(43) International Publication Date

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

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

=

\

24 August 2017 (24.08.2017)

WIPOIPCT

(10) International Publication Number

WO 2017/141152 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:

F03G 3/08 (2006.01) HO2K 7/02 (2006.01)
International Application Number:
PCT/IB2017/050796

International Filing Date:

13 February 2017 (13.02.2017)
Filing Language: English
Publication Language: English
Priority Data:
16155740.0 15 February 2016 (15.02.2016) EP

Applicant: NIORE IP, S.R.O. [SK/SK]; Oponice 111,
956 14 Oponice (SK).

Inventor: NOVAK, Miroslav; Oponice 111, 956 14
Oponice (SK).

Agent: LITVAKOVA A SPOL., S. R. O.; Pluhova 78,
831 03 Bratislava (SK).

Designated States (unless 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,

(84)

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, SG, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZM, 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).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

of inventorship (Rule 4.17(iv))

Published:

with international search report (Art. 21(3))
with amended claims (Art. 19(1))

2017/141:152 AT I 000 OO0 OO0 00
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Fig. 1

(57) Abstract: A flywheel energy storage device containing at least one rotary element (1) which is capable of floating and rotating
on liquid and/or in liquid, at least one element which is capable of transferring energy onto the rotary element (1) and at least one
generator (3) which is capable of transferring the energy from the rotary element (1) wherein the rotary element (1) is axleless. A

o method of use of the flywheel energy storage device in such manner that the energy is accumulated as kinetic energy of at least one
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rotary element (1) that floats and rotates on liquid or in liquid.
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FLYWHEEL ENERGY STORAGE DEVICE AND METHOD OF ITS USE

Technical Field

The invention relates to a flywheel energy storage device and method of its use, a
flywheel energy storage device system and method of its use and belongs to the field of

energetics.

Background Art

At present, we recognize four basic methods of electric energy storage: pumped
hydroelectric energy storage, chemical cell (battery), compressed air energy storage and
flywheel.

Competitive use of flywheel as energy storage device is hampered by the high investment
costs related to the flywheel construction materials being heavy steel or light, though durable,
carbon-fiber composite. The amount of accumulated energy is proportional to the flywheel
mass and its velocity squared, so doubling its mass increases the energy twice but doubling the
velocity increases the energy fourfold. High mass represents enormous demands on the
flywheel bearing. With declining prices of permanent magnets, transition from ball bearings to
magnetic levitation has been observed. High rotation of flywheel causes losses due to air
friction, therefore rotary flywheel must be enclosed in vacuum container. Such casing must be
sufficiently resistant against possible destruction of the flywheel because of extreme centrifugal
forces acting on the rotary flywheel.

Moreover, flywheel rotating for prolonged period of time is affected by gyroscopic effect
caused by rotation of Earth around its axis while the flywheel tends to maintain its own
orientation of its axis of rotation, which give rise to undesired forces acting on the bearing.
Deflection of the flywheel’s axis of rotation represents 360° per 24 hours, i.e. 15° per one hour,
which cannot be neglected as these forces cause undesired friction at the axis of the flywheel
and thereby cause losses in energy storage efficiency.

The amount of accumulated energy is proportional to the mass of the flywheel, therefore
it is desired that the flywheel has variable mass and thus also variable angular momentum.
Flywheels solving the problem of the variable angular momentum by filling hollow flywheel
with a liquid are known, e.g. from W0O/2012/127194 or GB2463534.

However, construction of energy storage device with variable capacity significantly
exceeding 1 MWh (3.6 GJ) still faces the following technological barriers:

- high cost of flywheel composite materials;
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- required durability of the flywheel protective casing;
- required drive shaft strength; and
- undesired gyroscopic effect.
These technological barriers cause that the possible increase in capacity does not lead to
the required reduction of energy density and, more importantly, to reduction of costs per stored

energy unit required to allow this method of energy storage become competitive.

Nature of Invention

The aforementioned disadvantages are significantly eliminated by an flywheel energy
storage device and method of its use.

A flywheel energy storage device according to this invention contains at least one rotary
element which is capable of floating and rotating on liquid and/or in liquid, at least one element
which is capable of transferring energy onto the rotary element and at least one generator which
is capable of transferring the energy from the rotary element. The nature of the invention lies
in that the rotary element is axle-less.

In order to achieve higher efficiency of the flywheel energy storage device, it is preferable
if the axle-less rotary element is at least partially hollow and at least partially fillable with liquid,
preferably the water on or in which it floats.

The axle-less rotary element of the flywheel energy storage device can be provided with
at least one opening. Preferably, the opening is arranged on the rotary element in such manner
that when the rotary element is on or in liquid, at least a lower edge of the opening is below the
level of liquid. Even more preferably, the opening is arranged on the rotary element in such
manner that it is closer to the axis of rotation of the rotary element than an inside part of the
outer wall of the rotary element, thereby allowing the rotary to autonomously change its mass
through filling and discharging of liquid according to the size of the centrifugal force caused
by the rotary element.

The opening can have one or more valves. The opening allows for simple manipulation
with the rotary element and one or more valves allow for controlled operation of filling and
discharging of the liquid to and from the rotary element.

In one preferred embodiment, the element which is capable of transferring the energy
onto the rotary element is an engine. The energy can be kinetic energy or energy from outer
sources.

In another preferred embodiment, the element being capable of transferring the energy

onto the rotary element is a convertor. The convertor is connected to the rotary element. The
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convertor is capable of converting flow and/or wave motion of the liquid or wind motion into
rotational kinetic energy of rotary element.

In still another preferred embodiment, the flywheel energy storage device according to
this invention comprises the axle-less rotary element, at least one convertor, the generator and
the engine. The convertor is connected to its own rotary element which is capable of converting
flow and/or wave motion of the liquid or wind motion into rotational kinetic energy of rotary
element. The generator is connected to the rotary element which is capable of converting
rotational kinetic energy of rotary element into electric energy. The engine is capable of
transferring energy onto the rotary element wherein such energy is electric energy from the
generator or from other sources.

In order to allow for the use of the flywheel energy storage device on open water surface,
e.g. lake, dammed reservoir, or sea, it is preferable that it is equipped with at least one static
element. This static element serves to prevent free movement of the rotary element on open
water surface or to provide movement of the rotary element in the limited extent. Such static
element can be an element capable of floating or incapable of floating. If the static element is
capable of floating, it may be equipped with blades preventing rotation and/or a guying to the
bottom and/or to the bank. If the static element is incapable of floating, it is placed at the bottom
or at the bank.

The generator can be preferably placed on the rotary element or on the static element or
on dry land or at the bottom of water area or water reservoir, alternatively, partially on dry land
and partially at the bottom of water area or water reservoir.

The engine can be preferably placed on the rotary element or on the static element or on
dry land or at the bottom of water area or water reservoir, alternatively, partially on dry land
and partially at the bottom of water reservoir.

In order to simplify the structure of the flywheel energy storage device, the engine and
the generator can be combined into a single engine/generator unit, which operates as both
engine and generator and this engine/generator can preferably also operate as static element.

In one preferred embodiment, the engine is linear engine. In such embodiment, magnets
of a rotary component of the linear engine are located on the rotary element at the contact plane
of the rotary element with the static element and windings of the static component of the linear
engine are located on the static element. Eventually, the windings of the static component of
the linear engine are located on the rotary element at the contact plane of the rotary element and
the static element and the magnets of the rotary component of the linear engine are located on

the static element.
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Any rotary element can further comprise at least one hydrofoil.

The method of storing the energy using the flywheel energy storage device according to
this invention is that the energy is based on that the energy accumulated as kinetic energy of at
least one rotary element that floats and rotates on or in liquid.

In one preferred embodiment, with increasing need of energy storage, at least one rotary
element fillable with liquid material is filled with liquid material, wherein with increasing
amount of the liquid material, the energy storage device becomes heavier and thereby it is
capable of storing more energy while with energy discharge at least one rotary element is being
emptied.

The rotary element can have segmented structure, i.e. it consists of interconnected
segments. The mutual connections between the respective segments can be provided as fixed,
immobile, but also, e.g., via rotary hinge. In such case, for example upon the impact of a sea
wave, the segment of the rotary element slightly rises, and thus does not transmit the force of
the wave to the whole device.

The rotary element can be equipped with an artificial shallow water element in the shape
of lateral surface of truncated cone. This artificial shallow water element can be attached to the
outer side of the rotary element and at least partially immersed in water. The artificial shallow
water element carries the elements of a water wave energy convertor, i.e. wave turbine. The
convertor can be water turbine, wind turbine, wave turbine.

When using the artificial shallow water element, deep water wave is transformed into
shallow water wave and the energy of this shallow water wave is transformed, via the elements
of the convertor, into rotation motion of the rotary element.

The system for generation and storage of excess energy with the flywheel energy storage
device includes an energy device for generation of electric energy, such as photovoltaic cells,
water turbine, wind turbine, wave turbine as well as measuring device, research device.

The system for generation and storage of excess energy with flywheel storage device can
be used in such manner that wind energy from the wind turbine and/or water energy from the
water turbine is transferred onto the rotary element.

The presented invention solves the problem of energy storage using flywheel in order to
transform excess electric energy to kinetic energy of the flywheel and subsequently to transform
it into electric energy at the time of demand for the electric energy.

The flywheel energy storage device with axle-less rotary element according to this
invention resolves the following disadvantages of the hitherto known solutions:

- high costs of flywheel composite materials;
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- required durability of the flywheel protective casing;
- required drive shaft strength; and

- undesired gyroscopic effect.

Overview of Figures in Drawings

The Fig. 1 shows cross-section of the rotary and the static element.

The Fig. 2 shows detail of the engine and the generator and their static and rotary components.
The Fig. 3 shows the energy storage device equipped with photovoltaic panel, wind and tide
turbine.

The Fig. 4 shows the energy storage device with sea wave conversion system.

The Fig. 5 shows the energy storage device with hydrofoil.

The Fig. 6 shows cross-section of the energy storage device with two rotary elements.

Examples of Embodiments

The invention is further explained in detail by way of examples.

Example No. 1

A flywheel energy storage device was constructed comprising one rotary element 1, one
independent engine 2 and one independent generator 3.

The rotary element 1 is axleless. The rotary element 1 is made of LDPE (low density
polyethylene) material with specific mass lower than that of fresh water. The rotary element 1
floats on the water surface of circular artificial water reservoir made of solid material such as
concrete, sheet metal and the like. The walls of the artificial water reservoir represent limits of
movement of the rotary element 1. The rotary element 1 is hollow and can be filled with liquid
material. In this case, the liquid material is water that the rotary element 1 floats on. On its inner
side, the rotary element 1 having four openings 5 arranged symmetrically in a circle so that
these openings 5 of the floating rotary element 1 are below the water surface. The opening 5
are arranged on the rotary element 1 in such manner that they are closer to the axis of rotation
of the rotary element 1 than an inside part of the outer wall of the rotary element 1. Autonomous
change of mass of the rotary element 1 through the filling and discharging of liquid according
to the size of the centrifugal force caused by the rotary element 1.

The engine 2 and the generator 3 that are used have diameter larger than the rotary element 1.
Both the engine 2 and the generator 3 have rotary component 15, 17, and static component 14,

16. Diameter of the engine 2 is identical to the diameter of the generator 3. The engine 2
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transfers the energy onto the rotary element 1 and the generator 3 transfers the energy from the
rotary element 1. The static component 14 of the engine 2 is attached to the bank of the artificial
reservoir and the static component 16 of the generator 3 is attached above the engine 2, the
static components 14 or 16 hold the windings 18 of the engine 2 or the windings 19 of the
generator 3, respectively. The rotary component 15 of the engine 2 and the rotary component
17 of the generator 3 contains magnets 20 or 21, respectively. Both the rotary component 15 of
the engine 2 and the rotary component 17 of the generator 3 are coupled with the rotary element
1 using rope 22 or 23, respectively. The electric energy being stored is brought to the windings
of the engine 2, thereby inducing electromagnetic field pushing apart the magnets of the rotary
component 15 of the engine 2.

Upon delivery of the first energy, the engine 2 spins the rotary element 1, and thus transforms
the electric energy into rotary motion. With increasing rotation rate of the rotary element 1, the
water inside the rotating rotary element 1 is pushed, by centrifugal force, to the outer wall,
which again produces inequality between the water level inside the rotary element 1 and the
water level outside. Increase of mass of water inside the rotary element 1 will cause immersion
of the rotary element 1 because of increased overall mass of the rotary element 1 and, with the
centrifugal effect of the water on the outer wall inside the rotary element 1, the overall angular
momentum of the rotary element 1 also increases. Discharge of energy is performed when the
generator 3 generates the electric energy. Through energy generation, the generator 3 slows
down the rotary element 1 via the coupled ropes. By decrease of energy of rotation, the rotary
element 1 slows down and the centrifugal force acting on the water inside the rotary element 1
is reduced and the water reaches higher level than the surface of water that the rotary element
1 floats on and tends to balance this inequality by spontaneous discharge from the rotary
element 1 through the openings 3.

The artificial water reservoir can be located at the bottom of a lake, dammed reservoir, river,
sea, or ocean, or it can be placed on the ground or at bottom of an excavated pit in the ground.

The artificial water reservoir can be constructed so that its buoyancy makes it able to float, such
as circular boat placed on the surface of a lake, dammed reservoir, river, sea, or ocean, or an

artificial water surface created by excavating a circular pit in the ground.

Example No. 2
A flywheel energy storage device was constructed comprising one rotary element 1, one

independent engine 2 and one convertor 4.
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The rotary element 1 is axleless. The rotary element 1 has toroidal shape (with circular cross-
section), is made of LDPE (low density polyethylene) material with specific mass lower than
that of fresh water. The rotary element 1 floats on the water surface of circular artificial water
reservoir made of solid material such as concrete, sheet metal and the like. The walls of the
artificial water reservoir represent limits of movement of the rotary element 1. The rotary
element 1 is hollow and can be filled with liquid material. In this case, the liquid material is
water that the rotary element 1 floats on.

The opening 5 has a valve 13 and is arranged on the rotary element 1 in such manner that when
the rotary element 1 is on or in liquid, at least a lower edge of the opening 5 is below the level
of liquid. At the same time, the opening 5 is closer to the axis of rotation of the rotary element
1 than an inside part of the outer wall of the rotary element 1. Autonomous change of mass of
the rotary element 1 through the filling and discharging of liquid according to the size of the
centrifugal force caused by the rotary element 1.

The convertor 4 is converting flow and wave motion of liquid. It is connected to the rotary
element 1. The convertor 4 transfers the energy of liquid onto the rotary element 1 and the
generator 3 transfers the energy from the rotary element 1.

The convertor 4 is converting energy of wind motion. It is connected to the rotary element 1.
The convertor 4 transfers the energy of wind motion onto the rotary element 1 and the generator
3 transfers the energy from the rotary element 1. The generator 3 has larger diameter than the

rotary element 1.

Example No. 3
A flywheel energy storage device was constructed comprising one rotary element 1, one
independent engine 2 and convertor 4 and one independent generator 3. The convertor 4 has

four openings. The flywheel energy storage device has features of Examples Nos. 1 and 2.

Example No. 4

A flywheel energy storage device was constructed comprising one rotary element 1, one
convertor 4, and one independent generator 3. The flywheel energy storage device in such
configuration only transforms energy from the convertor 4 directly into the rotary movement
of the rotary element 1 without using electric energy from any other source to spin the rotary

element 1.
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Example No. S

A flywheel energy storage device as shown in Figure 6 was constructed. It comprises one rotary
element 1, one independent engine 2, a wind convertor 28 of VAWT type connected to the
rotary element 25, a generator 26 which is capable of converting rotational kinetic energy of
rotary element 25 into electric energy, and one independent generator 3. On the bottom side of
the rotary elements 1, 25, 40 hydrofoils 50 are arranged. With increasing rotational speed of the
rotary elements 1, 25, the hydrofoils 50 by their hydrolift force cause floating of the rotary
elements 1, 25 above the water level and thus reduce rapidly the viscous friction of the water
against the wall of the rotary elements 1, 25. The wind energy convertor 28 of VAWT type
spins the rotary element 25 by action of wind energy. On the basis of these rotations, the
generator 26 produces electric energy by means of ropes 24 which is sent either to the engine 2
that, by means of ropes 24, spins adequately the rotary element 1 or the electric energy is
transferred into the distribution network. Even in such case, the engine 2 can use the energy
from other sources to spin the rotary element 1. The generator 3, the generator 26 and the engine
2 are located on the stator 6. The stator 6 is formed by circular element placed on pylons 27

attached to the bottom of water reservoir.

Example No. 6

A flywheel energy storage device was constructed according to the Example no. 5 except that
the generator 3 and the engine 2 are arranged on the rotary element 1, the generator 26 is
arranged on the rotary element 25 and electric energy is transmitted on the stator 6 by a bus-bar
in form of traction lines as it is, for example, in case of electric train. This example of

embodiment is less preferred than Example no. 5.

Example No. 7

A flywheel energy storage device was constructed according to the Example no. 5 and 6 except
that this flywheel energy storage device is performed around the natural island where the coast
of the island forms the basis for anchoring the stator 6. In case that the island has non-circular
shape, the stator 6 can interfere with water level in some places, so in these places it is fastened
only partially or, alternatively, only to the end of the sea. The generator 3, the generator 26, and

the engine 2 are located on the stator 6.
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Example No. 8

It is identical to the example of embodiment No. 1, except that it includes a guying 12. In this
case, the static element 6 is a pontoon that can be of circular shape and can be guyed to the bank
or the bottom of the water reservoir, artificial or natural, using ropes or rods that prevent its
rotation. To the guying 12, the engine 2 and the generator 3 are attached. The diameter of the

guying 12 is higher than that of the rotary element 1.

Example No. 9
It is identical to the example of embodiment No. 3 but instead of guying 12, the pontoon which
is of circular shape comprises blades 11 positioned so that they significantly increase the

viscous friction of the pontoon, thereby preventing rotation of the pontoon.

Example No. 10

Further example of embodiment involves use of two rotary elements 1. One of them is larger
than the other. They are placed on the surface of the liquid so that both rotary elements 1 float
concentrically on the surface of the liquid and rotate in opposite directions. The energy transfer
is achieved using the engine 2 and the generator 3 as a single device, i.e. engine/generator,
which is anchored between these two rotary elements 1. The energy delivered by a busbar onto
one of the rotary elements 1 causes spinning of the other rotary element 1. The law of action
and reaction causes the spinning of the other rotary element 1. Transfer of energy from the
flywheel energy storage device is provided by the same two-in-one engine/generator unit.

The amount of the energy stored in the flywheel energy storage device is determined by the
equation:

E=12mv2,

where m is the mass of the rotary element 1,

v 1s the circumferential velocity of the center of gravity of the rotary element 1.

Example No. 11

Another example of embodiment is floating rotary element 1 which floats on the water surface
inside a guyed floating pontoon and the rotary element 1 carries wind turbine elements. The
floating rotary element 1 creates bearing of the wind turbine with vertical axis of rotation. The
power of the wind is converted to rotary motion of the rotary element 1. On the other hand,

energy of rotation is transformed by the generator 3 into electric energy.
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Similarly, the power of flowing water (river, high tide, low tide, ocean current, water wave) can

be converted using a water turbine attached to the rotary element 1.

Example No. 12

Another example of use is the floating rotary element 1 which floats on the water surface and
is equipped with artificial shallow water element 7 in the shape of lateral surface of truncated
cone, preferably attached on the outer side of the rotary element 1 and immersed, at least
partially, in water and with elements of water wave energy convertor 8, i.e. wave turbine, placed
on the artificial shallow water element 7. Sea wave, produced by atmospheric storm and wind
processes, is propagated on the water surface as deep water wave, wherein the difference
between the highest and the lowest wave point is not as significant as in the case when the wave
hits the shallow coast and becomes a shallow water wave. Such effect is achieved using the
artificial shallow water element 7 when the wave impacts the element 7, thereby increasing the
difference between the lowest and the highest wave point, which results in increased efficiency
of transformation of the wave energy into rotary motion of the element 1 using the elements of

the convertor 8.

Example No. 13

Another example of use is the floating static element 6, which floats on the water surface and
carry structures with photovoltaic panels 9, producing electric energy from sunlight, the floating
rotary element 1 carries the wind turbine elements, converting the wind energy to rotary motion
of the rotary element 1, and tide turbine 10 elements, converting the energy of high and low
tide, or alternatively of ocean current or of river stream, to rotary motion of the rotary element
1. The device can include any apparatus for measurement, e.g. of temperature of air and water,
wind speed, or water flow, or other atmospheric and hydrologic parameters such as amount of

COa.

Example No. 14

Another example of use is the rotary element 1, provided with four hydrofoils 50, symmetrically
situated around the circuit of the rotary element 1 so that in the case of no revolution (centrifugal
force is null, in the rotary element 1 is minimum of water, the rotary element 1 has minimum
mass and is maximally surfaced above water), these hydrofoils 50 are above water and do not
act by their buoyancy effect on the rotary element 1. In case of high revolutions, when enough

liquid flows into the rotary element 1 by the centrifugal force and the rotary element 1 is
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immersed by its own weight in a such manner that the hydrofoil 50 is already in the contact
with water surface, the hydrodynamic power of the hydrofoils 50 starts to act against further
immersion of the rotary element 1 into the water, so the viscous friction of the rotary element

1 in the water will no longer increase.
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Claims

1. A flywheel energy storage device containing at least one rotary element (1) which is
capable of floating and rotating on liquid and/or in liquid, at least one element which is
capable of transferring energy onto the rotary element (1) and at least one generator (3)
which is capable of transferring the energy from the rotary element (1) characterized in

that the rotary element (1) is axleless.

2.  Theflywheel energy storage device according to claim 1 characterized in that the rotary

element (1) is at least partially hollow and at least partially fillable with liquid.

3.  The flywheel energy storage device according to claim 1 or 2 characterized in that the
rotary element (1) is provided with at least one opening (5) arranged on the rotary element
(1) in such manner that when the rotary element (1) is on or in liquid, at least a lower
edge of the opening (5) is below the level of liquid, while the opening (5) is arranged on
the rotary element (1) in such manner that it is closer to the axis of rotation of the rotary
element (1) than an inside part of an outer wall of the rotary element (1), thereby allowing
the rotary element (1) to autonomously change its mass through filling and discharging

of liquid according to the size of the centrifugal force caused by the rotary element (1).

4.  The flywheel energy storage device according to any of claims 1 to 3 characterized in
that the element which is capable of transferring the energy onto the rotary element (1)

is an engine (2).

5.  The flywheel energy storage device according to any of claims 1 to 3 characterized in
that the element being capable of transferring the energy onto the rotary element (1) is a
convertor (4) which is connected to the rotary element (1), the convertor (4) is capable of
converting flow and/or wave motion of the liquid or wind motion into rotational kinetic

energy of rotary element (1).

6.  The flywheel energy storage device according to claim 4 characterized in that it further
comprises:

- at least one convertor (28) being connected to its own rotary element (25) which is

capable of converting flow and/or wave motion of the liquid or wind motion into

rotational kinetic energy of rotary element (25);
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- a generator (26) being connected to the rotary element (25) which is capable of

converting rotational kinetic energy of rotary element (25) into electric energy.

The flywheel energy storage device according to any of claims 1 to 6 characterized in
that it further contains at least one static element (6) which is capable of floating and
optionally contains blades (11) preventing rotation and/or a guying (12) to the bottom
and/or to the bank.

The flywheel energy storage device according to any of claims 1 to 6 characterized in
that it further contains at least one static element (6) which is not capable of floating and

is placed at the bottom and/or at the bank.

The flywheel energy storage device according to any of claims 1 to 8 characterized in
that the generator (3) is placed on the rotary element (1) or on static element (6) or on
dry land or at the bottom of water area or water reservoir, alternatively, partially on dry

land and partially at the bottom of water area or water reservoir.

The flywheel energy storage device according to claim 4 or 6 characterized in that the
engine (2) is placed on the rotary element (1) or on static element (6) or on dry land or at
the bottom of water area or water reservoir, alternatively, partially on dry land and

partially at the bottom of water reservoir.

The flywheel energy storage device according to any of claims 4, 6, and 10 characterized
in that the engine (2) and the generator (3) are combined into a single engine/generator
unit which operates as both engine (2) and generator (3) and this engine/generator unit

also operates as static element.

The flywheel energy storage device according to any of claims 4, 6, 10, and 11
characterized in that the engine (2) is linear engine and magnets (20) of a rotary
component (15) of the linear engine (2) are located on the rotary element (1) at the contact
plane of the rotary element (1) with static element (6), and windings (18) of the static
component (14) of the linear engine (2) are located on the static element (6), or the
windings (18) of the static component (14) of the linear engine (2) are located on the

rotary element (1) at the contact plane of the rotary element (1) and the static element (6)
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and the magnets (20) of the rotary component (15) of the linear engine (2) are located on

the static element (6).

The flywheel energy storage device according to any of claims 1 to 12 characterized in

that the rotary element (1) further comprises at least one hydrofoil (50).

The flywheel energy storage device according claim 6 characterized in that the rotary

element (25) further comprises at least one hydrofoil (50).

A method of use of the flywheel energy storage device according to any of claims 1 to 14
characterized in that the energy is accumulated as kinetic energy of at least one rotary

element (1) that floats and rotates on liquid or in liquid.

The method according to claim 15 characterized in that with increasing need of energy
storage, at least one rotary element (1) fillable with liquid material is filled with liquid
material, wherein with increasing amount of the liquid material, the energy storage device
becomes heavier and thereby it is capable of storing more energy while with energy

discharge at least one rotary element (1) is being emptied.
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A flywheel energy storage device containing at least one rotary element (1) which is

capable of floating and rotating on liquid or in liquid, at least one element which is

capable of transferring energy onto the rotary element (1) and at least one generator (3)

which is capable of transferring the energy from the rotary element (1) characterized in

that

- the rotary element (1) is axleless;

- the rotary element (1) is at least partially hollow and at least partially fillable with liquid;

- the rotary element (1) is provided with at least one opening (5) arranged on the rotary
element (1) in such manner that when the rotary element (1) is on or in liquid, at least a
lower edge of the opening (5) is below the level of liquid, while the opening (5) is
arranged on the rotary element (1) in such manner that it is closer to the axis of rotation
of the rotary element (1) than an inside part of an outer wall of the rotary element (1),
thereby allowing the rotary element (1) to autonomously change its mass through filling
and discharging of liquid according to the size of the centrifugal force caused by the

rotary element (1).

The flywheel energy storage device according to claim 1 characterized in that the
element which is capable of transferring the energy onto the rotary element (1) is an

engine (2).

The flywheel energy storage device according to claim 1 characterized in that the
element being capable of transferring the energy onto the rotary element (1) is a convertor
(4) which is connected to the rotary element (1), the convertor (4) is capable of converting
flow and/or wave motion of the liquid or wind motion into rotational kinetic energy of

rotary element (1).

The flywheel energy storage device according to claim 2 characterized in that it further

comprises:

- at least one convertor (28) being connected to its own rotary element (25) which is
capable of converting flow and/or wave motion of the liquid or wind motion into
rotational kinetic energy of rotary element (25);

- a generator (26) being connected to the rotary element (25) which is capable of

converting rotational kinetic energy of rotary element (25) into electric energy.

AMENDED SHEET (ARTICLE 19)
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The flywheel energy storage device according to any of claims 1 to 4 characterized in
that it further contains at least one static element (6) which is capable of floating and
optionally contains blades (11) preventing rotation and/or a guying (12) to the bottom

and/or to the bank.

The flywheel energy storage device according to any of claims 1 to 4 characterized in
that it further contains at least one static element (6) which is not capable of floating and

is placed at the bottom and/or at the bank.

The flywheel energy storage device according to any of claims 1 to 6 characterized in
that the generator (3) is placed on the rotary element (1) or on static element (6) or on
dry land or at the bottom of water area or water reservoir, alternatively, partially on dry

land and partially at the bottom of water area or water reservoir.

The flywheel energy storage device according to claim 2 or 4 characterized in that the
engine (2) is placed on the rotary element (1) or on static element (6) or on dry land or at
the bottom of water area or water reservoir, alternatively, partially on dry land and

partially at the bottom of water reservorr.

The flywheel energy storage device according to any of claims 2, 4, and 8 characterized
in that the engine (2) and the generator (3) are combined into a single engine/generator
unit which operates as both engine (2) and generator (3) and this engine/generator unit

also operates as static element.

The flywheel energy storage device according to any of claims 2, 4, 8, and 9
characterized in that the engine (2) is linear engine and magnets (20) of a rotary
component (15) of the linear engine (2) are located on the rotary element (1) at the contact
plane of the rotary element (1) with static element (6), and windings (18) of the static
component (14) of the linear engine (2) are located on the static element (6), or the
windings (18) of the static component (14) of the linear engine (2) are located on the
rotary element (1) at the contact plane of the rotary element (1) and the static element (6)
and the magnets (20) of the rotary component (15) of the linear engine (2) are located on

the static element (6).

AMENDED SHEET (ARTICLE 19)
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11. The flywheel energy storage device according to any of claims 1 to 10 characterized in

that the rotary element (1) further comprises at least one hydrofoil (50).

12. The flywheel energy storage device according to claim 4 characterized in that the rotary

element (25) further comprises at least one hydrofoil (50).

13. A method of use of the flywheel energy storage device according to any of claims 1 to 12
characterized in that the energy is accumulated as kinetic energy of at least one rotary

element (1) that floats and rotates on liquid or in liquid.

14. The method according to claim 13 characterized in that with increasing need of energy
storage, at least one rotary element (1) fillable with liquid material is filled with liquid
material, wherein with increasing amount of the liquid material, the energy storage device
becomes heavier and thereby it is capable of storing more energy while with energy

discharge at least one rotary element (1) is being emptied.

AMENDED SHEET (ARTICLE 19)
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