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METHODS AND APPARATUS FOR COUPLING AN ENERGY STORAGE
SYSTEM TO A VARIABLE ENERGY SUPPLY SYSTEM

ABSTRACT OF THE DISCLOSURE

A method for coupling an energy storage system to a variable energy supply system
5 includes providing an energy storage system including at least one Vanadium redox 

battery and at least one battery charge controller ( 104). The method also includes
electrically coupling the at least one battery charge controller to the variable energy 
supply system such that the at least one battery is configured to supply a substantially 
consistent energy output during fluctuating energy loads of the energy supply system.
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FIG. 1

FIG. 2



20
06

22
53

34
 

10
 O

ct
 2

00
6

AUSTRALIA

PATENTS ACT 1990

COMPLETE SPECIFICATION

NAME OF APPLICANT(S)::

General Electric Company

ADDRESS FOR SERVICE:

DAVIES COLLISON CAVE
Patent Attorneys
255 Elizabeth Street, Sydney, New South Wales, Australia, 2000

INVENTION TITLE:

Methods and apparatus for coupling an energy storage system to a variable energy supply system

The following statement is a full description of this invention, including the best method of performing it 
known to me/us:-
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METHODS AND APPARATUS FOR COUPLING AN ENERGY STORAGE
SYSTEM TO A VARIABLE ENERGY SUPPLY SYSTEM

BACKGROUND OF THE INVENTION

This invention relates generally to energy storage systems, and more particularly, 
5 methods and apparatus for coupling an energy storage system to a variable energy 

supply system.

At least some known wind generation systems produce a fluctuating or intermittent 
power output due to the variability of wind speed. When multiple generators are 
electrically coupled together, i.e. in arrangements known as wind farms, the 

10 fluctuation in total power output may be reduced. Under ideal conditions the 
variations of power output will decrease at a factor of l/^n, where n represents the 
number of wind generators coupled together. In areas where wind penetration 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 

15 concerns. 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 is generally considered a non-firm 
resource for system planning purposes.

It is well known that the demand for electric power fluctuates. Normally power 
20 fluctuations occur on a relatively regular basis. For example, in a typical residential 

electric power grid, generally demand for electric power is low at night, peaks during 
the morning, levels out during the day, and peaks again in the late afternoon. 
However, there are circumstances where the demand for electric power suddenly and 
irregularly increases. From the perspective of an electric power utility company, the 

25 associated increase in electric power demand occasioned during such occasions may 
be difficult to accommodate because the electric power demand are generally short 
lived.

-1-



20
06

22
53

34
 

10
 O

ct
 2

00
6

5

10

15

20

25

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. However, such batteries either do 
not have adequate electric energy storage capacity to meet the demands of energy 
storage systems, or are expensive. To facilitate accommodating short lived electric 
power demand increases, at least some known electric power transmission system are 
coupled to electric energy storage system to an so that the energy storage system may 
be utilized, or turned on, to provide additional electric power during peak demand.

BRIEF DESCRIPTION OF THE INVENTION

In one aspect, a method for coupling an energy storage system to a variable energy 
supply system is provided. The method includes providing an energy storage system 
including at least one Vanadium redox battery and at least one battery charge 
controller. The method also includes electrically coupling the at least one battery 
charge controller to the variable energy supply system such that the at least one 
battery is configured to supply a substantially consistent energy output during 
fluctuating energy loads of the energy supply system.

In another aspect, a power system for supplying power to a grid is provided. The 
system a variable energy supply system and a plurality of grid interface units 
electrically coupled to the variable energy supply system via an electrical bus. The 
system also includes a Vanadium redox battery electrical storage system configured to 
store power from the variable energy supply system and supply power to the grid.

In a further aspect, an electrical storage system is provided. The system includes a 
Vanadium redox battery electrical storage system and a battery charge controller in 
electrical communication with the battery and a variable energy supply system. The 
controller is configured to direct electrical power from the variable energy supply 
system to at least one of the battery and/or a utility power grid.

-2- .
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According to one aspect the present invention provides a method for coupling an energy 
storage system to a variable alternating current energy supply system having a direct 
current (DC) bus side, said method including: providing an energy storage system 
including at least one Vanadium redox battery and at least one battery charge controller, 

5 wherein the at least one battery charge controller has a DC bus side and a battery side that 
is coupled to the at least one battery, the at least one battery charge controller including a 
DC/DC converter; and electrically coupling the DC bus side of the at least one battery 
charge controller to the DC bus side of the variable alternating current energy supply 
system such that the at least one battery is configured to supply a substantially consistent 

10 energy output to at least one of a utility grid and a critical load when an input to the 
variable alternating current energy supply system prevents the variable alternating current 
energy supply system from generating the substantially consistent energy output, wherein 
the at least one battery charge controller and the at least one battery are configured to 
absorb an entire output power of the variable alternating current energy supply system as 

15 needed for dynamic braking within the variable alternating current energy supply system.

According to another aspect the present invention provides a method for coupling an 
energy storage system to a variable alternating current energy supply system having a 
direct current (DC) bus side, said method including: providing an energy storage system 

20 including at least one Vanadium redox battery and at least one battery charge controller, 
wherein the at least one battery charge controller has a DC bus side and a battery side that 
is coupled to the at least one battery, the at least one battery charge controller including a 
DC/DC converter; and electrically coupling the DC bus side of the at least one battery 
charge controller to the DC bus side of the variable alternating current energy supply 

25 system such that the at least one battery is 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 alternating current energy supply system prevents the variable alternating current 
energy supply system from generating the substantially consistent energy output, wherein 
the at least one battery charge controller and the at least one battery are configured to 

30 absorb an entire output power of the variable alternating current energy supply system as 
needed for dynamic braking within the variable alternating current energy supply system.

COMS ID No: ARCS-347012 Received by IP Australia: Time (H:m) 17:18 Date (Y-M-d) 2011-11-28
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic view of an exemplary wind turbine power system.

Figure 2 is a schematic view of an exemplary wind turbine power system including an 
energy storage system.

5 Figure 3 is a schematic view of an exemplary embodiment of a multiple wind turbine 
power system.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to a vanadium-based reduction/oxidation (redox) 
regenerative energy storage system that converts chemical energy into electrical 

10 energy for use with wind generation systems. While the invention is described and 
illustrated in the context of a wind turbine power system, the invention is 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 

15 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 
off-peak times.

Figure 1 is a schematic of a wind turbine power system 10 including a wind turbine 
generator 12 coupled in electrical communication with a power utility grid 14. In the 

20 exemplary embodiment, wind turbine generator 12 provides power to grid 14 via a 
bus 16 including a grid interface unit 18 and a grid interface unit 20. Wind turbine 
generator 12 also provides power for a critical load 22 coupled in series to bus 16 via 
a grid interface unit 24. In the exemplary embodiment, wind turbine generator 12 is a 
2.7MW wind turbine generator, bus 16 is a 1100VDC common DC bus, grid interface 

25 device 18 is a 2.7MW AC/DC inverter, grid interface device 20 is a 3MVA 
bidirectional AC/DC, DC/AC inverter, and grid interface 24 is a 100K.W DC/AC 
inverter. While system 10 is efficient during high wind speeds, it is less efficient

-3-
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during fluctuating or intermittent wind speeds and thus power output to grid system
14 varies due to the variability of the wind speed.

Figure 2 is a schematic view of an exemplary embodiment wind turbine power system 
100 including an energy storage system 102. Wind turbine power system 100 is

5 substantially similar to wind turbine power system 10, (shown in Figure 1) and 
components of wind turbine power system 100 that are identical to components of 
wind turbine power system 10 are identified in Figure 2 using the same reference 
numerals used in Figure 1.

Energy storage system 102 is coupled in electrical communication to bus 16 between 
10 wind turbine generator 12 and grid interface system 14 via a battery charge controller

104. In the exemplary embodiment, energy storage system 102 is a vanadium redox 
battery-electrical storage system (VRB-ESS) 102 and controller 14 is a 3MW DC/DC 
bidirectional buck/boost converter.

In the exemplary embodiment, VRB-ESS 102 serves as a buffer between variable 
15 supply sources such as wind turbine generator 12 and the firm competitive 

requirements 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 stabilization of wind turbine output 

20 and is a source of reactive energy.

VRB-ESS 102 facilitates storing energy in multi megawatt ranges and for durations of 
hours or days - from any available input 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 is configured to supply steady power in times when the wind 

25 is varying, and to continue to supply power for a period of time when the wind is gone
altogether.

VRB-ESS 102 is uniquely capable of being charged as quickly as it is discharged and 
is able to respond to all forms of power quality variations and so can be operated in a

-4-
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UPS mode as well. For loads which require reactive energy, VRB-ESS 102 is 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 is configured to 
store bulk power storage in a DC link of a converter in a system utilizing multiple 
interleaved insulated gate bipolar transistors (IGBT) converters to convert the battery 
voltage to AC.

In the exemplary embodiment, controller 104 is 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 is also configured to 
facilitate preventing VRB-ESS 102 from over-charging.

Figure 3 is schematic view of an exemplary embodiment of a multiple wind turbine 
power system 200 including a plurality of wind turbine generators 202 coupled in 
parallel configuration. Wind turbine power system 200 is substantially similar to 
wind turbine power system 100, (shown in Figure 2) and components of wind turbine 
power system 200 that are identical to components of wind turbine power system 100 
are identified in Figure 3 using the same reference numerals used in Figure 2.

In the exemplary embodiment, wind turbine generators 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 grid interface unit 206. In 
the exemplary embodiment, each wind turbine generator 12 is a 2.7MW wind turbine 
generator, bus 16 is a 1100VDC common DC bus, grid interface device 18 is a 
2.7MW AC/DC inverter, grid interface device 204 is a 9MVA bidirectional AC/DC, 
DC/AC inverter, and grid interface 206 is a 300K.W DC/AC inverter. System 200 
also includes a VRB-ESS 102 coupled in electrical communication to bus 16 via a 
battery charge controller 208. In the exemplary embodiment, controller 208 is a 
9MW DC/DC bidirectional buck/boost converter.

As utilized within the present invention, VRB-ESS 102 facilitates serving several 
functions. During power failures, provides power to pitch control systems to adjust 
blade pitch as needed. Furthermore, most power systems are also configured with an 

-5-
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uninterruptible power system (UPS), VRB-ESS 102 is configured to provide power to 
the UPS as backup power to auxiliary loads.

Another advantage of these configurations is the "dynamic braking" energy is 
handled by the battery storage system. In the exemplary embodiment, VRB-ESS 102 
and controller 104 are configured to absorb the entire wind turbine generator 12 
output power for dynamic braking. This function is ordinarily handled by dissipating 
the power in large resistors. VRB-ESS 102 facilitates eliminating these very large 
resistors and is more efficient than the resistors.

The above-described invention provides a cost-effective and reliable method for 
coupling an energy storage system to a variable energy supply system to be able to 
facilitate supplying a consistent energy output during fluctuating energy demands, 
storing energy in times of strong wind, and continuing to provide power when the 
wind speed is low. Positioning a VRB-ESS in a wind turbine power system facilitates 
directing extra power from a wind turbine generator 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.

Exemplary embodiments of a VRB-ESS are described above in detail. The VRB-ESS 
is not limited to the specific embodiments described herein, but rather, components of 
each system may be utilized independently and separately from other components 
described herein. For example, VRB-ESS can also be used in combination with other 
variable energy supply systems, and is not limited to practice with only wind 
generator turbines as described herein. Rather, the present invention can be 
implemented and utilized in connection with many other generators and variable 
energy supply systems.

While the invention has been described in terms of various specific embodiments, 
those skilled in the art will recognize that the invention can be practiced with 
modification within the spirit and scope of the claims.

-6-
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The reference in this specification to any prior publication (or information derived from it), 
or to any matter which is known, is not, and should not be taken as, an acknowledgement 
or admission or any form of suggestion that that prior publication (or information derived 
from it) or known matter forms part of the common general knowledge in the field of 

5 endeavour to which this specification relates.

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

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

The reference numerals in the following claims do not in any way limit the scope of the 
respective claims.
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The claims defining the invention are as follows:
1. A power system for supplying power to a grid including:

a direct current bus;
an energy storage system including at least one Vanadium redox battery and at least 

one battery charge controller, wherein the at least one battery charge controller has a direct 
current bus side electrically coupled to the direct current bus and a battery side electrically 
coupled to the at least one Vanadium redox battery, the at least one battery charge 
controller including a DCZDC bidirectional converter; and

an alternating current energy supply system electrically coupled to the direct 
current bus,

wherein the at least one battery is 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 
alternating current energy supply system prevents the alternating current energy supply 
system from generating the substantially consistent energy output, and

wherein the at least one battery charge controller and the at least one battery are 
configured to absorb an entire output power of the alternating current supply system as 
needed for dynamic braking within the alternating current energy supply system.

2. A power system in accordance with Claim 1 wherein the alternating current energy 
supply system includes at least one alternating current wind turbine generator.

3. A power system in accordance with Claim 1 wherein the at least one battery charge 
controller is configured such that an output from the alternating current energy supply 
system above the substantially consistent energy output is stored in the at least one 
Vanadium redox battery.

4. A power system in accordance with Claim 1 wherein the at least one battery 
charge controller includes a DC/DC bidirectional buck/boost converter.

5. A power system in accordance with Claim 2 wherein electrically coupling the 
battery charge controller to the direct current bus and electrically coupling the alternating

COMS ID No: ARCS-347012 Received by IP Australia: Time (H:m) 17:18 Date (Y-M-d) 2011-11-28
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current energy supply system to the direct current bus further includes electrically coupling 
the battery charge controller to the at least one alternating current wind turbine generator 
such that electrical power is provided to a wind turbine pitch control system in the event of 
a power failure.

6. A power system in accordance with Claim 2 further including a critical load 
electrically coupled to the direct current bus such that power from the at least one 
Vanadium redox battery is provided to the critical load when wind speed is below a level 
that allows the at least one alternating current wind turbine generator to generate the 
substantially consistent energy output.

7. A power system in accordance with Claim 4 wherein said battery charge controller 
is configured to direct electrical power to an auxiliary load.

8. A method for coupling an energy storage system to a variable alternating current 
energy supply system having a direct current (DC) bus side, said method including; 
providing an energy storage system including at least one Vanadium redox battery and at 
least one battery charge controller, wherein the at least one battery charge controller has a 
DC bus side and a battery side that is coupled to the at least one battery, the at least one 
battery charge controller including a DC/DC converter; and electrically coupling the DC 
bus side of the at least one battery charge controller to the DC bus side of the variable 
alternating current energy supply system such that the at least one battery is 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 alternating current energy supply system prevents the 
variable alternating current energy supply system from generating the substantially 
consistent energy output, wherein the at least one battery charge controller and the at least 
one battery are configured to absorb an entire output power of the variable alternating 
current energy supply system as needed for dynamic braking within the variable 
alternating current energy supply system.

COMS ID No: ARCS-347012 Received by IP Australia: Time (H:m) 17:18 Date (Y-M-d) 2011-11-28
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9. A method in accordance with claim 8 wherein providing the at least one battery 
charge controller includes providing a bidirectional buck and boost converter.

10. A method in accordance with claim 8 wherein the variable alternating current 
energy supply system includes a wind turbine generator system including at least one 
alternating current wind turbine generator.

11. A method in accordance with claim 8 wherein coupling the battery charge 
controller to the variable alternating current energy supply system further includes 
coupling the battery charge controller to the variable alternating current energy supply 
system such that an output from the variable alternating current energy supply system 
above the substantially consistent energy output of the variable alternating current energy 
supply system charges the at least one battery.

12. A method in accordance with claim 8 wherein coupling the battery charge 
controller to the variable alternating current energy supply system further includes 
coupling the battery charge controller to a wind turbine generator system such that 
electrical power is provided to a wind turbine pitch control system in the event of a pitch 
control system failure.

13. A method in accordance with claim 12 wherein coupling the battery charge 
controller to the variable alternating current energy supply system further includes 
providing electrical power to the critical load, from the at least one Vanadium redox 
battery, when wind speed is below a level that allows the wind turbine generator system to 
generate the substantially consistent energy output.

14. A method in accordance with claim 8 wherein coupling the battery charge 
controller to the variable alternating current energy supply system further includes storing 
bulk power in a Vanadium redox battery coupled to a plurality of interleaved IGBT

COMS ID No: ARCS-347012 Received by IP Australia: Time (H:m) 17:18 Date (Y-M-d) 2011-11-28
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converters to convert the battery voltage to AC and storing bulk power in a DC link within 
the converters.

15. A power system for supplying power to a grid substantially as herein described 
with reference to the accompanying figures.

16. A method for coupling an energy storage system to a variable alternating current 
5 energy supply system substantially as herein described.

COMS ID No: ARCS-347012 Received by IP Australia: Time (H:m) 17:18 Date (Y-M-d) 2011-11-28
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FIG. 1

FIG. 2
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