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(54) Title: ANAEROBIC PURIFICATION DEVICE

(57) Abstract: The present invention relates to an anaerobic purifica-
tion device for purification of influent, comprising: a reactor tank; inlet

22 means for introducing influent into the tank; water collecting means for
7 collecting purified water; a gas collecting system for collecting gas from
16 18 the fluid contained in the reactor; a gas-liquid separation device; a riser
for passing liquid into the separation device by gas lifted caused by gas
6 collected in the gas collecting system; a downer for returning liquid and
sludge from the separation device into the lower tank section . Accord-
17 .. 26 e ing to the invention this device is characterized in that it is arranged to
1 Y define, in the downer at the level of the liquid surface, a head pressure of
) < at least about 1.4 m water column (about 0.14 bar). The invention also
15 | /] _{_ relates to a method for anaerobic purification device for purification of
NNAINN H1 influent.
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Anaerobic purification device

The present invention relates to an anaerobic purification device for purification of

influent, such as wastewater, the anaerobic purification device comprising:

e areactor tank;

® i'nlet means for introducing influent into the tank, the inlet means being located in
the lower section of the tank;

» water collecting means, such as an overflow gutter, for collecting purified water,
the water collecting means being provided at the upper section of the tank and
defining a liquid surface in said reactor tank;

e at least one gas collecting system for collecting gas from the fluid contained in the
reactor, the at least one gas collecting system being arranged at a level below the
water collecting means;

» a2 gas-liquid separation device arranged at a level above the water collecting means;

o ai least one riser having a discharge opening debouching into the separation device,
the at least one riser being connected to the at least one gas collecting system for
raising fluid contained in the tank by gas lift action caused by gas collected in the at
least one gas collection system;

e adowner having an inlet debouching into the separation device and an outlet
debouching in the lower section of the tank for returning liquid separated in the
separation device, into the lower section of the tank.

Such a device is known from EP-A-170.332. According to this EP-A-170.332 one
subjects wastewater that contains organic material to a process in which dissolved
organic material is broken down under anaerobic conditions. By contact with biomass
that contains methane-producing microorganisms, methane is being produced which is
separated from the liquid. The treated water (effluent) is removed via overflows weirs.
EP-A-170.332 describes as starting point for that invention on page 1 lines 21-32: It has
been found that with a residence time of several hours a purification of as much as 90%
can be reached. The extent to which such purification efficiency can be maintained
over a long period also depends on the sludge retention. In particular, care must be
taken to ensure that on average no more sludge is rinsed out of the reactor than can be
formed in a certain period of time. If a high hydraulic flow is used with a low COD
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concentration m the influent, there is a considerable risk that the internal settler will not
be capable of preventing a large amount of sludge being flushed out. A factor which is
of importance in this connection is the hydraulic surface loading of the settler. In the
subsequent passage, EP-A-170.332 explains that the upward flowing water and the
rising gas bubbles can stir up the biomass flocks and particles considerably. These can
arrive into the uppermost part of the reactor where the gas collecting system is located.
The turbulence produced can thus result in excessive quantities of biomass to be
flushed out of the reactor. This limits the loading capacity of the reactor considerably.

The invention of EP 170 332 aims to overcome the disadvantages just described and to
create a reactor in which the main gas load is taken away from an uppermost gas
collecting system. For this purpose EP 170 332 provides at least one additional gas
collecting system for collecting gas, which additional system is arranged at a distance
below the ﬁpper collecting system. The additional system has a hydraulic link with at
least one riser pipe for raising liquid by gas lift action, said riser pipe discharging into
at least one separation device for separating gas and liquid. In view of the fact that gas
is trapped at a considerable distance below the liquid level and is conveyed further via
the riser pipe, an essentially turbulence-free flow can occur in the upper section of the
reactor. This increases the loading capacity, whereas at the top, clean effluent is
obtained. It is important that the liquid, which is carried along with the gas to the riser
pipe, is separated and returned to the reactor: While a quict, eddy-free flow is required
at the top of the reactor, very good mixing of sludge and fluid is required at the bottom
of the reactor. For this purpose the heavy sludge near the bottom has to be fluidized. In
a preferred embodiment according to EP 170 332 this fluidization can be achieved in
the bottom section of the reactor with the aid of energy obtained from the gas lifting
liquid in the riser pipe. The lifted liquid is separated from the gas and, under influence
of hydraulic gravity pressure, teturned from the separation device, through a downer
pipe, to the bottom section of the reactor chamber.

For econc;mic reasons, it is becoming more and more interesting to make the reactor
column as high as possible. In that case, there would be more reactor volume and more
biomass, whereas the footprint — the square meters of surface area occupied by the

" reactor - is the same. On the other hand, the higher the reactor the heavier the column

of biomass in the reactor will be. The heavier the column of biomass, the more difficult
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it will be to maintain a good mixing and fluidization pattern near the bottom of the
reactor. In some cases it may also happen that the biomass mixture becomes heavier
due to the precipitation of inorganic material. Also in that case, it can be difficult to
maintain a good fluidization.

A solution could be increasing the head pressure. However, prior art and expetience
teaches that, for a good mixture at the bottom of the reactor and overall functioning of
the reactor, one requires, at the level of the liquid surface in the reactor, a head pressuare
of about 0.8 to 1 m water column (i.e. about 0.08-0.1 bar) in the downer, in order to
overcome the pressure loss, which is required for good distribution at the bottom in the
sludge bed. Too low head pressures result in non-optimal mixing at the bottom of the
reactor and/or a poorer performance of the reactor respectively the ‘process carried out
in the reactor’ as a whole, whereas too high head pressure would result in very high
shear forces on the biomass particles, and consequently destruction of the granular
material. ;

In practice at least about 80% of the head pressure is obtained from hydraulic pressure,
whilst at most about 20% of the head pressure is obtained from gas pressure resulting
from gas load situations during use. However in particular cases this has lead to
problems with fluidization of the sludge in the bottom of the reactor and/or quite

irregular gas flows.

Thus although for economic reasons one would like to make the reactor column as high
as possible, the reactor height is in practice limited, because of the effects and teaching
just mentioned.

The present invention has the objective to provide an anaerobic purification device for
purification of influent, such as wastewater, with improved fluidization at the bottom of
the reactor which also allows increasing the reactor height.

According to the invention this object is achieved by providing an anaerobic
purification device for purification of influent, such as waste water, the anaerobic
purification device comprising:
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e areactor tank;

e inlet means for introducing influent into the tank, the inlet means being located in
the lower section of the tank;

e water collecting means, such as an overflow gutter, for collecting purified water,
the water collecting means being provided at the upper section of the tank and
defining a liquid surface in said reactor tank;

o at least one gas collecting system fér collecting gas from the fluid contained in the
reactor, the at least one gas collecting system being arranged at a level below the
water collecting means;

e a gas-liquid separation device arranged at a level above the water collecting means;

s at least one riser having a discharge opening debouching into the separation device,
the at least one riser being connected to the at least one gas collecting system for
raising fluid contained in the tank by gas 1ift action cansed by gas collected in the at
least one gas collection system; |

¢ adowner having an inlet debouching into the separation device and an outlet
debouching in the lower section of the tank for retumning liquid separated in the
separation device, into the lower section of the tank;

characterized in that

the purification device is arranged to define, in the downer at the level of the liquid

surface, a head pressure of at least about 1.4 m (m stands for meter) water column

(about 0.14 bar).

In this respect, the head pressure is defined as the difference in pressure, at the level of
the liquid surface in the reactor (which level is defined by the water collecting means,
such as an overflow gutter), between a point inside the downer and a point outside the
downer but inside the tank.

According to a preferred embodiment of the invention, the head pressure is at least
about 1.5 m water column (about 0.15 bar), preferably at least about 1.6 m water
column (0.16 bar).
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According to a further preferred embodiment of the invention, the head pressure is at
least 1.8 - 2 m water column (about 0.18-0.2 bar), such as 2.5-3 m water column (0.25-

0.3 bar) or more.

The invention as well as the above both advantageous embodiments will be explained
below, as well as several further embodiments of the invention.

According to the invention solutions have been found to create more head pressure
without decreasing the performance of the reactor as might have been expected, but
instead increase of performance came within reach.

The reactor can, according to the invention, be designed in such manner that the device
itsqlf defines a head pressure of at least about 1.4 m water column, i.c. in use the head
pressure will be at least 1.4 meter water column due to structural features present in the
device. According to the invention there are several solutions each involving there own
structural features.

A first solution is to place the gas-liquid separation device at a higher level above the
reactor tank in order to allow for more hydraulic pressure. As a consequence, not only
that part of the riser pipe extending above the liquid surface needs to be extended but
also the driving force of the gas for lifting water column to the gas-liquid-separation
device. This can be done, for example, by increasing the length of the riser extending
below the wat& surface, and/or by decreasing the flow resistance of the riser — for
example by changing the diameter of the pipe ~. Lowering the position where the gas is
introduced into the riser creates more driving force for lifting the water column to the
separation device. The upward pressure created by the displaced water volume in the
riser pipe generates the driving force to bring the water to the gas-liquid separation

device.

A preferred embodiment according to this first solution is characterized in that the at
least one riser (5) has a top part (26) which is defined as that part of the riser (5)
extending upwards as from said liquid surface (21), and wherein said top part has a
length (EI3) which is at least about 1.2 m, preferably at least about 1.4 m, such as 1.6 -

2 m or more,

\Y



10

15

20

25

30

WO 2006/132523 ) PCT/NL2005/000423

A second solution is to operate at a higher gas pressure in the gas-liquid separator. This
second solution can be achieved, for example, by arranging the gas-liquid-separating
process in an essentially closed vessel provided with means for keeping the gas
pressure at predetermined threshold value. In this way an extra head pressure of 0.3 to
1.0 m water column can be gained or even more if required. According to a preferred
embodiment of this second solution, said threshold value is at least about 0.25 m water
column (about 0.025 bar), such as at least about 0.5 m water column (about 0.05 bar).
According to another preferred embodiment of this second solution, said threshold
value is at most about 1.5 m water column (about 0.15 bar), such as at most about 1.2
m water coluran (about 0.12 bar).

A third solution is improving the flow of fluid flowing through the downer. This can,
for example, be achieved by providing means that allow the fluid to enter the downer
continuously and easily. According to an embodiment of this third solution, the gas-
liquid-separation device comprises a vessel, wherein the inlet of the downer is conically
shaped with respect to a vertical axis and with the taper in the downward direction, and
wherein the discharge opening of the at least one riser is arranged to create a tangential
fluid flow in the vessel around the conically shaped inlet of the downer.

A fourth solution is a combination of one or more of the three afore mentioned

solutions or possible other solutions,

An important factor of influence is the quantity of gas production in the reactor, which
is a result of the applied COD loading and the COD conversion rate. A higher gas
production per specific reactor surface (for instance expressed in m3gas/m2.h) causes'a
stronger gas lift, whereas at a lower gas production, the gas lift will slow down and will
finally stop. As higher reactor columns will theoretically produce more m3gas/m2.h,
the exira driving forces for more internal circulation flow or for lifting the water fo a
higher gas-liquid separation device will be available. Applicant found, contrary to what
was expected, that this additionally available driving force is of an amount substantially
enough to allow, contrary to prevailing prejudices, an increase of head pressure by
simple design measures in the anaerobic purification device.
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Since the reactors can be operated in a very wide range of Volumetric Loading Rates
(VLR), in general between 5 and 35 kg COD/m3.d, the cormrect dimensioning should
take into account the most probable operational circumstances.

Now that for economic reasons, reactors higher than 20 m more often will to be
constructed, it has been found that the internal circulation can be maintained or even
improved by taking specific measures. Considering that the density of the biomass
sludge is higher than water, that the downer pipe as well as the inlet distribution system
causes a pressure loss and that the sludge bed has a certain resistance against
fluidization, it has been found that for a “normal” gas pressure of 20 to 30 cm Water
column, the gas lift needs to bring the water to a level of at least 1.2 m above the water
level in the reactor, preferably 1.4 to 1.6 m and in some cases even above 2.2 m. In
order to accommodate this for average reactor loads between 15 and 30 kg COD/m3.4d,
the total length of the riser pipe needs to be chosen such that the top part of the riser
extending upwards as from said liquid surface - i.e. the length above the water
collecting means, such as the overflow gutier - will be between at least about 10 % ,
such as at least about 15%, and/or at most about 30 %, such as at most about 25%, of
the total length of the riser pipe. Alternatively, the gas pressure could be increased to 60
or 70 cm water column or even above 1.0 m water column. Also combinations of the
two measures are possible, for instance raising the water column by the gas lift to 1.6 m
and increasing the gas pressure to 60 cm water column in order to make a combined
pressure or head pressure of 2.2 m water column. Taking these measures into account,
reactor heights could be realized in the range of 24 to 36 m or even higher.

According to an advantageous embodiment of the invention, the device further
comprises upper gas collecting means (10) for collecting and removing gas from the
fluid contained in the tank (14), the upper gas collecting means (10) being provided
between the water collecting means (11) and the at least one gas collecting system (4).

The present invention is also embodied by, and thus relates to, the use of an anaerobic

purification device according to the invention.

/L
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The present invention is also embodied by, and thus relates to, a method of operating

an anaerobic purification device for purification of influent, such as waste water, the

anaerobic purification device comprising:

e areactor tank;

e inlet means for infroducing influent into the tank, the inlet means being located in
the lower section of the tank;

o water collecting means, such as an overflow gutter, for collecting purified water,
the water collecting means being provided at the upper section of the tank and
defining a liquid surface in said reactor tank;

 at least one gas collecting system for collecting gas from the fluid contained in the
reactor, the at least one gas collecting system being arranged at a level below the
water collecting means;

» agas-liquid separation device arranged at a level above the water collecting means;

e at least one riser having a discharge opening debouching into the separation device,
the at least one riser being connected fo the at least one gas collecting system for
raising fluid contained in the tank by gas lift action caunsed by gas collected in the at
least one gas collection system;

e a downer having an inlet debouching into the separation device and an outlet
debouching in the lower section of the tank for returning liquid separated in the
separation device, into the lower section of the tank;

characterized in that

the anaerobic purification device is operated with a head pressure of at least about 1.4

m water column (about 0.14 bar), said head pressure prevailing in the downer at the

level of the liquid surface. |

Advantages of the use according to the invention as well as the method according to the
invention and its preferred embodiments according to claims 14-17, will be clear from
the preceding explanation in relation to the device according to the invention.

In the next following the present invention will be further elucidated with reference to a
drawing, In this drawing:

Figure 1 shows very schematically an anaerobic purification device according to
the invention; and

I,
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Figures 2A en 2B show schematically a part of purification devicese according to

the invention to explain the term “head pressure”.

The anaerobic purification equipment shown in Figure 1 comprises a tall container 14,
called reactor tank,

In the bottom end of the reactor tank 14, there is provided a mixing zone 2 for influent
introduced via supply 12. As the skilled man knows, such a mixing zone 2 can be
accomplished in several ways. One advantageous manner of accomplishing the mixing
zone is providing an inlet system in accordance with WO 92/01637.

In the upper part of the reactor tank, water-collecting means in the form of overflow
gutters 11 or other means are fitted which are connected to an effluent drainpipe 15 for
discharging purified effluent. The water-collecting means define the level of the liquid
surface 21 in the reactor tank 14. In case of overflow gutters 11, this level of the liquid
surface 21 will be determined by the overflow edge of said gutters 11.

Within the reactor tank 14 two gas- collecting arrangements 4 and 10 for collecting and
removing gas are fitted. Each of the gas collecting arrangements comprises a
multiplicity of hoods 19. Per gas collecting arrangement the hoods can be arranged in
one layer or several layers, such as three layers as shown in the figure, Number 10 is,
especially in the claims, called the upper gas collecting means and 4 is called,
especially in the claims, the at least one gas collecting system. Figure 1 shows only one
gas collecting system 4, but within the framework of the invention also two, three or
more gas collection systems could be provided. The upper gas collecting means 10
need not to be conmected to the riser 5 and might be absent in case the fluid at this
height of the tank is gaé poor, or might be discharged separately to the gas liquid-

separation device 6 or elsewhere.

Above the reactor there is provided a gas-liquid separation device 6. This gas-liquid
separation device comprises an essentially closed vessel 16 — although also an open
vessel is possible, see Figure 2 - having a gas outlet 7 for discharging gas such as
biogas, a liquid outlet 17, and an inlet 18 for supplying a fluid containing the gas and

g
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liquid to be separated. The liquid outlet 17 is the upper end of a downer pipe 8, or said
differently the inlet of downer 8. The inlet 18 is the upper end of a riser pipe 5, or s2id
differently the discharge opening of the riser. The gas outlet 7 is optionally provided
with means 22, for keeping the gas pressure in the vessel at a predetermined threshold
value. Preferably the threshold value will have a minimum value of about 0.25 m water
column (about 0.025 bar). Optionally the threshold value can have a maximum value of
about 1.5 m water column (about 0.15 bar).

The riser 5 has a lower end with an inlet for drawing in fluid. This fluid is drawn in by
gas lift action caused by gas collected by the at least one gas collection system 4 (lower
level separators). For this purpose the hoods 19 of the at least one gas collection system
4 are connected to the riser in such a way, that the collected gas creates the gas lift in
the riser. As such all this concerning the riser is known from the prior art and can, as
the skilled man knows, be realized in several manners.

The downer 8 extends from the gas-liquid separation device 6 to the bottom region of
the tank 14. Under the influence of gravity, liquid from the separation device, which
can - depending from where the biomass is located - contain biomass as well, is
returned to the bottom of the tank. At the bottom of the tank this return flow causes
fluidization of the bed of biomass.

Figures 2A and 2B show highly schematically two different embodiments according to
the invention, with the purpose to explain the term head pressure as used in this
application. For cotresponding parts, we used the same reference numbers as with
respect to Figures 1.

In both Figures 2A and 2B the head pressure Ppg,q is the pressure difference between
points A and B. Point A, having the pressure P, lies inside the downer 8 at the level of
the liquid surface 21 in the tank 14. Point B, having the pressure Pp, lies outside the
downer, but inside the reactor at the same level of the liquid surface. The pressure
caused by the water column Hy above the point A is called Py. The pressure P; is the
gas pressure just above the liquid level in the gas-liquid-separation device 6. P; is the
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11
gas pressure just above the liquid level 21 in the reactor tank. All pressures are
measured relative to the atmospheric pressure.

In the embodiment according to Figure 2A, the gas-liquid-separation device 6
comprises a closed vessel 16. In this closed vessel the gas pressure is P1. The reactor
tank 14 has a so called open top. This means the top communicates with the
environment so that the gas pressure P, in the top of the reactor is about the
atmospheric pressure; thus about zero/relative to atmospheric pressure. However, the
reactor tank can also have a closed top allowing the gas pressure P, to be different from
the atmospheric pressure, Here for the head pressure applies:
Pheai= Pao~Pp= Py +P1-P,

In ;;he embodiment according to Figure 2B, the gas-liquid-separation device 6 has an
open top and the reactor tank 14 has a closed top. Further the gas-liquid-separation
device is arranged inside the reactor tank 14. Consequently the pressures P; and P; are
identical. Here for the head pressure applies:

Pheaa= PA—Pp= Py +P1-P1=Pw .
In Figure 2B, the head pressure would be the same when also the reactor tank 14 is an
open tank.

During operation, fermentation takes place under anaerobic conditions as a result of
contact between sludge granules or biomass flocks and substances soluble in water,
such as fatty acids, methane being formed. In order to achieve a quiet, turbulence-free
flow in the uppermost part of the reactor and to ensure that virtually no sludge is
catried off with the effluent, the additional gas collecting means 4 are provided ata
level, which is at a substantial distance below the overflow gutters 11. In separator 6
liquid and gas are separated from each other by gravity and the liquid gathers at the
bottom section of the separator and is — as explained above — retumed into the mixing
zone 2 of the reactor tank via the downer 8 to support the mixing.

As aresult of the fact that the gas has lifted the water well above the fluid in the reactor
tank 14, the liguid column in the downer 8 produces a fairly powerful downward flow
in the downer pipe 8, which provides extra mixing at the bottom of the reactor. Ina

/6
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simple way the effect is therefore achieved that tranquility prevails af the top of the
reactor and heavy sludge and influent at the bottom of the reactor are thoroughly mixed
by turbulence.

_ In the Figures, number 20 indicates the position at which the gas - collected by the

additional gas collection system- is introduced into the riser, H2 indicates the vertical
distance between said gas introduction point 20 and the level of the water collection
means 11 (effluent weirs/gutters), which level is in fact the fluid level 21 in the tank.
H3 indicates the vertical distance between the discharge opening 18 of the riser 5 and
the level of the water collection means. H1 is essentially.the sum of H2 and H3, i.e.
H1=H2+H3. The length of H3 can be in the range of 10% to 30% of H1. The discharge
opening of the riser(s) 18 is preferably located above the fluid level in the gas-liquid
separator and designed in a way to create a tangential flow pattern in the gas-liquid
separétor device 6 for optimizing the separation process. The inlet opening to the
downer pipe 8 is preferably conically shaped to avoid gas entrapment and enable a
constant downward flow.

Within the scope of the invention various modifications are possible. The embodiments
drawn and described are only examples. All the embodiments have in commeon that a
significant portion of the gas evolved during the fermentation is collected before it can
reach the uppermost section of the reactor and that the liquid propelled up in this
process by the gas-lifting action is separated from gas and the potential energy of the
relatively heavy liquid column is used via a re-circulating flow to obtain the stirring
necessary for a thorough mixing and fluidization at the bottom of the reactor. Power
which would have been released at the top of the reactor is now taken to the bottom.
The load capacity of the reactor is considerably increased as a result of the tranquillity
at the top near the water outlet and the turbulence at the bottom near the water inlet.

/4
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Claims

1] Anaerobic purification device for purification of influent, such as waste water,

the anaerobic purification device comprising:

s areactor tank (14);

e inlet means (12) for introducing influent into the tank (14), the inlet means (12)
being located in the lower section of the tank (14);

e water collecting means (11), such as an overflow gutier, for collecting purified
water, the water collecting means being provided at the upper section of the tank
(14) and defining a liquid surface (21) in said reactor tank (14);

e at least one gas collecting system (4) for collecting gas from the fluid contained in
the reactor (14), the at least one gas collecting system (4) being arranged at a level
below the water collecting means (11);

¢ agas-liquid separation device (6) arranged at a level above the water collecting
means (11);

» at least one riser (5) having a discharge opening (18) debouching into the separation
device (6), the at least one riser (5) being connected (20) to the at least one gas
collecting system (4) for raising fluid contained in the tank (14) by gas lift action
caused by gas collected in the at least one gas collection system (4);

e adowner (8) having an inlet (17) commencing into the separation device (6) and an
outlet debouching in the lower section of the tank (14) for rétuming liquid separated
in the separation device, into the lower section of the tank;

characterized in that '

the fiuriﬁcaﬁon device is arranged to define, in the downer (8) at the level of the liquid

surface (21), a head pressure of at least about 1.4 m water column (about 0.14 bar).

2] Amaerobic purification device according to claim 1, wherein the head pressure is
at least about 1.5 m water column (about 0.15 bar), preferably at least about 1.6 m

water column (0.16 bar).

3] Anaerobic purification device according to claim 1, wherein the head pressure is
at least 1.8 — 2 m water column (about 0.18-0.2 bar), such as 2.5-3 m water column
(0.25-0.3 bar) or more.

)J
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4] Anaerobic purification device according to one of the preceding claims, wherein
the at least one riser (5) has a top part (26) which is defined as that part of the riser (5)
extending upwards as from said liquid surface (21), and wherein said top part has a
length (E3) which is at least about 10%, such as at least about 15%, of the total length
(H1) of the at least one riser (5).

5] Anaerobic purification device according to one of the preceding claims, wherein
the at least one riser (5) has a top part (26) which is defined as that part of the riser (5)
extending upwards as from said liquid surface (21), and wherein said top part has a
length (H3) which is at most about 30%, such as at most about 25%, of the total length
(H1) of the at least one riser (5).

6] Anaerobic purification device according to one of the preceding claims, wherein
the at least one riser (5) has a top part (26) which is defined as that part of the riser (5)
extending upwards as from said liquid surface (21), and wherein said top part has a
length (H3) which is at least about 1.2 m, preferably at least about 1.4 m, such as 1.6 -

2 m or more.

7] Anaerobic purification device according to one of the preceding claims, wherein
the gas-liquid separation device (6) comprises an essentially closed vessel (16)
provided with means (22) for keeping the gas pressure at a threshold value. .

8] Anaerobic purification device according to claim 7, wherein said threshold
value is at least about 0.25 m water column (about 0.025 bar), such as at least about 0.5
m water column (about 0.05 bar).

91 Anaerobic purification device according to claim 7 or 8, wherein said threshold
value is at most about 1.5 m water column (about 0.15 bar), such as at most about 1.2

m water column (about 0.12 bar).

10]  Anaerobic purification device according to one of the preceding claims, wherein
the gas-liquid-separation device (6) comprises a vessel (16), wherein the inlet (17) of

&



WO 2006/132523 i , PCT/NL2005/000423

10

15

20

25

30

15
the downer (8) is conically shaped with respect to a vertical axis and with the taper in
the downward direction, wherein the conically shaped inlet (17) is arranged inside the
vessel (16), and wherein the discharge opening (18) of the at least one riser (5) is
arranged to create a tangential fluid flow in vessel (16) around the conically shaped
inlet (17) of the downer.

11]  Anaerobic purification device according to one of the preceding claims,
wherein said device further comprises upper gas collecting means (10) for collecting
and removing gas from the fluid contained in the tank (14), the upper gas collecting
means (10) being provided between the water collecting means (11) and the at least one
gas collecting system (4).

12]  Use of the anaerobic purification device according to one of the preceding

claims,

13] Method of operating an anaerobic purification device for purification of

influent, such as waste water, the anaerobic purification device comprising:

e areactor tank (14);

o inlet means (12) for introducing influent into the tank (14), the inlet means (12)
being located in the lower section of the tank (14); water collecting means (11),
such as an overflow gutter, for collecting purified water, the water collecting means
being provided at the upper section of the tank (14) and defining a liquid surface
(21) in said reactor tank (14):

e at least one gas collecting system (4) for collecting gas from the fluid contained in
the reactor (14), the at least one gas collecting system (4) being arranged at a level
below the water collecting means (11);

e a gas-liquid separation device (6) arranged at a level above the water collecting
means (11);

e at least one riser (5) having a discharge opening (18) debouching into the separation
device (6), the at least one riser (5) being connected (20) to the at least one gas
collecting system (4) for raising fluid contained in the tank (14) by gas lift action
caused by gas collected in the at least one gas collection system (4);
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o adownsr (8) having an inlet (17) commencing into the separaﬁon”device (6) and an

outlet debouching in the lower section of the tank (14) for returning liquid separated
in the separation device, into the lower section of the tank;

the anaerobic purification device is operated with a head pressure of at least about 1.4
‘m water column (sbout 0,14 bar), said head pressure provailing in the downer (8) at the
level of the liquid surface (21). '

14] Method according to claim 13, wherein the head pressuré' is at least about 1.5 m
‘water column (about 0.15 bar), preferably at least about 1.6 m water colummn (0.16 bar).

15]  Method according to claim 13, wherein tho head pressure s at loast 1.8 — 2 m
water column (about 0.18-0.2 bar), such as 2.5-3 m water column (0.25-0.3 bat) or
more,

16]  Method according to one of claims 13-15, wherein the gas-liquid separator
device (6) comprises an essentially closed vessel (16), ‘and wherein the gas pressure
prevalhng in said vessel (16) is at lcast about 0.3 m water colurmn (about 0.03 bar),
such as at least about 0.5 m water column (about 0.05 bar).

171 Method according to claim 16, wherein the gas pressure prevailing in said
“vessel (16) is at most about 1.5 m water column (about 0.15 bar), such as at least about

1.2 m water column (2bout 0.12 bar).
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A method and' a device for purifying waste.water is

described, in particular for an anaerobic purification, in a

- container receiving a medium under the development of gas,

wherein the gas developing is caught by a gas collector,
ingredients of the mediwm entrained by the gas are separated
and the ingredicnts separated are pagsed back into the

medium below the gas collector. In order to improve the .

purification effect in a constructively simple manner, it is
suggested to take in medium from the upper portion of the
containet by a gas lifting effect of the rising gas and to
counduct it back into the container.
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1

METHOD AND A DEVICE FOR THE
PURIFICATION OF WASTE WATERS

FIELD OF THE INVENTION

The invention refers 1o 2 device for purifying waste water
of the type described in the preamble of ¢laim 1.

BACKGROUND OF THE INVENTION

A method of this type is known from EP 0 170 332 B1.
The known device operates anacrobic, preferably according
to the UASB method (upflow anaerobe sludge blanket) in
which a container is used in whose lower portion the waste
water to be purified is conducted and from whose upper
portion the purified water is let off. Anasrobic micro organ-
isms are active in the container. Stacked gas collectors in the
form of hoods are located in the waste water inlet and the
overflow for the purified water, The upper portion of the
hoods is connected to a gas-sludge separation means via a
line. The action of the micro organisms generates gas, which
settles down on the sludge so that this sludge floats towards
the top as so-called scum. This scum is caught by the hood
and gradually emits its gas so that it becomes heavier and
sinks back to the ground as so-called sinking studge. The gas
emitted by the pellets rises together with the free gas bubbles
caught by the hoods towards the top In the lines and thercby
entrains scum particles and fluid that was separated in the
gas-sludge separation chamber. The gas is purposefully
carried away while the fluid entrained, which may also
contain sludge particles, reaches a penstock, which leads
back to the bottom of the container. The purified waste water
reaches a discharge line in the upper portion of the container
via an overflow and is drawn off there. However, it proved
that the purification power of such containers still needs to
be improved. -

SUMMARY OF THE INVENTION

Thus, the invention is based on the object of providing a
method and a device for purifying waste water by means of
which the purification effect is optimized in a constructively
simple manner.

The object is solved by the features cited in claim 1. By
the method according to the invention of again sucking on
medium from the upper portion of the container and intro-
ducing it into the purification circle, a circulation of the
medium in the container is started or enforced, which leads
to a substantially improved purification effect, wherein by
the utilization of the gas lifting effect of the already sepa-
rated gas, this improved purification effect neither requires
energy nor complicated constructive modifications for
instance in already existing containers.

In a useful manner, the medium taken-in is conducted
back into the container together with those ingredients of the
medinm that were entrained during the gas accumulation.

Claim 3 describes an especially preferred device for
carrying out the method according to the invention.

To realize the improved purification effect according to
the invention, only one additional line exists between the
upper portion of the container and the gas collection line
which can of course also easily be retrofit in already existing
containers,

Advantageons embodiments of the device according to
the invention can be derived from subclaims 4 to 10.

BRIEF DESCRIPTION OF THE DRAWING

An embodiment of the device according to the invention
to carry out an embodiment of the method according to the
invention can be derived from the enclosed onty FIGURE,
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FIG. 1 shows a device 1 according to the invention for the
angerobic purification of waste water according to the
UASB method, which, however, is only shown schemati-
cally. The device is a development of the device that is
described in the unpublished German patent application 198
15 616 to which reference is hereby made.

DETAILED DESCRIPFTION OF THE
INVENTION

The device 1 includes an upright standing container 19
into which a waste water line 2 opens in the bottom portion
in which a sinking sludge zone provided with micro organ-
isms is located. The waste water line may be provided with
one of the conventional distributor systerns for the waste
water, which, however, is not shown. i

A plurality of gas collectors 3 are arranged in a mammer
stacked across the height of the container. In the embodi-
ment shown, the gas collectors 3 are grouped into two
systems, i.e. into a lower systern 34 and into an upper system
3b. Each of the gas collectors 3 is provided in the form of
oue of the knowan gas collector hoods having a downwardly
pointing opening, which extends across the largest horizon-
tal cross section of the hood and which has a vertical cross
section tapering towards the top. However, different forms
of gas collectors may also be used.

The gas collectors 3 of the lower system 3@ of the
container 19 according to the invention comprise lines 18
extonding through its ridge of the roof 11 and which are
welded in a gastight manner to the ridge 11. Each of the lines
18 projects from the ridge of the roof 11 a little bit further,
preferably 0.1 to 0.4 times the height of the gas collector
hood, downwardly into the gas collector hood and cornprises
a horizontal opening possibly provided with sludge repelling
means. Above the ridge of the roof 11, the lines 18 have an
inverted U-shaped bend 4, which is connecied fo a discharge
line 20. The opening of the inverted U-shaped curvature 4
into the discharge line 20 or the opening of the discharge line
20 into a total collector line formed as a riser 9 is located
some centimeters, preferably between 5 and 10 cm, above
the opening of the line 18 below the ridge of the roof 11, The
line 20, which is connected to all gas collectors 3 of the
system 3a, opens into the riser 9, i.e. a pipeline having a
cross section that is significantly diminished compared to the
cross section of the container 19. The riser 9 leads upwardly
into a gas-sludge separation means 13 arranged above the
container 19, A sinking line 10 leads from this gas-sludge
separation means 13 back into the container 19 and opens
with a downwardly projecting, horizontal opening below the
lower system 3a, and shortly above or within a sinking
sludge wone formed in the container 19.

The upper system 3b of the gas collector hoods 3 usually
serves for retaining scum for preveating this scum from
reaching the purified waste water. The gas collectors 3 of the
upper system 3b also comprise lines 21 opening upwardly
over the ridge of the roof 11, however, said lines opening
without the U-shaped bend 4 of the system 3¢ into a
discharge line 12, which in turn leads into the gas-sludge
separation means 13. Below the ridge of the roof 11, the
lines 21 are formed as the lines 18 of system 3a.

Some or all of the gas collectors 3 of the upper system 3b
may be connected to the sinking line 10 via a pipeline 16.
The pipeline is located in the part of the gas collector 3 in
which scum preferably collects.

Above the upper system 3b, an overflow 22 for the
purified water is located which determines the water level in
the container 19, said overflow opening into a water line 6.
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A return line 7, which is provided with a pump 8, leads out
of the water line 6 and back into the gas-sludge scparation
means 13. A first gas line 14 leads out of the gas-sludge
separalion means 13, said gas line guiding away the col-
lected bio gas for further processing, ¢.g. for the generation
of encrgy. A further gas line 16 leads out of the gas-sludge
separation meaps 13, with a pump 15 also being connected
into said gas line. The gas line 16 leads into the lower
portion of the riser 9 so that the gas can be returned for
supporting the lifting effect.

The riser 9 leads below the discharge line 20 with a
suction line 92 into the upper portion of the container 19 and
opens there below the overflow 22 for the purified water, i.e.
shortly below the water level.

The device according to the invention operates according
to the following method. The waste water to be purified, e.g.
organically highly contaminated water from the food or
paper industry, is conducted through the waste water line
into the lower portion of the container 19 and into the
sinking sludge layer existing there, which is provided with
micro organisms, preferably in the form of conventional
sludge pellets. The micro organisms decompose the organic
contaminations of the waste water, which leads to the
generation of gas. The gas rises in the form of gas bubbles
towards the fop and also gets caught on the sludge pellets,
so that they become lighter and start to float. The gas and the
gas-containing pellets floating in the form of scum reach the
portion of the first system 3z and are caught by the gas
collectors 3. The gas collects in a gas cushion 5 below the
ridge of the roof 11 and above a Jayer formed of scum, which
also gradually outputs its gas and sinks back as sinking
sludge. The gas reaches the U-shaped bend 4 via the linc 18,
In this curvature a gas cushion is formed, which prevents
rising and entraining of scum in the line 20. Thereby only the
gas reaches the riser 9 via the line 20. There, the gas causes
a strong, rising flow and thereby a vacuum at the intake
opening of the intake line 94, This vacusm causes medium
from the upper portion of the container including the still
exisling ingredients, i.¢. in particular substantially purified
water with scum residue retained by the overflow or possibly
residue gas, to be taken in and to be conducted back into the
gas-sludge separation means 13 together with the entrained
particles and the gas from the gas collectors, The mixture of
gas, taken-in sinking sludge and water from the upper
portion of the container 19 and from the portion below the
gas collector is separated in the gas-sludge separation means
13, wherein the gas normally is conducted via lines 14 for
further processing. The entrained sludge collects and is
flushed by the water downwards via the sinking line 10 into
the container 19, where it is relicved below the system 3a
into the container, sinks back to the ground and causes
turbulences there so that the micro organisms are rinsed by
the waste water again and therefore find optimum conditions
of life. Moreover, the waste water is subjected (o a second
cleaning process, and it is taken care that not too much
residue shudge collects at the overflow 22, that there is a risk
of the residue sludge being entrained into the purified water.
Finally, an advantageous intemal reactor circulation is gen-
erated in this manner without external energy, e.g. for a
pump, having to be supplied. When the sludge sinks down
from the separation means 13 through the sinking line 10,
scum is taken in via the tube 17, said scum having collected
below the gas collectors 3 of the upper systems 3b. This
enforces the swirliug effect effected by the returned sludge.

' A further enforcement of the swirling effect caused by the

sludge sinking back may be achieved by the aid of a siall
quantity of waste water that is already purified, which is
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taken by pump 8 of the water line 6 and which is pumped
back via line 7 into the separation means 13 where it helps
c;g'ectively flushing ount the sludge through the sinking line

The intake, in particular the start of the device 1, may be
supported in that gas or also air is pumped into the riser 9 via
the line 16 and the pump 13.

The scum and the gas bubbles, which were not yet canghi
by the lower system 3a or which have exited again when the
collection capacity was exceeded, reach the area of the upper
systermn 3b and are caught by the gas collectors 3 there. The
gas collecting in the ridge 11 is conducted via the straight,
vertical lines 21 and the line 12 into the separation means 13,
whereas the scum layer is either discharged via the tube 17
or, after outputting the gas, sinks back to the ground. The
purified waste water flows into the overflow 22 and there
reaches the water line 6.

1f needed, the device according to the invention may also
be operated additionally anaerobic, wherein oxygen at a
quantity of 1 to 3 volume percent is added to the gas-studge
separation means 13 for instance to obtain a biological
oxidation of the sulfur prevailing i the gas. A return of the
gas via the pump 15 and the line 16 is not carried out.

Usually, anaerobic decomposition processes have an opti-
mum between 25° C. and 37° C. By the higher flows it is
possible to lower the reaction temperature. The optimum
temperature for the method according to the invention is
between 10 and 37° C. This means a significant saving of
eneigy, since a heating of the waste water is no longer
required.

Furthermore, the upper reactor chambers of high reactors

may -be provided with a higher density of pellet foam,
thereby further increasing the cfficicncy. fn the case of
especially protein-containing or starch-containing waste
waters, which form so-called floating coagulates, these
waste waters may safely be conducted back into the ground
portion.

As a modification of the embodiment described and
shown, more than two gas collector systems may be
provided, or the container may contain only gas collectors of
the lower gas collector system if they are capable of keeping
away the scum from the overflow for the purified water. In
the case of particnlarly small reactor heights, the pump for
returning the gas into the riser may operate permanently. The
riscr may extend in the interior of the coptainer and the
sinking line may extend outside the container. It is also
possible to conduct the sinking studge not into the separation
means but via a branch line from the riser direcily into the
countainer. If it is ensured that only gas or predominantly gas
reaches the riser, the gas collectors may be equipped without
the U-shaped bend or with another gas-separation means, or
they may be connected with such a gas-separation means
connected in front of the riser. Finally, the mediom taken in
via the intake line, in particular if it contains few gas, or no
more gas, does not have to be conducted via the separation
means but it may directly reach iato the container.

What is claimed is:

1. A method of purifying waste water, in particular an
anacrobic purification, in a container receiving a medium
under the development of gas, wherein the gas developing is
caught by a gas collector, ingredients of the medium
entrained by the gas are separated and the ingredients
separated are passed back into the medium below the gas
collector, characterized in that caused by a gas lifting effect
of the rising gas, medium is taken in via an intake line from "’
the upper portion of the contaiger above the gas collector
and is conducted back into the container.
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[571 ABSTRACT

For the biological purification of waste water, use is made of
a column containing a UASB reactor (1) at the bottom and
an aerobic reactor (2) at the top. The two reactors (1; 2) are
separated from one another by a partition (12) in which
openings are provided to allow the anaerobic effluent
through into the aerobic reactor, The partition (12) is situated
at some distance above the gas collection means (8) in order
to form a buffer zone (13) for anacrobic sludge which has
flowed through. Preferably, a floatation apparatus (3) is
mounted on the aerdbic feactor in order to separate biomass
from the purified water.

8 Claims, 1 Drawing Sheet
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1

APPARATUS FOR THE BIOLOGICAL
PURIFICATION OF WASTE WATER

This is a continuation of co-pending international appli-
cation No. PCT/NL97/00592 filed on Oct. 29, 1997, which
designated the United States of America.

The invention relates to an apparatus for the biological
purification of waste water, comprising:

a first part being an upflow anaerobic sludge blanket
(UASB) reactor which has, at the bottom, a mixing
section (4), at the top gas collection means (8) for
collecting methane gas bubbles, and a fermentation
section (6) which is present between the mixing section
and gas collection means, which fermentation section is
intended for biomass and the water to be purified,

a second part being an aerobic reactor (2) mounted above
the UASB-reactor (1), said acrobic reactor comprising
means (14) for supplying air and/or oxygen, Such an
apparatus is disclosed in International Patent Applica-
tion W096/23735.

Acrobic purification requires a relatively large amount of
energy for aeration and results in a relatively large amount
of solid waste in the form of surplus. However, the quality
of the treated water is satisfactory. Anaerobic purification
requires little or no energy and the amount of excess sludge
is negligible. On the other hand, the quality of the treated
wafer is generally unsatisfactory. If anaerobic and acrobic
treatments are combined, the advantages of both methods
are utilized, while the disadvantages are reduced. In the
anaerobic part, the majority of the chemically oxidizable
material (for example, 75%) is converted into methane gas
the energy consumption and the sludge growth being low.
The residual contamination is converted into sludge-type
biomass and carbonic acid gas in the aerobic section. The
savings are especially appreciable in the case of somewhat
larger projects. In the case of small installations, the com-
bination of anaerobic and acrobic purification is less attrac-
tive because the savings do not offset the additional invest-
ment for an aerobic purification and because there is often
insufficient space. Mounting the anacrobic reactor and the
aérobic reactor above one another, preferably in one tank,
makes the combination of anaerobic and aerobic purification
profitable even for smaller projecis.

A possible drawback of the design disclosed in the
abovementioned international patent application is that the
anacrobic and the acrobic biomasses may mix with one
another at the position of the transition from the one reactor
to the other. As the result of the fact that the flow in the
aerobic reactor may be fairly turbulent, the anaerobic bio-
mass cannot sink back into the anaerobic reactor, which
adversely affects the purification efficiency.

The abject of the invention is o avoid this drawback and,
for this purpose, the method mentioned in the introduction
is characterized by a third part being a buffer zone for
anaerobic sludge which has flowed upwards through the gas
collection means, said buffer zone being confined at the top
by a partition provided with openings and at the lower side
by said gas collection means, said means for supplying air
and/or oxygen being mounted above said buffer zone.

The partition ensures, inter alia, that the anacrobic sludge
does not end up in the aerobic reactor and the aerobic sludge
cannot sink into the anaerobic reactor. The aerobic effluent
can flow into the aerobic reactor via the openings in the
partition. In the calm buffer zone, any anaerobic sludge
which has got in can be collected so that it can sink back into
the anacrobic reactor charnber.

It is pointed out that the JP-A-61274798 (abstract) dis-
closes an apparatus for treating organic waste water com-
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prising a vessel having an anaerobic reactor in the lower part
and an aerobic reactor in the upper part. Befween both
reactors a partition is situated to which pressurized air is
supplied to inject air bubbles into the acrobic reactor. There
is no buffer zone formed between the partition and gas
collection means. Consequently the problem of avoiding
anaerobic sludge from fowing into the acrobic reactor is not
solved. Further the anaerobic reactor is not an UASB-
reactor.

In addition, DE-A-4411825 discloses an apparatus for
purification of waste water having an anaerobic section in
the lower part and an aerobic section in the upper part. The
organic substances are floculated by an iron salt and the
flocks and sludge of the aerobic part are introduced into the
anaerobic part. There is no combination of a partition and a
buffer zone to avoid anaerobic sludge from flowing into the
aerobic section and aerobic sludge from flowing into the
anaerobic section; on the contrary. Further U.8. Pat. No.
5,147,547 relates to an oxitdation and biological reduction
reactor for liguid to be treated by uwpward circulation and
recirculation. A vessel is filled by a lower layer of lower
density than the liquid to be treated and an upper layer of
higher density than the liquid to be treated. A partition is
situated between said lower and upper layers. The partition
is provided with pintles as a central tube. This reactor does
not give any indication to solve the problem of the solution
on which the present invention is directed.

It is pointed out that the operation of the UASB reactor
can be improved in a manner known per se by recirculating
some of the effluent with the aid of the biogas acting as an
internal pump (gas lift). In addition, some of the aerobic
effluent can be recirculated via the anaerobic reactor in order
to bring about denitrification.

In order to separate the aerobic biomass from the purified
liquid, sludge separation means, for example a foatation
apparatus, are preferably mounted on the acrobic reactor.

An efficient embodiment of the aerobic section comprises
a central riser for feeding water up out of the aerobic reactor
into a mixing chamber into which there debouches a pipe for
supplying gas-bubble-rich recirculation water (white water).
In addition, the mixing chamber mentioned may debouch at
the top into a comfact chamber in which water originating
from the aerobic reactor, the gas-bubble-rich water aud the
water present in the floatation apparatus can mix with one
another. 1

To remove the aerobic sludge separated, there may be
provided, above the usual liquid level in the floatation
apparatus, a floating layer skimmer which feeds the sludge
which has collected on the liquid to a central sludge tank
which is connected to a sludge recirculation pipe.

A drainage pipe having an expansion valve for the
removal of foam and air can be provided at the top of the
aerobic tank underneath the bottom of the floatation appa-
ratus.

Water can be entrained with the gas from the anaerobic
reactor by means of a gas-lift action. In order to separate said
water from the gas and, af the same time, fo promote the
recirculation, the gas removal means of the anaerobic reactor
can be connected, via a riser, to a gas chamber which is
conpected in tuin via a downer (downcomer) to the mixing
charmber just above the bottom of the apparatus.

Said mixing chamber just above the bottom of the appa-
ratus is separated from the anaerobic reactor by a partition
having openings.

Another oxygen-containing gas can also be fed into the
acrobic reactor instead of air.

The invention will now be explained in greater detail by
reference to the FIGURE which shows a diagrammatic
reproduction of the apparatus according to the invention.
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The apparatus shown is intended fo purify waste water
biclogically and comprises an anaerobic reactor 1 of the
UASB type, an acrobic reactor 2 and a floatation chamber 3.
Said units are situated in a single, relatively high column (for
example, 10 to 25 meters high). Said column is preferably a
single tank.

.The lowermost section—the UASB reactor 1-—is pro-
vided at the bottom with a mixing chamber 4 into which the
influent pipe 5 debouches. Said mixing chamber is separated
from the actual anaerobic fermentation chamber 6 by a
partition 7 having flow-through openings. Facilities known
per se may be present in the mixing chamber 4 in order to
mix the influent, for example tangentially debounching inle
pipes. ‘

In the UASB reactor, contaminants are converted into
methane, Provided in the uppermost section of the UASB
reactor are gas collection hoods in which the methane
formed in the chamber 6 is collected and fed via a riser 9 to
a gas chamber 10. Water entrained with the gas collects in
the chamber 10 and is fed back via a downcomer 11 to the
mixing chamber 4.

The UASB reactor 1 is separated from the aerobic reactor
2 by a partition 12 having openings. Sifuated between the
gas hoods 8 and the partition 12 is a buffer space 13 in which
anaerobic sludge which has passed through the hoods 8 can
collect so that it can sink back into the anacrobic reactor 1.
The buffer space 13 is calm.

Situated above the partition 12 arc means 14 for feeding
air and/or oxygen into the aerobic reactor. In said reactor,
contaminants are converted into essentially carbonic acid
and biomass by means of acrobic bacteria. The licuid level
in the reactor 2 is indicated by 15 and the closed partition
between the aerobic reactor 2 and the floatation chamber 3
is indicated by 16.

The purified water which becomes superfluous as a result
of feeding effluent from the UASB reactor leaves the acrobic
reactor via the central pipe 17 and ends up in a mixing
chamber 18 into which water with air dissolved into it can
be fed via a pipe 19. At the end of the pipe 19 there is an
expapsion valve 20. Air bubbles which give the water a
white colour are produced by the expansion.

The mixing chamber is followed by a contact chamber 21
in which the white water mixes with the water in the
floatation chamber 3, as a result of which flocs are formed
which are driven upwards by the air bubbles. A floating layer
of biomass forms on the water in the floatation chamber.

By means of a floating layer skimmer 22, the biomass is
fed into a central sludge tank 23 in which it is removed from
the floatation chamber 3 via the pipe 24. The biomass can be
fed back to the acrobic reactor 2. The effluent from the
aerobic treatment leaves the floatation chamber 3 via the
annular pipe 25 and the drainage pipe 26 and can be
discharged into the sewer or the surface water free of sludge
and solid matter. The excess biomass can be drained at set
times to a sludge storage apparatus.

Situated at the position of the liquid level 15 in the acrobic
reactor 2 is an outlet 27 for air together with any foam which
debouches via the expansion valve 29 into a pipe 30 for
removing air and a pipe 31 for removing foam.

Because the complex treatment (anaerobic, aerobic,
floatation) takes place in a column having a relatively great
height (10-25 meters), little fioor space is occupied. In
addition, a number of components are not needed which
would indeed be nceded in the case of a separate
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construction, such as drainage guiters, covering materials
and ventilation facilities.

It goes without saying that all kinds of modifications and
additional facilities are possible. For example, some of the
acrobic effluent could be recirculated via the UASB reactor
in order to bring about denitrification. The aeration could
then be different from that described. Instead of air, pure
oxygen can also be used.

What is claimed is:

1. Apparatus for the biological purification of waste water,
comprising:

a first part being an upflow anacrobic sludge blanket
(UASB) reactor which has, at the botiom, a mixing
sectiop (4), at the top gas collection means (8) for
collecting methane gas bubbles; and a fermentation
section (6) which is present between the mixing section
and gas collection means, which fermentation section is
intended for biomass and the water to be purified,

a second part being an aerobic reactor (2) mounted above
the UASB-reactor (1), said aerobic reactor comprising
means (14) for supplying air and/or oxygen, character-
ized by
a third part being a buffer zone (13) for anaerobic

sludge which has flowed upwards through the gas
collection means, said buffer zone being confined at
the top by a partition (12) provided with openings
and at the lower side by said gas collection means
(8), said means (14) for supplying air and/or oxygen
being mounted above said buffer zone (13).

2. Apparatus according to claim 1, characterized in that
sludge separation means, for example s floatation apparatus
(3), are mounted on the acrobic reactor (2) in order to
separate biomass from the purified water.

3. Apparatus according to claim 1, characterized in that a
central riger (17) is situated in the acrobic reactor (2) which
is intended to feed water up out of the aerobic yreactor (2) into
a mixing section (18) into which there debouches a pipe (19)
for supplying gas-bubble-rich water (white water).

4. Apparatus according to claim 3, characterized in that
the mixing section (18) mentioned debouches at the top into
a contact chamber (21) in which water originating from the
acrobic reactor, the gas-bubble-rich water and the water
present in the floatation apparatus mix with one another.

5. Apparatus according to claim 1 inclusive, characterized
in that there is provided, above the usual liquid level in the
foatation apparatus, a floating layer skimwmer (22) which
feeds the sludge which has collected on the liquid to a
central sludge tank (23) which is comnected to a sludge
drainage pipe (24).

6. Apparatus according to claim 2, characterized in that,
a drainage pipe (28) having a reducing valve (29) for the
removal of air and foam is provided at the top of the acrobic
reactor (2) underncath the bottom (19) of the floatation
apparatus (3).

7. Apparatus according to claim 1, characterized iu that
the gas removal means (8) of the UASB reactor (2) are
connected, via a riser (9), to a gas chamber (19) which is
connected in turn via a downer (downcomer) (11) to the
mixing chamber (4) just above the boitom of the apparatus.

8. Apparatus according to claim 7, characterized in that
the mixing section (4) mentioned just above the bottom of
the apparatus is separated from the UASB reactor (1) by a
partition (7) having openings.
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Anaerobic purification equipment for waste water.

The invention relates to an anaerobic purification
equipment for waste water comprising a container with a reactor
chamber for fermentation, means for introducing influent into the
reactor chamber, at least one overflow gutter for collecting
purified water by overflow, and, fitted below the level of the
overflow gutter, a collecting system for collecting and removing gas
from the liouid.

First subjecting waste water which contains organic
material to a process in which the organic material is broken down
into substances soluble in water, in particular fatty acids and then
treating the water pretreated in this manner under anaercbic
conditions by contact with granular sludge which contains methane-
producing microorganisms, methane being produced which is separated
from the liquid which still contains sludge, is known. The treated
water (effluent) is removed via overflows. For the anaerobic
fermentation the theoretical residence time of the liguid in the
reactor is determined by the hydraulic flow in conjunction with the
total capacity of the equipment including the settling chamber. The
optimm residence time of the liquid in the reactor is determined,
provided there is sufficient sludge present, among others by the COD
concentration of the waste water. It has been found that with a
residence time of several hours a purification of as much as 90 &
can be reached. The extent to which such a purification efficiency
can be maintained over a long period also depends on the sludge
retention. In particular, care must be taken to ensure that on
average no more sludge is rinsed out of the reactor than can be
formed in a certain period of time. If a high hydraulic flow is used
with a low COD concentration in the influent, there is a
considerable risk that the internal settler will not be capable of
preventing a large amount of sludge being flushed out. A factor
which is of importance in this connection is the hydraulic surface
loading of the settler.

Because there is a difference in density between the
settled sludge mass in the settling chamber and the mixture of
sludge particles, waste water and small gas bubbles in a reactor,
the settled mass is partially stirred up. As a result of the
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turbulence produced by this in the uppermost part of the reactor an
excessive quantity of sludge will be flushed out of the reactor, To
this must be added the fact that so much methane has penetrated into
a portion of the sludge grains that the grains have become lighter
than the ambient liguid. This limits the load capacity of the
reactor to a considerable extent. o

From Dutch Patent Application 82.01293 it is known that
the “"gas-lifting recirculation" of the settled mass can be
controlled by creating an overpressure in the gas-collecting
chanber. According to this publication the overpressure required for
this is at most 30 % of the static pressure in the reactor. This
measure therefore prevents a portion of the settled mass being
removed with the overflow as a result of uncontrolled gas evolution.
A disadvantage of this method is that as a result of the
implementation of this type of method, installations are required
which withstand pressure, and this entails a considerable increase
in the cost price.

The invention aims to overcome the disadvantages described
above and to create a reactor of the type mentioned in the
introduction in which a good control of the gas-lifting effect can
be achieved without overpressure being produced in the reactor.

According to the invention for this purpose at least one
additional collecting system for collecting gas and buoyant sludge
is fitted at a distance below the first-named collecting system.
which additional system has a hydraulic link with at least one
rising pipe for raising the liquid sludge mixture by gas lift
action, said rising pipe discharging into a separation device for
separating gas and liquid.

In view of the fact that gas and buoyant sludge are
trapped at a considerable distance below the liquid level and are
conveyed further via the said rising pipe or rising pipes, an
essentially turbulence-free flow can occur in the uppermost section
of the reactor. This increases the load capacity. At the top clean
effluent is obtained.

It is.of importance that the buoyant sludge which is
carried along with the gas to the rising pipe or rising pipes is
separated and returned to the reactor. While a guiet, eddy-free flow
is required at the top of the reactor, good mixture of sludge and
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fluid will be required at the bottom of the reactor. For this
purpose the heavy sludge has to be fluidised.

In a preferred embodiment according to the invention this
fluidisation can be achieved in the bottom section of the reactor
with the aid of the energy from the gas lifting in the rising pipe
or rising pipes described provided that from said separation chamber
at least one downpipe for returning separated liquid and sludge
extends to the bottom section of the reactor chamber.

The gas will have to be freed from the entrained foam. For
this purpose use can be made of a defoamer for separating gas and
foam, which defoamer is connected to a separation device and has an
outlet connection for separated liquid to the said downpipe.

It is preferable that the first-named collecting system is
also connected to the said separation device.

The additional collectinc system will have to collect the
gas and the buoyant sludge as completely as possible and will have
to carry it off to the rising pipe or rising pipes without the
rising liquid being excessively accelerated by constriction of the
cross-section. In particular, such an acceleration would per se
cause disturbance in the uppermost section of the reactor. According
to the invention this is catered for by the fact that at least the
said additional collecting system has a number of hoods arranged in
layers, the hoods in each layer having a certain offset in relation
to the hoods of a subsequent layer and that the cross-sectional area
occupied by the hoods in one layer is at most 55 & of the total
cross—sectional area.

Within a relatively large reactor container the various
pipes can be accamodated in a space-saving manner if within the
container there is a number of said rising pipes which alternate
with pipes provided by said collecting systems for conveying the
purified liquid to an overflow gutter and with at least one down-
pipe, the various pipes being hexagonal and adjoining each other in
a honeycamb pattern.

The invention will now be explained in more detail by
reference to the figures in which two exemplary embodiments are
shown more or less diagrammatically.

Figure 1 shows a vertical section of the first
embodiment.



10

15

20

35

. 0170332

Figure 2 shows on a larger scale a detail of the
collecting system, of this embodiment, for collecting gas and
buoyant sludge.

Figure 3 shows a plan view of the collecting systenm
according to Figure 2.

Figure 4 shows a vertical section of a second embodiment.

Figure 5 shows a horizontal section along the line V-V in
Figure 4. " .

he anaerobic purification equipment shown in Figures 1 ~
3 comprises a tall container 1 into the bottom end of which there
discharges an inlet 2 for influent. Near the upper rim of the
container effluent gutters 3 are fitted which are connected to a
drain pipe 4. Within the container two collecting systems 5 and 6
for gas and buoyant sludge are fitted, each consisting of hoods
fitted at four levels 5a, b, ¢, d and 6a, b, ¢, d respectively which
to some extent slope in the direction of a central rising pipe 7.

During operation fermentation takes place particularly in
the bottom section of the reactor under anserobic conditions as a
result of contact between sludge grains and substances soluble in
water such as fatty acids, methane being formed. A portion of the
sludge grains absorb so much methane that they became lighter than
the ambient fluid. In order to achieve a quiet, turbulence-free flow
in the uppermost part of the reactor and to ensure that virtually no
sluige is carried off with the effluent, there is fitted at a level,
which is at a substantial distance below the overflow gutters 3, a
collecting system which quides the gas and the buoyant sludge into
the rising pipe 7. In the pipe 7 the gas and sludge collected by the
system 5 end up in a constricted section of pipe 7' which is fitted
inside the unconstricted section of pipe 7. The collecting system 6
guides the collected gas and possibly some foam into the un-
constricted section of pipe 7. Both the sections 7 and 7' discharge
into a separation chamber B where liquid and gas are separated from
each other. Liquid gathers at the bottom of the separation chamber 8
and flows via a downpipe 9 to the bottom section of the reactor. A
pipe 12 extends between the separation chamber 8 and a defoamer 11
in which sludge and liquid are separated from gas. Liquid with
sludge is guided to the downpipe 9 through pipe 10.

As a result of the fact that the gas has been remoed fram
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it, the liquid column in the pipe 9 is heavier than the ambient
liquid in the reactor 1. This means that a fairly powerful downward
flow is produced in the downpipe 9 which stirs up the relatively
heavy sludge at the bottam of the reactor. In addition, separated

- sludge is returned to the bottom section of the reactor. In a simple

way the effect is therefore achieved that tranquility prevails at
the top of the reactor and heavy sludge and influent at the bo'c.tan
of the reactor are thoroughly mixed by turbulence.

The construction of the collecting systems 5 and 6 is such
that accelerations of the flow by constrictions of the cross-section
are to a large extent limited. Figures 2 and 3 show that in each of
the layers 5a, 5b, 5c and 538 two gas hoods are fitted, the two gas
hoods in each level occupying less than half the cross-sectional
area. The hoods of successive layer overlap each other and the hoods
of the four layers together cover the whole cross-sectional area.
The cross-sectional area of the reactor occupied by the hoods of a
single layer should not be more than 55 & of the total cross-section
and preferably less (for exawple, less than 50 %). The outlines of
the various hoods are indicated in Figure 3 by the reference figure
of the layer concerned.

It is possible to combine a number of embodiments
according to figures 1, 2 and 3 into a big reactor container. -

Figures 4 and 5 show a second embodiment in which the
reactor has a much larger cross-sectional area and is filled wif:h a
large number of hexagonal pipes. The reactor container is indicated
by 21, the influent inlet by 22, annular effluent gutters by 23 and
the main drain for effluent by 24. The gutters 23 and the main drain
24 are connected to each other by pipes 25.

Within the container there are arranged approximately
fifteen hexagonal reactor pipes 26, three combined hexagonal rising
pipes 27, and a central hexagonal pipe 28. In this last-named is
mounted a downpipe 29 which, in contrast to the hexagonal pipes 26,
27 ard 28, extends almost t0 the bottom of the reactor 21. The pipes
26, 27 and 28 are arranged in a honeycomb pattern. |

In each of the reactor pipes 26 there are gas-collecting
systems 5, 6 at two levels, These have the same construction and
position in relation to each other as described in comnection with

Figures 1, 2 and 3. ‘The gas-collecting systems 5 at the relatively
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low level guide the collected gas and buoyant sludge to a rising
pipe 7 which narrows connection pipe 30. One or more connection
pipes 30 are comnected to a combined rising pipe 27. In the combined
rising pipe 27 there is acconmodated a pipe 31 of considerably
emaller cross-section which is joined to the pipe 27 by an adaptor
32, Each of the three pipes 31 discharges at its upper rim into a
separation chamber 33, the three chambers 33 being connected via
connecting pipes 34 to a defoamer 35 and connected via connecting
pipes 36 to a funnel 37 into which the central downpipe 29
debouches. The defoamer has a gas outlet 38 and a liquid drain 39.

Also pipe 28 has a gas collecting system 40 collecting gas
bubbles and guiding gas to a rising pipe. Pipe 28 is closed above
system 40.

The gas~collecting systems 6 are located in each of the
reactor pipes 26 immediately below the annular overflow gutters 24
for effluent. These systeins collect the residual gas and fozm and
guide them to a rising pipe 7 which debouches into a gas-liquid
separator 41. The fluid separated in the latter is conveyed via
pipes 42 and a conbined chamber 33 to the downpipe 29. The gas
obtained is combined with the gas from the defoamer 35.

In this reactor, which is more complicated compared with
Figures 1, 2 and 3, the effect is also achieved that gas and buoyant
sludge are removed from the reactor pipes 26 at a relatively Tow
level via the collecting systems 5 and the pipes 27, 32, 21 so that
in the uppermost part of the reactor pipes 26 tranguility prevails
and effluent containing virtually no sludge can flow into the
gutters 23, In addition, the heavy sludge at the bottom of the
reactor will be stirred up by the relatively heavy liquid which
flows downwards from the combined funnel 37 through the downpipe 29.
The mixing of influent and sludge is considerably improved as a
result. The excess and even dangerous kinetic potential energy of
the gas in the uppermost regions of the reactor is used to bring
about the necessary mixing and fluidisation in the bottom reagions.

Within the scope of the invention various modifications
are possible. The embodiments drawn and described are only examples.
All the embodiments have in common that a significant portion of the
gas evolved during the fermentation and the buoyant sludge are
collected before they can reach the uppermost section of the reactor
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and that the liquid propelled up in this process by the gas-lifting
action is separated from gas and the potential energy of the
relatively heavy liquid column is used via a recirculating flow to
obtain the stirring necessary for a thorough mixing and fluidisation
at the bottom of the reactor. Power present at the top of the
reactor is taken to the bottam. The load capacity of the reactor is
considerably increased as a result of the tranquility at the top and
the turbulence at the bottom. The special construction of the
overlapping gas hoods off-set in layers results in a good collection
of gas and buoyant sludge without noticeable accelerations of the
liquid.,
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CLAIMS

1. Anaerobic purification equipment for waste water
comprising a container with a reactor chamber for fermentation,
means for introducing influent into the reactor chamber, at least
one overflow gutter for collecting purified water by overflow, and,
fitted below the level of the overflow gutter, a collecting system
for collecting and removing gas from the liquid, characterised in
that at least one additional collecting system (5) for collecting
gas and buoyant sludge is fitted at a distance below the first-named
collecting system (6), which additional -system (5) has a hydraulic
link with at least one rising pipe (7, 7', 27, 32, 31) for raising
the liquid-sludge mixture by gas lift action, said rising pipe
discharging into a separation device (8; 33) for separating gas and
liquid.

2. Rnaercbic purification equipment according to claim 1,
characterised in that from said separation device (8; 33) at least
one downpipe (9; 28) for returning separated liquid and sludge
extends to the bottom section of the reactor chamber.

3. Anaerabic purification equipment according to claim 2,
characterised in that a defoamer (11; 35) for separating gas and

foam is connected to the separation device (8; 33), which defoamer
has an outlet comnection for separated liguid to the said downpipe
(9; 29).

4. Rnaerobic purification equipment according to claim 2
or 3, characterised in that the first-named collecting system (6) is
also linked to the said separation device (8; 33).

5. Anaerobic purification equipment according to one of
the preceding claims, characterised in that at least the said
additional collecting system (5) has a number of hoods arranged in
layers, the hoods in each layer having a certain offset in relation
to the hoods of a subsequent layer and the cross-section occupied by
the hoods in a layer being at most 55 % of the total cross-sectional
area,

6. Anaerobic purification equipment according to one of
the preceding claims, characterised in that within the container (1)
there are a mmber of cambined rising pipes (27), which alternate

with the pipes (26) provided by the said collecting systems (5, 6),
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Description

The invention relates to an anaerobic purifica-
tion equipment for waste water comprising a
container with a reactor chamber for fermenta-
tion, means for introducing influent into the reac-
tor chamber, at least one overflow gutter for
coilecting purified water by overflow, and fitted
below the level of the overflow gutter, a collecting
system for collecting and removing gas from the
liquid.

First subjecting waste water which contains
organic material to a process in which the organic
material is broken down into substances soluble
in water, in particular fatty acids and then treating
the water pretreated in this manner under
anaerobic conditions by contact with granular
sludge which containg methane-producing
microorganisms, methane being produced which
is separated from the liquid which still contains
sludge, is known. The treated water {effluent) is
removed via averflows, For the anaerobic fermen-
tation the theoretical residence time of the liquid
in the reactor is determined by the hydraulic flow
in conjunction with the total capacity of the
equipment including the settling chamber, The
optimum residence time of the liquid in the
reactor is determined, provided there is sufficient
sludge present, among others by the COD con-
centration of the waste water. It has been found
that with a residence time of several hows a
purification of as much as 90% can be reached.
The extent to which such a purification efficiency
can be maintained over a long period also
depends on the siudge retention. In particular,
care must be taken to ensure that on average no
more sludge is rinsed out of the reactor than can
be formed in a certain period of time. if a high
hydraulic flow is used with a low COD concen-
tration in the influent, there is a considerable risk
that the internal settier will not be capable of
preventing a large amount of sludge being
flushed out. A factor which is of importance in this
connection is the hydraulic surface loading of the
settler, :

Becausa there is a difference in density
between the settled sludge mass in the settling
chamber and the mixture of sludge particles,
waste water and small gas bubbles in a reactor,
the settied maass is partially stirred up. As-a result
of the turbulence produced by this in the
uppermost part of the reactor an excessive quan-
tity of sludge will be flushed out of the reactor. To
this must be added the fact that so much methane
has penetrated into & portion of the sludge grains
that the grains have become lighter than the
ambient liquid. This limits the load capacity of the
reactor to a considerable extent.

From Dutch Patent Application 82.01293 it is
known that the “gas-lifting recirculation” of the
settled mass can be controlled by creating an
overpressure in the gas-collecting chamber.
According to this publication the overpressure
required for this is at most 30% of the static
pressure in the reactor. This measure therefore
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prevents a portion of the settied mass being
removed with the overflow as a result of uncon-
trolled gas evolution. A disadvantage of this
method is that as a result of the implementation
of this type of method, installations are required
which withstand pressure, and this entails &
considerable increase in the cost price.

The invention aims to overcome the dis-
advantages described above and to create a
reactor of the type mentioned in the introduction
in which a good control of the gasdifting effect
can be achieved without overpressura being pro-
ducsd in the reactor.

According to the invention for this purpose at
least one additional collecting system for collect-
Ing gas and buoyant sludge is fitted at a distance
helow the first-named collecting system which
additlonal systern has a hydraulic link with at least
one rising pipe for raising the liquid sludge
mixture by gas [ift action, said rising pipe dis-
charging into a separation device for separating
gas and liquid.

In view of the fact that gas and bupyant sludge
are trapped at a considerable distance below the
liquid level and are conveyed further via the said
rising pipe or rising pipes, an essentially turbu-
lence-free flow ¢an occur in the uppermost sec-
tion of the reactor. This increases the load
capauity. At the top c¢lean effluent is obtained,

it is of importance that the buoyant sludge
which is carried along with the gas to the rising
pipe or rising pipes is separated and returned to
the reactor. While a quist, eddy-free flow is
required at the top of the reactor, good mixture of
sludge and fluid will be required at the bottom of
the reactor. For this purpose the heavy sludge has
to be fluidised.

in a preferred embodiment according to the
invention this fluidisation can be achieved in the
bottomn section of the reactor with the aid of the
energy from the gas lifting In the rising pipe or
rising pipes described provided that from said
separation chamber at least one downpipe for
returning separated liquid and sludge extends to
the bottom section of the reactor chamber.

The gas will have to be freed from the entrained
foam. For this purpose use can be made of a
defoamer for separating gas and foam, which
defoarner is connected to a separation device and
has an outlet connection for separated liquid to
the said downpipe.

It Is proferable that the first-named collecting
system Is also connected to tha said separation
device.

The additional coliecting system will have to
collect the gas and the buoyant sludge as com-
pletely as possible and will have to carry it off to
the rising pipe or rising pipes without the rising
liquid being excessively accelerated by canstric-
tion of the cross-section. In particular, such an
aceeleration would per se cause disturbance In
the uppermost section of the reactor. According
to the invention this is catered for by the fact that
at least the said additional collecting system has a
number of hoads arranged in layers, the hoods in
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each layer having a certain offset in relation to the
hoods of a subsequent layer and that the cross-
sectional area occupied by the hoods in one layer
is at mast 55% of the total cross-sectional grea.

Within a relatively large reactor container the
various pipes can bs accommodated in a space-
saving manner if within the container thare is 2
number of said rising plpes which siternate with
pipes provided by said collecting systems for
conveying the purified liquid to an overflow gut-
ter and with at least one downpips, the various
pipes being hexagonal and adjoining eath other
in a honeycomb pattern.

The invention will now be explained in more
detail by reference to the figures in which two
exemplary embadiments are shown maore or less
diagrammatically.

Flgure 1 shows a vertical section of the first
embodiment.

Figure 2 shows on a larger scale a detail of the
collecting system, of this embodiment, for coilect-
ing gas and buoyant siudge.

Figure 3 shows a plan view of the collecting
system according to Figure 2.

Figure 4 shows a vertical section of a second
embodiment.

Figure 5 shows a horizontal section along the
line V—V in Figure 4.

‘The anaerobic purification equipment shown In
Figures 1--3 comprises a tall container 1 into the
bottom end of which there discharges an inlet 2
for influent. Near the upper rim of the container
effluent gutters 3 are fitted which are connected
to a drain pipe 4. Within the container twg
collecting systems 5 and 6 for gas and buoyant
siudge are fitted, each consisting of hoods fitted
at four levels 6a, b, ¢, ¢ and 8a, b, ¢, d respectively
which to some extent slope in the direction of a
central riging pipe 7.

During operation fermentation takes place par-
ticularly in the bottom section of the reactor under
anaerobic conditions as a result of contact
between sludge grains and substances saluble in
water such as fatty acids, methane being formed.
A portion of the sludge grains absorb so much
methane that they become lighter’ than the
ambient fluid. In order to achiave a quiet, turbu-
lenca-free flow in the uppermost part of the
reactor and to ensure that virtually no siudge is
carried off with the effluent, there is fitted &t a
level, which is at a substantial distance below the
overflow gutters 3, a collecting system which
guides the gas and the buoyant sludge into the
rising pipe 7. in the pipe 7 the gas and sludge
collected by the system 5 end up in a constricted
section of pipe 7' which is fitted ingide the
unconstricted section of pipe 7. The collecting
system 6 guides the collected gas and possibly
some foam into the unconstricted section of pipe
7. Both the sactions 7 and 7’ discharge into a
separation chamber 8 where liquid and gas are
separated from each other. Liquid gathers at the
bottom of the separation chamber 8 and flows via
a downpipe 9 to the bottom section of the reactor.
A pipe 12 extends betwesn the separation
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chamber 8 and a defoamer 11 in which sludge
and liquid are separated from gas. Liquid with
sludge is guided to the downpipe 9 through pipe
10.

As a result of the fact that the gas has been
ramoved from it, the liquid column in the pipe 9 is
heavier than the ambient liquid in the reactor 1.
This means that a fairly powerful downward flow
is produced in the downpipe 9 which stirs up the
relatively heavy sludge at the bottom of the
reactor. in addition, separated sludge is returned
to the bottom section of the reactor. In a simple
way the effect is therefore achieved that tranquil-
ity prevails at the top of the reactor and heavy
sludge and influent at the bottom of the reactor
are thoroughly mixed by turbulence.

The construction of the collecting systems 5
and 6 is such that accelerations of the flow by
constrictions of the cross-section are to a large
extent limited. Figures 2 and 3 show that in each
of the layers 5a, bb, 5¢ and 5d two gas hoods are
fitted, the two gas hoods in each level occupying
less than haif the cross-sectional area. The hoods
of successive layer overlap each other and the
hoods of the four layers together cover the whole
cross-sectional area. The cross-sectional area of
the reactor occupied by the hoods of a single
layer should not be more than 55% of the total
cross-gsection and preferably less (for example,
less than 50%). The outlines of the various hoods
are indieated in Figure 3 by the reference figure of
the layer concerned.

It is possible to combine a number of embodi-
ments according to figures 1, 2 and 3 into a big
reactor container,

Figures 4 and 5 show a second embodiment in
which the reactor has a2 much larger cross-sec-
tional area and is filled with a large number of
hexagonal pipes. The reactor container is indi-
cated by 21, the influent infet by 22, annular
effluent gutters by 23 and the main drain for
effluent by 24. The gutters 23 and the main drain
24 are connected to each other by pipes 25.

Within the container there are arranged
approximately fifteen hexagonal reactor pipes 26,
three combined hexagonal rising pipes 27, and a
central hexagonal pipe 28. In this last-named is
mounted a downpipe 29 which, in contrast to the
hexagonal pipes 26, 27 and 28, extends almost to

- the bottom of the reactor 21. The pipes 26, 27 and

28 are arranged in a honeycomb pattern.

In each of the reactor pipes 26 there are gas-
collecting systems 5, 6 at two levels, Thess have
the same construction and position in relation to
each other as described in connection with Fig-
ures 1, 2 and 3. The gas-collecting systems 5 at
the relatively low level guide the collected gas
and buoyant sludge to a rising pipe 7 which
narrows connection pipe 30. One or more connec-
tion pipes 30 are connected to a combined rising
pipe Z7. In the combined rising pipe 27 there is
accommodated a pipe 31 of considerably smaller
cross-section which Is joined to the pipe 27 by an
adaptor 32. Each of the three pipes 31 discharges
at its upper rim into a separation chamber 33, the
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thres chambers 33 being connected via connect-
ing pipes 34 to a defoamer 35 and connested via
connacting pipes 36 to a funnel 37 into which the
central downpipe 28 debouches. The defoamer
has § gas outlet 38 and a liquid drain 38.

Also pipe 28 has a gas collecting system 40
collecting gas bubbles and guiding gas to a rising
pipe. Pipe 28 is closad above system 40.

The gas-collecting systems 6 are located in each
of the reactor pipes 26 immediately below the
annular overflow gutters 24 for effluent. These
systems collect the residual gas and foarn and guide
them to a rising pipe 7 which debouches into a gas-
liquid separator 41. The fluid separated in the latter
is conveyed via pipss 42 and a combined chamber
33 to the downpipe 29, The gas obtained is com-
bined with the gas from the defoamer 35.

In this reactor, which is more complicated
compared with Figures 1, 2 and 3, the effect is
also achieved that gas and buoyant sludge are
removed from the reactor pipes 26 at a relatively
law level via the collecting systems 5 and the
pipes 27, 32, 21 so that in the uppermost part of
the reactor. pipes 26 tranquility prevails and
effluent containing virtually no sludge can flow
into the gutters 23. In addition, the heavy sludge
at the bottom of the reactor will be stirred up by
the relatively heavy liquid which flows down-
wards from the combined funnel 37 through the
downpipe 29, The mixing of influent and sludge is
considerably improved as a result, The excess
and even dangerous kinetic potential energy of
the gas in the uppermost regions of the reactor is
used to bring about the necessary mixing and
fluidisation in the bottom regions.

Within the scope of the invention various modi-
fications are possible. The embodiments drawn
and described are only examples. All the embodi-
ments have in common that a significant portion
of the gas evolved during the fermentation and
the buoyant sludge are collected before they can
reach the uppermost saction of the reactor and
that the liquid propelied up in this pracess by the
gas-jifting action is separated from gas and the
potential energy of the relatively heavy liquid

column is used via a recirculating flow to obtain .

the stirring necessary for a thorough mixing and
fluidisation at the bottorn of the reactor. Power
present at the top of the reactor is taken to the
bottorn, The load capacity of the reactor is con-
siderably increased as a result of the tranquility at
the top and the turbulence at the bottom. The
special construction of the overlapping gas hoods
off-zet in layers resuits in a good collection of gas
and huoyant sludge without noticeable accelera-
tions of the Hquid.

Claims

»

1. Anaerobic purification equipment for waste
water comprising a container with a reactor
chamber for fermentation, means for introducing
influent into the reactor chamber, at least one
overflow gutter for collesting purified water by
overflow, and, fitted below the level of the over-

0
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flow gutter, a collecting system for collecting and
removing gas from the liquid, characterised in
that at least one additional collecting system (5)
for collecting gas and buoyarnt sludge is fitted ata
distance below the first-named collecting system
(6), which additional system (5) has a hydraulic
link with at least one rising pipe (7, 7', 27, 32, 31)
for raising the liquid-siudge mixture by gas lift
action, said rising pipe discharging into a sapara-
tion device (8; 33) for separating gas and fiquid.

2. Anaerobic purification equipment according
to claim 1, characterised in that from said separa-
tion device (8; 33} at least one downpipe (9; 29}
for returning separated liquid and sludge extends
to the bottorn section -of the reactor chambaer.

3. Anaerobic purification equipment according
to claim 2, characterised in that a defoamer (11;
35) for separating gas and foam is connected to
the separation device (8; 33), which defoamer has
an outlet connaction for separated liquid to the
said downpipe (9 ; 29).

4, Anaerobic purification equipment according
to claim 2 or 3, characterised in that the first-
namad collecting system (6) is also linked to the
said separation device (8; 33).

§. Anaerobic purification equipment according
to one of the preceding claims, characterised in
that at least the said additional collectmg system
{5) has a number of hoods arranged in layers, the
hoods in each layer having a certain offset in
relation to the hoods of a subsequent layer and
the cross-section octupied by the hoods in a layer
being at most §5% of the total cross-sectional
area.

8. Anaerobic purification equipment accarding
to one of the preceding claims, characterised in
that within the containier (1) there are a number of
combined rising pipes (27), which alternate with
the pipes (26) provided by the said collecting
systems (5, 6), for conveying purified liquid to an
overflow gutter (23) and with at least one pips (28)
for a down flow, the various pipes (26, 27, 28)
being hexagonal and adjoining each other in a
honeycomb pattern.

Patentanspriiche

1. Anaerobe Reinigungseinrichtung fiir Abwas-
ser, mit einem Behélter mit einer Reaktionskam-
mer fir die Gérung, mit einem Zulauf fir die
Einspeisung des Einlaufgutes in dig Reaktions-
kammer, mit zumindest einer Uberlaufrlnne. Zum
Auffangen gereinigten Wassers im Uberlauf und
mit einem unterhilb der Ebene der Uberlaufrinne
angeordneten Sammelsysterm zur Sammiung und
Abfiihrung von Gas aus der Fliissigkeit, dadurch
gekennzeichnet, dafl zumindest ein zusétzliches
Sammelsystem (5} zur Sammiung von Gas und
schwimmfihigem Schlamm im Abstand unter-
halb von dem erstgenannten Sammelsystem (6)
angeordnet ist und in Strémungsverbindung
steht mit zumindest einer Steigleitung (7, 7', 27,
32, 31), um die fliissige Schlammischung durch
eine Art Gasheber anzuhaber, wobei die
genannte Steigleitung in eine Gas und Flassigkeit

Oz
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voneinander trennende Trenneinrichfung (8; 33)
miindet.

2. Reinigungseinrichtung nach Anspruch 1,
dadurch gekennzeichnet, dafl sich von der
genannten Trenneinrichtung (8; 33) zum Boden
der Reaktionskammer zumindest ein Falirohr {9;
29) erstrackt fir die Rackfihrung der getrennten
Phasen Fllissigkeit und Schiarnm.

3. Reinigungseinrichtung nach Anspruch 2,
dadurch gekennzeichnet, daf an die Trennsin-
richtung {(8; 33} eine Antischaumeinrichtung (11;
35) zur Trennung von Gas und Schaum ange-

schlossen ist, und dall diese Antischaumein- .

richtung fiir die abgetrennte Flissigkeit sine
Auslafiverbindung mit dem genannten Fallrohr
{9; 29) aufwaist,

4. Reinigungseinrichtung nach Anspruch 2 oder
3, dadurch gekennzeichnet, dal® das erstgenannte
Sammelsystem (6) auch an die genannte Trenn-
einrichtung (8; 33) angeschlossen ist.

8. Reinigungseinrichtung nach einem der vor-
hergehenden Anspriiche, dadurch gekennzeich-
net, dall zumindest das genannte zusétzliche
Sammelsystemn (6) mehrere etagenfirmig lber-
einander angeordnete Hauben aufweist, wobai
die Hauben jeder Etage gegeniber den Hauben
einer folgenden Etage umfangsversetzt sind, und
wobei der von den Hauben einer Etage abge-
dackte Querschnitt maxiaml 55% des gesamten
Querschnitisbereiches umfalt.

6. Reinigungseinrichtung nach einem der
vorhergehenden Anspriiche, dadurch gekenn-
zeichnet, da im Behaliter (1) mehrere 2usammen-
gefafite Steigieitungen (27) vorgesshen sind, die
mit Leitungen (26) alterniersn, die mit den
genannten Sammel-systamen {5, 6) aus%emnet
sind, um gereinigte FlGssigkeit zu einer Uberlau-
frinne (23) zu leiten, und mit zumindest einer
Leitung {28) fiir einen Abfluf$, wobel die verschie-
denen Leitungen (26, 27, 28) sechsackig sind und
aneinander angrenzen entsprechend einem Bie-
nenwabenmuster,

Revendications

1. Equipament d’épuration anaérobie d'eau
résiduaire, comprenant une enceinte & chambre
de raaction destinée & la fermentation, des
maoyens pour introduire I'affluent dans la cham-
bre de réaction, au moins une gouttiére de trop-
piein pour recueilliv I'eau épurde par trop-plein,
¢t, fixé au-dessous du niveau-de fa gouttidre de
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trop-plein, un systdme collecteur pour recueillir et
éliminer les gaz du liquid, caractérisé en ce qu’au
moing un systéme collecteur additionnel (8) pour
racueillir les gaz et les boues flottantes est fixé 3
une certaine distance au-dessous du systéme
collecteur {6) pramiérement mentionné, lequel
systéme additionnel (5) comporte une liaison
hydraulique avec au moins un tuyau de montée
{7, 7', 27, 32, 31) pour élever le mélange de liquide
et de houe par effet d'ailift, ledit tuyau de montée
débouchant dans un dispositif de séparation (8;
33) pour séparer le gaz et le liquide.

2, Equipment d’épuration anaérobie selon la
ravendication 1, caractérisé en ce qu’au moins un
tuyau de descente (9; 29} destiné & ramener le
liquide ot la boue séparés s'étend jusqu’s la
section inférieure de la chambre de réaction.

3. Equiperment d’épuration anaérobie selon la
revendication 2, caractérisé en ce qu’un démous-
seur (11; 35} destiné & séparer la gaz et la mousse

- ast relié au dispositif de séparation (8; 33), lequel

démousseur présente une connexion de sortie
destinés & renvoyer le liquide séparé audit tuyau
de descente (9; 29).

4. Equipment d'épuration arnaérobie selon la
revendication 2 ou 3, caractérisé en ce que le
systéme collecteur {(8) premigre ment mentionné
(est ég)alement relid audit dispositif de séparation
8; 33).

B. Equipement d'épuration anaérobie sslon
Fune quelconque des revendications précé-
dentas, caractérisé en ¢o que ledit systdme collec-
teur additionnel {5} au moins comprend un cer-
tain nombre de capots disposés en couches, les
capots de chaque couche présentant un certain
décalage par rapport aux capots d'une couche
subséquents, et la section transversale occupée
par les capots d’'une couche étant au maximum
de 55% de I'aire de surface totale.

6. Equipemment d’épuration anaérobie selon
une quelconque des revendications précé-
dentes, caractérisé en ce qu'un certain nombre de
tuyaux de montée combinés (27) sont prévus
dans {'enceints (1), qui aiternent avec les tuyaux
(26) appartenant auxdits systdmes collecteurs (5,
6) en vuae d'acheminer le liquide épuréd vers une
gouttiére de trop-plein (23} et avec au moins un
tuyau (28} pour un courant descendant, les divars
tuyaux (26, 27, 28) étant hexagonaux et voising les
uns des autres en formant un ensemble en nid
d'abeilles,
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US 2003/0085171 A1

BIOLOGICAL TREATMENT PROCESS

FIELD OF INVENTION

[0001] This invention relates to anaerobic and anaerobic-
aerobic processes conducted in stacked sections, and par-
ticularly concerned with mixing, separation and collection
of digestion gases, generation of methane-rich digestion
gases, and solid-liquid separation in stacked reactors.

PRIOR ART

[0002] A stacked two-stage anacrobic reactor for {reat-
ment of liquid wastewater have been disclosed by Vellinga
in US. Pat. No. 4,609,460, stacked anaerobic-aerobic reac-
tors for treatment of liquid wastewater and for considerably
viscous waslewater sludges have been disclosed by
Khudenko in U.S. Pat. Nos. 5,514,277 and 5,616,241, and
by Habets et.al. in U.S. Pat. Nos. 5,972,219 and 6,063,273,
The described methods and apparatus address passive mix-
ing of liquid wastewater by digestion gases and separation of
the treated liquid from the sludge due to gravity in fluidized
beds with garnular sludge and in quiescent settling devises
as commonly used for liquid wastewater. Khudenko also
teaches how to produce digestion gas substantially free from
hydrogen sulfide. Passive mixing in fluidized beds are
described by Khudenko in U.S. Pat. No. 4,472,358, by
Vellinga in U.S. Pat. No. 4,609,460, and by Habets in U.S.
Pat. No. 6,03,273. Passive mixing of viscous sludges is
described in by Khudenko in U.S. Pat. No. 4,472,358 and by
Edwards in U.S. Pat. No. 5,441,634. Active mixing in
fluidized beds by recycling effluent with pumps is well
known. The problems of such recycling are as follows: it is
very difficult to produce uniform or other predetermined
distribution of flows with multiple suction ports and a single
pump or a single header and several pumps, use of multiple
pumps is complex, it is difficult 1o select pumps with very
low head as needed for most mixing applications because
such pumps are not made, pipelines are large and require
many turns, many control valves are required, electrical part
for the system of many pumps becomes complex, sludge
flocks and granules break up in pumps and pipelines with
multiple turps. Active mixing with various submersible
propeller mixers is also known. Propeller mixers have
problems similar to those of purnps. One active system of
airlift-mixers for fluidized beds is described by Khudenko in
U.S. Pat. No. 6,048,459 and for Ruidized beds and viscous
sludges in a co-pending patent application. A method of
providing pH and alkalinity control with an additional
benefit of generating methane-rich digestion gas virtually
free from hydrogen sulfide is described by Khudenko in U.S.
Pat. No. 5,798,043, None of these technologies provides for
collection of treated methane-rich digestion gas under pres-
sure, an option that would greately improve conditions for
utilization of this gas instead of flaring it. Collection of the
digestion gas can be further improved if the reactors are
made taller. Above-ground reactors, or conventional at least
partially in-ground reactors are usually limited in height by
about 25 meters, and sometimes somewhat taller.

[0003] U.S. Pat. Nos. 4,217,211, 4,251,361, 4,253,949,
4,287,070, 4,374,027, 4,466,928, 4,477,393, 5,503,748,
5,650,070, 5,651,892, 5,645,726, 5,660,724, 6,214,228 B1,
Re. 30,944 describe a varicty of aerobic and otherwise
acrated treatment systems making wse of airlift-aerators for
the combined purposes of aerating and mixing. These sys-
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tems have an advantage of a very deep reactor of up to
150-200 meters deep. Such system can be very economical
for conducting thermophilic processes, which present great
advantages in both the process rate and the degree of
treatment. The use of combined anaerobic-aerobic systems,
especially with sludges of both anacrobic and aerobic steps
being at least partially mixed further significantly improves
the performance.

[0004] Accordingly, the main objective of the present
invention is to provide a stacked anaerobic-aerobic process
with active controllable mixing of either fluidized beds or
viscous sludges in reactors.

[0005] Another objective of the present invention is to
generate and collect under pressure a methane-rich clean
digestion gas.

[0006] Another objective of the prescnt invention is to
provide a simple and economical way of separating solids
and lquid in treatment processes, while increasing a quality
of the effluent and improving the biological processes in
reactors.

[0007] Yet another objective of the present invention is to
increase the biological process rate and degree of treatment.

[0008] Other objectives will become apparent from the
ensuing description of the invention.

SUMMARY OF INVENTION

[0009] This is a methed of biological treatment of waste-
water with biomass. Wastewater and biomass form mixed
liquor. Preferably, a tall reactor is used, for example, pre-
dominantly in-ground deep shaft reactor, or above ground
column type reactors of a substantial height, much greater
than conventional 3-4.5 m. The reactor has a closed or open
top, a bottom, and an essentially horizontal partition
between the top and the bottom. Depending on the techno-
logical (treatment related) and structural requirements, the
partition can be flat, conical, pyramidal, or curvilinear,
convex or concave, or of other shape. The main process
steps comprise (a) at least onc anaerobic treatment step
conducted between the bottom and the partition, a digestion
gas comprising methane and carbon dioxide is formed in the
anaerobic treatment, (b) a step of mixing said mixed liquor
in said anacrobic step by at least one controllable gaslift with
a gas other than the digestion gas. At least one step of
treatment of wastewater can be conducted between the
partition and top of said reactor. The organic loaded waste
can be water, wastewater, wastewater sludge, hazardous
waste, manure, guano, industrial waste, agricultural waste,
polluted soils, contents of polluted ponds and lagoons, and
combinations thereof. These mixing steps are very effective
not only for treatment of wastewater with dilute biomass but

-also for treatment of thicker sludges or wastewater with high

content of biomass. This method is also more convenient
than mixing with digestion gases: there is no corrosion of
equipment by digestion gas impurities, no gas leak and fire
problems. Unlike with other mixing systems, critical equip-
ment (everything but the submerged pipes) can be open to
the atmosphere and is easy to operate, repair, and replace.

[0010] The controilable gaslift lifts the mixed liquor from
at least one location between the bottom and the partition to
the uppermost point of said controllable gaslift and returns
said mixed liquor in said anacrobic treatment step. The

79
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lifting and returning constitute a lifting-returning operation
step effecting said mixing. Usually, the most convenient
uppermost point of the gaslift is above the top of the reactor.
However, this point can be at any elevation from the intake
or discharge level of the gaslift, whichever is higher, to the
top of the reactor. The lifting-returning operation step can
include a nonreversible flow in airlift pipes, reversible flow,
when the same pipe is used, first, to lift liquid and than to
return it back, continuous flow meaning a constant flow rate
all the time, discontinuous flow, a flow through a riser-
downcomer pipe, a flow through a system of stacked con-
tracting-expanding zones, for example stacked cones form-
ing a virtual pipe which is 2 nponconfined hydraulic stream
within the liquid volume, periodic flow, for example on/off
flow or stepwise changing flow, and combinations thereof,
Gas other than the digestion gas can be an oxidizing gas,
oxygen, air, oxides of nitrogen, nitrogen, and combinations
thereof. The oxidizing gas provides oxidizing reactions in
the mixed liquor, whereby the mixed liquor is heated. The
oxidizing reactions can be biological reactions, abiofic reac-
tions, and combinations thereof.

[0011] Stripping carbon dioxide from the mixed liquor in
the anaerobic treatment step can also be provided. Stripping
carbon dioxide can be done by gas stripping, oxygen strip-
ping, air stripping, nitrogen stripping, steam stripping,
vacuum-siripping, vacuum-vapor-stripping, vacuum-vapor-
stripping with steam recompression and condensation,
vacuum-vapor-stripping with steam recompression and con-
densation with preheating the influent, vacuum-vapor-strip-
ping with steam recompression and condensation with heat-
ing the contents of said reactor, heat degassing, and
combinations thereof.

{0012] The method also provides steps of vaporization of
wastewater from the mixed liquor with production of a low
pressure steam. This steam is condensed and becomes the
treated effluent. The vaporization method can be vaporiza-
tion by preheating the mixed liquor, vaporization by vacu-
uming the mixed liquor, vaporization by vacuuming the
mixed liquor with steam recompression and condensation,
vaporization by vacuuming the mixed liquor with steam
recompression and condensation and preheating the infiuent,
vaporization by vacuuming the mixed liquor with stcam
recompression and condensation and preheating the mixed
liquor, and combinations thereof.

[0013] The method also provides steps of feeding
reagents, for example, recuperable alkaline species, recu-
perable oxidation-reduction species, alkalies, acids, nutri-
ents, micronutricnts, probiotics, and combinations thereof.
Recuperable alkaline species help to control pH and alka-
linity by creating a carbonate-bicarbonate buffer which is
maintained by stripping biologically produced carbon diox-
ide. Calcium and iron ions are most practicable species. The
bulk of these metals is in form of insoluble carbonates or
hydroxides at the stage of solid-liquid separation. Recuper-
able oxidation-reduction specics mediate oxidation-reduc-
tion of the original organics in the wastewater, intermediate
products and the sludge. Iron ions are most practicable
oxidation reduction species. They cycle between ferric and
ferrous ions, ferric jons are made of ferrous by oxidation
with oxygen, nitrates and nitrites, some halogenated organ-
ics, and some other species. The bulk of these ions is in form
of insoluble hydroxides. at the stage of solid-liquid separa-
tion. Maintaining elevated alkalinity also produces very low
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carbon dioxide concentration in the anaerobic mixed liquor.
Accordingly, very high methane content of the harvested
digestion gas can be obtained,

[0014] The method also provides for transferring the
mixed liquor between anacrobic and other process steps.
Additionally, the partition can be a flow-through means
capable of collecting the digestion gas and passing through
the mixed liquor, or at least partially clarificd water. The step
of treatment of said wastewater conducted between the
partition and the top of the reactor can be an aerobic
freatment, an aerobic treatment with acration by air, an
aerobic treatment with aeration by oxygen, an acrobic treat-
ment with nitrification, an aerobic treatment with denitrifi-
cation, an acrobic treatment with phosphorus removal, an
anoxic treatment, a treatment with iron as an intermediate
oxidation-reduction specie, an apaerobic hydrolysis treat-
ment, an anaerobic acetogenic treatment, an anaerobic aci-
dogenic treatment, an anacrobic sulfate reduction treatment,
‘an anaerobic methanogenic treatmentg, and combinations
thereof.

[0015] This is also a method of biological treatment of
wastewater with biomass, where wastewater and biomass
form mixed liquor. Tall reactors are preferably used. The
reactor has a top, a bottom, and an essentially horizontal
partition between said top and said bottom. The main
process steps comprise (a) at least one anacrobic treatment
step conducted between said bottom and said partition, a
digestion. gas -comprising methane and carbon dioxide is
formed in such anaerobic treatment, (c) at least one step of
treatment of wastewater conducted between the partition and
the top of the reactor, and (d) collecting digestion gas under
the partition, whereby the collected gas is pressurized. The
accumulation and the release of the gas from under the
partition are controlled such a way that the gas volume under
the partition changes between preset maximmum and mini-
mum values, This simple task can be performed by a variety
of ways well familiar to skilled in art. This process modi-
fication can also include step of stripping carbon dioxide
from the mixed liquor in the anacrobic irealment step.
Stripping can be coupled with maintaining high alkalinity.
As previously described, a methane-rich digestion gas
results. Collecting methane-rich digestion gas under pres-
sure can reduce the gasholder requirements by an order of
magnitede, while doubling or tripling the heat value of the
gas. Moreover, this gas is also free from hydrogen sulfide.
Accordingly, the gas quality and the convenience of the gas
storage greatly increase, thus making the gas wtilization
(instcad of flaring) a very attractive option.

[0016] This is further a method of biological treatment of
wastewater with biomass, where wastewater and the biom-
ass form mixed liquor, in a tall reactor, said reactor having
a top, 2 bottom, and an essentially horizontal partition
between the top and the bottom, comprising (a) at least one
anaerobic treatment step conducted between the bottom and
the partition, a digestion gas comprising methane and carbon
dioxide is formed in the anaerobic treatment, {c) at least one
step of treatment conducted between the partition and the
top of the reactor, and (¢) at least one step of vaporization-
separation of liquid from solids in said mixed liquor,
whereby the separated liquid constitutes the treated effiuent.
The step of vaporization can be vaporization by preheating
the mixed liquor, vaporization by bioheating the mixed
liquor, vaporization by vacuuming the mixed liquor, vapor-
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ization by vacuuming the mixed liquor with steam recom-
pression and condensation, vaporization by vacuuming the
mixed liquor with steam recompression and condensation
and preheating the influent, vaporization by vacuuming the
mixed liquor with steam recompression and condensation
and preheating the mixed liquor, and combinations thereof.
The bicheating is provided by oxidizing the organics and the
biomass with an oxidizer such as oxygen of air, oxygen, iron
as intermediate oxidation-reduction specie, and combina-
tions thersof. The method further provides a step of vacuum
evacuation of digestion gases from mixed liquor simulta-
neously with step (¢). The of vacuum cvacunation of gases
can be chemical vacuum evacuation, steam' recompression
vacuum evacuation, and combinations thereof. Chemical
evacuation involves absorption with chemical reaction, for
example, absorption of carbon dioxide into an alkaline
solution. Steam recompression is a process used mainly in
water distillation. It involves a vacuum-compressor (2
blower) which pumps water vapors through with a vacuum
at the suction side and some pressure at the discharge side.
In the present case, the vacuum compressor will pull in
under vacuum both, the water vapors and the gases. On the
discharge side, water vapor is condensed while gases are
separated from water and evacuated for utilization or dis-
charge.

[0017] The method taught in this application can be car-
ried out in a reactor selected from the group of deep shaft
reactors, tall above-ground reactors, multi-cell reactors, and
combinations thereof. Deep shaft redctors can be as deep as
150-200 m, above ground tanks arc from at least 5 to 25 m
and possibly taller. Multi-cell tanks are a considerably large
footprint reservoirs divided into smaller cells fo take advan-
tage of the hydraulics of tall tanks. Either both, the bottom
and the top sections or only bottom, or only top sectious of
multi-cell tank can be divided into cells. Top and bottom
cells may also have different dimensions.

DRAWINGS

[0018] FIG. 1 is a stacked reactor with anacrobic stage at
the bottom and aeated stage at the top, the reactor is provided
with passive and active mixing means and with a pressurized
digestion gas collection.

[0019] FIG. 2 is an altemative embodiment of FIG. 1
having multiple active gaslift means.

[0020] FIG. 3 is a bottom section of anaecrobic reactor
showing a passive means for shudge or fluidized bed mixing
and active means in form of a pipe-gaslift with complete
absoption of the driving gas.

[0021] FIGS. 4 and 5 are details of the improved passive
mixing system.

[0022] FIG. 6 is a bottom section of anacrobic reactor
showing a passive means for sludge or fluidized bed mixing
and active means in form of a nonconfined gaslift with
complete absoption of the driving gas.

[0023] FIG. 7 is a system with a first anacrobic stage and
an acrated stage stacked on top of the second anacrobic
stage.

[0024] FIG. 8 is a stacked reactor with passive and active
mixing means, pressurized gas collection, and a vaporiza-
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tion-steam-recompression-heat utilization system for sepa-
rating ¢ffluent from the mixed liquor in the reactor.

{0025] FIG.9 is an alternative embodiment of that shown
in FIG. 8

DETAILED DESCRIPTION OF EMBODIMENTS

[6026] Referring now to FIG. 1, there is shown a reactor
1 having a bottom 100, a top 101, and a partition 66 defining
the bottom anaerobic section comprising zones 51 and 51b,
56, and 52 respectively for reaction, at least partial sludge
separation, and gas collection. A mixing cone 6 is a passive
mixing means. Pipelines 60 and 61 with air (or oxygen, or
another nondigestion gas) supply lines 232 and 23b con-
nected to an elevated vessel 71 are the active mixing means.
Optionally, vessel 71 is provided with an air line 10 and
distributors (oot shown) for stripping carbon dioxide. Also
optionally, an influent line 8 and lines for feeding reagents
80 (for example, for lime) and 81 (for example, for iron) are
connected to vessel 71. Alternatively, lines 8, 80, and 81 can
be connected to the anaerobic process stage, or to the aerated
process stage. A calming box 69 is provided at the lower end
of pipeline 61, and flow directors 70 are provided around the
lower end of pipeline 60. The gas collection section 52 is
provided with a line 11 for gas evacuation. A flow passage
65 across the partition 66 with a flow calmer is provided. A
central pipe 59 and an air (or oxygen) line 23f are provided
in the upper aerated stage 53a. The upper stage also has a
circular clarifier 55 with an effluent collection flume 54,
sludge return airlifis 58, and an effluent line 9. Optionally,
means for conveying anaerobic mixed liquor to the acrated
stage and for feeding mixed liquor from the aerated stage to
the anaerobic stage can also be provided. These mixed liquor
transfer means are not shown in FIG. 1.

{0027] The embodiment of FIG. 1 is operated as follows.
The influent via line 8 is fed in vessel 71 and ultimately, via
line 60 or 61 in the anacrobic process stage wherein it
undergoes anaerobic transformations resulting in organics
conversion to water, carbon dioxide, methane, and lesser
quantities of ammonia and hydrogen sulfide. The process is
intensified by mixing. Mixing is naturally provided by the
digestion gas, however, the quantity of gas per unit volume
of the reactor diminishes with increased degree of treatment,
and additional mixing is required. Mixing can be partially
intensified by using a cone 6 which produces circulations as
shown in FIG. 1 and as described in the U.S. Pat. No.
4,472,358 which is made a part of this application by
inclusion. Lacking a generic term, the term cone is used here
in a broad sense. Actually, it can be a pyramid, or a pair of
oppositely inclined baffles forming a contracting cross sec-
tion in the direction of the flow, or other shape producing
effect of flow contraction and circulation around baffles.
Such cones may not provide sufficient mixing, especially at
low gas production rates. Accordingly, active mixing means
should be used. A simple version of such meaps is as
follows: air is fed via line 234 in pipeline 61 and lifts liquid
from the calming box 69 and ultimately from the top of
fluidized bed or from the upper part of the viscous sludge in
the vessel 71. From vessel 71 thus lifted liquid descends via
pipe 60 to the reactor bottom 100, strikes the bottom, and the
flow directors 70 and flows upwardly. If the cone 6 is
present, the flow forms the rotational patterns as shown by
arrows. Alternative patterns of mixing sireams can be pro-
duced by skilled in arts, for example, a rotational bottom
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flow as in the U.S. Pat. No. 5,338,447, or other, preferably
nonuniform flows. The digestion gas accumulates in the
liquid and separates into bubbles, which flow up and become
collected in section 56 from where the gas is evacuated via
line 11. Unlike in other systems, digestion gas is evacnated
under substantial pressure thus saving on the compression
equipment and storage volumes, This is an important unex-~
pected benefit. Another unexpected benefit is in the use of air
in the active airlift which produces stripping of carbon
dioxide and thus greatly improves pH and alkalinity control
in the system. This effect is further improved by stripping
carbon dioxide by air (or oxygen) fed via line 10 in vessel
71. The stripping process is additionally improved by pro-
viding recuperable alkaline species, calcium and iron, as
described in the U.S. Pat. No. 5,798,043 which is made a
part of the present invention by inclusion. It may be impor-
tant to strip carhon dioxide from largely bicarbonate solution
by forming carbonates of calcium provided with lime or
otherwise. When calcium carbonate is formed, it is precipi-
tated in the biomass. When this biomass is returned in the
anaerobic stage, thus precipitated carbonate reacts with
carbon dioxide and makes bicarbonates. Accordingly, pH in
the reactor is not significantly reduced and carbon dioxide
gas is not released from the solution. Hence, only methane-
rich gas is released. It is important that the total amount of
the carbonate alkalinity and the rate of recycle of this
alkalinity are sufficient to substantially exclude free carbon
dioxide formation. Another benefit is in bioheating of the
wastewater or sludge due to oxidation by oxygen of air or
better by oxygen in the airlift line 61 and in the stripping step
conducted in vessel 71, Such heating increascs the process
rate. The acrated section is operated as usual acration tank
with acrators or with airlift-acrators. Acrated stage can be
either a conventional activated sludge process, or process
with nitrification, or a microaeration process, or any other
process with various levels of oxidation-reduction poten-
tials. Moreover, even methanogenic bacteria can be pro-
vided in the acrated stage, these bacteria producing methane.,
Airlift-acrators are shown in FIG. 1. As described in prior
art, airlift-agrators have a partially acrated downcomer and
aerated riser. In case of using oxygen instead of air, virtually
all oxygen can be absorbed and consumed in the process
thus reducing the quantity of off gases and heat loss with off
gases and improving the heating efficiency. of the process
overall. The absorbtion of gases can be further increased by
providing iron ions in the reactor. In acrated stage, iron in
ferrous form is oxidized to ferric ions by oxygen and thus
increases oxygen absorbtion via chemosorbtion mechanism,
with ferric ions oxidizing organics and sludge in the system.
Ferric and ferrous ions also participate in oxidation-reduc-
tion removal of ammonia and nitrates and nitrites with the
formation of nitrogen. The beneficial effects of iron ions are
described in U.S. Pat. No. 5,919,367 which is made a part of
this application by inclusion. For many waste the present
invention may increase the total methane content in the
digestion gas from about 50% to 95%, and the collected gas
pressure may be several atmospheres, for example, 3 ata. At
such conditions, the volume of the required gas storage may
be reduced almost by a factor of six. This is a very tangible
benefit for many industries and municipalities.

[0028] Alternative operations of the active airlift system
may include using only line 60 in a reciprocal regime: when
vessel 71 is filled via line 60, air in line 235 is shut off and
flow goes from the vessel 71 to the reactor bottom. Another
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alternative can be when one or both airlifts can be operated
periodically, both airlifts can be operated in a reciprocal flow
regime, line 60 can be a riser and line 61 can be a down-
comer, lines 60 and 61 can be alternating in the riser-
downcoming regimes. Such mixing in multiple points with
very variable operating regimes is virtually impossible with
pumps and submersible mixers. Additionally, airlifts have no
moving paris, easy to service (only air solenoids beyond the
reactor volume), and arc unlikely to break down, if well
made. Even best pumps and especially submersible mixers
periodically break down, require extraction from the system
for service and repair.

[0029] Referring now to FIG. 2, there is shown a modified
version of the reactor of FIG. 1. The common parts of these
reactors will not be described. FIG. 2 shows alternative feed
locations 8a and 8b for the influent directed in the acrated
stage and in the anaerobic stage respectively. The reactor 1
has a curvilinear bottom 100, there are no mixing cones in
the anacrobic section and there is no airlift acrators in the
aerated stage. The anaerobic stage is provided with multiple
gaslifts 60, 61, 62, 63, and 64 having intakes at various
elevations and terminating in the vessel 71. These gaslifts
can be operated periodically, for example, gaslift 60 can
periodically 1ift some well digested methanogen-rich sludge
from the reactor bottom, this sludge can be fed down any of
the remaining airlifts and mixed with the sludge volume
being digested. In such a case, the bottom part of the reactor
will serve as a sludge conditioner as described in U.S. Pat.
No. 5,514,277. This patent is made a part of the present
application by inclusion. The contents of any vertical seg-
ment between intakes of the gaslifts of the anacrobic stage
can be mixed with any other segment or recycled from the
bottom up or in opposite direction within any segment.
Gaslifts may be provided with a variable flow of air so that
at a lower air feed the gaslift stays in a neutral position,
which means it does not 1ift any noticeable quantity of lquid
and does not let any noticeable quantity to flow down. At
maximum air feed, the gaslift lifts the liquid in the vessel 71.
When air is not fed, the gaslift becomes a downcomer.
Additionally, the vessel 71 can be split into more than one
compartment. More than one gaslift originating at a given
elevation in the reactor can be provided. Such arrangements
of active mixing can be very convenient and cffective in
anaerobic deep shaft reactors or deeper anaerobic reactors.
The use of air andfor oxygen will provide the benefits
already discussed in the FIG. 1. The acrated stage can be
operated as previously described with the airlift-aerator or as
a more conventional acrated stage.

[0030] Referring now to FIGS. 3, 4, and 5 there is shown
an anaerobic stage of the reactor 1 from the bottom 100 to
the partition 66. The upper stage is not shown. It can be the
same as in FIGS., 1 and 2, or it can be such as shown later
in FIGS. 7 or 8. Other variants are also well known to skilled
in arts. FIGS. 3, 4, and 5 show a combination of a passive
and an active mixiog means comprising multiple stacked
cones 6 secured to a central pipe 2 by gussets 12. There are
openings 14 between the upper end of the cone in sectors 16
and the central pipe, and openings 15 in the central pipe
within sectors 17. Sectors 16 and 17 are separated by gussets
12. A working gaslift gas is fed in the central pipe via line
23. In operation, digestion gases are formed in the entire
volume of the anaerobic stage and form floating bubbles.
Bubbles are collected under the cones and produce rotational
mixing pattern around cones through openings 14 as shown
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by arrows. A portion of the gases in sections 17 is directed
through openings 15 into the central pipe and serve as a
gaslift gas. All these gases eventually are collected in the gas
section 52 and evacuated via line 11, The working gas fed
via line 23, preferably methane, or possibly oxygen, creates
a controllable gaslift effect in the central pipe. As already
described, oxygen in very deep tanks can be dissolved
virtually completely. Accordingly, the gas collected in sec-
tion 52 will not contain oxygen.

[0031] Referring now to FIG. 6, there is shown an anacro-
bic stage of the reactor 1 from the bottom 100 to the partition
66. FIG. 6 differs from FIG. 3 by the absence of the central
pipe in the mixing arrangement. Instcad the cones 6 and the
connecting gussets 21 form a cage with a central passage
into which a working gas is provided via line 23. Hydrau-
lically, the non-confined central passage plays the same role
as the central pipe 2 in FIGS. 3, 4, and 5. The operation of
the embodiments of FIGS. 6 and FIGS, 3, 4, and 5 are
similar.

[0032] Referring now to FIG. 7, there is shown a reacior
1 having a bottom 100, a top 101, and a partition 66, the
partition divides the reactor into stacked lower and upper
stages. The lower stage of the present embodiment has like
elements marked with like numerals already described in
previous Figures. Note, the airlift vessel in FIG. 7 is marked
as 71a. The portion of the upper level circurnscribed by the
partition 66, top 101, outer wall of the reactor 1, and a
vertical circular partition 103 accommodates a first anaero-
bic stage 102. Partition 103 delimits the acrated stage within
the upper level. This partition can be level with the hori-
zontal partition 66, or, as shown in FIG. 7, it may form a
recess in the partition 66, or skilled in art may choose other
configurations, for example, the entire upper stage may be
the first anaerobic stage, or the anacrobic stage may be
inscribed into aerated stage. Alternatively, the upper level
stage can be an equalization basin or can include an equal-
ization basin. The first anaerobic stage is equipped with
gaslifts 105 supplied with the working gas, air or oxygen, via
lines 23g. Thesc gaslifts lift mixed liquor from the stage 102
info a separate lift vessel 71b, carbon dioxide is partially
steipped from the mixed liquor, preferably by air, and
returned via the same airlifts back into the first anaerobic
stage. Stripping means are not shown in FIG. 8. Gas
accumulating at the top of stage 102, mainly carbon dioxide,
is released via line 107, preferably in the vessel 71a where
it is scrubbed and re-stripped from the mixed liquor. A
portion of the flow lifted 1o the vessel 71b is transferred via
passage 106 into vesscl 71e and further into the lower
anaerobic stage, which in this embodiment is the second
anaerobic stage. The effluent from the second anaerobic
stage is transferred to the acrated stage via passages 65, The
aerated stage can be similar to those already described. The
biological transformations in the fixst anacrobic stage are
preferably limited to hydrolysis and acidification of wastes
without or with negligible methane production. The second
stage can be a methanogenic stage. In general, these two
stages can be operated as a two-stage anaerobic process or
as a two-phase anaerobic process. The system of FIG. 7 can
be provided with any known means for solid-liquid separa-
tion, including those shown herein in other Figures.

[0033] Referring now to FIG. 8, there is shown 2 biologi-
cal reactor 1 having a lower portion from the bottom 100 to
the partition 66 occupied by an anaerobic stage, and an
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upper part from the partition 66 to the top 101 used for
aerated process stage 53. The anaerobic process stage of
FIG. 8 is similar to that of FIG. 1 and the like parts having
like numbers will not be described again. FIG. 8 shows a
further development of mixing arrangement at the hottom,
comprising flow directors 70 and the bottom fill 72 for
improved circulation of the fluidized bed or of a viscous
sludges. In the upper part of the anacrobic stage, conical
baffles 68 and 90 and a water collection through 67 form a
gravity separator (settler, or clarifier) for solid-liquid sepa-
ration. Additional downcomers 73 from the clevated vessel
71 to the vicinity of the anacrobic clarifier are provided for
bringing carbonates for neutralization of carbon dioxide in
the upper portion of the anaerobic reactor thus eliminating
gassing and floatation of the sludge in the clarifier, The
aerated stage can be the same as previously described. A
system for separating effluent from the mixed liquor
includes a stripper 74 for carbon dioxide connected by line
75 to the aerobic stage 53 and further by line 76 to a
vacuum-gvaporator vessel 90 comnected via line 31 to a
vacuum-compressor 32 which further is connected to a heat
exchanger 33 having an effluent line 9. A heat cxchanger is
provided with a gas separation line 41. Alternative arrange-
ments for gas separation are also known to skilled in art.
Influent line 8 is also connected to the heat exchanger.
Alternatively, a recycle line with a pump for heating the
contents of either anacrobic stage or the aerated stage in the
heat exchanger 33 can also be provided. A portion of the
contents of the vacuum-evaporator vessel 90 can be recycled
back in the reactor 1, for example, in aerated stage by pump
78 via line 77. In the stripper 74, carbon dioxide is largely
removed from the mixed liquor by, preferably, air stripping,
although other gases can also be used. In the vacuum-
evaporator vessel 90 a portion of the water is evaporated
from the mixed lquor. Vacuum improves evaporation at
below-boiling point temperature, for example, at a thermo-
phylic biological range of 45 to 75° C. Other temperature
ranges can also be used. Vacuum is created by the vacuum-
compressor 32 and the steam condensation in a heat
exchanger 33. Recompression of the vapors with the
vacuum-compressor insures the evacuation of gases which
cannot be condensed in the heat exchanger 33 and provides
some additional energy to the steam, thus compensating heat
losses in the system. The gases to be evacuated are primarily
carbon dioxide and traces of methane, oxygen, nitrogen, and
possibly other gases. Steam condensation and dissolution of
these gases in the cooled, and even in the chilled, condensate
will not be sufficient to evacuate gases and to eliminate the
“vacuum breakage” due to the gas build up in the vessel 90.
Removal of carbon dioxide and reduction or prevention of
its formation in the vessel 90 are improved by providing
additional alkalinity. Alkalinity can be in a well soluble
form, for example, as sodium hydroxide, or in form of
soluble/insoluble compounds such as caleium bicarbonates/
carbonates. With biomass present, calcium carbonate pre-
cipitates into the biomass.

[0034] Referring now to FIG. 9, there is shown a modi-
fication of the embodiment exemplified in FIG. 8 with the
principal difference in the arrangement of the vaporization
vessel 90, which is disposed above the top of the reactor 1
now. This arrangement also includes a recycle line 35 with
pump 36 and sprinklers 37 for improving the steam vapor-
ization and for controlling foam in the vessel 90, A carbon
dioxide stripping section 27 communicating with the acrated
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stage via openings 28 and 29 and having air supply 40 and
the gas exhaust 30 is provided. The airlift effect in scction 27
allows to recycle the degassed contents of the combined
acrated section-evaporator vessel-and stripping section to be
partially recycled via line 38 in the lower anaerobic stage of
the reactor 1. The aerated stage is provided with a conical
partition to illustrate the possibility of using it for airlift-
aerator: the air, or in this case highly preferably oxygen, is
fed via line and a distributor 10 in the downcomer space “C”
and is circulating through the riser space “B” with a portion
of the liquid being split in the vaporization space “A”, The
use of oxygen is preferred considering the possibility of its
virtually complete utilization so that no acration gases, for
example, nitrogen of aiy, are vacuum-stripped with vapor in
the vessel 90. When the system with addition of alkali is
used, it is possible to keep the carbonic acid species in the
forms of mainly carbonates and bicarbonates with very litile
free carbon dioxide. This is achieved by siripping carbon
dioxide in section 27 in the presence of clevated alkalinity.
Accordingly, there is a very low partial pressure of either
carbon dioxide or oxygen, or other gas in the vacuum-
vaporization vessel 90. Respectively, a small and low-power
vacuum-compressor 32 is needed and a small and simple
means for separating gases after the steam condensation are
required. FIG. 8 also illustrates the possibility of using the
vacuum in the upper stage for mixing the lower stage:
vacuum “pulls up” the liquid into vessel 90, when vacuum
in vessel 90 is temporarily released the pulled-up liquid
rushes thorough the riser-downcomer into the bottom 100
thus producing mixing in the anaerobic stage, afterwards,
the liquid is pulled up again. Means for releasing vacuum in
vessel 90 are trivial and are not shown. The anaerobic stage
is also provided with an active airlift operated with a
working gas, preferably oxygen, fed via line 23. The anaero-
bic stage is further provided with passive mixing cones 6
attached to a central pipe 2 with gussets. In this embodiment,
the mixing cones are inverted.

I claim:

1. A method of biological treatment of wastewaler with
biomass, said wastewater and said biomass form mixed
ligquor, in a tall reactor, said reactor having a top, a bottom,
and an essentially horizontal partition between said top and
said bottom, comprising (a) at least one anaerobic treatment
step conducted between said bottom and said partition, a
digestion gas comprising methane and carbon dioxide is
formed in said anaerobic treatment, (b) a step of mixing said
mixed liquor in said anaerobic step by at least one control-
lable gaslift with a gas other than said digestion gas, and (¢)
at least one step of treatment of said wastewater conducted
between said partition and said top of said reactor.

2. The method of claim 1, wherein said at least one
controllable gaslift lifts said mixed liquor from at least one
location between said bottom and said partition to the

-uppermost point of said controllable gaslift and returns said

mixed liquor in said anaerobic treatment step, whereby said
lifting and said retnrning constitute a lifting-returning opera-
tion step effecting said mixing.

. 3. The method of claim 2, wherein said lifting-returning
operation step is selected from a group consisting of non-
reversible flow, reversible flow, continuous flow, discontinu-
ous flow, flow through a riser-downcomer pipe, flow through
a system of stacked contracting-expanding zones, periodic
flow, and combinations thereof.
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4. The method of claim 1, wherein said gas other than said
digestion gas is selected from the group consisting of an
oxidizing gas, oxygen, air, oxides of nitrogen, nitrogen, and
combinations thereof. -

5. The method of claim 4, wherein said oxidizing gas
provides oxidizing reactions in said mixed liquor, whereby
said mixed liquor is heated, said oxidizing reactions are
selected from biological reactions, abiotic reactions, and
combinations thercof.

6. The method of claim 1, wherein a step of stripping said
carbon dioxide from said mixed liquor in said anacrobic
treatment step is provided, said step of stripping carbon
dioxide is selected from a group consisting of gas stripping,
oxygen stripping, air strippiug, nitrogen stripping, steam
stripping, - vacuwm-stripping,  vacuum-vapor-stripping,
vacuum-vapor-siripping with steam recompression and con-
densation, vacuum-vapor-stripping with steam recompres-
sion and condensation with preheating the influent, vacuum-
vapor-stripping with stcam recompression and condensation
with heating the contents of said reactor, heat degassing, and
combinations thereof.

7. The method of claim 1 and further providing steps of
vaporization of wastewater from said mixed liquor with low
pressure steam production and condensation of said steam.

8. The method of claim 7, wherein said step of vaporiza-
tion is selected from a group consisting of vaporization by
preheating said mixed liquor, vaporization by vacuuming
said mixed liquor, vaporization by vacuuming said mixed
liguor with steam recompression and condensation, vapor-
ization by vacuuming said mixed liquor with steam recom-
pression and condensation and preheating said influent,
vaporization by vacuuming said mixed liquor with steam
recompression and condensation and preheating said mixed
liquor, and combinations thereof.

9. The method of claim 1 and further providing steps of
feeding reagents selected from a group of recuperable alka-
linic species, recuperable oxidation-reduction species, alka-
lics, acids, nutrients, micronutrients, probiotics, and combi-
nations thereof.

10. The method of claim 1 and further providing steps of
transferring said mixed liquor between said anacrobic and
said aerobic process steps.

11. The method of claim 1, wherein said at least one step
of treatment of said wastewater conducted between said
partition an said top of the reactor is sclected from the group
consisting of aerobic treatment, agrobic treatment with aera-
tion by air, acrobic treatment with aeration by oxygen,
aerobic treatment with nitrification, aerobic treatment with
denitrification, aerobic treatment with phosphorus removal,
apoxic freatment, freatment with iron as intermediate oxi-
dation-reduction specie, anaerobic hydrolysis treatment,
anaerobic acetogenic treatment, anaerobic acidogenic treat-
ment, anaerobic sulfate reduction treatment, anaerobic
methanogenic treatmentg, and combinations thereof.

12, A method of biological treatment of wastewater with
biomass, said wastewater and said biomass form mixed
liguor, in a tall reactor, said reactor having a top, a bottom,

-and an essentially horizontal partition between said top and

said bottom, comprising (a) at lcast one anaerobic treatment
step conducted between said bottom and said partition, a
digestion gas comprising methane and carbon dioxide is
formed in said anaerobic treatment, (c) at least one step of
treatment of said wastewater conducted between said parti-
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":jvapor-smppmg with steam recompression aisd mdénsamn' £

with heating the contents of said reactor, heat: degassmg, and
. combinations thereof, whereby a methane-rich dlgesnon gas,
~ is separated and collected under said. partition. O

14. A'mithod of biological treatment of wastewater with

bmmass, Said ‘wastewater- and saxd bmmass form mixed

" tiquor, n & tall reactor, said reactor having 4 fop, a botton,

‘and an essentially horizontal partition bstween' said tfop-and
said bottom, comprising (2) at least oné anacrobic treatment
step. conducted between 'said bottom and said’ pirtition,

. digestion gas comprising methane. and carbon -dioxide. is
- formed:in said- anagrobic treatment, (c) at least one step.of
‘treatmient coniducted botween sdid partition and said top-of
said reactor, and @) at. least or Yapori
‘separation of liqui 3
. 15.The method of claIm 14, Wherem said. step of vapor-
mamon is’ selecﬁed fmm a group consishng of vaponzauon ;

by preheating said m:xed hquor, vaporization. by bmheaung‘

said ‘mixed hquor, vmonzanon by vacuiming said- ‘mixed
liquor; vaponzatwn by vacuuming said miked. hquor with,
steam recompres.mn and: condensauon. vaponzanon by.

‘ vacuuming said mixed liquor with steam: recompression and’
_condensation’ and pmhcanng said’ ‘influént, vaporization by - .
‘vacutiming said mixed liquor with steaf recompression and

condensauon and preheatmg said mn:ed hquor, and combl-

*pations: thereof

-18. The method vof claxm 15 wherein said bmheanng is

5 provxded by oxidmng said organics, and said biomass with -

an oxidizer sefected from a group eonsmtmg of oxygen of
' oxidat

and combinations thercof, = -
R A The method of claim 15 and. ﬁmherprov:dmg a step_

vacuurm evaguation of said dlgesﬁon-;:'gases ﬁom said
mixed liquor simultancously with step (d). " ‘
18. The method of clain 16, wherein:said: step of vacmlm

,.evacuauon is salected from the group’ cqnsisung of chenucal-
‘vacuum evacnanon, steam recomprassmn vammm evacias
' +fion, and ‘combinations thereof.

‘19, The method of claim 1 wheﬁ:m saxd reactor 1ssc1ected

"‘fmm the group, of deep shaft reactors, tall above. ground

reactors, multwell teactors, and combmanons thereof :
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