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EP 1 542 932 B1
Description

[0001] The present invention relates to a method for the treatment of waste water comprising an organic nutrient
wherein the waste water is brought into contact with microorganisms-comprising sludge particles, an oxygen-comprising
gas is fed to the sludge particles, and the method further comprises the settling of the sludge particles and the discharge
of organic, nutrient-depleted waste water.

[0002] Suchamethod is known inthe art, for example, from US 3,864,246. Waste water having a high rate of biological
oxygen demand (BOD) is mixed with sludge flocs. The thus obtained sludge flocs-containing waste water is brought into
contact with oxygen (air). The conditions chosen augment the growth of sludge flocs (that is to say biomass patrticles)
that have improved settling properties. This reduces the time necessary for separating the microorganisms (in particular
bacteria) that provide biological breakdown, from the waste water.

[0003] BEUN J J ET AL disclosed an aerobic granulation in a sequencing batch aitlift reactor, wherein an aerobic
granular sludge was cultivated while intensely mixed.

[0004] DANGCONG P ET AL discloses the observation of aerobic granular sludge in a sequencing batch reactor in
which a synthetic urban wastewater containing sodium acetate as an organic substrate was fed, and dissolved oxygen
(DO) was controlled at low concentration.

[0005] MORGENROTH E ET AL discloses the culturing of granules in a laboratory scale sequencing batch reactor
(SBR) under aerobic conditions.

[0006] BEUN JJ ET AL relates to N-Removal in a granular sludge sequencing batch aitlift reactor.

[0007] EP-A-0 776 864 discloses a process for the aerobic biological purification of water.

[0008] A drawback of the known method, despite the improved settling velocity, is that the implementation of the
method requires a relatively large surface area, that is to say large-scale purification occupies an undesirable amount
of space.

[0009] Itis an object of the present application to improve the method, while occupying less space in comparison with
the known method.

[0010] To this end the method according to the invention is characterised in that

- in afirst step the waste water is fed to sludge granules, under an aerobic conditions

- afterthe supply of the waste water to be treated an oxygen-comprising gas is introduced in a second step, wherein
the oxygen concentration is less than 5mg/ml with the granules being in a fluidised condition and at the end of the
second step or at the beginning of the third step granules are removed.

- in athird step, a settling step, the sludge granules are allowed to settle.

[0011] This allows the method to be carried out in a relatively limited reactor volume. This may reduce the occupation
of space down to a fifth. The reaction conditions chosen promote the formation of sludge granules (as opposed to sludge
flocs) with excellent settling properties. Moreover, the conditions in the first step are oxygen-depleted, and in practice
they are anaerobic, since there is no oxygen added. In the first step the sludge granules take up organic nutrients from
the supplied waste water, and they are stored inside the microorganisms in the form of a polymer, such as polybetahy-
droxybutyrate. Should oxygen be supplied in the first step, this must not be in an amount that would prevent the storage
of organic nutrient. In the second step, breakdown of the stored organic nutrients occurs under aerobic conditions. In
addition, this aerobic second step may effect the breakdown of possibly present ammonium into nitrate. In the second
step also the interior of the sludge granules is anaerobic and this is where the stored organic nutrients are broken down
utilising nitrate. This produces nitrogen gas, resulting in an effective reduction of the N-content in the waste water. For
the elimination of N-compounds to be broken down, the oxygen concentration in the second step is less than 5 mg/ml,
and preferably less than 2 mg/ml. In this way the use of pre-positioned or post-positioned reactors for the removal of
nitrogen compounds can be avoided, or their purifying capacity can be down-scaled, which means a saving in costs.
The present invention also makes it possible to eliminate phosphate. To this end, in a step that is not the first step, and
preferably at the end of the second step or at the beginning of the third step, sludge granules are removed. Surprisingly
it so happens, that under the conditions of the present invention phosphate accumulating microorganisms are not
competed out. All the microorganisms needed for the method according to the invention are found in the sludge of
purification plants. They do not need to be isolated, since the conditions specified ensure that these microorganisms
constitute part of the sludge granules. The conditions according to the invention give rise to the formation of sludge
granules that are significantly larger and have a higher density than the sludge flocs obtained according to the conditions
as known from US 3,864,246 (see Fig. 1), having a settling velocity >10 m/h (as opposed to approximately 1 m/h for the
known sludge flocs) and a sludge volume index <35 ml/g. The sludge volume index is the volume taken up by 1 gram
of biomass after 1 hour’s settling. For the purification of a subsequent portion of waste water the steps 1 to 3 (one cycle)
are repeated. The invention is very suitable for the treatment of sewage water.

[0012] In the first step the waste water is preferably fed to a bed of sludge granules, and the sludge granules settle
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in the third step, forming a bed of sludge granules.

[0013] This allows the microcrganisms to be exposed to a higher concentration of organic nutrient, which promotes
granular growth.

[0014] According to a preferred embodiment, the waste water is fed to the bed of sludge granules at a rate such as
to avoid fluidisation of the bed.

[0015] Since it is to a large extent avoided that present already treated waste water mixes with waste water to be
treated, this allows the microorganism to be exposed to the highest possible concentration of nutrient which, as already
mentioned, promotes granular growth. The term "to avoid fluidisation" is understood to mean that the bed does not
fluidise, and/or that as a result of introducing the waste water, mixing occurs at most in up to 25% of the height of the
bed. The waste water may, for example, be sprayed onto the bed directly or by using means for limiting the force with
which the waste water can disturb the bed surface. In any case, mixing will occur at most in up to 25%, preferably in
less than 15% of the height of the bed. Instead of introduction from the top side of the bed of sludge granules, the waste
water may preferably be introduced from below. Especially in the latter case, the feed rate will be limited such that no
fluidisation of the bed occurs. In both cases it is possible to displace and discharge purified water still present between
the sludge granules from the bed in an effective manner, i.e. with little or no mixing of waste water and purified (nutrient-
depleted) waste water, as will be discussed below. In principle it is also possible to introduce the waste water into the
bed of sludge granules via pipes.

[0016] Accordingto a preferred embodiment, at least a part of the nutrient-depleted waste water is discharged in the
third step, after at least partial settling.

[0017] The removal of nuttient-depleted waste water prior to the addition of fresh waste water to be treated means
that a smaller reactor volume is needed, and that the microorganism-comprising sludge granules come into contact with
a highest possible concentration of nuttients. This is favourable for the formation of sludge granules. The height of liquid
in the reactor is for example twice, and preferably 1.5 times or less, such as 1.2 times the height of the bed of settled
sludge granules.

[0018] According to a preferred embodiment, at least a part of the nutrient-depleted waste water is discharged during
the feeding of waste water to the bed of sludge granules in the first step.

[0019] In that case, the discharge of nutrient-depleted waste water is preferably the consequence of displacement
due to waste water being fed to the bed of sludge granules.

[0020] Thus with one single action both the addition of fresh waste water, and the discharge of treated waste water
is realised. This can be accomplished at a low capital outlay. Further savings are possible on control technology (fewer
measurements are required) and operating costs. Furthermore, mixing of treated waste water with waste water to be
treated is avoided, so that the concentration of nutrients to which microorganisms in the sludge granules are exposed
is as high as possible, providing the previously mentioned advantage of growth in the form of sludge granules. The
displaced treated waste water is preferably discharged at the top side of the bed. Due to the displacement, any flocs
that may be formed are flushed out of the reactor. Therefore, the waste water is advantageously introduced via the
bottom of the bed.

[0021] Animportant embodiment is one wherein the waste water is introduced in an amount of 50 to 110%, preferably
80 to 105% and most preferably 90 to 100% of the void volume of the bed.

[0022] Inthiswaythebiomassintheform ofsludge granulesis utilised optimally, atthe smallest possible reactor volume.
[0023] The introduction of the waste water is preferably followed by an interval before commencing the second step.
[0024] This promotes the uptake of nutrients from the waste water, and contributes to the formation of sludge granules
with good settling qualities. If desired, mixing may take place during the interval.

[0025] The interval is preferably sufficiently long for the removal of at least 50%, preferably at least 75% and most
preferably at least 90% of the organic nutrient from the waste water.

[0026] This contributes the most to the formation of sludge granules with good settling qualities, while the purification
of the waste water is optimal.

[0027] It is preferred for the waste water to be introduced in the third step, wherein sludge granules that settle more
slowly are discharged from the reactor and sludge granules that settle more quickly remain in the reactor.

[0028] This further increases the pressure to select for granular growth. The introduction of waste water may be
performed at a low flow rate during settling of the sludge granules, preferably after at least part the sludge granules have
formed a granular bed but, as explained elsewhere, most preferably after the granular bed has formed. In the first two
methods there is overlap between the first and third step. In the second and especially in the third methed, light sludge
flocs that have settled on the bed, or that would have the tendency to do so, are carried away by the flow of nutrient-
depleted water displaced by waste water. As a consequence there is a pressure of selection resulting in maintaining the
characteristics of the sludge in the form of granules. It is preferred for the discharge to take place in the third step via a
discharge opening just above the final bed.

[0029] The invention will now be elucidated with reference to the following exemplary embodiment wherein
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Fig. 1 shows a graph of the acetate, phosphate, ammonium, and NO5 + NO,™ concentration during a cycle of the
method according to the invention.

Figs. 2a and b show sludge flocs according to the prior art and sludge granules according to the present invention,
respectively.

[0030] An air lift reactor (3 litre, height/diameter 20) was fed with 1.5 litres of waste water per cycle, which waste water
represents an aproptriate model for a domestic waste water. The composition was 6.3 mM sodium acetate; 3.6 mM
ammonium chloride, 0.6 mM potassium phosphate, 0.37 mM magnesium sulphate, 0.48 mM potassium chloride and
0.9 ml/l standard solution of trace elements. The reactor was seeded with aerobic active sludge from a domestic waste-
water purification plant. The reactor was operated in successive batch cycles. One cycle consisted of the following steps:

i) The introduction of 1.5 litres of model waste water at the bottom side of the reactor, for 60 minutes, so that there
is a plug flow regime of waste water through the settled granular bed.

i) Aeration for 111 minutes at a flow rate of 4 litres of air per minute.

iii) Settling of the granular sludge for 3 minutes after the termination of the aeration.

iv) Discharging the treated model waste water from the effluent outlet point at half the reactor height. Any biomass
present at this moment above the effluent outlet point was removed from the reactor together with the treated waste
water.

v) 1 minute interval, after which feeding with model waste water was recommenced.

[0031] By adding a base or acid, the pH in the reactor was maintained at 6.5 to 7.5 and the temperature was kept at
20°C. During the aerated phase ii) the concentration of dissolved oxygen was maintained at approximately 1.8 mg/ml.
On the one hand this keeps the oxygen concentration sufficiently high for aerobic breakdown of nutrient in the external
part of the sludge granules, and on the other hand only a low pumping capacity is required for the addition of air. After
all, under these conditions, the transfer of oxygen from the air is very efficient. Consequently, there is also little energy
required for the supply of oxygen. The breakdown of nitrogen compounds was shown to be optimal at these oxygen
concentrations, with only minimal amounts of nitrate being found in the treated waste water.

[0032] In Table 1 the mean concentrations of the model waste water and the treated water are shown. The mean
purification result is also given. Figure 1 shows the plot of the acetate (o), phosphate (A), ammonium (black diamond)
and the sum of the nitrate and nitrite (open diamond) concentration during one cycle. Fig. 2b shows a photograph of the
sludge granules obtained by the method. The obtained sludge granules were stable for at least 300 days, after which
this experiment was stopped. The method according to the invention thus makes a reliable control of the operation
possible. Fig. 2a shows typical sludge flocs having a settling rate as described in US 3,864,246. Although US 3,864,246
successfully combats the growth of filamentous organisms, which form so-called light sludge, the sludge flocs formed
have a settling velocity of at best 1 m/h. In contrast, the sludge granules according to the present invention have very
high settling velocities (>10 m/h), while the distance over which settling takes place may be relatively short.

Table 1 Concentrations of the untreated and treated model waste water

Mean values | Model waste water | Treated waste water | Removal Efficiency
Acetate (mM) 6.3 0 100%
NH4* (mM) 3.6 0
NO5 (mM) 0 0.1 97%
NO,™ (mM) 0 0
PO, (mM) 0.6 0.04 94%

[0033] One of the factors contributing to granular growth is feeding waste water with a highest possible nutrient
concentration to the sludge granules. For this reason it is expedient to aveid mingling between treated waste water in
the reactor and freshly supplied waste water. In those cases where a low nutrient concentration in the waste water
prevails for many cycles, e.g. more than 10, nutrient may be added to the waste water if necessary. One option would
be using liquid manure.

[0034] The present invention may be implemented in numerous ways. For example, instead of using one reactor it is
propitious to use three reactors, the three reactors being operated out of phase. That is to say, while waste water is fed
to one reactor, the aeration step is carried out in a second reactor, while in a third reactor settling takes place and possibly
discharge of purified water. This keeps the capital outlay for pumps, especially with regard to their required maximum
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capacity, within limits. Treated waste water is released gradually and this is advantageous if this waste water needs to
undergo a further treatment, since then also a smaller reactor for post-treatment suffices. Since compared with the above
described experiment, reactors will in practice be relatively higher, settling will take longer. This means that feeding may
take one third of the time, aeration and settling together two thirds of the time. A buffer tank for temporary storage of
waste water to be treated is thus avoided and the three batch-operated reactors make continuous operation possible.
The invention is illustrated by way of an airlift reactor, but the invention may be embodied with any other type of reactor,
such as a bubble column reactor.

Claims

A method for the treatment of waste water comprising an organic nutrient, wherein the waste water is brought into
contact with microorganisms-comptising sludge particles, an oxygen-comprising gas is fed to the sludge particles,
and the method further comprises the settling of the sludge and the discharge of organic nutrient-depleted waste
water, characterised in that

- in a first step the waste water is fed to sludge granules, under anaerobic conditions;

- after the supply of the waste water to be treated an oxygen- comprising gas is introduced in a second step,
wherein the oxygen concentration is less than 5mg/ml with the granules being in a fluidised condition and at
the end of the second step or at the beginning of the third step sludge granules are removed.

- in a third step, a settling step, the sludge granules are allowed to settle.

A method according to claim 1, characterised in that the waste water is introduced in an amount of 50 to 110%,
preferably 80 to 105% and most preferably 90 to 100% of the void volume of the bed.

A method, according to claim 1 or 2, characterised in that the introduction of the waste water is followed by an
interval before commencing the second step.

A method according to claim 3, characterised in that the interval is sufficiently long for the removal of at least 50%,
preferably at least 75% and most preferably at least 90% of the organic nutrient from the waste water.

Patentanspriiche

1.

Verfahren zur Behandlung von einen organischen Néhrstoff enthaltendem Abwasser, wobei das Abwasser mit
Mikroorganismen enthaltenden Schlammpartikeln in Kontakt gebracht wird, den Schlammpartikeln ein Sauerstoff
enthaltendes Gas zugefiihrt wird und das Verfahren des Weiteren die Sedimentation des Schlamms und die Ableitung
des Abwassers, welches an organischem Nahrstoff abgereichert ist, umfasst,

dadurch gekennzeichnet, dass

- das Abwasser in einem ersten Schritt unter anaeroben Bedingungen einem Schlammgranulat zugefiihrt wird,
- nach der Zufuhr des zu behandelnden Abwassers ein Sauerstoff enthaltendes Gas in einem zweiten Schritt,

in welchem die Sauerstoffkonzentration weniger als 5 mg/ml betrégt, eingeleitet wird, wobei sich die Granulatkérner
in einem fluidisierten Zustand befinden, und
am Ende des zweiten Schritts oder zu Beginn des dritten Schritts Granulatkérner entfernt werden und

- sich die Granulatkérner in einem dritten Schritt, einem Sedimentationsschritt, absetzen.
Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass das Abwasser in einer Menge von 50 bis 110 %,
vorzugsweise in einer Menge von 80 bis 105 % und besonders bevorzugt 90 bis 100 %, des Zwischenkornvolumens

des Bettes eingeleitet wird.

Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass auf die Einleitung des Abwassers ein Zeitin-
tervall folgt, bevor mit dem zweiten Schritt begonnen wird.

Verfahren nach Anspruch 3, dadurch gekennzeichnet, dass das Zeitintervall ausreichend lang ist, damit wenig-
stens 50 %, vorzugsweise wenigstens 75 % and besonders bevorzugt wenigstens 90 %, des organischen Néhrstoffs
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aus dem Abwasser entfernt werden kénnen.

Revendications

1. Procédé pour le traitement d’eaux usées comprenant une substance nutritive organique, dans lequel les eaux usées
sont amenées en contact avec des particules de boue comprenant des micro-organismes, un gaz comprenant de
Foxygéne est amené aux particules de boue, et le procédé comprend en outre la sédimentation de la boue et la
décharge des eaux usées appauvries en substance nutritive organique, caractérisé en ce que

- dans une premiére étape, les eaux usées sont amenées & des granules de boue, sous des conditions
anaérobiques ;

- aprés 'amenée des eaux usées devant étre traitées, un gaz comprenant de 'oxygéne est introduit lors d’une
deuxiéme étape, la concentration d’oxygéne étant inférieure & 5 mg/ml, les granules étant dans un état fluidisé
et, alafin de la deuxiéme étape ou au commencement de la troisiéme étape, les granules de boue sontenlevés,
- dans une troisiéme étape, une étape de sédimentation, on laisse les granules de boue sédimenter.

2. Procédé selon la revendication 1, caractérisé en ce que les eaux usées sont introduites en une gquantités de 50
a 110 %, avantageusement 80 & 105 % et le plus avantageusement de 90 & 100 % du volume vide du [i.

3. Procédé selonla revendication 1 ou 2, caractérisé en ce que l'introduction des eaux usées est suivie d’un intervalle
avant le commencement de la deuxiéme étape.

4. Procédé selon la revendication 3, caractérisé en ce que lintervalle est suffisamment long pour I'élimination d’au
moins 50 %, avantageusement d’au moins 75 % et le plus avantageusement d’au moins 90 % de la substance
nutritive organique des eaux usées.
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