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DESCRIPTION

Description

[0001] The invention relates to a method for treating an aqueous fluid, whereby biogas is
produced in an installation comprising a bioreactor. The invention further relates to an
installation suitable for carrying out such a method.

[0002] Biological treatment of aqueous fluids, such as wastewater, uses active biomass
(microorganisms, such as bacteria and/or archaea) to convert the pollutants (organic
substances) to harmless components.

[0003] Basically there are two types of processes. For so-called anaerobic treatment (without
oxygen) a consortia of anaerobic micro-organisms convert pollutants substantially to biogas.

[0004] In aerobic treatment, the pollutants are reduced under aerobic (with oxygen) conditions
for a great extend to new micro-organisms (surplus sludge) which needs then to be separated
from the treated wastewater and processed separately.

[0005] Anaerobic sludge bed reactor systems utilise anaerobic microorganisms to convert
pollutants in aqueous fluids to biogas. These anaerobic bacteria mainly grow in aggregates,
often referred to as granular biomass. The systems are often characterised by low net biomass
production (typically 2-4 % of converted COD) as a result of the low net yield of anaerobic
microorganisms involved.

[0006] This is on one hand a big advantage, as the excess biomass developed in wastewater
treatment systems has to be disposed as a solid waste, at significant cost, but it makes on the
other hand a sensitive aspect to retain / maintain sufficient active biological sludge in the
treatment system (reactor).

[0007] The method of retaining biomass in anaerobic treatment reactors can be done in
various ways. The immobilization of biomass on a fixed or mobile carrier is one method to
uncouple liquid retention time from biomass retention time. A better and preferred method
however is to make use of mainly granulated biomass as applied in Upflow Anaerobic Sludge
Blanket (UASB) reactors, Granular Sludge Bed reactors and IC reactors, see e.g. WO
2007/078195, Frankin R.J. (2001). Full scale experiences with anaerobic treatment of
industrial wastewater. Wat Sci. Tech., 44(8), 1-6).

[0008] Granular sludge bed (GSB) reactors, such as Expanded Granular Sludge Bed (EGSB)
reactors are commonly used reactors for the treatment of wastewater of for example the food
processing and beverages industries, distilleries, pharmaceutical industries and pulp and paper
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mills. Such wastewater typically contains large amounts of organic pollutants that need to be
removed before the water can be reused or discarded.

[0009] In a typical (E)GSB reactor, wastewater is introduced into a lower part of an upflow
bioreactor. Subsequently the water flows upwards through a granular sludge bed that
comprises microorganisms which breakdown organic waste, present in the wastewater,
whereby biogas - in particular methane and carbon dioxide - is formed which methane can in
turn be used as a green energy source, for example to provide energy. Efficiency of high-rate
anaerobic reactors (expanded granular sludge bed) is strongly dependent on good sludge bed
expansion, liquid turbulence and high flow rate as these promote good mass transfer, less
clogging and less short-circuiting (Van Lier, J.B., van der Zee, F.P., Frijters, M. E. Ersahin , Rev
Environ Sci. Biotechnol. 2015, 14(4), 681-702).

[0010] Key to an efficient process is an efficient separation of the biomass (granules), water
(effluent) and biogas, in other words, being able to remove the effluent and biogas whilst
keeping the biomass in the system to achieve a net growth of granular biomass. There are
several parameters that influence good separation of the liquid, solid and gas phase in GSB
reactors, such as EGSB reactors.

[0011] As the skilled person knows, one important parameter to achieve such efficient
separation is the settling behavior of the biomass. Good settling behavior of the granules is
necessary to achieve efficient separation of the phases. Settling of the granules is influenced
by several factors, such as the hydraulics or fluid dynamics (liquid and gas) inside the reactor
and/or the presence and design of a three phase separator device inside the reactor (turbulent
and laminar flows, turbulence and upflow velocities). Furthermore, settling behavior can
depend on the composition of the sludge granule, such as the biomass content, and/or mineral
fraction. For example sludge granules with a high inert fraction (any matter that is not
biodegradable) could settle faster, but its degradation activity could be lower or any
degradation activity could even be absent. Thus, inert sludge granules have the risk of not
being able to expand and/or recirculated as a consequence of the biogas production and/or
flow recirculation. Thus, in conventional systems, they will have a tendency to remain at the
bottom of the reactor, thereby blocking the sludge extraction ports and causing major issues of
operation.

[0012] On top of this, the settling behavior of the granules is affected by the presence of gas
inside the granules. Biomass located at the bottom of the reactor is subject to a higher
pressure than that at the top of the reactor due to the great height that GSB systems, in
particular EGSB systems may have, typically between 15 m and 25 m, and consequently the
pressure caused by the water column, which is typically 1.5-2.5 bars. Hence the gas inside the
granules at the bottom of the reactor is compressed, resulting in a higher density of the
granules, and therefore the granules settles faster.

[0013] Second, separating devices such as settlers are valuable tools towards achieving an
improved separation of different phases and thereby enhancing the overall efficiency of the
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wastewater treatment process.

[0014] Efficient separation of the phases may further be enhanced by creating particular flows
inside of the reactor that aid for example the settleability of biomass (by pushing the solids
downward). Such flows may be introduced by the separation systems such as the tilted plates
in internal settlers, may be caused by the solubility of carbon dioxide in water creating
turbulence or may be caused by the mere movement of the phases due to a difference in
density, e.g. sludge tends to move downwards by gravity, whereas biogas flows upwards.

[0015] An example of an EGSB reactor is described in WO 2007/078195. Further known is the
BIOTHANE Biobed Advanced EGSB. This reactor has a three-phase separator, in a bioreactor
and further comprises a conditioning tank. In the upper part of the bioreactor a tilted plate
settler (TPS) is present, aiding the separation of biogas from effluent and biomass. In the lower
part of the tilted plate settler a mammoth flow effect is created due to a difference in pressure
beneath the tilted plate with respect to the top part of the plate, enabling a better separation of
biogas and directing the settled biomass downwards.

[0016] EP 1 134 194 A2 relates to an installation and process for biomass retention in
bioreactors, in particular in anaerobic sludge bed reactors. The process may be carried out in
an upflow bioreactor and in an external separator. A conditioning tank and using a gas lift to
return fluid phase enriched in biomass from the external separator to the bioreactor are not
disclosed.

[0017] EP 2 065 344 A1 relates to a purifier comprising a fermentation chamber, a settling
device fitted above the fermentation chamber (e.g. claim 13) and a method for anaerobic or
aerobic water purification, using the settling device wherein gas and particulate material are
separated from the fluid. It is not disclosed to position the settling device externally at about the
same height or below the bottom of the bioreactor, nor to use a gas lift to return fluid phase
enriched in biomass from the settling device to the bioreactor.

[0018] EP 1 408 008 A1 relates to a reactor and process for the separation of a three-phase
mixture in the anaerobic treatment of liquids. A three-phase mixture separator is located inside
the upper part of the reactor, further comprising a sludge bed, containing biomass. Biomass
separated in the three-phase separator can be raised by biogas by means of a mammoth
pump effect and returned to the three-phase mixture by introducing it into a local flow and from
this into the sludge bed. Neither an external separator nor a conditioning tank are disclosed.

[0019] CN 204 897 526 U relates to an installation comprising an anaerobic reactor tank, a
circulation tank and an external solid-liquid separator. It does not disclose to return part part of
the liquid phase having a reduced biomass content or being essentially free of biomass from
the external separator to the circulation tank nor to use a gas lift to return fluid phase enriched
in biomass from the settling device to the bioreactor. A mechanical pump is used to return
sludge to the anaerobic reactor tank.
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[0020] JP 2014 033982 A relates to an installation comprising a bioreactor and an external
sedimentation tank. The height of the sedimentation tank relative to the bioreactor and the
height of the inlet for sludge returned from the sedimentation tank to the bioreactor are not
specified. Further it is not disclosed to use a gas lift for the recycle flow of the sludge that is
returned.

[0021] EP 0 493 727 relates to a reactor for continuous mechanical and anaerobic biological
purification, optionally having an external separation device, preferably a cyclone. The lower
part of the reactor comprises a settling zone that is separated from the reactor with a bottom
having perforations allowing passage of liquids whilst preventing passage of solids.

[0022] A drawback of this system is that sludge settles below the influent lines such that the
interaction between wastewater and sludge is suboptimal, reducing the efficiency of the
system.

[0023] WO2012/005592 aims to overcome this problem, by designing a reactor having a
second settler placed on the bottom of the bioreactor where biomass is separated from the
liquid effluent with higher efficiency, because the separation occurs at higher pressure. Fluid
that has been separated from biogas in a tilted plate settler located in the upper part of the
reactor is transported into this second settler through an external separator feed conduit. It is
the present inventors finding that drawbacks of this system include:

« Lack of proper control of the recirculation in the reactor, particularly when biogas
production is low or lacking, such as during start-up

» Huge potential for blockage of second settler placed on the bottom of the bioreactor

« Lack of accessibility of this separation chamber for maintenance; requiring complete
emptying of the reactor if maintenance wants to be performed

» Difficult operation when there is no biogas production (start-up)

[0024] The inventors now surprisingly found a way to have a highly efficient process for
treating an aqueous fluid that overcomes these drawbacks by not having a second settler
located inside of the reactor. Instead, an external separation chamber is provided outside the
bioreactor, typically prior to a return line to a conditioning tank.

[0025] Accordingly the invention relates to a method according to claim 1. Further, the
invention relates to an installation according to claim 7. Further, the invention relates to a use
according to claim 15.

[0026] The invention provides an efficient method for the treatment of wastewater. Having an
external separator allows for improved maintenance, improved start-up of the process and
further enables the installation of the reactor in parts, i.e. allowing for an already existing
system to be upgraded with an external separator, thereby improving the efficiency of the
reactor.
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[0027] The external separator has been found particularly suitable to obtain a liquid phase
which has a reduced granular biomass content compared to the fluid that is fed into the
external separator. This is advantageously accomplished by allowing the granular biomass to
settle. The settled granular biomass is then at least for a substantial part returned to the
bioreactor (as part of the fluid phase enriched in granular biomass).

[0028] The external separator (2) comprising a separation chamber provided with tilted
internals of an installation in accordance with the invention is arranged to separate a liquid
phase from a fluid phase comprising solids, in particular biomass, more in particular granular
biomass. , The external separator of an installation in accordance with the invention comprises
an inlet (4) for an aqueous fluid connected to an inlet (5) of a conduit (6) for withdrawing an
aqueous fluid from bioreactor (1), an outlet (7a) for aqueous fluid, an outlet (8) for a fluid
enriched in solids, in particular (granular) biomass, to an inlet (9) for such fluid of the bioreactor
(1) via a conduit (10).

[0029] It has been found that the installation according to the invention is particularly suitable
for the efficient separation of a gas-liquid-solid mixture into a gas phase, a liquid phase which
is essentially free of granular biomass and a fluid phase enriched in solids, in particular
enriched in particulate solids, in particular enriched in granular biomass. Although the
installation is highly efficient its design is rather simple, in particular inside of the reactor only a
limited number of technical devices are needed to enhance separation, which reduces the risk
of malfunctioning and simplifies maintenance and cleaning. Important for a good separation is
the external separator.

[0030] The term "or" as used herein is defined as "and/or" unless specified otherwise.

[0031] The term "a" or "an" as used herein is defined as "at least one" unless specified
otherwise.

[0032] When referring to a noun (e.g. a compound, an additive, etc.) in the singular, the plural
is meant to be included.

[0033] The term "(at least) substantial(ly)" is generally used herein to indicate that it has the
general character or function of that which is specified. When referring to a quantifiable
feature, this term is in particular used to indicate that it is at least 50 %, more in particular more
than 75 %, even more in particular more than 90 % of the maximum of that feature. The term
‘essentially free' is generally used herein to indicate that a substance is not present (below the
detection limit achievable with analytical technology as available on the effective filing date) or
present in such a low amount that it does not significantly affect the property of the product that
is essentially free of said substance. In practice, in quantitative terms, a product is usually
considered essentially free of a substance, if the content of the substance is 0 - 1 wt.%, in
particular 0 - 0.5 wt.%, more in particular 0 - 0.1 wt.%.
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[0034] In the context of this application, the term "about" means generally a deviation of 15 %
or less from the given value, in particular a deviation of 10% or less, more in particular a
deviation of 5% or less.

[0035] As used herein "biodegradable organic substance” is organic substance that can be
converted by biomass in the reactor, typically under essentially anaerobic conditions, in
particular into biomass or methane.

[0036] The term "fluid” is used herein for liquids and mixtures of liquids and at least one other
phase, such as suspensions, that flow without applying external pressure (pressure other than

gravity).

[0037] The term "liquid" is used herein for an aqueous fluid that is essentially free of particles
that are visible with the naked eye, i.e. with a size <0.1 mm.

[0038] As used herein "organic substance' is any organic substance that is chemically
oxidisable, as can be determined by the Chemical Oxygen Demand (COD) test, as described
in ISO 6060:1989. A content of organic substance is generally expressed in g COD, j.e. grams
oxygen that is consumed for the oxidation of the organic substance.

[0039] The skilled person is familiar with terms like 'upper’, 'lower' , 'middle’ , 'at bottom', 'near
bottom' , 'at top' and 'near top'. Generally these are read in relation to another, and the skilled
person will be able to reduce implementation thereof to practice, based on common general
knowledge, the information and citation disclosed herein, and the specifics of a unit (such as
bioreactor, a separate container, or a volume of matter contained in the bioreactor or a
section) of the installation.

[0040] As a rule of thumb, unless follows differently from the context, 'near’ a certain reference
point (such as 'bottom' or 'top") usually means "at a relative height of up to +/-20 % ‘'from the
reference point ', in particular s "at a relative height of up to +/-15 %' from the reference point'
more in particular “at a relative height of up to +/-10 %' from the reference point. The relative
height is the distance from the bottom divided between the total height of the unit (height
difference between bottom and top).

[0041] As a rule of thumb, unless follows differently from the context, an 'upper' part generally
means in the upper 1/2, and in particular in the upper 1/3 of the unit, a 'lower' part generally
means the lower 1/2 of the unit and in particular the lower 1/3 of the unit. WWhen referring to a
middle part, this in particular means the middle 1/3 of the unit (from 1/3 of the bottom to 1/3
from the top).

[0042] Figure 1 schematically shows a general set-up of an installation (for use in a process)
according to the invention. It schematically shows how an aqueous fluid may be introduced via
an inlet (13) into a conditioning tank (12), wherein the aqueous fluid (such as wastewater)
undergoes a conditioning step. The conditioning tank (12) further comprises an outlet for
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biogas (17), an outlet for the preconditioned fluid connected to an Influent Distribution System
(IDS) (15) at or near the bottom of the bioreactor (1) via a conduit (16). Advantageously, the
conduit (16) further comprises a recirculation pump (11) for the continuous and controlled
recirculation of the fluid. The aqueous fluid passes through a sludge bed comprising
microorganisms that are capable of converting the biodegradable organic substance into
biogas.

[0043] The presence of a recirculation pump (11) from the conditioning tank (12) to the
bioreactor (1) enables

« controlled dilution of inhibitory compounds

» constant flow rate to the EGSB

« constant up flow velocity (independent to COD load rate)

e better pH-control in CT due to of returned anaerobic effluent alkalinity"

[0044] In Figure 1, the bioreactor (1) further comprises an internal baffle or deflector/separator
(3), located in an upper part of the bioreactor (1) for removing biogas from the gas-aqueous
fluid mixture and an outlet for biogas (18). The bioreactor (1) further comprises an internal
feed conduit (6) with inlet (5) for an aqueous fluid comprising solids from which biogas has
been separated that is connected to an inlet (4) of an external separator (2), for the separation
of the solids from the liquid phase. The inlet (5) of conduit (6) is located under the baffle or
deflector (3). The conduit (6) additionally comprising a valve (27) for isolating the external
separator (2) from the installation in case of maintenance, reparation or replacement of
external separator (2). Conduit (10) connects the outlet (8) of the external separator (2) with
an inlet (9) for fluid enriched in solids from the bioreactor (1), in which conduit biogas injector
(23) configured to introduce biogas into the fluid enriched in solids inside the conduit (10) is
provided; and a biogas conduit (21) is provided between the biogas injector (23) and the
biogas collection hoods inside the bioreactor (22). Conduit (10) also comprises a valve (28) for
isolation of the external separator (2) from the installation in case of maintenance, reparation
or replacement of the external separator (2).

[0045] The biogas conduit (21) in Figure 1 further comprises a T-junction (24) for connecting
the biogas conduit (21) to the biogas conduit (26) for introducing biogas, via inlet (25) into the
conditioning tank (12) for mixing of the aqueous fluid inside of the conditioning tank.

[0046] Figure 1 further shows means (7) to withdraw and recycle liquid phase from the
external separator. It comprises an outlet (7a) to withdraw liquid phase with a reduced biomass
content which may be essentially free of biomass) from the separator. From this outlet (7a) a
withdrawal conduit (7b) can be provided from which the treated phase can exit the installation,
and a recycle line (37) to return liquid phase into the conditioning tank (12).

[0047] The external separator (2), as shown in Figure 1, also comprises inlets/outlets (29)
connected to the inlet/outlet (31) of the conditioning tank (12) and inlet (32) of the bioreactor
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(1) via conduit (33). This conduit (33) comprises a pump (30) for returning sludge from the
external separator to the bioreactor in case this is necessary. Additionally this conduit (together
with isolation valves (27) and (28)) allow for recirculation of an aqueous fluid (usually acidic
chemicals) for cleaning in place of the external separator - completely isolated of the reactor
and conditioning tank by using the valves (2).

[0048] Further, the installation, as shown in Figure 1, comprises a conduit (20) for biogas
connecting an outlet for biogas (18) with an inlet for biogas (19) from the conditioning tank.
Such provision can be provide to ensure that the pressure in the conditioning tank is essentially
the same as in the bioreactor.

[0049] Figure 2 schematically shows a second set-up of an installation (for use in a process)
according to the invention. For a detailed description of items see the description of Figure 1.
The bioreactor comprises an external feed conduit (34) for feeding an aqueous fluid into the
external separator (2). A deflector or baffle (36) is located under the inlet (35) of the conduit
(34) for directing the aqueous fluid comprising solids into the external feed conduit (34).

[0050] The aqueous fluid treated in a method according to the invention can in principle be any
aqueous fluid that comprises an organic substance that is biodegradable, in particular
biodegradable under anaerobic conditions. Preferably, the aqueous fluid is selected from the
group of municipal waste water, industrial waste water, sewage water, aqueous fluid waste
from fermentation processes (such as residual fermentation broth), aqueous slurries and
aqueous sludges. In terms of water content of a waste stream treated in a process according
to the invention, this may vary in a wide range. Generally, the water content of the aqueous
fluid to be treated is more than 80 wt. %, in particular at least 80 wt. %, more in particular 90
wt. % or more of the total weight of the fluid. Usually, the water content is 99.9 wt.% or less,
preferably 99.5 wt.% or less, more preferably 99 wt.% or less, in particular 98 wt.% or less,
more in particular 96 wt.% or less. The total organic substance content of the aqueous fluid to
be fed into the bioreactor is usually 0.1 g COD/I or more, preferably in the range of 0.3-100 g
COD Il in particular in the range of 5-50 g CODII.

[0051] Examples of aqueous fluids which are particularly suitable to be treated in accordance
with the invention are aqueous wastes from a dairy food production or processing (e.g. the
production/processing of milk, cheese, butter), a beverage production or processing (e.g. wine,
beer, distilled beverage, fruit juice, milk), a biofuel or petrochemical production or processing, a
chemical plant, an agricultural facility, a pulp and paper production or processing, a sugar
processing or a yeast production.

[0052] A conditioning tank (12) is present in the installation in accordance with the invention. In
such tank, during use, aqueous fluid that is to be subjected to a treatment in bioreactor is
conditioned for the bioreactor. Advantageously, the conditioning tank is not only fed with
aqueous fluid that has not been subjected to treatment in the bioreactor yet (raw aqueous
feed), but it also receives part of the liquid phase (having reduced biomass content compared
to the effluent of the bioreactor) leaving the external separator. This liquid phase is excellently
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suited to condition raw aqueous fluid that newly enters the installation.

[0053] An advantage of using the conditioning tank is that undesired fluctuations in the inflow
of aqueous fluid into the bioreactor and undesired fluctuations in the quality of the aqueous
fluid can be avoided. The recycle from separator to conditioning tank allows for a further
improvement in maintaining a relatively constant flow in the various streams between different
units of the installation, such as from the conditioning tank to the bioreactor and from
bioreactor to external separator. It also offers further robustness, in allowing to keep fluid levels
in the units relatively constant, also when there are large fluctuations in supply of aqueous fluid
to be treated into the installation. Keeping flows into/from units relatively constant and/or fluid
levels in units relatively constant by the recycle from separator to conditioning tank is desirable
for efficient operation, but also for keeping the risk of, e.g., clogging of a conduit or clogging of
the separator low.

[0054] Preferably, the raw aqueous fluid to be treated, such as raw wastewater, first enters the
conditioning tank where specific parameters may be monitored such as temperature and/or
pH. The skilled person will be able to determine favourable parameter values, dependent on
the composition of the biomass. Particularly good results have been achieved with a process
wherein the aqueous fluid in the conditioning tank is maintained at or adjusted to a
temperature in the range of about 33 to about 37 °C, more preferably in the range of 34 to 36
°C and/or wherein the pH of the aqueous fluid in the conditioning tank may be maintained at or
adjusted to a pH in the range of about 6.5 to about 7.2 preferably in the range of 6.6 to 6.8. As
the skilled person knows, for specific microbial cultures a different temperature or pH may be
optimal. E.g., for alkaliphilic bacteria a higher pH may be favored, e.g. up to about pH 11.

[0055] The aqueous fluid, after being pre-treated in the conditioning tank, is fed, preferably via
an influent distribution system, adapted to provide an at least substantially equal distribution of
the aqueous fluid over the horizontal cross section of the bioreactor, into a lower part of an
upflow bioreactor where it passes upwards through a sludge bed, comprising biomass,
preferably granular biomass.

[0056] The upflow bioreactor is preferably is a Granular sludge bed, in particular an expanded
granular sludge bed (EGSB), which (E)GSB comprises anaerobic microorganisms and wherein
the biodegradable organic substance is converted by the anaerobic micro-organisms, thereby
forming the biogas.

[0057] Suitable anaerobic micro-organisms are generally known in the art. Preferably the
bioreactor comprises a consortium of microorganisms comprising at least one type of
hydrolytic bacteria, at least one type of acidogenic bacteria, at least one type of acetogenic
bacteria and at least one type of methanogenic bacteria.

[0058] Another factor that is relevant for good settleability of sludge, in particular of biomass
granules - and thus good separation - is the height of the bioreactor where biomass is present.
Typically, biogas can also occur in the inside of the granules, which may cause an upward
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flotation. At the bottom of the reactor the granules experience a higher pressure and thus
biogas is released from the granule and settleability of the sludge is increased.

[0059] Preferably, an installation (for use in a process) comprises a bioreactor with a height
ranging from about 15 to about 25 m, more preferably ranging from 18 to 22 m. Typically, the
bioreactor is filled up to between 85-98 vol% with the aqueous fluid, preferably up to about 90-
95 vol%.

[0060] Upon digestion of biodegradable organic substance in the bioreactor, a gas-aqueous
fluid mixture is obtained.

[0061] The gas phase is comprised of biogas that is produced by the microorganisms. As is
generally known, biogas generally at least substantially consists of methane and carbon
dioxide, but additionally may also contain minor amounts of other gasses, such as hydrogen,
ammonia, water vapor and/or hydrogen sulfide.

[0062] The aqueous fluid comprises solids, in particular biomass particles and optionally
additionally include inorganic and/or organic suspended solids.

[0063] The aqueous fluid further comprises a liquid which usually essentially consists of water
and water soluble substances such as organic acids and soluble substances that are not
digested by microorganisms or other molecules that are typically present in water, such as
minerals or salts.

[0064] The gas-aqueous fluid mixture moves upwards through the reactor where biogas
separates from the mixture. This may either occur spontaneously or separation may be
enhanced by internal separators.

[0065] The biogas leaves the bioreactor via a biogas outlet located at or near the top of the
reactor (above the liquid level). It may leave the bioreactor directly, or may first enter into the
upper part of the conditioning tank and exit the installation via an outlet located at or near the
top of the tank. Optionally, the biogas is further treated in a manner known per se. The biogas
may be used to provide energy for the process, i.e. to make the process self-sustainable, for
example by heating the system. Alternatively, the biogas can be converted to electricity through
a generator or upgraded to methane to be transported elsewhere to provide energy for other
purposes or as a source for methane for use in a chemical process.

[0066] In an advantageous embodiment, part of the biogas that is formed is transported from
the bioreactor to a lower or middle part of the conditioning tank to improve the mixing of the
aqueous fluid in the conditioning tank.

[0067] In an embodiment, the bioreactor additionally comprises an internal separator, wherein
separation of biogas from an aqueous fluid comprising solids is promoted. If present, the
internal separator is usually positioned in an upper part of the bioreactor. The internal
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separator preferably is a gas-fluid separator, more preferably a deflector or baffle located in an
upper part of the bioreactor. The baffle or deflector is preferably located above the feed
conduit to the external separator and promotes biogas separation from the aqueous fluid as a
result of the natural upflow of biogas or biogas-fluid mixtures.

[0068] In an embodiment, the feed conduit to the external separator is an internal feed
conduit. The internal feed conduit is for at least a substantial part located inside of the
bioreactor. The inlet for collecting the aqueous fluid from which biogas has been separated is
located under the baffle or deflector and collects the aqueous fluid which is then fed into the
external separator.

[0069] In another embodiment, the feed conduit to the external separator is an external feed
conduit. The inlet for the aqueous fluid is located on the side of the bioreactor and the external
conduit to the external separator is located outside of the bioreactor. The bioreactor preferably
comprises a baffle or deflector located near the external feed conduit inlet for directing the
aqueous fluid into the external feed conduit, preferably located directly under the external feed
conduit.

[0070] The internal or external feed conduit feeds the aqueous fluid into an external separator
2 comprising a separation chamber provided with tilted internals for separating the aqueous
fluid comprising biomass, and optionally other solids, into a liquid phase and a fluid phase
enriched in biomass compared to the aqueous fluid entering the external separator.

[0071] In another embodiment, the internal separator is a funnel, preferably a mammoth pump
funnel. If a funnel is present the lower part of the funnel is connected to the inlet of the internal
feed conduit. The funnel promotes an efficient mammoth flow effect thereby aiding separation
of biogas from the aqueous fluid (comprising liquids and solids) before the aqueous fluid enters
the external separator. This gas-fluid separator mammoth pump funnel is preferably comprised
by tilted walls shaped as a funnel towards bottom part connects an internal feed conduit.

[0072] In another embodiment, the internal separator is a gas-fluid separator comprising tilted
internals, preferably tilted plates or tubes. Preferably, the gas-fluid separator is a tilted plate
settler. The tilted plates cause turbulence inside of the separator, which aids the separation of
biogas. The tilted plates can be flat or corrugated. Such tilted internals promote the separation
of biogas from the fluid and solid phases. The tilted internals are usually placed at an angle of
about 45-65°. Particularly good results have been achieved with placement at an angle of
about 55 to about 60°. Adjacent internals are typically placed at a distance of at least 2 cm, in
particular 2-10 cm distance from each other to enhance separation and avoid clogging of the
separator. Preferably, the aqueous fluid enters the internal separator via the upper part of the
separator. If a gas-fluid separator comprising tilted internals is present, the inlet of the internal
feed conduit is connected to a lower part of the separator for collecting a fluid enriched in
solids. The aqueous fluid comprising solids is typically collected at the bottom of the internal
separator and fed into an external separator (2).
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[0073] The external separator is typically configured such that, during use, the aqueous fluid
comprising solids enters via an inlet located in a lower part of the separator. The external
separator comprises tilted internals to enhance the settleability of the solid particles. The tilted
plates can be flat or corrugated. Such tilted internals promote the separation of biogas from the
liquid and solid phases due to a "lamella effect”. The tilted internals are usually placed at an
angle of about 45-65°. Particularly good results have been achieved with placement at an
angle of about 55 to about 60°. Adjacent internals are typically placed at a distance of at least
2 cm, in particular 2-10 cm distance from each other to enhance separation and avoid clogging
of the separator. from each other to enhance separation and avoid clogging of the separator.
The use of tilted internals increases settling surface for the settling of solids.

[0074] The aqueous fluid passes upwards through the tilted internals where a laminar flow
promotes the downward movement of solid particles, whilst allowing liquids to move into the
upward direction, where an outlet for an aqueous fluid (effluent) is located.

[0075] The external separator preferably comprises isolation valves to allow for maintenance,
replacement and repair of this module without affecting the reactor. Isolation of the external
separator can also be used to provide regular cleaning in place of the external separator by
isolating the device.

[0076] It is further preferred to have a conduit (33) connecting the external separator and the
bioreactor and optionally the external separator and conditioning tank. This conduit further
preferably has a pump (30), preferably a screw pump, for returning sludge to the bioreactor
and to circulate chemicals through the external separator. These chemicals may be acidic or
basic, depending on the impurity that needs to be removed. This pump allows cleaning in place
of the external separator.

[0077] The external separator preferably has an elongated design.

[0078] The liquid phase that leaves the separator is usually essentially free of granular
biomass. Since the fluid that is fed into the separator contains suspended solids (in form of
debris of granular biomass decay, flocculent - not granulated - biomass, and/or non-
degradable suspended material), the liquid phase that leaves the separator will have a
reduced suspended solids (particularly biomass content) compared to the fed fluid, but may
contain residual flocculent biomass. If desired, this fluid can be purified in a manner known per
se , e.g. if the liquid phase is to be taken from the installation to be discarded or put to further
use, e.g. as process water. Liquid phase that is returned to the bioreactor, e.g. via the
conditioning tank, can be returned without needing to remove these suspended solids.

[0079] The system according to the invention comprises a conditioning tank. Part of the liquid
phase, obtained in the external separator is returned to the conditioning tank to maintain the

volume of fluid in the tank at approximately the same level.

[0080] The fluid phase enriched in biomass is re-entered into the bioreactor. It is desired for an
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efficient process to have a net growth of biomass during the process. During the start-up of the
reactor, having a net growth of biomass in the system is important in order to obtain a sufficient
amount of biomass for an efficient conversion of biodegradable substance. In a later stage of
the process, having a net growth of biomass allows for extraction of sludge from the reactor
without negatively affecting the turnover rate, i.e. the conversion of COD. In addition, having
excess biomass additionally creates an increase in revenue, since the biomass can be easily
stored, transported and sold.

[0081] In the method of the invention the return of fluid comprising biomass, in particular
granular biomass, is accomplished without the need of a mechanical pump. The upward
motion of the biogas in the bioreactor causes a flow that draws the fluid enriched in biomass
out of the external separator into the bioreactor.

[0082] The bioreactor (1) comprises a biogas injector(23) wherein, during use, biogas from the
bioreactor is injected into the conduit for fluids enriched in (granular) biomass (10) connecting
the external separator (2) to the bioreactor (1), to promote the flow of the fluid enriched in
(granular) biomass from the external separator (2) towards the bioreactor (1), see e.g. Figure
1. Furthermore, once the aqueous fluid enriched in (granular)biomass inside of the conduit
(10) returns into the bioreactor (1), the returned biogas promotes the upward flow of the
aqueous fluid inside of the external separator (2), through a gas lift effect. Introducing the
biogas into the fluid has as an additional advantage that clogging of the conduits is minimized,
preferably prevented. The biogas for injection into the conduit (10) is collected from the
bioreactor with a biogas collector. The biogas collector preferably has one or more biogas
collector hoods, which is/are at least during use submerged in the fluid (suspension) in the
bioreactor.

[0083] Preferably, the biogas collector hood(s) (22) is/are positioned below the inlet (9) for
fluids enriched in (granular) biomass from the external separator (2).

[0084] In a preferred embodiment, the biogas collector hood(s) (22) is/are positioned below
the inlet (5) of conduit (6) or inlet (35) of conduit (34) for the aqueous fluid for external
separator (2).

[0085] Thus the invention also relates to an external separator comprising a separation
chamber provided with tilted internals, an inlet (4) for feeding the aqueous fluid comprising
(granular) biomass from the bioreactor into a lower part of the external separator. The inlet of
the external separator is connected to the inlet (5) of the internal feed conduit (6) or the inlet
(35) of the external feed conduit (34). During use the aqueous fluid is separated into a liquid
phase and a fluid phase enriched in granular (granular). The external separator further
comprises an outlet (8) for returning an aqueous fluid enriched in (granular) biomass to the
bioreactor, which is connected to in inlet (9) for an aqueous fluid enriched in (granular)
biomass of the bioreactor via a conduit (10).Conduit (10) is equipped with a biogas injector
(23) for injecting biogas into the fluid enriched in (granular) biomass, which biogas injector is
connected to a biogas collector (22) via a conduit (21).
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[0086] It is possible that during start-up of the reactor the biogas production is not yet sufficient
to cause a sufficient upward flow withdrawing a fluid enriched in (granular) biomass from the
external separator into the bioreactor without mechanical assistance. In such a case
mechanical assistance such as a recirculation pump may be present to draw said fluid
comprising biomass from the external separator into the bioreactor. Furthermore, the presence
of such a pump minimizes or prevents clogging of the conduits as a result of sedimentation of
sludge in the lines.

[0087] The conditioning tank (12) is present from which, during use, aqueous fluid is supplied
into the bioreactor. To improve mixing of the aqueous fluid which is present in the conditioning
tank, a biogas conduit is preferably provided that introduces biogas from the bioreactor into the
conditioning tank.

[0088] Preferably a recirculation pump is used to generate sufficient upward flow to draw the
settled solids from the external separator into the bioreactor.

[0089] The external separator is placed outside of the bioreactor to improve accessibility,
thereby facilitating maintenance and start-up procedures and further enables the installation of
the reactor in parts, i.e. allowing for an already existing system to be upgraded with an external
settler, thereby improving the efficiency of the reactor.

[0090] Preferably, conduits connecting the external separator with other parts of the installation
comprise isolation valves, allowing for the isolation of the external separator and thus
facilitating cleaning in place or maintenance of the external separator. Further, because the
external separator is usually placed lower than the inlet of the feed conduit for the external
separator, the pressure in the external separator is higher than the pressure in the upper part
of bioreactor. Typically the difference in pressure is between about 1.5-3 bars. The higher
pressure compresses the biomass granules thereby removing possible gas that is still present
inside of the granule and thus enhancing the settleability of the granules and thus improving
removal of solids from the liquid phase.

[0091] Advantageously, at least part of the driving force for the recycle fluid phase enriched in
biomass from the external separator to the bioreactor makes use of a gas-lift principle. This is
illustrated in Figure 1 and 2, where a biogas conduit (21) is provided between the biogas
injector (23) into the recycle conduit (10) and the biogas collection hoods inside the bioreactor
(22). In order to use this principle, the external separator is placed sufficiently low to allow the
recycle conduit (10) to extend upward enough to create the gas lift, and preferably return the
fluid phase enriched in biomass into a middle or lower part of the bioreactor. This is desired
because it is desired to keep the solids content in the upper part of the bioreactor relatively
low. Accordingly, the external separator is advantageously positioned at or near the floor of the
installation or at the same height or below the bottom of the bioreactor, whilst the inlet (9) for
the recycled fluid enriched in biomass into the bioreactor (1) via conduit (10) is preferably
positioned at a higher level than at least the outlet (29) of fluid enriched in biomass of the
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external separator, and preferably from at a higher level than the top of the external separator.
Satisfactory height differences between the outlet (29) of fluid enriched in biomass of the
external separator, the gas injector (23) into the recycle conduit (10) and the inlet (9) for
recycled fluid enriched in biomass from the external separator can be based on the information
disclosed herein, common general knowledge and optionally a limited amount of routine trial
and error. In particular, the skilled person will be able to choose height differences such that
the pressure differences are such that they drive the fluids/solids/gas in the right direction.

[0092] In a specific embodiment, the conduit for feeding an aqueous fluid from the bioreactor
to the external separator is at least substantially straight, i.e. does not contain sharp angles or
sharp edges, to prevent sludge from precipitating the conduits, leading to clogging of the
system.
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PATENTKRAKV
1. Fremgangsmade til behandling af et vandigt fluid omfattende et bionedbrydeligt organisk
stof 1 et anleeg omfattende en opstremsbioreaktor (1) indeholdende et slamleje, hvor slamlejet
omfatter biomasse, en ekstern separator (2), hvilken ekstern separator placeres i den samme
hgjde eller under bioreaktorens bund, og en konditioneringstank (12), hvor fremgangsmaden
omfatter
- behandling af det vandige fluid i1 konditioneringstanken (12); derefter
- tilforsel af det vandige fluid fra konditioneringstanken (12) i en nedre del af
bioreaktoren, hvor det tilforte fluid bringes i kontakt med biomassen, hvorved biogas
dannes fra det bionedbrydelige organiske stof;
- udtreekning af det fluid, der har veret 1 kontakt med biomassen, fra en gvre del af
bioreaktoren, hvilket udtrukket fluid omfatter biomasse;
- tilforsel af det vandige fluid omfattende biomassen udtrukket fra den gvre del af
bioreaktoren i den eksterne separator (2) omfattende et separationskammer forsynet med
skratstillede, indvendige elementer, hvor det vandige fluid omfattende biomassen
separeres 1 en vaskefase, der har et reduceret biomasseindhold eller i det veesentlige er fri
for biomasse, og en biomasseberiget fluidfase;
- returnering af fluidfase beriget med biomasse fra den eksterne separator til bioreaktoren,
hvor biogas fra bioreaktoren opsamles af en biogaskollektor (22), som er forbundet med
en biogasinjektor (23), der sprejter biogassen ind 1 en ledning (10) for returnering af
vaskefasen beriget med biomasse fra den eksterne separator til bioreaktoren, hvilken
ledning (10) til returnering af det faststotberigede fluid er forsynet med et indleb (9) til
udledning af det returnerede fluid i1 bioreaktoren, hvilket indleb (9) til udledning af det
returnerede fluid 1 bioreaktoren er hgjere placeret end biogasinjektoren (23); og
- returnering af en del af den vaskefase, der har et reduceret biomasseindhold eller 1 det

vaesentlige er fri for biomasse, fra den eksterne separator (2) til konditioneringstanken

(12).

2. Fremgangsmade ifelge krav 1, hvor bioreaktoren omfatter et granulatslamleje (GSB),
hvilket GSB omfatter anaerobe mikroorganismer, og hvor det bionedbrydelige organiske stof

omdannes af de anaerobe mikroorganismer, hvorved der dannes biogas.

3. Fremgangsmade ifelge krav 2, hvor det fluid, der er trukket ud fra den evre del af
bioreaktoren, omfatter granuler biomasse, hvor granular biomasse bundfaeldes inde i den

eksterne separator (2), og hvor den fluidfase, der returneres til bioreaktoren (1), omfatter
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bundfzldet granuler biomasse.

4. Fremgangsmade ifelge krav 1, 2 eller 3, hvor bioreaktoren (1) omfatter en intern gas-
fluidseparator (3), der er placeret 1 en gvre del af bioreaktoren, fortrinsvis en gas-fluidseparator

valgt fra gruppen bestaende af ledeplader, deflektorer, tragte og skratstillede pladeadskillere.

5. Fremgangsmade ifelge et hvilket som helst af de foregaende krav, hvor den eksterne
separator (2) placeres lavere end et indleb (5), hvor der udtraekkes vandigt fluid fra bioreaktoren

(1) ved en tilforselsledning (6), der tilforer fluidet til den eksterne separator.

6. Fremgangsmade ifelge krav 5, hvor behandlingen i konditioneringstankene omfatter
opretholdelse af pH-vaerdien for det vandige fluid 1 konditioneringstanken ved eller justering af
pH-verdien for det vandige fluid i konditioneringstanken til en pH-vaerdi i omradet fra 6,5 til
7,2, fortrinsvis i omradet fra 6,6 til 6,8 og/eller

hvor det vandige fluid 1 konditioneringstanken opretholdes ved eller justeres til en temperatur i

omradet fra 33 til 37 °C, fortrinsvis i omradet fra 34 til 36 °C.

7. Anlag til mikrobiologisk behandling af et vandigt fluid omfattende et bionedbrydeligt
organisk stof, hvor anlegget omfatter
- en opstremsbioreaktor (1), hvilken bioreaktor omfatter et udleb til biogas;
- en ekstern separator (2), der omfatter et separationskammer forsynet med skratstillede,
indvendige elementer, indrettet til at separere en vaskefase fra en fluidfase omfattende
biomasse, hvilken ekstern separator placeres i den samme hgjde eller under bioreaktorens
bund, hvilken ekstern separator omfatter et indleb (4) til et vandigt fluid forbundet med et
indleb (5) af en ledning (6) til udtraekning af et vandigt fluid fra bioreaktor (1), et udleb
(7a) til vandigt fluid, et udleb (8) til et biomasseberiget fluid forbundet med et indleb (9)
til bioreaktorens (1) biomasseberigede fluid via en ledning (10) til returnering af det
faststotberigede fluid til bioreaktoren,
- en konditioneringstank (12) til forbehandling af det vandige fluid, og som omfatter et
indleb til spildevand (13), et udleb til det vandige fluid (14) forbundet med et indleb (15)
til bioreaktoren via en ledning (16), en returledning (37) til veeskefase fra den eksterne
separator (2) til konditioneringstanken (12) og et udleb til biogas; og hvor
- bioreaktoren (1) omfatter en biogaskollektor (22) forbundet med en biogasinjektor (23),
der er konfigureret til at sprejte biogas ind 1 ledningen (10) til returnering af det

faststofberigede fluid fra den eksterne separator (2) til bioreaktoren (1), og indlebet (9) til
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bioreaktorens (1) biomasseberigede fluid er hgjere placeret end biogasinjektoren (23).

8. Anlag ifelge krav 7, hvor anlegget omfatter et tilstreamningsfordelingssystem (15) til
indfering af tilstremningen 1 bioreaktoren og en recirkulationspumpe (11), hvor
tilstramningsfordelingssystemet (15) er indrettet til at tilvejebringe mindst i det vaesentlige ens

fordeling af det vandige fluid over reaktorens overfladeomrade.

9. Anlaeg ifelge krav 7 eller 8, hvor bioreaktoren (1) omfatter en intern separator (3) placeret
i en gvre del af bioreaktoren, indrettet til at separere biogas fra et vandigt fluid omfattende
faststoffer, hvilken intern separator (3) er en gas-fluidseparator valgt fra gruppen bestaende af
ledeplader, deflektorer, tragte og skratstillede pladeadskillere, fortrinsvis valgt fra gruppen
bestdende af ledeplader og deflektorer.

10.  Anlag ifelge et hvilket som helst af kravene 7-9, hvor den eksterne separator (2) omfatter
et udleb (29), der er forbundet med et indleb (30) til bioreaktoren (1) og eventuelt med et indleb
(31) til en konditioneringstank (12) via en ledning (33), hvor ledningen omfatter en pumpe,

fortrinsvis en snekkepumpe.

11.  Anlzg ifelge et hvilket som helst af kravene 7-10, hvor ledningen (10) omfatter en ventil
(28) og ledningen (6) omfatter en ventil (27) til 1solering af ekstern separator (2) for

vedligeholdelse, rengering eller udskiftning.

12.  Anlzg ifelge et hvilket som helst af kravene 7-11, hvor bioreaktoren er en ekspanderet

granulatslamlejereaktor.

13.  Anlzg ifelge et hvilket som helst af kravene 7-12, hvor den eksterne separator er placeret

pa et gulv.

14.  Anlag ifelge et hvilket som helst af kravene 7-13, hvor indlgbet (9) til udledning af det

returnerede fluid 1 bioreaktoren er i en midte eller nedre del af bioreaktoren.

15.  Anvendelse af et anleg ifelge et hvilket som helst af kravene 7-14 i en fremgangsmade

ifelge et hvilket som helst af kravene 1-6.
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DRAWINGS

Drawing
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