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(54) BACK-UP POWER SUPPLY SYSTEM AND BACK-UP BATTERY RACK FOR DATA CENTER

(57) A data center includes a server rack and a
back-up battery rack. The back-up battery rack includes
a plurality of battery modules, each of which has com-
pleted a primary usage as an emergency power source
for the server rack. A monitoring device determines a

system configuration of the plurality of battery modules
in the back-up battery rack, based on a specification re-
quired for the back-up battery rack and a history charac-
teristic of each of the battery modules that has completed
the primary usage in the server rack.



EP 3 813 179 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNICAL FIELD

[0001] The present invention relates to a back-up pow-
er supply system for a data center where a plurality of
battery modules are used, and a back-up battery rack in
the data center.

BACKGROUND ART

[0002] Typically, a data center uses a back-up power
supply system using a secondary battery (e.g., lead bat-
tery) as a countermeasure for power source trouble, so
as to maintain the power source for several minutes until
a generator (e.g., diesel generator) starts up at an event
of power failure. The back-up power supply system using
the secondary battery is configured to back up power for
an entire facility of the data center including air condition-
ing, lighting, and the like, and is effective when a com-
mercial power source stops. This back-up battery nor-
mally has an output voltage set to approximately DC 100
V to 1000 V, and the output voltage is determined in ac-
cordance with a scale of each data center.
[0003] A lead battery normally has a service life of one
to three years. When the lead battery is used as the back-
up battery, in addition to a cost of the lead battery, each
of replacement and recycling of the lead battery is highly
costly. Additionally, a cost of fuel for the diesel generator
is required, and the cost related to the back-up power
source causes a significant burden on a manager of the
data center. Further, in a case where power failure of the
commercial power source occurs during replacement of
the lead battery for maintenance or other reasons, the
back-up power source may not fully function.
[0004] In recent years, due to a spread of fintech or e-
commerce, reliability (availability) is more strongly re-
quired of each data center. In view of this, as a protection
for data stored in a server at the event of power source
trouble in each of server racks, it is proposed to mount
the secondary battery in each of the server racks (in ad-
dition to the back-up power source for the entire facility
of the data center), so as to individually back up the power
source in the corresponding server rack. As a back-up
battery for each of the server racks, a lithium ion battery
is effective in saving location space.
[0005] As a preparation for power source trouble or
power failure, each of which rarely occurs, the back-up
battery basically needs to be maintained in a state of fully
charged. Thus, the back-up battery is prone to degrade
in characteristics such as full charge voltage, and even
in the case of lithium ion battery, a replacement is re-
quired within three to five years. As has been described,
disposal of the back-up battery causes the burden in
terms of work and cost.
[0006] Under the circumstances described above, in
recent years, a secondary battery that has been used in
an environment is more frequently reused in another en-

vironment. For example, the secondary battery (module)
used to back up the power source at the data center or
others has deteriorated in power retention characteristics
(voltage and capacity), but often still has a margin in
amount of instantaneous output current or charge/dis-
charge cycle. Accordingly, the secondary battery life-cy-
cle cost, such as cost of the battery replacement, is re-
duced by reusing the secondary battery (that has been
used) in another environment.
[0007] PTL 1 relates to reuse or rebuilding of a battery
pack including a plurality of stacks, the battery pack
mounted on a vehicle or the like, and discloses a tech-
nique where the reuse or rebuilding is determined based
on a battery state (e.g., full charge capacity or internal
resistance) of each of the stacks or cells. PTL 2 relates
to reuse of an assembled battery mounted on a vehicle,
and discloses a technique where, in scrapping the vehicle
or in replacing the assembled battery with a new assem-
bled battery, the assembled battery that has been used
is collected to be disassembled in each battery module
and is determined whether or not to be reused based on
a result of measuring battery characteristics of the as-
sembled battery. PTL 3 discloses that a power storage
device connected in series is controlled based on depth
of charge/discharge that is determined in accordance
with a state, a usage period, or the like of the battery.

Citation List

Patent Literature

[0008]

PTL 1: WO 2011/162014 A
PTL 2: Unexamined Japanese Patent Publication
No. 2011-216329
PTL 3: Unexamined Japanese Patent Publication
No. 2003-244854

SUMMARY OF THE INVENTION

[0009] Secondary usage of a secondary battery that
has completed a primary usage requires cost, and the
cost is hardly ignored in consideration of a residual value
(e.g., charge capacity, degree of degradation, charge cy-
cle, or amount of discharge current) of the secondary
battery that has completed the primary usage. The sec-
ondary battery that has completed the primary usage is
normally collected and disassembled to be repacked in
accordance with specifications in a location where the
secondary battery is to be used next. Then, the second-
ary battery is delivered to be relocated in the location for
secondary usage. In reuse of the secondary battery, each
cost, such as a cost for the collection, a cost for the dis-
assembly and repacking, a cost for the transportation,
and a cost for the relocation, causes a significant burden.
Further, the secondary battery provided for the second-
ary usage has a limited period of remaining service life
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and is prone to require frequent replacement.
[0010] In quite a few cases, each secondary battery
for secondary usage is considered not to have the resid-
ual value that meets these series of costs. In the first
place, it is difficult to evaluate the residual value of the
secondary battery for the secondary usage, and it is thus
difficult to clearly state the residual value of the secondary
battery. Further, with the secondary battery for the sec-
ondary usage, the remaining service life is to vary in ac-
cordance with the next usage method. Thus, it is also
difficult to identify a period of availability for the reuse.
[0011] In view of the respects described above, an ob-
ject of the present invention is to provide a technique to
reuse the secondary battery included in a data center at
lower cost.
[0012] In order to achieve the object, an aspect of the
present invention provides a back-up power supply sys-
tem for a data center. The back-up power supply system
includes: a server rack that is located in the data center
and includes a server and at least one battery module
for supplying an emergency power source to the server;
a back-up battery rack that is located in the data center
and includes a plurality of battery modules for supplying
an emergency power source to other devices than the
server; and a monitoring device configured to monitor a
battery characteristic of each of the battery modules. The
plurality of battery modules included in the back-up bat-
tery rack correspond to a plurality of the battery modules,
each of which has completed a primary usage as the
emergency power source in the server rack. Based on a
specification required for the back-up battery rack and a
history characteristic of each of the battery modules that
has completed the primary usage in the server rack, the
monitoring device determines a system configuration of
the plurality of battery modules in the back-up battery
rack.
[0013] Note that, any combinations of configuration el-
ements above and translation of descriptions of the
present invention in methods, devices, systems, and oth-
ers are encompassed within an aspect of the present
invention.
[0014] With the technique according to the present in-
vention, it is possible to reuse a secondary battery in-
cluded in a data center at lower cost.

BRIEF DESCRIPTION OF DRAWINGS

[0015]

FIG. 1 is a diagram showing an overall configuration
of a back-up power supply system in data center C
according to an exemplary embodiment of the
present invention.
FIG. 2 is a diagram illustrating an example of an ex-
ternal configuration of a back-up battery rack.
FIG. 3 is a diagram showing a functional block of the
back-up power supply system for the data center ac-
cording to the exemplary embodiment of the present

invention.
FIG. 4 is a diagram showing an example of a circuit
configuration in the back-up battery rack according
to the exemplary embodiment of the present inven-
tion.
FIG. 5 is a flowchart showing a basic operation of
the back-up power supply system according to the
exemplary embodiment of the present invention.
FIG. 6 is a subroutine flowchart showing an example
of a process for determining a system configuration
in step S23 of the flowchart in FIG. 5.
FIG. 7 is a diagram showing dynamic characteristics
of a state of charge (SOC) in each of a plurality of
battery blocks during discharge of constant current.
FIG. 8 is a diagram showing an example 1 of a con-
figuration of a battery block according to a modified
example.
FIG. 9 is a diagram showing an example 2 of the
configuration of the battery block according to the
modified example.

DESCRIPTION OF EMBODIMENT

[0016] FIG. 1 is a diagram showing an overall config-
uration of a back-up power supply system in data center
C1 according to an exemplary embodiment of the present
invention. Data center C1 in FIG. 1 includes back-up pow-
er supply chamber R1, server chamber R2, and monitor-
ing chamber R3. Server chamber R2 includes a plurality
of server racks 20. Each of the plurality of server racks
20 stores a plurality of servers SV1 and at least one bat-
tery module M1. Note that, in FIG. 1, only one of the
servers/battery modules is denoted with a reference
mark for simplification purposes. Each of server racks 20
stores the battery modules and the servers. Each of the
battery modules is configured to supply an emergency
power source solely to each of the servers in a corre-
sponding one of server racks 20. Basically, each of the
battery modules is not configured to supply the power
source to a load outside server racks 20.
[0017] Back-up power supply chamber R1 includes a
plurality of back-up battery racks 10. Each of the plurality
of back-up battery racks 10 stores a plurality of battery
modules. Each of the plurality of back-up battery racks
10 is a back-up power source to supply an emergency
power source to an entire part of load 40 in data center
C1. Load 40 in data center C1 includes, for example, an
air conditioner or a lighting device. Note that, in this ex-
emplary embodiment, each of back-up battery racks 10
is assumed not to be the back-up power source for each
of servers SV1 in server racks 20. Note that, each of
back-up battery racks 10 is assumed to be the back-up
power source for monitoring device 30 in monitoring
chamber R3.
[0018] Each of the battery modules used in back-up
battery rack 10 is battery module Mn (where n is any
natural number) that has completed a primary usage as
a back-up battery for server racks 20. Note that, at an
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initial stage of an operation in data center C1, used is a
battery module as a new product or a battery module that
has completed the primary usage in other locations than
data center C1.
[0019] Monitoring device 30 in monitoring chamber R3
is configured to monitor a state and characteristics of
each of the battery modules included in each of server
racks 20 of server chamber R2 and included in each of
back-up battery racks 10 of back-up power supply cham-
ber R1.
[0020] FIG. 2 is a diagram illustrating an example of
an external configuration of back-up battery rack 10.
Back-up battery rack 10 includes a plurality of accommo-
dating spaces formed in a matrix. Each of the plurality of
accommodating spaces is configured to accommodate
battery module Mn or a DC/DC converter (Direct current-
direct current converter). In the example of FIG. 2, the
DC/DC converter is stored in DC/DC converter storing
unit 10a at a top stage of the plurality of accommodating
spaces, and battery module Mn is stored in battery mod-
ule storing unit 10b at each of the other stages than the
top stage. A plurality of the DC/DC converters stored at
the top stage are connected to a power supply source
via a shared DC bus.
[0021] In the example of FIG. 2, each one of battery
blocks Bn corresponds to a longitudinal row of the ac-
commodating spaces. Each one of battery blocks Bn in-
cludes one DC/DC converter and a plurality of battery
modules connected in series. The DC/DC converter con-
trols charge/discharge of each of the plurality of battery
modules.
[0022] Each one of battery blocks Bn has a power line
(e.g., bus bar) and a communication line, each provided
longitudinally on a rear face of back-up battery rack 10.
Each of the accommodating spaces has, at its end, a
terminal to connect with the power line and the commu-
nication line. This configuration allows an operator to
mount battery module Mn in each of the accommodating
spaces in order to connect a terminal of battery module
Mn to the terminal in the corresponding accommodating
space. As a result, battery module Mn is electrically con-
nected to a corresponding one of battery blocks Bn.
[0023] In this state, battery module Mn is removable
from back-up battery rack 10, and a number of series
connections is adjustable in each one of battery blocks
Bn. The plurality of battery modules stored in back-up
battery rack 10 are connected in a series and parallel
configuration that is determined to satisfy a required
specification (e.g., voltage, current, power, capacity, or
discharge output characteristics) in accordance with a
scale of data center C1. A number of parallel connections
may be adjusted based on a number of battery blocks,
or may be adjusted by modifying a connection configu-
ration within one of the battery blocks to the series and
parallel configuration.
[0024] FIG. 3 is a diagram showing a functional block
of back-up power supply system 1 in data center C1 ac-
cording to the exemplary embodiment of the present in-

vention. In FIG. 3, each of back-up battery rack 10 and
server rack 20 includes battery module Mn only, and oth-
er configuration elements are omitted. Note that, a detail
configuration of back-up battery rack 10 will be described
later with reference to FIG. 4.
[0025] Each battery module Mn includes battery unit
Mna and measuring unit Mnb. Battery unit Mna includes
a plurality of cells that are connected in series or in series
and parallel. Each of the cells may be a lithium ion battery
cell, a nickel metal hydride battery cell, a lead battery
cell, or the like. In this exemplary embodiment below,
each of the cells is assumed to be the lithium ion battery
cell. Measuring unit Mnb detects a voltage, a current, and
a temperature of each of a plurality of cells. Then, meas-
uring unit Mnb transmits the voltage, the current, and the
temperature of the corresponding cell that measuring unit
Mnb has detected to monitoring device 30 via the com-
munication line. Measuring unit Mnb of each battery mod-
ule Mn may communicate with monitoring device 30 by
using RS-485 protocol, TCP/IP protocol, CAN protocol,
or others.
[0026] Monitoring device 30 includes controller 31,
storage unit 32, communication unit 33, display unit 34,
and operating unit 35. Monitoring device 30 employs at
least one server or one personal computer (PC). Con-
troller 31 is achieved by collaboration of a hardware re-
source and a software resource. The hardware resource
may be a central processing unit (CPU), a graphics
processing unit (GPU), a digital signal processing (DSP),
a field-programmable gate array (FPGA), or other large
scale integration (LSI) devices. The software resource
may be a program such as an operating system or an
application.
[0027] Storage unit 32 includes usage history data-
base 32a. Storage unit 32 includes a large capacity non-
volatile memory such as a hard disk drive (HDD) or a
solid state drive (SSD). Communication unit 33 executes
a communication process based on a predetermined
communication standard. Communication unit 33 re-
ceives monitoring data transmitted from measuring unit
Mnb of each battery module Mn. Then, communication
unit 33 outputs the monitoring data to controller 31. Based
on the monitoring data received from communication unit
33, controller 31 stores usage history data of each battery
module Mn into usage history database 32a.
[0028] Display unit 34 includes a liquid crystal display,
an organic electroluminescence (EL) display, or the like.
Display unit 34 displays, on its screen, information sup-
plied by controller 31. Operating unit 35 includes a key-
board, a mouse, a touch panel, and others. Operating
unit 35 converts a physical operation by the operator to
an electric signal, and outputs the electric signal to con-
troller 31.
[0029] FIG. 4 is a diagram showing an example of a
circuit configuration in back-up battery rack 10 according
to the exemplary embodiment of the present invention.
In the example of FIG. 4, back-up battery rack 10 includes
three battery blocks, i.e., first battery block B1, second
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battery block B2, and third battery block B3.
[0030] First battery block B1 includes first DC/DC con-
verter 11, a plurality of battery modules M11 to M1n that
are connected in series, and first block management part
11a. Second battery block B2 includes second DC/DC
converter 12, a plurality of battery modules M21 to M2n
that are connected in series, and second block manage-
ment part 12a. Third battery block B3 includes third
DC/DC converter 13, a plurality of battery modules M31
to M3n that are connected in series, and third block man-
agement part 13a.
[0031] Each of first DC/DC converter 11, second
DC/DC converter 12, and third DC/DC converter 13 is
connected in parallel to power converter 50. Power con-
verter 50 may be a typical power conditioner and includes
a bidirectional inverter. Each of a plurality of battery
blocks B1, B2, and B3 discharges DC power, and power
converter 50 converts the DC power to AC power. Power
converter 50 outputs the AC power to load 40 or com-
mercial power system 2 in the facility as a back-up object
of power converter 50. Further, power converter 50 con-
verts AC power input by commercial power system 2 to
DC power, and uses the DC power to charge the plurality
of battery blocks B1, B2, and B3 connected in parallel.
Note that, power converter 50 may be mounted in back-
up battery rack 10.
[0032] Each of first block management part 11a, sec-
ond block management part 12, third block management
part 13a, and master management part 50a is achieved
by collaboration of a hardware resource and a software
resource. The hardware resource may be a micro-com-
puter, the DSP, the FPGA, or other LSI devices. The
software resource may be a program such as firmware.
Note that, instead of master management part 50a, any
one of first block management part 11a, second block
management part 12a, and third block management part
13a may concurrently function as a master management
part.
[0033] In first battery block B1, the measuring unit in
each of battery modules M11 to M1n detects the voltage,
the current, and the temperature of each of the plurality
of cells in a corresponding one of battery modules M11
to M1n. Then, the measuring unit transmits the voltage,
the current, and the temperature of the corresponding
cell detected to first block management part 11a via the
communication line. Based on the voltage, the current,
and the temperature of the corresponding cell received,
first block management part 11a estimates a state of
charge (SOC) and a state of health (SOH) in the corre-
sponding cell.
[0034] The SOC may be estimated based on an open
circuit voltage (OCV) method or a current integration
method. In the OCV method, the SOC is estimated based
on the OCV of each of the cells that the measuring unit
measures, and based on characteristics data of an
SOC/OCV curve that is previously held. In the current
integration method, the SOC is estimated based on the
OCV of each of the cells that the measuring unit meas-

ures at start of charge/discharge of the corresponding
cell, and based on an integrated value of the current that
the measuring unit measures.
[0035] The SOH is specified based on a ratio of a cur-
rent full charge capacity to an initial full charge capacity
in each of the cells. When the ratio is lower, the corre-
sponding cell has degraded. Degradation of a secondary
battery may be approximated by a sum of storage deg-
radation and cycle degradation. The storage degradation
corresponds to degradation progressing over time in ac-
cordance with each of the temperature and the SOC of
the secondary battery at each time point, regardless of
whether the secondary battery is in charge or in dis-
charge. When the SOC at each time point is higher (clos-
er to 100%) or when the temperature at each time point
is higher, the storage degradation progresses more sig-
nificantly. The cycle degradation corresponds to degra-
dation that progresses in accordance with an increase in
frequency of charge/discharge. The cycle degradation
depends on a range of SOC usage, the temperature, and
a current rate. When the range of SOC usage is larger,
when the temperature is higher, or when the current rate
is higher, the cycle degradation progresses more signif-
icantly.
[0036] First block management part 11a receives the
voltage, the current, and the temperature of each of the
cells from the measuring unit in each of battery modules
M11 to M1n. Then, first block management part 11a
transmits the voltage, the current, and the temperature
to monitoring device 30 via the communication line. Note
that, first block management part 11a may transfer data
received from the measuring unit straight to monitoring
device 30, or may summarize or aggregate the data be-
fore transmitting the data to monitoring device 30. Alter-
natively, first block management part 11a may transmit
data collected only when the corresponding cell discharg-
es as the emergency power source. Concurrently, first
block management part 11a receives various commands
from monitoring device 30. Based on the state of each
of battery modules M11 to M1n in first battery block B1
together with the various commands from monitoring de-
vice 30, first block management part 11a controls
charge/discharge of first DC/DC converter 11.
[0037] Further, when abnormality occurs in any one of
the cells in first battery block B1, first block management
part 11a transmits abnormality occurrence notification to
master management part 50a, the other block manage-
ment parts (i.e., second block management part 12a and
third block management part 13a), and monitoring device
30.
[0038] Each of second block management part 12a
and third block management part 13a has a same oper-
ation as first block management part 11a, and thus a
detailed description thereof will be omitted.
[0039] Master management part 50a controls power
converter 50 based on the command from monitoring
device 30. Note that, when power converter 50 is in op-
eration and when master management part 50a receives
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the abnormality occurrence notification from any one of
first block management part 11a, second block manage-
ment part 12a, and third block management part 13a,
master management part 50a is configured to stop the
operation of power converter 50. When the range of SOC
usage is set smaller or when power capacity has a margin
such as a case where the configuration includes a spare
battery block, monitoring device 30 commands the block
management part that has transmitted the abnormality
occurrence notification to stop the charge or the dis-
charge of the battery block where the abnormality has
occurred. With regard to a decrease in the power capacity
caused by the stop of the charge or the discharge, mon-
itoring device 30 commands the other block management
parts (including a block management part in the spare
battery block) to cover for the decrease by the margin.
In some cases, monitoring device 30 commands master
management part 50a to continue the operation of power
converter 50, and based on the command from monitor-
ing device 30, master management part 50a continues
the operation of power converter 50. Further, in some
cases, when commanding the block management part
that has transmitted the abnormality occurrence notifica-
tion to stop the charge or the discharge of the battery
block where the abnormality has occurred, monitoring
device 30 concurrently commands master management
part 50a to decrease an input or an output by an amount
of the decrease in the power capacity caused by the stop.
Then, based on the command from monitoring device
30, master management part 50a continues the opera-
tion of power converter 50.
[0040] While an example of a circuit configuration in
server rack 20 is not shown, the plurality of battery mod-
ules stored in server rack 20 are designed to be connect-
ed in a configuration that satisfies a required specification
of each of the servers in server rack 20. Server rack 20
stores an inverter and a management unit. The inverter
converts the AC power supplied by commercial power
system 2 to DC power, and uses the DC power to charge
the plurality of battery modules in server rack 20. The
plurality of battery modules discharges the DC power.
The inverter converts the DC power to AC power and
outputs the AC power to each of the servers as a back-
up object of the inverter.
[0041] In server rack 20, a measuring unit in each of
the battery modules measures a voltage, a current, and
a temperature of each of cells in the corresponding bat-
tery module; and the management unit receives the volt-
age, the current, and the temperature of the correspond-
ing cell from the measuring unit. The management unit
transmits the voltage, the current, and the temperature
of the corresponding cell received from the measuring
unit to monitoring device 30 via the communication line.
Note that, the management unit may transfer data re-
ceived from the measuring unit straight to monitoring de-
vice 30, or may summarize or aggregate the data before
transmitting the data to monitoring device 30. Alterna-
tively, first block management part 11a may transmit data

collected only when the corresponding cell discharges
as the emergency power source. Concurrently, the man-
agement unit receives various commands from monitor-
ing device 30. Based on the state of each of the battery
modules in server rack 20 together with the various com-
mands from monitoring device 30, the management unit
controls the inverter.
[0042] FIG. 5 is a flowchart showing a basic operation
of back-up power supply system 1 according to the ex-
emplary embodiment of the present invention. In server
rack 20, the management unit acquires the voltage, the
current, and the temperature of each of the cells from the
measuring unit in each of the battery modules (S10). The
management unit transmits the voltage, the current, and
the temperature of each of the cells to monitoring device
30 as monitoring data for the corresponding battery mod-
ule (S11). The monitoring data may include the SOC
and/or the SOH of each of the cells calculated by the
management unit.
[0043] In back-up battery rack 10, a plurality of block
management parts 11a, 12a, and 13a respectively ac-
quire the voltage, the current, and the temperature of
each of the cells in each of the battery modules in battery
blocks B1, B2, and B3, from the measuring unit in the
corresponding battery module (S30). Each of the plurality
of block management parts 11a, 12a, and 13a transmits
the voltage, the current, and the temperature of each of
the cells in each of the battery modules to monitoring
device 30 as the monitoring data for the corresponding
battery module (S31).
[0044] In monitoring device 30, based on the monitor-
ing data received from the management unit in server
rack 20 and the monitoring data from each of the plurality
of block management parts 11a, 12a, and 13a in back-
up battery rack 10, controller 31 calculates battery char-
acteristics of each of the battery modules (S20). Control-
ler 31 calculates, for example, the SOC, the internal re-
sistance, the SOH, an amount of discharge current, a
drop voltage with respect to the amount of discharge cur-
rent, or others of the corresponding battery module.
These battery characteristics may be calculated based
on the voltage in times series, the current in time series,
and the temperature at each time point. Controller 31
records the battery characteristics of the corresponding
battery module in usage history database 32a (S21).
[0045] Controller 31 in monitoring device 30 deter-
mines whether or not any one of the battery modules in
server rack 20 should complete the primary usage (S22).
For example, controller 31 selects the battery module
showing the SOH decreased to a predetermined value
(e.g., 60%) as the battery module that is no longer ap-
propriate to be used as the back-up battery in server rack
20 and thus should complete the primary usage. When
any one of the battery modules should complete the pri-
mary usage (Y in S22), controller 31 determines a system
configuration of back-up battery rack 10 in a state where
the battery module that has completed the primary usage
is included (S23).
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[0046] FIG. 6 is a subroutine flowchart showing an ex-
ample of a process for determining the system configu-
ration in step S23 of the flowchart in FIG. 5. Controller
31 in monitoring device 30 identifies a state of the battery
module that has completed the primary usage, and cal-
culates battery performance of the battery module that
has completed the primary usage (S231). Controller 31,
for example, estimates a degradation curve of the battery
module that has completed the primary usage. In this
state, controller 31 estimates a plurality of patterns of the
degradation curves in a case where the battery module
has been used in a plurality of different charge/discharge
control patterns. With this configuration, it is possible to
predict a service life in each of the charge/discharge con-
trol patterns. When the range of SOC usage is smaller,
the secondary battery degrades less. Thus, in order to
extend the service life of the battery module that has com-
pleted the primary usage, the range of SOC usage (depth
of discharge) may be set smaller.
[0047] Controller 31 also estimates each of charge
characteristics and discharge characteristics of the bat-
tery module that has completed the primary usage. As
the degradation progresses, the secondary battery
shows a charge curve and a discharge curve, on each
of which a flat area with a small change in voltage de-
creases. Each of the battery modules reused varies in
the charge characteristics and the discharge character-
istics. Further, each of the battery modules reused varies
in dynamic charge characteristics during charge of con-
stant current (CC), and varies in dynamic discharge char-
acteristics during discharge of the CC. With a battery
module as a new product, during charge of CC or at dis-
charge of the CC, an SOC of the battery module basically
increases or decreases linearly. On the other hand, each
of the battery modules reused shows the SOC increasing
or decreasing in various curves. In other words, each of
the battery modules reused shows an output voltage that
fluctuates irregularly at each moment in accordance with
the deterioration state.
[0048] Based on the battery performance (mainly deg-
radation curve) of the battery module that has completed
the primary usage and is to be included in back-up battery
rack 10, controller 31 determines the range of SOC usage
(depth of discharge) in accordance with a date that a
desirable service life is to complete (S232). The date that
the desirable service life is to complete may, for example,
be set to a date that any one of other battery modules in
back-up battery rack 10 is expected to complete the serv-
ice life.
[0049] Based on the discharge characteristics in ac-
cordance with the range of SOC usage in each of the
battery module (that has completed the primary usage
and is to be included in back-up battery rack 10) and the
other battery modules stored in back-up battery rack 10,
controller 31 derives system configuration candidates for
a battery module that satisfies the required specification
(S233). When the range of SOC usage is set smaller
(e.g., 30% to 70%), the discharge current needs to be

significantly decreased in response to the decrease in
SOC. Accordingly, in a battery block including the battery
module where the range of SOC usage is set smaller, a
number of battery modules needs to be increased to give
margin to power capacity, so that the battery block has
the power capacity required as a back-up power source.
[0050] On the other hand, when the range of SOC us-
age is set larger (e.g., 10% to 90%), the decrease in
discharge current in response to the decrease in SOC is
kept small. Accordingly, in a battery block including a
battery module where the range of SOC usage is set
larger, it is possible to decrease the margin in power ca-
pacity and thus to decrease the number of battery mod-
ules. However, when the range of SOC usage is set larger
as described above, the battery module has shorter serv-
ice life.
[0051] Among the system configuration candidates for
the battery module that controller 31 has derived, con-
troller 31 selects a system configuration where battery
blocks B1, B2, and B3 respectively show the dynamic
discharge characteristics close to each other. (S234). As
has been described above, each of the battery modules
reused varies in the characteristics. Each of the battery
modules reused varies in output voltage, and varies in
time-series change of the output voltage during dis-
charge. Further, each of the battery modules reused var-
ies in the output voltage at each SOC. Accordingly, when
back-up battery rack 10 supplies the emergency power
source to the load 40 in the facility, DC/DC converters
11, 12, and 13 are required to respectively have the out-
put voltages in battery blocks B1, B2, and B3 matching
each other. In some of battery blocks B1 to B3, each of
the DC/DC converters needs to boost the output voltage;
while in the others of battery blocks B1 to B3, each of the
DC/DC converters does not need to boost the output volt-
age.
[0052] FIG. 7 is a diagram showing dynamic charac-
teristics of the SOC in each of the plurality of battery
blocks B1 to B3 during discharge of the constant current.
Part (a) of FIG. 7 is the diagram showing an example of
the dynamic characteristics of the SOC when each of the
plurality of battery blocks B1 to B3 includes the battery
module reused. In order to have the output voltages in
the plurality of battery blocks B1 to B3 matching each
other, each of DC/DC converters 11 to 13 in battery
blocks B1 to B3 adaptively adjusts a duty ratio and/or a
frequency of each of the output voltages by feedback
control. As a result, the output voltage in each of battery
blocks B1 to B3 matches a shared target voltage. Part
(b) of FIG. 7 is the diagram showing the dynamic char-
acteristics of the SOC in each of battery blocks B1 to B3
when the output voltage in each of battery blocks B1 to
B3 is ideally adjusted by DC/DC converters 11 to 13 in
battery blocks B1 to B3.
[0053] On the assumption described above, in step
S234, controller 31 of monitoring device 30 determines
a combination of the battery modules, each of which is
to be adopted in each of battery blocks B1 to B3, and
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determines the connection configuration of these battery
modules. As a result, battery blocks B1 to B3 respectively
show the dynamic characteristics of the SOCs closest to
each other. In other words, controller 31 determines the
combination where, in a total of the voltages of the plu-
rality of battery modules in each of battery blocks B1 to
B3 (i.e., the output voltage of each of battery blocks B1
to B3), each of battery blocks B1 to B2 stably shows the
voltage closest to the shared target voltage. For example,
in any one of the battery blocks where a battery module
shows the output voltage lower than the shared target
voltage, a battery module showing the output voltage
higher than the shared target voltage is to be included.
As a result, the output voltage in the corresponding bat-
tery block is closer to the shared target voltage.
[0054] In step S234, it is possible to form a most effi-
cient system by selecting the system configuration where
battery blocks B1 to B3 respectively show the dynamic
characteristics of the SOCs closest to each other.
[0055] Each of DC/DC converters 11 to 13 in battery
blocks B1 to B3 decreases an upper limit value (limiter
value) of an output current during discharge, in accord-
ance with the range of SOC usage in each of battery
blocks B1 to B3. In other words, in a state where the
output voltage is constant, each of DC/DC converters 11
to 13 decreases the upper limit value of the output current
in accordance with the decrease in SOC. When the range
of SOC usage is smaller, a gradient of the decrease in
upper limit value of the output current is set to a sharper
angle.
[0056] In the system configuration selected in step
S234, the plurality of battery blocks B1 to B3 connected
in parallel to each other are required to show a total of
the discharge current that satisfies the required specifi-
cation, even when any one of the battery blocks has the
discharge current decreasing due to the restriction of the
upper limit value of the output current. For example, as
dischargeable capacity, each of battery blocks B1 to B3
preferably has the capacity including a margin that is
more than or equal to 30% of the capacity required for
the corresponding battery block.
[0057] Returning back to FIG. 5, the flowchart will be
described. Based on the system configuration deter-
mined in step S23, the operator repacks back-up battery
rack 10. In monitoring device 30, controller 31 determines
whether or not any one of the battery modules has com-
pleted the service life in back-up battery rack 10 (S24).
Note that, a threshold of the battery performance deter-
mined as the service life (e.g., SOH or internal resistance)
may be a value recommended by a battery maker or a
value determined by an operation manager in data center
C1. When any one of the battery modules has completed
the service life in back-up battery rack 10 (Y in S24),
controller 31 determines the system configuration of
back-up battery rack 10 in a state where the battery mod-
ule that has completed the service life is excluded (S25).
With regard to a method to determine the system config-
uration, the method may be the same as in the process

for determining the system configuration in FIG. 6.
[0058] In the process for determining the system con-
figuration in step S23, controller 31 of monitoring device
30 may, without changing an arrangement of the battery
modules already stored in back-up battery rack 10, de-
termine a storage position of each of the battery modules
to be additionally included. In this case, based on the
performance of each of the battery modules (to be addi-
tionally included) that has been calculated, controller 31
considers which one of the battery blocks in back-up bat-
tery rack 10 should include the corresponding battery
module to maximize a total performance required in data
center C1, before determining the storage position of the
battery module. Note that, when the system configuration
is entirely reformed including the arrangement of the bat-
tery modules already stored, the total performance is fur-
ther improved.
[0059] The plurality of battery modules in server rack
20 may be simultaneously replaced with new ones at
predetermined timing intervals. In that case, some of the
plurality of battery modules that have completed the pri-
mary usages show different degrees of degradation from
the others. For example, when battery module Ma and
battery module Mb respectively show the different de-
grees of degradation from each other, and when battery
module Mb shows a higher degree of degradation than
battery module Ma, the battery block including battery
module Mb is determined to have a greater number of
series connections and/or parallel connections than the
battery block including battery module Ma. In other
words, when each of the battery blocks in back-up battery
rack 10 is formed by including the battery module that
has degraded to some degree, the greater number of
series connections or the greater number of parallel con-
nections is required to cover for a constant voltage and
current. As has been described, when each of the battery
modules forms the battery block, the number of series
connections and the number of parallel connections in
the corresponding module are determined in accordance
with the degree of degradation. As a result, it is possible
to package the corresponding battery module in accord-
ance with a usage purpose in data center C1 or the scale
of data center C1.
[0060] Further, as has been described above, based
on specification conditions required in data center C1,
monitoring device 30 considers whether or not to modify
the method to control the charge/discharge of each of
DC/DC converters 11 to 13 in back-up battery rack 10.
For example, based on the degree of degradation, when
any one of the battery modules is expected to complete
the service life sooner than the service life planned in a
case of being further used, the DC/DC converter related
to the corresponding battery module is controlled to have
the depth of charge/discharge smaller. With this config-
uration, it is possible to decrease the load on the battery
module and thus to use the battery module for a longer
period. In a case where the performance is more impor-
tant than the service life, the depth of charge/discharge
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is controlled to be larger, so that more power is supplied.
Accordingly, it is possible to use the battery module more
flexibly by adjusting the depth of discharge. In other
words, it is possible to appropriately select the usage
method as follows: a usage method to prioritize the serv-
ice life of the battery, or a usage method to prioritize an
output performance of the battery.
[0061] As has been described, while considering the
specification conditions required for the system, along
with the state of each of the battery modules included in
server rack 20 (e.g., charge capacity and internal resist-
ance), monitoring device 30 determines the storage po-
sitions and the series/parallel connection configuration
of the battery modules to be included in back-up battery
rack 10 for the secondary usage. Here, each of the stor-
age positions and the series/parallel connection config-
uration is determined in accordance with the battery per-
formance of each of the battery modules to be included.
By controlling the charge/discharge of each of DC/DC
converters 11 to 13 in back-up battery rack 10 in accord-
ance with the performance of each of the battery mod-
ules, it is possible to achieve the total performance re-
quired in the system. Further, monitoring device 30 con-
stantly monitors the state of each of the battery modules
that has been transferred into back-up battery rack 10.
With this configuration, similarly to the battery modules
in server rack 20, each of the battery modules in back-
up battery rack 10 is ensured to operate to satisfy the
specification conditions required for the entire part of the
system, while maintaining target performance (e.g., pow-
er storage capacity, the amount of discharge current, and
a period of operational years). For example, the connec-
tion configuration of the plurality of battery modules in
back-up battery rack 10 is periodically modified in ac-
cordance with the state of each of the plurality of battery
modules. With this configuration, the specification con-
ditions required are continuously satisfied.
[0062] With regard to a process of transferring each of
the battery modules from server rack 20 to back-up bat-
tery rack 10, the operator may undertake the process by
following the command from monitoring device 30, or the
process may be automatically carried out by a robot car-
rier or the like.
[0063] When the series and parallel configuration of
the plurality of battery modules in back-up battery rack
10 has been determined, each of the battery modules is
mounted in the storage location in back-up battery rack
10, sequentially from a bottom in each of the rows. In a
case of a manual process, the operator mounts each of
the battery modules in the battery block specified, se-
quentially from the bottom in each of the rows. With this
sequence order, back-up battery rack 10 has a center of
gravity placed low, so that back-up battery rack 10 is
physically stabilized. With the battery blocks where the
number of series connections of the battery modules are
different from each other, the arrangement of the battery
blocks in left-to-right direction is determined such that
the center of gravity of back-up battery rack 10 is placed

at a center in the left-to-right direction. As a result, back-
up battery rack 10 is physically stabilized.
[0064] As has been described above, in this exemplary
embodiment, in data center C1, each of the battery mod-
ules that has been used in server rack 20 is reused di-
rectly in back-up battery rack 10. With this configuration,
it is possible to reduce cost normally generated in sec-
ondary usage of the battery modules such as collection,
transportation, relocation, and repacking.
[0065] Each of the battery modules in back-up battery
rack 10 has been monitored while used in server rack 20
in data center C1. Accordingly, each of the battery mod-
ules has the history of usage and deterioration state re-
corded, and thus, based on the combination of the battery
modules, it is possible to easily predict a battery balance,
the amount of discharge, future progress of the degra-
dation, or others. With this configuration, it is possible to
efficiently carry out the operation in accordance with the
scale or requirements of each data center. Additionally,
the series/parallel connection configuration of the battery
modules may be freely modified and thus, it is possible
to control the charge/discharge in accordance with the
state of each of the battery modules. Here, it is possible
to package each of the battery modules in accordance
with the usage purpose in the location where the corre-
sponding battery module is to be included for the sec-
ondary usage, and to flexibly fulfill the required specifi-
cation.
[0066] Further, each one of the battery blocks includes
the plurality of battery modules, and one DC/DC convert-
er to which the plurality of battery modules are connected.
With this configuration, when any one of the battery mod-
ules needs maintenance, monitoring device 30 stops the
operation of the DC/DC converter only in the battery block
including the corresponding battery module. It is thus
possible to replace each of the battery modules without
affecting the other battery blocks and without entirely
stopping the operation of the system. Accordingly, an
operational rate (operational availability) is improved.
[0067] The exemplary embodiment of the present in-
vention has been described above. It is to be understood,
for the person of ordinary skill in the art, that the foregoing
exemplary embodiment is merely illustrative, and not re-
strictive; the respective configuration elements and
processing processes described in the foregoing exem-
plary embodiment may be combined in modified exam-
ples, and any modified examples appropriately made
within the spirit of the present invention will naturally fall
within the scope of the present invention.
[0068] In the foregoing exemplary embodiment, the ex-
ample where the DC/DC converter is not included in each
battery module Mn has been described. In this respect,
in some cases, battery module Mn includes a DC/DC
converter.
[0069] FIG. 8 is a diagram showing an example 1 of a
configuration of battery block Bn according to a modified
example. Battery block Bn in FIG. 8 includes a plurality
of battery modules M1 to Mn, charging DC/DC converter
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11c, and discharging DC/DC converter 11d. Battery mod-
ules M1 to Mn respectively include battery units M1a to
Mna and DC/DC converters M1c to Mnc. Note that, in
FIG. 8, a measuring unit and a block management part
in each of the battery modules are omitted for simplifica-
tion purposes.
[0070] In battery block Bn of FIG. 8, a charging path
and a discharging path are provided separately. Each of
DC/DC converters M1c to Mnc in battery modules M1 to
Mn is a DC/DC converter dedicated to discharge. Each
of DC/DC converters M1c to Mnc individually controls a
discharge voltage/discharge current of each of battery
units M1a to Mna. Each of a plurality of DC/DC converters
M1c to Mnc has an output connected to the discharging
path of bus type, and the discharging path is connected
to an input terminal of discharging DC/DC converter 11d.
Charging DC/DC converter 11c has an output connected
to the charging path of a bus type; and each of a plurality
of battery units M1a to Mna has a charge terminal con-
nected in parallel to the charging path of the bus type.
[0071] FIG. 9 is a diagram showing an example 2 of
the configuration of battery block Bn according to the
modified example. In the example 2 of the configuration,
each of DC/DC converters M1c to Mnc in battery modules
M1 to Mn has an output terminal connected independ-
ently to the input terminal of discharging DC/DC convert-
er 11d. With this star connection in discharging DC/DC
converter 11d, it is possible to reduce a cross current
flow between the plurality of DC/DC converters M1c to
Mnc, compared with the bus type connections as shown
in FIG. 8.
[0072] Further, in the foregoing exemplary embodi-
ment, the example where monitoring device 30 is located
in monitoring chamber R3 in data center C1 has been
described. In this respect, monitoring device 30 may be
located remotely other than in data center C1. For exam-
ple, monitoring device 30 may be located in a cloud server
in another data center.
[0073] Still further, in the foregoing exemplary embod-
iment, the example, where the battery module has com-
pleted the primary usage in server rack 20 and is included
in back-up battery rack 10 for secondary usage, has been
described. In this respect, when completing the second-
ary usage in back-up battery rack 10, the battery module
may be further utilized (i.e., third usage) for lighter and
less important purposes. Monitoring device 30 is config-
ured to monitor each of the battery modules in back-up
battery rack 10. With this configuration, it is possible to
plan to transfer the corresponding battery module when
the secondary usage has completed; and each of the
battery modules is effectively and fully used. Note that,
the third usage may be planned for other purposes in
addition to the usages in data center C1.
[0074] Back-up power supply system 1 according to
the foregoing exemplary embodiment is applied to data
center C1; however, the present invention is not limited
thereto. Back-up power supply system 1 may be similarly
applied as a back-up power supply system in a factory,

an office building, or the like. Further, with back-up power
supply system 1 according to the foregoing exemplary
embodiment, when data center C1 includes both a server
rack storing battery modules and a server rack not storing
any battery module, it is possible to supply an emergency
power source to a server included in the server racks.
[0075] Note that, the exemplary embodiment may be
identified by the items described below.

[Item 1]

[0076] Provided is back-up power supply system (1)
for data center (C1),
back-up power supply system (1) including:

server rack (20) that is located in data center (C1)
and includes server (SV1) and at least one battery
module (M1) for supplying an emergency power
source to server (SV1);
back-up battery rack (10) that is located in data cent-
er (C1) and includes a plurality of battery modules
(M11 to M3n) for supplying an emergency power
source to other devices than server (SV1); and
monitoring device (30) configured to monitor a bat-
tery characteristic of each of battery modules (Mn).

[0077] In back-up power supply system (1), the plural-
ity of battery modules (M11 to M3n) included in back-up
battery rack (10) correspond to a plurality of battery mod-
ules (M11 to M3n), each of which has completed a pri-
mary usage as the emergency power source in server
rack (20), and
monitoring device (30) determines a system configura-
tion of the plurality of battery modules (M11 to M3n) in
back-up battery rack (10), based on a specification re-
quired for back-up battery rack (10) and a history char-
acteristic of battery module (M1) that has completed the
primary usage in server rack (20).
[0078] With this configuration, it is possible to reuse
battery module (M1) included in data center (C1) at lower
cost.

[Item 2]

[0079] In back-up power supply system (1) for data
center (C1) according to item 1,
back-up battery rack (10) includes a plurality of rows,
each of which has:

the plurality of battery modules (M11 to M1n, M21
to M2n, M31 to M3n), each of which has completed
the primary usage and is removable; and
DC/DC converters (11 to 13), each of which is con-
figured to control both charge and discharge of a
corresponding one of the plurality of battery modules
(M11 to M1n, M21 to M2n, M31 to M3n) that has
completed the primary usage,
a plurality of DC/DC converters (11 to 13) disposed
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in the plurality of rows are connected in parallel to
each other, and
monitoring device (30) determines a series and par-
allel configuration of the plurality of battery modules
(M11 to M3n), each of which has completed the pri-
macy usage and is included in back-up battery rack
(10), in order to cause a plurality of battery blocks
(B1 to B3) in back-up battery rack (10) to respectively
show a battery performance closer to each other.

[0080] With this configuration, it is possible to form
back-up battery rack (10) that satisfies a required spec-
ification by using the plurality of battery modules (M11 to
M1n, M21 to M2n, M31 to M3n), each of which has com-
pleted the primary usage.

[Item 3]

[0081] In back-up power supply system (1) for data
center (C1) according to item 2,
monitoring device (30) determines the series and parallel
configuration of the plurality of battery modules (M11 to
M3n), each of which has completed the primary usage
and is included in back-up battery rack (10), in order to
cause the plurality of battery blocks (B1 to B3) to respec-
tively show a dynamic discharge characteristic closer to
each other.
[0082] With this configuration, it is possible to reduce
a conversion loss in each of DC/DC converters (11 to 13).

[Item 4]

[0083] In back-up power supply system (1) for data
center (C1) according to item 2 or 3, each of the plurality
of DC/DC converters (11 to 13) disposed in a correspond-
ing one of the plurality of rows controls the discharge of
the plurality of battery modules (M11 to M1n, M21 to M2n,
M31 to M3n), each of which has completed the primary
usage and is included in a corresponding one of the plu-
rality of battery blocks (B1 to B3), in order to cause each
of the plurality of battery blocks (B1 to B3) to show an
output voltage maintained at a shared target voltage.
[0084] With this configuration, during the discharge, it
is possible to reduce a cross current flow between the
plurality of battery blocks (B1 to B3) connected in parallel
to each other.

[Item 5]

[0085] In back-up power supply system (1) for data
center (C1) according to any one of items 2 to 4,
based on a range of state of charge (SOC) usage in each
of battery blocks (B1 to B3), monitoring device (30) de-
termines the series and parallel configuration of the plu-
rality of battery modules (M11 to M3n), each of which
has completed the primary usage and is included in back-
up battery rack (10), in order to satisfy the specification
required for back-up battery rack (10).

[0086] With this configuration, it is possible to flexibly
set up the range of SOC usage in each of battery blocks
(B1 to B3) and to appropriately prioritize a service life or
prioritize an output performance.

[Item 6]

[0087] In back-up power supply system (1) for data
center (C1) according to any one of items 1 to 5,
the plurality of battery modules (M11 to M1n, M21 to M2n,
M31 to M3n), each of which has completed the primary
usage and is included in a corresponding one of a plurality
of rows, are stored sequentially from a bottom of each of
the rows.
[0088] With this configuration, back-up battery rack
(10) is physically stabilized.

[Item 7]

[0089] Provided is back-up battery rack (10) for data
center (C1), back-up battery rack (10) included in back-
up power supply system (1) for data center (C1),
back-up power supply system (1) including:

server rack (20) that is located in data center (C1)
and includes server (SV1), and at least one battery
module (M1) for supplying an emergency power
source to server (SV1); and
monitoring device (30) configured to monitor a bat-
tery characteristic of each of battery modules (Mn),
back-up battery rack (10) being located in data cent-
er (C1) and including a plurality of battery modules
(M11 to M3n) for supplying an emergency power
source to other devices than server (SV1).

[0090] In back-up battery rack (10) for data center (C1),
the plurality of battery modules (M11 to M3n) included in
back-up battery rack (10) correspond to a plurality of bat-
tery modules (M11 to M3n), each of which has completed
a primary usage as the emergency power source in serv-
er rack (20), and
monitoring device (30) determines a system configura-
tion of the plurality of battery modules (M11 to M3n) in
back-up battery rack (10), based on a specification re-
quired for back-up battery rack (10) and a history char-
acteristic of battery module (M1) that has completed the
primary usage in server rack (20).
[0091] With this configuration, it is possible to reuse
battery module (M1) included in data center (C1) at lower
cost.

REFERENCE MARKS IN THE DRAWINGS

[0092]

C1 data center
R1 back-up power supply chamber
R2 server chamber
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R3 monitoring chamber
10 back-up battery rack
20 server rack
30 monitoring device
40 load
M1 to M3n battery module
SV1 server
1 back-up power supply system
2 commercial power system
B1-B3 battery block
11 to 13 DC/DC converter
50 power converter
50a master management part
11a to 13a block management part
31 controller
32 storage unit
32a usage history database
33 communication unit
34 display unit
35 operating unit
M1a to Mna battery unit
Mn1 to Mnb measuring unit
M1c to Mnc DC/DC converter
11c charging DC/DC converter
11d discharging DC/DC converter

Claims

1. A back-up power supply system for a data center,
the back-up power supply system comprising:

a server rack that is located in the data center
and includes a server and at least one battery
module for supplying an emergency power
source to the server;
a back-up battery rack that is located in the data
center and includes a plurality of battery mod-
ules for supplying an emergency power source
to other devices than the server; and
a monitoring device configured to monitor a bat-
tery characteristic of each of the at least one
battery module and the plurality of battery mod-
ules,
wherein
the plurality of battery module included in the
back-up battery rack correspond to each of the
plurality of the battery modules included in the
back-up battery rack has been completed a pri-
mary usage as the emergency power source in
the server rack, and
the monitoring device determines a system con-
figuration of the plurality of battery modules in
the back-up battery rack, based on a specifica-
tion required for the back-up battery rack and a
history characteristic of each of the plurality of
the battery modules that has completed the pri-
mary usage in the server rack.

2. The back-up power supply system for a data center
according to claim 1, wherein
the back-up battery rack includes a plurality of rows,
each of which includes:

the plurality of battery modules, each of which
has completed the primary usage and is remov-
able; and
a direct current-direct current converter config-
ured to control charge and discharge of each of
the plurality of battery modules that has com-
pleted the primary usage,
a plurality of the direct current-direct current con-
verters disposed in the plurality of rows are con-
nected in parallel to each other, and
the monitoring device determines a series and
parallel configuration of the plurality of battery
modules, each of which has completed the pri-
mary usage and is included in the back-up bat-
tery rack, in order to cause a plurality of battery
blocks in the back-up battery rack to respectively
show a battery performance closer to each oth-
er.

3. The back-up power supply system for a data center
according to claim 2, wherein the monitoring device
determines the series and parallel configuration of
the plurality of battery modules, each of which has
completed the primary usage and is included in the
back-up battery rack, in order to cause the plurality
of battery blocks to respectively show a dynamic dis-
charge characteristic closer to each other.

4. The back-up power supply system for a data center
according to claim 2 or 3, wherein each of the plurality
of direct current-direct current converters disposed
in a corresponding one of the plurality of rows con-
trols discharge of the plurality of battery modules,
each of which has completed the primary usage and
is included in a corresponding one of the plurality of
battery blocks, in order to cause each of the plurality
of battery blocks to show an output voltage main-
tained at a shared target voltage.

5. The back-up power supply system for a data center
according to any one of claims 2 to 4, wherein the
monitoring device determines the series and parallel
configuration of the plurality of battery modules, each
of which has completed the primary usage and is
included in the back-up battery rack, based on a
range of state of charge (SOC) usage in each of the
plurality of battery blocks, in order to satisfy the spec-
ification required for the back-up battery rack.

6. The back-up power supply system for a data center
according to any one of claims 1 to 5, wherein the
plurality of battery modules, each of which has com-
pleted the primary usage and is included in a corre-
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sponding one of a plurality of rows, are stored se-
quentially from a bottom of each of the plurality of
rows.

7. A back-up battery rack for a data center, the back-
up battery rack included in a back-up power supply
system for the data center, the back-up power supply
system including:

a server rack that is located in the data center
and includes a server and at least one battery
module for supplying an emergency power
source to the server; and
a monitoring device configured to monitor a bat-
tery characteristic of each battery module, the
back-up battery rack being located in the data
center and including a plurality of battery mod-
ules for supplying an emergency power source
to other devices than the server,
wherein
the plurality of battery modules included in the
back-up battery rack correspond to a plurality of
the battery modules, each of which has complet-
ed a primary usage as the emergency power
source in the server rack, and
the monitoring device determines a system con-
figuration of the plurality of battery modules in
the back-up battery rack, based on a specifica-
tion required for the back-up battery rack and a
history characteristic of each of the plurality of
the battery modules that has completed the pri-
mary usage in the server rack.
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