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DESCRIPTION

[0001] The invention relates to a biogas reactor, which has a floor and walls, which floor and
walls form a substantially liquid-proof basin, a gas-permeable intermediate floor which
substantially completely covers the basin and a roof structure above the intermediate floor.

[0002] Biogas can be produced by digesting organic biomass, such as separated sludge
manure, In anoxic conditions. In biogas production faclilities, the digesting is done In an airtight
biogas reactor manufactured for this purpose. A conventional biogas reactor has a water-proof
concrete floor slab, on top of which concrete walls are built, so that the concrete slab and walls
together form a liquid-proof basin. A gas-proof gas hood is attached to the upper edge of the
walls, which forms the roof of the bioreactor. The biomass is led into the basin, in the digesting
process occurring in which biogas containing e.g. methane is formed. Typically, the biomass to
be digested In the biogas reactor is sludge in liquid form, which can be moved by pumping.
The biogas formed fills the space between the surface of the biomass in the basin and the gas
hood, whereby the gas hood rises into a dome-like shape due to the gas pressure. As the
biogas pressure sinks, for example in connection with gas removal, the hood sinks down. In
order for the gas hood not to sink down onto the biomass sludge in the basin, a net covering
the entire basin has been set up at the level of the upper edge of the walls. In the middle of the
basin there Is a support pillar for carrying the net, from which pillar straps emerge radially,
which straps are attached by their other end to the upper edge of the walls. One such biogas
reactor is presented in publication EP 1867712 A1.

[0003] Several problems are associated with known biogas reactors. In addition to combustible
gases, such as methane, also among others poisonous hydrogen sulphide is formed In the
biogas production process. Hydrogen sulphide corrodes the structures of the biogas reactor,
wherefore the steel support pillars and reinforcements of the concrete structures must be
made of a more expensive acid-proof or stainless steel. Due to the hydrogen sulphide
contained Iin the biogas, gas motors which can withstand corrosive fuel, which are substantially
more expensive than conventional motors, must be used as motors rotating the electricity
generators In biogas facilities. The gas hood of the biogas reactor, made from a thin film,
Isolates heat poorly, which increases the heating needs of the biomass.

[0004] An object of the Invention Is to provide a biogas reactor, by which the problems relating
to known biogas reactors can be reduced. The objects of the invention are obtained with a
biogas reactor, which is characterized by what i1s presented in the independent claims. Some
advantageous embodiments of the invention are presented in the dependent claims.

[0005] The Invention relates to a biogas reactor, which has a floor and a wall, which form a
substantially liquid-proof basin. The basin functions as a digesting space for the biomass to be
led Into the biogas reactor. The biogas reactor further has a gas-permeable intermediate floor
substantially completely covering the basin and a roof structure above the intermediate floor.
Said intermediate floor comprises support beams, which to their material are made of wood.
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The Intermediate floor Is situated in the space between the biomass and the roof structure, In
which space corrosive hydrogen sulphide 1s formed. The support beams made of solid wood
do not have glue seams and/or joints, which could break in challenging conditions.

[0006] In one advantageous embodiment of the bioreactor according to the invention said
Intermediate floor further comprises a porous thermal insulation layer. The thermal insulation
layer slows down the escape of heat from the bioreactor, whereby the temperature of the
biomass remains at an optimal level for biogas production with very little external heating.

[0007] In a second advantageous embodiment of the bioreactor according to the invention,
sald thermal Insulation layer 1s at least partly made of wood fibre material. The thermal
Insulation layer i1s advantageously at least partly made of cutter shavings. Alternatively or
additionally, the thermal insulation layer can be at least partly made of granular polyurethane.
s has been found that a porous thermal insulation layer, particularly a cutter shaving layer,
decreases the amount of hydrogen sulphide formed in the biogas reactor. It Is assumed that
this 1s partly due to the fact that the porous thermal insulation layer offers a breeding ground
for bacteria which use hydrogen sulphide as nutrition. Small amounts of air can be fed with air
pipes Into the space between the thermal insulation layer and biomass, whereby the oxygen In
the air and the hydrogen sulphide formed in the biogas process react together and the sulphur
In the hydrogen sulphide is precipitated into sulphur on the porous surfaces of the thermal
Insulation layer. The precipitated sulphur can fall into the biomass and exit the reactor In
connection with the removal of the used biomass. A thermal insulation layer made from cutter
shavings offers a very large surface for the occurrence of the above-mentioned reactions,

whereby a small amount of air fed into the thermal insulation layer does not disturb the
production of biogas requiring anoxic conditions.

[0008] In a third advantageous embodiment of the bioreactor according to the invention there
IS a support pillar in the basin, which pillar has a first end, which 1s supported on the floor. The
support beams have a first end, by which the support beam is supported on the wall, and a
second end, by which the support beam is supported on the support pillar.

[0009] Still another advantageous embodiment of the bioreactor according to the invention
comprises a gas-proof gas hood, which 1s supported on the second end of the support pillar.

[0010] In still another advantageous embodiment of the bioreactor according to the invention,
sald wall has an inner surface, an upper edge and a lower edge, and the inner surface of the
walls have a gas-proof protective film extending from the upper edge to the lower edge.

[0011] In still another advantageous embodiment of the bioreactor according to the invention,
the gas hood has an edge and the protective film has an upper edge and the upper edge of
the protective film and the edge of the gas hood are connected together In a gas-proof
manner. The protective film advantageously has a lower edge, which is connected to the floor
In a liquid-proof manner.
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[0012] An advantage of the invention is that the durability of the structures of the inner parts of
the biogas reactor is improved and the service life Is increased.

[0013] An advantage of one embodiment of the invention 1s that it improves the operating
conditions of microbes producing biogas and thus increases the amount of biogas formed.

[0014] An advantage of one embodiment of the Invention Is further that the amount of
hydrogen sulphide in the biogas is reduced, which makes easier the use of the biogas as fuel
In gas motors.

[0015] In the following, the Invention will be described In detall. In the description, reference Is
made to the enclosed drawings, in which

figure 1 shows as an example a biogas reactor according to the invention as partly cut open
and

figure 2 shows a wall of the biogas reactor shown In figure 1 as a cross-sectional view.

[0016] Figure 1 shows as an example a biogas reactor according to the invention seen from
the outside. The biogas reactor has a roof structure, a wall 10 and a floor 12. In figure 1 a part
of the roof structure, wall and floor have been removed In order to better bring out the
structure of the inner part of the biogas reactor. The floor of the biogas reactor is to its shape a
round fibre concrete slab. The walls of the biogas reactor are built from wall elements, which
are erected on a thermal insulation layer 11 formed on top of a levelled soll layer, so that they
form a solid, substantially cylindrical outer wall. The walls and floor form a basin, into which the
biomass In liquid or paste-like form, typically sludge manure, to be used as raw material In
biogas production, is led. On the inner surface of the walls there is a heating pipe system 195,
with the aid of which the biomass in the biogas reactor is heated to a temperature optimal for
gas production.

[0017] In the centre of the space delimited by the walls there is a support pillar 14, which is
supported by its first end on the floor. The material of the support pillar i1s hot-dip galvanized
steel. At the level of the upper edge of the walls there i1s an intermediate floor 16, the bearing
structure of which 1s formed from solid wood support beams 18. The support beams are
supported by their first end on the upper edge of the wall and by their second end on the
support pillar. Wooden sparse boarding 17 is attached to the lower edge of the support beams.
The width of the gap between the boards of the sparse boarding can be 5-20 mm. On top of
the sparse boarding there 1s an approximately 30 cm thick layer of cutter shavings, which
forms a gas-permeable thermal insulation layer in the intermediate floor (the thermal insulation
layer i1s not shown In the figures). On the outer surface of the wall there Is a control room 28,
which contains the machines and devices that control and monitor the operation of the biogas
reactor.
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[0018] The roof structure of the biogas reactor comprises a cover tarpaulin 20 protecting from
the weather and a gas-proof gas hood 22 underneath the cover tarpaulin. The gas hood and
cover tarpaulin are supported by their edges in a gas-proof manner to the upper edge of the
wall 10. The gas hood is a film, which rises into a dome-like shape due to gas pressure formed
beneath it. The second end of the support pillar supports the gas hood by its middle part, so
that when the pressure sinks, the gas hood cannot fall down onto the intermediate floor. The
space between the gas hood and the intermediate floor is called the gas space 24. The biogas
formed In the biogas reactor is collected In the gas space, from where it I1s led along a
collecting pipe for further processing. Between the cover tarpaulin and gas hood there is an air
space 26, which improves the thermal insulation ability of the roof structure. The air pressure In
the air space Is upheld with a compressor in the control room 28, so that the cover tarpaulin
continuously retains its dome-like shape, regardless of the magnitude of the pressure
prevailing in the gas space.

[0019] The biogas reactor further comprises feeding means for feeding in biomass, discharge
means for removing used biomass, 1.e. reject, and a mixing means for mixing the biomass In
the reactor. However, these are not within the scope of this invention, thus they are not
described further in this connection.

[0020] The size of the biogas reactor can be selected according to the amount and quality of
the biomass to be processed and the biogas production targets. The diameter of the biogas
reactor can be 12-16 meters and the height of the wall 3-5 meters. The height of the
bioreactor, 1.e. the distance from the ground level to the highest point of the cover tarpaulin can
be 8-15 meters. Preferably, the diameter of the biogas reactor is about 15.6 meters, the height
of the wall about 4.4. meters and the total height about 9.2 meters.

[0021] Figure 2 shows a wall of the bilogas reactor shown In figure 1 as a cross-sectional view.
The floor 12 of the biogas reactor comprises a bearing bottom slab 13, which i1s made of fibre
concrete and cast on a durable insulation layer 11. The wall 10 of the bioreactor is built on the
Insulation layer, so that the lower edge of the wall settles against the upper surface of the
Insulation layer. The wall comprises a bearing steel inner mantle 30 with an element structure,
a thermal insulation 32 and an outer shell 31. The thermal insulation is attached with a comb
structure to the steel elements of the inner mantle. The outer shell iIs made of corrugated
metal, which Is attached to the comb structure binding the Insulation. On the inner surface of
the upper edge of the wall there Is a corner support 36 the length of the entire upper edge of
the wall, to which beam supports 38 are attached for supporting the ends of the support beams
18. A rain water hem 46 circles the upper edge of the wall, which 1s supported by one edge In a
water-proof manner to the surface of the cover tarpaulin 20.

[0022] On the inner surface of the wall there I1s a protective film 34, which extends from the
upper edge of the wall to the lower edge of the wall over the entire length of the wall. The
upper edge of the protective film is folded on top of the upper edge of the wall superimposed
by the edge of the cover tarpaulin 20 and the edge of the gas hood 22. The overlapping edges
are pressed tightly against the upper edge of the wall with the aid of a mounting rim 40 circling
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the upper edge of the wall. The mounting rim is attached in place in the upper edge of the wall
with C-shaped attaching means 42. The mounting rim, attaching means and the overlapping
edges of the cover tarpaulin 20, gas hood 22 and protective film 34 remain hidden underneath
the rain water hem 46. The lower edge of the protective film extends in the lower edge of the
wall to the upper surface of the insulation layer and its edges are folded onto the upper surface
of the insulation layer. The lower edge of the protective film thus gets pinned between the
bottom slab 13 to be cast on the insulation layer 11 after the installation of the walls and the
upper surface of the insulation layer. The joint between the lower edge of the protective film
and the floor thus becomes gas-proof. Inside the protective film, there are at a distance from
each other vertical batten-like brackets 44, to which the biomass heating pipes 15 are
attached.
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Patentkrav

1. Biogasreaktor, som har et gulv (12) og en vaeg (10), hvor gulvet (12) og
vaggen (10) danner et i alt vaesentligt vaesketaetbassin, idet et
gasgennemtraangeligt mellemliggende gulv (16) i alt vaesentligt fuldsteendigt
daekker bassinet og en loftstruktur over det mellemliggende gulv (16),
kendetegnet ved, at naevnte mellemliggende gulv (16) omfatter et porgst
varmeisoleringslag og traestgttebjaelker (18), og i bassinet er der en stgttesgijle
(14), som har en fgrste ende, som er understgttet af gulvet (12), og naevnte
stottebjaelker (18) har en fgrstet ende, via hvilken stgttebjaelken (18) er
understgttet af veeggen (10), og en anden ende, via hvilken stgttebjeelken (18) er
understgttet af stgttesgjlen (14).

2. Biogasreaktoren ifglge krav 1, kendetegnet ved, at navnte varmeisolerings-
lag er mindst delvist fremstillet af traefibermateriale.

3. Biogasreaktoren ifglge krav 1 eller 2, kendetegnet ved, at

varmeisoleringslaget er mindst delvist fremstillet af traespaner.

4. Biogasreaktoren ifglge et hvilket som helst af kravene 1-3, kendetegnet ved,

at varmeisoleringslaget er mindst delvist fremstillet af granulaer polyurethan.

5. Biogasreaktoren ifglge et hvilket som helst af kravene 1-4, kendetegnet ved,
at naevnte loftstruktur omfatter en gastaet haette (22), hvilken gashaette (22) er
understgttet af den anden ende af stgttesgjlen (14).

6. Biogasreaktoren ifglge et hvilket som helst af kravene 1-5, kendetegnet ved,
at naevnte vaeg (10) har en indvendig overflade, en gvre kant og en nedre kant,
og den indvendige overflade af vaeggene har en gastaet beskyttelsesfilm (34), som

streekker sig fra den gvre kant til den nedre kant.

7. Biogasreaktoren ifglge krav 6, kendetegnet ved, at gashaetten (22) har en
kant, og beskyttelsesfilmen (34) har en gvre kant, og den gvre kant af

beskyttelsesfilmen (34) og kanten af gashaetten (22) er forbundet med hinanden
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pa en gastzeet made.

8. Biogasreaktoren ifglge krav 6 eller 7, kendetegnet ved, at beskyttelsesfiimen

(34) har en nedre kant, som er forbundet med gulvet (12) pa en vaesketaet made.
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DRAWINGS
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