- 1 - D ESEL FUEL FORMUJLATI ON CONTAI NI NG FATTY ACI D METHYL ESTER AND
DI ALKYL CARBONATE Field of the Inventiod ~ This invention
relates to diesel fuel fornmulations, their preparation and their use,
and to the use of certain nmaterials in diesel fuel formulations for
new 5pur posesprBaekgrogndrdorMthaTIONEeDdNOAINING FAbDYtA€IDNUETE8LS Of
the environnment, and to conply with increasingly stringent regul atory
demands, it is necessary t%ﬂ%%rpéﬁéé)lt%ﬂn&ﬁﬂBQNMﬂi of uel s used in
10aut onoti ve fuel s. Bi of uel s are conbustible fuels, typically
derived from bi ol ogi cal sources, which result in a reduction in

"wel | -to- wieellg!' dfi .te fIrorargduirce t o conbustion) greenhouse gas

em ssions. In diesel fuels for use in 15conpression._i %ni ti Qn engi nes,

the nost conmon TBit6f d8VENAFETF ZELFLASI GOnELRYE ledtiEls TOEAVESF 180Eh as
rapeseed matfyle @31sn 3 PAIADIIhITBE e BSERS it d hese e Jfsed in

bl ends with conventional diesel fuel conmponents. However, the

oxi dati ve degrtadat irert epricdisctisy ofi deaNES wednd arovd@ddeumsu | fatre riew
engLne oil, causigg | ubricity issues, which has limted their use to
10%'v/ v or H€sS5% modern FAME/ di esel bl ends. At hi gher

concent r at ilgskdhencan alnso mawse ifgul i ng of fuel injectors. FAMES
are al so nore expensive to produce than other common bi of uel s such as
25et hanol , and tReitfewdrtgrpesduetti $hel ePFigopiieRtl owed, to comply

Mor eover , mecl"ﬁﬁq{.ctxje%%i?fcé;r%% FANG Q.8 .e?ﬁﬁ_latfo arH'&sa}t iiq:n 1&an be
detrimental to its low't erature performance. "FAVES rai'se the cl oud
poi nt s and rnerescalny fud tiercrsasggithg poicutrg ((GFRPR)Ewefl divesel ifruel s
WIiB which -2 tg% are hlended, to an extent which increases with

in

easi ng PAECINEerdt¥dtSi-on in the blend. This can make it

difficult to fompydlrate sdhesekctpelshiAVE Bhends V&gbﬁ'cﬁl_tl@'ed'é@i%\é@nt
regul atory specifications, 5Sparticularly for colder climtes where
speci fi cat ifd®n FdQUiacd avdx isawhcE soudgeimtre sadd dFPPRs reslusd: Joswem
than in nore t r regi ons. t er re. l.imts to the
concentrati %ﬁslﬁgﬁ%m%%ﬁlgﬁjwésq 'ceaiﬁ%o%mlr %’cﬁ%ﬁ:feedttl%n nglm%s}lgsltjﬁ‘ot?él s, in
parti cul ar gdesirgrougreade: sl@iniedss ons. In ldiesell dued deRid afdee im0
prggi de new bi of uel - cont ai,.ni.ng di esel fuel formulations which could
ov

come o PSSRSO MIHITYAE™ KNG Hshl e Sosie MATE o Hae 13

I nvention Al19AGEERAI NGO ri tfl 1S te ASRACT  FAIMELC HESHY Adpeenidon
there is provided a diesel fuél fornulation containing (i) one or
more FAME amiparemstss ewheral palive cRAVEeddydorsrite ror thiogteure cofusRAVE D

conponent s 0%.w,.w sat urat.es, -e.g. rapeseed nethyl ester, (RVE
(T Dod st et P BB e ety SRS A Chiear o R Pk
conponent. the oxildathas sWgrdsigighy dreendund tthaeditdikylto

car bonat es such as diethyl carbonate (DEC) and di butyl carbonate

(DBR) can SIGMTHICHR 1y [SWEMS [fe ool RIS iNGerl WBPIGIGY1 Ad 96t WOEmbP)
of an RVE- gon! aisi;ngdiveRaly il dormyl ation, E@%ls@lgngnﬁ%ieam

formul ati on according to the I nvention can not only wer t han
t hat of t heé2dtnE ifesrniuldtanals .WiAth duitghtehre dOACeriiuta tales s [tdwer daman

that of an aclts%ercvguss% If%%rltiln%alo Ofrune}il aitnljoeré:t%?:%t.alfﬂl\ﬂ%% %r:]rley 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

formulaticn 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

effect is j [ARY risj j i C t hat
because of t eé) fagseggzlt%r@}eg%ﬁ%s% %%%mh%eqﬂg%e% &ﬂg}rl?d

typi cal 5Sdiiegrleasials FAME qrepertidaas cof itheheAME endot THieseaaf t he
di al kyl carbqgnat.e, ij!dqiom nate the bl end praqperti.es. ﬁ-gt%i S
appar ent s;‘fﬁg‘regﬁ'tbéim ANVE % Iﬁﬂg,aq%%&ed"i é{u%gﬁ%m i on,
al | ovs fuehs i rba Heormilainet L d:gh e JANE &eAeeRt T at i ons than

m ght otherw se have been thought possible, whilst still neeting
appPi cabl e PRTTIdaY G e didy anlidays . climedas aley e epdc filgad 1ginssel

fuel cont aif@qgﬁfge RSl @1%%[ fp%l%et%t ra?{'%#ﬁsh%'\’%ebﬁio%rf itthaInm

pur pose over wi der tenperature range. Thus the present 1nvention

i s abl e toipr mdrde tremperepid Meggdmet Meds fresdla, milhatriengre

bi of uel - cont,ai,ni ng diesel fuel formulations, .in particular w nter
driTiide &

grade di es o CRRGEASARS: & tadfiigire TS CoEFBSs

20There can R Jfider Adaagesdiy a il arfraidiilat amReCrddRg to
the invention, which contains both a FAME and a di al kyl carbonate.

ThéODAC wi Ifudlisgwer the cloud point of the fornmulation, relative to

that of the co nen (1 (ki) g I; <an e DAC wi || 25have
little effect grr%%t ﬁ’éﬁ]lﬁldaslrij?'%2 ?%lgﬁ%algfleFk%E%%g’gféﬁueﬂeMend. 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 RVE) can help to

conpensat e FEE P FHISS réfte RS 56 TS PR -30due to the

presence ofgthe @G U NgA AN ®0f FAME and DAC thus al |l ows
hi gher overatt tevets of brofuers to be included in a diesel fuel

f okthAul ation, wi feggwrding to endiesadeepsstepifedhe paeisestcl oud point,
fl ash point,_and CFPP. . The DAC c reover: b t epl ace a
NS BRI DDA oM ST, o Boelt g O

proportion oS arning diesel
formul at i osorddaisiiald oy )nerae pat emdxalHamEhigheyorhimenengyr cionterd
with fewer of the above described drawbacks associated wi th hi gher

FAMVE concerft8t icsponent opsd it ioff &AM FPRTAHsahap nd
DBC, al so d QWAL 1Y, o anghiodegradalle.cand camsbe &Opr %ducfg

from renewabl e I ngredi ents (carbon di oxi de and bi o-al cohol ).

t h& Opr esentdiiavant icaxbates e offpshernnd i )1l arrAadM@iddmyedertdiagdedt has
a level of %aturation thcgt is at nost 50% w w. The | evel (% w w) of
sat urati on 9°a FEEAETS t he percentage of saturated fatty acid

chains out of alft (st wated amdy1unSaiepr Forehd ahaithsiialkg 1sat urati on
| evel gives an indication of tendency of _the .
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



liquid to crystalise. FAMES with |ow | evels of saturation have better
cold flow properties than those 20with high levels. The |evel of
saturation is neasured by EN 14103 and3can give an indication of the
type of FAME present. A single FAME nmay be utilized having the
appropri at r-atd l.evel .. ] xt.u f t he total
saturati on‘?Afh(:i\‘:‘z}er{J Cg%tfﬂ?\i\ﬁ’ia(ﬁlegs lartlt%rrr?e%s%g é(t)t‘%)Iiﬁ w,elJZ: or exanpl e a FAME of
hi gher tharcd%nune tdamshe Tise é fifre card disx toaire: whitlla rdye sofrparisdbhid ci ent

| ower saturation,uch%&aéthetotal zﬁtur tion level is 50% or
bel ow. Slnl%?aﬂ%l S RMEERSHE Y A dhe DESEYSE €5 eed met hyl
ester (RVE)e  reitpd SStdle EPVE) tHeAlDESCOrEDRY &%t 84pical

(Tal I ME), sunflower nethyl ester (SunME) and Safflower nethyl ester
(SaPME) . Eddrfssds fofelm x tiitee ProperAes fathecafAE used abese efur es

of one or e qQf m_Ql kv th ter -g[}{lé),tal - 5 -
met hyl est(ra{']r?{e( f@!@)lwalnggggggﬁr%’oﬂou% Eiﬂn(lgs er t(hél\/llgl%ﬁdth one or
nore of therpereirenti oned net hyl esters. Most suitably the

| evel of saturathgn is | ess than 25%3§/lw, or lLess than_20% w w, or

| ess than 15% whwSoPPBREFEREr SEPGT Ve S8TWRER TOYFWARS DAC, FRe2FAME

is suitabl yiaddl 5 RMH18S1RY,, d19bweXamRhe & B Horn@liRXka
propyl, (eg isopropyl) or butyl ester. The nost preferred FAME

cohPonent @LENL Mighiesy MAMER icomosh tiried liomee trhiaon mightapebeswiset hyl
ester 10( RVE).. E N, a_faormul ati. accor.ding to the
i nvention fmay %geﬁpo}%gggﬁﬁ%pé%%qﬁﬁ’ag él%t %&3 Iﬁnete%éngase of RME
this is, feppiXample shanidsansesiceriifiiceations .ofl tr apeseadoirdeswilt-h
met hanol . Thi s pr.ocess, which is 15suitably either acjid- or

base- cat al y¥ed §46%Sas fHth CORe SHILEKEHPTESRFEFTE ™ e tri gl yceri des

contai ned iddrfdRe Qlale it @ f atlit adidhLFher $oand e alyeeral . by
separating the fatty acid conponents of the oil fromtheir glycerol
batkbone. RNBetwiiegipeira talrso rfepaen Fhusapdeoiplr oserity linXGestion o8 rape

met hyl est C | so.be prepared.by standard esterification.of
nopr opr ot 05 1 Berfale ROTRELEL Y SR PRl Nt R gt
pal mtic awiidf:€léronsbéarineg adieds1CE8E1 Gbeint] altidalsei Gnand
linolenic acids (C18, with one, two and_three unsaturated carbon-

25car bon bERASLCELFECHIRESY) IT8ME SRSy eats o MOF e PETALCYIREDY) -

of these the al-8lievandakiyeel ereraci ds formthe najor proportion. RMVE
w ll thus contain m xturés of corresponding nethyl esters. The FAME

sut®ably - alt hBbhghet hes be nohezssdmthtihges30coaf 6red to the

Eur opean specification_EN 14214 for fatty acid nethyl. esters for use
25 ofecel * Poere1SFr R ohey SR (2% i nBor Y SR Oe) WG G S2PGR LPfan

1012C; a npashr edreetaaedndmagt 16ASTMabohad): eof 2 omncgkeatienowekr of
58 or -6- 60 or 65 or even 70 or_greater; a kinematic viscosity at

402C (I P 7Eh6r CERUASEO3 164 PTofthrr dRrTudatd op., 0 redatiytokes thet Prom
Lo 900 kol FEC SRS ST S d0e I TS0 TOTE r R SO aBE%) “d et er
coht ent 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



(1P 386) of less than 500 ppm a T95 (the tenperature at which 95% of
the fuel has evaporated, nmeasured according to IP 123 or EN | SO 3405)
of less than 3602C, an acid nunber (lP4139) of |ess than 0.8 ngKOH g,

or of less than 100.5 ngKOH g; and/or an iodi ne nunber (IP 84) of

| ess than Adan d 5, f. _i.odi ne

(12) per %% O?’IQS%SI%T may S:a}tl%gloqcont%;il%ﬁlt#g)%%& 48 %ﬁﬁlﬁ)%llnt

t han 0. 2%\&‘mi @‘FPfPr ee al cohol (for exanpl e nethanol), less than 0.02%
ww of free gly t han 96.5% w/ w esters. The

&%F()l nd/ or reate

concentration o AfVEH F‘ﬁ O¥FEsef PEEF £8r HEPARFEn2according to
the i nvent ipdmi e F 2KeV /PhM G QAERLF RN -Eo@tadn@hg3 Rlesd¥o V/ V
or greater, or in cases 4.5 or 5% v/v or greater. Its concentration
may-be 20u;fweé Toympylat ien, u;thtv@ Bl lowing er p@t@ﬂtg%l%/vhllgrlﬂ&a‘n

enbodi nment i cf(ggggntr n 2 P to 14%
v/iv, or from fﬁh{é?géﬁ %\E/ll/tt\?%E "J om faf;}h% \?%%é?h %

car bonat e ids asiltiatcads )asa;odna(t@]:l m&ﬁﬁ‘i)g@lekytmm h@ﬂ@b&trﬁﬁt&bn&m tabl y
t he dial kyl carbonate is dllmet h car bonat e, _dieth car bonat g, -

n- or isopropyl P85 BahgFéaisr & dnparF%SH BFlyePFC Bﬂfiypggr béllnﬁPe A
m xture of ydial KWy carhenates sy Higdl dable,camnkoraheydsed may

al so be asymetric, where each al kyl 30 noiety in the carbonate is
ditferent brodneest Feom aedawadded imoxedientst (seymmwt dioxddebeondt es
may be use% ;88 b tt&g}h%ciqponent (ti). - 7 - The DAC used in a

formul ati on"according'to the invention nmay al so be obtained from any
sui t abl e sour cernothehbebsenny iarenayvanl abhe. cbmpeaantor(leexagplae be
synt hesi sed _from al cohol, which may be bi_o-al cohol . €. 5a| cqhol

derived fr&AE KCBPOGERS LGk f&F 81 leyed SitsSabar éﬁ?&ré 3y 15
oxi dative egar horyl atison, Qf %@h%elor %bw/w)ar&%eéta%mfattq%&f % af

di met hyl carbonate with al cohol C, for exanpl e, e synt hesi zed
frbm et han@'lAMEl\/\AMScrthlmpel@r@emt@g@t @én@lat@ﬂ:a@edetfla&w a@aldl vhaifysom a
10b|olog|cal c It .can.a oxidativ

car bony at L o EottadsretR By Bl vBsRRRE R Shagrkql foeny,
carbonat e Waﬁ:htr@lth@lﬁloﬂev@l gt vy abe 1@@&@:@@1@@& ¥ 2epCepcgdeat che the
synt hesi s of mgnoet hyl ene gl .ycol from et h | ene oxi de and carbon

di oxi de vi &16UA ERe CTEE F45t-e FAMES wighydogni6dedenet it may be

preferred Lok, &J(A‘%:L%Chafv%r X & JPRCF 1001 p%p%%‘(:@.ege%F]leﬁy esl sed

usi ng phosgene (COCl2 as this may introduCe undesirab Inpurities
sueh as chkarthdés obr leaeionodiieodiedied am ¢azdertivat iiveseaSuaied

irrpuritiesrra r.ibut tode05|t b|||t an rrosion
probl ems iKY %Pﬁgqmgrﬁﬁﬁatlgn Ve ahT é’&i% o yipﬁeolﬁAC in

a di esel fyalrf gradlati.on ageRnd Wﬂa@e}ﬂenwmtliﬁ@d mi&lelﬂ@; Zne Or 3
or 4% v/v or greater, or in cases 4.5%v/v or greater. |In 25an
enbodi ment app@f@};)é@ﬁ@@ntslaﬁlir@ﬁmél 3%y 6F Gr BarETe of E8¥Esntrati on

may be up 15% vV or O%eV I n
enbodi nent tt:(Pllet géog\é%cgr?ﬁlﬁé{%&tﬁglné%v%g gjrom éot %%Ettgo%m%/\‘/ﬂlv

or2¥%rom 3 dpx5etmmp2% @ FAMEr offr rhghetro tb&% \5/0\% wFOMbane bichesBa8C i s

DEC, t th trat f f | at f th
Cnventi on R8 PARIKE FanGa ot CFoiifa t 6 CEBSFIFDE WREUFE CRSTBREHE | o

- such that the total saturation level is 50% or below.
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



DBC the concentration is nost suitably in the range of from5 to 15%
v/v. The volune ratio of the FAME to the DAC in the fornul ation
may for instance be from25:1 to 1:25, so- 5from 10:1 to 1:10, or from
5:1 to 1:5, or from2:1 to 1:2. It naybefrom51t011 or from

2:1to 1:1 I r Qxi

I n enbodi rrenétjcrs J]’f Cg%e I n(\J}Te%%nEﬁl ‘on, héeO co I neéL (:‘l:nc?%(r: r%astl cﬂe(@]‘:éA
and DAC i n wiheh faaremdrathoare (cwhltﬂie Howatd rrteymmaaid@/ nr@q@yesm;ttetﬂse
total oxygenate concentr&tbl on he for | at i on) or 5% v/v or
greater, or 6 ofCF% FMAFG é%‘tee evgl rsa§u5fat16% G‘Fvlﬁlssglte*éfler

The conbi nexbseaRGENtdAtic: ra]\arpezolao vmv 3%%) Webs @had 1158 38N o&d
24 or 22 or 20% v/v. It may for 15 instance be from4 or 5 to 28%

viv? or frangasadsor 1psso Pwgn WOE ww.from 7 or 8 to 22%v/v, or
from1l0 to 20% ‘fgx\é F%'Mf %msiltt%b %VC\i r OE5R%:{E %%rrgl na gn with
e

DEC, the conbin concentratl on i s sdi tabl e range of from6 to

30% v/ v; faxaRiHd m eerdiyiat ieamyli t oG], | t(e20iis opicdipdtl)y drn Hulte 1
range of from 10 t 3%0% v/v. The addi ti onal di esel fuel

conponent ES59% - &ty Brferesithdidht compensmd 1y &é’eal n a

di esel fUE'fcfr@r(d"ﬂélt%_tdrPrb@rt%é hereffried ars 9:% O M
conpression ignition (diesel) engine. It wll typically 25be a I iquid

hydPocar bonlBiEldl e distillate fuel, nore typically a gas oil. It may

be a kerosene fygl onen troleunld

Al ternatively |#$ha§%@% s%nphe |aﬁ%¥rmul %gncgccpr lngbg tﬁgeproduct
of a Fi scheamvEmiseh meondensatddited tbymanybeudesaibied rrfertcamda In the
30bi ol ogi cal source. It may be or include an_oxygenate such as an

al cohol (i £35& Qfc G t'ekllél o ERTOPXETRLE  CHYal ERESSE A1 IdGIE For e

particul arlyf ethanolda oi1 Yith metkﬁ’ﬁcﬁddﬁth'l%n?rofdé%l coppenents (iii)
will typically boil in the range from 150 or to 360C (ASTM D86 or

ENLP SO 340%)uitablyi |61t Mlyi-hzme e seeasiedd sest amwe:m@wbent@msm
D613) of f om4 40 ta (‘1

Do) ol at EEREKAE Rbres e Pre ral IO Mo it B el o1

or nore addiddcoralttdi esdld fasdercompmneiic® @lyicerolhe 50 R AT ngN of
t he conponent(g (|||) |nthe 10f or mul at i on nay suitably be _70% v/v
or greater, T 80 orcompmngntoriytdd &1l frogp el Wyossaly/ v

or gr eat er TRk Dep t“@u%%@l\gf o1 1RO 225 1910 nﬁe%g; 85 or
80% v/v. In general, it wll represent the najor part of t

f ok Bul at i omstAln er |rm‘;lajsqeo:rhydi g B AVEN] Sd.ep dise mir eftiaredt ey DAC

w1 Cypi AP Eobe R A S FYCHOR Sk U TOPRICR on

according to theapeesd enlsudiohabliyishas xaueEBPofENali6) ief a2€dor
| ower, or of OC 20or lower, or of -5 or -10C or | ower, or of -152C or

| over, or dCL6)g srteamp prcigh (Hla)zo adeicss lgnalegzcamd |1dwerlenic
may have a igt T I 2 or
0C or Iowera(‘élg%édo!i&qgn “ﬁlﬁlol}g% Gﬁfomerdlc@rr%r(% ugl tur%rtfg or f or
-2850r -302@xor bwerds 2esifeamyvdiave arid asmaidmets (aAS'bl\/IeEa@JZ:mr D93)

of 35C or qgre of 4 or 50 or 85C o at er., I n cases of
60 or even%@:&%t 2&Seat &t Tl glm 6’!‘71’[@&& ar?\}gﬁr:t

shoul d be swid aldli®xf YPropertitmd mmas_l Q'Bldsgfacﬁit%'lrﬂ His&&les of
internal 30 conbustion engi ne. Such an engi ne may be either heavy or

| i ght duty CorF@sheomaing imsrhydy 95+958%rti cul ar be suitable for use as
an autonotive dﬁﬁﬁeEA&%e uitably - 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



- 10 - In an enbodi nent, the formulation is suitable and/or
adapted for use as a "w nter grade" autonotive diesel fuel, for use
in colder climates such as in northerngEurope (particularly

Scandi navia) or North America. It 5may be a so-called "arctic grade"
fuel, for i rii I r i mat . B r.t_her
Scandi navi ;g%e ox! gId %#}n Jﬁﬁgg e 3: |Ijﬁe”%[ ?rlt%ﬁglf%?r‘r}ﬁ%é:{&%o}’tnt rréa@ be
sui tabl e add/e@r (@Edaptlechrf BN sk &9 06N iofduston dl. 9ga @& .0, 10or as a

donestic heating oil. The formulation will, suitably conply with
appl i cabl e SRS ESan P& dc-r&“béelgr?t&elf" D ECHTFEHIGT(s P SR EY for

exanpl e EN far Eur 3AS f-ar .th S. y y ek
exanple, t r%%gnvgréﬁl Iet:)f (?(riﬁ)uel)kgimoﬁ -r%ly@%g\%he%zg%l ge%s();dt é})gf/rmgm ggo 1$0(3845
kg/ B8 at 15CH ASBV BAOSZ@rL2ANY S@ 3BT S0 36T%5 ;bai Miatgrp aontt epASTM

D86 or EN | 0R) of .3602C.or | ess; a neasured cetane nunber (ASTM
D613) of 51(%% %ﬁﬁgatc’é ;1e§%<i%?at§%§j WPEEo&i F;é5at(tij§ct(‘eﬂ§’ﬂﬁa§&15§ Gt EN
| SO 3104) &A@ doq 45 GRNAIOKRS apidhRitdd, 28eanierly ASHAIR2622

or EN | SO 20846) of 50 ng/kg or |ess; and/or a polycyclic aromatic

hydr ocar bork® @IPAHR 3c @it At ISP 3FPB)ned) L egis [tdes) B1edit CL1mnwagid

Rel evant specihficat] ver..dif fer ntry n

and from yglar ro 3?3??1%3[{3%%;9 espetr]lf1 nor?'@h@ﬁrﬁ@%e rugéfoi%%% 'Et%n
foroul at i on.. M@y ;a afr@l/mH atri droddeeo malimigert o TEhe 4)nweintliess nénan
contain fuel, _conponents with properties outside qf these ranges,
since the Fropert €5 RSk W 40 (erd iay T A, GRS OF

si gni fi cantilgg: e qhheee afod i Jmndindidual eERS ke hta3@Thes by
rel ative concentrations of the conponents (i) to (iii) nay be chosen
to achi eve NUmRSi e sprdeer t0.€% fWtw tdfe ffraramallatolel afoa whalhele or
exanpl e a desired_nmaxi.num cl OUd(FZ.Oi nt and/or a desired m.ni rrumofrl ash

poi nt, andP&tRanRlar tiesd dhal dedaed/MatimiheereBY ity A/
refgtive concRMdatdRRs i ldy 3} sp Leprand on the physicochem cal
properties of the individual conponents. Appropriate concentrations
may be cal cul at tiebgoagpnyiragion vabitbesBRYAdI Ag Puldessed thel
properties {for .exanpl e the densiti or. Vi SGQsi ties fot

i ndi vi dual f((:0(3:m olr?)e%nrgé, A rﬁ%’flgoetovﬁ%luealjingee %l}sc}nrig méa‘)yt %eeeoﬁ%ésy v/v
conposi ti onmlg@eteater, ok fluedr fOrowlzatldron e dimgdentddre igwvem i on
may contain standard fuel or refinery additives which are 10suitable
for use in<@SESel? Pudits DHvEHY QicWTERRSS v S Sac@NGFWT adn@n may be
cogper ci al Ly, ayaillsablg;  or 1A£GY dingA g R 3eeongd- a3pecty ofrd he
present invention, there is provided a diesel fuel supplenent for use
in a di eselerfogelinfegytmafatihen, irtventsigepl dritentcort®rgomtdion mgy Ve a

FAME, such as = and (.l ) DAC, ,such a or C. _Thus, for
exanpl e Rl\/garﬁﬁsgges %Iper%‘l%%ear/\%\ﬁ’t i Oérh& t eDE&éédaf d t @ro%rdénr S(rilﬁoe

di esel fuelioggorpenents, such as a conponent (iii) of the type
descri bed above, in order to prepare a diesel fuel fornulation.

20According to adrehfigliydecprbonate s sréteddy & pidédssfor the
preparatio f i f Help® i : i

R B A e R S
conponent drs miixtaihy lofcaAivE admvp ahierithy Thas B@egat urcht-esy~ (@4 )1s-DAC

and (iii) 25 one or _.nore additigpnal di.esel fuel conponents

optional | y%oﬁéﬁor‘?@r&or’r%ee fclfeICﬁadqd"l "t iNVES. %gceﬁ%ﬁ(%yﬁﬁ%ﬁr@eor{?steed
to produce patnib@aste bOQD diikyFiescibdia ddielayf oyanilsatd omheor at | east
5,000 or 10,000 or 25,000 litres, or at |east 50,000 or 75,000 or
100, 000 | i (Geedom@tien useeAvotiakat F anEnSinis agpwte agthelkyl

. £ion. . . . |
ratdo,  and TS AR Aot B eed T R | Tty e
conponent ( Shhdddd mixthe dsAME AGmmethd ¢ canticurag emymefhorba nstaghees be

bl ended with the co onent,(.s)) (ii1) at a concentration of up to 50%
the component (ii).



5 15 or 10%v/v. It may be bl ended at a concentration of 1% v/v or
greater based on the product fornulation, or of 2 or 3 or 4 or 5% v/v
or greater, or in cases of 6 or 7 or -87r- 9 or 10%v/v or greater.
Addi ng the DAC to the FAME can, by reducing its CFPP and cl oud point,
hel p to 10i nproved pad QLR G N3RdING -RBE 3 hef 39€ the
properties. A fourth aspect of the invention provides a nethod
of operat i rigrantimremeat ot ist idrtamgichdramaiyr saviveliile sonriceh i s
driven by i.nt.e conmbusti on -engi ne,_. 15whi met hod .i nvol ves

i ntroduci ngoqfl r‘i{}lolcgp?loarﬂyusaﬁeonavc%lalrﬁ) S oft T ne%rneexgnﬁlees © fuel
formul at i osvaogordigwd tirdeafddisdl ,as@eesh afayt e bivelichdar @.e.

di esel fuel supplenent, according to the second aspect. The engine_ is
sui Pabl y a GiPHEs SR Visshi i Bh X RO F AgisirSich & Z6dt ssi0 e
engi ne may 3&:0fr d&\Aid:86a d i A ridrkWiReei drPlo 2RI 10f d:g,f otary
punp, in-line punp, unit punp, electronic unit injector or conmon
rail type, torarsfestss ifidiatdem iaf] ebimicdhvly pmrbonatey vhata dlemiyplor a
|l i ght duty dies engi_ne.. 25The fourth aspect .of. the invention,al so
erir aces | RAGAT PR EAS Sich S5 Dt s Frghy SrhARt Gt ch
whi ch cont aiais wh W FAMEGI ajiniag «itesr]1 faslifed miqat izon, eg an
RME- cont ai ni ng di esel fuel formulation, prior to introduction of the
resfl t ant @Urﬁ%a@q}rc‘éﬂi RBLZE VonbifstGah eclirahthsr rererdrece iyl mecldatialeso
enbr aces i ]QggéLﬁ;' : i r R QI [ -al

DAC- cont ai %a;lg I élse l%ftﬁgﬁféoerﬂrﬁogit'i g%eb r it:‘:;:ra\ﬂgsc‘?’%{%r?t%;loq—I Séc%?g?il g’ t he
resul t ant mixtaniyl mtagrbonatel 3vi-tic @tihastalon arhdrberyofod lerengiteel | n
ot her words,_ the diesel fuel fqrmulation .f the invetntion ma be1
prepared i A%i% FIHEPELerVbi TG roMRTTH QUeMPOFEY 1o A ©°
internal cEvyus QIR R AT daibdrd @& duifdd vaspeathyaferidhe
present invention, there is provided the use of a DAC, in a diesel
fuéb for nuls@rksmadént ai ning a FAME, for the purpose of reducing the
CFPP of the formul at| Sixth p (o)A a IVE,
in a diesel fue%l%%o%%logtlﬁgﬁl%éo%t%aﬁ%‘ ng)ea&f)%%%r%%g ;fﬁ)gc %Elrepngg’of
reduci ng t HerCePRrgfld MEX onmi dtd drave beenA syencdreshi sesbhectingr ovi des

t he use of conbi nat | f a FAME and a.DAC, .in a diesel fuel

fornul at i oﬁ%qscﬁent%g(td@?lﬁg% 5¥ &eNg & oeEss Wdteer% | ati on.
15Thus, in, : j t | | TAME ; ct

t oget her i rﬁgﬁg{lg%e%%e \llh\iecltkpfaogr]%u la%t\éﬁorgnésﬁo%rl %parFove Qﬁhgﬁol%%e%gfgt ure
properti es dardiartiivies | @mdte nperatilries sperdyo raranod Huteartd miegrasdlt,
conbustion en i,r}gﬁ In the context of e fifth to the seventh ,aspects
200f the irﬁFé‘%Pi Y R GRS URP St nadf T e or

more addi tional qiesfh Jekih-2GamROREN e Magddili an diesihe fAlYE and
the DAC. It may in particular be a winter grade diesel fuel
f or nul at i orforThe atalaay @carsblnmycd dihg ngtvade de gy thfe Dur puse of

reduci ng t PP f | ati. -.10C to.-1
or bel ow, g)% tgéé . Coérp%olésaot\?é,’%roq{ olg?i‘lf%oersl%&%r S}r)ﬁ'lbcegi\%ov&r eater 'Tﬁg
CFPP of a farelerfrardimeatt ,ontss ddme-dritghasitort dnparatwre at gMbatiera

gi ven volunme of the fornulation fails to pass through a standardi sleod

filtration déviCEGREEL SPedtay &F (Hhe° viveh Yool &F dfidre +4 oF
st andar di sed- qongi t40RS:; | tr £ ah Renansiesshd UG ch el thd ety

nmet hod such as EN 116 or |IP 309 or an anal ogous techni que. The
principl e BEhifinbrsdctp testds d T Hat 1% v/mg -or from 3 or 5 to 12%

v/v, or from 5 to 10% v/v.
30 Where the DAC is DEC, 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



sanple of the test fornulation is cool ed under specified conditions
and is drawn into a pipette under a controlled vacuumthrough a
standardi sed wire nesh filter. The pro@&edure is repeated, as the fuel
continues to cool, for 5each 1C below the first test tenperature.
Testing | s pEentd et JoATRL Bl MAXaRYSLE Trelbehdanve
separated out of the fornmulation is sufficient to stop or sl'ow down
the flow, doarhdt tchd 3% me't.aken to fill the pipette exceeds 60

seconds or the el fails to.retur.n,_10c etely.to_Lts.source before
it has cool ed b&ﬂg f‘fﬁraLflﬁlgr LpEL0 Of tﬁ?h@%ﬁe‘é@n@?n@é}ﬁt ilgnghﬁy be
used to achcavelany ddeglzae ffr riediteicen beh fidee GBRR af tihesf,uel:
formul ati on, and/or for the purpose of achieving a CEPP at or bel ow a
15dasi red t@FettOidl @ 1:10. oy fgep & lekamdi:®, e ftoWertilofomay be
used to reduce the GEPR O the f.ar iy gtiion By il east (0, 3%of git's
val ue (expressed in Relvin) prior to addi'tion of the DAC and/or the
FAMVE, or byram lledstl (.6 lorl .0.18%magr Hgy latl 201 ea@strokigmtBlsd6lord .in
cases even by 2_or 5.0r .8% or r . An eighth aspect aof the
“Avent| on provi 86 TRECHEETSF XTDRES FRVETaRBe! el OFBFRERAL i on
cont ai ni ng cadrfoAMEraftdlort ke punppsedhaceducivhe ttheneQreEatr ahingrnof a
cold flow additive in _the formulation. A ninth aspect provides 25the

uséVof a FANEL ityPd dildde|r sRF&is e mficattiodd lc opvaissiat§ a DAC, for the

purpose of Joefleildg b, qenGeRl It 06 o Cald of I@Wsadd i e 1 Lhe
formul ati on. tenth aspect provides the use of a conbination of a
FAME and ad@&Gteam @uwicesel Tuet/f onnmgirakiten,, foar St lver 30pur fdse vafy
reduci ng the concentratjon of .a cold flow addi.tive in.the

fornul ati o®* -grea%elrn t &&H}béﬂ? fCRTEREE % §Ah&S it Foadféct s
of the invenki oy the Henm 'dreducidig2 e acesanywegree 9f may For
reduction, includi n?ﬁ@:educti on to zero. The reduction may for

i n$Pance bdnNEFHSE Erem theros FondB%a/d f lewia@m & we 6 or 7
concentrat iQn, or, 90Q% oF j be
as conpar 65%{134%;132/(;5”85%%{”} Zﬁ Oc%]E 85%(?? %zf{?v&édg}fif:/r?qm"}dc%%m@?%d
ot herw se hawe heerfrorcdr par &40&d vi/v.o0 Floer R ifno romwikd tniadm on warcdhe r

to achi eve e operties d perfqrmance r.equir.ed. and/.or desired of
e e e oS el G I 1 Sy o R dth s beTise
concentrat igin ebnc @ dd how 10addifdyemhiieh MRS ipEesSen Wit e, it
formulation prior to the realisation that a DAC and/or a FAME could
be2fised i n shéwidphdnovwirdddicoy atge mrfedaem ildvdmt i38YF, vAvd/ or whi ch
was present in 0 s\ nay: S I Lati L pt ed_(e.g.
mar ket ed) for u?gei %ﬁgé\e%?fa gggi&%%%gn g)%? , C[f@%rg# cefr?lttt 8% gi ir?l‘lgg!'agﬁAC
and/ or a FAMy tftmdlt dompateortdance allteh ficdre uigev dnt isonliesel fuHie

reduction in cold flow additive concentration may be .as .conpared to
the concentTATIR O G HHH HRHY il{;’é W&ﬁl%ﬁnd“ﬁé? dicted to
be necessaidbrR 2aCH Q¥R ia i¢eS| (AR dangingdiR fiar ihe f aAl1hon

in the absence of the DAC and/or the FAME. =~~~ The cold flow
addbtive nie Ive lavap igd dividnasagficrh nisiddls) elitsdlldatantiaded mage

i nprove th | d flo r f ar.nan f fuel | atign, . i

particul ar %B’?qf%llc}\kfe\rg{l ﬁ%‘s‘. toslriaCFé%. %ﬁﬁfl%%sﬁcﬁ{eaggetﬂévgr{suegr & %“Ejé)\ﬁlﬁnt'

they include ey éxamplterobac eladiistiad.l afle drmew ivgiover snahMifd s) and

wax anti-settling .additives (WASAs), such as ethyl ene_vinyl_ acetate,

pol y- ol efi ~ ‘pdl%ram i*n ~&st . “Such
ﬁYé’étth@?“le FYradiFESIGR 10 &Y Bes e agssiupreid &

addi tives. & BGOedaNldnddielidRl i defsdle aul: ol Ml 0ns

so as to inprove theifr performance at |ower teénperatures, and thus to

i mpPove t héladwaiemiesatuces .ofer alsiv ity cof isysueies it ypivgsiiare such
vehi cl es) %%”%EP f%%ﬂdfaffﬁ"5£f¥£6ﬂ¥%r a Cl to C4 or Cl1 to C3

aliphatic alcohol, more particularly ethanol).



- 16 - In the context of the present invention, "use" of a DAC
and/or a FAME in a diesel fuel fornulation neans incorporating the
DAC and/or a FAME into the fornulatieng typically as a blend (ie a
physi cal m xture) with one or 5nore other diesel fuel conponents. The
DAC and/ or FAME e or, r

formulation is ﬁﬁi%@ggggéﬁggtghgﬁ gﬁ@?ﬁggé? é?%%f §§i?e§¥ég %lys to
be run on tied 1f demihat iremgel E&teadB@romnla@dmblGﬁopbe (asemobsg DAC
and/ or ol runnln a fuyel - um ng 10system typically
an |nternaﬁgpé §ﬁd§§ ﬁ&lﬂ@ ﬁu&t&P §é% PSPRUFSRE GFtane

cont ai ni ng i PAG xand o5 1IRAVGF E&%hpablxobWo'%ErQQBﬁ'ag %%365 or
formulation into a conbustion chanber of an engine. "Use DAC
andPor FAMETOR BHe tRaps @&sdili-bed 15above may al so enbrace supplylng
t he DAC and/or EA ructions h se |n

di esel fuel for%u?gf%ggg%ggéc Céggdgﬁé gér%gsefn?en% m3Y FREt ?th
to the tenthndspects off tiee crnwertel addiitd oparlt dtekan Eue&educe t he
CFPP of the fornulatlon The DAC and/ or FAME 20may t hensel ves be
suppl i ed a§CPRFEEHE- a(&&ﬁﬂ05|t|on which is suitable for and/or

i ntended for US@hascanEeﬁkrag%hl %€ thB WBin gen@ﬁg?s § he; DAC @ﬂdéﬁé
FAME may be included in such a conposition Tor the purpose of
|ni@uen0|néoﬁmglétﬂ@®t@awnsvh@aQEEPb@f7@%fNéW 25f greakeati oer 75 orln
t he present,,cqnot hleV|n d S|r t ar,get._property al so

enbr aces -%O %Qlﬁé%n nbo i e e%tF%Vo veg Orhg%oefngg%nvfﬁéofelevant
target. ThuseatBAC andmay BAVopmay Besused,t orpupdueesd buelb2 or 90

formul ati on which has a 30CFPP bel ow a deS|red target val ue, or which
exhi bits a®befPePTcll& FVow p&r S6RRERce tlﬁanéld€§PF§(§eF§r §oe major

Thr oughout khe @%smeptfh%a %@m‘ahalt%nof AlERsS: %H@ihfsh‘éﬂt b@nthtehmm

wor ds 'conprlse and "contain" - variations of the word
folBexanpleompgn§m¢S|ng &he D@@nppmpegeptndan ,|auﬂudnmg09&uonaﬂ
limted tog o.not exclude ot her nnletlg Hﬁgﬁ t ves

conponent s, ue%t%& SLEPS¢t &S CRBPEBGEF (Aat y@ﬁ&&%&ﬁéses t he

Splural unkegpgekhatrcenkeshlahber Woseongquires: in particular, where
the indefinite article is used, the specification is to be understood
as contenpl ati nf ErataFPEPUARERER 25505 hEEl 5P £§e LAVES5IPRe cont ext

requires obegutss ni@PLebebkedrteal gies 0boeach asget of Liegoc

i nvention may be as described in connection with any of the other
aspects. Ophedofveat upes osf -bheri rt8RCI om prbrbeomnefapﬁéfénbrfrom

any novel GHECTor Shngtnovel OacoNrRatonof JPhEY BaPuPES A0SR Sed

inthis 5p@©wbrcattoma@|a@b@danglanm @@@ﬁ&pamxmmgnghasmso&ndoec or
drawi ngs). Thus features, integers, characteristics, compounds,

cheni cal nbPEFFesO8r Ofr Sups ae§érpﬁ€d0¢n1@UﬁFun@F|@ﬁ bt RTa—102C or

particul ar g ct ,enhkod QR 2 anppl e _of ~the_i nyenti o0 be
under st ood ?%Bge ggpﬁ?ca%?ggto gﬁyggﬁhgp ggpec? Sgnbég Ee%? %P%e&.
exahpl e de3cr mbgdhheeern fliakes pointonBETMbDE 2t ber BABH hofIMBBEECVer

I tated oth f [ d h b I d
by an ai t CPRAEFSE. 1 b5t BFc 0LPY RO Pho Sateot: SZ5AEErm PR 19urpess.

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.



The present invention will now be further described with reference to
the followng non-limting exanple. Exanple 1 Diesel fuel

formul ati ons according to the inventiong39were prepared by bl endi ng
vari ous concentrations of rapeseed nethyl ester (RVE) and di et hyl

car bonat e (DEC) -wi Iﬁaﬁl ase.fuel = 18 - o h
fuel (DBF) was %Wctg%rr%}“%ioa f/mg\ia?Pgb Srg\%gﬁit%ﬁnc? §s§" tglbége?r@zgg
fuel, ex. SheEldted doruhateethd ar "wdentiar calader alutmaiced vandiesrtlai ni ng

a relativel i gh. concentrati of aromatic hydrocarbons. |t had a
5CFPP (I F %’éi)q' &Qrs?léeaﬁdl Pt Cad'i“ﬁtte(SA P73F OPTEI6ER 1t had
a density afur (?%@Wd% HeaBEHInbHY)Br adAA hidlrikal | itRg

poi nt (ASTM D86) of 1812C,_ a T95 boiling point (ASTM D86) of 2862C, a
final boil My P& @t SCASHRVIEES)" agfc tigs grade 'masur ed oge tisse Idunber

of 1,96 ooty e T BT o SRR ko A TRESBEC 17 om

Si gma Al drisslandilkavilae RME properties are sunmarised in Table 1

bel ow. Table 1 _Prqperty Tes thod RVE Ester content (% ww EN

14103 99 Densi t §n@§§§’2‘é€ﬁgﬁﬁé’jﬁﬁﬁ‘e§€§ '883¢3 fVF?B&@FE?“é‘@MZ@FmTQ/ 5)

IF 71 4. 463 ilash P/ (ZCadap 3 EHY \lasCan! eRlauTdika) Jdk 3367
10 Oor as a domestic heating oil,

The formulation will suitably comply with applicable
current standard diesel fuel specification(s) such as for
example EN 590 (for Furope) or ASTM DS75 (for the USA).
By way of example, the overall formulation may have a

15 density from 820 to 845 kg/m’ at 15°C (ASTM D4052 or EN
I30 3675); a T95 boiling point (ASTM D86 or EN ISO 3405)
of 3602C or less; a measured cetane number (ASTM D613) of
51 or greater; a kinematic wviscosity at 40°C (ASTM D445
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



215 Total contam nation (particulates)(ng/kg) IF 440 1.6

Oxidation stability (Ranci mat Tm, 1102C( hours) EN 14112 8.9 Acid val ue
(mg KOH/ g) IF 139 0.16 lodine value {gi100g) IF 84 EN 14111 117
Linolenic acid nmethyl ester (C18:3)(%ww EN 14103 9.82 Mt hanol

SonLent (ool W A0S A PRRIGH BSOS L Wk OB,
cont ent ( Y%cwnwenCEN ti4hds wil.l0klso 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



Level of saturation (% ww EN 14103 8.0 - 19 - The CFPPs of
the prepared formul ations, and of the RVE, DEC and base fuel, were
measured using the standard test nethot2lF 309. The results are shown
in Table 2 below. Table 2 DEC concentration (% v/v) RME

concentr at i,on (o), FEP(As elle 3o T2t WA e TordoherdAsd °

-39 10 0 -38 0
(iii) at a concentration of up to 50% v/v based on 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



10 -20 10 10 -41 0 15 -20 15 15 -21 0 25 -21 25 25 -21 100 0 <-63 O
100 -5 5It can be seen from Table 2 that the CFPPs of base fuel/RME
bl ends generally increase with increaslhg-RVE concentration. For this
base fuel, and in respect of CFPP, the effect of the DEC addition

di m ni shes ahoye ciQ% Wnhnddr Icx eld @ued Jddhatrf ofrhhglo dqar mihat i ons,

and in 10respect of other properties, such anmounts are sti 'l Useful .
However, geh@ssl uegl iformurd itdrate fatthan i nyiendri oRVEago ee plregbired

t he additiaqn qf..an .equal_ vol une of. DEC | awers. t he .CFPP of, t he bl end.
Sur pr i 1 nglyt Te dee o VP ORISR BEEIadd FSRVETTY FRe base
fuel can giivecGrPR \“Hmies ta\ven drMele .t han those which result from

bl endi ng the base fuel with DEC al one at the sanme concentration as in

the>1:1 bl end. BE&PFRAGTENn R Ad fihénhr§ReCEPPEOFNRVETSFERE conpared to
DEC, it woylfdaueeenshad e dNdeSUH Me 2% pac, 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

10 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.

15 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

20 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

25 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

30 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



RVE/ DEC/ base fuel blend would have a higher CFPP, at any gi ven DEC
concentration, than a binary DEC/ base fuel blend. In other words, it
woul d have been expected that the FAVMEL&wul d dom nate the CFPP
characteristics of the 5RVE/ DEC/ base fuel blend, as indeed it has

been shown f 15 ef.er t |
CASTI D775, o e O iy s o o e e fise

prepar ed blcomds tcomsaiamdnd st mmm@emip&ttrt@ngndfemac,coﬂwoa&éd
DBF, are shown i abl e.3 10bel Table 3 DEC concentration (% v/v)
RVE concent'f éi‘ﬁught}}ﬂf %@&% )Wléreom-e§% %1@1:@;5 &%g 50 -37
05-335 @rd%%dﬂié3xs3lé@éﬁled as the fuel continues to cool, for
5 each 1°C below the first test temperature. Testing is
continued until the amount of wax crystals which have
separated out of the formulation is sufficient to stop or
slow downt the flow, so that the time taken to f£ill the
pipette exceeds 60 seconds or the fuel fails to return
10 completely to its source before it has cooled by a
further 1°C.

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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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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is introduced into an engine or other system which is to
be run on the formulation. Instead or in addition the use
of a DAC and/or RME may involve running a fuel-consuming

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



1.86 nmmR/s. The RME was sourced from ADM and the DEC from
Sigma 15AIdrich, UK. The RME properties are summarised in Table 5
bel ow. Table 5 Property Test nethod-RME2-Ester content (% ww) EN
14103 99 Density @ 152C (kg/ nB) IP 365 883.4 Viscosity @402C(nmR/ s)
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not exclude other moieties, additives, components,
integers or steps. Moreover the singular encompasses the
5 plural unless the context otherwise requires: in
particular, where the indefinite article is used, the
specification is to be understood as contemplating
plurality as well as singularity, unless the context
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
conjunction 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 139 0.22 |odine value (g/100g) IP 84 EN 14111 112 Linolenic acid
met hyl ester (C18:3)(% ww EN 14103 9.8 Methanol content (% w w) CEN
14106 <0.01 Monogl yceride content (% wi#)- CEN 14105 0.44 Diglyceride
content (% ww) CEN 14105 0.09 Triglyceride content (% ww) CEN 14105

0.02 Level of sahyrghisan ¢4 WhsEN gvééoé gﬁl@erég 11y availdfi&FPPs
of the prepared fornuFatlons,w%n )o t he , & akd“Base“tue
(DBF2), wertaratiaduiCdasssilnglitdsels tasdarfaelesexretshed 11, P £3¢%wuldhed
results ar e shown i.n Taqgg 6 qglomn Table 6 DEC concen ratioq
or use 1in coldér 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 152C (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 @ 152C (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




(% v/v) 1114E2 concentration (%v/v) CFPP(C) 0 0 -34 2.5 0 -34.5 0
2.5 -32.52.52.5-32530-3503-32.533-35350-34.505-305
- 19 -
The CFPPs of the prepared formulations, and of the

RME, DEC and base fuel, were measured using the standard

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



5-3810 0 -35 0 10 -23.5 10 10 -38 5 10 -40 10 5 -35 12 0 -35 0 12
-21.5 12 12 -39 15 0 -36.5 0 15 -19.5 15

10

15

20

- 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
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

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
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
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



15 -40 5It can be seen from Table 6 that the CFPPs of base fuel/RME
bl ends generally increase with increasing RVE concentration. Here the
positive effect of DEC addition on CFPPlextends to concentrations of

15% v/v. Again at any given RVE concentration the addition of an
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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



-34 2.52.5-3430-3603-3333-3350-3705-3055-33100
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- 22 -
rapeseed methyl ester (RME2) and diethyl carbonate (DEC)
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
concentration of aromatic hydrocarbons. It had a CFPP
(IP 309) of -34°C and a cloud point (ASTM D5773) of -
36°C. It had a density at 15°C (ASTM D4052) of 814 kg/m3,
an initial boiling point (ASTM D86) of 181°C, a T95
10 boiling point (ASTM D86) of 285°C, a final boiling point
(ASTM D86) of 296°2C, a measured cetane number (ASTM D613)
of 52.5 and a kinematic viscosity at 402C (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 @ 40°C (mm2/s) TP 71 4.466

(C18:3) (% w/w)

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

Methanol content (% w/w)} CEN 141086 <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




-32 10 5 -34 12 0 -37 0 12 -30 12 12 -32 15 0 -37 0 15 -28 15 15 -31
- 25 - The surprising CFPP results in Table 6 suggest that there
may be a synergistic interaction betweah +he DEC and RMVE in the base
fuel. The effect seens to be particularly great at DEC and RME
concentrations from3 5to 15%v/v, ie at total oxygenate
concentrations fromabout 6 to 30% v/v. The DEC has nore of an

i npact, the highite CREPsobEl thevelrephiredy jenmtigatbhb, r esgeof tbhet he

CP results_in.Tabl e 7, the presence re than 5% v/v, DEC reduces
the P of - RRRVERRCe S50 Bra T aPBli 2o P S106GaNFa erE 1761 GHE. o
FAME on it $teMAard @egtChmetEBAMIE 339. The Pegsthsf Uele @il aki ons
according to_ the invention were prepared by bl endi ng various
concent r at (T6#%3-Sof6 PgP&%ed nethyl ester (RVE2)from Exanple 2 and

di butyl 15carbonate (DBC) with a di gsgh base fuel DBF2 from Exanple
2. -

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
15 15 -40
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



The CFPPs of the prepared fornulations, and of the RVE2, DEC and base

fuel

(DBF2), were neasured using the standard test nethod IP 309. The

results are shown in 20Table 8 bel ow- Jable 8 DEC concentration (%
v/v) RME2 concentration (%v/v) CFPP(C) 0 0 -34 2.5 0 -34.50 2.5

-32.5 2.5 2 wdom 30 e L RARnr3cidh 3 in the 1:1 blend

10

or a 2:1 blend or a 1:2 blend. Bearing in mind the high
CFPP of RMEZ alone compared to DEC, it would have been
expected that such an RME2/DEC/base fuel blend (DBF2)
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 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, 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
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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
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
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
carbonate (DBC} with a diesel base fuel DBF2 from Example
2.

The CFPPs of the prepared formulations, and of the

RMEZ2, DBC and base fuel (DBF2), were measured using the
standard test method IP 30%. The results are shown in

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




12 -41 15 0 -35.5 0 15 -19.5 15 15 -39 For
poi nts (ASTM D5773) of the prepared formul ations,

r ef erence,

or i

t he cl oud
n cases of

freshly prepared bl ends contai ning the2same concentrations of DEC,

RVE2 5and DBF2, are shown in Table 9 below. Table 9 DBC
concentration (%vivy—REZ concentraty AVRZH /7 T o v e & -36 2.5 0
236 0 2.5 -37 (2.5 N Rz 2 TCRRRS roCy
concentration | concentration
(% v/v) (% v/v)

10 10 -41

12 0 -35.5

0 12 -21.5

12 12 -41

i5 0 -35.5

0 15 -19.5

15 15 -39

For reference, the cloud points (ASTM D5773) of the

prepared formulations,

or in cases of freshly prepared

blends containing the same concentrations of DBC, RME2

5 and DBFZ2, are shown in Table 9 below.
Table 9
DRC RME2 CP (°C)
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
0 10 -30
10 10 -32
12 0 -37
0 12 -30
12 i2 -31
15 0 -37
0 15 -28
15 15 -30
The surprising CFPP results in Tabkle 8 suggest that
there may be a synergistic interaction between the DBC
10 and RME2 in the base fuel. The effect seems to be
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particularly great at DBC and RMEZ concentratlions from 5

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.



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
synergi stic interaction between the DEC 10and RVE2 in the base fuel.
The effect seens to be - 27 - particularly great at DEC and RMVE2
concentrations from5 to 15%v/v, d g at teta oxygenate
concentrations fromabout 10 to 30% v/v. The DEC has nore of an

i npact, the higher the total |evel of oxygenate. Wth respect to the

CF results |n Tabl.e 9 Er%%%ﬂﬁﬁa%f tcgapllgéa?{/ DEC reduces

t
the CP of a FA SI SSSF %Pend corrpare ED ?He equi &nt Vol Gie™6

FAVE on it §a@wy B@l@lﬁéﬁhyl es2@r (GRMEYS colpofetites @ihefridaln the
formul ation containing (i) one or nore fattéj acid nethyl ester (<FAI\/E)
conponent s EANEr SORPCRENEARE E&Pp IR IL6r Otthe AHiEx COR@ogREAVEES

conponent s has QP wrw saty RECARS €S a1y 12 il g»%ltecatﬁag%f}afa%d( DAG) yand
(iii1) 5an additional |esel conponent . . A fuel fornmulation
accbrdi ng o cdalimibnaiherieise 1t If@edommequnmton of conponent (i) is

intheran%e of from3.0 to % v/v orrul at i naccorglng

to claimi1%r cfafhf?, f%w{éﬁgﬁﬁncaﬁﬁ%@ﬁpg(.? Fiarlg}p Seg ShEthy

ester (RNE):onc%nt%aftli%ln foar mdhpldn@mtageor disnd nt @ @n¥a0Re of elradis 1
to 3, wherein the DACis diethyl carbonate (DEC) in a concentration
in the range Oofcof A& 3/0-to 15% v/v. 5. A fuel fornulation according

oS, 200 51 LTy 45cLASLObf Lie Saghlnes ESaBeLr gL 2, bhe
f ortrul at i owhacedndicagplodcany (dne ief relpaiserd3 reahy,l wWherel NRMD? Vol une
ratio of the RVE %geah%oggglgilgg %E%o&%g%g %E g%gng%elo%oc%a%ms 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. A 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 teo 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 the
preceding claims, which has a cold filter plugging point
(CFPP) as measured by EN 116, of -10°C or lower.
25 9. A diesel fuel supplement for use in a diesel fuel
formulation, the supplement containing (i) at least one
FAME component having £50% w/w saturates, and (ii) a DAC.
10. A diesel fuel supplement as claimed in claim 9,

which contains (i) RME and (ii) DEC, or (i) RME and ({(ii)
30 DBC.



. 207. A fuel formulation according to claim®6, wherein the volune ratio

of the RVE to the DECis 1:1. 8. A fuel2%ornul ati on according to any
one of the preceding clains, which has a cold filter plugging point
(CFPP) as neasured by EN 116, of -10C or |ower. 259. A diesel fuel
suppl ement jfjor Wserbhedsdireseknbuplobarauliati e, at g supplrarENt
containing (i) at |east one FAME conmponent having _50% w w sat ur at es,
and (ii) afpaoulpdion,divdselh fusicesisppineirdine sad leraiimed tiogedhaizm (9,)
whi ch contains (i) RVE i) DEC. or. (i) .RMg,an i) 30DBC. . - 29
A ptast s A SSRGS o Godr Y darE SeMAOREn O
whi ch pr ocess: tureolofe e rdin@ iceget hers 500 wisaturatAVE (i) a
conEonents wherein the FAME conponent or m xture of FAME conponents
has

- 50% WARCs &G dtidd) @19 oF IPAC @@ itiianelofk ese nd@ laddi ti onal
di esel fuel S, i I AV I f yel i;tines.
12. A nethod 6f %glgcgéti %Hyﬁ%q% e)r(dnl\:itﬂih %gﬁﬁggimc?nwég&eﬁe,a ang E)vlre\éa{
vehi cl e whil¢h | & deitwen by aperatengakncantiestnedncempuséionwheckine,

met hod i nvol ves introduci.ng into 10a canmbusti on chanber aof the engine
a di esel fl?é‘ld/?o& iful"; AlEHE ig TR %’r}'ea@f lé’lr%rrﬂf‘ to 8 or a

di esel fuelcosiRpitam@nte rRGGRY, iyt &0 nfedtdidd 9 o161l Mkl oducingl 3ntdse
of a DACin a diesel fuel fornulation containing a FAME, for the

putpose of & eIrdiusg itdve abRPResf afhdhEsfesyahnsatd chi.esel4 fugde of a FAME
in a diesel: fuel, f.ornul ati .cont.ai ni.n DAG f.qr. . th r RO f
reduci ng tﬁ%’r thont ﬁé%cfogf;&r%u%attl on%“.lrlyg ohe %gf C&%émc?f g‘aICE(L:éoI?rgbiso'(r?fa% on
of a FAME anesa&1DAUdIN sapgilesedn 2 @fatelr fiorgnicatdlenim forort he fdur pase
of reducin% the CFPP of the fornulation. @ 16. Use of a DACin a .

di esel fuel 3f-_or HﬁleaPifoﬁ 98*& dfnPn§lgseAME Sy fé’ffmé}léﬁxﬂféni FORtaiteLar
fuel formulathgen cofai¢gadie A Haricyiimalder fr a feAME and
a DAC 25in a diesel fuel formulation, for the purpose of reducing the
coheent r at iformoflagd icel.d fl ow additive in the formnul ation.

14. Use of a FAME in a diesel fuel formulation

containing a DAC, for the purpose of reducing the CFPP of

the formulation.

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

the formulation.

16. 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
25 in a diesel fuel formulation, for the purpose of reducing

the concentration of a cold flow additive in the

formulation.





