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(54) A PAVED STRUCTURE

(57) A paved structure (101) comprising a surface
layer (103) formed from a non-permeable asphalt com-
position, a permeable asphalt composition, a non-per-
meable concrete composition or permeable concrete
composition; and a layer (112) comprising carbon neg-
ative aggregate particles located beneath the surface lay-
er, wherein the carbon negative aggregate particles com-

prise a solid precursor material selected from paper
sludge combustion material, pulverised fuel ash, cement
kiln dust, limestone particles, chalk particles, marble par-
ticles, Portland cement, sand, silt and mixtures thereof
which has been reacted with carbon dioxide to form a
solid aggregate material.
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Description

[0001] The present invention relates to a paved struc-
ture and in particular to a paved structure that includes
a carbon negative aggregate material.
[0002] It is desired to provide an environmentally
friendly impact for paved surfaces by including within the
paved structure a component which is carbon negative.
In other words, a component which utilises or traps more
carbon than is used in its production.
[0003] According to a first aspect of the invention, there
is provided a paved structure comprising a surface layer
formed from a non-permeable asphalt composition, a
permeable asphalt composition, a non-permeable con-
crete composition or permeable concrete composition;
and a layer comprising carbon negative aggregate par-
ticles located beneath the surface layer, wherein the car-
bon negative aggregate particles comprise a solid pre-
cursor material selected from paper sludge combustion
material, pulverised fuel ash, cement kiln dust, limestone
particles, chalk particles, marble particles, Portland ce-
ment, sand, silt and mixtures thereof which has been
reacted with carbon dioxide to form a solid aggregate
material.
[0004] As noted above, the paved structure may be
used in the preparation of roads, paths (e.g. pavements,
sidewalks, etc.), parking lots, airports, schools, universi-
ties and such like. In the context of the present invention
the term "paved" includes a structure which has a surface
layer formed from a substantially continuous layer (such
as asphalt or concrete) and a structure which has a sur-
face layer formed from a number of close-set discrete
elements which together substantially cover the surface
of the structure (i.e. a discontinuous layer).
[0005] Based on the above, the skilled person will ap-
preciate that a surface layer formed from a concrete ma-
terial may comprise a substantially continuous layer of a
concrete composition or it may comprise a surface layer
comprised of concrete block which define gaps between
adjacent blocks and/or within each block.
[0006] The carbon negative aggregate particles are
known. For example, WO2007/096671 describes a proc-
ess for incorporating carbon dioxide into an aggregate
material by reacting a precursor solid material with a little
water in a carbon dioxide-rich environment. The result is
a hard aggregate material in which carbon dioxide is ef-
fectively locked. The precursor materials are typically
waste fines from certain processes (e.g. quarrying and
combustion processes), which are then combined and
carbonated to form the carbon negative aggregate ma-
terial. As the formed aggregate materials consume more
carbon dioxide that is generated in the manufacturing
process, they are said to be carbon negative aggregate
materials.
[0007] It is estimated that the carbon negative aggre-
gate material can be incorporated into the paved struc-
ture in an amount whereby one square metre of the paved
structure will have an equivalent effect of planting one

new tree.
[0008] In order to further increase the environmentally
friendly nature of the paved structure, the surface layer
may be a water-permeable surface layer.
[0009] Permeable paved surfaces are known and
these were developed to allow the movement of water,
for example rainwater, through the surface to prevent or
minimise flash flooding and erosion. Such surfaces have
been used for roads, paths, parking lots, airports,
schools, universities and such like.
[0010] Accordingly, permeable paved surfaces are
considered to be more environmentally friendly than non-
permeable paved surfaces.
[0011] Accordingly, in an embodiment of the invention,
the surface layer may comprise a permeable asphalt
composition or it may comprise a pervious concrete layer.
The pervious concrete layer may be formed from a per-
meable concrete composition or it may be formed from
discrete concrete blocks wherein gaps are defined be-
tween adjacent blocks and/or each block defines at least
one channel therethrough. For example, each block may
define therethrough one or more gaps, voids or conduits.
[0012] In an embodiment of the invention, the carbon
negative aggregate particles further comprise a binder
selected from cement kiln dust and Portland cement. In
embodiments in which the solid precursor material is ca-
pable of reacting with carbon dioxide (for example, lime-
stone fines, marble fines, chalk fines, paper sludge com-
bustion fines, pulverised fuel ash, cement kiln dust or
Portland cement), the use of a binder may not be neces-
sary. However, in embodiments in which the precursor
material is substantially inert (for example, sand, silt or
quarry fines), then a binder which is able to react with
carbon dioxide, such as cement kiln dust or Portland ce-
ment, is typically required to form the aggregate material.
[0013] In embodiments in which the surface layer is
water-permeable, water, such as rain water, is permitted
to permeate or infiltrate through the surface layer. In order
to capture the water that has permeated through the sur-
face layer, a reservoir layer may be provided between
the permeable surface layer and the carbon negative ag-
gregate layer. The reservoir layer permits the storage of
a volume of the water therein.
[0014] Suitably, the reservoir layer comprises an ag-
gregate material and/or a soil material. Advantageously,
the reservoir layer may act to filter out contaminants
and/or pollutants from the water as it passes through the
reservoir layer under the action of gravity. Accordingly,
the water towards the bottom of the reservoir layer may
have been purified to some extent.
[0015] The reservoir layer may include one or more
outlet pipes which act to direct the water in the reservoir
layer away from the paved structure, for example to a
collection point, a storage container or area, or an existing
waterway. Suitably, the or each outlet pipes are located
towards the bottom of the reservoir layer. In other words,
the or each outlet pipe may be located in a lower portion
of the reservoir layer.
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[0016] As the purpose of the carbon negative aggre-
gate layer is to capture and store carbon dioxide and it
does not play a significant role in the transport of water
away from the surface of the paved structure, a water-
impermeable membrane may be located above the car-
bon negative aggregate layer, for example, between the
carbon negative aggregate layer and the bottom of the
reservoir layer.
[0017] The skilled person will appreciate that the fea-
tures described and defined in connection with the aspect
of the invention and the embodiments thereof may be
combined in any combination, regardless of whether the
specific combination is expressly mentioned herein.
Thus, all such combinations are considered to be made
available to the skilled person.
[0018] An embodiment of the invention will now be de-
scribed, by way of example only, with reference to the
accompanying drawings in which:

Figure 1 shows a cross-sectional view through a
paved structure according to a first embodiment of
the invention;
Figure 2 shows a cross-sectional view through a
paved structure according to a second embodiment
of the invention; and
Figure 3 shows a cross-sectional view through a
paved structure according to a third embodiment of
the invention.

[0019] For the avoidance of doubt, the skilled person
will appreciate that in this specification, the terms "up",
"down", "front", "rear", "upper", "lower", "width", etc. refer
to the orientation of the layers as found in the example
when provided for their intended use as shown in the
Figures.
[0020] Figure 1 shows a paved structure 1 comprising
a permeable asphalt surface layer. The structure 1 com-
prises a permeable asphalt surface layer formed from an
outer layer 2 of permeable asphalt having 20mm particle
size and an inner layer 4 of permeable asphalt having 10
mm particle size. The outer layer 2 has a depth of about
100mm and the inner layer 4 has a depth of about 50mm.
[0021] Beneath the inner layer 4 of permeable asphalt
is a layer 6 of Type 3 SUDS (sustainable drainage sys-
tems) soil which acts as a reservoir layer. The reservoir
layer 6 has a depth of about 300mm. Located towards
the bottom of the reservoir layer 6 are outlet pipes 8 which
are perforated and carry away the water that has infiltrat-
ed to the lowed portion of the reservoir layer 6.
[0022] Located beneath the reservoir layer 6 is a layer
10 of compacted layer of Type 1 soil, although any im-
permeable soil or aggregate can be used for the layer
10. The compacted soil layer 10 has a depth of about
150mm.
[0023] Beneath the compacted soil layer 10 is a layer
12 of carbon negative aggregate which is the result of
reacting a waste precursor fines material with water in
an atmosphere which is rich in carbon dioxide. Such a

carbon negative aggregate material is available from
Carbon8 Aggregates Limited (Medway, Kent, United
Kingdom). The carbon negative aggregate layer 12 has
a depth of about 100mm.
[0024] In order to prevent water infiltrating beyond the
carbon negative layer 12, a water-impermeable mem-
brane 14 is located between the carbon negative layer
12 and a layer of native earth 16.
[0025] The use of the carbon negative aggregate ma-
terial in layer 12 results in a paved structure 1 which con-
sumes or locks-in more carbon dioxide than is used to
prepare the structure, thus resulting in a net loss in carbon
dioxide from the atmosphere. In addition, the paved
structure 1 helps to minimise flash-flooding and erosion,
and filters water falling on the surface through its perme-
able nature above the membrane 14.
[0026] Figure 2 shows a paved structure 101 which is
similar to the structure shown in Figure 1. Located on top
of a native soil layer 116 is water-impermeable mem-
brane 114 and above the membrane 114 is provided a
carbon negative aggregate layer 112 which is the same
as described above with reference to Figure 1. Further-
more, a layer 110 of compacted Type 1 soil is located in
turn above the carbon negative aggregate layer 112. Ac-
cordingly, the membrane 114 and the layers 110, 112,
116 are the same as described above in connection with
Figure 1.
[0027] The structure 101 shown in Figure 2 differs from
that shown in Figure 1 in the layers above the layer 110
of compacted Type 1 soil. Located immediately above
the soil layer 110 is a reservoir layer 106 formed from a
coarse grade aggregate. The reservoir layer 106 has a
depth of about 300mm. As with the reservoir layer 6 de-
scribe above, outlet pipes 108 are provided towards the
bottom of the reservoir layer 106. These pipes transport
away the water that has infiltrated through the reservoir
layer 106.
[0028] Located immediately above the reservoir layer
106 is a sand layer 105 having a depth of about 50mm.
The sand layer 105 forms a foundation for a surface layer
103 formed from permeable concrete blocks. The per-
meable blocks define small gaps (1-10mm) between
them and tessellate to define a surface over which traffic,
such a vehicular or pedestrian traffic, can move.
[0029] The arrangement shown in Figure 2 and de-
scribed above is suitable for areas having a light to me-
dium traffic use.
[0030] The structure 201 shown in Figure 3 differs from
the structure 101 shown in Figure 2 only by the reservoir
layer.
[0031] Accordingly, the structure 201 shown in Figure
3 includes a native soil layer 216, a membrane 214, a
carbon negative aggregate layer 212, and a compacted
soil layer 210. Similarly, the structure 201 includes a sur-
face layer 203 of permeable concrete blocks located on
a foundation layer 205 of sand.
[0032] However, instead of a reservoir layer which
comprises simply a coarse grade aggregate material, the
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reservoir layer of the structure 201 comprises an upper
layer 206a formed from a coarse graded aggregate ma-
terial and having a depth of about 300mm; and a lower
layer 206b formed from a Type 3 SUDS soil and having
a depth of about 250mm. As can be seen in Figure 3, the
structure 201 includes outlet pipes 208 located within the
lower layer 206b formed from the Type 3 SUDS soil.
[0033] The arrangement shown in Figure 3 and de-
scribed above is suitable for areas having a medium to
heavy traffic use.

Claims

1. A paved structure comprising a surface layer formed
from a non-permeable asphalt composition, a per-
meable asphalt composition, a non-permeable con-
crete composition or permeable concrete composi-
tion; and a layer comprising carbon negative aggre-
gate particles located beneath the surface layer,
wherein the carbon negative aggregate particles
comprise a solid precursor material selected from
paper sludge combustion material, pulverised fuel
ash, cement kiln dust, limestone particles, chalk par-
ticles, marble particles, Portland cement, sand, silt
and mixtures thereof which has been reacted with
carbon dioxide to form a solid aggregate material.

2. A paved structure according to Claim 1, wherein the
surface layer is water-permeable.

3. A paved structure according to Claim 2, wherein the
surface layer comprises a permeable asphalt com-
position or a pervious concrete layer.

4. A paved structure according to Claim 3, wherein the
surface layer comprises an array of discrete concrete
blocks, wherein a gap is defined between adjacent
surfaces of the blocks.

5. A paved structure according to Claim 4, wherein
each block defines therethrough at least one chan-
nel.

6. A paved structure according to any of Claims 1 to 5,
wherein the carbon negative particles further com-
prise a binder selected from cement kiln dust and
Portland cement.

7. A paved structure according to any of Claims 1 to 6,
wherein the structure further includes a reservoir lay-
er located between the permeable surface layer and
the carbon negative aggregate layer, wherein the
reservoir layer includes a water permeable aggre-
gate material or a soil material.

8. A paved structure according to Claim 7, wherein res-
ervoir layer includes one or more outlet pipes con-

figured to carry away water located within the reser-
voir layer.

9. A paved structure according to Claim 7 or Claim 8,
wherein the structure further includes a water imper-
meable membrane located between the reservoir
layer and the carbon negative aggregate layer.
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