2017/173499 A1) 0000 10O R OO0 0 000

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/173499 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

12 October 2017 (12.10.2017) WIPOIPCT
International Patent Classification: (81)
F28D 20/02 (2006.01)
International Application Number:

PCT/AU2017/050302

International Filing Date:
6 April 2017 (06.04.2017)

Filing Language: English
Publication Language: English
Priority Data:

2016901275 6 April 2016 (06.04.2016) AU

Applicant: THERMAPOWER PTY. LTD. [AU/AUJ;
5/31 Henry Street, Loganholme, Queensland 4129 (AU).

Inventors: PHILLIPS, Avon; ¢/- 5/31 Henry Street, Lo-
ganholme, Queensland 4129 (AU). KLETTE, Wolfgang;
5/31 Henry Street, Loganholme, Queensland 4129 (AU).
SLADE, James; 5/31 Henry Street, Loganholme, Queens-
land 4129 (AU).

Agent: FISHER ADAMS KELLY CALLINANS; Level
6, 175 Eagle Street, Brisbane, Queensland 4000 (AU).

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, S@G, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZIM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: THERMAL CELL

170

FIG 1

(57) Abstract: An energy storage apparatus comprising: a casing; at least one crucible (150); at least one heating element adjacent
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THERMAL CELL

FIELD OF THE INVENTION

[0001] The present invention relates to the field of energy storage. More
particularly, the invention relates to an apparatus and method for storing energy.
Most particularly, the invention relates to an energy storage apparatus.

BACKGROUND TO THE INVENTION

[0002] Any reference to background art herein is not to be construed as an
admission that such art constitutes common general knowledge in Australia or

elsewhere.

[0003] Today’s population relies heavily on electricity and its use, and
therefore demand on a network can vary considerably according to the season
and even to different times of the day. Energy storage systems can be used to
improve the performance of energy systems by levelling out the supply of
electricity and increasing the reliability of the system at peak times. For example,
energy storage systems can improve the performance of a power generating
plant by load levelling. Load levelling is a method for reducing energy
fluctuations in customer demand by storing energy when there is little demand
for electricity, and releasing this stored energy when there is a spike in demand.
Further to this, load levelling also improves the cost effectiveness of a power

generating plant.

[0004] The sun provides an abundance of clean and safe energy. However,
the supply of solar energy is periodic following yearly and diurnal cycles, and can
be unpredictable. The energy demand of the population is also unsteady, and
follows a yearly and diurnal cycle for both industrial and residential needs. The
use of energy storage systems can help alleviate the problem of this
unpredictability by storing energy when there is an abundance of solar energy,

and releasing it when there is a drop in supply. Further to this, energy storage is
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also useful when there is a break in the supply of electricity, such as in a
blackout.

[0005] Typically batteries are used to store energy but their cost and
replacement become an overriding factor when energy demand is 5kW or
greater. One important characteristic of an energy storage system is the length
of time which energy can be stored with acceptable losses. One disadvantage of
storing energy in the form of thermal energy is that it can only be stored for short
timeframes due to the loss of thermal energy through radiation, convection and
conduction. It would be desirable to have an energy storage system that
alleviates the problems associated with thermal energy loss.

[0006] Another important characteristic of an energy storage system is its
volumetric energy capacity, or the amount of energy stored per unit volume. If
the energy required to be stored is large then the energy storage system will also
be large. A large energy storage unit is undesirable due to transport and storage
issues. As such, it is desirable to have an energy storage apparatus that is more
compact.

[0007] Heat storage at power generating plants is typically in the form of
steam or hot water and can only be stored for short periods of time. Recently,
other materials such as oils, that have a high boiling point, have been suggested
as heat storage substances. However, these heat storage substances lose
thermal energy to the surroundings quickly. Another problem with the prior art
thermal energy storage systems is the design of the heat exchangers which
result in a substantial amount of heat, and hence energy, being lost to the

surroundings.

[0008] It should apparent to those skilled in the art that there is need for an
energy storage apparatus that is able to store large amounts of energy without
losing a substantial amount of energy, and is relatively compact.
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SUMMARY OF THE INVENTION

[0009] In a first aspect, although it need not be the only or indeed the
broadest form, the invention resides in an energy storage apparatus comprising:

a casing;

at least one crucible;

at least one heating element adjacent the crucible;

at least one heat conduit, having an inlet and outlet, adjacent the crucible;
and

a phase change material located within the at least one crucible, the
phase change material selected from the group consisting of aluminium-silicon

alloys, aluminium, magnesium chloride, sodium chloride and potassium chloride.

[0010] In one embodiment, the phase change material is an aluminium-
silicon alloy.
[0011] In another embodiment, the aluminium-silicon alloy comprises

between about 1% and 30% by weight of aluminium.

[0012] In an embodiment, the phase change material is AlSi+2.
[0013] In another embodiment, the phase change material is AlSi.
[0014] In one embodiment, the crucible is formed from a material selected

from silicon carbide, graphite, reinforced polymer, clay, porcelain, ceramics,
carbon nanotubes, aluminium nitride, aluminium oxide, boron nitride, silicon

nitride or a combination thereof.

[0015] In another embodiment, the energy storage apparatus further
comprises a thermal interface between the casing and the crucible.

[0016] In a further embodiment, the thermal interface is selected from the

group consisting of graphite, graphene and carbon nanotubes.

[0017] In an embodiment, the energy storage apparatus further comprises

insulation.

[0018] In a second aspect, the invention resides in a method of storing and
retrieving energy comprising the steps of:

a. providing an energy storage apparatus comprising:
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a casing
at least one crucible;
at least one heating element adjacent the crucible;
at least one heat conduit, having an inlet and outlet, adjacent the crucible;
and
a phase change material located within the at least one crucible, the
phase change material selected from the group consisting of aluminium-silicon
alloys, aluminium, magnesium chloride, sodium chloride and potassium chloride;
b. heating the at least one heating element to cause a phase
change in the phase change material, to thereby store
energy;
introducing a liquid to the at least one heat conduit; and
d. converting the liquid to a gas through absorption of thermal
energy stored in the phase change material;
to thereby retrieve stored energy.

[0019] The various features and embodiments of the present invention
referred to in the individual sections above apply, as appropriate, to other
sections, mutatis mutandis. Consequently features specified in one section may

be combined with features specified in other sections as appropriate.

[0020] Further features and advantages of the present invention will become

apparent from the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] To assist in understanding the invention and to enable a person
skilled in the art to put the invention into practical effect, preferred embodiments
of the invention will be described by way of example only with reference to the

accompanying drawings, in which:

FIG 1 shows a sectional view of an embodiment of the energy storage

apparatus;

FIG 1a shows a section view of another embodiment of the energy

storage apparatus;
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FIG 2 shows a perspective sectional view of the energy storage

apparatus;

FIG 2a shows a perspective view of another embodiment of the energy

storage apparatus;

FIG 2b shows a view of the thermal interface of FIG 2a where the crucible
is partially removed; and

FIG 3 shows a graphical representation of the storage capacity per unit

mass of AlSiqz vs temperature.

DETAILED DESCRIPTION OF THE INVENTION

[0022] Embodiments of the present invention reside primarily in an energy
storage apparatus. Accordingly, the method steps and apparatus have been
illustrated in concise schematic form in the drawings, showing only those specific
details that are necessary for understanding the embodiments of the present
invention, but so as not to obscure the disclosure with excessive detail that will
be readily apparent to those of ordinary skill in the art having the benefit of the
present description.

[0023] In this specification, adjectives such as first, second, adjacent and the
like may be used solely to distinguish one element or action from another
element or action without necessarily requiring or implying any actual such
relationship or order. Words such as “comprises” or “includes” are intended to
define a non-exclusive inclusion, such that a method or apparatus that
comprises a list of elements do not include only those elements but may include
other elements not expressly listed, including elements that are inherent to such
a process, method, article, or apparatus.

[0024] As used herein, the term ‘about’ means the amount is nominally the
number following the term ‘about’ but the actual amount may vary from this

precise number to an unimportant degree.

[0025] In a first aspect, although it need not be the only or indeed the
broadest form, the invention resides in an energy storage apparatus comprising:
a casing;
at least one crucible;
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at least one heating element adjacent the crucible;

at least one heat conduit, having an inlet and outlet, adjacent the crucible;
and

a phase change material located within the at least one crucible, the
phase change material selected from the group consisting of aluminium-silicon

alloys, aluminium, magnesium chloride, sodium chloride and potassium chloride.

[0026] Referring to FIG 1 there is shown an energy storage apparatus 100.
The energy storage apparatus 100 comprises a casing 110, a crucible 120, a
heating element 130, a heat conduit 140, a phase change material 150, a
thermal interface 160 and insulation 170.

[0027] The crucible 120, the heating element 130, the heat conduit 140, the
phase change material 150, the thermal interface 160 and insulation 170 are
encased within the casing 110. The phase change material 150 is located within
the crucible 120 such that when the crucible 120 is heated, the thermal energy is
transferred to the phase change material 150. The phase change material 150 is
heated to high temperatures so it will be appreciated that the crucible 120 has
high mechanical properties, high thermal conductivity and is stable at high
temperatures. This allows the crucible 120 to facilitate thermal energy transfer
whilst containing the phase change material 150. Suitable materials for the
crucible 120 include but are not limited to silicon carbide, graphite, reinforced
polymer, clay, porcelain, ceramics, carbon nanotubes, aluminium nitride,
aluminium oxide, boron nitride, silicon nitride, steel, copper, mullite, zirconium
oxide, ductile iron, cast iron, stainless steel, brass, alloys of columbian, tantalum,
molybdenum, tungsten and combinations thereof. It will be appreciated by the
person skilled in the art that the above lists of materials are not an exhaustive list
but merely exemplify types of materials that can be used. In another
embodiment, the crucible 120 may be a sealed canister. In this regard, the
sealed canister has pillow of argon, nitrogen or any other non-oxidising gas or

vacuum. It will be appreciated that any inert atmosphere may be used.

[0028] In one embodiment, the crucible 120 is formed of silicon carbide.
Silicon carbide is composed of a crystal lattice of carbon and silicon atoms, and
is able to provide structural integrity to the crucible 120. Silicon carbide is
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relatively inert in that it does not react with acids, alkali materials, or molten salts
at temperatures up to 800°C. Further to this, silicon carbide forms a silicon oxide
coating at 1200°C which is able to withstand temperatures up to 1600°C. The
crucible material therefore includes silicon oxide in one embodiment. Silicon
carbide also has high thermal conductivity, low thermal expansion characteristics
and high mechanical strength, and this provides the crucible 120 with
exceptional thermal shock resistant qualities. It should be apparent that a
crucible 120 made of silicon carbide is resistant to chemical reactions, is suitably
strong, and has good thermal conductivity which assists in heating the phase
change material 150.

[0029] The density of the silicon carbide is suitably between about 1 g/cm?®
and about 4 g/em®, more suitably between about 1.5 g/ecm® and about 3.5 g/cm?,
preferably between about 2.5 g/cm® and about 3.5 g/cm?®, and preferably about

3.1 g/om®.

[0030] The crucible 120 is not particularly limited by shape or size. The
crucible 120 is an open ended container. In one embodiment, the crucible 120
has a smaller diameter at the base and a larger diameter at the top. The crucible
120 can have a cylindrical shape, a prism shape, a cone shape, a pyramid
shape, a trapezium shape, a pentagon shape, an oval shape, a trapezoid, a
diamond shape or a triangular shape. In one embodiment, the crucible 120 has a
cylindrical shape. It will be appreciated by the person skilled in the art that the list
provided merely exemplifies the types of shapes that the crucible 120 can be
formed into and this shape is not limited to the list provided. The smaller
diameter at the base and the larger diameter at the top allow the phase change
material 150 to expand in a vertical direction rather than in a horizontal direction
and against the sides of the crucible 120. In another embodiment, the energy
storage apparatus 100 comprises multiple crucibles 120. In one embodiment, the
energy storage apparatus suitably comprises 1 to 9 crucibles, more suitably

comprises 3 to 9 crucibles, most preferably 3, 4 or 9 crucibles.

[0031] The heating element 130 is adjacent the crucible 120. The heating
element 130 generates heat so that thermal energy is transferred to the crucible
120 and thus the phase change material 150. This is discussed in more detail
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hereinafter. The heating element 130 is formed of material that has a high
thermal conductivity value to facilitate thermal energy transfer. As such, suitable
materials for the heating element 130 include but are not limited to molybdenum,
nichorme, kanthal, curpronickel, aluminium oxide, boron nitride, mullite, silicon
nitride, silicon carbide, zirconium oxide and combinations thereof. In one

embodiment, the heating element 130 is formed of silicon carbide.

[0032] The heating element 130 converts electrical energy to thermal energy
so that the phase change material 150 can store said thermal energy. The
heating element 130 sources the energy required for heating from any source of
electricity, such as wind generated electricity, hydro powered electricity, fossil
fuel powered generators, photovoltaic devices, geothermal power, grid
distributed power, heat engines, nuclear fusion, hydrogen fuel cells,
thermocouples, thermopiles, thermionic converters, natural gas, coal and

combinations thereof.

[0033] The voltage of the heating element 130 is suitably between about 10V
and about 1000V, more suitably between about 20V and about 600V, preferably
between about 20V and 500V, and most preferably between about 24V and
about 415V.

[0034] It will also be appreciated that the heating element 130 can be located
anywhere within the energy storage apparatus 100 as long as the thermal
energy from the heating element 130 is transferred to the phase change material
150. However, it is more efficient to have the heating element 130 located close
to the crucible 120. It will also be appreciated that the energy storage apparatus
100 may comprise multiple heating elements 130 to ensure that there is

sufficient thermal energy transfer to the phase change material 150.

[0035] One of the problems associated with thermal energy storage is that
the temperature typically increases with the amount of energy stored within a
material. One method of addressing this problem is to utilize a greater mass of
material, however, as previously mentioned, there are disadvantages associated
with using a greater amount of phase change material, such as storage issues
and difficulty in transport. In order to address this problem the material is heated
to higher temperatures to store greater amounts of energy. However, a material
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which is much hotter than the surrounding environment will lose thermal energy
to the surrounding environment much faster compared to a material at a lower
temperature. As such, these high temperatures result in an unacceptable loss of

energy.

[0036] Phase change material 150 can be used to store larger amounts of
thermal energy without a proportionate increase in temperature, and therefore
alleviates the problem associated with the loss of thermal energy to the
surroundings. This is known as latent heat storage.

[0037] The principle of latent heat storage is that when heat is applied to a
phase change material 150 it changes phase from a solid to a liquid, or a liquid
to a gas, by storing the heat as latent heat of fusion or vapourization. When the
stored thermal energy is retrieved from the phase change material 150 then it
reverts from a liquid to a solid, or a vapour to a liquid. Heat storage through
phase change has the advantage of compactness because the latent heat of
fusion is generally larger than the enthalpy change for a change in temperature.
For example, the ratio of latent heat to specific heat of water is about 80 which
means that the energy required to melt 1 kg of ice is about 80 times the
magnitude of the energy required to increase the temperature of 1 kg of water by
19C. It should be clear that there is a significant increase in energy stored within
the phase change material 150 when the material changes phases and this is
not accompanied by a proportionate increase in temperature. This alleviates the
problem of loss of thermal energy through convection, conduction and radiation.
Further to this, many of the phase change materials known in the art are
corrosive, expensive and have poor thermal conductivity requiring large heat
exchange areas.

[0038] In order to address the disadvantages associated with using prior art
phase change materials, the phase change material 150 should have a high heat
storage density for a small temperature variation during the charge and
discharge process. Further to this, the phase change material 150 should also

have high thermal conductivity and no phase segregation.

[0039] The phase change material 150 has a phase change temperature
suitably greater than about 100°C, more suitably between about 200°C and
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about 800°C, preferably between about 400°C and about 600°C, more preferably
between about 500°C and about 600°C, and most preferably about 576°C.

[0040] The phase change material 150 has a specific heat for the liquid state
suitably greater than about 1.1kJ/KgK, more suitably between about 1.1kG/KgK
and about 8kJ/KgK, preferably between about 1.2 kd/KgK and about 4 kJ/KgK,
more preferably between about 1.5 kJ/KgK and about 2 kJ/KgK and most
preferably about 1.741 kJ/KgK.

[0041] The phase change material 150 has a specific heat for the solid state
suitably greater than about 1 kJ/KgK, more suitably between about 1 kG/KgK
and about 8kJ/KgK, preferably between about 1 kdJ/KgK and about 4 kJ/KgK,
more preferably between about 1 kJ/KgK and about 2 kJ/KgK and most
preferably about 1.038 kJ/KgK.

[0042] The phase change material 150 has a heat of fusion suitably greater
than 100 kd/kg, more suitably between about 100 kJ/kg and about 1000 kJ/Kkg,
preferably between about 300 kd/kg and 700 kd/kg, more preferably between
about 450 kJ/kg and about 600 kd/kg, and most preferably about 560 kJ/kg.

[0043] In one embodiment, the phase change material 150 is selected from
aluminium-silicon alloys, aluminium, magnesium chloride, sodium chloride and
potassium chloride. More suitably, the phase change material 150 is selected
from the group consisting of aluminium-silicon alloys and aluminium. Preferably,
the phase change material is an aluminium-silicon alloy. It will be appreciated
that the list of phase change materials 150 is not an exhaustive list and merely
exemplify certain examples of the phase change material 150. The person
skilled in the art will appreciate that the phase change material 150 may be other

materials not expressly listed.

[0044] The aluminium-silicon alloy comprises suitably between about 1% and
about 50% by weight of aluminium, more suitably between about 5% and about
25% by weight of aluminium, preferably between about 10% and about 20% by
weight of aluminium, and most preferably about 12% by weight of aluminium with
the rest of the aluminium-silicon alloy being made up of silicon.

[0045] An aluminium-silicon alloy comprising about 20% by weight of
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aluminium is known as AlSiz, and an aluminium-silicon alloy comprising about
12% by weight of aluminium is known as AlSi+.. It will be appreciated that the
major constituents of the aluminium-silicon alloys are aluminium and silicon,
however, additional elements such as iron, copper, manganese, magnesium,
lead, nickel, zinc titanium, tin, strontium, chromium and the like may be present
as impurities. In one embodiment, the phase change material 150 is AlSig. In
another embodiment, the phase change material 150 is AlSiys.

[0046] AlSiq2 has a melting temperature of about 576°C and a heat of fusion
of about 560 kJ/kg, and AlSiy has a melting temperature of about 585°C and a
heat of fusion of about 460 kd/kg. Table 1 shows the physical properties of
AlSiy,, and it should be clear that the heat of fusion of AlSiy2 is many magnitudes
greater than the specific heat capacity of AlSiys.

Properties of AlSi»
Specific heat for solid state, kd/kgK 1.038
Specific heat for liquid state, kJ/kgK 1.741
Phase change temperature, ¢C 576
Heat of fusion, kJ/kg 560
Density, kg/m? 2700
Thermal conductivity, W/M °C 160

Table 1 — Thermal Physical Properties of AlSi12

[0047] FIG 3 shows a graphical representation of the storage capacity per
unit mass of AlSii» versus temperature. The graphical representation shows that
there is a significant increase in the heat storage capacity of AlSiy» at about
576°C and this correlates to the phase change temperature.

[0048] It is advantageous if the phase change material 150 changes from a
solid to a liquid as there is no significant expansion in the volume of the phase
change material 150. Although phase change materials 150 that change from a
liquid to gas are capable to storing thermal energy, this phase change results in
an increase in volume and pressure. In a preferred embodiment, the phase

change in the phase change material 150 is from a solid to a liquid when heated.

[0049] The heating element 130 generates thermal energy which is
transferred through the adjacent crucible 120 to the phase change material 150
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to store this energy. It should be apparent to the person skilled in the art that the
heating element 130 needs to be placed sufficiently close to the crucible 120 so
that thermal energy can be transferred to the crucible 120. Additionally, a
thermal interface 160 can be utilized in the volume between the casing 110 and
the crucible 120 to facilitate thermal energy transfer.

[0050] The thermal interface 160 facilitates the transfer of thermal energy
from the heating elements 130 to the crucible 120, and also the transfer of
thermal energy from the crucible 120 to the heat conduit 140. It will be
appreciated that the thermal interface 160 is preferably between the heating
elements 130 and the crucible 120. It was also be appreciated that the thermal
interface 160 is preferably between the heat conduits 140 and crucible 120. The
thermal interface 160 has high thermal conductivity properties whilst also
creating a barrier between the casing 110 and the crucible 120. This barrier
assists in alleviating the problem of corrosion between the phase change
material 150 and the casing 110.

[0051] The thermal interface 160 surrounds the crucible 120, the heating
element 130, and the heat conduit 140 so that thermal energy can be absorbed
by the crucible 120 and recollected by the heat conduit 140.

[0052] In one embodiment, the thermal interface 160 is selected from the
group consisting of graphite, graphene and carbon nanotubes. In a preferred
embodiment, the thermal interface 160 is graphite. Graphite is an excellent
medium to achieve high thermal conductivity between the crucible 120, the
heating elements 130 and the heat conduit 140. Graphite can be found in many
forms such as crystalline graphite, amorphous graphite, lump or vein graphite,
and pyrolytic graphite. Further to this, graphite has a melting point above
3000°C, which makes it compatible with the energy storage apparatus 100.

[0053] The volume between the casing 110 and the crucible 120 may be
filled with granular or flakes of graphite, or may be a solid block. The graphite
block can have the heat conduit 140 and heating element 130 embedded at the
time of casting the energy storage apparatus 100. The graphite can be coated
with a carbon nanotube solution. Carbon nanotubes are extremely strong, robust

and are very good thermal conductors making them suitable as the thermal
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interface 160 either alone or in conjunction with another material.

[0054] To alleviate the problem of thermal energy loss to the surroundings,
the energy storage apparatus 100 may further comprise insulation 170. The
insulation 170 can suitably be located between the thermal interface 160 and the
casing 110 to minimize the amount of thermal energy lost to the surroundings.
Further to this, the insulation 170 ensures that the casing 110 does not get hot
and alleviates the problem of an operator burning themselves if they accidentally
come into contact with the casing 110. As such, it will be appreciated that the
insulation 170 will generally be located next to casing 110.1t will be appreciated
that there can be multiple layers of insulation 170 using different materials.
Suitable materials for these insulation layers include thermal insulation boards,
thermal insulation blanks, fiberglass, mineral wool, polymers, and foams. For
instance, multiple layers of Carbolane blankets and boards, of different
specifications, can be used to prevent thermal energy loss. It will also be
appreciated that any insulation that is able to accommodate the high
temperatures can be used in the energy storage apparatus 100. It will be
appreciated that the energy storage apparatus 100 depicted in FIG 1 has four
layers of insulation, however, for convenience these four layers have been

labelled as insulation 170.

[0055] The heat conduit 140 is located adjacent the crucible 120 so that it
can collect the thermal energy from the phase change material 150. The heat
conduit 140 can be a high pressure pipe network which facilitates collection of
the stored thermal energy from the phase change material 150 and converting
said thermal energy to electricity. The heat conduit 140 has an inlet and an
outlet. The inlet of the heat conduit 140 is generally connected to a high pressure
pump and the outlet will generally be connected to a turbine. In this regard, the
heat conduit 140 has an inlet where a liquid can be added. As the liquid travels
through the heat conduit 140 it is converted to a gas, by absorbing the thermal
energy from the phase change material 150, which in turn rotates a turbine at the

outlet to covert the thermal energy to electrical energy.

[0056] The turbine is well known in the art, and those skilled in the art will

appreciate that any turbine or device that can produce electricity from moving
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gas or liquid can be used with this energy storage apparatus.

[0057] The high pressure and high temperature gas passing through the
turbine may be condensed and the residual/waste heat from the hot liquid can be

used for co-generation and tri-generation to achieve higher efficiencies.

[0058] The heat conduit 140 has a high thermal conductivity value to
facilitate the transfer of heat from the phase change material 150 to the liquid.
The heat conduit 140 is suitably made of steel, copper, aluminium oxide, boron
nitride, mullite, silicon nitride, silicon carbide, zirconium oxide, ductile iron, cast
iron, stainless steel, brass, alloys of columbian, tantalum, molybdenum, tungsten
or combinations thereof. It will be appreciated that the above list of materials is
not an exhaustive list but merely a list that exemplifies types of materials that can
be used.

[0059] The heat conduit 140 can suitable run along the sides of the crucible
to collected the stored thermal energy. Alternatively, the heat conduit 140 can
circle around the crucible to ensure efficient transfer of thermal energy from the
crucible 120. It will be clear to the person skilled in the art that different designs
can be used to efficiently transfer heat from the heating elements 130 to the
crucible 120, and from the crucible 120 to the heat conduit 140.

[0060] The liquid used in the heat conduit 140 is suitably water. Additives
such as ethylene glycol, diethylene glycol, propylene glycols, betain, hexamine,
phenylenediamene, dimethylethanolamine, sulphur hexafluoride, benzotriazole,
zinc dithiophosphates, nanoparticles, polyalkylene glycols or combinations
thereof can be added to inhibit corrosion, alter the viscosity and enhance thermal
capacity.

[0061] Referring to FIG 1a there is shown a cross-sectional view of another
embodiment of the energy storage apparatus 100. For convenience, the
numbering of the casing 110, the crucible 120, heating element 130, heat
conduit 140, phase change material 150, thermal interface 160 and insulator 170
have been maintained as per FIG 1. The Applicant submits that these features

are as described herein for FIG 1.
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[0062] This embodiment of the energy storage apparatus 100 comprises
multiple crucibles 120, a heat conduit 140, multiple heating elements 130,
multiple layers of thermal interface 160 and insulation 170. In one embodiment,
the energy storage apparatus 100 comprises three crucibles 120. It will be
appreciated that in between the three crucibles 120 are located heating elements
130, a heat conduit 140 and a thermal interface 160 to, as mentioned
hereinabove, facilitate thermal energy transfer from the crucible (and the phase
change material 150 therein) with the heating elements 130 and heat conduit
140. In one embodiment, the energy storage apparatus 100 comprises four
heating elements. Additionally, heating elements 130 are also located on the
outer side of the outer crucibles 120. These heating elements 130 are adjacent
the outer side of the crucibles 120 to further supplement heat transfer to the
crucible 120, and thus the phase change material 150 therein. In one
embodiment, the heating elements are arranged in between the crucibles. In one
embodiment, the heating elements 130 and heat conduit(s) are located
substantially in between the crucibles 120.

[0063] During operation of this energy storage apparatus, the heating
elements 130 provide thermal energy to the crucible 120 (and the phase change
material 150 therein) through the thermal interface 160 such that the phase
change material 150 stores the thermal energy (discussed hereinabove). The
thermal energy collected by the phase change material 150 can then be
reconverted to electrical energy by passing a liquid through the heat conduit 140,
which absorbs thermal energy from the phase change material 150 and the
crucible 120. The liquid is then converted to a gas which can then be passed
through a turbine (not shown) to generate electricity. It will be appreciated that
this embodiment is efficient as the heating conduit 140 can absorb thermal
energy from multiple crucibles 120 and phase change materials 150, and this is
particularly useful in making the energy storage apparatus smaller and more
efficient. In one embodiment, the heat conduits are arranged in between the

crucibles.

[0064] Additionally, this embodiment also allows for efficient transfer of
thermal energy to the phase change material 150 by use of multiple heating
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elements 130 located adjacent the crucibles 120. As previously mentioned, the
heating element 130 is formed of a material that has a high thermal conductivity
value, and as such facilitates thermal energy transfer from the crucible 120 and
the phase change material 150 to the heat conduit 140. Finally, there is a layer
of insulation 270 on the outer side of the outermost heating elements 130 to
ensure that the casing 110 does not get hot and alleviates the problem of an

operator burning themselves.

[0065] It will be appreciated that the above embodiment only exemplifies one
energy storage apparatus 100 that comprises multiple crucibles and multiple
heating elements. It will be appreciated by the person skilled in the art that the
energy storage apparatus 100 may include additional crucibles, heating
elements, heat conduits, and layers of thermal interface to provide an energy
storage apparatus that has higher energy storage ability. The person skilled in
the art will appreciate that the layout of the apparatus may also be changed so
that there is efficient transfer of thermal energy from the heating elements to the
crucibles and from the crucibles to the heat conduits.

[0066] Referring to FIG 2 there is shown a perspective sectional view of
energy storage apparatus 200. To clearly depict the energy storage apparatus
200, FIG 2 does not depict the phase change material or the thermal interface,
and only depicts casing 210, crucible 220, heating element 230, heat conduit
240 and insulation 270. The casing 210, the crucible 220, the heating element
230, the heat conduit 240 and the insulation 270 are as substantially described
as the casing 110, the crucible 120, the heating element 130, the heat conduit
140 and the insulation 170 described hereinabove. The energy storage
apparatus 200 depicted in FIG 2 has three layers of insulation, however, for
convenience these three layers have been labelled as insulation 270.

[0067] Referring to FIG 2a there is shown a perspective section view of another
embodiment of the energy storage apparatus 220. To clearly depict the energy
storage apparatus 200, FIG 2a does not depict the phase change material. In
this embodiment, the crucibles 220 are arranged in an array in a block of thermal
interface 260. The crucibles 220 can be inserted into the thermal interface 260
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such that they have a snug fit which allows for efficient thermal energy transfer.
Also within the thermal interface 260 are located heating elements 230 which are
substantially in between the crucibles 220. The heating elements 230 may also
be inserted into preformed holes in the thermal interface 260. Additional heating
elements 230 are located adjacent the thermal interface 260. These heating
elements 230 provide thermal energy to the crucibles 220 through thermal
interface 260. Multiple heat conduits 240 are located in the thermal interface 260
adjacent and in between the crucibles 220. This embodiment allows for multiple
crucibles 220 to absorb thermal energy from the heating elements 230, whilst
also allowing multiple heating conduits 240 to absorb thermal energy from the
crucibles when reconverting the thermal energy to electricity. In one
embodiment, the heating elements 230 are located adjacent, or within, the

thermal interface 260.

[0068] The outer heating elements 230 are surrounded by insulation 270 to
ensure that the casing 210 does not get hot for the reasons presented
hereinabove. In one embodiment, the energy storage apparatus 200 comprises
an array of crucibles 220. The array may be in the form of a 3 x 3 array. It will be
appreciated that any array can be used with the present invention. The array of
crucibles 220 may be placed or formed in the thermal interface 260. In this
regard, the crucibles 220 may be inserted into preformed holes in the thermal
interface 260. In another embodiment, at least a portion of the heating elements
230 are formed in the thermal interface 260. In yet another embodiment, at least
a portion of the heating elements 230 are inserted into preformed holes in the
thermal interface 260. In an embodiment, the heat conduits 240 are located
within the thermal interface 260 and adjacent the crucibles 220. In yet another
embodiment, the heat conduits 240 are inserted into preformed holes in the
thermal interface 260.

[0069] In one embodiment, the thermal interface 260 is present as a solid block.
The thermal interface 260 may include preformed holes in which the crucible
220, heating elements 230 and heating conduit 240 may be formed or inserted.
The thermal interface 260 may have a preformed array of holes for crucibles 220
to be inserted.
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[0070] Referring to FIG 2b is shown the crucible 220 in a perspective sectional
view of the crucible 220 and its positioning in the thermal interface 260. To
clearly depict the energy storage apparatus 200, FIG 2a does not depict the
phase change material.

[0071] In a second aspect, the invention resides in a method of storing and
retrieving energy comprising the steps of:
a. providing an energy storage apparatus comprising:
a casing
at least one crucible;
at least one heating element adjacent the crucible;
at least one heat conduit, having an inlet and outlet, adjacent the crucible;
and
a phase change material located within the at least one crucible, the
phase change material selected from the group consisting of aluminium-silicon
alloys, aluminium, magnesium chloride, sodium chloride and potassium chloride;
b. heating the at least one heating element to cause a phase
change in the phase change material, to thereby store
energy;
introducing a liquid to the at least one heat conduit; and
d. converting the liquid to a gas through absorption of thermal
energy stored in the phase change material;
to thereby retrieve stored energy.

[0072] The energy storage apparatus is as substantially described in the first
aspect and hereinabove.

[0073] As previously mentioned, electrical energy can be stored in the phase
change material through the collection of thermal energy. The heating element
converts the electrical energy to thermal energy which is transferred to the
crucible and thus the phase change material. As the phase change material is

heated it changes phase to store the thermal energy.

[0074] The thermal energy collected by the phase change material is then
reconverted to electrical energy by passing a liquid through the heat conduit. The
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liquid absorbs the thermal energy from the phase change material and is
converted to a gas. This high pressure and high temperature gas is then passed
through a turbine to generate electricity. Therefore, the stored thermal energy in

the phase change material is retrieved as electricity.

[0075] The high pressure and temperature gas can be condensed and the
residual/waste heat from the hot liquid can be used for co-generation and tri-

generation to achieve a higher efficiency.

[0076] The present energy storage apparatus alleviates the problems of
known storage systems which suffer from the disadvantage of significant thermal
energy loss to the surroundings. The present energy storage apparatus achieves
this through the use of a phase change material which is able to store large
amounts of energy without the accompanying increasing in temperature. Further
to this, the present invention is able to efficiently transfer thermal energy from the
heating element to the crucible, and from the crucible to the heat conduit,

through the use of a thermal interface.

[0077] The above description of various embodiments of the present
invention is provided for purposes of description to one of ordinary skill in the
related art. It is not intended to be exhaustive or to limit the invention to a single
disclosed embodiment. As mentioned above, numerous alternatives and
variations to the present invention will be apparent to those skilled in the art of
the above teaching. Accordingly, while some alternative embodiments have
been discussed specifically, other embodiments will be apparent or relatively
easily developed by those of ordinary skill in the art. Accordingly, this invention
is intended to embrace all alternatives, modifications and variations of the
present invention that have been discussed herein, and other embodiments that
fall within the spirit and scope of the above described invention.
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CLAIMS

1. An energy storage apparatus comprising:

a casing;

at least one crucible;

at least one heating element adjacent the crucible;

at least one heat conduit, having an inlet and outlet, adjacent the crucible;
and

a phase change material located within the at least one crucible, the
phase change material selected from the group consisting of aluminium-silicon

alloys, aluminium, magnesium chloride, sodium chloride and potassium chloride.

2. The energy storage apparatus of claim 1, wherein the phase change

material is an aluminium-silicon alloy.

3. The energy storage apparatus of claim 2, wherein the aluminium-silicon
alloy comprises between about 1% and about 30% aluminium.

4. The energy storage apparatus of any one of the preceding claims,
wherein the crucible is selected from silicon carbide, graphite, reinforced
polymer, clay, porcelain, ceramics, carbon nanotubes, aluminium nitride,
aluminium oxide, boron nitride, silicon nitride, steel, copper, mullite,
zirconium oxide, ductile iron, cast iron, stainless steel, brass, alloys of

columbian, tantalum, molybdenum, tungsten or a combination thereof.

5. The energy storage apparatus of any one of the preceding claims, further
comprising a thermal interface between the casing and the crucible.

6. The energy storage apparatus of any one of the preceding claims,
wherein the thermal interface is selected from the group consisting of
graphite and carbon nanotubes.
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7. The energy storage apparatus of any one of the preceding claims, further

comprising insulation.

8. The energy storage apparatus of claim 5, wherein the thermal interface is
in the form a block comprising preformed holes for insertion of the at least
one crucible, the at least one heating element and the at least one heat

conduit.

9. The energy storage apparatus of any one of the preceding claims,
comprising 1 to 9 crucibles.

10.The energy storage apparatus of any one of the preceding claims

comprising 9 crucibles.

11.The energy storage apparatus of claim 10, wherein the crucibles are
arranged in a 3x3 array.

12.The energy storage apparatus of any one of the preceding claims,
wherein the heating elements are arranged in between the crucibles.

13.The energy storage apparatus of any one of the preceding claims,
wherein the heat conduits are arranged in between the crucibles.

14. The energy storage apparatus of claim 7, wherein the insulation is located
adjacent the casing.

15. The energy storage apparatus of claim 5, wherein the thermal interface is
between the heating elements and the crucible.

16. The energy storage apparatus of claim 5, wherein the thermal interface is
between the heat conduits and the crucible.

17. A method of storing and retrieving energy comprising the steps of:
a. providing an energy storage apparatus comprising:
a casing

at least one crucible;
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at least one heating element adjacent the crucible;
at least one heat conduit, having an inlet and outlet, adjacent the crucible;
and
a phase change material located within the at least one crucible, the
5 phase change material selected from the group consisting of aluminium-silicon
alloys, aluminium, magnesium chloride, sodium chloride and potassium chloride;
b. heating the at least one heating element to cause a phase
change in the phase change material, to thereby store
energy;
10 c. introducing a liquid to the at least one heat conduit; and
d. converting the liquid to a gas through absorption of thermal
energy stored in the phase change material;

to thereby retrieve stored energy.
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