- 1 - FUEL FORMULATIONS Field of the Invention This invention
relates to diesel fuel formulations, their preparation and their use,
and to the use of certain materials inidi-esel fuel fornmulations for
new 5pur poses. Background to the Invention In the interests of
the environnment, and to conply with increasingly stringent regul atory
demands, it is necessary to increase the amount of biofuels used in
10aut onoti ve fuels. Bi of uRIEL ararMumAREIND| e fuel s, typically
derived from bi ol ogi cal sources, which result in a reduction in

"wel |l -to-wheels" (i.e. fromsource to conbustion) greenhouse gas

em ssions. gy eselcfuel s doridse in 15conpression ignition engines,
t he nost conmon biofuels are fatty acid nethyl esters (FAMES) such as
rapeseed net hyl Testserimystpaimmrsilatest e dstsed; fusds & oame lagadrisn

bl ends wi t el di_es f.uel. onent s. ver, t

oxi dative ekge&a@é%é&)n&gif%ldé}gtag{%f%\%&?eéma 1{% %I_%\ééce:euﬁrluﬁeatogg in

engi ne oil ,ceaamimagnd tdxrialid yin Shiess] whielh fasndliadicct thet makse to
10%v/v or |less in nodern FAME/ di esel blends. At higher

concent r at IHP IR can al so cause fouling of fuel injectors. FAMES
are al so MULRANR US Lo Praduas tdian ot her common bi of uel s such as
25et hanol , and-therr worfd productton | evel s much | ower.

Moreover, the addi tihen igftexresANE afo thediegsdlrdnrsint,oamnd &td eengdly be

detrinental tq its | owtenmperature rformance. F s raise .t he cl oud
ot e and e dafer T8 PR R B LA RS Al S8 R
W th whi ch neckddyy ate Ilensask e atnexierdf Wi cfudIcrneasesind th

i ncreasi ng FAME concentration in the blend. This can nake it
di i cul t B FORIRAER S ¥fileSel fuel / FAME bl ends within the rel evant

regulatory specigitld1aN %y RYmidEH ¥1ley i1 L£0ldgl; GlRRIRS-Waks €

specifications require maxi num cl oud points an PPs to be | ower
than i n norfrareiperlaiel calgi amsrces, avlriegultesulierion & erddurttison olit he
concentratigns .at whi.ch FAVEs. can be included in diesel fuels, in
particul ar WHter-Grafes o uijt - TTom QUG 1 eus%trja%'fe)e to
provi de newrHafHigls< Al dings theselrd usledor nilettd osr Wi hircoul d
overcone or at least mtigate this problem Statements of the

| n#ent i on COMRKFTGIGRY +PH L ¥ IGdRTt GFe RS Hredwmn ishehig bh
there is prapd defl @ desel 1 farmil at g ontal i Ngs (idp Qe or
nore FAME cag:vréponent?{sdé erer?éh t'he FAI\/E%oerrponﬁeér?t or n‘ixturep of FAME
conponent s nrgnBE0%ster satdirpales, ol quettapessstemettthygsesirme (RVE)In

(i) a 20dial k carhonate (DAC) and,(iil n_.additional diesel fuel
conponent . s I"‘fltﬁ'ésc%rm%ﬁjs YPFS]I VIS £ THHR O KKy | However,
car bonat es g€ hosaisgh B Yde god dpomiaire dddcan b Hitnind eaidonsat e
(DBC) can significantly |ower the cold filter_ 25plugging point (CFPP)
of 28n RVE- GHEINi e dieserIine|o¥lor rRAW i, 1ulpiel CRPP Bfsyes, which

forml at i on, Acoandi g g, Lhe Lawen i 4y G nat aoly He dewer, than
that of the sane fornmulation wthout the DAC, but also | ower than
t hat of an IAMBfdieseel deldndal Atormidlatd copmoatarai nghontlyey can
also cause fouling of fuel injectors. FAMEs are also more
expensive to produce than other common biofuels such as
25 ethanol, and their world production levels much lower.
Moreover, the addition of a FAME to a diesel fuel
formulation can be detrimental to its low temperature

performance. FAMEs raise the cloud points and the cold

filter plugging points (CFPPs) of diesel fuels with which



30t he DAC and no RME. Indeed, it has been found that in blends of
RVE, DEC or DBC and diesel fuels, the CFPP can decrease in value with
i ncreasi ng RVE concentration, in contrast- to the usual situation in

- 3 - which CFPP val ues increase at higher FAME concentrations. The

because of THE FaheolT b rnh Tt TRe e L SpEE e A,

typi cal 5diiegelesfaiais FaMre cp:m;cmrtirae:s.cmf mh&lfiéﬁxnvﬁemd)t ThHieseaof t he

T ——

al | ows fueks dra e ormilata %@dl@d?ﬂr@h%e%&"ﬁc%%%%”atl ons than

m ght otherw se have been thought possible, whilst still neeting
appPi cabl emréﬁda’tf]cﬁrslpé&qﬁ calidnrs climagas absge R filvad ignssel

fuel cont a'x‘"&g&ﬁfgew%( rEl%%[% fp%l%ec%t ra?{dr%#%{sh'%%'\’% gl R‘A%J Ik In

pur pose over enperature range. Thus the present 1nven
i s abl e toipr mdrde trmrr@rtmia Mesgd et rm;dsa frers flor, midhatriengire

bi of uel - tainin sel fuel fornulatiaons partl cul ar .winter
grade di esdiifiie £0 %%C&mqnctmaatﬂ%st Fradliee FRAEGe EaBERS.

20Ther e can g yideri P A0eH 41 2 il larfrariilat hameeCrdidg to
the invention, which contains both a FAME and a di al kyl carbonate.

Th&ODAC wi Ifudlswer the cl oud point of the fornmulation, relative to

that of the co nen ( e DAC will 25have
little effect grr%%t ﬁ’egjlﬁldalé% ?&gn%ab% X%E%%g’gfe uelclil ES;I]end. Al t hough the
DAC can al $d dfowar-ddie dilrasty phigdesl duadi exadmileedi drey miliath arsyld n

accordance with the present inventi,on the FAME (eq ENE) can help to
conpensat e TG CHRE tﬂﬂ&ﬁ H&d e AR i S PTR8 %T‘i"‘lm -30due to the

presence ofghe G U NG 1) 0f FAME and DAC thus al | ows
hi gher overatt tevets of brofuers to be included in a diesel fuel

fotful ation, w tz‘smmrdlnemto @ncfue‘sé:d\aémtepffe@&@ @ﬂfeﬁlegltcl oud point,
flash point,_and t&%@ere &%.pgﬁor‘)’A% r% rg)rees%vler ul%lgl%% ace a

proportion B Fh arning esel

formul at i osoritdaisiiald ow nrae pat efrﬁnealpimmcgmfoxmnme&ggr@gntm
with fewer of the above described drawbacks associ at ed WlthdJ:I

FAVE conceftfP8t icOiFPOmsRE fit é‘%ll’%ﬂ%re &Hd AR QRS Bed A
al so have Lou, s%eexﬂattyes are, pi gdgaradableriand ecsaablbesg}&w oduged; from

renewabl e i ngre nts (carbon di oxi de and bi o- al cohol ~In the
prédent i nviErtlilon, admbamtponeRC)(ignd s(id IPAVE colfidramal khitedrds a

| evel of sa%}fjratl%n that |s at nost 50% w w. The |evel (% ww of
saturati on ‘gtcla COMPO

It has surprisingly been found that dialkyl
carbonates such as diethyl carbonate (DEC) and dibutyl
carbonate (DBC) can significantly lower the cold filter

25 plugging point (CFPP) of an RME-containing diesel fuel
formulation. The CFPP of a formulation according to the
invention can not only be lower than that of the same
formulation without the DAC, but also lower than that
of an otherwise identical formulation containing only

30 the DAC and no RME. Indeed, it has been found that in
blends of RME, DEC or DBC and diesgel fuels, the CFPP
can decrease in value with increasing RME

concentration, in contrast to the usual situation in



15FAME is the percentage of saturated fatty acid chains out of all
(saturated and unsaturated) chains. The saturation |evel gives an

i ndi cation of tendency of the liquid+tg ecrystalise. FAMES with | ow

| evel s of saturation have better cold flow properties than those

20wi th hig el The 1 g\vel; ti [ red by EN 14103
and can gi 3«5133# |C%‘§chfﬁlélﬁe o] Q;L ypg%o;lﬂlgﬂl@% gr%gls%gnt A single FAME
may be utildaremrtaatrigrishe Tepradiffacat & ss lantatcudmdley elurpari sdngi xt ur e

of FAMEs, the tot al sa on | evel ch is at t 50% w w,
25f or exanpl &ft'tlg]%?n GSGI%B\E/ SCENSHe S n adnixture
with one Ofre%p'iégtflk)‘é P HOWE 3Rl Wi, | %esm ‘bliatDBth%nUOtt ical

saturation |l evel is 50% or bel ow. Exanpl es of FAMEs that can be
usell are r&iEsedd fnelisy| st @roERViess @fbsde FRMHY| nest hoESVBE,

tall 30met L GT un . e r ( ME) and

Saf f | ower rE)Htehy taei 1 %IF%%& MO% mpl es Ql#tft S%%Sbf% AMEs t hat
can be use@mp@rrm)etsur es of one or m)re of pal molive nethyl ester
(POVE), tallow 5 - rreth estergg(TE% and_coconut. oi | net hyl
ester (CME) wtﬁhéﬁeagpaﬁﬁ & S¥OER Gv¥eRBnf PiRe @ AePAYr &8t &rs.

Most sui t alineddie damelstndatidical,i anlossl esR1khar %‘é"/Of\Mrwulertebess
than 20% ww, or |ess than 15% w w, or Spreferably, less than 10%

WAY W& br Aoy §®MEal§:|Oym@n¢1ratteoes ghieyl mégihér otherwdganpl e a
nmet hyl , I yl ] y sher he nost
pr ef erred %Af %o%p%oﬁgﬁél%?lt) %%% or‘rru é?.%tc?n ngl tlhen@'le-nElnﬁtl on is

rapeseed neigyli castler sj;%lavE)d spec:LfmetEAME uged daf & lfs@r Mdsation
according to the invention nay be produced by any suitable nmethod. In

the case of "RPENFSSL Luelo CoBLETRIRY By PrRLRsEsteried cat i on of
rapeseed Oidondchit AR RANQE. FRMES Hé'i?l%e%%’t WRC B i okes Wivlegblyy ei ther

aci d- or base-catal ysed such as withthe base KOH converts the
trigl yceri ddslegofenperd tivret hengid. Thus fraet prasiegtesneentind fisee

gl ycer ol epar t|n the fatty . aci.d co ts of the oil fraom
their gl ycc%r%oltSe %g)c% or‘{gdeRIWI‘:D (e é:ﬁ'mlg ‘§1 n%%%ﬁ) fgg Fgﬁgu&ﬁtlﬁgt hyl
20est er or biagecTechyltadsiier) dasadl Sadhe fprapated oy, stiandard
esterification of _apprqpriate fatty ,acids. Rap eseed Qi | _contains

m xt ures oP3FARARE ¥anFercogpdesiddased durds; C!T‘B’)fe BR&Ite CUlpdlVei ¢

and |inol eRiC ;26189 e( €h8geal hppRe, two and three unsaturated carbon-
25car bon bonds respectivély); and sonetines also erucic acid (C22) -

of2@ hese t he ol Eherandathi hel etbeacadsahbagesheonaj brepr oportl on. RME

i1l th f di hyl he FAME
Sui tabl y - SSPEROBG o FE st CECURR, af v oGeh SEREt Gopha e

Eur opean speeihf bCahienanl 42314110 fcat:b)bnaekad mtehmces;tleas 1b@keruse
as diesel fuels. It may have a_flash point (1P 34) of greater than

1012C;, a nééieuﬁéeuéepeﬁetn@rﬁbéhe( ASTRUIREION o e35tdvegtoatdpt OF of

58 Or  -6- the components (i) and (iii) together and the DAC will

25 have little effect on the flash point of FAME/basefuel
blend. Although the DAC can also lower the flash points
of diesel fuel formulations, in accordance with the
present invention the FAME (eg RME) can help to
compensate for any undesired decrease in flash point

30 due to the presence of the DAC, Using a mixture of FAME
and DAC thus allows higher overall levels of biofuels

tc be included in a diesel fuel formulation, without



60 or 65 or even 70 or greater; a kinematic viscosity at 402C (1P 71
or EN I SO 3104) of from1.9 to 6.0 centistokes, or from3.5 to 5.0
centistokes; a density from845 to 9104kg/ nB, or from 860 to 900

kg/ nB, at 152C 5(1P 365, EN I SO 12185 or EN | SO 3675); a wat er

content (IP ]%%_s JARNLR0 te r
whi ch 95% of ﬁ%) a?ft}ree{ as evapt%r g)tngg@srr%%:sg%r%e%togglgdr %tg’O?LB%lZS or
EN | SO 3403ndofCHREss t han 3602C;, an aC| d nunber (IP 139) of less than

0.8 mgKOH/ g, or _of less than 100.5 r’rg g; and/ or _an i odi ne nunber
(1P 84) of lessT t‘Q’ﬁaPA 263N, OGEOVEL s PENYREE26C0F ®Pé86%t ran 115, grans

of iodine hReicH tofe FUME ik ATBY Fh2Q -COALRHA 1680 B¥sel
NVR) less than 0.2% w w of free al cohol (for exanple nethanol), |ess

t hah 0. 02%0hwed @fortwué@thoybertéIUSa@dJl@tw1115gﬁemiemthaﬁl%mmﬁ:w
esters. f Al I I
formul ati on accorég'n(&:%?l e?lh %ﬁ%erﬁ%q%ﬁ:': I¥E’t a%g \?Cglri%gerdeat er,
or 1 or 2 @ra&b@rck&%a\s/svooorat@&amm mrghlem' @msC@nﬁeQJtr‘é%mh\s or

greater. Its concentratlon may be 20up . to_15% v/v up to 12 or 10
or 8 or 5% v/v. Ph E‘ﬁtgﬁﬁéal?rreﬁp parkd CpAGEAY| BRC F‘FQ Béﬁceﬁ?—?ﬁti on

may be fromaZed 10t L% Wivy O dd %o%.etg‘%ali%%’l\élvan@r chOMe> 1o 10%
v/iv. The dial kyl carbonate is suitably a di (Cl to 25CH)al Kyl
cal%onate PSS C g tfa@my remewditalek yngeschendise (icerdomedipkidear bodat e,
di et hyl Foq n% n- or isopropyl carbonate, or di n-, iso- or
tert- butylcar ona A m xture of dial kyl carbonates may be used.
The carbonate usﬁdtﬁaypabsenluemwmt)m cthehebrpeaehtal(kyl i80anvi ety
in the carbonate is different to the_other, and indeed m xtures of

asymmet r i c FEFHGRAPES SRty e tuded &s lewelcofpsasnration thatyis The

DAC used i B anfgrmiloat Loy, ageQr @I'e%lt Qs wa)n\b%ms'a%rwo%' 3¢ Iae
obtai ned from any suitable source, whi many are avail abl e.

cahSfor ex&ApFe ilse thenpieasiesdadier @rﬁ &Iaft@hr@Ited/\Ifla@Ilrynaytl@e chiadg nal cohol
(i.e. bal coh I ed from ical_.sourc can so be
pr epar ed by %e \i Olggrtl‘:)lg 31 g a&%ggpsﬁtggﬁ‘&e%))oﬁ’ﬁfl %lhe

transester isfathL&ialt@_@nOfl effigIelgfiylesC ambandieawibh alfc@kallenRCoff @he
exanpl e, may be synthesi zed from et hanol, which_may _be bi o-et hanol
(i.e. etharddudsr itPedTrEsmld SEObFEMESI Walths d@McdEVele ©4n al so be

prepared by @xhdakiohe nadid ‘?J'@Qt%tr’ Q18 FALRARH e 1RY than those

transesteri |cat| on of dinethyl carbonate wth ethanol it may be
generated astd bogbr déwetlsi.n Tihee lsyeilhedi sacb;hrlamﬂ@@t b,yﬂl Emsglh:ya@ol

from et hyl rbon di oxide.via e car bonat
1o enboavnEnt L ALod Gt R ol o e R HERC Y SRS
not to haveabeepreweiiesissed ndSic ¢ APEOS@EN B GQ@la)zeda&a&hh‘@r 'mé

i ntroduce undesirabl e inpurities such_as chlorides or

car bonochl 8PPECPTAEE SederRFdIY deveducRy Rpdviiives ﬁ?&y FWM but e
to deposit ,pgt ahjLiht 1L osi prLgb a gfu orpdl at/d on.
The concent r%t ﬁig)r%a%f Iéta%ﬁ‘}sk%oﬁ %ea [ ege:w(?l;{%hI I1fgor r‘%uﬁat |ton accorc’h ng
to2%he i nvépti exampiy be FAME af Jighetdthewn (5r0%gme‘a:t ean e usecdases

4. 5% v/ t.e In 2 nb t t trati is.5% v/
or gr\éa;/e?r g%"?%ﬂ'&cr‘f&‘gﬁp?"&t nr?%?a%’ bg‘e%blftfl}csi ; ?“’%?SI ? Iscf?no\r/ \{0

or 8 or 5%gvick. th'&ta'&h@m@@'aﬁe%Ta,tdrta%l‘é@lng%%@latﬂsoﬁO'%a)brb%eflroﬂm 2.5
or 3 or 5to 14%v/v, or from3 or 5to 12%v/v, or from5 to 10%
v/ V. Examples of FAMEs that can be used are rapeseed
methyl ester (RME), sovbean methyl ester (SME), tall
30 methyl ester (TallME), sunflower methyl ester (SunME)}
and Safflower methyl ester (SafME). Examples of
mixtures of FAMEs that can be used are mixtures of one

or more of palm olive methyl ester {(POME), tallow



30Where the DAC is DEC, nost suitably the concentration of DEC in the
formul ation of the invention is in the range of from3 to 15% v/ v.

Were the DACis - 8 - DBC the concentyation is nost suitably in the
range of from5 to 15% v/v. The volune ratio of the FAME to the

DAC in the | afd B Or j tang e f.ro Lt . 25,

5from 10: lr{éc))Cr :18%§t8e{r}frorﬁ)5: flr{% 1: %%r Oflrloﬁ%:%ﬁ c?%f?ef (Ictﬁr)ray be
fromb5:1 tovilth ,orey dr omaxz bft aclle Bbwre ieomibrzdl Merhiy1l eddemmy be
1:1 or approximately 1:1. Ln enbodi nents of the invention

, the
conbi ned concentP& SHEPPRXVE HRE P CREVFBFAGPatPor SPRhiFEA™

10wi I typizal Ly« eRiresieits thiurd Ol WY gnati-GOoneRRt natd QfyW,h Jhe
formulation) is 4 or 5% v/v or greater, or 6 or 7% v/v or greater, or

8 oP 9 or IoAAERKIY .grli@msertharhd Conbivhed concentration may be up to

30% v/v, or up 2 2 . 2 .9r . 20%v/ t for. 15

i nst ance be fro%%ﬁ3 %fz&;g ta% %@%%é})\c/i& c%)r C?r 5’% égof—’l\%ygr eg%é:'zf%rvlv,
or from?7 exautle 22%athyl oretfiam 1 dpe120%eay \isoirdpydm ot Gu2%
v/iv. For RVE in conbination with DEC, the conmbi ned concentration is

sui tably i PXHE T diitfe " % RIATE T BERY FORGRRVE Gid déntsi nat i on
Wi th DEC. ifordQihSd & YHd ithRedange i6f xfr?ab%@gk% bR 3% Waker

The additional diesel fuel conponent (iii) e any fuel conponent
sulPabl e foRM®e in a diesel fuel fornulation and therefore for

conmbustion withip _a r ion ignition (diesel) engine, It.wll
Cypical 1y 28be S5 B KORroal Bot O aar s AR ErrPERampusP, SHor e
typically drgasitdidn ndy nay diedudRl asenrenf weli te®mponeitthod.t mmy-Hee
petrol eum derived. Alternatively it may he synthetic: for instance it
may be the C&S@d&ft RYE dheissdifer -fﬁ%ﬁéwpé‘@nd s PSS He Ty I7d 1 on

derived frop %a%@gégd)gjiqalwiﬁ:‘wrnﬁaﬁ:halgolggﬁgg%ogréd&lsqd%kﬁ%}@@égenat e

such as an al cohol (in particular a to C3 aliphatic

al §bhol , nuwd Yedrlni @iltdery astivhnoly) base-gatalysedAsuaddiats eridh folnel

conmponent (i i ..l | typically.boil .in the.range from 150 .or 180 t,
3600 (ASTMBSE & Hen T G T i B B S R i s o O
cet ane nuntieitd AAMDELI)d @fs daramaAa tfaref0 Qfydadr@D, 4@yt & cpreitisfgr om
51 to 65 or _70. A formul ation according to the inventiaon nmay

contain a b fAE T ARG GORSFEHEIAG e CdiledE1oT (1S idomIgirERS
(7). The GoRGRMd atdeh Qhhildie {COMRAEMHGIh Es agd dife methyl

10f ormul ation may suitably be 70% v/v or greater, or 75 or 80 or 85%
v/ ¥C0or greasdrer orr 3Gre M@Xhorl $EEMbar)v cem gileat dre prtepsayedéwp to

98% v/ v, or_.u Q.95 qr 92 .0r .90 or_ B85 or 80%v/v..| eneral, it
wil1 ' opr oSETPAARE RS iR T 1d ARR FO RSN AR -

i ncl usi on of theabANMEeESGaNPeBRRE M) mitherBACogoppORERE o Blchid and
any optional_ fuel additives, the conponent (iii) w /!l typically

represent tldHdl stcanis PR &4el Fledeul Aol edéc
I nvention %@i&:%bl (YZlI'Ba}S W?Ltg:%%e(,ENm;ol%c'pfth§geoﬁmls%.\’¥%rrat%rd gal%%n—

25 carbon bonds respectively); and sometimes also erucic
acid (C22) - of these the oleic and linoleic acids form
the major proportion. RME will thus contain mixtures of
corresponding methyl esters.

The FAME suitably - although this is not essential -

30 conforms to the European specification EN 14214 for fatty
acid methyl esters for use as diesel fuels. It may have a
flash point (IP 34) of greater than 1012C; a measured
cetane number (ASTM D613) of 55 or greater, or of 58 or



20or |l ower, or of -5 or -10C or | ower, or of -152C or |ower, or of
-18 or -20 or -25 or -30 or -35 or -402C or lower. It may have a

cl oud point (ASTM D5773) of 10C or |l oewear - or of 5 or 2 or OC or

| ower, or of -5 or -102C or lower, or of -12 or -15 or -20 or -25 or
-302C or | r. I f int . r of .35C
or great er%roro%%@tro;&yﬁpg]ﬁggcgﬁ%&%gt e%r ,}((l?%wntq%gggsscg%%% g‘rt
even 65C oM (pedtier .71 or EFhadmrahiat icdn fafont He 9 mwed.iton shoul d be

suitable for use.in a conpressiqn ignition (diesel) internal 30
conbust i on EAGIHTEORSFeh %dn G %’eéng)? lg’e%eictel’i‘é:rlsﬁé’ ol Iraeéllsr‘tlté’uty.
The formul at i t, aar .t able for ks 3an o
aut onoti ve iogr{;e: fl;éeoln.gl%)r HPSHA ! o ﬁ:&r{]}[1 glr%oer%o iOlrdr)en ,'?n[heat 152C
forBul ati on TFs 36&,t &l & Sand/2dr8 SadaptErd fSor 3MSE )as aa wamant eforgreade”

autonotive diesel. fuel, for use in colder climtes such as in
nort hern Eu&(’f-’p§%(65aﬁé JASE | a@ca'irrbcﬂ LEAALEY g‘rgrgﬁld AFERCETYE Siay
be a so-cakiia¢n aset igx grrdeudiUelas fRapdse tad, PafdddstiHedt o aiere

climates such as in northern Scandi navi a. In further
ermbodi ment &0 tiFe 126 mx &N JFGeR 058 i tlglsise thed/ o6 xdaptaed afcdd use

as an ind L al i-lg r i [ il

f or mul :ati g%%%lr gﬁq%t g'lb:slgx) (]:O%Orr&e%w k%%gg%}g: gﬂggﬁ%?/l d?rogntOfstlaerﬁa-rE an
di e8el fueld.SpemiKlat;i @nd)ors weh iaglifer nexdrey g IEN 8390 o dreskEurt-bpe)
or ASTM D97 for the USA). .B of exanple, t overal |

formul at i o&%ﬁx(ay Frape &efﬁ)déﬁ?\yq % &th gﬁ?@&%ﬁ% I BTES1$E (ASTM
D4052 or ENJSBQB6%5): parT9900¢ ldmgueai ntr o ASTMaBES, @lorklihSQe3Ad)
of 3602C or |ess; a“neasured cetane nunber (ASTM D613) of 51 or

greater; aNMR)eNRisisC thiasc ASiAYy watw 40C HrASTM1DdHy lor( ol [S@nple4) from
2 to 4.5 centistokes; _a sul Rhur 20content (ASTM D2622 EN | SO

20846) of BTG Tor Jesss: /b0 ZE BUI Gfci B S A Iy Y OF bons
(PAE) cont %ﬁtea(t'e'% 3L )5 90, Aessddian 11% w w.  Rel evant

speci ficatiions may however differ fromcountry to country and from
year to year, aRbemapngepémetdont ke itheeRdME usa 25dfieskd fuel
formul atio Mor-equer a fornul ation.accaording.to the |nventign
contain fue Orénélr%ﬁor%eon SRRal 3~[glrg'oﬁ_'eor ttl%ees O de or eéaee ;bta'r%eéf%y
since the propeldsdtes oforan oterkaldr B end 4wy /di drergreafiedn or in
significantly, fromthose of its individual_ constituents. 30The

relative cOFEER rfati Gfs 3 Wite YofFsiidts (5° ONEATIY ey b&3h&sen
toggchi eve a&est'or 3%%0Wr tdresid Qo tihe JrormulAt igon,assea Whol &m fer
exanpl e a déesired maxi mum cl oud point and/or a desired mninmumflash
poi nt, and/embodimemdr toifcilher lmwiediiced ndms mencEERRatHNgs tehe be

rel ative cancentratiaon il.], al sg en n physi cochem ¢
properti es%n&fomt ?e'%l & '4\$ué’ul/vc’or%o$eﬁroﬂ%g %@pﬁ%%r iva(%(jef cogn(t}riearrﬁmrgjltit(?ns

may be cal qulsated; .by appl yi ng suitable 5blending rules to the
properties (for exanple_ the densities or viscosities) of the

i ndi vi dual conpBhenfidaliind payeeaFesdal Fyedading ditkleéSnay
COgROS ti OBl Qb1 cardded. TAIJMIALQR1AC GUAING 11Q1 ey hied on
may contain stan ar&afruel or refinery additives which are 10suitable
for use inidi edeletfydl sarfime tsucligddivli weszra benowh -and- or iso-
commerci al |y avail abl e. Accprding .to a second a ct, of .the
present in?ér‘f’ﬁy Capsre s ffovtded 'a Hi%s & &l?ﬁ%—sﬁ:g%y&%ﬁb%teuse
in a dieselp fgdtufrer M a0yt e rBmpereiay e codai mimng (1) a
FAME, such as RME, and (ii) a DAC, such as DEC or DEC. Thus, for
exanpl e RVE&HRPITE sk S ¥ a e DEG &Y Idddediaks GRcivra e

di gesel fuel URP gmdr@g_. jod e

deggri bed z%%ve, :1%{1})@ e%q}og?ae%aﬁe a |eseﬁ(d% ut)eq q:ffho(:% %ﬁaétir)'onénd
20Accor di ng.rideeal thiixthraspexd .adywerer iz praovhiced e prsgc éss d=md tdwe

reparation_of a diesel fuel formulation, which process invol ves
Prep the component (liei). P



25 one or nore additional diesel fuel conponents, optionally with one
or nore fuel additives. The process nmay be used to produce at | east
1,000 litres of the fuel formulation,- d6r -at | east 5,000 or 10,000 or
25,000 litres, or at l|least 50,000 or 75,000 or 100,000 litres. 30In
an enbodi ment ofrH@alchiydASREG f%frmhhetlleﬁeahbeedlhge cBAVEeand DAC
are prem xed in an appropriate volume ratio, and the mxture then

bl ended wi timveet igddinayorsalsd s Qhﬂm@]tf(r@)m (@i )sulﬁaéallmmfx@, -
12 - mxtur |nsta ce _be bl nde wi th the co s) (iii)
2t 2 concerth TS QP T SoRAR iackt G e T E oML

f ormul at i ommﬁlﬁ&mﬁtﬁmtﬂaﬁdm ofwnm:H A0 ey b%—ta'lo%ﬂ:dlr (38 eqr
25 or 22 or 20%v/v, or of up to 15 or 10%v/v. It may be bI ended
at 8 conceye@Nn T ifnd /Ar agrkéétlé’rgﬂﬁ%?sle(foé‘ﬁq@d priodiggy also

fornul at{ 0ty &l yPloxd e i DlcaA oM L0 i & Beclol N £i2 Of 6

or 7 or 8 or v/v or greater dding the DAC to t'he FAME can,
by reduci ng-darss «GRRR idnd-adlicud gividimethatlp deobibiaer evieh tasl dabwl .

Lhe. i nvent LI Dot QeI i G BT GUeY AT s eI Rao dEo B

engi ne, angigf e HER-AihaMdichii s dreﬂmdly R i rft@dm conbust i on
engi ne, 15whi ch nmethod involves introducing into a conbustion chanber
of 1fhe engih%@%@%@sleﬁ%e f-orfful @ &48&2& duRpared H‘éf fq}?@tatééfﬁect
of the inventhoh A d i &ledittloSURY efPL ACCQNANG gcond
aspect. The engine Is sw tabely a conpression ignition (1 ese

engi ne. Suchret20di esetbarrgiaevitdy didagfolt heriiteataw mee(germratbﬁde

for exanple of therot i n-line uni_t eIetro
Uni t 1 n] 6CEST T GaHR G (e, S e MRS e S

It may be @ﬂ&a\etrgﬂ@é ighitdeduing da58n NWAde 28 Bhedaurdde aSIoect
of the invention also enbraces introducing a DAC, such as DEC or DBC,
int® a reséfra\%'é'iqna\/?ﬁ «ch contains an a FAME-cont ai ni ng di esel fuel
formul ation, - eg an BVE-Eanhaplnd 1 gl Hlgl SFaLaUlAlA N LBl bRk 1 O
i ntroduction of e resultant 30m xtur |nt a conbustion c er of
t he engi ne.£dn a&ml&wﬁmﬁbemomttrmdmjmga@f%umged esempi r

whi ch contaiins a a D otalnl di esel formul ati an rior to

't roduoti gt ki RO CERG S A e A T
chanber of NG1d1E o o, QNG e 11e (Lelo el fBrmald on of
t he |nvent|o e prepared Th situ i1n reservolr romvx/m fuel
i s2fed int mieenvanhererml Seartb usdpvori teireg may Eo:mnmzdhut@ ttap addpdatiit,
aspect of the resent é;venti on, ther r.ovi dfg*egthe use of .a DAC,
in a diesel® LIt Rt BT Sorftthith AVER f HGSE ot

reduci ng the CFRRcOkchb@nft@amilat iodn chd @A&t hiaspeeh cRiQVifdRy the use
of a FAVE, in a diesel fuel 10fornulation cont aini ng a DAC, for the

pur pose of fosumdiatg arh@cCrRRRUGHT thve Yhe mulvanitgen, may foss &rdntar 3
aspect provj
di esel fuel® rg%%nut‘;lygft :%%ﬁ gﬁ%ea% gbdprnu?%{ogéeésg% (ﬁ%(\:/ﬁ ﬁ]ﬁ% of” ?:F?e

foepul ati omn HwbBudsmdnt ,adaey danmmeenwddrt itde ﬂm\mtv/@n om grAMEeand a
DAC can act together in a diesel fuel formnmulation to i rove |ts Iow

t enper at ur & B PRAGEL TP MEY £g 3R téhperatire (18 f
I nternal cbustd O sLRgie. 1 M Mﬂ?@ﬁt oflttéﬂecaﬂééﬂtfaocgtdaf may

sevent h aspects 20of the invention, the di esel fuel fornulation may
contain onderfmmr & Addizt idored i tes dl4% oV .conpdivem S iar dddia ild¥ to
t he FAME ang, .t he LAG It rE\E/lC}/ id]% gfa‘;icul ar be a winter grade diesel
fuel forrrula(tlon reqe nay for instance be for the
pugspose of redugihegd hecCERP dfs UBE, most suitably the

concentration of DEC in the formulation of the invention

is in the range of from 3 to 15% v/v. Where the DAC is



25formul ation to -10C or below, or to -15C or below, or to -20C or
bel ow, or to -25 or -30C or bel ow The CFPP of a fuel
formulation is the highest tenperature8at which a given volunme of the
formulation fails to pass through a standardised filtration device in
30a speci fimgg i@ c HehGo0! ek lt%d%ros%t aRdaLa18ed Condl LIRS et can
be assessed using a standard test nethod such as EN 116 or I'P 309 or
an anal og0Lfs:q1Te(§anq1}é3% T™er.princi pl e behind such tests |s that a -

14 - sanpl e of e for Iatl e ecified
condi tions and IT% drg nfg % bg E%@E g‘g gl Pg‘ﬁ 5§8uum
t hrough a ﬂoa:mdﬂfad:h_&ﬁﬂ iy G_’dfeihhsfudric@ bellFe-opr ezadune lls asepeat ed,

as the fuel_ continues to cool, for 5each 1C bel ow the fi rst test

t emPer at ur £XOTedtldg G0 loditi Mrednigm Bt 1t ke driduntToff iREX 2oy $Cal s
whi ch have jsepar@t ¢t P e foriguhati o, %I%IIH‘ fi.qi ent qt. q St@p or
sl ow down the flow, so that the tinme taken to fill the pipette
exceeds 60 fgwoodds :dr tichd :fluelItf aiays kteo 1r:ét mxnall@(mmmt@lly/ tloli.t s
source before it _has,caol ed, by rther I nt

venti on may bE% CRROCOTEARFLGE aHF ABYPBSIGP  SBGCEPBRLFR he CFPP

of the fuelcdrnemtratdiem oamctfpmm fz@1a tohe pwr r&@@e ffrmaQRite\Wnng wa 1 6hPP

at _or below a 15desired target val ue. y way of exanple, the

i n¥8nti on ﬁﬁjllbéyﬁ’éé‘@]tléf AERFES e t@IEPF‘O(’s:talt H’é‘ﬂg@ﬁﬁﬂeatl on by at

| east O. 3% ( n ] Lon of

t he DAC an e%itr\é%klv% l% [rduggt@ig‘ﬁg )cj)'rsp04 3; or by at 20l east

1 or 1.5% @ream:etrase:e: évewr t‘?;?s Zr/(yr o greBiear, mwor 8. or 9 orAll& ghitvh
aspect of the |nv |o ovi des the use DAC a di esel _fuyel
Forrel art ot giatm o R Bt et s O Ay o R, 30
concentr at kQwy, Oforauf‘g})'t% fAowradd dved vt e fer mokakti/en. A Rt For
as Eect pI’OVI des 25the use of a FAVE, in a diesel fuel fornul ation
Bai ni ng 1@sbaCCE & tfo@leﬁr Fsd o PERUEI/Ng (e Tesicdnratsi OF df a
cold fl ow d|t|v n ¥ S | t
use of a co |nat| on o%ﬂe Llfu a?%]% Bgézzﬁqa}vgl g)e%gltfr%%g\i D 2%%
formul ati ow,/«, orort tfe:o&O;Surtpn%%)fv/wedu@lngmdﬁe mm@ml@m ofi té
cold fl ow rmJI ation. cont ex of the
eighth to ’t §‘§5’ SRR AR &, St‘t’ré: ¥m Y
enbraces any de@ne® o 30%l% /v EHICERMEN inl %trmﬁmlroeﬂwarprmato it
zero. The reduction may for i nstance be 10% or nore of the ori gi nal
coll fl ow dddistilkabdondéntthe iremgsor2grem 3@ & 9%V /90% or nor e.
The reduction b r t o] (0] 5 d..f| ow
additive whi chn\!i\%&l gdaﬁﬁg?)\g\ngge%%a%%lbggﬁgl %gglgbér%gtte llgtth o] c'glkebft:'uel
formul ati omrivn f@raiercoﬁr@oammte\mlﬂdaealm dpar tuses :umndz eErefsErlmeies
required a d/or deS| red o ({ i he context of ,its i.ntended use.

This may f ﬁ’trfé’ﬁ(?ﬁ’ SEHOF MASRLF0&ddi ti ve

whi ch was o%%ﬁ"éts i rd)n”i ﬁQf'Bﬂa(td ANl Andhiad had galinsatjaraingt a
DAC and/or a AI\/ESeLouI d%bel' ulsed |r%t he way gg'r ovi ded a%étheyl%r gse%t

i n¥énti on, bend/ d{lmdcﬁmﬁa@qﬂthmhd@l@ d;ﬁté.rl\ﬂ,qagi@ log&es e uel
forrrulatlonlnt d rk f i | g t,
15pr| or to ¢ in %{ﬂ BA% (5)/ or ?tF%g 5 i E:rlcler#?)ase%glor @ege%ﬁftp%%%%lg

i nvention. It may H&ﬁﬁeﬁdﬂdﬁl&hﬁn derieaid mlmmmﬂ:txje&er danaeiit at i on

may be as conpared to the concentration of cold flow additive which
woul d be pr@itetedd o I98 eSS litomay be the product of a

Figcher-Tropsch condensation. It may be derived from a

—

30 biological source. It may be or include an oxygenate such
as an alcohol {in particular a Cl to C4 or Cl to C3

aliphatic alcohol, more particularly ethanol).



20achi eve a desired target CFPP for the formulation in the absence of
t he DAC and/or the FAME. The cold flow additive may be any
additive which is able to, or intendedste, inprove the cold flow
performance of the fuel fornulation, in particular by 25Iomering its
CFPP. Many suchj,ad e . n e ddle
distillate fIowﬁ?n%?gééﬁgn?%DEﬁggmgﬁgbagéngnﬁ#Egzt%?51 sgmRLaLy

(WASAs) sutlpids iet mueerxamgenﬁroac&m er A6ldy+tel ekidrcesirens; D86 or

pol yam des | ef in ester cqpolyne Such additives are
30conventi3ﬁglﬁ§ %ﬁ@%dde&tiﬂugae éitﬁié %@Wﬁhﬁapﬁéﬁ§r§§ 58tepe
i nprove theumpRer fIFBNeR 1Y |l0eWe-oheapeial biedr #dn! WS o ssMprove

the I ow tenperature operability of systens (typically vehicles)
runpi ng on fEeE Bdr kg &5 eFs.70.- 16 - In the context of the

present inventign f a Al | fuel .
formul ati on nea%sfpﬁggisgga |ﬁ§é§ % AC"8n ﬁo?ggvﬁﬁﬁtg ﬁ%yiﬁgnkain
formul ati op, ntiyiueal Ioff asrca ol end e bedd tpbysilcdiegieit Ehe)l Wi th one or
5nore ot her diesel fuel Qonponents The DAC and/or FAMVE w | |
convenientF?mQQHFHGGrﬁ&Féted before the formulation is introduced
into an engine @he%BﬁEeﬁ!%%%ﬂthhthé £8m ;awe%végp Rhglsoaﬂvkﬁ&' on.
Instead or in addition the use of a DAC and may I nvol ve

r uh®i ng a fogmud asom AgylGsysedihy b@pﬁ@&lwyvanrlgteﬁMaK combdst pon
engi ne, |e fuel fornmul atjon containin the C.and/or FAME,
typlcally g |nt%géucpﬁgofhngOrnuratloﬁblﬁFb 85“35?t|2¥ Shanmber of
an engi ne. gr@ﬁ&erOfIa RAC a@db@rtBADE%lm/bheowam@ desoki bed gb5akoyge

may al so enbrace supplying the DAC and/or FAME together with
"nstructi ofE £6r OFheD® [ i At GEPETEI { il "RaAnEFREPSR Lo tREnTaTEr

the purposggs) gf ame Qhehh%oEbLHBtE%nﬁh%fE%QtQn@iﬁ?ﬁbﬁ gk AR ramE

invention, 'in particular to reduce the CFPP ornmul ation. The
EMKSand/orCPmpEngemaylﬂhembel@é§ b@mp@pphmedlaé pantl ehyaopsiposiltion

whi ch b d/ ot intended f ]
uhi oh case PRE BAELRRIED! EAECHIY BN ndidadd LA s tUR EokoMpost i on

for the putpggesehti thkudatenge ts ebbhects on t he CFPP of a fuel
25f ornul at i on. In_the iresent context, "achjeving" a desired
target property®af¥8lefBFae atiognacrArdanenbedEent OV ARbLOBS -

i mprovi ng eaﬁgglgfehﬁgaat cE3p99tEy E'ﬂkﬁ %fD§~ &gw gbiﬂéé\'\fo pebgopsed

to produce a fuel "formulation which has ow a desired
t a2@et val ow, lowewh|om eihr5|ps albécCt er dolerf| ow pérfadbrianoe than a

desired ta Throu the scrlp on_an cIa| of this,
specificatﬁgw Tt h& WB c8ﬁprg§e é% ' 88nf” oz 749°C or

variation51@wekhezwoma§ nboe axéﬁbha p@@ﬁﬁruasmg Dand3)cgﬁpnbse86r
mean "including but not limted to", and do not exclude ot her

moi eties, &BHPEve%F, OfoRpOEeRt OF OREeg&r dowerst s OMPesFer LORE OF
f;ggﬁlg; eﬂB&EPaS%QS oEne19pLyr ah sugless ot Be copt Bxt _9hREr WiS8 gyer .
25 It may have a flash point (ASTM D92 or D93) of 35°C or
greater, or of 40 or 50 or 55°C or greater, or in cases
of 60 or even 65°C or greater.
The formulation of the invention should be suitable
for use in a compression ignition (diesel) internal
30 combustion engine. Such an engine may be either heavy or
light duty. The formulation may in particular be sultable

for use as an automotive diesel fuel.



particular, where the indefinite article is used, the specification
is to be understood as contenplating plurality as well as
singularity, unless the context requirgs otherw se. 10Preferred
features of each aspect of the invention nay be as described in

connecton W thank:obytleqdie, S8ReStnuotloLl eat ules gl ifg o

invention wll %econe apparent from' exanpl’es:
speaki ng t lapneentficon wd exds terianermeveldedneutomoanyaenodelsel
15conbi nation, of_the feature i scl.gsed in this speci fication

(i ncl udi ng ad PRSIy SIS ArndeRERWsHGY) 2STREs POELGESs,

| ntegers, Gl SipaldiCh 1 LANP BRI rehaR) Clr M@l Ahed¥i Gl 04RS
described in conjunction with a particul ar aspect, enbodi nent or
20eRanpl e % ke iEnventdedn et € AT B graeiest 1t,0 figer ayss ilsable to

any ot her [ I ri_bed_herei | ess

i nconpat i b%@é&% %eén\%rcelﬁn es?% %‘t%és:?ie I%OSL e%ﬁ%&:&&%ﬂy feature
di scl osed Iseregidinamy che repl aced by an alternative feature serving

t he sanme or 25a sigila %u%§¥§gé TEe Eresent invention will now
be further described® RPEREBLEo THE £OFIYWRRYCRONAYI RPL i ng
exanpl e. BExanRla®1lk H&R JddigleJorFHH aldeons AeCAndhRG L1t BRs oil,

i nvention 30were prepared by bl endi ng various concentrations of

raplseed methys &sOCOMeERNE heddigidetliy!. carbonate (DEC) with a di esel
base fuel DBF. . .18 - . The .bhase f DBE S.a.comercia

avai |l abl e Smedigﬁecgggguﬁa5ﬁgge%lggsguﬁggk}§e§9 BE%IW}tﬁo?ﬁﬁﬁéfgga¥or
use in col derrenitmatescandl dirisailnifngla spelcdtfiivelty ohi (gh coreerlsr &oiron
of aromatic hydrocarbons. It had a 5CFPP (I F 309% of -37C and a cl oud
poi nt ( ASTRFEEPES) EBF 22863 fony ERgere!)d&fsiASFMaP 752 EOASHREDIE32). of

813. 7 kg/”%y‘%%-'@ﬁiéﬂaﬂﬂyéj'H%dyaﬁ@féﬂﬁﬂ%ﬁgéﬁbtqgnﬂﬁéﬁcha%éT%5
boili ng point (ASTM D86) of 2862C, a final boiling point (ASTM D86)
of 12942C, ﬁﬁm§é§wrédC®e@§ﬁbtmuﬁﬂérk@AﬁﬁNﬁlOEﬁiS)(6$T56Dgoéadoa EN

s sour ced T OR AT Snd e DaL e S8t orA AT AP En TR F59 RS
properties ofr gcguer 9edd;n al aldagut-ddelc@antablebkr Raeper Dr1Eesbs
method RVE SIZELS to%\:r g%%gtt%r%t; (a%kV:!LI/nve\el)maltz:ly clgfr%.%%:ogs% tg)/e rélﬁ:i t4¥) 0@ ]'(SAZSC'I:‘&k %/42%)
or EN ISO 3104) from 2 to 4.5 centistokes; a sulphur
20 content (ASTM D2622 or EN IS0 20846) of 50 mg/kg or less;
and/or a polycyclic aromatic hydrocarbons (PAH) content
(IP 391 (mod)) of less than 11% w/w. Relevant
specifications may however differ from country to country
and from year to year, and may depend on the intended use
25 of the formulation. Moreover a formulation according to
the invention may contain fuel components with properties
outside of these ranges, since the properties of an
overall blend may differ, often significantly, from those
of its individual constituents.
30 The relative concentrations of the components (1) to
(iii) may be chosen to achieve desired properties for the

formulation as a whole, for example a desired maximum

cloud point and/or a desired minimum flash point, and/or



| F 365 883.3 Viscosity @402C(mm®2/s) IF 71 4.463 Flash point(2C) IF
34 170 Water content (nmg/kg) UK 3367 215 Total contam nation
(particulates)(nmg/kg) IF 440 1.6 -idation stability
(Ranci mat Tm, 1102C( hours) EN 14112 8.9 Acid value (ng KOH g) I F 139

0,151 P10, 8 R0, A AR ENBAER HE el et R
concentrations will also depend on the physicochemical
properties of the individual components. Appropriate
concentrations may be calculated by applying suitable

5 blending rules to the properties (for example the
densities or viscosities) of the individual components,
and may be visualised using a three-way composition plot.

A fuel formulation according to the invention may
contain standard fuel or refinery additives which are

10 suitable for use in diesel fuels. Many such additives are
known and commercially available,

According to a second aspect of the present
invention, there is provided a diesel fuel supplement for
use in a diesel fuel formulation, the supplement

15 containing (i) a FAME, such as RME, and (ii) a DAC, such
as DEC or DBC. Thug, for example RME may be premixed with
DEC and then added to one or more diesel fuel components,
such as a component (iii) of the type described above, in
order to prepare a diesel fuel formulation.

20 According to a third aspect, there is provided a
process for the preparation of a diesel fuel formulation,
which process involves blending together (i) one or more
FAME components wherein the FAME component or mixture of
FAME components has <50% saturates, (ii) a DAC and (iii)

25 one or more additional diesel fuel components, optionally
with one or more fuel additives. The process may be used
to produce at least 1,000 litres of the fuel formulation,
or at least 5,000 or 10,000 or 25,000 litres, or at least
50,000 or 75,000 or 100,000 litres.

30 In an embodiment of the third aspect of the
invention, the FAME and DAC are premixed in an
appropriate volume ratio, and the mixture then blended

with the additional fuel component(s) (iii). The FAME/DAC



<0. 01 Monogl yceride content (% w w) CEN 14105 0.76 Diglyceride
content (% ww) CEN 14105 0.13 Triglyceride content (% ww) CEN 14105
<0.01 Level of saturation (% ww EN-14203 8.0 - 19 - The
CFPPs of the prepared fornulations and of the RVE, DEC and base

Iggtl t\é\e;reg*;% I n Ta e g&b%trgav%dqﬁegtﬁ %%@o@eﬁ%a?%ﬁeﬁ% s)

v/ v) RMNE coficient redt iorcdrigar tr)atGEPP(O®) W Go I0R B R Hesadb dn the

product fuel formulation, or at a concentration of up to
40 or 35 or 30 or 28 or 25 or 22 or 20% v/v, or of up to

5 15 or 10% v/v. It may be blended at a concentration of 1%
v/v or greater based on the product formulation, or of 2
or 3 or 4 or 5% v/v or greater, or in cases of 6 or 7 or
8 or 9 or 10% v/v or greater. Adding the DAC to the FAME
can, by reducing its CFPP and cloud point, help to

10 improve its low temperature handling and storage
properties.

A fourth aspect of the invention provides a method
of operating an internal combustion engine, and/or a
vehicle which is driven by an internal combustion engine,

15 which method inveolves introducing into a combustion
chamber of the engine a diesel fuel formulation according
to the first aspect of the invention or a diesel fuel
supplement according to the second aspect. The engine is
sulitably a compression ignition (diesel) engine. Such a

20 diesel engine may be of the direct injection type, for
example of the rotary pump, in-line pump, unit pump,
electronic unit injector or common rail type, or of the
indirect injection type. It may be a heavy or a light
duty diesel engine.

25 The fourth aspect of the invention also embraces
introducing a DAC, such as DEC or DBC, into a reservoir
which contains an a FAME-containing diesel fuel
formulation, eg an RME-containing diesel fuel
formulation, prior to introduction of the resultant

30 mixture into a combustion chamber of the engine. It alsgo
embraces introducing a FAME into a reservolr which
contains a a DAC-containing diesel fuel formulation,

prior to introduction of the resultant mixture into a
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combustion chamber of the engine. In other words, the
diesel fuel formulation of the invention may be prepared
in situ in a reservoir from which fuel is fed into an
internal combustion engine.

According to a fifth aspect of the present
invention, there is provided the use of a DAC, in a
diesel fuel formulation containing a FAME, for the
purpose of reducing the CFPP of the formulation. A sixth
aspect provides the use of a FAME, in a diesel fuel
formulation containing a DAC, for the purpose of reducing
the CFPP of the formulation.

A seventh aspect provides the use of a combination
of a FAME and a DAC, in a diesel fuel formulation, for
the purpose of reducing the CFPP of the formulation.

Thus, in accordance with the invention, a FAME and a
DAC can act together in a diesel fuel formulation to
improve its low temperature properties and/or its low
temperature performance in an internal combustion engine.

In the context of the fifth to the seventh aspects
of the invention, the diesel fuel formulation may contain
one or more additional diesel fuel components in addition
to the FAME and the DAC. It may in particular be a winter
grade diesel fuel formulation. The relevant use may for
instance be for the purpose of reducing the CFPP of the
formulation to -10°C or below, or to -15°C or below, or
to —20°C or below, or to -25 or -30°C or below.

The CFPP of a fuel formulation is the highest
temperature at which a given volume of the formulation
fails to pass through a standardised filtration device in
a specified time, when cooled under standardised
conditions. It can be assessed using a standard test
method such as EN 116 or IP 309 or an analogous

technique. The principle behind such tests is that a
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fuel / RVE bl ends generally increase wth increasing RVE concentrati on.
For this base fuel, and in respect of GFPP, the effect of the DEC
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The present invention may be used to achieve any
degree of reduction in the CFPP of the fuel formulation,
and/or for the purpose of achieving a CFPP at or below a

15 desired target value.

By way of example, the invention may be used to
reduce the CFPP of the formulation by at least 0.3% of
its value (expressed in Kelvin) prior to addition of the
DAC and/or the FAME, or by at least 0.5 or 0.8%, or by at

20 least 1 or 1.5% or in cases even by 2 or 5 or 8% or more.

An eighth aspect of the invention provides the use
of a DAC, in a diesel fuel formulation containing a FAME,
for the purpose of reducing the concentration of a cold
flow additive in the formulation. A ninth aspect provides

25 the use of a FAME, in a diesel fuel formulation
containing a DAC, for the purpose of reducing the
concentration of a cold flow additive in the formulation.
A tenth aspect provides the use of a combination of a
FAME and a DAC, in a diesel fuel formulation, for the

30 purpose of reducing the concentration of a cold flow
additive in the formulation.

In the context of the eighth to the tenth aspects of

the invention, the term “reducing” embraces any degree of
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-5 The surprising CFPP results in Table 2 suggest that there
may be a synergistic interaction betwekh t+he DEC and the RVE in the
base fuel. The effect seens to be 15particularly great at DEC and RVE
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Crpes, of 2000 L s S0t 1o L pal i ek, ester
DEC/ FAVE/ DB eblreidis tikrneachy ¢rS@sakenpardeld to the concentration of
5 cold flow additive which would otherwise have been
incorporated into the fuel formulation in order to
achieve the properties and performance required and/oxr
desired of it in the context of its intended use. This
may for instance be the concentration of cold flow
10 additive which was present in the formulation prior to
the realisation that a DAC and/or a FAME could be used in
the way provided by the present invention, and/or which
was present in an otherwise analogous fuel formulation
intended (e.g. marketed) for use in an analogous context,
i5 prior to adding a DAC and/or a FAME to it in accordance
with the invention.

The reduction in cold flow additive concentration
may be as compared to the concentration of cold flow
additive which would be predicted to be necessary to

20 achieve a desired target CFPP for the formulation in the
absence of the DAC and/or the FAME.

The cold flow additive may be any additive which is
able to, or intended to, improve the cold flow
performance of the fuel formulation, in particular by

25 lowering its CFPP. Many such additives are known; they
include for example middle distillate flow improvers
(MDFIs) and wax anti-settling additives (WASAs) such as
ethylene vinyl acetate, poly-olefin esters, polyamides
and olefin ester copolymers. Such additives are

30 conventionally included in diesel fuel formulations so as
to improve their performance at lower temperatures, and
thus to improve the low temperature operability of

systems (typically vehicles) running on the formulations.
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10 system, typically an internal combustion engine, on a
diesel fuel formulation containing the DAC and/or FAME,
typically by introducing the formulation into a
combustion chamber of an engine.

“Use” of a DAC and/or FAME in the ways described

15 above may also embrace supplying the DAC and/or FAME
together with instructions for their use in a diesel fuel
formulation to achieve the purpose(s) of any of the fifth
to the tenth aspects of the inventlon, in particular to
reduce the CFPP of the formulation. The DAC and/or FAME

20 may themselves be supplied as part of a composition which
is suitable for and/or intended for use as a fuel
additive, in which case the DAC and/or FAME may be
included in such a composition for the purpose of
influencing its effects on the CFPP of a fuel

25 formulation.

In the present context, “achieving” a desired target
property also embraces - and in an embodiment involves -
improving on the relevant target. Thus a DAC and/or FAME
may be used to produce a fuel formulation which has a

30 CFPP below a desired target value, or which exhibits a
better cold flow performance than a desired target.

Throughout the description and claims of this

specification, the words “comprise” and “contain’ and
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requires otherwise.

10 Preferred features of each aspect of the invention
may be as described in connection with any of the other
aspects. Other features of the invention will become
apparent from the following examples. Generally speaking
the invention extends to any novel one, or any novel

15 combination, of the features disclosed in this
specification (including any accompanying claims and
drawings). Thus features, integers, characteristics,
compounds, chemical moieties or groups described in
conijunction with a particular aspect, embodiment or

20 example of the invention are to be understood to be
applicable to any other aspect, embodiment or example
described herein unless incompatible therewith. Moreover
unless stated otherwise, any feature disclosed herein may
be replaced by an alternative feature serving the same or

25 a similar purpose.

The present invention will now be further described
with reference to the following non-limiting example.
Example 1

Diesel fuel formulations according to the invention

30 were prepared by blending various concentrations of
rapeseed methyl ester (RME) and diethyl carbonate (DEC)
with a diesel base fuel DBF.



P 71 4.466 Flash point(2C) IP 34 165.5 Water content (ng/kg) UK 3367

210 Total contam nation (particulates)(ng/kg) IP 440 3.4
Oxidation stability (Rancimatl m, 1102C{#hours) EN 14112 7.0 Acid val ue
(my KOH/ g) I P 139 0.22 |odine value (g/100g) |IP 84 EN 14111 112

content (%) CENCTAT06 S0, T REnSaryer P ae et eat (Yowiare
Swedish Class I diesel base fuel, ex. Shell, formulated
for use in colder climates and containing a relatively
high concentration of aromatic hydrocarbons. It had a
5 CFPP (IP 309) of -37°C and a cloud point (ASTM D5773) of

—-36°C. It had a density at 15°C (ASTM D4052) of 813.7

kg/m3, an initial boiling point (ASTM D86) of 181¢C, a

T95 boiling point (ASTM D86) of 2862C, a final boiling
point (ASTM D86) of 294°C, a measured cetane number (ASTM

10 D613) of 56.3 and a kinematic viscosity at 40°C (ASTM
D445) of 1.96 mm2/s.
The RME was sourced from ADM and the DEC from Sigma
Aldrich, UK. The RME properties are summarised in Table 1

below.
Table 1
Property Test RME
method
Ester content (% w/w) EN 14103 99
Density @ 15°C (kg/m3) IP 365 883.3
Viscosity @ 402C {mm?/s) Ip 71 4.463
Flash point (2C) Ip 34 i70
Water content (mg/kg) UK 3367 215
Total contamination IP 440 1.6
(particulates) (mg/kg)
Oxldation stability EN 14112 8.9
(Rancimat™), 110%C (hours)
Acid value (mg KOH/g) IP 139 0.16
Iodine value {(g/100g) IP 84 117
EN 14111
Linolenic acid methyl ester EN 14103 9.82
(C1l8:3) (% w/w)
Methanol content (% w/w) CEN 14106 <0.01
Monoglyceride content CEN 14105 0.76
(% w/w)
Diglyceride content (% w/w) CEN 14105 0.13
Triglyceride content (% w/w) | CEN 14105 <0.01
Level of saturation (% w/w) EN 14103 8.0




CEN 14105 0.44 Diglyceride content (% ww CEN 14105 0.09
Triglyceride content (% ww CEN 14105 0.02 Level of saturation
(%vw) EN 14103 6.88 23 - The- CH’Ps of the prepared
formul ati ons, and of the RVE2, DEC and base fuel (DBF2), were
measur ed usi ng ar, t I |- es s _ar hown
in Table 6 beIo%B%ng%%g6O% EE% gg%@%%%?a??%ﬁg%@ggﬁ9%’1%§§E5% End
concent r at iIRME,( BBY endCERR(COf 10 w4 <2 nfea@uzrd4 bs@ngd. She32thndard

test method IP 309. The results are shown in Table 2

below,
Table 2
DEC RME CFPP (°C)
concentration | concentration
(3 v/v) (% v/v)

0 0 -37
2.5 2.5 -36

5 0 -37

0 5 -35

5 5 -39
10 0 -38

0 10 -20
10 10 -41

0 15 -20
15 15 -21

0 25 -21
25 25 -21
100 0 < -63
0 100 -5

5 It can be seen from Table 2 that the CFPPs of base

fuel/RME blends generally increase with increasing RME
concentration. For this base fuel, and in respect of
CFPP, the effect of the DEC addition diminishes above 10%
v/v; 1t is believed that for other formulations, and in
10 respect of other properties, such amounts are still
useful. However, generally it is found that at any given
RME concentration the addition of an ecual volume of DEC
lowers the CFPP of the blend.
Surprisingly, the use of a 1:1 v/v blend of DEC and
15 RME in the base fuel can give CFPP values even lower than
those which result from blending the base fuel with DEC
alone at the same concentration as in the 1:1 blend.
Bearing in mind the high CFPP of RME alone compared to

DEC, it would have been expected that such an
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0 -350 10 -23.5 10 10 -38 5 10
- 20 -
RME/DEC/base fuel blend would have a higher CFPP, at any
given DEC concentration, than a binary DEC/base fuel
blend. In other words, it would have been expected that
the FAME would dominate the CFPP characteristics of the
5 RME/DEC/base fuel blend, as indeed it has been shown to

do for cloud points. For reference, the cloud points
(ASTM D5773) of the prepared formulations, or in cases of
freshly prepared blends containing the same
concentrations of DEC, RME and DBF, are shown in Table 3

10 below.

Table 3
DEC RME Cloud point
concentration | concentration {°C)
(% v/v) (% v/v)
0 0 -36
2.5 2.5 -35
5 0 -37
0 5 -33
5 5 -34
10 0 -37
Q 10 -31
10 10 -33
100 Q < -63
0 100 -5

The surprising CFPP results in Table 2 suggest that
there may be a synergistic interaction between the DEC
and the RME in the base fuel. The effect seemg to be

15 particularly great at DEC and RME concentrations from
about 2.5 to 10% v/v, le at total oxygenate
concentrations from about 5 to 20% v/v.

The same effect is not observed for all FAMEs.

Although DEC has been found to reduce the CFPPs of

20 FAME/DBF blends containing either palm oil methyl ester
{POME) or tallow methyl ester {(TME), the CFPPs of the
ternary DEC/FAME/DBF blends in each case are still
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points. Fo
Using the DEC and the RME together in a diesel fuel
10 formulation makes it easier to tailor the formulation to
fit with relevant standards or to meet desired
specification targets, in particular for winter grade
fuels which face more stringent CFPP specifications than
summer grade fuels.
15 For example, the Table 2 RME/DEC/base fuel
formulations containing from 5 to 20% v/v total oxygenate
{(RME + DEC) would all comply with winter grade fuel
specifications in a wide range of countries, as regards
their CFPP and cloud point values. The maximum specified

20 winter grade CFPPs and cloud points for a number of

geographical regions are shown in Table 4 below.

Table 4
Region Max cloud | Max CFPP (°C)
point (°C)
Norway (arxrctic) -22 ~32
Norway (non-arctic) -15 -24
Sweden -16 -26
Finland -16 -26
Denmark None -20
Canada (Toronto) -20 None
Canada (Western) -34 to -37 None

Example 2
Diesel fuel formulations according to the invention

were prepared by blending various concentrations of



10reference, the cloud points (ASTM D5773) of the prepared

formul ations, or in cases of freshly prepared bl ends containing the

same concentrations of DEC, RME2 and-DBF2; are shown in Table 7

bel ow. Table 7 DEC concentration (% v/v) RVE2 concentration (% v/v)

C|3gug POI Nt AL 1ietfinA 2l 37 HUES) O sttt e ndr1® cadbonale 3623
with a diesel base fuel DBF2.

The base fuel was a commercially available Swedish
Class I diesel base fuel, ex. Shell, formulated for use
5 in colder c¢limates and containing a relatively high
It had a CFPP

of -

concentration of aromatic hydrocarbons.
(IP 309) of -34°C and a cloud point (ASTM D5773)
36°C. It had a density at 15°C (ASTM D4052) of 814 kg/m3,
(ASTM D86) of 1812C, a T95

of 285¢eC,

an initial boiling point
10 boiling point (ASTM D86)
(ASTM D86) of 296°C,

of 52.5 and a kinematic viscosity at 402C

a final boiling point
a measured cetane number (ASTM D613)

{(ASTM D445) of

1.86 mm2/s.
The RME was sourced from ADM and the DEC from Sigma

15 Aldrich, UK. The RME properties are summarised in Table 5
below.
Table 5
Property Test RME2
method
Ester content (% w/w) EN 14103 99
Density @ 152C (kg/m3) IP 365 883.4
Viscosity @ 40eC (mmZ/s) Ip 71 4.466
Flash point (°C) IP 34 165.5
Water content (mg/kg) UX 3367 210
Total contamination IP 440 3.4
(particulates) (mg/kg)
Oxidation stability EN 14112 7.0
(Rancimat™), 1102C (hours)
Acid value (mg KOH/g) IP 139 0.22
Iodine value (g/100g) IP 84 112
EN 14111
Linolenic acid methyl ester EN 14103 9.8
(C18:3) (% w/w)
Methanol content (% w/w) CEN 14106 <0.01
Monoglyceride content CEN 14105 0.44
(% w/w)
Diglyceride content (% w/w) CEN 14105 0.09
Triglyceride content (% w/w) | CEN 14105 0.02
Level of saturation (%w/w) EN 14103 6£.88
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The CFPPs of the prepared formulations, and of the
RMEZ2, DEC and base fuel (DBF2), were measured using the
standard test method IP 3092. The results are shown in

Table 6 below.

Table 6
DEC RME2 CFPP (°C)
concentration | concentration
(% v/v) (% v/v)
0 0 -34
2.5 0 -34.5
0 2.5 -32.5
2.5 2.5 -32.5
3 0 -35
0 3 -32.5
3 3 -35
5 0 -34.5
0 5 -30
5 5 -38
10 0 -35
0 10 -23.5
10 10 -38
5 10 -40
10 5 -35
12 0 ~-35
0 12 -21.5
i2 12 -39
15 0 -36.5
0 15 -19.5
i5 15 -49
5 It can be seen from Table 6 that the CFPPsg of base

fuel/RME blends generally increase with increasing RME
concentration. Here the positive effect of DEC addition
on CFPP extends to concentrations of 15% v/v. Again at
any given RME concentration the addition of an equal
10 volume of DEC lowers the CFPP of the blend.
Surprisingly, the use of a 1:1 v/v blend of DEC and
RMEZ in the base fuel can give CFPP values even lower

than those which result from blending the base fuel with
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seens to be particularly great at DEC and RME concentrations from 3

50 19% Vi ped @12ind gkl iQUBERALS: RaDGSAIR os 1LY ARARQY! 13 b 30%

v/v. The DEC has nore of an I npact, her Fhe'total Teve
oxygenat e. oW teh 2r:dspdengd @ lme 1CR &Jé.@uuldtsae!ar{aalgi én’/mitide threeddgbe of

nore than edyces the CP of a E di esel nd conpar ed
to the 10eg;§gpé/al % L?#é)n(ﬁ FREET iHCs X % iy 8’9@&2]1 %ﬁﬁ@ 3
Di esel fuelexficRE@IUHRAS sAEIOEN MUY DERY HaRWe FlileQn HARES Rb@@@r)ed by
bl endi ng various concentrations of rapeseed nethyl ester (RMVE2)from

Exafipl e 2 #trlgi Bava a1 Sdehisen &FETDBE) amivt Iiycei OF€ coasentyeltipBr2
from Exa”PBE a binalf o g&?%ﬁgz £08 RIeRdY ed.f gft%&awogg ,S%'%‘Ed of

t he RMVE2 and base “fu wer e neasur ed usi ng andard
test net hodfquRdS(B&veT[’m@ememdptes:tm télzawthien F2AGFEabbeld kdemawatEabhhe 8
DEC concen%%%y %a %E%@ylsﬁg%% C%nt%gf%i&b%%C/base fuel blend, as
indeed it has been shown to do for cloud points. For
10 reference, the cloud points (ASTM D5773) of the prepared
formulations, or in cases of freshly prepared blends
containing the same concentrations of DEC, RME2 and DBF2,

are shown in Table 7 below.

Table 7

DEC RMEZ2 Cloud

concentration | concentration | point
(% v/v) (% v/v) (°C)
0 0 -36
2.5 0 -37
0 2.5 -34
2.5 2.5 -34
3 0 ~36
0 3 -33
3 3 -33
5 0 -37
0 5 -30
5 5 -33
10 0 -37
0 10 -30
10 10 -32
5 10 -32
10 5 -34
i2 0 -37
0 12 -30
12 12 -32
15 0 =37
0 15 -28
15 15 -31




(% v/v) CFPP(C) 0 0 -34 2.5 0 -34.

5025-32.52.525-32.530 -35
03-32.533-32.550-3505-3055 -
- 2

34
5 -

The surprising CFPP results in Table 6 suggest that
there may be a synergistic interaction between the DBC
and RME in the base fuel. The effect seems to be
particularly great at DEC and RME concentrations from 3

5 to 15% v/v, ie at total oxygenate concentrations from
about 6 to 30% v/v. The DEC has more of an impact, the
higher the total level of oxygenate. With respect to the
CP results in Table 7, the presence of more than 5% v/v
DEC reduces the CP of a FAME/diesel blend compared to the

10 equivalent volume of FAME on its own in diesel.
Example 3

Diesel fuel formulations according to the invention
were prepared by blending various concentrations of
rapeseed methyl ester (RME2)from Example 2 and dibutyl

15 carbonate (DBC} with a diesel base fuel DBF2 from Example
2.

The CFPPs of the prepared formulations, and of the
RME2, DBC and base fuel (DBF2), were measured using the
standard test method IP 309. The results are shown in

20 Table 8 below.

Table 8
DBC RMEZ2 CFPP (°C)
concentration | concentration
(% v/v) (% v/v)
0 0 -34
2.5 0 ~34.5
0 2.5 -32.5
2.5 2.5 -32.5
3 0 -35
0 3 -32.5
3 3 -32.5
5 0 -35
0 5 ~-30
5 5 -34
10 0 -35
0 10 -23.5




10 0 -35 0 10 -23.5 - 26 - DEC concentration (% v/v) RVE2
concentration (%v/v) CFPP(C) 10 10 -41 12 0 -35.5 0 12 -21.5 12 12
-41 15 0 -35.5 0 15

10

For reference,

- 26 -
DBC RMEZ2 CFPP (°Q)
concentration | concentration
(% v/v) (% v/v)
10 10 -41
12 0 -35.5
0 12 -21.,5
12 12 -41
15 0 -35.5
0 15 -19.5
15 15 -39
the cloud points (ASTM D5773) of the

prepared formulations,

or in cases of freshly prepared

blends containing the same concentrations of DBC, RME2
and DBF2,

are shown in Table 9 below.
Table 9
DRC RME2 CP (9C)
concentration | concentration
(% v/v) (% v/v)
0 0 ~36
2.5 0 -36
0 2.5 -37
2.5 2.5 -34
3 0 -37
0 3 -33
3 3 -34
5 0 -37
0 5 -30
5 5 -33
10 0 -36
#] 10 -30
10 10 -32
12 0 -37
#] 12 -30
12 12 -31
15 0 -37
0 15 -28
15 15 -30

The surprising CFPP results in Table 8 suggest that
there may be a synergistic interaction between the DBC

and RMEZ in the base fuel. The effect seems to be
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prepared fornmul ations, or in cases of freshly prepared bl ends

contai ning the sane concentrations of PEG. RME2 5and DBF2, are shown
in Table 9 bel ow. Table 9 DBC concentration (% v/v) RME2

go?gsn})r at iﬁ%{}t(i%u\ﬂa@lf%(rgato aQ: 'D’gt %ni’i Q%M'E.%G c%n%e%t'r%ﬁ:i%r% 2JE'r%m' %4 3
to 15% v/v, le at total oxygenate concentrations from

about 10 to 30% wv/v.

The DEC hag more of an impact, the higher the total level
5 of oxygenate. With respect to the CP results in Table 9,

the presence of more than 3% v/v DBC reduces the CP of a

FAME/diesel blend compared to the equivalent volume of

FAME on its own in diesel.
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CLATITMS

L. A diesel fuel formulation containing (i} one or more
fatty acid methyl ester (FAME) components wherein the

FAME compornent or the mixture of FAME components has <50%

w/w saturates, (il) a dialkyl carbonate (DAC) and (1ii)
5 an additional diesel fuel component.
2. A fuel formulation according to claim 1, wherein the

concentration of component (i) is in the range of from

3.0 to 15% v/v.

3. A fuel formulation according to claim 1 or claim 2,
10 wherein component (i) is rapeseed methyl ester (RME).
4. A fuel formulation according to any one of claims 1

to 3, wherein the DAC is diethyl carbonate (DEC) in a
concentration in the range of from 3.0 to 15% v/v.
5. 4 fuel formulation according to claim 3 and claim 4,

15 wherein the combined concentration of the RME and the DEC
is in the range of from 6 to 30% v/v.
6. A fuel formulation according to any one of claims 3
to 5, wherein the volume ratio of the RME to the DEC is
in the range of from 2:1 to 1:2.

20 7. A fuel formulation according to claim 6, wherein the
volume ratio of the RME to the DEC is 1:1.
8. A fuel formulation according to any one of claims 1
tce 3, wherein the DAC 1s dibutyl carbonate (DBC) in a
concentration in the range of from 5.0 to 15% v/v.

25 9. A fuel formulation according to claim 3 and claim 8,
wherein the combined concentration of the RME and the DBC
is in the range of from 10 to 30% v/v.
10. A fuel formulation according to c¢laim 9, wherein the

volume ratic of the RME to the DBC is 1:1.



15 0 -37 0 15 -28 15 15 -30 The surprising CFPP results in
Tabl e 8 suggest that there may be a syafergistic interaction between
the DEC 10and RVE2 in the base fuel. The effect seens to be - 27 -
particularly great at DEC and RME2 concentrations from5 to 15%v/v,

ie at total ;0xygepgLe %BQEIEEE%EEOEEcEEﬁghgb‘BHt fxgvéﬁegg%’o ¥y The

DEC has nore of an I npact Igher 't ot al oxygenat e.
Wth respegireceding CHariesyl tdriich Talsl e @olﬁhélﬂtesepdaggﬁngnpeinhan

3% v/v DEC r es the CP of F i_esel n ared to the

equi val ent %%%ﬁeaﬁ‘f AT TS %[Ys%iﬁﬁu o & esé% ¢ Wg?’?’gr-' 28 -
CLAIMS 1. 1A di gsehekuel rhenmibgbil efesentair-ni.Be ﬁh) aoBeegeINBHELIf At tY
acid methyl ester (FAME) conponents wherein the FAVE conponent or the

m xPure of fPAWRleGHSEnes FappleseubncAndFigiaged 1) ( AiL) lgagitarre
car bonat o (00 AR (L) S adionpl, el Lucl .comong, 2. A
ation a

fuel foinu cor m1, wherein the concentration
conponent (L3). | & dhetbhd Ea&gesubpﬁemans st 0la%%ed/ ¥n claim 12, 3 A
fuel fornul ation accordlng to claim1 qr. claim?2, 1Qwherein conponent
(i) is rap@&%égl stiér FRfEPRd 411iA PFE! P5r#& i &' ng
to any onergfc. clalms 1 to 3, wherein the DAC is diethyl carbonate
(DEC) in a concentration in the range of from3.0 to 15% v/ v.

5.1 fuel ﬂérnuﬂapréﬁeéécépalﬁ@et@r@pérﬁtsoanéfcﬁaﬂﬁﬁ&ellgﬂﬁére|n t he

conbi ned C%%?r%%ga%k %uel%rl e i ﬂq@%l?%% oS el bl ¢ %%%%e}%; (dhom

6 to 30% v/V atlon accor t o any “one ins 3
to 5, wheremna tdie mvalaumeMEAtdcpehantts lezrlérte(int hﬂeDE@MlES dompionentaonge
of from2:1 to 1:2. 207. A fuel fornulatiao ccordln to cl ai

.0,
wher ei n t hBLTSIEfe HEFPYEL RO L Yot e TBRCHY FALUTEEER 1 )

formul ati omaCeerding 10 ARY ANGdle %Li@ﬁ&o%latlo dfies\éflerf@e'l the DAC is
di butyl carbonate (DB ) in a concentration in the range of from5.0

t 0135% v/ v compomenasf, uep tfiomadllat verrhacser @itngore dugilmagiddid velsai m
8 wherein,he gonbiged senagntration.af she RIE aRichae:BRCekaiha,

the range of ‘from
and/or a vehicle which is driven by an internal

combustion engine, which method involves introducing into
a combustion chamber of the engine a diesel fuel

20 formulation according to any one of claims 1 to 11 or a
diesel fuel supplement according to claim 12 or claim 13.
16. Use of a DAC in a diesel fuel formulation containing
a FAME, for the purpose of reducing the CFPP of the
formulation.

25 17. Use of a FAME in a diesel fuel formulation
containing a DAC, for the purpose of reducing the CFPP of
the formulation.

18. Use of a combination of a FAME and a DAC in a diesel
fuel formulation, for the purpose of reducing the CFPP of

30 the formulation.

19. Use of a DAC in a diesel fuel formulation containing
a FAME, or of a FAME in a diesel fuel formulation

containing a DAC, or of a combination of a FAME and a DAC



10. A fuel formulation according to claim9, wherein the volunme ratio
of the RME to the DBCis 1:1. - 29 - 3d.-A fuel fornulation
according to any one of the preceding clainms, which has a cold filter
pl uggi ng point (CFPP) as neasured by EN 116, of -10C or | ower.

12. A diesgl, fy fu@l@%‘é@.plfpu@n% E:Qrﬁ;llé%q.ohn god E@El {90l ol Qremyly ﬁhh?g

t he suppl enent containing (i |'east ‘one F onponent "havi ng 8%)
w w sat ur at:és Gmm¢aﬁdﬁhtaoBA©f al&old dilesekdboel veuppl eiment as
claimed in I%TgliZ which contains (i) RME and (ii) DEC, or (i) RVME
and (ii) R-process for the preparation of a diesel fuel
formul ati on, which process involves blending together (i) one or nore
FAME conponents wherein the FAME conponent or m xture of FAME
conponents has -.50% w w saturates, (ii) a DAC and (iii) one or nore
addi ti onal diesel fuel 15conponents, optionally with one or nore fuel
additives. 15. A nethod of operating an internal conbustion engine,
and/or a vehicle which is driven by an internal conbustion engine,

whi ch net hod i nvol ves introducing into a conmbustion chanber of the
engi ne a diesel fuel 20fornulation according to any one of clains 1
to 11 or a diesel fuel supplenent according to claim12 or claim13.
16. Use of a DAC in a diesel fuel formulation containing a FAME, for
t he purpose of reducing the CFPP of the fornulation. 2517. Use of a
FAME in a diesel fuel formulation containing a DAC, for the purpose
of reducing the CFPP of the fornulation. 18. Use of a

conbi nation of a FAME and a DAC in a diesel fuel formulation, for the
pur pose of reducing the CFPP of 30the forrmulation. 19. Use of a DAC
in a diesel fuel fornulation containing a FAME, or of a FAME in a

di esel fuel formulation containing a DAC, or of a conbination of a
FAME and a DAC - 30 - in a diesel fuel formulation, for the purpose
of reducing the concentration of a cold flow additive in the
formul ati on.



