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POWER GENERATION SAILING SHIP AND
A HYDROGEN PRODUCTION AND SUPPLY
SYSTEM

FIELD OF THE INVENTION

[0001] The present invention relates to a power generation
sailing ship and a hydrogen production and supply system.

BACKGROUND OF THE INVENTION

[0002] Japanese Patent Laid-Open Publication No. 2014-
184935 discloses a power generation sailing ship comprising
a sail provided on a deck, a water turbine connected to a
lower end of a shaft passing through a stern part hull shell
plate and extending downward, a power generator disposed
in a stern body and connected to an upper end of the shaft,
and an electric energy storage device for directly storing
electric energy generated by the power generator.

[0003] In the power generation sailing ship of Japanese
Patent Laid-Open Publication No. 2014-184935, the sail
converts wind power to kinetic energy of a ship body so as
to generate sea water flow relative to the water turbine, the
relative sea water flow drives the water turbine, the water
turbine drives the power generator so as to generate electric
energy, and the electric energy storage device directly stores
generated electric energy.

[0004] As the relative sea water flow supplies a part of its
kinetic energy to the water turbine, it decelerates aft of the
water turbine. In the power generation sailing ship of
Japanese Patent Laid-Open Publication No. 2014-184935,
the decelerated relative water flow aft of the water turbine is
left to flow off to the stern direction of the ship without
affecting propulsion performance of the ship.

[0005] An object of the present invention is to provide a
power generation sailing ship comprising a sail provided on
a deck, a water turbine, a power generator driven by the
water turbine, and a device for directly storing electric
energy generated by the power generator or converting the
electric energy into energy of a substance and storing the
substance, wherein decelerated relative water flow aft of the
water turbine is effectively utilized for enhancing propulsion
performance of the ship. Another object of the present
invention is to provide a hydrogen production and supply
system comprising an aforesaid power generation sailing
ship.

SUMMARY OF THE INVENTION

[0006] In accordance with the present invention, there is
provided a power generation sailing ship comprising a sail
provided on a deck, a water turbine connected to a front end
of a shaft passing through a bow part hull shell plate and
extending forward, a power generator disposed in a front
body and connected to a rear end of the shaft, and an energy
storage device for directly storing electric energy generated
by the power generator or converting the electric energy into
energy of a substance and storing the substance.

[0007] When a water turbine is connected to a front end of
a shaft passing through a bow part hull shell plate and
extending forward, a decelerated relative water flow aft of
the water turbine can be effectively utilized for decreasing
propulsion resistance of the sailing ship aft of the water
turbine. As a result, ship speed increases and efficiency of
power generation is enhanced.
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[0008] When electric energy generated by the power gen-
erator is directly stored in the energy storage device or
converted to energy of a substance and stored in the energy
storage device, the generated energy can be sea transported
to a land energy base.

[0009] In accordance with the present invention, there is
provided a power generation sailing ship comprising a pair
of the aforesaid power generation sailing ships disposed
parallel to each other at a predetermined distance apart with
their bows directed in the same direction, wherein the pair
of power generation sailing ships are connected to each
other at upper decks.

[0010] Wave resistance of a catamaran ship having two
narrow parallel hulls is smaller than that of a monohull ship
having a single wide hull, provided they have the same
length and the same dead weight. Therefore, ship speed of
the former becomes faster than that of the latter and effi-
ciency of power generation of the former becomes higher
than that of the latter.

[0011] Inaccordance with a preferred aspect of the present
invention, the power generation sailing ship further com-
prises a hydrogen generator for electrolyzing water by
electric power generated by the power generator, storage
tanks for storing aromatic compound and hydrogenated
aromatic compound, a hydrogenated aromatic compound
generator for reacting aromatic compound with hydrogen, a
liquid feeder for feeding aromatic compound from a storage
tank to the hydrogenated aromatic compound generator and
feeding hydrogenated aromatic compound from the hydro-
genated aromatic compound generator to a storage tank, and
an unloader for unloading the hydrogenated aromatic com-
pound from the storage tank.

[0012] Considering the coming of a “hydrogen society” it
is desirable to convert electric energy generated by the
power generator to hydrogen and sea transport the hydrogen
to a land energy base. Hydrogenated aromatic compounds,
which are reaction products between aromatic compounds
such as benzene, toluene, xylene, mesitylene, naphthalene,
methylnaphthalene, anthracene, biphenyl, phenanthrene,
etc., and hydrogen, are stable substances that assume liquid
state under normal temperature and normal pressure. The
hydrogenated aromatic compounds are suited for sea trans-
portation to a land energy base. The sea transported hydro-
genated aromatic compounds can be unloaded to the land
energy base and reacted with dehydrogenation catalyst in the
land energy base so as to be separated into hydrogen and
aromatic compound.

[0013] Inaccordance with a preferred aspect of the present
invention, the aromatic compound is benzene or toluene or
naphthalene, and the hydrogenated aromatic compound is
cyclohexane or methylcyclohexane or decalin.

[0014] Benzene, toluene and naphthalene are suitable for
hydrogen carrier.

[0015] In accordance with the present invention, there is
provided a hydrogen production and supply system com-
prising the aforesaid power generation sailing ship, a
ground-based aromatic compound storage tank, a ground-
based hydrogenated aromatic compound storage tank, a
ground-based hydrogen separator for separating hydroge-
nated aromatic compound into hydrogen and aromatic com-
pound, a first aromatic compound feeder for feeding aro-
matic compound from the ground-based aromatic compound
storage tank to the storage tank of the power generation
sailing ship berthed at a pier or anchored offshore, a hydro-
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genated aromatic compound feeder for feeding hydroge-
nated aromatic compound from the ground-based hydroge-
nated aromatic compound storage tank to the ground-based
hydrogen separator, and a second aromatic compound feeder
for feeding aromatic compound from the hydrogen separator
to the ground-based aromatic compound storage tank.
[0016] In the hydrogen production and supply system of
the present invention, electric power is generated by utiliz-
ing abundant marine wind power energy, generated electric
energy is converted into hydrogen energy, hydrogen is
converted into stable hydrogenated aromatic compound, the
hydrogenated aromatic compound is sea transported to a
land energy base, the hydrogenated aromatic compound is
unloaded from the storage tank to the ground-based hydro-
genated aromatic compound storage tank, the hydrogenated
aromatic compound is separated into hydrogen and aromatic
compound in the land energy base, and the aromatic com-
pound is returned to the power generation sailing ship. As a
result, hydrogen can be supplied to the market safely and
without emitting carbon dioxide and the aromatic compound
can be reused repeatedly as hydrogen carrier.

[0017] Inaccordance with a preferred aspect of the present
invention, the aromatic compound is benzene or toluene or
naphthalene, and hydrogenated aromatic compound is
cyclohexane or methylcyclohexane or decalin.

[0018] Benzene, toluene and naphthalene are suitable for
hydrogen carrier.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] In the drawings:

[0020] FIG. 1 is a set of structural views of a power
generation sailing ship in accordance with a preferred
embodiment of the present invention, in which (a) is a side
view, (b) is a plan view and (c) is a midship sectional view.
[0021] FIG. 2 is a conceptual diagram of a hydrogen
production and supply system in accordance with a preferred
embodiment of the present invention.

[0022] FIG. 3 is a set of structural views of a power
generation sailing ship in accordance with another preferred
embodiment of the present invention, in which (a) is a side
view, (b) is a plan view and (c) is a midship sectional view.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0023] Power generation sailing ships and a hydrogen
production and supply system in accordance with preferred
embodiments of the present invention will be described.

[0024] As shown in FIG. 1, a power generation sailing
ship 1 comprises a plurality of vertically telescopic hard
sails 2 provided on a deck, a screw propeller type water
turbine 3 connected to a front end of a shaft passing through
a bow part hull shell plate and extending forward, a power
generator 4 disposed in a front body and connected to a rear
end of the shaft, a hydrogen generator 5 for electrolyzing
water by electric power generated by the power generator 4
so as to generate hydrogen, a plurality of storage tanks 6
disposed at midship and stern parts of the ship and storing
toluene and methylcyclohexane, a methylcyclohexane gen-
erator 7 for reacting toluene with hydrogen so as to generate
methylcyclohexane, a rudder 8 disposed at a stern part, a
pump 9 for feeding toluene from the storage tanks 6 to the
methylcyclohexane generator 7 and feeding methylcyclo-
hexane from the methylcyclohexane generator 7 to the
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storage tanks 6, and an unloader 10 for unloading the
methylcyclohexane from the storage tanks 6 to methylcy-
clohexane storage tanks in a land energy base. Before the
power generation sailing ship 1 begins hydrogen generating
operation, one of the storage tanks 6 is empty and the others
are filled with toluene.

[0025] In the power generation sailing ship 1, the hard
sails 2 convert wind power to kinetic energy of the power
generation sailing ship 1 so as to cause the power generation
sailing ship 1 to move forward, thereby generating sea water
flow relative to the water turbine 3. The sea water flow
relative to the water turbine 3 drives the water turbine 3 to
rotate, and the water turbine 3 drives the power generator 4
to generate electric power. The hydrogen generator 5 utilizes
the generated electric power to electrolyze water, thereby
generating hydrogen. The pump 9 feeds toluene from one of
the storage tanks 6 filled with toluene to the methylcyclo-
hexane generator 7. The methylcyclohexane generator 7
reacts toluene with hydrogen to generate methylcyclo-
hexane. The pump 9 feeds methylcyclohexane from meth-
ylcyclohexane generator 7 to the empty storage tank 6. The
empty storage tank 6 becomes filled with methylcyclo-
hexane and the storage tank 6 from which toluene was fed
to the methylcyclohexane generator 7 becomes empty. The
pump 9 feeds toluene from another storage tank 6 filled with
toluene to the methylcyclohexane generator 7. The methyl-
cyclohexane generator 7 reacts toluene with hydrogen to
generate methylcyclohexane. The pump 9 feeds methylcy-
clohexane from methylcyclohexane generator 7 to the empty
storage tank 6. The empty storage tank 6 becomes filled with
methylcyclohexane and the storage tank 6 from which
toluene was fed to the methylcyclohexane generator 7
becomes empty. The aforesaid procedure is repeated and
whole quantity of toluene stored in the plurality of storage
tanks 6 is replaced with methylcyclohexane.

[0026] The power generation sailing ship 1 sea transports
methylcyclohexane, which is a stable substance assuming
liquid state under normal temperature and normal pressure,
to a land energy base. The unloader 10 operates to unload
methylcyclohexane from the storage tanks 6 to a ground-
based methylcyclohexane storage tank in the land energy
base. Methylcyclohexane is separated into toluene and
hydrogen at the land energy base and hydrogen is supplied
to the market. Thus, hydrogen energy derived from wind
energy, which is one of the renewable energies, can be
supplied to the developing hydrogen society.

[0027] The water turbine 3 is connected to a front end of
a shaft passing through a bow part hull shell plate and
extending forward. Thus, the power generation sailing ship
1 moves in a decelerated relative water flow aft of the water
turbine 3. As a result, propulsion resistance of the power
generation sailing ship 1 decreases, ship speed increases and
efficiency of power generation is enhanced. In the power
generation sailing ship of Japanese Patent Laid-Open Pub-
lication No. 2014-184935, the water turbine is connected to
the lower end of a shaft passing through stern part bottom
hull shell plate to extend downward. Therefore, the water
turbine obstructs the ship’s approach to a dock when the ship
is to be repaired. On the other hand, in the power generation
sailing ship 1, the water turbine 3 does not obstruct docking
of'the ship because the water turbine 3 projects forward from
the bow part hull shell plate.

[0028] Methylcyclohexane generation reaction by toluene
and hydrogen is an exothermic reaction. Heat generated by
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the methylcyclohexane generation reaction can be effec-
tively utilized for various needs in the ship.

[0029] As shown in FIG. 2, a hydrogen production and
supply system 20 comprises the power generation sailing
ship 1 shown in FIG. 1, a ground-based toluene storage tank
21, a ground-based methylcyclohexane storage tank 22, a
ground-based hydrogen separator 23 for separating methyl-
cyclohexane into hydrogen and toluene by utilizing catalyst,
for example, a separator which is an enlarged version of a
dehydrogenation apparatus disclosed in Japanese Patent
Laid-Open Publication No. 2005-216774, a first toluene
feeder 24 for feeding toluene in the ground-based toluene
storage tank 21 to the storage tanks 6 of the power genera-
tion sailing ship 1 berthed at a pier or anchored offshore, a
methylcyclohexane feeder 25 for feeding methylcyclo-
hexane in the ground-based methylcyclohexane storage tank
22 to the ground-based hydrogen separator 23, and a second
toluene feeder 26 for feeding toluene from the hydrogen
separator 23 to the ground-based toluene storage tank 21.
[0030] In the hydrogen production and supply system 20,
the power generation sailing ship 1 generates electric power
by utilizing abundant marine wind power energy, converts
electric energy into hydrogen energy, converts hydrogen into
stable methylcyclohexane, sea transports methylcyclo-
hexane to a land energy base, and unloads the methylcyclo-
hexane to the ground-based methylcyclohexane storage tank
22. The hydrogen separator 23 in the land energy base
separates methylcyclohexane into hydrogen and toluene,
and toluene is returned to the power generation sailing ship
1 through the ground-based toluene storage tank 21. As a
result, hydrogen can be supplied to the market safely and
without emitting carbon dioxide and the toluene can be
reused repeatedly as hydrogen carrier.

[0031] Toluene is used as hydrogen carrier in the aforesaid
preferred embodiment. Other kind of aromatic compound
such as benzene, naphthalene, etc., can also be used as
hydrogen carrier.

[0032] Inthe aforesaid preferred embodiment, wind power
is converted to electric power by the power generation
sailing ship 1, the electric power is converted to hydrogen
energy, and the hydrogen is converted to methylcyclo-
hexane. Alternatively, the electric power converted from the
wind power can be directly stored in a battery and trans-
ported to a land energy base or hydrogen generated by the
electric power can be liquefied or absorbed in a hydrogen
storage alloy and transported to a land energy base.

[0033] The number of water turbines is not limited to one.
When the power generation sailing ship 1 has deep draft, it
is practical to provide a single water turbine having large
sweep area. When the power generation sailing ship 1 has
shallow draft, it is practical to provide a plurality of water
turbines having small sweep area.

[0034] In the aforesaid preferred embodiment, the power
generation sailing ship 1 is a monohull ship. As shown in
FIG. 3, a catamaran type power generation sailing ship 100
can be used instead of the monohull type power generation
sailing ship 1. The catamaran type power generation sailing
ship 100 comprises a pair of narrow power generation
sailing ships 1 each of which is provided with the same
equipment as the power generation sailing ship 1. The pair
of narrow power generation sailing ships 1' are disposed
parallel to each other at a predetermined distance apart with
their bows directed in the same direction. The pair of power
generation sailing ships 1' are connected to each other at
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upper decks 1" at a plurality of longitudinal positions. They
can also be connected at upper decks 1" throughout the
length.

[0035] Wave resistance of a catamaran ship 100 having
two narrow power generation sailing ships 1' disposed in
parallel is smaller than that of a power generation sailing
ship 1 having a single wide hull, provided they have the
same length and the same dead weight. Therefore, ship
speed of the former becomes faster than that of the latter and
efficiency of power generation of the former becomes higher
than that of the latter.

[0036] The present invention can be widely used for
power generation sailing ships and hydrogen production and
supply systems.

1. A power generation sailing ship comprising a sail
provided on a deck, a water turbine connected to a front end
of a shaft passing through a bow part hull shell plate and
extending forward, a power generator disposed in a front
body and connected to a rear end of the shaft, and an energy
storage device for directly storing electric energy generated
by the power generator or converting the electric energy into
energy of a substance and storing the substance.

2. A power generation sailing ship comprising a pair of
power generation sailing ships of claim 1 disposed parallel
to each other at a predetermined distance apart with their
bows directed in the same direction, wherein the pair of
power generation sailing ships are connected to each other
at upper decks.

3. A power generation sailing ship of claim 1, further
comprising a hydrogen generator for electrolyzing water by
electric power generated by the power generator, storage
tanks for storing aromatic compound and hydrogenated
aromatic compound, a hydrogenated aromatic compound
generator for reacting aromatic compound with hydrogen, a
liquid feeder for feeding aromatic compound in a storage
tank to the hydrogenated aromatic compound generator and
feeding hydrogenated aromatic compound from the hydro-
genated aromatic compound generator to a storage tank, and
an unloader for unloading the hydrogenated aromatic com-
pound from the storage tank.

4. A power generation sailing ship of claim 3, wherein the
aromatic compound is benzene or toluene or naphthalene,
and hydrogenated aromatic compound is cyclohexane or
methylcyclohexane or decalin.

5. A hydrogen production and supply system comprising
a power generation sailing ship of claim 3, a ground-based
aromatic compound storage tank, a ground-based hydroge-
nated aromatic compound storage tank, a ground-based
hydrogen separator for separating hydrogenated aromatic
compound into hydrogen and aromatic compound, a first
aromatic compound feeder for feeding aromatic compound
from the ground-based aromatic compound storage tank to
the storage tank of the power generation sailing ship berthed
at a pier or anchored offshore, a hydrogenated aromatic
compound feeder for feeding hydrogenated aromatic com-
pound from the ground-based hydrogenated aromatic com-
pound storage tank to the ground-based hydrogen separator,
and a second aromatic compound feeder for feeding aro-
matic compound from the hydrogen separator to the ground-
based aromatic compound storage tank.

6. A hydrogen production and supply system of claim 5,
wherein the aromatic compound is benzene or toluene or
naphthalene, and hydrogenated aromatic compound is
cyclohexane or methylcyclohexane or decalin.
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7. A power generation sailing ship of claim 2, further
comprising a hydrogen generator for electrolyzing water by
electric power generated by the power generator, storage
tanks for storing aromatic compound and hydrogenated
aromatic compound, a hydrogenated aromatic compound
generator for reacting aromatic compound with hydrogen, a
liquid feeder for feeding aromatic compound in a storage
tank to the hydrogenated aromatic compound generator and
feeding hydrogenated aromatic compound from the hydro-
genated aromatic compound generator to a storage tank, and
an unloader for unloading the hydrogenated aromatic com-
pound from the storage tank.

8. A power generation sailing ship of claim 7, wherein the
aromatic compound is benzene or toluene or naphthalene,
and hydrogenated aromatic compound is cyclohexane or
methylcyclohexane or decalin.

9. A hydrogen production and supply system comprising
a power generation sailing ship of claim 7, a ground-based
aromatic compound storage tank, a ground-based hydroge-
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nated aromatic compound storage tank, a ground-based
hydrogen separator for separating hydrogenated aromatic
compound into hydrogen and aromatic compound, a first
aromatic compound feeder for feeding aromatic compound
from the ground-based aromatic compound storage tank to
the storage tank of the power generation sailing ship berthed
at a pier or anchored offshore, a hydrogenated aromatic
compound feeder for feeding hydrogenated aromatic com-
pound from the ground-based hydrogenated aromatic com-
pound storage tank to the ground-based hydrogen separator,
and a second aromatic compound feeder for feeding aro-
matic compound from the hydrogen separator to the ground-
based aromatic compound storage tank.

10. A hydrogen production and supply system of claim 9,
wherein the aromatic compound is benzene or toluene or
naphthalene, and hydrogenated aromatic compound is
cyclohexane or methylcyclohexane or decalin.

#* #* #* #* #*



