METHOD AND APPARATUS FOR POWER CONTROL FIELD Embodiments described herein relate
generally to a power control apparatus and a power control method, 5both designed to
accomplish a power demand control. BACKGROUND In recent years, the development of a
power supply system or a power network, either utilizing a data communication system called a smart
grid, has been 10 attracting attention. As a r_echnique for achieving a smart grid, the technique of
controlling power demand is particularly important. The power demand control technique is a power
control technique of reducing the power consumption on 15the power demanding side, making a
response (also known as "demand response”) to a power-consumption reduction request coming from
the power supplying!8i88°0 ARlbroBFtdiachieve the sinRRyridPtheéeehnique of controlling the power
demand is of vital importance. 20The power demand %Qﬁrofl)technique is a technique that has been
designed to reduce the power consumption on the power &emanding side. In practice, demand control

is perf]?rmed by using a poyygs confrehapparatusthatperferms a pewer demand.contral, inglugding the
step o power control apparatus and a power control method,
5 both designed to accomplish a power demand control.
BACKGROUND
In recent years, the development of a power supply
system or a power network, either utilizing a data
communication system called a smart grid, has been
10 attracting attention. As a technique for achieving a
smart grid, the technique of controlling power demand
is particularly important.
The power demand control technique 1is a power
control technique of reducing the power consumption on
15 the power demanding side, making a response (also known
as “demand response”) to a power-consumption reduction
request coming from the power supplying side.
In order to achieve the smart grid, the technique
of controlling the power demand is of vital importance.
20 The power demand control technigue is a technique that
has been designed to reduce the power consumption on
the power demanding side. In practice, demand control
is performed by using a power control apparatus that
performs a power demand control, including the step of
25 allocating to a power demanding side a value by which

to save power.



25allocating to a power demanding side a value by which to save power. - 2 - BRIEF DESCRIPTION
OF' THE DRAWINGS FIG. 1 is a block diagram explaining the configuration of a power control
system according to an embodiment; 5FIG. 2 is a block diagram explaining the configuration of the

system at a power demanding side, also according to the embodiment; PIG. 3 is a flowchart
explaining a power demand - control according to the embodiment; 10FIG. 4 is a flowchart explaining
another power demand control according to the embodiment; PIG. 5 is a flowchart explaining now

a specific embodiment operates; and FIG. 6 is a diagram explaining a method of 15presenting

information, according to the embodiment. DETAILED DESCRIPTION
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram explaining the
configuration of a power control system according to an
embodiment;

5 FIG. 2 is a block diagram explaining the
configuration of the system at a power demanding side,
also according to the embodiment;

FIG. 3 is a flowchart explaining a power demand
control according to the embodiment;

10 FIG. 4 is a flowchart explaining ancother power
demand control according to the embodiment;

FIG. 5 is a flowchart explaining how a specific
embodiment operates; andb

FIG. 6 is a diagram explaining a method of

15 presenting information, according to the embodiment.
DETAILED DESCRIPTION

In general, according to one embodiment, a power
control apparatus comprises a receiving unit, an
environment-data acquiring unit, and a calculation

20 unit. The receiving unit receives, from a power
supplying side, a power-consumption reduction request
for reducing power consumption at a power demanding
side. The environmental data acquiring unit acguires,
from the power demanding side, environmental data

25 representing environmental state of the power demanding
side. The calculating unit calculates a power-

reduction value based on the environmental data, in



In general, according to one embodiment, a power control apparatus comprises a receiving unit, an
environment-data acquiring unit, and a calculation 20unit. The receiving unit receives, from a power
supplying side, a power-consumption reduction request for reducing power consumption at a power
demanding side. The environmental data acquiring unit acduces, from the power demanding side,
environmental data 25representing environmental state of the power demanding side. The calculating
unit calculates a power-reduction value based on the enyironmental data, in response to the
power-consumption reduction request. The embodiment will be described in detail, with reference to
the accompanying drawings. [Configuration of the System] FIG. 1 is a block diagram explaining
the configuration ofra powes €ohtroltsystamaccording tonan embodimient: The poeerecghtrol system
according to the embodiment is designed to accomplish, for example, a 10smaété%:id. The system has

a server (hereinafter called tfie *BREEHE™ 16 Lonfiglired s %@HB??# a-pows-demand tohtrol at the

power demanding $ide.The e to the accompanying drawings.

[Configuration of the System]

5 FIG. 1 is a block diagram explaining the
configuration of a power control system according to an
embodiment.

The power control system according to the

embodiment is designed to accomplish, for example, a

10 smart grid. The system has a server (hereinafter
called the “DR server”) 10 configured to perform a
power demand control at the power demanding side. The

DR server 10 is a computer that achieves a power
control to save the power at the power demanding side,
15 or makes a demand response (DR) to the power-
consumption reduction request coming from the power
supplying side.
The power supplying side comprises two major
components, 1.e., a central power supply station 20 and
20 a power supply system 21. The power supply system 21
is composed of power supplying systems connected to a
nuclear power station 22 and a thermal power station
23, both functioning as main power sources, and also to
a solar power apparatus (megasoclar) 24 functioning as a
25 distributed power source. The central power supply
station 20 is a power supply system that performs an

integrated control on the power supply system 21,



DR server 10 is a computer that achieves a power control to save the power at the power demanding
side, 150r makes a demand response (DR) to the power- consumption reduction request coming from
the power supplying side. The power supplying side comprises two major components, i.e., a central
power supply station 20 and 20a power supply system 21. The power supply system 21 is composed
of power supplying systems connected to a nuclear power station 22 and a thermal power station 23,
both functioning as main power sources, and also to-a salar power apparatus (megasolar) 24
functioning as a 25 distributed power source. The central power supply station 20 is a power supply
system that performs an integrated control on the power supply system 21, thereby supplying power
to the power demahdingsside. supdhitheerpisodiment; thée power dentedingisides atelbuildings 12A
and 128. The DR server 10 exchanges data with the central power supply. station 20 through a

communication network (€-§., I IftBRREY TE Furthe? Sthe DR sen@- T dxchanye§ datd With the
control systems 1204.and. Rroyidedhinthe buildings 12A.and 128, respectively, throygh the

communication network 11. I0Each of the control systems 120A and 1208 comprises a computer and
various peripheral deviees: Hdheczonttol sysiem 120A ipconfigtued ¢e contrelithe pgwesn consumption in
the illumination devices, air conditioners, elevators and OA apparatuses (including 15personal
computerszand prirtérg)dlliifstailed ingierork (e.g., the Internet) 11.

Further, the DR server 10 exchanges data with the
control systems 120A and 120B provided in the buildings
122 and 12B, respectively, through the communication
network 11.

10 Each of the control systems 120A and 120B
comprises a computer and various peripheral devices.
The control system 120A is configured to control the
power consumption in the illumination devices, air
conditioners, elevators and OA apparatuses (including

15 personal computers and printers), all installed in the
building 12A. Similarly, the control system 120B 1is
configured to control the power consumption in the
illumination devices, air conditioners, elevators and
OA apparatuses (including personal computers and

20 printers), all installed in building 12B. Moreover,
the control systems 120B and 120B collect measured data
items output from the various sensors 121A and 121B
installed in buildings 12A and 12B, respectively.

In response to the demands coming from the DR

25 server 10, the control systems 120B and 120B process

the measured data items collected, and generate

environmental data that is required to control power



building 12A. Similarly, the control system 1208 is configured to control the power consumption in the
illumination devices, air conditioners, elevators and OA apparatuses (including personal computers
and 20printers), all installed in building 128. Moreover, the control systems 120B and 1208 collect
measured data items output from the various sensors 121A and 1218 installed in buildings 12A and
128, respectively. In response to the demands coming from the DR 25server 10, the control systems
1208 and 1208 process the measured data items colected, and generate environmental data that is
required to control power -5 - demands as will be described later. The control systems 1208 and
1208 transmits the environmental data to the DR server 10 through the network 11. The sensors 121A
and 121B include c&eweras forphotdgraphing trecpersens iitherbuildiiygs, sensars for counting the
persons in the buildings, illuminometers for measuring the luminance of the illumination devices,

thermometers for MEASUHRY the Emperatdfes in the FSBMS Shithidity Sen50reYor hitasdning the
humidity in the rooms, 1Qanespometers for measuring the-air flgw,in the rqgms, anpd.sensors for

detecting the on- or off-state of the OA apparatuses.
sensors 121A and 121B include cameras for photographing

5 the persons in the buildings, sensors for counting the
persons in the buildings, illuminometers for measuring
the luminance of the illumination devices, thermometers
for measuring the temperatures in the rooms, humidity
sensors for measuring the humidity in the rooms,

10 anemometers for measuring the air flow in the rooms,
and sensors for detecting the on- or off-state of the
OA apparatuses. |
[Power Demand Control]
The power demand control according to the
15 embodiment will be explained with reference to FIG. 2
to FIG. 5. |
FIG. 2 is a block diagram explaining the
configuration of the system at a power demanding side.
In this embodiment, the power demanding side is divided
20 into a plurality of areas. Four buildings 12A to 12D,
for convenience, are assumed to exit in district X.
The DR server 10 performs a power demand control
(demand response control) with respect to buildings 12A
to 12D. The basic operation the DR server 10 performs
25 will be explained with reference to the flowchart of
FIG. 3.

The DR server 10 starts the power demand control



[Power Demand Control] The power demand control according to the Ibembodiment will be explained
with reference to FIG. 2 to FIG. 5. FIG. 2 is a block diagram explaining the configuration of the
system at a power demanding side. In this embodiment, the power demanding side is divided 20into a
plurality of areas. Pour buildings 12A to 128, for convenience, are assumed to exit in district X. The DR
server 10 performs a power demand control (demand response control) with respect to buildings 12A
to 120. The basic operation the DR server 10 performs 2bwill be explained with reference to the
flowchart Of FIG. 3. The DR server 10 starts the power demand control - 6 - on receiving a demand
instruction issued by the central power supply station 20 and transmitted through the network 11 (Step
S1). The demand instructiondis argowerdcaomsushption redattionregeiesek questing thethe power

consumption in district X should be reduced by, f@r example, 1000 kW. In response to the demand
instruction, the DR B8K/er 18 5&HomTS 4 boRr demaid dortrof Hidthisating four farget ©
pOMEHJeducnonVaHgEWQngﬂQUQStep 51y. The demand instruction is a

power~consumption reduction reguest requesting that the
5 power consumption in district X should be reduced by,
for example, 1000 kW.

In response to the demand instruction, the DR
server 10 performs a power demand control, distributing
four target power-reduction values to the four

10 buildings 12A to 12D that exit in district X,
respectively, in order to reduce the power consumption
by 1000 kW. That is, the DR server 10 first acquires
environmental data representing the environmental
conditions of buildings 12A to 12D (Step SZ2). More

15 precisely, the environmental data is composed of four
data items generated by the control systems 120 and
representing the numbers of persons in buildings 12A to
12D, respectively, and each building. The
environmental data items have been generated by the

20 control systems 120A to 120D installed in buildings 12A
to 12D, respectively.

The DR server 10 acquires the environmental data
items from the control systems 120A to 120D. From the
environmental data items thus acquired, the DR server

25 10 determines four target power-reduction values for
buildings 12A to 12D (Step S3). The DR server 10

determines the target power-reduction value for each



10buildings 12A to 120 that exit in district X, respectively, in order to reduce the power consumption by
1000 kW. That is, the DR server 10 first acquires environmental data representing the environmental
conditions of buildings 12A to 12D (Step 22). More 15precisely, the environmental data is composed of
four data items generated by the control systems 120 and representing the numbers of persons in
buildings 121k to 12D, respectively, and each building. The environmental data items have been
generated by the 20control systems 1201k to 1200 installed in buildings 121k to 120, respectively.

The DR server 10 acquires the environmental data items from the control systems 1201k to 120D.
From the environmental data items thus acquired, the DR server 2510 determines four target
power-reduction vayeslfor baildings 121k ¥o 2201(Step S8 TheuDRservdr Iedetenmines the target
power-reduction value for each b iIdingJLrom,, for example, the number of persons in action in the

building. More spedifically thd DR Serter'10'aiidcates 16 ThE MG6rs ard theYzonesorBach floor, the
target power-reduction yaluespdetermined from the.pumber, of persons pp gach, floor gr, zone of the

building and with the power consumption characteristics of each floor or zone (Step 34). An example
of power consumption-tharacteristic issthespayeer congsameckinithe tomputaraeem, which cannot be
estimated from the number of persons working in the room.

5 determined from the number of persons on each floor or
zone of the building and with the power consumption
characteristics of each floor or zone (Step S4). An
example of power consumption characteristic is the
power consumed in the computer room, which cannot be

10 estimated from the number of persons working in the
room.

That is, on receiving a demand instruction issued
from the central power supply station 20 and
instructing that the power consumption in district X

15 should be reduced by 1000 kW, the DR server 10
distributes to buildings 12A to 12D the target power-
reduction values based on the environmental data items
(e.g., numbers of persons) about buildings 12A to 12D.
Note that the DR server 10 may be installed in one

20 building, or in one area. In the former case, the DR
server 10 manages the power consumption in the building
only. In the latter case, it manages the power
consumption in many buildings as shown in FIG. 2.
Moreover, the DR server 10 may be installed in one

25 power supplying system. In this case, the DR server 10

performs an integrated power-consumption control over

many areas, not power consumption controls in the



That is, on receiving a demand instruction issued from the central power supply station 20 and
instructing that the power consumption in district X 15should be reduced by 1000 kW, the DR server
10 distributes to buildings 12A to 12D the target power-reduction values based on the environmental
data items (e.g., numbers of persons) about buildings 12A to 12D. Note that the DR server 10 may be
installed in one 20building, or in one area. In the former case, the DR server 10 manages the power
consumption in the building only. In the latter case, itmasages the power consumption in many
buildings as shown in FIG. 2. Moreover, the DR server 10 may be installed in one 25power supplying
system. In this case, the DR server 10 performs an integrated power-consumption control over many
areas, not power coifstiRfistion Controfsip-the L 8 respoctive ar@&s. Furtiver, the DRserver 10 may

erform distribute target. power-reduction values to the buildings in accordance with the power
p gr. grm 1S rlg

consumption characteristic of, for example; a confputer [OORT. BHGW the BIR 6rver 0 barfbiis the
power demand conighwill:beexplaingd with;teferenge tq the, flowchart of FIG, 4., ; 4S described

above, the DR server 10 performs a power demand control in response to a demand instruction, in
accordance with envirommentat datai that fepresentsthemumber of pessans-inabuilding. ASSUILe
that the DR server 10 performs the power demand control on building 12A. As shown in FIG. 2,
building 12A has floors A aIf'B 8&cPBoR&stireg of- fvaP2ariest Morehe power demand

control will be explained with reference to the
flowchart of FIG. 4.
As described above, the DR server 10 performs a

power demand control in response to a demand

10 instruction, in accordance with environmental data that
represents the number of persons in a building. Assume
that the DR server 10 performs the power demand control
on building 12A. As shown in FIG. 2, building 122 has
floors A and B, each consisting of two zones. More

15 precisely, floor A consists of zones Al and A2, and
floor B consist of zones Bl and B2. That is, either
floors A and B or zones Al, A2, Bl and B2 are regarded
as areas at the power demanding side.

As shown in FIG. 1, the control system 120A

20 provided in building 12A collects measured data
generated by the cameras and man-counting sensors used
as sensors 121A and representing the numbers of persons
on or in the respective floors or zones. The control
system 120A transmits the measured data (i.e.,

25 number-of-person data) to the DR server 10. The DR
server 10 can thus acquire the number-of-person data as

environmental data (Step S11).



15precisely, floor A consists of zones Al and A2, and floor B consist of zones B1 and 52. That is, either
floors A and B or zones Al, A2, Bi and B2 are regarded as areas at the cower demanding side. As
shown in FIG. 1, the control system 120A 20provided in building 12A collects measured data
generated by the cameras and man-counting sensors used as sensors 121A and representing the
numbers of persons on or in the respective floors Of zones. The control system 120A transmits the
measured data (i.e., 25number-of-person data) to the DR serverThe DR In order to count the
persons in the building, the images photographed by the cameras used as sensors 121A. The control
system 1207. performs an image recognizing method, in this process, the images 5photographed by
the cameras are processedicounting the persons irmactioersrreach flooher inweactizone. Farther,
another method may be used to count persons, in which the man-counting sensors installed at the

entrance OT gate t0THE BildIRG 578 128G 2 BhsbRE1 PR f5 caliift thé Persohisiihthe building. In
this method, the man-¢gunting sensors P%Sfalé%fjs%%melei%‘@@@r gggﬁ!gtqﬁ aﬂgas%%irs provide data,

from. which the number of persons on each floor or in each zone can be inferred. Still another method
may be used 15to ceutt personsatdigh agcuracy, which utitizes the, number-aigeeson data held in
the entry-exit management system that manages the entry and exit to and from each floor or each
Zone(ﬁthé%u”mngﬁmtographed by the cameras are processed, counting the

persons 1in action on each floor or in each zone.

Further, anothér method may be used to count persons,

in which the man-counting sensors installed at the

entrance or gate to the building are used as sensors

10 121A to count the persons in the building. In this
method, the man-counting sensors installed at the
elevators, escalators and stairs provide data, from
which the number of persons on each floor or in each
zone can be inferred. Still another method may be used

15 to count persons at high accuracy, which utilizes the
number-of-person data held in the entry-exit management
system that manages the entry and exit to and from each
floor or each zone of the building.

The DR server 10 thus acquires the number-of-

20 person data about each floor or each zone, as
environmental data, from the measured data collected by
the control system 120A provided in building 12A
through the communication network 11. The DR server 10
acquires the number-of-person data about each floor or

25 each zone, as environmental data, also from the control

systems of the other buildings 12B to 12D.

The DR server 10 calculates the power consumption



The DR server 10 thus acquires the number-of- 20person data about each floor or each zone, as
environmental data, from the measured data collected by the control system 120A provided in building.
12A through the communication network 11. The DR server 10 acquires the number-of-person data
about each floor or 25each zone, as environmental data, also from the control .systems of the other
buildings 125 to 125. The DR server 10 calculates the power consumption - 10 - in the building and
the power consumption on each floor or in each zone, from the measured data transmitted from the
control system 120A (Step 512). On the basis of the power consumption thus calculated, the DR
server 510 allocates no target power-reduction values to any floor or zone of a building, which
consumes very littlel poweeiscextretely samall drite angsuilding@ugpvacant building) tiateonsumes
very little power. Note that different ower-consumgttion values are set to the 10floors or zones,

respectively, each power-corsumptidhvalié BBing the St of ﬁ&mgﬁ%sﬁﬁ?&?ﬁy}‘fﬁ@ﬁluminaﬂon
devices, air conditiongrs apd OA apparatuses, allinstaied on the flagrnor in the zope. Next, the DR

server 10 calculates the target
of the power consumption thus calculated, the DR server
5 10 allocates no target power-reduction values to any
floor or zone of a building, which consumes very little
power is extremely small or to any building (e.g.,
vacant building) that consumes very little power. No
that different power-consumption values are set to the
10 floors or zones, respectively, each power-consumption
value being the sum of power consumed by the
illumination devices, air conditioners and OA
apparatuses, all installed on the floor or in the =zone.
Next, the DR server 10 calculates the target
15 power-reduction values for the respective floors or
zones (Step S813). Assume that a target power-reduction
value W (in kW) is allocated to the entire building
12A. The DR server 10 recognizes the number NA of
persons excising on floor A of building 122 and the
20 number NB of persons excising on floor B thereof.
Further, the DR server 10 recognizes the number Nal of
persons excising in zone Al of floor A, the number NaZ2
of persons excising in zone A2 of floor A, the number
Nbl of persons excising in zone Bl of floor B, and the
25 number Nb2 of persons excising in zone B2 of floor B.
The DR server 10 then allocates target power-

reduction values to the floors and zones of building



15power-reduction values for the respective floors or zones (Step S13). Assume that a target
power-reduction value W (in kW) is allocated to the entire building 12A. The DR server 10 recognizes
the number NP. of persons excising on floor A of building 12A and the 20number NB of persons
excising on floor B thereof. Further, the DR server 10 recognizes the number Nal of persons .excising
in zone Al of floor A, the number Na2 of persons excising in zone A2 of floor A, the number Nbl of
persons excising in zone B1 of floor B, and the 25number Nb2 of persons excising in zone B2 of floor
B. The DR server 10 then allocates target power-reduction values to the floors and zones of
building 12A, as will be specified below. That is, the target power-reducfion value WA for floor A is
calculated by formuld of Wa& =Whi Npe/ (N2 ¢ INBE Similady, the Target pewer-redustionaalue NB for
floor B is 5calculated ey formula of NB = W x NB / (NA + NB). The target power reduction value

WAI allocated to zdh&"Allis caittitated byt fﬁﬂrHﬁ‘laW@F WATWA SHal? (NEI ¥ a2 PHE targét power-
reduction value WAZallpcated to zone.Ag is; cgleulatedh 100y IEg’nula Of WAZ : WA x a2 / (Nal +

Na2). The target power-reduction value WB1 allocated to zone Bi'is caiculated by formula of W131 =
NB x Nbl / (Nbi f Nb2)r The target pewertrediictionwalues\W82 allocatadbtorzanei 82 is calculated by
formula of 15W82WB X Nb2(Nbl + Nb2). In these formulae, each

calculated by formula of Wg = W x NB / (NA + NB).

The target power-reduction value Wa7 allocated to

zone Al is calculated by formula of

Wpq1 = Wa x Nal / (Nal + Na2). The target power-

reduction value Wap allocated to zone A2 is calculated

10 by formula of Wpp = Wp x Na2 / (Nal + Na2). The target
power-reduction value Wgq allocated to zone Bl is
calculated by formula of Wgy = Wg x Nbl / (Nbl + Nb2).
The target power-reduction value Wgpp allocated to zone
B2 is calculated by formula of

15 Wpp = Wp x Nb2 / (Nbl + Nb2). In these formulae, each
term may be multiplied by a prescribed weight
coefficient, so that the target power-reduction value
calculated may be balanced with the actual target
power-reduction value.

20 How to calculate a target power-reduction value by
substituting the terms of each formula set forth above
will be explained. Assume that the target power-
reduction value for building 12A is set to 100 kW, the
numper NA of persons on floor A to 100, the number NB

25 of persons on floor B to 200. Alsoc assume that the

number Nal of persons in zone Al of floor A is set to

10, the number NaZ of persons in zone A2 of floor A is



term may be multiplied by a prescribed weight coefficient, so that the target power-reduction value
calculated may be balanced with the actual target power-reduction value. 20How to calculate a target
power-reduction value by substituting the terms of each formula set forth above will be explained.
Assume that the target power-reduction value for building 12A is set to 100 kW, the number NA of
persons on floor A to 100, the number NB 250f persons on floor B to 20.0. Also assume that the
number Nal of persons in zone Al of floor A is set te 10]the rumber Na2 of persons in zone A2 of floor
Ais 12 - set to 90, the number Nbl of persons in zone B1 of floor B is set to 30, and the number Nb2
of persons in zone 32 of floor B is set to 170. Then, the following target power-reduction values will be
allocated to the flodes-ari® z8Res 6htherbiileiiy 121 o THetaRgEt Howerzedaction vdlue WA allocated
to floor A is 100 kW x (1/3), or about 33 kW, Similarly, the target power-reduction value WB allocated
to floor B is 100 k:%lxogiﬁ)%}orl 3bot 66 f?\/\/3 t—i\Fl‘}rrt]ﬁ!erfj e t%%(égf%%v@grgreaé:ct?oenr\?aciag WA allocated

to zone Al is 33 kW x{(1/10), errabout 3,3 KW.sThetargef bower-redygtion value AWAZ allogated to zone
A2 is 33 kW x (9/10), or about 29.7 kW. The target power-reduction value WB1 allocated to zone 31
15is 66 kW x (3/20) pomaout 9@ kWe dhectaiget poweres will be allocated to the

5 floors and zones of the building 12.

The target power-reduction value Wp allocated to
floor A is 100 kW x (1/3), or about 33 kW. Similarly,
the target power-reduction value Wg allocated to floor
B is 100 kW x (2/3), or about 66 kW.

10 Further, the target power-reduction value Wpj
allocated to zone Al is 33 kW x (1/10), or about
3.3 kW. The target power-reduction value Wpp allocated
to zone A2 is 33 kW x (9/10), or about 29.7 kW. The
target power-reduction value Wp1 allocated to zone Bl
15 is 66 kW x (3/20), or about 9.9 kW. The target power-
reduction value Wpp allocated to zone BZ is
66 kW x (17/20), or about 56.1 kW.

The DR server 10 calculates the target power-

reduction values for the floors and zones of building

20 12A in district X, as explained above. For the floors
and zones of the other buildings 12B to 12D, the DR
server 10 can of course calculate target power-—
reduction values. Further, the DR server 10 may
calculate the target power-reduction values from the

25 electric charges the power demanding side has paid, not
from the number-of-person data, i.e., environmental

data.



reduction value WB2 allocated to zone B2 is 66 kW x (17/20), or about 56.1 kW. The DR server 10
calculates the target power-reduction values for the floors and zones of building 2012A in district X, as
explained above. For the floors and zones of the other buildings 12B to 120, the DR server 10 can of
course calculate target power- reduction values. Further, the DR server 10 may calculate the target
power-reduction values from the 25electric charges the power demanding side has paid, not from the
number-of-person data, i.e., environmental data. - $3-13 After calculating the target
power-reduction values, the DR server 10 generates power control data for controlling the power
consumption to reduce the same to these target values (Step S14). The power control data is
ooerating control data for éértedllirg: thHedatpltsloft for exantsié, thevaircorditioriersand illumination
devices. The contrgfl dlata may, instr ific number of 100W-illumination devices should be

n %t that a speci
turned off or dimmer control sholid be f@ﬁevr?orm%ed ST thesd iftimination devitesCAlEmatively, the
control data may instructthat an aircenditignes that,consumes S00.W per hour, should be turned off or

that the cooling temperature should be raised. 15In this embodiment, the DR server 10 performs the
same to these target values (Step S14). The power

5 control data is operating control data for controlling
the outputs of, for example, the air conditioners and
illumination devices. The control data may instruct
that a specific number of 100W-illumination devices
should be turned off or dimmer control should be

10 performed on these illumination devices.

Alternatively, the control data may instruct that an
alr conditioner that consumes 500 W per hour should be
turned off or that the cooling temperature should be
raised.

15 In this embodiment, the DR server 10 performs the
power demand control, thereby allocating target power-
reduction values to the floors and zones, in accordance
with the environmental data representing the positional
relation of floors and zones and the numbers of persons

20 on the floors or in the zones. The environmental data
may represent not only the numbers of persons on the
floors or in the zones, but also the motion data or
action data about these persons. The motion data or
the action data can be extracted from the images

25 photographed by cameras used as image sensors.
Moreover, the wireless tags the people hold are be

used, extracting position data and, ultimately,



power demand control, thereby allocating target power-reduction values to the floors and zones, in
accordance with the environmental data representing the positional relation of floors and zones and
the numbers of persons on the floors or in the zones. The environmental data may represent not only
the numbers of persons on the floors or in the zones, but also the motion data or action data about
these persons. The motion data or the action data can be extracted from the images 25photographed
by cameras used as image sensors. Moreover, the wireless tags the people hold are be used,
extracting position data and, ultimately, acquiring the motion data about The persons on a specific
floor or in a specific zone. The acceleration sensors the people hold are used, detecting the motion
each person makesiermeasurngise distaroe hopshdmoveshThe R serweri0obtains the motion
data and action data in the form_of weight coefficients for the formulae specified abgve, and calculates

the target power-reﬁﬁ@t?olrﬁjf&lUE%?SFthg]?eéﬁe&ivégi%_ﬁég,ifFoc?rgré%d bulldigsS T6ARY Buildihg has
areas, such as a campuier o, inwhich the air conditioners,cannat be.turned.off. The bR server 10

may therefore perform the power demand control, regarding such an area as non-controlled area. The
DR server 10 may determinerwheathes the pewemrdscansumptionsinanyarea havingiluminration
devices should be reduced or not, in accordance with the power being consumed in the area. This is
because the illumirnafiga HevicEscdrfbe furiied oh br @A dseofdehceatitPiwhéther pedple are in the
area where 20they are installed: Any, arga where the yery mporiant customers are sitdng may not be
subjected to the power controf’

formulae specified above, and calculates the target
power-reduction values for the respective zones, floors
and buildings.

10 Any building has areas, such as a computer room,
in which the air conditioners cannot be turned off.
The DR server 10 may therefore perform the power demand
control, regarding such an area as non-controlled area.
The DR server 10 may determine whether the power

15 consumption in any area having illumination devices
should be reduced or not, in accordance with the power
being consumed in the area. This is because the
illumination devices can be turned on or off in
accordance with whether people are in the area where

20 they are installed. Any area where the very important
customers are sitting may not be subjected to the power
control.
[Specific Embodiment]

FIG. 5 is a flowchart explaining how a specific
25 embodiment operates.
This embodiment is a method of performing an

effective power demand control in a room, in accordance



[Specific Embodiment] FIG. 5 is a flowchart explaining how a specific 25embodiment
operates. This embodiment is a method of performing an effective power demand control in a room, in
accordance - 15 the opening of the window shade used in the room and the target
power-reduction value allocated to the room. The DR server 10 acquires the data representing the
openings of the window shades in, for example, zone Al on floor A of building 12A (Step 521). This
data is transmitted from the control system 120A. If the windew shades are of electrically-driven type,
the devices controlling the shades output, to the DR server 1010, the detection signals representing
the openings of the shades. If the window shades are of the type not electrically driven, the control
system 120A perfoith$ & reegrifien precess onthenrades photographed: by thé camerasiinstalled in

the room, thereby infgérir%?}thetlsr%p%nin s of the windgw shades. Next, the DR server 10 calculates
the power consumpti he Sfumination Yevices And =i Borlditiotiers Istsiedin Zone AF on the

basis of the measungglggta transmitted from the control system 120A 20(Step 522). The DR server
10 then collects environmental data about building 12A (Step 523). This environmental data
represents, for example, tiié¢emperaturesand Wiret-poweemeasuretboutsidehtidingt12A. Using the
envwonmeg&ﬂ the openings of the window shades in, for example, zone
Al on floor A of building 12A (Step S21). This data is
transmitted from the control system 120A. If the
window shades are of electrically-driven type, the
devices controlling the shades output, to the DR server
10 10, the detection signals representing the openings of
the shades. If the window shades are of the type not
electrically driven, the control system 120A performs a
recognition process on the images photographed by the
cameras installed in the room, thereby inferring the
15 openings of the window shades.

Next, the DR server 10 calculates the power
consumption of the illumination devices and air
conditioners installed in zone Al, on the basis of the
measured data transmitted from the control system 120A

20 (Step S22).

The DR server 10 then collects environmental data
about building 12A (Step S$23). This environmental data
represents, for example, the temperature and wind power
measured outside building 12A. Using the environmental

25 data, the DR server 10 performs simulation, determining

how the power consumption changes as the window shades

are opened and shut (Step S24).



25data, the DR server 10 performs simulation, determining how the power consumption changes as
the window shades are opened and shut (Step 524). The aconditioners consume much power in
surraer when the temperature in the rooms is high. If the window shades are shut, the operating
efficiency of each air conditioner will increase. On the other hand, however, more illumination devices
must be turned on to maintain the illuminance. This is why the DR server 10 performs simulation,
calculating well-balanced power consumptions of the air gonditioners and illumination devices. 10In
spring or fall, the outdoor temperature is neither too high nor too low for people. Therefore, if the
window shades are opened, airing the building or guiding radiant heat into the building, thereby to
reducing the output of theTakeconiitichiers. i ladtition, the foors are el dightediwith tivenexternal
light, and more iIIum}ilneation devices can be turned off than otherwise. In this case, too, the DR server

10 can calculate, throtgh the sinTIRIGH. WelEbARRntEd poeF tonsumptidns ofthe aifconditioners
and 20illumination dexiggs. <n lhen, heDR server 10 adiusts the targetpoweredugtion values for

the air conditioners and illumination devices to make them balanced with one another, in accordance
with the allocated tezhe result 25ofdhe sindlation tonducted ahile therwindewshiades raemain shut
(Step S25). In other words, the DR server 10 renders these target power-reduction values well
balanced, h considEt4fdiT bf tHEGiSening BRtHEwiHIoW SIAdESattHE WikGows BR e Buildifg. An
e e o man contiol pdherehy ResamRlshed I LosPeng o e dpapd uguipn. Sin
performs simulation, calculating well-balanced power
consumptions of the air conditioners and illumination
devices.
10 In spring or fall, the outdoor temperature is
neither too high nor too low for people. Therefore, if
the window shades are opened, airing the building or
guiding radiant heat into the building, thereby to
reducing the output of the air conditioners. In
15 addition, the rooms are well lighted with the external
light, and more illumination devices can be turned off
than otherwise. 1In this case, too, the DR server 10
can calculate, through the simulation, well-balanced
power consumptions of the air conditioners and
20 illumination devices.
Then, the DR server 10 adjusts the target power-
reduction values for the air conditioners and
illumination devices to make them balanced with one
another, in accordance with the allocated to the result
25 of the simulation conducted while the window shades

remain shut (Step S25). In other words, the DR server

10 renders these target power-reduction values well



reduction values allocated to the air conditioners and illumination devices, priority may be assigned to
the air conditioners because the target power-reduction value for the air conditioners can be more
easily 10adjusted than the value for the illumination devices in accordance with, for example, the
number of persons. If the priority is assigned to the illumination devices, the target power-reuction
value for them must be adjusted in accordance with not only the number of persons, but also the
locations of persons, in order to achieve an effective power demand control. Alternatively, the
allocation of target power-reduction values may be so adjusted to out the power consumption peaks in,
for example, various time brackets. 20With respect to the common-use, huge equipment provided in
the building, such &3 éfevatsts aht eseakicrsr tHelDR sefvet0 aregrperforata power deprand control
to stop, for examplehgge of thte %Ig\éators in accordance wijth the number of the persons in the 25

building or the numbst Bf the persons AehiSIl moving T tHe Builtiig. AltétRafively the R server 10
may perform a powey, demand confrol 4q stop any eleyator, tha can,stap at the flgprs on which there

are 'new people. In either case, the power consumption of the common-use equipment can be

reduced. To accomplishcthisgpowertdemnalacheantraln therDRtSserver 10 needs priority data, too. Priority

is assigned to, for example, the air conditioners, because The air conditioners can be more easily

controlled than the illumin&fiof dévices it aEcordaned With! ot exafhple e thurbierof persons. If the

priority is reduction values allocated to the air conditioners and
illumination devices, priority may be assigned to the
alr conditioners because the target power-reduction
value for the air conditioners can be more easily

10 adjusted than the value for the illumination devices in
accordance with, for example, the number of persons.

If the priority is assigned to the illumination
devices, the target power-reduction value for them must
be adjusted in accordance with not only the number of

15 persons, but also the locations of persons, in order to
achieve an effective power demand control.
Alternatively, the allocation of target power-reduction
values may be so adjusted to cut the power consumption
peaks in, for example, various time brackets.

20 With respect to the common-use, huge equipment
provided in the building, such as elevators and
escalators, the DR server 10 may perform a power demand
control to stop, for example, one of the elevators in
accordance with the number of the persons in the

25 building or the number of the persons actually moving

in the building. Alternatively, the DR server 10 may

perform a power demand control to stop any elevator



10assigned to the illumination devices, the devices must be automatically controlled in accordance
with not only the number of persons, but also the locations of persons. A power-consumption
reduction request cuts the power consumption peaks in, for example, various time brackets. The
power demand may be predicted on the basis of the power consumptionend described in history
data.N [Modified Embodiment] 20FIG. 6 is a diagram explaining a modification of the embodiment, or a
method of giving the information indicating the contrel peéidormed by the DR server 10. As shown in
FIG. 6, the DR server 10 presents the information representing the demand instruction (i.e., 25
power-consumption reduction request) received and the actual state of the power demand control, on
displays 60 installed ¢ the“fidors 6t zonés bR & buildingordh the Sereenofa erning '¢ommon to the

floors or zones. To disgl this i Iﬁor&a&'on the DR seryer 10 may use an imar%e distributgn system

called "digital signage™)” The DR Server 10 has s roduls that gives the Biftarmation to, for example,

the power managerogmg@e@(%ggm in the formQf/, WIEB page or an electronic mail.

Alternatively, the DR server 10 may be configured to electronic data, as a power demand control
report, periodically to the pobwerananagemeéntthis power demand control, the DR

5 server 10 needs priority data, too. Priority is
assigned to, for example, the air conditioners, because
the air conditioners can be more easily controlled than
the illumination devices in accordance with, for
example, the number of persons. If the priority is

10 assigned to the illumination devices, the devices must
be automatically controlled in accordance with not only
the number of persons, but also the locations of
persons.

A power-consumption reduction request cuts the

15 power consumption peaks in, for example, various time

brackets. The power demand may be predicted on the

basis of the power consumption trend described in

history data. A
[Modified Embodiment]
20 FIG. 6 1s a diagram explaining a modification of

the embodiment, or a method of giving the information
indicating the control performed by the DR server 10.

As shown in FIG. 6, the DR server 10 presents the

information representing the demand instruction (i.e.,

25 power—-consumption reduction request) received and the
actual state of the power demand control, on displays

60 installed in the floors or zones of a building or on



10terminal installed in each building. Moreover, the DR server 10 may have a database
accumulating the trend data generated in the oast, may acquire the trend data from the database by
using date-time data and meteorological data as retrieval Ibkeys, and may use the trend data as index
of the power-consumption reduction request. In most office buildings, the power consumption per man
is much greater on a holiday than on any working day. Hence, it is important to encourage the
20persons working on a holiday to reduce the power consumption. Therefore, the DR server 10 may
calculate the power consumed per man, by dividing the power consumed by the illuminating devices
being used, by the number of these persons and then may display the power 25consumed per man on
the displays 60. Altéfratielyetie DR servé&l0-fay caloulate the power tbasumedperamars if all
persons working onrtgeéj'nolid?g are assembled - 20 - in, for examgle, a conference room, and if the

illumination devices and aif Gonditionrs indtaled i #& cortferentcd robm are ustd"@HdHsy display
the power consumption;sp.calculated. Still @lternatively. the.DR, . 4 “digital signage”).

The DR server 10 has a module that gives the
5 information to, for example, the power manager
stationed in each building, in the form of a WEB page
or an electronic mail. Alternatively, the DR server 10
may be configured to electronic data, as a power demand
control report, periodically to the power management
10 terminal installed in each building.

Moreover, the DR server 10 may have a database
accumulating the trend data generated in the past, may
acquire the trend data from the database by using
date-time data and meteorological data as retrieval

15 keys, and may use the trend data as index of the
power-consumption reduction request.

In most office buildings, the power consumption
per man 1is much greater on a holiday than on any
working day. Hence, it is important to encourage the

20 persons working on a holiday to reduce the power
consumption. Therefore, the DR server 10 may calculate
the power consumed per man, by dividing the power
consumed by the illuminating devices being used, by the
number of these persons and then may display the power

25 consumed per man on the displays 60. Alternatively,
the DR server 10 may calculate the power consumed per

man 1f all persons working on the holiday are assembled



5server 10 may perform a power demand control, in which some of the illumination devices are turned
off, the cooling temperature is raised, and some of the printers are turned off, and may then display
these events on the displays 60. 10This method of visually presenting the information, if performed,
can effectively encourage the people concerned to reduce the power consumption positively.

certain embodiments have been described, these embodiments have been presented by way of

example only, and are not intended to limit the scope of2the irventions. Indeed, the novel
embodiments described herein may be embodied in a variety of other forms; furthermore, various
omissions, substitutions and 20changes in the form of the embodiments described herein may be
made without depatting fréf thEEpititof thie FveAESHS Eherastdmparyind clairms and their
equivalents are inten,jc\i}]ed to cover such forms or madifications as would fall within the scope and spirit

250f the inventions:‘L

a regeiving unit,configuredtq receive apowersconswmptian redyction request for

comprising:
reducing power

10

15

20

25

CSLLP =21 ﬁ{}?—f‘(ﬁ TS cﬁ_'}gl\féﬁ ISR IR Potver Hontral agparatus

consumption so calculated. Still alternatively, the DR
server 10 may perform a power demand control, in which
some of the illumination devices are turned off, the
cooling temperature is raised, and some of the printers
are turned off, and may then display these events on
the displays 60.

This method of visually presenting the
information, 1f performed, can effectively encourage
the people concerned to reduce the power consumption
positively.

While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the
inventions. Indeed, the novel embodiments described
herein may be embodied in a variety of other forms;
furthermore, various omissions, substitutions and
changes in the form of the embodiments described herein
may be made without departing from the spirit of the
inventions. The accompanying claims and their
equivalents are intended to cover such forms or
modifications as would fall within the scope and spirit

of the inventions.

While



5 consumption at a power demanding side; an environmental data acquiring unit configured to
acquire environmental data representing environmental state of the power demanding side, the
environmental data including number-of-person data representing the number of Y& perSons in each
area of the power-demanding side; and a calculating unit configured to calculate a
power-reduction value about each area of the powgr-%mgnding side based on the environmental
data, in response to the power-consumption reduction request. 13 2. The power control apparatus
of Claim 1, further comprising a power confrgller eenfigured:to ceatrol the power consumption and to
reduce the power consumption by the power-reduction value allocated to each area of the 20
power-demanding side, baseg ondhe ponwerseduciipnvalue caletlatad; by ¢he calculating unit. 3.
The power control apparatus of Claim 2, wherein the power controller is configured to invalidate power
25 consumption contfol pefferiied th decordande with thé ppRer-eedictionavahge! dm any area of the

power-demanding side, ofher than the areas,in which power consumption should be - 22 - reduced.
4. The power control & paratus otd&%lm T, flirter comprising an TrformaliGi Bresenting unit

configured to display@n aslisplay provided-attheHoweldemanding side, information, representing
the target power-reduction values allocated from the power-supplying side to the respective areas of
the power-demanding Biderandcalsoi¢he powes-reductionivalues attained imthegespective areas in 10
accordance with the target power-reduction values allocated thereto. 5. A power control system
comprising: 2¢duire environmental data representing environmental state
prising:
of the power demanding side, the environmental data
including number-of-person data representing the number of
10 persons in each area of the power-demanding side; and
a calculating unit configured to calculate a power-
reduction value about each area of the power-demanding side
based on the environmental data, in response to the power-
consumption reduction request.
15
2. The power control apparatus of Claim 1, further
comprising a power controller configured to control the
power consumption and to reduce the power consumption by
the power-reduction value allocated to each area of the

20  power-demanding side, based on the power-reduction value

calculated by the calculating unit.

3. The power control apparatus of Claim 2, wherein
the power controller is configured to invalidate power
25 consumption control performed in accordance with the power-
reduction value, in any area of the power-demanding side,

other than the areas in which power consumption should be



a data communication unit configured to perform data 15 communication with the power-supplying
side that supplies power to the power-demanding side; and a power controlﬁ&g?pfigured to
perform a power demand control at the power-demanding side, wherein the power controller
comprises: 20a receiving unit configured to receive a power- consumption reduction request from the
power-supplying side via the data communication unit;, _ an environmental data acquiring unit
configured to acquire, from the power demanding side, environmental data 25 representing
environmental states Qf respective areas of the power demanding side, the environmental data
including MCSUP - 23 - number-of-person data representing the -umber of persons in each area of
the power-demanding side; a calculating unit configured to calculate a power-reduction value
about each area of the power-demanding side based on the environmental data, in response to the
power-consumption réductiGieretfiie’ dfeh £ £ AL pweREGHstptior dohtrollér cdnfigtéd to control
the power consumption in the respective areas by the power-reduction value allocated to each area of
the power- 10 den érnld?ﬁél gidae?bgéle%) Sﬁ?ﬁé 88\/\/%F—?e%ur\{:%tigﬁ({/alﬁel%alSalgt%eldgblyr ﬁ% g’a%culating unit.
6. The powver eanffol systesh ot Claimd, avheretsnthe anvirenmenty lata agquirng Lnif is caafjgured to

aeaure information representing the target power-reduction values
allocated from the power-supplying side to the respective
areas of the power-demanding side and also the power-
reduction values attained in the respective areas in

10 accordance with the target power-reduction values allocated

thereto.

5. A power control system comprising:
a data communication unit configured to perform data

15 communication with the power-supplying side that supplies
power to the power-demanding side; and

a power controller configured to perform a power
demand control at the power-demanding side,
wherein the power controller comprises:

20 a receiving unit configured to receive a power-
consumption reduction request from the power-supplying side
via the data communication unit;

an environmental data acquiring unit configured to
acquire, from the power demanding side, environmental data

25 representing environmental states of respective areas of

the power demanding side, the environmental data including



15 the number-of-person data, by using sensor units installed in the respective areas of the

power-demanding side. 7. The power control system of Claim 6, wherein e%'@@lf ltlg,e sensor units
includes an image recognizing unit 20 configured to detect the number of the persons’in each area, by
processing an image photographed by a camera 8. The power control system of Claim 5, wherein
the power controller is configured to generate data for,yse in 25 performing a power control on objects
provided in each area, based on the power-reduction values aiiocatod to the MCSLO - 29 - respective

areas of the power:demanding side. . 3 The,pawer control system,of Claim 5, whergin.the power

controller is configured to perform a power control 5 on illumination devices and air conditioners for the
power demana eontrelard tofadjust the targetipoweritedyuctionalues for the illumination devices and

air conditioners in accordance with the environmental states of the respective areas, including the
number of the persorfs, férhperatlire’ahd' 10 in 64cH areiraAd ftnfiddricelsficach areder~ 10. A

method for pe?%%‘@%iao%oggﬁ%%”% L, C? PO C%‘é%)' apparalus dieg?égf”-ecge%’a%%ﬁ%m apower
demand control at a power demanding side, the metho comprlsmg? receiving a power-consumption
reductiongequest foll reducing pewer £ensHARHAN ata power demarelingside; the power-
consumption reduction request; and
a power consumption controller configured to control
the power consumption in the respective areas by the power-
reduction value allocated to each area of the power-

10 demanding side, based on the power-reduction wvalue

calculated by the calculating unit.

6. The power control system of Claim 5, wherein the
environmental data acquiring unit is configured to acquire
15 the number-of-person data, by using sensor units installed

in the respective areas of the power-demanding side.

7. The power control system of Claim 6, wherein each
of the sensor units includes an image recognizing unit
20 configured to detect the number of the persons in each

area, by processing an image photographed by a camera.

8. The power control system of Claim 5, wherein the
power controller is configured to generate data for use in
25 performing a power control on objects provided in each

area, based on the power-reduction values allocated to the



acquiring environmental data representing environmental state of the power demanding side, the
environmental data including number-of-person data 20 representing the number of persons in each
area of the power-demanding side; and  calculating a power-reduction value dBbat-e8ch area of the
power-demanding side based on the environmental data, in response to the power-consumption
reduction request. _ o4 -

respective areas of the power-demanding side.

9. The power control system of Claim 5, wherein the
power controller is configured to perform a power control
5 on illumination devices and ailr conditioners for the power
demand control and to adjust the target power-reduction
values for the illumination devices and air conditioners in
accordance with the environmental states of the respective
areas, including the number of the persons, temperature and

10 in each area and illuminance of each area.

10. A method for performing a power control in a
power control apparatus designed to perform a power demand
control at a power demanding side, the method comprising:

15 recelving a power-consumption reduction request for
reducing power consumption at a power demanding side;
acquiring environmental data representing
environmental state of the power demanding side, the
environmental data including number-of-person data
20 representing the number of persons in each area of the
power-demanding side; and

calculating a power-reduction value about each area of

the power-demanding side based on the environmental data,

in response to the power-consumption reduction request.



