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(57) Abstract: An electric power generation system utilizing wind power,
the system being easily maintained and being configured in such a manner
that a nacelle disposed at the upper part of a tower is compact and
lightweight. An electric power generation system (W) is provided with a
wind wheel (10), an electricity conductor (20) which rotates in association
with the rotation of the wind wheel (10), a heat medium tank (30), a mag-
netic field generator (40), a heat accumulator (50), and an electric power
generation section (60). The wind wheel (10) is mounted to a nacelle (102)
disposed at the upper part of a tower (101), and the electricity conductor
(20), the heat medium tank (30), and the magnetic field generator (40) are
contained within the nacelle (102). The heat accumulator (50) and the
electric power generation section (60) are disposed in a building (103)
built on the lower part (base) of the tower (101). The heat of the electricity
conductor (20) heated by induction by being rotated in the magnetic field

| which is generated by the magnetic field generator (40) is transmitted to

j water in the heat medium tank (30) to generate vapor, and the vapor is sup-
plied to a vapor turbine (61) to drive an electric power generator (62) to
thereby generate electric power.
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DESCRIPTION
Electric Power Generation System

The present invention relates to an electric power generation system which utilizes
wind power to rotate a conductor and applies a magnetic field to the rotating conductor to heat
the conductor through induction to heat a heat transfer medium and converts the heat transfer

medium's heat into electrical energy to generate electric power.

In recent years, electric power generation systems utilizing recyclable energy, such as

wind power and solar light, attract attention in view of greenhouse effect gas reduction.

For example, Non-Patent Literature 1-3 describe technology relating to wind power
generation. Wind power generation rotates a wind turbine by wind to drive an electric power
generator to generate electric power. In other words, it converts wind energy into rotational
energy and extracts it as electrical energy. A wind power generation system is generally
structured such that a tower has an upper portion provided with a nacelle having a horizontal
axis wind turbine (a wind turbine having a rotary shaft generally parallel to the wind's
direction) attached thereto. The nacelle has accommodated therein a speed up gear which
accelerates and thus outputs the rotational speed of the shaft of the wind turbine, and an
electric power generator driven by the output of the speed up gear. The speed up gear raises
the rotational speed of the wind turbine to the rotational speed of the electric power generator

(for example 1:100), and has a gear box incorporated therein.

In these days, for reduced electric power generation costs, there is a tendency to
increase a wind turbine (or a wind power generation system) in size, and a wind power
generation system of 5 MW with a wind turbine having a diameter of 120 m or larger is put in
practical use. Such a large-sized wind power generation system is huge and a heavy load, and

accordingly, it is built on the sea for reasons of construction in many cases.

Furthermore, wind power generation provides a varying power generation output (or
generates electric power in a varying amount) as wind power varies, and accordingly, an
electric power storage system is also provided for a wind power generation system to store

unstable electric power in a storage battery to smooth an output

-1-
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On the other hand, for example Non-Patent Literature 4 describes technology relating
to solar thermal power generation. Solar thermal power generation collects solar heat and
changes it into thermal energy and uses the thermal energy to generate steam to rotate a
turbine to drive an electric power generator to generate electric power. In other words, it
converts solar energy into thermal energy, and extracts it as electrical energy. A solar thermal
power generation system that is put in practical use is of a tower system, for example. Thisis a
system which collects solar light to a solar collector provided at an upper portion of a tower
and utilizes its heat to generate steam which is in turn delivered to a turbine provided at a
lower portion of the tower to rotate the turbine to drive an electric power generator to generate

electric power (see Non-Patent Literature 4, Fig. 3).

Solar thermal power generation also provides an output varying with weather, time
and the like, and accordingly, for stable electric power generation, a thermal storage system
capable of storing heat in a heat accumulator and extracting heat required for generating

electric power is provided for a solar thermal power generation system.

A wind power generation system is provided with an electric power storage system,
and the electric power storage system requires components such as a converter and the like to
store electric power to a storage battery and thus invites a complicated system and increased
electric power loss. Furthermore, a large-sized wind power generation system requires a
storage battery of a large capacity corresponding to an amount of electric power generated,

and thus invites an increased cost as a whole system.

On the other hand, a solar thermal power generation system is provided with a
thermal storage system, which is simpler than an electric power storage system, and a heat
accumulator is also less expensive than a storage battery. However, while wind power
generation can also generate electric power at night if only there is wind, solar thermal power
generation cannot generate electric power at night. Accordingly, the latter requires a large-

scale heat accumulator in order to also continue to supply electric power at night.

Furthermore, when a wind power generation system has troubles, they are often
attributed to troubles of a speed up gear, more specifically, of a gear box. If the gear box has a

defect, the defect can normally be resolved by replacing the gear box with another one. If the

-2
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celle 1s provided at an upper portion of the tower, however, attaching and removing the gear
box _raqt.iire farge amount of time and effort. Accordingly, these davs, there is also a gearless

variable speed type which does not require a speed up gear.

However, the gearless type power generation system specifically invelves anelectnie
power generator with an increased number of poles (o 2 multipolar electrie power generator)
and when 118 compared with a power generation system using a speed up gear, the fonmer
involves an electric power generator ingreased in size and weight. o particular, 1818 believed

zed wind power generation system of the § MW class has an electric power

generator having a weight exceeding 300 tons (300,000 k). and s difficult to dispose it in

the naceife.

The present invention has been made in view of the above ciroumstanees, ans

preferred embodiments provide an electrie power generation systenn utilizing wind power,

X

shility, and capable of reducing fu size and weight a nacelie

being excellent i maintair
provided at an upper portion of a tower.

According to a first aspect of the present invention, there is provided an elentric power

I
bod

generation system comprising:

3 wind turbine:

a conductor rotating a3 said wind tarbine rotates:

a magnetic field generator generating a wagnetic fleld raversing said conductor, said
magnetic fleld generator including first and second magnetic poles facing a surface of said
conductor, said fivst and second maguetic poles being arranged along a rotational direction of
said conductor, said st magnetic pole having a first magnetie polaritv, and said second
magnetic pole having a second magnetic polarity different from said first magnetic polariiy:

a heat transfer medium receiving heat from said condactor rotated in said magnetic field
and thas heated throngh induction;

a heat accunulator accumulating heat of sard heat travsfer medivn with a molten salt,
and converting water into steam by using the accumulated heat; and

an electsic power generation witt generating electrical energy by using stean supplied

by said heat accomunlator.
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According to & second aspect of the present invention, there 1 provided an glectric
POWET genera wion gystem gomp risty 13

a wind turbine;

a conducior rolating as said wind turbine rotates;

a magnetic feld traver aid conduetor, said

a magnetic field generator generatis
magnetic field generator inclnding fivat and second magnetic poles facing a surface of said
conductor, said first and second magnetic poles being arranged along a rotational direction of
said conductor, said fivst magnetic pole having a first magnetic polarity, and second magnetic
pole having a second magnetic polarity different from said firat magnesic polarity;

a heat transter medium receiving heat from saitd conductor rotated m said magnetic
fedd and thus heated through induction; and

an clectric power gencration unit generating electrical enorgy by using steam

converted from water by using the heat of said beal transter medium.

Embodiments of the present electric power gengration systens convert wind guergy to
rotational energy and then (o thermal energy and extract it as electrical energy. and thas
represent an unconventional, novel electric power generation system. An embodiment of the
present electric power geveration syste has the following effects: (1} L uiilizes wind power,
and accordingly, it can penerate electrie power at night, and i it is provided with a heat

i

er i size than a sola thermal power

accuraulator, 1t can have the heat aesumulator smal

N\

gencration systemn can; (23 itexploita the wind turbine's rotational energy 1o generate heat and

uses the heat to generate electric power. This ehiminates the necessity of providing an eleciric

powes storage syatem: and (3} it can dispense with a spesd up gear, and thus be free of

s

irenbles caused by a gear box,

By the way, rotational energ v be exploited to generate frictionad heat. in that

case, however, a component that generates frictional heat 18 worn as it i3 used, and
accordingly, the component needs o be replaced periodically or the like, which is a
disadvantage in erms of maintenance. In contrast, embodiments of the present invention use
rofational energy to rotate a conductor and generate heat by induction heating. and are thus

more advantageous than friction heating in terms of mainienance.

The present electric power generation svstem in one embodiment includes: a tower

~ 4
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extending higher than the position of the electric power generation unit; and a nacelle provided
at an upper portion of the tower and provided with the wind turbine, the conductor and the
magnetic field generator. Furthermore, the present electric power generation systeim in one
embodiment includes: a heat transfer medium vessel disposed in the nacelle and having
accommodated therein the heat transfer medium receiving heat from the conductor; and a
transport pipe delivering heat of the heat transfer medium in the heat transfer medium vessel to

the electric power generation unit.

In some embodiments, the wind turbine attached to the nacelle provided at the upper
portion of the tower allows the energy of wind with fast wind speed high up in the sky to be
utilized. Furthermore, in some embodiments, the transport pipe that supplies the heat transfer
medium to the electric power generation unit provided at the lower portion (or base) of the
tower for example can eliminate the necessity of providing the nacelle with the electric power
generation unit and allows a miniaturized and lightweight nacelle to be provided at the upper

portion of the tower.

Furthermore, the present electric power generation system in specific forms can
include the following:

a form in which an electric power generation unit has a turbine rotated by a heat
transfer medium's heat and an electric power generator driven by the turbine;

a form equipped with a heat accumulator storing a heat transfer medium’s heat;

a form with a conductor having a portion provided with a magnetic substance;

a form with a magnetic field generator having a coil generating a magnetic field, a
form having this coil in the form of a superconducting coil, in particular; and

a form with a magnetic field generator generating a revolving magnetic field

revolving in a direction opposite to that in which a conductor rotates.

Embodiments of the present electric power generation system have the following
effects: (1) utilizing wind power, and accordingly, being capable of generating electric power
at night, and if provided with a heat accumulator, embodiments of the present invention can
have the heat accumulator smaller in size than a solar thermal power generation system can;
(2) exploiting the wind turbine's rotational energy to generate heat and uses the heat to

generate electric power, eliminating the necessity of providing an electric power storage

-5-
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system; and (3) dispensing with a speed up gear, and thus being free of troubles caused by a

gear box.

The present invention will now be described, by way of non-limiting example only,
with reference to the accompanying drawings, in which:

Fig. 1 is a schematic diagram for illustrating an example of a wind power generation
system.

Fig. 2 is a schematic diagram for illustrating an example of a magnetic field generator
having a superconducting coil.

Fig. 3(A) is a figure for illustrating how a magnetic flux flows when two magnets are
disposed oppositely with a conductor posed therebetween, and Fig. 3(B) is a figure for
illustrating how a magnetic flux flows when four magnets are disposed along a conductor's

circumferential direction uniformly with their magnetic poles arranged alternately.

Embodiments of the present invention will now be described hereinafter with
reference to the drawings. Note that in the figures, identical components are identically

denoted.
First Embodiment

Fig. 1 shows an electric power generation system W including a wind turbine 10, a
conductor 20, a heat transfer medium vessel 30, a magnetic field generator 40, a heat
accumulator 50, and an electric power generation unit 60. Wind turbine 10 is attached to a
nacelle 102 provided at an upper portion of a tower 101, and conductor 20, heat transfer
medium vessel 30 and magnetic field generator 40 are housed in nacelle 102. Furthermore,
heat accumulator 50 and electric power generation unit 60 are provided in a building 103 built
at a lower portion (or a base) of tower 101. Electric power generation system W is configured,

as will be described hereinafter more specifically.

Wind turbine 10 is structured with a horizontally extending rotary shaft 15 and three
blades 11 attached to rotary shaft 15 radially. For a wind power generation system with an
output exceeding 5 MW, it has a diameter of 120 m or larger and a rotational speed of

approximately 10-20 rpm.
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Conductor 20 is directly linked to rotary shaft 15, and rotates as wind turbine 10 does.
Conductor 20 is formed of a material heated through induction as an eddy current is generated
as the material rotates in a magnetic field. Conductor 20 can be formed for example of metal
such as aluminum, copper, iron or the like. If conductor 20 is formed of aluminum, it can be
reduced in weight. If conductor 20 is formed of iron or a similar magnetic substance, it allows
increased magnetic flux density and hence an increased eddy current (or heating energy).

Accordingly, the conductor may
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have a portion provided with a magnetic substance, and for example, a columnar
(cylindrical) conductor (e.g., aluminum) may have a center provided with a magnetic
substance (e.g., iron).

Furthermore, conductor 20 can be circularly columnar, circularly cylindrical,
polygonally columnar, polygonally cylindrical, or similarly, variously shaped.

Heat transfer medium vessel 30 has conductor 20 incorporated therein, and has
also a heat transfer medium accommodated therein to receive heat from conductor 20
heated. The heat transfer medium can be liquid such as water, oil, molten salt, for
example. Herein, an example with a heat transfer medium of water will be described.

Magnetic field generator 40 has a structure having a pair of magnets 41 and 42
oppositely disposed with conductor 20 posed therebetween. Herein, magnets 41 and
42 are implemented as permanent magnet, and generate a direct current magnetic field
allowing a magnetic flux to flow from magnet 41 to magnet 42 (see Fig. 3(A)).

Magnetic field generator 40 may not be permanent magnet and may instead employ a

- normal conducting coil or a superconducting coil or the like excited to generate a

magnetic field.

In electric power generation system W magnetic field generator 40 is operated
to generate a magnetic field and therein conductor 20 is rotated and thus heated through
induction, and the conductor's heat is transmitted to the water (or heat transfer medium)
in heat transfer medium vessel 30 to cause high temperature and high-pressure steam.
The generated steam is delivered to heat accumulator 50 through a transport pipe 51
that couples heat transfer medium vessel 30 and heat accumulator 50.

Heat accumulator 50 receives the steam through transport pipe 51 and
accumulates its heat, and also supplies electric power generation unit 60 with steam
required for generating electric power.

Electric power generation unit 60 has a structure formed of a combination of a
steam turbine 61 and an electric power generator 62, and uses steam supplied from heat

accumulator 50 to rotate steam turbine 61 and thus drives electric power generator 62 to

- 8-
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generate electric power.

Heat accumulator 50 and electric power generation unit 60 can utilize solar
thermal power generation technology. Heat accumulator 50 can for example be a
steam accumulator accumulating steam in the form of water under pressure, or a heat
accumulator of a sensible heat type using molten salt, oil, or the like or a heat
accumulator of a latent heat type utilizing a change of phases of molten salt having a
melting point. A heat accumulation system of the latent heat type accumulates heat in
accordance with the phase change temperature of a heat storage material, and thus has a
narrower heat storage temperature range and a larger heat storage density than that of
the sensible heat type. Furthermore, heat accumulator 50 may be equipped with a heat
exchanger, and the heat stored in heat accumulator 50 may be used to use the heat
exchanger to generate steam required for generating electric power.

The steam delivered to heat accumulator 50 stores heat in heat accumulator 50
or rotates turbine 61, and is thereafter cooled by a steam condenser 71 and thus
condensed into water. Subsequently, the water is delivered to pump 72 to be high-
pressured water which is in turn delivered through a water feed pipe 73 to heat transfer
medium vessel 30 and thus circulates.

The present electric power generation system's specification will now be
discussed. Herein, an electric power generation system providing an output exceeding
S MW is assumed. Specifically, a trial calculation is done of a size of a conductor that
is required to generate a thermal energy of 7.2 MW when the conductor is rotated at 15
rpm.

NPL § discloses that a direct current is passed through a superconducting coil to
generate a magnetic field and therein an electrically conductive workpiece is rotated
and thus heated through induction.  This literature describes a specification of an
induction heating apparatus heating a circularly columnar aluminum billet, as follows:
input power: 360 kW, rotational speed: 240-600 rpm, and billet size: a diameter of 178

mm X a length of 690 mm.
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Furthermore, the induction heating provides energy P represented by the
following expression (see Electrical Engineering Handbook (published by the Institute
of Electrical Engineers of Japan, date issued: February 28, 1988 (first edition)),
p.1739):

P =2.5fH’Lp,AQ107 (in the CGS system of units) ... (1N

In the expression, f represents frequency (1/s) and can be obtained from the
conductor's rotational speed. H represents magnetic field strength (Oe) and is herein
set constant. L represents the conductor's axial length (in cm), A represents the
conductor's cross section (in cm?), and L x A represents the conductor's volume.
represents the conductor's relative permeability and Q represents a correction
coefficient depending on the conductor's geometry. Herein, the value of Q is also
fixed in order to render the conductor geometrically similar to the above circularly
columnar billet. From expression (1) it can be seen that energy P (W) is proportional
to frequency f and volume (length L x area A).

When the assumed electric power generation system is compared with the above
induction heating apparatus, the electric power generation system has a rotational
speeds of approximately 1/20 of that of the induction heating apparatus, and, on the
other hand, generates thermal energy approximately 20 times the electric power input to
the induction heating apparatus. Accordingly, the assumed electric power generation
system would require a conductor of approximately 400 times in volume, as estimated.

As a result of trial calculation, if the conductor is a circularly columnar
aluminum billet, it will for example have a size equivalent to 1,320 mm in diameter x
5,110 mm in length, a volume of approximately 7 m>, and a weight of approximately 21
tons (21,000 kg, converted with a density of 3 g/cm®).  Furthermore, together with the
other equipment housed in the nacelle, it is expected that the nacelle will have a weight
of approximately 50 tons. For a wind power generation system providing an output of
5 MW, a gearless type includes a nacelle having a weight exceeding 300 tons. It can

be seen that the present electric power generation system can have an equivalent or

-10-
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larger ability and also reduce the nacelle's weight significantly.
First Exemplary Variation

The first embodiment has been described with reference to an example with a

magnetic field generator of permanent magnet. Alternatively, a normal conducting
coil or a superconducting coil may be used and, energized and thus excited to generate
a magnetic field. An example of a magnetic field generator which utilizes the
superconducting coil as a means for generating a magnetic field will be described with
reference to Fig. 2.

With reference to Fig. 2, magnetic field generator 40 has superconducting coils
45 and 46, disposed oppositely with conductor 20 posed therebetween.
Superconducting coil 45 (46) is accommodated in a cooling container 80, and is
attached to a refrigerating machine 81 at a cold head 82 and thus cooled through
conduction. A superconducting coil, in comparison with a normal conducting coil,
allows a stronger magnetic field to be generated and can thus help to achieve small size
and weight. Furthermore, when a superconducting coil is used, dispensing with an
iron core can eliminate magnetic saturation, and as the iron core is absent, further
lightweight can be achieved.

Furthermore, when a superconducting coil is used, a liquid coolant (liquid
nitrogen for example) may be introduced into the cooling container, and the
superconducting coil may be immersed in the liquid coolant, while the liquid coolant
may be circulated and thus be cooled by the refrigerating machine. In that case, a
circulation mechanism such as a pump which pumps the coolant may be disposed in the
nacelle, or may be disposed in a building located at a lower portion of the tower.

Second Exemplary Variation

The first embodiment has been described with an example including a magnetic
field generator having two magnets oppositely.  Alternatively, three or more magnets
may be disposed. For example, a plurality of magnets are disposed along a

conductor's circumferential direction with their magnetic poles arranged alternately.
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For example, as shown in Fig. 3(B), if four magnets 41-44 are disposed, a magnetic field is

generated to cause a magnetic flux to flow from magnets 41 and 43 to magnets 42 and 44,

Third Exemplary Variation

The first embodiment has been described with an example including a magnetic field
generator generating a direct current magnetic field providing a magnetic field which does not
vary with time. Alternatively, a plurality of coils may be used to generate a revolving
magnetic field. For example, a plurality of coils may be disposed along a conductor's
circumferential direction so that the plurality of coils are sequentially excited to generate a
revolving magnetic field along the conductor's circumferential direction. More specifically,
paired coils may be disposed along the conductor's circumferential direction radially
oppositely, and three such pairs of coils may be disposed along the conductor's circumferential
direction equidistantly. Note that setting the revolving magnetic field's direction opposite to
that in which the conductor rotates can increase the conductor's apparent rotational speed and
hence thermal energy generated. When the revolving magnetic field is generated, each coil
pair may be excited by a current corresponding to a phase of a 3-phase alternating current, for

example.
Fourth Exemplary Variation

The first embodiment has been described with an example using a heat transfer
medium of water. Alternatively, a liquid metal having a thermal conductivity higher than
water may be used as the heat transfer medium. Such a liquid metal is liquid sodium, for
example. Ifthe liquid metal is used as the heat transfer medium, then, for example, the liquid
metal may be used as a primary heat transfer medium receiving heat from the conductor and
the heat of the liquid metal delivered through a transport pipe may be used to heat a secondary

heat transfer medium (or water) via a heat exchanger to generate stean.

As will be clear from Figures 1, 3A and 3B, the preferred embodiments of the present
invention provide a magnetic field generator having first and second magnetic poles arranged

along the rotational direction of the conductor.

Note that the present invention is not limited to the above embodiments and can

-12 -
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appropriately be modified within a range which does not depart from the gist of the present
invention. For example, the conductor, the heat transfer medium and the like may be modified

as appropriate, and the magnetic field generator may be implemented with a normal

conducting coil.

The present electric power generation system is suitably applicable in the field of

electric power generation utilizing wind power.
REFERENCE SIGNS LIST

W: wind power generation system;

10: wind turbine; 11: blade; 15: rotary shaft;

20: conductor;

30; heat transfer medium vessel;

40: magnetic field generator; 41, 42, 43, 44: magnet; 45, 46: superconducting coil;
50: heat accumulator; 51: transport pipe;

60: electric power generation unit; 61: steam turbine; 62: electric power generator;
71: steam condenser; 72: pump; 73: water feed pipe;

80: cooling container; 81: refrigerating machine; 82: cold ‘head;

101: tower; 102: nacelle; 103: building.

Throughout this specification and the claims which follow, unless the context
requires otherwise, the word "comprise”, and variations such as '"comprises" and
"comprising”, will be understood to imply the inclusion of a stated integer or step or group of

integers or steps but not the exclusion of any other integer or step or group of integers or steps.

The reference in this specification to any prior publication (or information derived
from it), or to any matter which is known, is not, and should not be taken as an
acknowledgment or admission or any form of suggestion that that prior publication (or
information derived from it) or known matter forms part of the common general knowledge in

the field of endeavour to which this specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Anelectric power generation system comprising:

a wind turbine;

a conductor rotating as said wind turbine rotates;

a magnetic field generator generating a magnetic field traversing said conductor, said
magnetic field generator including first and second magnetic poles facing a surface of said
conductor, said first and second magnetic poles being arranged along a rotational direction of
said conductor, said first magnetic pole having a first magnetic polarity, and said second
magnetic pole having a second magnetic polarity different from said first magnetic polarity;

a heat transfer medium receiving heat from said conductor rotated in said magnetic field
and thus heated through induction;

a heat accumulator accumulating heat of said heat transfer medium with a molten salt,
and converting water into steam by using the accumulated heat; and

an electric power generation unit generating electrical energy by using steam supplied by

said heat accumulator.

2. The electric power generation system according to claim 1, comprising:

a tower extending higher than a position of said electric power generation unit;

anacelle provided at an upper portion of said tower and provided with said wind turbine,
said conductor and said magnetic field generator;

a heat transfer medium vessel disposed in said nacelle and having accommodated therein
said heat transfer medium receiving heat from said conductor;

and a transport pipe delivering heat in said heat transfer medium vessel to said electric

power generation unit.

3. The electric power generation system according to claim 1 or 2, wherein said electric
power generation unit has a turbine rotated by the steam supplied by said heat accumulator,

and an electric power generator driven by said turbine.

4. The electric power generation system according to any one of claims 1 to 3, wherein

said conductor has a portion provided with a magnetic substance.
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S. The electric power generation system according to any one of claims 1 to 4, wherein

said magnetic field generator has a coil generating a magnetic field.

6. The electric power generation system according to claim 5, wherein said coil is a

superconducting coil.

7. The electric power generation system according to any one of claims 1 to 6, wherein
said magnetic field generator generates a revolving magnetic field revolving in a direction

opposite to that in which said conductor rotates.

8. The electric power generation system according to any one of claims 1 to 7, wherein

said electric power generation unit generates the electrical energy of at least SMW.

0. An electric power generation system comprising:

a wind turbine;

a conductor rotating as said wind turbine rotates;

amagnetic field generator generating a magnetic field traversing said conductor, said
magnetic field generator including first and second magnetic poles facing a surface of said
conductor, said first and second magnetic poles being arranged along a rotational direction of
said conductor, said first magnetic pole having a first magnetic polarity, and second magnetic
pole having a second magnetic polarity different from said first magnetic polarity;

a heat transfer medium receiving heat from said conductor rotated in said magnetic
field and thus heated through induction; and

an electric power generation unit generating electrical energy by using steam

converted from water by using the heat of said heat transfer medium.

10. The electric power generation system according to any one of claims I to 9, wherein

said first and second magnetic poles are arranged on opposite sides across said conductor.

11.  Theelectric power generation system according to any one of claims 1 to 9, wherein at
least three magnetic poles including said first and second magnetic poles are arranged along
the rotational direction of said conductor such that said first magnetic polarity and said second

magnetic of polarity are alternately arranged along the rotational direction of said conductor.
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12. The electric power generation system according to either one of claims 5 and 6,

wherein the coil is wound around a direction crossing a rotation axis of said conductor.

13. An electric power generation system substantially as herein described with reference to

the accompanying drawings.
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