
WO 21109/030821PCT/F12008/050496 Production of fat from alcohol The present
invention concerns a process for forming a lipid or a mixture of lipids
from a starting material, which comprises at least one alcohol and a soap
or a precursor of a soap. 5 The invention also concerns a process for
forming a lipid or a mixture of lipids from an alcohol-containing liquid
phase, which comprises at least one alcohol. Background of the Invention
10Biodiesel is mainly a fatty acid methyl ester, which is formed by
transesterification of long-chained fatty acids with an alcohol (methanol).
The fatty acid esters of natural fats consist mainly of triglycerides,
whereby water-soluble glycerol that is unsuitable as biodiesel is released
during the transesterification. Theoretically, 10% by weight of glycerol is
generated from the triglyceride. Depending on the process conditions the
15proportion of the soap can vary greatly and rise up to tens of percent
from the initial total  amount of triglyceride. Since the soap compounds
are dispersed and partially dissolved into the forming aqueous solution of
glycerol, separation thereof from the aqueous solution is difficult. Soap
disrupts the phase between the fat-soluble fatty acid esters and the
water-soluble glycerol and tends to form different degrees of emulsions,
creating a challenging 20 problem in large-scale processes with regard to
separation techniques. Removal of the alcohol, such as methanol, would also
require expensive vacuum distillation. Thus, it can be concluded, that
production of biodiesel using the afore-described process in modem
technology is a waste of raw material. Increasing the value of the glycerol
generated in the process is especially uneconomical already merely with
regard to the purification steps 25required by it. Some microbes accumulate
fat in their cells. It has also been known that glycerol can serve as a
carbon source for microbes, even for fat-accumulating microbes (e.g.
Microbial Lipids, eds. C. Ratledge and S. G. Wilkinson, vol. I, Academic
Press, 1988; Papanikolaou, 30 S. and Aggelis, G., Lipid production by
Yarrowia lipolytica growing on industrial glycerol in a single-stage
continuous culture, Bioresource Technol. 82 (2002) 43-49.). On the other
hand, during the decades no breakthrough has been created for
fat-accumulating microbes and the fat produced by them, except mostly for
the small-scale production of some special fats The average poor quality of
this glycerol, e.g. with regard to the alkali metal salts of  



WO 2009/030821PCT/F12008/050496 fatty acids (hereinafter soap) and the
alcohol that it contains, has been experienced as a problem in the
utilization of the glycerol coming from the biodiesel process, especially
in the formation of fat by means of microorganisms. Soap and alcohol
prevent the growth of most organisms, and thus their removal is a requisite
for microbiological utilization of the 5glycerol. A majority of natural
fats contain fatty acid containing hydrocarbon chains that are bound to
alcoholic groups forming the most energy rich part of the fats. This most
energy rich part of fats can be released by forming alcohol esters
therefrom. An aqueous solution of 10 glycerol, blended with an alcohol and
soap compounds (hereinafter soap) formed from the fatty acids of the fat,
is released in the process. This fraction containing glycerol, alcohol and
soap is water-soluble and it still has a high energy content especially
with regard to the soap. Already with regard to only the glycerol, this
water-soluble fraction containing mainly glycerol forms a theoretically
over 10% minor waste flow in the production of the 15fatty acid alcohol
esters. Glycerol, as such, is already inexpensive and its markets are
already saturated. Thus, there is no inherent energy efficient use within
sight for the impure glycerol formed in the production of fatty acid
alcohol esters and in view of current technology if forms a cost generating
problematic minor flow, for which there is no energy efficient and, thus,
profitable technology generating added value. 20 Commercially interesting
possible uses for glycerol or products obtainable therefrom by chemical
techniques have been widely investigated. In spite of this, there are no
economically durable solutions in sight, by which a substantially higher
degree of utilization of glycerol than before would be possible. An
extensive summary of the 25suitability of glycerol as a raw material for
the chemical industry and of the challenges associated with the use thereof
have been summoned in a research by Sarantila, Ma(/u; Glyserolin
hyOdyntaminen, diplomityo, Teknillinen korkeakoulu, 10.11.2006. [Sarantila,
Maiju: Utilization of Glycerol, Diploma thesis, Helsinki University of
Technology, November 10, 2006]. In the following, based on the thesis, the
currently known most 30essential possible uses of glycerol for increasing
the utilization rate and the added value are described. The oxygen content
of the glycerol molecule is relatively high and the carbon content is 



low, respectively, thus resulting in a poor caloric value. Further, the
temperature of a 2  glycerol flame is lower than for traditional fossil
fuels. In practice, it is known that combustion of glycerol requires also
special arrangements, since it has to be brought to a very small droplet
size to obtain sufficient mixing with oxygen. Further, the glycerol
released in the production of biofuel contains water. Glycerol can be
derivatized chemically in many different ways. For example, the
esterification of glycerol, the etherification, the production of acetines
and diols are known as well as the polymerization and the oxidation of
glycerol. Principally, there are no large scale applications for the
products of these processes, especially taking into account that the
production thereof requires a high degree of purity of the glycerol and
expensive and energy consuming catalyst and reactor technology. Reforming,
i.e. the foiiuing of hydrogen from glycerol, is a technology, by means of
which it is possible to treat even large amounts of glycerol. However,
reforming requires special apparatuses, copious energy investments and the
process itself requires expensive catalysts. Glycerol has some applications
in agriculture. Glycerol can serve as an energy source as a component of
animal feed. However, it does not contain protein, fat or carbohydrates.
Industrial glycerol is poor even with regard to trace elements, and can
thus form only a minor subcomponent in feed mixtures. Further, the glycerol
formed in the production of organic fuel contains methanol and soap, which
necessitates disproportionate purification operations with regard to the
total cost structure of the feed, such as vacuum distillation for the
removal of the alcohol or a separate removal of fat. Thus, it is evident,
that economically advantageous solutions do not exist for transforming
glycerol and especially heterogenic mixtures containing glycerol as a
constituent into commercial products that could significantly increase the
demand for glycerol. The significance of this technology deficiency is
emphasized especially when the interest towards renewable energy raw
material sources alongside fossil raw materials grows.  Summary According
to a first aspect, there is provided a process for foiming a lipid or a
mixture of lipids from a starting material, which comprises at least one
alcohol and a soap or a soap precursor, characterized by adding such a
metal-ion forming agent to the starting material in an amount that
transforms at least 40% of the soap into a precipitate, whereby a mixture
is folioed, which contains an insoluble phase and a liquid phase,
separating the insoluble phase from the liquid phase to recover the
precipitate, contacting the lipid-producing microorganism with the liquid
phase on a culturing substrate, whereby the microorganism cells begin
producing lipid, and collecting the lipids. According to a second aspect,
there is provided the use of an alcohol mixture forming in the manufacture
of biodiesel for the production of lipids or mixtures of lipids using the
process as defined above. Brief description of the invention The present
invention concerns a process for forming a lipid or a mixture of lipids
from a starting material, which comprises at least one alcohol and a soap
or a precursor of soap.  WO 2009/030821PCT/F120118/050496 The present
invention also concerns a process for forming a lipid or a mixture of
lipids from an alcohol-containing liquid phase, which comprises at least
one alcohol, according 



to which process a lipid-producing microorganism is brought onto a culture
substrate, 5 which contains said alcohol-containing liquid phase, the
microorganism is allowed to produce lipid, and the cell mass or the lipids
produced by the cells are recovered. More specifically, the process
according to the present invention is characterized by what is stated in
the characterizing part of claims I and 4. 10 Likewise, the use according
to the invention is characterized by what is stated in claims 23 and 24.
The invention provides a new solution to a problem relating to a process,
wherein esters of 15fatty acids are produced from lipids, such as
glycerolipids, according to an established process, by treating them with
alkali metal alkoxides. Glycerol is produced in the process and, in a side
reaction, alcohol is released as well as an alkali metal salt, a soap, of
water-soluble fatty acids that contain hydrocarbon chains. A central
problem of the process is the utilization of the impure glycerol and the
purification of the glycerol into a safe and useful 20compound required for
the utilization. A comprehensive advantage of the invention is that it can
be used to produce an energy rich chemical compound, a lipid, by simple
process steps, in an energy efficient and environmentally friendly way,
from compounds of biological origin containing less energy, 25such as from
a polyhydric alcohol and a monohydric alcohol, preferably avoiding the use
of significant amounts of water. The minor flow containing alcoholic
compounds and an unesterified salt of fatty acids, which is difficult to
utilize in terms of energy economics and which is released from the
30transesterification of the fatty acid esters contained in the organic
lipids, can be 



transformed into a fraction that is suitable for the production of
glycerolipids consisting of fatty acids, which glycerolipid is utilizable
as such or is recyclable into another material of biological origin
containing glycerolipid. The treatment of the lipid formed in the  WO
2009/030821PCT/F12008/050496 microorganism into the desired esters can take
place without a previous decomposition of the microorganism cells and a
subsequent step of isolation of the fat. The advantages of the invention
include also that the apparatus needed for the process is 5simple and the
technology involved, concerning manufacture and use, is known. The process
according to the invention is not bound to production scale, but it can
readily be scaled to the amount required by the polyhydric alcohol fraction
to be treated. Carrying out the process does not require energy consuming
heating, pressurized unit operations or chemical catalysts and it requires,
for operating, only the use of such chemicals or the 10processing of such
biomaterials that can be incorporated into the inner circulation of the
process according to the invention. The process does also not require cost
increasing prepurification of the fraction of polyhydric alcohol, nor
removal of water The total cost-efficiency of the process is improved by
the fact that the lipid-free biomass formed during it can, in addition to
the inner circulation, be used for many different purposes, such as for
15the production of single components or as a supplementary culture
substrate for producing a microorganism. Also generally known problems
caused by the presence of a surface-active compound can be eliminated by
the invention. As is well known, surface-active compounds, such as the
20soaps of fatty acids, inhibit the growth of microorganisms and serve as a
carbon source for only a few microorganisms. The presence of soap in the
production process of a microorganism decreases the surface activity of the
culture substrate, causes foaming and complicates the separation of the
cells from the liquid with methods based on their specific weight. The
presence of the soap in the mixture containing water and water-insoluble
oil 25inhibits also the separation of the aqueous and oil phases from each
other. The polyhydric 



alcohol containing soap-like compounds is, thus, poorly suitable for the
production of lipid with microbiological means, while the total utilization
of the alcoholic minor flow containing the soap generated in the biodiesel
process is prevented or weakened. By means of the invention, for example,
the organic compounds contained in the glycerol-rich side 30fraction
generated during the production of fatty acid esters can be transformed
back into lipids using a process, which combines chemical treatments to
achieve microbiological lipid production.  WO 2009/030821PCT/F12008/050496
By means of a process according to the invention, a particular flexibility
is achieved for microbiologically producing lipid. A fraction containing a
polyhydric alcohol without growth-inhibiting harmful components is a
natural carbon source for most microorganisms. Thus, an advantage of the
process is also that the choice of microorganism can be made 5within broad
ranges, such as based on the capacity of lipid production, the yield of
biomass, the means of culturing or the culture conditions. The other
components of the microorganism than lipid can be used energy efficiently
in many different ways, thus, improving the total cost-efficiency of the
process according to the invention. 10Thus, compared to the prior art, the
invention fulfils the principles of sustainable development by decreasing
the total need of fat raw materials from other sources, and has the
prerequisites for updating the production costs to a level accepted by
consumers.      Next, the invention will be described in more detail with
the help of the accompanying 15drawings and the detailed description. Brief
description of the drawings Fig. 1 depicts the main execution steps of the
process according the present invention. 



20 Fig. 2 is a graphical presentation of the growth of yeasts on the
starting material or the alcohol-containing liquid phase according to the
present invention, wherein the present soap has been removed according to
the invention. 25Fig. 3 is a graphical presentation of the growth of yeasts
on pure glycerol (manufacturer J.T.Baker, USA). Fig. 4 is a graphical
presentation of the growth of yeasts on a substrate containing both
glycerol and methanol. Fig. 4a illustrates the growth of Yarrowia
lipolytica yeast on a 30 substrate, which contains 5/10% glycerol either
with or without added methanol (2% by weight of the amount of glycerol),
and Fig. 4b depicts the growth of Rhodotorula glutinis yeast on
corresponding substrates.  WO 2009/030821PCT/FI2008/050496 Fig. 5 is a
graphical presentation of the growth of yeasts on a glycerol fraction that
contains no soap, which has been used in amounts of 5, 12.5 or 25% on a YNB
(Yeast Nitrogen Base) substrate 5Fig. 6 is a graphical presentation of the
fat content of the yeasts at different points in time, when the culture
substrate (YNB) contains 5 or 12.5% of a biodiesel-glycerol fraction not
containing soap. This fat content is shown in Fig. 6a for R. glutinis
yeast, and in Fig. 6b for Y lipolytica yeast, respectively. 10 Fig. 7 is a
graphical presentation of the growth of Galactomyces geotrichum mould on
substrates, using glucose (A), pure glycerol (B) or a glycerol fraction not
containing soap (C) as a carbon source. Fig. 7a shows the growth curve of
the mould and Fig. 7b shows the fat content of the mould cells. 15Detailed
description of the invention The present invention concerns a process for
forming a lipid or a mixture of lipids from a starting material, which
comprises at least one alcohol and a soap or a precursor of a soap, the
method further comprising 20adding a metal ion forming agent to the
starting material, whereby a mixture is formed, which contains an insoluble
phase and a liquid phase, 



separating the insoluble phase from the liquid phase, contacting a lipid
producing microorganism with the liquid phase on a culture
substrate, whereby the microorganism cells begin producing lipid, and
25collecting the lipids. Preferably, the starting material comprises a
polyhydric or a monohydric alcohol or both, and a soap or a precursor of
soap. 30 The invention also concerns a process for forming a lipid or a
mixture of lipids from an alcohol-containing liquid phase, which comprises
at least one alcohol, the process further comprising  WO
2009/030821PCT/F12008/050496 contacting the lipid-producing microorganism
with the alcohol-containing liquid phase on a culture substrate, whereby
the microorganism cells begin producing lipid, and collecting the lipids. 5
Preferably, the liquid phase comprises a polyhydric or a monohydric alcohol
or both. In particular, the present invention concerns a process for
forming a lipid or a mixture of lipids from said starting material, where
the amount of alcohols is at least half of the 10 starting material,
preferably from 70 to 99% by weight, or from the alcohol-containing liquid
phase, where the amount of alcohols is from 36 to 100% by weight of the
phase, preferably 70 to 100% by weight. According to a preferred embodiment
of the present invention, a fraction comprising the 



15alcohol, formed as a result of the transesterification of the lipid
consisting of glycerolipid, carried out using sodium methoxide, is used as
a starting material in the process for forming a lipid or a mixture of
lipids.      The term "lipid" means a fatty substance, a part of whose
molecule is generally an aliphatic 20hydrocarbon chain that dissolves in
organic solvents, but is poorly soluble in water. In the present invention,
the lipids formed in the microorganisms are mainly triacylglycerols, i.e.
triesters formed by glycerol and fatty acids (triglycerid), or esters of
sterol, but other lipids can also be formed in the cells, such as
phospholipids, sterols, 25polyprenols, sphingolipids, glycolipids and
diphosphatidylglycerol. According to a preferred embodiment of the present
invention, triglycerid or a mixture comprising triglycerids, where even
large amounts of components, such as sterols and free oxygens, can also be
present, is formed from the alcohol-containing liquid phase. 30 The term
"soap" means a salt of a fatty acid.  WO 2009/030821PCT/F12008/050496 such
as a monohydric alcohol, and an organic soap. Thus, the invention can be
used for transforming highly oxidized organic compounds into reduced lipids
having a high energy content, which by further refining are suited for use
for different energy production forms. 5 Next, for simplification, the
invention and the embodiments thereof will be described by mentioning
glycerol as the polyhydric alcohol, but it is possible to replace it with
another polyhythic alcohol suitable for the invention. Glycerol and
monohydric alcohol are suitable as carbon sources for microorganisms,
10especially since it has been proven, that they, as a mixture, intensify
the use of both carbon sources, and by choosing a suitable microorganism
these compounds can by means of biosynthesis be transformed into lipids of
microorganism-origin consisting of fatty acids and into other biomaterial
that can be utilized, such as, as a nutrient inside the process, for
isolating commercially interesting compounds or the biomass can be used for
other general 



15applications, such as, as feed and nutrient. The soap that is formed in
the acid catalytic manufacturing of fatty acid esters generates problems
for the production of a microbe based lipid. Soap slows down or even
totally inhibits the growth of the microorganism and thus the biosynthesis
of lipids. Soap also 20complicates the separation of cells from the culture
substrate. According to the process of the present invention, lipid
containing fatty acids can be produced microbiologically from impure, soap
containing glycerol minor flow by combining chemical and microbiological
processes, wherein a fraction containing glycerol 25and other compounds is
used for the production of a lipid-synthesizing microorganism and from
which microorganism the thus formed lipid can be used again, for example,
for manufacturing alcohol esters of fatty acids. Chemical and biological
reactions suitable for industrial use are combined in a new way in 30 the
invention into a process entity, by which the glycerol, the alcohol, which
preferably is a monohydric alcohol, and the other organic compounds
contained in the glycerol solution, which is formed in the acid catalytic
manufacturing of fatty acid esters, can be transformed in an energy
efficient way into lipids that contain fatty acids.  WO
2009/030821PCT/H2008/050496 The present invention preferably contains
steps, wherein the possible solid matter components are removed from the
glycerol fraction by filtering, after which the acidity of the glycerol
fraction is adjusted with a required amount of acid, preferably with an
acid that forms a salt that can serve as a carbon source for a
microorganism, more preferably 5with acetic acid, formic acid or lactic
acid. Filtering can be accomplished for example by using a fabric intended
for it. According to a preferred embodiment, the process for forming a
lipid or a mixture of lipids comprises the steps of 10optionally adding an
acid to the starting material, preferably an organic acid, more preferably
acetic acid, formic acid or lactic acid, to adjust the pH to a value of
from 3 to 8, preferably to a value of from 6 to 8, 



adding a metal-ion forming agent to the mixture, such as mineral salt of an
alkali earth metal, preferably an agent that forms Ca2+ or Mg2+, more
preferably calcium  15 chloride or magnesium chloride, most preferably
calcium chloride, as a solid or as a liquid (such as an aqueous solution),
in an amount, that precipitates at least 40% of the soap, preferably in an
amount, by which a stoichiometric amount of metal ion is formed compared to
the amount of soap, most preferably a stoichiometric excess of 10% by
weight, whereby an insoluble phase and a liquid phase are formed, wherein
20the insoluble phase comprises the soap and the liquid phase comprises the
alcohol- containing solution containing a polyhydric or a monohydric
alcohol, i.e. the aforementioned liquid phase, separating the insoluble
phase, wherein the possibly present soap precursor has reacted into a soap,
is separated from the liquid phase preferably by filtering or by
25decanting or by another procedure used generally for recovering a
precipitate, providing the liquid phase and the lipid producing
microorganism onto a culture substrate, supplementing the substrate with
nutrients required for production of lipid or with disrupted microorganism
mass that contains these agents, allowing the microorganism cells to
produce lipid, whereby the lipid is 30accumulated inside the microorganism
cells or outside them, optionally disrupting the microorganism cells,
optionally separating the lipid by phase separation or extraction,
recovering the cell mass or the lipids produced by the cells preferably
either by filtering or by methods based on differences in specific weight,
such as  WO 2009/030821PCT/F120081050496  centrifuging, and thereafter by
separating the formed fractions, such as by separating the lipid, the
lipid-containing fraction or the lipid mixture from the cells of the
recovered cell mass, and 



preferably using the cell mass or its fractions as lipids. 5 Particularly
preferably, the water-soluble soap present in the optionally filtered
glycerol fraction is transformed into a water-insoluble soap by adding into
the mixture a mineral salt of a bivalent alkali earth metal, preferably of
Ca2+, most preferably CaCh. Most suitably, the salt is added as a solid,
whereby the use of significant amounts of water can 10be avoided. The
mixing time is controlled, until the formation of a precipitate has
essentially stopped. The formed insoluble fraction (the precipitate) is
separated from the liquid fraction (the liquid phase) by filtering or by
decanting or by other methods generally used for recovering precipitate.
The liquid glycerol fraction, with the other compounds it possibly
contains, is used by mixing it into the culture substrate of a
microorganism in a 15concentration suitable for its lipid production. After
separation of the soap precipitate, the hydrocarbon fractions over C4
contained by it can be treated in several different ways, preferably for
producing free fatty acids, most preferably for producing fatty acid
esters. The compounds to be added in the different stages of the process,
such as acetic acid or 20 bivalent alkali earth metal salts, such as CaC12
or the side fractions formed by these, do not, apart from NaCl and carbon
dioxide, leave the process entirely, but are preferably recycled inside the
process or they form separate economically utilizable fractions and, thus,
improve the total cost-effectiveness of the process. 25 By removing
surface-active compounds from the alcohol-containing side fraction formed
in the transesterification, prerequisites are created for using this
fraction for culturing microorganisms and for producing one-cell lipids. It
has, however, surprisingly been found that reagent-pure glycerol is not as
such a very 30efficient carbon source. Methanol, on the other hand,
intensifies the use of glycerol, i.e. there is no need for removing
methanol, but it can be utilized for producing fat of microbe origin.  WO
21109/11311821PCTIFI20081050496 



The afore-described means that essentially all organic carbon compounds
that already are in a relatively oxidized stage from the impure glycerol
fraction containing plenty of unutilized hydrocarbon chain can be utilized
with such efficiency that microorganisms are capable of utilizing this
mixture into lipids. 5 The polyhydric alcohol used in the invention is
chosen from polyhydric aliphatic alkyl alcohols containing at least 3
carbons. Preferably, the polyhydric alcohol is glycerol, an alcohol formed
form phospholipids or a sterol. Most suitably the polyhydric alcohol is
glycerol. The monohydric alcohol, on the other hand, is chosen from alkyl
alcohols 10containing Ito 4 carbons, preferably methanol, ethanol or
1-propanol. Most suitably, the monohydric alcohol is methanol. The
microorganism is chosen from natural or modified, fat accumulating
microorganisms, preferably from yeasts, moulds, bacteria and algae, more
preferably from yeasts and 15moulds, most suitably from yeast. It is
essential that said microorganism is capable of producing lipid. The fat
accumulating yeast genera suitable for the invention comprise the
following:  Candida (inter alia C. curvata) 20 Yarrowia (inter alia K
lipolytica)  Lipomyces (inter alia L. starkeyi)  Rhodotorula (inter alia R.
glutinis)      Correspondingly, the fat accumulating mould genera suitable
for the invention comprise 25the following: 



Mortierella  Muco  Galactomyces 30 Correspondingly, the fat accumulating
bacterium genera comprise the following:  Rhodococcus  Oscillatoria  WO
2009/030821PCT/F120081050496 Likewise, the fat accumulating microalgae
genera comprise the following:  Crypthecodiniumi  Ulkenia  Schizochytrium 5
According to a preferred embodiment of the invention, microorganisms that
synthesize fatty acid -containing lipid into their cells in an amount,
which preferably is from 12 to 60% by weight of the dry weight of the cells
are used for the synthesis of lipids. 10 According to another preferred
embodiment of the invention, microorganisms capable of using glycerol and
short-chained alcohols as a carbon source are used for the synthesis of
lipids. According to a particularly preferred embodiment of the invention,
the lipid-free biomass 



15formed in the invention, treated in a way suitable for the microorganism,
is used as nutrients for the culture substrate. The culture substrate can
in addition to these components be supplemented with components that are
advantageous for the used microorganism. In order to produce lipid, the
microorganism generally needs, inter alia, a carbon source, which it in the
present invention obtains from the starting material, a 20 nitrogen source,
such as an inorganic ammonium salt (e g ammonium sulphate) or an organic
nitrogen source (e.g. amino nitrogen, yeast extract, or hydrolyzed cell
mass), and a source of trace elements, such as a source of phosphates,
sulphates, chlorides, vitamins or cations (e.g. a source of Mg, K, Na, Ca,
Fe or Cu ions), whereby these components can be added onto the substrate,
if necessary. When applying the process of the invention, the 25alcohol
content of the culture substrate is preferably from 2 to 36% by weight. In
order to recover the lipids from the microorganism, the cells are first
collected and then they are either disrupted or they disrupt for example as
a result of autolysis, whereby the lipids are separated from the aqueous
phase as an oil phase, or, alternatively, the 30 microorganism mass as such
or a fraction obtained from it by different known methods is used as the
lipid. The fatty acid containing lipid, which is contained in the
microorganisms or produced by them, can be transesterified without a
previous separation of the lipids from the cells or the cells are disrupted
and the lipid is extracted from the crushed cells with an organic solvent.
The methods of recovery of lipid that are suitable for the invention are 13
WO 20419/030821PCT/F12008/050496 described for example in the publication
by Z. Jacob: Yeast Lipids: Extraction, Quality Analysis, and Acceptability,
Critical Reviews in Biotechnology, 12(5/6); 463-491 (1992).     The amount
of lipid forming in the cells can increase, when using the present process,
into 5up to 60% of the dry matter of the cells. The lipid or the mixture of
lipids that is produced according to the process of the present invention
can be utilized in many different applications. Preferably, esterification,
such as transesterification, or hydrotreating, is carried out for the
lipids, the lipid mixture, the lipid- 10containing cells or a fraction
thereof According to a particularly preferred embodiment of the present
invention, the produced lipid is used for the production of alcohol esters
of fatty acids. More suitably, these alcohol esters of fatty acids are
further used in the manufacturing of biofuels, such as biodiesel. 



15Even more preferably, these fatty acid esters are used further in the
manufacturing of biodiesel (methyl or ethyl ester) or renewable diesel
(hydrotreated lipid of animals, plants or microbes, whereby the microbe
lipid can be derived from bacteria, yeast, mould, alga or another
microorganism). Correspondingly, the starting material used in the process
of the present invention is preferably obtained from the
methanol-containing glycerol fraction 20formed in the manufacturing of,
e.g., biodiesel, which generally contains about 2 to 10% of soap. The
amount of water (and monohydric alcohol, such as methanol) is minimized in
the reaction, since water causes saponification. Less than 20%, preferably
2 to 10% of water is released into said methanol-containing glycerol
fraction. This water content is preferred in the starting material used in
the process of the present invention. 25 Vegetable oil and animal fats
comprising triglycerides of fatty acids have generally been used as raw
material for diesel fuels. Transformation of -these raw materials into fuel
comprises processes such as transesterification, catalytic hydrotreating,
hydro cracking, catalytic cracking and heat cracking. Typically,
triglycerides have not been used as such, 30but they have been transformed
into the respective fatty acid esters in a transesterification reaction.
wherein lipids of plant or animal origin are hydrotreated, most preferably
as a feed in processes, wherein so called HVO ("hydrogenated vegetable
oil") is manufactured. The products according to the present invention, to
be used in transesterifications, preferably contain double bonds in order
to achieve advantageous cold flow characteristics for the end product, i.e.
the fuel. The lipids forming in the present invention can contain 0 to 40%
by weight of free fatty acids, which are formed, for example in the
enzymatic hydrolysis of triglycerides or in connection with the
purification of fats. Also these fatty acids can be utilized in the
manufacturing of biofuels, either as such, or the acids and the
tiglycerides can be esterified into methyl esters, which, on the other
hand, can be used in biodiesel. According to EU-directive 2003/30/EY,
"biodiesel" means "a methyl-ester produced from vegetable or animal oil, of
diesel quality to be used as biofuel". The biomass formed from the
microorganism, remaining after the separation of lipids, is treatable and
utilizable in many different ways, such as by using it over again in the
culture substrate needed for the growth of the microorganism, as such or
after an enzymatic, chemical of physical, including mechanical, processing.
Alternatively, the lipid-free cell mass is divided into different
constituent fractions. A preferred alternative is to carry out an acid
catalytic hydrolysis directly on the cell mass, after which the lipid can
be separated from the other hydrolyzed cell mass, for example by phase
separation, and the remaining biomass can be used for culturing the
microorganism. Another alternative is using the lipid-free cell mass for
isolation of commercially significant components. These include proteins,
protein hydrolysates, peptides derived from proteins, and, especially when
using yeast, in addition the aforementioned, beta-glucans, xanthans,
vitamins, vitamin precursors and sterols. A preferred application of the
lipid is the use of the lipid-containing microorganism mass as such as a
lipid raw material for the production of fatty acid esters. 



The invention is also by no means restricted to the strains of
microorganisms used. The invention can be carried out, in addition to the
used strains, also with the help of other strains of the same species or
genus.  WO 2009/030821PCT/F12008/050496 Lipid producing microorganisms
(also algae) are generally available and they can be found in several
strain collections, for example ATCC, DSM etc. Lipid producing
microorganisms and lipid production processes with microorganisms (also
with algae), have been described in the literature, for example in the
works Single Cell Oils, eds. Z. 5 Cohen and C. Ratledge, AOCS Press, 2005
and Microbial Lipids, eds. C. Ratledge and S.G. Wilkinson, vol. I and 2,
Academic Press, 1988. Examples 10 Example 1. Growth of yeast on a starting
material according to the invention Yarrowia lipolytica ATCC 20373 and
Rhodotorula glutinis TICK 3031 yeasts were cultured on a YNB substrate
supplemented with 5% (weight/volume) of a soap-containing biodiesel
glycerol fraction, i.e. the starting material of the invention, or a
biodiesel glycerol 15 fraction, from which the soap has been removed
according to the invention, they were shaken 250 rpm at 30C and the growth
was monitored by means of increase of opacity with a 1Clett-Sununerson
colorimeter. The growth curves are shown in Fig. 2. It can be seen from the
Figure that the yeasts grew very poorly on the soap-containing glycerol
fraction. It is noteworthy, that the growth of the yeast cultured on the
glycerol fraction not 20containing soap seems almost linear in respect of
the culturing time, which is atypical for this culturing manner, and the
increase of opacity may be a result of the emulsion produced by the soap
with the other components of the mixture. The recovery of the cells was not
possible even by centrifuging, which reveals that the remaining amount of
cells was associated with the soap and these together resisted the
gravitational force of the 25centrifugation through the phase separation.
Consequently, the fat content of the cells could also not be determined. 



The experiment depicted above shows that the glycerol fraction formed in
the acid catalytic manufacture of fatty acid ester (the soap-containing
biodiesel-glycerol fraction) is 30not suitable for microbiological
production of glycerolipids.  WO 2009/030821PCT/F12008/050496 Example 2.
Growth of yeast on pure glycerol The yeasts of Example I were cultured on a
YNB substrate having as a carbon source 5 or 10% (w/v) of pure (by over
99%) glycerol (manufacturer J.T.Baker, USA). The culturing 5 was performed
at room temperature and with 250 rpm shaking. The growth curve of the
yeasts is shown in Fig. 3. The yeasts grew either very slowly or only to a
moderate cell content. Particularly R. glutinis yeast grew poorly and on
10% glycerol it did not grow at all. 10Thus, it can be concluded, that with
respect to that fraction of glycerol, from which the soap has been removed
according to the invention, pure glycerol containing no methanol is not an
efficient carbon source for the production of a microorganism mass and,
thus, for the production of glycerolipids. 15 Example 3. The effect of
methanol on the growth When 2% by weight methanol of the amount of glycerol
was added to the substrate according to Example 2 and the growth of the
yeasts was monitored, it was observed that the presence of methanol either
boosted the growth of the yeast or did not affect the growth 20at all (Fig.
4). Thus, these experiments show that the presence of an alcohol in the
glycerol fraction is advantageous with respect to the complete use of the
glycerol fraction. 25Example 4. The growth of yeast and the production of
fat on a glycerol fraction, from which the soap has been removed according
to the invention   lipolytica and R glutinis yeasts were grown on a YNB
substrate supplemented with 5; 12.5 or 25% (w/v) of a glycerol fraction
(from which the soap had been removed). The 30 culturing took place at room
temperature with shaking at 250 rpm. The growth curves are shown in Fig. 5.
It is seen from the figure that the yeasts grew rapidly and almost as well
on substrates containing 5 and 12.5% of glycerol fraction, but the 25%
glycerol fraction slowed down the growth clearly. In this experiment also
I?. glutinis grew on the substrate that contained 12.5% of the glycerol
fraction. However, it should be noted that in the case 



WO 2009/030821PCT/F12008/050496 of the substrates that contained 5% of
glycerol fraction, 2% of displacement was used, whereas the size of the
displacement with higher glycerol concentrations was 1%. This is, however,
not believed to have an effect on the achieved cell concentration or on the
amount of fat. 5 The fat content was determined from the cells cultured on
biodiesel-glycerol containing no soap (5/12.5% of glycerol fraction) at
different points in time by gas chromatography. The results are shown in
Figs. 6a-b. It can be seen from the figures that the fat content of the
yeast cells grew higher with a lower glycerol concentration. The R.
glutinis yeast contained 10considerably more fat than the Y. lipolytica
yeast at the investigated conditions. Example 5. Culturing of mould on
glycerol containing no soap Galactomyces geotrichum (Geotrichum candidum)
DSM 1240 mould was cultured on 50 15ml of a culturing substrate (yeast
extract 3 g/I, 10-004 3 g/I, MgSO4 5 g/1) containing the biodiesel glycerol
fraction, from which the soap had been removed according to the invention,
or pure glycerol (J.T. Baker) 25 g/l. In the comparative experiment,
glucose (20 g/l) served as a carbon source. The cells were cultured at a
temperature of 20C with 200 rpm shaking for 48 hours. The growth was
monitored with a Klett-Sumrnerson colorimeter. 20 The growth curves of the
cells cultured on different carbon sources are shown in Fig. 7a. It can be
seen from the figure that the biodiesel-glycerol, from which the soap had
been removed according to the invention, served as an excellent carbon
source for the mould, and no significant difference was observed in the
growth rate of the cells compared to the growth rate of the cells cultured
on glucose. The methanol contained in the biodiesel 25glycerol fraction was
not observed to have any inhibiting effect on the mould growth, although
neither any promoting effect. The fat content of the mould cells was
determined at time points of 24 and 48 hours. It becomes evident from Fig.
7b that the biodiesel glycerol fraction as a carbon source 



30resulted in a higher fat content in the cells than with other
investigated carbon sources (at 48 hours the difference was statistically
significant Pc0.005). Further, it must be noted that by extending the
culturing time the fat content of the mould cells would probably have risen
even higher.  WO 2009/030821PCT/F12008/050496 Example 6. Culturing algae on
glycerol A diatom Phaeodactylum tricornutum was cultured mixotrophically
using a biodieselglycerol fraction, from which the soap had been removed
according to the invention, as the carbon source fraction. Pure glycerol
(manufacturer J.T. Baker) served as a control carbon source. The
concentration of glycerol in the culturing substrate (sterilized sea water)
was 8 gfl. The cultures were carried out in 1 liter Erlenmeyer flasks so
that the cultures were stirred by means of air blown through a sterile
filter and illuminated continuously with a fluorescent lamp. The cells were
cultured for 250 hours, after which the cell yield for the
10biodiesel-glycerol fraction was 2.0 g of dry cell mass /land for the
purified glycerol 1.8 g/l. The obtained fat content of the cells was, for
the biodiesel-glycerol fraction, 121 mg/g of dry matter, and for the
purified glycerol, 128 mg/g of dry matter.  Claims 1. A process for forming
a lipid or a mixture of lipids from a starting material, which comprises at
least one alcohol and a soap or a soap precursor, characterized by 5-
adding such a metal-ion forming agent to the starting material in an amount
that transforms at least 40% of the soap into a precipitate, whereby a
mixture is formed, which contains an insoluble phase and a liquid phase,
separating the insoluble phase from the liquid phase to recover the
precipitate, 



contacting the lipid-producing microorganism with the liquid phase on a
culturing 10substrate, whereby the microorganism cells begin producing
lipid, and          collecting the lipids.    2. The process according to
claim 1, characterized in that the starting material comprises a polyhydric
or a monohydric alcohol or both, and a soap or a precursor of a soap,
preferably 15the starting material is a fraction generated as a result of
the transestetification of a lipid.  3. The process according to claim 1 or
2, characterized in that the amount of alcohol is at least half of the
starting material, preferably 70 to 99% by weight. 204. The process
according to claim 1, wherein the liquid phase is an alcohol-containing
liquid phase, which comprises at least one alcohol, characterized in that
the amount of alcohol is 36 to 100% by weight of the liquid phase.       5.
The process according to claim 1, characterized in that the liquid phase
comprises a 25polyhydric or a monohydric alcohol or both.  6. The process
according to claim 1, characterized in that the amount of alcohol is 70 to
100% by weight of the liquid phase. 30   7. The process according to any
preceding claim, characterized in that the polyhydric alcohol is glycerol,
an alcohol formed from phospholipids or a sterol.     8. The process
according to any preceding claim, characterized in that the monohydric
5alcohol is methanol, ethanol or 1-propanol, preferably methanol. 



9. The process according to any preceding claim, characterized in that the
insoluble phase comprises the soap. 1010. The process according to any
preceding claim, characterized in that the liquid phase comprises the
alcohol-containing liquid phase of claim 4.  11. The process according to
any preceding claim, characterized in that an acid is added to the mixture
before addition of the metal-ion foiining agent to adjust the pH to a value
of 153 to 8, preferably to a value of 6 to 8.  12. The process according to
claim 11, characterized in that the acid is an organic acid, preferably
acetic acid, formic acid or lactic acid. 2013. The process according to any
preceding claim, characterized in that the metal on foiming agent is a
mineral salt of an alkali earth metal. 14. The process according to claim
13, characterized in that the mineral salt of an alkali earth metal is
calcium chloride or magnesium chloride, preferably calcium chloride. 25
15. The process according to any preceding claim, characterized in that the
metal-ion forming agent is added as a solid or as a liquid, preferably as a
solid.  16. The process according to any preceding claim, characterized in
that the metal-ion 30foiming agent is added in an amount that precipitates
at least 40% of the soap, preferably the agent is added in an amount, with
which a stoichiometric amount of metal ion is formed compared to the amount
of soap, most preferably a stoichiometric excess of 10%.       17. The
process according to any preceding claim, characterized in that the alcohol
35content in the culturing substrate is 2 to 36% by weight. 



18. The process according to any preceding claim, characterized in that the
microorganism is a yeast, a mould, a bacterium or an alga, preferably a
yeast or a mould, most preferably a yeast. 519. The process according to
any preceding claim, characterized by collecting the cell mass of the
microorganisms or the lipids produced by the cells, after which the lipid,
the lipid-containing fraction or the mixture of lipids are preferably
separated from the cells of the collected cell mass. 1020. The process
according to any preceding claim, characterized by carrying out an
esterification or a hydrotreating on the lipid, the lipid mixture, the
lipid-containing cells or the fraction thereof.    21. The process
according to any preceding claim, characterized by reutilizing the
15collected cell mass or the cell mass, from which the lipids have been
separated, in a culturing substrate.  22. The process according to any
preceding claim, characterized by carrying out an enzymatic, a chemical or
a physical processing on the cell mass before utilizing it.       23. The
process according to any preceding claim, characterized by separating
components, such as proteins, protein hydrolysates, peptides originating
from proteins, beta-glucan, xanthans, vitamins, vitamin precursors or
sterols or several of these, from the lipid-containing cells.  24. Use of
an alcohol mixture foil' ing in the manufacture of biodiesel for the
production of lipids or mixtures of lipids using the process according to
any of claims 1 to 23. 30 35 


