed 4o 3RS fAinalf @Stk Jrlddlot & aeis §as 0 lorf-e6dsf ock
(123) and a cycle oil feedstock (124), all having a sul phur content of

above 0.05 w @ldAEdaiediimg acsiored )% Jof the 20 method of the present

i nvention, a selectgd AXburg 10kt LRLSE o g%sffe%lé% letberimedtt @ ohtai n a
bl ended feed mxture (125). Any surplus feedstock can be tenporarily
stored in storagsendsdaiventipg . FAPUrepzgr tshest e Pé@Asisér tost ored feedst ock

g?e/r gfega[); Ol it rlofRAsA Jrepd 120 aMaddiif 1( 12kt 1BlosNdiRg Qpey ation is
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 oil 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 té 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 valves (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 (125)

30 is estimated making use of a Robust Quality
Estimator (131). The estimated quality is at least the
sulphur content and preferably one or more of the other
gas oll properties. '

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



maki ng use of valves (128), which valves are controlled by the Extended
Model Process Controller (129) via control line (130). In order to control
t he bl endwog3/oopes ati on the quality of the bl ended feed mPTPE2/08825) 30 i s
estimated meking use of a Robust Quality Egtimator (131). The estinated
quality is at |east the sul phur content and preferably one or nore of the

ot her gas oil prop rties n step h) of the nethods e sul phur content
of 35 The bl GHBEA HERY BB S T SR S 1955 W 050 14264

PCT/ EPO2/ 08807nit X9 3uni tarel 3dnt rhe eeperiat i nggomdi tirensaferidia; MRidmi t
(132) are controlled vi at((?rlh_ﬁ%}by th Ext ended Mbdel _ Process. Controll er
(129) such t h&ECEeSEf {58 | pHur rsé’(ﬁﬁ’cttlh@ﬁ i%s SIS G F 4R i t

(132) for obt aicliug idnd ifd RMtGaeDiin AU i1 20)32havidng d}:helc}asageﬂ
sul phur and remai_ni ng properties. In step c), of the method, to the

ef flueht (133f18RL ORE ABS BRACUCET £(1ht t@fvetge&fteo)%esanedi» R gas

oi | feedstocknGl34h-a% 100t et & hydrocracker is added. 10 This
feedstock is fed froma separate f eedst ock storac}J]rE:>< vessel The rate

13
of gas oil feedstoék EI8®) c)s ofcdher slEtd@doy toné @éﬁdé@ﬂvgdéﬁ@r sdess
Controller (129) nWsd nh37) e AUV EF A& d 66)f)r amione Q1 JIRfe pddidive

storage vessels (139) to the effluent (133) vi a in-line 15 addi tl ve

i nj ector (138¥eeTsdockt €15 )add m@t@qud Vigs ey dise raseoliseddsded he
Contr #ler (1%%£so%e%%%t%%k qugﬁéﬁlf?%n§%p ZE%E%e E@%d&H&%ﬂ%car S t, and

suitably one or nore other properties o resulting h
fracti on, whi oksisslt Hé 3di) re&theplr@ct@ctoff 9o Stidp feedsitocko (de3t4ér misned after

gpysggd'tlon Yon W1 3P Y fh%e%%&b%%d sl Add s chhe dineat praduct
p (c) as {'fids obt ai e e accumul at e store I'n final® gas
oi | product stier agé7\)es§eild1(t1t4z@)s arremeed dircax ams erhecdia ectdicive
storage vessels (139) to the effluent (133) 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 a final gas oil product
storage vessel (140) or 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 ‘
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 optimiser can adjust the set point for



25 |l oaded into a ship (141). The sul phur content and one or nore of the
remai ni ng gas oil properties of the hydro- carbon fraction as obtained in
step (c),wavsfpedéds o said storage vessel (140), may be estPCratPeniodsy’ maki ng
use of a Robust Quality Estimator (142). sfhese estimated val ues 30 are the
"controlled variabl es" as used by Controller (129). The properties of the
gas oil product _in storage tapgﬁmo are also estimated by making use a

Robust Qual i t y° Bt rat S as) Lt inmt gPVatukked aret e tiskdrhs

input for the Goantimddied 1293 . pBagask A 3%d hasesyal uesotdee opti mi ser can
adj ust the set point for WO 03/014264 PCT/ EP02/ 08807 - 20 " sul phur content

(and remai ni ng Uit rot4@d- vari abl es") of the internediate product as fed

to said storage vessela (dQatddh asrsddduat it Wherei vy tde alddya it the
product of 5 step (c) should be continuously close to the desired quality

of thedSfinal <RI (ClhrafRittd B st hatloree viert i gegizagd i s

| oaded, the a ; d443) e Wi ;U e lidy, egd, to
the ship wll hagLnﬁ% est ienatjédait;;q/iansatkzﬁnl %eduo%‘}?R%@(iléﬂAtg 1%%1% RQE' s

shown in Fi gurdhen vihip r et r el § nradedh ralebave milde G4 Bstilvkt imwt The

required i nput el @g?f,&é; s,{}ggwg I 0, BLgur The RCQE
w ll further t?eéag%el 'raﬁ%d%n- I eeﬁ@nﬁ%\%&ug@o rea}lflrba"?]l th:ﬁllged%t%%
measur enent s. SRtelmadipd rled rorkinqeisy of fROB (147 measurenents are not

shovvnglbn Figure 2. 4 FFQS-E,SSC:%WH{)HIHEQ&{‘%;E P! Q&l@%%%%l(ﬁé%&pﬁ%) oj\ll)}il | try

to optimse the HDS unit ope oh ‘such a pro ai ned
whi ch has properddescimnsie tarni estampialon hdlldesigedl mral inpws g order to

euol pToduct 20 8 e M Bl eerty AL g papasi gl an 51 e fended.
(136) and contwidll iy tther drourdl ilofafesiveid Jphe Heedstiook wiea (1378al The
controller V\'”alnd validated measurements. 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 k130), 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 qualities 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 process 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



base its decisions on the estimated qualities as neasured 25 at (131),
(142), (143) and (144). Further input for the Controller will be the
conmponentwpriBoess{ see fornula above) and the desired proddTEPP2/88@Tti es.
The nodel based quality estimators, which-are suitably used in the process
according to the present 30 invention, wll have to be calibrated using
historic quality neasurenents. Tre use of historic qual i%i/‘%nfasurerrents IS

not straight f JFRFU For ok ampedt MEHC PRsent S prorats? e (dead

time) between ¢dree NMOpRA Smetdagudien Acd padmIBASIE SF8EY ©fe 0PI OPSEtY, €.J.
sul phur 35 | evel of the7gro uct of step@c) beconmes, known and the WO
03/ 014264 PCT/ P02/ d88p7-ondsaionsanf H1S tHRed Iimat L hehsIReneift i s

relatively | ongeasXOerqRAENOIEN A SUCH Bise NG € Shbetyesn theQd npyts
(e.g. .HDS conditions and HDS feed quality) and the neasured qualities and

a phendmenon ot MY HRY b cbh ¢ PP RS THEMGIhg bfe t e Prbklesst geigis, i . e.

a drift in therayad iehieddeemnhipdtsn@nshQiipdish oyl Kl bes takemigto
account when use is made of such historic data to calibrate the process
model . I n or de¥CEP e t hed el sirfiedr «f stuchthonisori¢ data 1o cust onmary to

calibrate Qualdly;fEstidatRL s,wheaisd he,qdrocess for which they are
In i I'ed

applicable is inits so-call®e steady-state, i.e. in the situation in
whi ch the process ¥ wxdes unidareatandashstrarntied copositdron, St ate and

vel ochpy at the antrance and atythe, exit) of, the 45 operapign. Al t hough such
gl ve good Fes &ﬁ

calibration w results wth respect to the systemto be
moni tored, it prpcests|foronziderdiey e anmbliopthiml ibecauses aveatdabl &l

Al brati on hat atyar T o i1 Tnesbr atees At S8 rin P, S dHP 5™ ati ng
poi nt. Moreoverluink jr esehterm ,afd acwtsadyt stratemeteictiorn i sstradgpiared i n
order to knowvé’fqoecrhigflégr&%é- OQni'f:J.aannésé aérr{[d at the exit of the
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
‘0of 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 quality
prediction, which improves the performance of the quality
30 control scheme according to the present invention.
The improved automatic on-line calibration method
comprises:

A) collecting raw proéess data,



Preferably the follow ng calibration nethod is used which can also be used
under non-steady state conditions. 25 Moddel Estimators making use of such
a cal i br awpes/oreshod are referred to in this applicati on RETiEPE2/688HUST
Quality Estimators (RQE). The RQE according _to the present invention
provi des a nore accurate and robust quality prediction, which inproves the
performance of _the quality 30 control_ schene according to the present

i nvention. ThéeP) nerg?fé%e%éW?Ea o‘?ﬁj’r}r%t?f%llVbr%ﬁ‘?%rg)r're?%‘ﬁlum%o%‘?i ses: A

col l ecting ravw Qs smldé R, + N84 014264 RGTEEROR/ H880de ga220iB)

processing data collected in step A) through the process nodel to obtain a
predi ction of Cﬂl‘f%ljg%ié' oil quality, C processing this prediction through

dynam c transfey Sfdneddong (s oreaidngd V‘&:@éﬁ%@{ et &k £c St g fer - D)
storing the two internmedi ate signals obtained in step C) as_a function of
tinme i @ historfun@iens rilays greatine tigelnicrnedd tandl 9adldat ed

measurenent ofpthe gas.oid ayalidy framide historymihe 30 apsel ye

m ni nrum and maxi num val ue” of the two inter nediate signals in the tinme
period correspdrld g tds aa M HLeR apdl ene mim Bbeed¥yed dead time, which

val ues defi neg | he fgﬁﬁ?ﬁ%%@%%% 00 passi bl gy 5 L) &l cul ati ng

t he devi ati on as being tween the real and validated
measur ement ameasereneat ehcompaszsed betgwehl thef nomi pluen ahsit ovexi biyen

Phe aBlol ut e it G2 cheT oAbl it hafle REFCBRE B Mgt 00 1) 1
proceedi ng 20 medintst epidflald imetlabsolng eoaml ud ofrtdsporiinag iom aobt ai ned
N step B) o AALAR AR 281 S oA DEOFPOT L9 £ D JeVhALA OPad bg the
define the minimum and maximum prediction possible,
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 than =zero,
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 the 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, Information & System

35 sciences series, 1980 and Radial Bias Function Neural



) repeating steps

A)-H). 25 The process nodel, which is calibrated with

the nethod of the present invention, is suitably a so-called input-output
par aret r iwomsded2p4 whi ch has been obtained off-1ine from RCIEPOY0§80DCESS
data and gas oil quality nmeasurenment. Exgpples of such nodels are Miltiple
Li near 30 Regression as described in for exanple, Introduction to |inear

regression anal ysi s Mont go al Peck, John_. WlIle & So 1992,
Li gear Dynani é\!%ﬁﬁ%ﬁ W@ijﬁg“ﬁ;p\?/ r%q-‘ %%?Joarr?n%h‘ﬁijn%/ OrE\xarrple

described in Lld
35 sci ences seri es,

PCT/ EP02/ 0880 APRT 4 maehfbralq olfta Bhdld y e H1R6R

mléyﬁémlﬁw Kei |@t h?oc_ﬁfﬂflteir&ﬁ H"ﬁ'd‘vlrdﬂ orN@aW@fﬂc & System

1980, and di al Bj as Functl on %q?%?é% &033/014%%6&1
t ) for

exanpl e descrited)in ghgdPagigs-anbF, é;%beﬂ\leim k d&sen@RRy Q¢ nad on

and | earning. The Proceedl ngs of the | EEE

pages 1485-1497,

Sept enBer 1990 @Mt d @ P1MEes MAdele Pt &r&eﬁsfse nodR8 Appfaed and

the type of r%té@s@ﬁ“c@été’%@céﬁﬁ‘é‘d Vvethoddose skid | gd i the: apfiwi ||

sel ect the type of process nodel for the gas oil quality estinmation best
fitting the peérddted hpdlYPFiYurRr FSToMRede bricvesamerd i) HsAHeY i nput
from 10 raw process: dat adA) - e Ry aggssodmdelvdd)ggyovides an  estimated
gas oil quallty (11), which is used as 1 nput for controller (12) whi ch
may control for exfmﬂ@fea 3 \AElapes (andtr strsieh)mods lgurle Dailigw sawet £ Pl e

(3) yherein
val i dat| on rm}tﬁ%p

J;(ﬁ eﬁld%éﬁ Sfa?ﬁ{;sét e rea{q%%{@lgi fﬂ \c,]%'ﬁ‘l&t(%/és “an

measur ement (éta)sttlonaitﬂcmg’ﬁsa CrJelaIQLaaﬂdlMal idat edvhigpls o8 luspdlds yimpasur enment

(6). Based on g}e

quality rfeaSur erren lléeoﬁ]e@r@?%n 1% Wu%%%ﬁlf%%gﬂﬂﬁtaed gas of |

deviation is gxaela;teer(rtdiarskzcafrd asF:d;asn:ar ibedl sosttepw{ G madelaeldlati on (8)
is used for cal | bra.tl on eogs t&e) C§:e(st) a”xpedeﬂer(flcgrmepc{ efEeJraCbrllé/r b%ow maki ng use

of the Kal man

15 a validation module (5), which validates the real gas oil

quality measurement (4) to obtain a real and validated

gas oill gquality measurement (6). Based on the input from

module (3) and the real and validated 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) is 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

30

35

invention can be carried out by methods known in the art.
It is customary in process control technology to measure
data (2) at a number of points over a period of time. For
instance, in refining operations, operating parameters
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 is known to those skilled in the art.

In order to get a prediction of the gas oil

quality (11) out of the raw process data (2) collected



Filter (9). The collection of raw process data (2) in step (A) 25 to be
used in the nmethod according to the present invention can be carried out
by net hod®Oloaowed n the art. It is customary in process ®CmtEPOr/og8eThnol ogy
to measure data (2) at a nunber of poi nts, over a period of tinme. For
instance, in refining operations, operating paraneters 30 such as
tenperature, pressure and flow are nornally neasured at_frequent

intervals, or EVer??Ave EeherRE0OuEC RAARRFS dRetheyl baitbe B¢ oresd ahd

processed in ngypWays. @6epS (BNovw tRubthese gkilbed fnatheyaptedl bt obder
to get a prediction of the gas oil 35 quality (11) out of t%e raw process

data (2) col | etteR): WO 03/ 014264 PCT/ EP02/ 08807 - 24 the above referred to
process model (1) wiidpbecyused 4 osS&R{B) - s EEPi Kk Bind Snd Sy LA gas oi |

quality prediction step. Step (C)_is an essential step in the nethod for
5 automatic omatieeadfi Pratien. CThisrahtorurthe? 3p@psurWier afewsbe

11 ustrated by, iRKi 005455, Of 1 Fhourecdy bP nlRese slepsethgacal cul agpon of
the m ni num and maxi nrum prediction pos |IB e at the tinme of the real and
val i dated neasheserest¢sy oficthelgasaoidnqubl thy nsnpewhoraed. mdpimuep (C)
is suitably p . by j n@%% r f u [ :
(so-call ed unc %%%ﬁgh%a@%és#?g %mtg%re |%t?%nﬁg§ %}aei g%?o??flqcla% |egtiy
(11) (the undeheysdremeat (¢] nef, thaugasredl i agatiwoyihs eperelipanedsi gnal s.

G t f [ I Y in th
Dynamyg LT ansierofuncl | o0s.are el | ckoosentooks Lo epedo bl pheship (he
Prentice- Hal | , ttaiof emt fonciiosys{eorsel badesnseriasn d@8dnit¢s) steptiid®)

Lfoee 1 er ook Al e BLANaLe: (20210, st orsd o8 o IuockAg gl AL, I

whi ch the actuseapriotess, tlespooseasingl tvdelptaceedande whighals!l| becone

very 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 quality is measured, time for the real gas oil quality to



narrow when reaching the steady-state situation (23, 24). It is also
possi ble that the uncertainty area (22), in a non-steady state situation,
i s reducedotod/ons2bi ne 25 corresponding to the event in whi ®oTHEPE2/088AEpPendent
dynam ¢ transfer functions are identical (this situation is not shown in
Figure 4). The so-called m ninmumand maxinum prediction possi bI e are
obt ai ned by calculating fromthe history the absol ute m ni num ( % and

maxi mum 30 valRfedEitsst A< sl RS dion® i S@Exa t he

time period carr®espend nthd o @yuidinBin{(3>) Bd ddmKitimg (28 specddied
dead time. The dead tinme is a function of the virtual |ocation of the gas

oi | quality eslatpimed it iR 1Dt Hed ddathiteh attfer MM tlel igi%ia 35

quality is meqsur %mt @ fog the el @8 Udadiualnd ¥i d a3 014264
PCT/ EPO2/ 08807 - e measured and ot her 1»;C)rocess conditions, for exanple

flow rate and neinqaﬁs(frmrw e THenel ek 1qdno fc e @ reeads) hiddtiniied by
one skilled i ﬁm%l % A i st 69% hitghd N %ndr&?%!lmt(e%ﬁ)%é@%ﬂﬂ M 25)

dead tine is 5 representing the tine period he process hi'story
in  which in stegpym@natte (Zhl->akP Validaebayes oliithyudls tjrediedsad enent

(29 -> 2_9 ) ' % 5 wﬁqir‘(:tg;ﬁ'f tt;&ht r@zdi Cta%g% 198 écﬂﬂac! 'Iﬁﬁ'lﬁr{lfr@ 6272)) and

the specific maxi mum ( possi bI e gas oll quality
val ues. 10 Befagrcke nraeaimhimg 2he mwmidy-saas siitluavadd,ty e laress (22) can be

very %de The statg Of d rlaq.{(}} r@/sct}%@tevgdp}a Lidher Qﬁ]t&ocrf"l idirat e during

steady-state or have Ing a I'se’ calibration in case the
real and val |admaed(Ma31mermm(esgy ofidehe s Sdlatequnfl |ttfyi |asrt15sm‘ft¢m$1 t he

above nentioned -area., .The hOddfﬁ%Coartdé lr}gﬁg; g tSJ{ when tt%]rbvrer}]f'

however, is specl |ca11k}y esﬁ@ne 0 ca rat%e “oni y e rea and
validated nmeadiy enedk (s rM@2@)nofa tieel gascadidbmpialdr yLrarceasmt@eje:eaJhe

ancerta . oSt Ao R RS (PP 5 20 el g9

15 within the above mentioned area. The method according to
the present invention, however, 1s specifically designed
to calibrate only when the real and validated
measurement (s) (29) of the gas oil quality 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 (29’) 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 (29) of the
gas oil quality can be an on-line or off-line measurement
of the gas oil guality. Examples of the gas oil quality
and the possible measurement techniques, including NIR

35 and/or NMR, have been discussed above.



according to the present invention can be perfornmed under steady and

non-steady state conditions. In step (E) in the nethod according to the

present WwoweMt42en part of the calibration process is car PCEEPO2ISSO25 by

cal culating the deviation (30) (the so-calbled prediction error) as being

the distance between the real and validated neasur errent (29 ) and the area

(22) enconpassed between the mnimum (27) and maxi é predi ction
oty

possi bl e as obt ai ned S6R t1R 419 YSeBRe T ERSc dick i IPYHARP S5 er

val i dat ed measyr eRNtrea9)arRf e d:0% Gidaididnt Gan tbfe a_:fhsprbll ne or
of f-1ine measurenent of the gas ojl quallty Exanpl es of theng oi |

quality and Helgdysily dsheatimsirent© Dclé/cﬁfﬁa(ﬁj’é%emanjfcﬁ udhhg MR B #HRE or
NVR, have beep idi sgassed; abpven WROH ALA264 (RETERAAQB80A 2%a | (oSt ep

(G the useful ness for calibration pur poses of the_ real and val i dat ed
measur énent ofcarh&egapest Ifory oy gt et mhfediodol y Tty 29" )

of ‘the gas oiile qual idap.ciial A QS IR Eha dNCEIdaid WA@AKSP) . 5 can

be used for calibration of the nodel. |In other words if the cal cul ation

of the deviat |h@|¥e(l®0)ab@§7@j§§m33éfdlamefr® @W%W@Wﬁlq et e absol ute
e O e AL n SRLAed 4 hat bhe yalidated  and
qualltylsvmtln

real measurenent of the 10 uncertainty area
(22) or nore pmecirsel tn@tammemdmt afi ribeuraa(2 Pt larehadelxd ymira (W28)higosEiol e

gas b} Aual | Ly Aaliiss, Lhe. Sowi At n (30 handon hle ARl b red as

further input t'he “cal brati o rocess e system w conti nue by
repeating thensinapmrrca(rﬂ edamijtmaxpmtum | ( 2@ e s teharas st haussleid 1t o

(eline e SYSkaled i SRSl e ey LA (89 o5, o sl al o shoue
shown in Fi gurfardhetrhd rgeat aitri drhg Si}a)lnﬂbiaanmed pumddedre bdmdﬁ"rqoca’wteedni nt o
the process nndﬁh coﬁ%‘%ﬁéiﬁyzyg%ég¥ang the steps carried 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,will be repeated (step I). The net result
will be the generation of a modified, more precise,
predictive process model, 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



20 previous steps will be repeated (step |I). The net result wll be the
generation of a nodified, nore precise, predictive process nodel, which
will therwoaswe2es the basis for further nodifications degemPpongsson t he

| evel of deviations being observed during-the course of the 25 calibrating
process. Preferably step (H) is perforned, such that incorporation of the
deviation (8) jnto.the process nodel 1.8 perfqornmed with the use of a
ol 111 ¢ b TSR (AR o5 St dol eI b TG g B0 R T | n
such a rrangelr (\gida{dde!@[eid heatedde Mi&ﬁhlﬂl VH et 1 <€ &hd l&imh psﬁ’(c’ﬁtfﬁggir_[é&irﬁr']@,
process nodel by adjusting its , |linear parameters there updating the
predi ction bart®l-arfi nlp?—gQ/ﬁ ngHeE olddrs e %%)Se&“l?&l man
filter is wellodaiow idtddieasrdic of i preessaprd B85 wperait ons: fKRederence
is made in this respect to WO 03/014264 PCT/ EP02/ 08807 27 "Stochastic
Proces8es and SFii%igia iRy THEMPLHy FatihdGas AR CF 3@l Nt hemat i cs

and Sci ence angiEngiMeesd Nthem W ry 6411 gD - £o3 Nee Kal nae fiddrs$ are in
essence optimal stochastic filters they also filter out, or even 5
elimnate, thaGAzEsh fheifediRWPgadd GiMtifial i ty, which makes them

very suitable for use dn,ine yethodq agrar dimg J tde mresaptrineend ion. It
should be noted. that the use of Kalman filters is not limted to

cal i brati on opertatliignis;edvhi ¢ rakid ey rire PPt oA TN 8. HorR B8 ezl k@t e
condi t hons, as, it i ytg@aqg_p_l VA i seful ;i nforgmtdon, when a
pr ocegg IS bzlldr#g dorgjeeflgt{géd){ usn er stsgcaéé{/e- géa}%delqiclg%}j%lj't i%l;éjnsl. It hég;I b%éﬁ f ound
that by conbi miapgphle Kalpreeviding ersefiuh Irieo prajcleds vHeioralingPIos 3 hies

fseof Kal man TG Y rL T | e o B Ao Wi | Keep
i mprovi ng the accurldcyhas hdwn gamarol Ithajudly tgomdsiriirgt itdre gideess. I n the
event that no:gff%efﬂ%ﬁth the process according to the present
15 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 oil 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 oil quality is

received.



val i dated neasurenent of the gas oil quality is received, 20 calibration as
defined in steps E, F and Gis not carried out. The systemw || repeat
st eps A-DvOmBiol42e4 further real and validated nmeasur enent PCi/RPABOS3OE OI
quality is received. WO 03/014264 PCT/EPQ2/08807 - 28 -CL AI MS1
Process to continuously prepare a hydrocarbon product having a desired
sul phur content, which sul phur content is a specified value | ower than

0.05 wt% starting fromat |east tvvo; 3; E%Ej!hsydrocar bon feedstocks 5

havi ng a sul phur content of above O. €h process conprises the
steps of (a) blending the two or nore of the hydrocarbon feedstocks,

havi ng a sul phur caontent of above 0. 05 % to form.a blended feed
mxture, 10 (b) re He® ﬁﬂfgfrhﬂuo YR IHE BEHREF T8 i xture

} n a hydr oﬂespﬂmirdtsgiahﬁéhd HD|$)eh§itJ&¥d {)prabt aiorithts hmdmcﬁdlomhur f
raction, having a reduced ~sul phur content, conpr.isi e effluent o
step (b) and SR nihd tRESH Y SRYSE iR Pfg'oé%c"éﬁ'fbon 15

fraction, and {«hrofiifnidig ddheddhalty Boeaskom phashictbdn areddierodlts ect
product of step (c) and conparing the sul phur content as determ ned in

step (€) withhaEnesd redlPEy FteIntEntaRAve He B ditotarBorthridek k&S Sind

adj usting 20 the,processcfo adpLevsr that the sul phur content of the
hydr ocarbon product is close or equal to the desired sul phur content of

t he hydrocar bot®)pr dkpiidingherhd Fuher Bl dhohiHeIRRBtar bon product

having the desiged: SUlPhul£ON eNts i SoiaPt i g8 sehbYod NisGFated copts ol of
the 25 blending 1n step (a) and of the HDS unit operation in step (b), and

wherei n the sulphigrecntieirnddd thred Mditor@bon fraction as determined in
step ﬁﬁ) I'S ta&%n féﬁd%fﬂéxﬁﬂg-sulphur content of the blended feed

mixture in a hydrodesulphurisation (HDS) step,
(c) obtaining 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 equal 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 éontent of the |
hydrocarbon fraction 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).



2. Process according to claim1, wherein a 30 Multivariable Predictive
Controller (MPC) is used for the integrated control in step (d). WO
03/ 014264WBAILERGL/ 08807 - 29 3. Process according to clpairmP2/e8802,
wherein in the control also the sul phur. ggntent of the bl ended feed
m xture as obtained in step (a) is taken into account. 4. Process

according to y one of clains 1-3, erein 5 jnt cantrol al so_account

i s taken of a’?& east YreeS ﬁmqﬁp%%r‘:]{% jthcér 2531 dﬁiﬁr%tjerhﬁh%f a
fluid sel ecteghit:am tdies@rowd sonshst i dghednt her birendetedeed redaxture, the
effluent of step (b), and the hydrocarbon fraction. 10 5. Process

accordi ng to dmXoHe ots PRfaEnad 40 viietRi (R) the T ot P 3FeCPRbeess is

arranged so as; !0 QptddBSE a@lod @St 16 BF OREE Ly Af1d s hyds ocaidasi n
product, other than the sul phur content, so that the at | east one ot her

proper 8y of t He? Hyth et ol bt CERURT okt rkeyualf b 1935k ¢RI red

qual ity the hydrocarbon Productnaf. i OGeEsh @€ Coskh &19: £l al ABufgor S,
wherein the at” |'east” one other property is selected fromthe group

consi sting of adedednkramddic IrRITRAE Hukerof thee o eudePoteed the
Col . Fil Cer Plugging, Poin {CFRRln (e 20,61 ash, Pokatond hoy Pousa bt he

Density, the Viscosi ty, the our, Lubrici the el ectri cal
Conductivity, itectional Aromatics content, the Di+-aronmtics content, the

Pol y omat i csc Cont i St i rad o) % or
100% rﬁ\gcover y,SS’[ he %ﬁ%ﬁﬁgﬁ%égﬁr%ﬁ%éé Zég{}?hrbeﬁéseu phﬁlr&hsngsecil eéfs' I séf]f(_fg ution
according to tite bmdingl @bitite rangessants tderNigedgen sontemptmiPeocess

Cont ol ot he s TorE o7 e dTTves Th SR A SR AR A N (o
any one of cl ailwsn l:lve svhigplein cereenint egy atledt comt rat bdaot com rotserhe
addition in property of the hydrocarbon product is close or equal to
15 a desired quality 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+-aromatics 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 Nitrogen 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 claims 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)



step (c) of a | ow sul phur hydrocarbon feedstock to the effluent of.step
(b). 9. Process according to claim8, wherein the | ow 35 sul phur

hydr ocar bwo 0Beedss ock that is mxed in step (c) WO 03/ 014264/HPCYH48P02/ 08807
- 30 with the effluent of step (b), has agsul phur content of bel ow 0.005
wt % 10. Process according to claim8 or 9, wherein the | ow sul phur

hydrocar bon f o) electedfromt gr.ou o} as oil_fraction
as obt ai ned fr”bﬁi tfqrheelesf 1N r A KErSP nﬁ&/ rl?)#)eaa %{%?%s%%t??%c? on,
f?tty acihd meddydw €3 her s, wiehd fuel fractions as obtained from the product
of a Fischer- Tropsch reaction . Process accor di n of . cl ai ns
8-10, wherein 190 opert%cr%%ladﬁc??fgl% (L Eghe et of t”%e Ig%/ijsn orl?ekF €£{A&Ti on
in step (c) isspesherF f’f%ﬁbl@éé@fb@ﬂdféé&@t@&kti‘@ sOVeced phism hyles ogastien

f eedstock. 12. Process according to any one of clainms 1-11, wherein a
measur ément | ClsePForoHet BFAF Ny 38 PRSI ser ¥R t2dT18955 f rom t he group

consi sting of el contioptzl-desdl eadesbieotk st ot p. 24ty sul phur

content of the effluent of step t he. sul phur content. the h drocarbon
fraction, an ctdet ‘fdtﬁélft%/tl'a%rﬁrecﬁiff%df‘il%l cFER G BORF 2 heCL bR Bt ot Fe¥8d

mxture, of theeffidshir ofr sl opt ddlor ofrgsciROréder g ocar bon fract i on

13. Process according to any one of clains 12, wherein a nodel based

quality estinstbr |E§fQF5%Qﬁ fQﬁCQj@@%W R O dplere A Wes obT el fYrrehe
group,gonsi stigg of{ %ﬁu%@ﬁf%o%eﬂ@%@l @@eﬁiaé egf] XL UF Eon't he

sul phur 25 content o of step (b), the Sul phur content the
hydr ocar bon frm:tstﬁp @m) ox&apelpf@pesrdyaﬁeere@ddeﬁl@m ot| Elien Bowf t he

bl ended feed tep (b), or of the hydrocarbon
fraction. 14 (L;I{eLgrs rg%c%?(’el ng Ii‘ %IQEW? wherein the nodel 30 based

quality esti ma]tZ)r i B - ese faccxaiurctmmmrg Equalwmey of claims 1-11, wherein

a measurement is 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 (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

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 ﬁixture, 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



estimator, which is capable of calibration under steady state and
non-steady state conditions. 15. Process accordi ng any one of clains 13-14,
wherein wbastioted based quality estinmator is calibrated ®OTIEPOZ0SSBE by
maki ng use of real and validated neasurenmgpts of the WO 03/014264

PCT/ EPO2/ 08807 - 31 sul phur content using an off-line or on-line X-ray

fl uorescence anal yti cal tec%i ue or_an of f-line or on-. line Uitra violet
fl uorescence Y &°T S hni e g & 6 ailnlr%eheorsu npkr;iulrnecgﬁtrer?{
measur enent . ' ukfre S¥0ESs aracioaridialy texrtanyguene ofarc i fivsl ilrel mr wirer ei n

t he hydrocarbaqn pr ct is abtained in step (d)_Jn.a_-storage vessel as
filled wth tﬁe"%ygﬂ%cffr Do T L U ot r%ac])yfltﬁcﬁl SREABEIIR 3 of ng to
cl ai m 16, whergjgaitrhe syl pliphud G atrdrentmeand{smdrite qual ity of at | east

one other property in the storage vessel is determ.ned e he st or.age
vessel 2i s parti& fiAHSESSRf %h TheéWPE S soofr r?&l?el@sm@s"gtgdf Wﬂﬁ%e“?

det erm nati on dHe QfyRfodrdl Ustoditer PIHRSS irs ash tceqpt (dVi i tehe

properties of the total hydrocarbon 15 pr.oduct in)é} he storage vessel v?en
the vessel is F4993¢ 15 <L bratietidrfich Jq%é\b}%}? DT qs; gf:rcac%rjcﬁ%go 0
claim17, whergidy thg  determination of the sul phur content and/or of the

quality of the at | east one other property is performed 20 by maki ng use of
a model based ldual iREPGERS AR Tt selekldt d&ortisiF it Qi THEBT ¢l ai s
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"$product” is usdte ofaltiel ofdetrrdin sind gy cidgr gey adjust the process

so as to optimise the properties of the total hydrocarbon
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
quality 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 * $product - Sum of
25 (Component i flowrate * Scomponent_i),
wherein “Product flowrate” is the flow rate of the
hydrocarbon fraction in step (c), in ter@s of weight or
volume per time;
“Sproduct” 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 volume per time,
wherein a feedstock component is a hydrocarbon feedstock

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



30 weight or volunme unit; and "Conponent i _flowate" is the flow rate of
feedstock conponent i in terns of weight or volune per tinme, wherein a

f eedst ockwomaponent is a hydrocarbon feedstock used in sPEp/EPAY/ 08807 (C), or
an additive used in step (c). WO 03/014264-,PCT/ EPO2/ 08807 - 32
"$conponent _i" is the price of conmponent i per weight or volune, and
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oil as obtained 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 metal and a non-noble Group VIII metal.
23. Process according to any one of claims 1-22, wherein
in step (b) next to the hydrodesulphurisation 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
quality, .
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
absolute minimum and maximum value of the two inter-

mediate signals in the time period corresponding to a



30 step C) as a function of tinme in history, E) retrieving at the tinme of a
real and validated neasurenent of the gas oil quality fromthe history the
absol ut e womBfwmwand maxi num val ue of the two inter- nedi C&/EP0YmsDE i n t he
time period corresponding to a WO 03/ 014264 PCT/ EP02/08807 - 33 m nimum
and maxi mum specified dead tinme, which values define the m ni mrum and

maxi mum pr edi ction possible, F) calculating the deviation as being the
difference bahneailled fakiald Weldated weasurament ANdH haaiea S
enconpassed between the m ni mum and maxi hum predi cti on possi bl e as

obt ai ned in stefiBp, t8e. mpnésesdiang wiashmsire pried ot ioke passdidce val ue of
the deviation,obtai R 4 o R0 %qillngi f\@tIJ%n%teep if
t he absol ute \%&I ue%o?%q%g[a&z{? |ez)r?e%6é%6tggll %edbl n ge li N | arger than
zero, H) incobpawabhngheheeddyiaad mhlma@etdh@e@ﬁw@g@%@@d thamcﬁne)a
repeaténg Ste%nco%pgésed 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

-with step H) if the absolute value of the deviation

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

I) repeating steps A)-H).



