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EXTRACTION OF OQIL FROM HIGH-OIL CONTENT CORN DISTILLERS DRIED

GRAINS AND RELATED METHODS OF USE

CROSS-REFERENCE TO RELATEDR APPLICATION

LA

This PCT application cluias benefit of UL, Prosvisions! Applivation No, 83/813,234

filed July 12, 2023 whuch is bereby incorporated hereut it antirvety by reference.

FIDLD OF THE INVENTHIN
The present invention relutes generally to the extraction of oil from » corn foedstock
1 comprising at least u portion of high-oil content com, particularly o the extraction of od from
a by-product of cthanol production, such as distillers dried grams with solubles, distillers
dried grains andior distillers comn edl, whereby the woan fendstiok to the ethunsl production
comprises at least a portion of lngheodl content corn, wethods of using the ol extracted, snd

method of nsing the resulting distillers menl. More parboalarly, the extracied cors oil andior

£5  the resultant disnllers pwal hoving at least one signatwe madker relating to the high-oil
content corn feedstock, whieh 1s vt present m low-oi vory, and the resultg extracted com
oil suttable for consumer wse, venovwable diesel production, green diesel production andior
renewahle oleachemical production,

24 BACKGROUND OF THE INVENTH

Conn {Jea mags L), alse called maire, i3 the most valuable crop grown in the United
States, The Lhmted Sates accoumsy for approximately 33% of world production of com.
Three mapor types of com are grown in the Uhuted States: 15 grain or eld comny 2) sweet
corng apd 3} popeorn. Acvording to the ULS. Departinent of Agriculture, 89.7 million acres of
25 corn was planded i the ULS, i 2008, with an estimsted LS sullion aerey havvested for gra:iri
and 6.8 nullion acves haevested for silage. Most of the corn grown an the Uuted States i

New 2 vellonw corn, also known as field corn, grain corn or demt corn.
Thers are several reasens for wanting to develop comn that is high in ol content. Fisy,
corn ol 18 8 prewomn o and regularly wore vahuabde than starch, the other major component
3 of comn kernels, Second, high o com possesses a higher available energy content than
ordinary corn, mud thaw s a more valuable feed for ponltoy and livestock. In animal feeding
rialds it has been found that less fugh ofl cory 1s reguired per wmt of gain thay is required with
ordinary comn. In addition, high ol com requires substantially less soybean meal to balance a

typical aniroal diet and may he used 1o replace oil containing additives in animal feed.
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Ethanol <an be produced using gramns, such as corn, o other biomass, which are
renewable resources. Presently, the majority of cthanobyroducing biorefineries in the Uniled
Statos are dry-goind com bicrafinerizs, and # v extimates) that the present sthanol production
capacity of such horefineries rpe it the hallions of gallons each year. Other aleohols, such
as C3-C8 alechols, van also be produced by the fornmudation process of frmentsble sugars
from gratns and other bionass. By-prashucts or co-producty of the fenmentation process using
corn ax the feeddock in g com ethanad biorelining process are distillers corn ot (DCOY,
istillers dried geains (DDGY and distilfers dried grains with solobles (DDGE), Based on
recent prisipction rates of othaned from dev-grind cthanol plants, spproximstely 44 nullion
metric fons of DDGS are produced in the United States anmually. The fermentation provess
1o produce pther U6 alcohols from fermentable sugars from hiomass also produces similar
dixtillers oil.

Over the paxt fow decsdes, achieving an othons! prodeet from  grajn-based
bovelineries that i both cormmercial vinble and trudy renewable bas proven challenging. Twa
of the more significant hurdles aver 13 the cost of gramn-based ethano! prodoction; and 23 the
energy npul o oulpul metie of gran-besed ethanol production processes. As 1y easily
appreciated, these two problems are wtertwined, Gramcbased ethanol production hay
historically required sigmificant and costly mput of fossil fusls {o.g., natoral gas} to dove the
torefining process, Moreover, the amount of fossi] fuel dut has been historically raquired o
drive gramn-based sthanol production s costly, particularly so as the cost of natural gas and
other fossa] fuels invreases.

One of the ways by which the sffective cost of grdn-based ethuno! production can be
reduced v the sale of commerciadly valuable co-products of the hiorefining provess. DGR
are co-products of grain-based ethano! production processes that have recognized commercial
value, Ty particnlar, IIDGE wre sold as u hvestoek Teed supplement. Becuuse # 1 primandy
the starch of the gran thet i consumad v the production of othanal, the DUGS remaining

1

after fornwaation and distillion contam nutriionally valuable hber, protein and ot
Redative » vaw grain, DDGS may even be considersd a supenor feed, as they contamn
concentrated amounts of fiber, protein and fat, together with o sigmificantly reduced amount
of starch. In addition, DDGS are comstderably less expensive than some feeds of comparable
mutritionad value,
BRIEF DERCRIPTION OF THE DRAWINGS
FIG. | provides a flow-chart schematic represemtation of a process by which emde

corny wil is solvent extracted freun DBGE, DDG or ¢ contbimation thereef, which also

=
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produces a de-oiled product, according o certatn aspects of the present invention.
FIG. 2 provides a flow-chart schematic representation of a process by which glyverin
andfor biodiess! are produced from one or more renewable il sources, ackuding o certain

aspeets of the present nventivn.  In somwe preferred aspecty, the one o weore venewable ol

LA

soutess comprises orude corn ol produced according to the selvent extmction provess of FIG.
i

FEG. 3 provides a fow-chart schematic representation of a reduction of FFAy from a
feedstock by g glycerolysis provess in the presence of 8 molar excess of ghyeerin to provide
foedstock mixture having & reduced FRA level compared to the feedstiek FFA level,
0 according to certain aspects of the present invention, In som preferred axpects, the feedstock
comprises crude corn ol produced according to the solvent exiraction process of FIG 1
ansdfor the glyveerin soures ts provided according to the provess of FIG. 2

FiCr, 4 peovides a flowschat representation of the renewable diesel produciion

process nsing renewable ol sccording to cortain aspeoty of the present invention.

o
K

FIGS, SA-SD provide 8 How-chart representation of the oleochenueal production
provessing using renewable ol accordigg to cerlimn aspects of the present invention,

While varions ewbodiments are anwenable o verons modifications and alternative
forms, speeifics thereol have been shown by way of xample in the drawings and will he
described in detail. It should be understood, however, that the intention 18 not o linnt the
20 claboed mventions to the particular embodiments descnibed. Qu the contrary, the wntention &
iy wover all modifiestions, squivalents, and alternatives Ddling within the spurit and scops of

the subject mattar g Jefined by the clinms,

DESCRIPTION
25 The terros “distillers off™ or "DOY referred to heretn shall mean & co-product of 3 bio-
fermentation provess using blomass for fermentation that i extracted from the thn stillage.
The tenms “distillers cors o™ or "ROOY reforred 1o heretn shall mean & copradoct of
dry-milled corn C2-Co gleohol proaduction that is extracted from the thin stillage.
The ferms “distiller’s deied graing with solubles™ or *DDOR” referred to herein shall
3 mean s co-pravdoact of alechel production having the AAFCD dehinttion, which w the prodot
obtained after the removal of sthy! aleoheol by distillation froay the yeast formentation of corn,
grain or & gratn mixture by condemsing and drying at least threesguarters of the sohds of the

&

resultant whole stillage by methods emploved in the grain distlling industvy, wherein the

)

pradominating grain can preceds the torms {e.g., corn DRGS, harley DIDGS, wheat DDGS,

=

3



WO 2025/015111 PCT/US2024/037479

ST
The terms “drted distller’s gramg™ or “distiller’s deied prams”™ or “DDG” referred o
herein shall mean 8 Co-product of dryv-mulled ethano! predustion having the AAFCO

definition, which & the prodoet oblained after the vemuoval of ethyl sdeobhol by distithtion

LA

froun the veast formentation of ciwn, grain or a grain mixture by separsting the resulting
cogrse grant fraction of the whele stillage and drving # by methods eoploved wm the grun
distithng industry, wherein the predomunating gram can precede the o (eg., cotn DRXG,
barley DRG, whieat DRG, e

The term “distillers meal™ referred to horein shall mean the prodogt or ce-produoct
13 resulting from selvent extraction of DIRGS, DG or 8 combianation thersed, that has been
dried of excess water, including the nstance of the resultant product or co-product retaining
substantially all the crude protein and fiber content of the respective DINGS, DDG or o
combination thereof, prior to sobvent extraction, and also inchuding the lnstance of the

resulfant product or co-product baving g portion of the fiber sandfor sohable Tsctions reduced

o
K

by any Buther processes such that the resulfant product oy co-product bas g bigher proten
content compured to the DDGS, TG o a combination thwreod priov to solvent extraction.
The terms “hugh Dee ity aod lovel” or Magh free ety actd content™ celerred o
horetn shall mean a free fulty acid vontent greatey than 1.0%, In some aspects about ¥ o
about 15%, by mass of total ol or {38 45 measured by ARTM 38353-85 (201 7y 11 a renewaldde
20 ol source or @ repewable o feedstock, eluding a repowable plant-based 01, a rencwable
animal-based fut or o, distilers corn oil from & dry-grimd ethano! process, oil extracted from
DIDGE anddfor BDG, corp oil extracted from DDGE andfor DIXG Hom o dry-grind sthanel
process, of solvent exiracied from DIRGS anddor DG fromo s dey-gringd ethano] process,

and/or com ol selvent extracted froun DDGS andd/or DG from a dry-grind ethanol process,

25 The termn “low free falty aoid fevel™ or Mow free fanty acid content™ reforred 1o herein
shall mean o free Bty acid content of LO% or less, e some aspects betyvsen shont 9.25% fo

Iess than 0%, by mass of total ol or I as nwasured by ASTM DEFSSO5 2017y u
renewable oil source or a renewable oif fredsteck, moluding a renewabde plant-based oil, a
renewable mumal-based i or ol disnllies corn oil from o dry-grind ethanoel process, oil

3 extracted frone DDGS andfor DG, o ol extracted from DDGS andéor DRG from g dey-
srind othanol process, oil solvent extracted from DINGS mdior DDG from o dey-grind
ethanol provess, andéor corn oil solvent extracted from DIDGS apdfor DDG from o dry-goind
ethanol process.

The term “high-otl™ or “high-cil content™ in relation to corn means the kernels of com

4
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containing elevated lovels of oil on a percent dry weight basts when compared 1o #2 yellow
dent com.
The term “low-al” or “low-adl content™ in relation © corn means the kerasds of com

containing fevels of oif on o pereent dey weight busiy consistent with that of 82 vellow dent

~

LA

cors, which typically has an ail content of about 3.5% 1o about 4.0%,

The term Yol contert”™ refers {o the oil cotwentration of @ corn kemet expressed onna
dry weight hasis,

1t will be readidy understood thet the maethods snd voatenaly s they are generally
desertbed and Hustrated in the {figuwres herein could be wrranged and designed moa wake
13 variety of differsnt configurations. Thus, the following more detuled desoription of various
embodiments of the methods and materials provided herein s not intended to lumt the scope
of the claims, bt merely provides reprosentative examples of various cmbodiments of the
subject matter revited in the appended clapms.

For example, though DINGS sre referenced heretn with respect to the methods sad

o
K

mstorials desorthand, i i3 {o be understonsd thet DIDG could alse be utilized wmstead of or in
addition 1o the DDGS. In particolar, DRG refain sigmificunt aad content, and m embodiments
of the provesses avgd methods desertbed berein DDG way be used in plce of DDGS or in
comtbination with DDGS. Algo, winle every cthanel plamt s configored ditforently, cach
ethanol plants handles recycle streams dhifferently, mcluding recycling different process
20 streams of solubles to the distifled dived grams. Additonally, ethanel plants may also contan
a conunercial proctuetion of other Wobased aleobels, such ws isobutanol, slongside cthanol
Sull facther, bichased alcobol production can relate any of the €206 organic alcohal
prodoctions. Thus, the ollowing deseription speetfic o DIFGS should alse be understood o

be applicable to DDG or a combination of DDGS and DIXG as it relates Yo the various grain

25 andfor biomass feedstocks, Thuy, the following deseription spac o RDGS shoudd also be

understood 1o be applicable to DIXG or 3 combination of DDGS and DDRG.

The comumercial value of wil extracted from 8 co-product of the grain-based ethannd
mroduction provess can be further enhuswed. In particular, commercially valuable aneunts of
ol can be extracted from the DRG and DDGS wsing a solvent oxtraction process.

3 Commercially valnable amounts of il can addo be extracied from the thio stillag

The extracted oif can then be forther processed to provide, for sxample, food grade
o1l such ss food grade com ol where the co-produst is dertved from an ethanol biorefinery
that utilizes com grain a3 biomass. Alternatively, the ofl extracted can be subjected to @

transesterification process, sometimes in venjunction with an esterification grocess, to vield

e
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biodiesel and glveerine, Alternatively, the ol extracted can be subjected o 8 hydro-freating

o

provess to vield s renewable green diesel fuel,

»

Still slternatively, the sl extracted can be subjected 0 wther sdeochentoal processing,

such as fat sphitling {or hydrodysiay of the glycerides {eg., triglyeenide, dighyveeride and

T

LA

moneglveeride) mio different oleochomics! fractions to produce crude fatty sculs and
glycerine. After the splitting provess, the crude fatty auids muay be subjected to additionad
movessing, such a distillation, fractionation, and other methods of separation to produce
erude, distilled and fractonated fatly avids. Likewise, the crade ghyeering may be sabjected o
additional processing, such as adsorptive [livation using adserplive materials, such as
1 genvated carbon, and distillation to produce refined glveenne, The futty scuds andior
glycerine rmaay be subjected to further chemical snd onzymatic reactions ®o vield desired
olecuhemicaly for porsonal care products and home care *g_ra:w:ii,u:ts\
In soame wepects, the repowable oif feedstock e devived from stundurd 32 vellow dent

vorn typieally haviog sbout 3% up o sbout 3% o, whueh represents about 88% of com

o
K

grown ig the US. and urently wed fiw avimal feed snd mdustrial uses. I siune gspects, the
rapewable o feedstock v devvved from af leagt 30%, 1o some apects af least 353%, I soame
R ¥y ‘S

agpects at fopst 6%, 1w some sepects of Teast 68%, ny some aspeets af least 7O, In sowme

S5%%, i somg

{/Q

aspects at least 75%, 1 some aspeoty at least 0%, in some aspeoty at lonst §

“

aspeets at least 90%, in some aspects af least 853%, m zome aspeets 1t least 99%, and in some
20 aspects 10U, standard #2 vellow dent comn,
in xome other aspocts, the renewable 0il fredstek is dentved from Ingh-uwil content
corn, which s genetically slsred fo have an of] content greater than standerd 82 vellow dent
cor. High-oil coon grain can also molude water, starch, profein, enzymes, pigments, amino

acids, nutraceuticals and antioxidants.

25 High-oal content corn grain can be harvested from any of several diffurent types of
comt plants. For example, the com plants giving rise o lngh-oil content com grain inclades
hybrids, inbreds, transgonic plants, geneticsily-modificd phats or a spoiie population of
plants.

High-oil content corn gram 3 commercially available wnder the tradename Value

3 Plus™ fugh oil com from Brownsead Genetics, LLC, Bay City, Wis, Exenplary high ol corn

grain is also deseribed o UL, Patl Noo 7,528,303 {(Pyiman et ally; UR, Pat Noo 7371948
{Pylman ot ol snd ULS. Pat Noo 7378579 (Pylman et sl ) the enliveties of which patents
are incorporvated herein by reference for all purposes. Methaods for devek}pmg corn inbreds,

hvhrids, transgesge species and populations that generale corn plants producing grain baving

6
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alevated o concentrations are known and desertbed in Lambert (Spectaly Com, CRC Press
Inc., Boea Raton, Fla., pp. 123-145 (1894

Corn gramn hoving an clovated total corn ol content can be identified by any of &
mnber of methods knewn to those of ordinary slall mn the art. For axample, the o content of

grain can be determined using Amenicsn (4 and Chemidesd Society Officis! Mathod,

Sth editiony, Mareh 1888, ("AOCS method Ba 3-387)0 AQCS method Ba 3-38 quantdies

LA

substances that wre extracted by petroleum sther pnder conditions of the test. The ol content

o conventration i the weight percentage of the ot with vespect to the total weight of the

grain sample. Ol content may b normalized and reported ab any desired moisture basis,

1 Another suitable mathod tor wlentifving high ol corn grain involves using & near mfrared
{NIR} il detector.

{n some preforred aspests, the high-oil vontest com bas s oil content of more than

3%, In some aapects ot least 696, In some aspeets up o 30%, in some sspeots up to 20%.

some aspeets up fo 1%, in soroe sspects up o 9.5%, and In sowoe sspects up o 8.0%, on a

o
K

dry weight basts of the corn gravs. In some preferred sspeets, the renowable oil feedstock is

darrved from ngh-oil content comn having an o content between 8% and 30%, m some
aspects bofween 6% and 200, in some mspects hetwesn 6% and %, w some aspeots
botwern &.0% and 2.53%, w some sspects bebwoen &1% and .59, 0 some aspedcts botwesn
2% and 9.5%, i some axpects between 6,350 and 2.5, 1 some aspeets between 6.4% and

2 LR

J’l

%o, in zome aspects betwoen 6.5% and $.53%, 1 some aspeots betweers 3% and 9.4%;, 10

]

seme aspeety betwoen 6,59 and 9.3%, 1n some aspeoty botween 6.5% smd R3I%, I soms

aspeoty batwoen Yo and $1%, i some aspeots betwaen 6.58% and ®0% o dry weight
basis of the corn grain,
In somne sspects, the bigh-oil content comn has a relatively lower starch content as

‘»“\

25 compared to #2 vellow dent covn In some anpects, the hugh-oll content corn has 2 starch
covtent of 7% or less, W sowoe aspects 68% or fess, and in sowe aspects 3% or less, oo a
dry weight basis of the com gramn. In sowne aspocts, high-oi comn meludes comn grain having
a starch content from 58% to 65% on a dry weight basis of the corn grain,

in some aspecty, the renewable ol feedstock 1 destved from 2 foedstock having at

3 least 199, o some aspects ab least 2%, in sowme aspevts af foast 3%, In some aspoots at least

4%, it some asproty at least 396, n some aspeols at Jeast 6%, in some aspeoty at louat 7%,

some aspects ai least 8%, in some aspeots al least 9%, 1o some aspects at least 1%, high-oil

content com.

{n some aspeets, the renewsble oil feedstock ix derived from corn grain blend of high-

-3
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ol contert corn and low-oi] content corn, such a8 to permt optimal processing, meluding
rutling, saccharification, fenmentation and subsequent co-product vil extraction
For example, the cormn grain blend can molude s fest poation of #2 yellow dent comn

graimn having an oil content baving an average oil conterd fess than 5% on a dvy weight basia

LA

of the corn grain and a second portivs of high-oil ccattent corn gran heving sn oil comtent
havag an average oid content of at least 6% on a dry weight basis of the corn gran. In swne

asprets, the firsd and second portions are provided such that the corn grsin blend hay an

o NP

average oil content greater then 3%, 1o somwe aspeels babween 3% and 35%, 1 some aspeols
bobwern 5% and 20%, and in some sther aspects batweon 6% and [5%, oo g ey weight basis

10 of the corn gratn
In somwe preferred aspeots, the renewable vl feedstock is derrved from & com gramn
blond of high-oil content com and low-wil vomtent corn baving a high-otl content com to low-
ol vontent corn ratio (high-oiltow-oil} of at least 1:20, i some aspeots ut least 3:50, m some

aspects at lesst 1100, in somoe aspects at least 4235, 10 some aspects ab least D00, and

o
K

some gspects at least 1:10. In xome preforred aspeets, the raewable o feedstock 15 derived
fronm @ corn gram blend of high-oal contant corn and low-mil conlent corn having a gh-wml
cowtent corn fo low-oil content corn ratio (high-oildosw-oif) up to 10, 1 some aspeats up 0
215, 10 some asponts up to 310, n some gspeets up to D, and in some aspecis op o 15 In
some preferred aspects, the high-oil content corn to low-wl content corn ratie {high-oil:lew-
20 oy s between 1180 and 121, 1 some aspects between 130 and 203, in some aspecty between
120 and 3014, in some aspects bebween 120 and D4, in some aspeots between 120 and LS,
and 1 somne preforred aspects botween 110 and 13
A corm grain blend can be provided by vanous techaigues, such ag those disclosed n
LL8. Patent 10888837, the conterts of which are incorporated-by-reference in s entirety
25 hereln
For example, a com blend can be provided by planting a mix of differont com seeds
i a feld, harvesting the mix of corn grains, and then sulling the mix of com grams. An
example of planting & mix of different corn seeds mehudes mixing 1o the field a high-uil
comttent corn grain and a low-otl content corn grain, wherein the high-oil content corm grain
3 comprises at least S%oand ap to I8% by weight of corn grain and the low-ail content com
srain comprises at foast 78% by weight of vorn grain, sveh as ¥ vellow dent commodity
vorny, fo forme & corn grain blend that is then planted, harvested, and milled. This technique s
known as Sidekick™ placting methad by Brownsead Geneties, LLC, Bay Gity, Wis,

Another example of planting 8 eix of different corn sceds includes providing bags or

&
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containers of a comn seed blend that inclndes a first portion of highe-oil content corn grain and

second portion of low-oil cordent corn gram, wherein the high-oil content com grain

=3

o
ﬂ

723

conyrrises at foast 5% and up o 253% by weight of corn gram and the low-tal content corn

grain comprises &t least 78% by weight of vorn graty, sueh as $2 vellow dent commodity

LA

corg, to form the vorn grain blend i 2 bag or comteiner.  The bags or contamners cunt be
emptied e a plinting devwe and planted vy o Beld. The vom plapts produced can he
harvested w0 a8 to provide a corresponding corn graw blend.

Ancther tochnigee for providing » corn grain bend volves blending diffevent com
grainy at the mull from separate sourves. For exanple, a st source high-oll content corn
13 gram and a second souree of low-oil sentent corn grain, such as #2 yellow dent vorn grain,

an he mixed at the null to form a cormn grain blend. The nuxing af the mill can he done prior
iy grinding oy the grownd corn grain can be nuxed to provide the comn grain Mend.

The ol extracted from the co-produet of ethancd processing, inchading DO extracted

fromy thin stllage snd ol mechanically or solvent extmacled fom DRGS, DDG or »

o
K

combinatoon thereof, preferably has one or more signature raits thet are not svailable in
standard #2 vellnw dent comn, soech that the reseltant vl froan high-oid content corn can be
determined.

{n some preferred aspeets, the resultant DOO has an o vontent derived from 8 com
grain blend of low-oil content corn and high-oil condent corn, wherein the corn gran blend
20 having at least S8 high-otl content com that can be determined by one o move signatms
protein traits expressed in high-oi corn that are not available in standard #2 vadlow dent com,

In some preferred aspects, the ol sobvent extracted from DDGS, DDG, or a
combination thereof, has an ol content derived from a corn grain blend of low-oil content
corn ared high-oil coutent corn, whersin the corn grain blend having st least 3% high-oi

25 content corn can be determned by one or more signature protem trady expressed i high-ml

comt that sre ot avatlable in standaed 82 wellow deot com.
The vne oy more signature trais expressed i high-oil corn can be identified by any of
a namber of methods known to those of erdinary skill m the art. In some preferred aspevts,
the one or more slgnature traits comprises a profein signatore traat that cen be identified by
3 any of o mamber of methods kuown o those of ondinary skill i the st Prefeably, the
sigrture trart is present w the o extracted from the voprodoct. For imstancs, the signatare
frail is present in the oif solvent exiracted frow DDGE, DDG, or ¢ combination thersoll
In some aspects, DDGS andfor DG have a signature frait prior to solvent extraction

that comprises an aversge nif couent at an increased level that is ot avsilable in DDGS

g



LA

o
K

20

34

WO 2025/015111 PCT/US2024/037479

andfor DG denrved frons standard #2 vellow dent corn alone

In some aspects, feadstocks of renewable il may have a FEA content that 1 hugher

than desired. Accordmg to certain aspests of the present disclosure, the FEA content of the
repewable oif foedstook dervved froma of least a portion of higheot! content vorn iy redused o a

dosirable lovel prioy oy being utilized i a renewahble fuel process, renewable dicsel process,
biotuel process andior biadiesel provess

In some preforved aspeoty, the feeddtock 1 extractad froam a byproduet of g dey-grind
fermentation process to producs sleohol neloding C2-C8 orgade aleoheds, sueh as ethanal,
sopropancd, nepropanoly sobutanyd, nebutanol, sopentun, n-pontanol, schexanol and n-
hexanol wd the like, produced from the starch or sugars of plants, mcluding grainy and
biomass, such as corn. For mmstagee, convpercially valuable amounts of com ol can be
extracted from the DDG andicr DDGS, such ax by a solvent extrosctinn procsss. The com oll
extracted from DDG and DDGY cmy then be subyected to 3 traosesterification process,
somehimes i conjunction with an estenfication process, fo yield biodiesel and glyeerin
Alternatively, the oil extracted from DIHG and DINGS can be sulyeoted to o bydro-treating
provess fo vield g renewable gren diesel fael

1o sonwe preforred aspects, oue or wore feadstocks of vepewabde o can bo subjected
sy ther oloochenuon! processing, such as fat splitting {or hvdrodysis) of the glycerides (eg.,
tiglyceride, diglyceride and monvglyveeride) into differst oleschemival fractions to produce
crude fatty acids and glyeermn,  Afler the splitting process, the omde Hatty acids may be
sulyjected fo wliditional processing, such ax distillstion, fractionation, and othey mathods of
separativar tos produce crude, distilled and frectionated @ty acids.  Sinumlarly, the ernde
glveerin may be subjected o additionad processing, such s adsorplive filtration using
sdsorpitve materials, such as activated carbon, and distiliation to produce refined glveerine.
The fatty acudy anddor glveerme may b subjected to forther chemnead and enpymatic
reactions fo yviekd destred olenchemicals to be olilized In reseswable green diesel fael
production andfor Modigsel prodduction.

In some aspects, the crude fatty acids are subjected to fractionation proc to vield
Ci2, T4, C1a andfor CIR fractionated fatty acids.

The distilfers menl resoliing from solvent extraction as desoribed beremn is sl
suitable for nxe as an suimad feed ingredient, such as, for example, a foed supplement or
constituent for domestic pets, vestock {(such as beel cattle, duiry cattle, equine, sheep andior
swineg), aguacuhiure or poultry, inchiding chivkens, geese undfor tiwkey. Therefore, solvent

extraction of DM and DDGE according to the nwethods described herein may facilitate a

1o
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reduction in the effective costs of producing ethanol from a gramn-based biorefiiery, as i
allows for production of multiple, vommercially-valuable products from DDG and DDGR.

{n oo embodimen, sthanol producticn, sulvent extraction of DDGS, anad vefining of
the crude oif removed Pom the DIDGN andior IIDG can cvowr i a single Roility, For
examply, i such an cmbodiment, & gralebused gthanol biorefinery may futher iwlude
fawilities for solvent extraction of the DDRGS andior DIMG produced at the buwefinery. In
another sach smbodiment, o gram-based ethane! buowrefinery may further mchade facihitien for
solvent extraction of the DDGS andiéor DG produced o the blorefineey and faeilities for
processing the crude oil extracied from the DDGS andéor DDG to produce glyverin, biodiesel
and renewable divsel. In vyt snvther embediment, » gram-bazed ethanol biorefinery may
further mclude factlities for solvent extraction of the DDGS andior DDG produced at the
biovefinery and facilities fwr processing and refining the orude oil extracted from the DDGS
andfor DIXG to produce renewable biodissel andior renewable dissell In vet another
embodiment, 8 grain-based ethanol blorefinery may further molude facibities for solvent
extraction of the DDGS apdior DDG produced at the bioretmery and facilities for processing
and refinmy the omude ol extracted from the DDGS andior DDG o provvide g duesirable
feadstock by a glyeevolyais resction in ovder to prodoce blodiese] andior renewable diesel By
integrating these operations within g single facility, provess efficiencivs may be gaied and
costs of sebvent extracting the DINGS andfor DDG and processing or refining the extracted ol
may be reduced.

in another embodiment, & bicesfinery or facility may procesy a renewable oil soures at
feast partially derbved from high-oil content corn, wherein the renewable oif aouree having
higher than dessred levels of free fatly acids by perfornung either thermodypamic or

enzymatic glyeerolysis of the renewable oil sowce baving bigher than desired levels of fres
fatty ackdy i the presence of ghvesrin 1o provide a fesdstock having a lowsred free fatty acid
level compared to the renewabie ol sowee. In some preforred aspects, the remewable oil
souree has free fafty scids andior triglycerides converted to momnplyeendes andior
diglycerides in the glyeerolysis process. In scume preferned aspesty, the glyeerolysis provess
i comnductad under & molar exeess of ghveerin to the Rty acds i the renewabde il souree.
In some preforvad aspects, the glveeradysis process provides a result feedstock mixture of
repewable ol having a rvesultent composition containing af Jeast 13% nwaoglyveerides,
dighyeerides, or a combmation thereafl

In some aspects, the free ity ascid contenmt of the renewable ol source containg

between about 75% and about 98% iriacylglveerides, between sbowt 5% and about 12%

11
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dineylghyeerides and less than about 8%, in some aspects less than about 4%, 1 some aspects
ess than sbout 3%, and n some aspects less than abowt 3% moncacylghyeendes, such that

cerides i the renewable ol soures is

the total contont of the dineylglyesrides and nusnas]
fess than 18%.

In some aspeoty, at foust 80% and up to ¥9% of the froe fatty aud content is converted
v @ minture of monogiveendes and diglveerides by the glveerolysis process.

In some preficred aspeely, the renswable wl sowres 16 crade o fro DRGES andior
DUG. In some prefecced aspects, the crade ol from DDRGS and/or DDRG w solvent extracied.
In some more preforred aspects, the DG anidior DDG 18 derved from o corn giain hlend
having a first portion of low-tdl corn grain havmg an ool content having an averags oil
content less than 5% on a dry waight basis of the corn grain and a second portion of high-nd
content coan gram having an off contant having an average o content of st least 6% on a dey

winght baaiy of the vory graim,

Solvent Extraction of Crude O frivn DIXGS andior DDG

While the following disclosure 18 m oreferenes o DINGS, 1t 1y to be understood that
DG conld alse be viilized instead of or e addition o the DDGS. In partiontar, DRG refain
signifieant ¢il content, and m embodupents of the provesses and methods desoribed herein
DG may be used in place of DDGS or in combinution with PGS, suck that use of the term
DDGS herens shall be vnderstood toomean DDGS, DDG or a combination thereof.

Using sobvient extraction prooessss, commercially sipnificant smounts of crude plant
oily can be isolated Trom DDGSE, while maintaining the vahue of DINGS as a feed supplement.
In one embodiment, the DDOGY oxed 1w a solvent extraction process as deseribed heren are
selected from DDGS geverated i slcobol production processes that utilize win, barley, ve,
sorghum, ov sovbeen gram, such ws ethanel, wobutinoel v other CO2-C8 organie aleohed
prodoctions. In snother embodiment, the DIDGS used w8 solvend extraction process are com
DG genonted fromm o dey-grind corn alechol borefinery, mn some aspects proforably sn
ethanol Worefinery. In some mwre preferred aspects, the DG s derived from a corn gram
blend having 8 fiest portion of low-oil content corn grain having an oil content having an
average vil content less than S% on a dry weight basis of the comn grain and a seeond portion
of ngh-ml content comn grain having an oil content having an average ol content of &t feaw
% ona dey weight basis of the corn gram.

In certain aspects, the com DIXGS andfor DG s devived from a comn feedstock, such

that the DDGS andfor DDG prior to solvent extraction of crude ot bas an average oil content

s
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that is greater than DDGS andior DD derived from #2 vellow dent commadity com,

In some aspecty, the corn DDGS and/or DDG s denved from s corn gram blend
having g first portion of low-oil cordent com grain having st il contont having an averags
ol vontent fess than S% o a dry weight basis of the cory grain and a sevond portion of high-
el comtent oot grsin having an ofl content having an sverage ol conent of ot keast 8% on a
dry weaight basis of the comn grain, such thay the DDGS andior BDG prior to solverg
extraction of orode oil hay an average oif content it iy gregter than i the DIRGE aadior
DD were dertved frown the fest povtion of low-aal content com grain alone.

In some preforred agpiots, the corn DDGS andfor DDG s derivesd from o corn grai
blend having # fingt poation of low-uil content corn wrsin having an ol content having an
average o1l content less than 3% on g dry weight basis of the comn gram and & second portion
of high-eil content corn gram having an oif content having an average oil content of at east

6% on 8 dry weight basis of the corn grain, such that the DDGS andfor TG priee to solvent

Pk
Pe

g3

extraction of erude off has sn average ol content grester than 10%, in some sspoets greater
than 119, snd o soene aspects greater than 12%, o some gspects, the aversge oil content of
the the DDGS andfor DG prioe to solvent extraction of ertde ol s an averags o content
bBetween 0% and 38%, In some aspects between 119 and 22%, in some other aspedts
bobween 12% and 209%, 1 some other aspects between 13%% and 1¥%, and 1 some asprots
between 14% and 1 7%, on a dry weight basis of the corn gratn,

Solvent axtraction proeesses suttable for extraction of crude ot from DDGS nclude
processes that uttlize cthanel, hexane, iso-hexane, potrolenm distiflate, mistures thereof, or
one or more other suitable sobvents, ax known i the wt, for off extraction of DDGS. In one
preferred aspect, sobvent extraction processes suitable for extrsetion of erude ol from DDRGS
include processes that utilize one or more renewable solvents. In some preferved aspects, the
o or more renewable solvents comprises Tmethyvloxnedane, One of ordinary sl in the art
will appreciste that such solvends may be commuervial grade or reagent grade sobvents. In
sopie gspolts, selvent extraction processes suitable for extraction of crude il from DDGS or
erude corn oil form corn DRGS inelude provesses that prlize switable non-podar solvents that
have a Ingh solvent power for ipids, are comppercially available, are acceptable vegulatory-
recognised solveats andfor can be rendily removed from the resulting produet by commonly
accepied methods sueh as disnllation, washing andfor svaporation.

In some aspects, suitable nen-polar sohvents comprise saturated hydrocarbons, such as

~,

one or more C5-U7-alkanes, including one or more isomers, one or more enantiomers, and

mixtures thersof, In some sspects, the isomers, enantiomers and mixtures of C5-C7-alkanes

s
L¥S}
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wchides one or more of n-penfane, n-hexane and n-heplane, as well a5 the structoral womers
thereol {Le.isopentane, neopeniane, schexane, Z-mwethylepentane, 2 3-dimethyibutane,
nephexane, voheptans, Z-methvibexane, 2 2-dimethvipentane, 2. 3-donethylpentane, 2.4-

dimethylpentane, 3-ethyipentane, aud 2.2 3mmethyiintane) and petrolown ether, In some

LA

aspeety, suitable solvents are ronowable solvents, such ay Z-msthyloxolang slone or m
condination with ope or more sintable non-polar solvents.

In some aspects, swtable :‘ix;za'_t«peku‘ solventy or mixturey thereof have o bothing point
in the vange from about 367C to aboat B9 1o some sspeets, the non-polar solvents may be
puritled or commercial grade. For exmmple, o some aspocts, a soitable non-padar solvent
13 ipcludes cosumercial grade hexane, which mae of ordinary slall i the art will appreciate
comprises & mxture of n-hexane, other 1somers of hexane and small smwunds of other
miscellancous  hydrecarbons (e, actone, methyl ethyl ketone, dichhwomethane, and
trichlorosthyvlene, mromatios such ay toluene andfor other typey of potrokann hydrocarbong).

In some aspeots, suilable selvents comprise oixiures of solvents contamng slkanes or

{5 blends of polar and non-polar solvents that form asestripes. For sxample, suttable Mends of
podar and won-polay solventy may welude hexunseethoned o hexansisopropanel. Such
sobvents may also melode kotones such sy scetone. D some gspects, the szeotvops comprises
a blend of polar ansd non-polar selventy, such that the blead iy o positive azeotrope, which has
a boiling point a1 a lowsar iwemperaturs than any othey ratio of #Hs constituents.

24 In some other preferred aspects, suptable solvents comprise muxtures of sobvants

containing slkanes or blends of renowabls solvents and non-polar solveats, polar solvents, or
a mixture thersofl For example. suitable blendy of rencwable and pogepodar solvents may
melode Tomethyloxolenohexane, suilable blends of resewable apd polar solvents oay
nclude 2-nwthyloxolneethaw! o Zapethyloxolanetisopropanel, and suitable blends of

25 renewable, ma-polar and polar solverts may mclude 2omethyloxolanehexaweethana! o 2-
methyloxelwmerbaxanensopropanol. Soch selverts way also welnde kelones such s acelone.
In some sspocts, the suitable blends forms an areotrope, which eomprises a blend of polar
and non-palar selvents, such that the blend s a positive azeotrope, which has a boiling peint
at a lower temperature than any other vatio of By constituents.

19 In one embodiment, the solvent extraction process utibizes a solvent, such as, for
examply, hexane amdfor Zanethyloxolane that serves to reprove oif from the DINGS withont
substantially aliering the protein or fiber content of the DDGS. Ol extraction of the DDGS as
deseribed herein vields a distillers meal. In one embodiment, the solvent extraction process

removes about 80% or more, about 65% or nwore, about TO% or more, about T5% or mwre,

14
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about 8% or more, or about 80% or more of the oif present i the DDGX.
In another embodiment, the solvent extraction process 1s a hexane extraciion process
that removes about 60% or more, about 83% or mwws, abowt 7% or muowrs, about 73% or

maore, aboat ¥ or morg, vr about R or more of the of present in the DDGS. o vet

LA

another embodinuuy, the solvent exiraction prooess i3 a hoxany oxiraction procusy that
remnaves abagt 739 or more, about 30% or more, or abowt H% or more of the ol present in
corn DRGS,

{n anether embodivoent, the sobvent extraction provess is o 2-methvioxelane extrachion
process thit ronwwes sboul 6055 vy more, about 65%5 o1 more, about 7% or nwwe, abont 78%
H o myore, about S0% or more, or about $0% o muws of the ol present i the DDGS. In vet
another embodiment, the solvent extraction process is a1 2-methyloxolane extraction process
that removes about T3 or more, ahout 80%% or mwore, or about Y0% ar more of the il prosent
a coer DGR,

In yei snother embodiment, the solvent exirachion process is an exbraction process

o
K

sing o nuxture of pop-polar sulvents having # boiling point range betwesn abwt 36°C o
using @ mixture of son-polar sulvents having # boiling point range between about 36°C ¢

about 99°0 that removes about 6096 or more, about 85% or more, about 70% or more, about

4o more, shopt B0% or more, or about 90% or move of the oif present v BDGS, and n
senmie aspruts corn DDGS.
In vet another embodiment, the solvent extraciion procesy 18 an exiraclim (Hovess
20 using an azeotrope of a polar solvent and an alkane solvent that remeves about 73% o more,
about 80%: of more, or about ¥0%: or more of the nil present i DDGSE, and in some aspeats
corn DR¥GS.
In yvet another embodiment, the solvent extraction process i3 8 hesane extrsetion
process that renwrves about 60% or more, about 65%: or mwore, about 70% or more, about 758%
25 v more, about B wr more, of shout $0% or more of the o present m DIGS produced at g
shry-grind com ethanol biovefinery, Com DDGS typieadly nclude sboad 8% up to shout 13%
by weight ol content, and in one sinbodunent, the sobvent exivsction procosy i @ hexane

extraction provess that results in a com distillers meal having a residual ol content of

3

poves

approximately 0.2553% by weight, my some other aspocts gpproximately 0.5-4% by weight, i

3 some other aspocts approximately 2-3% by weight, sad in still some other aspeots
approximately 8253% by weightt  In another eudwodiment, corn DIIGS wre subjeeted fo a
hexaue extrachion process that results in & corn distillers meal having o revidual ol content of

o more than 3.0% by weight, in some aspects no move than 2.5% by weight

In snother embodiment, the selvent extraction process is a 2-nwthvloxelane extraction
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provess that resalts in o com distillers meal having o residual ol eontent of spproxinately
(1.25-5% by weaight, in soime other aspects approximately 8.5-4% by weight, in some other
24

aspects approxivately 2-3% by weight, and w still some other sspeots spproximately 0235

3% by weight. In another embodiment, com DDRGS are subjpeoted to a 2-methyloxolane

LA

extraction process that resulls in a corn distillers meal having a residual wil content of no
miore than 3.0% by weight, 1o some aspects no more than 2.5% by weight

In vet anotiuy embodiment, the solvent extraction process witlizes a solvent extractiom
procesy that resudts ina com distillery meal having @ residoal o content of approgimately 2-
3o by woight, i some other aspeets approximately 0.23-3% by weight, in some othwy
10 aspeets approxanately 1-4%6 by weight, and in still somee other aspects approximately 0.25-
305 by weight. i another embodiment, comn DDRGS are subjected o 2 solvent extraction
process that rosults i a corn hstillers meal having a residual off content of no mors than
3.0% by weight, 1n some aspects o more than 2.58% by waight.

Where the DDGS are produced st a diy-grind com othard broretinery, a How-chart

o
K

representation of @ smtable sobvent extraction prixcess, swoh ay hexane sofvent extraction, is
showr i FIG. 1 In a typreal dev-grind provess Tor sthanel production from corn, the DDGS
are 3 by-product or co-prodect derfved from the com wash after the starch has been
comverted Yo cthanol and the ethanol has been mmoved by distillation. The stillage
wpcally subjected to ventrifugation, evaporation and drying o temove residual liquid
20 coutent, resulting m DDGS. Methods of extracting ernde comn ol from corn DDGS are
dizcussed in Sing st al, "Extractivar of O From Corn Distillers Dried Grains with Solubdes
Transactions of the ASAE 41 (6, 17751777 (1997), the teachings of which are imm‘pcxmtesﬂ
by reference herein. In addibion, sohvent extraction technologios and equipment are avalable
from, for example, Crown Iron Works Comnpany of Minnespolis, Minn, UL8.A. Moreover,
25 techuology duected o removal of the ol from vegelable parbieles, removal of residual
sobvent from solvent extracted waterials, and recovery of solvents used fn sobvent extraction
processes are Josorthed my, fiv example, US. Patl Nao 6,996,917, LS. Patent No, 6,766,595,
118, Patent N 6,732,454, and USRS, Pataag No. 6,309,051, These patents are assigned
Crownt Tron Works Company, and the teachings of each of thess patents are teoporated by
3 reference herein. St forther, the solvent extraction fechoologies relating to DDGS are
disclosad in ULN Putont Nog, B2Z7.015 and 9,1 13,645, the teachings of euch of these patents

berng incorpsrat

d by reference herem.
Referving again to FIG. 1, which illustrates an embodiment of a solvent exiraction

provess that may be spplied to DDGSE, as a first step, DDGS mzal is fod indo an exiractor. In

16
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some aspects, the DDOGY meal may ophionally be ground belore being fed into an extractor o

reduce the particle size of the DDGS nieal. In some aspeots, the DDGS meal is grounsd such

that aboat SO%:, m some aspests about 85%, m some aspects about 9%, i stune aspects

about 93%, m sopue aspeots about 9%, and i sope aspecty about 1% of the DDGE meal

LA

has a particle size less then abeay | milliowter. In some aspects abowt 90% of the ground
DIGS pigal bas a pasticle size less than about | millimeter to about 130 microns, in some
asprets fess thay gbout 340 pueroes to about 130 nuicrons, w some aspeuts logs than about
T10 nuicrons 1o ghout 150 micvons, @ some aspeets foss than about 593 microus 1o about 150
scrons, snd in some other aspecty lows thun shout 325 pucrons to gbont 130 microns.  In
13 wther aspects, the DDGY meal v ground such that at lewst 83% of the DDGS meal has a
particle size less than about 1 mullimeter to sbout 130 nucrons, In some aspects less than

about 840 microns to abuul 150 microns, i some aspecty less than about 71 mikroms to
about 150 nuerons, i some aspects loxs than about 393 prrcvons to about 18 microns, and in

some other aspeets less than about 523 muicrons o abont 150 microns, In some other aspests,

o
K

the DDGS mead ix grovad such that about 9% of the DDGS nical has 2 particle size less than

about 1 puilinuter to gbout 130 mucvons, 1 some aspeots lesy than shout S48 mcrons o

about 150 muorons, in some aapects lesy than about 710 micvons o sbowt 130 microns, i

some aspeots loss than abowt 585 nucrons to abont 150 mivrons, and it some other aspect

{ess than about 323 microns 1o about 130 microns.

20 In the extractor, the DIMGE meal iy washed with solvent, and i one embodiment, the
DIGS mead s turned at least once i order to ensurs that all DDGSE particles sve condacted ax
equally us practicable with solvent. After washing, the resulting nuxture of wi and sobvent,
called yoiscella, i3 collected for separstion of the extracied il from the selvest. During the
extraction process, 18 the solvent washes over the DDGS flakes, the selvent not anly brings

25 ol e sodution, but may collect fine, solid DIDGS particlex, These “hinex® are genersltly
undesirable mmpunitiss 1 the noseella, and fn ove smbodiment, the miscelly 18 discharged
from the sepandor thtough a devioe that separates or sornbs the fines from the nuscells as the
muscelia is colleetad for separation of the o from the solvent.

In some alternative aspects, vue or more enzymes may be added to the miscells to

3 redove the free futty serd content. In some aspects, the eneyme can be g commercially

available enzyme, spch as an immobilized lipase

In order fo separale the oil and the solvent contained i the miseella, the miscells may
be subjected 1o a distillation step. In this step, the miscella can, for exanmple, be processed

through ap evaporator, which heass the nuscells to 8 temperature that s high enough to cause
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vaporization of the solvent, bt is not sufficlently high 1o sdversely alfect or vaponize the
extracied o1l The o may be huther stripped of sobvent i an o1l stripper o further reduce

vesidual selvent levels, Ax the solvent evaporates, 3t may be collected, S example, m g
condenser, and recveled for futare wae. Separation of the solvent from the vuscella rexulta ma
stk of menewable orude wil, which may b further processed to provide, for exumple, food
grade oil fiw ultunately conswner uses or an o1l product suitable for vse m a renewable diesel
provess by hydrotreating the of o produce green renewable diesel or o trapsestecification
process that vieldys Bty seid methy! esters for wse o rodiesel apdfor for ultimate nse in the
production of nlecchemicals, as well av glycerin whivh may be produced ss & consegquent of
mrovessing the o, The renewable erude oil may also undergo other processes prive to being
prodoced it renewable diesel, hrodiesel, glycerm andior oleochemieals.

After extraction of the o, the wet, de-piled DIRGS may be conveved out of the
extractor and sulgected fo o deving process that romoves residual solvent,. Removal of
restdual sobvent 1w mportant to production of distilers meal suilable for use ss an snimal feed

grgredient. In ope embodiment, the wet nieal can be conveyed in a vapor sight snviromment {o
preserve and colleel solvent that transtently evaporates Hrom the wet meal ax 1t 1 conveyed
into the desobeentizer. As the weel entery the desolventizer, # may be heated o vaponize and
remove the residual solvent. In owder to heat the mesl the desolventizer may melude s
mechamsn for distributing the meal over one or more trays, and the meal may be hested
divectly, such as through divect contact with heated aty o steanmy, or indivently, such as by
hesting the tray cwrving the meal, or both. The deselventizer may further mchude multipls
differemt trays for carving the mesd theongh Gifferent processing steps within the
desolventizer. In order to facihitate transfer of the meal from ong fray © ancther, the trays
carrying the meal may include openings between fravs that allow the meal to pass front one
tray to the next.

Where the desolventizer wiilizes multiple process steps o revoove residosl solvent
from the wet, de-ailed DDGY o produee distillers mwal, the wel, de-oiled DDGS may be
jeaded and transtved through wvarions trays to facilitete heating and sodvent remwoval in
mtiple process steps. Por example, i one eanbodument, as the meal enters the deselventizer,
i may he loaded on a fust group of heated trays where the meal s evenly distribnted and
sobvent vapor 13 Hushed froom the meal From this first set of troes, the meal may be
transferred onto s second group of travs, where i 1 again evenly distributed. The second set
of trays may be beated indirectly by stearn. The rays may be designed to allow venting of the

solvent from one fray o the next snd the meal contsined in the second set of trays travels

18
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counter current fo the sobvent vapors, A third fray ov set of trays may be provided to allow

direct steam nyection intn the meal, which works o stnp remaining solvent. Where the

bgs

desolventizer mcludes multiple trays and utilizes pltiple desolventizing provesses, the

guantity of trays and thelr positions may be designed o sllow maximam contact between

LA

vapors and nial,

From the desolventizer, the meal may be conveved tis a dryer where the meal 15 dried
of residuad eess water and cooled o provide o finished dotiflers mead As 1t s conveyed
into the dever, the wesl may be depostted Into dryhug trays and 1t s warmed by heated alr Ax
the meal is hested, restdua] water s vaporized. Aller drving, the meal may be cooled using
1 ambient awr The desolventized, doed and cooled distillers meal smay be stored, further
provessed, such sy pelletizing o increase densification, of prepared for sale or distribution.

In soime aspects, ot Jeast about 80%, in sowme aspeots sbout 853%, in some aspects
about 9%, 1 smne aspeoly abeny 83%, I some axpocts shout 9%, and it sone aspects

about 1008 of the distillers mesl has 8 particle size less than sbont 1 millimeter. In some

o
K

aspects about 0% of the distillers mieal has o pwticle size less than about 1 mulbimeter to

about 13} pyoroar, mosome sspeoty fess than aboud B30 muerons to sbout 1530 migrony, in

some aspeoty fess than sbowt 710 microus to about 150 nucrons, 1 some sspects less than

about 595 microny @ about 130 nucrons, and 1 some other aspeets loss than about 525

microns o sbowt 130 micrens.  In other aspects, shouwt 85% of the distillers meal has a

20 particle size less than sbout 1 millimeter to about 150 mucrons, 1 some aspeets loss than

about 840 microns to about IS0 microny, in some aspocty loss than about 71 migrons o

about 150 nuerons, i some aspects less than about 3893 suerone to abont 138 microns, and in

some other aspects less than about 523 nucrons o sbont T8 microns. In some other aspeots,

ghout 999 of the distillers meal has a particle size less than about | millimster 1o about 150

25 mrerony, wosome aspeoty fosy theey abowt 840 pvoroes 1o aboat T30 mueromy, 1 smne aspects

less thay shout T10 nuerons to sbont 150 miorons, i some aspects fesy than abowt 393

prcrons to showt 150 microns, st m some other aspeots fesy than shoot 835 mivrons to
about 150 microns.

{n some aspects, the distillers meal has an average particle size of about 188 microns

3t about H25 wiorons, 1w some aspects about 130 macrens o about OO microns, In some

aspoets st P73 nuorons to about $78 mierons, iy some sspeets abont 200 oueros o about
525 wvotorons, and i some aspeets about 150 microns o sbout 300 microns.
In some aspects, the distillers meal may comprise a residual level of solvent utilized

it the selvent extraction process it an smaount less than sbowt 2000 ppro, less than about 1500
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ppan, less thon about 1000 ppay less than about 300 ppm, loss than about 400 ppm, and in
some aspects less than about 330 ppm.
{n some usperts, the distillors meal may comprise a residual level of solvent utilizad

m the sobvent extraction proceas in an anouayt of abowt 18 ppaw to abont 2000 ppm, i other

LA

aspeets ahont 20 ppm o about 10 ppun, I some aspeots shont 50 ppm to shomt 800 ppm, 1n
other aspects about 100 ppot to abeast 300 ppm, by sonwe other aspects about 200 ppo to abo
S ppan, and stelt vy some other aeperts about 3EY pren to about 380 i,

{n some aspects, the digtillers meal oy comprise & vesiduad level of hexane solvert
atthzed in the solvend extraction provess in an amoant less than about 2000 ppmy, less thun
1 gbout 1500 ppin, less than sbeut W ppen, less than about 300 ppim, less than shout 400
pomand in some aspects less than about 350 ppmu.

{n some aspeuts, a residual eved of hexane solvant i present in the distillers meal 10
an mmowt of abont 18 ppan to sbesat 20000 ppen, 1n other aspects about 20 ppi to abont 1000

P, I osome sspects about 30 ppm o sbont 800 ppm, i other aspects abowt 100 ppm o

o
K

about S00 pen, o some other aspects about 280 ppm to about 400 ppom, and st 1o sonxe
other aspects about 3 ppo to about 33 ppn,

{n sovoe sspeots, the distillers mead may comprise 8 residual evel of Jamethylorolas
sotvent ulilized in the solvent extrsction prowess in an smound loss than sbout 2000 ppin, less
than abeut 1300 ppm, less than about 10060 ppim, less than about 30 ppm, less than about 400
20 ppmy, and i some aspeets less than gbout 330 ppmu

in soane aspeety, a remdual level of bexane sodvemt and 2-methyvloxolane solvent s
prosent ty the distilers meal in s oot of abowt 18 ppoy o sbout 2000 ppm, n other
aspects shout 20 ppin 1o shoot H00 ppm, in some aspeets shoat 30 ppm to sboal 800 ppo,
other aspeets about 100 ppm to alwmat 300 ppm, in some other aspects about 200 ppoy to about

25 HEY ppam, and sl o some other seperts about HEY ppn o about 380 ppm.

T some aspects, the distiflers yeal way compreise o totel residual fevel of hexane

sotvent and 2-methvloxelane sobvent nitlized 1w the solvent exiraction process I an amount

{ess than about 2000 ppm, less than about 1500 ppm. less than about 1630 ppm. less than
about 300 ppam, less than about S0 ppm, and 1o some aspects less than about 380 ppm.

34 In some aspeots, a todal residual fovel of hexane sobvent and 2-methvloxolane solvent

18 present # the vorn distillers mead i an amowd of sbont 10 ppan to about 2000 ppan, in

other aspects shout 20 ppm o about 100 ppm, in some aspeets about 30 ppr to shout 800

ppin, in other aspects about 100 ppm to aboot 500 ppm, 1o some other aspects about 200 ppm

to about 400 ppmy, and still i some other aspects gbout 300 ppm to about 350 ppm, In some

20
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aspects, the distillers medd may comprise a residingd messture content of about 3% 1o about
1 -,

159, in some aspects sbout 4% o abont 139, and sall i other aspects about 7

1%,

% ta about

The biorefining and solvent extraction proce ey by Glored o provide extracted

el exhibiting specific guahities. For exampls, where the DDRGS are corn DDGS and the
solvent axtraction process i o hexane exfraction process, the horefinmg wd solverng
extraciion process may be controlled o provide ap extracted ergde corn oil exhubiimg no
wiore Than about 18% by welght free falty acids, such as olete aeld; no more thay about 196 by
weight crude protetm, aboot (.5% by weight total mitrogen, 0.2% by welght ash, about 0.058%
phosphorus, about 0.01% by weight potassium, abeast Q.008% sodium, wr about 0.053% by
weight sulfur, or any combination of voe or more such qualities. I one such embodiment, the
crude corn ol mnchudes no mere than about 0.6%, .79, 0.8% or (9% by waight cruds
protein. In aother anch ensbodunent, the crude corn il containg no more tha abont 10%,,
P9, 12%, 13%, 1%, or 159 by weight free fatty soids. In apother such emibodiment, the
crinde corg il contamy fee fafty acids in sn mminn between about 1% o abour 15%, in
some aspects between gbout %% and about 14%, i some aspects between abouwt 1% and

about 139, . some aspects betweeen about 1% and about 12%, o sonwe aspocts betwees

ot

about 1% and about 1%, m some aspeets bebween ahout 196 and about 10%, i some aspect

between abont 1% and about 9%, in seme aspects abont 1% and sbeut 8%, m some aspects
about 3% to about 15%, by weiglt of the crude corn o, with other ranges and subranges of
the foregoing ranges caxni&mpi::sted. inn anether such smbodiment, the orude sorn il vontamms
oo more than aboul 08 1%, 0.2%, 1.25%, (3%, or 0.4% by weaight totul mirogen. In

vet another such embodiment, the cvode corn oil condains no more than abowd DO, 0%,

0.1%, or ©.15% by weight ash. In sonother such embodiment, the crude corn ol conmtains no
maore than sbout 02%, (L.03%, or 4% by weglt phosphorus, In vet another such
embodunent, the enude com ol contans vo more than about 003, 003, or G.04% by

weight potassion. In yot another such smbediment, the crude vorn oil comams no more than
about 0.003% or .004% by weight sudivmm, In yet another such smbodiment, the crude coan

ieht sulfur

t.“

ol comfaing no meve than about 1L02%, B.03%, or 1.04% by we

It is countemplated that where the DDGS 1w com DDGS and the solvent extraction
prowess wiilives other solvents ov mixtures of solventy coataming alkanes, the bovedining wud
solvent extraction process may be contralled to provide sn exiracted erude ol exhibiting o
more than about 13%5 by weight free faity acids, such az olete actd, no more than about 1% by

weight crude protein, 0.5% by weight total nitrogery, 0.2% by weight ash, 0.058% phosphorus,
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{,01% by weight potassium, 04K sodium, or .05% by weight sulfur, or any combination
of one or more such qualities. In one such embodiment, the crude corn oil inclades no more

than about 0.6%%, (.7%, (.8% or 8.9% by weight crude protein. In another such embodiment,

the erude off contains po more thav about 10%, 1196, 12%,, 13%, 14%, or 13% by weight free

LA

fatty acids. In another snch embwaliment, the crinde cown ol contains froe famty sods in an

wnovad between about 1% to about 13%, in some mapects between aboiit 1% and shout 149,

i sove aspeoty between abopt 1% and about 13%, m some aspects betwesny about 1% and
about 12%, wn some agpeats between abont 196 and about 119, In some sspects between
ahout 196 and about 1096, i seane gspedts between shoaot 196 and ahoot 9%, in some aspoats

13 about 1% and about 8%, in sonse aspects about 3% to about 15%, by waight of the crude com

oil, with other ranges and snbranges of the forogoing mnges conteraplaied.  In another such

&

embudiment, the crude corn ol contains ne more than shout G089, 8196, .2%, 0.75%,

¥

{1L3%, or 0.4% by weight total nitrogen. In vet anether such embodiment, the crude com il

containg no mwore then about 0.08%, 0.09%, 0.1%, or L1305 by weight ssh. In another such

o
K

embodymnent, the oude com ol cordems no more than ghouy 002%, 0.03%, or 4.04% by
weight phosphorug, I vet another such erbodinent, the crade corn oif contuins no more than

about 0.01%, Q.02%, 0.03%, or 0O04% by waght polasstam. In yet another such smbodimentd,

the crude corn off containg no more than about 0.003% or (.004% by weight sedinm. In vt
another such embodiment, the crude corn o3l contains no more than about B.02%, 0.03%, or

20 0.04% by weight sulfin
in some aspects, the orade oif extracted uwtibizing & solvent extractivm procoss on
TIDGE comprises a vesidual foved of solvent utilized 1 the solvent exbraction provess by an
amount of abewd { ppm to aboot S8 ppmy, i other aspeets about 1 pprg to about 400 ppm, in
other aspeots about 5 ppre to about 100 ppan, i some aspects about 10 ppan to about 50 ppin,
25 ap some asperts about 18 ppry to shont H ppan, and still in some other aspects about 20 ppm
o about 30 ppov To sowe aspects, 8 residual level of solvent is present in the orade corn ol
extracted from corn DDGE, the rosidual lovel of hexane presant tn the erude ol present in an
amount of sbout | ppm Yo abont 340 ppn, 1o other aspeets about 1 ppm o about 400 ppoy,
other aspects about 5 ppm to about 1Y ppim, 1 some sspects about 10 ppan to about 30 ppm,
3 mosome aspects ahoot 15 ppn to abowt 40 ppm, and sl in some other aspects about 20 ppm
to about 30 ppm. In some aspoety, 3 residual fevel of hexamse solvent ix present i the orade
oil extracted from DDGS, the resideal lovel of hexane present in the crude ofl present 1 an
amount of shout 1 ppm to about 300 ppm, in other aspects about | ppm to shoot 400 ppmy, in

other gspects about § ppm to abeart 100 ppm. in some aspects shout LU ppin to about 50 ppay,

22
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i some aspects about 13 ppan o about S8 ppm, and still in some other aspects about 20 ppm
fo about 30 ppin.  In some aspeoty, & residual level of hexane solvent tx present in the crude
o ol extracted from corn DRGS, the rovdual level of hexane present in the wruds ol

present 1w an amount of about 1 ppm to about 300 ppmy, i other aspects aboot | ppom to about

LA

SO0 ppo, 1o other gspects about § ppn to about 100 ppan, in sone aspscts about 10 ppum to
ghout 50 ppm, In some aspeots shout 15 ppm to about 40 ppmy, and still m some other aspents
about 20 ppm to about 30 ppn. 1o some aspects, g residuad level of Zomethelogolane solvent
i present i the cmde ol exivacted from DRGS, the vesidual level of Zanethvlokelane
present 1 the crude oil present in an amount of about 1 ppm to about 300 ppoy i other

10 aspeets about 1 ppan to about 4 ppav 1 other aspects about 3 ppm to about 100 ppm,

some aspects about 10 ppm to ahout 30 ppen, 10 some aspects ahout 15 ppin o about 40 ppmy,
and st in somw other aspects about 20 ppan to about 30 ppmr. In soow aspeots, a residual

fevel of 2-methyioxolane solvent is present in the crvde corp off extracted fromy corn TIDGE,

1

the restdusd level of omethyloxolsne preseot in the crude of present wn sn amount of about §

o
K

ppm to about 3K} pprg, 1o other gspects sbout | ppun to about 400 ppm, 10 other aspects about
3 ppm to sbea 100 ppan, 1y some sapests gbout 10 ppan 1o about 5O ppam, 1t some aspects
about 13 prav to sbout 40 ppay, aad stil] in some other aspecty abott 20 ppa e abowt 30 ppm.
In comparing the contents of corn stillage o1l CUSQ), which is com ol exiracted from

the stillage of wy ethanol provess, to that of ctude comn ofl extracted uiilizing a solvent
20 extrachion process on eom DDGS, the content of phosphorous and phosphorous contaning
comnponnds m CRO is more than about 100 ppat, and W some mstances mwwrs than about 103

ppon, which ix higher than solvent extracted orade cown ol wineh i some aspests can have
phosphorsus and phosphoeross containing compowuds i sy amount of shoot 1 ppm to abowt

50 ppon Without wishing 1o be bound by theory, while com contains some native

25 phusphorus content, which s primveeddy o the foem of phospholipids or phosphistides, the
majority of phosphorous s contriboted by chenneal addition duntng the ethanol process. The
chemies! forms of phosphorous, meluding phosphates, have a relatively high degree of
solubibity i water. Thus, m the process of recovering USO, it ix expected the various
phosphorens forms would be paritally washed out with the €SO, and some residual

3 phosphorous confent would remain wmothe CSOL Conversely, these same wsater solable
pheaphorows compounds are sod easily extracted with moerpolar sobventy, such as hexane.
Comsequently, crade corn oil extracted by a solvent exiraction process from corn DDGS
contain initial levels of phosphorons and phosphorous containing compounds 1o an amonnt of

about ! ppm to shout 50 ppm, in some other aspects abont 1 ppm to about 20 ppoy, in soine

b
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other aspects about 1 ppm to aboot 10 ppmy, and 1 sill other aspects sbout § ppna to about §
ppn.

In comparing the contents of CHY 1o thet of orude com ol extracted utilizing s

sofvent oxfraction process on corn DIXGS, the content of sulftr and sulfr containing
compounds in TUSO is more than about 30 ppan, sd i some mstanees sboant 34 ppam, which
13 higher than sebvard extracted erude corn oil, which 18 some sspects can hwve sulfur and
sulfur confuining componds i an anount of about 1 ppm to about 28 ppm. Whitds com
gontaing some wattve solfur contend, privardy bound 1o the form of amine acids such as
methionine, the monjority of sulfur is conttibuted by chomieal addifion dwring the othannl
provess, Hoth the aming acid form and the chenneal forms, such as sulfates and sulfites, have
a relatively high degree of solubility m water. Thus, w the process of recovering TS0, it 15
expected the varous sulfur fems would be partially washed owt with the CSQ, and soms
resadual sulfor coatent would remain w the CRO. Conversely these same water sofuble sl
compounds wonld nol be easily extrscted with powpolar solvengs, such ss bexane.
Consequently, crude corn oil extracted by o solvent extraction precess from cwn BDG
contain mital fevels of sulfur and sulfur containing compounds in an amount of shout | ppm
fo about 20 ppoy oo some aspects less than about 15 ppeg B some aspeots less than about 12
ppm, i some other agpects shont 1 oppm to about 10 ppm, and o still other sspeets about |
o to about 8 ppm.

The €350 recovery process 1o cthanol plants relics on the concept of wsing an
enulsifier to comlsily some of the foe oil in water fn seder o help wash out additional oid
from the stillage. An emulsion breaker sueh ay foconlent may be used to separate the lipid
and aquecss components into distinel phases 1 order fo fully recover the O30, Crude o
solvent extracted from DDGS, inclnding erude corn ofl solvent extracted from com DDGS,
have reduced comtents of non-native smulxificrs and alse Hocoulanty (e, those vsed m the
Maloo process). o sowie aspects, the enude ofl sobvent extaacied from DDRGS, wncluding crude
corn ol solvent extracted fromm corn DIDGE, are substasatially free of non-nstive enmulsifions
and also flocrulants. Cmide wil solvent extracted from DDGE, melnding erude com et
sefvent extracted from corn DDGY, may also have 4 reduced content of scids andfor reaction

products resulting from the classic method of decreasing pH to break an emulsion, Tn some

asproty, erade ofl solvent extracted from DRGS, nelnding orpde com ofl solvent extracted
frome com DGR, &5 sabstantially free of acids andfor resction produocts resulting from the
classic method of decreasing pH to break an emulsion. In some aspects, the distillers meal of

the present wvention has a reduced residual content of any chemicals used for enhanced

24
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recovery of ofl from stillage nclading one or mere emulsifiers andior flocenlants, which are
soluble in solvent anddor oil. In some aspects, & non-polar solvent extraction reduces residual
lovels of such chendcals 1o levels of about 0% less thag DDGY, in some ssperts abowt 75%

foss, and i some aspects about 80% lexs, than IDGS that bas not been solvend extracted bot

LA

has beon subjected to (IS0 recovery using such chemieals. During the CRQ recovery
process, g emulsifier may be used to help enhmnce the removal of oil froon spent grams, sad
s flocculent may be used o further help recover oil from thin stillage after wmechanivsl
separation.

Crude o that 1s selvent extracted from DDGE, inchuding erode corn oil that iy solvent

o

13 extracted from vorn DDGS, may also be substantially free of non-native enulsifiers and also
flocculants (e, Nalco process)y. Crude il solvent extracted from DDGE, meluding crude

conn ot solvent extracted from corn DDNGS, are also substantially free of sads andior
reaction products vesulting from the classie method of decreasing pH o break an emulsion.

It comparison, the S0 recovery process in ethanol plants relies on the voncept of using an

15 emulsifier to conlsidy some of the fve ol W water wny sader to help wash out additional «il
from the stillage.

Crude corn o that s sobvent extvacted frovn DDOY that i the rendt of higheoil
contatt corn may conlain one of pwwey signature profoln traits that are not avatlable
standand #2 vellow dent com.

24 {n some preferred aspects, the crude corn oif that is solvent extracted from DDGS has
an oil content dertved from 3 corn gradn blend of low-oil contont cortn and high-ml content

corn, wheremn the com grain bland having af lesst 396 high-oal content eorn, whersin a portion
of the crude vom ot denved from the high-oil content com van be delevmined by one or more
signature profein taits expressed in the high-oil content con that are not available in standard

25 #2 vellow dunt vorn

Provessing of Renewable O Sources ~ Transestertfication to Bieduels sundior Glveetin

Aveording o vertain aspects, vrude oil from repewable ol sewrves muy be used ©

produce other olecchemicals, particulady oleochemicals for the production of renewable

3 fuely andfor biotuels, Tn some aspeots, the orpde aal from one or more renewahie oil sources,
such as crude ot extracted from DDGS, may be ased fo produce varioos oleochemicals after

the erade ol undergoes s sphtting (or bydrolysis) provess of the trighyveerides mito orade fatty

acids and glyceroVglycerin,  After the spliting process, additional processing may be

& e

¥

utilized, inclnding evaporation, purification sndier bleacling to produce glveeroliglveerin

bacy

b
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and crude fatly acids. The crude bty scrds andior glveerin can be subjected to further
chemical and enzymatic regctions & produce desired oleochenucals for the production of
renswable frels andfor biofusls.

Re&;rring now 1o the flow-chart representation of @ process for refining blodiesel and
glveerin m FIG, 2, one or more rmouewsble oil sourses, such as DOG, €80 or cmde il
extracted frowy DDGE, may be used o produce hodiesel snddor glveerin, There are severad

prodasses

that may be gsed to produee brodiesel from oils and fats meluding base catalyred
fransestertfication, dveet actd catalveed trasesteriBostion andior estenifieation, sngyme
catalyzed trapssstenficotion andior outerification, lugh presswe tmnsesterification (Lo
Henkel process), andfor a combmation of same for conversion of the ol o biodiesel
Biodiese! provdoction technologies and equupment are mmntae:fcml’iy available from, for
exampde, Crown lron Works Company of Minneapolis, Minn., US.A. and fron Largy AG of
Frankfort, Germany. To producs biodiesal andfor glveerin from one or wuse renpwabde ol
sources, such as the crude ol extracted from the DIDGE, an acid catalyred estertlication or
caustic neutralization, followed by & transestorification provess may be used.

In one preferred aspect of the velining process cuthned w FIGL 2, the rengwable ol
souree iy a orude extracted ol sueh as erude corn ol that hag been solvent axtracted from
DGR, Before the crude comn ofl i subjected 0 a transestenifivation provess, i may be
watreated. Pratreatment of the crude comn ol may be cwred g, fr example, o remove
gums incladed i the ol or to remove or neutralize free fatly acids. As part of a deginming
process, an wwad, such as phosphorie scid, may be wdided to the crnde corn il and the wads
ol ey b heated, for exanple, nsing steamy T auch a process, the seid srd steam work {0
hyddrate the gums so that the gums can be separated from the crude corn oil, such as by

cendrifugation or another suitable separation technigue.

Free fally soudy m the crude vorn ol are genesally undesirable because they form
soaps within the ol as they react with the base catalyst nsed o deive the tansestenification
regetion, I the aude comn ol ix also protrested with a degumming step, the addition of the
stromg base intended fo neutralize the free faity acids may ecour after addition of the aud in
the degumuving step. In this mavimer, the base added to nentralize the free sy acidy can alse
work o neuttalive the avid used in the degumoing step. The soap stoek that resulls from
degumming snd neutralization of the emde cory ol mnay be separated frow the corn of] using
standard equipment, sueh as s centrifngsd separator, Alternatively, the free Bty acids can be
removed snd seid esterified to form biodiesel, or combined with glyvesrin to form

A

wiglycerides, which are then transesterified to form bindizsel.
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Treatment of the crude corn ot may also include one or more bleaching steps, soch as

ene or more heal bleaching or clay bleaching steps ©© remove residual color or other

\

iypurities from the co oil

3

Whers pretreatment of the erade comn ol tcludes degunming and neutralization of

LA

free fatty acids, prioy to a transestorifivation prowvess, the degonuned and sentralized oil 1s
typically washed prior to trunsexterifieatton. Washing muy nolude, for sxample, mixing the
pretreated corn wdl with warm wash water. After washing, the ol and wash water are
separated, and the pretrested vorn o 18 dued, sach s by aovacoum-dever, o o desired water
cixtint.

1 In one embodiment, the pretreated comn oil van be subjected to @ transesterification
reaction to provide hindiese! andivr glyeerin, The tmnsesterification reaction 18 based on the
chmics! reaction of triglycorides contained i the orude vorn ol with an aleohol in the
presepee of an albaline cstalyst. The alkabine catalyst nsed in the transestecification reaction

may be selected from severad different alkaline mulenads. Suttable catalysis sre strong hases

o
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and include, for example, NaOHT {caustic soda), KOI {potash), and CHIEBNaO {sodunm

methylate, The aleodol psed i the transestenlication sacton may be selected from, for
sxample, methanol or ethanol
As the transesterification regction 18 earted outl, the sleohol and oatalyst may he
deliverad mite the corn oll n parallel, as separate reactiom components, or the alcehol and
2 catalyst can be delivered o the orude corn off as a muxture. When delivered as a nuxtwre, the
catalyst may be dissalved in the aloohad by any suitable mesns prior to charging the mixturs
nto the corn il Allernatively, the catalyst may be provided as a liguid and oaoed with the
aleohol, himibing the need for dissolution of the catalyst w the aleohel prigr o mxing the
aloobo! and catalyst with the corn ol Where the catalyst is mixed with the sleohwl as a
25 lgoid, the catalyst may be added to the aleohol by, Ty example, one or more muetering
puraps. D addition, because sn alkaline catalyst maght be sensifive to water, the catalyst may
bo stored in 2 pomp ok prodecied with a nitrogan lay
In carrying ong the transesterification reaction, the alovhol, catalyst wnd vcorn ol may
be charged e a closed reaction vessel The reaction syxtem can be closed o the atmogphere
3w prevent loss of the aslcobol used w the frapsesterdication resctivon. As the reachion
components ars mexed, the mbiture wiay be kept past below the boiling ponyt of the aleobwd {0
speed the resction tme. In addition, an excess amount of sleohod is typleally psed o ensure
total conversion of the comn ol triglveerides imto the desived esier produet. The

transesterification reaction produces a two-phase reaction product that includes an ester-rich
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phase {orude biodiesely and a glveerin-rich phase {erode glyceriny. The orude glycerin s
much mere dense than the crude huodiessl and the two phases can he easily separated hy
gravity separation or, if needed o desived, centrifugation,

In one embodiment, transesterification of the comm eil fakey place m ong or more
muxer-setifer wnits, I such units, the trapsestenification roseting OCowrs I 8 WMIRRY F reachst
gwinded m the mnxer-settler wuts, The crude biodiese]l and wrude glyeenn resulting from the
transesterifivationr reaction form tee didtnet phases that can be sepavated in the settlers. I
hwo or more miserseitler unis are wed ay the seaction vessely, the feedstock and the
intenmediste product, respectively, muy How successively through the two or more mixe-
settter units. Bach mixer-settler unit can be supphied with the desired alcohod and catalyst in
parallel. The reactors included in the mixer-seitfer units van be multi-stage i design,
conprising various rwaction chanthers in order o schieve maximum conversion efficiency to
the ester product, The settlers sllow phase sepasation lo approsch the linut of solubibity,
which esses dowrstream purification of the hiodisse! and glyeerin products

At the wasesterification stage, vapors vented from the reaction vessel, such as the
one or mowe mixer-rettiers, may by routed to a condenser where they ave partly o complately
condensed and retorned to the reaction provcess. The ssae may be done with the vessel used
i store or deliver the aleoho! used m the tnsesterification reaction, Even further, where the
catalyst s provided m Hgmd form, 11 oo may be stored and delivered from g stowage vessel,
and any vapors vented from the catalyst storage vessel way also be captured, patly or
completely condensed, and roturned to the reaction process in Bguid form,

Omee the tramsestenfication roaction 18 comnplete, two pwgor produets exist glyeerin
and biodiesel, The glyveerin s ncluded i the orude glycenn phase and the biodiesel &
meorporsted o the corude biodiesel phase. Each of these crude phases may include a
substantial excess of the sleobol weed by the reaction. Moreover, the orude reaction prodacts
may melede other imparthios such av exeess cotalyst, soupy and high boiling boparities, I
desirad, some of these mpurities may be treated or rempoved froan the ctude reaction products
before the crude bidhiesel and the erude glveerin phases are separated. Fer example, a
suttable soid way be added to and muxed with the reaction products to nentralive exeesy
catalvst and forther help broak any comulsions. Addittionally, excess aleohol may be removed
from the omde reaction products uaing stanchard distiflationr egqoiprent amd eehnigues,

After the orode blodiese] snd crude glyeenn are separated, they are typrosdly subjected
to further refining. For example, after separation, the crude biodiesel may contain residual

alcohol, glyverin, small amounts of catalyst, and soaps. This may be the vase even if the
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crade resction products are refined to remwove or nentralize impuriiies prioy to separation.
they have not already been refined to neniralize excess catalyst or remove exvess aleohel, or
if residual vatalvet and excess alenhol still remain i the separmted reaction produsts, the

crode biodiesed and orade ghyroerin may be treated with a awtable acid to pentralize the

5 residual cutalyst and subjected to, for example, s flash svaporation process or distillstion
rermove the ex alfcohel,

Even where steps are taken 1o reutralize rexdnal catalyst and romove exessy aleohod,
the refined nodiesel may stll inclode water soluble boparities, To order 1o vemove such
water-soluble substances, the refined biodiesel may be washed snd dried. To svoid the

1 frmation of endsions during washing, the biediess] may be pH adjusted, for example, by
the addition of an acid 0 the hndiesel to be washed. Dilute HCL such as 8 3.7% strength
HOL 13 suitabde for such an application and can be propared smd added as nocessary, The

aodiesel wash provess pay simply mchede gontle mixing of the biodiese] xwithy warm witer,

which will work 1o remove residual, water soluble fmpurities as they are taken up in the
5 aguenus phase

If the brodiesel 38 provessed ti.rr(mgh such & washing step, the refived and washed
biodiesel may contain excess water. Soch excess water may be removed, for example, by
subjecting the hindiesel g deving step. The drving step may include, for example, vacuum
drving the Modiesel to a desired water content in & drver crvut, The dinied Modiesel. which is

20 ready for vse, distivbution or sale, ¢ collected and stored, Though the brodiesel s serviceable
at this peant, if desired, it can be subjectod to further distillaticn 1o remove any color bodies
and other higher molecular weight upurities remaining to provide a coloriess biodissel.

The sepamded, crude glyeerin phase may also be fether relined afier separation. In
particular, the crude glycerin may be nadralized with a suitable acid, the excess aleoho! may
25 be removed by distillation or flash evaporalion, and the wude glycsrin may be dned o
vernove reswdual water, Bven if the crude reaction products of the transesterification process
are neutrabized and the excess sleohie! present 1w the crude reaction products is romoved prior
to separation, the separated, crude glyeenn may still contamn residual catslyst or aleohel.
Where that 18 the case, the sepwrated, crude glyeerin may b subjected fo additionsd
3 poutralization, absorpbive filtrabion, andfor distitlation steps o neviralive any vesidual catalyst
and rermerve any remaibing aleshol. Onee such neutrabzation, diatillation msd deving steps are

voraplele, the erude produet fyproally contains approximately RG-88%% pure glyveerin, This

crade glveerin can be further refined to a purity of ¥%% or higher, a5 1s knowa in the art, such
that the glyverio product is suitsble for use n cosmetic or pharmaceutical applications. In
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some proferved aspects, 8y desortbed in more defall beredn, the glycerin can be used
glveerolysis resotion to reduce the FFA content of a feadstock,
in order to vunimize loss of the aloobod weed v the transesterfivation reaction, all

vesaels which contain aleobol, whether 1o substantially pure form or as part of a omde

% reaction product, may be conpected 3 a vont system to caplure any aleshol vapers, Captured
sleohol vapors may be fed mte a vondensing systemn that recovers the aleshol wnd recyeles
the alcohol back into the relinmg process,

{n some aspects, the tansesteniflication veschion &3 a baleh provess. In some other
agpects, the transesterification regotion 1% 8 CONTTHDUS PrOCLss.
3¢ While the foregoing transesterification reaction has been discussed m relation to the
renewable oil sources being DCQ, TSSO or crude oil extracied from DRGS o produce
bindivsel andior ghyeerin, the renewable wil source may be any other crude ol from one er
maore renswabde wil sources, proferably one or more plant-based oils,
I35 Reduction of FEA Content by lveerolvsis for Renewable Fuel Production

In some wapects, a renewable o sowrcs may be a feedstock for production of
biodiesel anddor renewable fuels. However, 1o some aspects, the renewable od sowree may
confaim an ondesirable level of frew fatty acids, which may poison and thereby roduce the
{ifetime of catalysts for the productivm of biodiese! andior renewable fusls, such as repewable

20 dissel, or canse eqpupment problams due to the cotrosive nature of free fathy actds, espeeially

at higher winght-1, e and tenperature during proee

Avcording to certain aapects of the present disclosure, condusting a glvowrolysia
process on the revesable o1l souwrce having a bigh level of free Bty acids will provide
commerctally significant amounts of 5 feedstock having a lowerad free faity acid level that is

25 aceeplable Ror biodiese] production andior renewable dissed productions, as dlmtrated m FEG
3

in some preforred aspeets, the renewable oil source s one or more plant-based oils,

Plant-based oils may include sov bean oil, palm ol peannt el rice wil, flaxseed oil, sesame

oif, grape seed oif, suntlower oil, rapeseed ol olive o1, canola oil, cocomut ik, almond ol

3 avovade seed il cotfonseed oill hemp wil, pumplan seed oil, salflower sead ofl, castor il
put ol and the hke. I some prefeored aspects, the plant-based otl comprises comn o, which

van be preferably produced from a dry solvent exirsction prooess ss discussed above in
refation to FIG. 1. In some preferred aspects, the plant-based oil is comn oil produced from an

ethanol produstion process, such as USO, DOG, cmade oil extracted fronmy DDGS, such a3
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solvert extracted orude corn oil from DDGS, or @ maxtore thereofl  In some aspects, the
plant-based ol ix produced from an ethanol production provess that vhilizes com, harley, ryve,
serghum, or sovbean grain, In some proferred aspects, the plant-bassd ol is prochced from &

sobvent extraction provess of a by-product of the cthasel prodoction process. In one preferred

LA

aspeet, the pluni-hased oil comprises orude corn oil produced from & sobvig extraction
process from corn DDGS andlor DING as discussed shove m relation to FIG. 1 B some
other agpects, the plant-based oil comprises distillars corn ol (BCOY In sull other asprots,
the plant-based off can be the resudt of soidulation of soapstock frowm vegetable ol refiving
In still some other sspecty, the renewable oil source comprises a combination of any of the
1 forsgoing plat-based ols,

In some other preferred aspects, the renewable crude ol sowree is one or more
animal-based fatx or oy, whereby fatty acids van be derived from splitting snimal fals o
oals. Apmad-based fatvfotls are primartly oxtracted from rendered tisene fats from livestock

animals, such as pigs, cows and chickens and the bhlke. Accordingly, animal-based fatg/oils

o
K

nry inchude or devived from chotve white grease, tallov, suet, lard, schanelz, poulivy oil and
the tike.

1o vet some odher proferred aspects, the repewabde coude oif sowree o maxtore of one
or nuore plamt-based olls and vne or more antmal-based Bus or oils,

In semme preferrad aspects, the levels of free fatty soids i the renewable il xource as

20 a feedstook muay be reduoced o g desusble level by conducting either thermodynamic or

enzyvmatic glyesradysis of the fosdstoek in the prs of glveerin. Conducting glveerolysis

r§~

copverty wighreerides in the feedstoek having a8 high level of free fatty aclds to
menoglyeenides anddor diglyeenides, such that the converted feedstock has g Towered Tevel of
free fatly acids.

25 In some preferred aspects, the glveerolvsiy i conducted by a thermodynanue regetion
A temperatwes belween shout 1307 € and about 330° €, and in some aspects between
ahowt 175° €. and about 2258° €., for a peried of tinwe between about 30 minmtes snd showt
188 minutes, and W some aspects between about 60 munutes and about 120 mibmues, wherein
a glveerin to free fatty acid molar ratio & at least LI, in some aspects at feast 1.25:1, i

3 some aspeets ab least LS In some other preforred aspects, the temperatare of the
thermodynanoe reaction can be adpisted by using high prossores, sueh ax pressures in the

ranrge of T00-208 bar, such that one of ordinary skill 1o the art will appreciate the relationship

bepween the desired temperatures st higher pressures.
{n some preferred aspects, the ghveerolysis conducted by a thermodynamic reaction 15
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conducted in the absence of a catalyst. In somwe other preforred aspects, the glyeerolyss
conducted by the thenmodynamie reaction 18 conducted in the presence of one or more
catabysts,

Without wishung 1o be bound by theory, condueting glyeerolyais of 8 fredstock having

5 abigh level of free fatty acids in the pres of a pwlar exeess of glycerin wadsr beat andior
bigh pressure results 1o three primary reactions shown m Equations 1-3 below:
Free Fatty Actds + Glycsrin 2 Monoglveerides + Water {Eguation 1}
Triglveerdes + Glycerin ~¥ Monoglveerides + Thghveorides {Egquation 2}
Froe Fatty Avids + Monoglyeerides = Diglyeenides + Water {Bquation 3)

1 In some preferred aspects, the glyeerolysiy i3 conducted by an enrymatic reaction,
wherein the solvent to fal ralto 18 sbomt 201 (ww), the ghveenn to fat ratio s at feast 151 and
the enzynie congentration i gregter thap abont 109 {wiwl  In soane asperts, the enzyvamw can
b o conumercially available enzyme, which is an immiebilized lipase.

In some preforred aspects, the glyeerolysis reschion s not completed {o elinunate the
£5 free fatty qond content of the rawwalde source feedstogk, but instead reduces the levels of

free fatty gods n the renewably soures feedstock {0 an aceeptable levell such that there g
venidual level of free falty acds remamng.
{n sone other aspects, glyceraiysis reaction is eomtocted antil completion t elinunate
the free futty acid content of the remewable sewrve fesdsteck, such there i essentially no
20 residual level of free fatty acids romamang.
in some prefirred aspeets, the lovels of frex fatty suds in the renowable sowrcs
foedstock prior to ghreerelysis 18 greater than 1%, 1y soms aspeoly greater thaey about 2%, in
some aspeots grasder than about 3%, W some aspeots grester than about 4%, 10 some aspects
greater than about 5%, i somwe aspects greater than about 6%, in some aspects greater than
25 about T, i somwe aspects gregter thar about 8%, 1 some aspecty greater than about 9%, w
some aspects greater then abowt 10%, i some aspeoty grester than showt 1%, 0 some
aspocts greater than about 3%, mr some aspecty greater than about 13%, in some aspoots
greater than abont 14%, and in some cther aspects up to about 15%, by nuss of total fat. In
some preferred agpocts, the free fntty acid content of the renewable sowce feedstoek priorto

3 glyeerolysis 5 bebween about 19

1% and sbout 15% by mass of total fat, wove preferably
babtwoeen shout S and about 139% by mass of total fat

In some proforved sspects, the levels of free fatly acids in the renewable source
feedsiock is reduced by glycerolysis moan amount of at least 1%, in some aspects in an

amount of at least 2%, in some sspesis i an smows of 9t least 3%, i some aspects in an

o
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amonnt of ot least %, 1n some aspects 1 an amount of at least 8%, 10 sonie aspects iy an
amount of at least 6%, in some sspects in an amount of 8t least 7%, in some aspects in an

amcunt of at least ¥%, Iy sorne aspects m an amount of at lvast e, W soms aspeots ik an

amonnt of af least 1%, o some aspeols in ay amount of at least 119, in some aspeely in an

LA

amount of at feast 12%, in some aspocty i an amount of at east 13%, and in some aspocl in
aix amount of at least 14%, by mass of total fat

In some preferred aspecty, the free falty soud conteny of the renewalde source
feedstock i reduced by glycerobysis by an smount botweert shogt 3% and abowt 1495,
somie aspests botween about 2% and sbhont 13%, in soune sspotts between about 3% and
1 about 2%, in some aspects between about 4% and sbout 1%, and m some sspects between
about 3% and ahout 109%%, by mass of total fat

in some preforred aspeets, the freo fatty aod vontent of the renewable soures
foedstock prior o glveerolysis s greator than 3% and the resuftint free Sty soid content of

3 cagery b
i

the renewable source feedstoek after glveernlysis is Joss than 5%

o
K

In sume prefored asspects, the levels of free fsity aculs in the fesdstuck after
slyeerolysis s leas than about 4%, m scene aspeots lesy than sbhowt 3%, n some gspegts loss
thay abowt 22, In sowe aspoects less than shout 126, fn some less than aboot G.8%, 1 sonw
aspects loss than shoat 0.8%, 1 some sspeets loss than abeut 0.7%, 1o some aspeoty less than
about 0.6%, and I some aspects less than about 0.5%, by mass of total 3t In scme

20 preferred aspects, the free fafly aond content of the feedstoek after glvearolysis is between

about 0% angd loss than 4%, i some aspeots between about 0.25% and less than 3%, and in

some other aspects between aboat 0.8% and ooy than 2% by mass of total izt

o

In some preferred aspects, the gly

e

cerolysis process converts up lo 80%, in some

aspects up o 853%, in some aspects up o M, in some aspects up to ¥5%, in some aspects up

25 to 9B%, and i some other mypects up to 99% of free Bty awds of the feedstock to
monogivesrides, dighreerides, or 8 combingtion theveof

In soane preferred aspoets, the glyecrolysis process converts af least 0%, in sonwe

aspects at least 83%, m sonme aspects at least 0%, o some aspects at least 958%, in some

agpects at least 8%, and i some other aspeety st least 99% of free fatlty sads of twe
3 feedstoek o momnglyeenides, dighyeendes, or a combination thereof.
In some preferred aspects, the ghyvoerolysis provess iy conductad with a molar exvess

of glycerm o the free Tatty soids w the renewable ofl souwrce. Ib some aspevts, the molar
excess of glveerin to the free fity acids is at least 101, i some aspects at least 12511 in

some aspects at least L5 1
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In some preforred aspects, the glyeerolysis process i3 conducted under & molar excess

of glycerin to the fatly acids in the renewable ol source. In scine aspedts, the free fatty aod
coptent of the repewable oil source prior to glycorelysis contins between about 75% and

about 8% wriacyighyeerides, between abont 5% and about 12% disovighyeerides and less than
about 5%, m soms aspects loss thon sboan 495, in some sspects loss than about 3%, and in
some aspects less thun about 2% moneseylglveerides, such that the total vontent of the

dineylelveerndes and monaclvglyveerndes in the renewable of source i fexs than 8% In

some aspeets, af least R0% and up to 9% of the free Bty acid content of the renewable o

seuree 1s converted by the glyeoradysis provess to gt east 13% monoglycerides, shghycerides,
or a combination thereot,  In some aspecty, at feast 30% and up to 99% of the free falty acid
content of the renewable oil source is converted by the glyveerolysis process fo at least 13%
monoglyeorides, dighyeerides, or 8 combination thereof

In sevme aspeets, glyvesrolysis iy conducted op the free fatly acid vontent of the
renewable ol source 1 the presence of a sowrce of glhveerin o provide a feedsiock having &
reduced trineyiglveorides portion, wheremn ot least S0%: of the free fatty scid coutent of the
rapewable ol sowrce Iy converted by glyeerolysis fo st least 13% meonoglycendes,

dighvearides, or 8 corsbioation thereofl 1o some aspeets, ot loast 8% of the free filly acd

pocit

loast 16%

¢
e

contertt of the ropewably ol sowee i womvveried by glycerolysis to
moncglveerides, diglyeerides, o a combumation thereof. I sonme aspects, at least 809 of the
free fatty acid content of the renewable il souree w converted by glyeorolyss o at least 17%

monoglyesrides, dighveerides, or o combination thereof,  In soms ¢

oy

spects, at least &% of th
froe fatly acid content of the renewabls o souwres By covvverted by glyeerolyvsis to at foast 13%

memoglyeerides, diglyveenides, or & combination thereofl In some aspects, at feast 80% ol the

£

free fatty acid content of the renewable ol source is converted by glyoerolysis 1o at least 19%
maonogiveerides, diglvesndes, or s combination thereol To sovne aspects, at Teast 8% of the
free fatty aowd content of the repowable ol source 15 converted by glycerolysis to at least 2005
monoglyoerides, diglycerides, or a combination therentl

Any excess glveenin not utilized during the ghveerolysis reaction can ba recycled. In
some aspeets, the axcess glycenn is reoyeled back to the glveetin souree.

Sources of glycerin may be plant-based or animabbased, prefercably such that the
slyveerin seawer iy ramewable. I some aspeets, the glyveerin sonres 13 a byproduet of Tnodhesel
prodoction, such as the tensestertfication of a renswable il source. In sonw aspects, the
plant-based glyveerin may be from processing corn oil, while in some other sspects from

provessing palin ot The source of glycerin may alse be animal-based from processing
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1¢ o transesterification

&=
de

anintals. I some aspects, the glycerin souree is provided from splitly

of fats or aids. In some other preforably agpects, the glycetin source can be crude glyveenin, or
alternatively refined glhyeerin

A prodrestment step may be condueted on the foedstock priee o conducting

LA

slvcerolysis. A pro-freatmand step may be conducted on the converted fvedstock after
glycerelysis priov tn g renewable digsel provess, Alleenstively, o pre-treatment step may be
conducted prioy to and alse after conducting glveerelysis.  The pre-tractment step could be
conducted to redoce metels, other ons, or other bypraducts of the solvent extraction andior
glyesrolysts processes.  In somve aspects, the pre-trestment step conld comprise drvang,
1 Dlrstion wmbor treatment with one or mote srgamie sods along with adserption on bleaching
garth or other structured media, such as sthica gell In some aspects, deving 5 carnied out
using tomperaturs and vacoum,
The vonverted feedstock can then be used for haodiese] produetion andfor repewable

fuel production.  In some aspeets, the converted feedsiock can be muxed with the renewable

o
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ol sures, such as fo provide a mixned feedstock having s desirable free fatty acid content. In
somie aspeoly, the moxed fesdstowk comprives a blend of & find povtion of the converted
feedstock and & second portion of the renewable aif sowree, whevetn the mixed feedstock has
i free fatty acid fevel that is fower than that of the renswalide off source.
Referring again to FIG, 1, which illustrates an smbodiment of 8 xelvent extrsction
20 process that may be applied o DG, as o fust step, DDGS meal s fed into an extractor, In
some aspeots, the DDOS meal may eptionally be ground betire being fied o an exiractor o
raduce the particle size of the DI¥GS meal. Iy some aspeely, the DIXGS mead iy ground such
that abowt 30%,, in sorse aspeots aboatt 839, In some mspeots shoat B0% 1 some aspeots
ghout 953%9, in some gspects about 99%, and in some aspects abour 100%% of the DIXGS mesl
25 has a particle sze lesy thap about Danlluneter,
The enxde o extracted from DDGR o PRI T may be used as @ ronewasble fecdstock
s prodoce grevn rengwable fuels, The converted feedstock andior mixed fevdstoek produced
as a result of the glveerolysis reaction may alse be used as a renswible fesdstoek to produce
areen venewable fuels,
16 As iHlustrated i FIG. 4, the renewable feedsiock, whether crude ol exttacted fom
DGR, the converted feedstock amdor the mixed frodstock, may be subgeated to a hydro-
fresting process, which wvolves the kvdrogenation of the double bouds of the side chains of
the triglycenides in the repewable oil feedstock and the removal of oxygen on the metal sites

of the catalysts, The hydro-treating of the renewable oil feedstock leads o the production of
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{14-C20 hydrocarbons, W some aspects CIS-CIE straight chain and branched paraffing,
which is a hgoud mixmre with the hotling point range of diesel, such that the renewable diesel
can be a fuel replacenant for petro-diesel

Facters affecting hydro-treating provess are tompersture, hydrogended] ratio, pressure,

LA

catalyst and space velocity, While the hydro-trestment of wveogetable oils is & mature
techoology, 1 v not believed thut the hydro-treating process bax uhilized the umgus
renewable a1} feedstocks of the present mvention.

{n the boedrodreating proceds, the renewable o feedstock may be mixed with reeyele
hydrogen sudior make-up hydrogen before bemg provided at process prossure in a reactor
G systenm vomprising one of more catabytie hvdrodeoxygenation reactors. In stume aspects, the
reacior 15 & multi-stage adiabatic, catalyvtiv hydrodeoxygenation reactor. In the reactor, the
renewable ol fredstoek iy satumated and conpletely deoxygenated to vigld deoxygenats
hydvocarhon prodocts, The prisuey desgygenation reaction by-prodoots e propane, waler

and carbon dioxide, which along seith other low molesudar weight bydrocarbons may be

o
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separated from the deoxyvgenated product. In some aspects, the deoxyvzensted product is
provessed moa second reactor packed with @ selective hedrooracking cataly whershy both
cracking of lorger molecules mnd hydrosomenzaion kes place,  In some aspects, the
deoxygenated pradoct i mixed with additiona] hedmgen gas for the hvdrdsomerization
THOCEsSs, The excess hyvdrogen and the somerized product may be separated in g

20 conventional gas'hquid separator. The resulting product then undergoes separation o 8

fractional distilation codumn whers the varous producty are produved, bwluding gresn
repewable propane and Hght cody, green renewable naphiha product, snd green repawable
diesel product The green renewable diesel product may elude 8 green renewable jet
product and & green renewable diesel product.

RS In sowme aspeots, the green renewable diesel product vomprises revevable diesel
meating curvent low-cwrbon fuel stendards. In some aspeots, the green resowable dissed
product counprises renewable diesel mecting ASTM DUTS speeifivation for potralewn divsel
i the United States and EN 390 in Ewrope.

In some aspects, the green renvwable jeb produgt comprises renewable jet foel,

3 otherwise knoser a8 sustainable aviation fuel, mesting ASTM D7566 standweds.  In some
aspoets, the sustamable aviation foel e b blended with convention jef fuel meoting ASTM

D163S standards

Further Procsesing of the Crudde, Extracted Ol
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After extraction from the DIGS, the crude ol may be further processed as desired,
For example, the arude ol may be filtered, degunmmed, neutralized, bleacked andior
dendorized to provide a food grade oil for consumer use. For sxampls, in one emboliment,

the crude wil muey be degummed, coustic refined, and sabjected o @ soup ramoval step

LA

ocording to commarcially svailabde procosses, such a5 watyy washing. Following theseo stugs
the oil may then be subjected to one or more clay bleaching steps to achieve s 0il of desired
content and color. Where one or move elay bleaching steps are used, the vlay may be g acid
activated clay or 3 sor-acid activated elay, g sithes based product, othey adsorpiive fillration
media andior combinations thereof and may melude, by way of example, an soid activated
10 clay or a non-acid activated clay at §.1%-1%. 1-5%, 2-4%6, or 2-3%. In addition to or as an
alternative o clay hleaching, after the crude oil has been degummed, caustic refined and
subjected to u spap removal step, 8 food grade oil of & desired color, very low free fatty and
content, fmproved flavor and improved stability may be acheved using a deodorzation step

whereby thermad decomposition of eor bodies and renwrval of volatle compuonents takes

o
K

place vader lugh temapersture and lugh vacuum. Smtable processes fur degwmung, caustis
rafining, and soap removal are alvo desentbed herann e velation to the prefisatment steps for
biodiesel aud gi aring production from the orade oil, Degomuung, neutralivation, bleaching
andfor deodortmtion sre slso accessible to those of skill tn the art and can be utilized as
described herem o achieve a food grade off and industrial grade mis.

0 Alternatrvely, the crode ol extracted from DINGS may be used o produce biodiesel

and glycerine, A flow-chart representation of & procesy for refining bivelossd and glyoerins

p¥
from the orade extracted off iy sherrn i FIG, 2. There soe soveral processes that may be used
o produce biodiesel from oils and fats, weluding base catalyeed transestertfication, direc
acid catalyzed wansesterification andfor esterification, sumyme catalyzed transesterification
& andlor esterfioaliony, fugh prosswre transestenbicstion (Lo Henkel provessl, andior 2
comnbination of same fov conversion of the ol to hiodigsel Brodiesel production technologies
amd eguipment are eommoercially gvalable from, for exasmple, Crown hron Warks Company

of Minneapodis, Minn., USAL and frean Lurgi AG of Frankfurt, Gernuny, To produce

biodiesel and glveerine fom the woade off wxtracted from the DDGS, an acd catalyzed
3 esterification or catstic neutrahzation, followed by o ravsesterification process may be used,

In one embodiment, of the refining process outhoed m FIGL 2, the orade extracted ol

1w crude com otly and before the crude com oil 13 subjecied o o transesterification process, #t

may be pretreated. Pretreatment of the orude comn ofl may be carried out, for example, 1o

remove gunws included in the ofl o to remove or neutralize free fatty acids, As part of a
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degumming process, an acid, such as phosphorie acid, may be added 1o the crude com ol and
the orde oil may be heated, for example, using steam. In such a process, the acld and steam
werk to hydrate the gums so that the gums ean by separated from the ernde corn ol such as

by centrifugativn or another suttable separation techaigue.

LA

Froo fatty acids in the orude worn oil are ponssally undesivable because they form
soaps within the oil as they resct with the base catalyst used to dnive the fransestertfication
vapetion. I the orude covy oif 18 alse pretreated with v degumming step, the addition of the
strong base dended to neutralize the free Sty acids may occur alfer addition of the saxd in
the degumming step. In this manner, the base added to neawrahize the free fatty seids can also
1 work to neutralize the actd used in the degumming step. The soap stock that results from
degumming snd neutralization of the crude corn il may be separated from the comn o1l using
standard sguipment, such as 8 contrifugal separator. Alternativedy, the freo fatty actdy can be
removed md aedd esterified 1o form biodiesel, or coenbiped wath glvesnioe fo form

wiglyeerides, which are then tfransesterified o form biodiesel,

o

o
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Treatment of the crude corn el may also inehude ouwe or muowre bleaching steps, such as
one o yaove hegt Meaching or clay bleactung steps as dexeribad sbove, to ramove tesidual
cotor or ofher apueities frowy the corm oill

Where pretrestment of the arude corn oil mehudes deguaming sl neotralization of
free fatty acids, prior {0 a transestenification provess, the degununed and neutralized oil s
20 typreally washed prior to transeaterification. Washing may include, for example, mixing the

pretreated corn ol with warm wash water, After washing, the ofl snd wash water arg
separated, and the protreated covn el i deied, such as by 3 vacuunedryer, 1o a desired water
gontent,
In one embodiment, the pretreated comn oil can be subjected to 8 transesterification
25 resction to provide brodissed and glyeerine, The transesterification resction iy hased on the
chemical resction of tnglveendes contned i the omde comn ol with an alechol in the
presence of an slkaline catalyst, The atkaline catalyst used in the fransesterification reaction
may be selected from several different alkaline muaterials. Suitable catalysts are streng bases
and mclude, for example, NaOH {caustic seda), KOH {potash), and CH:Nald (sodiuy
3 methylate), The aleohol used i the transesterification reachion may be selecied from, for
exaniple, methand or ethanol.

As the trensesterifiosbion reschion w cwried owl, the aleohol and catalyst may be

delivered into the com oif in parallel, as sepuarsie reaction components, or the alcobol and

catalyst can be delivered to the vrude corn oil as a mixture, When delivered as & mixture, the
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catalyst muay be dissolved in the aleohoel by any sutteble means prior 1o charging the mixture

wito the corn ol Altomatively, the catalyst may be provided gs a Iiquid and muxed with the

alcohol, Hmating the need for dissolution of the catalyst in the aleohol prior to mixing the

aleohol and catadyst with the comn sl Where the catalyst i waixed with the sleoshol as a

LA

fquid, the catslyst may be added e the aloohol by, for example, vag or more mtoring
pumps. In addition, because an alkalie catalyst nught be nensitive to water, the catalyst may
he stored in 2 pump tank protected with a nitrogen layer.

1o carrving out the transesterifieation reaction, the alechol, catalyst and eom oil voay
be charged tmto # closed reaction vessel. The reaction systom ean be closed to the sdmosphere
1 to prevent loss of the slechol used in the tramsestenification reaction. As the resetion
components are raixed, the mixiure may be kept just below the botling point of the alechol o
speed the reaction tme. In addition, an excoss amount of alcchol s typically used to ensurs
totad  converston of the com ol mipglveerndes o the desired oster product. The

fransesteriication reaction prodoces s bwo-phase reaction produet that neludes sn ester-nich

o
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phase {erude biodwsel} and 8 glyveenine-rich phase {erude glycenne) The erade glyeenne is
much more dense than the crude Modiese]l and the two phases can be easily separated by
gravity sepavation or, i peeded or destred, contnifugation.

{n one cmbodiment, transesterification of the com ol takes place i one or more
mixer-settier units, In such units, the transestenificstion regction dcours i & mixer or reactor
20 meloded i the mixer-settler wints, The orude blodiesel and evude glycanine resulung from the
fransesterification reaction form two distinet phases that can be separated in the settlers. I

N

e oF more noxecsettler vy are used as the reschion vessels, the Deedstock and the

mtermediate product, respectively, way flow soecessively thvongh the two or more mxer-

settler units. Each mixer-settler unit can be supplied with the desired aleohol and catalyst in

25 parallel The resctors moloded w the moxer-settler anify can be o mul-sage m design,

COTPUISING varous resction chabers i order fo achieve magimum conversion efficiency fo

the ester product. The settlers allew phase separation o approach the linut of solubility,
which eases downstream purification of the blodiese] and glycerine products,

At the transestenfication stage, vapors vended from the reaction vessel, such ag the

3 one or move nuxer-settlers, nugy be rovted o o condenser where they are partly or completely

condensed and rehwrned to the reactiva process, The same may be done with the vossel used

o store or deliver the sleohol used in the fransesterificaiion reaction. Even further, where the

catalyst s provided in lguid form, #1oo may be stored and delivered from a storage vessel,

and any vapors vemted from the catslyst storsge vessel may alse be captured, partly or
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completely condensed, and returned o the reaction process in liquid fonn,

Onee the transestertfication reaction 18 complete, two mujor products exast: glyeerine
and biodiexel The glvemine v ieluded i the crude glyverine phase snd the biodiesel s
meorporated | the erude biodiesel phase. Each of these orade phasee may mohude a
substantial exvess of the aleobol nsed in the reaction. Moreover, the arde reaction products
may mclude wther impurities such vs excess catalvst, soaps snd high boiling impurities. I
desired, somte of these tnipurities may be freated of removed from the erude reastion products
before the enude nodiesel and the crude glycerine phases are separsted. For example, a

suttable aeid mygy be added 0 and mixed with the reaction products 1o neutralize excess
catalyst and further help break sny emulsions. Additionally, excess alcobel may be removed
fromy the crude reaction products using standord distilation equipment and fectutiques.

After the crude odicsel and cmde glyveerine aro separated, they are tvpieally
subjected to Ruther refining. For example, after separation, the crude odiesel muay contain
resicdual aloohol, ghyeerine, soall smounts of catalyst, and soaps. This may be the case even it
the crude resction products are refined to ramove or neutralize unpurities prioy fo separatioss.
I they have not already been vefined o peulrabize excess vatalyst or ramove excesy aleohod,
or f residoad catadyst and exvess aleohol still remaing i the separated veachon prodocts, the
epmle biodicsel and crade glyveerine may be ireated with o suitable acid to aeuiralize the
residual catalyst and subjected to, for example, a flash evaporation process or distillation ©
remove the excess aleohel.

Even whare steps arg taken to neutralize rosidual catalyst and remove wxeess aleohol
the refined biodiesel may stll iohude water soluble mpunitizs. In ovder fo remove such
water-soluble sobstonces, the relined biodiesel may be washed and dred. To avord the
formation of smulsions during washing, the biodiesel may be pH adjusted, for example, by
the addition of an scud to the budiesel to be washed, Dilote HUL such as w 3.7%% wrength
HUL s saitable for such an application and can be prepared and added sy gecessary. The
biodivse] wash process may simply melude gentle mixing of the biodissed with warm water,
which will work to remove residual, water suluble impurities as they ave twken up in the
avpueous phase,

If the biodiesel 1v processed throagh such g washing step, the refined and washed
hiodiesel may contain excess water. Such oxcwss water my be removed, for eample, by

subjecting the biodiesel to o drving step. The drying si‘i:p may welude, or example, vacoum
dryving the biodiesel to a desired water content in & dryver circuil. The dried biodiesel, which is

ready for use, distribution or sale, is collected and stored. Though the bicdiesel is serviceable
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at thas point, #f desbred, It can be sabiected o further distllation to remove any color bodies
and other higher molecular weight impurities remaining to provide a colorless biodiesel.

The separated, orude glyveerine phase may slse be further refined sfler separation. In

»

particutar, the orade glveeriine may be reutralized with 8 soitable acid, the exeess alechol may

LA

e romoved by distillation or flash ovaporation, and the cande glycerine nwy be duied o
remnove residual water: Even if thie crude reaction prishucts of the transesterification process
are neudrahized ared the exvess alovhol present w the vrude reaction products s removed praw
fo separsbion, the sepavated, orde ghveenine may sl contain residual catalyst or aleohol.
Where thet s the cuse, the sepwrated, crude glycerine may be subjeoted 0 sdditional
1 neutralization, absorptive {iratiens, mulior distillation steps to nentralize any residual catalvst
and remove any remaining aleohol. Onee such neulralization, distillation and drying steps are
conydete, the arude product typically contamns approximately 80-88%¢ pure glveerine, This
erude ghveerine can be further refined o o purity of 99% oo higher, as s known m the ar,

such that the glveerine product s swstable for use 1 cosmetiv or pharmaceutical spplications,

=2
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in order to munimize loss of the aleohel wsed v the transesterification reaction, al
vessels which contain aleohed, whether o substantially pawe form or as part of 8 oude
veaction product, ey be connectad fo a vent systen to caplive any aleohol vapors. Capturad
aleohel vapors muy be fed inlo s condensing systern that recovers the aloohol amd recyeles
the alcohol back into the refining process.

0 Stifl alternatively, the crude ol extracted from DDGS may be used to produce other
olsewhemicaly, particularly oleochemicals for the persomsl care products and home cars
products batriss. A ow-chart reprosentation of olesvhemical proceasing of erude ol
extracted from DIDGS 18 hown i FIGS. SA-RDY There are several processes that may be
used to produce varions oleochendesls after the crude oif undergoes o sphitting {or hydrolysis)

25 prowesy ol the trglveendey mto orude Butty sowds and glycsroliglyeerine, followed by
additional processing  wehuding  esterification,  frachiowation,  distillation,  hydrogenation,
epaxidation, cthoxylation, confucation, hardening. chlovmation andfor sulfation. After the
splitting process, additional provessing may be utilized prior to such processey, nchuding
evaporation, purification anddor bleaching to produce glveerolglyeerme and orude fatty

3 acuds. The crude fatly scids andior glyeerine can be subjected o fDurther chenviesl and

enzyordic rerctions to produce desired oleocheniizaly R personal care products and home

vare prodacts,
In some aspects, the glyeerine is subjected 1o esterification and distillstion processing

to yield distilled fatty esters of glycerine.
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In some aspects, the crude fatty actds are subjected to estenfication processing o
vield fatty acid esters, esterification and distillation processing to yield distilled fractionated
fatty esters, andior sstenification and epoxadation processing 1o vield alkyl epoxy esters. In

some aspects, the erpde futly aoids wre sudyected 10 ethoxylation proceasing fo vield ity acid

LA

sthoxviates. In soine aspects, the crude futy acids wre subjocted to conjugstion processing ©
vield conpigated fatty avids. In some aspects, the crude fatty acuds are subjected to hardening
provessing o vield saturated fatty acuds, Ty some aspeots, the orude fatty acids ary subjected
o hardemng processing and then hydrogenation provessing o vield fatty sleohols, In some
agpects, the crade Hlty scrds are subjecied to esterification processing o vield fiuty soids
13 methyl esters wed then hydrogenation to vield faty alechols. In some aspeets, the fagty
aleohols dertved from fatly acids may then be subjected to Guerbel reaction to yield Guerbet
aleohols, chimrination fo vield alkyl chlorides, ethoxylation to vield fatty sleohol sthoxvlates,
suffation 1o vield fatty aleobed sulfvtey andfor exteniBication to vield exters. The fatty alechol

sthoxyiates may further under propoxylation to vield ftly sleobol alkoxylates, sulfation
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vield fatty alevbol ether sulfates, phospbatization to yeeld fatty aleohol sther phosphates

and/or sulfifation tw vield fatty aleohol sulfosuccinates, Tn some aspects, the vrude fatty acids

arve subpected fo frachionation processing to vield C12, 214, C16 andfor CI8 fractionated fatty
aids, with the remsdning fraction subjected to exterification and distillation to vield distilled
fracticnated fatty esters.

20 Examples of commeon personal care meredients pitimately decived from these fatty
acds sccording to aspects of the present invention may include ooyl stearats, glyceryl
stearate, PEG distearate and stearalbeasimm chlovide. Examples of materiads used in produeing
home care products ulfimadely dertved from these fally asoids according to sspects of the
present ipvention may inchide sulfonated methyl exters snd stwanyd alochol.

& Still adternatively, the orade ol extracted from DDGE may bewsed 1o produce o green
venewable diesel el Ag llastrated 10 FIG 4, the crude ol extracted from DDGS way be

subjecied to 1 hydro-treating provess, which tvesives the hvdrogenation of the double bonds
of the side vhains of the nglycerides m the ¢rude od extracted from DIDGS and the removal
of oxyveen on the metal sites of the cotalvsts, The hvdro-treating of the crade oil extracted

3 from DDGS feads to the production of T1A-C20 hvdrocarbous, shich is a hopad saixture with

the beiling potnt range of diesed.

In the hydroreating process, erude ol extracted from DDGS 1w the Reedstoek, whach
may be mixed with recyele hydrogen and/or make-up hydrogen before being provided at

PIOCESS prossure in @ reactor system conwprising one of pre catalvtic bydredeoxvgenation

4
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reactors. In some aspects, the reactor is & malii-stage adiabatic, catalviic hydrodeoxyganation
reactor. In the resctor, the crude oil extracted from DDGS is saturaied and comnpletely
deoxygenated to yvigld deoxvgonated hydrocarbon produets, The prumary depxygenation

reaction by-products are propane, water and carbons doxide, which along with other low

LA

molecular weigld hvdrocarbons may be separated from the deoxygenassd product. In some
aspects, the deoxyvgenated produet 13 provessed m 2 second reactor packed with o selective
hydrocracking vatadyst where both cracking of Targer molevuley and hyvdrmsomenzation tukes
place. Tn somwe aspeets, the deoxygenated prodacet (s wived with additions] hydrogen gas for
the hydredsomsrization process. The excess hyddrogen and the lxomerized product may b
10 separated m 8 comventional gawhouid separater. The resuliing produet then undergoss
separation in a fractiongl distillation column where the various products are produced,
including green propans and light ends, green naphtha product, snd green diesel product. The
groen diesel produet may inelode 3 proen jot prodhaet and o greon diesel produet. The hydee

frenting process for producing green disse] operates i puld conditions and tdegrates well

o
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within existing petrolenm refineries. In some aspects, the hyvdio-tresting prisess can be

conducted onstte gt sy ethanet fueility,

Distillers Meal & Distillers Meal as an Animal Feed or Animal Feed Supploment
The distiliers meal produced by a solvent extraction method as described herem retain
20 desed puiritions] propertics. The solvent extraction process applied to the RDGS may be
chosen sl tailored o provide z distitlers roeal that exhibits nutnitional properties suitabls for
animad feed appheations. For example, in one embodanent, the DDGY are subjected o &
solvent extraction process thal provides distillers meal that relaios subhstantially all the crude
protein and fiber content of the DDGS prior to solvent extraction. In awother smbodiment, the
25 distillers meal 1w corn distillers meal tha vetamy sobstantially ol of the crude protein and
fiber content of the DINGS prior to solvent extraction. In yet another embodursent, distillers
meal is vorn distilers meal tha retuns substantially all of the crude protemn and Bber content

of the DDGS prior to solvent extraction wind i1y the product of a hexane extraction provess

conducted on corn DDGY produced by a dry-grind corn ethano! blorefinery.
34 DDGS are often used as » foed supploment fir Bvestock and pouldtey fed high gram

content findshing diets, Before solvent extraction, DINGS muy have spproximately 30% by
weight erade protein (PCPT) and 20% orade fiber (PCF) Solvent extraction. as described

herein removes most of the oil from the DDGS so that such oil can be provessed or refined o

provide siditional products of conunercial value, However, because most of the ol present in
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DDGS 1 removed i producing distillers meal, the energy potential of the distillers meal
fromy the fat content i lower than that exhibited by the DDGS prior o solvent extraction.
Despite the lower ssergy potentisd resulting from ol extraction, distitlers menl as duscribed

herein provides # Ez‘igthua}'ﬁy, fowe-gost protein foed that oo be fed at highey inclusion rates

LA

for animals, such gs domestic pets, bvestock or poultry. In addition, s deswribed hoerein,
Livestock feed distiflers meal exiubal destrabde carcass traity, and the nutntional properties of
distillers meal may provide g superior feed or feed supplement.

{n ome cwbodiment, the distillers peal disclosed berein may be ased o sapplement

antmal disty

at o Jdesired percemtage of the total divt, on a diy mstter basis. In ong
1 embodiment, the distillers mead may be used as & UP supplements 1 fivestock and pouliry
feed diets. In addition, the distiliers meal desciibed herein may also be nsed g8 an animal feed
or ferd supplemvent that provides desired amwunts of carbuhydrates, fiber o now-protein
mitrogen {NPN} contammg composds, The distillers maal can be used af 8 percontage off the

total foud that waximires the sutribional comaoponents of the feed. The relagtive amount of

o
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distillers mieal wworporated nto i avipwd diet may depend on, for example, the specioy, sex,
o agrivuliveal gy of the animal bemg fed. Additionally, e relalive amound of dintiflers msal
incorporated wite & parbieolar diet may depend on the mutaitional goals of the diet,

I one cwbodiment, distiblors meal oy be used 1o provide approximately 30% to
approxunately T3 by weight, on a dry matter basts, of a total diet for use i an animal feed.
20 In one such arnbodunent, the distillars mweal 1o corn distillers meal as deseribed herein and s
used to provide approximuately J0% to 53%, 5096 t 60%, S0%: to 65%, or S 1o TOU by
weaght, on a dry matter basis, of the totad diet I some aypects, the distilfers weal I8
substituled i an amal feed diet for sovbean meal, com, DDGS andior other profein

supplements in rations for such animal. In another such smbodiment, the distilers meal 1=

25 corn diatillees ment g desonbed Barem and 18 used to provide approsimstedy M9 fu $8%,

A

0% o T

S8 o UG, 2396 to TU%, &R 1o 85%, L or T to T8% by weght, on g dry
matter basiy, of the total divt. In some aspects, the corn digtitlors meal 15 substiiuied 1 sn
animal feed diet Re soybean maal, corn, DRGS andior other protemn supplements m rations
for such animad,

34 I some aspects, the distillers meal av desenibed herein 1 used as o Roed supplarent or
forrnula feod for beet catile, ncluding the beef vattle classes of cadves, catile on pastare
and/or feediot cattle. dairy caitle, particularly veal milk replacer and/or herd milk replacer
starter, growing heifers, bulls and datry heef, lactating dairy cattle and/or non-lactating dairy

cattle, equine, inchuding foal, mare, reeding andior muintenance equine, swing, including
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pre-starter, starter, grower, {inisher, gilts, sows and adult boars, lactating gilts anddor lactating
sows, poultry mcluding laver chickens {slarting/growing, finsher, layvig andfor breeder),
brotber chickens {storting/growing, finisher andior breeder), twoiler fwseder chickens

{starting/growing. finishing andior faving) andior turkeys {starting/growing, fmsher, laying

LA

and/or broederi, goese andior ducks, geat, molnding staster, growse, finisher, lseder andfor
lactating goats, sheep, ineluding starter, grower, finisher, breeder andfor luctnting sheep, fish,
mnehuading trout, catfish, salmon, and other species other than trout, ecathsh o sehuon, and
vabbit, inchuding grower anddor breoder,

Distallers el ag desoribe hereln, which revults fom solvent exiracted DRGS that s
13 the result of at lesst a portien of high-vil content corn, may conlain sne or mote signature
profein trails that are not available iy standard #2 yellowe dent com.

in some proforred aspeets, the distitlers nweal & donved from s cean grain blend of
fow-oil content cory and agh-uil content corn, wherain the vorn grain blend baving at feast

5% high~oll comtent corn, wherein a porfion of the distillers meal derived from the high-oil

o
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content cian can be determined by one or more signature proteun traits expressad in the high-
ol content corn that are not avaiabhe pestandard #2 vellow dent com,

Vavous embodivnents of systens, devices, and methods hove been desentbed herein
These embodiments are given oaly by way of example and are not intended to lmit the scape
of the clatmed yventipns. It should be appreciated, mewsovar, that the various features of the
2 ewbodiments that have been desenbed may be combined @ vartous ways o produge
numernus additions! embodiments. Moreover, while varions materials, dimensions, shapes,
configurationy and locations, ote. have been desoribed for use with disclosed embodimenty,
others besides these disclosed may be wtilized withowt exceeding the scope of the clapmed

nveniions.

25 Persony of ordinary slall i the relevant arts will recogoive that the sulyect matter
hereof may comprise fower features than dhastrated sy mdividus! embodiment desenbiad

above, The embodiments deseribed horeny are o meant 0 be an exhaustive presentation of
the ways in which the verious features of the subject matter hereof may be combined.
Accordingly, the embodiments are not mutually exchave combinations of features: rather,
3 the vartous embodiments can comprise a commbiaation of different lndividual features selected
from different individeal embodiments, ay anderstood by persons of ordinary shall i the art,
Muoreover, clements desentbad sath respect to one embodiment can be implemented i other
embodiments even when not deseribed in such embodiments wnless otherwise noted. Sull

further, the methods, systems, sid compositions disclosed and claimed herein can comprise,
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consist of, or consist essentially of the ewential cloments and lnutations of the methods,
systems and compositions deseribed herein.

Adthough a dependent claim may refer in the olaims 1o a8 specific combingtion with
ang o apors other olaiges, other smbodiments can alse include s combuation of the
dependent clam with the subjeet mutter of cach nther depeondent claim wr & ceonbination of
one or mors features with other dependent or independent clatnn,  Such comtbuiations ars
proposed berem wnles s stoted that & specific combaration 1s not intended.

Any incorporation by reforence of documents above w Hmtted such that no subjest
mstter i moorporated that 1s contrary fo the explivit disclosure horein. Any meorporation by
reference of documents above s further lmuted such that po clalny included in the
documents are mcorporated by reference hevein.  Asny wcorporation hy reference of
documets above I vet forther hmited such that any defimitions provided in the documsnts
are not incorporded by referencs horan palesy expresshy invloded herein,

For purposes of wlerpreting the claimos, # s expressly intended that the provisions of
35 UGG § T are not 1o be tnvoked unless the spevific terms Pmcans for™ o Sstep for™”

are racged g olaim,
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CLAIMX

i Distillers meal derpved from the extraction of aude com o1l from dstillers dried
grayns with solubles, wherein the distillers dried grans with solubles s a co-product produced

in g dry-pringd ethanel facility configured to process & corn gramn feedstoek, and wherein the

Ly

corn gram feedstock comprises a ficst portion of high-uil content corn graim and an options!

second portion of lew-oil content coin gram,

2 Crude com o extracted from distillors dvied grams with selubles using au extraction
process, wherein the distillers dried gratuy with solnbles &3 a eo-product produced 1 a dey-

10 grind ethanol facility configured 1o process a comn grain feedstock, and wherein the com gram
feedstock comyprises a first poution of high-oll content comn gran sl an optinna! second

portion of low-0il content eorn grain.

3 A method of producing one or more renewable fuels or one or more biofuels from a

bt
(9]

rengwable o scanve, the method comprisimg:
providing a repewable ol sovee derived from the extraction of crade corn oil from
distillers dued grains with solubles using an extrachion process, wherein the distiflers dried
graim with solubles 15 8 eo-product provhiced i & devegrind ethanel facility configured to
process a comn grain feedstock, and wherein the com grain feedstock comprises a first porfion
20 of high-oil content corn grain sued an optional second portion of low-nil cordent corn graing
condusting ghyeerolysis on a freg fatty actd vortent of the renewable oil soures in the
prosence of a souree of glvoerin to provide a lovdstook having a reduced free falty acid
content; and
subjecting the feedstoek to 2 conversion pracess to prduce vne or more renewable

25 fual or ane or more lohugls,

4. A system B producing » feedstork fromn a renewable oil souree, the feedstock
capable of bowng used n a renewable fuel process for producing one or more renewable fuels
o a iofued provess By producing one or more biofusls, the system comprisy

3 a renswable oif derived from the extractivn of orpde corn o from Jdistillensy doed
grains with sohibles using an extraction process, wherein the distillers doed graons with

solubles is a co-product produced 10 8 dry-grind ethano! fecility configared 1o process a com
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grain feedstock, ad whereln the corn gravn feedstock compnises a first portion of high-ail
content corn gramn and an optionsl second portion of low-ail content cormn graig

a source of glyeerin: and

a reactor vessel for combining the repewable oif source wd the gheeerin souree o 8

reaction mixture, the reactor vessel molnding o means for conducting 8 ghvoarnivsis resstion
on # free fotty seid content of the renewable ol smuwee to provide a feedstoek baving o
reduced free futty acid content;

wherein the feedstock is capable of being subjected o 8 conversion process o

produce oy oF mrore renewible els or one or more hiofusds

S. A renewable fuel or a biofuel produced from a renewsable ot somree derived from the
extraction of orade vorn ol frons distiflers deied grains with solublex using an sxiraction
provess, wherein the distillers drisd geaine with solubles s g coproduet produced e a deys
grined ethaned Sty configared to procesy soorn grun feedstoek, and wherain the com gran
feedstock comprises a first portion of hugh-oil vondent corn gram and wi optional sevond
portion of hnw-odl content corn gramg wherein thy renowable ol sowres has wadergone o
glveerolysis renction in the presence of glyeenin to provide 8 feedstock having o reduced free
fatty seid eontent, and wherein the feedstock subjected to & conversion process t prastoee the

renewable fuel or the biofuel.

8, A fecdstonk prodhuced from a renswable ol source, whergin the repowabde oil soures
i derived from the extraction of erude corn oil from distillers dried grams wath aolubles using
an extrachion provess, whersin the distillers dred grains with solubles 13 8 co-product
produced in & diyv-grind ethanol facility configured 1o process a comn grain feedstock, and
whersin the comn gratn feedstock comprises 8 fingt portion of high-ot content vory grain and
an optional secound portion of loweol condent corn gran, aad whersin the resewable ol
seurce has undergone a glycerobesis regsction in the presence of glveerm 0 provide the
feedstock having 8 reduced freg fatty acid content, and wherem the feedstock capable of
being subjected to a conversion process to produce one or mors repewable fuels or one or

more ofuels,

7. Any of the foregomng olatnws -8, wherein the extraction provess is a sobvent extrsetion
PIOCESS.
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L2

8. Any of the foregomng chaims 3-8, wherein the renewable oif source 18 provided from a
solvent extraction of distillers dried gratns with solubles {DDGS), distillers diied graims
(DG, or & combanation thereof, the selvent extraction uxing at loust one nov-polar solvent

ey

comprising one ov more O30T athwwes, preforably one or more somers, aantiomers or
mixtures of £5-CT-alkanes, preferstly the one or more tsomers, snantinmers of mixtures of
C5-407-alkanes melmling mie or more of n-pentane, n-hexane and n-heptave, as well as the
structaral momery theveod (Lo mopentans, neopentane, wohexane, 2-methyviepentang, 2.3+
simothyibotane,  pechoxane,  fsoheplane,  Z-methyithesane,  22-dbnethvipentane, 203
dimethylpentens, 2d-dimethylpotane,  Fethylpontane, and 2.3 3-vinethybuting)  and

petroleuns ether.

9, Any of the foregoing vlaims 3-6, wheren the renewable ail source s provided from s
sobvent extraction of distillers dried grases with solubles (DGR, distilleors dried grains
(PG, or s combination thereol, the solvent exbraction oxing at least one al least one

renewiable solvent, the at least one reaewable solvent prefierably comprising 2-methvloxolane.

19, Any of the foregoing colatms 3-8, wherein the renewabde ol sooree 1s s ronewable com
ol souree provided from solvent extraction of distiliers dried grains with solables (DDGS),

distillers dried grams (DDG), or & comndunation thereof, wherein the selvent extraction using

at Jeast one sobvent having 4 botling poant in the range of about 36° €U to abowt 88°C.

i1, Any of the foregoing clidms 36, wherein the ghveerolysis process i i thermwdynamie
reaction conducted at a reaction temperature between about 130° Ol and abont 280° O, and in

(r~\

some aspects between about 1757 €. and about 2

”(f

- for w period of tine between sbout 30
minutes and about 180 munstes, and m some aspeets botween shout 60 minutes wud about 128
nnutes, wherein the glycerolysis reaction has a glyesnin to free fatty sord wolar matio of at

feast 1101, in some aspeets gt least 13501, in some aspeets gt least L8011

120 Any of the foregoing olanms 3-6, whersn the one or move biofuels comprises

bhioddiesel.

13, Any of the foregoing claims 3-0, wherain the one or more repewable fuels s chosen
from the group comsistng of renewable hydrogen, renewsble propane, renewable naphths,

renewable jot fuel and renewslde diesel,
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o Any of the foregomg claims 1-6, whereint the first portion of high-oil content corn

grain has an ol sordent of more than 3%, 10 some sspents at least 6%, m stume aspects up o

3%, mosome aapects up o 20%, 1 some aspects up o H%, I some aspacts up to .58%, and
3 in some aspeots up to $.0%, on a dry weight basis of the vorn grain,
i35 Any of the furegming claing 16, wherem the fist portton of high-ol contert com

erain hay an oil content between 6% and 30%, in some sspects bebvesn 8% aud 20%,
seme aspocts between 0% and 10%, i some sspeots between 60% and 8.3%%, I somw
13 aspeets between 6.1% and 9.5%, 10 some aspects between 6.3% and 8.5%, m some aspects
between 6.3% and 9.5%, 111 some aspects between 6.4% and 9.5%, m some aspects between

6.5% and 8.5

. 1 seme aspuets botween 6.5% and 949, in some aspects hotween 6.5% and
9.3%, wy some aspeely betwesn 6. 5% and R.3%, In swne aypeets betwsen & 8% ad 8.1%, i

some aspects between 6.5% and QUO%, on a dry weight basis of the corn grain,

o
K

. Anv of the foregoing clanma -6 wheremn the fisst portion of high-ail content cor
16 Any of the fwregoing chumy -6, wherem the fist poaetion of high-oif content com

grain hog an o content greater than the average off content of 82 vellovw dent cors grain

17, Any of the furegoing clatms 1-6, wherein the first portion of high-vil content com

20 grain comprizes of least 1%, in some sspects at least 2%, in some aspects at least 34, in some
aspects at loast 4%, 1 some aspooty &t least 5%, in some aspects at least 6%, i some aspets

at least T8, in some aspeoly at least 8%, i sonwe aspoets af foast 9%, In some aspects at feant

H%, of the corn grain feedsiock.

5 I8 Any ofthe foregoing elaims 1-6, wherein a rabis of the fivdd portion of lugheonl content
coent gradn 1o the second portion of low-oll content cory v at least 1226, ity some agpects &
feast 3:50, 1n some aspects at least 70100, mosome sspects at feast 25, in some aspoets &t

{east 9100, and in some aspects at lesst 1:10.

1B Any ofthe foregodng olams 146, whevein a ratio of the fivst portion of igh-oid content
corn gram o the seeond portiom of lowwl content vors ¥ up to 111, 1w some aspects up {o

28, 1 sonpe aspects up to 110, n some sspeats up to e, and in some aspects up b L8

L
e
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2 Any of the foregoing claims 1-6, wherein a rafio of the first portion of ugh-oil content
corn grai 1o the second portion of low-oil content com is between LIOU and 11, in some
aspects botween 130 and 2:5, i some aspects tetween D20 sod 310, in some aspots
batween 230 and D4, in some aapects between 120 and 1F, wnd in some preferred aspects
between 1 and 105,

21 Any of the foregomg clanns 16, wherens the first portion of high-oid content com
gran eomprises af least S% and up 0 23%6 by weight of the corn grain feedatock, prefevably
at least 3% up to 209 by weight of the corn gram feedsteck, preforably at losst $% up 1o 18%
by weight of the corn gran feedstock, more preferably at least 10%: up to 20% by waight of

the comn grain feedstock.

220 Any of the foregoing clms 3-8, whereln s semount of crude corn oif dertved from
the first portion of Rgh-oill contat com grain of the corn grain feedsfock con be determined

by e or pware sagnature profou trats,

23 Any of the toregoing clanns -6, wherein the distillery duned gramng with solubles
derived from u corn foedstoek, such that the distilers dried grains with solublex privy fo
sobvant extraction has an average o content that 1 greater than a comparable distillers doted

erains with solubles derived from #2 vellow dent commaodity comn

24, Any of the foregoing clam 16, wheren the distillers dried grains with solubles s

derived from a com feedstock comprising & corn grain blend having a first porbion of love-ail

content corn grain having an oil content having s average oil content less than 5% on a diy
weight basts of the comn gram and & second portion of high-oil cortent cont gruin having an
oil content having an average oil content of &t least 6% on a dey waight basis of the com
grain, such that the distillers dried grains with solubles prior to solvent extraction has an
average oil content that is greater than a comparable distillers dried grains with solubles

derived from the fust portion of low-gil content corn grain alone.

25, Any of the foregoing claimy 16, wheran the distillers dried gmims with solubles ia
derved from a corn feedsiock comprising a corn grain blend having a first portion of low-oil
content corn grain having an oif content having an average oil content less than 5% on a dry

weight basis of the corn grain and a second portion of high-oil content corn grain having an

N
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ol content having an average ol content of at least 8% on g dey weight basis of the com
grain, such that the distilers dnied grams with solubles prioy to solvent exiraction has an

average off content greator thun 1%, in some aspes

f.(/

s groator than 119%, and in some aspeots

groater tha 12%.

Sdes

28, Agy of the fiwegoing clavns 16, wheretn the distillers dried grains with solublex i

derived frony a corn feedstock comgwising o comn grain blend having a first portion of low-uil
contant coen graan having an ot cowtent having an aversgs oil content loss thay 596 on a dey

weight basts of the corn gram and 2 second portion of high-oil content corn grain having sn
o1l content having an aversge wil content of at lesst &% on a dey weight basix of the com
grain, such that the distillers dried grains with solubles prior to solvent exiraction has an

average oil content butween 1% and 22%, in some other ssperts between 13% and 20%,

some other aspects bebwesn 13% and 198%, sad 1 some mapects between 14% and 17%, on a

dry weight hbasis of the corn grain

L0
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