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(57) Abstract: The invention provides a heat storage system
for storing solar heat, the system including a subterranean
heat storage (2") for storing heat at temperatures above 800
°C, the subterranean heat storage comprising sand or a salt,
a collector structure (8') being placed on or above the
ground, the collector structure (8') comprising a plurality of
converging lenses (10') for concentrating solar radiation
(12), an absorber body (6) positioned beneath the collector
structure (8') so as to receive said solar radiation (12) con-
centrated by said plurality of converging lenses and be
heated by said solar radiation, and a plurality of solid mater-
ial heat conductors (4") for transferring heat from the ab-
sorber body (6') to the subterranean heat storage (2'). A
method of storing solar heat is also provided.
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Heat storage system

In our time of increasing need for clean and safe power production, numerous at-
tempts have been made to efficiently utilize the vast amounts of energy irradiated by
the sun upon the earth surface. Solar panels for directly converting solar radiation to
electric energy, although simple to operate in that they directly supply usable energy
which may be stored in accumulators, have only had limited success for applications
where large amounts of energy are needed due to their high cost and low efficiency.
On the other hand solar power stations, where solar radiation is collected by large ar-
rays of plane or curved mirrors and used to heat a working liquid for a turbine, demand
vast areas for the placement of the mirror arrays, making these techniques unsuitable
for all but the most unpopulated areas of the world.

For most homeowners or owners of small businesses wishing to lessen their environ-
mental impact by harnessing solar energy, the simplest technique involves heating
ordinary water by pumping the water through pipes assembled into panels. The panels
absorb solar radiation and heat causing the water running through the pipes to heat
up. Hot water may then be stored in an accumulator tank until it is used, primarily for
residential heating or as a supply of hot water in for example a bath or shower.

Due to the low temperatures reached with this technique, the solar radiation can only
be utilized in a very limited way. For example during the hotter seasons when the po-
tential for harnessing the solar radiation is at its greatest, the demand for residential
heating and hot water is at its lowest. Since the low temperature stored heat cannot be
converted into electricity for running cooling fans or cooling devices, the proprietor of a
solar heating equipment will still need electric energy from the conventional power grid
to operate such cooling devices to attain a pleasant indoor temperature in his home or

business.

Within the field of high temperature solar energy systems, the storing of solar heat is
described in amongst others W02008108870A1, US20080216822A1, US4362149A,
US422365A, US4318939A and US20060179840A1.

The above-mentioned documents describe technologies for transporting heat from a
solar collector to a heat storage, the heat transport being effected through a fluid or
gas. The techniques are complicated, relying on subsystems to pump the fluid or gas,
or otherwise utilize exotic substances such as molten salts or liquid metals, rendering

them unsuitable for operation by non-professionals, e.g. a homeowner. Furthermore,
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the storing of heat at low temperatures requires large heat storages, and thus large

amounts of insulation, for storing a sufficient amount of energy.

An object of the present invention is to provide a highly compact heat storage system
for storing solar heat. The heat storage is highly efficient, minimizes the amount of
insulation needed, and is capable of long term storage of solar heat. Heat is stored at
temperatures above 800 °C to maximize the amount of energy that can be stored per

volume of heat storage.

A further advantage according to the present invention is that heat at different temper-
atures for different applications may be withdrawn from the solar heat storage. It is
therefore a further object of the present invention to provide a solar heat storage sys-
tem where solar heat is stored in a plurality of heat storage bodies, the bodies being
selectively interconnectable to transfer heat between the bodies to achieve different
temperatures in the different heat storage bodies. The temperatures are suitable for

both heating and utilization by thermodynamic machines for generation of electricity.

The above objects together with numerous other objects which will be evident from the
below detailed description of preferred embodiments of the heat storage system of the
present invention is according to a first aspect of the present invention obtained by a
heat storage system for storing solar heat, said system including:

i) a subterranean heat storage for storing heat at temperatures above 800 °C,
the subterranean heat storage comprising sand or a salt,

ii) a collector structure being placed on or above the ground, the collector struc-
ture comprising a plurality of converging lenses for concentrating said-solar radiation,

iii) an absorber body positioned beneath the collector structure so as to receive
the solar radiation concentrated by the plurality of converging lenses and be heated by
the solar radiation , and

iv) a plurality of solid material heat conductors for transferring heat from the

absorber body to different parts of the subterranean heat storage.
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This is advantageous as it provides an inexpensive and robust heat storage system.
The heat storage is preferably subterranean to preserve valuable ground surface and
to facilitate the insulation of the heat storage, but it is contemplated that in certain ap-
plications an above ground placed heat storage may be advantageous.

Whether the heat storage is subterranean or not, it should be well insulated. Alterna-
tives include a vacuum enclosure, optionally having a reflecting inner surface facing
the heat storage for the highest storage temperatures, while conventional insulation
such as rockwool or glass fibre may be used at lower temperatures. Further alterna-
tives include calcium silicate, fused silica and other high temperature insulation mate-
rials.

In some embodiments of the alternative embodiment of the heat storage system ac-
cording to the first aspect of the present invention, the heat storage further comprises
a shell screening of a volume of the heat storage, the volume being accessible from
outside the heat storage through a heat conductor, the heat conductor being config-
ured for withdrawing heat from said volume.

This is advantageous as it provides for withdrawing heat from the heat storage. Fur-
ther, the volume may contain a heated air or liquid which may be withdrawn from the
volume using the heat conductor.

Preferably the heat storage further comprises a plurality of individual heat storage bod-
ies, the bodies being selectively interconnectable by heat conduits so that heat may
flow from one body into another. Thus heat can be retrieved at a number of different
temperatures from the heat storage. The individual heat storage bodies may further be
of different sizes and materials as a passive alternative to selectively interconnecting
the bodies when different temperatures in the different heat storage bodies are de-
sired.

The individual heat storage bodies are preferably solid, but may also be in the form of
hollows shells or chambers containing a heat storage fill mass, which simplifies the
construction of the heat storage bodies.

Insulation may be provided for each individual storage body, or the storage bodies
may be enclosed in an insulated space.

In one embodiment the heat storage bodies are arranged as concentric shells around
a centre heat storage body.

To increase the heat dissipation through the storage bodies, high temperature fluids
may circulate through channels provided in the storage bodies.

The material used for the storage bodies is preferably a high temperature resistant

ceramic material or materials, but high temperature resistant metals may be utilised
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instead of, or in combination with, a high temperature resistant ceramic material. Suit-
able high temperature resistant materials include Hafnium carbide (HfC) with a melting
temperature over 3890°C, Tungsten (W) with a melting temperature of 3422°C,
thorium dioxide (ThO;) with a melting temperature of 3390°C, Titanium carbide (TiC)
with a melting temperature of 3160°C, Tungsten carbide (WC) with a melting
temperature of 2870°C, Magnesium oxide (MgO) with a melting temperature of
2852°C, Zirconium dioxide (ZrO2) with a melting temperature of 2715°C, Beryllium
oxide (BeO) with a melting temperature of 2507°C, Silicon carbide (SiC) having a
melting temperature of 2730°C, Aluminium(lll) oxide (Al,O3) with a melting
temperature of 2072°C, Silicon nitride (SisN4) with a melting temperature of 1900°C,
Silica (SiO,) with a melting temperature of 1650°C, Iron (Fe) with a melting

temperature of 1538°C, etc..

In use solar heat is stored in the heat storage at temperatures above 800 °C, prefera-
bly above 1000 °C, more preferably in the range of 1500-1800 °C or higher. However,
one or several of the individual heat storage bodies may be held at lower tempera-
tures, such as 500, 300, 125, 80 and 40 °C. For heat storage bodies which will be held
at lower temperatures, any cheap commonly available material, such as stone or brick
instead of the high temperature materials listed above, may be used if desired.

The heat conduits may be thermostat controlled so as to ensure that the different

temperatures of the individual heat storage bodies are held constant.

Generally the collector structure serves to deflect sunlight. Sunlight deflecting devices
include plane mirrors, which are simple and cheap, curved mirrors which have better
converging capabilities and converging lenses.

Preferably the converging lenses are movable dependent on the position of the sun so
as to achieve deflection of solar radiation from the sun towards the absorber body.
This maximises the amount of sunlight harnessed by the collector structure and deliv-
ered to the absorber body and to the heat storage. The converging lenses may be
moveable by servomotors.

Alternatively the whole collector structure may be movable for the purpose of tracking
the sun. For installations supplying only heat, i.e. where electric energy for tracking the
sun would have to be supplied either from the electric main grid or by subsystems,
collector structure and the sunlight deflecting devices, i.e. the converging lenses, may

be immovable but arranged in the form of an arc to continuously, although with lesser
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efficiency when compared to a sun tracking embodiment, deflect sunlight while the
sun’s position changes in the sky.

Systems for tracking the position of the sun in the sky are known and typically involve
solar cells, light dependent resistors or thermal sensors for determining the position of
the sun.

Other contemplated embodiments of collector structures include parabolic mirrors
which may be preferable for smaller heat storage system installations or on locations
where the sun’s position is high in the sky.

The different embodiments of collector structures described above may be used with
any of the previously described embodiments of heat storages, including embodiments
in which the heat storage comprises a plurality of heat storage bodies, which may be
interconnectable and/or which may be kept at different temperatures.

Preferably the collector structure is made from a transparent material and the converg-
ing lenses are formed integrally with the collector structure.

This is advantageous as it provides an inexpensive and robust collector structure.

suitable materials for forming the collector structure are glass and transparent plastics.

It is further contemplated within the context of the present invention that when lenses
are used, either as the only deflecting devices used, or alternatively in combination

with mirrors, even higher temperatures such as 5000 or 6000°C may be reached.

The absorber body serves to receive solar radiation deflected by the collector structure
and to become heated by said deflected solar radiation. To minimize heat loss from
the absorber a spherical absorber body is preferred, although other shapes are possi-
ble. The absorber may furthermore be designed with an opening for receiving the de-
flected solar radiation while minimizing reflections of deflected solar radiation. Another
way of minimizing reflections is to have a porous absorber body. The absorber body
may be solid or hollow, and may further comprise channels or conduits for passing a
working fluid through the absorber body. The absorber is preferable constructed from
high temperature resistant materials such as high temperature resistant ceramic mate-
rial or materials, or metals having melting temperatures above 2000 °C, preferably
above 3000 °C. Suitable high temperature resistant materials include Hafnium carbide
(HfC) with a melting temperature over 3890°C, Tungsten (W) with a melting
temperature of 3422°C, thorium dioxide (ThO;) with a melting temperature of 3390°C,
Titanium carbide (TiC) with a melting temperature of 3160°C, Tungsten carbide (WC)

with a melting temperature of 2870°C, Magnesium oxide (MgO) with a melting
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temperature of 2852°C, Zirconium dioxide (ZrO2) with a melting temperature of
2715°C, Beryllium oxide (BeQO) with a melting temperature of 2507°C, Silicon carbide
(SiC) having a melting temperature of 2730°C, Aluminium(lll) oxide (Al,O3) with a
melting temperature of 2072°C etc.

The different embodiments of absorber bodies described above, in particular an ab-
sorber body having a melting temperature of at least 2000°C, may be used with any of
the previously described embodiments of heat storages, including embodiments in
which the heat storage comprises a plurality of heat storage bodies, which may be
interconnectable, and/or which may be kept at different temperatures, and any of the
previously described embodiments of collector structures, including embodiments in
which the collector structure or the at least one reflecting surface, including a parabolic

mirror, or converging lens, are moveable dependent on the position of the sun.

It is contemplated within the context of the present invention that the absorber body
may be placed above ground and held by the heat conductor, and also that the
absorber body is placed close to the ground surface or in a hollow in the ground to
decrease the required length of the heat conductor. The absorber body may not be
further insulated in regard of the heat loss from the absorber body to the surrounding
air, but insulation in the form of a vacuum enclosure optionally having a reflecting inner
surface may be suitable in high temperature applications where losses from heat
radiated by the absorber body become significant. In order for the absorber body to
receive the deflected light from the collector structure, the relative positions of the col-
lector structure and the sunlight deflecting devices and the absorber body must be
controlled. In a preferred embodiment the collector structure and the sunlight deflect-
ing devices are movable to track the sun and deflect light towards the stationary ab-
sorber body. It is also possible to use a stationary collector structure and sunlight de-
flecting devices while the absorber body is movable. Preferably embodiment both
collector structure and sunlight deflecting and absorber body are stationary. Moving
both absorber body and collector structure and sunlight deflecting devices may be

necessary in certain applications.

The heat conductors are typically of solid material and rod shaped, extending from the
absorber body to the heat storage. Preferably a heat conductor is in the form of a ce-
ramic encased metal rod to achieve a faster heat transfer as compared to an all ce-
ramic heat conductor. The lower end of the heat conductor may be tiltably mounted on

the heat storage to allow free positioning of the absorber, for example to move the
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absorber body in order to receive the maximum amount of deflected light on the ab-
sorber body. The heat conductor may also be of extendable construction to further
adjust the position of the absorber body relative to the deflected light. It is further con-
templated in certain embodiments of the present invention that the heat conductor may
be movable or extendable to interrupt contact with the absorber body in order to de-
crease heat loss through the absorber when the absorber temperature is lower than
the temperature in the heat storage, or alternatively to prevent overheating of the heat
storage.

The different embodiments of heat conductors described above, in particular heat
conductors in the form of a ceramic encased metal rod, may be used with any of the
previously described embodiments of heat storages, including embodiments in which
the heat storage comprises a plurality of heat storage bodies, which may be intercon-
nectable, and/or which may be kept at different temperatures, and any of the previ-
ously described embodiments of collector structures, including embodiments in which
the collector structure or the at least one reflecting surface, including a parabolic mir-
ror, or converging lens, are moveable dependent on the position of the sun, any of the
previously described embodiments of absorber bodies, in particular an absorber body

having a melting temperature of at least 2000°C.

Heat may be retrieved directly from the heat storage in embodiments where the heat
storage only comprises one heat storage body, but heat may also be retrieved from
any heat storage body when the heat storage comprises a plurality of individual heat
storage bodies. When the heat storage includes a plurality of heat storage bodies held
at different temperatures, heat may be retrieved for a wide range of application such
as domestic heating, the provision of hot water, heat for cooking, heat for an absorp-
tion cooling system or heat for a thermodynamic machine converting heat to kinetic
energy driving an electric generator.

Preferably the heat storage includes a plurality of heat storage bodies so that heat
may be retrieved from a different body than the one presently receiving heat from the
absorber body through the conductor.

Although a solid heat conductor is preferred in terms of simplicity, the heat conductor
may also comprise a system for pumping a heat transfer liquid through the absorber
body.

In use, an automatic control system may be employed to control the heat storage sys-

tem. Actions controlled by the automatic control system include the distribution of heat
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between the heat storage bodies to form a desired temperature profile. For efficient
operation of the heat storage system, the control system should further operate the
collector structure with its deflecting devices and or the absorber body so that maxi-
mum deflection of solar radiation towards the absorber body is achieved.

To prevent overheating of the absorber body or the heat storage, the control system
should discontinue the heating of the absorber body, or alternatively sever the func-
tional connection between the absorber body and the heat storage when thermal sen-
sors monitoring the temperature of the heat storage indicates that maximum allowable
temperature has been reached. Likewise, the control system may order the action of
covering the absorber body with an insulating cover or the like to prevent heat from

escaping the absorber body.

The heat storage system as described in the first aspect of the present invention may
be constructed in sizes suitable for home use while larger systems may be utilized at
farms or as power plants. Preferably the heat storage system comprises a heat stor-
age having a plurality of heat storage bodies held at different temperatures to provide

heat for both residential heating and the generation of electrical energy.

In a second aspect of the present invention a method of storing solar heat is provided,
the method comprising the steps of:

providing a subterranean heat storage comprising sand or a salt,

concentrating solar radiation with a collector structure comprising a plurality of
converging lenses,

receiving the solar radiation concentrated by the plurality of converging lenses
with an absorber body positioned beneath the collector structure for heating the ab-
sorber body,

conducting heat from the absorber body to different parts of the subterranean
heat storage with a plurality of solid material heat conductors, for storing the heat at

temperatures above 800 °C,

The method according to the second aspect of the present invention may further in-
clude the step of withdrawing heat from the heat storage. Preferably, the method in-
cludes withdrawing heat from a heat storage body having a temperature below 1500
°C, such as 500, 300, 125, 80 or 40 °C for different applications. The lower tempera-
tures are suitable for heating a house or providing hot water in a house while the

higher temperatures are suitable for running thermodynamic machines such as steam
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engines or stirling motors for driving an electric generator generating electric energy.
Retrieved heat may also be used to drive heating driven absorption cooling.

In the different embodiments described above of the method according to the second
aspect of the present invention, any of the previously described embodiments of heat
storages, including embodiments in which the heat storage comprises a plurality of
heat storage bodies, which may be interconnectable, and/or which may be kept at dif-

ferent temperatures, may be used.

The invention and its many advantages will be described in more detail below with
reference to the accompanying schematic drawings, which for the purpose of illustra-
tion show some non-limiting embodiments and in which

Fig. 1 shows an overview of a heat storage system for storing solar heat.

Fig. 2 shows a heat storage system for storing solar heat comprising multiple heat

storage bodies.

Fig. 3 shows conversion of solar heat to electric energy.

Fig. 4 shows one embodiment of a residential heat storage system using a parabolic

mirror.

Fig. 5 shows another embodiment of a heat storage system using a parabolic mirror.

Fig. 6 shows another embodiment of a heat storage system using a parabolic mirror.

Fig. 7 shows an embodiment of a temperature reducing heat storage system.

Fig. 8 shows the time dependent temperature difference between the heat storage and

the absorber body.

Fig. 9 shows an embodiment of a heat storage system according to the present inven-

tion.

Fig. 1 shows an overview of a heat storage system according to the present invention.

Heat is stored in the heat storage 2, which in fig. 1 is shown as having a subterranean
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placement. Heat storage 2 comprises a ceramic material able to withstand high tem-
peratures. As will become evident in fig. 2, the heat storage may further comprise a
plurality of heat storage bodies. Insulation (not shown) around heat storage 2 minimiz-
es any heat leakage from heat storage 2 to the surrounding soil. Heat is transferred to
heat storage 2 through a heat conductor 4 being rod shaped and comprising an outer
ceramic shell and an interior highly heat conductive core. A suitable material for the
interior heat conductive core is copper. The heat conductive core serves both to store
heat and to transfer heat. The heat conductor 4 is connected to the absorber body 6
which is heated by deflected solar radiation. Absorber body 6 comprises a ceramic
spherical body able to withstand temperatures of at least 2000 °C such as at least
3000 °C. The absorber is black in order to achieve the highest conversion of solar ra-
diation to heat. In the day time when the sun shines, solar radiation 12 from the sun 14
is deflected by a plurality of mirrors, one of which is designated the reference numeral
10 so that the deflected solar radiation 16 strikes the absorber body 6. Each mirror 10
is constructed from aluminium foil or other suitable reflective material, and is further-
more mounted to the collector structure 8 by a rotatable connection so that the mirror
is automatically adjusted to track the sun’s position in the sky during the day, so that
the maximum amount of solar radiation 12 may be deflected towards the heat absorb-
er 6. The collector structure 8 is shown in fig. 1 as forming a circle with the absorber at
its centre. The location, and thereby variability of the sun’s position in the sky where
the heat storage system is installed decides the extent to which the circumference of
the collector structure 8 is populated with mirrors 10. It is also contemplated that the
mirrors 10 may be non-rotatably mounted to the collector structure provided that the
complete circumference of the collector structure 8 is populated with mirrors 10. The

mirror area may be increased by increasing the radius of the collector structure.

Fig. 2 shows a heat storage system for storing solar heat comprising multiple heat
storage bodies. Heat from absorber body 6 is transferred to heat storage 2 through
heat conductor 4. Heat storage 2 comprises first, second and third heat storage bodies
designated 2a, 2b and 2c respectively. As shown in fig. 2, heat is being transferred to
the first heat storage body 2a, while heat is simultaneously retrieved from heat storage
body 2b through heat retrieval conductor 20 for use by heat consumer 22. Two heat
conduits, one of which is designated the reference numeral 18 serve to transfer heat
between heat storage bodies 2a-2¢. As shown in fig. 2 the heat conduits 18 are not
active, i.e. no heat is transferred between the heat storage bodies 2a-2¢, however on

the event that the heat demanded by the heat consumer 22 is too great in relation to
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the heat contained in heat storage body 2b, either one of the heat conduits 18 may be
activated to transfer heat from heat storage body 2a or 2¢ to heat storage body 2b.
The heat storage bodies 2a-2¢ may store heat at different temperatures to suit the
demands of different heat consumers 22. The selective interconnection of heat storage
bodies 2a-2¢ by heat conduits 18 may achieve such a plurality of temperatures in heat
storage 2. Each heat storage body 2a-2c is individually insulated and may also togeth-
er with the other heat storage bodies be placed in a further isolative enclosure. The
heat storage 2 further comprises a storage branch 24 and a retrieval branch 26 facili-

tating storing and retrieving heat from any heat storage body 2a-2c.

Fig 3.a and Fig. 3b show conversion of solar heat to electric energy. A thermodynamic
machine 28 converts heat energy to kinetic energy for driving electric generator 30.
Thermodynamic machine may typically be a steam engine or a stirling engine. Electric
energy from electric generator 30 may then be used to power an electricity consumer
32, for example a refrigerator or air condition device. Fig. 3a shows heat being sup-
plied to the thermodynamic machine 28 from the heat storage 2 while heat storage 2 is
continuously replenished by heat transferred through heat conductor 4 from absorber
body 6. In the event that heat storage 2 is at its maximum capacity, i.e. the maximum
allowable temperature has been reached, heat can be supplied directly from absorber

body 2 through heat conductor 4 to thermodynamic machine 28 as shown in fig. 3b.

Fig. 4 shows one embodiment of a residential heat storage system using a parabolic
mirror. Heat storage 2 is placed under the ground surface 34 in a hole excavated in
the surrounding soil 42 and is kept at a temperature of 1500-1800 °C. Insulation 40
minimizes the leakage of heat energy from the heat storage 2. Attached to heat stor-
age 2 through heat core 48 is heat conductor 4 which is equipped with a tilt joint 44
which allows tilting of the upper part of heat conductor 4. A ceramic body 52 is also
attached to heat conductor 4 for storing heat. At the end of the heat conductor 4 oppo-
site the heat storage 2 an absorber body 6 is attached. In fig. 4 The collector structure
is in the shape of a circular parabolic mirror 38 carried by the heat conductor 4 so that
heat conductor 4 extends out of the center of parabolic mirror 38 and thus positions
the absorber body 6 in the focal point of the parabolic mirror 38. The sun’s position in
the sky is tracked by tilting the upper part of the heat conductor 4 to achieve maximum
deflection of solar radiation towards the absorber body 6. Solar radiation from the sun
14 is deflected and concentrated by parabolic mirror 38 so that deflected solar radia-

tion 16 strikes the absorber body 6.
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Although not shown in fig. 4, heat conduits are connected to heat storage 2 for retriev-
ing heat energy. A dome 36 protects the parabolic mirror 36 from the weather and pre-
vents people and animals from falling into the heat storage system. The dome may
also be used to sustain a vacuum in the enclosure 46 around the parabolic mirror 38

and heat conductor 4 to further reduce leakage of heat energy.

Fig. 5 shows another embodiment of a heat storage system using a parabolic mirror.
The embodiment according to fig. 4 has in fig. 5 been modified by the inclusion of a
plurality of heat storage bodies 2a-2¢ and auxiliary heat storage body 2d. Heat from
absorber body 6 is transferred through tiltable heat conductor 4 to heat core 48 in aux-
iliary heat storage body 2d, wherefrom the heat is further transferred to heat storage
bodies 2a-2c¢ through heat conduits 18. All heat storage bodies 2a-2d are kept at a
temperature of 1500-1800 °C.

Fig. 6 shows another embodiment of a heat storage system using a parabolic mirror.
The embodiment according to fig. 4 has in fig. 6 been modified by a heat storage 2
comprising an insulated chamber containing a fill mass of mixed heat bodies, one of
which is designated the reference numeral 2e. The temperature in heat storage 2 is
kept at 1500-1800 °C. Heat from absorber body 6 is transferred through a tiltable heat
conductor 4 to a heat core 48. Heat from heat storage 2 is retrieved through the heat
passageway 50 which connects heat storage 2 with further heat storages (shown in
fig. 7.

Although the collector structure in figs. 4-6 is shown as a parabolic mirror 36 having a
single smooth reflective surface, a parabolic shaped collector structure mounting a
plurality of individual plane or curved mirrors may achieve the same solar radiation

deflecting effect and is equally suitable.

Fig. 7 shows an embodiment of a temperature reducing heat storage system. Heat is
transferred from a heat storage system, for example the heat storage system depicted
in fig. 6, through a first heat passageway 50a to a medium temperature heat storage
2f. A second heat passageway 50b being smaller in dimension further transfers heat
from the medium temperature heat storage 2f to a low temperature heat storage 2g.
finally, a third heat passageway 50c transfers heat from the low temperature heat stor-

age 2g to the liquid heat storage 2h, wherefrom hot liquid may be pumped for use in
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heating etc. All heat storages 2f-2h are enclosed in insulation 40, and placed in the soil

42 under the ground.

To further illustrate the variation in temperature of the heat storage, an example is giv-
en below:

In the example the heat storage system according to the present invention comprises
an absorber body, a heat conductor and a heat storage. We assume that the tempera-

ture of the absorber body, Ty, is constant during the time it is irradiated with solar ra-
diation. The temperature of the heat storage on the other hand will vary with time & and
is given by T{t). The heat conductivity of the heat conductor is given by &, and the
flow of heat from the absorber body to the heat storage becomes i;,,; = G{Ty — T{t)).

The heat that flows into the heat storage causes the temperature of the heat storage to

rise which gives us c- % = i;nq = G(Ty — T{t)) where ¢ is the heat capacity of the heat

storage.

The differential equation for the temperature of the heat storage thus becomes

{ T4—T(e0 ) vy . : _E . .
M = —=2(T, = T()) with the solution T, — T(t) = T,e <* and is plotted in graph
dt c 4 A

in Fig. 6.

The number 12 corresponds to a heat storage temperature of @, and during the first
sunny day, xs-1 the heat storage temperature rises to 2, and the difference T; — T{t}
becomes 1&. During the second day the heat storage temperature rises a further 2 and
the difference Ty — T'(t} becomes8. During the third day the heat storage temperature
rises to & As the number of days approaches infinity the heat storage temperature

approaches the temperature of the absorber body.

In this example, three days are selected during which the absorber body delivers heat
to the heat storage, but other numbers of days may be selected. During the three days
the temperature of the heat storage grows to half the temperature of the absorber

body. Thus the half life time ¢, for the heat storage is three days.
i, = Emz = Jdays = 18h, assuming the sun shines & hours each day.

Further assuming that the heat stored during three days should be enough for 10 days

consumption of 0.1MWheach day, the size of the heat storage may be calculated as
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F = J;{“;Bam(t}dt= cTy (1 - e_E”"'ﬁ)f = %GTA = 1 MWHh. Further assuming that the tem-

perature of the absorber body is 1000°C, the heat capacity ¢ and heat conductivity &

e R R

y : W h In2= i

1BO0C 0

can be calculated from ¢ =

the specific heat capacity £ of the heat storage material is 05]!@5{ gives the mass M

iR
of the heat storage: M = % = %—“C]—; = 15teon. Further assuming that the density of the
520

heat storage material is & tons/m? gives a volume of 3 m? for the heat storage. If the
heat storage is in the shape of a cube, it has a side of 1.44.
The heat conductivity & is related to the specific heat conductivity 4, the length i, in

this example ! = 2m, and the cross-sectional area 4, in this example 4 = 100cm?, of

Z0Gom

gl g7W
the heat conductor: G =1, =77 ,/ucimcmg

=150W/_ o A suitable heat

conductor may thus be made from copper which has a specific heat conductivity of
3.85W/_ oc. In contrast, brick has specific heat conductivity of 0.001 ¥/ _ . The

average effect that must should be delivered to the absorber body by the solar

L”;:’h:SSkW. Assuming that the intensity of the solar

radiation becomes P =

radiation during a winter day is 0.5 kw/mg, mirrors having an area of % =110m?
; -

T

will be needed.

Fig. 9 shows an embodiment of a heat storage system according to the present inven-

tion.

In the heat storage system of fig. 9, an alternative absorber body 6' is shown being
placed on level with the ground surface 34. In direct contact with the absorber body 6'
and above the absorber body 6' and preferably above the ground surface 34, an alter-
native collector structure 8'is provided, which also serves to enclose and insulate the
upper side of the absorber body 6' from the surroundings. The collector structure 8'
may be opaque, in which case it may be made from metal, ceramics or composites, or

other suitable materials, or it may be made from transparent glass or plastics, option-
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ally with an inner surface closest to the absorber body 6' covered or coated with an

heat reflecting material, for example silver.

Converging lenses, one of which is designated the reference numeral 10, are provided
on, or formed as integral lenses in the collector structure 8' and focus sunlight from
the sun 14 onto the absorber body 6'. The converging lenses 10' may be fixedly
mounted to the collector structure 8', or formed integrally with the collector structure 8/,
but are preferably mounted to the collector structure 8' such that the converging lenses
10' can be tilted as the sun 14 moves across the sky for ensuring an optimal alignment
of the converging lenses relative to the sun 14 and the absorber body 6', such that the
sunlight from the sun 14 is always, while the sun is visible to the converging lenses
10', concentrated onto the absorber body 6'. Each of the converging lenses 10' may be
tilted for example by servo motors (not shown) and may for example be connected to
the collector structure 8' using first and second gimbals allowing the converging lens
10' to be tilted around two axes. Alternatively, each converging lens 10' is shaped as a
sphere or oblate spheroid and the collector structure 8' is provided with corresponding
cavities such that each converging lens 10' is placed within and supported by its corre-
sponding cavity such that the converging lens 10' can be tilted relative to the collector

structure 8'.

Connected to the underside of the absorber body 6' are a plurality of heat conducting
spears of preferably different lengths, one of which is designated the reference nu-
meral 4', which spears 4' fan out from the absorber body 6' to conduct heat from the
absorber body 6' to all parts of the alternative heat storage 2', which heat storage 2'
differs from the heat storage 2 in that it contains sand or a salt, such as silicon dioxide
or sodium chloride. The heat storage 2' is delimited from the surrounding soil 42 by
insulation 40, and from above ground by the absorber body 6'. The spears 4' are pref-
erably made from metal. Optionally further, heat storing bodies, such as spheres of
refractory materials, such as Hasle B1500 refractory materials or refractory materials
from the firm Calderys, ceramics, perlite, or the materials used for the heat storage 2
shown in the preceding figures, may be placed in the heat storage 2' to assist in stor-

ing heat in the heat storage 2'.

The spears 4' may be separate from the absorber body 6' and may be connected to
the absorber body 6', or may alternatively be formed integrally with the absorber body

6' by casting the absorber body 6' with the spears 4' as a single casting.
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The heat storage 2' further comprises a shell 54 screening of a volume 56 of the heat
storage 2I. The volume 56 is preferably devoid of sand or salt, and an alternative heat
conductor 50' extends into the volume 56 through the insulation 40 from outside the
heat storage 2'. The heat conductor 50' may be a solid heat conductor made from
metal, or may alternatively be a pipe for withdrawing heated air or liquid present within
the volume 56, for further deliver to further heat storages, such as shown in fig 7, in
which case heat conductor 50' may be equivalent with heat conductor 50a in fig. 7, to
allow the temperature of the heat retrieved from the heat storage 2' to be reduced to a
temperature suitable for the intended use, for example for heating a residence, heating

tap water, or for use as shown in fig. 3 for converting the heat to electrical energy.

Points describing some additional features related to the present invention:

A. A heat storage system for storing solar heat, said system including:

i) a subterranean heat storage for storing heat at temperatures above 800 °C,

i) a collector structure being placed on or above the ground, said collector
structure having at least one reflecting surface or converging lens for deflecting solar
radiation,

i) an absorber body positioned so as to receive solar radiation deflected by
said collector structure and be heated by said solar radiation, and

iv) a solid material heat conductor for transferring heat from said absorber body

to said subterranean heat storage.

B. The heat storage system according to point A, said subterranean heat storage in-
cluding a plurality of heat storage bodies preferably made from high temperature re-

sistant ceramic material or materials.

C. The heat storage system according to point B, said heat storage bodies being se-
lectively interconnectable by heat conduits for transferring heat between said heat

storage bodies.

D. The heat storage according to point B or C, said heat storage bodies being kept at

different temperatures.
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E. The heat storage system according to any of the preceding points, said collector
structure and/or said at least one reflecting surface or converging lens being movable
dependent on the position of the sun so as to achieve deflection of solar radiation from

the sun towards said absorber body.

F. The heat storage system according to any of the preceding points, said collector

structure being a parabolic mirror.

G. The heat storage system according to any of the preceding points, said absorber

body having a melting temperature of at least 2000°C.

H. The heat storage system according to any of the preceding points, said heat con-

ductor having an elongated outer ceramic shell encasing a metal rod.

I. A method of storing solar heat, said method comprising the steps:

providing a subterranean heat storage,

deflecting solar radiation with a collector structure having at least one reflecting
surface or converging lens,

absorbing the deflected solar radiation with an absorber body to heat said ab-
sorber body,

conducting heat from said absorber body to said heat storage with a solid ma-

terial heat conductor, for storing said heat at temperatures above 800 °C,

J. The method according to point |, said method further including withdrawing heat

from said heat storage.

K. The method according to any of the points I-J, said heat being stored in a plurality
of heat storage bodies preferably made from high temperature resistant ceramic mate-

rial or materials.

L. The method according to point K, said heat storage bodies being selectively
interconnectable by heat conduits for transferring heat between said heat storage bod-

ies.

M. The method according to any of the points J-L, said heat being withdrawn from a

heat storage body having a temperature below 1500 °C.



WO 2013/110730 PCT/EP2013/051380

10

15

20

25

30

18

N. The method according to any of the points J-M, said heat being used for running

heating driven absorption cooling.

O. The method according to any of the points J-M, said heat being used for running a

thermodynamic machine for driving an electric generator to generate electric energy.

P. The heat storage system according to point A,

said subterranean heat storage comprises sand or a salt,

said collector structure being placed above said absorber body and comprising
a plurality of converging lenses for concentrating said solar radiation,

said absorber body being positioned beneath said collector structure so as to
receive said solar radiation concentrated by said plurality of converging lenses and be
heated by said solar radiation, said heat storage system further comprising:

a plurality of said solid material heat conductors for transferring heat from said

absorber body to different parts of said subterranean heat storage.

Q. The heat storage system according to point P,

said converging lenses being movable dependent on the position of the
sun so as to achieve deflection of solar radiation from the sun towards said absorber
body.

R. The heat storage system according to point P,
said collector structure being made from a transparent material and said

converging lenses being formed integrally with said collector structure.

S. The heat storage system according to any of the points P-R,

said heat storage further comprising a shell screening of a volume of said
heat storage, said volume being accessible from outside said heat storage through a
heat conductor, said heat conductor being configured for withdrawing heat from said

volume.
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CLAIMS
1. A heat storage system for storing solar heat, said system including:

i) a subterranean heat storage for storing heat at temperatures above 800 °C,
said subterranean heat storage comprising sand or a salt,

i) a collector structure being placed on or above the ground, said collector
structure comprising a plurality of converging lenses for concentrating solar radiation,

iii) an absorber body positioned beneath said collector structure so as to re-
ceive said solar radiation concentrated by said plurality of converging lenses and be
heated by said solar radiation, and

iv) a plurality of solid material heat conductors for transferring heat from said

absorber body to different parts of said subterranean heat storage.

2. The heat storage system according to claim 1,

said converging lenses being movable dependent on the position of the
sun so as to achieve deflection of solar radiation from the sun towards said absorber
body.

3. The heat storage system according to claim 1,
said collector structure being made from a transparent material and said

converging lenses being formed integrally with said collector structure.

4. The heat storage system according to any of the claims 1-3,

said heat storage further comprising a shell screening of a volume of said
heat storage, said volume being accessible from outside said heat storage through a
heat conductor, said heat conductor being configured for withdrawing heat from said

volume.

5. The heat storage system according to any preceding claim, said subterranean heat
storage further including a plurality of heat storage bodies preferably made from high

temperature resistant ceramic material or materials.

6. The heat storage system according to claim 5, said heat storage bodies being se-
lectively interconnectable by heat conduits for transferring heat between said heat

storage bodies.
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7. The heat storage according to claim 5 or 6, said heat storage bodies being kept at

different temperatures.

8. The heat storage system according to any preceding claim, said absorber body hav-

ing a melting temperature of at least 2000°C.

9. The heat storage system according to any preceding claim, each of said heat con-

ductors having an elongated outer ceramic shell encasing a metal rod.

10. A method of storing solar heat, said method comprising the steps:

providing a subterranean heat storage comprising sand or a salt,

concentrating solar radiation with a collector structure comprising a plurality of
converging lenses,

receiving said solar radiation concentrated by said plurality of converging
lenses with an absorber body positioned beneath said collector structure for heating
said absorber body,

conducting heat from said absorber body to different parts of said subterranean
heat storage with a plurality of solid material heat conductors, for storing said heat at

temperatures above 800 °C.

11. The method according to claim 10, said method further including withdrawing heat

from said heat storage.

12. The method according to any of the claims 10-11, said heat further being stored in
a plurality of heat storage bodies preferably made from high temperature resistant ce-

ramic material or materials.

13. The method according to claim 12, said heat storage bodies being selectively
interconnectable by heat conduits for transferring heat between said heat storage bod-

ies.

14. The method according to any of the claims 11-13, said heat being withdrawn from

a heat storage body having a temperature below 1500 °C.

15. The method according to any of the claims 11-14, said heat being used for running

heating driven absorption cooling.
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16. The method according to any of the claims 11-14, said heat being used for running

a thermodynamic machine for driving an electric generator to generate electric energy.
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