WO 2009/063138PCT/F12008/050663 METHOD FOR PRODUCING LIPID The invention relates to a

method ofﬁroducin%a lipid or a lipid mixture from organic raw materials according to th%preamble of

Claim 1. TRE iREMIdK&Iso 5 relates to the use of the lipid or the lipid mixfrt/ WG y the method

as a biofuel according to Claim 17, as well as to a biofuel according to Claim 18. The invention also
relates to a method of purifying municipal sewage according to Claim 19. Background 10 It is
commonly known that the use of traffic fuels manufattured from fossil raw materials is extremely
large-scale and that the consumption.is continuing to grow. Thus, the adequacy, the environmental
effects, and thE3gEe6 FORISRDEBCHNGRIE 2Nt concerning fossil energy resources have quite
rightly emerged as essential global challenges. In this frame of reference, the renewable alternative
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large-scale caonsumpjion of organic natural resources or the reclaiming of areas under cultivation for
this purpose %% It in consequences to the biodiversity of nature and to the balance of the primary
25 production of foodstuffs, which will be difficult to solve. The conversion of the organic material into a
form that can Backgedkiad the production of traffic fuel in an energy-effective manner also presents a
technological challenge. A particularly favourable raw material source for traffic fuels would be organic

fat, particularly triacyl glycerol as its.en n I8 CONS| QEQH hqf%p
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relatively effedthre.chenrdegipeyctssenyowessal ¢ffestarany Getaerpssefaisteiidigral fatty raw

_materia_lls presRRtgcpHiBiingdastom Based endprosentiatys lesauqoas, Mehthpeenttgodeamarginal
industrial . scential global challenges. In this frame of reference, the renewable alternative raw
15 materials of traffic fuels have emerged as an object of increasing interest.

One step towards fuel production based on renewable natural resources is to
attempt, at least partly, to replace the fossil raw materials with organic materials.
Even with this approach, one can envision problems that are fairly difficult to solve.
In proportion to the present consumption of fossil raw materials, the amount of

20  organic raw material required is extremely large, even if only a portion of the fossil
raw materials are to be replaced. In several connections, it has already been
observed fhat a unilateral and large-scale consumption of organic natural resources
or the reclaiming of areas under cultivation for this purpose may result in
consequences to the biodiversity of nature and to the balance of the primary

25  production of foodstuffs, which will be difficult to solve. The conversion of the
organic material into a form that can be used for the production of traffic fuel in an
energy-effective manner also presents a technological challenge.

A particularly favourable raw material source for traffic fuels would be organic fat,

particularly triacyl glycerol as its energy content is considerably higher than that of
30  corresponding carbohydrates or alcohols, for example. Furthermore, it is the best-

known and can be converted into components of traffic fuel, such as diesel fuel,

biodiesel or renewable diesel, through relatively effective chemical processes.

However, the scarcity of the reserves of natural fatty raw materials presents a

limiting factor. Based on present fatty resources, no more than a marginal industrial
35  production of biofuel is feasible, at the most. Thus, increasing the fat reserves
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35 production of biofuel is feasible, at the most. Thus, increasing the fat reserves SUBSTITUTE .
SHEET (Rule 262} WO 2009/063138PCT/F12008/050663 2 requires quite a c/onsi{()je(gatgl(e increase in
the cultivatiohf ‘gf’f)]l%ts Such a large change irkthe production sector SFENAEOR YR ards fat

plants, in turn, has a strong influence on the balance of the food economy on the global market. This

need, still at a specylative leve], is already manifesting jiself as a [isg i rices of food and
forage ralFavatetidr e &8y %ﬁwﬁ%ﬁf'glé er‘ﬁ‘g%/}/‘é%ﬁlé) %@g?n% I%I?s%égég%gi%f I%grge;
calculatediamas artiwipradustiborsectvisifaraliy asier anandn S Mty be Bre 888 Garbon as traffic
fuel. Howgyghotherimaies bartiel iasaceoe wablsdnassesmp e G6lsilsisislatcPiigounds, which
still contain a,substaptial amqunt of oxygen an ISt ite the basis of
prior knowh cﬁiﬂ%’ysﬁ’te% %%Vvenl Vagtgtﬁsé%f% iﬁ%%@e%%%ﬁﬁ%&%n%&%%ﬁ% of
carb&hydpatessintdonghardfaage dem gaatdialontaining more reduced hydrocarbon chains is already
in theory, and particularly as known chemical applications, such as the gasification technique, an
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problem igafific Assodfatedweiththbiotegjurgieticdl theseassesvabloianiged #RORhEWT technology, which

are used 0,20 copyer the.N8uese BHIAsHIGROININRC Butataativlltairmintohigheernexyy compounds.
An exampzflﬁh(p)f t%S#IS gl]le%)ro uction.?fflcohols, particularly ethanol, which is described, among
othefd, in WS LM RHBREIES dB216 188447, US 5637502, and WO 03/038067.

On the basis of prior known technology, it is known that the utilization of the
relatively low energy content of carbohydrates into higher-energy compounds
containing more reduced hydrocarbon chains is already in theory, and particularly
as known chemical applications, such as the gasification technique, an extremely

15  energy-intensive process (R. Agrawal, N. R. Singh, F. H. Ribeiro and W.N.
Delgass 2007. “Sustainable fuel for the transportation sector”, PNAS 104: 4828 —
4833, and WO 2006/117317), wherein the total efficiency between the feed and the
yield remains low. A corresponding basic problem is also associated with
biotechnological processes according to the known technology, which are used to

20  convert the hexose sugars contained in carbohydrates into higher-energy
compounds. An example of this is the production of alcohols, particularly ethanol,
which is described, among others, in the specifications US 2002/0185447, US
5637502, and WO 03/038067. '

The patent specification US 2004/0231661 also describes the treatment of 2 material

25  containing lignocellulose by means of water and acid extractions and by means of
hydrolysis, so that xylose and glucose are formed, which can be used in the
preparation of ethanol. The patent specification US 5,221,357 describes the
treatment of a material containing hemicellulose and cellulose by means of acid
hydrolysis, and the treatment of the solid phase mechanically and by means of acid

30 hydrolysis to produce monosaccharides, such as pentose and hexose sugars, which
could be used in the preparation of ethanol. The patent specification US 4,752,579
describes the treatment of the husks of corn seeds to separate monosaccharides by
means of acid and/or alkali, and enzymatic hydrolysis. :

Some specifications describe the production of lipids by means of microbial
35  fermentation from different organic materials. The patent specification US



The patent specification US 2004/0231661 also describes the treatment of a material 25 containing
lignocellulose by means of water and acid extractions and by means of hydrolysis, so that xylose and
glucose are formed, which can be used in the preparation of ethanol. The patent specification US
5,221,357 describes the treatment of a material contaifing hemicellulose and cellulose by means of
acid hydrolysis, and the treatment of the solid phase mechanically and by means of acid 30 hydrolysis
to produce méntfEhbiatitigsssutic aspehwubandinees s Biduesiwhichhsoahtsmissad in the
preparatign ofethaim mﬁ@@ﬁ%@hﬁmpM%MS@@@@Z&%WW%&%B?@BI@ ;hg hIUSKS of
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The publicatio (Dai, C, . Tao, J., Xie, F., Dai, Y. and M, Biodiesel generation from
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pp. 2130-213uaterBbptechas Q0D Rt closctitved thuesxiraktion, dfcarbairy dfzies diag arel aresent in the
tstragv of ?'anttfﬁtﬁiiﬁfé%, %?ﬁmfél f%%ﬁ%ﬁ@ﬁiﬁf%@é%@ﬁzéﬁﬁﬁizé%f@%‘ﬂﬁ&%@E&i&ﬁﬂ‘ﬂ%@”d an acid
reatment, an use of the filtrates and washing waters, obtained fram reatments, as raw
material for th%%%l 5%??0?18 &Wp%at%}‘tlﬁg%%%ieo%%ﬁ Cﬁé"%ﬁ %gﬁ %ﬁ%ﬁ%‘ﬁ%‘?ﬁwé’%?irobe was
used in the prbediind ebwituieseorthperprtebeteds WsegaibthesprodicSistisdriiotiessl. Mittelbach,
M. and GuebtAn@e%aG@Wﬁi@A@é@*b&%w@!iQ%?H%htﬁ@fgme-m{%{ﬁ\dﬁpmlj@ﬁiﬁéﬁiwﬁgUCItign-
Bioresource n -3 [ ,ydescribes the treatment. of, waste water sludge
by alkali and -?c'l gsgﬁgﬁ%gg}?s%%%%g@r? ﬁ%}#i ér%gﬁp on %C‘%ﬂé}?ﬁ‘fg‘%ﬁ%ﬁésb i/%%gﬁfasilnto a raw
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production. It'is obvious that the quarititative goals set for the manufacture of biofuel cannot be
achieved by means of the described methods and the source materials used therein. Thus, there is
still a great néiditforatdente chnoloyiwaksehitichs, meathicdiadgssulntibabalativoliddthadect, thaire
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the purpose o&é@&;%@?ﬁ{gtgb&ﬂ%ﬁﬁg §818r@evigﬁt%§£@ﬂ8@dt?n§}%iﬁroblem of how to convert the
tainable fr

carbohydrate components o e from organic biomaterial into a lipid suitable for the production of
biodiesel. To be more precise, the method according to the present disclosure is characterized by
what is statedlimthetohraracsatizingreetrtseofl Gdained. technological solutions, particularly

solutions that could be used, more comprehensively than before, to convert the
renewable organic carbohydrate reserve of the globe into compounds having a
higher energy content, irrespective of its chemical or structural composition, It
would be of particular importance to solve how carbohydrates existing in various
organic materials, could be effectively converted into compounds having a higher
energy content, such as fats, which would be more adapfiable to traffic fuel use or to
the raw material of this use.

Semmary

The purpose of the present disclosure is to provide a new solution to the problem of
how to convert organic biomaterial into compounds having a higher energy content.



4a Hence, in a first aspect, there is provided a method of producing a lipid or a lipid mixture from a
wood-based organic source material, or another cultivable plant material, containing both cellulose and
hemicellulose, or a mixture of these with, starch or the polysaccharide degradation products of these
or non-starch polysaccharide, characterized by compriding: a) first, treating the source material with a
substance, which is selected from a group comprising: i) water, ii) acid, and iii) alkali, after which the
precipitate ant fétiatethy dwepsratdbe arsdemicseiuipitdscopraimeffoltisaitb tleatments is
subjected to mesiianicaf bothesmomechédnicairiyohdihgtacsughoacindshdpiasbhicéofiwatamiacid or
alkali, and the, R ehiaingthPreqiRialRanR a3 aRAIcH Pﬂsﬂdiegamaﬁve'v' the thus obtained
precipitate is subjected one or more times again to said treatment(s) with water, acid or alkali of a
different strength, and/or grinding, and b) contacting a lipid-producing microorganism selected from
natural or genetibagomaaititsd. fde srgibpduletingingiévabe gaetion disvivsuheifithatecthtiscdbtained or with
several obtaitgdviltsatespiadtn the plescytatezthypattadta0lonwith any combination obtained from
these or with a combination of any of these and the source material, in a culture medium, whereby the
microorganism cells begin to produce lipid, and c) recovering the lipids. According to a second aspect,
there is provided the use of the method as defined above as a method for pre-treating the raw material
of manufacturing biofuel, single-cell biomass, or the sugars formed in the method are used to produce
alcohol. According to a third aspect, there is provided the use of the lipid which is produced using the
method as defined above, as a raw material in manufacturing biofuel. 4b The method for purifying
municipal sewage according to the present disclosure is characterized by what is stated in Claim 16.



Hence, in a fourth aspect, there is provided a method for treating biomass from municipal sewage,
characterized in that the municipal sewage is treated using the method as defined above, comprising a
hydrolysis step. The present disclosure is based on the observation that, when handling biomass in
different ways for the recovery of cellulose and henfteellulose fractions, microorganism populations
appeared quicker in said fractions the further the cellulose and hemicellulose fractions were degraded.
SurprisinglyHiengas idiscbiairaspasdt tharsal e arootdeitaatesbad s oesdvbiag abinie eniaipidganisms
were als? grﬁ_wmeﬂfmmagmms&s@ur&gdﬁasm@wm{&@;%%\&m&?@gmgl@ 1.4%-?116-8)1 bdy
means of w g O [ C | £1] tr cerol, into their cells. Based on
these obser@%%%?’té%%%%%@jé%ﬂéeﬁ rgrgo%/%?eé%%lf{r%g };%1 ggbi%%aa%lr%}ns% Eﬁ? e Cefitilose and
hemicelluloSEBEEhRLiRe WRY%%%%%W%R&‘i‘éﬁf%&ﬂhﬁ@?a@”r@%ﬁ@ﬂfﬁbn hydrolyzed so that
the hydrolygsiysaduhtaides shitahtadrizgdomingtigidicaliecting micro-organisms, and for the production
of ipidh anddpusiihediiddis WiltiRnRna/AwARE UablheMppkiRsluaQlibipdigael According o
the description of the present.disclosure, carbohydrates suitable to be utilized by the lipid-synthesizing
micro-organisn%%‘gﬁ 1%3%’6%d from organic raw material originating from various sources, and/or
carbohydrate fractions canibe prodatestd, from which lipid can be produced by means of
micro-organisms. Accordingfo the,giesent disclosure, such carbohydrates can be produced
particularly from bioma\teriailsi thaté‘l%n ?in hemicellulose, cellulose, starch or non-starch
polysaccharides. The carbo_ln drafesy at are suitable for utilization by micro- organisms are
particularly mono atidesNbisde traprespiair and thpfdérptiaissanssaiod paditvepiggiriatne
carbohydrates can alissihedifrpalymericdoimenté (belbjid-pradycingnisierDiganigmbas been selected
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omassthat can be reco at present. The use of wodd, particularly

its mechanical or tHEfiBREIHAREINFeSIELE sRdHir R AR scRAR I dRd R IBMBRMdhEKIcal mass
from wood, is largetiseslebtaided pecprpitatesi sprobiecesdicotot of cacheliydeateghaatmgaidinor flows. Very
little economic addgd waluadasiieediseoysearanibn s siderryisPhiRsvRcdrgfiping industry; and
in many cases, they incur costs,as the environmental load caused by them must be eliminated. As a
technological challéﬁb@gﬁi@ﬂgws like these are particularly problematic. The side flows are large in
volume, buththgipetadiony dripd Eoneshiciagpivanpltganise ditles ndizoiasateddiohydrate solutions,

they are Apoorlség@zllil@@ielﬁlfgam@ﬁ%@f@mtﬁ@&@mﬁm@liﬁmwg?ﬂgﬁwm_d éﬂfﬁ@llkﬁ@ﬂ) Ry Chemig?'
means. Accordin urpese of resen closure is.alsg to provide a solutign to the problem
of how to utilizé a%%gé?:qﬁe“s’? f%dsl?s‘ft?fgf g%tglﬁlgv(\i/s% ?gﬁfgn%gw 5%%&1 gﬁ%?}%%%%?&s@#&?} uire costly
purification proBEMNHBLBY enHMOsE S RMENNSARIB dsy e pribencpratiassion pliawnich still have
potential as a shigreeantiehergynritethemedhos acodidirote dienpresentbisdeswierosagaiggource
material is treafegh wWhi Qgﬁaﬁ&eﬁ&y@s%nlaemicelIulose, starch, all of these, some mixture thereof
or the degradation products thereof or, alternatively, starch or non-starch carbohydrate as such or
linked with the C&iRii6E& D Ue&itulose materials. The source material can be pre-treated
mechanically, thermo-mechanically, physically, chemically, biologically or by combinations of these

weatments. gt kb bl dogiueeiaas suph e senIYNEEIRARYIAlRR iR pgymeric
orm, it is preferably trea ith water or acid or alkali, or co ations. thereof After these preliminary
treatments 39288%%5%1%%%0&%5Rf%%@?%?ﬁ%ﬁ%%?@?@@aﬁﬁmlﬁ}ﬁﬁﬂé@%sond matter,
i.e. a precipiag ¢mgll bicanessheritham gsaisder sstiond aracdrol erediskds pefedabiealsobnbw the
treatment of the source material that is carried out with water or acid or alkali, or their combinations,
and to comby iltrat ' 0 fter the se tion of-the pregipitate. The filifrate, obtained.
in the treatr%@r?to%?rééi%%mggﬁgﬁg?’ gﬁg‘%r{%g{gilé#%g}%ﬁ%r § Erlesgy%g‘i%%e(ﬁé)sigr%éﬁgk}%\%?f}suﬁ?gferably
conveyed ta SIS HGEIGA AR delined shonmastorana e inramriacearingsafislincrease the
amount of soluble monosaccharide. Any of the filtrates or precipitates generated in these treatments or
the source material as such, or the combinations of the source material and the filtrate or precipitate or
filtrates or precipitates are used to produce single-cell lipid after possible pre-treatments, such as
neutralization, decolourization and filtering. The filtrates can also be 6 combined, diluted or
concentrated to achieve a suitable monosaccharide content and composition for the micro-organisms
that produce single-cell lipid.



From each alternative treatment of the source material, a precipitate of a varying composition is
generated, depending on whether the treatment is carried out with water or in the presence of acid or
alkali. To increase the sugar yield, the precipitates are preferably conveyed to mechanical grinding,
either as such or in the presence of water acid or alkaff®from which treatment a filtrate and a
precipitate are obtained again. The filtrate or the precipitate or some combination thereof is used for
producing singlkedartiisid, for preridreripimatainined srtage aeligingttod strpreg ewidlivwhesusvigesired.
As a result of ¢heracidriredtmenthatfifratasaneh TRBAINKAte are generated again, from which the filtrate
or the precipitate or the combination of these can be conveyed to the production of single-cell lipid.
The precipitate can be treated in even higher acid concentrations by combining grinding with the
treatment. ThEEMFSdHR FRPLRRREsTe BRTRdSRIABIAsH Snasthed iYctierting bigmassinont this
treatment, is usenliédpahecorageictivarat sérigeccall fipidthEhepnesipilaievcagedisabrdemsivediand
burned or usgd a1 1He PERELEHO %gﬁ/gic%@ﬂ#}ésqr%%wa%lﬁge&%‘y other methods. Each filtrate
fraction or precipitate or source material can be used as such or as various combinations for the
production of single-cell lipid. The precipitates obtained from the process steps described above can
be retreated HAPRIESHIHRIOBERIS Pty hroteey stepd st ubrrderndling RsaEai®lescription. To
increase the slifarepieajsisohihs peeforalefioatebotherpt deipitatd wlitte fracicichomaliali that is
stronger thandpcthfispiguipuRiieaimeniaredtheskenzy Rejteatiments.ermisehial feitheniatigns can be

carried out b | h isclosure. also relates to a,method,
wherein the %egﬁﬁ?l th?g%ﬁﬁagggggqrﬁe(é%g%%%?e%agi"rg’gjr%%igé;%bﬁevs\[g% 'ﬁh%o‘f%rsei afslai%)}éﬁre also
relates to a m ,y\%f?é?e%?ﬁﬂ@%ﬁ BRGNS FREHE S I 8 [R90ska8angsthaé biomaterial
intended by thepteeent Bisttetulpaseisamine pESHRced. SpitsHavel hE&Eh4dchBerby. niecomofically
exploitable copcheneambenteesvered fipmsthaniedpiateiabininedroImiie HertpRes!s that are
carried out aceaieting B MEbAsTEIHARR OO SAORELPRAARBILORELMPR0Rl e
processes th%@lfhﬁé speré)déxgﬁtlrgpc eﬁ[xﬂ&';g'co%t 91% JTEEE?%% accor |§%to t he de§c tion provides a solution
to the problem_o{'1 ow,fhe exose and per?tose morosacehar e_s? Tontained'i Fhe.carbohydrates of the
biomass can Bgiatialigst Shghhstee Srediap ferttBa drermbiningra it rsBlaRsRfonomeric
sugar units, vdiiehifradipdsctiBdipics syrtiesiging smisrendrfanisensroductitiiveffipié effédtively to
produce lipid 4§ ¢REMmecH @RI ithradd BEOCASS SieRrin WhHER AingalHhle SubRigRee is separated from
a soluble substance, a precipitate, and in which a filtrate is thus generated, the hexose and pentose
sugars contained in the filtrate can be used for producing single-cell lipid as such or, after necessary
pre-treatmentS S Mk He desiration pithrasretutntRsarsiFg R RElriiduibig dribhidliag filtrates,
also precipitatsstbe dgnibiattbasiohigitraiers ang prsoipitasdegnadiosé dionthegproduation of
single-cell lipigheERMpigNeATHE PlYARARR. 0§ HH8JREC SRN SISGIASME dSaHRat Hsrnbeised to apply
simple processi%%%r:]e%u?r% SP\%E’}%%']? I\H@gg ge ?Igaclcy i[F industrial é.lse in an energy-effective and
environmental mannerto produce an energy-rch & élﬁnga %3&?68519 , 1%%?%&%5 ﬁﬁpounds of
biological orighf BRI FeEEHEVGY St s hesbebyarics satduePrdrrsshretiawiaey or the
oligomers forfethbyahegeriats Wt asnbamliztuies! bl tseseclhithsemstindd @coordinared the present
disclosure, it iparhsciafivipseiaabia oy dumeans sfameshicabardnelne mechagieal drinding. a
alw.

new surface iSr ays eéaposeq.ln cihe@c()rﬁanlc material Whiﬁi] can ag‘aﬁ} C:E'.e Sukﬁecteg t?a eatments
with water, or A6 BF AN Wit S e SRDBEERGHR e ggarehe R deiu OB PRARYILERB % on can
be provided, fBfDRAERS St driewrbale dariebaamlse Segarpasabtsi inftnemitidedinisld
production caprbéuehiginedriVhensemtiaingcsavairseparaiionstat ip aplutimang the precipitate, a
considerably 8%%@3?9@{%90%98@956 and pentose sugars is obtained for the mechanical or
theinio-mechanical grinding, compared with single-phase hydrolyzing methods. In the method
according to the present disclosure, by combining the filtrates obtained from the acid and alkali
treatments or by combining the filtrates and the precipitates, the flows obtained from the various
treatments neutralize each other. Thus, the filtrates or the precipitates or the combinations thereof are
usable as such, without adjusting the acidity, or at least the need to adjust the acidity is smaller. The
possibility to combine several different biomasses and biomasses from different origins with each other
is also advantageous. 8 The exploitability of the method becomes particularly emphasized so that the
sugars formed therein, which are usable in lipid production, can naturally be microbiologically used,
either as such or partly, to produce also other compounds, such as alcohols.



A special advantage of the present disclosure is that, in addition to the utilization of the side or main
flows of the mechanical and therrno-mechanical treatment of wood, it is also suitable for the utilization
of other biomaterials that release carbohydrates for producing lipid. The present disclosure further
relates to a method for forming lipid or a lipid mixture flom a mixture that, according to the method,
was generated by recycling once again the fibre, which was generated in the thenno-mechanical
treatment, in Méotréatmintsawihsafkather anithB3iertherpaniestwsmate véls that bk diffioulsahilize on

‘a large scale, Whigh acergl ol Li d-pgntose
sugars or intodg#gl%rs fﬂ%é@é?%}g@?ﬁgﬁ% ?‘lg{?geffg%?ogr%ﬁ ?gé%?c%tgoﬁﬁ,siﬁg %lépn%%gg%?‘&qﬁ
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beet pulp thatisodiasnedckarvastgad baretsprng thepchdifises rd strafvsdb vl shelrasomtnand
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controlled manner, SO precufsors o gle-ce I{)I s aré formed therefrom, W
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described morecolosely. iy ispreferablbampprnddi-drastingateolitfedriatadtesetiitibat Brief

description of g an %t s e ua i ePRhPediaiiTiARGs:of Ma MelBamhageaiging to the
invention. Flgﬁéﬂshows the use of hexoseéairgfh pentose sg&ars as suc i

h or’in.combinations for the
production of GRS HHECAHR HREr RilFr I SmatHaos S hoPIRARIR i d e tPRAIGARIABRipid in a

culture mediuin the Whtmarmixiote: hisg bdleal iadtbdras asduoce b ahbanatifor descpiteetiiction of
above, is preferably conveyed to a mixture, wherein an acid treatment of the source
material is carried out to increase the amount of soluble monosaccharide. Any of the
filtrates or precipitates generated in these treatments or the source material as such,
or the combinations of the source material and the filtrate or precipitate or filtrates
or precipitates are used to produce single-cell lipid after possible pre-treatments,
such as neutralization, decolourization and filtering, The filtrates can also be



WO 2009/063138PCT/F12008/0.50663 10 lipid, which mixture was generated from chaff by an
alkaline treatment and by the 10% acid hydrolysis of the filtrate obtained therefrom. Fig. 4 shows the
growth of yeasts in a culture medium, to which commercially available pentose sugar was added as a
source of carbon. 5 Detailed description of the method "Carbohydrates" refer to organic molecules that
include an aldehyde, acid or keto group and, in addition, several hydroxyl groups. The sphere of
carbohydratessihbinind; | didesecoorpemodatatdite sesesbedshytihéetatoismonbaddeRanident and

oligosacehar s BYSRShATHEmRBeb CellpserhPmIsaUsusiaceh psnon- 10 starch

carbohydrate. "Cellulose" is a long-chain polysacchari ose primary structure consists of a
polymer formed by the 13-1-4 bonds of glucose. "Starch" is a long-chain polysaccharide that mainly
consists of alirdnarach-il@gletvsdnaitechbdUdrtdewmagarahaieln a efeas patategairs, wsingrgvhich the

microorganisgigHeARIA 19 savltiphecrid frmndiah dheliid vand Alaakat- iy edHe 0 R GIAgr ganisms
are capable of producing, lipid or alcoh Is.."Herni eﬁﬁlgse" refers to a grou Ofl o] gounds consisting
of sovoral QAT ARG B BOFROLECIN ATt i L8 BB AR b A G e, ylose and 20
arabinose. "NiteRIBHoE atigar TR Bralby cnteraved 60 cagpbayaliasinding2eithenpscinefpiialytensists
_Of 3 - 9 carbgir&denes @ﬂ%ﬁ%ﬁi@bftﬁ@ﬁéﬁ(@ﬁglﬁﬁiﬁiﬁﬁhﬁﬁ&f@ﬁﬁﬁéﬂﬂ@ﬂﬁﬁﬁé@f@ £preeipatomgelhese
include hexosgs, e a5iflusRssn Aalaciesh. MANNAR. T105e MhIARNAYERadhaY alame. and

ribose and 25 ara se, which have on atoms. "Qligosaccharide”

pentoses, such as xylo | 4) [

refers to a ca%bﬁ&ﬂi‘é@é‘}%%@rﬁ%é%%%@@ PERRLRNG SrimsratrtbREiENa WES ByS B §cosidic

bonds. "Pentasel swharl sefdesited monasanthafide aonidirutgitive, esfittatatands precipitate
are generated again, from which the filtrate or the precipitate or the combination of
these can be conveyed to the production of single-cell lipid. The precipitate can be
treated in even higher acid concentrations by combining grinding with the
treatment. The filtrate or the precipitate or the combimation thereof, generated as a
result of this treatment, is used for the production of single-cell lipid. The
precipitate can also be removed and burned or used for the production of biofuel or
a precursor thereof by other methods. Each filtrate fraction or precipitate or source
material can be used as such or as various combinations for the production of
single-cell lipid. The precipitates obtained {from the process steps described above
can be retreated by means of the carlier or later process steps presented in the
present description. To increase the sugar yield, it is thus preferable to treat the
precipitate with an acid or alkali that is stronger than in the previous treatment.

Further, enzyme treatments or microbial fermentations can be carried out between
the different process steps.

The present disclosure also relates to a method, wherein the used alkalis and acids
are recycled again in the process.

The present disclosure also relates to a method, wherein the single-cell biomass
used in the method is recycled as the biomaterial intended by the present disclosure,
when the produced lipids have been recovered.

Economically exploitable components can be recovered from the precipitate
obtained from the treatments that are carried out according to the method. The
filtrates, in turn, can be used also in other microbial processes than the production
of lipid.



WO 2009/063138PCT/F12008/050663 11 "Hexose sugar" refers to a monosaccharide containing six
carbon atoms. "Hydrolysis" refers to carbon-carbon, carbon-oxygen, carbon-nitrogen, or carbon-.
sulphur bonds breaking under the influence of either water, acid or alkali, irrespective of whether the
water participates in the reaction. In an enzymatic 5 hyfrolysis, the corresponding reactions are
catalyzed by enzymes. Hydrolysis is, for example, a reaction, where the 0-glycosidic bond between the

monosaccharidesiotthedcasbordiogteslor desqapiiole rovddss tavean tive soriho pritieof pfdteins

breaks. "TreaReft:wih M?’erﬁ@% PhEHRACIh NI GORNISGEREITE ARS (hal Y AFgRAIs Migerial either
as such, or alrj')roduct del‘lﬁ fro xtr'e%cn dt'geate e11_0frmec:han|calli}/ or.the ITomechamc lly, or
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description, s R Wb foi of
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alkali phase, am“ek@imlst:dafmf@mmch@anmu@m@m@é lipite form of gas, solid matter or liquid; for
example, as an aqueous solution. 25 "Organic source material” in the present description refers to any

organic ma“ez&%%g?eﬂéﬁ U&%ﬁx}%}{t 'é"d?%g Jﬁ&%%‘&% QB Al r:s%érﬁslt?g Rpesent

description is also ho organic

alled omaterla In par rganic, source materla
material that E’Sﬂ‘fﬁﬁ%@s@ﬁﬁ%ﬂ EORSFR éonﬁéfa%‘ﬁm ﬁﬁe A R L LR SHel iR @B 30 formed
from monosactestidesindrdolicannatgdaloneinadmpoetazcthentigy-rich chemical compound,

a lipid, from compounds of biological origin containing less energy, such as hexose
and pentose monosaccharides or the oligomers formed by these, as well as the
mixtures of these.

In the method according to the present disclosure, it is particularly preferable that, by means
of mechanical or thermo-mechanical grinding, a new surface is always exposed in
the organic material, which can again be subjected to treatments with water, or acid
or alkali with a different strength, and thus a solution and precipitate distribution
can be provided, from which, particularly with the solution, more sugars usable in
the microbial lipid production can be obtained.

When combining several separations of the solution and the precipitate, a
considerably enhanced yield of hexose and pentose sugars is obtained for the
mechanical or thermo-mechanical grinding, compared with single-phase
hydrolyzing methods.

In the method according to the present disclosure, by combining the filtrates obtained from

the acid and alkali treatments or by combining the filtrates and the precipitates, the
flows obtained from the various treatments neutralize each other. Thus, the filtrates
or the precipitates or the combinations thereof are usable as such, without adjusting
the acidity, or at least the need to adjust the acidity is smaller. The possibility to
combine several different biomasses and biomasses from different origins with each
other is also advantageous,



monosaccharide. Polysaccharides are, for example, cellulose, hemicellulose and starch.
Polysaccharides also include, among others, alginate, glucane, inulin and arabic gum. Out of other
polysaccharides, mannane should also be mentioned. The source material can comprise
polysaccharides as such or as a mixture, or it may 35 omprise their degradation products WO
2009/063138PCT/FI12008/050663 12 "Non-starch polysaccharide" refers to a carbohydrate, whose
molecular strudigrexiplskéatnbity-ef4lsomishydibscofrmamtrtionlady srepsvamicedNorthstatoh sugars

polysacchariogsaegl %@&@%&M@ﬂﬂﬁb@&@ﬁﬁ}dfﬁi&ﬂ@&%ﬁr%ﬁ ﬂ&'tﬁﬁkaﬂiﬁﬁéon -starch
polysaccharldes aIsPI guclud heml Iluhg{se and cg Iulose Other no r%thlalrch olysaccharides are, for

example, the cacb & polymers that-occur i |na earﬂé[fjftov%{e pCI% ?e? 1t80£rB?gHP ich is

mer
planted or seSHEH @éﬁ%@ﬁ&i@lal purposes in the soil that is prepared for it. The term "lipid" refers to a
fatty substance, whose molecule generally contains, as a 10 part, an aliphatic hydrocarbon chain,

which dissolv;; BPAIR SANEESHE B R0U OG0 iEr I R AIssSn IEon edipids

that are forme € micro-organisms are mainly, tri I- or mono-a; ycero S, or S er ers but

other lipids, s Sé CooRRHB RS Abtheripabamdc @t@?&%@%}ﬁr%a’% &Eﬂ%eﬁﬂfé Hn8€-and
15 diphosphatidylajtycenchbin falsthberformadindthetbetl bi Finatprede nhinvehtioe carbbbydsedsn the

manufacture ghbigdigsaeriignewable diesel. According to the EU directive 2003/30/EY, "biodiesel”
refers to a methyl-ester produced from vegetable or animal oil, of diesel quality to be used as biofuel.

20 Renewable diesel refers to a hydrogen-treated lipid of animal, vegetable or
The present disclosure further relates to a method for forming lipid or a lipid

mixture from a mixture that, according to the method, was generated by recycling
once again the fibre, which was generated in the thermo-mechanical treatment, in
. the treatments with alkali or acid.

Other organic raw materials that are difficult to utilize on a large scale, which
according to the present description can be processed into hexose and pentose
sugars or into oligomers formed by these and formed from these into lipid by means
of micro-organisms, are recycled fibre that is obtained, for example, from the
recycling of newspaper, beet pulp that is obtained from sugar beets, and the chaffs
and straws of grains, such as oat; and other similar devalued part of field-cultivated
plants, sawdust, refined mechanical pulp, straw and peat, paﬁicularly s]ightly
decomposed peat. Other organic materials that so far have hardly been utilized at all
are swampy or submerged biomass, biomass from the catchment areas of cellulose
mills, and the biomass that goes to activated sludge plants from municipal sewage,
or other organic municipal waste that goes to dumping areas or incineration, These
organic materials can also be treated by alternating the various embodiments of the
method so that the carbohydrates contained in these materials are rendered useful
for the micro-organisms to produce single-cell biomass and lipid. For example,
municipal wastewater could be treated by means of the present method, whereby
there would, among others, be the advantage of harmful microbes dying in the
treatment.

An essential point of the present disclosure is that the carbohydrate-containing
biomaterial, regardless of which organic material it originates from, is treated so

- that monomeric hexose and/or pentose sugars or their oligomers suitable for the
production of single-cell lipid are obtained from the carbohydrates. It is preferred to
carry out the treatment by a combination of two or more treatments.



microbial origin, whereby the microbial lipid can originate from a bacterium, a yeast, a mould, an alga
or another microorganism. The source material of the method according to the invention can be
cellulose, heinicellulose and biomass, preferably wood pulp, possibly containing binders, 25 which has
been generated by mechanical or thermo-mechanical fhethods or other physical methods, or
chemically, enzymatically or microbiologically or by combinations of these methods. Without modifying
the method, plannmitenaishibdiacontdingtarthe puctent istdospits paitsd ttretbe elimefsioivalble crops,

maize and risghd eeRas R ArseaRERepFRRIMEHRS | I GRAITIQRSHO A 8RR RURLNSLuding the non- 30
starch polysaccharides contalneg in the same can% %:}?ﬁeé}e e source maﬁ%ﬁl of the me
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are also suitaBfé Bsasdeiischsarehicting aldhvecivesordipsd reeFCg 1R00”/050663mS 48diso
suited for the }ﬂfﬂl@ﬁﬁ@d@@hﬁ{@&ﬁpﬁuChl@&@lﬁb@ﬁ%nwm%hﬂgif@{@lféqmiai @@lﬁlf@@dj&{gghisms,_ as
source material; [ | . can_a e varying
amounts of p:%tlg]{r{;‘ gﬁﬁp@ﬁv&%ﬁ:ﬁ%ﬁ?&%ﬁ%ﬁﬁg Ef%%%frgg ﬁ?a%‘%g?ﬁggi\'/hégg FO‘W% glgﬁf)la-%ryl/ar?thesizing
microorganisiiEUsHHS Rt the MamatsabGrmigeraRisrdsaniesial heHy eremh sisaleBraigy B ohe
invention canthbs e tiermsdrpleccendide dditire plesinedifdosmeyvapatdersieeysliogn begar beet pulp
and the chaff?f&gf@éawc@ 192 R 3eRR Al the BUASHIMRRARDIGA IR REALAIMY SRV Other source

materials usertu).in the me od(?ccordirf) to %eéaj\‘/entlon are, for 10 example, microbial mass, such as
single-cell bio b‘é%t,l%% @Cé 1LY, 5T %er&: fifass, including algae and micro-algae, biomass from
the catchment areas of cellulose mills, and the biomass that goes to activated sludge plants from

municipal sewaggpar-atherhderising wastethal sabiains abiglogicalzemparanianddatieinresently
eonen o A RaRto oL aame AU GHME LAt R AT 875 SAMRISIR RN

release of the carbon contained inthe w as carbon dioxi e me accor 0a prgfterred

embodiment GPHEThRRREHEEINARE SSTISAUEINNG Bl IAbE SiFHPRs ARFMRS YIS CarFbiRABA of
filtrates, the psewipitanbathithentoriitsipationiodipedoipimtds) wikbleistiobtditiedtfoanbiecorganic material
20 according #oihessaetasdethsiQronmie Mmateriah@sushhosiaaomiinatenpiRR Mtained in
these biomaterials into usable sugars for the production of single-cell lipids. The
present disclosure is particularly implementable so that it can be applied on an
industrial scale to materials, which originate from renewable natural resources or their
devalued side flows, which are generated by the industry or communities. The method
according to the present disclosure can be used to treat material containing cellulose
and hemicellulose in a controlled manner, so that precursors of single-cell lipids are
formed therefrom, which can be used by safe microorganisms in the production of
single-cell lipids.

In the following, the present disclosure is described more closely by means of the
appended drawings and a detailed description.

Brief description of the drawings

Fig. 1 shows the main steps of performance of the method according to the
invention, -

Fig. 2 shows the use of hexose and pentose sugars as such or in combinations for
the production of cellular mass and lipid.

Fig. 3 shows the growth of yeasts and the production of lipid in a culture medium,
to which a mixture has been added as a source of carbon and for the production of



these, is conveyed to the mixture, where the lipid production takes place. The alternative embodiment
of the method can be selected on the basis of what kind of a monosaccharide composition is preferred

in the filtrat¥bFAREEGHbinations of filtrates, or in {@e precipitates, the contindtid %?%ﬁécipitates, or

in the 25 combinations of filtrates or precipitates for growing the microorganism and producing the

lipid. Thus, the fijtraes or precipitates ar ctedfr 0 i gener ed.By%ireaLng the
biomater@‘&e@ﬁlﬂ%ﬁ?&%@%ﬁfﬁ%ﬁﬁ%ﬁl@ggﬁ%%t e%t[r%%gf compr%ng: i)v%rater, 30ii)acid,
and iii)alkd)feaael bl ydeobeste o SpafiltiagctrBaEed BrEshiRiprecipitate and the fibre-free filtrate. WO
2009/063138PCT/F12008/050663 14 to mechanical or thermo-mechanical grinding, and the

precipitate,and the filtrate are s ' ﬁ'fﬁﬁl bigrateigbshimeskanewhich
monosa r%@%oa‘l}?é esﬁ;[eodf,‘] %Zg{)%er#éilﬁg?e i%%jreﬁ%f%%ly Ith w’attger, acid or alkaglﬁcpre erably acid or

alkali; 5 tgpritallcyomiesn S TS Aed 88IATORET APt %kali. When needed, the treatment can

also be carried out several times. The same biomaterial can also be treated sequentially with several

different dﬂj{%ﬁg& (%%Sdg%%qé'igﬁ é%te@%@nce the separation and hydrolyzation of the

carbohydrates can to the water. The source materials that are listed in the following list in
Group | can be treated 10 with water in the first step or, if the treatment result is to be enhanced, with a

mixture of (rateokyitaieisl’ Fifertiomgeaialmofcwenthuinslade antidebds.cel prdrefanly with
acid. The higmatarials gfiGiup Maraitteairskiv throlirs. step, spiaferalilyaritbhaliedicd e the
preCipitatmgfudégecglrt{l%%eupﬁg%x%?gper cSoHbeEd b SUtRIG C IR acharide,
oligosaccharide, polysaccharides, sugar, cellulose, hemicellulose, starch and non-
10 starch carbohydrate.

“Cellulose” is a long-chain polysaccharide, whose primary structure consists ofa
polymer formed by the p-1-4 bonds of glucose.

“Starch” is a long-chain polysaccharide that mainly consists of o-1-4 and a-1-6
glucose units.

15  “Usable sugar” herein refers to sugars, using which the microorganisms are able to
multiply, and from which the lipid- and alcohol-producing MiCroorganisms are
capable of producing lipid or alcohols.

“Hemicellulose” refers to a group of compounds consisting of several different
hexose and pentose sugars, such as galactose, mannose, glucose, xylose and
20  arabinose.

“Monosaccharide” is a monomer unit of carbohydrates, (C-H,O)n, which typically
consists of 3 — 9 carbon atoms and which has stereochemical differences in one or
more carbon atoms. These include hexoses, such as glucose, galactose, manmnose,
fructose, which have 6 carbon atoms, and pentoses, such as xylose, ribose and

75  arabinose, which have 5 carbon atoms.

“QOligosaccharide” refers to a carbohydrate, which has been formed from two or
more monosaccharides by O-glycosidic bonds.

“Pentose sugar” refers to a monosaccharide containing five carbon atoms.



15treated with acid. Group | Biomaterial originating from mechanical, theimomechanical, enzymatic or
microbiological treatment of wood or from combinations of these treatments, or from cultivated plants.
20 Group WReE)Ud Abre, beet pulp, chaffs, straw, bran, grain granule, WiHoléFEIR/%teHlant,
cultivated plant, TMP pulp, MDF pulp or a source nﬂterial containing starch or non-starch
polysacchgrides Group Il| 25 Sawdust, refined mechanical pulp, chaffs, straw and woody plant parts,
1'MP pulp, MBI SSEIHRE KRAiTBIBASRENAR GORANERS SR GABARF@®MSunts of starch. The

treatments can be enhanced by adding, for example, one or more enzymes into the treatment solution,

preferably M9G8 e Mo Netle s MAI5L A GRRYNG HERRSBH S HDIE o'
ermentations can.als added between the various pro; ) ,

2009/063 1%5@%%78%%5&%@% ttE‘FelfgﬁfBWﬁﬁ %%é?i?ﬁﬁ%‘ﬁﬁf&fp?&b%eh@]ﬁf&o:organism is
contacted iesRas) vE Weiheihss Breprasmipagicipatesiin sheinations. imacetusamedium, and the
5  hydrolysis, the corresponding reactions are catalyzed by enzymes. Hydrolysis is, for

example, a reaction, where the O-glycosidic bond between the monosaccharides of

the carbohydrates or the peptide bond between the amino acids of proteins breaks.

“Treatment with water- acid or alkali” in this connection means that an organic
material either as such, or a product derived from it is extracted, treated

10 mechanically or thermomechanically, or combinations of these treatments are
carried out in the presence of water, acid or alkali. Acid refers to a chemical
substance, molecule or ion, which is capable of donating a hydrogen ion (a proton),
and alkali refers to a substance, molecule or ion, which is capable of accepting the
hydrogen ion (the proton), according to the Brgnsted-Lowry acid alkali theory. Acid

15 also refers to the so called Lewis acid, which is capable of accepting an electron
pair, and the Lewis alkali refers to the so called Lewis alkali, which is capable of
donating a base pair. According to the definitions, the activity of the substances as
acids or alkalis is not limited to aqueous solutions. In the present description, the
terms “acid” and “alkali”, according to the definitions, also refer to acid and alkali

20 catalysts. In the present description, acid also refers to any acid phase, wherein it
can function as acid, such as in the form of gas, solid matter or liquid; for example,
as an aqueous solution. Correspondingly, alkali refers to any alkali phase, wherein it
can function as an atkali, such as in the form of gas, solid matter or liquid; for
example, as an aqueous solution.

25 “Organic source material” in the present description refers to any organic matter
that is produced by a living organism. The organic source material in the present
description is also called biomaterial.

In particular, the organic source material refers to an organic material that
comprises polysaccharide. “Polysaccharide” refers to a carbohydrate polymer

30 formed from monosaccharides, which can also contain compounds other than
monosaccharide. Polysaccharides are, for example, cellulose, hemicellulose and
starch. Polysaccharides also include, among others, alginate, glucane, inulin and
arabic gum. Out of other polysaccharides, mannane should also be mentioned. The
source material can comprise polysaccharides as such or as a mixture, or it may

35  comprise their degradation products.



microorganism cells are allowed to produce lipid, and the lipids are recovered. The fibre-containing
precipitate obtained from the above-described biomaterial 5 treatment steEs is also &P[eferably treated

using a m&ﬁ’o@f}mﬁéﬁw the fibre-containing pre 'Qitate is mechanically g U g3
fibre-containing precipitate and the fibre-free filtrat€ are separated. In addition, the fibre-containing
precipitate obtained from the mechapical grinding can be, treated with a strong acid, and. the
fibre-contAiprtATERiBREYEASH %’g?inggegétﬁeaegﬁgﬁléy?ﬁ o Saparated " Aker #\%%?gi%treatment, the
precipitatectartiaisp hgabohds eypidebidiatkrditios theyhaniscaipenbing stasdistated above, the
precipita &%ﬁﬁésiaﬂé?%?r&@aﬁg@& uHoE B GeReste, Mmaliditinn aheiematctia can be
acidified ‘and ground mechanically or thetmomechanically..an fl tem" ing ipitate and the
fibre-fre it é@é@i@f&ﬁ?ﬁ%@fﬁgﬁﬁ% e c?rn&%%q?éﬂg eg| C%Erk %églr[%gb%%‘matlon,ﬂ&%?ained from any
of the absmecligsdybeccheddnenrs cior baaapky ferarbolvd #eBRISHERbREIH Hicing

microorggr%?@_’ns. Typically, the total amount of sugars in the filtrates is 0.5-10% by weight. Of these, 20
sugars usable for the production of biomass and lipids typically comprise at least 0.5% by weight,
preferably at least 3% by weight, more preferably 4 - 5% by weight. Fqr.examplg, by grinding and
re-extractibifcatnd ptaatiarcHRp daa @&W&é@@%@rm%@@@éﬂ@sﬁsﬁs , in this way, the
amount ghsyesss tatheeditthasedirparedréoadiiantageous level. However, the amount of sugars in
the 25 filtrate is preferably less than 30% by weight, more preferably less than 20% by weight. The

microorganisms that are capable of producing lipid can be grown so that they. fi u iomass
and then lipritesisiknith 85?%%&%"‘5%@1@%%&?3’" %qsﬁgggg%qﬁgecﬁﬂ%%ﬁéﬁ%%%%’kg)’i%)fp‘rlaterial
andithe rpethom afipbatindnidracateubidein whighstisralies it WaCal AR Atxose
MoNosacGhaHYe RIS vater.

In the present invention, the lipids that are formed in the micrmo;ganisms are

mainly tri-, di- or mono-acylglycerols, or sterol esters, but other lipids, such as

phospholipids, free fatty acids, sterols, polyprenols, sfingolipids, glycolipids and
15  diphosphatidyl glycerol can also be formed in the cells.

The present invention can be used in the manufacture of biodiesel or renewabje
diesel.

According to the EU directive 2003/30/EY, “biodiesel” refers to a methyl-ester
“produced from vegetable or animal oil, of diesel quality to be used as biofuel.

20 Renewable diesel refers to a hydrogen-treated lipid of animal, vegetable or
microbial origin, whereby the microbial lipid can originate from a bacterium, a
yeast, a mould, an alga or another microorganism.

The source material of the method according to the invention can be cellulose,
hemicellulose and biomass, preferably wood pulp, possibly containing binders,

25  which has been generated by mechanical or thermo-mechanical methods or other
physical methods, or chemically, enzymatically or microbiologically or by
combinations of these methods. Without modifying the method, plant materials that
contain starch, such as potato, its parts, the seeds of cultivable crops, maize and rise,
respectively, sugar beet as well as, in addition, sugar beat pulp including the non-

30  starch polysaccharides contained in the same, can also be the source material of the
method according to the invention. Parts of plants that contain non-starch
polysaccharides, such as B-glucan, are also suitable as source material. The method



monosaccharides or both in various ratios can be obtained, as shown in Fig. 2. From some
biomaterials mamly hexose sugars can be obtained, whereas from others, WO
2009/0631‘@9&&9?%%08/050663 16 mainly pentpse sugars. With a swta%lg/gag%st‘%ﬁ]%?the
microorganism capable of producing lipid, the flltril? e or precipitate or their combination that mainly
contains hexose sugars can be us d for the production of cellular mass %nd Aafter t §t the filtrate or

precipitat SSASHIEShIBHAGI & hSWahio<H SBg s waICE PE 83 HOMe production
of lipid |nmﬂgkzamlhMgmmmmelmamﬁﬁcﬁhmmpdsﬂﬁﬁunﬁhhmmm@ masgfabm hexoses.

cel ie"“*?%%%%@d%%lﬁ'g%ﬁ%ﬁm e @’Wﬁfﬁy“ﬁ%‘e
selection e microorganism [ ablé o e filtrate or precipitate or.their
combinatR S R oA N LD STt oG i HSCHOHBr R ey mass
and, aftedfendheatpiiiramtoeipeacipitate or their combination that mainly contains hexose sugars can be
used for the production of lipid into the cellular mass. AIternativer lipids can be produced into the

cellular mass fr¢ from Bent%)seasl OF ttilge ceg%o §dandtt$1 s can b%gﬁoaq §%(é f%gl pentoses. Both
uce

cellular mass anLHCllpl S Can also be pro mIX ure O pentoses an ’hexoses. Treatment
of biomatE¥HIPIeh ELOM HE %@%&lﬁ%ﬁi‘)@? %Wl%&@l@lﬁg%&% BsRirBERBhBsdiments of

the inventhaffs désetibadsdolpimsadiys, thmtemmeﬁnscbﬁrmm;paipppﬁmnam@nmo or more
treatmenigygg El}l%fgglknl:iﬁﬁeﬁh%?&?éfﬁ1l}l?{ﬁé%'ﬁ'é’tﬁ5&" aeleddh %ESW%E&BE%%@QP An

advantageous e nt of the acid extraction is o use 5-

% of a mineral ac a ch as sulphuric
acid Yor afF3rgRHIc HSEO MALAAS i A% BRECatt LRIAmATS HY{RE RSN é@l@&‘i&ﬁ preferably
0.5-2.0M iokesk. itk diogtahgat anémmeaﬂgeamldemamsm&nammhmn@arsamﬁcalIy 2-8 hours,

most suitgblyfodeaus; ANk iBaAINeRLS, @@h@ﬁéfﬁ%@@lﬁd&@wmmm@f@msms
oxidizing or reducg{ng{f%‘emmas .Or.combin t| ns.9 theseb ela earlts can also ra{%ﬁalgl be combined

with the Waterext élc%lrd Féat%e matiio 8 e preC|p|t‘a]te ggﬂg}%?eg i fhe ex ractlon can be

presently used in mcmerahon composting or in some other method, which results
15  in the comprehensive release of the carbon contained in the waste as carbon
dioxide,

The method according to a preferred embodiment of the invention comprises at
least one step, wherein the filtrate or the combination of filtrates, the precipitate or
~ the combination of precipitates, which is obtained from the organic material
20 according to the method, the organic material as such or a combination ¢f any of
these, is conveyed to the mixture, where the lipid production takes place. The
alternative embodiment of the method can be selected on the basis of what kind of a
monosaccharide composition is preferred in the filtrate or the combinations of
filtrates, or in the precipitates, the combinations of precipitates, or in the
25  combinations of filtrates or precipitates for growing the microorganism and
producing the lipid. Thus, the filtrates or precipitates are selected from a group that
is generated by treating the biomaterial preferably with a substance that is selected
from the group comprising:
1) water,
30 i) acid, and
iiiy  alkali, and
by thereafter separating the fibre-containing precipitate and the fibre-
free filtrate. |

Optionally, the precipitate is once or more times again subjected to treatment(s) of
35  any of the items (i), (ii) or (iif), and the precipitate obtained is preferably subjected



mechanically ground preferably at a temperature of 100-210C, typically 150- 30 200C, preferably for
2-20 minutes, té ically for 5-11 minutes. The pressure is preferably 6-8bar. Thgﬁgene_rated mass is
filtered, th& Mrat& s ted using the method desgribed above in order 18 b EAEHIS ¥ the

production of single-cell lipid. The precipitate can'be conveyed to an acid treatment with a strong acid,

which preferably is a treatment with 40-72% sulphuric %{%iﬁ uitably 65-70% \%} ?ﬁﬂ%t@a?&id'
Normall@tﬁ@t&éﬁﬂﬁ&ﬁ&ith@m%@%{?&ﬁ@e@%%‘ﬁgz- 313%1? %saetﬁw%‘gds g
2009/06%8@&/FI2008/050663 17 can be implemented with any acid, by means of which a
proton-catalytic hydrolysis is provided. Suitable acids are, for example, strong mineral acids,

phospharic acid, sulphuric, acid, or the .oxyacids.of sulphur, nit ine, | nd iodine. The
result of HFEPAHEIBE/ER m%é%al’f}ﬂ%%ﬁ#a%?% |c‘f1:|‘|2ﬁtlr%% eé?ll%%i]rcé%rrggﬁgg %?él?i{g_%il%%r the
producti@nedjisingieﬂelliﬁﬁh&amuimiaélW@t@@it&%@h%rﬁ?@%&bm@ﬁlﬁiﬂﬁ *solution, preferably
a S%U“O@L?Icrﬁﬁ%"/ﬁﬁ&'ﬁéﬁﬂéi%ﬁﬁigam@rwngi@a@ beacadrimchtictlatW bempersiedethe 170-200C and
at a pressure of 6-10 bar, for 10-20mi pxture. is. di intoadHisate aneha RIGsHiEate, of which
the form%@%&f&fﬂw%%g)rﬂtg%rel%%%E&%ﬁﬁ%}%gﬁeﬁsm Ie-?ééll lipid nr?.hlo ége precipitate
can be réresteddsereribdle withoypyeaad SRR SOBIURT &?%H?&B‘fl%%%o% lise of the
carbohyqraledyasemiiniiesduste atacertal fhe tretmbydoion cishiglded iplerfol@ver, starting

from the way of extracting the source material, the method can also be implemented for selected parts

only, for example when the fibre materjal of 15 the precipitate is.al othey purposes.
The metfdH SOEsFGiImAIETAL iﬂ“x?ér‘?ﬁSrilﬁeéiﬁ&%@fgf%@%é%%z}%g%%%ﬁpgéﬁ%%&e steps described -
abaye in Wi eatizety, thetfsstetdpritediithentreapagtsasWaig$p berahaertd Y68 extent that

deviates fro drasigdpgrskiar in a unit operation order, and to the use of the monosaccharide
fractions produced by these operations in the production of 20 single-cell lipid. A process step can also

be attached to the method accordin?lto the description, wherein the 1gnon?ﬁs.acc&aridgi-containing
fractions Fhtabiethiremalseof Group 1I are treated in the first step, preterably wiih acid.

The biomaterials of Group III are treated in the first step, preferably with alkali.
When the precipitate and the filtrate have been recovered, the filtrate can be re-

15 treated with acid.

Group |
Biomaterial originating from mechanical, thermomechanical, enzymatic or
microbiological treatment of wood or from combinations of these treatments, OF

from cultivated plants.

20  Group Il .
Recycled fibre, beet pulp, chaffs, straw, bran, grain granule, whole cultivated plant,

cultivated plant, TMP pulp, MDF pulp or a source material containing starch or
non-starch polysaccharides

Group III '
25  Sawdust, refined mechanical pulp, chaffs, straw and woody plant parts, TMP pulp,
MDF pulp, beet pulp, cultivated plant, which may contain varying amounts of

starch.

The treatments can be enhanced by adding, for example, one or MOre enzymes into
the treatment solution, preferably into a treatment solution that is made using water.
30  Enzyme treatments or microbial fermentations can also be added between the

various process steps.



source material are used for the production of single-cell biomass or ethanol, in addition to lipid. In
the foIIowiggqjdescri tion, some methods according to the preferred embodiments 25 of the invention
are descriBey 24@% e methods can also be applied to raw materials otiel AN Ha tes presented
in the description. I. According to a preferred erﬁgodiment of the invention, wood fibres that comprise
ground wood, TMP pulp, sawdust or mechanical pulp is treated according to the, OfoIIov(\i'y]g

constitueht tegellawing ghem WesoHRiGrEnRMARE {IHCHP RNV A SPRIBBSLON ARG Al " hours,
preferablyh2 fittssesToeppeetifitate is separcetbirmndhe isodutidhby filediton, amndl the solution is

recovered,; INGf, dte aieletio g sobioncenass fiam fb ipiaepeadiesan the
manufacturing method of WO 2009/063138PCT/FI2008/050663 18 the wood fibres, typically being
4-5% for TMP fibre of a high treatment temperature (over 170C). B. To increase the carbohydrate
yield, theThmeibeston s hid pieoepiiatadbieiors-fiow Huiclrededaptyibed) bipmabaiieh (e.g., mineral
acid at gaiemnfaiuie Rf90: 100k Adheuisinteionaihod hoHEse @ seHbaining precipitate is
separated from the so quQ' thé solution.is E?covere%ll. . - .

containing precipitate is mechanically ground and the fibre-containing precipitate

and the fibre-free filtrate are separated.

In addition, the fibre-containing precipitate obtained from the mechanical grinding
can be treated with a strong acid, and the fibre-containing precipitate and the fibre-

10 free filtrate can be separated. After the acid treatment, the precipitate can also again
be recycled back to the mechanical grinding or, as stated above, the precipitate can
be used in lipid production using microbes.

In addition, the biomaterial can be acidified and ground mechanically or thermo-
mechanically, and the fibre-containing precipitate and the fibre-free filtrate can be
15  separated.

The filtrate or precipitate or their combination, obtained from any of the above
described treatments can be added to the culture medium of the lipid-producing
microorganisms.

Typically, the total amount of sugars in the filtrates is 0.5-10% by weight. Of these,

20  sugars usable for the production of biomass and lipids typicaiiy comprise at least
0.5% by weight, preferably at least 3% by weight, more preferably 4 — 5% by
weight. For example, by grinding and re-extracting the biomaterial, more sugars can
be detached from the biomaterial and, in this way, the amount of sugars can be
increased to a more advantageous level. However, the amount of sugars in the

25  filtrate is preferably less than 30% by weight, more preferably less than 20% by
weight. ' '

The microorganisms that are capable of producing lipid can be grown so that they
first produce biomass and then lipid, or simultaneously both biomass and lipid.

Depending on the origin of the biomaterial and the method of treatment it is

30  subjected to (treatments with water, acid, alkali), hexose monosaccharides, pentose
monosaccharides or both in various ratios can be obtained, as shown in Fig. 2. From
some biomaterials, mainly hexose sugars can be obtained, whereas from others,



C. Excess acid is preferably decanted from the precipitate, which is re-ground in a defibrator (e.g. a
wing or disc refiner). It is preferred to increase the temperature of the precipitate %}/Pre-steaming for
one minut&" #4145 the 10condensate in the rgixture. The temperatur8 54 THEEE %86%00cC,
preferably 170C, the pressure being 6-8bar (Win& efiner). The grinding time is selected according to
the wood from the range of 2 to 15 minutes. The precipitate.is separated from th i@n by filtering
and the swinlyrntesewogars 1RO SHPELESE &’6‘%# @ﬁlﬁf&%@%ﬁéﬂ a%ac?eaﬁ%l%k?e precipitate
fraction, g admwashia, absofittfareled frevipitpteferbhirchournatipotAepEiXt R ERSess acid is
decantedl off and the precipitateds f6; il iBrten (@x0 navdng oy altes thfinahe It is preferred
to increa%eé{ﬂ% ?gmagégrg%r%%}&tég Eskecip' te }?a% g{){ﬁé%%amégg @ﬂt%{ﬁ% %%B%?e i tdrgining the
condensalE oM REERINLIAIROTRHE CORAHGLd SHoC prererably 170 % r&e rgresgure being
6-8ar (Wingstefifmrth¥ peatindiog tfilipis dotectes clbdan a6 tAd vichh IH398.588 8F2 to 15
minutes, gg&dgg;ﬁtm% filterad- tha RraeiRitatiseepistee! fban thessaindidhe Tpidsciatidreis
recovered and the precipitate is ysed as fugl. 25 T ' ionightgingd from any of the
constituéﬁf’gf&i’%1 oR Eﬁﬁ%sﬁuﬁﬁ 5 8@?%%§b§%§g§%%ﬂlg%t%%ethods .&\H adjystments, and
other meammgaaﬁmﬂi@té&ﬁé%ﬁi@f@mﬁg]éﬂ}%ﬁé A e 4fe?" Bhd the solutions
thus obtaipemsamee BsRdnile colivmmmesitrseafiber sniarbegastd foraine PTOHIOBrGAnism can be
allowed to produce lipid, By ini Qﬁséht' LR SRS Ate R c4n®dlatiiithRanriginal wood
fibrg}mat“é'r:\r’ﬁ_aﬁ(f n aé%%%@e?g%%hn%%ﬁ%%rm iom@fhe fibée égat i% #ﬁﬁgﬁﬁt%%réce material. The
dissolvedneinbpkpiiates BERASASI IR 688, Yabseth ! erﬂ%‘S E°{Vose and arabinose units, their
mutual peslipihs heing. Witeahfoivitiy ipodstgpe bequodBorddmiaitesiNbmdRBEfEREd embodiment
ol are B o v Bt g s W0

- 0
2000/063EhEME FIRISEH /BBM@@% SePA ?r‘é%%%géq@r 2-4 hours, preferably 3 hours. The
pre¢tpitatecisoseparated from the solution by filtering at room temperature, and both fractions are

recovered. Depending on the treatment of the fibre of the source materials, the carbohydrate yield in

the solutign is within afrgn e of 5-8%. This solution is
reatment of biomalert

Tn the following, the treatment of biomaterial according to the preferred
embodiments of the invention is described. Typically, the treatment 18 carried out as
a combination of two or more freatments:

50 The source material is preferably extracted at a temperature of 90-100°C. An
advantageous embodiment of the acid extraction is to use 5~10% of a mineral acid,
such as sulphuric acid, or an organic acid, such as citric acid or acetic acid, and in
the alkali extraction, preferably 0.5-2.0M of NaOH. The treatment time can range
widely; it is preferably 1-10 hours, typically 2—8 hours, most suitably 2—4 hours.

25 Other treatments, such as treatments with enzymes, microorganisms, oxidizing or
reducing chemicals, or combinations of these treatments, can also preferably be
combined with the water extraction.

According to the method, the precipitate generated in the extraction can be
mechanically ground preferably at a temperature of 100-210°C, typically 150—

30 200°C, preferably for 2-20 minutes, typically for 5-11 minutes. The pressure is
preferably 6-8bar. The generated mass is filtered, the filtrate is treated using thg
method described above in order to be suitable for the production of single-cell
lipid. The precipitate can be conveyed to an acid treatment with a strong acid, v&fhich |
preferably is a treatment with 40-72% sulphuric acid, suitably 65-70% sulphuric

35  acid. Normally, the treatment time is 2-8 hours, preferably 2—4 hours. The method



5 preferably treated by any of the following constituent steps: A. The vat liquor is re-used as such in

extracting_the following fibre batch in the way described above, and the solétion is recovered. B. The

re
vat liquor ?@ﬁ%ﬁ&%’@% with acid according to any of the steps B - D of th& HIEBIE G B3 diment to

treat the lignin and oligo- and polysaccharides 1 fhat have dissolved therein. C. The vat liquor
recycled according to step A is used according to step B of embodiment I. To increase, the

monosacehdridengibimahte pradibies setberdnganh efndich eRrMARISHIREYLS 88 using any
of the folloying;methosisméhe ki epaibirationsphs aeinR rinerpieciisphiospbated atidording to any
of steps B, C, D. of the previqu i cordi Qb theBmfe midyaeds filtered, the
solution %ﬂr?%‘b%r%%@ gﬁﬁ@o&%ggeég%g g %gﬁzﬁt%qe{%ég%é%lh%g% recovered. 20E. The precipitate
remaining from step A of embodiment H is re-treated with alkali, preferably under conditions, where
the mixtaredg<auod fies ByBirolysiess iefdeabiyt6 miilotess, avkighdsswated A 1Qiear, tereferably 8bar,
(e LMPSIRNE RS &&ﬁiﬁ@ﬂ?@iﬁg@%@ﬁlﬁﬂﬁ}ﬁﬁé&i@t qedsieusraliaast aodvegatered. By
means o? his extra grinding, the amoqﬁ%éifgpr}}ater#]al thati ﬁ’2 ?soslﬁlf%&alré Q&&ﬁ@sed to 27% of the
original dMBErIbEfRe iRAHEO8, RIS £ SPRRIOR BNy drAf8- CORAINIAG S0lU |or%j§enerated in
each consfituiémg stepbk efirahmnsing smpssetuyalattbée: 24K Rozed af sEessBraabid<d units, is
8roc?SS%}m%ﬂ@LQDﬁﬁk&amﬁéqm&Eﬁ@&@dﬁﬁimtamfl IcfergRNsId S, o pitatplertby means I30 of
ecolourization, pH.adjusfment, or.by refnovir I ﬁ!f!ﬂ? i&i @S.@gulture
medium fﬁ? ﬁgﬁ%}g 8%%%156%1 %?daeéy g)p%rfg ]fﬁ‘é%r%yoé‘f%rngqt EIEr)r%&‘?roorgetlar}:ig{r%”l%ls a{%l%\?v%% to produce lipid.
Acdérdindrecpaetipiiasrcten & ERMORHent of the invention, wood fibre, ground 35 wood, TIVIP pulp,
sawdust, mechanical pulp, recycled fibres (or a neutralized WO 2009/063138PCT/F12008/050663

The above described embodiment of the method aims at the total use of the
carbohydrate present in the source material for the production of single-cell lipid.
However, starting from the way of extracting the source material, the method can
also be implemented for selected parts only, for example when the fibre material of

15  the precipitate is also to be used for other purposes. The method according to the
invention is characterized by preferably comprising the steps described above in
their entirety, but is not limited from carrying out pari(s) of the method to an extent
that deviates from the basic method, or in a unit operation order, and to the use of
the monosaccharide fractions produced by these operations in the production of

20  single-cell lipid. A process step can also be attached to the method according to the
description, wherein the monosaccharide-containing fractions obtained from the
source material are used for the production of single-cell biomass or ethanol, in
addition to lipid.

In the following description, some methods according to the preferred embodiments
25  of the invention are described. The same methods can also be applied to raw
materials other than the ones presented in the description.

L

According to a preferred embodiment of the invention, wood fibres that comprise

ground wood, TMP pulp, sawdust or mechanical pulp is treated according to the
30 following constituent steps:

A. 100 g of wood fibre is exiracted in a litre of water at 90-100°C for 24
hours, preferably 2 hours. The precipitate is separated from the solutiqn by
filtration, and the solution is recovered. The carbohydrate yield in the
solution ranges from 2% to 5% depending on the manufacturing method of



20 extraction prepared according to step B described above) are used, hydrolyzed with an acid that
has a strength of 5-10% (preferably 5%), by adding 1 litre of said acid (e.g. a mineral acid) per 100 g of
material to"5& W§HSR1BEd, at a pH of about 1, using a temperature of 90-16ERBPEANN s, preferably
2 hours. The precipitate 5 is separated from the sotution by filtration. The solution contained 4-14% of
carbohydrates calculated from the amount of fibres of the source material. The precipitate can be used

as fibres or be frthuiopbbbssad iPisiley ReMEdad @i hdRB dueatiadifei F S8 %y to steps C or

D or both of the disierabadifoest dF6Ced above. The solution is separated from the precipitate,
neutralized, gteredly 9. a0d fihEL K36 %vasﬁ% . the SOReRRata ORISR e i iumgrenedium of
the microorganism or a part thereof, and t icroorganism is allowed to produce lipid. IV. According
to a fourth prefeﬂ%@ﬁﬁ%’oﬁm bt oﬂﬁl@%ﬁ"ﬁi{cgfa&f f‘?B%%%T,ﬂgPﬁ"d \%fo%d,. TMP pulp,
sawdust, mechawicaicpalpronth@OpEiSthfer @rhinimgs] prictrrably s ow b Brmbisansiontg or step A of
e[)nbogi;negt 11gf;iﬁ?ﬂ]pﬁs]é%%hzfﬁt@&iﬁiﬁzﬁﬁ?@%l@ﬁ&ﬁ%&ﬁéﬂxﬁoﬁd@i}f}gﬁf@{z@i@d), itis allowed to
absorb for 2- urs, prefera ours. The excess acid is decanted . e is
Féﬁ)?c(éd‘t; gﬂﬁ&%@dé@%@%%e@fé rsglr ]ttt'?rtee ‘0 ﬂgﬁp}rg?z?p%a éa:l? é?leferably

h
re-ground in‘a'd _
raised by pre-steadefibrisenifegnintiagariadise MiHansHiisipeseEe iR SRS Al out. The
temperature is raisegeHArdQIChPeteraitid TGribetpaeskyr ddreing friihae Gridgoditeprihd he
gringing tme is sgiecled qerolog g die wapd fiomg range L2 9 45 minesyEherppginiate is
removed from the Sotion by filtration. The residual precipitate_ can be used as.fuel or be re-ground in
the way describdd %ﬁé\/@?@ﬁ%%@@ﬂ%ﬁﬁﬁ?@éé@ﬁﬁﬁ&@%@im.tlﬁln%@olution 25 is
neutralized, filteredeandl usedrdinsuahthe iwaodafroentiatedtfgenef dn it usEdutethd htanner described
in embodiments V.. Aseardiaadg.2ith praierrcserahed e rlRhthe Mentios ke 9 wood fibres,

recovered.

15 D. Strong acid of 40-72% (sulphuric acid) is added to the precipitate fraction, it
is allowed to absorb for 24 hours, preferably 2 hours at room temperature.
Excess acid is decanted off and the precipitate is re-ground in a defibrator
(e.g. a wing or disc refiner). It is preferred to increase the temperature of the
precipitate by pre-steaming for one minute, without draining the condensate

20 thereafter. The temperature is raised 150-200°C, preferably 170 °C, the
pressure being 6-8bar (wing refiner). The grinding time is selected according
to the wood from the range of 2 to 15 minutes. The mixture is filtered, the
precipitate is separated from the solution. The solution is recovered and the

precipitate is used as fuel.

25  The solution fraction obtained from any of the constituent steps A — D can be
further processed by decolourization methods, pH adjustments, and other measures
that promote the growth of microorganism, such as removing water, and the_
solutions thus obtained can be used in the culture medium of the microorganism,
and the microorganism can be allowed to produce lipid. By combining the

30 constituent steps A — D, 40-65% of the original wood fibre material can be
converted into a soluble form from the fibre that is used as source material. The
dissolved carbohydrates comprise glucose, galactose, mannose, xylose and
arabinose units, their mutual portions being typical for the wood type used.

IL

35  According to another preferred embodiment of the invention, 100g of wood fibre,
ground wood, recycled fibre, TMP pulp, sawdust or mechanical pulp are used,
extracted in one litre of 4-8% alkali solution, preferably 1 M of NaOH at a



ground wood, TIVIP pulp, sawdust, mechanical pulp or the residual precipitate 30 according to any of
embodiments I-TV is used, a strong acid of 40-72% (e.g. sulphuric acid) is added, is allowed to absorb

for 2-4 hotg M@?ﬁﬁ@ 2 hours at room temperatyge. The excess acid isTda¢HEF BI4Ad the

precipitate is re-ground in a defibrator (e.g. a wing or disc refiner). The temperature of the precipitate
can be increased by pre- ing.for ane, minute, and the condensate.is not allowed. to flow 35 out.
The tempe?g%ﬁ)%é‘}g’yfgg‘z?@g@%g% (ﬁ%%%sl?ﬁg?{ﬁﬁlgr&q@ﬁ@b oREeERE? vifig refiner). The
grinding tiff@asaiediien dee spliipmhdiilotng@move tengecoitag asdbiotidgctionsarsohydrate
mixture is fdteragandibscpmatpbateis MAQRAYPERABRCI R QABOSARES Rlssaparated from the

solution. T, j f at.that is dissaql h cipitatgised as s aterial is in the
range_of 4%5%%9%}%% rgis]%l%gll g%é%l%aﬁ%%ﬁ%ﬂﬁeéﬁ@é%ﬁ é???%anﬁgésrsquﬁl{éﬁﬁﬁo increase the
monosacdi&tRia i igesicd byians Pisthe datnyaasrenmineatsieRicated according to any of 5
embodimentgl-I\Chaltermitivelyisstromgdualp bucke acick whdfng20feisiksoihe dititolihe piaaipitate at
room temperaturg, f r&&ﬁgg&wg@%%@@m&n%tﬁgm% acid is diluted to 5% and boiled at
normal pressure 00 C.for 4 hqurs. Further processing as above. 10 Lipid production using
microorganistis ?ﬁg ﬁ%i"éﬁ%bﬁﬁﬁ@wgf S“Pﬁﬁ&?éﬁ %%‘?ﬂ R XY fEEPYEherRd in the
various constituehegegis otrecrabodipgrittn dotabied ignimessdrbigonaratipbiysanshhad dhe hexose and
pentase monosagghiaidesiiasbeednirhensively used for lipid and single-cell biomass by means of

microbiological pracesses Each recovered 15 filtrate can, yith prestreatment, such as,washing,
neutralizatio%?'dpeigg)?o‘ﬁ%}?z%%%%rﬁ%sfﬁécr%a?%ﬁ tdéf%)ﬁnggnstte o%:ge] L}?Sé%(,i pea (glélgfos %Q?r gfernatively in
combination witieRPRAESHEEous fractions for the production of single-cell lipid. Because of the ways

of treatment of the source material, which is part of the invention, the invention is also applicable to

ethanol pregiag Qs el enan AAVRRUS B EHeD: AL A CCamBORIIPR,Q ligies. s added to 2
microorganism culture m?dlugf which has’been or | éﬂo eft with a
treatment 1s preferably treated using any of the followmg methods or the

15 combinations thereof:

D. The precipitate is treated according to any of steps B, C, D of the previous
embodiment I, or according to all of them. The mixture is filtered, the
solution is neutralized, and both the precipitate and the solution are
recovered.

20 E. The precipitate remaining from step A of embodiment If is re-treated with
alkali, preferably under conditions, where the mixture is ground for 2—-8
minutes, preferably 6 minutes, at a pressure of 4—10bar, preferably 8bar, the
temperature being 170 °C. Filtration is carried out, the solution is neutralized
and recovered. By means of this extra grinding, the amount of material that is

23 dissolved can be increased to 27% of the original amount of fibres in the
source material.

The carbohydrate-containing solution generated in each constituent step A ~ E,
comprising glucose, galactose, mannose, xylose and arabinose units, is processed
into a form suitable for lipid production by microorganisms, for example, by means

30  of decolourization, pH adjustment, or by removing water from the solution, and it is
used as a culture medium for the microorganism, or as a part thereof, and the
microorganism is allowed to produce lipid.

L .
According to a third preferred embodiment of the invention, wood fibre, ground
35 wood, TMP pulp, sawdust, mechanical pulp, recycled fibres (or a neutralized



microorganism and the microorganism is allowed to produce lipid. The lipid is recovered in the form of
microorganism mass or the lipid is separated from said mass and both the lipid and the microorganism
mass sepaygtégow?)%lﬁsare 25 recovered. Lipids cap be recovered using Eﬁ%ﬁ%@fﬂ?&ggeither by
removing them from the cells or by disrupting the cells. The lipid can be extracted from the disrupted

instance, rga s (rEpERn NEE Q' %???f&ﬁmf? O R by,
Critical Ré\‘ﬂ&%?l Bﬁ(ﬁﬁ%ﬁ 86% %%é@ 0%@%@‘5@%%#35’%#@% ﬁé‘i%’o‘&ffﬁz?l&% ring Iipicis
is phase SegmratiomeTaleatrizbitprant MY gheflipriavikhée e hglniorostgaidspidindfaeytasid esters can

also take ' ' . theRiigso - ‘ of isolation.
WO og}%%g %g%&m@@m@@@@%m BlesOprapaisice tand Tuesaeeasitdet isolation

a method SrYRRATG fﬁlﬁlﬁaz %2!;%%6%6%@2@ re{t%%r %egﬁq‘%gril&n;ecnt n%gﬁqupﬁiﬁ% invention relates to

om a carpbony IXture genera din the processing

of the orgaaibdaydreten salaalateshibriaitberranesalpid festostBasauras matRIabrielsr oligomeric

forms, acepedariehichnalbodsimbearbobydiatbaonioivng dixtordd is adsedso e agueous
cuture Megiin. SINIER o URKSREBAMARAIRIEHY BrORTREL BB Hs(BsfidMRipplemented
with nutrients required for the growth, ingculation of the medium with said organism is_carried out, the
organism 5 sbRE ARAYCAIPIBLNG dtisePRpiie dHE ) I@%Pﬁ?&%@%@@\‘)&%‘&?ﬁroﬁtﬁﬁrﬁﬂid or the
lipid Mixturadsghpawmted dssndhecslls cotherfatednfaininmeetlseartlieie I0ednstiteéiteare utilized as

such. Th%fﬂ@fﬁ&fgéﬁﬁ(}fﬁ&%tﬁa&fﬁﬂ@@ﬂiM%@&%@ﬁk&ﬁﬁﬂ%ﬂ@ww% prisaabiolggigal lipid
production. The fraction containing both hexose and pentose sugars is a natural carbon source for
many lipid-producing microorganisms. Thus, the method also has the advantage of allowing the

microorgal¥sm to be selected 15 within a wide range, for instance on the basis of lipid production
capacity, WelshadRiompgFobuite pcfetietnandodilisnne Conditioaatibhe gbgotonstiwieniseof the

microorgapisin, PERIaS AP, LAPa eSS RSV S Ty diBAIM SRl cahyiays,Jhus Improving
the overalFeconomic performance of the prbcess accor n?to_the iInventron. Preferred ways of using
the |Hd_frg@%m&-r%ﬁf gabedipaent I or step A of embodiment II are used, 5-10% of
acid is added, pH about 1 (e.g. 2 mineral acid), it is allowed to absorb for 2—4 hours,
preferably 2 hours. The excess acid is decanted off and the precipitate is re-ground
in a defibrator (e.g. a wing or disc refiner). The temperature of the precipitate is
preferably raised by pre-steaming for one minute, and the condensate is not allowed
20 to flow out. The temperature is raised 150-200°C, preferably 170°C, the pressure
being 6-8bar (wing refiner). The grinding time is selected according to the wood
from the range of 2 to 15 minutes. The precipitate is removed from the solution by
filtration. The residual precipitate can be used as fuel or be re-ground in the way
described above to increase the monosaccharide yield in the solution. The solution
25  is neutralized, filtered and used as such or in a concentrated form, and is used in the
manner described in embodiments I-IIL

V.
According to a fifth preferred embodiment of the invention, 100g of wood fibres,
ground wood, TMP pulp, sawdust, mechanical pulp or the residual precipitate
30  according to any of embodiments -1V is used, a strong acid of 40~72% (e.g.
sulphuric acid) is added, is allowed to absorb for 2—4 hours, preferably 2 hours at
room temperature. The excess acid is decanted off and the precipitate is re-ground
in a defibrator (e.g. a wing or disc refiner). The temperature of the precipitate can be
increased by pre-steaming for one minute, and the condensate is not allowed to flow
35  out. The temperature is raised 150-200°C, preferably 170°C, the pressure being 6—
8bar (wing refiner). The grinding time is selected according to the wood from the
range of 2 to 15 minutes. The carbohydrate mixture is filtered and the precipitate is



20 hydrolysis and recycling into the culture medium of the lipid-producing microorganism or use as
forage or nutritive substance. It is also possible to separate various components, such as (special)

sugars, co%ﬁﬁﬂﬁ’@@@ﬁ?s, f3-glucan, sterols, sterol esters or proteins, front %qﬁ?ﬂgﬁég{*ﬁﬁicrobial
mass. The micro-organism is selected from natufal or genetically modified fat- 25 accumulating
microorganisms, preferably from yeasts, moulds, bacteria and algae, more preferably from yeasts and

moulds, semsped Exablyheaolysasis naperiem o4 mriieh Atk Sorgal_M 8B ilized is capable of

producigﬁélamé%w%%@jregmgm dicfremoeatii 406 3fvehtiomabiehafbre encompasses all
microordanisms in which lipid accumuylatian.is. asgd TRrGiale dyassodeastvibn{EE 2.3.3.8)
they corﬁéﬁ‘f}@iﬁi@-gﬁﬂtcﬁ%ﬁ%%a&ggg?ggér%;]crgﬁ},ﬁ%t%?éﬁg ﬁ&%gégfor the invention cpmprise the
followingyigddelzhecatisa e aresialiaag sig CLTRA 388 BRAC A AT LGSR0 Shhich include
strains thatisyfikesizelthi® pentose sugar xylose into lipid, such as Candida curvata (D) (Evans, C.T.
and Ratledge, 1983. A comparison of the 35 oleaginous yeast, Candida curvata, grown on different

carbon sources in continuous and batch cylt Lipids 18 623-62 hedo .gracilis (Yoon, S.,
Rhim, J.AW@@W&)@&%@*&‘%O@M%%‘%%H i?%??f%’é?%%aﬁ% Ié%e%& \?‘{ %9 l‘12. Effect of
Carbon anerlisngenaBmerfes b lipit R petendiot RiwiunoriigEinidhs acittedtefetnnol. 60,
243-246) ang Rhadpspandiumten gidasaRhedoordafelulitisuRhPdelesyprgeassing Adpomyces

starkeyi, Lipomyces lipofer, Candida lipolytica, Cryptococcus, Cryptococcus 5 albidus, Trichosporon
cutaneufPAi8 Trichosporon pullulans (Fall, R., Phelps, P. and Spindler, D. 1984, Bioconversion of
Xylan to Triglycerides by Oil-Rich Yeasts. Appl. Environ. Mircobiol. 47, 1130-1134) as well as a strain
thag synthgsigepibaRenasessganivialunganiints lipid, Lipomyces starkeyi (Naganuma, T., Uzulca, Y.
and Tanaka K. 1985. Physiological Factors Affecting Total Cell Number and Lipid 10 Content of the

Yeast, Lipomyces starkeyi, J. Gen. Appl. Micyobiol. 31, 29-37). Cogrespondingly, the. fafraccumulating
mould geHRe PTRSIHE ESHIERAL S th iBRIBB}HEHS&, %ﬂﬁ%% é@t‘#g rssgm%yatﬁFma{h%

various constituent steps, the carbohydrate contained in the source material as well
as the hexose and pentose monosaccharides to be comprehensively used for lipid
and single-cell biomass by means of microbiclogical processes. Each recovered

15 filtrate can, with pre-treatment, such as washing, neutralization, decolourization or
other after-treatment procedures, be used as such or alternatively in combination
with various agueous fractions for the production of single-cell lipid. Because of the
ways of treatment of the source material, which is part of the invention, the
invention is also applicable to ethanol production.

20 A filtrate, i.e. an aqueous fraction, or any combination of filtrates, is added to 2
microorganism culture medium which has been or is inoculated with a
microorganism and the microorganism is allowed to produce lipid. The lipid is
recovered in the form of microorganism mass or the lipid is separated from said
mass and both the lipid and the microorganism mass separated from it are

25  recovered. Lipids can be recovered using known methods either by removing them
from the cells or by disrupting the cells. The lipid can be extracted from the
disrupted cells using an organic solvent. Methods of lipid recovery applicable to the
invention are described, for instance, in the publication by Z. Jacob: Yeast Lipids:
Extraction, Quality Analysis, and Acceptability, Critical Reviews in Biotechnology,

30 12(5/6); 463—491 (1992). A preferred method for recovering lipids is phase
separation. The treatment of the lipid formed in the microorganism into fatty acid
esters can also take place without prior homogenization of the microorganism cells
and subsequent fat isolation.



= Aspergillus C_ha_le_tomium 15- Clodosporidium Cunninghamella Emericella  Fusarium - Mortierella
20- Mucor_Penicillium - Pythium - Rhizopus Trichodenna 25 Correspondirl}g{yrthe fat-accumulating
i}

bacterial g‘éfﬁe%%omé%ﬁ% applicable to the inventiggl comprise, among oth& R8st ter -

Actinobacter Anabaetza 30- Arthrobacter - Bacillus Clostridium - Flexibacterium Micrococcus
35- Mycobacterium L . . . .
A preferred embodiment of the present invention relates to a method of forming a

lipid or a lipid mixture from a carbohydrate mixture generated in the processing of
the organic source material, comprising hexose and pentose sugars in monomeric or
oligomeric forms, according to which method the carbohydrate-containing mixture

5 is added to an aqueous culture medium, on which a lipid-producing micro-organism
is cultured, the medium is supplemented with nutrients required for the growth,
inoculation of the medium with said organism is carried out, the organism is
cultured and allowed to produce lipid, the cellular mass is recovered, and the lipid
or the lipid mixture is separated from the cells or the fat-containing cells or their

10  constituents are utilized as such.

The method according to the invention provides a particular flexibility for
microbiological lipid production. The fraction containing both hexose and pentose
sugars is a natural carbon source for many lipid-producing microorganisms. Thus,
the method also has the advantage of allowing the microorganism to be selected

15  within a wide range, for instance on the basis of lipid production capacity, yield of
biomass, type of culturing or culturing conditions, The other constituents of the
microorganism, besides the lipid, can be used energy-efficiently in many different
ways, thus improving the overall economic performance of the process according to
the invention. Preferred ways of using thellipid-free microorganisim mass are

20  hydrolysis and recycling into the culture medium of the lipid-producing
microorganism or use as forage or pufritive substance. It is also possible to separate
various components, such as (special) sugars, colouring agents, B-glucan, sterols,
sterol esters or proteins, from the lipid-free microbial mass.

The micro-organism is selected from natural or genetically modified fat-

25  accumulating microorganisms, preferably from yeasts, moulds, bacteria and algae,
more preferably from yeasts and moulds, most preferably from yeasts. It is essential
fhat the microorganism to be utilized is capable of producing lipid from hexose or
pentose sugars or from both. The invention therefore encompasses all
microorganisms in which lipid accumulation is based on the ATP:citrate lyase

30 activity (BC 2.3.3.8) they contain.

Lipid-synthesizing yeast genera that are applicable for the invention comprise the
following genera: Candida, Yarrowia, Lipomyces, Rhodotorula and Cryptococcus,
which include strains that synthesize the pentose sugar xylose into lipid, such as
Candida curvata (D) (Bvans, C.T. and Ratledge, 1983. A comparison of the

35  oleaginous yeast, Candida curvata, grown on different carbon sources in continuous
and batch culture, Lipids 18 623—629), Rhodotorula gracilis (Yoon, S., Rhim, J.,



WO 2009/063138PCT/F12008/050663 24 Nocardia - Nostoc Oscillatoria - Pseudomonas -
Rhodococcus - Rhodomicrobium - Rhodopseudomonas Shewanella Streptomyces 10- Vibrio

Correspoﬂﬂé@?fﬂ@%’f—accumuIating micro-algag genera that are appliczgﬁg’% & %tion

comprise, among others: - Botryococcus  Brachiomonas 15- Chlamydomonas - Chlorella

Crypthecodinium Dunaliella Euglena 20- Nannochloris
Y oL 8., Ryn. . and Ritee, 3. 1982 Eitect of Carbon and Nitrogen Sources on

Lipid Production of Rhodotorula gracilis, J. Ferment. Technol. 60, 243—246) and
Rhodosporidium toruloides, Rhodotorula glutinis, Rhodotorula graminis, Lipomyces
starkeyi, Lipomyces lipafer, Candida lipolytica, Cryptococcus, Cryptococcus

5  albidus, Trichosporon cutaneum and Trichosporon pullulans (Fall, R., Phelps, P.
and Spindler, D. 1984, Bioconversion of Xylan to Triglycerides by Oil-Rich Yeasts.
Appl. Environ. Mircobiol. 47, 1130—1134) as well as a strain that synthesizes the
pentose sugar arabinose into lipid, Lipomyces starkeyi (Naganuma, T., Uzuka, Y.
and Tanaka K. 1985. Physiological Factors Affecting Total Cell Number and Lipid

10 Content of the Yeast, Lipomyces starkeyi, J. Gen. Appl. Microbiol. 31, 29--37).

Correspondingly, the fat-accumulating mould genera that are applicable to the
~ invention comprise, among others:

~ Aspergillus
— Chaetomium
15 — Clodosporidium
— Cunninghamella
—~ Emericella
— Fusarium
- Mortierella
20 — Mucor
— Penicillium
— Pythium
— Rhizopus
— Trichoderma

25  Correspondingly, the fat-accumulating bacterial genera that are applicable to the
invention comprise, among others:

- Acinetobacter
— Actinobacter
— Anabaena
30 — Arthrobacter
- Bacillus
- Clostridium
— Flexibacterium
— Micrococcus
35 ~ Mycobacterium



Nannochloropsis Navicula Nitzschia - Schizochytrium 25- Sceletonema - Scenedesmus
Tetraselmis Thraustochytrium Ulkenia 30 According to a preferred embodiment of the invention,

microorgawgrﬁgﬂﬂﬁ%éfﬁ'nthesize fatty acid-containing lipid into their cells it Gy 5%’8%?,09\9ﬁich
preferably is 12-65% by weight of the dry weight of the cells, are used for the lipid synthesis.

According to 393{?55%&4)?&%}6 preferred embodiment of the invention, the lipid-free biomass founed in the
invention, treated in a way suited for the microorganism, is 35 used as nutrients in the culture medium.
In addition to th”éé@é%ponents, the culture WO 20091063138PCT/F12008/050663 25 medium can
be supplementedsitillcoomaonents preferable for the microorganism employed. In order to produce
lipid, the microQrganism gengeally requires, among others, a carbon source, which it in the present
invention acquire ’f%ro the source material, a nitrogen source, such as an inorganic ammonium salt
(e.0. mmoniur'ﬁ% %‘%ﬁ%&“& an organic nitrogen source (e g amino nitrogen, yeast extract, or
hydrolyzed celltl&hedesycanbiaimicronutrient source, such as a phosphate, sulphate, chloride,
vitamin or cation eI EaK, Na, Ca, Fe or Cu ion-source), whereby these components can
be added to the | ng&%ﬁaen needed. When the method of the present invention is applied, the lipid

concentration of the
— Streptomyces

10 — Vibrio

Correspondingly, the fat~accumulating micro-algae genera that are applicable to the
invention comprise, among others:

— Botryococcus

~ Brachiomonas
15 — Chiamydomonas
' — Chlorella

— Crypthecodinium

— Dunaliella

— Euglena
20 ~ Nannochloris

— Nannochioropsis

— Navicula

— Nitzschia

— Schizochytrium
25 — Sceletonema

— Scenedesmus

— Tetraselmis

— Thraustochyirium

— Ulkenia

30 According to a preferred embodiment of the invention, microorganisms that
synthesize fatty acid-containing lipid into their cells in an amount, which preferably
is 12-65% by weight of the dry weight of the cells, are used for the lipid synthesis.

According to a particularly preferred embodiment of the inverition, the lipid-free
biomass formed in the invention, treated in a way suited for the microorganism, is
35  used as nutrients in the culture medium. In addition to these components, the culture



10 cells is preferably 40% by weight, most preferably 65% by weight. Manufacture of biofuel The fatty
acid ester contained in the microorganism-derived lipid can be treated to be suitable as biodiesel fuel

by any kndVhHHE3One preferred approach is to carry out a transesterfataiiti®Rort-chained

alcohols, preferably methanol, to 15 obtain the alcohol ester of the fatty acid. The impure side flow
generated in the manufacture of biodiesel or renewable diesel takinf%gplace with transesterification,

which sidBSSRBSRAIRE AEeNCRE SEihasmRIeRS RUREIS0S RITOPTER$I8d salt, and is
diffjcu It_ t(pﬁ_gglk@jﬁs’tm. imﬁﬁtg:ytefﬁnﬂubwﬁpigﬂ;&h@&ﬁerue@f@smgqarenﬂnhk;timqnh’sm gizmoek 20 lipid,
which ipidiaHeapledn sughRicepyEatis P heraberelinth segai g A sl afological

origin. Advantages of the invention vantages of the inventjon |g@¢1{1e the fact that the equipment

needed f8RaH&: eﬁwﬁﬁﬁggﬁ%ﬁé‘r&ﬁdﬁﬁﬁb L ATIOY P Rh Sivh S r 4P HE i RTacture and
25 operatiolphatesancannegaiitenitepodsatcoediag toniadrmisragsmiy et ipriagtiadany production
scale, bUhgafbkl’fzéésétmﬁf%ﬂfﬂgﬂg)PMWﬁ@ﬁ‘%@fﬂi{}@rj@sﬂS&@&fMQg%ﬁ@%@t@”0_' amount of the
source materjal’to regted.. Carrying out the met to u n r
energy-céH fﬁg 8&@8 , H}Ea%¥i9§83§ﬁF§8ggﬁc§?§b£ éﬁ%ér%sh%%ié%%’%iﬁa%@si#{a?ddition to acid,
alkaline diosiiegmw Rorehiafisss qENAREREICSRIPecsidrdstitnbe secdianahengsrdedan be
incorporat@dn the intatial oycle efthenneihat iaecisrajyditel thisel hiyéd tiomcentiriproodking of such
biomateri | i | r rom the usable sugar
TateriadNoptagtis (W;&gg/e 'SetE chskipeeasing, Wa'B eaYal(

solutions, since dilute ca lons are suitable, as such, for Use in or as the microorganism
culture medium. The overall economic WO 2009/063138PCT/FI2008/050663 26 perfaintance of the
method ifMiapuiueturne thbiaditkat the lipid-free biomass generated in it has, in addition to the internal
cycle, many different uses, such as the production of individual organic constituents, as forage or as

the raw MARETIRL 405 2R oA S R TR HpSHiER B0k ifRA LR dkskien
be suitable as biodiesel fuel by any known method. One preferred approach is to
carry out a transesterification with short-chained alcohols, preferably methanol, to
15 obtain the alcohol ester of the fatty acid.

The impure side flow generated in the manufacture of biodiesel or renewable diesel
taking place with transesterification, which side flow contains alcoholic
compounds, such as glycerol or non-esterified fatty acid salt, and is difficult to
exploit in a energy-efficient way, can be re-used for the production of single-cell

20  lipid, which lipid is usable as such or recyclable into other glycerolipid-containing
materials of biological origin.

Advantages of the invenfion

The advantages of the invention include the fact that the equipment needed for the
method is simple and the associated technology is known as far as manufacture and

25  operation are concerned. The method according to the invention is not limited to
any production scale, but can be easily scaled up or down according to the
carbohydrate content and amount of the source material to be treated. Carrying out
the method to produce lipid does not require energy-consuming heating, pressurized
unit operations or other chemical catalysts in addition to acid, alkaline or enzyme

30 catalysts. The method only requires the use of chemicals that can be incorporated in
the internal cycle of the method according to the invention, or the processing of
such biomaterials. Nor does the method require cost-increasing water-removal from
the usable sugar solutions, since dilute carbohydrate solutions are suitable, as such,
for use in or as the microorganism culture medium, The overall economic



5 microorganisms. The method is also suited for the production of single-cell biomass and ethanol.
Advantages of the stagewise treatment of biomass according to the present invention are the more
compreheWé?\fé'??m is of organic material andzh hus the better usablllrfgf 2% %ﬂé}rﬁrfg material for
the production of single-cell lipid 10 compared to the present technology. Further the filtrates or

precipitates obtained from the d alkali treatment I uce the use of
chemicalBSEQERE5H &E%%&%Ff# ﬁ@%ﬁ% s&c fﬁg%ﬁﬁgé%%%%%r%ggkm%%dco ining
microbiolgeeahisté s ibhashimedgisandachewmerant camenyaYdAdRISH H@% gﬂ& used as
raw 15 maisials AscTUsliRh RAVeFaain i menasasshe idesy Patent thppticatioatqidlicftlon US

2002/0185447 and patent U 563 t methods, such as
treatment WA a&ﬁ%raaﬁ%ﬂP B8 eY2 mg‘%g%%el%crévg %alco%l%m%r ent 8n arding
micrébioloyRralougataa:, Bbﬁmmlélélﬁﬁ’e‘lﬁ% £pe heiRradyA rﬁ’c{: Sd?&r Se%n hexose

sugar forgppdiemad0 polysaccharides is used. In patent application publication US 2003/0096385,
prenyl alcohol (geranyl and farnesyl derivatives of alcohol) is produced using microorganisms Patent
appllcatloné)ubllcatlon WO 03/038067 descrlbe method, wherein |cat|oré8{ the genome of a

fungous rHETEBAERR<Hh BshSHASRIMAS oA ’tﬂg%?%ﬁﬁ%?} Beniose gars The publication is
only almaﬂ\&txﬁﬁaﬂmmimmmmmpw@m@ﬁmbmﬁe%fwwm Gradothis itCexploitation
of the m%%&%?%!&%ﬁft Q}ﬁﬁe%%@uféqwa@éﬁiaer@sroaﬁqﬁhﬂmcaumﬁcm@mm;pamcurany taking

. place within er |ndu arti [ vention
allowd fo%ﬁﬁﬁé&%&?‘%ﬁﬁg car %Jlr%le %acﬁrlt%]%%r%éq by ﬁ@&éﬁ?&t%gﬁ?ﬁ connection
with the rﬁmmf&mm@ﬁmb@ﬂ@héﬁmfﬁaﬁugﬁBWtﬁ%ﬁ@ g*‘?vﬁ%?e ater treatment,

to be redygRghi eiefolinathedrutinttors a lipid production process providing an
environmentally friendly solution to producing raw material for a traffic fuel, biodiesel or renewable

diesel, for instance from the dilute, carbohy%ate ctohnt inin t35 aqueausoflr) |Oor§(s:a eperated in TMP
processeghﬁ é@lmﬁﬁémfaﬁ&% € metnods coIaINg mick g P

ethanol production, wherein carbohydrate-containing materials are used as raw

15 materials, as such or converted into monosaccharides. Patent apphcatmn publication
US 2002/0185447 and patent US 5637502 also describe carbohydrate treatment
methods, such as treatment with acid or alkali, these treatments being followed by
alcoholic fermentation. Regarding microbiological treatment, both of the said
methods are limited to ethanol production, wherein hexose sugar formed from

20  polysaccharides is used. In patent application publication US 2003/0096385, prenyl
alcohol (geranyl and farnesyl derivatives of alcohol) is produced using
microorganisms. Patent application publication WO 03/038067 describes a method,
wherein modification of the genome of a fungous microorganism can yield an
organism capable of utilizing pentose sugars. The publication is only aimed at

25  ethanol production.

The invention provides a new possible solution to the exploitation of the more
significant aqueous side flow of thermo-mechanical wood processing particularly
taking place within the pulp and paper industry, particularly as raw material for
iraffic fuel. The invention allows for the biological loading of the carbohydrate-

30 containing side flow generated in connection with the manufacture of mechanical
wood pulp, and hence the energy costs of wastewater treatment, to be reduced. In
concrete form, the invention is a lipid production process providing an
environmentally friendly solution to producing raw material for a traffic fuel,
biodiesel or renewable diesel, for instance from the dilute, carbohydrate-containing

35  aqueous fractions generated in TMP processes or corresponding mechanical
treatment of wood.



treatment of wood. WO 2009/063138PCT/FI2008/050663 27 The method also provides alternative
solutions for the exploitation of other source materials. In accordance with the method, recycled fibre,
such as pmﬁﬁﬁﬂgﬁ@ﬁgpackaging material and comparable cellulose-basBl MRS % be used as
source material. 5 Compared with prior art, the invention is, therefore, in compliance with the principles
of sustainable development, by increasing the avail_abilit%);f lipid raw material and reducing the total

demand fbhorgafediplacriiaatssradinaivorslutinastion theseploiiaionnt Qhans8MEsof renewable
natural regatsdathdsestbivtimicaw ittatagatsdndjseondadifidte, buiohiag phieitipgasisiion costs to an
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invention'is r%?%n%?g(?%ﬁ?%ﬁ%%? I%%@% the &%Z%ge%lg%%%ﬁé%a&t%ﬁﬁe{&rggt ?)d also includes

stages al e lipid components of the extractive fraction in the wood matter to be recovered.
When the source material is treated with water, the filtrate separates a 15 lipid component which can

be recovergdh fARHIGRAPEASEAMERR RN dRIATIIR! 1A tonssiatibedinihgart. As a result of
the acid treatment of the saur terjal, the lipids.in the extractive Tracti ield free fatty acids which
HleEYs! HERPERRE 1)

are sepa&f&‘f _ %3"1‘?@5}% &Y6 ﬂ?%’fe?ﬁ Xﬁ%zrﬁ?(gﬁ’r% ‘%ﬁﬁ 1a%cc salts, and
which, afteptssparnbredigiapibeipialelemand fgestannlipid foaceihsr sswieescdirespondingly,
the alkalingyeitiaatinnsodiherraisr ceeraataranil Rostrastodlyl @cigkaalt puthe Ssyedbiefliaction,

which salg walerplR AL AUR TVSSSRGANS IR B SRRt s sl sonvered imo

the form of a water-in alt, suc t, and*the precipitate is separated from the aqueous

phak® an@@k@‘é@%@%ﬁﬁﬁfﬁ‘éﬁﬁ%@ acid alcohol esterids.

Where the total use of source material is concerned, the invention is not iimited only
to the total use of the contained carbohydrate. The method also includes stages
allowing the lipid components of the extractive fraction in the wood matter to be
recovered. When the source material is treated with water, the filtrate separates a

15  lipid component which can be recovered from the aqueous solution by methods
familiar to those skilled in the art. As a result of the acid treatment of the source
material, the lipids in the extractive fraction yield free fatty acids which are
separated from the filtrate in the form of insoluble alkaline earth metal salts, such as
Ca*™" salts, and which, after separation of the precipitate, are transesterified into

20 alcohol esters. Correspondingly, the alkaline extraction of the source material,
produces fatty acid salt from the extractive fraction, which salt is water-soluble and
is thus mixed in the filtrate. In the invention, said salt is converted into the form of a
water-insoluble salt, such as a Ca™ salt, and the precipitate is separated from the
aqueous phase and is used to manufacture fatty acid alcohol esterids.

25  The following examples are intended to illustrate the invention, and they are not to
be construed as limiting the scope of this invention in any way. Nor is the invention
in any way limited to the microbial strains used. The invention can be implemented
not only by means of the strains used but also by means of other strains of the same
species or genus, or the strains of other microbial genera or species or by means of

30  genetically modified microbe strains. Lipid-producing micro-organisms are
commonly available and they can be found in several strain collections, e.g. ATCC,
DSM, etc. Lipid-producing microorganisms and lipid production processes using
microorganisms (including algae) are described in the literature, for example in the
writings: Single Cell Oils, eds. Z. Cohen and C. Ratledge, AOCS Press, 2005 and

35  Microbial Lipids, eds. C. Ratledge and S.G. Wilkinson, vol. 1 and 2, Academic
Press, 1988. '
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means of other strains of the same species or genus, or the strains of other microbial genera or
species O'E%HE%% of 30 genetically modified microbe strains. Lipid-producing micro-organisms are
commonly available and they can be found in several strain collections, e.g. ATCC, DSM, etc.
Lipid-producing microorganisms and lipid production processes using microorganisms (including
algae) areliremmided.in the literature, for example in the writings: Single Cell Oils, eds. Z. Cohen and
C. Ratledge, AOCS Press, 2005 and 35 Microbial Lipids, eds. C. Ratledge and S G Willcinson, vol 1

and 2, Ac ic Press, 1988.. WO 2009/063138PC T4 12008/050663 28, Ex le1100¢g
cach of woS ree DR G ol ENE B SRS, g AR S X
boiling watéero&ermarc! e pobpiling avadmiigRs \0EreS fitereboaiaylReFHoEaRs SRR erial
(heremaftatipspainitats) fidie Gretibilateatedn (Reminnétaprtipitad UShe pactdpiaiewatives to

inorease e ResasalaldRyGl Accalitg iR 6l L1 Rl RARKIR PIRERAIRAIRARRPIes 1 or 5
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100C for 3,0aps. FiHANONGER CRHLCLAUE ARARE A (SRS E-ARYdNS for the
production of single-cell lipid. The dissolved carbohydrates were typical for the tree
15  species extracted, dividing into hexoses and pentoses.

Exampie 2

Wood fibre, ground wood, recycled fibre, TMP pulp. sawdust and mechanical pulp
were each added to one litre of 5% alkaline solution (NaOH) and stirred at 90—
100°C for 3 hours. Filtrations were carried out at normal temperature and the

20  precipitates were subjected to further treatment for the production of
monosaccharides according to Example 4. The extraction solutions were treated so
that a part of each solution was reused in treating the next batch of fibre, a part was
neutralized, and a part was conducted to hydrolysis according to Example 4 since
some lignin as well as some oligo- and polysaccharides had dissolved in the

25  alkaline extraction solutions. The solutions obtained from different source materials
by the described alkaline treatment had retained an average of 5% of the weight of
the source material. '

The precipitates obtained in the original alkaline treatment were also retreated with
alkali by repeating the previous alkaline treatment and grinding for 6 minutes at a
30 pressure of § bar, at a temperature of 170 °C. Using this further grinding, the
amount of material dissolving in the alkaline solution could be increased to an
average of 27% of the original amounts of source materials. The solutions became
black and, following neutralization, hydrolysis and concentration, they were freated



20 precipitates were subjected to further treatment for the production of monosaccharides according to
Example 4. The extraction solutions were treated so that a part of each solution was reused in treating
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Example®f the solutions was reused as such for hydrolysis of the following batches f sourc
material as described in this example. The precipitates were further treated to

increase the monosaccharide yield according to the following Example 5.

15 Example 4

125 g each of wood fibre, ground wood, TMP pulp, MDF pulp, sawdust,
mechanical pulp, straw, grain husk and precipitate according to Examples 1-3 were
added to a sulphuric acid solution having a concentration of 10%, and the acid was
allowed to be absorbed for 2 howrs. Excess acid was decanted off and the mixtures

20  were conducted into a wing refiner, the temperature was raised by presteaming for
11 minutes without letting the condensate flow out, after which the temperature was
raised 160°C and the pressure to 8 bar and the grinding was performed using the
wing refiner. A mixture grinding time of 11 minutes was selected for the spruce
fibre. The precipitates were separated from the solutions after the grinding. Each

25  precipitate was divided so that a part was used for incineration and a part was
reground to increase the monosaccharide yield according to the following Example
5. Correspondingly, the solutions were neutralized, filtered and concentrated by
evaporation until monosaccharide concentrations of about 20% were achieved.
These solutions were recovered for the production of single-cell lipid.

30 Exampie 5
1D. 125 g each of wood fibre, ground wood, TMP pulp, sawdust, mechanical pulp,

straw and grain fibre as well as remaining precipitates according to Examples 1-4
were added to a 40% sulphuric acid solution and allowed to absorb at room



125 g each of wood fibre, ground wood, TMP pulp, MDF pulp, sawdust, mechanical pulp, straw, grain
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minutes.ﬁ‘ﬁ@%ﬁﬁ&%‘% W@lr% separated from the solutions. The proportions of dissolved substances
were on average more than 50% of the source material. The solutions were neutralized, filtered and
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15 for 4 hé?ﬁjor% Further treatment and use of the generated fractions took place as above. Example 6
Monosacc ari%'e suitable for producing single-cell lipid can be produced from chaff, straw and grain
husk by direct hydrolysis using 5% acid or be impregnated with a

Example 6

Monosaccharide suitable for producing single-cell lipid can be produced from chaff,
straw and grain husk by direct hydrolysis using 5% acid or be impregnated with a

20  stronger one and hydrolyzed in a 5% solution or first be treated with alkali and the
hemiceltulose and cellulose can be hydrolyzed separately as presented in the above
examples. These treatments can be combined with impregnation treatments with
acid or alkali and subsequent repeated grindings in a wing or disc refiner to produce
thermo-mechanical pulp. In this example, however, chaff, straw and grain husk

25  (125g each) were pre-steamed for 11 minutes at a pressure of 8 bar and treated into
thermo-mechanical pulp in a wing refiner at a temperature of 170°C. The generated
thermo-mechanical pulps were hydrolyzed in 5% acid (sulphuric acid) in a volume
of one litre at 90-100°C at normal pressure for 4 hours. The solution fractions were '
separated by filtration and neutralized. Subsequently, the solutions were

30 concentrated and recovered for the production of single-cell lipid. The
monosaccharide yield was on average 50% of the source material. To increase the
carbohydrate yield, the precipitates remaining after the filtration were thermo-
mechanically re-treated according to Example 5 and a part was conducted to
incineration.



20 stronger one and hydrolyzed in a 5% solution or first be treated with alkali and the hemicellulose
and cellulose can be hydrolyzed separately as presented in the above examples. These treatments

can be coffFEePRifHPnpregnation treatments with acid or alkali and subB&qFEH#HEAtAd grindings

in a wing or disc refiner to produce thermo- mech cal pulp. hi this example, however, chaff, straw and
grain husk 25 (125% each) were pre-steamed for 11 minutes at a pressure of 8 bar and treated into
thermo-niESAHHAE| pulp in a wing refiner at a temperature of 170C. The generated themio-mechanical
pulps were hydrolyzed in 5% acid (sulphuric acid) in a volume of one litre at 90-100C at normal

pressure fof #1gHERy B E@ﬁg rﬂ%trert@rt%weéﬁ)ss%%%%%atrﬁm@mﬂ%wmbsequenﬂy,

el VR T S DI R e e S

monosacé

the precipitatepitetnaininy sitaticie @natvgrﬁg@r@ﬂﬁgﬁh@f@mdnfvcmm trethedesksonting to Example
5 and a pafiiwasisenduate Iﬂ tﬁ@i@ﬁﬁt‘i@ﬂs W2 R&%@lﬁ@%&ﬁﬁﬁﬁi/ﬁéﬁ@%ﬂé&@ﬁ%hﬁxamme 7

Chaff, str Wand ain hlﬁs ch Were eac reated | |n I| res.9 fal?’i\ é} | n(1.2M
oure & #IF ek a’saalvél were @?ﬁﬁ} i

NaOH) at ot or &V d into a ecr ?ta?e and a solutton. On average

49-57% dﬂn@m@s eiaxtsose wrdratrBbnee Whiskerisn iaings rﬁ%mﬁso frel8eRaline
solutions yyergdRitssedwadfeimigihs forthedaditle Ltﬁmg)saﬂmhartdacmhtanddﬁe&ameiatimdroIyzed asin

Example §, Mixtuises $§?é"§f éffgcﬁteﬁrae%ﬁat@ﬂ@h tt%&&aetaime%ttﬁmﬁwrasqf&me and

galactose, were main ed, The monosa ride content of the solu ecam 23 33% of the
fed s%urcEWEHE?HFW@%WVSf%é?% § Fgﬁﬁéﬁﬁr%@ﬁ‘?‘freéﬁérf tﬂrg B8y charcoal
before they sispdereethBped. for the production of single-cell lipid. The precipitates obtained in the
filtration were impregnated in 5% acid (sulphuric acid) and ground in a wing refiner for 11 minutes at a

pressure bara rat re of 150C. The recr |tatesd de or,nto carbohydrates
mainly 15 8@53818 gg \ﬂﬁ%‘?iﬁ Fﬂgﬂt izt OH é%sﬁgfe}r c]’gi\P fed for the

productroh%@)sﬁi‘gﬂ@ff@lﬂ%m Wt@dﬁfﬁ@p@éré&éf@@%‘?ﬁéﬁﬁ@rﬁﬁéﬁm@f firthaicst 2arried out after
the acid hygipbsisireere] SiiF (o-Treundpitdhenibyeidbd eatdnsdidhlacar Bohgdtngsiontatatyple 4.

SO'Q%O”S&Q’EESS%%H‘EQIE&% GG HEAHDE RIS EANAIN e RABASRERD AR B Peiqital Of 55-65%
the production of single-cell lipid. Parts of the precipitates remaining after the
filtrations, carried out after the acid hydrolysis, were still re-ground and then
hydrolyzed in 10% acid according to Example 4. Solutions were obtained after
these treatments, which contained monosaccharides in a total of 55-65% of the
20  source material. The solutions were recovered for the production of single-cell lipid.

Example 8

Steam-dried beet pulp was poured into a tub and enough boiling water was poured
on top of it so that the water covered the beet pulp. The solution was allowed to
cool before separating the water from the solids by decanting. 3.6 mg/ml of dry

25  matter had dissolved in the water. The aqueous fraction was partly used to treat a
new batch and partly, afier concentrating, recovered for the production of single-cell
lipid. The obtained solid fraction, the precipitate, containing 16.7% of dry matter,
was weighed 748g, corresponding, as dry matter, to 125g of dried beet pulp, was
impregnated with 0.4M phosphoric acid (H3PO,, 500 ml) at room temperature for

30 18 hours. Excess acid solution was decanted off and pre-steamed for 11 minutes
before initiating the thermo-mechanical grinding. The mixture was ground for
11 minutes using a wing refiner. During grinding, the pressure was 8 bar and the
temperature was initially 172°C and, when 10 minutes of grinding time had lapsed,
162°C. The mixture was removed from the refiner and filtered. The solution

35  fraction, 2.26 litres, contained 2.75% dry matter. 50% of the dry matter fed to the



20 source material. The solutions were recovered for the production of single-cell lipid. Example 8
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Example 9

The source material was thermo-mechanically treated spruce fibre, of which 46.8g
(about 1 litre in volume) was weighed, and 0.2N NaOH was added on top of it, to

15  which a further 5.6g of Na,CO; and 1.3g of MgSO, 6H;0 (500mi) was added. The
mixture was heated to 50°C; yielding minor amounts of glucose, xylose, galactose,
arabinose, mannose and additionally oligomers in the solution. The pH of the
sotution was about 11, it was filtered and washed with water. The washing and the
filtrate were combined and the solution was evaporated to 320ml. The amount of

20  dissolved substance was 4.5% (dry matter) of the source material. To increase the
amount of monosaccharides, acid was added to the solution, resulting in a
precipitate. The precipitate was separated from the solution, the latter being
recovered and used to produce single-cell lipid. The precipitate was hydrolyzed into
monosaccharides in 5% acid as described in Example 3. Using the hydrolysis, 1%

25  monosaccharides was generated from the mass of the precipitate, which
monosaccharides entered the solution and were, after decolourization, recovered for
the production of single-cell lipid. |

Example 10

A 45g batch (about 1 litre) of thermo-mechanically treated spruce fibre was

30 weighed, on top of which was added 0.2 N NaQOH, to which was added a further
5.6g of Na,CO; and 1.3g of MgSO, 6H,0 (500 ml). The mixture was heated to
50 °C, filtered and the precipitate washed with water. The washing and filtrate
solutions were combined. To increase the amount of monosaccharides, acid was
added to the combined filtrate and hydrolysis was performed according to Example



10 an additional 28% of monosaccharides had entered the solution phase. The precipitate was
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compresseddacih shardchilitipef. Alrale BatiRoPHréeihivas @des wmid.celiulageantpiae was
added. i%gmersuaqg &Ilulglot%§ were aﬁntgratedaicn dt e @gx}%fﬁ?{eJ?e %émg-tjrﬁkneatf% irSnixture 5 was
recovered DotA a8 SUGH and 56 4 separge%r_ﬁtra%e, CRSIn Ion, angruse LE) 'proofhge Single-cell lipid.
Example shpwed that the treatment resulted in the monosaccharides entering the solution in

56% of the source material, mostly as xylose, mannose, glucose galactose and

15 arabinose. The solution was recovered for use in producing single-cell Iipid.
Example 12

400g of oat chaff was weighed and 3 litres of water and 200g of NaOH were added.
The mixture was kept at a temperature of 90-96 C under stirring for 2 hours. The
mixture was filtered through a cloth and the fibres were separated. The filtrate
20 fraction (50 ml) was neufralized and its pH adjusted to 4.8 with a citrate buffer
(40 ml), multifect xylanase (10 ml) is added and the mixture was thermostated to
50°C. Sugars were released mto the solution, of which 25.2% were xylose and
11.8% were arabinose. There were also oligomers in the solution after a reaction
time of 50 hours. The entire mixture was recovered for use in producing single-cell
25 lipid.

Example 13

Beet pulp, 125g, was impregnated with 0.4 M sulphuric acid and excess acid was
decanted off after 12 hours. The pulp was transferred into a wing refiner, in which it
was pre-steamed for 4 min and ground at 150°C at a pressure of 6 bar for
30 11 minutes. The mixtore was neuiralised and citric acid was added until the pH
~ dropped to 4. 10 ml of pectinase 4450 U, i.e. 178 mg/ml of protein (Sigma), were
added and the reaction was allowed to proceed for 24 hours at 25°C. After the
reaction, a part of the mixture was recovered for the production of single-cell lipid



A 1259 batch of oat chaff was provided and it was thermo-mechanically ground at 170C and a
pressure of 8 bar for 2 min. After the treatment, the precipitate was 10 separated from the solution by

filtration. THE 2B#816# Has recovered for use in prggucing single-cell lipid. PRV P Precipitate

(fibre) was used and rendered 19% in strength in terms of sulphuric acid and refluxed for 4 hours.
Analysis shqwed that th t resulted in the mongsaccharid %1193 n 56% of
the sourc¥hZ8AL Wﬁﬁffi?e PLFCIRHALOBt % ucosgestgg{nc osgfélna 1 arabinose. ri(]l:":’solutlon
was recoveeegtfotingestagereddding @h@l@&@lﬂﬂﬁ@@@e\m&@ 7oty Soﬁ%@%m%@ﬁed and 3

litres of waten apH 209 él{d}J@éaH Evg!ﬁtﬁéldﬁﬁi fHea ouxdiers@skepuaton texchanse @bi88:96 C
urder st (o hours, L MG e AMESNAYAD SOt AT s ssasap eparated. The
e

filtrate 20 € Relit |ze adjust to 4.8 with 40 ml),
multifect Wt&@@ﬁéﬂ(tl@rﬁlﬁ ?Q%ﬁéépﬁﬁﬂ ﬂféiﬁ’l é’%%é‘?ﬁ%’s‘ﬁi@ b B6E* e released
into the sgiHtitn cefivipich 25.2% were xylose and 11.8% were arabinose There were also oligomers in
the solution after a reaction time of 50 hours. The entire mixture was recovered for use in producing
single-cell 25lipid. Example 13 Beet pulp, 1259, was impregnated with 0.4 M sulphuric acid and
excess adic@EPletdnted off after 12 hours. The pulp was transferred into a wing refiner, in which it
was pre- steamed for 4 min and ground at 150C at a pressure of 6 bar for 30 11 minutes The mixture

was nel/ﬂ %%@f?%gft&%ea%xa?%@ngﬁéh hepritrdrg @nﬁﬁgmlmﬁm ebpestingse 445hO U ie.
178 mg/ml of protein, (S re a the r. actlo r 24 hours at
25C. Afteglﬁgor?a%&% éggggrt & bt r@? i r%%cﬁ o CRRA

S FCovered tor the mgle -cell lipid WO
2009063 23BRET/Ei300810866838s added as a culture medium for the lipid-synthesiZing

yeasts Yarrowia lipolytica ATCC 20373 and Rhodotorula giutinis TKX 3031 as

such, as a 1:1 dilution and as a corresponding dilution supplemented with glucose at

11 g/L. The culture period was 68 hours, the temperature 28°C, shaking at 250 rpm

and culture volume 50 ml. As is observed in Figure 3, the yeasts were able to grow
15 and synthesize lipid without requiring the addition of other nutrients.

Example 15

Three yeasts, Rhodotorula glutinis, Yarrowia lipolytica and Kluyveromyces
marxianus (Anam. Candida kefyr) ATCC 42265, were cultured solely with xylose
as the carbon source. The culture medium contained xylose at 20 g/L, yeast extract

20 at 10 ¢/L and peptone at 20 g/L. The culturing was performed in a volume of 50 ml
and at 25°C under shaking at 200 rpm. Figure 4 shows that all three strains are able
to utilize pentose sugar as a carbon source.



34 and a part was filtered. The precipitate obtained from the filtration was returned to the grinding
stage and the solution fraction resulting from this treatment was treated with activated charcoal, 2
Ware, and then conducted to an anion exchange column. The monosaccharide solution obtainable
from the column was evaporated to a 5 concentratgm of 20% in terms of dry matter, was recovered for
the productiop-pfsipgle-cell lipid. Example 14 Oat chaff was treated according to Example 7, yielding a
mixture containing glucose at 23.8 g/L, xylose at 93.3 g/L, arabinose at 37.1 g/L and galactose at 10
9.0 g/L. This mixture was added as a culture medium for the lipid-synthesizing yeasts Yarrowia
lipolytica ATCC Zosrthad @ fRnedesinala GrdswsarikidInsdus Hoah 245099-Raske AE#8INd as a
correspondingodlifcdi arsujahlementéd vatitiykido gaaat TikgiialT bentuiliire pethod Mvdss68hburs, the
temperature 286 ShRKIRG, 3 23QiHMARChHRNIUKEN oINS 20 ML ASTisAREarRAIRFIgMers, the yeasts
were able to %E%}?Iul 3 %P%é nihesizeipia without reguiiing, the, agldiion of %E*E%rrﬁ‘éﬂ}{!ﬁs‘?”ts- Example 15
Three yeasts, 6aotor a gelu inis, Yarro 1a lipolytica and Kluyveromyces marxian (Anam. Candida
kefyr) ATCC abJ8t\iersepitif Sq WSt LYIBEE BTN LI EEIoTTE EMf medium
contained xylosegat@0cgtbpmeasst extract 20 at 10 g/L and peptone at 20 g/L. The culturing was
perfoimed in a volume of 50ml ang@t¥5C under shaking at 200 rpm. Figure 4 shows that all three
strains are able to utilize pemose SUGATAF a carbon source. 35 CLAIMS: 1. A method of producing a
lipid or a lipid mixture from awood-ﬁéa} ed organic source material, or another cultivable plant material,
containing both cellulose anlclil)nem‘? lose, or a mixture of these with, starch or the polysaccharide

degradation productafist thdieh shepregitels gof Suctlsraare sapactisdz sa bl e SrspIsIAY: a) first,
treating the source rbtginatiiitressidhstanoenwhscluigesald atechixdnmacgroutheomprising:

mechanical grinding as such or in the presence of water, acid or alkali, and
the thus obtained precipitate and filtrate are separated and, alternatively, the
thus obtained precipitate is subjected one or more times again to said
treatment(s) with water, acid or alkali of a different strength, and/or
grinding, and
b) contacting a lipid-producing microorganism selected from natural or
genetically modified fat-accumulating microorganisms with the filtrate thus
obtained or with several obtained filtrates or with the precipitate thus obtained,
or with any combination obtained from these or with a combination of any of
these and the source material, in a culture medium, whereby the microorganism
cells begin to produce lipid, and
¢) recovering the lipids.

2. The method according to Claim 1, characterized by treating the obtained
precipitate also using a method comprising one or more of the following steps.

d) treating the precipitate obtained from section a) with a strong acid and

separating the precipitate and the filtrate, or

e) acidifying the precipitate obtained from section a} or d) and grinding it

mechanically or thermo-mechanically, and separating the obtained precipitate and

the filtrate, or

f) contacting the lipid-producing microorganism with the filtrate or the precipitate

obtained from section a), d) or e) or with any combination obtained from these or

with a combination of any of these and



i) water, ii) acid, and iii) alkali, after which the precipitate and the filtrate are separated, and the
precipitate obtained from said treatments is subjected to mechanical or thet'no- mechanical grinding as
such or in the presence of water, acid or alkali, andthe thus obtained precipitate and filtrate are
separated and, alternatively, the thus obtained precipitate is subjected one or more times again to said

reatment(s) w8/ AR KA B ATGIEI S GrRYBo IR GHNGIDg SR L) CESiaEtng 2

lipid-producing microorganism selected from natural or genetically modified fat-accumulating
microorganis éjil?\(ﬂéll‘?ﬁ 1]ﬁ’lffa hus obtained or with several obtained filtrates or with the precipitate
thus obtained2lor¢FRNEME ERrBiittion obtained from these or with a combination of any of these and
the source material, in a culture medium, whereby the microorganism cells begin to produce lipid, and
¢) recovering {heripids.Rod he-Brathgd Aesarding fo CriPa b haiasterizedpydigating the obtained
precipitate alsg sing &, methockeomhrising.pne.of Mafe. ol e oflawing slens. 6 drealog the
precipitate obtained fro section ésl with & strong acli and’ separating the precipitate and the filtrate, or
e) acidifying e FBciHHiE BisthRiabtfrom section a) or d) and grinding it mechanically or
thetwo-mechanically, and separating the obtained precipitate and the filtrate, or f) contacting the
lipid-producing, nTaoprgRcEsEattbediltialn or cherkecipialdohiainedstorcesaatieimpgs d) or e) or
with any compinfian bigified o ihese pritie combAtian.elany of these and 36 the source

material, in the culture medium, whereby the microorganism cells begin to produce lipid, and g)

recovering the lipids. )
5. The method according to Claim 1 or 2, characterized in that the source

material originates from a source selected from a group comprising recycled fibre,
sugar beet pulp, chaff, straw, bran, grain granules, whole cultivable crop,
cultivated plant, TMP pulp and MDF pulp.

6. The method according to Claim 35, characterized in that the source material is
first treated with acid.

7. The method according to Claim 1 or 2, characterized in that the source
material originates from a source selected from a group comprising sawdust,
refined mechanical pulp, chaff, straw, TMP pulp, MDF pulp, sugar beet pulp and
cultivated plant containing no essential amount of starch.

8. The method according to Claim 7, characterized in that the source material is
first treated with alkali.

9. The method according to Claim 1 or 2, characterized in that the source
material originates from a source selected from a group comprising microbial
mass, swampy or submerged biomass, including algae and micro-algae, biomass
from the catchment areas of cellulose mills, biomass from municipal waste and
biomass from municipal sewage.

10. The method according to any of the preceding claims, characterized in that the
filtrate contains 0.5-30% by weight, of sugars usable in the production of lipid.



3. The method according to Claim 1 or 2, characterized in that the source material originates from the
mechanical or thermo-mechanical treatment of woqd or from a cultivated plant. 4. The method
according to Cla m3, characterized in that the sourcé material is first treated with water or with a
mixture of water and acid. 5. The method according to Claim 1 or 2, characterized in that the source

material originatesiEanedaPuEceraplgeted pmla distR RaapdISthigcyBledifta Stigar beet pulp, |
chaff, straw. RiaR. SRAIRLARAUHRSIRAPIE CHIYABIPEIOmHIUYARAPIRRLIMES PRGN MDF pulp. ©

The method according to Claim 5, characterized p that the source material is first treated with acid. 7.
The method é‘é’égﬁﬁ 3B qrﬂri':&’rlﬁl,t%ﬁgf{a%%ﬁ?%%ﬁr?’fﬁﬁ??ﬁéa%}urce material originates from a
source selected from a group comprising sawdust, refined mechanical pulp, chaff, straw, TMP pulp,
MDF pulp, suparTieeiptipdad etdingte diptarfitho piaiido g olessentlel mrvieuiredfistdrah. 8. The
method aCCOEﬁi@%ﬁ%@}éiﬂé&o%%%ﬂﬁ@@eifét&tﬁié@%‘o&%r%lm@{é@ﬂéafﬂﬁ%ﬁf%lﬁﬂdﬁith alkali. 9.
The method according to Claim 1 or 2, characterized in that the source material originates from a
source selected from a group comprising microbial mass, swampy or submerged biomass, including
algae and midro-ARfaReBIBhas TN tneryehideRIcdiRs s aims sharanfer Betiadhatom municipal
waste and bisheaSkrfrembriaumidifainsewngé the rates sttt Avdbedimy tossei witle preceding claims,
characterizeddig-thaddet fitr aetEontaing 3086 Py welahtrehsugar susadiiein dhe pradiction of lipid.

37 11. The n}gﬂ&g 8%‘&94&%8;9'&1&1&6}@%?fﬁ%tgf%%gﬂomlic%%‘%ga}{%ﬁ@9 the source material with

alkali in section a) Iii), the precipitate obtained is ré-treatéd with acid, and the precipitate and the filtrate
are separated. 12. The method according to any of the preceding claims, characterized in that one or
more hydrolytlé drasyafdbarectderrtondiahiormryctd reamehtasotunsiod Zormys-HratdY according
to any of the giiecedingridauhsf akanattenzed idhad th gltraté] bidamaed fotimeanygof the process steps
is further procggsed using fearlaurization insthads. adisiating the pH and/or removing or adding water,
which render the filtrate more suitable for the growing of microorganisms. 14. Use of the method
according to any of Claims 1-13as a method for pre-treating the raw material of manufacturing biofuel,
single-cell biokAas&cafihe gﬁb‘h@‘ﬁﬁhﬁ%ﬂ%ﬁﬂ?@‘ﬁ\’éfﬁ%&h&r@%@é R prsiRe L A3, 15. Use of the
lipid which is pileduedel dsisgthievmeticod ldoovrdimfaetieing bioBlalms 1-13, as a raw material in
manufacturing biofuel. 16. A method for treating biomass from municipal sewage, characterized in

that the MuNIGHaKSRAAE 15, RAELHTSIAACHORRTAEE IR IR ABLPRGIRHRG e fupomPrising &
YAroysIS s e%e municipal sewage is treated using the method according to any of Claims 1-13,
comprising a hydrolysis step.



