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field of the invention 5 The present invention generally reFat es to

bi ochem cal and chem cal industry, and nore particularly to a nmethod which
can be uswd esok@enent i ng car bohydrate substrates of paqalanéos@bisgs n for
produci ng Cl -C5 al cohols, and for synthesis of higher alcohols, other
oxygen- cont ai ni ng conmpounds and hydrocarbons as well as for the production
of nmotor 10 fuel conponents from bi omass. Since C6 and hi gher al cohol s,
ethers, acetals, and higher hydrocarbons are not obtainable by a direct
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reactiqns V\herelnBEé-products 0 ntation are as raw materials for
sai d syMUESS FROM BEAMASBound art bt ai ni ng al cohol s and ot her
oxygen- cont ai ni ng conmpounds by fernentation of carbo- hydrates is known

since Long a rief Chem cal Encycl opaedia, Myscow, 1967] and used
i ndust r ﬁﬁ";‘fgﬁﬁF I‘iftF‘Srm}S‘i‘ﬁéﬂibi ng et hanol. However, even the nost advanced

proé 20 ess for biochem cal production of ethanol allows for conversion of
ut _hal f. of carb rate supstrate into the final
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IS al sgyitetdizkiteWnu $hPEEovORGAAR fekk . et IR TBING tat;
M krob%ol ogilze, 198\;][%£Homever i &nSS&Héﬁgﬁgynp gl;lrcrg%tﬁatl o%t%%ont he wast e

/ bi ogas obt ai ned i
of 30 PIRASSPYCRAEHAINISEF syHheRdtonposi ti on of biomass by bacteria contains

mai nl y net hane. Production of hydrocarbons and oxygen-contai ni ng conpounds
frg%1s nt.hesi s gqf, which in turn originates from bi onass, al so seens
pr obl eR&TFEEOU 3y esent there is no industrial process for producing
hydr ocar bons and oxygen-contai ni ng conpounds us- ing synthesis gas obtained

from bbﬁ’@?rﬁﬁg al%%ﬂ(gig %}.51& %tl%?%X?ggk?éo%?gn;nrg%@m%gggds 3(? eg'r%legtua@on of carbo-

hydrates is known since long ago [Brief Chemical Encyclopaedia, Moscow, 1967] and
used industrially mainly for producing ethanol. However, even the most advanced proc-

20 ess for biochemical production of ethanol allows for conversion of only about half of the
source carbohydrate substrate into the final commercial alcohol. The remaining part of
carbohydrates is used for maintaining the vital functions of microorganisms and is
converted into carbon dioxide. When it comes to other alcohols or other oxygen-
containing compounds, such as ketones or acids [H.G. Schlegel. Allgemeine Mikrobi-

25  ologie, 1985), the known biochemical processes allow conversion of raw materials into
the final products to an even lesser extent. Considerable part of the carbohydrate sub-
strate in these processes is converted into by-products. The obtaining of hydrocarbons
by means of biochemical methods is also well known since long ago [H.G. Schlegel. All-
gemeine Mikrobiologie, 1985]. However, biogas obtained in fermentation of the waste of

30 livestock farming or in decomposition of biomass by bacteria contains mainly methane.
Production of hydrocarbons and oxygen-containing compounds from synthesis gas,
which in turn originates from biomass, also seems problematic. At present there is no
industrial process for producing hydrocarbons and oxygen-containing compounds us-

ing synthesis gas obtained from biomass. Synthesis gas obtained from coal, petroleum
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industrially for produci ng oxygen-contai ni ng conpounds [ Re- §§tMaG8h%07
hydr of ormyl ati on, Kirk-Q hnmer Encycl opaedia, 3rd edition, v. N.

1982]. These processes are widely used by the industry for pr odum ng

al dehydeswoabeahgbs and nmany ot her oxygen-cont ai ni ngpERMEMAES3Ori gi nati ng
fromsaid materials. Methods for 5 produci ng hydrocarbons from synthesis
gas are also well known and used industrially [Fisher-Tropsch reaction,
Kirk-Q hmer Encycl opaedia, 3rd edition, v. 19, N Y., 1982]. However

not hing i s known about using synthesis gas obtained from biol ogi cal raw na-

terial mdmetth%%a@w@@aiﬁéusté&yﬁﬁﬁbﬁod% ﬁlgV&&ge%u Onrge},nf}iodc%n{ %{m ngna fying
t he prod ctl f .ethyl alcohal’, such ro umg s of

ﬁg &
ni cr oor’y ydroformy 18?1 Bigly Olymer ﬁF@W&Paﬁﬁée@f‘i @cﬂltlble,rxrrelﬁt HrY t 1932 and wi der

range dTheBltt prdczsies afe WidelyN@eq @k lﬂ@@ﬁ@ﬁl@iﬁ%%&ﬁ&%‘%@e}ﬁf&& ugi, &Qﬁg %\Q& I nu- ous

process_,fgasnyog fere(_[) nent at i on or processes of cel

ef f ect i Ve “pr oced &8 iR GG ROCE SgieesRa frony srid H@?ﬂerﬁ%lw I‘ﬁmhem @2&:

pr oV d:mgdwulr@hym‘gca)‘boﬁdﬁﬁéorhamme@ﬁ; dhbaralBsh @’él_}_%ﬁé@ﬁ 'a%h%s@@ﬂlcgﬁﬁpﬁtéf h
assi m W e nents e productiv- 1t t he
ferrrent”gi%!ll%nnng Sogchgrgg&?on ?%Té{s%éhﬁéﬁr%o@gg%%?‘?d%g’ I‘Fdﬁh)%éf 19-N8. [1PBles of
et hanoHovseer maihing isbhewn ebouthesifeesymiintsoyr gasa)bidTBe DB bmNasb gicANdwshgci fi c

speed @frifieBRtaLIRBssecaN reach up to 2.5-3.0 litres of ot hanol per 1 gram
of the yeast biomass per hour, with a yield of ethanol fromthe fernented

carbohydrates in terns of wei ght of up to 49 50% 20 (the theoretic val ue

i S 1519 herkhee RPEISLs RETH l; t pre a i of .the grain
st ar chﬁég)rnt af'nl rﬁg aw r?gé %?éﬁgﬁﬁ?n% ?ﬁ} f’gﬂ VEG 2195354,

C12P7/ %neWW@e?@ftfﬁ%POF%?éllW%SﬁhacﬂOéamCd @y@fhlglhm sgeal of firmta-
adni xt tipesnd mmmrrt@ngé by tebedn oftthe &Hi%h&&%@és%%trat%g%p&%%% £t ffzyTes,
nto e

aci d, cC ar%gel catign. After cleaning t grarn i’

f1 our y%l?(%roﬁ%sfseﬁﬂ ﬁﬁ?ktaﬁ%f‘”f Heressed ebedl ignotilidnm or Aweffettorivadcess carri ed
out i ningwd nswraeeinsaditibiud tfdes f yavkelablal ﬁoﬁﬂﬁﬁ%&@ﬁlﬂ \gﬁfgrm%%e gfe@lgh 19-21%
ma p and .treate hermal | 'y extrusion en, after
m §|§ nglaar“} nﬁ%{erpa;]] 4 dé(e ﬁfflflﬂatéoﬁ]z%ﬁég & &ﬂat%‘?lcf‘)@@én%éeﬁlq ProgRctimount
provi ditngf fdsptfmmmmnmmsfm thdshendphsds @l @acreﬁg Yore0 3@ RS eftng] | S

icht kK is mxed with water to

follo f ter

20 23001 e e ol e I o R e b PP o erads e Br ke | | <
added. caPHEaprUP te Ri . Oliresvé nitbnelatced graer sraht Yeas bivnaddiger aBu0fyitthe acid
in an apeudnds B hR%ntRELRRzq carbohydrates in terms of weight of up to 49-50%

20 (the theoretic value is 51%).

The prior art discloses a method for preparation. of the grain starch-containing raw ma-
terial for alcohol fermentation (RU 2145354, C12P7/06, 1998). The method includes
cleaning of the grain from admixtures, mixirg with water, thermal treatment, adding of

25  enzymes, acid, and saccharification. After cleaning the grain is divided into the floury
kernel and husk. Further processing of the raw material is carried cut in two streams:
the floury kernel is mixed with water to reach 19-21% mass part of humidity and
treated thermally by extrusion. Then, after mixing with water, amylolytic enzymes and
acid are added in an amount providing optimal pH value for the particular enzyme

30 used. This is followed by saccharification, after which the husk is mixed with water to
21-23% of the mass water content and at least 2% by mass of alkali is added. The ma-
terial is then treated thermally with addition of the acid in an amount providing the op-

timum pH value for the specific enzyme used. Then the cellulolytic enzymes are added
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saccharification is carried out. Thereafter, both streanms are brought
together and directed to the fernmentation. There is a known net hod for

pr oduci ngwet2byslos@brcohol fromgrain raw material (RU fm&k200460534C1L2P7/ 06,
1997). The nethod specifies the followi ng steps: the grain is cleaned of
husk, crushed, m xed with the liquid fraction, treated thernally, then the
anylolytic enzynmes carrying out the zymatic hydrolysis of starch are
added, the nmass is sterilized, cooled down, enzymatic conplex i s added,
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its incineration 1'n a burner 1n-a ure
Sni r noysing as a fodder product.

20 Disadvantages of the above-described methods are their low specific speed of fermenta-
tion (1.5-2.0 1/kg*h} and low Cs-Cs alcohols yield, Cs-Cs alcohols (fusel oil) are by-
product of ethanol production from the plant raw material, The yield of Ca-Cs alcohols
in the production of ethanol by known methods is 0.2-0.6% of ethanol. In the produc-
tion of a food-grade ethanol Cs-Cs alcohols are an unwanted admixture and should be

25  thoroughly removed by rectification and purification. All technologic means in the proc-
ess of a food-grade ethanol production, starting from the raw material preparation and
finishing with the rectification, aim at tninimizing the formation of fusel oil or at its

maximum removal,

30  Collecting and storing fusel oil for the subsequent qualified processing and using is
non-expedient due to its low yield. Modern methods for utilization of fusel oil propose
cither its incineration in a burner in admixture with fuel oil (Klimovski D.], Smirnov
V.N. “Alcohol Technology, Moscow, 1967) or using fusel oil as a raw material for pro-

ducing isoamyl alcohol by distillation in a rectification unit (Russian patent RU



V. N. "Al cohol Technol ogy, Mscow, 1967) or using fusel oil as a raw
material for pro- ducing isoanyl alcohol by distillation in agngFbhBbeati on
unit (Russian patent RU 20 March 2007 WD 2005/ 040392 PCT/ SE2004/ 001534 4
2109724, CO7C 31/125, 1996), Recently, the nethods for producing fuel-grade
et hanol Woamsaambphydrates of plant origin have gai net/sE2aieadssd nportance.
There are different known nethods for using the products of fernentation
of carbohydrate substrates of plant prigin: ethyl alcohol and C3-C5

al cohols as a notor fuel or conponents of nmotor 5 fuels for internal
conbustion engines. In this case ethyl alcohol is minly used as a fuel
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MDr eoV 8iimunfdry Griat&Ril s and glycerine obtained in biosynthe 30 sis can
first be converted i nto al dehydes, which are then condensed into hi gher un-

We have developed & new method for obtaining hydrocarbons and oxygen-containing
20 compounds from biomass or products originating from biomass. The process is carried
out in several steps and includes also biosynthesis of methane, carbon dioxide, acetal-
dehyde, acetone, lower C1-Cs alcohols, and glycerine for producing unsaturated hydro-
carbons from said alcohols, obtaining of synthesis gas, including using methane and
carbon dioxide, interaction of unsaturated hydrocarbons with synthesis gas, condensa-
25 tion of the obtained aldehydes, hydrogenation of the obtained unsaturated aldehydes
into alcohols, and converting saturated alcchols into saturated hydrocarbons. Besides
that, the aldehydes can be used for obtaining acids, which are then converted into es-
ters. The aldehydes can also be used for the synthesis of acetals. The alcohols can also
be converted into ethers. Moreover, C;-Cs alcohols and glycerine obtained in biosynthe-
30  sis can first be converted into aldehydes, which are then condensed into higher un-

saturated aldehydes, which in turn are hydrogenated into higher saturated alcohols.

The present invention relates to biochemical and chemical industry and can be used in

the methods for fermenting carbohydrate substrates of plant origin for producing Ci-Cs



saturated al dehydes, which in turn are hydrogenated into higher saturated
al cohols. The present invention relates to biochem cal and gherrciaRoo7

i ndustry and can be used in the nethods for fermenting carbohydrate
substrates of plant origin for producing G -Cs 20 March 2007 WO

2005/ 040362 2RGMABE2004/ 001534 5 al cohol s, and for syrtisEéE/oosshi gher

al cohol s, ot her oxygen-containi ng conpounds and hydrocarbons as well as
for the production of notor fuel congpnents from bi onass. Since C6 and
hi gher al cohols, ethers, acetals, and higher hydrocarbons are not obtain-
able by a direct biochemical route, it is proposed to synthesize these
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Acetaldehyde and acetone produced by the inventive method.
20
It is proposed to use carbon dioxide or a mixture of carbon dioxide and oxygen in the
processes of alcohol oxidation into aldehydes and aldehydes into fatty acids. At the
stage of aldehydes condensation and to increase the yield of the higher hydrocarbons
we propose to use besides the aldehydes obtained from alcohols the furfural obtained
25 by hydrolysis of the pentosane-containing raw material. At the stage of etherification
and to increase the yield of higher esters we propose to use along with the fatty acids,
obtained from aldehydes, Co-Cs fatty acids produced by biosynthesis, as well as the ac-
ids obtained in the saponification of fats and extracted from the tall oil. To increase the
yield of higher esters we also propose to use terpenes at the etherification stage.
30
To increase the extent of the biomass conversion in the synthesis of hydrocarbons and
oxygen-containing compounds we propose to produce methanol using carbon dioxide

obtained in the enzymatic processing of biomass or a mixture of carbon dioxide and



ids obtained in the saponification of fats and extracted fromthe tall oi
To increase the yield of higher esters we also propose to usgMBERSHEF at
the etherification stage. 30 To increase the extent of the biomass
conversion in the synthesis of hydrocarbons and oxygen-containing
conpoundswaeognepase to produce net hanol using car boreadiseziodecisoibt ai ned in
the enzymatic processing of biomass or a m xture of carbon dioxide and 20
March 2007 WO 2005/ 040392 PCT/ SE2004/ 001534 6 hydrogen. Met hanol obtai ned
from carbon dioxide is then directed to the production of higher

hydr ocar bons and oxygen-contai ni ng conpounds. To increase the extent of the
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courseO he |n§ ﬁ ?%%mﬁ%@ %%e?ﬁ?m%f% @Pﬁaﬁﬁya¢8€§ﬁ Gh5iomags pyroly-

oxy gensis.dhlarali Wyperdiep ouprtsonly wih di, Grms sil,orgquaidd o, San@r lgiteagn-ng from

b|onaaﬁnﬁhhgwﬁeHﬁk@&m§¥&gaxﬁﬁgaﬁaﬁconpounds of non-biologic origin. For
exanpl e, in the production synthesi s

It is also proposed to use carbon oxide obtained by the inventive method from the stage
20 of fermentation, or from various types of biomass, and hydrogen, obtained from water
by known methods, for the production of synthesis gas.

It is proposed to use synthesis gas produced by the inventive method for obtaining hy-
drocarbons and oxygen-containing compounds by the Fisher-Tropsch method and by
25 methods based on hydroformylation.

Of course, the inventive method for producing hydrocarbons and oxygen-containing
compounds from biomass or products originating from biomass allows using some
source compounds of non-biologic origin. For example, in the production of synthesis
30 gas along with carbon dioxide obtained in biosynthesis can be used hydrogen originat-
ing from petroleum, natural gas or coal. However the greatest effect is achieved when
the source compounds are substances originating from renewable raw material. This is

a possibility to obtain products needed for vital activities of humans from the raw mate-



30 gas along with carbon di oxi de obtained in biosynthesis can be used

hydr ogen originat- ing frompetrol eum natural gas or coal. 5@“‘[:3\‘95 2hbe
greatest effect is achieved when the source conpounds are su ances

originating fromrenewable raw material. This is a possibility to obtain
product s weed®didsor vital activities of humans from the/drawsamie 20 March
2007 WD 2005/ 040392 PCT/ SE2004/001534 7 rials currently not used to a
full extent, but continuously reprodq7ced by nature in con- trast to
petroleum gas and coal, the reserves’ of which decrease continuously. The
present invention ains at solving the followi ng problens: 5 - To increase
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t he 5sai d pr ddéctémn thayileraimfd]sazgled@h@m ai ned in biosynthesis of |ower
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fats; furf ﬁé gfcrg%tg z;'? % Cﬁc ﬁl?ff?ff%fl Cg%@%/ Ygtate ARP Yo SEmentagarai ni ng raw
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extracte n .an ai ne ol ysis of wood; -
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description of the invention The 1 nventive rre
car bohydrat%iissubstrat es allows to increase the yield of C3- CS al cohols to

a level of D 6 1% ofai@pitucl6 btk ALSLAVK L20B0SY 29, Gfpase O

t he speC|f|£ ﬁ_{pg @ ﬁrment ation of carbohydrate su
1/ kg*h. Thi € O eS: Ineprp g gatout o al coho
CHOS: AEE8 AP Y HEG oS ALY B Wﬁl qst i ifigati ftfétt@ | cohol

fer ment at i dnrfuralloﬁtmﬁxswdyoip@s adthetiRnidignan oyt akemsuPstLal e the

soykces of eral. tio nitrqQgen-contal ni ng an ospnor us
Y5 AB Y b folosythesm ?at sapomﬁgatlon and extracte% from tgll oil,p

resin and gases obtained in pyrolysis of wood;
- To increase the rate of direct utilization of biomass for synthesis of higher alco-

hols, other oxygen-containing compounds, and higher hydrocarbons for motor
fuel production from biomass.
20

Detailed description of the invention

The inventive method for fermentation of carbohydrate substrates allows to increase
the yield of C3-Cs alcohols to a level of 0.65-3.1% of ethyl alcohol with a simultaneous

25  increase of the specific speed of fermentation of carbohydrate substrates to 4.0 1/kg*h.
This is accomplished as follows.

While carrying out the alcohol fermentation it is necessary to add to the carbohydrate
substrate the sources of mineral nutrition, i.e. nitrogen-containing and phosphorus-
30 containing salts. These additives are necessary elements of the yeast nutrition and take

part in the build-up of the biomass’ ceils growing in the course of fermentation.

Conventionally, the concentration of nitrogen in the substrate is from 50 to 600 mg/1

and depends on concentration of carbohydrates. In the prior art, mineral salts such as



30 containing salts. These additives are necessary el errents of the yeast
nutrition and take part in the build-up of the bionass' cel hﬁ,@{g Wioggy i N
the course of fernentation. Conventionally, the concentration nitrogen
in the substrate is from50 to 600 ng/1 and depends on concentration of
car bohydrebesos/ueset he prior art, mneral salts such ascik20BeR:2007 WO
2005/ 040392 PCT/ SE2004/ 001534 8 anmoni um sul phate, amophos, or urea are
used as the nitrogen nutrition of the vyeast for carrying out the al cohol
fernmentation. The present inventors ve found that the yeast assimlates
nitrogen of amno acids 5 faster than nitrogen of mneral salts, which

det er mi gemonapi uigRNR| RIRRBhoOor e X8 d of the
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specific sﬁgegadd@%h%ﬁjkéq: (éalir%r?lél tg?]il(f’rti tb?n up to 4.0 1/kg/hour and a yield

of C3-C5 alcohols in an anount of fromO0.65%to 3.1% of ethyl 15 alcohol.
The canbehydial ensubate Akeylaeach 3: DESLL O QNG Dl aspes,  acd ,or enzymatic

hydrol ysate of starch-contalning or SRR PUHIE $raterial s.
The al CBRBICIEaSEn thebths arainoi a¢1CtSHeu<tuefr, mnm wefing,he avlaseadtreof

carloohygigddess a hSrogvodans 0 f. 5-10% washed
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i sol eugj ne, %ry ? %rggﬁn nutrition source for yeast

fermenting tHe | Vﬁ?’ &t3P5¢idS spesg %@@B@ﬂ&é@n@ﬁﬁ%@%ﬁd&tﬁ Ot he

di sti | I/&gyhdremyd afiterof€xiC:aatdhan 1lﬁfan3drﬁ@{)iﬁ|of fraht @BB?%Iﬂ%gé%thfy?ernt ation
of {sta o ant.materials can be condensed to a Subst ance
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t he di Bydrolverty of dieegh-torgeinddg el ctihbkc-abntphtt?s plabrandiaas t enper at ure of
30-60C using proteolytic en- zymatic preparations, such as proteases,

i ncl udi hg exopepti dases: am nopepti de 30 am noaci de hydr ol ases,
car boxJpeperid yaritnddeingd iy treokasesatiand tbndopegts’ dasesydrates, is con-

densed to a dry substance content of 5-10%, washed with water during the process of
20 condensation and treated by autolysis at 45-55°C during 24-48 hours. The obtained

autolysate with amino nitrogen content of 3000-8000 mg/1 containing the amino acids

valine, leucine and isoleucine is used as a nitrogen nutrition source for the yeast for

fermenting the carbohydrate substrates.

25  Suspended substances of the distillery dreg, after extraction of alcohol, abtained in the
fermentation of starch-containing plant materials can be condensed to a dry substance
content of 5-10%, followed either by enzymatic hydrolysis of proteins of the distillery
dreg free of alcohol at pH=2~pH=8 and a temperature of 30-60°C using proteolytic en-
zymatic preparations, such as proteases, including exopeptidases: aminopeptide-

30 aminoacide hydrolases, carboxypeptide-aminoacidohydrolases; and endopeptidases:
dipeptidhydrolases and peptide-peptidehydrolases, or by acid hydrolysis of proteins of
the distillery dreg free of alcohol at 40-90°C using 0.2-0.5% sulphuric or hydrochlorie

acid, The amino-acid hydrolysate obtained containing amino-acids valine, leucine and



di pepti dhydr ol ases and pepti de-pepti dehydrol ases, or by acid hydrolysis of
proteins of the distillery dreg free of al cohol at 40-90C “§%ﬂﬂngh3097596
sul phuric or hydrochloric acid. The am no-acid hydrol ysate obtal ne
cont ai ni ng am no-acids valine, |eucine and 20 March 2007 WO 2005/ 040392
PCT/ SE20040Q0EB3a9D | sol eucine with am no nitrogen cantanés0dis2000- 6000
nmg/|l can then be used as nitro- gen nutrition of the yeast in the
fermentati on of carbohydrate substrates, Alternatively, conbined acid
hydrol ysis of the cellul ose-containing plant material and of 5 the

m croorgani sns' biomass in the ratio of cellulose to biomss of 20:1-100:1

can be isdendiheditmind hﬂrc%@ﬁ %bxﬁ‘t@ﬂt byatool amat.ag AQ0H 3L chugedzgso/%ﬁfo
or the al cohol

carbohégg%ﬁgéuand 0-6 mg am no_nitrogen 1s used
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car bohyf/aebaminestiiragessis ussd ﬂ“dﬂréh@ndcnbolafmmtnamwl ofsatiehglirdie yeast,
containing the am no acids valine, |leucine, and isoleucine in an anount
provid§%g jontent of am no nitrogen in the carbohydrate substrate of
fr om 12655 URRe sgPtancgsiol thadis Bl sree, Blier dxdeatiohbhilneblj cant ieeusedr obi ¢

cullDi v &dritha aefobich@iyeash omﬁe%la@tn&@@@otﬁ&@a %é&t ndcdighidd gl af 9 af ter
extract Qn of .alco can be used as nit 8en nutrition”in

f er menfihg® ?ﬂtéafr?fég%@&?é tﬁ?ﬁ%‘?%%%b’smpéﬁﬁo@e Soming] A9 Ay holiust ii"h¢ er y dreg,

after ebntan&adtammysﬁte abioahotg theamihe aum@@}alﬁ&r 1R AR O 010k Gnk Wikl Mat 1 on of
to a dry substance content of

the ye obtalne eas

5-10% Qﬁﬁn EQ{% ot ﬁoncefl %%J%t ﬁ@‘?% Zé%‘é%ﬁdl %rfnérﬁaert Pelitos Byhaut ol ysi s
at 45- Y%Etmuﬂmﬂ&mm@ﬁaW®lMﬁmﬂxMyahﬁeaum@hyaﬁte t hus obt ai ned, containing
3099-8000 ng/ 1 of 25 am no nitrogen, is used as nitrogen nutrition of the
yeast in the fermentation of carbo- hydrate substrates. After extraction of
aspar agihemirecdmaivlisaicsdthsycasheontsinhy dat enioh dchi wEasticpsnt eina, t he

act ¢ OfsoRNZNER b6 AMALO LIRREES Abn ERLOPLOLE L Olnl iR L SN LY, dreg are

used as .ni trogen n tr|t| nin rnen hydr at e
subst r $tsérate of from 120 to 420 mg/1, which autolysate has been obtamed in the aerobic

cultivation of the yeast with pentose-containing distillery dreg, after extraction of alco-
20 hol, can be used as nitrogen nutrition in the fermenting of carbohydrate substrates.
Pentose-containing distillery dreg, after extraction of alcohol, can be used for the aero-
bic cultivation of the yeast; the obtained yeast is condensed to a dry substance content
of 5-10%, washed with water during the condensation and treated by autolysis at 45-
55°C during 24-48 hours. The autolysate thus obtained, containing 3000-8000 mg/] of

25 amino nitrogen, is used as nitrogen nutrition of the yeast in the fermentation of carbo-
hydrate substrates.

After extraction of asparagine and ammonium salts, the autolysate of the yeast protein,
the acid or enzymatic hydrolysates of the protein of the distillery dreg are used as ni-

30 trogen nutrition in the fermentation of the carbohydrate substrates.

Formation. of C3-Cs alcohols is a result of active functioning of the process of de-
amination of amino acids in the yeast cells with formation of free ammonia. We have

demonstrated that formation of Cs-Cs alcohols in the process of alcohol fermentation is



Formation of C3-Cs alcohols is a result of active functioning of the
process of de- am nation of amno acids in the yeast cells W%%ﬁn{r -;on
of free ammoni a. W have denonstrated that formation of C3 s in
t he process of al cohol fernmentation is 20 March 2007 WD 2005/ 040392

PCT/ SE200%0Q0EH39210 determ ned by assim | ation of mdmwseg®aedismM t he am no
acids valine, leucine, and iso- leucine by the growing cells. The yield of
C3-C5 al cohol s reached 3. 1% of ethan when pure valine, isoleucine, and

| euci ne were the sole source of nitrogen nutrition of the yeast in the
inventive fernmentation process, Mreover, the maxi nrumformation of C3-C5 5
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the ma Fgrﬁm‘pl/l el d of C3 C5 al co- hols reached 1.1-2.1% of ethanol, and when
the am no acid proteln hydrol ysate of the distiller's grains were used,

t he maét rpfey C3-C5 al cohols was 0.65-0.8% of ethanol. The

rel atively 156 ?}i’iﬂ *&1%?16@9“%5“&11%6%’5@0 e aypeinpicheyeastm dutsplny sat e or
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t he prmiﬁei@slomcorﬁseamﬁnt titel systernieneint e BARMAGMS S 4O L7 93N GueprRonent s of
t he sug)sz}agg%ﬁe 7§ f"va pent o ossﬁ%%su aéseq]%/loganl c acids, hexose and et hanol

residu n- so pro el f grain, etc. 25 There are known
met hods for utili satl on of said wastes for pr oduci ng baki ng yeast, fod- der

pr o8 el wranda) 803Gk A ALOGGL 9. BLOTaSS, O Lhe 2l congl, yeast pr the veast

obtained in aerobic CU tirvation usin nomn é:éﬁ]ke CorT'ponent S
of thePdpbechat & load % ctisrngl famd ‘ﬂbftﬂa’uhnlangnaamd@rairelrdhydrolysate of the

distiller's grains were used, the maximum yield of C3-Cs alcohols was 0.65-0.8% of
ethanol. The relatively low yield of Ca-Cs alcohols, when using the yeast autolysate or

distillery dreg protein hydrolysate, is a result of the presence of asparagine.

20
Wastes of the production of ethyl alcohol from carbohydrate substrates are: biomass of
the alcohol yeast, which is increased during the process of fermentation; non-
fermentable soluble organic components of the substrate, such as pentose sugar, or-
ganic acids, hexose and ethanol residues; non-soluble protein components of grain, etc.
25

There are known methods for utilisation of said wastes for producing baking yeast, fod-

der protein and amino acid products.

Biomass of the alcohol yeast or the yeast obtained in aerobic cultivation using non-
30 fermentable organic components of the substrate can be used for obtaining amino acids
by known methods of autolysis. Non-soluble protein waste of the ethyl alcohol produc-

tion can be also used for obtaining amino acids by known methods of enzymatic or acid
hydrolysis of protein.



by known nethods of autolysis. Non-soluble protein waste of the ethyl

al cohol produc- tion can be also used for obtaining an no acpglfs¥h b@@wvn
nmet hods of enzymatic or acid hydrolysis of protein. 20 March 2007

2005/ 040392 PCT/ SE2004/ 001534 Extraction of ammoni a and aspar agi ne fromthe
am no aci worgstigesez by known nmet hods of ion exchange marsH@40&88 | n or der
to increase the yield of C3-C5 alcohols in terns of ethanol, when using
yeast autolysate or hydrolysate, and,acid or enzymatic hydrol ysate of the
distillery dreg as nitrogen nutrition of the yeast in the process of
carbohydrate 5 substrates fernmentation. The total content of C3-C5 al cohols
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of 1@l cttrarocaont ainbhgiraxcasstralts MnaetdmHnih Q8L paMNA BBy gl Y- Sis or
hydrol ysis of the yeast. Methane shoul d be obtai ned under anaerobe

conditions using methane-producing bacteria. 25 To increase the yield of
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cohol sdraggrdtéinand hi gher hydrocarbons can be performed in the presence of
copper- chrom um zinc-chrom um nickel-chrom um catal ysts at 300100C and a
pressure of

To increase the extent of biomass conversion in the synthesis of hydrocarbons and oxy-

20 gen-containing compounds it is proposed to use for methane biosynthesis distillery
dreg, after extraction of alcohol, containing excess amino acids produced in the autoly-

sis or hydrolysis of the yeast. Methane should be obtained under anaerobe conditions

using methane-producing bacteria.

25  To increase the yield of C;~Cs alcohols it is proposed to process glycerine, obtained in
the biosynthesis and from the saponification of fats, into n-propanol, To increase the
yield of higher alcohols it is proposede to use vegetable and animal fats in addition to
glycerine obtained as a result of biosynthesis in the processing of said glycerine into n-
propanol by hydrogenation. The process of hydrogenation of the mixture of glycerine

30 and vegetable and/or animal fats into a mixture of n-propyl alcohol, higher Ce-Cag al-
cohols and Cs and higher hydrocarbons can be performed in the presence of copper-
chromium, zinc-chromium, nickel-chromium catalysts at 300+100°C and a pressure of

10-30 MPa by hydrogen obtained from biomass. This process can bhe also carried out in



10-30 MPa by hydrogen obtai ned from bi omass. This process can be al so
carried out in 20 March 2007 WD 2005/ 040392 PCT/ SE2004/ 0015%%1%}15537
presence of catal ysts conprising precious netals, such as Pt

Rh at 20050C and a pressure of 5-20 MPa. It is proposed to condensate

Cl- G5 al ceieahs/oprseduced by the inventive nethod into BCisegenciasscohol s,
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hi gher hydrocarbons and oxygen-containing conpounds. 20 To increase the

extent ,of. bi omass conversion in the synthesis of hydrocarbons and oxy-
gen- conPaPHERY BoMisEhasPiorapt epgesiondn (ke syahben otioibchebalxt &m{j in the

enZYNaigke-cotaties Sirignidshi RMRSSost@to REOGHEHN iSRS b%aﬁf&?%ﬁ des carbon
d|0X|de gforesald ﬁ#oductlon can use gaseous products o onas pyrol ysis

i ncl udi"NG WOBTESS'PE GhPR™ass PF & mituge pf erhers tiexige agrdivdrqgendioe piadcand wood

pr oces sigmwethand. ltiigaisn pebh@ea e@ub&hﬁdﬂ@ge@o’otﬂh@& ﬁ%h§b1@1fna§§£xll&‘/‘o? $8nfontai ning
ut in indus- trial gas

raw mag Thi s ess can
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di exid ction te ature |Is 1000-1500C. |f needed the
pr gées Efl%:‘&qq a2 (51 r@q}’l mgef%m J(S’mcfﬁ Eg%)h © CHRTHSVL &F PiteaPHat et 85T essur e
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carbon dioxide is then directed to the processes for production of higher hydrocarbons
and oxygen-containing compounds,
20
To increase the extent of biomass conversion in the synthesis of hydrocarbons and oxy-
gen-containing compounds we propose to use carbon dioxide obtained in the enzymatic
processing of biomass for producing carbon oxide. Besides carbon dioxide aforesaid
production can use gaseous products of biomass pyrolysis mcludmg wood, lignin, turf,
25  solid waste of grain production and wood processing, and 11gn1n obtained in the hy-
drolysis of cellulose-containing raw material, This process can be carried out in indus-
trial gas generators with boiling or pseudo-liquefied layer of solid particles or in gas
generators of other types. The source gas is a mixture of carbon dioxide and OXygen,
The reaction temperature is 1000-1500°C, If needed the process of carbon dioxide pro-
30 duction can be carried out at a pressure 2-6 MPa. Carbon oxide obtained from the bio-
logic raw material is subsequently mixed with hydrogen ohtained from biomass and Jor
. with hydrogen obtained from the water obtained in dehydration of alcohols obtained in
biosynthesis or from the water obtained in condensation of aldehydes obtained from

said alcohols. Conversion of the water is carried out by known methods. This gas mix-



wi th hydrogen obtained fromthe water obtained in dehydration of al cohols
obtained in biosynthesis or fromthe water obtained in condgawriréloRo®f

al dehydes obtained from said al cohols. Conversion of the water is carried
out by known nethods. This gas m x 20 March 2007 WO 2005/ 040392

PCT/ SE200%0C0EE3%9213 ture is then used for synthesi sSP@SHIYAOOSH bons,

i ncl udi ng hi gher al cohols, and other oxygen-containing conpounds. For the

oxi dation of alcohols into al dehydesI%t is proposed to use carbon dioxide
ob- 5 tained in the process of biosynthesis. Oxidation of alcohols into
al dehydes is carried out at a tenperature of 450-650C and a pressure of

0. 05 MRard is thireuprdefoenpehedis af BidrocayBinse il st hdHe AHRMRD1s, | aGRid, " ast to

t he kn Wolgfoleto e steam gaseous m xture of = C -C5 alcohols and carbon
di oxi de %at‘g%%%&%%??ab&g?'s directed to the oxidation. The wuse of this

m xture gives a possibility to use for the oxidation oxygen or a m xture of
10 oxygen t8ek: Gl fH,0X I se_to carry out the cqndensation of
al dehydes, ob- tai ned fogglrsﬁ %m%&ehgfj%gﬁzﬁ BOPRRA HO%{JSFFﬂ?bé’P HHEHEL al kal |
medPumtaified in the, prpees of bigeribesis. pgiugpedf eieohyld ingenddtedensabitat ed

al dehy d@s aphtedhiesui-& o C4RL §E-eORYE i l..,dehydes, which are
obtained in oxiﬂdbzti onoof | ower Cl-é&gl%tg%%gﬁgpg,% Rﬁ?\%ma%se(frﬁsne%lﬁ? 8?%?1 >d

al dehy J8sCa Bt endCs An comfderidatholnoim ploctsseathanitedmgavens@rixThe af dehydes,

by hydiy Cisigenlschiiaries dibort bearass 1 andhore Rwlydragen. ohgined, (rom t he
wat er %Qéa% ned in oxidation of alcohols or in condensation of al Hehydes.

Conver SToR Of° PREURERES §RoSSRIY Eustigt Hiotersinn erugtioose rtdrraoi dati on of

al déhy deenrnind chetiohydiade SVBropoaPRSRrfyQUH $Ee sHRAG LA ORLaLged [0 20
led out at a

bi osyn ' i ion of .al dehydes into fatty acids is car

t enper g%}ﬁfdﬁ%ql%g%%%%&lsaw%ﬁﬁ@%w Yralpmesive 8t RPY°Critiniripessence of a
manganEEwoatkiodtydrazanate Ungaturaled atdutlydasibthined heclohansomRhbads drhe

st eam ] f : d nd rbo i gxi.de heated to 50-150C is
Supp | SaSEbSHES o o RSB0 GRS T e Sreveseetaralidis: bil ity
to usedfgrydeneotisingdin emdorygem difudurnl withrewalCoxy gashanred, sarkes. di oxi de.
251F0r o@t higkinkd j t ' bt ai ned the inventive nethod
we pr 0po eto ugrgkd %B%%%f %I?%/Oféf%? -d%]egl%gg 101 sfg%nfl&g%gggertﬁ’waﬂ%@ Fnventive
met hod X GRURPf glaghels gr i gendeppatiomefzidahatiend CoRv@Siohyd tinc anteoiscobitdi ned

f rom saithyaboehohstholfgr t hernore, to increase the yield of higher esters we
propose to use at the stage of ether cation fatty acids, ob- tained by the
inventive nmethod, C2-C6 fatty acids obtained by biosynthesis, and al so ac

For oxidation of aldehydes into fatty acids we propose to use carbon dioxide obtained in
20 biosynthesis. Oxidation of aldchydes into fatty acids is carried out at a temperature of
50-250°C and a pressure of 0.05-0.5 MPa in the presence of a manganese acetate cata-
lyst. In contrast to the known methods the steam-gas mixture of aldehydes and carbon
dioxide heated to 50-150°C is supplied to the oxidation. Utilization of said mixture gives
a possibility to use for the oxidation oxygen or a mixture of oxygen and carbon dioxide.
25  For etherification of the fatty acids obtained by the inventive method we propose to use
a mixture of C;-Cs alcohols produced by the inventive method, or to use a mixture of
unsaturated Co-Cs hydrocarbons obtained from said alcohols. Furthermore, to increase
“the yield of higher esters we propose o use at the stage of etherification fatty acids, ob-
tained by the inventive method, Co-Cs fatty acids obtained by biosynthesis, and also ac-
30  ids obtained in the saponification of the fats and extracted frorm tall oil. We propose to
perform the etherification in the gas phase at a temperature of 100-200°C and a pres-
sure of 0.5-2.5 MPa in the presence of sulphocationite catalyst or in the liquid phase at
a temperature of 50-200°C and a pressure of 0.1-0.5 MPa in the presence of non-

organic acids as a catalyst.



30 ids obtained in the saponification of the fats and extracted fromtall
oil. We propose to performthe etherification in the gas ph%ﬁﬁna%h%()?
tenperature of 100-200C and a pres- sure of 0.5-2.5 MPa in the presence of
sul phocationite catalyst or in the liquid phase at a tenperature of

50- 200C awd 2a0spr@sssure of 0.1-0.5 MPa in the presencera@ismanso@sgani ¢ aci ds
as a catalyst. 20 March 2007 WD 2005/040392 PCT/ SE2004/ 001534 14 For
obtaining acetals and ketals it is prlgposed to use acet al dehyde, acetone,
glycerine, and a m xture of C3-Cs alcohols produced by the inventive

met hod, acetal dehyde ob- tained in oxidation of ethanol produced by

bi ochem cal nethod, and fornmal dehyde ob 5 tained in oxidation of nethanol
synt heslg; e% f.rom C%E}[gon gioxi de produced by bio- chemical nmethod.. It is

pr opos edjzftoot%%lngﬁc PGS Es Erdrset ot wieecainlickatdalasetonadisering.on i n t he
B N T g g o S L e T
For pro &glh(r?l%géf}?#%{gsiestflagnef’zpﬁ%@’f%‘ib%gmtcﬁ%mﬁﬁ'dinﬁthﬁﬁioﬂ@éfqr@ﬁ%de%@%@abI e oils,
wood prisieed és gkidgtion sfohetding sputhpsipedfitet daehbradiexine 9%&&%@@;{ ¢fg.wood coal,
and al : ts;: obtained in bipsynthesis of G -Cs

al cohoﬁg?%ﬁap{é%%é?t Iggde}g %‘}'%éh‘gg%ny 8@%?18 r?é?cesftf’&éégﬁg? ged iﬁ‘i"i‘@f HYPFoduct s
and wadesn bt Bawidehpie etveirmaratprodds S0 1tgamt a pha safete: 1-8@ MPa using

0XYy gen+§afcaiMicnY <GRNRLUR ._For_the oduction of synthesis
gas it ?5 i's aICsoSpIr%oposegﬁtsgggg%e%f:{gg%sa% it Aj %ﬁg{yﬁtthe fermentation of

the various types of bio- nass and carbon di oxi de obtained at the
f edfrentat bausinaden@ksikhes $a58s BF 82ULLh0Ro@lctioha | Oxi de_obtained in
t he bi gsgfnt he i%]nof ggtegregfg bi o- ?)r odu::ét?s., %I%Sr %lroo’dﬁ%g%éjgésé;ﬁr%-’ Wtoﬂ(ggfc’sc gas,
besi de§° AP BB A BRI OB S HetRd Frogeaymelieasiisoal, enilelwml hyeppdssisbl e to use
t he gased vantsnpesimsl inlidiynathsi st e RYEBLKS F@cé}fne\,’VQ&Qaldicfeu Edion
usel oil's, vegetable oils and’ wastes

A e I B e L
pr oductdid wxygsneantdisidgeutpatnds tenpenakiurs: Ok p&@cﬁ;cl%%@sfm@lesi@ gh{ gssure of
1550C Al sr el SREPREaS o Bihe Al i SRR e} e varoos e Ghbged Lo use
synt he@pgs sarpn glioxett dyainheat thedatiareativet drage 5fahe BROWebditiby & ocar bons
b coaLaa, sk I, SOMENRMR Bty W Bl T PRI EE
carry GGbisehe hspign euben difxidpehteicad bobissimthedie iFissher pEsdpsohse
the gases and resins obtained in the pyrolysis of wood, furfural, turpentine, colophony,
20 tall oil, fusel oils, vegetable oils and wastes of the production of aforesaid products. The
process of synthesis gas production is carried out at a temperature of 800-1100°C and
a pressure of 0.1-3 MPa in the presence of an Al,Os supported NiO catalyst or at 1450-
1550°C and a pressure of 2-10 MPa without a catalyst. it is proposed to use synthesis
gas obtained by the inventive method for producing hydrocarbons and oxygen-
25  containing compounds by the Fisher-Tropsch method and by processes based on the
reaction of hydroformylation.

It is proposed to carry out the production of hydrocarbons by the Fisher-Tropsch
method from synthesis gas, obtained by the inventive method, at a temperature of 200-
30 350°C and a pressure of 2.0-2.5 MPa in the presence of ferrous catalyst promoted by
oxides of alkali metals or at 170-200°C and a pressure of 0.1-1.0 MPa in the presence
of cobalt-thorfum-magnesium catalyst. The process of production of the cxygen-
containing compounds by the Fisher-Tropsch method from synthesis gas obtained by

our inventive method should be carried out at a temperature of 180-250°C and a pres-



met hod from synthesis gas, obtained by the inventive nethod, at a
tenperature of 200- 30 350C and a pressure of 2.0-2.5 MPa in ?gﬁaigg

of ferrous catal yst pronoted by oxides of alkali netals or ? and
a pressure of 0.1-1.0 MPa in the presence of cobalt-thorium magnesi um

cat al yst . woheospraseess of production of the oxygen- corgmmengessnpounds by
the Fi sher-Tropsch nmethod from synthesis gas obtained by our inventive

nmet hod shoul d be carried out at a tenperature of 180-250C and a pres 20
March 2007 WD 2005/ 040392 PCT/ SE20047 001534 15 sure of 1.0-3.5 MPa in the
presence of a ferrous-copper catalyst pronoted by oxides of alum nium

cal ci umurz bHt.p-Iragresihunk paégggq@lafglfg@&l@g@},té QCP'EP f al
kal i ne Jiekal ILsu,n \/\Ql ch when di ssolved i n wat'ér Ca%%’g If%%m%a Fﬂﬁ% O%eactl on.

5 For producing unsar i @&gﬁw%c%}?%lﬁglmwe@w areb sy beEpeis of alti r ect ed

to hydrikeling oratyib avhion whkn alidsylvad irDRatet brdd®icPLARASEH - L0, @ehydr ate the
m xture of C2-C5 al cohols, ob- tained 1n biosynthesis, and/or glycerine, as
wel | as the glycerine obtained by saponifi- cation of fats. Dehydratl on is

car Pi edfopprodatcing u@m@umrmm@ #0ORE ea@du@segﬁ@&t%}&ﬁ@ectéa‘to ke k3 MPa in
the pr S8 f e of alcohols and/or glyc- 10
erine gan b%lcgll Osrgaﬁ‘l flt 13%9%}6%%%%%8 ega%qufgzé%s@&co Pls: P& pr oposed
to al k9@&?‘%%?@%?1%&1%@nldi/@trgimnbo,n@ wiit & thedljcaride by@irakigrsa@bniiower
C2-C5 @5@&{1@;1@ o) ent an t d fromthe

t eH?ergoﬂ %O(let @C{]&ltlad}qi t'e%%@ratltlre Oggﬁg Z%O\I\ﬁlaﬁﬂ afﬁg%gub? evi ousl y

correspg&ﬂ i so-_ al cohols, and SO usi'n
been hé agn F%‘?TB‘@F%OB 10§ 211 Blo6ks c2BO500 he‘ﬁhatmreszlﬁ latcobbls ahK ydrafiycon, whi ch

i s 10ar eiifel caube atso QelRirand 1 IRLASS Wi Riph MPa in the presence of
90- 100% sul phuric acid as ﬁca?al%st S|spt lcac ‘ai ni ng of the mxture of

C6- d s hydrocarbons. The al kyl ati on can be aI so carried out in the pres-
ence  oft japroAbeA 3 otk SinsalurcHOFRRIAINES Blaidlr ﬁ%hg?patﬁn%%ﬁ%w e of 1-2
or

MPa. 2@2 It 81 ShBk ose Lgerfor t he process of I on of
unsat urat&d RIS Sbn(ﬁfgo ?IP‘FQH"OP‘?P teieh la@teﬁéff?%fhel Wﬁp@l@mm cohol s
usi ng @y@hdﬁeﬁnsi egasusm@teapwr&d fhemhabé pfmzﬁﬁa,slya;teeﬁ He8I¥RGL %tt%geﬁiur@OZOC and

a es ence of , cobalt carbonyl catalyst; or at
a F%npiﬂrgaoibgrgé @o%gfé@gté dfl&%w% z‘éqﬁlrlgcf‘%leﬁ%d% W&nﬁrﬁﬁqﬁﬁ%ﬁé ence of a

cobal t0-€at ¥iPpdn thepiichtred ob9o1j@om@pmmmmau adstal@, 1@tth@5bt3.91119§bfand a

pr essue @kl e cobal t-rhodiy

proposed to hygygggﬁ%%ﬁg%%ﬂgﬁdgﬁgﬁﬁ@a% Btcﬁflrl?g&iﬁo Caﬁ’i}%& B%P ?Qﬁson of
unsat (ERCF 8f éﬂ%%’f@h’ﬁbmteﬁa:rm&tgre it @inancob beadssert dfrl-etpadr at i on of
gl ycerine into satu-

20 Itis proposed to perform the process of hydroformylation of unsaturated hydrocarbons
obtained in dehydration of lower Cu-Cs alcohols using synthesis gas, obtained from
biomass, at a temperature of 160£20°C and a pressure of 30£10 MPa in the presence of
cobalt carbonyl catalyst; or at a temperature of 175+25°C and a pressure fo 7.5£2.5
MPa in the presence of a cobalt catalyst modified by phosphorus compounds; or at

25 90410°C and a pressure of 241 MPa in the presence of a cobalt-rhodium catalyst,

It is proposed to hydrogenate the aldehydes, obtained in hydroformylation of unsatu-
rated hiydrocarbons, and/or acrolein, obtained in dehydration of glycerine into satu-
rated alcohols, by hydrogen obtained from biomass and /or by hydrogen produced from
30 the water obtained in dehydration of alcohols obtained from biosynthesis. Conversion
of the water is carried out by known methods. It is proposed to hydrogenate saturated
and unsaturated aldehydes into saturated alcohols at a temperature of 50-150°C and a

pressure of 1-2 MPa in the presence of an Al;O5 supported NiO catalyst or at a tem-



rated al cohols, by hydrogen obtained from bi omass and/ or by hydrogen
produced from 30 the water obtained in dehydration of al COhOhéW&ﬁhﬁﬁd
from bi osynthesis. Conversion of the water is carried out by Known

met hods. It is proposed to hydrogenate saturated and unsaturated al dehydes
i nt o sat uwatedd/oadssephol s at a tenperature of 50-150C awdr/@2o@nessure of 1-2
MPa in the presence of an A1203 supported Ni O catalyst or at a tem 20 March
2007 WD 2005/ 040392 PCT/ SE2004/ 0015?@ 16 perature of 200-250C and a
pressure of 5-20 MPa in the presence'of a CuO Cr203 catalyst. Thus, the

i nventive nmethod for production of higher hydrocarbons, including oxygen- 5

cont ai nieRgued BEDONSN-ClLQM BlONRE S S120ansa f, 5145100, LR, ENe_&ok! ow ng
probl ens; ,- ,To produce hi gher oxygen-contai ni ng}3 ¢onpounds and/fof non
oxygen-E6H i ning hydrocarbons, i ncl udi ng those having four and nore
carbon atonms in the nole- cule, from bionmass using the raw materi al

obt ain y..hi.ochem cal hods; 10 - To considerably increase the yield of
G- Cn AR TR £ Sl B et P B Sy aReHasisa sk memei g  he

car Bohydntieng orspoaidss from HombaCsRase sbtidn 20 2adiollbdBS phhfeRs0duct i vity of
the fernmentation stage for the technology of Cl-Cs al cohols production; -
To utilize the protein-containing waste and other bio conponents of the

di stillery Tapradteghightepxert cactkinmg ofmaheeheindpbt fidotiien toaamigd t he

t echnol ogy # b & &Qa; roduction, . including for the purpose of

met hane production; = To&)(?}f1 P%O}gl?ﬁa%%#%%urparngdﬁeﬁ Cé’ﬁf)‘?i’f aiparn dag E’SFFS

i ncl udi ng oY g Biftrasivsipecbarapmatetial cbtribohbyboxhdsicahheihoed | n t he

bi agynt hesi® &fnslder #Hsohohs. viandral, $Q [ i oxi de aobtainpned in the

bi osynt hesi s ﬁiﬁ ot h%yl ower hydr ocar b8nss;ak%gogq{#otg%%qcfszseo(%%mf Elé’"pr oduct i on
of hydr ocarBORES'S NEictRf e sty gerhoapneda silratesm  pounds, fats, gl ycerine

obt ai ned -i rTd iercaapoRil f5-g atiHis 0k pf‘é’é&tivift%';'[)if e tt&icglega%enfar gé/edr olysis of
ed by

pent osane- ¢ont ai ni ng .r material, C2-C6 Tatty acids obtal

bi osynt hesictggmé’zc?%soggb'@liaﬁcé’ﬁi‘o{sri’r?%t@ﬁboni fication of fats and extracted

fromtal b Toidtlizeelsé pasteih bR Bikiih g Gos@UAPNRAYLiBREmbahdntO bt th@%?ﬂll%ﬁg in the
direct use o I"omass for

SyRThosi o oFhERHErUaPEah ol o R b TRygerine erPaPRER G Sorfoctins, - and
al so hi gherholyrioduetidiomsluding Gorube phypdie onmbons.e privtlddhng
oxygen- cont@i.phng ;¢ 9{93;%89&10%? th?ridz%%grbfo{lg,r?ncluding oxygen-containing com-

pounds, carbon dioxide obtained in the biosynthesis of C1-Cs alcohols, and also

carbon dioxide obtained in the biosynthesis of other lower hydrocarbons;

20 - To utilize in the production of hydrocarbons, including oxygern-containing com-
pounds, fats, glycerine obtained in the saponification of fats, furfural obtained in
hydrolysis of pentosane-containing raw material, Ca-Cs fatty acids obtained by
biosynthesis, acids obtained in the saponification of fats and extracted from tall
oil, resins, turpentine, colophony and tall oil obtained in the wood processing;

25 - To increase the rate of the direct use of biomass for synthesis of higher alcohols
and other oxygen-containing compounds, and also higher hydrocarbons;

- To use hydrocarbons, including oxygen-containing compounds, obtained from

biomass by the inventive method as a component for motor fuels.

30 The invention is further illustrated by the below non-limiting examples demonstrating
the feasibility of the inventive process.

EXAMPLE 1



bi omass by the inventive nethod as a conponent for notor fuels. 30 The

invention is further illustrated by the below non-limting e
denonstrating the feasibility of the inventive process. EXA?g@rgﬁggo-ﬁ/arch

2007 WD 2005/ 040392 PCT/ SE2004/ 001534 17 Crushed wheat grain was m xed
w th wat ewoizosa4ezati o of 1:3.5. Enzymatic hydrol ysis gfrsia0gissd n starch
was acconplished using in the first stage thernostable anyl ase Zyna-
junt-340C (pH 6.5, 90C, consunption 3725 m per 1 kg of the grain starch),
and in the second stage gl ycoanyl ase’'d ucozym L-400C (pH 5.0, 60C,
consunption 0.8 m per 1 5 kg of the grain starch). Industrial enzynes

pr oducedrusyiedEnaeat feiiskid 8ekNGth whBADNAYRio HeeRsUssd A5, hayd%r' G54 L of
enzymat,éc F%grgl ¥S| s the caoncentration of carbohydrates I'n e 'Ubst rat e
r eached P TEA T TETHE?S G5V RRIisEdurios & desdirss bigar Brrospbiable dmylase Zyampunt

provi dijngt-84Q0 N ALS, Gf)“(E%Qﬁs@ﬁpQ&Qo,mg/nqg,pcaqq{gt(gfqhgg}aﬂg 86 cie in an
anmount &]‘:Olﬁg%g grg& Oagnarln no, nitro en(ﬁ%%ﬁng/ 1). Starter yeast bl omass S.
cerevi sl ae Was Y TR P ot cEE P g0 S 8OHt: canpwnplen P&tmperdf 5 g/ | .
The X erlreenfttat Boin waschidndustrabenttneapraivceps Eatenenah-id8Gandaa,RE of 6. 0.
t he et hanol concentration at the

The sp I i.on s,3.0.1/9*h ]

end of ﬁg?%gﬁﬁsg%%ﬁﬁvﬁgn%cﬁyd{Pﬁﬁ g FAR e 3108 58 RerksBYdretsad@nt r at i on
2300 nghf sepstzit sgaghed 16%t Fie theotubstratf wet hddeal: supEpAVRIEirGUshed wheat
grai n gouRk %8sk, i ' 1.3.5. Enzymatic. hydrolysis of 20
the grain ‘st )gr ch w%g 0%6?1;6 8%.@8&0? %65(? %&ﬁ’ ralmfi%%e st Xﬁ%&éﬂ’?ﬁ‘érﬁﬁost abl e

any| as & RROT R mgAdemiHrigrossn 9BDme¢bridtantpt yast Biodmsats. petvidiakg of the

dion staanstiyd do | r el erG L-400C (pH
0 don St avd s hipesc sl B R SAGRA TGOS, 7

5.0; 60C, consunption 0.8 m pe

enzyne§168r°BgﬁE%gg)Wr & of P&fGstnd ©8HIRE.0, USA were used. As a result of

the enzymatic hydrol ysis the concentration of carbohydrates in the 25
super phosphate in an

substr reached 16%. To the bstrate were added:
armount %gﬁ%%ﬁ%a"? ejmgnéﬁﬁ’g "Eac?n%'girg*@f ths sthang! Foncsptratiore alihersodaé fad- val i ne in
an anpertasion3@B08. O vol arhd ehetsbiengan: 36QcAhdin 2366 oRS! 3 3685t er

bi qEBS$,S o Y was intro- duced to the substrate Tn an anount of 5
g/l. The foe@ﬁnéﬁﬁlgg%%ﬁ”was carried out at a tenperature of 38C and a pH of

6. 0.
EXAMPLE 2

Crushed wheat grain was mixed with water in a ratio of 1:3.5. Enzymatic hydrolysis of

20  the grain starch was carried out using in the first stage thermostable amylase Zyma-
junt-340C (pH 6.5, 90°C, consumption 0,25 ml per 1 kg of the grain starch), and in the
second stage glucoamylase Ghicozym L-400C (pH 5.0; 60°C, consumption 0.8 mi per 1
kg of the grain starch). Industrial enzymes produced by Ende Industries Inc., USA were
used. As aresult of the enzymatic hydrolysis the concentration of carbohydrates in the

25  substrate reached 16%. To the substrate were added: superphosphate in an amount
providing a PsOs content of 200 mg/I, and the amino acid valine in an amount of 3000
mg/1 (amino nitrogen 360 mg/ l}. The yeast starter biomass S. cerevisiae was intro-
duced to the substrate in an amount of 5 g/1. The fermentation was carried out at a
temperature of 38°C and a pH of 6.0.

30

The fermentation speed was 2.8 1/g*h, the ethanol concentration at the end of fermen-

tation was 8.9% vol., and the isobutano! concentration 1810 mg/lor 2.5% of the etha-
nol volume..



30 The fernentation speed was 2.8 1/gkh, the ethanol concentration at the
end of fernen- tation was 8.9%vol., and the isobutanol concg?yfggggﬂof.sw
ng/l or 2.5%of the etha- nol volune.. 20 March 2007 WD 200

PCT/ SE2004/ 001534 18 EXAMPLE 3 Crushed wheat grain was mxed with water in
a ratio oWwohi@maozsEnzymatic hydrolysis of the grain stgmbvavesscarri ed out
using in the first stage thernostable anylase Zyma 5 junt-340C (pH 6.5,
90C, consunption 0.25 m per 1 kg of .the grain starch) and in the second
stage gl ucoanyl ase d ucozym L-4000 (ﬁ 5.0, 60C, consunption 0.8 m per 1
kg of the grain starch). Industrial enzynmes produced by Ende Industries
Inc., US8mere3 used. As a result of the enzymatic hydrolysis the
carbohydrate concentration in the substrate reached 16% To the substrate
wer e added: superphosphate in an anmount 10 providing a P205 content of 200

mo/ 1, a@dlshhcéwaﬁatrmaﬁm/&h mﬁ@&i@dﬂm Watet AU, 50knzA00Q WRkd1ydaps no
nitrog égeg rg%ll)lw }e/eaa startﬁle ﬁl onass S. cerevisiae vvas i n-
troduc(eetg tReTSuE I PSR EA0 AL RS §ta86 Rhgrostaglelamytpge £8Rérent at i on
was Tarinied40Q (gt 4tS, aot@mpﬂmmcm 0£53BG@erndigorpht Blfaids@renfRBqsReRd of
f er ment t ration gt the end of
fer ment%%él)ﬁ \rggéa%l %nylg%%%%l ﬁé%s]gggn{aﬁ%%gffm%%gé’cct?ﬁé‘é‘f‘?ﬂl% pcﬁfngfi’.?ol mg/ | or

. 8% ofka Héhe grrénsiarahdl lndustrEXANMPIES $rChushiéd Bﬂdeaxtdw.gsltﬁdasmnwaswm w&d With
wat er igved AL h"é?su@cfofjchg’e rrial B@ﬁ o'gljs& Jt]t}]qrc%ﬁ/o% ol concep gécugr alf star ch was

carried ut usin er no- s - junt 3400
(pH 6. 54 9’6@6 r%cg’seénlﬁ% df the Wﬁﬁati)é’ﬁreladdgdoﬁumhémgpmtn nstaarau:rl@unand inthe
secm))nd psbwa@i@ggd M@Q&B&‘tleﬁfs&” éaol%ﬁgﬂmlc#m%%rlg RHS s Beu e £ gﬁf}?@f‘)“ 0.8 m

per lég i rain starch), Industrial enzymes pro uce
hdust 00 Tl (ki osre “20ahé 1u368 yesms sterice eutmtacors. tcn@vemmmc

hydr ol ymdScéch’&) rarshplyale at 65 COREARLEGL éfQﬂg/l MiretReh oS b 8 berRAS dr eached
ing a

16% hosphat e wa ded to the substrate in an anount provi
P20s con aP 95‘? r?rﬁfafggarﬁ‘glaaﬂli{r?éﬁé)cfréelsﬁ‘iﬁﬁ%éerﬁﬁ§taé@&é@ﬁ H03fe"hanmount  of
1000 mylilé.Lﬁ:thahd cammﬂraimnchtltmérﬁucﬂ MBendtafifieraaomeas oof (1OR0pMhAnoiand t he
an;Ro i | LAt 5 | . The yeast starter bionass S.
cerlgvi g?%%ny%éﬂgéggglgp 3%@&} 6%? %‘tagg{‘f?hfrﬁ‘é amount of 5 g/l. The
fernmentation was carried out at

EXAMPLE 4

Crushed wheat grain was mixed with water in a ratio of 1:3.5. Enzymatic hydrolysis of
20  the grain starch was carried out using in the first stage thermo-stable amylase Zyma-~
junt-340C (pH 6.5, 90°C, consumption 0.25 ml per 1 kg of the grain starch) and in the
second stage glucoamylase Glucozym L-400C (pH 5.0; 60°C, consumption 0.8 ml per 1
kg of the grain starch). Industrial enzymes produced by Ende Industries Inc., USA have
been used. As a result of the enzymatic hydrolysis the carbohydrates concentration in
25  the substrate has reached 16%. Superphosphate was added to the substrate in an
amount providing a P2Os content of 200 mg/1, the amino acid leucine was added in an
amount of 1000 mg/1, the amino acid isoleucine in the amount of 1000 mg/l, and the
amino acid valine in the amount 1500 mg/l. The yeast starter biomass S. cerevisiae
was added to the substrate in the amount of 5 g/1. The fermentation was carried out at
30 atemperature of 38°C and a pH=6.0.

The fermentation speed was 3.5 1/g*h, the ethanol concentration at the end of the fer-

mentation was 8.8% vol., the isopentanols concentration 1290 mg/1, and the isobu-



30 a tenmperature of 38C and a pH=6.0. The fernentation speed was 3.5 1/g*h,

the ethanol concentration at the end of the fer- nmentation v, -
t he i sopentanols concentration 1290 ng/l, and the isobu 20 %ﬁﬁr%(agwm
2005/ 040392 PCT/ SE2004/ 001534 19 tanol concentration 910 ng/1l, or the
total convenbosafioigy- Cs al cohols was 3% of the ethanolervaea@or1slXAMPLE 5 5
Crushed wheat grain was mxed with vvater inaratio of 1:3.5. Enzymatic
hydrol ysis of the grain starch was rried out using in the first stage
ther nost abl e anyl ase Zyna- junt- 34OC pH 6.5, 90C, consunption 0.25 m per
1 kg of the grain starch) and in the second stage gl ucoanyl ase d ucozym

L- 4000 tpbl onlintblien €10 0] n starch).
| ndustri %{Hen enmes Sr odlr}ggd {j)y@l%ﬁgtgﬁ?gr? ?Jlgﬁflcéscllal&%ogdgﬁ 3 %f Eghebeen used.

As a réd e enzymati c hydrolysis the carbohydrate concentratl on in
the substrate reached 16% To the substrate were added: superphosphate in

rmé}ﬁt |d| ng a P20 content of 200 ng/1, and liquid autolysate of
the al ¢co IYI yea in an anount of 50 m /I (am no nitrogen 320 ngy/). The
yeast starter biomass S. cere 15 visiae was added to the substrate in an

anount f er ment n was, carrie out_at a terrper ature of 38C
and a (9‘(1815&9@#%511;@&3(3\%{ P ?ﬁﬂ fqé’Fart%rrfPaat‘T%W ‘\%63 % Epzymege hydigsisethanol
concentthggﬁ%‘m starch Wes endicdbuf emngltrt e fomt mge BreBomable antyMsed BaRen- tanol s
concent on tration 270 The
Coral o aan (R0 ke AR iR YT SRV R warateof ot Bt | 20
EXAVPL Ee@nee?étg%tep@gééasmqlhcmdeew (Fe5 OoRtEN chakimmial 0 468 yas di | ut ed
Wit Vet @F tHOor@irS@6r %. acjdified sul phuric
R0 1 pH s B AR BL LR B pARY Bl ah Sanst e

amou nt BT BEFdAs |2 resEhoitge Ien@ﬁn%twmlﬁws e xta;rgetmdrahaclzonbﬁmtj;eemstmst arter

bi omsshe&uﬁs&raes/te&b@&t lﬁ%t’ﬂ‘wm@@%é‘&at%fwe?e Qééted Igéergﬁ’ éﬁ'&teath' Lh was carried
out at _a te ure |on speed was 3.8

1/ g, “DRUEPTARGTE § Bch et PoRCGIE hengriavist oy ebmen oo cwst 76<6% vol
the i supamamtoanobﬁmmm ehinat g ADOWL b, ThE:Ass QULANRIGORCEAL! ati on 290
Mgk, %@ge%% d%eg to the substrate in an amount of 5 g/I. The fermentation was carried

out at a temperature of 38°C and a pH 6.0. The speed of the fermentation was 4.0

1/g*h, the ethanol concentration at the end of fermentation was 8.8% vol., the isopen-

tanols concentration 480 mg/1, and the ischutanol concentration 270 mg/1. The total

content of C3-Cs alcohols was 1.1% of the volume of ethanol.

20
EXAMPLE 6

Beet molasses with a saccharose concentration of 46% was diluted with water to a sac-
charose concentration of 18%, acidified by sulphuric acid to pH 5.5, then the alcohol
25  yeast autolysate was added in an amount of 50 ral/1 {350 mg/1 of the amino nitrogen)
and the yeast starter biomass 8. cerevisiae in the amount of 5 g/1l. The fermentation
was carried out at a temperature of 38°C and pH 5.5. The fermentation speed was 3.8
1/g*h, the ethanol concentration at the end of fermentation was 8.6% vol., the isopen-
tanols concentration 490 mg/l, the isobutanol concentration 290 mg/l, and the total
30 content of Cs-Cs alcohols was 1.1% of the volume of ethano! while the conceniration of

the alcohol yeast biomass was 6.2 g/1,

The alcohol yeast was separated from the liquid culture by filtration and washed with

water. The obtained yeast was used for preparation of the suspension with a dry sub-



30 content of C3-C5 al cohols was 1.1% of the volunme of ethanol while the
concentration of the alcohol yeast biomass was 6.2 g/ 1. The,al ast
was separated fromthe liquid culture by filtration and vvashggm\/:ﬂq?ﬁbo%ter.
The obt ai ned yeast was used for preparation of the suspension with a dry
sub 20 Mawoho@@@ose2 WO 2005/ 040392 PCT/ SE2004/ 001534 2t T1/gheameessont ent of
12% Autolysis of the yeast was carried out and the suspension was let to
stand in a thernostat at a tenperature of 48C for 36 hours. The content of
am no nitrogen in the autol ysate obt &’ ned was 7000 ng/l, and the anmount of
the ob- tained autolysate was 55 m /1 of the medium The obtained

aut ol y sasecewnstens 6015905 ARRARRAEL N LGS QUL i fortesmentation of
t he nol stfo%g?ﬁd;.bst at e. I(E)l)%(’rg\IVPLE élugar?1 canlggrcr)o %%%lese WPRA8¥8% har ose
i

concent¥ati ' B RAR AR icEP HRFE WASSE fero36 Noura. Bacoimegsé

concentaraibd afts@bn 16 he achiihdottcbicsbPR] fepchdy ftkgeoﬁgf%nﬁo(f §$§gbrr_; hen the

al cohol, tol ysa s .added .in an anounf o

am no r%ﬁ%ggr%%tgo n E)ea %fi%iﬁl\ll\@é’é ¢ Wedinme (ThpjohiResl Bitolyestewiasiused for t he amount
of 5 gfdrepaTing thesemere nicdtiro forviaisn@antidrest tadingddssas Leygpesat ure of 38C and pH
5.5. The fernentation speed was 4.0 1/g*h, the ethanol concentration at
the end of fernentation was 8. 7% vol ., the 15 isopentanols concentration
470 mgFEAMBRIEbUt anol concentration 290 ng/l, and the total content of
C3-C5 al cohols was 1.2% of the volunme of ethanol. Ethanol, C3-Cs al cohols
and other volatile conponents were distilled off fromthe after-

f er mentaBVoTRIE GRelayses il ereCnareb) corTontrittoradicisiolvat titetedasth (eiestd | | ery

drag) Bnisht@@esse cdBcaehiR r ! 1 re d nd aerobi c
cul ti v?]g:lpgtg yg%;t heCyeastt Hgﬁéﬁg?}dgﬁﬁfﬁggﬁggﬁ@%\%\%}cﬁiﬁrﬁ}gg% d% ®result of
I

the cu 2utolysate ag gddrshia) aramapunt of 6Birol/1 B8 sng/d Rt nt arainbo- of 15

g/ 1 wasoght) ahtiele yEhe syeRs biovkss Sepakatad if raa.d t%.‘ﬂ'stgz&.eréle'fér%‘ég@ by
by autolysis "as described in

filt ra{gt%n,wwacshred Wittag vgt er and treated _
Exanpl & 6. THé & M Fi%t FEEEHI U SFTC PR PHeS Btk ledentation yeetde was 6500
mgg I i whe4 Anpgint tmﬁethénatmﬁ&@tﬁ@henhfﬁth ofqémﬁéﬁgaﬁ@%a&]j%%@{%@' ”fﬂ
auy ol ygat& e %0. repari e source nediumfor fernenting e
nol assegIB s u%st i g‘?nec o %&Wgﬁ‘é&?gégqﬁ’@&a FOReERE PR ROQ M b @mdrths dotal
concentyrdtiiton CofCs ab%thwasvadi 1. 2%ed thd tdlumaioeethkfolda sac- charose concentration
of 18% acidified by sul phuric acid to pH 5.5, then the acid hy-

Ethanol, Cs3-Cs alcohols and other volatile components were distilled off from the after-

fermentation culture liquid (mash). To the alcohol-free mash (distillery dreg) nitrogen

20 and phosphorus mineral salts were added, and aerobic cultivation of the yeast Candida

tropicalis was carried out. As a result of the cultivation, a yeast suspension with a bio-

mass concentration of 15 g/1 was obtained. The yeast was separated from the culture

liquid by filtration, washed with water and treated by autolysis as described in Example

6. The amino nitrogen content in the obtained autolysate was 6500 mg/], the amount

25 of autolysate 125 mg/l of the medium. The obtained autolysate was used for preparing

the source medium for fermenting the molasses substrate.

EXAMPLE 8

30 Beet molasses with a saccharose concentration of 46% was diluted with water {o a sac-
charose concentration of 18%, acidified by sulphuric acid to pH 5.5, then: the acid hy-
drolysate of the yeast in an amount of 120 ml/1 (350 mg/1 of the amino nitrogen) and
the yeast starter biomass S. cerevisiac in the amount of 5 g/1 were added. The fermen-

tation was carried out at a temperature of 38°C and PH 5.5. The fermentation speed



drol ysate of the yeast in an anmount of 120 m /1 (350 ng/l of the am no
nitrogen) and the yeast starter bionass S. cerevisiac in th ﬂf{ﬁ‘? 5
g/1 were added. The fernen- tation was carried out at a tenperature of 38C
and pH 5.5. The fernentation speed 20 March 2007 WD 2005/ 040392

PCT/ SE200w0Q0ism3¢d921 was 3.4 1/g*h, the ethanol conogRtdraéd@insat the end
of the fernentation was 8. 7% vol., the isopentanols concentration 460

ng/ 1, isobutanol concentration 290 ng/l, and the total content of C3-Cs
al cohol s was 1.2% of the vol ume of efhanol. 5 Ethanol, C3-C5 al cohol s and
other volatile conponents were distilled off fromthe after- fernentation

cul tureweuswng*m@mhanls@camn%ﬁabgﬂ k68 RN LALALELL SLY cdeg), i Lr ogen

and ph(é;ghorus m.neral salts were a and aer obreeth ¢ of the
yeast FiogEtape BﬁP]&%t@h\ﬁﬁé%Qé%/ﬂ,ééP%@OlAgnanltxeauha%fmyhmmlwhh| vation a

yeast suspestgediod\U;idy aac&yopgwggagg%cdmg@{;gluglgb@g%l% 45 g/1 was obtained. The
yeast was separated fromthe culture 10 liquid ?l | tration, washed with

wat er and a bi onass suspension with a dry substance content of 6% was

pr efar dithan),oeoCyslshadd shdetisy $&§ﬂ§|c@ﬂ1p‘6ﬁélt§ Aebd &LuiaH off o *}ﬁ ence of
the o ta| ned hy-

4N HC1 2,-hayr m rogen content 1n
dol ysatf%&nfégaqgfocgﬁtml? ]iqmaﬁlél %‘Dﬁ‘ﬁﬁ“ oéfq iiirﬁ? {egh ddistilteriidree) sftrage medi um
The ob-andghasnhoanes thitteyer ollysatre aids], us@deﬁoefc RMeRAbh Y R a808kE8qdredi um

for fe ; ; $& strate.. EXAMPLE 9 Chopped spruce wood
(cel ulrhg%gaj c%ﬁ? %Pﬁrﬁ&%ulml‘ L fsu 1etrolflg?e)C‘f/}\;étsa PPéayeadt WEraRsian Midraby= 20 sis

at a t &HFeretEREagen QBU@%/ lavsudiphined. dhagieastoancephradd #Amahe QubYe: a ratio
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| i gni nCHHEY Y FLuTRs BEPatass quftplysmw@f thasbatpdioatverssubstsd aienaht aigaed, With a
hexos eeIScMagﬁ KNGOTICE nionet Echl 2011:101,33 2Phantn, B?t%g%?eblggg%% ﬁﬁezn(%% nt L’/e? E’ll on of

0. 8% hos i n_an anount Yt he yeast
aut ol y§ Waiﬁ?M tB? aﬂ’@uﬁ’f Pl hygrolgsab e+ @md/ L (of 2ige mgﬂlrurrof’l‘heam no
nitr ogm)ed aithirglydatefwdsheea tfar jrepariRast shhQEBSSIign ﬁﬁfegﬁblﬁh@ﬁrg TTh

e

f ef4ren carried out at a tenperature of 38C an
fernen{ng{alsgér% Sg\[%g%%tems 3.7 1/ g*h, the ethanol concentration at the end of

the fernmentation was 1.5%vol., concen- tration of isopentanols was 170
ng/l _@mpﬁlggatl on of isobutanol was 90 ng/l, and the 30 total content of
-Cs al cohol § was 2.1%of the vol une of ethanol .

Chopped spruce wood (cellulose-containing plant material} was treated by acid hydroly-
20 sis at a temperature of 180°C, a sulphuric acid concentration of 0.5%, a ratio of water
to wood of 12:1, and during a time of 1.5 hours. The hydrolysate of the wood was neu-
tralized with lime to a pH of 4.5, and separated from lignin and gypsum residues. To
the carbohydrate substrate obtained, with a hexose sugar concentration of 3.2% and
pentose sugar concentration of 0.8%, superphosphate was added in an amount of P20s
25 120 mg/l, the yeast autolysate in an amount of 40 ml/1 of substrate (120 mg/1 of
amino nitrogen), and 5 g/l of the starter yeast biomass S. cerevisiae. The fermentation
was carried out at a temperature of 38°C and pH 5.5. The fermentation speed was 3.7
1/g*h, the ethanol concentration at the end of the fermentation was 1.5% vol., concen-
tration of isopentanols was 170 mg/l, concentration of iscbutans! was 90 mg/l, and the
30 total content of Ca-Cs alcohols was 2.1% of the vohume of ethanol.

Ethanol, C3-Cs alcohols and other volatile components were distilled off from the after-
fermentation culture Hquid {mash). Nitrogen and phosphorous mineral salts were

added to the alcohol-free pentose-containing distillery dreg and aerobic cuitivation of



Et hanol, C3-Cs al cohols and other volatile conponents were distilled off
fromthe after- fernmentation culture liquid (mash). N trogen

phosphorous mneral salts were added to the al cohol-free zaerh 2007
pent ose-containing distillery dreg and aerobic cultivation of 20 March 2007
WO 2005/ 0Wwo9&0kE37 SE2004/ 001534 22 Candi da tropi cal pe/geasivodas carri ed
out. As a result of the cultivation a yeast suspen- sion wth a bionass
concentration of 6 g/1 was obtai ned. The yeast was separated from the
culture liquid by filtration, washed 24 th water, and a suspension with a
dry sub- stance concentration 12% was prepared. Autolysis of the yeast was

ca 1 et BramRACG) BSOS 0 LIRS gt S8 Tor 30

hours. The content of amino nitrogen in tai

my/ 1, tRE THEFROGpsY ?P@C%F@F%@t%g/\kms ostammd/ Ihofedshevasmelparated Tren obt ai ned

aut ol ysateulsas: lisedb ofrfRn! MPLE 10
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% 6. S¥pesdingabi m&pfenmalﬁﬁtthdmeM?MatO&t 482 for brOr Tik: édn%i%ga&m% hour's. g

e wo r utraliz ime to a .9, Separate
froml ?gtn? G 18 %%@ﬁl\r’?r & H??é%waﬁ'g??(ﬁé‘gbﬁ%ﬂ}}ﬂ?%&@ tgg gBEEsateevasbt ai ned,
havi ng @Uh@%ﬁwmdlm Bife digndee sandypenaSesBUBATSmehtiss 290 @ ny0. 8%
respectdrmyéaxe were added: superphosphate in an anpunt of P205 of "120 ng/l,
yeast autolysate, purified of amoni a and asparagi nes by known net hods of
ion ex- change, in the amount of 40 m /I of substrate (120 ng/1 of am no
ni toogeamm@amd;starter 20 yeast-bionass S. cerevisiae in a concentration of

5 g/l. The fernentation was carried out at 38C and pH=6. The speed of the
fermentation was 4.0 1/g*h, ethanol concentra- tion at the end of the

f er menCabppdl saseelwbdd (wluloset&%tdﬁﬁ@%%ﬁ%%érieﬁw fr%Q%éEF%go'cmfha;idmlgm ent of

centrations wer respecti v
C3-C5 arés® tﬁ‘BP%raf%fg qué o SRR %cwe@tﬁmﬁo 5%, Erhamal wat€3- Cs

al cohotcswmwﬂofdtzhgran\aicfbla& tibRe FQIPRAGAL BheRs S @é&l&éi@% frfeufczraﬁft@dtﬂgz f‘f t eIrE
ral salts

wors i aAEtT RE 3?%%%%@%%”@8%@@%5%2%?%ng@“c%q PrbeRgirereg, and
aer obi wbﬁmatter vw;mn@d lpdving heotyeasttifinnthdtasd £0Pp&GAbISsVBSs 664 biedout. As a
resul tg @%, tr&%e&w&y' \%%%é el gz?p%?‘;tahospﬁate I an amount of P05 of 120 mg/1,
yeast autolysate, purified of ammonia and asparagines by known methods of ion ex-
chahge, in the amount of 40 ml/1 of substrate (120 mg/! of amino nitrogen), and starter
20  yeast-biomass S. cerevisiae in a concentration of 5 g/1. The fermentation was carried
out at 38°C and pH=6. The speed of the fermentation was 4.0 1/g*h, ethanol concentra-
tion at the end of the fermentation was 1.5% vol., the isopentanols and isobutanol con-
centrations were 210 mg/l and 120 mg/l, respectively. The total content of C3-Cs alco-
hols was 2.9% of the volume of ethanol.
25 ‘
Ethanol, Cs-Cs alcohols and other volatile components were distilled off from the after-
fermentation culture liquid (mash). Nitrogen and phosphorous mineral salts were
added to the alcohol-free pentose-containing distillery dreg, and aerobic cultivation of
the yeast Candida tropicalis was carried out. As a result of the cultivation a yeast sus-
30 pension having a biomass concentration of 6 g/1 was obtained. The yeast was separated
from the culture liquid by filtration, washed with water with subsequent preparation of
the biomass suspension with 12% content of dry substance., Autolysis of the yeast was
accomplished by letting the suspension stand at a temperature of 48°C during 36

hours. The amino nitrogen concentration in the obtained autelysate was 8000 mg/],



30 pension having a biomass concentration of 6 g/I was obtained. The yeast
was separated fromthe culture liquid by filtration, washed %Ek

wi th subsequent preparation of the bionmass suspension wth i content of
dry substance. Autolysis of the yeast was acconplished by letting the
suspensi owot@ndesad a tenperature of 48C during 36 hapwskzood@sam no
nitrogen concentration in the obtained autol ysate was 8000 ng/ 1, 20 March
2007 WD 2005/ 040392 PCT/ SE2004/ 001534 23 the anount of the obtained
autol ysate was 50 m /| of the nediu 3The amino acid aut ol ysate thus
obtai ned was treated by ion exchange to extract ammoni a nitrogen and
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sul phuric concearis‘trf’1 PFONT i ten erém?né%ti‘%l fothﬁ/&'lo@‘ﬁ hﬂ’@m\]/ﬁ?é%f of 12 1,

and>for a period of time of 1.5 hours The hydrol ysate was then neutralized
by i mest e PpH = 4.5, separated fromlignin and gypsum residues. The
obt ai ned carbohydrate sub- strate having a concentration of hexose and
pent ose sugars of 3.2% and 0.8% respec- tively, was subsequently added with
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nitrogen in the substrate o Bt al ne
ng/ 1. PR SPSiing pea st SO erddrasd byeatced/hsd’uasrsxm atﬂaﬁ:@esamm éfed to the
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terrper at re of g ernment a
1/ g*h, &8 ArfoPeri mer%ft% HO%&S Th%by@ﬁh’wfe Waﬁéhﬁ@nmima?aaedm lineestola 5% vol . |
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respec I The tot cont f C3-C5 al cohols was e vol une
of et h%iéﬁ%ﬁ% %ﬁ{lﬁan%qme%atﬁ‘ AIHEEPRS DR RRPST 8t 3% end OnPoResmes wer e
di sti | Hedy.ofds subsequenely afitiet with eupphalilone BUdd Mheuhi 6,04 msh) 1. Ni trogen
angs pheg eral salts. .we ded to the al cohol-free
pent ose- %g%tg#mf@l ftrq TR ﬂber%g’sgra?‘?d’ é%‘PS‘%Fbtb&ﬂeﬁft\&%{ﬂe&hhb‘?miYﬁﬁe yeast
Candi d#as A 39 el |Ibs&wasn@targyeaelt nitiashS, @réesad radfhdohRippubd tov@kitgn a yeast
sus. gﬁg@ggh;?gy bRt B SBRSTnERREENLESE 18T el e WS OBLALSH- The
88°C and a pH = 5.5. The speed of fermentation was 3.5 1 /g*h, ethanol concentration at
the end of the fermentation was 1.5% vol., isopentanols and isobutanol concentrations
20 were 140 mg/1 and 80 mg/1, respectively. The total content of C3-Cs alcohols was 1.8%

of the volume of ethanol.

Ethanol, Cs-Cs alcohols and other volatile components were distilled off from the after-
fermentation culture liquid (mash). Nitrogen and phosphorous mineral salts were

23 added to the alcohol-free pentose-containing distillery dreg, and aerobic cultivation of
the yeast Candida tropicalis was carried out. As a result of the cultivation a yeast sus-
pension having a biomass concentration of 6 g/1 was obtained. The yeast was separated
from the culture liquid by filtration, washed with water and dried. The yield of the yeast
biomass in terms of the consumed wood was 48 g/ kg. The obtained yeast biomass was

30 used for the acid hydrolysis of the wood.

Carbon dioxide obtained in the bicsynthesis of alcohols was mixed with oxygen and di-
rected to a gas generator, Granulated lignin obtained in the hydrolysis of wood was

supplied to the same gas generator simultaneously with the source gas. During the
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gaSOconprl sed O -C4 hydrocarbons; the liquid was boiling away in the
interv b 30: 40 40-50% of the liquid are non- oxygen-contai ni ng hydro-
car bon 5?1‘8“@0’ H9o6RTHORS bY it ah eir Eropseigaathedntasi asimel orsdulns, Wit h
prevai BynigreS6 gaanbtahicghgs thalicehalSmetha VQE’Q&?&@OG% Sonfe perforned at a
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t he prd8figtdhpens 301‘&@ 8. Sheghecdmpyited 60 HytPo@hriorda sh2Bnid@ whs boiling
away in the interval 30-400°C. 40-50% of the liquid are non-oxygen-containing hydro-
carbons and 50-60% of the liquid are oxygen-containing compounds, with prevailing Cs
and higher alcohols. The process can also be performed at a temperature of 180-220°C
20 and a pressure of 2.5-3 MPa in the presence of a catalyst comprising Fe:Cu=10:1 pro-
moted by oxides of aluminum, calcium, zinc, magnesium, manganese and alkali
agents. These parameters of the process allow using synthesis gas obtained by the in-
ventive method and having a ratio of the components CO:Ho=1:1.25. In this case the
yield of the products per 1 m? is: the liquid 160-170 g+ gas 20-30 g.
25
EXAMPLE 12

Beet molasses having a saccharose concentration of 46% was diluted with water to a
saccharose concentration of 18%, acidified with sulphuric acid to a PH of 5.5, and the
30 yeast acid hydrolysate after ion-exchange was added in an amount of 120 ml /1 (360
mg/1 of amino nitrogen), and the yeast starter biomass 8. cerevisiae in an amount of 5
g/1. The fermentation was carried out at a temperature of 38°C and a pH of 5.5. The
speed of the fermentation was 3.6 1/g*h, the ethanol concentration at the end of the

fermentation was 8.7% vol.; isopentanols and isobutanol concentrations were 1000
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The wastes obtained in the acid hydrolysis of the biomass, extracted after cultivation of
20  the yeast, are mixed with a surplus of amino acids left after preparation of the source
medium for fermentation of the molasses substrate, diluted with cultural liquid to the
concentration 50 g/1, and directed to the methane tank, containing methane-producing
bacteria Methanobacterium thermoautotropicum, for producing methane. Production of
methane in the form of biogas was carried out under strict anaerobe conditions. The
25  productivity of the methane tank was 11 of methane per 2 1 of nutritious medium per 24

hours. Biogas thus obtained was used as a base for producing synthesis-gas

EXAMPLE 13

30 Crushed wheat grain was mixed with water in the ratio of 1:3.5. Enzymatic hydrolysis
of the grain starch was carried out using In the first stage thermostable amylase Zyma-
junt-340C (pH 6.5, 90°C, consumption 0.25 ml per 1 kg of the grain starch) and In the
second stage glucoamylase Glucozym L-400C (pH 5.0; 60°C; consumption 0.8 ml per 1
kg of the grain starch). Industrial enzymes produced by Ende Industries Inc., USA have
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Lo UheptonsSseey ot REoMEYSR, O, NGRS A3 bons, and oxygen-
verte% gas Was cooled down, compressed to 5 MPa and directed to metharol synthesis.
Methanol synthesis was carried out at 5 MPa and a temperature of 230-260°C in the
20 presence of CuO-Zn0-AL03 (Cry0a) catalyst. Methanol obtained from carbon dioxide
was then directed to the processes for production of higher hydrocarbons and oxygen-

containing compounds.

In another process for obtaining synthesis gas we used, besides carbon dioxide ob-

25 tained in biosynthesis, gases and resins obtained in pyrolysis of wood, wastes of fur-
fural, turpentine, colophony, and fuset oil, The process for obtaining synthesis gas was
carried out at a temperature of 800-1100°C and a pressure of 0.1-3 MPa in the pres-
ence of a Alz0s supported NiO catalyst. A gas mixture of the following composition was
thus obtained: COy - 4.2-4.6% vol.; CO - 41.5-32.7% vol.; Hz — 44.8-53.3% vol.; CH,4 -

30 5.5-5.7% vol.; N2 - 3.3-4,7% vol. Then the converted gas was cooled down and directed
to the production of hydrocarbons by the Fisher-Tropsch method. The process was car-
ried out as follows. Synthesis gas obtained by the inventive method and having the ra-
tio of the components CO : Hy = 1: 1.1-1.7 at 220-330°C and a pressure 2.3-2.5 MPa
was directed through the reactor filled with ferrous alloy promoted by oxides (AlzOs,
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catal y%&) éA(\E 6 1§/o vol. However, presence of sulphur oxides in the mixture requires addi-

20  tional purification of the synthesis gas before it is supplied to the catalyst. After sul-
phur oxides have been extracted from the gas mixture the converted gas was com-
pressed by a compressor to 5 MPa and directed to methanol synthesis. The synthesis of
methanol was carried out at a pressure of 5 MPa and a temperature of 230-260°C in
the presence of CuO-Zn0-AlOs (Cro0s) catalyst. Methanol obtained from biochemical

25  carbon dioxide was then directed to the synthesis of higher hydrocarbons and oxygen-
containing compounds, including also etherifying of unsaturated and saturated Cs-Coa

acids obtained in the saponification of fats and extracted from tall oil.

EXAMPLE 14

30
Crushed wheat grain was mixed with water in ratio 1:3.5. Enéymatic hydrolysis of the
grain starch was accomplished using in the first stage thermostable amylase Zymajunt-
340C (pH 6.5, 90°C, consumption 0.25 mi per 1 kg of the grain starch), and in the sec-
ond stage glycoamylase Glucozym L-400C (pH 5.0, 60°C, consumption 0.8 ml per 1 kg
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fermentation culture liquid (mash). Ethanol was separated from C3-C5

al cohobmaany qtdancsdlaiid ancomanenlspand: el sduphafhh dnbhe presence of
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or i gi nSEPRYFPS BRI feehvi ng a ratio CO H2=1: 1 and directed to the 20

react or vvlth cobal t-rhodi um catal yst. The tenperature in the reactor was

kept aﬁlthanol was separated from Cs-Cs alcohols and other volatile components and dehy-
drated in the presence of AlsOz at 300£100°C. Ethylene thus obtained was mixed with
synthesis gas, originating from biogas and having a ratio CO:H,=1:1 and directed to the

20 reactor with cobalt-rhodium catalyst. The temperature in the reactor was kept at

90+10°C and the pressure at 241 MPa. Propionic aldehyde thus obtained in the reactor
was directed to the reactor containing Ni catalyst and hydrogenated at 150450°C and a
pressure of 1-2 MPa into n-propyl alcohol by the hydrogen obtained from bicmass, Be-
sides that, propionic aldehyde can be condensed to isohexene aldehyde, with subse-

" 25 quent hydrogenation into ischexanol in the presence of Ni catalyst by hydrogen ob-

tained from biomass.

Besides that ethylene was also telomerised with methanol at 150+20°C and a pressure
7£3 MPa in the presence of tertbutyl peroxide, which has been used to initialise the re-

30 action, to obtain a mixture of oxygen-containing compounds mainly comprising Ca-Ciz
alcohols of normal structure,

EXAMPLE 15
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Ethanol, C3-Cs alcohols and other volatile components were distilled from the after-
fermentation culture liquid {mash).
20
Suspended substances of the distillery dreg, after extraction of alcohol, obtained in the
fermentation of carbohydrates yielded in: starch hydrolysis were condensed to a dry
substance content of 5-10%, After that, enzymatic hydrolysis of proteins of the distillery
dreg, after extraction of alcohol, using at the first stage endopeptidase Pepsin 2000 FIP-
25  U/g, EC 3.4.23.1 (pH=2, 36°C; consumption 0.5 g per 1 kg of dry substance of the dis-
tillery dreg after extraction of alcohol) and at the second stage exopeptidase Aminopep-
tidase K EC 3.4.11 (pH=8, 36°C, consumption 0.1 g per 1 kg of dry substance of the
distiliery dreg after extraction of alcohol} was carried cut. The amino acid hydrolysate
thus obtained having a concentration of amino nitrogen of 2000-6000 mg/1 was used

30 as nitrogen nutrition of the yeast in fermenting carbohydrate substrates.

Propyl and isopropyl alcohols were separated from Ce-Cs alcohols and other volatile
components and dehydrated with Al,Og catalyst at 300£50°C. Propylene obtained in the

dehydration was mixed with synthesis gas, produced from biogas and having a ratio
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Enzymatl o hydrol ysis of the grain starch was acconplished using in the
ggt rmost abl e anyl ase Zyna- junt-340C (pH 6.5, 90C, consunption

per g of the grain starch), and in the 20 second stage
glycoarryl ase d ucozym L-4000 (pl-1 5.0, 60C, consunption 0.8 m per 1 kg
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USA have been uséd e concentrati on car es i é’ Ssubstrate as
a resuthe %’fnn@ﬁ%ryh was accomplished using in the first stage thermostable amylase Zyma-

junt-340C (pH 6.5, 90°C, consumption 0.25 ml per 1 kg of the grain starch), and in the
20 second stage glycoamylase Glucozym L-400C (pH 5.0, 60°C, consumption 0.8 ml per 1
kg of the grain starch). Industrial enzymes produced by Ende Industries Inc., USA have
been used. The concentration of carbohydrates in the substrate as a result of enzy-
matic hydrolysis was 16%. To the substrate were added: superphosphate in the
amount providing a content of P20s of 200 mg/1, and amino acid hydrolysate, obtained
25 in the acid hydrolysis of the distillery dreg proteins, in the amount 70 ml/1 (360 mg/1 of
amino nitrogen}. Starter yeast biomass 8. cerevisiae was introduced to the substrate in
the amount of 5 g/1. The fermentation was carried out at 38°C and a pH of 6.0. The
speed of fermentation was 3.5 1/g*h, concentration of ethanol at the end of fermenta-
tion was 8.8% by vol,, isopentanols concentration 240 mg/1, and isobutanol concentra-
30 tion 140 mg/1. Total content of Cs-Cs alcohols was 0.65% of the volume of ethanol.

Ethanol, Cs-Cs alcohols and other volatile components were distilled off from the after-

fermentation culture liquid {mash).



matic hydrolysis was 16% To the substrate were added: superphosphate in
the anount providing a content of P205 of 200 ng/1l, and am fpPmardii2007
hydrol ysate, obtained 25 in the acid hydrolysis of the distillery dreg
proteins, in the anount 70 mM/1 (360 ng/l of amno nitrogen). Starter
yeast bi owae®sBi3mer evi siae was i ntroduced to the suletrrsatm4/Hms34t he anount
of 5 g/l. The fernentation was carried out at 38C and a pH of 6.0. The
speed of fernentation was 3.5 1/g*h, ,concentration of ethanol at the end of
fermenta- tion was 8.8% by vol ., isof) ntanol s concentration 240 ng/l, and

i sobut anol concentra 30 tion 140 ng/l. Total content of C3-Cs al cohols was

0. 65% afushheiedaiubsRneés @tﬁ@ﬁ&killery@rf%%ﬁler ekBicEen8beAbH i, AUnod hefevol ati e

compon nljtsr%\%re (%i stilled off fromthe after- fermentation culture liquid

( mash) FCEFREIE SE0PY Sptrotd e nagercbdynknte 4w eaFiensad togudended

subst anobstaote tdigerdics Bk 1d9ersuletiegs add ek a8%dd @Cid Asue pakiarhal 290bt ai ned
in the ti f .carpbohydrat e ielded in starch hydraol ysis, were
condenscg%((?e’[l’l([gq%L gi%lgro §gg%€%éft5hﬁ’@t}g MO%FS@- ?Wlnéﬁfﬁﬁuﬁl?té%%ii@g\ﬁ%r added in
an anoentragiavifdiangolOvadearted cendtr FCoThodmidSOm hAfrbBEatk Raud oRci d

hydr ol ysihsq Ak j the distiller _after 5 extraction of alcohol
was carried %‘G?é gtcg}é%%t l%%lﬁ}é Ogan;l%hné) %%P%er%?/fgip@gy@gbé% Jéasdﬁ?gtaﬁinﬂé?i havi ng a
concen®pa il ofdhe nenrshin feogemtatén 2060bGH0Gateglibstinass.used as nitro- gen
nutrition of the yeast in fermentation of carbohydrate substrates. A

m xture of but ¥I al cohol s was separated from C2-C5 al cohol s and ot her
vol at i PeESHE o1 6UFbAARYS A8 seleargier draae Co-Fs elvehpls esdrrterofoladite &1203

cattal ypbnaits 3693 bi3Q j [ ok i i xed with
y pbn@its Bkydrhiza by tyd §enc@%?§%ﬂ%g)3 BealiRe a@ﬁ%&%@é@d I%Jéb:%’_?l%ménn q

synt hesj s, gas tai.ned from bi pgas .an aving a ratlo .
di rect 8{81%%%111312&? gﬁé’fifﬁt“\ﬂi Vo7 eEha v fthcunaspit sasThhyaedhiramebiogas ade react or

was kehtviag 216820013 P4eB&UEBBlo 180 2 MayitiT Beb M éaw]pﬁ. ?émﬁé(}%%}ura al dehy ?eg
yst and hydrogenate

t hus obtained was direc to.the reactor wth N cata

155 T BlateaPa el TPalb Wait it e dith ro Qe etinrom rdmmas. |t o
obt ai naldehyries tthweolghinatytasalicotedlts thdteatide MmN, cabdlydt alidehystesaean be
figst co i i.sode al dehydes, ich ,are then hydrogenated into
is?)%ec%no s%?ﬁ“d?%&;gg)?ée%gﬁec%%rﬁpﬁy g%%ﬁﬁ?’s?m E‘F??gfrmgil%"ﬁ%?‘?’t @btﬁ’%ofﬂuced from
bi onasBUXtERANVREE] #izorlashed wheat grain was mixed with water in ratio of
1:3.5. Enzymatic hydrol ysis of

Furthermore, amyl aldehydes can be first condensed into isodecene aldehydes, which
are then hydrogenated into isodecanols in the presence of Ni catalyst using hydrogen

20 produced from biomass.

EXAMPLE 17

Crushed wheat grain was mixed with water in ratio of 1:3.5, Enzymatic hydrolysis of
25 the grain starch was accomplished using in the first stage thermostable amylase Zyma-
junt-340C (pH 6.5, 90°C, consumption 0.25 ml per 1 kg of the grain starch), and in the
second stage glycoamylase Glucozym L-400C {pH 5.0, 60°C, consumption 0.8 ml per 1
kg of the grain starch). Industrial enzymes produced by Ende Industries Inc., USA have
been used. As a result of the enzymatic hydrolysis the concentration of carbohyd‘rates
30 in the substrate was 16%. To the substrate were added superphosphate in the amount
providing a content of P2Os of 200 mg/1, and aminoacid hydrolysate, obtained in the
enzymatic hydrolysis of protein of the distillery dreg purified of ammonia and aspara-
gines by known methods of ion exchange, in the amount 100 ml/I (400 mg/] of amino

nitrogen). Starter yeast biomass S. cerevisiae was introduced to the substrate at a con-
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exchange to extract ammonia nitrogen and asparagines; after that the mixture of amino

20 acids free of asparagines and ammonia nitrogen was used as nitrogen nutrition of the

yeast in fermentation of carbohydrate substrates.

The mixture of amyl alcohols was separated from Ca-Cs alcohols and other volatile
components and dehydrated at a temperature of 250+50°C in the presence of AlzOs

25  catalyst, The mixture of pentenes obtained in dehydration was mixed with synthesis
gas obtained from biogas and having a ratio of CO:Ho=1:1 and directed to the reactor
with cobalt-rhodium catalyst. The temperature in the reactor was kept at 90£10°C and
the pressure at 2+1 MPa. Hexyl aldehydes thus obtained in the reactor were directed to
the reactor with Ni catalyst and hydrogenated at 150£50°C and a pressure 1-2 MPa,

30  using hydrogen produced from biomass, to obtain a mixture of hexyl alcohols,

Besides that, hexyl aldehydes can be first condensed into isododecene aldehydes, with
the subsequent hydrogenation into isododecanols in the presence of Ni catalyst using

hydrogen produced from biomass.
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with Ni catal yst and hydrogenated at 15050C and a pressure 1-2 MPa, 30
usi ng hydrogen produced from bionmass33to obtain a nixture of hexyl

al cohol s. Besides that, hexyl al dehydes can be first condensed into
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providing a HC concen- tration of 0.5% Acid hydrolysis of protein of the
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content of 5-10%.Hydrochloric acid was added in an amount providing a HCl concen-
tration of 0.5%. Acid hydrolysis of protein of the distillery dreg, after extraction of alco-

20 hol, was carried out at 40°C; the amino acid hydrolysate thus obtained having a con-
centration of amino nitrogen 2000-6000 mg/1 was treated by ion exchange to extract
ammonia nitrogen and asparagine; after that the mixture of amino acids free of aspar-
agine and ammonia nitrogen was used as nitrogen nutrition of the yeast in fermenta-
tion of carbohydrate substrates.

25
The mixture of C2-Cs alcohols obtained in the fermentation of molasses is dehydrated in
the presence of Al,Os catalyst at 300+100°C,

The mixture of unsaturated Ca-Cs hydrocarbons obtained in dehydration was mixed
with synthesis gas obtained from biocgas and having a ratio CO:Hy=1:1 and directed to

30 the reactor with cobalt-rhodium catalyst. The temperature in the reactor was kept at
90£10°C and pressure at 2&] MPa. A mixture of C3-Cs aldehydes was obtained in the
reaction of hydroformylation. Propionic aldehyde was then extracted from the mixture
of C3-Cs aldehydes and hydrogenated at 150+£50°C and a pressure 1-2 MPa into n-
propanol in the presence of Ni catalyst by the hydrogen of the renewable origin. Propa-



tion of carbohydrate substrates. 25 The m xture of C2-Cs al cohol s obtai ned
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cobal t-rhodi um catal yst. The tenperature in the reactor was kept at 9010C
and pressure at 21 MPa. A mixture of C3-C5 al dehydes was obtained in the
reacti on of hydrofornylation. Propi ofif ¢ al dehyde was then extracted from
the mxture of C3-C6 al dehydes and hydr ogenat ed at 15050C and a pressure
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. so St ISefirkie Co- D EROME cah Mhdd 18 MISILACEwRL A,calial %&&f&&%@éf hal ogeni des)
go %g%ﬂ% Q{% t 20050C 20 wit hout catal yst saturated Cl12 Cz/?drocarbons
H be Sendd

4 AFEHE A B saiugeing fedre N‘%Gaébﬂlil%’i‘&reél%ﬁt%ﬁ%ﬁét raeed C7-015
aI cohohgdroedrivots abtantedlis danﬁjrhh@ﬂwhqu egenat eg Hynf réﬂé&aﬁfe&ﬁ%ﬂ@@r&f Ni

catal yﬁ&d&!ex}ate&l htd& Vr\rl?lgtlu?e of satglga%ed bg‘ E% h%rdwocé}gorn% Fliso2$ Tiﬂllljcgtg%eEd 6-

Moreover, in the presence of a catalyst (metal halogenides) at 20-100°C or at 200£50°C
20 without catalyst saturated Cs-Ciz hydrocarbons can be condensed with C;-Cz aldehydes

into a mixture of unsaturated Cr-Cis alcohols, which alcohols are then hydrogenated in
the presence of Ni catalyst by the renewable hydrogen into a mixture of saturated Ce-

Cip alcohols of iso-structure,
25  EXAMPLE 19

Beet molasses with a saccharose concentration of 46% was diluted with water to a sac-
charose concentration of 18%, acidified by sulphuric acid to pH 5.5, and then the alco-
hol yeast autolysate was added in an amount of 50 ml/1 (350 'mg/ ] of amino nitrogen)

30 and the yeast starter biomass S. cerevisiae in the amount of 5 g/1. The fermentation
was carried out at 38°C and pH 5.5, The speed of fermentation was 4.0 1/g*h, Ca-Cs al-
cohols concentration at the end of fermentation was 8.85% vol., including 0.1% of Ca-
Cs alcohols, that is 1.1% of the volume of ethanol.



Cl2 al cohols of iso-structure. 25 EXAVMPLE 19 Beet nolasses wth a
saccharose concentrati on of 46% was diluted with water to a fpR@r&NBI0ISEe
concentration of 18% acidified by sulphuric acid to pH 5.5, and then the
al co- hol yeast autol ysate was added in an anmount of 50 mi/1 (350 ng/l| of
am no ni twogenpsi3® and the yeast starter bionmass S. cers¥i®i/emsiin t he
amount of 5 g/1. The fernentation was carried out at 38C and pH 5.5. The
speed of fernentation was 4.0 1/g*h, C2-Cs al- cohols concentration at the
end of fermentation was 8.85%vol., phcludi ng 0.1% of C3- Cs al cohols, that
is 1.1% of the vol ume of ethanol. 20 March 2007 WD 2005/ 040392
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i soamny mai ni n .m xture of C4-C6_al dehydes 1s con-

t
ensedL |rﬁt€"3'31 &ﬁ%@?ﬁ?‘iﬁ%@f&%ﬂ Grisdther hydipeenatad Pl aatalesh bar e t hen

hydr ogéme mr@geeebfrmemeiemr%&emezaaﬁchﬁme;@abial yst by the hydrogen of
renewabl e origin into a mxture of C8-Cl2 al cohols. Thus obtained C38-Cl12

al cohol s can be dehydrated with A1203 and then hydrogenated in the
pr esenBesidds tRat, Catblehgdesad! 12650Eu by cdnyit Ogertedf frdrs neMnataro6f Cs-Ce

aldehydes and converted into the corresponding amylenes, which in interaction with
methanol form isoamylmethy! esters. The remaining mixture of Ca-Co aldehydes is con-
densed into unsaturated Cs-Cyy aldehydes of iso-structure, which are then hydrogen-
20 ated in the presence of Ni catalyst by the hydrogen of renewable origin into a mixture of
Cs-Ci2 alcohols. Thus obtained Cs-Ciz alcohols can be dehydrated with AlsOs and then
hydrogenated in the presence of Ni catalyst at 250+50°C by hydrogen of renewable ori-

gin into the corresponding saturated Cs-Cye hydrocarbons of iso-structure.

25 EXAMPLE 20

Crushed wheat grain was mixed in a ratio of 1:10 by weight with water heated up to
80°C and kept at this temperature for 10 minutes, after which the temperature was
elevated to 100°C and the mixture was let to stand for another 30 minutes. The sub-
30 strate thus prepared was directed for sterilization in autoclave at 150°C during 60
minutes, after which the substrate is cooled down to 37°C. As a result of the overcook-
ing of the flour the starch concentration in the substrate reached about 6%. To the
substrate were added: the amino acid leucine in an amount of 750 mg/! and amino

acid valine in the amount of 560 mg/! (amino nitrogen content of 150 mg/l). Starter



gin into the corresponding saturated C8-Cl2 hydrocarbons of iso-structure.
25 EXAMPLE 20 Crushed wheat grain was mxed in a ratio of 1:4PmBrcneEiooht
with water heated up to 80C and kept at this tenperature for 10 m nutes,
after which the tenperature was elevated to 100C and the m xture was Iet
to stand wone@neter 30 m nutes. The sub 30 strate tpg/sprepansd was
directed for sterilization in autoclave at 150C during 60 mnutes, after
whi ch the substrate is cooled dowmn tg 37C. As a result of the overcook- ing
of the flour the starch concentratiof®in the substrate reached about 6% To
the substrate were added: the anino acid leucine in an anount of 750 ny/|
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aceton\eél%mn? 1(:aﬁléene Ofrf‘?efr ’toﬁtvrac?nogxﬁvol) 9% vol . The mixture of C2-C5

al cohol s and acetone obtained in the starch fernentati on was, af- ter

om Sty A DR BT o
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tenperature in the réactor was e pres ure at 21 Mpa.
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hydr ogen E)lgd at 1505QC ?’#@ a pres- sure 51 MPa wth N -catal yst by the
n

hydr ogBh® 6Bt Bici¥defh<T & tation into the mix- ture of corresponding C3-C6
al cohol s. C3- C4 al cohol s are extracted fromthe said m x- ture and returned

to he dehydra LoR S e. 20 The re ni C6 al cohal s, havi ng
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hydr octur b@ﬁ@sw@maldehﬁdeeﬁmtmmﬁieﬁcﬁcemﬁew hitirogind@daodt, 1 SBEE0TDAN] a pres-
sure 5t1 MPa with Ni-catalyst by the hydrogen obtained in fermentation inte the mix-

ture of corresponding Cs-Cs alcohols. Cs-Ca alcohols are extracted from the said mix-
ture and returned to the dehydration stage.

20
The remaining Cs-Cs alcohols, having iso-structure, are dehydrated into the corre-
sponding unsaturated hydrocarbons and, after interaction with methanol, are con-
verted into isoamylmethyl and isoaraylcaprylmethyl ethers. Wherein methanol used in
the process is obtained from the carbon dioxide obtained at the stage OF fermentation

25  and biogas obtained in processing of the fermentation waste.

The remaining Cs-Cs alcohols of normal structure were dehydrated into the correspond-

ing Ci1o-Ciz ethers.
30 EXAMPLE 21

Crushed corn grain was mixed with water warmed up to 80°C in ratio of 1:10 by weight
and kept at this temperature for 10 minutes, after which the temperature was elevated

to 100°C and the mixture was let to stand for 30 minutes. The substrate thus prepared



verted into isoanyl nethyl and isoanyl capryl nethyl ethers. \Werein nethanol
used in the process is obtained fromthe carbon di oxi de obtsg pafirdodrhe
stage OF fernentation 25 and bi ogas obtai ned in processing of the
fermentation waste. The remaining Cs-C6 al cohols of normal structure were
dehydr at egroizods@sdstee correspond- ing Cl0O-Cl2 et hers. 3@TiRiAMPLESAL C ushed
corn grain was mxed with water warned up to 80C in ratio of 1:10 by wei ght
and kept at this tenperature for 10 pinutes, after which the tenperature
was el evated to 100C and the mixturé/was let to stand for 30 m nutes, The
substrate thus prepared 20 Mar ch 2007 WD 2005/ 040392 PCT/ SE2004/ 001534 37
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obt ai nedsunndehmgiation is mxed with synthesis gas, originating from

bi ogas and having a ratio of CO H2=1:1, and directed to the reactor wth
cobalt catalyst nodified by the phosphorus conpounds. The tenperature in
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r emai nsaigra@8d C6-Cs hydrocarbons obtained in dehydration is mixed with synthesis gas,
originating from biogas and having a ratio of CO:Hz=1:1, and directed to the reactor
with cobalt catalyst modified by the phosphorus compounds, The temperature in the
reactor is kept at 175£25°C and a pressure 7.512.5 MPa.

20
In the reaction of hydroformylation a mixture of C3-Cs aldehydes is obtained. Cq4 and Cs
aldehydes of normal structure are separated from said mixture. The remaining Ca-Ce
aldehydes with added acetone are hydrogenated at 150+50°C and a pressure of 5+1
MPa in the presence of Ni-catalyst by the hydrogen obtained in the fermentation into

25 the mixture of the corresponding Ca-Cs alcohols. Cs-Cs alcohols are extracted from said

mixture; these are alcohols of iso structure.

These alcohols are dehydrated into the corresponding unsaturated hydrocarbons and,

after interaction with methanol, are converted into isoamylmethyl and iscamylcapryl-
30 methyl ethers. The methanol used in the process is obtained from the carbon dioxide

obtained at the stage of fermentation and biogas is obtained in processing of the fer-

mentation waste,



al dehydes wi th added acetone are hydrogenated at 15050C and a pressure of
51 MPa in the presence of N -catalyst by the hydrogen obtai f¢ghakdh 26
fermentation into 25 the m xture of the correspondi ng C3-C6 al cohols. C5-C6
al cohol s are extracted fromsaid mxture; these are al cohols of iso

st ruct ur ewobheaeosad cohol s are dehydrated into the corrgaseondiongssunsat ur at ed
hydr ocar bons and, after interacti on w th nmethanol, are converted into

i soanyl net hyl and i soanyl capryl - ggt hyl ethers. The nethanol used in the
process is obtained fromthe car bon oxi de obtained at the stage of
fermentation and biogas is obtained in processing of the fer- nmentation
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ion was 3.5 1/g*h, the concentration of

of 6.0. t
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t ot n al cono 00 vol une o et hano
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by a mxture o en an
fermentation was 3 5 1/g*h, the concentration of ethanol at the end of fermentation was
8.8% by vol., isopentanol concentration 1250 mg/1, and isobutanol concentration 910

20 mg/l, the total content of C4-Cs alcohols was 2.95% of the volume of ethanol.

C2-Cs alcohols were distilled from the after-fermentation culture liquid (mash). The mix-
ture of C»-Cs alcohols, obtained in the starch fermentation, was oxidized in the pres-
ence of silver catalyst at a temperature of 450-550°C by a mixture of oxygen and car-
25 bon dioxide, obtained in the biosynthesis of C2-Cs alcohols, to obtain a mixture of Cp-Cs
aldehydes. The Co-Cs aldehydes obtained in the oxidation were condensed into unsatu-
rated C4-Cys aldehydes, which were hydrogenated in the presence of copper catalyst
into a mixture of saturated Cs-Cis aldehydes. The Cs~Cs aldehydes were extracted from
said mixture and returned to the condensation stage, and Cs-Cis aldehydes were used
30  for the extraction of individual aldehydes or hydrogenated in the presence of Ni-catalyst
into a mixture of saturated Cs-Cis alcohols. The latter can by means of dehydration and
hydrogenation be converted into the mixture of saturated hydrocarbons. Besides that,
both saturated and unsaturated Cs-Cis aldehydes can by oxidized into the correspond-

ing acids. For oxidation of aldehydes into fatty acids we used carbon dioxide from the



25 bon di oxi de, obtained in the biosynthesis of C2-Cs al cohols, to obtain a
m xture of C2-C5 al dehydes. The C2-C5 al dehydes obtai ned i nod &K@t i on
wer e condensed into unsatu- rated C4-Cl5 al dehydes, which were hydrogenat ed
in the presence of copper catalyst into a mxture of saturated C4-Cl5

al dehydeswobbeodbeS5 al dehydes were extracted from sagemebasse and
returned to the condensation stage, and C6-Cl5 al dehydes were used 30 for
the extraction of individual al dehydes or hydrogenated in the presence of
Ni-catalyst into a mixture of saturafed C6-Cl5 al cohols. The latter can by
means of dehydration and hydrogenation be converted into the m xture of
sat ur atdehuds 06ap0ARg, Baskes, Ak DAMAIALE] and4nRg wat ed
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of said mxture gives a possi- bility to use for the oxidation oxygen or a
m xtur g, ?§:n wi th carbon di oxide. EXAMPLE 23 10 Chopped spruce wood
(cell uI ose containing plant material) was treated by acid hydroly- sis at
180C, a sul phuric acid concentration of 0.5% a ratio of water to wood of
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of 3. 2%uand IReAbOSeTELg86 ﬁ%?@é’c@%&s%@uﬂr@légd @nﬁ%e%%}@w% ate was
added in an anpunt, of ﬁeas I'ysat €, previously
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of et ha]hid;xle _starter yeast biomass S. cerevisiae. The fermentation was carried out at 38°C and

pH=0. Fermentation speed was 4.0 1/g*h, ethanol concentration at the end of the fer-
20 mentation was 1.5% vol,, concentration of isopentanols was 210 mg/l, concentration of
isobutanol was 130 mg/1, and total content of Cs-Cs alcohols was 2.95% of the volume

of ethanol.

C2-Cs alcohols were distilled off from the after-fermentation culture liquid (mash). The

25 mixture of C2-Cs alcohols obtained in the fermentation of hexose sugars was oxidized at
450-550°C in the presence of a silver catalyst by the mixture of oxygen and carbon di-
oxide, obtained in the biosynthesis of C2-Cs alcohols, to obtain a mixture of Co-Cs alde-
hydes. The C2-Cs aldehydes obtained in oxidation are condensed in the presence of a
0.5% solution of sodium hydroxide at 0°C with furfural. The obtained mixture of un-

30 saturated aldehydes is then hydrogenated in the presence of copper chrome catalyst at
100£50°C and a pressure of 0.1-5 MPa into a mixture of furyl-containing alcohols. The
latter are subsequently hydrogenated at a temperature of 100+50° and a pressure of 5-
10 MPa in the presence of nickel catalyst into a mixture of saturated alcohols contain-

ing tetrahydrofurane cycles.



C2-Cs al cohols were distilled off fromthe after-fernmentation culture
liquid (mash). The 25 m xture of C2-C5 al cohol s obtained inyd R&rch 2007
fermentation of hexose sugars was oxidized at 450-550C in the presence of
a silver catalyst by the m xture of oxygen and carbon di- oxide, obtained
in the biweynshess of C2-Cs al cohols, to obtain a mecrsesondor€3- Cs al de-
hydes. The C2-C5 al dehydes obtained in oxidation are condensed in the
presence of a 0.5% solution of sodi %Jé‘n hydroxi de at OC with furfural. The
obtai ned m xture of un 30 saturated dehydes is then hydrogenated in the
presence of copper chrone catalyst at 10050C and a pressure of 0.1-5 MPa
into a mxture of furyl-containing alcohols. The latter are subsequently
hydrogw&rﬁa% a tenperature of 10050 and a pressure of 5- 10 MPa in the
presen %el catal yst into a m xture of saturated al cohols contain-
i ng tetrahydrofurane cycl es. 20 March 2007 WO 2005/ 040392
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ethanol.

20 Cz-Cs alcohols were distilled off from the after-fermentation culture liquid (mash). The
mixture of C2-Cs alcohols obtained in the fermentation was dehydrated at 300£100°C in
the presence of AlzO; catalyst. The mixture of unsaturated Cp-Cs hydrocarbons ob-
tained in the dehydration is mixed with synthesis gas, originating from biogas and hav-
ing a ratio CO:Hz=1:1, and then directed to the reactor containing cobalt catalyst modi-

25 fied by phosphorous compounds, Temperature in the reactor is 175:25°C and a pres-
sure of 7.5+2.5 MPa. As a result of the reaction of hydroformylation a mixture of Cs-Cs
aldehydes is obtained. The mixture of Cs-Cs aldehydes is hydrogenated in the presence
of Ni catalyst by the hydrogen produced from the renewable raw material into the mix-
ture of Cs-Cs alcohols, which are then returned back to the stage of dehydration.

30
The process is repeated until Cs aldehydes appear in the mixture of aldehydes. After Cg
aldehydes appear in the mixture of aldehydes the process can be carried out in two
routes. In the first route Cs aldehydes are extracted and condensed into unsaturated

Cis aldehydes and then hydrogenated to saturated Csg alcohols, which, if it is needed,



tained in the dehydration is mxed with synthesis gas, originating from

bi ogas and hav- ing a ratio CO H2=1:1, and then directed to jd(QaFassd@E
cont ai ning cobalt catalyst nodi 25 fied by phosphorous conpounds.
Tenperature in the reactor is 17525C and a pres- sure of 7.52.5 MPa. As a
resul t ofwbhesnemsesii on of hydrofornylation a m xture pf/s€30006015ml dehydes i s
obt ai ned. The m xture of C3-C6 al dehydes is hydrogenated in the presence

of Ni catal yst by the hydrogen produced fromthe renewabl e raw nmateri al
into the mix- ture of C3-C6 al cohol s#Iwhich are then returned back to the
stage of dehydration. 30 The process is repeated until Cs al dehydes appear
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sat ur at'8tf €16 QEHCSE%’PBons. In the second route the ex- tracted Cs
al deshydes can be directly hydrogenated in the presence of N catalyst by

re- \/@@I\?%}%g%ogen into a mxture of Cs al cohols, which are then
convert he m x- ture of Cs hydrocarbons. 5 EXAMPLE 25 Chopped

pot atoes were m xed with water in a ratio of 1:1. Enzymatic hydrol ysis of
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amount 130 mi/1 (8390 mg/1 of amino nitrogen). Starter yeast biomass S. cerevisiac was
introduced to the substrate in the amount of 5 g/1. The fermentation was carried out at
38°C and a pH=6.0. The speed of fermentation was 4.0 1/g*h, ethanol concentration at
20 the end of fermentation was 4.4% by vol., isopenthanol concentration 560 mg/1, and
isobutanol concentration 340 mg/l. The total content of Cs-Cs alcohols reached 2.65%

of the volume of ethanol.

C2-Cs alcohols were distilied off from the after-fermentation culture liquid {mash). The

25  mixture of C>~Cs alcohols obtained in the fermentation was dehydrated at 300+100°C in
the presence of AlzO3 catalyst. The mixture of unsaturated Cp-Cs hydrocarbons ob-
tained in the dehydration was mixed with synthesis gas, originating from biogas and
having a ratio CO:Hz=1:1, and directed to the reactor containing cobalt catalyst modi-
fied by phosphorous compounds. The temperature in the reactor was 175+£25°C and

30  the pressure 7,.5+2,5 MPa. As a result of the reaction of hydroformylation a mixture of
C3-Cs aldehydes was obtained. The mixture of C3-Cs aldehydes was hydrogenated in the
presence of Ni catalyst by renewable hydrogen into a mixture of C3-Cs alcohols, which

were then returned back to the stage of dehydration,



20 the end of fernmentation was 4.4% by vol ., isopenthanol concentration 560
mg/ |, and isobutanol concentration 340 ng/l. The total contﬁlmapgh S897C5

al cohol s reached 2.65% of the volume of ethanol. C2-C5 al cohols were
distilled off fromthe after-fernentation culture liquid (mash). The 25

m xt ur e oWoQRes@ao3at cohol s obtained in the fernentati arcveEsecdedhiysir at ed at
300100C in the presence of A1203 catal yst. The m xture of unsaturated

C2- C5 hydrocarbons ob- tained in the gehydrati on was m xed with synthesis
gas, originating from bi ogas and hatf ng a ratio CO H2=1:1, and directed to
the reactor containing cobalt cat aI yst nodi- fied by phosphorous conpounds.
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al coholf% \Rﬁ%@@%@re then returned back to the stage of dehydration.
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was et HEHToEFRER Bie presdranofl Ni or Gheatplysbienc e noktvae bimedtyabytsts dfsbm-a  ni xture

of et byleq@§t 8%gs,0f unsaturated C16 acids. The nethyl esters of unsaturated
aci ds were subsequently hydr ogenated at a tenperature of 125-200C by

renewabl e hydrogen in the presence of NI or Cu catalyst into a m xture of

nmet hyl pestvens o satu 10 rated Cl6 acids. EXAMPLE 26 Beet nolasses with a

saccharose concentration of 46% was diluted by water to a sac- 15 charose
concentration of 18% and acidified by sul phuric acid to pH=5.5. Then, the

f ol - | mmomee vﬁddedacchhﬂ)sa@blﬁtcﬁﬁﬁﬁbn lawhm losg i@ e Fhichads Reen freed
gg\ spar a éone a o) sal tsd é ?n exchang in_the amount 120 nmi /|
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The Spgff&j af?lfmcfn%tges%tgtbgr?or}l exV\%ﬁange in {}% amounhtem{) ml/1 (360 mg/! of amino ni-
trogen), and yeast starter biomass S. cerevisiae in the amount of 5 g/1. The fermenta-
tion was carried out at 38°C and pH=5.5. The speed of fermentation was 3.6 /g*h, the
20 concentration of ethanol at the end of fermentation was 8.7% vol., concentration of
isopentanols 1000 mg/l, isobutanol 490 mg/I, and total content of Ca-Cs alcohols
reached 2.2% of the volume of ethanol.

Ca-Cs alcohols were distilled off from the after-fermentation culture liquid (mash). The
25 Cp-Cs alcohols mixture obtained in the molasses fermentation was dehydrated with
AlaC; catalyst at 300+100°C.,

The mixture of unsaturated Cs-Cs hydrocarbons obtained on dehydration was mixed
With synthesis gas obtained from biogas and having a ratio CO:Hy=1:1 and directed to
30 the reactor with cobalt-rhodium catalyst. The temperature in the reactor was kept at
90+10°C and the pressure at 2+1 MPa. As a result of the reaction of hydroformylation a
mixture of Cs-Cs aldehydes was obtained. Propionic aldehyde was extracted from the
mixture of Cs-Cg aldehydes and hydrogenated into propanol in the presence of Ni cata-

lyst by hydrogen of renewable origin. Propanol is then returned to the stage of Co-Cs



20 concentration of ethanol at the end of fernentation was 8. 7% vol.
concentration of isopentanols 1000 ng/l, isobutanol 490 nu/4g Mgp%iaﬁal
content of C3-C5 al cohols reached 2.2% of the vol ume of ethanol .

al cohols were distilled off fromthe after-fernentation culture I|qU|d
(mash). The 25 C2-C5 al cohols m xture obtained in the nol asses

fermentati on was dehydrated with A1203 catal yst at 300100C. The m xture of
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synt hesi s gas obtai ned from bi ogas and having a ratio CO H2=1:1 and
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20 EXAMPLE 27

Crushed wheat grain was mized with water in 2 ratio of 1:3.5. Enzymatic hydrolysis of
the grain starch was carried out using in the first stage thermostable amylase Zyma-
junt-340C (pH=6.5, 90°C, consumption 0.25 ml per 1 kg of the grain starch) and in the
25  second stage glucoamylase Glucozym L-400C (pH=5.0; 60°C; consumption 0.8 ml per 1
kg of the grain starch). Industrial enzymes produced by Ende Industries Inc,, USA have
been used. As a result of the enzymatic hydrolysis, the concentration of carbohydrates
in the substrate reached 16%. To the substrate were added sodium hydrogensulphite
in an amount providing 3-4% content of NaHSOs, superphosphate in an amount pro-
30  viding a P2Os content of Z00 mg/1, amino acid leucine in an amount of 2000 mg/l, and
amino acid valine in the amount of 1500 mg/] (amino nitrogen content of 390 mg/1}.
The yeast starter biomass S. cerevisiae was introduced to the substrate in the amount
of 5 g/1. The fermentation was carried out at 38°C and pH=6.0. The speed of fermenta-

tion was 3.5 1/g*h, glycerine concentration at the end of fermentation was 3.0% vol.,



Crushed wheat grain was mxed with water in a ratio of 1:3.5. Enzynmatic
hydrol ysis of the grain starch was carried out using in thes}mapth 36@0€

t her nost abl e anyl ase Zyma- junt-3400 (pH=6.5, 90C, consunption 0.25 m per
1 kg of the grain starch) and in the 25 second stage gl ucoan-|yl ase

G ucozym L-4000 (pH=5.0; 60C, consunption 0.8 ml per |I kg of the grain
starch). Industrial enzynmes produced by de I ndustries Inc., USA have
been used. As a result of the enzymatic hydrolysis, the concentration of
carbohydrates in the substrate reached 16% To the substrate were added
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be usedzmanMpigDoPonent for notor fuels. EXAMPLE 28 Crushed wheat grain was
mxed with water in a ratio of 1:3.5. Enzymatic hydrolysis of 15 the grain
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provi ditagy, sed. As a result of the enzymatic hydrolysis, the carbohydrates concentration in
20  the substrate reached 16%. To the subsirate were added sodium hydrogensulphite in
an amount providing 3-4% content of NaHSO;, superphosphate in an amount providing
a P,Os content of 200 mg/1, and aminoacid hydrolysate, ohtained in the enzymatic hy-
drolysis of protein of the distillery dreg free of alcohol, which had previously beern puri-
fled of amrnonia and asparagines by known methods of ion exchange, in an amount of
25 100 ml/] (400 mg/1 of amino nitrogen). The yeast starter biomass S. cerevisiae was in-
troduced to the substrate in the amnount of 5 g/1. The fermentation was carried out at
38°C and pH=6.0. The speed of fermentation was 3.5 1/g%h, glycerine concentration at
the end of fermentation was 3.1% vol., the ethanol concentration 4.5% vol., acetalde-

hyde concentration 2.4% vol., isopentanols concentration 0.12% vol., and the isobu-

35 tanol concentration 0.06% vol.

C,-Cs alcohols were distilled off and acetaldehyde was extracted from the after-
fermentation culture lquid (mash). After that glycerine was extracted from the after-

fermentation culture liquid {mash) and mixed with vegetable and/or animal fats. This



a P205 content of 200 ng/1l, and am noacid hydrol ysate, obtained in the
enzymatic hy- drolysis of protein of the distillery dreg fres gk £5970!
whi ch had previously been puri- fied of ammobni a and aspar agi nes by known
met hods of ion exchange, in an anmount of 25 100 m /1 (400 ng/l of am no
nitrogen). The yeast starter biomass S. cerevisiae was in- troduced to the
substrate in the anmount of 5 g/l. The fe%gentation was carried out at 38C
and pH=6.0. The speed of fernmentation was"3.5 1/g*h, glycerine
concentration at the end of fernentation was 3.1% vol., the ethanol
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a press 0 MPa. 10 EXAMPLE 29 Crushed wheat grain was mxed with
water in aratio of 1:3.5. Enzymatic hydrolysis of the grain starch was
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provi d-been used. As a result of the enzymatic hydrolysis, the carbohydrates concentration in
the substrate reached 16%. To the substrate were added sodium hydrogensulphite in
20 the amount providing 3-4% content of NaHSO;, superphosphate in the amount provid-
ing P05 content of 200 mg/1, and aminoacid hydrolysate, obtained in the enzymatic
hydrolysis of protein of the distillery dreg free of alcohol, and purified of ammonia and
asparagines by known methods of ion exchange, in the ameount of 90 ml/1 {370 mg/l of
amino nitrogen). The yeast starter biomass S. cerevisiae was introduced to the sub-
25  strate in the amount of 5 g/1. The fermentation was carried out at 38°C and pH=6.0.
The speed of fermentation was 3.5 1/g*h, the glycerine concentration at the end of fer-
mentation was 3.2% vol., ethanol concentration 4.3% vol., acetaldehyde concentration

2.4% vol., and concentration of C3-Cs alcohols 0.2% vol.

30 Co-Cs alcohols were distilled off and aceteldehyde was extracted from the after-
fermentation culture liquid (mash). After that glycerine was extracted from the after-
fermentation culture lquid (mash) and mixed with glycerine obtained in the saponifica-
tion of fats; the mixture obtained was dehydrated in the presence of Al,Qs catalyst at

350+50°C, Acrolein obtained in dehydration of glycerine was directed to a reactor con-



ing P20s content of 200 ng/1l, and am noacid hydrol ysate, obtained in the
enzymatic hydrolysis of protein of the distillery dreg freeypiapdicodtd
and purified of anmmonia and asparagi nes by known methods of ion exchange
in the amount of 90 m /1 (370 ng/1 of am no nitrogen). The yeast starter
bi omass Sygeers@yizsd ae was i ntroduced to the sub 25 sty@ated0dodiBa anmount of
5 g/1l. The fernentation was carried out at 38C and pH=6.0. The speed of
fermentation was 3.5 1/g*h, the glycerine concentration at the end of fer-
mentati on was 3.2%vol ., ethanol conééntration 4.3%vol., acetal dehyde
concentration 2.4%vol ., and concentratl on of C3-Cs al cohols 0.2%vol. 30
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cat al ybydrated30 50 eaac:enii e, wiatallyst et PEISH°C Whil Ghixed with terpenes, which
terpenes previously had been heated to 200£50C in the presence of platinum. As & re-
20 sult of alkylation, which was carried out at & temperature of 0-10°C and a pressure of
0.5-1 MPa using as a catalyst 90-100% sulphuric acid, a mixture of Cia-Cis hydrocar-
bons is obtained. The process of alkylation can also be carried out in the presence of
AlCls catalyst at 50-60°C and a pressure of 1-2 MPa. Terpene esters and higher hydro-
carbons obtained from terpenes, lower Cz-Cs alcohols and Ca-Cs fatty acids were then

25  used as components for motor fuels.

EXAMPLE 30

Crushed wheat grain was mixed with water in the ratio 1:3.5. Enzymatic hydrolysis of
30 the grain starch was carried out using in the first stage thermostable amylase Zyma-
junt-340C (pH=6.5; 90°C; consumption 0.25 m! per 1 kg of the grain starch) and in the
second stage glucoamylase Glucozym L-400C (pH=5.0; 60°C; consumption 0.8 ml per 1
kg of the grain starch). Industrial enzymes produced by Ende Industries Inc., USA have

been used. As a result of the enzymatic hydrolysis, the carbohydrates concentration in



terpenes previously had been heated to 20050C in the presence of platinum
As a re 20 sult of alkylation, which was carried out at a teppRupitiso7of
0-10C and a pressure of 0.5-1 MPa using as a catal yst 90-100% sul phuric
acid, a mxture of Cl2-C s hydrocar- bons is obtained. The process of

al kyl ati owoeenoalssp be carried out in the presence ofecTAEGhSomsdial yst at
50-60C and a pressure of 1-2 MPa. Terpene esters and higher hydro- carbons
obtained fromterpenes, |ower C2-Cs aI cohols and C2-Cs fatty acids were
then 25 used as conponents for not of/ fuel s. EXAMPLE 30 Crushed wheat grain
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grai n shakabstwas r&anéd €go,0 e qthe ta anyl ase
Zyma- juntS 340 ntti?g %d)/ g%t&%%dﬁggh&t%%ﬁ agaéﬁgéorﬁ? 4 gjlry diooﬁ{hogﬁo pﬁg?gr ain

st ar ch)"™ &R TR B8 8% seniged 4§ IN@@%%%/ a0 @ldémm 1@-6430@601(11&}#5 0; 60C

cons uNEa00 Ny, arpigh akid x@in@ﬁn ERen@hat & Sloanahh. Tﬂé&?&é}séﬂaﬁ fiazymes
produc%q S@ys ggr%e I ndust.r | ei H USA have been result of the
enzymati e hydrol e Fasdpgoduge dﬂ%er%’tbééra%ﬁééﬁﬁw%ﬁf $ 6/120h0erobn-2007 WO

2085/ o4@@@wmalsaze@mﬁgm&%d4ﬂa amﬁhsh@.@aéc{] S8k 8ALINGH w405 1O hed

substr gt e, ium, h ot ophosphate _in an anmount providing a
4% con'itl en?%ﬁﬁ\lgjgﬂf%gﬁrsd lgrr%’lar%gl alt qp ({)nnw%{sn‘F Aol SBrnobengetry/ 1, and
am no &Etignal % mel. ,|a¢emaadmmn¢endxfaudl5@m)wnasoﬁhﬁtm@agtcc,gg@ﬁ;@{onbl o- mass S.

cerevi gi g, WaS ahAt rate in the amount of 5 g/l. The
fermen 5 tation wasrsogggbr%ﬁ’?é Ce}lpgu?s ggé/ang pH=6. 0. The speed of

fermentation was 3.5 1/g*h, the gl ycerl ne concentratl on at the end of
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extracy bnt\’\@ ‘iL rt processed i nto ns as

descri %I‘ ﬁ”f”ﬁ@u é@b‘f 6“ APt debydapied in WFGS@W@éﬁivﬁ?@CMSE&&ract ed

fromt&@@ﬂf@r- fermentation culture liquid (mash) and dehydrated in the
Ifl sence of A1203 catalyst at 35050C. 15 Acrolein obtained in the
ydration of glycerine was directed to the reactor containing CuO Cr203

C at al y&eroginoifigided getiet ddyetatibnb? GGcant Wapliessad ® 0f rdafoNBatdinhe a
Cu0-Cry05 catalyst and hydrogenated at 175+25°C and a pressure of 1-5 MPa into a
mixture of propionic aldehyde and n-propyl alcohol by hydrogen obtained from biomass
and/or obtained from the water, obtained in dehydration of glycerine. Conversion of the

20 water was carried out using kniown methods. Propionic aldehyde was extracted from
the mixture obtained and can be further processed in two routes. The first route pro-
vides further condensing of propionic aldehyde into isohexene aldehyde with the sub-
sequent hydrogenation in the presence of Ni catalyst at 150+10°C and a pressure of 1-5
MPa into isohexanol by hydrogen obtained from biomass and /or obtained from the wa-

25 ter obtained in dehydration of glycerine, Conversion of the water is carried out by
known methods.

The second possibility is to condense propionic aldehyde with Cy-Cs alechols, obtained
in biosynthesis, into the corresponding propanals; or to condensate propionic aldehyde

30 with n-propyl alcohol, obtained in hydrogenation of acroleine, wherein the ratio acrolein
: propionic aldehyde by mole is 2:1, into dipropyl propanal. The latter is a good compo-
nent for fuels for diesel and gas-turbine engines.

EXAMPLE 31



m xture of propionic al dehyde and n-propyl alcohol by hydrogen obtained
from bi omass and/or obtained fromthe water, obtained in dejyghapdd £dp70f
gl ycerine. Conversion of the 20 water was carried out using known mnet hods.
Propi oni ¢ al dehyde was extracted from the m xture obtained and can be
further pwocessedes n two routes. The first route pro-pcaisttemsdHuistsher
condensi ng of propionic al dehyde into i sohexene al dehyde with the sub-
sequent hydrogenation in the presence of Ni catalyst at 15010C and a
pressure of 1-5 MPa into isohexanol 4%y hydr ogen obt ai ned from bi onass
and/ or obtained fromthe wa 25 ter obtained in dehydration of glycerine.
Conversion of the water is carried out by known nethods. The second
possibility is to condense propionic aldehyde with C2-Cs al cohols, obtained
in bi os{}rﬁ‘ts g acatignip Wasenized redpEriar Rghpramhal s Eveymatc bphdbnisat e
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and ams0aagl G70ye/0byAakR @0k NAL s fa RG] HolXAl O K5t ARl (RIQLEI N of Lhe
distillery dreg free of alcohol, whi'ch had been purr - |ed of ~ammni a and
aspar aliPHECH, SRAG AR IR BT SR Age FrraeobHionawesriof ongg m /1 (370
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troduced, to the _substrate in the anmount of . atn

ca?g i e gtoh&tengtff“é%’éné?ﬁland‘ﬁéé?-%% V?heetéﬁ%fé&%?en%éﬁﬁﬁﬁt-%ivah, aQ88HC 8519 | / g* h,

t he gl yeeehiretieonhcentd athaihd boraknirRtoresidC,0f s diesnmnbati on was 4. 7% vol .,
et hanol concentration 4.0%vol., acetic acid concentration 4.2%vol., and

the concentration of C3-C5 al cohols 0.2%
From the after-fermentation culture liquid (mash) C2-Cs alcohols were first distilled off

and acetic acid was extracted, which can be further processed into higher hydrocar-
20 bons as described in the foregoing examples. After that, glycerine was extracted from
the after-fermentation culture liquid (mash) and mixed with glycerine obtained in the
saponification of fats. This mixture was dehydrated in the presence of Al,Os catalyst at
350£50°C. Acroleine obtained in dehydration of glycerine was mixed with benzene and
directed to the dimerization reactor, where, at 170210°C and a pressure 1-2 MPa, in
25  the presence of hydroquinone, the dimer of acroleine (2~formyl-3,4-dihydro-2H- pyran}
was obtained. The dimer of acrolein (2-formyl-3,4-dihydro-2H-pyran) was separated
from benzene and hydroquinone and hydrogenated in the presence of Ni catalyst at
150+10°C and a pressure of 5-10 MPa into tetrahydropyran-2-methanol by hydrogen
obtained from biomass and/or by hydrogen obtained from the water obtained in dehy-
30 dration of glycerine. Conversion of the water is carried out by known methods. Tetra-
hydropyran-2-methanol thus obtained is a good component for motor fuels for diesel

and gas-turbine engines.

EXAMPLE 32



Fromthe after-fernentation culture liquid (mash) C2-C5 al cohols were first
distilled off and acetic acid was extracted, which can be f§iaeth 2007
processed into hi gher hydrocar- 20 bons as described in the f oregol ng
exanples. After that, glycerine was extracted fromthe after-fernmentation
culture Iunh(d/o(tam;sh) and m xed with glycerine obtai ned/semotiness4

saponi fication of fats. This mxture was dehydrated in the presence of
A1203 catal yst at 35050C. Acrol eine obtained in dehydration of glycerine
was mixed with benzene and directed4fo the dinerization reactor, where, at
17010C and a pressure 1-2 MPa, in 25 the presence of hydroqui none, the

di mer of acroleine (2-fornyl-3,4-di hydro-2H pyran) was obtai ned. The

di mer of acrolein (2-fornyl-3,4-di hydro-2H pyran) was separated from
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tratlon 480 mg/l, and the total content of Cs-Cs alcohols was 2.3% of the volume of
ethanol.

20
Ethanol, C3-Cs alcohols and other volatile components were distilled off from the after-
fermentation culture liquid (mashj. Cs-Cs alcohols and other volatile components can
be further processed into higher hydrocarbons as described in the foregoing exampies.
Carbon dioxide obtained in the biosynthesis of alcohols was mixed with biogas, con-

25  taining mainly methane, and with water steam and directed to the reactor for synthesis
gas production. Conversion of the source mixture is carried out in the presence of NiO-
Al2Qs catalyst at a temperature of 830-850°C. Thus, a gas mixture of the following
composition is obtained: CO2-4.8% vol; CO-24.7% vol.; Hz-68.0% vol.; CH4-2.3% vol.
Converted gas is then cooled down and compressed by the compressor to 5 MPa and

30 directed to methanol synthesis. Methanol synthesis is carried out at 5 MPa and a tem-
perature of 230-260°C in the presence of CuO-Zn0-Al203 (Crz0s). Methanol obtained
from carbon dioxide was mixed with ethanol obtained in biosynthesis and the thus ob-
tained mixture was oxidized at 450-550°C in the presence of silver catalyst by the mix-

ture of oxygen and carbon dioxide, obtained in the biosynthesis of Co-Cs alcohols, to



fermentation was 8. 7% vol ., isopentanols concentration 920 ng/l, i sobutanol
concen- tration 480 ng/1, and the total content of Ca-Cs al CQ@ma§cw\@§o72 3%
of the volune of ethanol. 20 Ethanol, Ca-Cs al cohols and other volatile
components were distilled off fromthe after- fernmentation culture liquid
(mash). C¥oCsesakeohol s and other volatil e conponent s rravsezdme/o§1asd her
processed i nto hi gher hydrocarbons as described in the foregoi ng exanpl es.
Car bon di oxi de obtained in the bi osy36 hesis of al cohols was mixed with

bi ogas, con 25 taining mainly nethane; and with water steam and directed to
the reactor for synthesis gas production. Conversion of the source m xture
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Met hanol obtai ned from carbon di oxi de was nmi xed with ethanol obtained in
bi osynthesiis; 2g¢ the thus ob- tained mxture was oxidized at 450-550C in

the presence of silver catalyst by the mx- ture of oxygen and carbon
di oxi de, obtained in the biosynthesis of C2-Cs al cohols, to 20 March 2007
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L- 4000ﬂ(qﬁﬂd35t1ﬁte16@@1edcm%urrptl on 0.8 m per 1 kg of the grain starch).

I nqustrial enzynes produced by Ende Industries Inc., USA have been used.

As a result of the enzymatic hydrolysis, the car bohydrat es concentration in
To the substrate were added: superphosphate in an amount providing a P20Os content of

200 mg/l, and aminoacid hydrolysate, obtained in the enzymatic hydrolysis of protein
of the distillery dreg free of alcohol, previously purified of ammonia and asparagine by
known methods of ion exchange, in the amount of 100 ml/1 (400 mg/1 of amino nitro-

20 gen), The yeast starter biomass S. cerevisiae was introduced to the substrate in the
amount of 5 g/1. The fermentation was carried out at 38°C and pH=6.0. The speed of
fermentation was 3.6 1/g*h, the ethanol concentration at the end of fermentation was
8.7% vol., isopentanols concentration 920 mg/l, isobutano! concentration 480 mg/l,
and the total content of C3-Cs alcohols was 2.3% of the volume of ethanol.

25
Ethanol, Cs-Cs alcohols and other volatile components were distilied off from the after-
fermentation culture liquid (mash). Isobutyl and isoamyl alcohols were separated from
the Cz-Cs alcohols. The mixture of Cp-Cs alcohols obtained after extraction of isobutyl
and isoamyl alcohols was dehydrated in the presence of Al,Og catalyst at 300£100°C,

30 while isobutyl and isoamy! alcohols were dehydrated in the presence of AloOj catalyst
at 250250°C. Isobutene and isopentene thus obtained were then hydrogenated in the
presence of Ni catalyst at 150£50°C and a pressure of 1-2 MPa into isobutene and
isopentane by hydrogen obtained from biomass and /or by hydrogen obtained from the

water obtained in dehydration of alcohols, Conversion of the water is carried out by the



the substrate reached 16% 15 To the substrate were added: superphosphate
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t he p|T E‘eﬁ(il@ Rl pjOCesstcaR to et catB8OH0Q arntle argeresamechs b Atda into

i sobut ene aaadpel 50BN EAIR BYn AN imped from bi onass and/or by
hydr ogen obtained fromthe wat g{rg%g?ea?%r)\fe l\?lﬁ ‘dehydration of al cohol s.

Cong\D/ersi on of the water is carried out by the 20 March 2007 WD 2005/ 040392
PCT S%h%hﬁ@&u@ed@@é bR {b%ge% d i sopent ne thus
obt ai n@%d\eé g with uﬁﬂ satQﬁJ;rogtgg’g (%%Bgépa%g?ﬁgﬁ%e Gbt g?

dehydrati dn Eflcth? %%rF%%WHPﬁ%TPSF%WI@ were iﬁb&@@l‘aﬂud teapries she e of 0.5-1
MPa i npreh@lce @éptatinueoit RGO, A8%: ﬁsﬁ%ﬁéﬂé Itauox§ %lg@l?(dag calftlini /a2 resul t
of t he; @b%hﬂnses@ure O)féngrl}%[ sat u§ate CG- rOCar bons was 208 5
tained, which {s a §oo Gt %rloaés%llll?h%"lcf%féill 83 aThiadysalylat i on

pr oces’%u”%aﬂﬁlai%ahb@ocabonedramumtaimdt hﬁs@n&@c&@@@?ﬁaﬂ?{daﬁ“&?&% &S0 B p@f-al yst ~ and

a tprrggﬁﬁ@ ressu a. 10 Moreover; unsaturated
C2-C5 hyd rdé%gtﬁl E ﬁ%ggg%)g‘ﬂgg “}SﬁQ&%WSF%%?%%Bth%é‘né@rl?ré%%ﬁél -2 MRg. C2- C5

al cohdl8bsierie- G Redrooprbing ebipizré Stonwrergdnesene 1hwerief of ghangs heat ed in the

used as components of motor fuels.

Example 34
20

Crushed corn grain was mixed with water heated up to 80°C in ratio 1:10 by weight
and was let to stand at this temperature for 10 minutes, after which the temperature
was elevated to 100°C and the mixture was let to stand for another 30 minutes. The
substrate thus prepared is directed for sterilization in an autoclave at 150°C for 60

25  minutes, after which the substrate is cooled down to 37°C. As a result of the overcook-
ing of the flour the starch concentration in the substrate reached about 6%. To the
substrate was added aminoacid hydrolysate, obtained in the enzymatic hydrolysis of
protein of the distillery dreg free of alcohol, which hydrolysate had previously been pu-
rified from ammonia by known methods of jon exchange, in the amount 100 mi/1 (400

30  mg/l of amino nitrogen). After that starter bacteria biomass Clostridium butylicum and
Clostridium acetobutylicum (in a ratio of 1:4) was introduced to the substrate in the
concentration of § g/l. The fermentation was carried out at 37°C and a pH=5.5. The
speed of fermentation was 4.0 1/g*h, the concentration of alcohols at the end of fermen-

tation was 2,08% vol., including 0.24% vol. of ethanol, 0.12% vol. of isopropanol, 0.03%



presence of platinumto 20050C. As a result of al kylation, which was
carried out at O0- 10C and a pressure of 0.5-1 MPa using 90- %%g A Phys i C
acid as a catalyst, a mx- ture of Cl2-Cl5 hydrocarbons was obtained. This
process of al kylation can also be per 15 forned in the presence of AlICl3
used as awoab@lysd2: at 50- 60C and a pressure 1-2 MPa. pdiisgh@iodia- C15

hydr ocar bons obtai ned fromterpenes and | ower C2-C5 al cohols were used as
conponents of notor fuels. Exanple 3? 20 Crushed corn grain was mxed with
wat er heated up to 80Cin ratio 1:10 :by wei ght and was let to stand at
this tenperature for 10 mnutes, after which the tenperature was el evated
to 100@oarodlsbhetaﬁbpsmm%msoﬂxﬁauﬂaﬁoﬁb%@ far oA0OLNE] andl o UL &5, The

substr hu re is directed for sterl I on rn-an auetngrc?fave at
150C fgfrc’%é% 5‘% %’ﬁﬁ?’g é’?feé?leWIE%“faﬁ@ %@l?sftvphmee is cooled down to 37C. As

a result of the overcook ing of the flour the starch concentration in the

substr 6% To strate was added am noacid
hydr ol %gtfﬁel%ggﬁ %@a SOER %F;‘i%i?l?lé R RlceTeyguid efftaingddr dhafeotien-he

di ?tﬁ i 11 rcfroyl drtby gxfameetaocsh edrciohrocesebd Gho Ryghee hy&%tz%bgﬁ'ga@&@s\éhg%lry bei npy
rifie excnan I n the anount

m /| Zo%ﬁga /1 Pe‘émk%ego% {?F% 5%%?66%1#@? dt‘ﬁfaf{mgg%? eeiurp ighist was bi omass
Cl ostr FTGPﬁ?ﬁ]hﬁ @qlla@drﬁr@innl cox@de@sa’mardﬂowhtaﬁ@tmbdﬂﬁgel df QiAo B aﬁ:oh@l’f Le-of 1:4)

wa n d conce ation of 5 The
for ment op e PAROR O RIS, Yl af AR LS R e ettt rom

f er mentit PR REdtained :w@hmrogmt@dndbnprmnmfo\ﬁ cattehat ss@t1okbenend of

f enorena prabi@bWaS 18:08% ¥Qlcorred Aol 4 of ethanol, 0.12% vol.
of i sopropanol 0,035 30 Marohedl O B e Dt SEa004) 001554 59

vol . of isobutanol 1.61% vol . of n-butanol, 0.05%vol. of isopenthanol,

and cofcemt Caalcbhaﬁl tafis @B@thﬁﬂew&te Brigz1end éifl i \?:{1?'%!5 4’ %o by
al cohol sgext%ac%edt rom he c\éﬁ?‘uegqe l'iquid

vol une m Xt
obt ai n& SlH’?eﬂtehaérl r‘?g%"m‘?-? lflﬁ“it?rﬁﬁ”aé’fu%eﬁélsg%%mp%]@aﬁf@hg@mﬁnbe processed into
hi gher hydrocarbons as described in the foregoing exanples. Acetone that

hags begp.-gi. £ £or cul Ii uid was treated by al dol and
crot on cgﬁdé %%tttlﬁ%n(%{;tglegb?{?r ??ﬁ‘%%‘ﬁreg’ HestRisneedarigh Byreringe- sityl
oxi de,°btppdiebioamthens pt iyl thaeapdifdatiph o@xat@lao@:ﬂéhucé%&@ﬁ@@@ were extracted

;{ 01m5 (%l_j}obgrﬂ%l@télr (8,208h ARG, %ﬂqemﬂ hOQ8NRaLE e‘f T ltavg Phs 2130 hed Ls QI | catalyst

component for motor fuels.

20 Of course, the possible embodiments of the present invention are not limited to the
demonstrated examples. These examples demonstrate only some of the possible routes
of the inventive embodiments of the process of biomass processing, including biosyn-

thesis of lower alcohols, for producing higher hydrocarbons, including oxygen-
containing hydrocarbons.
25



10 a pressure of 1-5 MPa into the corresponding C5 and C9 al cohols. C5 and
C9 al cohol's, thus obtained, were brought together with di ace;@pmrét 866!
and nesitylene and the obtained m xture was used as a conponent for
gasoline. 15 Moreover, acetone distilled off fromthe culture Iiquid was
condensedwwiztidsogdsyceri ne, obtained in biosynthesis arcTigr26oneo1sss

saponi fication of fats, to produce acetone 1,2- glycerineketal

(2, 2-di nmet hyl - 4-oxynet hyl 1, 3-di oxane). The latter was al so used as a
component for notor fuels. 20 OF coubse, the possible enbodi nents of the
present invention are not limted to the denonstrated exanples. These
exanpl gﬁ nstrate only sone of the possible routes of the inventive
enbodi ment's  of the process of biomass processing, including biosyn- thesis
of | ower al cohols, for producing higher hydrocarbons, including oxygen-

cont ai nj ng ?xméﬁﬂsawggé%sf@ﬁggﬁgg;@bnm&bo af 003 DI0RILCHonE 004/ 001534

53 CLAIMS 1. met h nte Ing fernentation o ohydrat
subst r dhegickha slaekdasintgutilijatioy pehen-dfrmenéadiio brgangntithgtdnces at thonfenf

non-§ erpEpbad] eaiERNEGnSURSE ancas,obr; ]Eﬂi‘@'pefrgfién Bt TENHREH AN ATBHh HiFhte

conprising the steps of: preparation of an aqueous carbohydrate substrate
wi th a TRPEYRYHHAR SATEemts srrcahi3omeogh Coirpririsingg? 80Y6t PLRILEEMI t r ogen;
f er menttimgnting tB4REbERLE th AnaieRVElAbénteANEERt 1811000 oOfhelobowhiBFoeda-t he
follomnnghgrgd- ugts Q%-CS al coho] s ggycean, acet al dehyde, acetic acid
and acétBhi CarlfaeisaftTBh S6Ftaldaaide, BEEtHT wdticpd AcPoRer i FErREIRat on
medi umdesihal potietiszedn ithe tdrailentadisn thelisay eB&ratferofe dnint thagess, the keus@ no
aCiH§ k@g&%ne g%oqugin@j valine, . or.a m.xture thereoglis add tp t he
aqueousT EE SRy ER ArEnE GHSP MG RO R ot pPo% PGS e RTIS Pani no
ni tro- tgeaqiaeus aabolinydrat eubiibst ate aofoufnt red@i0y taocohPéhtnifj Ainin@ nithet hod of
claim ~ Lzed o) f fermentation is carried 15
out at%glgggggg%ﬁﬁg%ggféga%ﬁgkgé?Eﬁg%r. §%g et hod of claim 1l or 2,
characterized in that the carbohydrate substrate used is beet or cane

nol asses, SPEGRArdZednst amladieflbel 9 veNZNIRlbGsS bRk -MaERlY SRk Rl Of
different kinds of grains or potatoes. 20
out at a speed of 2.8-4.0 1/g per hour.

3. Method of claim 1 or 2, characterized in that the carbohydrate substrate used
is beet or cane molasses, saccharized starch (acid or enzymatic starch hydrolysate) of
different kinds of grains or potatoes.

20
4, Method of any of the previous claims, characterized in that the content of

amino nitrogen in the medium is of from 320 to 400 mg/l, preferably 350 to 370 mg/l.

5. Method of any of the previous claims, characterized in comprising the further

25  steps of: condensing yeast obtained in the fermentation of carbohydrate substrate to a
dry substance content of 5-10%; and autolysis of the yeast protein at 45-55°C for 24-
48 hours for obtaining an autolysate exhibiting a content of amino nitrogen of 3000-
8000 mg/1.

30 6. Method of any of the previous claims, characterized in the further steps of
condensing suspended substances contained in the fermentation medium after fermen-
tation of carbohydrate substrate and separation of alcohol therefrom and to a dry sub-
stance content of 5-10%; and, either acid hydrolysis of the protein contained in said

substances using sulphur or hydrochloric acids or enzymatic hydrolysis of the protein



4. Method of any of the previous clains, characterized in that the content
of amno nitrogen in the mediumis of from 320 to 400 ng/l, spiet&s agsy 350
to 370 ng/1. 5. Method of any of the previous clains, characterized in
conprising the further 25 steps of. condensing yeast obtained in the

f er ment at worrossfos@axr bohydrat e substrate to a dry subsg@mmeogontant of
5-10% and autolysis of the yeast protein at 45-55C for 24- 48 hours for
obtai ning an autol ysate exhibiting a content of am no nitrogen of 3000-
8000 ng/1. 30 6. Method of any of thé%previous claims, characterized in the
further steps of: condensing suspended substances contained in the

f er ment at,i Lk r - I ar bhohydr.at e .s t.rate _and
separ at‘?’%lrtlaglg?dglldéco o@%t%gcreféﬁl P {)ﬁ%&g% 2 olggn rya(%lsclﬁ{fﬁpés/r é%résé foéﬂt){)%t%aé‘%]tngoafn 5-10%
and, eiakbhydelveatspdpoltsiss sxlgbitinge qontméiohamont mitmech $iR0ORHTWO0suPEt ances
usi ng sul phur or hydrochloric acids or enzymatic hydrolysis of the protein
20 March 2007 = WD 2005/ 040392 PCT/ SE2004/ 001534 54 contained in said

subst ances UStRRY Bl 366l thei rredpysy faime hestnierieedin cobprisiostthe fintberan  aci d
hydrsol yg@dseorobedbR! &ivatRRhirlichdingsify aoNkaRt BfurAThNo: M dk Q8RR 2000- 6000
ng/ 1. fg Met hngl. of any of the previous, clains, characterized in conprising
the furPA&FmSNtoRmETm Bl PRI ot FB RO e asbsigierryd rpavptionr

sol ubl efslibEblahessrongnbaidatthd e yehe thes abikadd @ aBdiubiakt ebnker gent ation

of car drate substrate and separat] al cohol therefrom, condensing
t he ye%g? é{t"hﬁ’%‘?%tjoi’fshse%[ @8 yﬁaﬁr%?&fﬂb%ft %ﬁ"égpé69%99‘%‘?’&5?“&5@1@%“3% 2Zut ol ysi s
of t he ap¢dptatpedtibiting at codben 5Carhiin Adedd TAMOS-F0WO APtlai ni ng an aut ol ysate
exhjgbi ting a content of amino nitrogen of 3000-8000 ng/l. 10 8. Method of
claiml or 2, characterized in that the carbohydrate substrate is an acid
hydr ol Ysat eMgthagled!] dgitys &-ot @nchanactegizedtiorthat the Srbiiptdhad sobsehiaiimas,

char actefq mRdobdhil BatenhNR 8 o of yno nitrogen in the 15 nmediumis
from120 to 105 ng/ | .e 10. el\/E?‘h%g‘g %glaéelq%% 8 or 9, characterized in

conprising the further steps of: aero- bic cultivation of yeast with the

pent 0se, conf@idydng Jlﬁﬁﬁ@,n&ﬁ’érh@ﬂ%rﬁ@l&“iﬂ%étf Be chREAEL arhiBb o fAfRONYdr at e

sublgtrate_and separation of alcohol therefrom condensing the 20 yeast thus

obt'di n&FHE & G Kbl vdBedont ent of 5-10% and autol ysis of the yeast
protein at 45-55C for 24-48 hours for obtaining an autol ysate of yeast
protei M08 hl-lflgf!ﬁo_d of claim 8 or 9, characterized in comprising the further steps of: aero-
bic cultivation of yeast with the pentose containing fermentation medium after fermen-
tation of carbohydrate substrate and separation of alcohol therefrom; condensing the
20 yeast thus obtained to a dry substance content of 5-10%; and autolysis of the yeast
protein at 45-55°C for 24-48 hours for obtaining an autolysate of yeast protein exhibit-

ing a content of amino nitrogen of 3000-8000 mg/1.

11, Method of any of the claims 5-7 and 10, characterized in that the autolysate of
25  yeast, the acid or enzymatic hydrelysates of yeast obtained, or a combination thereof, is

used as the source of nitrogen in fermentation of carbohydrate substrates.

12.  Method of claim 11, characterized in the further step of removing asparagine
and ammonia salts from the yeast autolysate, and acid or enzymatic yeast hydrolysates

30  containing amino acids.

13. Method of any of the previous claims, characterized in that a mixture of alco-
hols is separated from the fermentation medium by means of distillation, exhibiting an
ethanol content of 96.9-99.35 a content of Cs-Cs alcohols of 0.65-3.1% by volume,



ing a content of am no nitrogen of 3000-8000 ng/1. 11. Method of any of the
claims 5-7 and 10, characterized in that the autolysate of 2om4easbeot he
acid or enzymatic hydrol ysates of yeast obtained, or a conbination thereof,
is wused as the source of nitrogen in fernentation of carbohydrate

subst r at ew0 28@/04001 hod of claim 11, characterized in tdwsrhunbhess step of
renovi ng asparagi ne and ammoni a sal ts fromthe yeast autolysate, and acid
or enzymati c yeast hydrol ysates ggnt ai ning amno acids. 13. Method of
any of the previous clains, characte zed in that a mxture of alco- hols
is separated fromthe fernentati on medi um by neans of distillation,

exhi biti ng an ethanol content of 96.9-99.35 a content of C3-C5 al cohol s of
0. 65- 3. 3%&%%&% .20 Qhrch 2007 WD 2005/ 040392 PCT/5E2004/ 001534 55

14. Met any Vot Hhe cikims 11121 shatagtgrizedein thetamixtuna bl alcsiots isr e of

al cohol %pﬁlsaieds@prartae éﬁrrfelhwﬁohhﬁecfl@ﬁln'@.ﬂ{l@iﬂn@rh EBRALMDr é‘?&@#u}?' EBQ@ ﬁf(‘? ‘i’ ngegt .
s

of gly 1.0 f

and acge'?lg éﬁ{/égqo 4%‘20370%16 %/% éWrﬁé’etai#hY%Pﬁg%ﬁéﬁ 2Hhypyolt he

cl ains Wna2, characterized in that a mxture of alcohols is separated from
t he fernent ati on nedium exhibiting a content of glycerin of 35.0-35.9,

et hanol_ _of 30.5-31.0, C3-C5 alcohols of 1.5-2.0 and acetic acid of
31.1-3251% waqfawm@@e claidns Migheltareéteaizpd dh thivea edigtub® oflaidahols is

char actsepiraed fidh thalereBABH Sl LBl e 539RRLALEG, LLOM L oo grrent ati on

medi um__.exh a_cont ent acet oneo

56. 0- 5§“‘§“°LP#1§4%§Q%@ @3-8s glopbglsiod dpt-8pannd aofti0addhfB1.i-sphet ambl of 1.1-
15 10. S5urnand i sopentanol of 1.8-2.2% by volume. 17. Method of any of the
previous clains characterized in conprising the further step of., using
Cl- Cs al cohol s, glycerin, acetal dehyde, and acetone obtained in biosyn-

t hesi s1pn pMeﬂhadloﬁgma df&h@l’cla‘iltiml—IQOcﬁhgactWﬁEQ@qnocEa@QyprQ&u%tQﬁ claios S5-7

and 10gl17,. erized risin h further ste rylng up the
excess" Otfé@?r%; etth geflﬁgmﬁg%%f“ FoLehitgre asantest ah a@rﬁ‘i’n@‘ 9fe1S.5-88d, 25 109.
Met hodndﬂfut@ﬂl(éw%fis%% anethbBelld, 7. S18amaCk e5ropRehlidh ocaRr kSihnthdoher § yr t her

SU€P 1.5, and isopentanol of 1.8-2.2% by volume.

17.  Method of any of the previous claims characterized in comprising the further
step of: using Ci-Cs alcohols, glycerin, acetaldehyde, and acetone obtained in biosyn-
thesis in preparing a motor fuel.

20
18.  Method of any of the claims 5-7 and 10-17, characterized in comprising the

further step of: drying up the excess autolysate of the yeast protein for use as an ani-
mal feed.

25 19, Method of claims 5-7 and 10-18, characterized in comprising the further step
of: biosynthesis of methane using suspended substances obtained in the acid or enzy-

matic hydrolysis or autolysis of protein with the excess hydrolysate as a substrate.

20, Method of any of the previous claims, characterized in comprising the further
30  step of: obtaining higher oxygen-containing compounds and/or non oxygen-containing
hydrocarbons, including those having four and more carbon atoms in the molecule us-
ing the product mixture of C;-Cs alcohols, glycerin, acetaldehyde and acetone separated

from fermentation medium.



of : biosynthesis of methane using suspended substances obtained in the acid
or enzy- matic hydrolysis or autolysis of protein with the exgfBsch 2007
hydrol ysate as a substrate. 20. Method of any of the previous clains,
characterized in conprising the further 30 step of. obtaining higher
oxygen- cowbansjomgoronpounds and/ or non oxygen-cont ai igTgE26AdsIezar bons,

i ncl udi ng those having four and nore carbon atons in the nolecule us- ing
the product m xture of Cl-C5 al cohols, glycerin, acetal dehyde and acetone
separated fromfernentation medi um 520 March 2007 WO 2005/ 040392

PCT/ SE2004/ 001534 56 21. Method of claim 20, characterized in conprising
the fur4her : LAY obt ai ned. i.n _t he t hod gf ‘cl aim
201 n" oy Spar o, 8 ctaliFo00ehd SocFATR U HmCBEN &) AR kel Bep T (36 Bl

char act@mpeeadp ghtegmdrinshagetind of glih &0 istrepsarefion diemo®r fyds.at i on of t he
product m xture of G -Cs al cohols separated after fernentation in order to
obt ai n unsaturated C2-Cs hydrocarbons; reacting said unsaturated C2-Cs

hydr ocat% bR ehclaiphePesies, ehesasteriged i comprinipisahe artheratenorl der obt ai n

al dehy degiratiydsrane Basdulct ABxiafe srat,doah AebMKARS o ihd Dafe- MLt 4k 81 Bf inhiraker
al cohol s, .al.ternatively salqgﬁldehégfs are "first condensed into higher
unsat urBtPF R gERTBE A cn i aca Rens RSrfto gkt Basathrased forGerjwdrocar-

C(ﬁr res m_divﬁgz Hinghets @tigraaiyeldofa:]trﬁﬁiiﬂﬁdrﬁma&?mn B&?‘iﬁ@i@ Q@ef@!d@i;rﬁyagogerﬁa— _
characteri zed. onprising the t her steps . _preparjng. .synthesis gas
fron1bﬁgﬁﬁégagkggépgg?Bﬁ?ﬁgg¥gge8géﬁﬁﬁbﬂcﬁﬁﬁ%ﬁ@BEFg€§§§?ﬁﬁggﬂuﬁﬁ%w§épa-
rat ed piredomtdensect inte higiteo uhnisghesteh wilicbgdehanvh £2-iGsn agiddseanddantoret hane
obtgi n i achem r,.carbon di oxi de obtai ned by bi ocheni ca
neaﬁé.% zF&%gﬁﬁggﬁ%?ﬂéﬁ%%%Frgﬁgg%Pgﬁﬁ; 20-23, characterized in conprising
the further steps of. oxidizing the product m xture of C -Cs al cohols
separ atgd a far I ol p - f L QXi ai ned
By bi ocnern el oo B 24 SRraclbraed RIS S5 ey qes P SR at i on of
sai d alstefrgsie£ap fros @_Ofﬁaﬁ? anrd/ Oéifro!fﬁ yheles gbisinadriatthel pmcel@sh}%yﬂ@_s Sepmd
subsequark HYMQGeRALE %o'l’ﬂél%r%yﬁ%@é%ﬂ{oﬁs,oé -89 aﬁga&orﬂgﬂhaﬂe bh@hei satu-
an

;
rat ed g% oQg%sn 25. Method of any of the clalns 20-24, characterized in
coﬂ'gri ﬁ?go iga) pregBs or garben dipgidsrobtaief, by hiorbemishl stus-at ed C4 and hi gher

al cohol's into the corresponding un- saturated hydrocarbons; and _
hydr 0g6gat g0l SALG, UPsal Eat edhydr gear BOns. 4 et S 309N "9

steps of: oxidizing the product mixture of C1-Cs alcohols separated after fermentation in

the presence of carbon dioxide, obtained by biochemical means, into a mixture of C)-Cs

20  aldehydes; condensation of said aldehydes into a mixture of higher unsaturated alde-

hydes; and subsequent hydrogenation into a mixture of the corresponding higher satu-

rated alcohols.

25. Method of any of the claims 20-24, characterized in comprising the further
25  steps of: dehydration of saturated C4 and higher alcohols into the corresponding un-
saturated hydrocarbons; and hydrogenation of said unsaturated hydrocarbons into the

corresponding saturated C4 and higher hydrocarbons.

26.  Method of any of the claims 20-25, characterized in comprising the further step
30  of: dehydration of saturated Cs and higher alcohols to obtain the corresponding ethers.

27.  Method of any of the claims 20-26, characterized in comprising the further step
of: reacting unsaturated Cs-Cs hydrocarbons of iso structure with methanol to obtain

the corresponding methyl ethers.



26. Method of any of the clainms 20-25, characterized in conprising the
further step 30 of: dehydration of saturated C3 and hi gher a§ &ipsh 80470
obtain the corresponding ethers. 27. Method of any of the clains 20-26,
characterized in conprising the further step of: reacting unsaturated
Cs- Cs hydwoceanrstsansgz of i so structure wi th nethanol to mhrsnendoabe
correspondi ng nethyl ethers. 20 March 2007 WD 2005/ 040392
PCT/ SE2004/ 001534 57 28. Met hod of 32y of the clainms 20-27, characterized
in conprising the further step of: idizing the product mxture of Cl-GC5
al cohol s separated after fernentation in the presence of carbon dioxide,
obt ai ned by bi ochem cal neans, in order to obtain a mx 5 ture of

of sald ixture into a m xture of higher

al dehy tio . e

unsat ur‘at ed an?d a‘gﬁ%&‘é(s"? S Sl Hy2Lashrrarisaiced & eemarigaryie Surther sk
presencé efidiciaghbe plodak textued of Caloaa&oiams Repshen gad- ERANRatd Py M xture
bt ai b Retas Bt U G A SO bt Birch SFigabgcinaih Gt ocm i
char5acttéf€i dleddehydesnpridshsagionhd shidr ﬁ'zlils&ﬁreSﬁ'@@& rﬁlxtuﬂaydirlﬁgh@%tat&ateaf the
e B B e D A S o SRR Tt o o

sat ur at ed aci ds wi t i net han st ers.
30. Mett®Bad &7 Pintjicwical meaes divtesa 2xt2es ohigh@otesmhrectd avi¢oNRHishdgigt he

f urt hesaidls & BiRs nRkn ol 8P AL i ng carbon di oxi de obtained
by bi ochem cal neans, nethane o f%%ﬁgg%ggiﬁ?%%%' ge&%\l means, and hydrogen

obt ai ned fron1b|onass and/ or by blochenlcal nmet hods in fernentation of

carlbohpdr at Blesislsr A4igs 27 A8RHAE LR I\P@éof?ﬁpns@%% gr&e“ ﬁﬂ»ﬂ}%l %}@% & Shﬁ!gl% of

alcoholségbta%ne I n blosyntheS|s racterized
in conprisifd ttﬁ“”éh’fg&?“t Hesatagasyd aids %f%%éltah@ﬁswmt@%ecudest maholactng keiflat ty C4

and  hi ghteraad iadisls totHNNOAULE thli0tLO 1K ESHARAGLIN £ 5183 csfdfs, Method of claim
31, characterized in conprising the further stép of: oxidizing C4-C5

al cohols fromthe product mxture separated after fernmentation to obtain C4
and 280hi gfiethofl aiftanyacti te; clamgy ar-29 Q;wf&dﬂasteii ol LAnRidAldeY nRdHS!

f ds f | ] d/ f t f
Fais t nEBh GEPHuRPalln crtbidland Sl e B e Rt Bk osRobiel mrsiems 20- 23,
char ac%?ﬁ@é@bimn@bbmbloshmcwhaem tahémyd&igezpsbfbﬁnecﬁﬂbmdﬁaihbéma&f/ osat urat ed
A andb}hbﬂbﬁém@gﬁﬁgﬂﬁ épfepmrslll"tgh&? ! f &R %@%rsggg?g%ﬁza%éj ﬁ %?'n gﬁt&and

hi gher hydrocarbons reaction of said T hi gher
fatty QEFEEd fpresessing @frPéCOéJ@IrSrCé)é@m@l imbjoestterss.

20  31. Method of claim 30, characterized in comprising the further step of: reaction of

the methanol with fatty C4 and higher acids to produce the corresponding esters.

32.  Method of claim 31, characterized in comprising the further step of: oxidizing
C4-Cs alcohols from the product mixture separated after fermentation to obtain Cq and
25  higher fatty acids; and/or biosynthesis of Cs-Cy fatty acids; and/or extraction of fatty

acids from tall oil; and/or saponification of fats in order to obtain fatty acids.

33.  Method of any of the claims 20-23, characterized in comprising the further
steps of: dehydration of saturated Cs and higher alcohols into the corresponding un-
30 saturated Cs and higher hydrocarbons; and reaction of said hydrocarbons with C; and

higher fatty acids to obtain the corresponding esters.

34.  Method of claim 32, characterized in comprising the further steps of: prepara-

tion of C; and higher fatty acids by oxidizing C;-Cs alcohols from the product mixture



34. Method of claim 32, characterized in conprising the further steps of:
prepara- tion of G and higher fatty acids by oxidizing C-Chy fzsah94¢7 from
t he product m xture 20 March 2007 WD 2005/ 040392 PCT/ SE2004/ 001534 58
separated after fernentation; and/or preparation of C2-C5 fatty acids via

bi osynt hewogpospaned or extraction of fatty acids frompaaidea@ishoisand/ or
preparation of fatty acids by saponification of fats. 5 35. Method of any
of the clainms 22-24, characterized in conprising the further step of:
reacting the unsaturated C4 and highé$ hydr ocar bons, obtained in the
dehydration of the corresponding saturated al cohols, with C2-C5 al cohols

obt ai ne@phsatdd &STERESIS: D an@%xa]blré I’U.Qi%lo R I'CG%OC}QQ? ngldest he 1sof3%nlt 853?6 Met hod

of _any of, the clajnms 20-24, charact rlze in"co SI'ng st eps
extPRLET SKEBTIRS el fitianacian drors dpl ilamadf fPromelpHE&iImxbﬁJ frgtyohcidatoyr at ed
hydro sepotiftgiont@agkl on Wi th unsaturated C2 and hi gher hydrocarbons
obtained in the dehy- dration of the corresponding saturated al cohols to
obtain saturated C6 and hi gher hy- drocarbons. 15 37. Method of claim 20 or

21, Sch&@bact detlmedfiany edtherdairR@d-be dHaridiefiz&d 8PS Bbrisin P HACRS /I Grel € QfEt abl e

and/ or f d/or. gl i ined in he saponi fication
fats, fSl:iljle Lo %%aﬁsﬁ&ggﬁegl%e%lqe%gg?r g%fﬁf"ﬁ”é@?@ PHtaRs5 By Bisydeharadng| ;
mi xi ng o8 ﬁ'}ecponl:esmmbyg saglicoftbblcuitdly vail: CsCabieohah sheapar atigskyatials to

fer ment,gtdiO e &rn%g 1?1 %&h&f hi gher 20 oxygen-contai ni ng conpounds and/ or
non oxygen-contal n é/) rocarbons, including those having four and nore

carbon atons in the m)l ecul e using said mxture. 38 Met hod of claim 20 or

10ch . f ;
alyeer Lh oxiracted rom o et oo siiregpaedt i YmeBhind LEERReg o

gl yceri n extracted froma product mxture o
fer- 2B RBRtATEALIGT olciapRye rat dsenshisme dtas thejetiytiracf extuodtes aydrogl ycerin

i nt o acarbbed; rreadlbbnd&h@g@ﬁ%th%’c Qic,agolighd? Hyat §,y2nd
propyl .al cohg condensati on 8 2sal d};% oplygn(%gp[goq%e %i‘ e&rg%%/%e YC3- Cs
[

al cohof X8Rt ithe T FFPPRIRE SelteEd Weo Bothfaingredeentedibs tndttegher dryd

pr opandtocatitas.ned i n hydrogenation of acrolein, into the corre- sponding
preopanal s; alternatively propionic aldehyde is first condensed into unsatu
30 rated i sohexene al dehyde, which is then hydrogenated into the saturated
al cohoB?.i sddethekafiolaim 20 or 21, characterized in comprising the further steps of:

processing vegetable and/or animal fats, and/or glycerin obtained in the saponification
of fats, and/or glycerin obtained in biosynthesis into n-propyl alcohol; mixing said n-
propyl alcohol with Cy-Cs alcohols separated after fermentation; preparation of higher
20 oxygen-containing compounds and/or non oxygen-containing hydrocarbons, including

those having four and more carbon atoms in the molecule using said mixture.

38,  Method of claim 20 or 21, characterized in comprising the further steps of: ex-
traction of glycerin extracted from a product mixture of Cs-Cs alcohols obtained in fer-
25  mentation of carbohydrate substrates:; dehydration of said glycerin into acrolein; hy-
drogenation of acrolein into propionic aldehyde and propyl alcohol; condensation of
said propionic aldehyde with the Cs-Cs alcohols obtained in fermentation of carbohy-
drate substrates, and propanocl obtained in hydrogenation of acrolein, into the corre-
sponding propanals; alternatively propionic aldehyde is first condensed into unsatu-
30  rated isohexene aldehyde, which is then hydrogenated into the saturated alcohol iso-

hexanol.

39.  Method of claim 20 or 21, characterized in comprising the further steps of: ex-

tracting glycerin extracted from a product mixture of Ca-Cs alcohols obtained in fer-



39. Method of claim20 or 21, characterized in conprising the further steps
of . ex- tracting glycerin extracted froma product m xture 0% f3r&$20

al cohol s obtained in fer 20 March 2007 WD 2005/ 040392 PCT/SE2004/001534 59
ment ati on of carbohydrate substrates; dehydration of said glycerin into

acr ol ei n; woamesindensat i on of acrolein into the acrol ei rCTeNEm®r/001534
(2-fornyl -3, 4-di hydro-2H pyran); hydro- genation of the acrolein dimer into
t et rahydr opyr an- 2- met hanol ; while u5|€g the re- maining mxture of C3-C5

al cohol s obtained in fernentation of > ar bohydrate substrates 5 for
obt ai ni ng hi gher oxygen-cont ai ni ng conpounds and/ or non oxygen-contai ni ng

hy- o oneutaans of LaGbuslhag LIRSS ARMLNGLS] he: B SR QUL ARY, pLe car bor

at ons. 40 8$d of . claim20 or 21, characteri z I'n conprising

furt her &S%%%ﬂ acrglgin PF%&F? GRrodin e foforamigd érdhrde- ZH-Qmatnhehydm«t ure of

G - C5 adecotiol sf ®1hﬁ acnaeﬂ—z Idlﬁnére{rrto k0 ARt 00 20he @K PO NI AL &n S WS 1L at es;
addi ng p_%nrg fro ar bo di_oxi de obtained in ferfentation of
car bohydra be% aé(ﬁj © 6‘68 in WEFEYRHEOTR 0% frbioBydratesibsgriatat | on of

sai d rré@zhalvt@innagwti1ght:ma>mglen4cmhmrﬁﬂg mhﬁahyd&earandr acet ey gehydainlfr hy-

specti n 0 tained m.xture of fornmaldehyde and

acet al \égh%dg&lﬁhggméﬁ glgir}a‘t’m HE ST SHE & q:urzfél(ladfl%ﬁer?afl?ﬁnoa I9@Fol ei n di ner
(2-fornyl -4, 4-di hydro- 2H - pyran); 15 hydrogenatl on of acrolein dinmer into

t et r ahydr o- Ryt of C3-C5 al cohols
obt ai ned in fe%%tc%f}ﬁﬁgég%%kﬁc% el%ﬁ%m’tj gflgg}l? iurJéeéthel?soqf Bbt ai ni ng
hi gher UGkyige st esieanohiang aband dreds Uammmmrmh Cox géephobnblaiitien gn Hye-

dr doar beasatidng damd@lgdm%@bma%mdmr AR IDLEERLPRNLALONE, LA e

mmggt erized

nnleculg 20, 41 an alns 2
in congPiadt Pﬁgmtfﬁ@nema’ﬁ%efr C%rﬁve@sdr@fe substatans and dodesizen h@elmesitfm bt O - C5
al cohohmssepadationchfabidenefionpEmd ét%hmnu%%grdeﬁyﬁ Ry heetlif Lobt ai ned

from gI L0, duce sat urat al cohol s tUrat ed Cs
and hi g%eecrwee OPge‘%&ﬁ‘anegt%%P W@ﬁéﬁ}lxtﬁﬂ%&% PVO&E?JgghYWﬁndeacct?éql%dawo

r emai namlﬁmmndaisabbm bSacrblast inth &erblein giend ?Ilﬁﬁmy@-@dﬂr SRS ERUSH P{)

251t al II on,. fo duci n her en-contai n|
corlr%)ouﬁ%gmg&(f} 08 of %gr%%bn GER- ﬁé‘iﬁ’ntfe%f"%cﬁﬁ Wﬁ’?géﬁ B@ﬂ%l %ﬂ% Flthﬁeﬁ%j‘lrflﬁése

havi ngmiFurhel %Ceelqbleoiﬁ» thtalmntim ﬁ&nnmtaablboﬁcmﬁmﬁdra@suﬂ‘dﬁhl&&ds afse@l ai m 41,
char acfogrolbgagﬁil fu te dehydra- 30 tion of the
sat ur at ed n'gﬁn%l ghe %,gel ttQﬁmg{ él:{lﬁg aﬁﬁ/ %roﬂ%%%%floﬁ‘?nﬁf‘még " al co-
hol s, %C@@Paﬁ ﬁnﬁﬁélﬁﬁﬁhfa‘ﬁécﬁ\'% fandaind gioer cdrppan atandionsie rasleediy dr ogenat i on
of said

20 41.  Method of any of the claims 20, 21, and 37, characterized in comprising the
further steps of: condensation of the mixture of C1-Cs alcohols separated after fermen-
tation, and/or n-propyl alcohol, obtained from glycerin, to produce saturated Cs and
higher alcohols, saturated Cs and higher esters, and Cs and higher fatty acids; while
using any remaining lower alcohols, that did not condense, and gaseous products, ob-

25 tained in the condensation, for producing higher oxygen-containing compounds and/or

nen oxygen-containing hydrocarbons, including those having in the molecule four and

more carbon atoms.

42.  Method of claim 41, characterized in comprising the further steps of: dehydra-
30 tion of the saturated Cs and higher alcohols, obtained in condensation of Ci-Cs alco-
hols, to obtain unsaturated Cs and higher hydrocarbons; and hydrogenation of said

unsaturated Cs and higher hydrocarbons into saturated Ce¢ and higher hydrocarbons.



unsaturated C6 and hi gher hydrocarbons into saturated C6 and hi gher
hydrocarbons. 20 March 2007 WO 2005/ 040392 PCT/ SE2004/ 001534 fMarcH 3007

Met hod of claim42, characterized in conprising the further steps of:
reacting unsaturated C6 and hi gher hydrocarbons, obtained in dehydration
of the cowoes@Eoadgbng saturated al cohols, w th non-caondesrs®edo@GszCs al cohol s
to obtain the corresponding C7 and higher ethers. 5 44. Method of claim
41, characterized in conprising the erther steps of. dehydra- tion of

non- condensed | ower al cohols C2-C5 tg¥obtain unsaturated C2-Cs

hydrocar bons; al kylation of terpenes by unsaturated C2-Cs hydrocarbons to

obtain €12 andhhi ghekiriv2, dh i r 4
characteri zed,i.n COE@BI S|2ng ?ﬁgfe?%;éﬁﬁgg&gﬁgm A&{h@% t% g{eﬁgrp{ Ijea%ﬁ"gdnd

hi gher FAVFVAES Gdn %%rri“é@“i%’ir%ﬁd@ﬁwﬂé% Seltydontigsoibe sho kspongirteh
unsatu r@ttmtite(aﬁalambldj vghehoR el Re8ED oSy 2RLBIsNE Sbkdln ¢80 }é&frg&;ﬂoﬁﬂ (r:%fc the

correspﬁbﬁj‘glge %EEturat ed al cohols, to obtain the correspon
hi gher es ¥6. Method of cl ai m 41, characterized in conprising the

furthher step of: reacting the C2 and higher fatty acids, obtained in the

process0f Her | ndensat wi.t.h terpenes to obtain the
cor r espondi ng @2& C(:Faggl'hl ghcgl(rgl agcg ’Z’?‘%‘i nﬁﬁmﬂl?nsl%tﬂﬁ%g“ CrSHRPSAL $HYIFRevi ous
cl ai ns,Hogrdmaetenioedd leweroaiprhiot GigCt tteoﬁtaﬁﬂnmatur&te&ipsg of hyGepamahion of
acet oneyfyi Bt ¥ P XL Uk al-coh t aine er nent tion of
car bo hyd%y;t e sube‘?g‘s at es}ﬁuft&%%]g]ftzartré\?nF2 cl? ?lty 1@%%8?% A& Ogtm%c&oﬁllda%lég?r@f on
condenrE PG t o obtain a mixture of di acetone al cohol mesi tyl oxide,
phagone, and nesitylene; while using the mxture of the remaini ng C2-C5

al coholg folg1 %bt ai_ni ng hi gher oxygen 25 contai ni ng conpounds and/ or non
oxygen-'cont df PR (ot PhBRs ShirAetesireAdnt depsisitieatlieniy: theusteand: mer e

car bonaammmshel o Iaﬂi‘rﬁh[@leﬁﬁdﬂ)eamésg obMah&oh Ofndehahitd ! @9&%8 ag' %139 'h”
phor one

conpri ng. t [gurth ., extracting the mesityl oxi
from tE‘!‘e1 %iux dﬁiﬁﬁ"ﬁ%@ﬁ ftS’B?f%’O%tOé}t%%ﬁ %dfthyér%i@@mftthe smrmvoaqila@ and
kr ot on S@fan@tedlshrbh@im, tofobeaie ttibnesrra@pon Gt s aue Mgy dsiegenat i on of nesityl
oxijgle and phorone to obtain saturated isohexyl and isononyl alcohols.

46.  Method of claim 41, characterized in comprising the further step of: reacting

the C and higher fatty acids, obtained in the process of C1-Cs alcohols condensation,

with terpenes to obtain the corresponding Cyz and higher esters.

20 47,  Method of any of the previous claims, characterized in comprising the further -
steps oft separation of acetone from the mixture of Co-Cs alcohols obtained in fermenta-
tion of carbohydrate substrates; treatment of the acetone by aldol and croton conden-
sation to obtain a mixture of diacetone alcohol, mesityl oxide, phorone, and mesitylene;
while using the mixture of the remaining Cp-Cs alcohols for obtaining higher oxygen-

25  containing compounds and/or non oxygen-containing hydrocarbons, including those

having four and more carbon atoms in the molecule.

48.  Method of claim 47, characterized in comprising the further steps of: extracting
the mesityl oxide and phorone from the mixture of hydrocarbons obtained in the result
30 of aldol and kroton condensation of acetone, and subsequent hydrogenation of mesityl

oxide and phorone to obtain saturated isohexyl and isononyl alcohols.

49.  Method of claims 20, 21, 22, 24, 28, 37 and 38, characterized in comprising

the further steps of: condensation of the unsaturated Cs and higher hydrocarbons with



49. Method of clainms 20, 21, 22, 24, 28, 37 and 38, characterized in
conprising the further steps of: condensation of the unsatubghffici-dodnd

hi gher hydrocarbons with 20 March 2007 WD 2005/ 040392 PCT/ SE2004/ 001534 61
C2 and hi gher al dehydes into unsaturated C4 and hi gher al cohols; and

hydr ogenawiomnosafsosot he unsaturated C4 and hi gher al cohedssE2t@0ishe
correspondi ng saturated 4 and higher alcohols. 5 50. Method of clains
22-49, characterized in conprising t E further step of: obtain- ing the
hydr ogen used for hydrogenati on from™bi omass, and/or by bi ochem cal neth-
ods, and/or fromthe water obtained in processing of alcohols obtained by

bi osynt besmcsmgh&laldéﬂ%tda@%t@hn@é@'r&f&d%Qaﬂla hidher %ﬂ:@ﬁ@i@%} %(—,Qlaﬁg f' Si ng
e 'm x

t he further s% do(%%ré? separati on of ycerin from ure

al cohol §°0bt°5 % raﬁl‘foéﬁlsdfm @QFBHEW@ wipstehEesnd bt&h@f’ensatl on
of gl ycdreimlei ther wth acetal dehyde, obtained by biochem cal nmethod, to
obtain glycerinacetal, or with acetone, obtained by bio- chem cal net hod,
to obtain glycerinketal; while the m xture of the renmaining C2-C5 al -

cohol s & udbdhddoof Bitrai 28- -9 @ag&mérlmwgemﬂlﬂm@g HeMdriEePep RESLaRg/ or non

oxygen roon di ng those having.in the nDIecuIe
fore an%lgr%%?g&%g %SQ&?&% %g% giiﬁ?ent u% %ﬁﬁ/ a@‘fd/f"hg HHERERig! G,

char act®lsi gy of fm@bﬂq@rwa;ﬁm@otwhaed irupztolqessmgdsf@ﬂ)@hofs obmmaaab@bio@mtﬁészsy nt hesis
gas from bi omass and/or fromwastes obtained in the 20 processing of any
of the products obtained in fernmentation of carbohydrate substrate, into

hi gher ﬁydr&@ 950 Als Clekmy 28 ror il trdmeagieidest dnl chynpbispehéwi foahemstdpods: and

from caphenosic-oxiydein %Q%M1Mrebéf(@dﬂ'@g] aﬁ@clhoﬁge&g@gﬁedqﬂqe&% &10%8‘&(1
synt hesi E gg&l}ﬁ?bt ajned from biochem cal raw mat for UCI ng non

oxygen-5 hUPRHERES SoBBRsaBgn of RlyResin T@lﬁ}%dﬁ%@dﬁ@dehm §Btainvt hod of

any of Hyhﬁoﬂfc&%bﬂuﬁzeﬁﬂoﬁl ,ob@ﬂﬂréﬁeﬁhh@&ﬂ iR L@i@ﬁrpide@h@g OB@%JCIUB§ hgs. steps
ynt hesj from bi omass and/ o from wastes obt ai ned

of ., prepara

in the C%%P*o" eds| n"& 6 e SfFVC‘ET ‘efﬂl:o%l&% BeoBidpifedf %hﬁ re@pitg e Corl-of

car bohydrdt & ssvsfor abimining miigheh logjfgeh dametﬁ@l@grobﬁ@sun@@g{l@,rorr@nh@@gerpr oduced
by i o h S and from OXI ai ned by bi ochem cal
matllkglod(\cg'&tr{'ﬂ(§l %@hg%zlog%f% TREHdEES %Sa? aa’ngaffquba mg ?C&lﬁ lbﬂr%é’ﬂ‘é PG ICFReR

mat er i afontsor produci ng oxygen-cont ai ni ng hydrocar bons by

52. Method of any of the previous claims, characterized in comprising the further
steps of: preparation of synthesis gas from biomass and/or from wastes obtained in the
20 processing of any of the products obtained in fermentation of carbohydrate substrate,
into higher hydrocarbons, and/or methane produced by biochemical methods and from,
carbon dioxide, obtained by biochemical method; and using said synthesis gas obtained
- from biochemical raw material for producing non oxygen-containing hydrocarbons by
Fisher-Tropsch method.
25
53.  Method of any of the previous claims, characterized in comprising the further
steps of: preparation of synthesis gas from biomass and/or from wastes obtained in the
processing of any of the products obtained in fermentation of carbohydrate substrate,
into higher hydrocarbons, and/or methane produced by biochemical methods and from
30 carbon dioxide, obtained by biochemical method; and using said synthesis gas obtained
from biochemical raw material for producing oxygen-containing hydrocarbans by
Fisher-Tropsch method.
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54. Method of any of the clainms 20, 21 and 22, characteri zedag Mas&BHHEI NY
the fur- ther step of: reacting unsaturated C2 and hi gher hydrocarbons,
obtained in the dehy- dration of the correspondi ng saturated al cohol s

obt ai ned wo 2bsmsysnt hesi s, with carbon oxi de obtai nededmwsrmicnsivem cal raw
material, and water to yield the corresponding 5 saturated C3 and hi gher
al cohols. 55. Method of clainms 20, 2],or 22, characterized in conprising
the further steps of: mxing of et hé?ene obtai ned i n dehydrati on of

et hanol wi th nethanol and butyl ene per- oxides; and treatnent of the

resul tidsg mMetiurcdeoftyhyt &REBRInSAEd @1 4 ﬂ,%hQr&t@?iﬁdjfr?c&ﬁpris}ng {-Gek2

al COhOltﬁer step of: reacting unsaturated C, and higher hydrocarbons, obtained in the dehy-
dration of the corresponding saturated alcohols obtained in biosynthesis, with carbon
oxide obtained from biochemical raw material, and water to yield the corresponding

5 saturated Cs and higher alcohols,

55, Method of claims 20, 21 or 22, characterized in comprising the further steps of! '

mixing of ethylene obtained in dehydration of ethanol with methanol and butylene per-

oxides; and treatment of the resulting mixture by telomerisation to yield a mixture of
16 C3-Cis alcohels,



