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producing electrical power; and (4) 2 buoyant mass-
actuated piston system in which the movement of float-
ing objects (such as docked ships) relative to the tide is
used to generate electrical power.

16 Claims, 6 Drawing Sheets

 [HIGH TIDE LEVEL

6 LOW TIDE LEVEL
21 e-d
19
26
=—— QI

gtz of 2 f

_CZO

22

Tidal Electric Limited Business Plan




Confidential Patents

U.S. Patent June 20, 1995 Sheet10f6 - 5,426,332

2004 I [
— e
107 B [;]/ 2lo-d
| L P
/ P ,24
> nd
300- 2 |25
i
"Il- (_23 ![“" 20
AR il
¢ S

Tidal Electric Limited Business Plan iii



Confidential Patents

U.S Patent June 20, 1995 Sheet 2 of 6 5,426,332

Tidal Electric Limited Business Plan iv



Confidential Patents

U.S. Patent June 20, 1995 Sheet 3 of 6 5,426,332

FIG 2

Tidal Electric Limited Business Plan Y



Confidential Patents

U.S. Patent June 20, 1995 Sheet 4 of 6 5,426,332

Z _!-m N
3006 || [ JTTTLIE 125
I 28 i ] |0
d a1
} R ]

FI16G. 3

Tidal Electric Limited Business Plan



Confidential Patents

U.S. Patent June 20. 1995 Sheet 5 of 6 5,426,332

24

A

/(/(/\/\
AAAAAAY
p

300

/

"ll- : L

||" Ll

.
‘
=

um"

ol Ty

2" F16.4

Tidal Electric Limited Business Plan vii



Confidential Patents

U.S. Patent June 20, 1995 Sheet 60f 6 - 5,426,332

—~-21 -4

19

112
25,
-

H
»

vd
hY
<
AN
7
=

FlG. 5

22

aPa g

Tidal Electric Limited Business Plan viii



Confidential

Patents

5,426,332

1
TIDAL GENERATOR

BACKGROUND OF THE INVENTION

During the past three decades, the cost of fossil fuels
has increased dramatically. Moreover, in recent years,
scientists have begun to recognize the environmentally
detrimental effects of hydrocarbon emissions associated
with the use of fossil fuels. These factors have lead to
increased interest in renewable and environmentally
safe forms of energy production including photoelectri-
city, solar thermal energy, geothermal energy, wind
power and hydroelectricity.

Hydroelectric power has been the most widely ex-
ploited form of “alternate™ energy production. Tides
have been harnessed to generate power for hundreds of
years. For example, tidal mills on the Danube river date
back to the twelfth century. More recently, energy
technologists have employed various tidal power sta-
tion designs to generate and store electrical energy.
Many of these designs have been problematic because
of adverse effects on the environment such as flooding
and changing the tidal regime, which leads to disruption
of fragile seashore and estuary ecosystems. [See, e.g., F.
O'Kelly, “Harnessing the Ocean's Energy: Are We
Ready for a Gift from the Sea?, Hydro-Review, Vol. X,
No. 4, Jul. 1991]. Many designs are not amenable to
large-scale deployment and, therefore, cannot produce
commercially meaningful quantities of electrical energy
in a cost effective manner. Moreover, many proposed
tidal power station designs rely on a single mechanism
for generating energy, which may result in energy pro-
duction that is out of phase with consumer demands as
well as dramatic reduction of energy output under cer-
tain weather conditions or if repairs to the station are
required. [See, e.g., Kertzman, U.S. Pat. No. 4,249,085].

It would therefore be desirable to provide an appara-
tus for generating electrical energy from the tidal move-
ments of a body of water that is not limited to a narrow
range of feasible installation sites and that is well-suited
for deployment in many different locations because it
will not effect fragile seashore and estuary ecosystems.

It would also be desirable to provide an apparatus for
generating electrical energy from the tidal movements
of a body of water that does not flood surrounding lands
or markedly change the tidal regime.

It would also be desirable to provide an apparatus for
generating electrical energy from the tidal movements
of a body of water that is amenable to large-scale de-
ployment and that produces significant quantities of
electrical energy.

It would also be desirable to provide an apparatus for
generating electrical energy from the tidal movements
of a body of water that can produce energy over the
entire 12 hour and 25 minute tidal cycle.

It would also be desirable to provide an apparatus for
generating electrical energy from the tidal] movements
of a body of water that employs multiple interactive
mechanisms that optimize the quantity of electrical
energy production.

It would also be desireable to provide an apparatus
for generating electrical energy from the tidal move-
ments of a body of water that may be installed in seg-
ments.

SUMMARY OF THE INVENTION

It is an object of this invention to provide an appara-
tus for generating electrical energy from the tidal move-
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ments of a body of water that is not limited to a narrow
range of feasible installation sites and that is well-suited
for deployment in many different locations because it
will not effect fragile seashore and estuary ecosystems.

It is also an object of this invention to provide an
apparatus for generating electrical energy from the tidal
movements of a body of water that does not flood sur-
rounding lands or markedly change the tidal regime.

It is also an object of this invention to provide an
apparatus for generating electrical energy from the tidal
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scale deployment and that produces significant quanti-
ties of electrical energy.

It is also an object of this invention to provide an
apparatus for generating electrical energy from the tidal
movements of a body of water that can produce energy
over the entire 12 hour and 25 minute tidal cycle.

It is also an object of this invention to provide an
apparatus for generating electrical energy from the tidal
movements of a body of water that employs multiple
interactive mechanisms that optimize the guantity of
electrical energy production.

It is also an object of this invention to provide an
apparatus for generating electrical energy from the tidal
movements of a body of water that may be installed in
segments.

In accordance with the foregoing objects of the pres-
ent invention, we provide an apparatus for generating
electrical energy from the tidal movements of a body of
water. The present invention comprises a tidal electric
power generator that employs multiple interactive en-
ergy producing systems that cooperate to enhance the
overall output and reliability of the generator. Those
energy producing systems include: (1) a moveable tank
system associated with hydraulic cylinders in which the
upward and downward movements of the tank relative
to the tide are used to generate electrical power; (2) an
enclosure system in which the controlled inflow and
outflow of water between the enclosure and the sur-
rounding body of water is used to generate electrical
power; (3) a bellows system in which the effects of the
tidal movements are used to force water from a bellows
tank through a generator thereby producing electrical
power; and (4) a buoyant mass-actuated piston system in
which the movement of floating objects (such as
docked ships) relative to the tide is used to generate
electrical power. The use of these multiple interactive
energy producing systems maximizes the electrical
power output of the tidal generator relative to the area
that the generator occupies.

BRIEF DESCRIPTION OF THE DRAWINGS

The above-cited and other objects and advantages of
the present invention will be apparent upon consider-
ation of the following detailed description, taken in
conjunction with the accompanying drawings, in which
reference characters consistently refer to the same ele-
ments, and in which:

FIG. 1 is a schematic view of one embodiment of the
present invention in which an enclosure system, a
moveable tank system and a bellows system are em-
ployed to generate electrical energy;

FIG. 1A is a more detailed schematic view of the
inlet and outlet valves used with the enclosure system;

FIG. 2 is a schematic view of another embodiment of
the present invention in which an enclosure system and
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3
a moveable tank system are employed to generate elec-
trical energy;

FIG. 3 is a schematic view of another embodiment of
the present invention in which an enclosure system and
a bellows system are employed to generate electrical
energy;

FIG. 4 is a schematic view of another embodiment of
the present invention in which a moveable tank system
and a bellows system are employed to generate electri-
cal energy; and

FIG. 5 is a schematic view of a buoyant mass-
actuated piston system that may be used in conjunction
with the apparatus shown in FIGS. 1-4 to generate
electrical energy.

DETAILED DESCRIPTION OF THE
INVENTION

The tidal power generator of the present invention
includes three primary systems for producing electrical
energy: (1) the moveable tank system 100; (2) the enclo-
sure system 200; and (3) the bellows system 300. The
moveable tank system 100 includes a hollow tank 10
that is suspended in a rigid support structure 11. The
tank 10 15 attached to the rigid support structure 11
using one or more telescoping hydraulic cylinders 12.
The top and the bottom of the tank 10 are equipped
with a series of valves 13 that allow for controlled flow
of water and air into and out of the tank 10.

In operation, the telescoping hydraulic cylinders 12
permit controlled vertical movement of the tank 10
within the rigid support structure 11, and may lock the
tank 10 in place at a predetermined location relative to
the tde level. Preferably, the height of the tank 10 is
approximately equal to the maximum tidal range (i.e,
the maximum differential between the extreme high tide
and the extreme low tide levels) and the rigid support
structure 11 is at least three times the height of the
maximum tidal range. Thus, the tank 10 may travel so,
at one time, its bottom rests just below the high tide
mark, and at another time, the top of the tank 10 is
submerged just below the low tide mark.

Electrical energy is generated by the movement of
the tank 10 during both the rising and the lowering of
the tide as follows. The tank 10 is initially empty and sits
above the high tide level. As the high tide approaches,
valves 13 located in the top and bottom of the tank 10,
are opened and the tank 10 is allowed to settle into the
water. As water flows into the tank 10, the tank 10
submerges until the top of the tank 10 is substantially
flush with the high tide level. The valves 13 are then
closed and the telescoping hydraulic cylinders 12 lock
the tank 10 at this position. One skilled in the art will
recognize that the hydraulic cylinders 12 may be locked
into position using any type of locking mechanism 18
including manuaily operated, computer-controlled or
automatic resistance mechanisms that arrest movement
of the tank at a desired point relative to the tide level.
As the high tide recedes to low tide, the tank 10 remains
filled with water and is suspended above the low tide
level. The weight of the water in the tank 10 exerts a
large downward force and causes the hydraulic fluid
within the cylinders 12 to be subject to high-pressure
conditions.

At approximately the time of low tide, the hydraulic
cylinders 12 are unlocked and the tank 10 is allowed to
settle into the water to a level at which the top of the
tank 10 is substantially flush with the low tide level. As
the tank is lowered into the water, the hydraulic cylin-
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4
ders 12 deliver high-pressure hydraulic fluid to be
stored in one or more hydraulic accumulators 14. That
fluid is subsequently delivered gradually through a tur-
bine generator 15 whereby electrical energy is pro-
duced. The operation of the accumulator 14 and the
generator 15 are detailed below.

The valves 13 are next opened and a small amount of
stored hydraulic energy is expended to lift the tank 10
out of the water as the water gradually drains out of the
tank 10. When the tank 10 is substantially drained and
positioned with its bottom substantially flush with the
low tide level of the water, the valves 13 are closed aqd
the hydraulic cylinders 12 are again locked to maintain
the tank 10 in this position.

As the tide rises, the substantially empty tank 10 ex-
erts a large upward force due to buoyancy. At approxi-
mately the high tide, the tank 10 is allowed to rise out of
the water with the hydraulic cylinders 12 controlling its
rate of ascent. During this ascent the hydraulic cylin-
ders 12 gather high-pressure hydraulic fluid for storage
and later conversion to electrical energy. The tank 10 is
then locked into position with its bottom just below the
high tide level, thus completing one cycle of tidal rising
and lowering.

One skilled in the art will recognize that several types
of hydraulic accumulators may be used with the present
invention. For example, the hydraulic accumulator 14
may be the type that employs compressed air or the
type that uses a cylinder with a large weight for main-
taining pressure during storage. Similarly, several types
of turbines may be employed with the present inven-
tion. The turbines may be, for example, gear pump-type
turbines or design impulse-type turbines in which multi-
ple buckets catch the hydraulic fluid as it is released
from nozzles associated with the accumulator. Electri-
cal power generated by the turbines is transported to
land utilities via cable 20 along the floor of the body of
water.

The moveable tank system 100 allows for gradual
delivery of stored hydraulic pressure fluid from accu-
mulators 14 through turbine generators 15. Thus, elec-
trical power may be produced continuously or on de-
mand over the 12 hour and 25 minute tidal cycle, de-
pending on consumer requirements.

It will be readily apparent to the skilled worker that
one large tank or several smaller tanks may be em-
ployed in the moveable tank system 100. In some appli-
cations, the use of several smaller tanks ma_ be prefera-
ble because water can be released from the tanks se-
quentially or in groups, thereby enhancing control over
the amount of water released at any given time.

The enclosure system 200 includes a barrier that is
formed by substantially vertical walls 16. The vertical
walls 16 extend above the extreme high tide level and
below the extreme low tide level. The enclosure system
200 also includes a solid, substantially horizontal bottom
17 that is joined to the vertical walls 16 below the ex-
treme low tide level. The vertical walls 16 and horizon-
tal bottom 17 are formed from a durable material such
as structural concrete and are firmly rooted in the floor
of the ocean (or other body of water in which the pres-
ent invention is deployed).

The vertical walls 10 and horizontal bottom 17 form
a large basin within which water is allowed to flow to
and from the surrounding ocean through a series of
electrical energy-generating turbines 19. The turbines
19 are associated with openings in the vertical walls 16.
Those openings direct water moving into the basin from
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the surrounding body of water and water moving out of
the basin to the surrounding body of water through the
turbines 19. Such “double action™ water flow is accom-
plished by: (1) placing the turbines 19 longitudinally
inside the wall 16 and (2) connecting both the inlet and
the outlet of the turbines 19 10 two gate valves 21 each.
One gate valve opens to the inside of the basin and the
other opens to the surrounding body of water.

In this way (as shown in FIG. 1A), power may be
generated during low tide by releasing water through
the turbines 19 as the inside inlet valve 21a and the
outside outlet valve 21b are opened and water moves
from the inside of the basin to the surrounding body of
water. At high tide, power may be generated by releas-
ing water through the turbines 19 as the outside inlet
valve 21c and the inside outlet valve 214 are opened and
water moves into the basin from the outside body of
water. Moreover, because the release of water from the
basin corresponds to the maximum difference between
the high tide and low tide levels (i.e., the “head”) the
discharge of water has a negligible effect on the tidal
regime.

The turbines 19 deployed longitudinally within the
walls 16 of the enclosure system 200 may be any of
several types of turbines well known to those skilled in
the art, including bulb-type axial flow turbines, thru-
flow axial flow turbines, and turbines connected to a
hydraulic pump. Depending on the type of turbine used,
electrical power may be produced directly and trans-
ported by cable to land utilities, or high pressure hy-
draulic fluid may be stored in accumulators prior to
conversion.

The bellows system 300 includes a substantially hol-
low stationary tank 22 that is, preferably, positioned
below the horizontal bottom 17 of the enclosure system
200. Also, preferably, the stationary tank 22 is affixed to
the floor of the body of water. A bellows tank 23 con-
sisting of a flat 1id 24 and compressible and expandable
side walls 25 that form a bellows is connected to the top
of the stationary tank 22. The bellows tank 23 is
equipped with a side support structure 26 to prevent
collapse and damage from currents and other phenom-
ena that may cause horizontal movement of the bellows.
In the embodiments of the present invention that em-
ploy the bellows system 300 in conjunction with the
enclosure system 200, the horizontal bottom 17 of the
enclosure is adapted with vents that allow water to flow
through the bottom 17 of the enclosure. In this way, the
bellows system 300 is subject to the higher pressure of
high tide and reduced pressure of low tide.

In alternate embodiments of the present invention,
the bottom 17 of the enclosure may be contighous with
the floor of the body of water, or may be the floor itself.
In such embodiments, the bellows system 300 is affixed
to (and above) the bottom of the enclosure, where it is
subject to the higher pressure of high tide and the re-
duced pressure of low tide.

The volume of the bellows tank 23 and the volume of
the stationary tank 22 are approximately equal. No part
of either the bellows tank 23 or stationary tank 22 ex-
tends above the low tide level. An air inlet 27 extends
from the stationary tank 22 to a point above the surface
of the water. The air inlet 27 provides the stationary
tank with an air supply and maintains that air substan-
tially at atmospheric pressure.

In operation, the bellows tank 23 is initially filled with
water. At high tide the bellows is substantially deflated
and emptied of water. Upon deflation, a valve posi-
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tioned in an opening that connects the stationary tank
22 to the bellows tank 23 is opened and the water ini-
tially kept within the bellows tank 23 moves into the
stationary tank 22. As the water flows from the bellows
tank 23 into the stationary tank 22 it passes through a
turbine generator 28 thereby producing electrical en-
ergy.

At low tide, the water in the stationary tank 22 is
pumped back into the bellows tank 23. A portion of the
energy produced during the deflation of the bellows is
used for this reinflation. There is, however, a net energy
gain because reinflation is accomplished at low tide.
Typically, electrical power is produced directly by the
turbine generator 28 as the bellows tank is deflated, and
that power is transported by cable 20 to land utilities.

It will be readily apparent to the skilled worker that
one large bellows tank 23 and stationary tank 22 ar-
rangement or several smaller arrangements may be
employed in the bellows system 300. In some applica-
tions, the use of several smaller bellows/stationary
tanks may be preferable because smaller bellows are
easier to maintain and are less prone to damage.

The present invention employs interactive electrical
energy producing systems—the moveable tank system
100, the enclosure system 200 and the bellows system
300—that cooperate to enhance the overall output of
the present invention. The use of multiple systems in-
creases the reliability of the tidal generator. For exam-
ple, even if storm conditions or high winds interfered
with the operation of the moveable tank system 100, the
enclosure system 200 and the bellows system 300 would
continue to produce electrical power. Moreover, the
use of multiple systems insures energy production when
repairs to one of the systems are required and allows for
installation of the power station in segments. R

The present invention is amenable to large scale de-
ployment and production of significant quantities of
electrical energy. Preferably, the basin formed by the
vertical walls 16 and the horizontal bottom 17 of the
enclosure system has a horizontal surface area of at ieast
4,000 m2. Preferably, the total horizontal surface area of
the one or more moveable tanks is at least 3,000 m2 and
the total horizontal surface area of the lid portion of the
one or more bellows tanks is also at least 3,000 m2. The
large basin size accommodates the upward and down-
ward movement of the one or more large moveable
tanks into and out of the water within the basin. While
it is preferable to deploy the moveable tank(s) so that
they travel vertically within the area defined by the
vertical walls of the enclosure, it may also be advanta-
geous under some circumstances to deploy the move-
able tanks around the outer perimeter of the enclosure.

Preferably, the bottom of the enclosure is large
enough to accommodate the bellows/stationary tank(s)
completely beneath it. This would minimize the envi-
ronmental impact of the tidal generator, reduce wear
and tear on the bellows and facilitate repairs to the
bellows. The same benefits will accrue in the emoodi-
ments of this invention where the bottom 17 of the
enclosure is contiguous with the floor of the body of
water (or is the floor itself), as the vertical walls 16 of
the enclosure can be constructed to completely sur-
round the bellows system 300.

Preferably, the tidal electric power generator of the
present invention is deployed in an ocean environment
in which there is a large difference between the high
tide and the low tide levels. Large tide differential will
enhance the output of the tidal generator. The large-

Xi
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scale and sturdy design of the present invention makes it
suitable for deployment a significant distance off shore
where it will not interfere with delicate shoreline eco-
systems. The tidal generator of the present system may
also be deployed in certain river, bay, sea, estuary or
lake environments.

The embodiment of the present invention shown in
FIG. 1 may be modified to include additional or fewer
energy producing systems depending on economic,
environmental or other conmsiderations. For example,
FIG. 2 shows an embodiment of the present invention
comprising the moveable tank system 100 and enclosure
system 200. This embodiment may be preferable where
it is impractical to deploy a bellows system 300 or to
support the bottom of the enclosure system above the
floor of the body of water.

FIG. 3 shows another embodiment of the present
invention comprising the enclosure system 200 and the
bellows system 300. This embodiment may be prefera-
ble in environments where it is desireable to limit the
height of the tidal generator.

FIG. 4 shows another embodiment of the present
invention comprising the moveable tank system 100 and
the bellows system 300. This embodiment may be pref-
erable for deployment in environments where construc-
tion of the enclosure system 200 would unduly interfere
with the flow of the surrounding body of water.

FIG. 5 shows a buoyant mass-actuated piston energy
producing system 400 that may be used in conjunction
with any of the embodiments of the present invention
shown in FIGS. 1-4. The buoyant mass-actuated piston
system includes a support arm 29 that may be affixed to
and horizontally extend from the rigid support structure
11 of the moveable tank system 100 or the top of the
vertical walls 16 of the enclosure system 200. The sup-
port arm 29 is connected 10 a hydraulic cylinder 30
similar to that used with the moveable tank system 100.
A sling 31 capable of cradling 2 buoyant object 32 such
as a docked ship is attached to the hydraulic cylinder
30.

In operation. the cradled buoyant object 32 is locked
into position at high tide and is lowered as the tide
approaches its lowest level. The downward force ex-
erted by the object 32 causes the hydraulic fluid in the
cylinder 30 to be subject to high-pressure conditions. As
the object 32 settles into the low tide level water, the
hydraulic cylinder 30 delivers high-pressure hydraulic
fluid to accumulators for temporary storage until tur-
bines are used 10 generate power from the stored hy-
draulic fluids. The force generated by the upward
movement of the buoyant object during rising tides may
also be used to pressurize the hydraulic fluid within the
cylinder 30 for ultimate conversion to electtic power.

The skilled worker will recognize that the buoyant
mass-actuated piston system 400 may share accumula-
tors and generators with the moveable tank system, or
the buoyant mass-actuated system may be equipped
with its own accumulators and generators. Preferably,
embodiments of the present invention that incorporate
the buoyant mass-actuated piston system 400 will em-
ploy multiple units of the system in order to maximize
energy production.

The skilled worker will appreciate that the present
invention can be practiced by other than the described
embodiments, which are presented for purposes of illus-
tration and not of limitation, and the present invention is
limited only by the claims that follow.

We claim:
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1. An apparatus for generating electrical energy from
the tidal movements of a body of water having tides and
a floor comprising:

an enclosure securely fixed to the floor of the body of
water, the enclosure being formed by substantially
vertical walls and a substantially horizontal bottom
wherein the walls extend above the extreme high
tide level and below the extreme low tide level of
the body of water, and the walls are adapted with
means for selectively directing water to flow in and
out of the enclosure through turbines operatively
associated with the walls;

at least one substantially hollow moveable tank
adapted with means for selectively allowing water
and air to flow in and out of the tank;

a support means including a rigid frame and a hydrau-
lic cylinder operatively associated with the move-
able tank to allow for vertical movement of the
tank wherein the hydraulic cylinder is in fluid com-
munication with hydraulic fluid that is pressurized
in response to the upward and downward vertical
movements of the tank:

a means for storing pressurized hydraulic fluid;

a locking means operatively associated with the sup-
port means for selectively retaining the tank at
specific positions in the vertical plane relative to
the tide level of the body of water; and

a turbine associated with the means for storing pres-
surized hydraulic fluid that generates power as the
pressurized hydraulic fluid is released into the tur-
bine.

2. An apparatus according to claim 1 wherein no part
of the movable tank extends horizontally beyond the
walls of the enclosure.

3. An apparatus according to claim 1 further compris-
ing:

gat least one stationary tank that is positioned com-
pletely below the extreme low tide level of the
body of water;

at least one bellows tank including expandable and
compressible side walls and a lid positioned atop
the stationary tank wherein the lid of the bellows
tank does not extend above the extreme low tide
level of the body of water;

a means to selectively allow water to travel between
the bellows tank and the stationary tank so that the
bellows tank is substantially expanded and filled
with water at low tide and substantially com-
pressed and empty at high tide and the stationary
tank is substantially filled with water at high tide
and substantially filled with air at low tide;

a turbine positioned between the bellows tank and the
stationary tank that generates power as water is
moved from the bellows tank to the stationary
tank; and

a means for supplying air to the stationary tank so
that the pressure of the air maintained within the
stationary tank is substantially equal to atmospheric
air pressure.

4. An apparatus according to claim 3 wherein no part
of the stationary tank or the bellows tank extend hori-
zontally beyond the walls of the enclosure.

S. An apparatus according to claim 3 wherein the
surface area of the enclosure is greater than 4,000 m>.

6. An apparatus according to claim 3 wherein the
total horizontal surface area of the one or more move-
able tanks is greater than 3,000 m2.

Xii
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7. An apparatus according to claim 3 wherein the
volume of the stationary tank and the bellows tank are
substantially equal.

8. An apparatus according to claim 3 wherein the
total horizontal surface area of the one or more station-
ary tanks and the total horizontal surface area of the one
or more rigid lids of the bellows tanks both are greater
than 3,000 m2.

9. An apparatus according to claim 3 wherein the
height of the moveable tank is substantially equal to the
maximum tidal range.

10. An apparatus for generating electrical energy
from the tidal movements of a body of water having
tides and a floor comprising:

an enclosure securely fixed to the floor of the body of
water, the enclosure being formed by substantially
vertical walls and a substantially horizontal bottom
wherein the walls extend above the extreme high
tide level and below the extreme low tide level of
the body of water, and the walls are adapted with
means for selectively directing water to flow in an
out of the enclosure through turbines operatively
associated with the walls;

at least one stationary tank that is positioned com-
pletely below the extreme low tide level of the
body of water;

at least one bellows tank including expandable and
compressible side walls and a lid positioned atop
the stationary tank wherein the lid of the bellows
tank does not extend above the extreme low tide
level of the body of water;

2 means for selectively allowing water to travel be-
tween the bellows tank and the stationary tank so
that the bellows tank is substantially expanded and
filled with water at Jow tide and substantially com-
pressed and empty at high tide and the stationary
tank is substantially filled with water at high tide
and substantially filled with air at low tide;

a turbine positioned between the bellows tank and the
stationary tank that generates power as water is
moved from the bellows tank to the stationary
tank; and

a means for supplying air to the stationary tank so
that the pressure of the air maintained within the
stationary tank is substantially equal to atmospheric
air pressure.

11. An apparatus according to claim 10 wherein no
part of the stationary tank or bellows tank extend hori-
zontally beyond the walls of the enclosure.

12. An apparatus for generating electrical energy
from the tidal movements of a body of water having
tides and a floor comprising:

at least one substantially hollow moveable tank
adapted with means for selectively allowing water
and air to flow in and out of the tank;

2 support means including a rigid frame and a hydrau-
lic cylinder operatively associated with the tank to
allow for vertical movement of the tank wherein
the hydraulic cylinder is in fluid communication
with hydraulic fluid that is pressurized in response
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to the upward and downward vertical movements
of the tank;

a means for storing pressurized hydraulic fluid;

a locking means operatively associated with the sup-
port means for selectively retaining the tank at
specific positions in the vertical plane relative to
the tide level of the body of water;

a turbine associated with the means for storing pres-
surized hydraulic fluid that generates power as the
pressurized hydraulic fluid is released into the tur-
bine;

at least one stationary tank that is positioned com-
pletely below the extreme low tide level of the
body of water;

at least one bellows tank including expandable and
compressible side walls and a lid positioned atop
the stationary tank wherein the lid of the bellows
tank does not extend above the extreme low tide
level of the body of water;

a means for selectively allowing water to travel be-
tween the bellows tank and the stationary tank so
that the bellows tank is substantially expanded and
filled with water at low tide and substantially com-
pressed and empty at high tide and the stationary
tank is substantially filled with water at high tide
and substantially filled with air at low tide;

a turbine positioned between the bellows tank and the
stationary tank that generates power as water is
moved from the bellows tank to the stationary
tank; and

a means for supplying air to the stationary tank so
that the pressure of the air maintained within the
stationary tank is substantially equal to atmospheric
air pressure.

13. An apparatus according to claim 12 wherein no
part of the movable tank extends horizontally beyond
the rigid frame.

14. An apparatus according to claim 12 wherein no
part of the stationary tank or bellows tank extend hori-
zontally beyond the rigid frame.

15. An apparatus according to any one of claims 1, 3
and 12 further comprising:

one or more means to selectively support a buoyant
mass above the level of the body of water including
a horizontally extending support arm and a sling
that supportably fits around the buoyant mass;

a means for controllably lowering the suspended
buoyant mass into the water including a hydraulic
cylinder that is in fluid communication with hy-
draulic fluid that is pressurized in response down-
ward force exerted by the buoyant mass as it is
suspended above and lowered into the water;

a means for storing the hydraulic fluid that is pressur-
ized in response to the movements of the buoyant
mass; and

a turbine associated with the means for storing the
hydraulic fluid that is pressurized in response to the
movements of the buoyant mass that generates
power as the high pressure hydraulic fluid is re-
leased into the turbine.

16. An apparatus according to claim 15 wherein the

buoyant mass is a docked ship.

* * * * *
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TIDAL GENERATOR

The present application is a continuation-in-part of patent
application 08/209.870 filed on Mar. 11. 1994, now U.S. Pat.
No. 5.426.332.

BACKGROUND OF THE INVENTION

During the past three decades. the cost of fossil fuels has
increased dramatically. Moreover, in recent years, scientists
have begun to recognize the environmentally detrimental
effects of hydrocarbon emissions associated with the use of
fossil fuels. These factors have lead to increased interest in
renewable and environmentally safe forms of energy pro-
duction including photoelectricity, solar thermal energy.
geothermal energy. wind power and hydroelectricity.

Hydroelectric power has been the most widely exploited
form of “alternate” energy production. Tides have been
harnessed to generate power for hundreds of years. For
example, tidal mills on the Danube river date back to the
twelfth century. More recently, energy technologists have
employed various tidal power station designs to generate
and store electrical energy. Many of these designs have been
problematic because of adverse effects on the environment
such as flooding and changing the tidal regime. which leads
to disruption of fragile seashore and estuary ecosystems.
[See. e.g.. F. O'Kelly. “Harnessing the Ocean’s Energy” Are
We Ready for a Gift from the Sea?, Hydro-Review. Vol. X,
No. 4. July 1991]. Many designs are not amenable to
large-scale deployment and. therefore. cannot produce com-
mercially meaningful quantities of electrical energy in a cost
effective manner. Moreover. many proposed tidal power
station designs rely on a single mechanism for generating
energy. which may result in energy production that is out of
phase with consumer demands as well as dramatic reduction
of energy output under certain weather conditions or if
repairs to the station are required. [See. e.g.. Kertzman, U.S.
Pat. No. 4.249.085].

It would therefore be desirable to provide an apparatus for
generating electrical energy from the tidal movements of a
body of water that is not limited to a narrow range of feasible
installation sites and that is well-suited for deployment in
many different locations because it will not effect fragile
seashore and estuary ecosystems.

It would also be desirable to provide an apparatus for
generating electrical energy from the tidal movements of a
body of water that does not flood surrounding lands or
markedly change the tidal regime.

It would also be desirable to provide an apparatus for
generating electrical energy from the tidal movements of a
body of water that is amenable to large-scale deployment
and that produces significant quantities of electrical energy.

It would also be desirable to provide an apparatus for
generating electrical energy from the tidal movements of a
body of water that can produce energy over the entire 12
hour and 25 minute tidal cycle.

It would also be desirable to provide an apparatus for
generating electrical energy from the tidal movements of a
body of water that employs multiple interactive mechanisms
that optimize the quantity of electrical energy production.

It would also be desireable to provide an apparatus for
generating electrical energy from the tidal movements of a
body of water that may be installed in segments.

SUMMARY OF THE INVENTION

It is an object of this invention to provide an apparatus for
generating electrical energy from the tidal movements of a
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body of water that is not limited to a narrow range of feasible
installation sites and that is well-suited for deployment in
many different locations because it will not effect fragile
seashore and estuary ecosystems.

It is also an object of this invention to provide an
apparatus for generating electrical energy from the tidal
movements of a body of water that does not flood surround-
ing lands or markedly change the tidal regime.

It is also an object of this invention to provide an
apparatus for generating electrical energy from the tidal
movements of a body of water that is amenable to large-
scale deployment and that produces significant quantities of
electrical energy. )

It is also an object of this invention to provide an
apparatus for generating electrical energy from the tidal
movements of a body of water that can produce energy over
the entire 12 hour and 25 minute tidal cycle.

It is also an object of this invention to provide an
apparatus for generating clectrical energy from the tidal
movements of a body of water that employs multiple inter-
active mechanisms that optimize the quantity of electrical
energy production.

It is also an object of this invention to provide an
apparatus for generating electrical energy from the tidal
movements of a body of water that may be installed in
segments.

In accordance with the foregoing objects of the present
invention. we provide an apparatus for generating electrical
energy from the tidal movements of a body of water. The
present invention comprises a tidal electric power generator
that employs multiple interactive energy producing systems
that cooperate to enhance the overall output and reliability of
the generator. Those energy producing systems include: (1)
a moveable tank system associated with hydraulic cylinders
in which the upward and downward movements of the tank
relative to the tide are used to generate electrical power; (2)
an enclosure system in which the controlled inflow and
outflow of water between the enclosure and the surrounding
body of water is used to generate electrical power; (3) a
bellows system in which the effects of the tidal movements
are used to force water from a bellows tank through a
generator thereby producing electrical power; and (4) a
buoyant mass-actuated piston system in which the move-
ment of floating objects (such as docked ships) relative to the
tide is used to generate electrical power. The use of these
multiple interactive energy producing systems maximizes
the electrical power output of the tidal generator relative to
the area that the generator occupies.

BRIEF DESCRIPTION OF THE DRAWINGS

The above-cited and other objects and advantages of the
present invention will be apparent upon consideration of the
following detailed description. taken in conjunction with the
accompanying drawings. in which reference characters con-
sistently refer to the same elemeats. and in which:

FIG. 1 is a schematic view of one embodiment of the
present invention in which an enclosure system, a moveable
tank system and a bellows system are employed to generate
electrical energy;

FIG. 1a is a more detailed schematic view of the inlet and
outlet valves used with the enclosure system;

FIG. 2 is a schematic view of another embodiment of the
present invention in which an enclosure system and a
moveable tank system are employed to generate electrical
energy;
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FIG. 3 is a schematic view of another embodiment of the
present invention in which an enclosure system and a
bellows system are employed to generate electrical energy;

FIG. 4 is a schematic view of another embodiment of the
present invention in which a moveable tank system and a
bellows system are employed to generate electrical energy;
and

FIG. 5 is a schematic view of a buoyant mass-actuated
piston system that may be used in conjunction with the
apparatus shown in FIGS. 1-4 to generate electrical energy.

DETAILED DESCRIPTION OF THE
INVENTION

The tidal power generator of the present invention
includes three primary systems for producing electrical
energy: (1) the moveable tank system 100; (2) the enclosure
system 200; and (3) the bellows system 300. The moveable
tank system 100 includes a hollow tank 10 that is suspended
in arigid support structure 11. The tank 10 is attached to the
rigid support structure 11 using one or more telescoping
hydraulic cylinders 12. The top and the bottom of the tank
10 are equipped with a series of valves 13 that allow for
controlled flow of water and air into and out of the tank 10.

In operation. the telescoping hydraulic cylinders 12 per-
mit controlled vertical movement of the tank 10 within the
rigid support structure 11, and may lock the tank 10 in place
at a predetermined location relative to the tide level.
Preferably. the height of the tank 10 is approximately equal
to the maximum tidal range (i.e. the maximum differential
between the extreme high tide and the extreme low tide
levels) and the rigid support structure 11 is at least three
times the height of the maximum tidal range. Thus, the tank
10 may travel so. at one time. its bottom rests just below the
high tide mark. and at another time. the top of the tank 10
is submerged just below the low tide mark.

Electrical energy is generated by the movement of the
tank 10 during both the rising and the lowering of the tide
as follows. The tank 10 is initially empty and sits above the
high tide level. As the high tide approaches, valves 13
located in the top and bottom of the tank 10. are opened and
the tank 10 is allowed to settle into the water. As water flows
into the tank 10. the tank 10 submerges until the top of the
tank 10 is substantially flush with the high tide level. The
valves 13 are then closed and the telescoping hydraulic
cylinders 12 lock the tank 10 at this position. One skilled in
the art will recognize that the hydraulic cylinders 12 may be
locked into position using any type of locking mechanism 18
including manually operated, computer-controlled or auto-
matic resistance mechanisms that arrest movement of the
tank at a desired point relative to the tide level.

As the high tide recedes to low tide. the tank 10 remains
filled with water and is suspended above the low tide level.
The weight of the water in the tank 10 exerts a large
downward force and causes the hydraulic fluid within the
cylinders 12 to be subject to high-pressure conditions.

At approximately the time of low tide. the hydraulic
cylinders 12 are unlocked and the tank 10 is allowed to settle
into the water to a level at which the top of the tank 10 is
substantially flush with the low tide level. As the tank is
lowered into the water. the hydraulic cylinders 12 deliver
high-pressure hydraulic fluid to be stored in one or more
hydraulic accumulators 14. That fluid is subsequently deliv-
ered gradually through a turbine generator 1S whereby
electrical energy is produced. The operation of the accumu-
lator 14 and the generator 15 are detailed below.

The valves 13 are next opened and a small amount of
stored hydraulic energy is expended to lift the tank 10 out of
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the water as the water gradually drains out of the tank 10.
When the tank 10 is substantially drained and positioned
with its bottom substantially flush with the low tide level of
the water, the valves 13 are closed and the hydraulic
cylinders 12 are again locked to maintain the tank 10 in this
position.

As the tide rises. the substantially empty tank 10 exerts a
large upward force due to buoyancy. At approximately the
high tide. the tank 190 is allowed to rise out of the water with
the hydraulic cylinders 12 controlling its rate of ascent.
During this ascent the hydraulic cylinders 12 gather high-
pressure hydraulic fluid for storage and later conversion to
electrical energy. The tank 10 is then locked into position
with its bottom just below the high tide level. thus complet-
ing one cycle of tidal rising and lowering.

One skilled in the art will recognize that several types of
hydraulic accumulators may be used with the present inven-
tion. For example, the hydraulic accumulator 14 may be the
type that employs compressed air or the type that uses a
cylinder with a large weight for maintaining pressure during
storage. similarly. several types of turbines may be
employed with the present invention. The turbines may be.
for example. gear pump-type turbines or design impulse-
type turbines in which multiple buckets catch the hydraulic
fluid as it is released from nozzles associated with the
accumulator. Electrical power generated by the turbines is
transported to land utilities via cable 20 along the floor of the
body of water.

The moveable tank system 100 allows for gradual deliv-
ery of stored hydraulic pressure fluid from accurnulators 14
through turbine generators 15.

Thus. electrical power may be produced continuously or
on demand over the 12 hour and 25 minute tidal cycle.
depending on consumer requirements.

It will be readily apparent to the skilled worker that one
large tank or several smaller tanks may be employed in the
moveable tank system 100. In some applications. the use of
several smaller tanks may be preferable because water can
be released from the tanks sequentially or in groups. thereby
enhancing control over the amount of water released at any
given time.

The enclosure system 200 includes a barrier that is formed
by substantially vertical walls 16. The vertical walls 16
extend above the extreme high tide level and below the
extreme low tide level. The enclosure system 200 also
includes a solid. substantially horizontal bottom 17 that is
joined to the vertical walls 16 below the extreme low tide
level. The vertical walls 16 and horizontal bottom 17 are
formed from a durable material such as structural concrete
and are firmly rooted in the floor of the ocean (or other body
of water in which the present invention is deployed).

The vertical walls 16 and horizontal bottom 17 form a
large basin within which water is allowed to flow to and
from the surrounding ocean through a series of electrical
energy-generating turbines 19. The turbines 19 are associ-
ated with openings in the vertical walls 16. Those openings
direct water moving into the basin from the surrounding
body of water and water moving out of the basin to the
surrounding body of water through the turbines 19. Such
“double action” water flow is accomplished by: (1) placing
the turbines 19 longitudinally inside the wall 16 and (2)
connecting both the inlet and the outlet of the turbines 19 to
two gate valves 21 each. One gate valve opens to the inside
of the basin and the other opens to the surrounding body of
water.

In this way, power may be generated during low tide by
releasing water through the turbines 19 as the inside inlet
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valve 21a and the outside outlet valve 21b are opened and
water moves from the inside of the basin to the surrounding
body of water. At high tide. power may be generated by
releasing water through the turbines 19 as the outside inlet
valve 21c and the inside outlet valve 21d are opened and
water moves into the basin from the outside body of water.
Moreover. because the release of water from the basin
corresponds to the maximum difference between the high
tide and low tide levels (i.e.. the “head”) the discharge of
water has a negligible effect on the tidal regime.

The turbines 19 deployed longitudinally within the walls
16 of the enclosure system 200 may be any of several types
of turbines well known to those skilled in the art. including
bulb-type axial flow turbines. thru-flow axial flow turbines,
and turbines connected to a hydraulic pump. Depending on
the type of turbine used. electrical power may be produced
directly and transported by cable to land utilities. or high
pressure hydraulic fluid may be stored in accumulators prior
to conversion.

The bellows system 300 includes a substantially holiow
stationary tank 22 that is. preferably, positioned below the
horizontal bottom 17 of the enclosure system 200. Also,
preferably. the stationary tank 22 is affixed to the floor of the
body of water. A bellows tank 23 consisting of a flat lid 24
and compressible and expandable side walls 25 that form a
bellows is connected to the top of the stationary tank 22. The
bellows tank 23 is equipped with a side support structure 26
to prevent collapse and damage from currents and other
phenomena that may cause horizontal movement of the
bellows. In the embodiments of the present invention that
employ the bellows system 300 in conjunction with the
enclosure system 200. the horizontal bottom 17 of the
enclosure is adapted with vents that allow water to flow
through the bottom 17 of the enclosure. In this way. the
bellows system 300 is subject to the higher pressure of high
tide and reduced pressure of low tide.

In alternate embodiments of the present invention. the
bottom 17 of the enclosure may be contiguous with the floor
of the body of water. or may be the floor itself. In such
embodiments, the bellows system 300 is affixed to (and
above) the bottom of the enclosure. where it is subject to the
higher pressure of high tide and the reduced pressure of low
tide.

The volume of the bellows tank 23 and the volume of the
stationary tank 22 are approximately equal. No part of either
the bellows tank 23 or stationary tank 22 extends above the
low tide level.

An air inlet 27 extends from the stationary tank 22 to a
point above the surface of the water. The air inlet 27
provides the stationary tank with an air supply and maintains
that air substantially at atmospheric pressure.

In operation. the bellows tank 23 is initially filled with
water. At high tide the bellows is substantially deflated and
emptied of water. Upon deflation, a valve positioned in an
opening that connects the stationary tank 22 to the bellows
tank 23 is opened and the water initially kept within the
bellows tank 23 moves into the stationary tank 22. As the
water flows from the bellows tank 23 into the stationary tank
22 it passes through a turbine generator 28 thereby produc-
ing electrical energy.

At low tide. the water in the stationary tank 22 is pumped
back into the bellows tank 23. A portion of the energy
produced during the deflation of the bellows is used for this
reinflation. There is. however. a net energy gain because
reinflation is accomplished at low tide. Typically. electrical
power is produced directly by the turbine generator 28 as the
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bellows tank is deflated. and that power is transported by
cable 20 to land utilities.

It will be readily apparent to the skilled worker that one
large bellows tank 23 and stationary tank 22 arrangement or
several smaller arrangements may be employed in the bel-
lows system 300. In some applications. the use of several
smalier bellows/stationary tanks may be preferable because
smaller bellows are easier to maintain and are less prone to
damage. In order to maximize its efficiency. the bellows tank
system is preferably deployed at a depth of about 120 meters
or less.

The skilled worker will readily appreciate that the bellows
tank is not mecessarily configured as a collapsible “accor-
dion” structure. A structure of any configuration that allows
water to be delivered to the stationary tank is acceptable for
use with the present invention. In an alternate embodiment,
the submerged stationary tank may be deployed without a
bellows tank-type structure. The stationary tank can be
operated to allow selectively water to travel into and out of
the tank. to and from the surrounding body of water. so that
the stationary tank is substantially filled with water at high
tide and substantially filled with air at low tide. The station-
ary tank may be adapted with a filter means that will prevent
debris from the body of water from entering the submerged
stationary tank and disrupting the operation of the turbines.

The present invention employs interactive electrical
energy producing systems—the moveable tank system 100,
the enclosure system 200 and the bellows system 300—that
cooperate to enhance the overall output of the present
invention. The use of multiple systems increases the reli-
ability of the tidal generator. For example. even if storm
conditions or high winds interfered with the operation of the
moveable tank system 100. the enclosure system 200 and the
bellows system 300 would continue to produce electrical
power. Moreover. the use of multiple systems insures energy
production when repairs to one of the systems are required.
allows for installation of the power station in segments and
allows for use of the individual energy producing systems
when demand levels are reduced or environmental condi-
tions would so require.

The present invention is amenable to large scale deploy-
ment and production of significant quantities of electrical
energy yet is circumnavigable and does not significantly
disrupt marine habitats.

Preferably. the basin formed by the vertical walls 16 and
the horizontal bottom 17 of the enclosure system has a
surface area of at least 4.000 m> The large basin size
accommodates the upward and downward movement of the
one or more large moveable tanks into and out of the water
within the basin. While it is preferable to deploy the move-
able tank(s) so that they travel vertically within the area
defined by the vertical walls of the enclosure. it may also be
advantageous under some circumstances to deploy the
moveable tanks around the outer perimeter of the enclosure.

Preferably. the bottom of the enclosure is large enough to
accommodate the bellows/stationary tank(s) completely
beneath it. This would minimize the environmental impact
of the tidal generator. reduce wear and tear on the bellows
and facilitate repairs to the bellows. The same benefits will
accrue in the embodiments of this invention where the
bottom 17 of the enclosure is contiguous with the floor of the
body of water (or is the floor itself), as the vertical walls 16
of the enclosure can be constructed to completely surround
the bellows system 300.

Preferably. the tidal electric power generator of the
present invention is deployed in an ocean environment in
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which there is a large difference between the high tide and
the low tide levels. Large tide differential will enhance the
output of the tidal generator. The large -scale and sturdy
design of the present invention makes it suitable for deploy-
ment a significant distance off shore where it will not
interfere with delicate shoreline ecosystems. The tidal gen-
erator of the present system may also be deployed in certain
river, bay, sea. estuary or lake environments.

The embodiment of the present invention shown in FIG.
1 may be modified to include additional or fewer energy
producing systems depending on economic. environmental
or other considerations. For example. FIG. 2 shows an
embodiment of the present invention comprising the move-
able tank system 100 and enclosure system 200. This
embodiment may be preferable where it is impractical to
deploy a bellows system 300 or to support the bottom of the
enclosure system above the floor of the body of water.

FIG. 3 shows another embodiment of the present inven-
tion comprising the enclosure system 200 and the bellows
system 300. This embodiment may be preferable in envi-
ronments where it is desireable to limit the height of the tidal
generator. An enclosure system situated directly atop the
bellows system (where the submerged stationary tank is
deployed either with or without the bellows tank) appears to
be the most efficient and cost-effective configuration of the
present invention. The efficiency of this configuration can be
further enhanced by using electrical energy generated by the
enclosure system to power the consumptive phase in which
water is pumped out of the submerged stationary tank.

FIG. 4 shows another embodiment of the present inven-
tion comprising the moveable tank system 100 and the
bellows system 300. This embodiment may be preferable for
deployment in environments where construction of the
enclosure system 200 would unduly interfere with the flow
of the surrounding body of water.

FIG. § shows a buoyant mass-actuated piston energy
producing system 400 that may be used in conjunction with
any of the embodiments of the present invention shown in
FIGS. 1-4. The buoyant mass-actuated piston system
includes a support arm 29 that may be affixed to and
horizontally extend from the rigid support structure 11 of the
moveable tank system 100 or the top of the vertical walls 16
of the enclosure system 200. The support arm 29 is con-
nected to a hydraulic cylinder 30 similar to that used with the
moveable tank system 100. A sling 31 capable of cradling a
buoyant object 32 such as a docked ship is attached to the
hydraulic cylinder 30.

In operation. the cradled buoyant object 32 is locked into
position at high tide and is lowered as the tide approaches its
lowest level. The downward force exerted by the object 32
causes the hydraulic fluid in the cylinder 30 to be subject to
high-pressure conditions. As the object 32 settles into the
low tide level water. the hydraulic cylinder 30 delivers
high-pressure hydraulic fluid to accumulators for temporary
storage until turbines are used to generate power from the
stored hydraulic fluids. The force generated by the upward
movement of the buoyant object during rising tides may also
be used to pressurize the hydraulic fluid within the cylinder
30 for ultimate conversion to electric power.

The skilled worker will recognize that the buoyant mass-
actuated piston system 400 may share accumulators and
generators with the moveable tank system. or the buoyant
mass-actuated system may be equipped with its own accu-
mulators and generators. Preferably. embodiments of the
present invention that incorporate the buoyant mass-
actuated piston system 400 will employ multiple units of the
system in order to maximize energy production.

Tidal Electric Limited Business Plan
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The apparatus of the present invention is advantageous in
that it can be readily employed for “pumped storage” of
electrical energy. The disclosed apparatus may be adapted to
generate electrical energy at times that coincide with peak
demand hours for energy consumption. Most currently
known pumped storage units consume more energy than
they produce. However. the present invention can operate as
an energy-positive pumped storage unit because of the
constant availability of energy from tidal movements.

The disclosed tidal generator can also be used to produce
industrial-use gasses such as hydrogen gas and oxygen gas.
During times when surplus electrical energy is generated by
the apparatus of the present invention. that energy can be
used to react with water. Such a reaction results in the
production of oxygen and hydrogen gasses. The tidal power
station can be equipped with well-known processing facili-
ties to separate and store the resulting hydrogen and oxygen
gasses. Moreover. pipelines running between the tidal power
station and the shoreline can be constructed to accommodate
delivery of the gasses for use in various industrial applica-
tions.

The skilled worker will appreciate that the present inven-
tion can be practiced by other than the described
embodiments. which are presented for purposes of illustra-
tion and not of limitation. and the present invention is
limited only by the claims that follow.

We claim:

1. An apparatus for generating electrical energy from the
tidal movements of a body of water having a tidal regimen
and a floor comprising:

an enclosure securely fixed to the floor of the body of

water, the enclosure being formed by substantially
vertical walls and a substantially horizontal bottom
wherein the walls extend above the extreme high tide
level and below the extreme low tide level of the body
of water. and the walls are adapted with means for
selectively directing water to flow into and out of the
enclosure through turbines operatively associated with
the walls and wherein the apparatus is operable to
direct the flow of water into or out of the enclosure so
as 1o selectively allow a difference between the height
of the water inside the enclosure and the height of the
water outside of the enclosure to exist; and wherein the
apparatus is operable to selectively direct the water to
flow into or out of the enclosure at intervals where a
difference in the height of the water inside the enclosure
and the height of the water outside the enclosure exists.

2. An apparatus according to claim 1 that is deployed in
an off-shore location.

3. An apparatus according to claim 1 wherein the appa-
ratus is operable to selectively direct the flow of water into
or out of the enclosure at intervals of the tidal regimen at
which the difference in the height of the water inside the
enclosure and the height of the water outside the enclosure
substantially approximates the greatest difference between
the water levels at high tide and low tide.

4. An apparatus for generating electrical energy from the
tidal movements of a body of water having tides and a floor
comprising:

an enclosure securely fixed to the floor of the body of

water. the enclosure being formed by substantially
vertical walls and a substantially horizontal bottom
wherein the walls extend above the extreme high tide
level and below the extreme low tide level of the body
of water. and the walls are adapted with means for
selectively directing water to flow in and out of the
enclosure through turbines operatively associated with
the walls;
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at least one stationary tank that is positioned entirely
below the extreme low tide level of the body of water,
wherein the stationary tank is adapted with means to
selectively allow water to travel between the stationary
tank and the surrounding body of water so that the
stationary tank is substantially filled with water at high
tide and substantially filled with air at low tide;

a turbine means operatively associated with the stationary
tank that generates power as water moves from the
surrounding body of water into the stationary tank; and

a means for supplying air to the stationary tank so that the
pressure of the air maintained within the stationary tank
is substantially equal to atmospheric air pressure;

wherein water is directed out of the stationary tank at
substantially the time of low tide when the body of
water exerts comparatively less pressure on the station-
ary tank. and wherein water is directed into the sta-
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tionary tank at substantially the time of high tide when
the body of water exerts comparatively greater pressure
on the stationary tank. so as to accomplish a net gain of
power from the selective travel of the water into and out
of the stationary tank.

5. An apparatus according to claims 1 or wherein the
substantially horizontal bottom is the floor of the body of
water.

6. An apparatus according to claims 1 or 4 comprising a
plurality of means for selectively directing water to flow into
and out of the enclosure through turbines operatively asso-
ciated with the walls. each of said means being positioned
between the extreme high tide level and extreme low tide
level of the body of water. )

7. An apparatus according to claim 4 that is deployed in
an off-shore location.
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