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ENERGY STORAGE SYSTEM DEPLOYED IN A BODY OF WATER
CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present invention claims priority from U.S. provisional patent application
number 61/782,153, filed March 14, 2013, which is hereby incorporated herein by

reference in its entirety.
FIELD OF THE INVENTION

[0002] The present invention relates generally to energy storage systems, and more

particularly to energy storage systems deployed in a body of water.
BACKGROUND OF THE INVENTION

[0003] Utility-scale energy storage systems are needed to achieve several interrelated
goals of energy generation. These goals include increasing the efficiency of energy
generating systems, meeting the varying demands of consumers, and supporting the
deployment of alternative, renewable energy generating sources. Many energy storage
systems and methods currently exist, these existing systems and techniques suffer from a
series of limitations, and are therefore not capable of fully meeting the requirements for

utility-scale deployment.

[0004] The efficiency of energy generating systems suffers from the fact that electric
energy must be used as soon as it has been produced, otherwise the electric energy will be
lost. Because demand for electric energy varies during the course of each day, an electric
energy generating source may have excess energy during off-peak hours such as the
nighttime, and lack required energy during peak hours such as the daytime. By allowing
for the storage of excess energy during the off-peak hours, and delivering that stored
energy during peak hours, energy storage systems increase the efficiency and value of

energy generating systems and the energy they deliver.

[0005] Consumers expect electrical energy to be there when they need it. In order to
meet this expectation, utility companies must have significant reserve capacity available
in the form of stored energy. This energy must be available to be brought on-line within

seconds or minutes in order to maintain stability of the electrical power grid.
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[0006] Renewable energy sources such as wind and solar are desired to reduce
dependence on fossil fuels, and thereby reduce the production of greenhouse gases which
cause global climate change. However, renewable energy generating sources such as
wind and solar require energy storage methods to enable consistent delivery, because of
their intermittent nature. In the case of wind farms, output varies dramatically when the
wind either increases or decreases. A similar problem plagues solar energy, as passing
clouds reduce or eliminate the output of solar energy systems, which already only operate
during daylight hours. An energy storage system, working in conjunction with
intermittent energy sources such as wind and solar, allows for harvesting intermittent

energy for later consistent deployment to the electrical power grid and consumers.

[0007] Many types of utility-scale energy storage methods exist to meet the goals of
increasing efficiency, meeting consumer demand, and enabling the deployment of
alternative renewable energy such as wind and solar. These storage systems include
chemical storage in batteries, capacitive electrical storage, mechanical storage in
compressed-gas or springs, kinetic energy storage in flywheels, and gravitational potential
energy storage in pumped hydro. Even fossil fuels are a form of (non-renewable) energy
storage, taking millions of years to store solar energy in plant matter, through natural

Processes.

[0008] Existing methods of energy storage suffer from one or more limitations
relating to costs, technology, and environmental concerns. Because of these limitations,
energy storage systems have not been able to fully meet the needs of increasing
efficiency, meeting consumer demand, and enabling the deployment of alternative

renewable energy such as wind and solar.

[0009] One group of limitations of existing methods of energy storage relates to
installation requirements and costs of a large scale energy storage system. The capital
costs of the energy storage method may be too high to be feasible, having costs that
outweigh any benefits from the method. In addition, the siting requirements of the
method may be too restrictive to be commercially viable or even possible in a given
environment or location. For example, a given site may not be suitable for building a
large reservoir for pumped hydro energy storage due to local regulations protecting the

environment. As population density increases, finding sites capable of supporting a large
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scale utility grade deployment has become increasingly problematic. Furthermore, the
storage method may not be scalable to meet the needs of a typical utility installation. For

example, chemical batteries take up a significant amount of space per stored kilowatt.

[0010] Other limitations arise based on the underlying technology of the energy
storage method. One common limitation is that the number of charge/discharge cycles
that the method supports may not be high enough to support a utility-grade application.
This is the case with, for example, chemical batteries, which must be periodically
replaced at great cost. In addition, the stored energy may degrade over time, such as with

flywheels that gradually lose energy due to friction from the moving components.

[0011] In addition, environmental concerns arise with currently available energy
storage systems. For example, pumped hydro systems operate by pumping water from a
lower elevation reservoir to a higher elevation reservoir. These large reservoirs are
typically built on land, displacing the pre-existing ecosystem. As another example,
chemical batteries, which have a limited lifecycle, pose an environmental disposal issue at

their end of life.

[0012] Taking into consideration the needs for energy storage systems along with the
limitations of existing systems, an energy storage system is needed that increases
efficiency of energy generation, meets varying consumer demand, and enables the
deployment of alternative renewable energy such as wind and solar, and do not suffer

from limitations related to costs, scalability, and environmental impacts.
BRIEF SUMMARY

[0013] The shortcomings of the prior art are overcome and additional advantages are
provided through the provision, in one aspect, of a system for storing and releasing
energy. The system is deployed in a body of water, and includes a platform. The system
also includes at least one weight stored (e.g., positioned) on a floor of the body of water,
and a hoist system capable of moving the at least one weight between a first elevation
position and a second elevation position. A remotely operated attachment device of the
system is coupled to the hoist system, and is configured to locate and couple to the at least
one weight on the floor of the body of water. The hoist system selectively raises and

lowers the at least one weight when coupled to the remotely operated attachment device,



from the first elevation position to the second elevation position. The system stores and releases
energy when the at least one weight moves between the first elevation position and the second
elevation position. The system is configured to locate and couple to a first weight of said at least
one weight located at first coordinates on the floor of the body of water and a second weight of said

at least one weight located at second coordinates on the floor of the body of water.

[0014] Additional features and advantages are realized through the techniques of the present
invention. Other embodiments and aspects of the invention are described in detail herein and are

considered a part of the claimed invention.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0015] One or more aspects of the present invention are particularly pointed out and
distinctly claimed as examples in the claims at the conclusion of the specification. The foregoing
and other objects, features, and advantages of the invention are apparent from the following detailed

description taken in conjunction with the accompanying drawings in which:

[0016] FIG. 1 is a block diagram of a system for storing and releasing energy, in accordance

with one or more aspects of the present invention;

[0017] FIG. 2 depicts a system for storing and releasing energy deployed in a body of water,

in accordance with one or more aspects of the present invention;

[0018] FIG. 3 depicts one embodiment of a platform of the system, in accordance with one

or more aspects of the present invention;

[0019] FIG. 4 depicts other embodiments of platforms of the system, in accordance with one

or more aspects of the present invention;

[0020] FIG. 5 depicts embodiments of hoist systems, in accordance with one or more

aspects of the present invention;

[0021] FIG. 6 depicts embodiments of hoist systems, which may include winches, in

accordance with one or more aspects of the present invention;
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[0022] FIG. 7 depicts one embodiment of a remotely operated
attachment device, in accordance with one or more aspects of the

present invention;

[0023] FIG. 8 depicts patterns defined by a plurality of weights on the
floor of the body of water, in accordance with one or more aspects of

the present invention;

[0024] FIG. 9 depicts configurations to store and prepare weights, in

accordance with one or more aspects of the present invention;

[0025] FIG. 10 depicts one embodiment of a weight, in accordance

with one or more aspects of the present invention;

[0026] FIG. 11 depicts a top view of up-weight management, in

accordance with one or more aspects of the present invention;

[0027] FIG. 12 depicts an embodiment of a weight for use with the up-
weight management of FIG. 11, in accordance with one or more

aspects of the present invention; and

[0028] FIG. 13 depicts an embodiment of a platform with up-weight
management, in accordance with one or more aspects of the present

invention.

DETAILED DESCRIPTION

[0029] Aspects of the present invention and certain features, advantages, and details
thereof, are explained more fully below with reference to the non-limiting embodiments
illustrated in the accompanying drawings. Descriptions of well-known materials,
fabrication tools, processing techniques, etc., are omitted so as to not unnecessarily
obscure the invention in detail. It should be understood, however, that the detailed
description and the specific examples, while indicating embodiments of the invention, are
given by way of illustration only, and are not by way of limitation. Various substitutions,
modifications, additions and/or arrangements within the spirit and/or scope of the
underlying inventive concepts will be apparent to those skilled in the art from this

disclosure.
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[0030] The present disclosure provides a system for harvesting, storing and
generating energy. In one aspect, a system is provided for a platform supporting
machinery to convert received energy into potential energy, store that potential energy,
and at a later time convert that potential energy into electrical energy. In one
embodiment, the system includes a platform floating, submerged, or semi-submerged in,
for example, the ocean, a lake or other body of water. As used herein, the term platform
refers to any structure or structures, such as a floating submersible or semi-submersible
vessel, barge, ship, other structure, or combination thereof. In an embodiment, the
platform may be adapted to support one or more weights suspended from a tension
member or cable. The weights are lifted up against gravity by one or more hoist systems
(e.g., winches or pulley devices) and lowered down by gravity from a first elevation
position to a second elevation position. In one specific example, the hoist system may
include a winch, a spooling drum, a motor and a generator. In another example, the hoist
system may be any generic lifting system. The generator is coupled to the weight through
the tension member to generate electricity upon movement of the weight with gravity
from the first to the second elevation position. In one example, a heave compensator may
be used in addition to the tension member, depending on the specific environmental
conditions within the body of water. Stored energy is released when the weight is
lowered. The lowering of the weight drives the motor/generator to produce electrical
energy. In one embodiment, this may be achieved by turning a drum of a winch. The

electrical energy may then be conditioned for transmission by, for example, a power grid.

[0031] In one embodiment, the one or more weights may be stored near the platform
or loosely residing on the floor of the body of water without attachment to the tension
member. A single tension member or cable could be used for multiple weights stored on,
for example, the floor of the body of water. The tension member is wound around a
spooling drum or pulley and is adapted to facilitate multiple operations, such as, for
example, lowering one weight to the floor of the body of water and raising another weight

to the platform.

[0032] In another embodiment, the system includes a dynamic management of the
weights through, for example, a wireless positioning system. The wireless positioning
system is capable of, for example, signaling the position and identification of each weight

stored on the floor of the body of water. In one aspect, the system employs one or more
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remotely operated attachment device (“ROAD”) attached to an end of the tension
member. In an embodiment, a ROAD is capable of moving in three dimensions and
rotating around three axes and used to seck and retrieve one of the weights stored on the
floor of a body of water. A small number of ROADs, for example, less than one per hoist
system, may be used, and deployed as needed to retrieve or position weights. In another
example, the ROADs may also be used for up-weight management, for example,

positioning weights at an elevation above the floor of the body of water.

[0033] Reference is made below to the drawings, which are not drawn to scale for
reasons of understanding, wherein the same reference numbers used throughout different
figures designate the same or similar components. In addition, different reference

numbers having the same last two digits may designate the same or similar components.

[0034] FIG. 1 is a block diagram of a system 100 for storing and releasing energy, in
accordance with one or more aspects of the present invention. In the illustrated
embodiment, system 100 includes a hoist system 101 capable of moving at least one
weight 103 between a first elevation position and a second elevation position. In one
example, the first elevation position and the second elevation position are separated by

between 1,000 and 5000 meters.

[0035] As illustrated, in an embodiment, a remotely operated attachment device
(“ROAD”) 102 is coupled to the hoist system 101, and is configured to locate and couple
to at least one weight 103 on the floor of the body of water. ROAD 102 may also be
configured to identify at least one weight 103. Hoist system 101 selectively raises and
lowers at least one weight 103 when coupled to ROAD 102 from the first elevation
position to the second elevation position. System 100 stores and releases energy when at
least one weight 103 moves between the first elevation position and the second elevation

position.

[0036] In an embodiment, system 100 includes a motor/generator 110 operatively
coupled to hoist system 101. In such an embodiment, motor/generator 110 (e.g., a motor
component of motor/generator 110) uses energy (e.g., electrical energy) to move at least
one weight 103 from the lower first elevation position to the higher second elevation
position, and the electrical energy is stored in the form of gravitational potential energy of

at least one weight 103.
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[0037] Similarly, system 100 generates energy (e.g., electrical energy) when at least
one weight 103 moves from the higher second elevation position to the lower first
elevation position (e.g., using a generator component of motor/generator 110). System

100 may release energy to a power grid 106 through motor/generator 110.

[0038] In operation, system 100 may be used to store energy during off-peak energy
consumption times, when extra energy may be present in the power grid. Subsequently,
during peak energy consumption times, system 100 may be used to release energy to the
power grid. Such operation facilitates optimum utilization of power across a distributed

power grid or system.

[0039] FIG. 2 depicts a system 200 for storing and releasing energy deployed in a
body of water, in accordance with one or more aspects of the present invention. In the
illustrated embodiment, system 200 includes a platform 220. In an embodiment, platform
220 is capable of moving over the body of water. Movement of platform 220 may be
achieved through a propulsion system located in a lower portion 230 of platform 220.
System 200 is configured to locate and couple to weights 203. Multiple weights 203 may
be located at different locations, identified by appropriate coordinates, on the floor of the
body of water. In one example, the propulsion system may include rudders or steering
flaps. In another example, the propulsion system may be located on, or above the

platform.

[0040] In an embodiment, system 200 includes an offshore substation 205, and an
onshore substation 206 is located on the shore, beyond the body of water, for example,
closer to power grid 207. The offshore substation 205 and onshore substation 206
facilitate system 200 storing and releasing energy, and may use any appropriate energy
transmission techniques, for example, direct current or high voltage alternating current

transmission lines.

[0041] FIG. 3 depicts one embodiment of a platform 320 of a system for storing and
releasing energy, in accordance with one or more aspects of the present invention.
Platform 320 may include one or more hoist systems, and in the illustrated embodiment,
ten hoist systems are depicted. As illustrated, in one specific example only, the hoist

systems each include a tension member 304 and a winch system 305.
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[0042] In an embodiment, tension member 304 has a length with a first end and a
second end, and is capable of supporting at least one weight 303 coupled thereon, and for
movement between a first elevation position (e.g., the floor of the body of water) and a
second elevation position (e.g., the platform). By way of example, and not limitation, in
this illustrative embodiment, winch system 305 is mounted on platform 320. Platform
320 may be a vessel or any other floating structure, for example. Winch system 305 is
operatively coupled to the first end of tension member 304, and is configured for
adjusting the length of tension member 304 in a controlled fashion. For example, winch
system 305 may be used in conjunction with tension member 304 to retrieve weight 303
from the floor of the body of water and store weight 303. As illustrated, system 300
corresponds to a winch system without a winding drum, where both ends of the tension

member can carry weights alternatively.

[0043] Continuing with FIG. 3, in the illustrated embodiment, platform 320
includes an up-weight management system, configured to store and prepare a
plurality of weights 303. To store and prepare the weights, the up-weight
management system may manipulate and/or move the weights. For example,
weights 303 may be stored on a rail system. As energy is to be delivered to the
power grid, during peak energy consumption time, weights 303 will be positioned
at any of the multiple hoists, and lowered to the floor of the body of water in a
controlled fashion. This allows the gravitational potential energy of the weights to
be translated into electrical energy using one or more motor/generators, which are
deployed in association with the hoist systems. The up-weight management
system is configured to attach and detach plurality of weights 303 to and from the
hoist system, and specifically to attach the weights to sequentially lower each of
the weights from platform 320 to the floor of the body of water. In one

configuration, the weights are arranged in a floating grape pattern 308.

[0044] In one example, the multiple hoists operate in an overlapping manner,
so that he energy delivered by the system to the power grid is substantially even.
In another example, an offshore substation may be used to condition the generated
energy, by for example, modifying the voltage or current properties, before

delivery to an onshore substation, en route to the power grid.
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[0045] FIG. 4 depicts other embodiments of platforms of a system for storing
and releasing energy, in accordance with one or more aspects of the present
invention. These embodiments are given by way of example, and certain aspects
of one or more such embodiments may be combined to provide a platform of the
system of the present invention. Aspects of the various embodiments may be
applicable depending on deployment conditions, and may be used to minimize
wave induced motion and drag in the case of a mobile platform. Any of these
platforms may be designed to include a propulsion system, so that the platform
may be either fully mobile, or have a constrained range of motion, for example,
being able to move in a circular, curved, or linear path. In other examples, the
motion of the platform may be as precise as needed, or the platform may be

maintained dynamically in a fixed position.

[0046] In one embodiment, a single point anchored reservoir like (“SPAR-
like”) platform 400 may be used. SPAR-like platform 400 includes a large
cylindrical portion supporting a deck portion. The cylinder may be weighted at
the bottom using a material with a density greater than the density of water,
resulting in a center of gravity of SPAR-like platform 400 located lower on the
structure. Advantageously, a SPAR-like platform may minimize motion relative
to waves or current. In other examples of platforms, the platform need not be an

anchored system, nor have a reservoir.

[0047] In another embodiment, a semisubmersible platform 401 may be used.
Semisubmersible platform 401 obtains its buoyancy from pontoon portions
located below the surface of the body of water, and thereby avoiding wave action

at the surface to provide good stability.

[0048] In a further embodiment, a very large variable ballasted multipurpose
mega platform 402 may be deployed. Mega platform 402 may be used to support
a large scale embodiment of the system of the present invention. In one example,
mega platform 402 may allow for flexible deployment in various depth bodies of
water, and allow for co-location of other functions or facilities with a system for

storing and releasing energy.

10
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[0049] In another embodiment, a platform in the style of floating production
storage and offloading (“FPSO-like”) unit may be used. FPSO-like platform 403
may be preferred in certain applications where speed and/or ease of deployment is
an issue. In one example, FPSO-like platform 403 may be constructed from a

converted oil tanker or other ship, or may be purpose built.

[0050] FIG. 5 depicts embodiments of hoist systems, in accordance with one

or more aspects of the present invention.

[0051] As illustrated, a double winch embodiment, which includes, two
winches 501, 502, may operate with a single motor/generator. In such a
configuration, one end of the tension member could be attached to the winch axis,
and the tension member would roll up around the winch when the tension member
was in the up position. In such a configuration, the two winches may operate
together with a clutch 503 to allow for continuous operation. For example, in
releasing energy, winch 501 may be attached to a first weight, which may be
lowered in a controlled fashion, allowing motor/generator to generate electric
energy. As soon as the first weight reaches the floor of the body of water, a
second weight may begin descending using winch 502. In such a manner, a
continuous flow of energy may be delivered by the motor/generator to the power
grid. In the illustrated embodiment, winches 501, 502 are co-linear. In another
example a double winch system having two winches 501, 502 may be configured

to be parallel to one another.

[0052] In another embodiment, ecach end of a tension member could be
configured for attachment to a ROAD, allowing continuous operation. In
addition, a gear box 505 may be included to allow differential rotational rates of
the winches and the motor/generator. For example, such a configuration may
allow higher speed rotation of the generator, to deliver appropriately conditioned
power to the offshore substation. In another example, the winches could include a
passive or active heave compensation system. In a further example, heave

compensation may be performed or facilitated by the ROAD.

[0053] FIG. 6 depicts embodiments of winches, in accordance with one or

more aspects of the present invention. As illustrated, in one embodiment, a single

11
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winch solution may include a single drum 600. Drum 600 may have an elliptical
cross-section. Tension members 603, 604 may extend from drum 600. In another
embodiment, a single winch solution may include two or more drums 606, 607.
Two or more drums may be preferred to increase reliability and robustness of the
winch system and tension members 609, 610. In one specific implementation, a
remotely operated attachment device (see FIG. 7A) may be deployed on each end
of the tensions members. For example, two ROADs may be deployed in
conjunction with drum 600, one on each of tension members 603, 604. In another
example, the system could operate without a winding drum, i.e., with each end of
the tension member capable of lifting/lowering weights, with a hook system
and/or ROAD acting as a counter weight. In a further example, a non-winch

system may be used.

[0054] FIG. 7 depicts one embodiment of a remotely operated attachment
device 700, in accordance with one or more aspects of the present invention. In
the illustrated embodiment, ROAD 700 is configured to move with respect to the
platform to facilitate locating, coupling, and raising a plurality of weights from the
floor of the body of water. In order to raise or lower to the floor of the body of

water, ROAD 700 couples to one or more hoist systems using coupler 701.

[0055] In an embodiment, ROAD 700 includes an autonomous energy source
and a propulsion system capable of mancuvering within the body of water.
ROAD 700 includes one or more thrusters 706 for manecuvering in three
dimensions. For example, ROAD 700 can manecuver through the use of thrusters
706 which operate in the x-direction, y-direction, and rotational-direction. In an
example where the platform of the system is mobile, ROAD 700 may move
relative to the platform in order to facilitate locating and coupling to a plurality of

weights stored on the floor of the body of water.

[0056] In another embodiment, ROAD 700 includes a weight detection device
704. Weight detection device 704 is capable of detecting the at least one weight
on the floor of the body of water, and in one example, may include a sonar
system. In other examples, weight detection device 704 may be any other

detection device, and may use optical, radio, laser, or other technologies to detect

12
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weights. For example, ROAD 700 may locate the at least one weight using a
wireless positioning system 703. In such a case, wireless positioning system 703
may include a transmitter associated with ROAD 700 communicating with a
receiver associated with the at least one weight, and the system could include
positioning beacons on the floor of the body of water. In other examples, ROAD
700 may communicate with the platform’s supervisory control and data
acquisition systems to receive instructions or send data, or ROAD 700 may be

programmed for autonomous operations.

[0057] In a further embodiment, ROAD 700 includes an active hook system
709 designed to interconnect with a passive hook located on the at least one
weight. When ROAD 700 connects to the weight, ROAD 700 may use an

activator 708 to activate the weights air intake or release valves.

[0058] In the illustrated embodiment, ROAD 700 includes an adjustable
ballast 710. Using adjustable ballast 710, the weight of ROAD 700 may be

matched to allow optimum operation of the hoist system.

[0059] FIG. 8 depicts patterns defined by a plurality of weights on the floor of
the body of water, in accordance with one or more aspects of the present
invention. As illustrated in the figures, the platforms, which are rectangular, may
have ten hoist systems, numbered 1 through 10, similar to the platform described
with respect to FIG. 3. In the illustrated embodiment, five hoist systems are each
located on opposite edges of the platforms. In other embodiments, any number of

hoist systems may be located in any given configuration on platform.

[0060] In one example, platform 803 moves over the body of water, in a
direction from left to right, and the system is configured to lower a plurality of
weights from platform 803 to the floor of the body of water. In this depicted
example, the system sequentially lowers the odd numbered weights and then the
even numbered weights, to define a pattern on the floor of the body of water. The
movement of platform 803 facilitates definition of the pattern of the plurality of
weights on the floor of the body of water. In another example, the system may
operate in reverse, and locate and raise the weights, which were previously

lowered, using the pattern.

13
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[0061] In another example, the system is configured to locate a plurality of
weights located on the floor of the body of water in another pattern, raise the
plurality of weights from the floor of the body of water to a platform 804, and
store the plurality of weights on platform 804 in a second pattern. In such a case,
a ROAD may be configured to move with respect to platform 804 to facilitate
locating, coupling, and raising the plurality of weights from the floor of the body
of water. In one implementation, the weights may be stored floating freely on the
surface of the body of water. In another implementation, the weights may be
stored on a secondary light weight vessel which could be either be located on the
surface or designed to operate slightly below the surface, for instance, underneath

the action of waves and weather.

[0062] FIG. 9A-9B depict configurations (e.g., patterns) to store and prepare
weights, in accordance with one or more aspects of the present invention. These
patterns may be selected for a configuration of a system for storing and releasing
energy that includes a fixed platform. In such a case, ROADs may be employed

to move the weights into their final positions.

[0063] FIG. 9 depicts different bottle rack configurations using mechanical
structures to hold weights in place. Structure 901 can store weights in a close
packed pattern, structure 902 can store weights in parallel rows, and structure 903
can store weights in a single row. Other configurations may not have a structure,
and may make use of weight(s) 907 that have stabilizers 910 or have an
appropriate shape and weight distribution profile to allow for storage without the

need for a mechanical structure.

[0064] FIG. 10 depicts one embodiment of a weight 1000, in accordance with
one or more aspects of the present invention. In the illustrated embodiment,
weight 1000 is shaped to contain and control an air ballast so as to be substantially
buoyant. In such an embodiment, valves 1001 allow weight 1000, and in
particular chamber 1004, to be filled with air and valves 1002 to allow water to
flood or be evacuated from weight 1000. In one example, weight 1000 may
include multiple chambers to facilitate synchronization operations. The valves

may be activated from a device at the platform or from the ROAD. As depicted,
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weight 1000 is shaped to minimize drag forces during movement within the body
of water. In another example, the weights may be shaped and/or structured to
promote an upright resting position on the floor of the body of water. In an
embodiment, weight 1000 includes a portion 1005 of dense material located on its
lower end, in order to lower its center of gravity, to facilitate weight 1000 standing
upright on the floor of the body of water. It should be understood that, in order to
minimize system costs, weight 1000 can be made of low cost, but long lasting
materials, such as concrete or other available filler materials. In one specific
example, weight 1000 may be between 200 and 1000 tons, and may be designed

to be raised and lowered at a rate of between 0.5 and 3 m/s.

[0065] In order to facilitate operations within the system for storing and
releasing energy, in one embodiment, weight 1000 includes a SONAR system
1007 and a passive hook system 1003 which allows a ROAD to identify, locate
and couple to weight 1000. In other examples, weight 1000 may include a passive
breaking system. To facilitate identification, weight 1000 may include a unique

ID tag.

[0066] FIG. 11 depicts a top view of up-weight management, in accordance
with one or more aspects of the present invention. Two different approaches to
up-weight management may be used. In the first approach, the weights may be
only partially buoyant, in which case the platform, an extension thereof, or a
detached structure, can be used to store the weight in the upwards position. In the
second approach, the weights may be fully buoyant. In such a case, the weights

may be able to float on the surface of the body of water on their own.

[0067] In embodiment illustrated in FIG. 11, a platform 1100 may be moving
in a direction opposite a current in the body of water. The up-weight management
system may consist of a passive link 1101 between each weight and platform
1100, and weights 1110 may be configured to trail behind platform 1100 as they
are raised from the floor of the body of water when energy is being stored by the
system. For example, in one configuration, weights could be entirely unattached

to the platform and allowed to drift. Subsequently, the weights may be identified,
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located, and gathered as needed, using for example, a ROAD or ROAD-like

device.

[0068] During energy releasing operation of the system, a low duty hoist 1103
may be used to recall the floating weights to platform 1100, and to the hoist
systems designed to lower the weights to the floor of the body of water to release

energy.

[0069] FIG. 12 depicts another embodiment of a weight for use with the up-weight
management techniques described with respect to FIG. 11. As illustrated, weight 1200
includes an active system 1205 to connect weight 1200 to a tracking system for storage
on a platform, in the upright position. In one example, a service boat may be used to
connect and disconnect weight 1200 from a railing system 1206 (depicted in cross
section). In another example, any of a variety of mechanisms, such as mechanisms
typically employed in ski-lifts, to manage the various cabins, may be used to manage

weights 1200.

[0070] FIGS. 13 depicts an embodiment of a platform 1300 with up-weight
management, in accordance with one or more aspects of the present invention. In the
embodiment illustrated in FIG. 13, tension members 1301 are used to raise and lower a
plurality of weights 1302 from the floor of the body of water to platform 1300. As
illustrated, a railing system 1304 may be used to store the plurality of weights 1302 in an
upright position.

[0071] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. As used herein, the

e, 9% ¢
a

singular forms “a”, “an” and “the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further understood that the terms
“comprise” (and any form of comprise, such as “comprises’” and “comprising”), “have”
(and any form of have, such as “has” and “having”), “include” (and any form of include,
such as “includes” and “including”), and “contain” (and any form contain, such as
“contains” and “containing”) are open-ended linking verbs. As a result, a method or
device that “comprises”, “has”, “includes” or “contains’ one or more steps or elements

possesses those one or more steps or elements, but is not limited to possessing only those

one or more steps or elements. Likewise, a step of a method or an element of a device
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that “comprises”, “has”, “includes” or “contains” one or more features possesses those
one or more features, but is not limited to possessing only those one or more features.
Furthermore, a device or structure that is configured in a certain way is configured in at

least that way, but may also be configured in ways that are not listed.

[0072] The corresponding structures, materials, acts, and equivalents of all means or
step plus function elements in the claims below, if any, are intended to include any
structure, material, or act for performing the function in combination with other claimed
elements as specifically claimed. The description of the present invention has been
presented for purposes of illustration and description, but is not intended to be exhaustive
or limited to the invention in the form disclosed. Many modifications and variations will
be apparent to those of ordinary skill in the art without departing from the scope and spirit
of the invention. The embodiment was chosen and described in order to best explain the
principles of one or more aspects of the invention and the practical application, and to
enable others of ordinary skill in the art to understand one or more aspects of the
invention for various embodiments with various modifications as are suited to the

particular use contemplated.
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CLAIMS

What is claimed is:

1. A system for storing and releasing energy, wherein said system is deployed in
a body of water, said system comprising:

a platform;

at least one weight stored on a floor of the body of water;

a hoist system, said hoist system capable of moving said at least one weight between a
first elevation position and a second elevation position; and

a remotely operated attachment device coupled to said hoist system, said remotely
operated attachment device configured to locate and couple to said at least one weight on the
floor of the body of water, wherein said hoist system selectively raises and lowers said at
least one weight when coupled to said remotely operated attachment device from the first
elevation position to the second elevation position, wherein said system stores and releases
energy when said at least one weight moves between the first elevation position and the
second elevation position, and

wherein said system is configured to locate and couple to a first weight of said at least
one weight located at first coordinates on the floor of the body of water and a second weight

of said at least one weight located at second coordinates on the floor of the body of water.

2. The system of claim 1, wherein said platform is capable of moving over the

body of water.

3. The system of claim 1, wherein said hoist system comprises:

a tension member having a length with a first end and a second end, said tension
member capable of supporting said at least one weight when said at least one weight is
coupled to said tension member for movement between the first elevation position and the

second elevation position; and
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a winch system mounted on said platform, said winch system operatively
coupled to the first end of said tension member, said winch system configured for

adjusting the length of the tension member in a controlled fashion.

4. The system of claim 1, wherein the first elevation position is lower than

the second elevation position, and said system further comprises:

a motor/generator, said motor/generator operatively coupled to said hoist
system, wherein said motor/generator stores energy in moving said at least one
weight from the first elevation position to the second elevation position and
generates the energy in moving said at least one weight from the second elevation

position to the first elevation position.

5. The system of claim 4, wherein said system releases the energy to a power

grid through said motor/generator.

6. The system of claim 1, wherein said system is configured to locate a
plurality of weights located on the floor of the body of water in a first pattern, raise said
plurality of weights from the floor of the body of water to said platform, and store said

plurality of weights on said platform in a second pattern.

7. The system of claim 6, wherein said platform is configured to move over

the body of water to positions over the first pattern of the plurality of weights.

8. The system of claim 7, wherein said remotely operated attachment device
is configured to move with respect to said platform to facilitate locating, coupling, and

raising said plurality of weights from the floor of the body of water.

9. The system of claim 1, wherein said system is configured to lower a
plurality of weights from said platform to the floor of the body of water, wherein said

plurality of weights define a pattern on the floor of the body of water.

10.  The system of claim 9, wherein said platform is configured to move over
the body of water to facilitate defining the pattern of the plurality of weights on the floor
of the body of water.
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11. The system of claim 1, wherein said remotely operated attachment device
comprises a propulsion system, said propulsion system capable of maneuvering said remotely

operated attachment device within the body of water.

12. The system of claim 1, wherein said remotely operated attachment device
comprises a weight detection device, said weight detection device capable of detecting said at

least one weight on the floor of the body of water.

13. The system of claim 1, wherein said remotely operated attachment device

locates said at least one weight using a wireless positioning system.

14. The system of claim 13, wherein said wireless positioning system comprises a
transmitter associated with said remotely operated attachment device communicating with a

receiver associated with said at least one weight.

15. The system of claim 13, wherein said wireless positioning system further

comprises positioning beacons on the floor of the body of water.

16. The system of claim 1, wherein said at least one weight is shaped to contain

and control an air ballast so as to be substantially buoyant.

17. The system of claim 1, wherein said at least one weight is shaped to minimize

drag forces during movement between the first and second elevation positions.

18. The system of claim 1, wherein said platform comprises an up-weight
management system, said up-weight management system configured to store and prepare a

plurality of weights of said at least one weight.

19. The system of claim 18, wherein said up-weight management system is

configured to attach and detach said plurality of weights to and from said hoist system.

20. The system of claim 18, wherein said system is configured to sequentially

lower each of said plurality of weights from said platform to the floor of the body of water.

skskeskeskosk

20



