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Anaerobic Process
Field of the Invention
The invention relates to processes and equipment for treatment of a feedstock by
anaerobic organisms to produce a methane containing biogas that can be used as a
source of energy. The invention is particularly concerned with producing methane from
a waste plant material such as produced by fermentation processes used in the
alcoholic beverages industry, such as from brewing/distilling processes which employ

grain material for fermentation.

Background to the Invention

The anaerobic process for the production of biogas {mostly methane and carbon
dioxide) is well known. It can be carried out on a continuous basis on waste product
streams from a number of industries, typically on aqueous streams including soluble
materials derived from plant or animal origin. Such product streams can include
suspended solids, to a limited extent; provided they are biodegradable {can be
digested in the anaerobic processes). The process can be formally divided into four
distinct stages with each stage being carried out by different groups of organisms that
in nature can be found together acting in a symbiotic fashion, with the products of one

group of organisms being passed on to the next as an energy source (food).

The four distinct phases are:

1. Fermentation and hydrolysis — At this stage the long chain macromolecules
present in the effluent solubles stream are broken down to smaller chain
molecules. For example in the alcoholic beverages industry there are typically
four distinct groups of macromolecule present carbohydrate, protein, oils and
fats, and organic acids.

2. Acidogenesis — This involves a group of organisms that produce a broad
spectrum of Volatile Fatty Acids { VFA ) from the smaller chain substrate
produced in (1) above.

3. Acetogenesis ~ This stage involves the breakdown of VFA to (predominately)
acetic acid that becomes the dominant substrate used by a range of

methanogenic organisms for the production of methane gas.
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4. Methanogenesis — This is the final stage and involves the production of
methane gas, together with some carbon dioxide. Typically other products such

as ammonia and hydrogen sulphide are aiso formed.

As an example the aqueous residue from a fermentation and distillation process as
used to produce an alcoholic beverage can undergo hydrolysis and acidogenesis
relatively easily (at least after removal of the bulk of the undissolved solids content) as
the substrate for the organisms concerned is rich in energy and the ratio of macro
nutrients (carbon nitrogen and phosphorus - C:N:P) are in an ideal range for these

steps, and subsequent methane production.

However, acetogenesis and methanogenesis have proved to be significantly more
difficult steps when attempting to provide an efficient process. An efficient process
should result in a good removal of organic content (typically measured as a reduction in
chemical oxygen demand - COD) and a corresponding high methane content of the
biogas.

For example typical anaerobic digestion processes, such as those employed on waste
aqueous effluent in the spirits alcoholic beverages industry may only be expected to
operate with 8 COD removal of the order of the order of 70% or less and produce a
biogas having a methane content of 70% or less, with the bulk of the remainder being
CO:, and so representing carbon that is not available for energy generation. The
methane content of the biogas is highly dependent on subsirate composition.
Substrates that are rich in carbohydrate will typically have lower biogas methane
content. Furthermore, additional processing steps typically including aerobic digestion
processing are often required to reduce the COD levels to those acceptable for
disposal e.g. to drain.

In US6395173 (Von Nordenskjold - now known as BIOLAK Technology GmbH) an
anaerobic treatment apparatus is described that can be used for treatment of “waste
waters”. It is suggested the apparatus is suitable for waste waters having a biological
oxygen demand {BOD) in excess of 2000 mgl”. Such a BOD may equate to 2 COD of
about 4000 mgl™ depending on the source of the organic content and represents a

relatively dilute waste stream to be treated. The apparatus includes a two stage sludge
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bed, of the upflow anaerobic sludge blanket reactor (UASB) type, wherein sludge and
liquid effluent from the reactor can be recycled. As is common with waste water
treatments an aerobic treatment stage can be applied to the liquid effluent post the
anaerobic stage to compiete the reduction of COD. A similar option is suggested for
dealing with excess sludge. However, waste waters of about 4000mgl’ may be
considered to be relatively weak and adapting the apparatus and process for digesting
waste streams of higher COD concentration is not as straightforward as it may seem.
Typically users may consider diluting the liquid waste stream prior to introducing this to
the methanogenic apparatus, but such dilution has potentially undesirable
consequences in terms of flow rates through the apparatus, hydraulic retention time,

maintaining alkalinity and/or conversion rates.

Moreover the waste water may be acidic in pH, particularly when initially subjected to
an acidogenesis/acetogenesis step, although many waste waters are naturally acidic.
Such acidic pH may have a significant detrimental effect on methanogenesis which is
preferably carried out in slightly alkaline conditions. In view of this, many prior art
processes control pH through the addition of alkali, such as lime. Saritpongteeraka, K
and Chaipratpat, S. (Bioresource Technology 99, (2008) p8987-8994) describe a
process in which pH is controlied through addition of NaOH or parawood ash. This
process is carried out in an anaerobic baffled reactor with and without effluent recycle.
Their results appear to show pH control is essential, but that effluent recycle has little
effect. Nevertheless, the influent COD was typically in the rate of 5000-6500 mg/l and
although a long hydraulic retention time was suggested as being of benefit, this was at

the expense of the organic loading rate.

Although the above process did not suggest that effluent recycle was of benefit, this is
in fact routinely adopted and proposed for use in fluidised bed and UASB reactors
treating carbohydrate rich waste waters to make use of alkalinity generated internally
and to dilute the influent COD (see Sam-Soon, P., Water SA, 1991; 17(1): p37-46 and
Ferguson JF, Water Research, 1984:18(4) 573-80). Such recycling and its benefits,
particularly when employing high COD waste streams is also discussed in US
4,415,453,
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It is an object of the present invention to provide methods and apparatus for carrying
out an anaerobic digestion of a waste stream that avoids or at least reduces one of the

aforementioned problems.

Description of the invention

According to a first aspect the present invention provides a process for the anaerobic
digestion of a substantially aqueous solution, or aqueous and oil two phase system,
which has a COD concentration of 30 to 130 kgm™, comprising the step of subjecting
the substantially aqueous solution, or agueous and oil two phase system to a
methanogenic stage, in order that methanogenic organisms produce methane by
digestion of organic material in the substantially aqueous solution, or aqueous and oil
two phase system and wherein a liquid output from the methanogenic stage is recycled
at no more than a ratio of 2:1 of recycled liquid : input substantially aqueous solution, or
aqueous and oil two phase system and wherein the COD of an output stream from the
methanogenic stage is reduced by more than 70% from the input substantially aqueous

solution, or aqueous and oil two phase system,

The process will typically be a continuous process, for efficient throughput and
utilisation of equipment. The liquid output from the methanogenic stage may be
recycled at no more than a ratio of 1:1 or even without recycle. The COD reduction
may be for example more than 80% or even from 90% to 95% or more relative to the

input.

The process according to the first aspect of the invention provides a high level of
reduction of COD, and therefore can avoid the need for an aerobic treatment post the
methanogenic stage as is commonly used for waste water treatments in order to
reduce the COD content sufficiently to allow ready disposal e.g. to drain. However
where consent limits for disposal of effluent are strict a small aerobic treatment may be
employed to reduce the COD left after the methanogenic stage even further. In
general the process produces an exceptional reduction of COD together with a good
quality biogas containing useful amounts of methane. The liquid output can also find
use e.g. as a fertiliser.

The recycling of the liquid output from a methanogenic stage as described herein refers

to the conventional practice of returning a portion of the liquid output from a
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methanogenic stage to the input location (and therefore high COD concentration area)
of the methanogenic part of the anaerobic process. The recycled liquid can be fed into
the methanogenic process together with the input aqueous effluent stream or through a
separate inlet or inlets. In either case the recycled liquid enters the process vessel or
vessels at or near where the COD concentration is high and acts to dilute the input
aqueous effluent stream. Note, this is not to be confused with solids/sludge recycling

which is also known in the art.

According to a second aspect the present invention provides a process for the
anaerobic digestion of a substantially aqueous spirit distillation effluent stream, which
has a COD concentration of 30 to 130 kgm™, comprising the step of subjecting the
substantially aqueous solution, to a methanogenic stage, in order that methanogenic
organisms produce methane by digestion of organic material in the substantialiy
aqueous solution, and wherein a liquid output from the methanogenic stage is recycled
at no more than a ratio of 2:1 of recycled liquid : input substantially aqueous solution,
and wherein the COD of an output stream from the methanogenic stage is reduced by

more than 70% from the input substantially aqueous solution.

As with the first aspect of the invention the process will typically be a continuous
process, for efficient throughput and utilisation of equipment. The liquid output from the
methanogenic stage may be recycled at no more than a ratio of 1:1 or even without
recycle. The COD reduction may be for example more than 80% or even from 90% to

95% or more relative to the input.

As with the process according to the first aspect an aerobic finishing process is not
required to produce good results in terms of COD reduction. Furthermore the effluent

from the methanogenic stage can provide useful products as described hereafter.

According to a third aspect the present invention provides a method of processing a
liquid material, the process comprising subjecting the liquid material to an anaerobic
digestion process for example as described herein; and monitoring the content of at
least one micronutrient, in particular at least one micronutrient metal in a methanogenic
stage of the anaerobic process wherein methanogenic organisms produce methane by

digestion of organic compounds present in the liquid material and may utilise said at
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least one micronutrient; in order that an amount of said at least one micronutrient may

be added to the methanogenic stage in response to the results of the monitoring.

The monitoring of micronutrient levels and addition of micronutrients to a methanogenic
stage may be carried out as part of an anaerobic process according to the first or
second aspects of the invention, or more generally for other anaerobic processes.
Typically the anaerobic process will be a continuous process. Procedures for

monitoring are described with reference to some examples hereafter.

More preferably monitoring of at least one micronufrient is conducted on the influent to
the methanogenic stage and the effluent from the methanogenic stage, whilst taking
account of potential sludge growth. In this manner it is possible to determine whether
or not micronutrients present in the influent are bio-available and hence capable of
being used to facilitate growth of the microorganisms in the sludge and hence how
much additional micronutrient may be added to facilitate growth, but not so much as to

have any potential toxic effect.

The fermentation and hydrolysis, acidogenesis and acetogenesis stages of the overall
processes according to the first, second or third aspects of the invention may be
carried out in the conventional manner. Typically, an "acidogenic” reactor is employed
wherein at least some of the fermentation and hydrolysis, acidogenesis and
acetogenesis stages are carried out, in advance of the methanogenic stage. Such a
reactor typically runs at acid pH in the range of 3.5t0 5. A pH in the range of 3.5 {0 4.2
has been found to assist in allowing acetogenesis to occur, thereby enhancing levels of
VFAs passed forwards to the subsequent methanogenic stage, however in practice a
methanogenic stage has been shown fo be capable of processing VFAs i.e.

actetogenesis occurs to produce acetic or other small chain carboxylic acids.

In summary the methanogenic stage makes use of anaerobic microorganisms that
produce methane but other stages of the overall process e.g. acetogenesis can occur

in the methanogenic stage.

If required the feed (substantially agueous solution, aqueous and oil iwo phase system,
substantially aqueous spirit distillation effluent stream or liquid material) may adjusted

to an acid pH as required before it is processed in the acidogenic reactor. In general,



10

15

20

25

30

WO 2013/104911 PCT/GB2013/050046

7

where an acidogenic reactor is employed (at least for a spirits drinks effluent stream)
the acidogenic process is relatively fast with a typical hydraulic retention time of only
circa 24 hours {with no recycling). Typically the acidogenic stage is carried out with
mixing in the reactor. Typically and advantageously 90% or more of the acetogenesis
stage is carried out early in the process i.e. in the acidogenic reactor, as this reduces
the potential for poor activity in the subsequent methanogenic stage caused e.g. by

slow conversion to acetic acid.

Suitable high COD concentration feedstocks for use in the processes include the
effluent stream from a spirit drinks production process, in accordance with the second
aspect of the invention. After fermentation and distillation of the alcohol produced, the
spent grain or other vegetable mass is filtered off (for example by means of centrifuges
or other filtration techniques) and the remaining solution is processed. The resulting
solution may include a limited quantity of suspended solids such as spent yeast cells,
depending on the filiration technique employed. Such aqueous effluent streams may
be those produced by any of the typical spirits drinks production processes e.g. those
for whisky, gin, vodka, rum, brandy, bourbon, tequila etc. Other suitable feedstocks
can include whey from cheese manufacture, molasses or molasses diluted with water
or other aqueous system, and vegetable oils. Vegetable oils may be processed by
addition to an aqueous system, even though they form a two phase system. Mixtures
of feedstocks may be employed. In a preferred embodiment, the process described
herein may find particular application in freating malted barley and/or grain whisky
waste water. Example waste water streams from malt/grain whisky production are
shown in Figures 2, 3 and 4. Other suitable high COD concentration feedstocks may

be envisaged, such as from vegetable, such as soy, beet, potato processing and the
like.

For some substrates, such as whey, the feedstock may arrive at the anaerobic process
at ambient temperature. However the microorganisms employed are generally
mesophilic or alternatively thermophilic. Therefore the effluent stream or other
feedstock being treated may be heated e.g. in the range of about 30 °C to 37°C for
mesophilic bacteria, as required. Heat generated from combustion of the biogas

produced in the anaerobic process may be employed for this purpose.
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Typically the feedstock for the anaerobic digestion is substantially a solution, i.e.
contains organic and other species derived from natural products, in solution. However
some suspended solids can be present, provided they do not interfere with the
continuous process. Suspended solids can be tolerated if they can be digested by the
anaerobic process e.g. yeast cells from a fermentation process used to make an
alcoholic beverage. The amount of suspended solids (as yeast) that can be tolerated
from a spirits drinks process can be up to about 15,000mgl™ or even higher. A fypical
maximum solids amount is 2%, 3% or 4% wiw of solid:liquid. Yeast is about 46% (dry
basis) protein and consequently the nitrogen from the protein can increase the amount
of ammonia in the effluent from the anaerobic reactor. For example by some 15 to
20%. Conversely suspended solids that take a long time to be digested, particularly
those with high cellulose or lignin content, are not readily processed and may require a
long time residence time, 20 days or more.

The anaerobic processes according to the first and second aspects of the invention
operate at a high Chemical Oxygen Demand {(COD) input concentration.
Conventionally examples of anaerobic processes applied to aqueous effluent streams
of soluble components operating as continuous processes may have an input COD
concentration of for example, about 5kgm™ to 25kgm™ or higher but with a substantial
recycle to dilute the input concentration as discussed further herein. The process of the
present invention can operate with input COD concentrations of the order of 30kgm™ or
more, or even 35kgm™ or more, without recycle or with minimal recycle. Typically a
high COD concentration in the range of 40kgm™ to 130kgm™® may be successfully
employed.

Advantageously the liquid output from the methanogenic stage is not recycled.
However there may be recycle of some of the solids, typically the sludge containing the
microorganism mass that can be carried out of a vessel employed for the
methanogenic stage. This sludge will contain a limited amount of the liquid output,
depending on the separation equipment and method employed, but will generally be
insignificant where a methanogenic stage is being operated with no deliberate recycle

of the liquid output.

Preferably the methanogenic process is carried out in an enclosed tank or lagoon

containing a sludge bed of microorganisms fed by an upwards flow. Preferably the
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process is carried out by a so called up flow anaerobic sludge blanket reactor (UASB)
although others typically called anaerobic lagoons, fluidised bed, packed bed and
hybrid digesters may also employed. However, it should be appreciated that
advantageously the reactors of the present invention are not actively stirred or only
employ anaerobic filters, which would either increase costs and/or reduce COD levels
which can be applied. Such reactors are typically operated on a continuous basis. In
such a reactor the input, typically from an acidogenic reactor, is fed upwardly into a
sludge bed, including methanogenic microorganisms, contained within the
sludge/UASB. The input feedstock is pumped in at several locations towards the input
end of the sludge/UASB. As digestion proceeds (reduction of the COD concentration
and generation of biogas) the liquid in the tank flows towards the output end of the
reactor where a reduced COD liquid effluent is removed. Operating a reactor UASB
with the process of the invention, where no or a limited recycle of the liquid output is
applied is thus done under limited mixing conditions, with the input injection into the
sludge bed providing limited agitation, in comparison with a high recycle method where
large volumes of liquid and/or sludge are removed from the reactor and reinjected into
the sludge bed, at or near the input area or in a process where active stirring with a

motor is employed.

The methanogenic process may be carried out in stages, for example in two or more
tanks in series or a divided tank as described hereafter with reference to a specific
embodiment. Preferably less than 4 stages, typically less than 3, such as 2 stages are
employed. Multiple stages of processing allow a sludge bed with a high COD input to
be followed by a sludge bed with a low COD input as a finishing or “polishing”
methanogenic stage. Remarkably when such a two stage methanogenic sludge bed is
operated with a process according to the invention it has been found appropriate to
provide an input of the aqueous effluent stream into the low COD input sludge bed, in
order to maintain the health of the microorganisms contained within. The process of
the invention achieves such a high reduction in COD in the first stage that the second
stage is starved of the required amount of feed. Thus the process may be operated in

smaller reactor volumes than expected for conventional procedures.

Alternative reactors include packed bed reactors or mixed reactors (typically with
stirring or agitation by gas injection). Although the methanogenic stage reactor or

reactors are fed from a preceding “acidogenic” reactor where one or more of
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fermentation, hydrolysis, acidogenesis and acetogenesis occurs, it will be understood
that acetogenesis or other processes may occur within the reactor or reactors involved

in the methanogenic stage.

The liquid effluent contains organic material not converted to methane or other gases
such as CO,, ammonia and very minor quantities of H,S. By not recycling this output in

the conventional manner substantial benefits may be obtained.

Typical recycle of effluent from the methanogenic stage is substantial in prior art
processes, within the range of between 3:1 and 12:1. (That is 3 of recycle to 1 of input

stream; up to 12 of recycle to 1 of input stream - by volume).

The intent of such a recycle is to dilute the COD concentration present at the input end
of the reactor, assist in adjusting the pH and allow the opportunity for unreacted
material in the effluent to be converted to methane. The dilution of the COD
concentration entering the methanogenic stage is typically regarded as an essential
feature if a reasonable process efficiency (for a given process volume) is to be
achieved. Retention times (*hydraulic retention times”) are often given for anaerobic
digesters as a measure of flow of fluid through the system. The high recycle rates
typically used in prior art processes result in lower hydraulic retention times in
comparison with the hydraulic retention times of the present process. The retention
time is calculated on the basis of the process volume (i.e. volume of the methanogenic
stage reactor contents) divided by the flow through per day, including the recycle
volume that is returned to the reactor. For the processes of the present invention a
retention time of the order of & to 15 days, typically of 8 to 12 days, for example of 10
days may be successfully employed. This contrasts with retention times of, for
example, 1 to 3 days where a high recycle is used. Such low retention times increase
the likelihood of loss of microorganism mass from the methanogenic phase (loss of
sludge).

Surprisingly removal or reduction of the recycle has been shown to allow a high COD
concentration input as discussed above. The throughput expressed as kg of COD per
m® of reacting mass (volume of sludge and liquid in the methanogenic reactor or
reactors} per day i.e. the COD in kgm™day™' remains good, for example from 3kg even

up to and beyond 5kg COD m”day™. At the same time the efficiency is high, providing
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both a high level of COD removal and a high quality biogas (high methane content).
Remember the methane content is linked to the substrate composition. High oil — high

methane conversely high carbohydrate lower methane percentage.

For example a COD removal of 90% or more, generally the range of 80% to 95% can
be achieved. At the same time the biogas can be obtained with high methane content,
more than 70%, typically 75% to 80%.( | am inclined to make this 58 — 80% - this then
takes account of substrates dominated by carbohydrates } A vyield of the order of
0.35m* methane (at standard temperature and pressure) per kg of COD removed can
be obtained. As the processes produce an exceptionally high reduction of COD, the
yield of biogas produced is correspondingly high. In conjunction with these benefits a
high level of bicarbonate alkalinity has been shown to be generated within the reactor
carrying out the methanogenic stage. This high level of bicarbonate alkalinity (typically
4000 to 5000mgl”, expressed in terms of mgl' of calcium carbonate), is obtained

naturally without supplementation and itself provides notable benefits.

The bicarbonate alkalinity can be calculated as follows:
Bicarbonate alkalinity (as mg!”calcium carbonate) =
Total Alkalinity (mgl" CaCOs ) — Total Volatile Fatty Acids (ppm ) x 0.71

The total alkalinity is determined by fitration to pH 4.0 using 0.1 N hydrochloric acid.
Total alkalinity is made up of carbonate, bicarbonate and alkaline alkalinity. However,
the presence of the bicarbonate ion is important to the removal of the inhibitory
propionic acid. The tfotal Volatile Fatty Acids is determined by gas chromatography.
See also “Biological Wastewater treatment, Vol 4, Anaerobic Reactors”, 2007, Carlos
Augusto de Lemos Chernicharo, published by IWA publishing, London.

High bicarbonate levels tend to reduce the build up of inhibitory levels of byproducts
such as propionic acid in the reactor. This contrasts with a process run with a
conventional recycle level, especially when the COD concentration of the input is high.
Propionic acid levels (and the level of other undesired species such as ammonia) have
been found to be significant and bicarbonate levels correspondingly low where a
recycle is operated. Such conditions result in much reduced quality of biogas and
reduced COD removal in comparison with the process of the present invention. The

conventional approach to such reduced COD removal and poor quality biogas would
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be to increase the recycle rate even further in an attempt to afford more opportunity for
the microorganisms io consume COD and/or to reduce the concentration of COD in the

inpui.

Furthermore, with a natural high bicarbonate alkalinity the methanogenic stage readily
maintains the desirable pH (7.2 to 7.4) because of the very large reservoir of alkalinity
present in the reactor. This can avoid any requirement o adjust pH with added
alkalinity. Adjustment of pH is conventionally required or at least desirable when
operating a methanogenic stage as the input from a preceding acidogenic reactor will
have a low pH e.g. at about 3.5. Advantageously, the present inventors have observed
that alkali material is only required during an initial start up of a reactor, typically for
betwen 7 to 21 days until the required level of bicarbonate alkalinity has developed in
the reactor. Thereafter, further addition of alkali or pH control may/is not (be) required,
saving on costs and efficiency. Moreover, the reactor is stable to the introduction of

acidic, high COD waste streams.

A further additional advantageous feature of the high bicarbonate alkalinity is in relation
to struvite production (as will be described in more detail hereinafter). Whilst in the
methanogenic stage, only relatively small amounts of crystallised or precipitated
struvite is produced. However, upon exiting from the methanogenic stage, a reduction
in a partial overpressure is observed, when the output stream contacts atmospheric
pressure, which allows for CO, to be released from solution, with a consequential
increase in pH (typically greater than about 0.2 — 0.3 pH units), which results in the
struvite substantially spontaneously precipitating from solution and/or microcrystals

agglomerating.

Further benefits of not recycling include the reduction of the build up of ammonia which

reduces the process efficiency and can lead to problems of effluent disposal.

The liquid effluent from a process of the invention, for example utilising a vegetation
based aqueous effluent siream as feed (such as from a spirits drinks production
process), can be of sufficient quality to meet local consent limits for disposal to drain.
Furthermore the liquid effluent from the anaerobic digestion can provide useful by

products.
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As discussed in more detail hereafter and with reference to a specific embodiment from
a spirits drinks effluent digestion, such as waste water from malt andfor grain spirit
distillation process the liquid effluent issuing from a methanogenic stage operated in
accordance with the invention can spontaneously produce crystals of the mineral
struvite (NH;MgPO,4-6H,0). The unwanted production of struvite causing blockage of
pipes and other equipment is a known problem for sewage and other solids waste
disposal facilities. However in accordance with the present invention struvite
production, as discrete crystals, can be obtained. The present inventors noticed that
struvite can be produced and appropriately collected for subsequent use. As mentioned
above, only relatively small amounts of struvite, in terms of a precipitable form, may be
produced during the methanogenic phase, but upon output from the methanogenic
phase large quantities of precipitated or agglomerated struvite may be observed.
Without wishing to be bound by theory, it is thought that at least partly due to the
relatively high bicarbonate alkalinity, most of any struvite which is produced in the
methanogenic phase remains in solution or in a fine microcrystalline form. However,
upon exiting from the methanogenic phase, CO, gas evolves from the output stream,
which resulis in an increase in pH of the solution and precipitation/agglomeration of the

struvite present.

Upon exiting from the methanogenic phase and precipitation from solution, the struvite
produced in this fashion may be readily removed from the liquid by use of a suitable
filtration technique (for example by hydrocyclones). However, in order to prevent the
struvite from clogging or blocking any pipe-work or conduits, the present inventors have
found it desirable to employ flexible tubing/pipes, in order to prevent a build up of the

struvite on the walls of the tubes/pipes and hence help minimise clogging.

The collected struvite can find use as a fertiliser. Even after struvite removal the
remaining liquid effluent contains nitrogen potassium and phosphorus in a suitable ratio
for use as fertiliser and so can be processed further for that purpose if desired. The
processing of the liquid effluent may include evaporation to a concentrate for use as a

liquid or evaporation to a solid product e.g. by spray drying.

The processing of the feed in the methanogenic stage requires a stabie, healthy and

productive microorganism mass. In addition to the removal or at least reduction of the
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recycle discussed above, other improvements to a methanogenic process may be

made.

As far as the third aspect of the invention is concerned it has been found that additions
of micronutrients, especially at least one metal salt comprising one or more of cobalt,
nickel, and iron, at levels in excess of the expected requirement can also produce
significant benefits. Selenium may also be employed as an added micronutrient. Other
micronutrients such as vitamins, for example riboflavin, vitamin B12 may be
appropriate depending on the input to an anaerobic process. With an aqueous stream
derived from a spirits drinks process riboflavin may already be present in sufficient
quantity. Advantageously a salt of each of cobali, nickel and iron is added, with
selenium also added as required. Typically metal salts are provided in the form of a

chloride salt.

It has been found that improvements in maintenance of the biomass and in the quality
of the process output are achieved by monitoring the micronutrient content, preferably
by an accurate analytical method, such as ICP — (inductively coupled plasma mass
spectroscopy} and adding measured amounts of micronutrients. Both the monitoring
and/or the additions of the micronutrients may be done automatically if desired.
Monitoring can avoid overdosing of a micronutrient, some of which are toxic to

anaerobic microorganisms when in excess.

Other monitoring of a methanogenic stage can be advantageous, for example using an
Oxidation-Reduction Potential probe (ORP probe) to measure oxidation-reduction
potential within the methanogenic stage. This measurement provides indication that
the process is operating correctly in an anaerobic fashion. Typically if the
measurement is of the order of -350mV to -400mV then the process is operating in
favourable conditions. If the measurement drifts from such a value then less

favourable conditions for the production of methane are present.

As far as the measurement of micronutrient content is concerned it may be made
following obtaining samples (manually or automatically) from the methanogenic stage
itself.  Advantageously and conveniently the moniforing of the content of a
micronutrient in a methanogenic stage is not determined from sampling the content of

the methanogenic stage itself but is determined by measuring the micronutrient level in
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the input to the process or to the methanogenic stage and also in the output from the
methanogenic stage and comparing the two results in conjunction with an
understanding of the expected growth of microorganisms in an efficiently operating

process.

When operating a methanogenic stage of an anaerobic process, for example, an
anaerobic process with a feed from a spirits drinks process, it has been found that the
levels of measured micronutrient in the input and in the output can be comparable in
content, indicating that the micronutrient in the feed is not readily bio-available to the
microorganisms, which would be expected to consume the micronutrient as they grow,
reducing the amount found in the liquid output. For this reason adding micronutrients
as a supplement, typically on a daily or weekly basis in response to monitoring results,
has been found beneficial. With a smoothly running process and a relatively consistent
feed the monitoring steps do not need to be carried out frequently, but additions on a
daily or weekly basis keeps the micronutrient levels within the desired concentrations.

Continuous 24 hour dosing may be employed rather than addition on a batch basis.

Thus according to a fourth aspect the present invention provides a method of
monitoring the micronutrient requirement, in particular the requirement for metal
micronutrients, in a methanogenic stage of an anaerobic digestion process, such as
described herein wherein methanogenic organisms produce methane, the method
comprising:

measuring the amount of at least one micronutrient in the feed to the process or
in the feed to a methanogenic stage of the process;

measuring the amount of the same at least one micronutrient in the effluent
from the process or from the methanogenic stage of the process; and

estimating the amount of the at least one micronutrient to be added to the
methanogenic stage to sustain growth of microorganisms in the methanogenic stage
based on the difference between the amount in the feed and the amount in the effluent

and on the expected growth of the microorganisms in the methanogenic stage.

The process monitored may be a continuous process.

Typical "target” amounts of micronutrients can be found in the literature for anaerobic

sludges, for example the metals required to sustain a healthy culture of
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microorganisms. For example, Iron — 1,800 mg kg™'. Nickel — 100 mg kg"'and Cobalt —
75 mg kg'. (on a dry weight of sludge basis). For selenium smaller amounts are
indicated, typically less than 50 mg kg™

An example calculation based on the typical iron figure shown above is now given.

The growth of new anaerobic sludge each day is estimated. This is done by calculating
the growth rate by obtaining samples from the sludge (typically by sampling from
various locations within the sludge bed and drying the samples). Maximum and
minimum growth rates may be obtained by measuring sludge when the process is
providing a high COD reduction and when it is providing a low COD reduction. In
practice the calculation is performed assuming a high growth rate is occurring in the
sludge. In the example the following figures were measured and calculated for a
process employing separate acidogenic and methanogenic stages. Where a
consistent feed to the anaerobic process is employed these figures may be expected to

remain approximately constant.

Maximum Methanogenic Stage Sludge Growth per day = 0.05 kgs anaerobic sludge
{dry weight) per kg COD removed.

Minimum Methanogenic Stage Sludge Growth per day = 0.02 kgs anaerobic sludge per
kg COD removed.

The COD removal quoted is on the basis of a methanogenic stage having allowed for

the COD reduction found in the acidogenic stage.

Assume one methanogenic stage reactor is supplied with 30,000 kgs COD per day and
90% of this is removed.

That means sludge growth = 30,000 x 0.9 x 0.05 kgs = 1,350 kgs sludge per day.
It on monitoring, the feed and anaerobic effluent iron levels are approximately equal,
then the sludge is not consuming the iron provided by the feed (lack of bioavailablility of

the iron in the feed).

Therefore each kg of sludge still requires 1,800 mg iron.



10

15

20

25

30

WO 2013/104911 PCT/GB2013/050046

17

If the input or indeed effluent streams is/are monitored alone, and the value was in
excess of 1,800 mg/kg then it may have incorrectly been assumed that there was

insufficient iron, but this does not take account of whether or not it is bio-available.

Therefore the supplementation requirement is 1,800 mg x 1,350 kgs = 2430 grams of
iron (as metal) per day. This is a minimum - in practice slightly more is used as some
of the added iron will be not available for use by the microorganisms e.g. because it
binds to sulphur. The iron required would typically be added in the form of a salt,
typically as ferric chloride. Similar calculations/measurements may be made on other

metals.

If on monitoring the sludge was shown to be consuming iron in the feed - the effluent
from the anaerobic process contains less iron than the input feed - then a lower
supplementation rate may be applied, as some of the iron for growth is being provided
by the feed. However, higher than the calculated amounts may be used to determine if
greater growth of microorganisms can be achieved, perhaps allowing greater
throughput. In general a slight excess of micronutrient can be employed. With such a
dosage regime, when operating a robust consistent process, monitoring of the output
liquid will tend to show a slight elevation of iron in comparison to the input, indicating

that sufficient iron is being supplied.

This dosing of the methanogenic organisms with micronutrients can be used with a
process according to the first or second aspect of the invention or other embodiments

but is not restricted for use with such processes.

Other treatments may be beneficial.

Dosing with aluminium chloride may also be employed to control the growth of
filamentous organisms, which if present in excess can result in the sludge being more
cohesive, leading to severe foaming. For this purpose aluminium chloride is added at
prescribed levels determined by the filamenious index (a count of the number of
filamentous organisms ). If these organisms are not controlled then a bulking sludge

{similar to a mousse) may form at the liquid — gas interface of the methanogenic phase.
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Yet further improvement to methanogenic processes, including to a methanogenic
process according to the first aspect of the invention may be obtained by avoiding loss
of the microorganism mass. In normal operation of, for example an upflow anaerobic
sludge blanket reactor (UASB), some sludge is displaced from the reactor by the flow
through of the process stream. This normal {relatively small) quantity of displaced
sludge is separated out from the liquid effluent, for example in a lamelia separator and
returned to the methanogenic reactor. However cn occasion substantial quantities of
the sludge containing the microorganisms may be displaced out of the tank or other
vessel employed and into the liquid effluent as a consequence of foaming or other
disruption of the sludge blanket caused by gas generation in the sludge bed that is not
smocthly released. The deleterious loss of sludge can be prevented by the addition of
a suitable gquantity of an iron salt, for example iron lli chloride {ferric chloride).
Appropriate levels of iron salt are of the order suggested above as appropriate for

supplying iron as a micronutrient and therefore added iron can serve a dual purpose.

Thus according to a yet further aspect the present invention provides a method of
reducing loss of microorganism mass from a methanogenic anaerobic process

comprising addition of iron, for example in the form of a salt such as iron HI chloride.

A starter culture of microorganisms for carrying out an anaerobic digestion may be
obtained commercially, from suppliers operating conventional anaerobic processes,
such as sewage sludge treatments. On application of the process conditions the
culture of micrecorganisms becomes adapted, with organisms finding the conditions
advantageous growing at the expense of those finding the conditions adverse. Once
the process has been run for a period of time, typically at least a few weeks or months,

the sludge is stably adopted for use in digesting the same or similar feedstock.

For the stages carried out before the methanogenic stage appropriate microorganisms
can be found ubiquitously in the environment, especially in the (nutrient rich) agueous
effluent streams contemplated as feedstock for spirits drinks processes which can
produce rapid growth of these organisms e.g. 0.15kg per kg of COD removed. Thus a
reactor camrying out the preliminary fermentation, hydrolysis, acidogenesis and/or

acetogenesis steps does not normally require a starter culture of organisms.
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For the methanogenic stage a starter loading of microorganisms can be obtained, for
example from an anaerobic digestion system employed to treat solid wastes in sewage
works operations. Such sources provide a sludge containing mesophilic bacteria, which
become conditioned by the feedstock and operating conditions to provide a stable
collection of microorganisms efficiently producing the high quality outputs discussed
above. The conditioning will naturally result in the reduction or death of bacteria types
not capable of efficiently utilising the feedstock as an energy source and the increase in
populations of bacteria that can make use of the feedstock as an energy source. The
mesophilic bacteria operate best at temperature of the order of 35°C to 40°C, typically
at about 37°C. The desired temperature can be maintained within the methanogenic

stage by use of suitable heating systems in the known manner, if required.

Brief Description of the Drawings

Figure 1 illustrates schematically the operation of an anaerobic digestion process.

Figures 2 — 4 show schematic flow diagrams of grain and malt whisky distillation
processes and the waste liquid streams which are generated and may be subjected to

anaerobic digestion in accordance with the present invention.

Detailed Description of the Invention with Reference to the Drawings and
Specific Embodiments
The invention will now be further described with reference to specific embodiments and

the accompanying drawings.

The processing of an aqueous effluent stream containing soluble organic components
derived from a distillery operation is now described. After fermentation of a water/grain
mixture and distillation fo remove the alcochol content, the aqueous waste was
separated from solids (both spent grain and yeast were removed, typically by the use

of filter presses, in this example).

A typical composition of the aqueous grain distilling effluent stream is shown in Table 1
below. This is the soluble solids liquid stream as shown in Figure 2. The data is based
on a distillery operating with an alcohol fermentation process that operates with 85 to

70 degrees original gravity.
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Figures 3 and 4 show alternative liquid streams (pot ale and/or pot ale syrup) which

may be employed in the process according to the present invention.
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Table 1
No. Distitlery Soluble Effluent Stream Value
a Light straw colour with cooked cereal | -
nose.
1 Chemical Oxygen Demand 40,000 mg /|
2 Biological Oxygen Demand 20,000 mg /|
3 pH Range ( natural ) 3.7-42
4 Temperature of Feed to Acidogenic | 38deg C
Reactor-deg C
5 Total Sclids 5.0 %
6 Total Suspended Solids 0.25 %
7 Suspended Solids Type Trace cereal solids, yeast cells
8 Dissolved Solids 4.75%
9 Dissolved Solids Type Organic, Trace Mineral Ash
10 Dissolved Solids Breakdown - Typical | Protein — Circa. 15%
Compositional Data Carbohydrate — Circa. 70%
Expressed as % on dry basis; Oil - Circa. 3%
Typical ranges as + /- 5 to 10%. Organic Acids — Circa. 1%
Glycerol — Circa. 3%
Magnesium 250mg/l
Ammonium 860mg/l
Phosphate 300mg/l
Sulphur , 3mg/!

Figure 1 shows schematically an apparatus suitable for a continuous anaerobic
digestion process in accordance with the present invention. The apparatus can be of
the form described in more detail in US6395173.

An apparatus of this form was supplied for the digestion of a liquid of the type
described in Table 1 above.

The methanogenic stage has a process volume of about 8,700m°. The hydraulic

retention time in the methanogenic stage was expected to be of the order of 3 days as
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a significant recycle was anticipated as a requirement by the suppliers of the reactor.
The preceding acidogenic process volume was 720m?, giving a hydraulic retention time

of the order of 24hrs for that stage (no recycle is applied to the acidogenic stage).

When operating in conventional fashion with a substantial recycle the apparatus had a
design loading of 3.5kg CODm?day”. In operation 70% of this COD loading was
expected to be removed by the conventional process and the resultant biogas was

expected to have a methane content of 60-75%.

In practice when using a conventional level of recycle and without metals additions the
process did not perform well. A high level of propionic acid was found in the recycling
fluid and low natural bicarbonate alkalinity (typically, a negligible amount) was found in
the methanogenic stage. At the same time the conversion of COD was poor and the
quality of biogas a measured by methane content was also lowered. Thus operating as

planned resulted in low efficiency.

For example, during a period where a recycle stream was applied at 6:1 the propionic
acid levels in the recycle were high (1-3kgm™) and consequently had an inhibitory
effect on the methanogenic stage of the anaerobic process. This recycle steam also
contributes to the COD loading (methanogenic phase COD loading = COD from feed +
COD from recycle stream). This combined flow (recycle and feed) also has an impact

on the hydraulic retention time as discussed previously.

COD breakdown and methane content of the biogas were generally low, both in the
region of 65 — 70%.

During operations with this recycle it was noted that there was no bi-carbonate

alkalinity present in the reactor.

The conventional response when poor performance such as this is found would be to
increase the recycle or decrease the feed concentration, with a resulting loss in
process throughput. However increasing the recycle even up to 12:1 did not improve
the COD removal.
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Surprisingly once the recycle was reduced and ultimately stopped, to follow the
process of the invention, a number of fundamental changes were observed. Bi-
carbonate alkalinity rose rapidly to > 4,000 mgl”, and the propionic acid levels in the
output from the reactor reduced to less than 100 mg / litre. Improved COD reduction,
better quality biogas and struvite crystallisation were also observed. The applicant is
currently running 3 reactors in such a fashion and producing approximately 17,500 m®
biogas per day per reactor. This is equivalent to 11,300 m® methane per day at a 65%
methane amount in the biogas. The biogas produced is used to run two Jenbacher gas
engines, which produce a total of 150MW of electricity per day. These reactors have
been run non-stop continuously for since 2009. it is expected that more gas and
electricity could be generated, but the current limitation is the amount of feed available
to provide to the generators, currently approximately 45 tonnes of COD is being

removed per reactor per day

As shown in Figure 1, in operation in accordance with the invention, an aqueous waste
stream feed 1, for example similar to that of table 1 above is passed into a balance
tank 2 which provides a buffer volume of input to the anaerobic process and can

smooth out inconsistencies in the cutput from upstream processes.

The balance tank 2 serves as a buffer volume as it can allow the process to continue
even if the feed 1 is interrupted or intermittent. The output 3 from the balance fank 2
(of the order of 50m® per hour) then enters an “acidogenic’ tank 4 containing organisms
where volatile fatty acids are produced and then broken down to aceiic acid. The
output 6 from the tank 4 (at a pH of the order of 3.5) is the input for a large two stage
methanogenic process tank 8 which may be of concrete construction covered by a
flexible sheet gas hood 10. Typically the process tank 8 will be buried or partially
buried in the earth.

The process tank 8 is configured to operate as an upflow anaerobic sludge blanket

reactor (UASB), in this example with two stages.

The UASB 8 is divided by a wall 12 (having passages for fluid to pass through) into two
subunits, a high COD load first subunit 14 and a low COD load second subunit. A
sludge blanket of methanogenic organisms 18 is provided in each sub unit 14,16 of the
tank 8.
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In practice the output 6 from the acidogenic/acetogenic stage is fed upwards at several
locations into tank 8 as in a conventional process at the input end of the tank i.e. into
the high COD load first unit 14 {multiple inputs not shown for clarity). Baffles may be
provided in the first unit 14 to aid mixing. Some of output 6 (generally a small amount)
may also be fed to the low COD subunit, to maintain health of the microorganisms
contained within which may be otherwise starved. The microorganisms in sludge
blanket 18 digest the input 6 producing a biogas 20 containing 75% to 85% methane
with the remainder being mostly CO, with small amounts of H;S and ammonia. The
biogas 20 can be purified (removal of the sulphur component) and then used as fuel,
for example in a gas engine connected to a generator to produce electricity. Waste
heat from the exhaust gases may in turn be used, for example to generate useful

steam energy.

The input 6 to UASB 8 flows gradually through, exiting via lamella separator 22 as an
effluent stream 24 that can be discharged fo drain following some minor clarification
procedures, that may include removal of struvite. The struvite produced tends to
crystallise out of the effluent stream 24 after it exits the lamella separator 22 possibly
due to a raising in pH. Removal of struvite may be for example by use of one or more
hydrocyclone separators indicated by box 26 placed before discharge to drain. Struvite
production of some 2.5 tonnes per day can be realised in the described system using a
feed similar to that in table 1, with the limiting factor to struvite production being input of
magnesium from the feed. The lamella separator is used in the known manner to
separate sludge carried out of tank 8 by the flow through of the process stream. The
wet sludge from the lamella separator is normally returned to the tank 8, via a return
line 28.

The process described above differs from the conventional procedure by not recycling
liguid effluent 24 at a high ratio (conventionally 3:1 to 12:1) via recycle line 30 for liquid
from the lamella separaior 22. In some circumstances a limited recycle may be

employed, at up to 1:1 or even 2:1.

The addition of metals, typically iron cobalt and nickel was shown to aid in COD
removal and biogas production, the benefit being of the order of 10 — 15% of COD

removal and the equivalent methane production equating to 350 m® per tonne COD
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removed at STP. The metals addition was carried out in accordance with the third and
fourth aspects of the invention as discussed above. The overall health of the sludge

bed and robustness of the process was also improved.

When operated as described above the process has been found to be stable and
robust with a COD removal level of the order of 90% to 95%. The biogas quality is
high, typically 60% to 75% methane. Other notable features of a process operated in
this manner include:

A loading rate of 5 kg's COD m™ day™ or more can be used:;

A natural high pH (7.2 -7.4) consequent to a natural high bicarbonate level (>
4000 mg per litre} that can be maintained without adjustment;

The inhibitory propionic acid is absent or remains in low concentration
(<50mgl™).

Further example

Pilot plant and laboratory scale reactors of the upward flow anaerobic sludge blanket

types were used 1o study the anaerobic digestion of whey.

The digestion was carried out in two stages using separate acidogenic and

methanogenic reactors. The reactors were of the cylindrical tower style.

The whey was obtained from a local source and had a COD of circa 80,000 mg per

litre.
The COD loading rate was of the order of 5 m™ day™ or slightly more.

When the anaerobic process was operated with typical recycle the COD removal was
of the order of 75%.

When the anaerobic process was operated without recycle a COD removal of the order
of 80% was achieved with a methane vield of 0.33 m® methane per kg of COD

removed.

The above tests were carried out without the addition of metals.
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CLAIMS

1. A process for the anaerobic digestion of a substantially aqueous solution, or
aqueous and oil two phase system, which has a COD concentration of 30 to 130
kgm-3, comprising the step of subjecting the substantially aqueous solution, or
aqueous and oil two phase system to a methanogenic stage, in order that
methanogenic organisms produce methane by digestion of organic material in the
substantially aqueous solution, or aqueous and oil two phase system and wherein a
liquid output from the methanogenic stage is recycled at no more than a ratio of 2:1
of recycled liquid : input substantially aqueous solution, or aqueous and oil two phase
system and wherein the COD of an output stream from the methanogenic stage is
reduced by more than 70% from the input substantially aqueous solution, or aqueous

and oil two phase system.

2. The process according to claim 1 wherein the substantially aqueous solution
or aqueous and ail two phase system is a substantially aqueous spirit distillation

effluent stream.

3. The process according to claim 1 wherein the substantially aqueous solution
or aqueous and oil two phase system is a solution/system from cheese manufacture,

sugar production, or vegetable processing

4. The process according to any preceding claim wherein the process is a

continuous process.

5 The process according to any preceding claim wherein the liquid output from

the methanogenic stage is not recycled.

6 The process according to any preceding claim wherein the COD of the output
stream from the methanogenic stage is reduced by 90% to 95% or more relative to
the input.

7. The process according to any preceding claim wherein the methanogenic
stage is carried out in a reactor selected from the group consisting of anaerobic
sludge bed reactors upflow anaerobic sludge blanket reactors, fiuidised bed reactors

and packed bed reactors.

SUBSTITUTE SHEET (RULE 26)
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8. The process according to any preceding claim wherein the methanogenic

stage is preceded by a separate acidogenic stage.

9. The process according to any preceding claim further comprising monitoring
the content of at least one micronutrient; in particular at least one micronutrient metal
in the methanogenic stage of the anaerobic process, in order that an amount of said
at least one micronutrient may be added to the methanogenic stage in response to

the results of the monitoring.

10. The process according to any preceding claim wherein the methanogenic
stage is carried out in two stages, a high (typically 70 - 90%) COD input stage
followed by a low (typically 30 — 10%) COD input stage.

11. The process according to any preceding claim wherein the hydraulic retention
time in the methanogenic stage is from 5 to 15 days.

12. The process according to any preceding claim further comprising monitoring
the content of at least one micronutrient, in particular at least one micronutrient metal
in the methanogenic stage of the anaerobic process, in order that an amount of said
at least one micronutrient may be added to the methanogenic stage in response to

the resuits of the monitoring.

13. The process according to claim 12 wherein the monitoring of the content of
the at least one micronutrient comprises:

measuring the amount of the at least one micronutrient in the liquid material
subject to the anaerobic digestion or in the feed to a methanogenic stage of the
process;

measuring the amount of the“same at least one micronutrient in the effluent
from the process or from the methanogenic stage of the process; and

estimating the amount of the at least one micronutrient to be added to the
methanogenic stage to sustain growth of microorganisms in the methanogenic stage
based on the difference between the amount in the liquid material or feed and the
amount in the effluent and on the expected growth of the microorganisms in the

methanogenic stage.

SUBSTITUTE SHEET (RULE 26)
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14. The process according to claims 12 or 13 ‘wherein the at Ieast one
micronutrient is selected from the group consisting of iron, cobalt, nickel, vitamins

and selenium.

15. The process according to claims 12 - 14 wherein the monitoring of the at least

one micronutrient is by JCP mass spectroscopy.

16. The process according ‘to any preceding claim further comprising the .
collection of solid struvite (NH4MgPQO4-6H20) after the methanogenic stage of the

process.

17. The process according to claim 16 wherein upon exiting from the
methanogenic stage of an output stream, at least a portion of the carbon dioxide is
evolved from the output stream and struvite is obtained.

18. The process according to claims 16 or 17 wherein the output stream is
conveyed along flexible tubing or piping, in order to prevent or minimise struvite from

building up on an inner surface of a pipe or tube.

19. The process according to claims 16 — 18 wherein the output stream is filtered
or subjected to a hydrocyclone process in order to isolate the struvite from the output

stream.

20.  The process according to claims 16-19 wherein the output stream following
struvite removal is further processed by concentration of the liquid or evaporation to a

solid product comprising nitrogen, phosphorus and potassium.

21. A process for producing struvite (NH4MgPO4-6H20), the process comprising:
the step of subjecting a substantially aqueous spirit distillation effluent stream to a
methanogenic process, in order that methanogenic organisms produce methane and
carbon dioxide by digestion of organic material in the effluent stream, and wherein
upon exiting from the methanogenic stage of an output stream, at least a portion of

the carbon dioxide is evolved from the output stream and struvite is obtained.

22. The process according to claim 21 wherein the substantially aqueous solution

has an initial COD concentration of 30 to 130 kgm-3.
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23. The process according to claims 21 or 22 wherein the COD of the output -
stream is reduced by more than 70%, 80%, 90% or 95% relative to the aqueous

solution.

24, The process according to claims 21 - 23 wherein- the struvite remains
substantially in solution, or is in the form of small micro-crystals, prior to output from

the methanogenic stage.

25, The process according to claim 24, wherein the struvite substantially
spontaneously precipitates or microcrystals agglomerate upon output from the\

methanogenic stage.

26. The process according to claims 21-25 wherein the evolution of carbon
dioxide from the output stream increases the pH of the output stream.

27. The process according to claims 21 - 26 wherein the output stream is
conveyed along flexible tubing or piping, in order to prevent or minimise struvite from

building up on an inner surface of a pipe or tube.

28. The process according to claims 21 - 27 wherein the output stream is filtered
or subjected to a hydrocyclone process in order to isolate the struvite from the output

stream.

29. The process according to claims 21 - 28 wherein the output stream following
struvite removal is further processed by concentration of the liquid or evaporationto a -

solid product comprising nitrogen, phosphorus and potassium.
30. . The process according to claims 21 - 29 wherein the output from the
methanogenic stage is recycled at no more than a ratio of 2:1 of recycled liquid :

input substantially aqueous solution.

31. The process according to claims 21 - 30 wherein the output from the

methanogenic stage is not recycled.

32. The process according to claims 21 - 31 wherein the methanogenic process

is carried out in an anaerobic sludge blanket reactor (UASB).
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33. The process according to claims 21 - 32 wherein the micronutrient content of
the methanogenic stage is monitored and measured amounts of micronutrients

added as appropriate in order to maintain a desired micronutrient content.

34. A method of processing a liquid material, the process comprising subjecting
the liquid material o an anaerobic digestion process; and

monitoring the content of at least one micronutrient, in particular at least one
micronutrient metal in a methanogenic stage of the anaerobic process wherein
methanogenic organisms produce methane by digestion of organic compounds
present in the liquid material and may utilise said at least one micronutrient; in order
that an amount of said at least one micronutrient may be added to the methanogenic
stage in response to the results of the monitoring, wherein the monitoring of the
content of the at least one micronutrient comprises:

measuring the amount of the at least one micronutrient in the liquid material
subject to the anaerobic digestion or in the feed to a methanogenic stage of the
process;

measuring the amount of the same at least one micronutrient in the effluent
from the process or from the methanogenic stage of the process; and

estimating the amount of the at least one micronutrient to be added to the
methanogenic stage to sustain growth of microorganisms in the methanogenic stage
based on the difference between the amount in the liquid material or feed and the
amount in the effluent and on the expected growth of the microorganisms in the

methanogenic stage.

35 The method of processing according to claim 34 wherein the at least one
micronutrient is selected from the group consisting of iron, cobalt, nickel, vitamins

and selenium.

36. The method of processing according to claim 34 or claim 35 wherein the

anaerobic digestion process is continuous.

37. The method of processing according to claims 34 - 36 wherein the monitoring

of the at least one micronutrient is by ICP mass spectroscopy.
38. The method of processing according to claims 34 - 37 wherein the anaerobic

digestion process is of a substantially aqueous spirit distillation effluent stream, which
has a COD concentration of 30 to 130 kgm-3.
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34 The method of processing according to claim 33 wherein the at least one
micronutrient is selected from the group consisting of iron, cobalt, nickel, vitamins and

selenium.

35. The method of processing according to claim 33 or claim 34 wherein the

anaerobic digestion process is continuous.

36. The method of processing according to claims 33 - 35 wherein the monitoring of

the at least one micronutrient is by ICP mass spectroscopy.

37. The method of processing according to claims 33 - 36 wherein the anaerobic
digestion process is of a substantially aqueous spirit distillation effluent stream, which
has a COD concentration of 30 to 130 kgm™.
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