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(57) ABSTRACT

A method for coupling an energy storage system to a variable
energy supply system includes providing an energy storage
system 1ncluding at least one Vanadium redox battery and at
least one battery charge controller. The method also includes
clectrically coupling the at least one battery charge controller
to the variable energy supply system such that the at least one
battery 1s configured to supply a substantially consistent
energy output during fluctuating energy loads of the energy
supply system.
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APPARATUS FOR COUPLING AN ENERGY
STORAGE SYSTEM TO A VARIABLE
ENERGY SUPPLY SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s a divisional application of U.S.
patent application Ser. No. 11/247,836, filed Oct. 10, 2005,
which 1s hereby incorporated by reference 1n 1ts entirety.

BACKGROUND OF THE INVENTION

[0002] This invention relates generally to energy storage
systems, and more particularly, methods and apparatus for
coupling an energy storage system to a variable energy supply
system.

[0003] At least some known wind generation systems pro-
duce a fluctuating or mtermittent power output due to the
variability of wind speed. When multiple generators are elec-
trically coupled together, 1.e. in arrangements known as wind
farms, the fluctuation 1n total power output may be reduced.
Under 1deal conditions the variations of power output will
decrease at a factor of 1 /Vn, where n represents the number of
wind generators coupled together. In areas where wind pen-
ctration may be high, coupling a large number of generators
generally reduces the overall power fluctuations on a system
wide basis, but may still cause power swing stability con-
cerns. Generally the volatile nature of wind generation output
limits the amount of wind generation that can be connected to
the grid without causing voltage stability problems. As such,
wind power generation 1s generally considered a non-firm
resource for system planning purposes.

[0004] It 1s well known that the demand for electric power
fluctuates. Normally power fluctuations occur on a relatively
regular basis. For example, 1 a typical residential electric
power grid, generally demand for electric power 1s low at
night, peaks during the morming, levels out during the day,
and peaks again in the late afternoon. However, there are
circumstances where the demand for electric power suddenly
and 1rregularly increases. From the perspective of an electric
power utility company, the associated increase in electric
power demand occasioned during such occasions may be
difficult to accommodate because the electric power demand
are generally short lived.

[0005] For example, at least some known electric energy
storage systems include banks of electric batteries. Known
battery installations are used to provide electric power in
emergency or power-failure circumstances, but generally can
not be used to provide supplemental power during demand
peaks. For example, known lead-acid batteries are used as
standby power sources that may provide emergency lighting
and/or standby power sources for telephone exchanges. How-
ever, such batteries either do not have adequate electric
energy storage capacity to meet the demands of energy stor-
age systems, or are expensive. To facilitate accommodating
short lived electric power demand increases, at least some
known electric power transmission system are coupled to
clectric energy storage system to an so that the energy storage
system may be utilized, or turned on, to provide additional
clectric power during peak demand.

BRIEF DESCRIPTION OF THE INVENTION

[0006] In one aspect, a method for coupling an energy
storage system to a variable energy supply system 1s pro-
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vided. The method includes providing an energy storage sys-
tem 1including at least one Vanadium redox battery and at least
one battery charge controller. The method also includes elec-
trically coupling the at least one battery charge controller to
the variable energy supply system such that the at least one
battery 1s configured to supply a substantially consistent
energy output during fluctuating energy loads of the energy
supply system.

[0007] In another aspect, a power system for supplying
power to a grid 1s provided. The system a variable energy
supply system and a plurality of grid interface units electri-
cally coupled to the vanable energy supply system via an
clectrical bus. The system also includes a Vanadium redox
battery electrical storage system configured to store power
from the varniable energy supply system and supply power to
the grid.

[0008] In a further aspect, an electrical storage system 1s
provided. The system includes a Vanadium redox battery
clectrical storage system and a battery charge controller 1n
clectrical communication with the battery and a vanable
energy supply system. The controller 1s configured to direct
clectrical power from the variable energy supply system to at
least one of the battery and/or a utility power grid.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 1s a schematic view of an exemplary wind
turbine power system.

[0010] FIG. 2 1s a schematic view of an exemplary wind
turbine power system including an energy storage system.

[0011] FIG. 3 1saschematic view of an exemplary embodi-
ment of a multiple wind turbine power system.

DETAILED DESCRIPTION OF THE INVENTION

[0012] The present invention 1s directed to a vanadium-
based reduction/oxidation (redox) regenerative energy stor-
age system that converts chemical energy into electrical
energy lor use with wind generation systems. While the
invention 1s described and illustrated 1n the context of a wind
turbine power system, the invention i1s not limited to wind
turbine power systems. The embodiments set forth herein are
therefore exemplary only and represent various embodiments
of the invention, but are not conclusive of all embodiments.
As explained below, these embodiments contribute towards
allowing power generating systems to store energy, as well as,
provide supplemental power to an electric power grid during
demand peaks or store during oil-peak times.

[0013] FIG.11saschematic ofawind turbine power system
10 including a wind turbine generator 12 coupled 1n electrical
communication with a power utility grid 14. In the exemplary
embodiment, wind turbine generator 12 provides power to
orid 14 via a bus 16 including a grid interface unit 18 and a
orid interface unit 20. Wind turbine generator 12 also pro-
vides power for a critical load 22 coupled 1n series to bus 16
via a grid interface unit 24. In the exemplary embodiment,
wind turbine generator 12 1s a 2.7 MW wind turbine genera-
tor, bus 16 1s a 1100 VDC common DC bus, grid interface
device 18 1s a 2.7 MW AC/DC inverter, grid interface device
201s a3 MVA bidirectional AC/DC, DC/AC inverter, and grid
interface 24 1s a 100 KW DC/AC 1nverter. While system 10 1s
eificient during high wind speeds, 1t 1s less efficient during
fluctuating or intermittent wind speeds and thus power output
to grid system 14 varies due to the variability of the wind
speed.
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[0014] FIG. 21sa schematic view of an exemplary embodi-
ment wind turbine power system 100 including an energy
storage system 102. Wind turbine power system 100 is sub-
stantially similar to wind turbine power system 10, (shown 1n
FIG. 1) and components of wind turbine power system 100
that are 1dentical to components of wind turbine power sys-
tem 10 are identified in FIG. 2 using the same reference
numerals used 1n FIG. 1.

[0015] Energy storage system 102 1s coupled 1n electrical
communication to bus 16 between wind turbine generator 12
and grid interface system 14 via a battery charge controller
104. In the exemplary embodiment, energy storage system
102 1s a vanadium redox battery-electrical storage system
(VRB-ESS) 102 and controller 14 1s a 3 MW DC/DC bidi-
rectional buck/boost converter.

[0016] In the exemplary embodiment, VRB-ESS 102
serves as a buller between variable supply sources such as
wind turbine generator 12 and the firm competitive require-
ments of a power contract such as grid 14. In alternative
embodiments, VRB-ESS 102 adds capacity value to non-firm
resources such as wind and Photo-voltaic (PV). One to one
response time makes it capable of charging and discharging
over the same duration. VRB-ESS 102 also provides stabili-
zation of wind turbine output and 1s a source of reactive
energy.

[0017] VRB-ESS 102 facilitates storing energy in multi
megawatt ranges and for durations of hours or days—1irom
any available mput source. The stored energy can then be
provided back to grid interface unit 20 or supplied to critical
load 22 as required and directed. VRB-ESS 102 1s configured
to supply steady power 1n times when the wind 1s varying, and
to continue to supply power for a period of time when the
wind 1s gone altogether.

[0018] VRB-ESS 102 1s uniquely capable of being charged
as quickly as 1t1s discharged and 1s able to respond to all forms
of power quality variations and so can be operated 1n a UPS
mode as well. For loads which require reactive energy, VRB-
ESS 102 1s fully rated to provide volt-amperes reactive
(VARS) at nameplate on a continuous basis either when
charging or discharging. And as such, VRB-ESS 102 1s con-
figured to store bulk power storage 1n a DC link of a converter
in a system utilizing multiple interleaved nsulated gate bipo-
lar transistors (IGBT) converters to convert the battery volt-
age to AC.

[0019] In the exemplary embodiment, controller 104 1is
configured to facilitate directing any extra power from wind
turbine generator 12 to charge VRB-ESS 102, to backup
critical load 22, and/or to power grid 14. Controller 104 1s also
configured to facilitate preventing VRB-ESS 102 from over-
charging.

[0020] FIG. 3 1s schematic view of an exemplary embodi-
ment of a multiple wind turbine power system 200 including,
a plurality of wind turbine generators 202 coupled 1n parallel
configuration. Wind turbine power system 200 1s substan-
tially similar to wind turbine power system 100, (shown in
FIG. 2) and components of wind turbine power system 200
that are 1dentical to components of wind turbine power sys-
tem 100 are identified 1n FIG. 3 using the same reference
numerals used 1n FIG. 2.

[0021] Intheexemplary embodiment, wind turbine genera-
tors 202 provide power to grid 14 via bus 16 including grid
interface unit 18 and a grid interface unit 204. Wind turbine
generators 202 also provide power to critical load 22 via grnid
interface unit 206. In the exemplary embodiment, each wind
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turbine generator 12 1s a 2.7 MW wind turbine generator, bus
16 1s a 1100 VDC common DC bus, grid interface device 18

1s a 2.7 MW AC/DC inverter, grid interface device 204 1s a 9
MVA bidirectional AC/DC, DC/AC 1nverter, and grid inter-
face 206 1s a 300 KW DC/AC inverter. System 200 also
includes a VRB-ESS 102 coupled 1n electrical communica-
tion to bus 16 via a battery charge controller 208. In the
exemplary embodiment, controller 208 1s a 9 MW DC/DC
bidirectional buck/boost converter.

[0022] As utilized within the present invention, VRB-ESS
102 facilitates serving several functions. During power fail-
ures, provides power to pitch control systems to adjust blade
pitch as needed. Furthermore, most power systems are also
configured with an uninterruptible power system (UPS),
VRB-ESS 102 1s configured to provide power to the UPS as
backup power to auxiliary loads.

[0023] Another advantage of these configurations 1s the
“dynamic braking” energy 1s handled by the battery storage
system. In the exemplary embodiment, VRB-ESS 102 and
controller 104 are configured to absorb the entire wind tur-
bine generator 12 output power for dynamic braking. This
function 1s ordinarily handled by dissipating the power 1n
large resistors. VRB-ESS 102 facilitates eliminating these
very large resistors and 1s more etficient than the resistors.
[0024] The above-described mmvention provides a cost-et-
fective and reliable method for coupling an energy storage
system to a variable energy supply system to be able to
tacilitate supplying a consistent energy output during fluctu-
ating energy demands, storing energy 1n times of strong wind,
and continuing to provide power when the wind speed 1s low.
Positioning a VRB-ESS in a wind turbine power system
facilitates directing extra power from a wind turbine genera-
tor to store power in the VRB-ESS, to backup critical loads,
and/or to power a utility grid. Furthermore, the VRB-ESS
facilitates absorbing output power for dynamic braking.
[0025] Exemplary embodiments of a VRB-ESS are
described above 1n detail. The VRB-ESS i1s not limited to the
specific embodiments described herein, but rather, compo-
nents of each system may be utilized independently and sepa-
rately from other components described herein. For example,
VRB-ESS can also be used in combination with other vari-
able energy supply systems, and 1s not limited to practice with
only wind generator turbines as described herein. Rather, the
present invention can be implemented and utilized 1n connec-
tion with many other generators and variable energy supply
systems.

[0026] While the invention has been described 1n terms of
various specific embodiments, those skilled in the art wall
recognize that the invention can be practiced with modifica-
tion within the spirit and scope of the claims.

1-20. (canceled)

21. A power system for supplying power to a grid, said

system comprising;:

a variable energy supply system:;

a plurality of grid interface units electrically coupled to
said variable energy supply system via an electrical bus;
and

a Vanadium redox battery electrical storage system config-
ured to store power from said variable energy supply
system and supply power to the grid, wherein said elec-
trical storage system 1s configured to absorb an entire
power output of said variable energy supply system as
needed for dynamic breaking within said variable
energy supply system.
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22. A power system 1n accordance with claim 21 wherein
said variable energy supply system comprises at least one
wind turbine generator.

23. A power system 1n accordance with claim 21 wherein
said plurality of grid interface units comprise at least one of an
inverter and a converter.

24. A power system 1n accordance with claim 21 wherein
said Vanadium redox battery electrical storage system com-
prises a Vanadium redox battery coupled to a battery charge
controller, and wherein said electrical storage system 1s con-
figured to supply a substantially consistent energy output to at
least one of the grid and a critical load when an 1nput to said
variable energy supply system prevents said variable energy
supply system from generating the substantially consistent
energy output.

25. A power system 1n accordance with claim 24 wherein
said battery charge controller 1s configured to direct excess
power from said variable energy supply system to charge said
Vanadium redox battery, back up the critical load, and power
the grid.

26. A power system 1n accordance with claim 24 wherein
said battery charge controller 1s configured to direct electrical
power to a wind turbine pitch control system 1n the event of a
pitch control system failure.

27. A power system 1n accordance with claim 24 wherein
said battery charge controller 1s configured to direct electrical
power to an auxiliary load.

28. An electrical storage system comprising;

a Vanadium redox battery coupled to a vanable energy

supply system; and

a battery charge controller in electrical communication

with said battery and said variable energy supply sys-
tem, said controller configured to direct electrical power
from said variable energy supply system to at least one
of said battery and a utility grid, wherein said battery and
said battery charge controller are configured to absorb
an entire power output of said variable energy supply
system as needed for dynamic breaking within said vari-
able energy supply system.

29. An electrical storage system 1n accordance with claim
28 wherein said variable energy supply system comprises at
least one wind turbine generator.

30. An clectrical storage system 1n accordance with claim
28 wherein said battery charge controller 1s a bidirectional
buck and boost converter.
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31. An electrical storage system in accordance with claim
28 wherein said battery charge controller 1s configured to
direct electrical power from said variable energy supply sys-
tem to a critical load, said battery configured to supply a
substantially consistent energy output to at least one of the
utility grid and the critical load when an 1nput to said variable
energy supply system prevents said variable energy supply
system from generating the substantially consistent energy
output.

32. An electrical storage system in accordance with claim
28 wherein said battery charge controller 1s configured to
direct electrical power to a wind turbine pitch control system
in the event of a pitch control system failure.

33. An electrical storage system in accordance with claim

28 wherein said battery charge controller 1s configured to
direct electrical power to an auxiliary load.

34. A battery for use in an energy storage system, said
battery configured to be coupled to a variable energy supply
system and configured to absorb an entire power output of the
variable energy supply system as needed for dynamic break-
ing within the variable energy supply system.

35. A battery in accordance with claim 34, wherein said
battery comprises a Vanadium redox battery.

36. A battery 1n accordance with claim 34, wherein said
battery 1s configured to supply a substantially consistent
energy output to at least one of a utility grid and a critical load
when an input to the variable energy supply system prevents
the variable energy supply system from generating the sub-
stantially consistent energy output.

37. A battery 1n accordance with claim 34, wherein said
battery 1s configured to charge and discharge at the same rate.

38. A battery in accordance with claim 34, wherein said
battery 1s configured to be coupled to at least one wind turbine
generator.

39. A battery in accordance with claim 38, wherein said
battery 1s configured to supply electrical power to a wind
turbine pitch control system of the at least one wind turbine
generator.

40. A battery in accordance with claim 34, wherein said
battery 1s configured to supply electrical power to an uninter-
ruptible power system.

ke i o e 3k



	Front Page
	Drawings
	Specification
	Claims

