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PROCESS FOR THE MANUFACTURE OF BUTANOL OR ACETONE

Field of the Invention

The present invention relates to a process for the manufacture of biofuels
and renewable chemicals. More particularly, the invention relates to a
process for the manufacture of butanol. The invention further relates to a

process for the manufacture of acetone.

Background to the Invention

In recent years, higher oil prices, depleting fuel supplies and
environmental concerns have led to a renewed interest in the production
of fuels from biomass (“biofuels”). Biobutanol is produced by fermentation
of biomass using bacteria, typically of the genus Clostridium. In addition
to butanol, these organisms also produce acetone, which is an important
solvent, and ethanol. Such a fermentation reaction is often referred to as
the "ABE process" (Acetone/Butanol/Ethanol process). Currently used
feedstocks or substrates include energy crops, such as sugar beets, sugar
cane, corn grain and wheat, as well as agricultural by-products, such as
straw and corn stalks. Such substrates provide a balance of nutrients
necessary to promote the growth of the organism during fermentation.
The use of biobutanol as a fuel has several advantages over the use of
ethanol. However, as biobutanol production is currently more expensive

than ethanol production it has not been commercialized on a large scale.

Many current substrates for the manufacture of butanol and/or acetone by
fermentation utilize the energy crops discussed above, which are already
in high demand as ingredients for foodstuffs rather than as substrates for
biofuels. A need therefore exists to provide a process for the manufacture

of butanol and/or acetone utilizing alternative substrates.
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As well as energy crops and agricultural by-products, other organic
materials, such as organic waste products and/or the organic by-products
of manufacturing processes, may be potential substrate components.
However, many prove to be unsuitable. For instance, some organic waste
or by-products may not contain the balance of nutrients suitable to
promote the growth of the organism, may be harmful to the organism
and/or may not contain sufficient essential nutrients in a form accessible to
the organism. For this reason, many organic waste or by-products are of

limited utility as substrates and consequently have little economic value.

The present invention provides a process for the manufacture of butanol
and/or acetone utilizing a substrate comprising pot ale, a low value organic
by-product produced as part of the manufacture of whisky, particularly
malt whisky.

Malt whisky refers to whisky which has been produced from no grain other
than malted barley. Production of malt whisky begins with malting of
barley by steeping the barley in water. Malting releases enzymes that
break down starches in the grain and convert them into sugars. When the
desired state of germination is reached, the malted barley is dried. The
dried malted barley is mashed in a mash-tun. In mashing, the enzymes
that were developed during the malting process are allowed to convert or
hydrolyse the barley starch into sugar. The resulting liquid which contains
the sugars is referred to as wort. This is transferred to a large vessel
called a washback where it is cooled and allowed to ferment to form the
“‘wash”. The residue remaining after extraction of the soluble sugars or
wort is known as draff. This comprises spent barley solids or spent grains.

The wash is distilled in a copper distillation vessel or pot still known as a

wash still to produce an alcohol-containing liquid distillate, known as low
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wines. The distillation residue or liquor remaining in the pot still after the
first distillation of spirit is known as pot ale or burnt ale. The low wines are
distilled for a second and sometimes a third time in spirit stills to produce
raw spirit, which is matured in oak casks to produce malt whisky. The
remaining liquor in the second and subsequent distillations is called spent
lees.

The by-products of the manufacture of malt whisky therefore comprise
draff, pot ale and spent lees. Pot ale has low total solids content and
contains dead yeast cells, yeast residue, soluble protein, soluble nutrients,
carbohydrates and other material from the fermentation and mashing
steps. It can also contain a significant amount of copper from the stills
themselves. Pot ale is low in nutrients and may have high copper content,
making it a difficulty for disposal within the industry. Significant quantities
are disposed of in the sea at a cost to the industry.

Summary of the Invention

The inventors of the present application have developed a process for the
manufacture of butanol and/or acetone and optionally other chemicals
which utilises pot ale, a low or negative economic value by-product
obtainable from the manufacture of malt whisky, and a carbohydrate
source, such as one obtained from an organic waste product and/or an

organic by-product.

According to a first aspect of the present invention there is provided a
process for the manufacture of butanol and/or acetone, comprising at least
the steps of:
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- treating a substrate comprising a carbohydrate source and pot ale to
solubilise at least a portion of the carbohydrate source to provide a treated
substrate; and

- fermenting the treated substrate in the presence of a culture of
butanol- and/or acetone-forming micro-organisms at a concentration of
free copper ions of less than 20 uM to provide a fermented product

containing butanol and/or acetone.

In one embodiment, the pot ale is the by-product of the manufacture of
malt whisky, preferably Scotch malt whisky.

In a further embodiment, the carbohydrate source may include, but is not
limited to, municipal organic waste, industrial organic waste, agricultural
crops and crop residues, wood and forestry waste, marine biomass and
bio-energy crops. Thus, the carbohydrate source may be selected from
one or more of the group comprising paper, sludge from paper
manufacture, spent grains such as those derived from grain distillers and
brewers, fruit and vegetable waste, waste from the baking industry,
seaweed and seaweed extracts, wood chip and other forestry derivatives,
food crops, grain and crop residues, chocolate, algae (macro and micro
algae), non-edible crops (and residues) and energy crops, such as
switchgrass. According to a preferred embodiment the carbohydrate

source is not malt whisky draff.

In particularly preferred embodiments, the substrate is paper, such as
waste paper. Alternatively the substrate may be food waste and/or wheat

or wheat-derived substrates such as bread.
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In a further embodiment, the fermented product may further comprise one
or more of the compounds selected from the group comprising ethanol,

carbon dioxide, hydrogen, acetate and butyrate.

In another embodiment, the substrate may further comprise a diluent. In
certain embodiments, the diluent is selected from one or more of the group
comprising water, spent lees and spent liquid from other fermentations. In

particular, the diluent may be water.

In a still further embodiment the step of treating the substrate may further
comprise:
- diluting the substrate to provide a concentration of free copper

ions of less than 20 uM.

In one embodiment the step of treating the substrate may comprise:
- hydrolysing the carbohydrate source in the presence of water and

hydrogen ions or water and hydroxide ions.

In another embodiment, the step of treating the substrate may comprise:
- hydrolysing the carbohydrate source in the presence of an

aqueous solution of sulphuric acid.

In a further embodiment, the step of treating the substrate does not
comprise heating the substrate at high temperature (i.e. above 120 °C,
preferably above 100 °C, and more preferably above 80 °C) and/or
treating the substrate with an acid, such as sulphuric acid. This particular
embodiment is particularly suitable for the treatment of paper or paper-

derived products as substrates.

In yet another embodiment, the step of treating of the substrate comprises:
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- treating the carbohydrate source with one or more enzymes.

In one embodiment, the step of fermenting the treated substrate may be
carried out at a pH of 5.1 or above, more typically in a pH range of from
5.3 to 5.7, still more typically at a pH of about 5.5. In a further
embodiment, the pH may be adjusted during the step of fermenting the
treated substrate with a buffer. Alternatively no pH adjustment is required,
in particular when the substrate is from wood or paper origin.

In another embodiment, the concentration of free copper ions in the
fermentation step can be less than 15 uM. In a further embodiment, the
concentration of free copper ions in the fermentation step can be reduced
by the addition of a diluent to the treated substrate, such as a diluent
described above.

In a still further embodiment, the culture of butanol- and/or acetone-
forming micro-organisms may comprise bacteria of the genus clostridium
such as: C. acetobutylicum ATCC 824, C. saccharolyticum NCP 262, C.
beijerinckii NCIMB 8052 and C. saccharoperbutylacetonicum NCIMB
12606 (N1-4).

In another embodiment, the fermentation step can carried out without the

removal of solids therefrom.

In further embodiments, the treating and fermenting steps can be carried

out simultaneously or can be carried out sequentially.

In one embodiment, the pot ale may be provided by the steps of:
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- adding yeast to a wort comprising water and one or more
carbohydrates selected from the group comprising glucose and
oligosaccharides of glucose;

- fermenting the wort to provide a wash comprising water and one
or more alcohols; and

- distilling the wash in a copper distillation vessel to provide a low
wines distillate comprising one or more alcohols and a distillation residue

of pot ale.

In a further embodiment, the wort can be provided by the further steps of:

- grinding malted barley comprising starch to provide ground malted
barley;

- mixing the ground malted barley with water to provide a mash
comprising water and ground malted barley;

- hydrolysing at least a part of the starch in the ground malted
barley of the mash to provide draff comprising spent barley solids and wort
comprising water and one or more carbohydrates selected from the group
comprising glucose and oligosaccharides of glucose; and

- separating the draff from the wort.

According to a further aspect of the present invention there is provided a
biofuel comprising butanol manufactured according to the process of any
of the aspects of the present invention.

According to a further aspect of the invention there is provided a product
comprising butanol and/or acetone manufactured according to the process
of any aspects of the present invention.
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According to a yet further aspect of the present invention there is provided
use of pot ale from the production of malt whisky in the manufacture of
butanol and/or acetone by fermentation

Detailed Description of the Invention

The present invention utilises pot ale and a carbohydrate source as a
substrate in the manufacture of butanol and/or acetone by a fermentation
process. In particular, the present inventors have surprisingly discovered
that it is possible to carry out fermentation in the presence of pot ale. It
was expected that the high copper content in the pot ale from the copper
pot stills would inhibit butanol- and/or acetone-forming micro-organisms,
such as bacteria of the genus Clostridium. However, the present inventors
have shown that when the substrate has concentration of free copper ions

to below 20 uM, there is no inhibitory effect.

Pot ale provided direct from the first distillation residue from the copper pot
generally has a concentration of free copper ions at levels which are
detrimental to butanol- and/or acetone-forming micro-organisms, such as
copper concentrations in excess of 20 uM. Consequently, unmodified pot
ale may be an unsuitable medium for forming the biomass substrate.
However, free copper ion concentrations which are not inhibitory for the
butanol- and/or acetone-forming micro-organisms can be achieved by
reducing the free copper ion concentration, for instance by diluting the pot
ale, either before it is combined with the carbohydrate source to provide
the substrate, after it has been combined with the carbohydrate source to
provide the substrate, or after the treatment of the substrate to provide the
treated substrate. However, it will be apparent that whenever the
reduction in free copper ion concentration is carried out, this should
preferably be before combination of the treated substrate comprising the
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pot ale with the butanol- and/or acetone-forming micro-organisms in order

to prevent the micro-organisms being harmed.

The use of pot ale in the manufacture of butanol, acetone and/or other
renewable chemicals has several associated advantages. Pot ale is
currently categorised as being of low or negative economic value. The
use of pot ale in the present invention allows the economic value of pot ale
to be increased. Furthermore, the pot ale acts as a diluent to hydrate the
carbohydrate source. Thus, the amount of water or other diluent required
is reduced when pot ale is used. In addition, pot ale provides essential
nutrients to the microorganisms, particularly providing a source of nitrogen
which thereby improves the fermentation and overall conversion of

substrate to products.

The use of organic waste or by-products as the carbohydrate source in the
substrate for the manufacture of butanol and/or acetone and optionally
other chemicals is also advantageous as it provides a solution to the
disposal of these substances. In certain aspects, the present invention
utilises paper, and in particular waste paper, as a carbohydrate source.
The present invention therefore further provides a solution to the disposal
of waste paper, for example, old newspapers or used photocopier paper.

It should be noted that the use of pot ale has been found necessary to
create a suitable fermentation medium for the production of butanol and/or
acetone from paper based substrates.

The substrate must be treated to solubilise at least a part of the
carbohydrate source. The solubilisation may take the form of hydrolysis,
thus breaking down the carbohydrate source into a form suitable for
fermentation. Accordingly, in certain embodiments the substrate is

subjected to one or more treatment steps to solubilise and particularly
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hydrolyse the carbohydrate source, for example, mashing, heating,
addition of acid or alkali, addition of enzymes or a combination thereof. In
certain embodiments, the treating of the substrate to solubilise the
carbohydrate source comprises the step of hydrolysing the carbohydrate
source in the presence of water and hydrogen ions or water and hydroxide
ions. In certain embodiments, the treating of the carbohydrate source to
solubilise it is carried out in the presence of any suitable acid which is
capable of hydrolysing the carbohydrate source. Examples of suitable
acids include sulphuric acid and nitric acid. Sulphuric acid is a preferred
example of an acid for use in the process described herein. When the
substrate is paper based, or paper derived, no temperature or acid

treatment is required.

In certain embodiments, the treating of the substrate to hydrolyse the
carbohydrate source comprises addition of one or more enzymes, such as
cellulase and hemicellulase. In certain embodiments, a combination of
treatments may be utilised, for example, addition of both acid and
enzymes, to provide a treated substrate in a form suitable for fermentation.
The combination of treatments may be applied simultaneously or

sequentially.

In another embodiment wherein the substrate comprises at least one of
paper, paper waste, wheat and wheat based products such as bread, the
treatment may comprise the addition of enzymes. This enzyme treatment
may occur at a temperature lower than that which is optimal for enzyme
activity (i.e. about 50°C). More specifically the temperature may be the
same as the fermentation temperature (e.9.33°C), allowing both processes
to proceed simultaneously. Suitable temperature ranges can be 25 to 40
°C, preferably 30 to 35°C, and more preferably 32 to 34°C. Only enzyme
treatment may be required because steps earlier in the manufacture of
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products such as bread and/or paper waste can concentrate the
carbohydrate content and remove inhibitory materials (e.g. lignin from

paper based products).

Fermentation of the treated substrate is carried out at pH in the range of
5.1 or above, more preferably in the range of from 5.2 to 6.2, still more
preferably in the range of from 5.3 to 5.7 and yet more preferably at about
5.5. The use of the pH range of from 5.3 to 5.7 has been shown to
provide high yields of butanol and/or acetone. Furthermore, this pH range
allows fermentation to be carried out without the need to remove solids
therefrom, thus reducing costs and avoiding any technical problems
caused by the requirement to remove solids. This pH range prevents any
potential toxicity from the treated substrate while maximising butanol
and/or acetone production.

Fermentation is carried out in the presence of a culture of butanol- and/or
acetone-forming micro-organisms. The butanol- and/or acetone-forming
micro-organisms may be selected from any solvent producing micro-
organisms which are capable of fermenting the substrate to form butanol
and/or acetone. Suitable micro-organisms include micro-organisms
engineered to produce solvents. Examples of suitable micro-organisms
include those currently used in ABE (Acetone/Butanol/Ethanol)
manufacture, and, in particular, bacteria of the genus clostridium such as
C. acetobutylicum, C. beijerinckii, C. saccharoperbutylacetonicum and C.
saccharobutylicum. In some embodiments, the butanol- and/or acetone
forming micro-organisms comprise C. acetobutylicum. In other
embodiments the micro-organisms comprises C.
Saccharoperbutylacetonicum. This particular strain is particularly effective
on paper-based substrates.
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Fermentation is carried out at a concentration of free copper ions of less
than 20 uM. This ensures that the presence of the copper ions have
no/minimal negative effect. In certain embodiments, water or another
aqueous solution may be added to lower the concentration of free copper
ions to below 20 uM free copper ions. In certain embodiments, the
concentration of free copper ions is less than 19, 18, 17, 16, 15, 14, 13,
12,11,10, 9, 8,7, 6 or 5 uM free copper ions during at least the
fermentation step. In certain embodiments, the concentration of free
copper ions is less than 15 uM. In certain embodiments, the concentration

of free copper ions is less than 10 uM.

In certain embodiments, the treating and fermenting steps are carried out
simultaneously. This reduces the amount of time required, the number of

steps involved and the associated cost of manufacture.

In alternative embodiments, the treating and fermenting steps are carried
out sequentially. For example, the substrate may be pre-treated in two
steps, first with acid and subsequently with enzyme, prior to fermentation.

In certain embodiments, the fermented product further comprises one or
more of the compounds selected from the group comprising ethanol,
carbon dioxide, hydrogen, acetate and butyrate. Butanol and/or acetone
may be separated out of the fermented product using conventional
separation techniques. Alternatively, the fermented product may be used

as a fuel or otherwise without further purification.

The term “biobutanol” as used herein refers to butanol made from

biomass.
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The term “pot ale” as used herein refers to the liquor remaining in the
wash (copper pot) still after the first distillation in the manufacture of malt
whisky. It is the residue of the wash after extraction by distillation of the

low wines.

The term “spent lees” as used herein refers to the liquor remaining in the
distillation vessel after second and subsequent distillations in the
manufacture of malt whisky. It is the residue of the low wines after
extraction by distillation of raw spirit.

The term “concentration of free copper ions” refers to the concentration of
copper ions which is not bound to solids, that is, the concentration of
copper ions in the supernatant. The total concentration of copper in the
pot ale will be higher than the concentration of free copper ions as some
copper remains bound to solids, such as dead yeast cells.

The term “Scotch whisky” as used herein refers to whisky made in
Scotland. In alternative embodiments, the malt whisky is a malt whisky
manufactured in other countries, such as Ireland or India, where the
process for manufacture of malt whisky in that country is similar or
identical to the process used in Scotland for the manufacture of Scotch
malt whisky.

The present invention will now be described with reference to the following
examples which are provided for the purpose of illustration and are not

intended to be construed as being limiting on the present invention.

Brief Description of the Figures



10

15

20

25

CA 02803127 2012-12-18

WO 2012/001417 PCT/GB2011/051238

14

Figure 1 shows the influence of initial pH on fermentation of acid
and enzyme pre-treated draff in pot ale by C. acetobutylicum ATCC
824. Draff was pre-treated with 0.08 M H>.SO4 and the pH adjusted
to between pH 5.0 — 6.0 prior to enzyme addition. After enzyme
hydrolysis, the pH was adjusted to 4.5, 4.8, 5.0, 5.5, 6.0 or 6.5 for
fermentation. Figure 1 (a) shows sugars resulting from acid and
enzyme treatment, Figure 1 (b) shows residual sugars after
fermentation, Figure 1 (c) shows the ABE products from
fermentation and Figure 1 (d) shows yield of butanol and ABE from
draff;

Figure 2 shows ABE production by C. saccharoperbutylacetonicum
NCIMB 12606 from (a) white office paper and (b) newspaper
dissolved in either water or 50% pot ale.

Figure 3 shows the production of acetone, butanol and ethanol from
fermentations (150 ml) carried out with white paper solubilised with

water, ammonium acetate or 50% pot ale.

Figures 4a to 4c show the production of acetone, butanol and
ethanol from fermentations (150 ml) carried out with four strains of
clostridia on a) white Paper, b) newsprint and c) leaflet Paper.
Substrates were diluted in 50% pot ale, buffered to pH 5.5 and

treated with industrial enzymes.

Figure 5 shows the production of acetone, butanol and ethanol from
fermentations (150 ml) carried out with four strains of clostridia on

bread in pot ale.
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Figure 6 shows the production of acetone, butanol and ethanol from
fermentations (150 ml) carried out with four strains of clostridia on
wheat in pot ale.

Figure 7 shows the production of acetone, butanol and ethanol from
fermentations (150 ml) carried out with two strains of clostridia on
food waste in pot ale.

Figure 8 shows the production of acetone, butanol and ethanol from
fermentations (150 ml) carried out with four strains of clostridia in
pot ale with wheat that had been subjected to acid treatment.

Figure 9 shows the production of acetone, butanol and ethanol from
fermentations (1 litre) carried out with newsprint, white paper and
leaflet paper without buffering.

EXAMPLES

Reference Example 1 and Example 2 and 3 show the effect of pH and free
copper ion concentration of the substrate upon the fermentation process.
In both of Reference Example 1 and Example 3, glucose was used as the
carbohydrate source. Reference Example 1 is designated as a reference
test because no pot ale was present in the substrate.

Reference Example 1 shows that ABE can be produced from the
fermentation of glucose in a pH range of above 4.5t0 6.5. Ata pH of4.5
no glucose was consumed or ABE produced. At a pH of 6.5, only acids
were produced, with no ABE. Example 2 shows a preferred initial range
pH of about 5.5 for the fermentation of a substrate comprising pot ale and

a substrate (draff).
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Example 3 shows that undiluted pot ale has a concentration of free copper
ions which is detrimental to fermentation, resulting in a reduction in ABE
yield compared to a substrate without added free copper ions.
Furthermore as the concentration of free copper ions was reduced from 20
KMM to 5 uM, the yield of ABE increased to that obtained from a substrate
with no added free copper ions.

Example 4 shows that the addition of pot ale to a substrate results in an

increase in ABE yield, compared to the addition of a diluent such as water.

Example 5 shows that the addition of pot ale to a substrate has the same
effect as the addition of ammonium sulphate, indicating the pot ale acts as

a nitrogen source.

Example 6 shows that ABE can be produced using pot ale in combination
with various substrates and microorganisms. The substrates exemplified
are various types of paper material, bread, wheat and food waste.

Example 7 shows that certain substrates do not require acid treatment.
Indeed acid treatment of wheat produces lower yields of ABE than

untreated wheat.

Example 8 shows that pre-fermentation buffering is not always required on

paper based substrates.

General Methods

The following organisms were used: C. acetobutylicum ATCC 824, C.
saccharolyticum NCP 262, C. beijerinckii NCIMB 8052 and C.
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saccharoperbutylacetonicum NCIMB 12606 (N1-4). Clostridia were
maintained as spore suspensions at 4°C. Spores were heat shocked at
80°C for 10 minutes and inoculated into reinforced clostridia media (RCM,
Oxoid Ltd, Cambridge, UK).

In examples 1 to 3 the cultures were incubated for 24 hours and then
subcultured into tryptone-yeast extract-ammonium acetate media (TYA)
media containing glucose before being used as a starting culture (at 5%
v/v) for all experiments. TYA consisted of (g/l) tryptone, 6; yeast extract, 2;
ammonium acetate, 3; KH2POy4, 0.5; MgS04.7H20, 0.3; FeS04.7H20, 0.01
supplemented with 5% glucose. All clostridia cultures were incubated in
an anaerobic workstation under an N2-H»>-CO3 (80:10:10) atmosphere at
33°C. In examples 4 to 8 starter cultures were incubated for 24 h and then
subcultured into 50% pot ale buffered to pH 5.5. All clostridia cultures were
incubated in an anaerobic workstation under an N2-H2-CO2 (80:10:10)
atmosphere at 33°C. Small scale fermentation (150 ml) was carried out in

glass bottles in the anaerobic workstation.

For 1 L scale, fermentations were conducted in fermenters (Biostat A Plus,
Sartorius Stedim Ltd, Surrey, UK). Oxygen-free conditions were achieved
by sparging the media in the fermenters with oxygen-free Nz for 1 hour
prior to inoculation with clostridia. For all 1 L fermentations, agitation was
set at 200 rpm and temperature at 33°C.

Pot ale was obtained from distilleries and was diluted in a 1:1 ratio by
volume with water. This was sufficient to reduce the concentration of free

copper ions to less than 20 uM.
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Wet draff, as received from the distilleries, had a moisture content
between 75-80%. Where stated, draff was dried at 80°C to a moisture

content of approximately 4% and milled prior to further processing.

Ethanol, Acetone and Butanol were measured using a Chrompack 9001
gas chromatograph equipped with a flame ionisation detector and a CP
SIL 5CB column of length 10 m and diameter 0.32 mm (all Chrompack,
Middelburg, Netherlands). All samples were filtered through 0.2 um
cellulose acetate syringe filters before analysis and concentrations were
determined by reference to ethanol, acetone and butanol standards.

For acid (acetic and butyric) and monosaccharide (glucose, xylose and
arabinose) analysis, samples were filtered through 0.2 um syringe filters
and acidified with HoSO4. Samples were analysed by HPLC using a
Varian 920 LC fitted with integrated UV-VIS dual wavelength and
refractive index detectors (Varian Ltd., Oxford, UK). Components were
separated at room temperature on a Rezex ROA Organic acid H" 8% 300
x 7.8 mm column (Phenomenex, Cheshire, UK) with 0.005 N H.SO4 as the
mobile phase at a flow rate of 0.5 ml/min. Acids were detected at 210 nm
while sugars were detected with the Rl detector and concentrations were

determined by reference to the corresponding standards.

Reference Example 1 — Effect of pH control on ABE production by

clostridia

The effect of pH on fermentation of glucose in TYA media by C.
acetobutylicum ATCC 824 was investigated. Fermentations were
conducted at 1 L scale and the pH was controlled at a range of set points
between pH 4.5-6.5 with automated addition of either alkali or acid. At pH
4.5, no glucose utilisation, acid or ABE production was detected. For all

other fermentations, glucose was completely consumed within 48 hours
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and acids (butyric and acetic) and solvent (acetone, butanol and ethanol)
were produced (Table 2). ABE production was highest at pH 4.8 and 5.0,
corresponding to yields of 0.34 and 0.30 g ABE/g sugar, respectively.
Acid production increased between pH 5.5 to 6.5, with a corresponding
decrease in conversion of sugar to ABE. At pH 6.5, acids only were
produced with final concentrations of 7.8 and 12.8 g/l acetic and butyric

acid, respectively.

Table 1. Conversion of 5% glucose to acid and ABE by C. acetobutylicum
ATCC 824 in TYA media controlled at either pH 4.8, 5.0, 5.5, 6.0 or 6.5.
Acid (butyric and acetic) and ABE concentrations were determined after 68
hours with ABE yield expressed as g of ABE produced per g of sugar
consumed.

pH Acid (g/1) ABE (g/) Yield (g ABE/g sugar)

48 o7 15.2 0.34
50 o9 143 0.30
25 79 12.3 0.25
60 136 6.7 0.13
6.5 205 0.6 0.01

Example 2 — Influence of initial pH on ABE production by clostridia

The effect of initial pH on fermentation of a pre-treated substrate
comprising draff and pot ale was investigated. Dried, milled draff was pre-
treated by adding 10.5% (w/v) to 250 ml duran bottles with 0.08 M H,SO4
in 50% pot ale and sterilised at 121°C for 15 min. After cooling, the pH
was adjusted to between pH 5.0 — 6.0 by addition of 10 M NaOH and
incubated with cellulase and hemicellulase enzymes at 33°C for 24 hours.
For fermentation, the initial pH of the solutions was adjusted to either 4.5,
4.8,5.0, 5.5, 6.0 or 6.5 prior to inoculation with C. acetobutylicum ATCC
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824. The initial sugar concentration was monitored before fermentation
and the residual sugar, ABE concentration and ABE yield were calculated
after fermentation (Fig 1). The initial concentration of sugars was similar
for all samples, with approximately 9.6, 11.2, and 9.9 g/l glucose, xylose
and arabinose. No growth or gas production was apparent at pH 5.0 or
lower and no sugars were utilised. ABE production was greatest at pH 5.5
(14.2 g/l) with a yield of 13.2 g/100 g draff. This was reduced at pH 6.0,
with 9.3 g ABE/100 g draff. At pH 6.5, approximately half the sugar was
utilised but there was poor conversion to ABE with a final concentration of
2.3 g/l

Example 3 — Pot ale as a growth medium for ABE production by clostridia

Pot ale was collected from a Scottish malt distillery and analysed for
copper content. The pot ale had 71.8 uM total Cu of which 21.1 uM was
determined to be available as “free” Cu in the supernatant with the rest
bound to the solids. To assess whether this Cu concentration was toxic to
C. acetobutylicum ATCC 824, fermentation of 5% glucose in 100 ml TYA
media supplemented with different concentrations of Cu was compared
(Table 3). Cu had no effect on ABE production at 5 and 10 uM with ABE
concentrations of approximately 12 g/l being similar to that of the control
without Cu. At the higher Cu concentration, ABE concentration was
reduced to 8.6 g/l, indicating that at this concentration Cu was inhibitory to
clostridia. As the pot ale had a "free” Cu content of 21.1 uM, it was
decided to test clostridia fermentation in half strength pot ale in order to
reduce the Cu concentration below inhibitory levels. Half-strength pot ale
supplemented with glucose provided enough nutrients for growth of 824
with ABE production similar to the TYA control (Table 3).
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Table 2. Conversion of 5% glucose to ABE by C. acetobutylicum
ATCC 824 in either TYA, TYA containing 5, 10 or 20 pM Cu or 50% pot
ale.

Media ABE (g/l)
TYA 12.41£0.3
TYA,5uMCu 12.3%0.3
TYA, 10 uM Cu  11.6%0.1
TYA20 uMCu 8.6+2.0
50% pot ale 12.0£1.7

Example 4 — Process for conversion of waste paper to butanol and

acetone

White office paper and newspaper were shredded to 5 mm wide strips and
6.7% (w/v) was mixed with either water or 50% pot ale in 250 ml duran
bottles and the pH adjusted to pH 5.5. After sterilisation, the bottles were
cooled and cellulase and C. saccharoperbutylacetonicum NCIMB 12606
added. After fermentation, the ABE concentrations were determined (Fig
2). There was poor conversion of paper to ABE in water compared to pot
ale, demonstrating that pot ale was required to provide additional
nutrients. In pot ale, the ABE yields after fermentation with C.
saccharoperbutylacetonicum were 24.8 g ABE per 100 g office paper and
16.8 g ABE per 100 g newspaper.

Example 5 — Effect of pot ale as a nitrogen source on ABE production by

clostridia

Certain substances which have had their carbohydrate content increased
by processing may be deficient in nitrogen. A substrate comprising paper
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as a carbohydrate source and 50% pot ale was compared to a substrate
comprising paper and water and a substrate comprising paper and
aqueous ammonium acetate. The modus operandi used was the same

than the one use for the previous example.

As shown in figure 3, fermentation of the substrate comprising paper and
water produced little ABE. Supplementing a substrate comprising paper
and water with ammonium acetate produced good results, indicating that a
paper carbohydrate source was deficient in nitrogen. The substrate
comprising paper and pot ale produced even better results as the
substrate supplemented with ammonium acetate. .Figure 3 shows that
fermentations using either ammonium sulphate or pot ale produced more

ABE than those using water. The strain used was N1-4.

Example 6 — Production of ABE from a range of substrates comprising pot

ale

A range of substrates comprising a carbohydrate source were selected
from the group comprising white paper, newsprint, leaflet paper, bread
(white from Kingsmill), wheat and food waste. The first five carbohydrate
sources represent readily available waste materials, while wheat
represents an alternative agricultural crop. The carbohydrate sources were
prepared as follows: paper samples were shredded using a commercial
paper shredder, the bread, wheat and food waste samples were shredded
in a domestic food processor. The carbohydrate sources were solubilised
in 50% pot ale, buffered at pH 5.5 with sodium hydroxide, treated with
industrial enzymes (C-Tech and H-Tech, commercially available cellulase
and hemicellulase from Novozymes) and fermented with the four strains of
clostridia bacteria previously mentioned. All the fermentations produced
ABE (shown in Figures 4 — 7). The N1-4 strain was particularly efficient
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with respect to the paper based substrates as the ABE concentration
produced was consistently above 7 g/l and can even be above 12 g/l.

Example 7 — Pre-treatment of different carbohydrate sources

Malt whisky draff requires treatment with acid at high temperature to
render its structure accessible to the enzymes used to release sugars for
fermentation. In contrast, carbohydrate sources such as bread and paper
wastes do not require treatment as processes carried out earlier in the
manufacturing process have removed inhibitory materials such as lignin
and concentrated the carbohydrate content. Thus, such carbohydrate
sources require only enzyme treatment at low temperature before

fermentation.

Figure 8 shows the concentration of ABE obtained after wheat is subjected
to an acid treatment. As it can be seen when compared with the results
shown in figure 6, when used on wheat, the treatment does not lead to any
improvements and can even show severe detrimental effects with respect

to particular strains of clostridia (i.e. P262 and N1-4).

Example 10 — Pre-fermentation buffering

Those substrates that have not undergone acid treatment have higher pH
values than those that have undergone acid treatment. Thus, buffering to
the fermentation pH in those substrates which have not undergone acid
treatment may be less intensive and in some cases is not required. As
shown in figure 9, when paper is used as a carbohydrate source, buffering
was not required because the optimal strain, N1-4, can ferment at a higher
pH such that satisfactory performance was achieved without buffering

before inoculation.
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Although the invention has been described in connection with specific
preferred embodiments, it should be understood that the invention as
claimed should not be unduly limited to such specific embodiments.
Indeed, various modifications of the described modes of carrying out the

invention which are obvious to those skilled in the art are intended to be
covered by the present invention.
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Claims
1. A process for the manufacture of butanol and/or acetone, comprising at least the steps of:

- treating pot ale and a biomass substrate other than draff, pot ale being a by-product of the
first spirit distillation from a copper distillation vessel in the manufacture of malt whisky, to

solubilise at least a portion of the biomass substrate to provide a treated substrate; and

- fermenting the treated substrate in the presence of a culture of butanol- and/or acetone-
forming micro-organisms at a concentration of free copper ions of less than 20 uM to

provide a fermented product containing butanol and/or acetone.

2. The process as claimed in claim 1 wherein the step of treating the substrate comprises:
- hydrolysing the biomass substrate in the presence of water and hydrogen ions or water and

hydroxide ions.

3. The process as claimed in claim 1 or claim 2 wherein the step of treating the substrate
comprises:

- hydrolysing the biomass substrate in the presence of an aqueous solution of sulphuric acid.

4. The process as claimed in any one of claims 1 to 3 wherein the step of treating of the
substrate comprises:

- treating the biomass substrate with one or more enzymes.

5. The process as claimed in any one of claims 1 to 4 wherein the step of treating the substrate
further comprises:

- diluting the substrate to provide a concentration of free copper ions of less than 20 uM.

6. The process as claimed in any one of claims 1 to 5 wherein the step of fermenting the

treated substrate is carried out at a pH of 5.1 or above.

7. The process as claimed in any one of claims 1 to 6 wherein the concentration of free copper

ions in the fermentation step is less than 15 uM.

8. The process as claimed in any one of claims 1 to 7 wherein the culture of butanol- and/or

acetone-forming micro-organisms comprises bacteria of the genus Clostridium.

Date Regue/Date Received 2020-05-14
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9. The process as claimed in any one of claims 1 to 8 wherein the fermentation step is carried

out without the removal of solids therefrom.

10. The process as claimed in any one of claims 1 to 9 in which the treating and fermenting

steps are carried out simultaneously.

11. The process as claimed in any one of claims 1 to 9 in which the treating and fermenting

steps are carried out sequentially.

12. The process as claimed in any one of claims 1 to 11 wherein the pot ale is provided by the
steps of:

- adding yeast to a wort comprising water and one or more carbohydrates selected from the

group comprising glucose and oligosaccharides of glucose;
- fermenting the wort to provide a wash comprising water and one or more alcohols; and

- distilling the wash in a copper distillation vessel to provide a low wines distillate comprising

one or more alcohols and a distillation residue of pot ale.
13. The process as claimed in claim 12 wherein the wort is provided by the further steps of:
- grinding malted barley comprising starch to provide ground malted barley;

- mixing the ground malted barley with water to provide a mash comprising water and ground

malted barley;

- hydrolysing at least a part of the starch in the ground malted barley of the mash to provide
draff comprising spent barley solids and wort comprising water and one or more
carbohydrates selected from the group comprising glucose and oligosaccharides of

glucose; and
- separating the draff from the wort.

14. The process as claimed in any one of claims 1 to 13 wherein the pot ale is the by-product

of the manufacture of Scotch malt whisky.

Date Regue/Date Received 2020-05-14
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15. The process as claimed in any one of claims 1 to 14 wherein the biomass substrate is
selected from one or more of the group comprising paper, sludge from paper manufacture, fruit
and vegetable waste, waste from the baking industry, seaweed and seaweed extracts, forestry
derivatives, food crops, grain and crop residues, spent grains, chocolate, algae, non-edible

crops and their residues and energy crops.

16. The process as claimed in any one of claims 1 to 15 wherein the fermented product further
comprises one or more of the compounds selected from the group comprising ethanol, carbon

dioxide, hydrogen, acetate and butyrate.

17. A process for the manufacture of butanol and/or acetone, comprising at least the steps of:

- treating a substrate comprising draff, being a by-product of the manufacture of malt whisky,
and pot ale, being a by-product of the manufacture of malt whisky from a copper distillation
vessel, to hydrolyse the substrate to provide a treated substrate, said draff comprising spent

grain consisting essentially of malted barley; and

- fermenting the treated substrate in the presence of a culture of butanol- and/or acetone-
forming micro-organisms at an initial pH in the range of 5.0 to 6.0 and at a concentration of
free copper ions of less than 20 mM to provide a fermented product containing butanol and/or

acetone.

18. The process as claimed in claim 17 wherein the initial pH is in the range of 5.3 10 5.7.

19. The process as claimed in claim 17 or 18 wherein the fermentation step is carried out

without the removal of solids therefrom.

20. The process as claimed in any one of claims 17 to 19 wherein the spent grain consists of
100% malted barley.

21. The process as claimed in any one of claims 17 to 20 in which the treating and fermenting

steps are carried out simultaneously.

22. The process as claimed in any one of claims 17 to 20 in which the treating and fermenting

steps are carried out sequentially.

Date Regue/Date Received 2020-05-14
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23. The process as claimed in any one of claims 17 to 22 wherein the substrate is diluted to

lower the concentration of free copper ions to below 15 mM during at least the fermentation step.

24. The process as claimed in any one of claims 17 to 23 wherein the draff is provided by the

further steps of:
- grinding malted barley comprising starch to provide ground malted barley;

- mixing the ground malted barley with water to provide a mash comprising water and ground

malted barley;

- hydrolysing at least a part of the starch in the ground malted barley of the mash to provide
draff comprising spent barley solids and wort comprising water and one or more
carbohydrates selected from the group comprising glucose and oligosaccharides of glucose;

and
- separating the draff from the wort.
25. The process as claimed in claim 24 wherein the pot ale is provided by the further steps of:
- adding yeast to the wort;
- fermenting the wort to provide a wash comprising water and one or more alcohols; and

- distilling the wash in a copper distillation vessel to provide a low wines distillate comprising

one or more alcohols and a distillation residue of pot ale.

26. The process as claimed in any one of claims 17 to 25 wherein the treating of the substrate
to hydrolyse it comprises the step of:
- hydrolysing the substrate in the presence of water and hydrogen ions or water and hydroxide

ions.

27. The process as claimed in any one of claims 17 to 26 wherein the treating of the substrate
to hydrolyse it comprises the step of:

- hydrolysing the substrate in the presence of an aqueous solution of sulphuric acid.

Date Regue/Date Received 2020-05-14
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28. The process as claimed in any one of claims 17 to 27 wherein the treating of the substrate
to hydrolyse it comprises the step of:

- treating the substrate with one or more enzymes.

29. The process as claimed in any one of claims 17 to 28 wherein the culture of butanol-

and/or acetone-forming micro-organisms comprises bacteria of the genus Clostridium.
30. The process as claimed in any one of claims 17 to 29 wherein the fermented product
further comprises one or more of the compounds selected from the group comprising ethanol,

carbon dioxide, hydrogen, acetate and butyrate.

31. The process according to any one of claims 19 to 30 wherein the malt whisky is Scotch

malt whisky.

Date Regue/Date Received 2020-05-14



WO 2012/001417

CA 02803127 2012-12-18

PCT/GB2011/051238
Figure 1

BGle @Xyl OAra BGlc @Xyl DAra

=
S B
> 2
@ @
@ bo
) >
pu n
v —
£ B
9]
'
45 4.8 5.0 5.5 6.0 6.5 45 4.8 5.0 5.5 6.0 6.5
pH pH
B Acetone EBuUOH DEtOH EBuOH BABE
20 20
= d
g (d)
5 15 4
— ol1)
5 8
E ® 10 -
< s
2
R
<
0 e e
45 4.8 5.0 5.5 6.0 6.5 4.5 4.8

Pageilof7



CA 02803127 2012-12-18

WO 2012/001417 PCT/GB2011/051238

Figure 2

tay paper

ane

85
i

R

I

Wiater

# Butanol O Ethanol

Acetone

20
ib} newspaper

SBE )) gii“‘ IL{I
ot
s
1

Wiater PFotale

Page 2 of7



CA 02803127 2012-12-18
WO 2012/001417 ’ PCT/GB2011/051238
Figure 3

[y
N
L

H

ABE g/l
co
H

9
S - H L.

Water Ammonium Acetate 50% Pot Ale

B Acetone O Butanol [ Ethanol



CA 02803127 2012-12-18

B Acetone [JButanol %=Ethanol

WO 2012/001417
Figure 4
a) White Paper
16 i
16 - !
14 -
14
12 | .y 12 3
10 -+
0 - B
ol w8 -
58 2
<g . = &
_ 4
R I 2 -
1 ' : = 0 -
824 P262 8052 N1-4
B Acetone [lButanol ¥ Ethanol
c) Leaflet Paper
16
14 -
12 -
o
[s1¢]
w8 -
[aa]
<g |
4 o
L e L.
0 A : =
824 P262 8052 N1-4

Page 4 of 7

PCT/GB2011/051238

b) Newsprint

R N
824 P262 8052 N1-4
B Acetone [JButanol ¥ Ethanol



WO 2012/001417

CA 02803127 2012-12-18

PCT/GB2011/051238
Figure 5
16 .
14
12 ~
(10 i — l
Lo
L 8 !
2" 1
6 i
4 _
2 7 L
O i E‘ T T
824 P262 8052 N1-4
B Acetone [lButanol # Ethanol
Figure 6
16
14 - T
12 = f
<10 I
oo
w 8 A
[as)
< 6 -
4 !
3 1
O h == T T T E___‘

824 P262 8052 N1-4

B Acetone [JButanol # Ethanol

Page 5 of7



CA 02803127 2012-12-18

WO 2012/001417 PCT/GB2011/051238
Figure 7

16 -
14
12

1

fury
o
L 1

ABE g/l

O N B O
i - i i !

8052 N1-4

B Acetone [dButanol & Ethanol

Figure 8
16 .
14 -
12 -
<10 -
on
w 8 -
[a]
< g
4 —
2 =
0 - e S R
824 pP262 8052 N1-4

B Acetone [OButanol & Ethanol

Page 6 of 7



CA 02803127 2012-12-18

WO 2012/001417 PCT/GB2011/051238
Figure 9

oL s B b el R

Newsprint  White Paper Leaflet Paper

B Acetone [dButanol £ Ethanol

Page70f7



ABE g/l

| I N

X

Water

i Acetone

Ammonium Acetate

L Butanol

50% Pot Ale

[ Ethanol



	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - ABSTRACT
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - CLAIMS
	Page 29 - CLAIMS
	Page 30 - CLAIMS
	Page 31 - CLAIMS
	Page 32 - CLAIMS
	Page 33 - DRAWINGS
	Page 34 - DRAWINGS
	Page 35 - DRAWINGS
	Page 36 - DRAWINGS
	Page 37 - DRAWINGS
	Page 38 - DRAWINGS
	Page 39 - DRAWINGS
	Page 40 - REPRESENTATIVE_DRAWING

