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(57) Abstract: A method of controlling a high-temperature
storage battery (20) connected to an electric power system
(12), an apparatus for controlling the storage battery (20),
and an electric power control system reside in that, when the
temperature of the storage battery (20) is equal to or lower
than a reference temperature, charging and discharging the
storage battery (20) with charging and discharging electric
power, which is the sum of charging and discharging electric
power based on a preset process of operating the storage bat-
tery and charging and discharging electric power correspond-
ing to charging and discharging cycles each of a continuous
charging time of 1 hour or shorter and a continuous dischar-
ging time of 1 hour or shorter, for thereby supplying thermal
energy to the storage battery (20).
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DESCRIPTION

Title of Invention
METHOD OF CONTROLLING STORAGE BATTERY, APPARATUS FOR
CONTROLLING STORAGE BATTERY, AND ELECTRIC POWER CONTROL

SYSTEM

Technical Field

The present invention relates to a method of controlling
a storage battery, an apparatus for controlling a storage
battery, and an electric power control system, and more
particularly to a method of controlling a storage battery, an
apparatus for controlling a storage battery, and an electric
power control system, which are suitable for controlling a
sodium-sulfur battery that is used as a storage battery, for

example.

Background Art

Generally, the adjustment of frequencies in an electric
power system and the adjustment of electric power supplies
with respect to electric power demands in an electric power
system are carried out by a plurality of electric power
generators and storage batteries, which are included in the
electric power system. Adjustment of the difference between
generated electric power and planned electric power of
natural-energy-based electric generating apparatus, and
mitigation of variations in generated electric power of
natural-energy-based electric power generating apparatus also
are performed by a plurality of electric power generators and

storage batteries. Storage batteries are capable of varying
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the output electric power thereof more quickly than general
electric generators, and hence are effective to adjust
frequencies in an electric power system, as well as to adjust
differences between generated electric power and planned
electric power of natural-energy-based electric generating
apparatus and electric power supplies with respect to
electric power demands in an electric power system.

High-temperature storage batteries that can be connected
to an electric power system include a sodium-sulfur battery
(hereinafter referred to as an "NAS battery"”)., for example.
A NAS battery is a high-temperature secondary battery having
metal-sodium and sulfur as active materials which are
isolated and housed by a solid-state electrolytic tube. When
a NAS battery is heated to a high temperature in a range from
290 to 350 °C, the active materials are melted and cause an
electrochemical reaction to thereby generate energy. A NAS
battery is usually used as a battery module made up of a
plurality of upstanding unit cells.

A high-temperature storage battery is required to
maintain an operating temperature in a range from 290 to
350 °C within the battery module. Heat for keeping the
operating temperature within the battery module is supplied
from a heater, which is placed in the housing of the battery
module, as well as from the storage battery itself (heat,
i.e. Joule heat, from the battery cells at the time that the
storage battery is charged and discharged, and also from
electrically conductive parts in the battery module) (see
Japanese Laid-Open Patent Publication No. 2004-047208 and
Japanese Laid-Open Patent Publication No. 2000-182662).

According to Japanese Laid-Open Patent Publication No. 2004-
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047208, thé housing is thermally insulated in order to
provide a heat storage effect.

Heretofore, the method disclosed in Japanese Laid-Open
Patent Publication No. 2004-111123 has also been used.

5 According to the disclosed method, when a sodium-sulfur
battery module is operated in a preset charging and
discharging pattern, the amount of heat generated by the
battery module is predicted, and the thermal insulation of
the battery module is adjusted in order to substantially

10 equalize the predicted heat amount and the amount of heat
radiated from the battery module with each other, so as to
mitigate the amount of electric power supplied to a heater

for heating the battery module.

15 Summary of Invention
If a high-temperature storage battery is used as an
electric power source in the case of a power outage, the
storage battery may be operated within a wait time zone
(normal zone) according to the following two processes.

20 According to the first process, the storage battery is
kept fully charged throughout the wait time zone. More
specifically, as shown in FIG. 25 of the accompanying
drawings, the storage battery is kept in a state of charge
(SOC) of 100% at all times without being charged or

25 discharged. However, since the storage battery has to be
kept at an operating temperature (e.g., 300 °C) for a SOC of
100%, the heater of the storage battery must be supplied with
electric power at all times, resulting in a reduction in
system efficiency.

30 The second process utilizes the method disclosed in
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Japanese Laid-Open Patent Publication No. 2004-111123. 1In
order to level out loads such as peak shifts, the storage
battery is charged and discharged according to a preset
charging and discharging pattern, as shown in FIG. 26 of the
accompanying drawings. According to such a preset charging
and discharging pattern, the storage battery stops being
discharged prior to a discharging end point, in order to
leave a certain amount of energy to be used as a power supply
in the event of a power outage. As shown in FIG. 26, the
storage battery starts being discharged at 7 o'clock and
stops being discharged at 16 o'clock, and then starts being
charged at 21 o'clock and stops being charged at 4 o'clock on
the next day. If the storage battery is a NAS battery, then
since the storage battery causes an exothermic reaction when
it is discharged and an endothermic reaction when it is
charged, the temperature of the storage battery rises when
discharged and falls when charged. Moreover, since Joule
heat is generated when the storage battery is discharged and
charged and is supplied to the storage battery, the heater of
the storage battery may be supplied with electrical energy
only during the period from 6 o'clock to 8 o'clock, which is
much shorter than in the first process.

According to the second process, the electric power
supplied to the heater in order to heat the storage battery
when the storage battery is charged and discharged may be
reduced. However, in the event of a power outage immediately
after discharging of the storage battery is completed, only a
small amount of energy is stored in the storage battery.
Therefore, the stored energy available for use as a power

source in the event of a power outage is small.
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The present invention has been made in view of the above
problems. It is an object of the present invention to
provide a method of controlling a storage battery, an
apparatus for controlling a storage battery, and an electric
power control system, which allow the storage battery to be
used effectively for contributing to stabilization of an
electric power system, and which can reduce the amount of
electric power supplied to a heater of the storage battery
for thereby enabling higher system efficiency.

[1] According to a first aspect of the invention, there
is provided a method of controlling a high-temperature
storage battery connected to an electric power system,
comprising the steps of, when the temperature of the storage
battery is equal to or lower than a reference temperature,
charging and discharging the storage battery with charging
and discharging electric power, which is the sum of charging
and discharging electric power based on a preset process of
operating the storage battery and charging and discharging
electric power corresponding to charging and discharging
cycles each of a continuous charging time of 1 hour or
shorter and a continuous discharging time of 1 hour or
shorter, for thereby supplying thermal energy to the storage
battery.

The electric power supplied to a heater of the storage
battery can thus be reduced, thereby increasing the system
efficiéncy of the storage battery. The system efficiency of

the storage battery may be expressed as follows:
nsys = Ed/(Ec + Eh)

nsys: system efficiency (%)

Ed: total amount of discharging electric
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power during period T (Wh)
Ec: total amount of charging electric
power during period T (Wh)
Eh: total amount of electric power consumed
by the heater during period T (Wh)
Period T: one week, for example.

[2] According to the first aspect of the invention,
charging and discharging electric power from the storage
battery in the charging and discharging cycles may comprise
charging and discharging electric power based on a
differential signal, the differential signal being based on a
difference between the frequency of the electric power system
and a reference frequency. Such an arrangement contributes
to stabilization of the frequency of the electric power
system.

[3] Accordihg to the first aspect of the invention,
charging and discharging electric power from the storage
battery in the charging and discharging cycles may comprise
charging and discharging electric power based on a
differential signal, the differential signal being based on a
difference between electric power generated by the electric
power system and electric power demands for the electric
power system. A system administrator (system administrating
apparatus) predicts an electric power demand from instant to
instant in the electric power system, and adjusts the output
electric power from an electric generator, which is capable
of increasing and reducing the electric power supplied to the
electric power system and the output power of the storage
battery in order to supply an amount of electric power that

is equal to the predicted electric power demand. The
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charging and discharging electric power of the storage
battery may be adjusted based on a control signal for
adjusting electric power supplies and electric power demands
in the electric power system.

[4] According to the first aspect of the invention,
charging ana discharging electric power from the storage
battery in the charging and discharging cycles may comprise
charging and discharging electric power based on a
differential signal, the differential signal being based on a
difference between electric power generated by a natural-
energy-based electric generating apparatus connected to the
electric power system and planned output electric power.
Such an arrangement contributes to stabilization of the
output electric power of a natural-energy-based electric
generating apparatus.

[5] In aspects [2] through [4], charging and discharging
electric power from the storage battery in the charging and
discharging cycles may comprise charging and discharging
electric power based on a high-frequency component of the
differential signal. Such an arrangement is capable of
minimizing variations in the SOC (state of charge) of the
storage battery.

[6] The high-frequency component may be extracted by a
high-pass filter having a cut-off frequency of 1/3600 Hz or
lower.

[7] According to the first aspect of the invention, the
amount of thermal energy supplied to the storage battery in
the charging and discharging cycles may be adjusted by
increasing and reducing an average amplitude of the charging

and discharging electric power. Such an arrangement makes it
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possible to control the temperature of the storage battery
within a suitable range.

[8] According to the first aspect of the invention, the
amount of thermal energy supplied tq the storage battery in
the charging and discharging cycles may be adjusted by
increasing and reducing the ratio of a time during which the
charging and discharging cycles are performed to a time
during which the charging and discharging cycles are not
performed, within a time zone in which the storage battery is
in a standby state. Such an arrangement makes it possible to
control the temperature of the storage battery within a
suitable range.

[9] According to the first aspect of the invention, a
target temperature Tb to be achieved by the storage battery
by charging and discharging the storage battery with the sum
of the charging and discharging electric power, based on the
preset process of operating the storage battery and the
charging and discharging electric power corresponding to the
charging and discharging cycles, and a target temperature Tc
to be achieved by the storage battery by controlling a heater
thereof, may be set to satisfy the relationship Tbh > Tc.
Since priority is given to supply of thermal energy to the
storage battery with additional charging and discharging
electric power over supply of thermal energy to the storage
battery with the heater, electric power loss caused by the
heater can be reduced, and the storage battery can be
utilized effectively to stabilize the frequency.

[10] According to the first aspect of the invention, a
preset temperature may be established as an uéper-limit

temperature at which the storage battery is allowed to be
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charged and discharged, and when the temperature of the
storage battery becomes equal to or higher than the preset
temperature, the storage battery may not be charged and
discharged with the sum of the charging and discharging
electric power based on the preset process of operating the
storage battery and the charging and discharging electric
power corresponding to the charging and discharging cycles.
Supply of additional charging and discharging electric power

to the storage battery prevents the temperature of the

storage battery from rising too high while basic charging and

discharging is performed (charging and discharging based on
the preset process of operating the storage battery).

[11] According to a second aspect of the invention,
there is provided an apparatus for controlling a étorage
battery with the method according to the first invention.

The storage battery can effectively be utilized to
contribute to stabilization of the electric power system.
The electric power supplied to a heater of the storage
battery can thus be reduced, thereby increasing the system
efficiency of the storage battery.

[12] An electric power control system according to a
third aspect of the invention incorporates therein the
apparatus according to the second aspect of the invention,
wherein the frequency of the electric power system is input
to the apparatus from a frequency meter, which is combined
with the electric power system.

[13] An electric power control system according to a

fourth aspect'of the invention incorporates therein the

apparatus according to the second aspect of the invention,

wherein the frequency of the electric power system or the
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difference between the frequency of the electric power system
and a reference frequency is input to the apparatus from an
electric power company or a system administrator.

[14] An electric power control system according to a
fifth aspect of the invention incorporates therein the
apparatus according to the second aspect of the invention,
wherein the preset process of operating the storage battery
comprises a process of supplying electric power from the
storage battery to a load within a time zone in which the
electric power system experiences a power outage.

[15] An electric power control system according to a
sixth aspect of the invention incorporates therein the
apparatus according to the second aspect of the invention,
wherein the preset process of operating the storage battery
comprises a process of leveling loads. ‘

[16] An electric power control system according to a
seventh aspect of the invention incorporates therein the
apparatus according to the second aspect of the invention,
wherein the preset process of operating the storage battery
comprises a process of smoothing natural-energy-based
electric power.

As described above, the method of controlling a storage
battery, the apparatus for controlling a storage battery, and
the electric power control system according to the present
invention enable a storage battery to be used effectively for
contributing to stabilization of an electric power system,
and can reduce electric power supplied to a heater of the

storage battery for thereby enabling higher system

efficiency.

The above and other objects, features, and advantages of
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the present invention will become more apparent from the
following description when taken in conjunction with the
accompanying drawings in which preferred embodiments of the

present invention are shown by way of illustrative example.

Brief Description of Drawings

FIG. 1 is a block diagram of an electric power system
incorporating an electric power control system according to
an embodiment of the present invention;

FIG. 2 is a block diagram of a first higher-level
controller;

FIG. 3 is a flowchart of a processing sequence of the
first higher-level controller;:

FIG. 4 is a diagram showing transitions of output
electric power from a storage battery, heater electric power,
the temperature of the storage battery. and the SOC of the
storagelbattery in the processing sequence of the first
higher-level controller;

FIG. 5 is a diagram showing an example of the manner in
which a command charging and discharging electric power value
is calculated from a basic charging and discharging electric
power value and an additional charging and discharging
electric power value;

FIG. 6 is a diagram showing another example of the
manner in which a command charging and discharging electric
power value is calculated from a basic charging and
discharging electric power value and an additional charging
and discharging electric power value;

FIG. 7 is a block diagram of a second higher-level

controller (a third higher-level controller, a fourth higher-
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level controller);

FIG. 8 is a flowchart of a processing sequence of the
second higher-level controller;

FIG. 9 is a block diagram showing a scheme (proportional
control) in which the second higher-level controller
calculates a proportionality coefficient;

FIG. 10 is a block diagram showing a scheme (PID
control) in which the second higher-level controller
calculates a proportionality coefficient;

FIG. 11 is a block diagram showing a scheme in which the
second higher-level controller (fifth higher-level
controller) calculates a charging and discharging command
value;

FIG. 12 is a diagram showing transitions of a frequency
difference, a temperature difference, a proportionality
coefficient (abéolute value), and a command charging and
discharging electric power value in the processing sequence
of the second higher-level controller;

FIG. 13 is a diagram showing transitions of output
electric power from a storage battery, heater electric power,
the temperature of the storage battery, and the SOC of the
storage battery in the processing sequence of the second
higher-level controller;

FIG. 14 is a block diagram showing an example (using a
high-pass filter) of a scheme in which the third higher-level
controller (fifth higher-level controller) calculates a
charging and discharging command value;

FIG. 15 is a diagram showing transitions of a difference
Af, a command charging and discharging electric power value,

heater electric power, the temperature of the storage
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battery, and the SOC of the storage battery when time-
dependent changes of the difference Af include low-frequency
components and high-frequency components;

FIG. 16 is a diagram showing transitions of an extracted
high-frequency-component difference AfH, a command charging
and discharging electric power value, heater electric power,
the temperature of the storage battery, and the SOC of the
storage battery when time-dependent changes of the difference
Af include low-frequency components and high-frequency
components;

FIG. 17 is a block diagram of a fourth higher-level
controller;

FIG. 18 is a diagram showing transitions of a command
charging and discharging electric power value, heater
electric power, the temperature of the storage battery, and
the SOC of the storage battery in the processing sequence of
the fourth higher-level controller;

FIG. 19 is a block diagram of an electric power system
incorporating a fifth higher-level controller according to an
embodiment of the present invention;

FIG. 20 is a block diagram of the fifth higher-level
controller;

FIG. 21 is a diagram showing transitions of an electric
power value difference, the temperature of a storage battery,
a proportionality coefficient (absolute value), and a command
charging and discharging electric power value in the
processing sequence of the fifth higher-level controller;

FIG. 22 is a block diagram of an electric power system
incorporating a sixth higher-level controller according to an

embodiment of the present invention;
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FIG. 23 is a diagram showing transitions of generated
electric power of a second linkage electric power generating
system, output electric power from a storage battery, heater
electric power, the temperature of thé storage battery, and
the SOC of the storage battery in the processing sequence of
the sixth higher-level controller;

FIG. 24 is a block diagram of an electric power system
incorporating a seventh higher-level controller according to
an embodiment of the present invention;

FIG. 25 is a diagram showing problems of an operating
process (first process) in a wait time zone (normal zone) for
a high-temperature storage battery; and

FIG. 26 is a diagram showing problems of an operating
process (second process) in a wait time zone (normal zone)

for a high-temperature storage battery.

Description of Embodiments
Methods of controlling a storage battery, apparatus for

controlling a storage battery, and electric power control

- systems according to embodiments of the present invention

will be described below with reference to FIGS. 1 through 24.

According to the embodiments of the present invention,
when the temperature of a high-temperature storage‘battery is
equal to or lower than a reference temperature, the storage
battery is charged and discharged with charging and
discharging electric power, which is the sum of charging and
discharging electric power (basic charging and discharging
electric power) based on a preset storage battery operating
process and charging and discharging electric power

(additional charging and discharging electric power)
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corresponding to a charging and discharging cycle of a
continuous charging time and a continuous discharging time,
each of which is equal to or smaller than 1 hour, whereby the
storage battery is supplied with thermal energy.

The purpose (basic applications) of charging and
discharging a storage battery with basic charging and
discharging electric power is representative of basic
applications that are preferentially served by the storage
battery to which control methods according to embodiments of
the present embodiments are applied. Such basic applications
include, for example, an application as an electric power
source for use in the case of a power outage (outage power
supply), an application (load leveling) for operation
according to a pattern for load leveling, and an application
(natural energy smoothing) for operation for absorbing and
mitigating variations in electric power generated from
natural energy.

According to the embodiments, the high-temperature
storage battery comprises a sodium-sulfur battery. However,
the present invention also is applicable to a sodium-nickel
chloride battery, a sodium molten salt battery, a lithium
iron sulfide battery, or the like.

As shown in FIG. 1, an electric power system 12, which
incorporates therein an electric power control system 10
according to an embodiment of the present invention, includes
a bus bar 14 that is supplied with commercial electric power,
a main line 16 that is supplied with electric power from the
bus bar 14, and a plurality of loads (first load 18a and
second load 18b) and a storage battery 20, which are

connected to the main line 16. The storage battery 20
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comprises one or more battery units 22. In FIG. 1, the
storage battery 20 comprises a single battery unit 22 as a
typical example.

The main line 16 is connected to the bus bar 14 through
a main circuit breaker 24. The first load 18a is connected
to the main line 16 through a first circuit breaker 24a and a
first transformer 26a, and the second load 18b is connected
to the main line 16 through a second circuit breaker 24b and
a second transformer 26b. Electric power on the bus bar 14
is measured by an electric power sensor 28.

The battery unit 22 includes a plurality of high-
temperature battery modules 30, and a battery controller 32
for controlling the battery modules 30. Each of the battery
modules 30 includes a plurality of battery cells 34, a
temperature sensor 36 for detecting the temperature in the
battery modules 30, and a heater 38 for supplying thermal
energy. An SOC calculator 40 is connected to the battery unit
22 for determining an entire amount of electrical energy

stored in the battery unit 22, i.e., the state of charge

- (SOC) of the battery unit 22. The SOC calculator 40 may

calculate the SOC of the battery unit 22 by detecting a
charging end point based on the voltage across the battery
cells 34, and integrating an electric current charged and
discharged from the battery cells 34 from the state of the
charging end point.

The electric power control system 10 according to the
present embodiment includes a PCS (Power Conditioning System)
42, which is connected to the battery unit 22, and a higher-
level controller 44 for outputting charging and discharging

commands to the PCS 42.
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The PCS 42, which is connected to the main line 16
through a third circuit breaker 24c, includes a DC-to-AC
converter 46, and a third transformer 26c, which is connected
between an AC terminal of the DC—to—AC converter 46 and the
third circuit breaker 24c. The PCS 42 charges and discharges
the storage battery 20 according to a charging and
discharging command from the higher-level controller 44. The
storage battery 20 is connected to a DC terminal of the DC-
to-AC converter 46 of the PCS 42.

The battery controller 32 controls the heaters 38 based
on temperature information from the temperature sensors 36 of
the respective battery modules 30. The heaters 38 are
supplied with electric power from the main line 16 through a
fourth transformer 26d and the battery controller 32. The
battery controller 32 supplies the temperature information
from the temperature sensors 36 to the higher-level
controller 44. The SOC calculator 40 supplies SOC
information to the higher-level controller 44.

The bus bar 14 is combined with a frequency meter 48,
which detects the frequency (system frequency f£) of an
electric current that flows through the bus bar 14.
Information representing the frequency detected by the
frequency meter 48 is supplied from the frequency meter 48 to
the higher-level controller 44.

The main circuit breaker 24 and the first through fourth
circuit breakers 24a, 24b, 24c open and close in the
following manner. During a time zone in which the bus bar 14
is supplied with electric power, the main circuit breaker 24
and the first through fourth circuit breakers 24a, 24b, 24c

are closed (electrically connected). Conversely, during a
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time zone in which the bus bar 14 is not supplied with
electric power, i.e., during a time zone in which the
electric power system 12 is experiencing a power outage, the
third circuit breaker 24c is closed (electrically connected)
and the main circuit breaker 24 is opened (electrically
disconnected). One of the first circuit breaker 24a and the
second circuit breaker 24b, which corresponds to a load to be
preferentially supplied with electric power, is closed.

Configurational details and processing operations of the
higher-level controller 44 will be described below with
reference to FIGS. 2 through 24.

A higher-level controller according to a first
embodiment of the present invention (hereinafter referred to
as a "first higher-level controller 44A") will be described
below with reference to FIGS. 2 through 6. As shown in FIG
2., the first higher-level controller 44A includes a basic
charging and discharging electric power output section 50 for
outputting a basic charging and discharging electric power
value based on a preset process of operating the storage
battery 20, an additional charging and discharging electric
power output section 52 for calculating and outputting an
additional charging and discharging electric power value, and
a charging and discharging command output section 54 for
calculating a command charging and discharging electric power
value from the basic charging and discharging electric power
value and the additional charging and discharging electric
power value, and for outputting the command charging and
discharging electric power value to the PCS 42.

For example, if the preset method of operating the

storage battery 20 is an operating method that uses the
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storage battery 20 as an electric power source for use in the
case of a power outage, then the basic charging and
discharging electric power output section 50 outputs 0 (zero)
when the electric power system 12 is not experiencing a power
outage, and outputs a basic charging and discharging electric
power value, which is equal to the electric power consumed by
the load when the electric power system 12 experiences a
power outage. The higher-level controller 44 determines
whether or not the electric power system 12 is experiencing a
power outage based on voltage value information from a
voltage sensor 55, which is connected to the bus bar 14.

If the preset method of operating the storage battery 20
is an operating method that operates the storage battery 20
according to a pattern for load leveling, then the basic
charging and discharging electric power output section 50
outputs a basic charging and discharging electric power value
depending on a preset charging and discharging pattern. For
example, at each of certain prescribed times, the basic
charging and discharging electric power output section 50
outputs a preset charging and discharging electric power
value as a basic charging and discharging elecfric power
value.

If the preset method of operating the storage battery 20
is an operating method that operates the storage battery 20
in order to absorb and mitigate variations in electric power
generated from natural energy, then the basic charging and
discharging electric power output section 50 outputs a basic
charging and discharging electric power value, which acts to
absorb and mitigate variations in electric power generated

from natural energy.
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The additional charging and discharging electric power
output section 52 is supplied with temperature information
from the temperature sensors 36 in the respective battery
modules 30, and with SOC information from the SOC calculator
40. The additional charging and discharging electric power
output section 52 outputs an additional charging and
discharging electric power value other than 0 when the
temperatures of the battery modules 30 are equal to or lower
than a reference temperature (a preset temperature Ta, to be
described later) and the SOC falls within a reference range,
e.g., from 10% to 90%.

The charging and discharging command output section 54
calculates a command charging and discharging electric power
value from the basic charging and discharging electric power
value output by the basic charging and discharging electric
power output section 50, and the additional charging and
discharging electric power value output by the additional
charging and discharging electric power output section 52.
The charging and discharging command output section 54
outputs the command charging and discharging electric power
value to the PCS 42.

Preset temperatures of the battery modules 30 will be
described below. The preset temperatures include an upper-
limit temperature Tmax2 (e.g., 340 °C), an upper-limit
temperature Tmaxl (e.g., 330 °C) below the upper-limit
temperature Tmax2, a preset temperature Ta (e.g., 305 °C)
below the upper-limit temperature Tmaxl, a target temperature
Tb (e.g., 300 °C) below the preset temperature Ta, and a
target temperature Tc (e.g., 295 °C) below the target

temperature Tb.
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The upper-limit temperature Tmax2 is an upper-1limit
temperature under which the storage battery 20 is allowed to
be charged and discharged. When the temperature of the
storage battery 20 becomes equal to or higher than the upper-
limit temperature Tmax2, the storage battery 20 is stopped
forcibly from being charged and discharged. The upper-limit
temperature Tmaxl is an upper-limit temperature by which an
additional charging and discharging electric power value is
calculated. When the temperature of the storage battery 20
becomes equal to or higher than the upper-limit temperature
Tmaxl, the additional charging and discharging electric power
value is set to 0. The preset temperature Ta is a reference
temperature for determining whether or not the additional
charging and discharging electric power value may be set to a
value other than 0. When the temperature of the storage
battery 20 becomes equal to or lower than the preset
temperature Ta, the additional charging and discharging
electric power value is allowed to be set to a value other
than 0. The preset temperature Ta hereinafter will be
referred to as a "reference temperature Ta". The target
temperature Tb is a target temperature to be achieved by the
battery modules 30 when the battery modules 30 are
additionally charged and discharged. The target temperature
Tc is a target temperature to be achieved by the battery
modules 30 when the battery modules are heated by the heaters
38. The battery controller 32 supplies electric power to the
heaters 38 of the battery modules 30, the temperatures of
which are lower than the target temperature Tc, in order to
supply thermal energy to the battery modules 30 for making

the temperatures of the battery modules 30 approach the



10

15

20

25

30

WO 2013/027638 PCT/JP2012/070716

target temperature Tc.

The charging and discharging pattern and the preset
temperatures (the upper-limit temperatures Tmaxl, Tmax2, the
reference temperature Ta, and the target temperatures Tb,
Tc), which are output from the basic charging and discharging
electric power output section 50, are stored in a memory (not
shown) in the first higher-level controller 44A.

A processing sequence of the first higher-level
controller 44A will be described below with reference to the
flowchart shown in FIG. 3.

In step S1 shown in FIG. 3, the additional charging and
discharging electric power output section 52 determines
whether or not the temperature of the storage battery 20
(i.e., the temperatures in the battery modules 30) is equal
to or lower than the reference temperature Ta (e.g., 305 °C)
by comparing the temperature indicated by the temperature
information from the battery controller 32 with the reference
temperature Ta. If the temperature of the storage battery 20
is equal to or lower than the reference temperature Ta, then
control proceeds to step S2, during which the additional
charging and discharging electric power output section 52
determines whether or not the SOC of the storage battery 20
falls within a reference range by comparing the SOC
(percentage) represented by the SOC information from the SOC
calculator 40 with the reference range (e.g., a range from
10% to 90%). If the SOC of the storage battery 20 falls
within the reference range, then control proceeds to step S3,
during which the additional charging and discharging electric
power output section 52 calculates an additional charging and

discharging electric power value depending on the difference



10

15

20

25

30

WO 2013/027638 PCT/JP2012/070716
- 23 -

between the input temperature information (indicative of the
temperatures in the battery modules 30) and the target
temperature Tb. At this time, the additional charging and
discharging electric power output section 52 sets an
additional charging and discharging electric power value,
such that each of the charging and discharging times will lie
within a range from about several seconds to 1 hour.

In step S1, if the additional charging and discharging
electric power output section 52 determines that the
temperature of the storage battery 20 is higher than the
reference temperature Ta, or in step S2, if the additional
charging and discharging electric power output section 52
determines that the SOC of the storage battery 20 does not
fall within the reference range, then control proceeds to
step S4, during which the additional charging and discharging
electric power output section 52 outputs 0 (zero) as the
additional charging and discharging electric power value to
the charging and discharging command output section 54.

After step S3 or step S4, control proceeds to step S5,
during which the charging and discharging command output
section 54 calculates a command charging and discharging
electric power value from the basic charging and discharging
electric poWer value and the additional charging and
discharging electric power value, and then outputs the
command charging and discharging electric power value to the
PCS 42. Thereafter, control proceeds to step S6, during
which the first higher-level controller 44A determines
whether or not there is a system termination request. If a
system termination request is not present, then control

returns to step S1 and steps S1 through S6 are repeated. If
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there is a system termination request, then the processing
sequence of the first higher-level controller 44A is brought
to an end.

According to the first embodiment, if the temperature T
of the storage battery 20 is equal to or lower than the
reference temperature Ta, and if the SOC of the storage
battery 20 falls within the reference range, then the
additional charging and discharging electric power value,
which depends on the difference between the temperature T of
the storage battery 20 and the reference temperature Ta, is
added to the basic charging and discharging electric power
value, and the sum thereof is output to the PCS 42 as the
command charging and discharging electric power value. Thus,
as shown in FIG. 4, when the temperature T of the storage
battery 20 becomes equal to or lower than the reference
temperature Ta, the storage battery 20 is charged and
discharged in repeated charging and discharging cycles, each
consisting of a continuous charging time and a continuous
discharging time, and each ranging from about several seconds
to 1 hour, and the storage battery 20 outputs an amount of
electric power dependent on the charging and discharging
cycles. Therefore, the storage battery 20 is supplied with
thermal energy and the temperature T of the storage battery
20 is kept within the vicinity of the target temperature Tb
(target temperature Tb £5 °C). Consequently, the heaters 38
of the storage battery 20 are not supplied with electric
power (heater electric power) except when the storage battery
20 is activated, and hence the system efficiency of the
storage battery 20 is increased. In particular, since the

battery cells 34 themselves become heated when the storage
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battery 20 is supplied with thermal energy as a result of
being charged and discharged, unlike when the storage battery
20 is supplied with thérmal energy from the heaters 38, the
battery cells 34 are heated uniformly. Furthermore, inasmuch
as the battery cells 34 are self-heated, the battery cells 34
are supplied with thermal energy more efficiently than if the
battery cells 34 were supplied with thermal energy from the
heaters 38, which are disposed outside of the battery cells
34 (within the battery modules 30). Further, since each of
the continuous charging time and the continuous discharging
time is short, i.e., ranging from several seconds to 1 hour,
any reduction in the SOC is small when the storage battery 20
is discharged in one cycle, and the reduction in the SOC is
made up for in the next cycle. Consequently, the SOC is
prevented from being reduced significantly, and can be
maintained substantially constant (e.g., in the vicinity of
80%). The determining process of step S2 serves to prevent
the storage battery 20 from being discharged when the SOC is
nearly 100% or 0%. However, since as described above, the
SOC of the storage battery 20 can be kept substantially
constant, the determining process of step S2 may be dispensed
with.

Generally, as the sum of the absolute value of a
charging amount of electric power (time integral of charging
electric power) and the absolute value of a discharging
amount of electric power (time integral of discharging
electric power) becomes greater, the Joule heat generated by
the storage battery 20 itself when the storage battery 20 is
charged and discharged also is greater. (In the present

embodiment, since the charging electric power value and the
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charging amount of electric power are negative and the
discharging electric power value and the discharging amount
of electric power are positive, the absolute value of the
charging amount of electric power and the absolute value of
the discharging amount of electric power will be referred to
hereinafter.)

FIG. 5 shows an example in which a command charging and
discharging electric power value is calculated from a basic
charging and discharging electric power value and an
additional charging and discharging electric power value.
When the additional charging and discharging electric power
value is added to the basic charging and discharging electric
power value, the command charging and discharging electric
power value (the sum of the absolute values of the charging
amount of electric power and the discharging amount of
electric power) is greater than if the basic charging and
discharging electric power value were used as the command
charging and discharging electric power value, and thus, more
Joule heat is generated in the storage battery 20.

More specifically, as shown in FIG. 5, a basic charging
and discharging electric power value is set to +0.1 MW over
the discharging time t1l, and to +0.1 MW over the charging
time t2. Therefore, the sum of the absolute values of the
charging amount of electric power and the discharging amount
of electric power may be represented by 0.1°tl + 0.1°*t2 MWh.
If it is assumed that a basic charging and discharging
electric power value is set to +0.5 MW over the discharging
time t1, and to -0.5 MW over the charging time t2, then the
sum of the absolute values of the charging amount of electric

power and the discharging amount of electric power may be



10

15

20

25

30

WO 2013/027638 PCT/JP2012/070716
- 27 -

represented by 0.6°*tl + 0.4-t2 MWh. It is therefore obvious
that the command charging and discharging electric power
value (the sum of the absolute values of the charging amount
of electric power and the discharging amount of electric
power) is made greater than if the basic charging and
discharging electric power value were used as the command
charging and discharging electric power value, and thus, more
Joule heat is generated in the storage battery 20.

FIG. 6 shows another example in which a command charging
and discharging electric power value is calculated from a
basic charging and discharging electric¢ power value and an
additional charging and discharging electric power value.
According to the example shown in FIG. 6, even though the
basic charging and discharging electric power value and the
additional charging and discharging electric power value are
added together, the command charging and discharging electric
power value (the sum of the absolute values of the charging
amount of electric power and the discharging amount of
electric power) remains essentially unchanged from the basic
charging and discharging electric power value that is used as
the command charging and discharging electric power value.

More specifically, as shown in FIG. 6, a basic charging
and discharging electric power value is set to +0.5 MW over
the discharging time tl1, and to +0.5 MW over the charging
time t2. Therefore, the sum of the absolute values of the
charging amount of electric power and the discharging amount
of electric power may be represented by 0.5°tl1l + 0.5°t2 MWh.
If it is assumed that a basic charging and discharging
electric power value is set to +0.5 MW over the discharging

time tl1, and to -0.5 MW over the charging time t2, similar to
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the case of the example shown in FIG. 5, then the sum of the
absolute values of the charging amount of electric power and
the discharging amount of electric power may be represented
by 1.0°tl1 MWh. Assuming that the charging time tl and the
charging time t2 are essentially the same as each other, then
the command charging and discharging electric power value
(the sum of the absolute values of the charging amount of
electric power and the discharging amount of electric power)
remains essentially unchanged from the basic charging and
discharging electric power value that is used as the command
charging and discharging electric power value.

If the basic charging and discharging electric power
value is relatively large, as shown in FIG. 6, then the
temperature T of the storage battery 20 is unlikely to become
equal to or smaller than the reference temperature Ta (e.g.,
305 °C). Even if the temperature T of the storage battery 20
becomes equal to or smaller than the reference temperature
Ta, since the basic charging and discharging electric power
value is relatively large, the temperature T of the storage
battery 20 often rises to a value that is equal to or higher
than the reference temperature Ta. If the temperature T of
the storage battery 20 is lower than the reference
temperature Ta, and if the situation shown in FIG. 6
continues, then the amplitude of the additional charging and
discharging electric power value is increased, so that the
command charging and discharging electric power value (the
sum of the absolute values of the charging amount of electric
power ahd the discharging amount of electric power) produced
when the additional charging and discharging electric power

value is added to the basic charging and discharging electric
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power value is made greater than if the basic charging and
discharging electric power value were used as the command
charging and discharging electric power wvalue.

A higher-level controller according to a second
embodiment of the present invention (hereinafter referred to
as a "second higher-level controller 44B") will be described
below with reference to FIGS. 7 through 13.

According to the second embodiment, basic applications
include, for example, an application as an outage power
supply and an application as a power supply for performing
load leveling. The purpose (i.e., additional applications)
of charging and discharging the storage battery with
additional charging and discharging electric power is
representative of applications of using a storage battery,
together with other adjusting means, to which the control
method according to the second embodiment is applied. The
additional applications include, for example, an application
for frequency adjustment, and an application for adjusting
electric power supplies with respect to electric power |
demands.

As shown in FIG. 7, the second higher-level controller
44B includes the basic charging and discharging electric
power output section 50, the additional charging and
discharging electric power output section 52, And the
charging and discharging command output section 54, which
have already been described above, in addition to a system
frequency acquiring section 56 for acquiring a system
frequency £f. The additional charging and discharging
electric power output section 52 includes a proportionality

coefficient calculator 60 for calculating a proportionality
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coefficient K based on the difference AT between the
temperature of the storage battery 20 (battery temperature T)
and the target temperature Tb (e.g., 300 °C). The additional
charging and discharging electric power output section 52
calculates an additional charging and discharging electric
power value based on a difference Af (differential signal)
between the system frequency f and a reference frequency fa,
and then outputs the calculated additional charging and
discharging electric power value to the charging and
discharging command output section 54.

A processing sequence of the second higher-level
controller 44B will be described below with reference to the
flowchart shown in FIG. 8. FIG. 8 will also be referred to
with respect to a processing sequence of a fifth higher-level
controller 44E, to be described later.

In step S101 shown in FIG. 8, the additional charging
and discharging electric power output section 52 determines
whether or not the period that has elapsed from the previous
time at which the proportionality coefficient was updated
(previous proportionality coefficient updating time) has
reached a preset period for updating the proportionality
coefficient (proportionality coefficient updating period).

If the control sequence has gone through step S101 for the
first time after the second higher-level controller 44B has
been activated, or if the period that has elapsed from the
previous proportionality coefficient updating time has
reached the proportionality coefficient updating period, then
control proceeds to step S102, during which the additional
charging and discharging electric power output section 52

determines whether or not the battery temperature T is equal
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to or lower than the reference temperature Ta. If the
battery temperature T is equal to or lower than the reference
temperature Ta, then control proceeds to step S103, during
which the additional charging and discharging electric power
output section 52 determines whether or not the SOC of the
storage battery 20 falls within the reference range. If the
SOC of the storage battery 20 falls within the reference
range, then control proceeds to step S104, during which the
proportionality coefficient calculator 60 calculates the
proportionality coefficient K based on the difference AT
between the battery temperature T and the target temperature
Tb.

A process of calculating the proportionality coefficient
K will be described below with reference to FIGS. 9 and 10.

As shown in FIG. 9, according to a proportional control
scheme, a subtractor 62 calculates the difference AT (= T -
Tb) between the battery temperature T and the target
temperature Tb, and a multiplier 64 multiplies the difference
AT by a reference proportionality coefficient Kp, thereby
producing a present proportionality coefficient K. The
reference proportionality coefficient Kp is preset based on
simulations, experiments, or the like, and is stored together
with information representing the reference temperature Ta
and the target temperature Tb in a memory (not shown) of the
second higher-level controller 44B. When the proportionality
coefficient K is calculated, the target temperature Tb and
the reference proportionality coefficient Kp are read from
the memory, and as described above, the battery temperature T
is supplied from the battery controller 32 to the second

higher-level controller 44B. According to one example of
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numerical values, if the battery temperature T is 295 °C and
the target temperature Tb is 300 °C, then the difference AT
between the battery temperature T and the target temperature
Tb is calculated as 295 - 300 = -5 °C. If the reference
proportionality coefficient Kp is +4, for example, then the
proportionality coefficient K is calculated as -5 x (+4) = -
20 MH/Hz.

According to a PID control scheme, as shown in FIG. 10,
a subtractor 62 calculates the difference AT between the
battery temperature T and the target temperature Tb, and a
PID calculator 66 multiplies the difference AT by a first
reference proportionality coefficient Kp, multiplies an
integral of the difference AT by a second reference
proportionality coefficient Ki, multiplies a derivative of
the difference AT by a third reference proportionality
coefficient Kd, and adds the calculated products to produce a
present proportionality coefficient K. The first reference
proportionality coefficient Kp, the second reference
proportionality coefficient Ki, and the third reference
proportionality coefficient Kd are preset based on
simulations, experiments, or the like, and are stored
together with information representing the reference
temperature Ta and the target temperature Tb in a memory (not
shown) of the second higher-level controller 44B.

If the additional charging and discharging electric
power output section 52 determines that the battery
temperature T is higher than the reference temperature Ta in
step S102 in FIG. 8, or if the additional charging and
discharging electric power output section 52 determines that

the SOC of the storage battery 20 does not fall within the
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reference range in step S103, then control proceeds to step
S105, during which the proportionality coefficient calculator
60 sets the proportionality coefficient K to 0 MW/Hz.

After step S104 or step S105, control proceeds to step
S106, during which the proportionality coefficient calculator
60 updates the proportionality coefficient K to a present

proportionality coefficient, which is to be used by the

additional charging and discharging electric power output

section 52 in order to calculate an additional charging and
discharging electric power value (the proportionality
coefficient calculated in step S104 or step S105).

After step S106, or if the period that has elapsed from
the previous proportionality coefficient updating time has
not reached the proportionality coefficient updating period
in step S101, control proceeds to step S107, during which the
additional charging and discharging electric power output
section 52 calculates an additional charging and discharging
electric power value based on the proportionality coefficient
K and the difference Af (= £ - fa) between the system
frequency £ and the reference frequency fa. Thereafter, in
step S108, the charging and discharging command output
section 54 calculates a command charging and discharging
electric power value D from the basic charging and
discharging electric power value and the additional charging
and discharging electric power value, and then outputs the
command charging and discharging electric power value D to
the PCS 42.

A process of calculating the basic charging and
discharging electric power value and the additional charging

and discharging electric power value will be described below
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with reference to FIG. 11. Variables Pa, Pl, etc., shown in
parentheses in FIG. 11 will be used with respect to a
process, which is carried out by the fifth higher-level
controller 44E, to be described later, of calculating the
basic charging and discharging electric power value and the
additional charging and discharging electric power value.

As shown in FIG. 11, a subtractor 68 calculates the
difference Af between the system frequency £ and the
reference frequency fa, and a multiplier 70 multiplies the
difference Af by the proportionality coefficient K calculated
by the proportionality coefficient calculator 60, thereby
producing an additional charging and discharging electric
power value K*Af. Then, an adder 72 adds the additional
charging and discharging electric power value K*Af to a basic
charging and discharging electric power value Dt, thereby
producing the command charging\and discharging electric power
value D. The system frequency f is supplied from the
frequency meter 48, which is combined with the bus bar 14,
and the reference frequency fa is read from the memory.
According to one example of numerical values, if the
difference Af between the system frequency f and the
reference frequency fa is -0.1 Hz (providing that the system
frequency £ < the reference frequency fa), the basic charging
and discharging electric power value Dt is 0, and the
proportionality coefficient K is -20 MW/Hz, then the
additional charging and discharging electric power value K°Af
is calculated as -0.1 Hz x -20 MW/Hz, and the command
charging and discharging electric power value D is calculated
as 0 + (-0.1 Hz x -20 MW/Hz) = +2 MW. A limiter 74 is

connected at a stage following the adder 72. The limiter 74
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serves to limit the command charging and discharging electric
power value D generated by the adder 72, so that the value
thereof will not exceed an allowable maximum output electric
power value of the storage battery 20. For example, if the
allowable maximum output electric power value of the storage
battery 20 is +1 MW and the command charging and discharging
electric power value D generated by the adder 72 is +2 MW,
then the limiter 74 limits the command charging and
discharging electric power value D to +1 MW. The command
charging and discharging electric power value D output from
the limiter 74 is output to the PCS 42 as the command
charging and discharging electric power value D.

If the proportionality coefficient K remains set at 0
through step S105 in FIG. 8, the charging and discharging
command output section 54 outputs the basic charging and
discharging electric power value Dt to the PCS 42 as the
command charging and discharging electric power value D.

In step S109, the second higher-level controller 44B
determines whether or not there is a system termination
request. If a system termination request is not present,
then control returns to step S101 and steps S101 through S109
are repeated. If there is a system termination request, then
the processing sequence of the second higher-level céntroller
44B is brought to an end.

The proportionality coefficient updating period
described above is defined as a period after the
proportionality coefficient K has been updated and until the
proportionality coefficient K is updated next, which is set
to a value ranging from 1 minute to 1 hour, for example.

During the proportionality coefficient updating period, the
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proportionality coefficient K remains constant. However, the
difference Af varies, so that the additional charging and
discharging electric power value varies. The period after
one command charging and discharging electric power value has
been output until a next command charging and discharging
electric power value is output is set to a value ranging from
1 to 4 seconds, for example.

As shown in FIG. 12, with the second higher-level
controller 44B, for example, the battery temperature T is
higher than the reference temperature Ta at the
proportionality coefficient updating time tl. Therefore, the
proportionality coefficient K is set to 0, and the additional
charging and discharging electric power value is set to 0 MW.
If the reference charging and discharging electric power
value is 0, then since the command charging and discharging
electric power value also is 0, the storage battery 20 is not
charged and discharged, and the battery temperature T
decreases. At the next proportionality coefficient updating
time t2, upon elapse of a proportionality coefficient
updating period Ca, the battery temperature T is lower than
the reference temperature Ta. Therefore, the proportionality
coefficient K is set to a value Ka depending on the
difference AT between the battery temperature T and the
target temperature Tb at the proportionality coefficient
updating time t2, and the additional charging and discharging
electric power value is set to a value that depends on the
proportionality coefficient Ka and the difference Af, and is
added to the basic charging and discharging electric power
value Dt, the sum thereof being sequentially output as the

command charging and discharging electric power value D. The
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PCS 42 charges and discharges the storage battery 20
according to the command charging and discharging electric
power value D, which is sequentially supplied to the PCS 42.
More specifically, when the system frequency f < the
reference frequency fa (i.e., the difference Af < 0 Hz), the
storage battery 20 is discharged in order to supply DC
electric power. The DC electric power is converted by the
DC-to-AC converter 46 into AC electric power, which is
supplied to the main line 16 through the third transformer
26c and the third circuit breaker 24c. When the system
frequency f > the reference frequency fa (i.e., the
difference Af > 0 Hz), the storage battery 20 is charged with
DC electric power, which is converted by the DC-to-AC
converter 46 from AC electric power that is supplied from the
main line 16 through the third circuit breaker 24c and the
third transformer 26c.

Since the proportionality coefficient K is set to the
value Ka, which is not 0, the storage battery 20 is charged
and discharged with the additional charging and discharging
electric power in addition to the basic charging and
discharging electric power. Consequently, the storage
battery 20 is supplied with additional thermal energy, which
is greater than if the proportionality coefficient K were set
to 0.

At the next proportionality coefficient updating time
t3, the battery temperature T is lower than the reference
temperature Ta. Therefore, the proportionality coefficient K
is set to a value»Kb depending on the difference AT between
the battery temperature T and the target temperature Tb, and

the command charging and discharging electric power value D
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is set to a value that depends on the proportionality
coefficient Kb and the difference Af, and is sequentially
output. Since the difference AT is of a value that is
smaller than the difference AT at time t2, the
proportionality coefficient Kb also is changed to a value
smaller than the proportionality coefficient Ka.
Consequently, the command charging and discharging electric
power value D also becomes of a correspondingly smaller
value.

According to the second embodiment, as shown in FIG. 13,
when the temperature T of the storage battery 20 becomes
lower than the reference temperature Ta, the storage battery
20 is charged and discharged in repeated charging and
discharging cycles, each having a continuous charging time
and a continuous discharging time and each ranging from about
several seconds to 1 hour, and the storage battery 20 outputs
an amount of electric power depending on the charging and
discharging cycles. Therefore, the storage battery 20 is
supplied with thermal energy so that the temperature T
thereof is kept in the vicinity of the target temperature Tb
(target temperature Tb t5 °C). Consequently, the heaters 38
of the storage battery 20 are not supplied with electric
power (heater electric power) except when the storage battery
20 is activated, and hence the system efficiency of the
electric power system 12 is increased. Further, since each
of the continuous charging time and the continuous
discharging time is short, ranging from several seconds to 1
hour, the SOC can be maintained substantially constant (e.g.,
in the vicinity of 80%).

In the series of charging and discharging cycles, the
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charging and discharging electric power from the storage
battery 20 is proportional to the difference Af betweén the
system frequency f and the reference frequency fa. Since the
charging and discharging electric power is supplied through
the third circuit breaker 24c to the main line 16, the
charging and discharging electric power is used as electric
power for mitigating variations in the system frequency f£f on
the bus bar 14. Stated otherwise, the charging and
discharging electric power contributes to stabilization of
the system frequency f. Furthermore, inasmuch as the
charging and discharging electric power (output electric
power) from the storage battery 20 depends on the
proportionality coefficient K, which is based on the
difference AT between the battery temperature T and the
target temperature Tb (i.e., the proportionality coefficient
is set according to a proportional control scheme or a PID
control scheme), the battery temperature T of the storage
battery 20 can converge efficiently to the target temperature
Tb.

In the present embodiment, the system frequency f is
obtained based on frequency information from the frequency
meter 48 combined with the bus.bar 14. Alternatively, the
system frequency f may be acquired from an electric power
company or a system administrator, or the difference Af
between the system frequency £ and the reference frequency fa
may be acquired.

In the present embodiment described above, the
additional application has been described as an application
for frequency adjustment. However, alternatively, if the

additional application is an application for adjusting
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electric power supplies with respect to electric power
demands, then the additional charging and discharging
electric power output section 52 may calculate the additional
charging and discharging electric power value based on the
proportionality coefficient K and a difference between the
generated electric power from the electric power system and a
demanded electric power, and then output the calculated
additional charging and discharging electric power value to
the charging and discharging command output section 54.

A higher-level controller according to a third
embodiment of the present invention (hereinafter referred to
as a "third higher-level controller 44C") is essentially of
the same configuration as the second higher-level controller
44B, but as shown in FIG. 14, differs therefrom with respect
to a portion of the process for calculating the command
charging and discharging electric power value D. Variables
Pa, Pl, etc., shown in parentheses in FIG. 14, will be used
with respect to a process, which is carried out by a later-
described sixth higher-level controller, of calculating the
command charging and discharging electric power value.

More specifically, the third higher-level controller 44C
according to the third embodiment differs from the second
higher-level controller 44B in that a subtractor 68 is used
for calculating the difference Af between the system
frequency £ and the reference frequency fa, and a high-pass
filter 76 is used for extracting a change in a high-frequency
component from time-dependent changes in the difference Af.
The high-pass filter 76 then supplies the extracted changes
to a multiplier 70 at a subsequent stage. The high-pass

filter 76 generates an output signal AfH, the absolute value
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of which is greater when changes in the difference Af are
larger, and smaller when changes in the difference Af are
smaller.

For example, as shown in FIG. 15, time-dependent changes
in the difference Af include a low-frequency component AfL
and a high-frequency component AfH. The low-frequency
component AfL remains positive or negative over a prolonged
period, which is at least one half of one proportionality
coefficient updating period Ca. Therefore, if a command
charging and discharging electric power value D is calculated
based on the difference Af, the storage battery 20 is
continuously charged or discharged only over the prolonged
period, and hence the SOC thereof tends to vary
significantly. On the other hand, the high-frequency
component AfH tends to undergo a positive-to-negative shift
or a negative-to-positive shift within a short period. As
shown in FIG. 16, the high-pass filter 76 extracts only the
high-frequency component AfH, and the third higher-level
controller 44C calculates a command charging and discharging
electric power value D based on the high-frequency component
AfH. Thus, the storage battery 20 is alternately charged and
discharged in short periods, and the SOC thereof prevented
from varying. A difference other than the high-frequency
component AfH, i.e., the low-frequency component AfL, is not
extracted by the high-pass filter 76. The high-pass filter
76 preferably has a cut-off frequency of 1/3600 Hz, for
example, for mitigating variations in the SOC.

According to the third embodiment, only discharging
electric power (positive electric power) and charging

electric power (negative electric power), which are based on
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the high-frequency component AfH, are supplied to the main
line 16 through the DC-to-AC converter 46, the third
transformer 26c, and the third circuit breaker 24c for
thereby contributing to stabilization of the system frequency
f.

A higher-level controller according to a fourth
embodiment of the present invention (hereinafter referred to
as a "fourth higher-level controller 44D") is essentially of
the same configuration as the second higher-level controller
44B (see FIG. 7), but differs therefrom in that an upper-
limit temperature Tmaxl and a proportionality coefficient Km
(where Km is a value of 1 or greater) are used.

A processing sequence of the fourth higher-level
controller 44D will be described below with reference to the
flowchart shown in FIG. 17.

As shown in FIG. 17, the processing sequence in steps
S201 through S206 is the same as the processing sequence
(steps S101 through S106 shown in FIG. 8) of the above-
described second higher-level controller 44B, and will not be
described in detail below.

After step S206, or if the period that has elapsed from
the previous proportionality coefficient updating time has
not reached the proportionality coefficient updating period
in step S201, control proceeds to step S207, during which the
additional charging and discharging electric power output
section 52 calculates an additional charging and discharging
electric power value. As described above, with the second
higher-level controller 44B, as shown in FIG. 11, the
proportionality coefficient K is multiplied by the difference

Af, to thereby calculate an additional charging and
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discharging electric power value. However, with the fourth
higher-level controller 44D, instead of the proportionality
coefficient K, a proportionality coefficient (Km x K), is
multiplied by the difference Af, to thereby calculate an
additional charging and discharging electric power value.

Thereafter, in step S208, the charging and discharging
command output section 54 determines whether or not the
battery temperature is equal to or lower than the upper-limit
temperature Tmaxl. If the battery temperature is equal to or
lower than the upper-limit temperature Tmaxl, then control
proceeds to step S209, during which the charging and
discharging cbmmand output section 54 calculates a command
charging and discharging electric power value D from the
basic charging and discharging electric power value and the
additional charging and discharging electric power wvalue, and
then outputs the command charging and discharging electric
power value D to the PCS 42. If the battery temperature is
determined to be higher than the upper-1limit temperature
Tmaxl, then control proceeds to step S210, during which the
charging and discharging command output section 54 sets the
additional charging and discharging electric power value to
0, calculates a command charging and discharging electric
power value D, and then outputs the calculated charging and
discharging electric power value D to the PCS 42.

After step S209 or step S210, control proceeds to step
S211, during which the fourth higher-level controller 44D
determines whether or not there is a system termination
request. If a system termination request is not present,
then control returns to step S201 and steps S201 through S211

are repeated. If there is a system termination request, then
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the processing sequence of the fourth higher-level controller
44D is brought to an end.

Since the fourth higher-level controller 44D uses the
proportionality coefficient (Km x K) instead of the
proportionality coefficient K, as shown in FIG. 18, the
additional charging and discharging electric power value is
greéter than the case of the second higher-level controller
44B, and hence the command charging and discharging electric
power value D is significantly greater, resulting in a higher
rate at which the temperature of the storage battery 20
rises. The processing sequence in steps S208 through S210 is
performed in order to add additional charging and discharging
electric power other than 0, intermittently rather than
continuously, thereby keeping the storage battery 20 at a
temperature that is suitable for charging and discharging,
i.e., a temperature close to the target temperature Tb.

Normally, the difference Af between the system frequency
f and the reference frequency fa becomes greater within a
time zone of larger load variations, and within a time zone
during which the capacity of an electric generator, which is
capable of changing the generated electric power for
frequency adjustment, is smaller. Further, the difference Af
between the system frequency £ and the reference frequency fa
becomes smaller within a time zone of smaller load
variations, and within a time zone during which the capacity
of an electric generator, which is capable of changing the
generated electric power for frequency adjustment, is larger.

Since the fourth higher-level controller 44D is capable
of intermittently adding additional charging and discharging

electric power, the fourth higher-level controller 44D can
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contribute effectively to stabilization of the system
frequency £, and can keep the storage battery 20 at a
temperature that is suitable for charging and discharging, by
making the additional charging and discharging electric power
value greater within time zones during which the difference
Af between the system frequency £ and the reference frequency
fa is large.

The difference between generated electric power and
planned electric power of a natural-energy-based electric
generating apparatus becomes larger for solar power
generation within a time zone during which the difference
between a predicted amount of solar radiation and an actual
amount of solar radiation is larger, and for wind farm power
generation within a time zone during which a predicted value
of wind power and an actual value of wind power is larger.
Further, the difference becomes smaller for solar power
generation within a time zone during which the difference
between a predicted amount of solar radiation and an actual
amount of solar radiation is smaller, and for wind farm power
generation within a time zone during which a predicted value
of wind power and an actual value of wind power is smaller.

Since the fourth higher-level controller 44D is capable
of intermittently adding additional charging and discharging
electric power, the fourth higher-level controller 44D can
contribute effectively to stabilization of the system
frequency f£, and can keep the storage battery 20 at a
temperature that is suitable for charging and discharging, by
making the additional charging and discharging electric power
value greater within time zones during which the difference

between generated electric power and planned electric power
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of natural-energy-based electric generating apparatus is
larger.

As shown in FIG. 19, the electric power system 12, which
incorporates therein the electric power control system 10,
may include a first linkage electric power generating system
102A to which a plurality of natural-energy-based electric
generating systems (e.g., wind farm power generation systems,
hereinafter referred to as "first electric power generation
systems 100A") are connected. The first linkage electric
power generating system 102A is connected to the bus bar 14
through a fourth circuit breaker 244. A

Each of the first electric power generation systems 100A
is connected to a first branch line 104A through a circuit
breaker (not shown), and includes a wind farm electric
generator 106 and a transformer 108. The first branch line
104A is connected to the main line 16 through the fourth
circuit breaker 24d. Output electric power (generated
electric power) from the first linkage electric power
generating system 102A is supplied to the bus bar 14 through
the fourth circuit breaker 24d. The first linkage electric
power generating system 102A has an output terminal connected
to a first electric power sensor 110A, which measures the
output electric power Pl from the first linkage electric
power generating system 102A.

A higher-level controller according to a fifth
embodiment of the present invention (hereinafter referred to
as a "fifth higher-level controller 44E") is applied to the
electric power system 12, which includes the first linkage
electric power generating system 102A. Basic applications of

the fifth embodiment include, for example, an application as
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an electric power source for use in the event of a power
outage, as well as an application for load leveling.
Additional applications of the fifth embodiment include an
application for natural energy smoothing for used in wind
farm power generation, for example. Electric power for
mitigating variations in output power Pl from the first
linkage electric power generating system 102A is used as
additional charging and discharging electric power, in order
to supply thermal energy to the storage battery 20 for
keeping the storage battery 20 at a temperature in the
vicinity of the target temperature Tb (target temperature Tb
5 °C).

More specifically, the fifth higher-level controller 44E
is essentially of the same configuration as the second
higher-level controller 44B. As shown in FIG. 20, the fifth
higher-level controller 44E includes the basic charging and
discharging electric power output section 50, the additional
charging and discharging electric power output section 52,
and the charging and discharging command output section 54,
which have been described above, as well as an electric power
value acquiring section 112 for acquiring the electric power
value Pl of the first linkage electric power generating
system 102A through the first electric power sensor 110A.

A processing sequence of the fifth higher-level
controller 44E will be described below with reference to the
flowchart shown in FIG. 8.

v In step S101 shown in FIG. 8, the additional charging
and discharging electric power output section 52 determines
whether or not the period that has elapsed from the previous

time at which the proportionality coefficient was updated
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(previous proportionality coefficient updating time) has
reached a preset period for updating the proportionality
coefficient (proportionality coefficient updating period).
If control passes through step S101 for the first time after
the fifth higher-level controller 44E has been activated, or
if the period that has elapsed from the previous
proportionality coefficient updating time has reached the
proportionality coefficient updating period, then control
proceeds to step S102, during which the additional charging
and discharging electric power output section 52 determines
whether or not the battery temperature T is equal to or lower
than the reference temperature Ta. If the battery
temperature T is equal to or lower than the reference
temperature Ta, then control proceeds to step S103, during
which the additional charging and discharging electric power
output section 52 determines whether or not the SOC of the
storage battery 20 falls within the reference range. If the
SOC of the storage battery 20 falls within the reference
range, then control proceeds to step S104, during which the
proportionality coefficient calculator 60 calculates the
proportionality coefficient K based on the difference AT
between the battery temperature T and the target temperature
Tb. The process of calculating the proportionality
coefficient K has been described above (see FIGS. 9 and 10),
and will not be described below.

If the additional charging and discharging electric
power output section 52 determines that the battery
temperature T is higher than the reference temperature Ta in
step S102, or if the additional charging and discharging

electric power output section 52 determines that the SOC of
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the storage battery 20 does not fall within the reference
range in step S103, then control proceeds to step S105,
during which the proportionality coefficient calculator 60
sets the proportionality coefficient K to 0 MW/Hz.

After step S104 or step S105, control proceeds to step
S106, during which the proportionality coefficient calculator
60 updates the proportionality coefficient K, which is used
by the additional charging and discharging electric power
output section 52 to calculate the additional charging and
discharging electric power value, to a present
proportionality coefficient (i.e., the proportionality
coefficient calculated in step S104 or step S105).

After step S106, or if the period that has elapsed from
the previous proportionality coefficient updating time has
not reached the proportionality coefficient updating period
in step S101, control returns to step S107, during which the
additional charging and discharging electric power output
section 52 calculates an additional charging and discharging
electric power value based on the proportionality coefficient
K and the difference AP (differential signal) between an
output electric power value Pl and a planned output electric
power value Pa of the first linkage electric power generating
system 102A. Thereafter, in step S108, the charging and
discharging command output section 54 calculates a command
charging and discharging electric power value D from the
basic charging and discharging electric power value and the
additional charging and discharging electric power value, and
then outputs the command charging and discharging electric
power value D to the PCS 42.

The additional charging and discharging electric power
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value and the command charging and discharging electric power
value D are calculated in the following manner. As shown in
parentheses in FIG. 11, the subtractor 68 calculates the
difference AP between the output electric power value Pl and
the planned output electric power value Pa of the first
linkage electric power generating system 102A, and the
multiplier 70 multiplies the difference AP by the
proportionality coefficient K calculated by the
proportionality coefficient calculator 60, thereby producing
an additional charging and discharging electric power value
K*AP. The adder 72 adds the additional charging and
discharging electric power value K°AP to the basic charging
and discharging electric power value Dt, and the sum thereof
is processed by the limiter 74 into the command charging and
discharging electric power value D. The command charging and
discharging electric power value D is output to the PCS 42.
Alternatively, as indicated in parentheses in FIG. 14, the
subtractor 68 calculates the difference AP between the output
electric power value Pl and the planned output electric power
value Pa of the first linkage electridcpower generating
system 102A, and the high-pass filter 76 extracts a high-
frequency component APH from the difference AP. The
multiplier 70 multiplies the high-frequency component APH by
the proportionality coefficient K calculated by the
proportionality coefficient calculator 60, thereby producing
an additional charging and discharging electric power value
K*APH. The adder 72 adds the additional charging and
discharging electric power value K*‘APH to the basic charging
and discharging electrié power value Dt, and the sum thereof

is processed by the limiter 74 into the command charging and
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discharging electric power value D. The command charging and
discharging electric power value D is output to the PCS 42.
If the proportionality coefficient K remains set to 0 through
step S105 of FIG. 8, then the charging and discharging
command output section 54 outputs the basic charging and
discharging electric power value Dt to the PCS 42 as the
command charging and discharging electric power value D. 1In
step S109, the fifth higher-level controller 44E determines
whether or not there is a system termination request. If a
system termination request is not present, then control
returns to step S101 and steps S101 through S109 are
repeated. If there is a system termination request, the
processing sequence of the fifth higher-level controller 44E
is brought to an end.

As shown in FIG. 21, with the fifth higher-level
controller 44E, for example, at one proportionality
coefficient updating time tl1l, the battery temperature T is
higher than the reference temperature Ta. Therefore, the
proportionality coefficient K is set to 0, and the additional
charging and discharging electric power value is set to 0 MW.
If the reference charging and discharging electric power
value is 0, then since the command charging and discharging
electric power value also is 0, the storage battery 20 is not
charged and discharged, and the battery temperature T drops.
At the next proportionality coefficient updating time t2, the
battery temperature T becomes lower than the reference
temperature Ta. Therefore, the proportionality coefficient K
is set to a value Ka that depends on the difference AT
between the battery temperature T and the target temperature

Tb at the proportionality coefficient updating time t2. The
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additional charging and discharging electric power value is
set to a value that depends on the proportionality
coefficient Ka and the difference AP, and is added to the
basic charging and discharging electric power value Dt, the
sum thereof being sequentially output as the command charging
and discharging electric power wvalue D. The PCS 42 charges
and discharges the storage battery 20 according to the
command charging and discharging electric power value D,
which is sequentially supplied to the PCS 42. More
specifically, when the output electric power Pl of the first
linkage electric power generating system 102A < the planned
output electric power Pa, the storage battery 20 is
discharged in order to supply the DC electric power, which
first is converted by the DC-to-AC converter 46 into AC
electric power, and then is supplied to the main line 16.
When the output electric power Pl of the first linkage
electric power generating system 102A > the planned output
electric power Pa, the storage battery 20 is charged with DC
electric power, which is converted by the DC-to-AC converter
46 from the AC electric power that is supplied from the main
line 16.

At the next proportionality coefficient updating time
t3, since the battery temperature T is lower than the
reference temperature Ta, the proportionality coefficient K
is set to a value Kb that depends on the difference AT
between the battery temperature T and the target temperature
Tb, and the command charging and discharging electric power
value D is set to a value that depends on the proportionality
coefficient Kb and the difference AP, and the set values are

sequentially output. Since the difference AT is of a value
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smaller than the difference AT at time t2, the

proportionality coefficient Kb also is changed to a value

smaller than the proportionality coefficient Ka.

Consequently, the command charging and discharging electric
5 power value D also becomes correspondingly smaller.

During a series of charging and discharging cycles, the
charging and discharging electric power from the storage
battery 20 is proportional to the difference AP between the
output electric power value Pl and the blanned output

10 electric power value Pa of the first linkage electric power
generating system 102A, and acts to mitigate variations in
the output electric power value Pl of the first linkage
electric power generating system 102A with respect to the
planned output electric power value Pa. In other words,

15 during the series of charging and discharging cycles, the
charging and discharging electric power from the storage
battery 20 is used as electric power to mitigate variations
in the output electric power value Pl of the first linkage
electric power generating system 102A, and contributes to

20 stabilization of the output power from the first linkage
electric power generating system 102A. Inasmuch as the
charging and discharging electric power from the stdrage
battery 20 also depends on the proportionality coefficient K,
which is based on the difference AT between the battery

25 temperature T and the target temperature Tb (i.e., a
proportionality coefficient according to a proportional
control scheme or a PID control scheme), the battery
temperature T of the storage battery 20 can converge
efficiently to the target temperature Tb.

30 As shown in FIG. 14, the high-pass filter 76 extracts
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only the high-frequency component AfH, and the fifth higher-
level controller 44E calculates an additional charging and
discharging electric power value and a command charging and
discharging electric power value D based on the high-
frequency component AfH. Thus, the storage battery 20 is
alternately charged and discharged in short periods, and the
SOC thereof is prevented from varying.

Since the above charging and discharging electric power
in the additional application is used instead of the heater
38, the storage battery 20 is not continuously supplied with
electric power (the additional charging and discharging
electric power) in the additional application. However,
since the charging and discharging electric power in the
additional application fulfills a role (i.e;, natural energy
smoothing) in the additional application, thereby
contributing to stabilization of the system frequency,
advantages are provided, including prevention of wear and
damage to the turbine of a thermal power plant in the
electric power system, reductions in the total facility
capacities such as electric generators and the storage
battery 20 in the electric power system, and quick
adjustments due to the ability to change the output power of
the storage battery 20 at high speeds, etc.

As shown in FIG. 22, the electric power system 12, which
incorporates therein the electric power control system 10,
may include a second linkage electric power generating system
102B to which a plurality of natural-energy-based electric
generating systems (e.g., solar power dgeneration systems,
hereinafter referred to as "second electric power generation

systems 100B") are connected. The second linkage electric
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power generating system 102B is connected to the bus bar 14
through a fifth circuit breaker 24e. A second electric power
sensor 110B, which measures the output electric power P2 from
the second linkage electric power generating system 102B, is
connected to the output terminal of the second linkage
electric power geherating system 102B. Other circuit
components and connections of the electric power system 12
having the second linkage electric power generating system
102B are essentially identical to those of the electric power
system 12 having the first linkage electric power generating
system 102A.

The second linkage electric power generating system 102B
operates within a limited time zone for generating electric
power, because the second linkage electric power generating
system 102B depends on solar radiation for electric power
generation. For example, the second linkage electric power
generating system 102B generates electric power from 8
o'clock to 16 o'clock, and generates substantially no
electric power from 16 o'clock to 8 o'clock of the following
day.

A higher-level controller according to a sixth
embodiment of the present invention (hereinafter referred to
as a "sixth higher-level controller 44F") is applied to the
electric power system 12, which includes the second linkage
electric power generating system 102B. Basic applications of
the sixth embodiment include, for example, an application as
an electric power source for natural energy smoothing, and
additional applications of the sixth embodiment include an
application for frequency adjustment as well as an

application for adjusting electric power supplies with
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respect to electric power demands.

More specifically, according to the sixth embodiment,
the electric power for mitigating variations in the output
electric power P2 of the second linkage electric power
generating system 102B is output as the basic charging and
discharging electric power. If the battery temperature T is
lower than the reference temperature Ta when the output
electric power P2 undergoes small variations (e.g., within a
time zone in which it is cloudy throughout the sky) or when
the output electric power P2 is nil (e.g., at night), then
the sixth higher-level controller 44F operates to minimize
variations in the system frequency f, similar to the case of
the second higher-level controller 44B and the third higher-
level controller 44C, thereby supplying thermal energy to the
storage battery 20 in order to keep the battery temperature T
in the vicinity of the target temperature Tb (target
temperature Tb +5 °C).

A processing sequence of the sixth higher-level
controller 44F will be described below with reference to the
flowcharts shown in FIG. 8 and FIG. 23.

As the second linkage electric power generating system
102B generates electric power from 8 o'clock to 16 o'clock,
for example, the basic charging and discharging electric
power output section 50 outputs basic charging and
discharging electric power for absorbing or mitigating
variations in the electric power generated by the second
linkage electric power generating system 102B. At this time,
since the battery temperature T is higher than the reference
temperature Ta as shown in FIG. 23, the proportionality

coefficient K is set to 0 MW/Hz in step S105 of FIG. 8.
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Further, at this time, the additional charging and
discharging electric power value becomes 0, and the charging
and discharging command output section 54 outputs the basic
charging and discharging electric power value as the command
charging and discharging electric power value. As a result,
the output electric power P from the storage battery 20
absorbs or mitigates variations in the electric power P2
generated by the second linkage electric power generating
system 102B, thereby smoothing the generated electric power
P2 to result in the planned output electric power Pa.

As variations in the electric power P2 generated by the
second linkage electric power generating system 102B are
reduced, the battery temperature T gradually drops. When the
battery temperature T becomes equal to or lower than the
reference temperature Ta, the processing sequence of step
S103 and subsequent steps shown in FIG. 8 are carried out.

As shown in FIG. 23, in the evening, after mitigation of
variations in the electric power P2 generated by the second
linkage electric power generating system 102B is finished,
the sixth higher-level controller 44F controls the storage
battery 20 in order to generate charging and discharging
electric power, which is proportional to the difference Af
between the system frequency f and the reference frequency
fa. Therefore, the temperature of the storage battery 20 is
prevented from being lowered significantly at night, and the
SOC of the storage battery 20 also is prevented from varying
at night. Since the generated charging and discharging
electric power is supplied to the main line 16 through the
third circuit breaker 24c, the charging and discharging

electric power is used as electric power to minimize
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variations in the system frequency f on the bus bar 14 and
the main line 16, i.e., to contribute to stabilization of the
system frequency f. Furthermore, inasmuch as the charging
and discharging electric power generated by the storage
battery 20 depends on the proportionality coefficient K,
which is based on the difference AT between the battery
temperature T and the target temperature Tb (i.e., a
proportionality coefficient according to a proportional
control scheme or a PID control scheme), the battery
temperature T of the storage battery 20 can converge
efficiently to the target temperature Tb.

As shown in FIG. 24, the electric power system 12 may
include both the first linkage electric power generating
system 102A as well as the second linkage electric power
generating system 102B described above.

A higher-level controller according to a seventh
embodiment of the present invention (hereinafter referred to
as a "seventh higher-level controller 44G") is applied to the
electric power system 12, which includes both the first
linkage electric power generating system 102A and the second
linkage electric power generating system 102B. Basic
applications of the seventh embodiment include, for example,
an application as an electric power source for natural energy
(solar power generation) smoothing, and additional
applications of the seventh embodiment include an application
for natural energy (wind farm power generation) smoothing.

The seventh higher-level controller 44G, which is
essentially of the same configuration as the fifth higher-
level controller 44E, uses electric power for mitigating

variations in the output electric power P2 of the second
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linkage electric power generating system 102B as basic
charging and discharging electric power. The seventh higher-
level controller 44G also uses electric power for mitigating
variations in the output electric power Pl of the fifst
linkage electric power generating system 102A as additional
charging and discharging electric power, for thereby
supplying the storage battery 20 with thermal energy in order
to keep the storage battery 20 at a temperature in the
vicinity of the target temperature Tb (target temperature Tb
+5 °C).

A processing sequence of the seventh higher-level
controller 44G will be described below with reference to the
flowcharts shown in FIG. 8 and FIG. 23.

As the second linkage electric power generating system
102B generates electric power from 8 o'clock to 16 o'clock,
for example, the basic charging and discharging electric
power output section 50 outputs basic charging and
discharging electric power, for thereby absorbing or
mitigating variations in the electric power generated by the
second linkage electric power generating system 102B. At
this time, as shown in FIG. 23, since the battery temperature
T is higher than the reference temperature Ta, in step S105
of FIG. 8, the proportionality coefficient K to is set to 0
MW/Hz. Further, at this time, the additional charging and
discharging electric power value becomes 0, and the charging
and discharging command output section 54 outputs the basic
charging and discharging electric power value as the command
charging and discharging electric power value. As a result,
the output electric power P from the storage battery 20

absorbs or mitigates variations in the electric power P2
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generated by the second linkage electric power generating

system 102B, thereby smoothing the generated electric power

P2 to result in the planned output electric power Pa.

When the electric power P2 generated by the second
linkage electric power generating system 102B becomes roughly
0, the battery temperature T gradually drops. When the
battery temperature T becomes equal to or lower than the
reference temperature Ta, the processing sequence of step
S103 and subsequent steps shown in FIG. 8 are carried out.

As shown in FIG. 23, in the evening, after mitigation of
variations in the electric power P2 generated by the second
linkage electric power generating system 102B is finished,
the seventh higher-level controller 44G controls the storage
battery 20 to generate charging and discharging electric
power based on the difference AP between the output electric
power value Pl and the planned electric power value Pa of the
first linkage electric power generating system 102A, similar
to the case of the fifth higher-level controller 44E.
Therefore, the temperature of the storage battery 20 is
prevented from becoming lowered Significantly at night, and
the SOC of the storage battery 20 also is prevented from
varying at night. Since the generated charging and
discharging electric power is supplied to the main line 16
through the third circuit breaker 24c, the generated charging
and discharging electric power is used as electric power to
mitigate variations in the output electric power Pl of the_
first linkage electric power generating system 102A with
respect to the planned electric power Pl. Furthermore,
inasmuch as the charging and discharging electric power

generated by the storage battery 20 depends on the
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proportionality coefficient K, which is based on the
difference AT between the battery temperature T and the
target temperature Tb (i.e., a proportionality coefficient
determined according to a proportional control scheme or a
PID control scheme), the battery temperature T of the storage
battery 20 can converge efficiently to the target temperature
Tb.

In the sixth and seventh embodiments, the basic
applications include an application for natural energy (solar
power generation) smoothing. However, such basic
applications may also include an application for smoothing
other natural energy sources, such as wind farm power
generation.

Certain modifications of the electric power control
system 10 will be described below. The first through seventh
higher-level controllers 44A through 44G will also be
referred to collectively as a "higher-level controller 44".

The higher-level controller 44 may be installed
independently of the PCS 42, or may be incorporated in the
PCS 42. Alternatively, the higher-level controller 44 may be
incorporated in a management apparatus, which is of a higher
level than the higher-level controller 44, or may be
incorporated in the battery controller 32.

Also, partial function of the higher-level controller 44
may be incorporated in the PCS 42. Alternatively, partial
function of the higher-level controller 44 may be
incorporated in a management apparatus, which is of a higher
level than the higher-level controller 44, or may be
incorporated in the battery controller 32.

The electric power systems according to the embodiments
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of the present invention are effective for use as an electric
power source for use in case of a power outage. However,
such electric power systems may also be used to smooth the
output electric power of a natural energy power generation
system, to level loads, etc.

In the above embodiments, the difference Af is processed
by the high-pass filter 76 in order to extract a high-
frequency component AfH. However, the difference Af may be
processed by a first-order lag filtering process in order to
produce a low-frequency component AfL, which may be
subtracted from the difference Af in order to extract a high-
frequency component AfH.

The functions of the first through seventh higher-level
controllers 44A through 44G may be realized by a computer
having a CPU and a memory, which execute a control program,
or such functions may be realized by hardware devices.

The method of controlling a storage battery, the
apparatus for controlling a storage battery, and the elect;ic
power control system according to the present invention are
not limited to the above embodiments, but various changes and
modifications may be made to the embodiments without
departing from the scope of the invention as set forth in the

appended claims.
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CLAIMS

Claim 1. A method of controlling a high-temperature
storage battery (20) connected to an electric power system
(12), comprising the steps of:

when the temperature of the storage battery (20) is
equal to or lower than a reference temperature, charging and
discharging the storage battery (20) with charging and
discharging electric power, which is the sum of charging and
discharging electric power based on a preset process of
operating the storage battery and charging and discharging
electric power corresponding to charging and discharging
cycles each of a continuous charging time of 1 hour or
shorter and a continuous discharging time of 1 hour or
shorter, for thereby supplying thermal energy to the storage

battery (20).

Claim 2. The method according to claim 1, wherein
charging and discharging electric power from the storage
battery (20) in the charging and discharging cycles comprises
charging and discharging electric power based on a
differential signal, the differential signal being based on a
difference between the frequency of the electric power system

(12) and a reference frequency.

Claim 3. The method according to claim 1, wherein
charging and discharging electric power from the storage
battery (20) in the charging and discharging cycles comprises
charging and discharging electric power based on a

differential signal, the differential signal being based on a
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difference between electric power generated by the electric
power system (12) and electric power demands for the electric

power system (12).

Claim 4. The method according to claim 1, wherein
charging and discharging electric power from the storage
battery (20) in the charging and discharging cycles comprises
charging and discharging electric power based on a
differential signal, the differential signal being based on a
difference between electric power generated by a natural-
energy-based electric generating apparatus connected to the
electric power system (12) and planned output electric power

therefor.

Claim 5. The method according to any one of claims 2
through 4, wherein charging and discharging electric power
from the storage battery (20) in the charging and discharging
cycles comprises charging and discharging electric power
based on a high-frequency component of the differential

signal.

Claim 6. The method according to claim 5, wherein the
high-frequency component is extracted by a high-pass filter

(76) having a cut-off frequency of 1/3600 Hz or lower.

Claim 7. The method according to any one of claimé 1
through 6, wherein the amount of thermal energy supplied to
the storage battery (20) in the charging and discharging
cycles is adjusted by increasing and reducing an average

amplitude of the charging and discharging electric power.
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Claim 8. The method according to any one of claims 1
through 6, wherein the amount of thermal energy supplied to
the storage battery (20) in the charging and discharging
cycles is adjusted by increasing and reducing the ratio of a
time during which the charging and discharging cycles are
performed to a time during which the charging and discharging
cycles are not performed, within a time zone in which the

storage battery (20) is in a standby state.

Claim 9. The method according to any one of claims 1
through 8, wherein a target temperature Tb to be achieved by
the storage battery (20) by charging and discharging the
storage battery (20) with the sum of the charging and
discharging electric power based on the preset process of
operating the storage battery and the charging and
discharging electric power corresponding to the charging and
discharging cycles, and a target temperature Tc to be
achieved by the storage battery (20) by controlling a heater

(38) thereof, are set to satisfy the relationship Tb > Tc.

Claim 10. The method according to any one of claims 1
through 9, wherein a preset temperature is established as an
upper-limit temperature at which the storage battery (20) is
allowed to be charged and discharged, and when the
temperature of the storage battery (20) becomes equal to or
higher than the preset temperature, the storage battery (20)
is not charged and discharged with the sum of the charging
and discharging electric power based on the preset process of

operating the storage battery and the charging and
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discharging electric power corresponding to the charging and

discharging cycles.

Claim 11. The apparatus for controlling a storage
battery with the method according to any one of claims 1

through 10.

Claim 12. The electric power control system
incorporating therein the apparatus according to claim 11,
wherein the frequency of the electric power system (12) is
input to the apparatus from a frequency meter (48), which is

combined with the electric power system (12).

Claim 13. The electric power control system
incorporating therein the apparatus according to claim 11,
wherein the frequency of the electric power system (12) or
the difference between the frequency of the electric power
system (12) and a reference frequency is input to the
apparatus from an electric power company or a system

administrator.

Claim 14. The electric power control system
incorporating therein the apparatus according to claim 11,
wherein the preset process of operating the storage battery
comprises a process of supplying electric power from the
storage battery (20) to a load within a time zone in which

the electric power system (12) experiences a power outage.

Claim 15. The electric power control system

incorporating therein the apparatus according to claim 11,
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wherein the preset process of operating the storage battery

comprises a process of leveling loads.

Claim 16. The electric power control system
incorporating therein the apparatus according to claim 11,
wherein the preset process of operating the storage battery
comprises a process of smoothing natural-energy-based

electric power.
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AMENDED CLAIMS
received by the International Bureau on 01 February 2013 (01.02.2013)

Claim 1. (Amended) A method of controlling a high-
temperature storage battery (20) connected to an electric
power system (12) and, at least on boot, supplied with
thermal energy by electric power supply to a heater,
comprising the steps of:

when the temperature of the storage battery (20) is
equal to or lower than a reference temperature after booting,
charging and discharging the storage battery (20) with
charging and discharging electric power, which is the sum of
charging and discharging electric power based on a preset
process of operating the storage battery and charging and
discharging electric power corresponding to charging and
discharging cycles each of a continuous charging time of 1
hour or shorter and a continuous discharging time of 1 hour
or shorter, for thereby supplying thermal energy to the
storage battery (20) in priority to the electric power supply

to the heater.

Claim 2. The method according to claim 1, wherein
charging and discharging electric power from the storage
battery (20) in the charging and discharging cycles comprises
charging and discharging electric power based on a
differential signal, the differential signal being based on a
difference between the frequency of the electric power system

(12) and a reference frequency.

Claim 3. The method according to claim 1, wherein

charging and discharging electric power from the storage

AMENDED SHEET (ARTICLE 19)



10

15

20

25

30

WO 2013/027638 PCT/JP2012/070716
69

battery (20) in the charging and discharging cycles comprises
charging and discharging electric power based on a
differential signal, the differential signal being based on a
difference between electric power generated by the electric
power system (12) and electric power demands for the electric

power system (12).

Claim 4. The method according to claim 1, wherein
charging and discharging electric power from the storage
battery (20) in the charging and discharging cycles comprises
charging and discharging electric power based on a
differential signal, the differential signal being based on a
difference between electric power generated by a natural-
energy-based electric generating apparatus connected to the
electric power system (12) and planned output electric power

therefor.

Claim 5. The method according to any one of claims 2
through 4, wherein charging and discharging electric power
from the storage battery (20) in the charging and discharging
cycles comprises charging and discharging electric power
based on a high-frequency component of the differential

signal.

Claim 6. The method according to claim 5, wherein the
high-frequency component is extracted by a high-pass filter

(76) having a cut-off frequency of 1/3600 Hz or lower.

Claim 7. The method according to any one of claims 1

through 6, wherein the amount of thermal energy supplied to

AMENDED SHEET (ARTICLE 19)
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the storage battery (20) in the charging and discharging
cycles is adjusted by increasing and reducing an average

amplitude of the charging and discharging electric power.

Claim 8. The method according to any one of claims 1
through 6, wherein the amount of thermal energy supplied to
the storage battery (20) in the charging and discharging
cycles is adjusted by increasing and reducing the ratio of a
time during which the charging and discharging cycles are
performed to a time during which the charging and discharging
cycles are not performed, within a time zone in which the

storage battery (20) is in a standby state.

Claim 9. The method according to any one of claims 1
through 8, wherein a target temperature Tb to be achieved by
the storage battery (20) by charging and discharging the
storage battery (20) with the sum of the charging and
discharging electric power based on the preset process of
operating the storage battery and the charging and
discharging electric power corresponding to the charging and
discharging cycles, and a target temperature Tc to be
achieved by the storage battery (20) by controlling a heater

(38) thereof, are set to satisfy the relationship Tb > Tc.

Claim 10. The method according to any one of claims 1
through 9, wherein a preset temperature is established as an
upper-limit temperature at which the storage battery (20) is
allowed to be charged and discharged, and when the
temperature of the storage battery (20) becomes equal to or

higher than the preset temperature, the storage battery (20)

AMENDED SHEET (ARTICLE 19)
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is not charged and discharged with the sum of the charging
and discharging electric power based on the preset process of
operating the storage battery and the charging and

discharging electric power corresponding to the charging and

discharging cycles.

Claim 11. The apparatus for controlling a storage
battery with the method according to any one of claims 1

through 10.

Claim 12. The electric power control system
incorporating therein the apparatus according to claim 11,
wherein the frequency of the electric power system (12) is
input to the apparatus from a frequency meter (48), which is

combined with the electric power system (12).

Claim 13. The electric power control system
incorporating therein the apparatus according to claim 11,
wherein the frequency of the electric power system (12) or
the difference between the frequency of the electric power
system (12) and a reference frequency is input to the
apparatus from an electric power company or a system

administrator.

Claim 14. The electric power control system
incorporating therein the apparatus according to claim 11,
wherein the preset process of operating the storage battery
comprises a process of supplying electric power from the
storage battery (20) to a load within a time zone in which

the electric power system (12) experiences a power outage.

AMENDED SHEET (ARTICLE 19)
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Claim 15. The electric power control system
incorporating therein the apparatus according to claim 11,
wherein the preset process of operating the storage battery

comprises a process of leveling loads.

Claim 16. The electric power control system
incorporating therein the apparatus according to claim 11,
wherein the preset process of operating the storage battery
comprises a process of smoothing natural-energy-based

electric power.

AMENDED SHEET (ARTICLE 19)
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FIG. 21
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FIG. 25
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FIG. 26
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