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(57) A load bearing sub-floor insulation layer (51)
comprises a granular product having a biogenic carbon
content of at least 70 % of dry matter.

A sub-floor construction (56) comprises such load
bearing sub-floor insulation layer (51).

A method of producing such load bearing sub-floor
insulation layer comprises the steps of:
providing a granular product having a biogenic carbon

content of at least 70 % of dry matter, such as a granular
product comprising biochar having an organic carbon
content of at least 70 % of dry matter,
introducing the granular product as a layer to a floor
construction (56) at a building site, preferably placing a
plate above the granular product, and
compacting, preferably by vibrating, to a level of 5‑15%of
compaction.
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Description

Technical Field

[0001] The present invention relates to a load bearing
sub-floor insulation layer comprising a granular product
according to the preamble of claim 1. The invention
furthermore relates to a sub-floor construction compris-
ing a load bearing sub-floor insulation layer, and to a
method of producing a load bearing sub-floor insulation
layer.

Background Art

[0002] The climate crisis is evolving, and the building
industry is a huge contributor to climate change, with
almost 40%of the greenhouse gasses heating the planet
originating from the built environment - almost 30%come
from heating and cooling buildings with fossil energy and
approximately 10% comes from the building material
production with cement and concrete as a main source.
[0003] Thecurrent initiatives todiminishclimate impact
from buildings is mainly focused on insulating to prevent
energy losses, reducing greenhouse gas (GHG) emis-
sions from the production of building materials, and on
increasing the use of biomass instead of fossil fuels in the
energy system. All approaches are necessary, but as
some of the building parts needs to be materials which
are non-combustible and/or non-biodegradable - some
GHG emissions will prevail many efforts of reduction.
Therefore, carbon removal technologies in the building
industry are necessary in order to get to a net-zero
emission scenario soon.
[0004] Also, the science has through significant re-
search, led by UN’s IPCC, Intergovernmental Panel on
Climate Change, concluded that carbon sink solutions
have to be developed fast in order to remove excessCO2
from the atmosphere. Such carbon sink solutions could
preferably prevent biomass carbon from re-entering the
atmospherewhenburnt or biodegraded, as biomass ona
yearly basis through photosynthesis takes up vast
amounts of CO2 - up to 3 times more than human fossil
activities emit in 2021.
[0005] As biogenic wood and fossil charcoal still is
burnt in vast amounts for energy purposes it is crucial
to find other ways to hinder these resources in ending up
as CO2-pollution in the atmosphere. In the standard for
life cycle analyses EN ISO 14067, there is a definition of
the terms biogenic carbon and fossil carbon. Biogenic
carbon is derived from biomass - and the biomass being
material of biological origin, excluding material em-
bedded in geological formations, such as fossil carbon
contained in coal, oil, natural gas, and peat.
[0006] Biochar is defined by the International Biochar
Initiative, as a solid material obtained from thermoche-
mical conversion of biomass in an oxygen-limited envir-
onment. The biogenic carbon content can vary depend-
ing on biomass feedstock and the nature of the thermo-

chemical process. According to "European Biochar Cer-
tificate guidelines version 10.3" (EBC (2012‑2023) ’Eur-
opean Biochar Certificate - Guidelines for a Sustainable
Production of Biochar.’ Carbon Standards International
(CSI), Frick, Switzerland. (http://european-biochar.org).
Version 10.3 from 5th Apr 2022), paragraph 7.1, the
organic carbon content of biochar varies between 35%
to 95% of dry matter. Carbon stability is indicated by the
molar ratio of hydrogen (H) to organic carbon (Corg).
Lower values of this H/Corg ratio are correlated with
greater carbon stability, so the molar H/Corg ratio must
be less than 0,7. The organic carbon content of biomass
is often around 50% and found in different quantities in
the plant cell wall components: Lignin, Cellulose and
Hemicellulose.
[0007] In WO 2010/012275 A2 it is described how
biomass pellets pyrolyzed at two stages of decreasing
temperature in the ranges of 650 °C to 820 °C and 450 °C
to 520 °C, respectively, will be subject to a mechanical
post treatment and be turned into a grainy or pulverized
form, after which it can, among other uses, be used as an
insulation material by introducing the crushed product to
a void with stable outer plates between studs or treated
with a bonding agent like cement or hardening glue or
shaped by compression moulding.
[0008] From US 2022/0106789 A1 it is learned that a
sandwich wall element can consist of relatively thin outer
plates bonded firmly to one another through an insulation
layerof carbonwithabindingagent suchascement, lime,
geopolymer, resins or foams. If the outer plates are self-
supporting the coal-based material can be loose beads,
as in WO 2010/012275 A2. If any water vapour conden-
sates inside the biochar insulation, then due to high
adsorption capacity of the biochar, there is no occurring
and consequential leakage of condensation water to the
interior of the wall, hence this prevents mould formation
inside the building.
[0009] It is common to provide a ground floor insulation
made of granulated inorganic mineral material such as
lightweight expanded clay serving both as water control-
ling agent and insulation. As learned from NL 1000540
C2 the inorganic clay mineral is a suitable building ma-
terial when there are wet conditions in the construction.
[0010] From several expanded clay producing compa-
nies, it can be learned that the clay is dug out of the
groundandheated tomore than1000 °C ina rotarykilnby
using fossil fuels, through which it expands and leaves a
rich variety of pores and by that insulation properties with
lambda of approx. 90 mW/m2K. The expanded clay is
placed as the lower part of the ground floor insulation
layer in a thickness of at least 150mm and with the lower
layer of 75 mm serving as a capillary-breaking layer
preventing groundwater from interfering with the further
floor construction.
[0011] It is also common to use expanded or extruded
polystyrene (EPS or XPS) plates as ground floor insula-
tion. As thesematerials still are produced directly of fossil
fuels the production supports further extraction of fossil
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fuel from underground reservoirs and at the end-of-life
burning of the products this will convey the fossil CO2 to
the atmosphere. The plates are, when laid out in the
building process, hard to fit firmly together, so it is either
time consuming and/or with a risk of cold bridges, to use
this kind of rigid insulation plates.
[0012] As can be derived from the above, there is still
room for improvement of the load bearing sub floor
insulation of buildings as regards to the carbon footprint
and material efficiency in the manufacturing and mount-
ing of the prior art.

Summary of Invention

[0013] It is an object of this invention to provide a load
bearing sub-floor insulation layer comprising a granular
product having an overall reduced carbon footprint.
[0014] Further objects are to provide a sub-floor con-
struction having an overall reduced carbon footprint and
amethod of producing a load bearing sub-floor insulation
layer having an overall reduced carbon footprint.
[0015] According to a first aspect the first of the above
objects is met by a load bearing sub-floor insulation layer
comprising a granular product, wherein said granular
product has a biogenic carbon content of at least 70 %
of dry matter. Especially the granular product may com-
prise biochar having an organic carbon content of at least
70% of dry matter, preferably between 70% and 95% of
dry matter. The size of the granules in the granular
product is preferably at least 4 mm grain size in order
to reduce capillary suction
[0016] Surprisingly, such granular product has proved
to be able to provide for a layer having a strength allowing
it to be used as a load bearing in layer in a sub-floor
construction.
[0017] Such (granular) products are according to the
above-mentioned "European Biochar Certificate guide-
lines version 10.3" e.g. obtainable from thermochemical
conversion of wood and nutshells.
[0018] In general, using a granular product having a
biogenic carbon content as an insulation layer in a build-
ing provides a carbon sink because said biogenic carbon
content will be kept in the construction of the building.
Further, the granular product having a biogenic carbon
content will substitute a material having a large carbon
footprint asdiscussedabove. Thus, thepresent invention
provides a reduced carbon footprint.
[0019] In an embodiment the granular product is pyr-
olyzed lignocellulosic biomass granules, preferably pro-
duced of a biomasswith a lignin content of 15‑40% lignin,
preferably 18‑35% lignin, and more preferably 25‑35%
lignin.
[0020] Using pyrolyzed lignocellulosic biomass based
on a biomass with a lignin content the lignin assists
providing for the strength of the product to provide for
load bearing properties.
[0021] In an embodiment the granular product is pyr-
olyzed wood-pellets.

[0022] As such wood-pellets is a known product that is
easy toproduceandequipment for andstandardsaround
producing wood-pellets are known. Thus using wood-
pellets as a starting material for pyrolyzing provides in a
convenient way for obtaining a granular product as in-
tended.
[0023] In an embodiment the granular product is pro-
ducedof awaste biomass fromwoodybuildingmaterials,
waste biomass from production of woody building mate-
rials or wasted pallets of woody materials.
[0024] In this way good use may be made of waste
material to capture the carbon contents thereof and avoid
that said carbon contents is transformed into CO2.
[0025] In an embodiment the granular product is pro-
duced at a pyrolysis temperature of 200‑550 °C, prefer-
ably 200‑450 °C,morepreferably 250‑400 °C, evenmore
preferably 400 °C +/‑ 20 °C.
[0026] Lignin starts degrading/evaporating at tem-
peratures above 550 °Cand below this temp it is charred.
The charred lignin assists in providing to the strength of
the product providing for load bearing capabilities allow-
ing the product to be used as a load bearing sub-floor
insulation layer.
[0027] In an embodiment the granular product is
coated with a water repelling agent. The water repelling
agent may be at least one of: pyrolysis oil, preferably
obtained from pyrolysis of the granular product, and a
fluid silicon infusion.
[0028] Hereby it is avoided that the granular material
absorbs water that might be present and that might
reduce the insulation properties of the product or the
durability of the product.
[0029] In an embodiment the granular product ismixed
with an inorganic granular product.
[0030] Hereby it is possible to adjust theoverall proper-
ties of the load bearing sub-floor insulation layer. Also the
end-of-life scenario of such mixed product will rather be
direct circular use rather than burning the organic gran-
ular product with the not wanted result of releasing CO2.
A circular use of resources further prohibits use of virgin
resources.
[0031] In an embodiment the load bearing sub-floor
insulation layer has a compressive strength in a perpen-
dicular direction of above 20 kPa, preferably between
30‑300 kPa, more preferably 250‑280 kPa.
[0032] Hereby intended load bearing capabilities re-
flecting properties of the current sub-floor insulation pro-
ducts may be obtained. Plate products often declares
compressive strength between 30‑80 kPawhereas gran-
ular light weight aggregates can withstand compressive
strengths in the range 250‑300 kPa.
[0033] According to a second aspect an object is met
by a sub-floor construction comprising a load bearing
sub-floor insulation layer according to the invention as
presented above.
[0034] In anembodiment a carrying layer, suchas solid
ground or a building construction of floor separation, is
provided below the load bearing sub-floor insulation

5

10

15

20

25

30

35

40

45

50

55



5

5 EP 4 520 892 A1 6

layer.
[0035] Thus, a load bearing sub-floor insulation layer
according to the invention may be used e.g. at the foun-
dation of a building and between different floors of a
building.
[0036] In an embodiment a concrete floor slab is pro-
vided above the load bearing sub-floor insulation layer.
[0037] When using a load bearing sub-floor insulation
layer comprising combustible material, such as biochar,
provisions may be needed to ensure safety against fire.
Providing a concrete floor slab above the load bearing
sub-floor insulation layerwill providesuchsafety. Further,
such concrete floor slab may enhance the overall load
bearing capability of a floor comprising the sub-floor
construction.
[0038] In a further embodiment a plate, such as a
vibrating and casting plate, is provided between the
concrete floor slab and the load bearing sub-floor insula-
tion layer.
[0039] Suchvibratingandcastingplatemayprovide for
distributing impact forces of an instrument used for vi-
brating and/or compacting the granular product during
installation and may allow for casting concrete on top of
the layer of granular product without the concrete pene-
trating into the layer of granularmaterial. Further theplate
enhances the sound absorption and/or sound penetra-
tion of the construction, as a diversity of materials prohi-
bits propagation of acoustic resonance in the construc-
tion.
[0040] In a third aspect an object is obtained by a
method of producing a load bearing sub-floor insulation
layer according to the invention, comprising the steps of:
providing a granular product having a biogenic carbon
content of at least 70 % of dry matter, such as a granular
product comprising biochar having an organic carbon
content of at least 70%of drymatter, preferably between
70 % and 95 % of dry matter, introducing the granular
product as a layer to a floor construction at a building site,
preferably placing a plate above the granular product,
and compacting, preferably by vibrating, to a level of
5‑15% of compaction, preferably of 7‑13% of compac-
tion, and further preferably of 10% of compaction.
[0041] In an embodiment the method, prior to the step
of introducing thegranular product to a floor construction,
comprises the steps of: collecting a lignocellulosic bio-
mass, granulating, heating, and pelletizing said lignocel-
lulosic biomass, introducing the pelletized lignocellulosic
biomass into a pyrolysis kiln to be pyrolyzed at a tem-
perature of 200‑550 °C, preferably 200‑450 °C, more
preferably 250‑420 °C , even more preferably 400 °C
+/‑ 20 °C, immediately after pyrolyzation separating the
pelletized lignocellulosic biomass from the pyrolysis
gasses, quenching and cooling with water, drying, and
preferably adding a water repellent.

Brief Description of Drawings

[0042] In the following, the invention will be described

in further detail with reference to the schematic drawings
in which:

Fig. 1 is a cross-section of a building;
Figs. 2 is an enlargement of the detail indicated by II
in Fig. 1; and
Fig. 3 is anenlargementof thedetail indicatedby III in
Fig. 1.

Description of Embodiments

[0043] Fig. 1shows a cross-section of a building 1
having floors comprising sub-floor constructions com-
prising load bearing sub-floor insulation layers according
to the present invention.
[0044] Thus, the building 1 comprises a roof 2, a foun-
dation 3,walls 4, a ground floor 5, and a storey partition 6.
[0045] In an embodiment according to the present
invention, i.e. in the embodiment shown in the figures,
the ground floor 5 comprises, cf. Fig. 2, a first sub-floor
insulation layer 51 positioned on solid ground 52 as a
carrying layer, a first plate 53 constituting a vibrating and
casting plate, and a first concrete floor slab 54. An upper
surface of the first concrete floor slab 54 provides a first
floor surface 55. The solid ground 52, the first sub-floor
insulation layer 51, first plate 53, and first concrete floor
slab54 together providesafirst sub-floor construction56.
[0046] Further, in an embodiment according to the
present invention, i.e. in the embodiment shown in the
figures, the storey partition 6 comprises, cf. Fig. 3, a
second sub-floor insulation layer 61 positioned on a
building construction of floor separation or simply a floor
separation 62 as a carrying layer, a second plate 63
constituting a vibrating and casting plate, and a second
concrete floor slab 64. An upper surface of the second
concrete floor slab 64 provides a second floor surface 65.
The floor separation 62, the second sub-floor insulation
layer 61, second plate 63, and second concrete floor slab
64 together provides a second sub-floor construction 66.
[0047] The first floor surface 55 and the second floor
surface65, respectively,maybecoveredbycarpets, floor
panels, etc. as it is generally known in the art.
[0048] The two sub-floor insulation layers, i.e. first sub-
floor insulation layer 51 and second sub-floor insulation
layer 61, are according to the present invention load
bearing sub-floor insulation layers comprising a granular
product, wherein said granular product has a biogenic
carbon content of at least 70 % of dry matter. In the
present embodiment the granular product comprises
biochar having an organic carbon content of at least 70
%of drymatter, preferably between 70%and 95%of dry
matter.
[0049] In the present embodiment the granular product
is pyrolyzed lignocellulosic biomass granules, preferably
produced of a biomass with a lignin content of 15‑40%
lignin, preferably 18‑35% lignin, and more preferably
25‑35% lignin.
[0050] In the present embodiment the granular product
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is pyrolyzed wood-pellets. Further in the present embo-
diment the granular product is produced of a waste
biomass from woody building materials, waste biomass
from production of woody building materials or wasted
pallets of woody materials.
[0051] In the present embodiment the granular product
is produced at a pyrolysis temperature of 200‑550 °C,
preferably 200‑450 °C, more preferably 250‑400 °C,
even more preferably 400 °C +/‑ 20 °C.
[0052] Lignin starts degrading/evaporating at tem-
peratures above 550 °Cand below this temp it is charred.
The charred lignin assists in providing to the strength of
the product providing for load bearing capabilities allow-
ing the product to be used as a load bearing sub-floor
insulation layer. Accordingly, the pyrolysis of the granular
material used in the sub-floor insulation layers 51 and 61
may be performed in a furnace or kiln in which the initial
temperature around 800 °C and the temperature is sub-
sequently lowered when the pyrolysis process is actually
started. At the end of the pyrolysis process the tempera-
ture is preferably below 550 °C.
[0053] In the present embodiment the granular product
is coatedwithawater repelling agent. Thewater repelling
agent may be at least one of: pyrolysis oil, preferably
obtained from pyrolysis of the granular product, and a
fluid silicon infusion.
[0054] In an embodiment the granular product may be
mixed with an inorganic granular product.
[0055] In the present embodiment the load bearing
sub-floor insulation layers 51, 61 each have a compres-
sive strength in a perpendicular direction, i.e. a load
carrying capacity, of above 20 kPa, preferably between
30‑300 kPa, more preferably 250‑280 kPa.
[0056] For constructing the first sub-floor construction
56 or the second sub-floor construction 66, respectively,
a granular product as mentioned above is provided and
placed as a layer on top of the respective carrying layer,
i.e. on topof thesolid ground52or thefloor separation62.
The first plate 53 and the second plate 63, respectively, is
positioned on top of the respective layer of granular
product. The first and the second plate 53, 63 provides
for distributing impact forces of an instrument used for
vibrating and/or compacting the granular product. Thus
the layersof granularproductarecompactedbymeansof
an instrument, preferably a vibrating instrument, as it will
be known to the skilled person for compacting layers of
granular materials in general, thereby compacting the
layers of granular material to a level of 5‑15%of compac-
tion, preferably of 7‑13% of compaction, and e.g. of 10%
of compaction to provide the load bearing first and sec-
ond sub-floor insulation layers 51 and 61, respectively.
[0057] Subsequently, concrete is cast on top of the
respective sub-floor insulation layers 51 and 61 and
the first plate 53 and second plate 63, respectively.
Due to the first and second plate 53, 63, the concrete
will not penetrate into the layers of granular material.
[0058] Surprisingly, a granular product having a bio-
genic carbon content of at least 70 % of dry matter, as

outlined above in different embodiments, has proved to
be able to provide for a layer having a strength allowing it
to be used as a load bearing in layer in a sub-floor
construction like the above first and second sub-floor
construction 56 and 66.

List of Reference Numerals

[0059]

1 building
2 roof
3 foundation
4 walls
5 ground floor
6 storey partition

51 first sub-floor insulation layer
52 solid ground (carrying layer)
53 first plate (vibrating and casting plate)
54 first concrete floor slab
55 first floor surface
56 first sub-floor construction

61 second sub-floor insulation layer
62 floor separation (carrying layer)
63 second plate
64 second concrete floor slab
65 second floor surface
66 second sub-floor construction

Claims

1. A load bearing sub-floor insulation layer (51; 61)
comprising a granular product,
characterized in that
said granular product having a biogenic carbon con-
tent of at least 70 % of dry matter.

2. The load bearing sub-floor insulation layer (51; 61)
according to claim 1, wherein the granular product
comprises biochar having an organic carbon content
of at least 70 % of dry matter, preferably between 70
% and 95 % of dry matter.

3. The load bearing sub-floor insulation layer (51; 61)
according to claim 1 or 2, wherein the granular
product is pyrolyzed lignocellulosic biomass gran-
ules, preferably produced of a biomass with a lignin
content of 15‑40% lignin, preferably 18‑35% lignin,
and more preferably 25‑35% lignin.

4. The load bearing sub-floor insulation layer (51; 61)
according to anyoneof the preceding claims,where-
in the granular product is pyrolyzed wood-pellets.

5. The load bearing sub-floor insulation layer (51; 61)
according to anyoneof the preceding claims,where-
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in the granular product is produced of a waste bio-
mass fromwoody buildingmaterials, waste biomass
from production of woody building materials or
wasted pallets of woody materials.

6. The load bearing sub-floor insulation layer (51; 61)
according to anyoneof the preceding claims,where-
in the granular product is produced in a pyrolysis
temperature of 200‑550 °C, preferably 200‑450 °C,
more preferably 250‑400 °C, even more preferably
400 °C +/‑ 20 °C.

7. The load bearing sub-floor insulation layer (51; 61)
according to anyoneof the preceding claims,where-
in the granular product is coated with a water repel-
ling agent.

8. The load bearing sub-floor insulation layer (51; 61)
according to claim 7, wherein the water repelling
agent is at least one of: pyrolysis oil, preferably
obtained from pyrolysis of the granular product,
and a fluid silicon infusion.

9. The load bearing sub-floor insulation layer (51; 61)
according to anyoneof the preceding claims,where-
in the granular product is mixed with an inorganic
granular product.

10. The load bearing sub-floor insulation layer (51; 61)
according to any one of the preceding claims, having
a compressive strength in a perpendicular direction
of above 20 kPa, preferably between 30‑300 kPa,
more preferably 250‑280 kPa.

11. A sub-floor construction (56; 66) comprising a load
bearing sub-floor insulation layer (51; 61) according
to any one of the preceding claims.

12. The sub-floor construction (56; 66) according to
claim 11, wherein a carrying layer (52; 62), such
as solid ground or a building construction of floor
separation, is provided below the load bearing sub-
floor insulation layer (51; 61).

13. The sub-floor construction (56; 66) according to
claim 11 or 12, wherein a concrete floor slab (54;
64) is provided above the load bearing sub-floor
insulation layer (51;61).

14. The sub-floor construction (56; 66) according to
claim13,wherein a plate (53; 63), suchasa vibrating
and casting plate, is provided between the concrete
floor slab (54; 64) and the load bearing sub-floor
insulation layer (51; 61).

15. A method of producing a load bearing sub-floor in-
sulation layer (51; 61) according to any one of claims
1 to 10, comprising the steps of:

providing a granular product having a biogenic
carbon content of at least 70 % of dry matter,
such as a granular product comprising biochar
having an organic carbon content of at least 70
%of drymatter, preferably between70%and95
% of dry matter,
introducing the granular product as a layer to a
floor construction (56, 66) at a building site,
preferably placing a plate above the granular
product, and
compacting, preferably by vibrating, to a level of
5‑15% of compaction, preferably of 7‑13% of
compaction, and further preferably of 10% of
compaction.

16. The method according to claim 15, said method,
prior to the step of introducing the granular product
to a floor construction (56; 66), comprising the steps
of

collecting a lignocellulosic biomass,
granulating, heating, and pelletizing said ligno-
cellulosic biomass,
introducing the pelletized lignocellulosic bio-
mass into a pyrolysis kiln to be pyrolyzed at a
temperature of 200‑550 °C, preferably 200‑450
°C, more preferably 250‑420 °C , even more
preferably 400 °C +/‑ 20 °C,
immediately after pyrolyzation separating the
pelletized lignocellulosic biomass from the pyr-
olysis gasses, quenching and cooling with
water, drying, and preferably adding a water
repellent.
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