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WO 2024/165164 PCT/EP2023/053293

10

15

20

25

30

ENERGY CARRIERS, THEIR USE AND METHODS OF FORMING ENERGY CARRIERS

Technical field
The present disclosure relates to an energy carrier concept, including a
method of forming energy carriers, energy carriers having a format which is suitable

for being transported and to methods of using such energy carriers.

Background
US2016046486A and US2016046487A disclose the general idea of using

silicon as an energy carrier, instead of e.g. hydrocarbon based energy carriers. In
particular, these documents disclose a system and method for employing silicon as a
supplement or replacement for current hydrogen storage techniques.- The method
may include generating or using energy from an energy source, using this energy to
purify and refine silicon to an acceptable level of purity, transporting the purified
and refined silicon to a place of use, reacting the purified and refined silicon with
water in a particular environment or in a particular system in order to produce
hydrogen gas and other products, and storing or directly using the generated
hydrogen while optionally recycling the other products.

However, one problem with using silicon as an energy carrier resides in its
transportation and storage.

Hence, there is a need for solutions that provide for efficient storage and

transport of a silicon based energy carrier.

Summary

It is an objective of the present disclosure to provide solutions that provide
for efficient storage and transport of a silicon based energy carrier.

The invention is defined by the appended independent claims, with
embodiments being set forth in the appended dependent claims, in the following
description and in the attached drawings.

According to a first aspect, there is provided a method of forming an energy
carrier, comprising providing silicon having a level of purity corresponding at least to

metallurgical grade silicon, formatting the silicon into a silicon powder having a
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predetermined particle size, and pressing an amount of said silicon powder into a
silicon powder body.

The term “particle size” is to be understood as a nominal particle size in the
sense commonly used for the relevant type of product. As a particular example, the
particle size may be determined as the maximum dimension of each particle. In such
case, the particle size may be defined as an average maximum dimension of the
measured particles.

By pressing the silicon powder into a silicon powder body, there is provided a
simple, yet effective, way of handling, storing and transporting a product which is in
a powder form. The silicon powder bodies can easily be converted back into powder
at the site where energy is to be extracted.

Such pressing can, but need not, be performed without the addition of
binder material.

The silicon may comprise at least about 95 wt.-% silicon, preferably at least
about 98 wt.-% silicon.

In the method the formatting may comprise grinding the silicon into silicon
powder.

The silicon powder may have a particle size of less than about 5 mm.

In particular, the silicon powder may have a particle size of about 0.5 pm to
about 5 mm.

In some applications, the silicon powder may have a particle size of about
0.1-0.2 mm, about 0.2-0.5 mm, about 0.5-0.7 mm, about 0.7-1 mm, about 1-3 mm,
about 3-4 mm or about 4-5 mm.

In some applications, the silicon powder may have a particle size of about 1-
100 pum, about 100-200 um, about 200-300 um, about 300-400 um or about 400-500
pm.

In other applications, the silicon powder may have a particle size of about 1-
100 nm, about 100-200 nm, about 200-300 nm, about 300-400 nm, about 400-500
nm, about 500-600 nm, about 600-700 nm, about 700-800 nm, about 800-900 nm,
about 900-1000 nm.

The pressing may comprise supplying thermal energy, such that the silicon

powder is pressed at an elevated temperature.
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The pressing may be performed at a pressure of less than about 300 kN/cm?,
preferably of about 100-300 kN/cm?or about 150-250 kN/cm?.

The method may further comprise coating an outwardly exposed surface of
the silicon powder body.

The method may further comprise transforming the silicon powder body into
silicon powder.

The method may further comprise extracting energy directly or indirectly
from the silicon powder by oxidizing the silicon powder.

The method may further comprise collecting a residual product from said
oxidization, said residual product consisting essentially of silicon dioxide.

The method may further comprise converting said silicon dioxide to
reprocessed silicon having a level of purity corresponding at least to metallurgical
grade silicon.

In the method the step of providing silicon may comprise providing said
reprocessed silicon.

The method may further comprise transporting the silicon powder body to a
extraction site where energy is to be extracted from the silicon powder body.

The method may further comprise providing the silicon powder body in a fuel
receptacle of a vehicle, in which energy is to be extracted from the silicon powder
body.

According to a second aspect, there is provided an energy carrier, comprising
a silicon powder body which is formed of a silicon powder, said silicon powder
having a level of purity corresponding at least to metallurgical grade silicon and a
particle size which is less than about 0.5 mm.

The energy carrier may further comprise a coating on an outwardly exposed
surface of the silicon powder body.

The silicon powder body may have a density near room temperature of less
than 2329 kg/m3.

The energy carrier may comprise at least one reaction helper, such as
magnesium, in an amount of about 0-01-0.1 wt-%, said reaction helper preferably
having a particle size which is 50-150 % of that of the silicon powder.

Such magnesium particles may advantageously have an MgO coating, so as to

counteract unintended ignition.
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According to a third aspect, there is provided an energy carrier device,
comprising a web, and a plurality of energy carriers as described above, wherein said
energy carriers are attached to the web.

The web may be a flexible web, which may be formed of a relatively thin
woven or non-woven material, a polymer film, or a combination thereof.

Alternatively, the web may be formed of a relatively thin rigid material, such
as a sheet, in particular a polymer sheet.

The energy carriers may be attached to the web by an adhesive or a glue.

The web may be formed from at least two laminated or folded layers of
material, in which the energy carriers may be encased in one or more pockets
formed between the layers. The layers may be interconnected by means of e.g.
welding, stitching, adhesive or glue.

In the energy carrier device the web may be essentially planar and define a
web plane, and the energy carriers may be spaced from each other in at least one
direction in said web plane.

According to a fourth aspect, there is provided use of an energy carrier as
described above for transferring an amount of energy between two geographically
spaced apart locations.

The geographically spaced apart locations may be situated in different sites,
cities, counties, states, countries or continents.

According to a fifth aspect, there is provided use of an energy carrier as
described above for extracting energy directly or indirectly from the silicon powder
by oxidizing the silicon powder.

Hence, the energy may be directly extracted, for example, the energy may be
thermal energy that is extracted by combustion of the silicon powder.

Alternatively, the energy may be indirectly extracted by contacting the silicon
powder with water, such that hydrogen gas is generated, which, in turn, can be
combusted.

According to a sixth aspect, there is provided a method of forming an energy
carrier, comprising providing silicon having a level of purity corresponding at least to
metallurgical grade silicon and a particle size of at least about 1 um, preferably
about 1-250 mm, about 5-100 mm, about 10-100 mm, about 20-80 mm or about 10-

80 mm, and pressing an amount of said silicon into a silicon block.
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The method may further comprise coating an outwardly exposed surface of
the block.

The method may further comprise charging said silicon block with an amount
of thermal energy.

According to a seventh aspect, there is provided an energy carrier,
comprising a body which is formed of silicon particles having a level of purity
corresponding at least to metallurgical grade silicon and a particle size of at least
about 1 um, preferably about 1-250 mm, about 5-100 mm, about 10-100 mm, about
20-80 mm or about 10-80 mm.

The body may have a mass of at least about 50 kg, preferably about 50-3000
kg.

The body may have a density near room temperature of less than about 2329
kg/m3.

According to an eighth aspect, there is provided use of an energy carrier as
described above for accumulating thermal energy, said thermal energy having a
temperature greater than about 120 degC, preferably greater than 200 degC,
greater than 300 degC, greater than 400 degC or greater than 500 degC, and less
than about 3265 degC, preferably less than about 2500 degC or less than 1414 degC.

In particular, such thermal energy may have a temperature or 120-3265
degC, such as about 120-200 degC, about 200-300 degC, about 300-400 degC, about
400-500 degC, about 500-600 degC, about 600-700 degC, about 700-800 degC,
about 800-900 degC, about 900-1000 degC, about 1000-1100 degC, about 1100-
1200 degC, about 1200-1300 degC, about 1300-1400 degC, about 1400-1500 degC,
about 1500-1600 degC, about 1600-1700 degC, about 1700-1800 degC, about 1800-
1900 degC, about 1900-2000 degC, about 2000-2500 degC, about 2500 degC-3000
degC or about 3000-3265 degC.

Drawings

Fig. 1 is a schematic block diagram illustrating the silicon based energy carrier
system.
Fig. 2 is a schematic block diagram illustrating an embodiment of the silicon

production step 2.
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Fig. 3 is a schematic block diagram illustrating an embodiment of the silicon
pellet production step 3.

Fig. 4 is a schematic block diagram illustrating an embodiment of the silicon
energy extraction step 5.

Fig. 5 is a schematic block diagram illustrating another use of silicon as an
energy carrier and/or as an energy accumulator.

Figs 6a-6b schematically illustrate a first version of a silicon based energy
carrier.

Fig. 7 schematically illustrates a second version of a silicon based energy

carrier.

Detailed description

Referring to fig. 1, an overview of the silicon based energy carrier concept
will be provided.

Silicon, which is one of the most common elements in the earth’s crust, can
be supplied 1 as silicon dioxide in the form of e.g. sand, quartz, rock crystal flint, or
in other forms.

As will also be appreciated from the following description, recirculated silicon
dioxide may also be used as a silicon supply.

Production 2 of pure silicon can be achieved by heating silicon dioxide in the
presence of carbon and with input of energy, in a process which is known per se.

Another known Silicon production method, using sand and magnesium is
called the magnesiothermic reduction (MTR) process, and is a promising way to
produce silicon and has big advantages as low cost and is also a simple and
convenient process.

Magnesium can be used in refining the SiO; into Si. If the extraction of Mg is
done from seawater, the process of refining Si can be done without production of
CO..

The energy input can be provided from a sustainable energy source, such as a
renewable energy source, which may be solar power, hydroelectric power, wind

power or the like.
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During this process, silicon having a purity level of at least about 95 wt.-%
(percent by weight), preferably at least about 96 wt.-%, at least about 97 wt.-%, at
least about 98 wt.-% or at least about 99 wt.-% may be produced.

The resulting silicon may, but need not, be provided in the form of
polycrystalline silicon, which may take the form of small rocks or pebbles, having a
particle size of about 5-100 mm. In order to enable efficient energy extraction from
the silicon, it may need to be prepared to have a suitable particle size. Hence, the
pure silicon produced 2 may be ground or crushed into a powder having a powder
particle size that is less than about 0.5 mm.

In particular, the resulting silicon powder may be provided as porous silicon,
i.e. silicon having nanopores. Such silicon can provide a surface to volume ration on
the order of 500 m?/cm3.

The powder particles may be spherical or non-spherical.

For some applications, the powder particle size may be about 0.1-0.2 mm,
about 0.2-0.5 mm, about 0.5-0.7 mm, about 0.7-1 mm, about 1-3 mm, about 3-4
mm or about 4-5 mm.

For some applications, the powder particle size may be about 1-100 um,
about 100-200 pum, about 200-300 um, about 300-400 pum or about 400-500 pm.

For other applications, the powder particle size may be about 1-100 nm,
about 100-200 nm, about 200-300 nm, about 300-400 nm, about 400-500 nm, about
500-600 nm, about 600-700 nm, about 700-800 nm, about 800-900 nm or about
900-1000 nm.

The thus produced powder is pressed 3 into pellets or briquettes. The
pressing may be performed at a pressure of less than about 300 kN/cm2, preferably
of about 100-300 kN/cm2 or about 150-250 kN/cm2

Alternatively, pellets or briguettes may be produced from larger silicon
particles, in order to be crushed or ground at or in connection with the energy
extraction.

The pellets or briquettes may be transported to the site where energy is to
be extracted from them.

The pellets or briquettes may be shipped in a bulk form, or in a transport
packaging, which may serve to protect the pellets or briquettes, and which may

assist in dosing of the pellets or briquettes.
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The silicon may be transported 4 as a bulk material or in transport packaging.

The silicon may optionally be stored at a site where energy is to be extracted,
or in a vehicle where the energy is to be extracted.

Energy may be extracted 5 from the silicon through an oxidation reaction,
which can be an exothermal reaction in the presence of oxygen or a chemical
reaction in the presence of water, both of which resulting in a residual product in
the form of silicon dioxide.

The residual silicon dioxide can be collected and recycled 6 such that it can
be restored 2 into pure silicon.

Such recycling may involve storage and transportation of the silicon dioxide.

Referring to fig. 2, the silicon production step 2 will now be briefly described.

Silicon dioxide is received 21 for use as starting material for this process.

Extraction of silicon dioxide from raw material in the form of sand, rock, etc.
is a process which is known per se.

The silicon dioxide is then processed 22 into pure silicon.

Processing of silicon from silicon dioxide is a per se well known process.
Referring to fig. 3, the transport preparation step 3 will now be described in further
detail.

Preparation of the silicon resulting from the silicon production 2 for transport
may involve grinding 31 the silicon thus produced to the desired particle size as set
forth above with reference to fig. 1.

Methods of grinding are known per se, as are methods of testing to verify
that the desired particle size has been attained and methods of sorting particles so
as to provide an amount of silicon particles of the relevant particle size or interval of
particle sizes.

The thus formed silicon powder is dosed and pressed 32 into pellets or
briquettes 1001 having a desired size.

Methods of pressing silicon powder into silicon pellets or briquettes 1001,
including selection of temperature and pressure for the pressing, are known per se.
Such pressing can be achieved without the addition of any binder.

The pellets or briquettes 1001 thus formed can be coated 33 so as to prevent
chemical interaction between the pellets or briquettes 1001 and the surrounding

environment.
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Such coatings can be formed of a polymer material and applied to the pellets
or briquettes in connection with the pressing orimmediately thereafter.

Coatings and coating methods are known per se.

While the pellets or briquettes 1001, coated or uncoated, can be transported
as a bulk material, e.g. in crates or bags, it is possible to attach 34 them to a
transport web 2000, which may be used as transport protection for the pellets or
briquettes and which may be used to feed the pellets or briquettes 1001 between
storage and transport devices and to an energy extraction device.

The thus formed webs 2000 may be packaged 35, e.g. by being folded or
rolled up, to provide a compact transport format, from which the web 2000 can be
easily extracted and fed to a storage device or to an energy extraction device.

Referring to fig. 4, the energy extraction step 5 will now be described in
further detail.

The pellets or briquettes 1001, where not packaged on a web 2000, may be
transported directly to a powderization 52 device, wherein the pellets or brigquettes
1001 may be subjected to grinding and/or crushing 52 so as to cause the silicon
powder to retain its original particle size.

The pellets or briquettes 1001 may optionally be extracted 51 from the web
2000 as a first step, whereby the web 2000 can be disposed of, recycled or
discarded, such that individual pellets or briquettes 1001 are obtained.

Alternatively, the web 2000 carrying the pellets or briquettes 1001 can be
allowed to proceed directly to the powderization 52, such that the pellets or
briquettes 1001 are effectively powderized while still held by the web 2000,
whereby the powderized pellets or briquettes 1001 may then be extracted from the
web 2000.

The pellets or briquettes 1001 may be subjected to grinding and/or crushing
52 so as to cause the silicon powder to retain its original particle size.

In the alternative, this grinding and/or crushing may be used to convert
silicon particles, having much larger particle size, into silicon powder that is suitable
for combustion or hydrogen production.

Such grinding and/or crushing methods are known per se.

Extraction of energy from the energy carrier 1000 can be attained in two

conceptually different ways.
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According to a first alternative 53a, energy may be extracted by oxidizing the
silicon in a combustion operation in the presence of oxygen, whereby heat is
generated.

It may also be possible to oxidize silicon in the presence of other gases, such
as, but not limited to, chlorine, fluorine, nitrogen oxide, methane, coal gas or
acethylene.

For combustion type energy extraction, preferred particle sizes may be about
1-100 pm, about 100-200 pm, about 200-300 um, about 300-400 um or about 400-
500 pm.

It is noted that for particles having a particle size of 1-5 um, a reaction
temperature may be at least about 930 degC, while for particles having a particle
size of 20-30 nm, a reaction temperature may be at least about 800 degC. Hence,
smaller particles provide for a lower reaction temperature.

The combustion of the silicon can be initialized by using a small amount of
magnesium, combustion of which may be initialized at a temperature of about 470-
700 degC. The magnesium will burn at a temperature of about 2200 degC, which is
sufficient to initialize the combustion of the silicon.

Magnesium particles, having a particle size on the same order as the silicon
powder, can also be incorporated, as a reaction helper, in small amounts into the
silicon powder, such that magnesium is mixed into the silicon powder. As non-
limiting examples, the amount of magnesium may be 0.01-0.1 wt-%.

Presence of such magnesium particles in an aerosol injected into a
combustion zone may greatly facilitate the process of oxidizing the silicon.

Energy may be directly extracted from the silicon powder by oxidizing it in a
combustion process, wherein Si + O; = SiO,.

According to a second alternative 53b, energy may be extracted in an
oxidizing operation in the presence of water, whereby hydrogen gas is generated.
The hydrogen gas can be stored for later use, or used in a combustion operation or
in a fuel cell.

For hydrogen production, nano particles of 10 nm may be expected perform
considerably better (faster) than 100 nm silicon. Improvements in reaction rates of

about 100 times may be expected.
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The hydrogen generation can be enhanced by addition of e.g. NaCl or sodium
polyacrylate in the water.

For hydrogen gas production, preferred particle sizes may be of about 1-100
nm, about 100-200 nm, about 200-300 nm, about 300-400 nm, about 400-500 nm,
about 500-600 nm, about 600-700 nm, about 700-800 nm, about 800-900 nm or
about 900-1000 nm.Energy may thus be indirectly extracted by generating hydrogen
gas by contacting the silicon powder with water, wherein Si + 2H,0 = SiO; + 2H,.
The thus generated hydrogen gas may be stored or used immediately, either in a
combustion type application or in a fuel cell.

In either case, the residual silicon dioxide can be collected 54 and recycled 6.

Referring to fig. 5, there will now be disclosed a method and system for
storing thermal energy.

Silicon dioxide is supplied 100, in the same manner as disclosed with
reference to fig. 1.

The silicon thus supplied 100 is processed 200 into pure silicon, also as
disclosed with reference to fig. 1.

Purity level should be at least about 95 wt.-% (percent by weight), preferably
at least about 96 wt.-%, at least about 97 wt.-%, at least about 98 wt.-% or at least
about 99 wt.-%.

Resulting silicon may, but need not, be provided in the form of polycrystalline
silicon, which may take the form of small rocks or pebbles, having a particle size of
about 5-100 mm.

Alternatively, the silicon may be provided in the form of powder having any
particle size as described above.

The resulting silicon is pressed 300 into a silicon block, which may have a
mass of about 10-2000 kg. Such pressing can be achieved without the need for a
binder.

The silicon block may optionally be transported 400 to a site where it is to be
used. Optionally, the silicon may be stored at this site.

The silicon block may be used to store 500 thermal energy, which may be
generated at the site. Such thermal energy may, as non-limiting examples, be
generated by a combustion process, a heat pump process or otherwise by capture of

heat from a heat source, including solar energy or geothermal energy.
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Thermal energy may be transferred to the block by convection and/or by
conduction.

It is noted that silicon can be used to store energy at temperatures higher
than e.g. water.

The heated silicon block may be encapsulated in insulation.

The heated silicon block may be stationary, such that the thermal energy is
extracted in the same location where it was stored in the block.

Optionally, the heated silicon block may be transported from a thermal
energy storage site to a geographically remote thermal energy extraction site.

In particular, the heated silicon block may be used to supply the heat needed
in the production of silicon from silicon dioxide in steps 2 or 200 referred to
above.Referring to figs 6a-6b, there is illustrated an energy carrier for use in the
system described with reference to figs 1-4.

Fig. 6a discloses an energy carrier 1000, comprising a silicon powder body
1001 formed of a pressed silicon powder comprising particles 1002 having a particle
size of less than about 0.5 mm.

Optionally, the energy carrier 1000 may be provided with a coating 1003.

Optionally, the energy carrier 1000 may be attached to a web 2000.

In some embodiments, a silicon particle size can be about 1-100 um, about
100-200 pm, about 200-300 pm, about 300-400 um or about 400-500 pum.

Such embodiments find particular use in energy extraction by combustion.

In other embodiments, a silicon particle size can be about 1-100 nm, about
100-200 nm, about 200-300 nm, about 300-400 nm, about 400-500 nm, about 500-
600 nm, about 600-700 nm, about 700-800 nm, about 800-900 nm, about 900-1000
nm.

Such embodiments find particular use in energy extraction by hydrogen gas
production.

The silicon powder body 1001 can have any suitable shape, such as spherical,
half-spherical, cuboid, cylindrical, etc.

The silicon powder body 1001 can be provided with a coating 1003 on at
least faces of the body 1001 that are outwardly exposed.

The coating may be formed from a polymeric material, such as a

thermoplastic material or a thermosetting material.
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The coating may protect the silicon powder body 1001 from moisture,
pollutants and/or from inadvertent abrasion during transport and/or storage.

The coating may be applied by a spraying, dipping or thermoshrinking
operation.

The coated or uncoated energy carriers 1000 may be attached to a web
2000.

The web 2000 may be provided as a flexible web, which may be formed of a
fabric or a film. Particular examples include woven or nonwoven fiber materials and
polymer films.

The web 2000 may have the form of a strip, whereby energy carriers 1000
may be arranged along a length direction of the strip.

The web 2000 may have the form of a sheet, whereby silicon energy carriers
1000 may be arranged approximately in a 2D matrix on the sheet.

The energy carriers 1000 may be adhered to the web 2000 by an adhesive or
a glue.

Alternatively, the energy carriers 1000 may be encased by the web 2000.

For example, the web 2000 can be folded along its length direction, or
laminated from two or more layers, so as to form pockets in which the energy
carriers 1000 can be encased.

Webs 2000 or web portions can be stitched, welded or adhered to each other
to form the pockets.

Alternatively, the web 2000 may be formed as a rigid member, such as a strip
or a sheet, to which the energy carriers 1000 may be attached as described above.

Fig. 6b discloses a web 2000 supporting a plurality of energy carriers 1000,
which are arranged along a length direction of the web 2000.

Referring to fig. 7, there is illustrated an energy carrier in the form of a silicon
block for use in the system described with reference to fig. 5.

Fig. 7 discloses a silicon block 3000 comprising a silicon body 3001 formed of
a plurality of pressed together silicon particles 3002 having a particle size of at least
1 mm.

The particle size may be at least about 1 um.

The particles 3000 may, but need not, be formed of polycrystalline silicon.
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As a maximum, the particle size may be on the order of about 2-3 m, about 1-
2 m, about 0.5-1 m or about 0.1-0.5 m.

In various embodiments, the particle size may be about 1-250 mm, about
5-100 mm, about 10-100 mm, about 20-80 mm or about 10-80 mm.

As non-limiting examples, the silicon block 3000 may have a volume of 1-
2000 dm?, preferably 50-1000 dm?3. However, larger blocks 3000 are not excluded.

In use, a plurality of such silicon blocks 3000 may be arrayed, such as stacked,
or otherwise arranged to form a larger thermal accumulator.

In a silicon block 3000 as described above, energy can be stored at a capacity
of more than 1 MWh per cubic metre of silicon at a temperature of 1400 degC.
Hence, energy may be stored in the silicon block at 120-1400 degC and in particular
at 120-200 degC, 200-300 degC, 300-400 degC, 400-500 degC, 500-600 degC, 600-
700 degC, 700-800 degC, 800-900 degC, 900-1000 degC, 1000-1100 degC, 1100-1200
degC, 1200-1300 degC, 1300-1400 degC or 1400-1414 degC.

Higher temperatures, up to about 3265 degC, which is the boiling
temperature of silicon, can be used. Provided appropriate measures are taken, it
may be desirable to allow a plurality of silicon blocks to melt or fuse into a single
block, and/or to store energy in silicon when it is in liquid state.

Optionally, heat conductors may be arranged in spaces between such
arrayed silicon blocks 3000.

Alternatively, or as a supplement, channels can be formed in the silicon block
3000, in which a heated medium may be conveyed.

Magnesium combustion starters which may be used for initialization of the
silicon combustion operation can be formed as small droplets, powder or pellets.
Each such pellet may, as non-limiting examples have a weight of 0.5-5 gram.

Combustion starters can be provided coated or uncoated, in bulk or on a
transport web, similar to that the transport web 2000 used for the energy carriers
1000.

The silicon block 3000 may be formed according to a standardized size, such
that silicon blocks 3000 can be stacked and handled rationally. To this end, the
silicon block may be provided with connectors, for interconnection of two or more
silicon blocks 3000. Such interconnectors may, as a non-limiting example, be

provided in a manner similar to the basic Lego® blocks, i.e. with one or more
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downwardly open receptacles and one or more upwardly protruding projections
matching said receptacles.

At higher temperatures, such as above 1350 degC, in particular above 1400
degC, i.e. close to the melting point of silicon, silicon blocks may bond thermally to

5 each other.
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CLAIMS

1. A method of forming an energy carrier, comprising:

providing (2) silicon having a level of purity corresponding at least to
metallurgical grade silicon,

formatting (31) the silicon into a silicon powder having a predetermined
particle size, and

pressing (32) an amount of said silicon powder into a silicon powder body

(1001).

2. The method as claimed in claim 1, wherein the silicon powder

comprises at least about 95 wt.-% silicon, preferably at least about 98 wt.-% silicon.

3. The method as claimed in claim 1 or 2, wherein said formatting

comprises grinding (31) the silicon into silicon powder.

4, The method as claimed in claim 3, wherein the silicon powder has a

particle size of less than about 5 mm.

5. The method as claimed in claim 4, wherein the silicon powder has a

particle size of about 0.5 um to about 5 mm.

6. The method as claimed in claim 4, wherein the silicon powder has a
particle size of about 0.1-0.2 mm, about 0.2-0.5 mm, about 0.5-0.7 mm, about 0.7-1

mm, about 1-3 mm, about 3-4 mm or about 4-5 mm.

7. The method as claimed in claim 4, wherein the silicon has a particle
size of about 1-100 pm, about 100-200 pum, about 200-300 um, about 300-400 pm or
about 400-500 pm.

8. The method as claimed in claim 4, wherein the silicon powder has a

particle size of about 1-100 nm, about 100-200 nm, about 200-300 nm, about 300-
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400 nm, about 400-500 nm, about 500-600 nm, about 600-700 nm, about 700-800
nm, about 800-900 nm, about 900-1000 nm.

9. The method as claimed in any one of the preceding claims, wherein
said pressing (32) comprises supplying thermal energy, such that the silicon powder

is pressed at an elevated temperature.

10. The method as claimed in any one of the preceding claims, wherein
said pressing (32) is performed at a pressure of less than about 300 kN/cm?,

preferably of about 100-300 kN/cm? or about 150-250 kN/cm?.

11. The method as claimed in any one of the preceding claims, further

comprising coating (33) an outwardly exposed surface of the silicon powder body.

12. The method as claimed in any one of the preceding claims, further

comprising transforming (52) the silicon powder body into silicon powder.

13. The method as claimed in any one of the preceding claims, further
comprising extracting (53a, 53b) energy directly or indirectly from the silicon powder

by oxidizing the silicon powder.

14. The method as claimed in claim 13, further comprising collecting (54)
a residual product from said oxidization, said residual product consisting essentially

of silicon dioxide.

15. The method as claimed in claim 13, further comprising converting said
silicon dioxide to reprocessed silicon having a level of purity corresponding at least

to metallurgical grade silicon.

16. The method as claimed in claim 14, wherein said step of providing (2)

silicon comprises providing said reprocessed silicon.
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17. The method as claimed in any one of the preceding claims, further
comprising transporting the silicon powder body (1001) to an energy extraction site

where energy is to be extracted from the silicon powder body (1001).

18. The method as claimed in any one of the preceding claims, further
comprising providing the silicon powder body (1001) in a fuel receptacle of a vehicle,

in which energy is to be extracted from the silicon powder body.

19. An energy carrier, comprising a silicon powder body (1001) which is
formed of a silicon powder, said silicon powder having a level of purity
corresponding at least to metallurgical grade silicon and a particle size which is less

than about 0.5 mm.

20. The energy carrier as claimed in claim 19, further comprising a coating

on an outwardly exposed surface of the silicon powder body (1001).

21. The energy carrier as claimed in claim 19 or 20, wherein the silicon

powder body (1001) has a density near room temperature of less than 2329 kg/m?3.

22. The energy carrier as claimed in any one of claims 19-21, further
comprising at least one reaction helper, such as magnesium, in an amount of about
0-01-0.1 wt-%, said reaction helper preferably having a particle size which is 50-150

% of that of the silicon powder.

23. An energy carrier device, comprising:
a web (2000), and
a plurality of energy carriers (1000) as claimed in any one of claims 19-22,

wherein said energy carriers (1000) are attached to the web (2000).

24, The energy carrier device as claimed in claim 23, wherein the web
(2000) is essentially planar and defines a web plane, and wherein the energy carriers

(1000) are spaced from each other in at least one direction in said web plane.
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25. Use of an energy carrier (1000) as claimed in any one of claims 19-24
for transferring an amount of energy between two geographically spaced apart

locations.

26. Use of an energy carrier (1000) as claimed in any one of claims 19-25
for extracting energy directly or indirectly from the silicon powder by oxidizing the

silicon powder.

27. A method of forming an energy carrier (3000), comprising:

providing (200) silicon having a level of purity corresponding at least to
metallurgical grade silicon and a particle size of at least about 1 um, preferably
about 1-250 mm, about 5-100 mm, about 10-100 mm, about 20-80 mm or about 10-
80 mm, and

pressing (300) an amount of said silicon into a silicon block (3001).

28. The method as claimed in claim 27, further comprising coating an

outwardly exposed surface of the silicon block (3001).

29. The method as claimed in claim 27 or 28, further comprising charging

said silicon block (3000) with an amount of thermal energy.

30. An energy carrier (3000), comprising a body which is formed of silicon
particles (3002) having a level of purity corresponding at least to metallurgical grade
silicon and a particle size of at least about 1-250 mm, about 5-100 mm, about 10-100

mm, about 20-80 mm or about 10-80 mm.

31. The energy carrier (3000) as claimed in claim 30, wherein the body

(3001) has a mass of at least about 50 kg, preferably about 50-3000 kg.

32. The energy carrier as claimed in claim 30 or 31, wherein the body

(3001) has a density near room temperature of less than about 2329 kg/m3.

RECTIFIED SHEET (RULE 91) ISA/EP
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33. Use of an energy carrier (3000) as claimed in any one of claims 30-32
for accumulating thermal energy, said thermal energy having a temperature greater
than 120 degC, preferably greater than 200 degC, greater than 300 degC, greater
than 400 degC or greater than 500 degC, and less than about 3265 degC, preferably

5 less than about 2500 degC or less than 1414 degC.

RECTIFIED SHEET (RULE 91) ISA/EP
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