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(57) Abstract: The present invention
relates to a system (1) for reducing
the amount of fluid in a biological
mass comprising solids and fluid
in the form of liquid and gas, the
system (1) including: -a temporary
storage container (5) for receiving and
temporary storing a biological mass;
- at least one separator (3) arranged to
receive the biological mass from the
temporary storage container (5) and
separate at least a portion of the fluid
of the mass from the solids of the mass;
- a solids container (13) for receiving
the solids fraction separated from the
biological mass; and - a liquid-purifying
device (21) arranged to purify the liquid
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which is separated from the mass by
means of the separator (3). The system
(1) is substantially fluidtight towards
the surroundings and the separator (3)
includes a screen cloth and a device for
inducing a fluid flow, the fluid flow is
arranged to carry a portion of the liquid
out of the mass and through the screen

5~/\

cloth, the essential part of the fluid flow
has been recirculated in the system (1).
The invention also relates to a method.
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A SYSTEM AND A METHOD FOR REDUCING THE AMOUNT OF LIQUID IN A
BIOLOGICAL MASS

The present invention relates to a system and a method for
reducing the amount of liquid in a mass. More particularly,
it relates to a system and a method for reducing the amount
of liquid in a biological mass comprising solids and fluid,
the system including a separator arranged to separate at

least a portion of the fluid of the mass from. the solids of

the mass.

In this document the term biological mass includes residual
products arising in connection with the production of arti-
cles of food or other biological products. Examples of such
residual products are manure, slaughterhouse waste and vege-

table waste.

In what follows, especially the treatment of manure will be
discussed, even though the invention also includes the treat-
ment of other biological mass such as from fish or animal
slaughterhouses or vegetable mass from industrial production
in which there is a need to separate the mass into a dry sol-

ids fraction and one or more fluid fractions.

There are an increasing wish and need to be able to utilize
the energy liberated from biological mass as this goes
through a fermentation process. For this, so-called biogas

plants are used.
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Such biogas plants require relatively large amounts of bio-
logical mass, referred to in what follows also as biological
waste, for them to be operated economically. In addition, in
many countries, the electrical distribution network is not
prepared for a variety of power generators out on the net.
For these reasons, among other things, trials have been
started with organized collection of manure from farms which
is delivered to regional biogas plants. Such biogas plants
produce electrical energy from gases, methane among others,
which are liberated during anaerobic fermentation of the
waste. If methane is not combusted, it will be released into
the atmosphere. Methane is a so-called greenhouse gas which
is considerably more harmful to the environment than carbon
dioxide. Thus it is an advantage also in this environmental
aspect to convert methane into carbon dioxide through combus-

tion.

The residual product from the fermentation process is well

suited as soil-improving means.

The residual product from the fermentation process may alter-
natively be used as fuel in, for example, a power plant based
on combustion. The fact is that the residual product from ma-
nure, for example, contains essentially biological, combusti-
ble components of a not insignificant fuel value. Trials have
proved that dried farmyard manure may be given a form which

makes it easy to handle and well usable in combustion plants,

for example through pelleting.

A person skilled in the art will be aware that it is the
phosphorous content that puts the limits on the use of manure
as a soil-improving means, and this, in turn, leads to the
public authorities placing restrictions on spreading area.
The lack of spreading area is a limiting factor in the live-

stock production.
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Out of the fact that phosphorous occurs in the solid manure
fraction, the separation and use of the solid fraction may
lead to the livestock production getting easier terms as far
as spreading area is concerned. Therefore, the collection of
manure also solves the challenge that some farms have with

the spreading area.

An advantage of using a dry manure fraction for fuel as men-
tioned above is that large amounts of phosphorous are removed

from use in agriculture.

Manure has a dry solids content ranging from approximately
3 % for so-called liquid manure and up to approximately 33 %

for solid hen manure. Manure from pigs and cattle has a dry

o
.

solids content in the order of 4-20

From the above it will be understood that a substantial
amount of liquid is transported from the individual farms to
biogas plants. This therefore represents a logistic, economic

and environmental drawback.

A corresponding set of problems is relevant also for biologi-
cal waste from, for example, slaughterhouses or other types

of production units which create biological waste.

Therefore, a need exists to be able to reduce the liquid con-
tent of the biological waste before it is transported from a

farm or a slaughterhouse to a biogas plant.

From the publication FR 2781689 is known separating equipment
which can carry out a first separation of solid and fluid
fractions, that is provide for a substantial part of the un-
bound amount of liquid to be separated from the solid mate-

rial.

FR 2781689 discloses a separator comprising two troughs of a
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partial-cylinder shape, in which scrapers arranged on a ro-
tating shaft are arranged to be moved along a grate which
forms the bottom of the troughs. A feeding basin, which is
arranged to contain a fluid material which is to undergo
separation, is arranged at one edge of the first trough, at
which the fluid material is fed into the first trough. An es-
sential element of FR 2781689 is the movable pressure rollers
which are arranged on the second rotating shaft in the second
trough and which are arranged to press the liquid fraction
out of the solid fraction of the material to be separated.
The prior art according to FR 2781689 requires a large build-
ing height if the separator is to be able to exhibit a suffi-
ciently large capacity, as the capacity is closely connected

to the available grate area.

Because of the risk of polluting ground water and river sys-
tems, there are in several countries, in addition to restric-
tions with respect to spreading area, restrictions with re-
spect to the conditions under which manure may be spread onto
fields. Among other things, dated periods have been intro-
duced, during which the spreading of manure is prohibited.
The periods may be based on, for example, the growing season
of plants and climatic empiric data as plants do not absorb
and thereby do not need to have nitrogen supplied outside the
growing season, and the fact that manure which is spread on
frozen or liquid-saturated ground may be carried to river
systems and the sea, where overfertilisation could represent

a serious environmental problem.

In addition to the above-mentioned need to reduce the liquid
content of the biological waste before it is transported from
a farm or slaughterhouse or other production producing bio-
logical waste to a biogas plant, there is therefore also a

need to purify the liquid which is separated from the bio-
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logical waste, so that the liquid may be carried into a sew-
erage system, for example. Such a sewerage system is prefera-
bly a surface water system, but may in some cases also be a
so-called grey water or a so-called black water or sewage

system.

The above-mentioned prior art does not suggest such purifica-

tion of the separated liquid.

The invention has for its object to remedy or reduce at least

one of the drawbacks of the prior art.

The object is achieved through the features which are speci-

fied in the description below and in the claims that follow.

In a first aspect of the invention a system is provided for
reducing the amount of liquid in a biological mass comprising
solids and fluid, the system including at least one separator
arranged to separate at least a portion of the fluid of the
mass from the solids of the mass, the system further includ-

ing a liquid-purifying device.

In its simplest form, the liquid-purifying device may be con-
stituted by, for example, a filter for reducing the amount of
fines dispersed in the liquid. However, after such purifica-

tion, the liquid will normally not be admissible for draining

into a surface water system or a grey water system.

In one embodiment the purifying device includes a purifying
plant based on an electrolysis process, in which the liquid
is carried through one or more electrolysis vessels. In a
specific embodiment the electrolysis plant is formed by two
containers, the electrodes of one of the containers being
made of an aluminium material, whereas the electrodes in the
second container are made of iron. The electrodes could, how-

ever, be made of any other suitable material.
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In one embodiment the purifyihg device is based on a distil-

lation process.

In one embodiment the purifying device comprises a biological
purifying plant in the form of a so-called wetpark or con-

structed wetland of a kind known per se.

It is an advantage if a liquid container is placed between
the separator and the liquid-purifying device, so that a
buffer is provided between the separator and the liquid-
purifying device. Such a buffer is particularly relevant when
the purifying device is constituted by an electrolysis plant

or by a plant based on a distillation process.

To be able to collect the solids fraction of the mass, which
is separated in the separator, it is an advantage if the sys-

tem includes a container for receiving solids.

In a preferred embodiment the system includes at least one
temporary storage container for biological mass, placed up-
stream of at least one of the at least one separator. The
temporary storage container serves both to supply the separa-
tor with a continuous flow of mass and to start the fermenta-

tion process.

It is an advantage if the at least one temporary storage con-
tainer is arranged to be brought into fluid communication
with at least one gas container arranged for the temporary
storage of gas which has been liberated from the biological
mass while this is in the at least one temporary storage con-
tainer. In one embodiment the gas container is formed by an

inflatable body which fills as gas is being formed.

In cases in which the biological mass is constituted by an
inhomogeneous mass, as will be the case with slaughterhouse

waste, it is an advantage if a grinding device is placed up-.
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stream of the at least one of the at least one separator. In
one embodiment the grinding device is placed upstream of the

temporary storage container.

It may be an advantage if parts of the system are placed on a
means of transport. In particular, it is an advantage if at
least one of the at least one separator is placed on a means
of transport. The means of transport may be a lorry, for ex-
ample. This will lead to, among other things, the need for a
number of separators being smaller and thereby reduced in-
vestments. In addition, space is saved at the supplier of the
mass and a generally better utilization of resources is

achieved.

A separator which has turned out to be surprisingly effective
is a separator constituted by the kind shown in the Norwegian
patent document NO 323519 which is hereby included in the
present document. In said patent document is disclosed an ap-
paratus in which the material to be separated is placed on an
upper side of at least one screen element which includes an
endless screen cloth arranged to be moved around at least two
spaced-apart deflection rollers, the apparatus including at
least one suction nozzle which has been moved up towards an
underside of the endless screen cloth to induce a fluid flow
through at least a portion of the material which is on the
endless screen cloth, the suction nozzle being connected to a
fluidtight container which is evacuated by the use of at
least one vacuum pump, the gas phase of the fluid being ar-
ranged to be separated from the liquid phase of the fluid in
the container, and the gas phase of the fluid and the liquid
phase of the fluid being evacuated each separately out of

said container.

In a preferred embodiment the system is substantially fluid-

tight towards the surroundings.
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In a second aspect of the invention is provided a method of
reducing the amount of liquid in biological waste which com-
prises solids and fluid, in which the biological waste is
carried through at least one separator arranged to separate
at least a portion of the fluid of the waste from the solids
of the waste, the method including the steps of: purifying
the liquid in a liquid-purifying device; énd draining the pu-

rified liquid.

It is an advantage if the liquid which is separated from the
biological mass is temporarily stored in a liquid container

before the liquid is carried to the liquid-purifying device.

The purified liquid may be drained into a sewerage system or
be deposited or stored temporarily for reuse, for example for

irrigation purposes.

It is an advantage if the solids which are separated from the

biological waste are carried to further processing.

In what follows is described an example of a preferred em-
bodiment which is visualized in the accompanying drawings, in

which:

Figure 1 shows a principle drawing of a plant for the col-
lection of manure, the plant including a temporary
storage container and a separator for separating
the manure into a solids fraction and fluid frac-

tions;

Figure 2 shows the same as figure 1, but the plant includes

two separators of different types;

Figure 3 shows a principle drawing of a plant for collecting
manure, in which parts of the plant are placed on a

vehicle.
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In the figures the reference numeral 1 indicates a system for
purifying biological waste in accordance with the present in-
vention, the system including a separator 3 arranged to sepa-
rate the dry solids fraction of the waste from the liquid

fraction of the waste.

In the figures are shown some pumps and valves which are nei-
ther indicated by reference numerals nor described in further
detail. However, a person skilled in fhe art will understand
the need for the valves and pumps. It will also be understood
that it may be necessary to have more valves and pumps and
other processing equipment than that shown in the principle

drawings.

It will be understood that the figures only show principle
drawings which are not reproduced to scale and that mutual
size relationships between individual components have not

necessarily been reproduced correctly.

In figure 1 waste is supplied to a temporary storage con-
tainer 5 from one or more smaller receiving tanks 4 (only one
shown) . The receiving unit 4 may be, for example, a so-called
day tank for manure. In the embodiment shown, the receiving
tank 4 is provided with a funnel-shaped bottom portion. The
manure from the receiving tank 4 is pumped by means of, for
example, a lobe pump 4' through a line 5’ into the temporary

storage container 5.

To prevent gas from leaking from the receiving tank 4 into a
cow house, for example, the receiving tank 4 is provided with
a check valve 4". A check valve 4" is also shown to be placed

at the inlet portion of the temporary storage container 5.

The separator 3 is supplied with waste from the temporary

storage container 5 by means of a pumping device 7 connected
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to a line 9.

A separator 3 of the kind described in the Norwegian patent
NO 323519 and sold under the trade name MUDCUBE® has surpris-
ingly turned out to be highly effective for separating the
liquid fraction of the waste from the solids fraction of the
waste. MUDCUBE® was developed for use in the petroleum pro-

duction industry for separating drilling fluid from cuttings.

By a solids fraction and a liquid fraction are meant a frac-
tion containing predominantly solid particles and a fraction

containing predominantly liquid.

The solids fraction which has been separated from the waste
in the separator 3 is carried via a solids line 11 into a
solids container 13. Correspondingly, the liquid fraction
which has been separated from the waste in the separator 3 is

carried via a liquid line 15 into a liquid container 19.

The solids container 13 containing waste, or just the waste
itself, may then be transported to, for example, a biogas
plant (not shown), where the solids go through a fermentation
process whereby there are formed natural gas and a residual
product which may be a well suited soil-improving means, or
the residual product may be well suited for use in a combus-

tion plant as earlier mentioned.

The liquid which is in the liquid container 19 contains large
amounts of nitrogen, in the form of ammonia for example. The
ligquid may be a resource when it is allowed to be used as
growth-enhancing means in agriculture, for example. However,
as earlier mentioned, in periods there may be a ban on the

spreading of manure liquid in agriculture.

To be able to deposit or drain the liquid into, for example,

a surface water system or a grey water system, there is
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therefore a need to purify the liquid, so that the contents
of, for example, nutrients and possibly heavy metals, are re-
duced to a predetermined level. The liquid container 19 is
therefore connected to a suitable liquid-purifying device 21.
A person skilled in the art will understand that the extent
of purification required depends on whether the liquid is to
be deposited/drained into a surface water, a grey water or a

black water system, possibly be used as fertilizing water.

In one embodiment, the liquid-purifying device 21 is based on
an electrolysis process, in which the liquid in the liquid
container 19 is passed through at least one electrolysis ves-
sel. In one embodiment (not specifically shown), the liquid
is passed through a first electrolysis container in which the
electrodes are constituted by aluminium and.through a second
electrolysis container in which the electrodes are consti-
tuted by iron. It will be understood that electrodes of other

types of material may also be used.

In an alternative embodiment the liquid-purifying device 21
is constituted by a purification system which is based on a
distillation process. Relevant distillation processes are so-
called MED (Multiple Effect Distillation), so-called MSF
(Multiple Stage Flash) or so-called MVC (Mechanical Vapour
Compression) which are all well known to a person skilled in
the art. There are commercially available a great number of
distilling apparatuses based on the distillation processes
mentioned. Because of that, a further explanation of said

distillation processes will not be given in this document.

A combination of an electrolysis process and a distillation

process may also be relevant.

From the purifying device 21 the purified liquid is carried

to, for example, a sewerage system or a storing device to be
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used later for, for example, irrigation purposes.

Residual products from the purifying device 21 may be taken
back to the separator 3 by means of a pump 22 connected to a
return line 22'. Alternatively, the residual product may be
collected and carried out of the system 1 for further proc-
essing or purification. In a further alternative (not shown),

the residual product may be carried into the solids tank 13.

The temporary storage container 5 is in fluid communication
with a gas container 6 via a gas line 6'. The gas container 6
is arranged to receive, for example by means of a pump not
shown, at least a portion of the gas which develops in the
temporary storage container 5 in consequence of the biologi-

cal waste fermentation.

In order to, among other things, prevent gases from leaking
out of the system 1 shown in the figures 1-3, the system is
substantially fluidtight towards the surroundings. By this is
meant that the waste is carried in a pipe system 5', 6, 9,

11, 15, 23' from the receiving tank 4, via the collecting
container 5 and gas container 6 until the solids are in the
solids container 13, which is substantially fluidtight, and
the liquid in the liquid container 19 has gone through a suf-
ficient purification to such an extent that it may be depos-

ited, for example drained into a sewerage system.

It should be noted that when the separator 3 is constituted
by an apparatus according to the patent publication NO
323519, the air flow through the screening element of the ap-
paratus is provided by means of circulation in a closed sys-
tem instead of air merely being carried through the separator

3 and out into the open air outside the system 1.

In one embodiment (not shown) the separator 3 is arranged to
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be brought into fluid communication with the gas container 6

by means of a pipeline.

The gas which is forming in the temporary storage container 5
and is being stored temporarily in the gas container 6 is ar-

ranged to be carried into a transport container 23, for exam-

ple by means of a pumping device 24 connected to a line 23’.

The transport container 23 is arranged to be carried to a
place of use, such as a biogas plant or as energy for means

of transport utilizing natural gas as fuel.

Figure 2 shows the system of figure 1 but where a further
separator, known per se, in the form of a cylinder press 3’
is placed between the temporary storage container 5 and the

separator 3.

In figure 2, manure is carried from the temporary storage
container 5 into the cylinder press 3’ in which a substantial
amount of the liquid of the manure is separated from the sol-
ids part. Experience goes to show that the solids fraction
coming out of the cylinder press 3’ is suitable for being
carried directly into the solids container 13. The fluid
fraction coming out of the cylinder press 3' is carried into
the separator 3 for a solids fraction therein to be separated
from the liquid fraction. From the separator 3, the liquid
and the solids are carried into respectively the liquid con-

tainer 19 and the solids container 13, as explained earlier.

Figure 3 shows in principle the same as figure 1, but parts

of the system 1 are placed on the vehicle 25.

On the platform of the vehicle 25 there are a separator 3, a
solids container 13 and a transport container 23 for gas. In
the example shown, a liquid container 19 and associated lig-

uid-purifying device 21 are stationarily placed in the vicin-
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ity of the temporary storage container 5. This is because the
process of purifying the liquid might need some more time
than what it takes to separate the solids from the liquid.
Unnecessary keeping of the vehicle 25 is thereby prevented.
In addition, after having been purified, the liquid is to be

drained into a surface water system, for example.

When the temporary storage container 5, which may be a so-
called manure basin, contains a predetermined amount of ma-
nure, the manure is pumped in through the inlet portion of
the separator 3. In the separator 3 the solids fraction is
separated from the liquid fraction. Said solids fraction and
liquid fraction are carried, each separately, out of the
separator 3, for example by means of pumping devices (only
one shown) into the solids container 13, respectively the
liquid container 19. The liquid container 19 is connected to
a liquid-purifying device 21 of the kind referred to above,
so that the liquid separated from the waste may go through a
desired degree of purifying before the earlier-mentioned de-

positing/draining takes place.

Even though it is not shown in figure 3, a return line from
the liquid-purifying device 21 may be connected to the sepa-

rator 3, for example as shown in figures 1 and 2.

The transport container 23, which is on the platform of the
vehicle as well, is arranged to receive gas from the gas con-

tainer 6.

The gas which is in the transport container 23 could also be

used as fuel for the vehicle 25.

It will be understood that the cylinder press 3’ shown in
principle in figure 2, or other suitable separating devices

of a kind known per se, could be used independently of
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whether parts of the system 1 are placed on the vehicle 25 as
shown in figure 3, or whether the system is statiomnary as

shown in figures 1 and 2.

Thus, the present invention exhibits great advantages in re-
lation to the prior art, as biological mass may be separated
in a simple manner into a solids fraction and a gas fraction,
which both represent considerable resources, in addition to

the liquid fraction beihg purified to such an extent that it
may be deposited at a desired place, for example be drained

into a sewerage system. In addition, the problems of spread-
ing area in agriculture and uncontrolled emission of methane

gas into the atmosphere are solved.
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Patent claims

A system (1) for reducing the amount of fluid in a
biological mass comprising solids and fluid in the
form of liquid and gas, the system (1) including: - a
temporary storage container (5) for receiving and tem-
porarily storing a biological mass;

- at least one separator (3) arranged to receive the
biological mass from the temporary storage container
(5) and separate at least a portion of the fluid of
the mass from the solids of the mass;

- a solids container (13) for receiving the solids
fraction separated from the biological mass; and

- a liquid-purifying device (21) arranged to purify
the liquid which is separated from the mass by means
of the separator (3),

characterized 1in that the system (1) is
substantially fluidtight towards the surroundings and
that the separator (3) includes a screen cloth and a
device for inducing a fluid flow, the fluid flow being
arranged to carry a portion of the liquid out of the
mass and through the screen cloth, the essential part
of the fluid flow having been recirculated in the sys-

tem (1).

The system in accordance with claim 1, wherein the pu-
rifying device (21) comprises a purifying plant based
on one or a combination of two or more of an elec-

trolysis process, a distillation process or a wetpark

or constructed wetland.

The system in accordance with claim 1, wherein the

separator (3) is placed on a means of transport (25).
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The system in accordance with claim 1, wherein the
system (1) further includes a gas container (6) ar-
ranged for receiving at least a portion of a biologi-
cal gas which has formed during possible fermentation

of the mass in the temporary storage container (5).

The system in accordance with claim 4, wherein the gas

container (6) is an inflatable body.

The system in accordance with claim 4 or 5, wherein
the separator (3) is in fluid communication with the

gas container (6).

A method for reducing the amount of liquid in a bio-
logical mass comprising solids and fluid, the biologi-
cal mass being carried from a temporary storage con-
tainer (5) through at least one separator (3) arranged
to separate at least a portion of the fluid of the
mass from the solids of the mass, charac-
terized in that the methoed includes the

steps of:

- separating the liquid from the mass by means of a
fluid flow, the temporary storage container (5) and
separator (3) being included in a system (1) which is
sﬁbstantially fluidtight towards the surroundings; and
- purifying the liquid separated from the mass in a

liquid-purifying device (21).

The method in accordance with claim 7, wherein the
method includes the temporary storing of the liquid,
which is separated from the biological mass, in a lig-
uid container (19) before the liquid is carried to the

liquid-purifying device (21).

The method in accordance with claim 7 or 8, wherein

the purification of the liquid separated from the mass
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10.

11.

is based on one or a combination of two or more of an
electrolysis process, a distillation process or a wet-

park or constructed wetland.

The method in accordance with claim 6, wherein the
method includes collecting, into a gas container (6),
at least a portion of a biological gas which is formed
by possible fermentation of the mass in the temporary

storage container (5).

The method in accordance with claim 6, wherein the
method further includes carrying the solids which are
separated from the biological mass to further process-

ing.
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