1 Eé%cription Title of Invention: ENERGY MANAGEMENT SERVER, ENERGY
MANAGEMENT METHOD, AND PROGRAM Techni cal Fi el d 5Enbodi nents descri bed
herein relate generally t.o an energy nmanagenent server, energy managenent
met hod, and program for energy nanagenment in relatively |arge-scale
constructions such as buildings and factories. Background Art 1- -
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energy management server, energy management method, and

program for energy management in relatively large-scale
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10 Buildings and factories consume energy in large
quantities. Energy consumption of private-sector
businesses is especially as large as 20% of the total.
Effective energy-saving measures are required. Also, tight
power supply and demand in recent years impose an upper

15 limit of power consumption on large consumers. Hence,
energy-saving technologies such as an energy consumption
peak cut technique and peak shift technique have received
considerable attention.

It is hoped that new energy systems such as a

20 photovoltaic (PV) systen, wind generator system, and solar
heat utilization system will become popular more and more
in the future. Energy storage systems such as storage
batteries and accumulators, which are required to
effectively utilize these energy creation systems of this

25 type, have also received a lot of attention.

In order to effectively use energy, it is desired to

control diversifying energy related systems to cooperate



bffeciively utilize these energy creation systens of this 25type, have al so
received a |l ot of attention. In order to effectively use energy, it
is desired to control diversifying energy related systens to cooperate 2
with each other. To this end, it is inportant to create an operation
schedul e required to organically activate an energy consunption system
energy creation system and energy storage system The operation schedule
created by 5the existing nethod ains at-erkrgy or cost savings in a
building or facility alone such as a building or factory. Ctation List
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10 Summary of Invention
Technical Problem
A technique called demand response (DR), with which an
energy supplier requires a consumer to suppress energy |
consumption is known. When a building or factory receives
15 . a demand response signal, it is required to change an
energy-saving target value and power-saving target value,
and to also change an operation schedule.
However, it is difficult to immediately change the
operation schedule in response to reception of the demand
20 response signal. One to two hours are often required for
calculations required to create an operation schedule. For
this reason, hours enough to determine the advisability of
the created operation schedule or to complete required
settings cannot be assured before execution of the
25 operation schedule, and it is difficult to activate
respective systems under an advantageous scenario.

Furthermore, it is often revealed in the middle of an



the created operation schedule or to conplete required settings cannot be
assured before execution of the 25operation schedule, and it is difficult
to activate respective systenms under an advantageous scenario. Furthernore,
it is often revealed in the mddle of an 3 operation schedule calculation
process that energy cost can be further reduced by storing energy in a heat
storage tank or storage battery in advance. However, as creation of the
operation schedul e takes longer, a time-reduired to store 5energy in
advance becones shorter Especially, since energy related systens (heat
storage device IIer nor ral rise slowy, it becones nore
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to one ®nbodi gRetgy ain EAGF Y- BRI EE shorter. Especially, since
energy related systems (heat storage device, chiller, etc.)
normally rise slowly, it becomes more disadvantageous as
schedule creationltakes longer.
As described above, with the existing technique, it is
10 often focused to execute disadvantageous operations upon
reception of the demand response signal. A technique which
can solve such problems is demanded.
An object is to provide an energy management server,
energy management meﬁhod, and program, which can
15 immediately start control based 6n an advantageous
operation schedule from reception of a demand response
signal.
Solution to Problems
According to one embodiment, an energy management
20 server includes an estimation unit, condition setting unit,
calculation unit, reception unit, and control unit. The
estimation unit estimates an energy demand in a building
where electrical apparatuses including an energy
consumption apparatus and energy storage apparatus are
25 equipped based on data associated with the electrical
apparatuses. The condition setting unit sets a plurality

of energy consumption suppression conditions. The



20server includes an estimation unit, condition setting unit, calculation
unit, reception unit, and control unit. The estimation unit estinmates an
energy demand in a building where electrical apparatuses including an
energy consunption apparatus and energy storage apparatus are 25equi pped
based on data associated with the electrical apparatuses.:- The condition
setting unit sets a plurality of energy consunption suppression conditions.
The 4 calculation unit calcul ates an operdation schedule of the electrical
appar atuses which can optim ze an energy bal ance in the building based on
“the energy denand and suppression condition. The reception unit receives a

demand r esporfel Byliadigan V| tu AP iR ke ragy amsraiiinn fclrdpressl drhe

condition. The control. unit controls the electrical apparatuses based on an
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4 is a di agr aprieword date doawsamepg o Welden Lok shaun dn FIG 3.

20[FIG 5] FIG 5 is a flowhart show ng the processing sequence of the

ener gy managempiiraeicee bhsaer drigdhy doe e dd Isthehdid®Bt 1ated based
on the suppression condition corresponding to that included
in the demand response signal.

10 .Brief Description of Drawings
[FIG. 1] FIG. 1 is a system diagram showing an example of
an energy management system according to an embodiment.
[FIG. 2] FIG. 2 is a diagram showing an example of energy
flows in a building 1.

15 [FIG. 3] FIG. 3 is a fuﬁctional.block diagram showing an
example of an energy management server 4 according to the
first embodiment;

[FIG. 4] FIG. 4 is a diagram showing data flows among
function blocks shown in FIG. 3.

20 [FIG. 5] FIG. 5 is a flowchart showing the processing
sequence of the energy management server 4 according to the
first embodiment.

[FIG. 6] FIG. 6 is a functional block diagram showing an
example of an energy management server 4 according to the

25 second embodiment.

[FIG. 7] FIG. 7 is a diagram showing data flows among

function blocks shown in FIG. 6.



{FIG*6] FIG 6 is a functional block di agram show ng an exanpl e of an

ener gy management server 4 according to the 25second enbodiment. [FIG 7]
FIG 7 is a diagram show ng data flows anong function blocks shown in FIG
6. S [FIG 8] FIG 8 is a flowhart showi ng the processing sequence of the
ener gy nmanagement server 4 according to the second embodi nent. [FIG 9]
FIG 9 is a view show ng an exanpl e of a schedul e 5sel ection screen, which
i s displayed on a display 42 according to %he-second enbodinent. [FIG 10]
FIG 10 is a diagram showi ng another exanple of data flows anmong function
bl ocks shown in FIG 3. Description of Enbodiments 10FIG 1 is a system

di agr am showi HgrGn Bx 3RSt e dilark dhkavwshaihsonwing sy @neRTIFHINg to an
enbodi nent. Referring to FIG 1, a building 1 as a construction includes a
| ocal area né&tSBIFE e, LULXBMRARIIATIH RATNAK .4 NIt ing ti the
apparatuses 5, laocal conirollers 3, 15and energy managenent server are
cggnect ed to steﬁémi_diﬁ“%o eé'f‘ntUpper | ayer protocol of the LAN 8, for

exanpl e, BACn[%t an+b ed, Jn this way, other vendor systens can be m xed
in the system I]G(C). %&c%‘#’g’c% lc%naf r‘%)Jﬁwer ,w%%tarrblq’?drl'l é’r_f:taus%"g“e;@e%{ﬁ
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apparatuses. The nonitoring apparatuses 5 2b5receive nonitoring results
notified fromruee hodalFIc. 10 is a diagram showing another example of
data flows among function blocks shown in FIG. 3.
bescription of Embodiments
10 FIG. 1 is a system diagram showing an example of an
energy management system according to an embodiment.
Referring to FIG. 1, a building 1 as a construction
includes a local area network (LAN) 8 as a communication
network. Mohitoring apparatuses 5, local controllers 3,
15 and energy management server 4 are connected to the LAN 8.
As an upper layer protocol of the LAN 8, for example,
BACnet® can be used. In this way, other vendor systems can
be mixed in the systemn. |
To each local controller 3, controlled apparatuses 2
20 are connected via a communication line. Each local
controller 3 recognizes the connected controlled
apparatuses 2 as apparatuses to be monitored, monitors
states of these apparatuses, and gives various kinds of
control to the apparatuses. The monitoring apparatuses -5
25 receive monitoring results notified from the local
controllers 3, control the energy management system in an

upper level, and provide various kinds of information to



controllers 3, control the energy managenent systemin an upper |evel, and
provi de various kinds of information to 6 the user. The controll ed
apparatuses 2 can include energy consunption apparatuses, energy creation
appar atuses, and energy storage apparatuses. Exanples of the controlled
S5apparatuses 2 include electrical apparatuses such as air-conditioners,
illum nation apparatuses, power apparatuses, heat source apparatuses, heat
st orage apparatuses, chillers, PV systens,6 and storage batteries for
respective floors. 10The energy managenent server 4 mainly assunes
processing related to energy managenent of the building 1. The energy
managenment sé&hfellS£Xassunes processing for creating an activation/stop
schedul e of the controlled apparatuses 2 and an el ectric_ power/heat storage
schedul e 15such adh8 SO PRPEFAHUERS S&an nge e ETRFH r equest

eak shift target or, the like) from for exanple, a building nmanager
ggser). The &% é’;‘}‘ﬁ?&ﬁé’g&?@ﬁ?%ﬁ?&w R Do HPn FPREGAHUSSTt 3Dt ocol

(1P netmorke%e& ag&g%%' ?8%%%%%% %%Epsp r2<:sa%pi n%k % 0 E&Eﬁ&%)rre to as

a DR signal heréi oSt Serv dat a

(weat her for geash-a i QERERAL W95 5af e&%%ﬁ% e V?gﬁgﬁoaft(?{%% lsﬁ(c% )y roma
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in place of the BrAERALHYS, FLGurdnsiaws ApERARIOl Jh.energy flows

in the

apparatuses, heat source apparatuses, heat storage
apparatuses, chillers, PV systems, and storage batteries
for respective floors.

10 The energy management server 4 mainly assumes
processing related to energy management of the building 1.
The energy management server 4 assumes processing for
creating an activation/stop schedule of the controlled
apparatuses 2 and an electric power/heat storage schedule

15 such as electricity storage level settings based on a
request (peak shift target or the like) from, for example,
a building manager (user).

The energy management server 4 is connected to an

Internet Protocol (IP) network 9 to receive a demand

20 response signal (to be referred to as a DR signal
hereinafter) from a host server 6 and to acquire weather
data (weather forecast, temperatures of respective time
Zones, etc.) from a weather server 7. Note that a leased
line network or the like can be used in place of the IP

25 network.

FIG. 2 shows an example of the energy flows in the

building 1. 1In FIG. 2, a storage battery 20, PV system 21,



building 1. In FIG 2, a storage battery 20, PV system 21, 7 air cooled
heat punmp (HP) 22, water cooled chiller 23, absorption water cool er/ heater
25, heat storage tank 26, solar water heater 27, and co generation system
(CGS) 28 will be exenplified as exanpl es of the controll ed 5apparatuses 2.
Ener gy exchange rel ati ons anong these apparatuses will be explained. To the
building 1, for exanple, an electric power (received power) and gas are
supplied as energy sources. Using the eteciric€ power and gas as the energy
sources, electricity and cold are 10supplied to respective sites in the
bui |l di ng 1. i The received electric power is supplied to and stored in
the storage MR¥ 9P hpat pumpplHR 2D et eonsemked bghi hkeen2? gy
consunpti on apparatuses. Also, an electric power generated by the PV system
21 and OGS 2&KROERMPArTAFeE GRHSF 1hra iRy stor dyerhat teFyIeotank|as,
supplied to the, ener cqns tigQn a ratuses. For exanple, the electric
power suppl i e%oe]t%rt"ﬁ%yea]f ﬁ?ecatlv)tcnﬁvred?%HP %?a‘?ﬂi ISR A SHET | £FGIB 38
consumed to RS 9§3Q8Ld' T Sy i ed lied to ife CGS 28. The
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heater 27, angpesigas Gald Heoldoproduced by, the abis HP: 22,
wat er - cool ed%ﬁl er 2523, and absg}rlpti on wat eor cool erjlﬁie)%i(rjl’z % stored
in the heat séxamggke ! aik Afedtric gest et dvi-Ratpdld@nnd | fas 3is a
functional bl ock di agram show ng an

supplied as energy sources. Using the electric power and

gas as the energy sources, electricity and cold are
10 supplied to respective sites in the building 1.

The received electric power is supplied to and stored
in the storage battery 20, or is supplied to and consumed
by the energy consumption apparatuses. Also, an electric
power generated by the PV system 21 and CGS 28 is similarly

15 stored in the storage battery 20 or is supplied to the
energy consumption apparatuses. For example, the electric
power supplied to the air-cooled HP 22 and water-cooled
chiller 23 is consumed to produce cold.

The supplied gas is supplied to the CGS 28. The CGS

20 28 generates an electric power and heat, and supplies them
onto an electric power line and heated water line. The
absorption water cooler/heater 25 receiveg heat génerated
by the CGS‘28 and solar water heater 27, and produces cold.
Cold produced by the air-cooled HP 22, water-cooled chiller

25 23, and absorption water cooler/heater 25 is stored in the
heat storage tank 26 or is consumed by heat demand.

FIG. 3 is a functional block diagram showing an



8 exahpl e of the energy managenent server 4 according to the first

enbodi ment. The energy nmanagenent server 4 includes an input unit 41,

di splay 42, interface unit 43, storage unit 46, central processing unit
(CPY 44, and program 5menory 45. That is, the energy management server 4
is a conputer which functions when the CPU 44 executes prograns stored in
the program nenory 45. The input unit 41 is a human-nmachi ne interface
(operation panel, switches, and the |like) ®&perated by the 10user who
manages the building 1. The input unit 41 and display 42 forma graphi cal
user interface (GUJ) environment to accept information inputs fromthe user
and to provid%xﬁm@%ﬁrﬁﬁi%ﬂﬁt%ﬁ%ﬁ@Yu@@m§QGMQntn$%r7ene4uactoﬁeﬂngstpohhepted
to the LAN 8 and 151 P network 9, and assunes a conmunication function with
the nonitori nglﬁf)ba?%]??ﬁl‘%‘?n? ocafhe oPReEIY dRanagenent r 8¢t eer appinaludes 2,
and renote servers (host. server ather server 7, and the like).

6
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pr ogr am 105P, csmistited b vih S5 Uin Gesb S RN 1RO UFBIN D68 WeAL hel - 98t Gns
reception program 107P, control. program 109P, and search
stored in the program memory 45.
The input unit 41 is a human-machine interface
(operation panel, switches, and the like) operated by the
10 user who manages the building 1. The input unit 41 and
display 42 form a graphical user interface (GUI)
- environment to accept information inputs from the user and
to provide information to the user.
The interface unit 132 is connected to the LAN 8 and
15 IP network 9, and assumes a communication function with the
- monitoring apparatus's, local controllers 3, controlled
apparatuses 2, and remote servers (host server 6, weather
sexrver 7, and the like).
The storage unit 46 stores an operation database 108
20 as data according to the embodiment.

The program memory 45 stores, as programs including
instructions required for processing functions according to
this embodiment, a demand estimation program 101P, DR
reception program 102P,.DR formulation program 103P,

25 scheduling program 104P, condition setting program 105P,

reducible amount designation program 106P, weather data

reception program 107P, control program 109P, and search



rogram 110P. These prograns can be recorded on a renovabl e nmedi um
(recording nediun) such as a CD-ROM or can be downl oaded via a

comuni cation line (including the IP network 9). 5The CPU 44 | oads
respective prograns fromthe program nenory 45, and executes arithmnetic
processi ng by neans of hardware. The CPU 44 includes, as its processing
functions, a demand estimation unit 101, DR reception unit 102, DR
formulation unit 103, scheduling unit 104,9 10condition setting unit 105,
reduci bl e anobunt designation unit 106, weather data reception unit 107,
control unit 109, and search unit 110. The demand estimation unit 101
estimates, f&FAEHIE 0Ral TSR PIRIFanT @Bl drerkfcaksiathdmm ener gy
product in 15 the ilding 1, where the controlled apparatuses 2 are

equi pped, bas&ERYR &‘eégls‘%i RSP MR idEht B9 d s FARPECD . came

data associated with t ontrol |l ed apparatuses 2 can include, for exanple,
i nf ormati on Wiﬁaagrengt‘ﬁ?s a(c“cﬁ?g'l}ﬁ@d:a&d\ﬂé} Hie t HE94ueHng die at¥ on
20set ti ngs, g@@m R | ation settings of the respective controlled .
apparatuses 2, the cagdci ty of the storage battery 20, electric power

ener atg on char actgfl sty of R 53%@ I T
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intervals. The DR signal includes information of a type t'hat
time - 10 - haedesre) WIheh qruners GORSWHYEY ORY S HLPHIRGEdidde suppressed,

i ncentive, power consunption baseline, and the like. In this enbodi nent,
t he i nf or mat ifoncitiohsded idends B8 tsimgnalon widdt heigems iredddpt i amtead to
as an energy 5consunption suppression condition. The DR fornul ation
unit 103 for MiRat &R tleemsulpyiriess iugri tc Adi,t isemadudlimge chiniine tifoa ,r ecei ved DR
signal to create a formula which can be used in the arithnmetic processing.
For ex&npl e, CRNPRtIPInSLLHNg pid AR5 edediysddilet iampunt designation
unit 106, weather data reception unit 107, control unit
109, and search unit 110.
The demand estimation unit 101 estimates, for example,
values per hour of an energy demand and energy product in
15 the building 1, where the controlled apparatuses 2 are
equipped, based on data associated with ﬁhe controlled
apparatuses 2. The data associated with the controlled
apparatuses 2 can include, for example, information of
characteristics (consumed power and the like), operation
20 settings, and manipulation settings of the respective
controlled apparatuses 2, the capacity of the storage
battery 20, electric power generation characteristics of
the PV system 21, and the like.
The DR reception unit 102 receives a DR signal. The
25 DR signal is normally provided by the host server 6 via the

IP network 9 at regular or random intervals. The DR signal

includes information of a type of that DR signal, time



“10rebate (PTR) includes a rule (suppression condition) that an incentive is
paid for a reduction anount froma baseline of a received power anount in a
certain tinme zone. This suppression condition included in the DR signal can
be expressed by tine zone-dependent electricity charges, tine

15zone- dependent incentives, and tine zone-dependent baselines. The
scheduling unit 104 cal cul ates an operation schedule of the controlled
apparatuses 2, which can optim ze an erergyp bal ance in the building 1,
based on the 20energy demand, energy product, and fornul ated suppression
condition. The operation schedule can include information of settings,
active tines,zengd Vgl périadd powend ddmsunirkel arpais actdquiatediged Hee r espect i ve
control | ed apparatuses_2. Although various points of view of optimzation
may be 25adoftRPrStedbx diffieat itvieos e e manpuRRtvi oy hasekine avdmd st heoop
em ssion reductions,_and the lLike nmay be adopted. The condition

setting unit set’d FHgisregnadimerityi fihe emf amatgior ciadndednin the

suppressi on di.tions hefore arrival aof a signal. The set suppression
conditions a Magédﬂf SRS Bty ¢ QRS BIMCRLIY he
5conditd on s ' [ vi.des | nformation (suppression condition)
whi ch i5ln‘i t at ?sorﬂasq%lglgs}ﬁgéqn;ﬁ%%tpgre%ﬁlel%&% (ﬂé)r%u Atton unit 103 i ndependent | y of
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a suppression condition included in this imtat signal which
imtates a DRoxingal whildh kenr ekeifsed tie ahed atirdnale iR Hid&sing.
hereinafter, and
For example, a DR signal of a type called a peak-time
10 rebate (PTR) includes a rule (suppression condition) that
an incentive is paid for a reduction amount from a baseline
of a reéeived power amount in a certain time zone. This
suppression condition included in the DR signal can be
expressed by time zone-dependent electricity charges, time
15 zone-dependent incentives, and time zone-dependent
baselines.

The scheduling unit 104 calculates an operation
schedule of the controlled apparatuses 2, which can
optimize an energy balance in the building 1, based on the

20 .energy demand, energy product, and formulated suppression
condition. The operation schedule can include information
of settings, active times, active periods, and the like
upon activating the respective controlled apparatuses 2.
Although various points of view of optimization may be

25 adopted, for example, those of energy savings, cost
savings, CO2 emission reductions, and the like may be

adopted.



15a suppression condition included in the virtual DR signal will be _
referred to as a virtual DR condition hereinafter. ~The DR fornul ation
unit 103 executes fornulation processing even in a case in which it _
receives a virtual DR signal in the same manner as in a case in which it
receives 20a DR signal. Likew se, the scheduling unit 104 generates an
operation schedul e based on the formul ated suppression condition. A
plurality of operation schedul es generatedibased on nultiple suppression
conditions are stored in the operation database 108. 25For exanple, an
operation schedul e which targets at cost savings can be genera?ed by
m ni m zi ng an obj eEte feprAi kPIC s imdpyunit 2105 Gets a plurality of _
Ef ki xLi -m x(Li-Bi)+nixPil i = 1-24(1) C cost during operation period M}
electricity CherfgereRt (9rIy SIQnsyRResl ok dsiRimes sakountondi tiomes ibefore
' ' i i. Bi. baseline at time i ni: gas charge at tine i
Incentive at érgg;al of a DR signal. The set sé%pre551§k conditions are
provided for the DR formulation unit 103. That is, the
5 condition setting unit 105 provides information
(suppression condition) which imitates a DR signal to the
DR formulation unit 103 independently of reception of the
DR signal.
For example, suppression conditions which assume each
10 and every cases in permutations and combinations can be
supplied. The scheduling unit 104 generates an operation
schedule based on a suppression condition included in this
imitated DR signal. A signal which imitates a DR signal
will be referred to as a virtual DR signal hereinafter, and
15 a suppreésion condition included in the virtual DR signal
will be referred to as a virtual DR condition hereinafter.
The DR formulation unit 103 executes formulation
processing even in a case in which it receives a virtual DR
signal in the same manner as in a case in which it receives
20 a DR signal. Likewise, the scheduling unit 104 generates
an operation schedule based on the formulated suppression
condition. A plurality of operation schedules generated
based on multiple suppression conditions are stored in the
operation database 108.
25 For example, an operation schedule which targets at

cost savings can be generated by minimizing an object

function C given by:



Pi: consumed gas at time i 10i: elapsed time (hours) fromO hours _
According to formula (1), a total cost reduction including a gas charge in
addition to an electricity charge can be attained. The reducible anpunt
designation unit 106 is an 15interface required to receive designation of a
reduci bl e ambunt of energy consumed by the energy consunption apparatuses.
For exanple, an energy consunption anount can be reduced by voluntarily
turning off the illum nation apparatuses. Ikhe -energy nanager (user) of the
buil ding 1 20can input a power consunption reduci ble amount via the
reduci bl e anount designation unit 106. If the building 1 is a factory, the
user may input a power @ohsutipt¥loh-mivd(lel 1B ambxPt} i n manuf act uri ng
facilities and the like. Letting Si be a power consunption reduci bl e anount

and 25D be a time zone: deperdfent consumed power (fixed va(hb%, we hﬁve:
i.Si+D...(2) - 3 - ere jndex i indicates a_tinme zone. The weather
data reception uni Euéﬁﬁ%%% et Heton period

ki: electricity charge at time i
5 Li: received power amount at time i
mi: inaentive at time i
Bi: baseline at time i
ni: gas charge at time i
Pi: consumed gas at time i
10 i: elapsed time (hours) from 0 hours
According to formula (1), a total cost reduction
including a gas charge in addition to an electricity charge
can be attained.
The reducible amount designation unit 106 is an
15 interface required to receive designation of a reducible
amount of energy consumed by the energy consumption
apparatuses. For example, an energy consumption amount can
be reduced by voluntarily turning off the illumination
apparatuses. The energy manager (user) of the building 1
20 can input a power consumption reducible amount via the
reducible amount designation unit 106. If the building 1
is a factofy, the user may input a power consumption
reducible amount in manufacturing facilities and the like.
Letting Si be a power consumption reducible amount and
25 Di be a time zone-dependent consumed power (fixed Value),
we have:

Li=8i+Di - e (2)



data fromthe weather server 7 at regular or randomintervals. The acquired
weat her data can be used to 5cal cul ate an operati on schedul e. ’ The-
control unit 109 generates a control signal required to control the
control |l ed apparatuses 2 based on the operation schedul e generated by the
scheduling unit 104. This control signal is supplied to the controlled
1l0apparatuses 2 via the LAN 8 and local controllers 3, thus inplenenting
activation control based on the operati-onl8chedul e. Upon reception of
a DR signal, the search unit 110 reads out an operation schedul e
corresponding to a 15suppression condition included in this DR signal from
t he oper ati orVhftiabasdex 08. irxhgates a Helmeagare unit 110 searches the
operation database 108 using the suppression condition included in the
recei ved DR si gnalThi WPHKEET HrfEdHreception tuniderkt] Grrecirsul eeathehe

control unité&%?.éﬁp TQﬁﬁgontr | unit 109 controls the controlled

appar at uses 5ed Bh S"OPet St i i Ehel it le. YRPER iAW on the

at o 11 ows aiHE TR Unci TR ST AT TG ORI SA9RCE G 4
shows tgw DR Jardmil atd %[}% éﬂgi%&%ﬁg%%.OSb, both of which are function

obj ects. having the sanme function as ormul ation unit 103 shown in

FIG 3. For exanplge Ig%rftgclrdm,uIlfﬁiit._orlolgnigteg1 e A0d s]i@%o an be

] s, a:
understood as a plurality of threads generated during progre t he

rogram Gt A cdder e it i t4
pr og recui tdh.c red RsidyBatien dratybss idrfﬁ]sgéc}iac%é) of

energy demand (for exanple, a power denmand, heat "dermand, b5an
the bui | di ng thebapedatn drheschzatiles odaierac@ivyedHy ddiewaatherfdat a

reception unit 107 and the data associated with the control | ed apparatuses
2. The esti mdtdd efbdgy cberamed issigpadsecs tsmpid exL hed when@ottiriol 1ed

10 apparatuses 2 via the LAN 8 and local controllers 3, thus
implementing activation control based on the operation
schedule.

Upon reception of a DR signal, the search unit 110
reads out an operation schedule corresponding to a

15 suppression condition included in this DR signal from the
operation database 108. That is, the search unit 110
searches the operation database 108 using the suppression
condition included in the received DR signal as a key, and
passes a hit operation schedule to the control unit 109.

20 The control unit 109 controls the controlled apparatuses 2
based on this operation schedule. Operations based on the
aforementioned arrangement will be described below.

FIG. 4 shows the data flows among the function blocks
shown in FIG. 3. Note that FIG. 4 shows two DR formulation

25 units 103a and 103b, both of which are function objects
having the same function as the DR formulation unit 103

shown in FIG. 3. For example, DR formulation units 103a



©104. 100n the other hand, the condition setting unit 105 passes a virtual
DR condition input by the user using the GU for DR formulation unit 103b
as a virtual DR signal. The condition setting unit 105 passes a virtual DR
signal including a virtual DR condition to DR formulation unit 15103b
irrespective of reception of a DR signal in the DR reception unit 102. DR
formulation unit 103b fornul ates the suppression condition included in the
virtual DR signal, and passes an obtai ned feormula to the scheduling unit
104. 20The reduci bl e anpbunt designation unit 106 passes a power consunption
reduci bl e anmount i nput by the user using the GUI for the scheduling unit
104. Thendcheddl ¢ag beiundgrstsoddessan phturaizayi of phebhasm t hat

m ni m zes the object function C so as to optimze an 25energy bal ance in

t he bui | di ng 9eBaseEe@nering dredress efipphesprograwnditi on and energy
demand. In order to solve the optim zation problem for exanple, an

exi sting method -TB5FIG- shichFhe devanlteet HrgbiPrhwitanlbt esbimatponan

whi ch does noTTRREEBIRY 1 e AT L rb e BoSi gt o on { AeD8Ad | &
per at on sohei € PR AR 3 i o et Backee onetHacy: St DR
Gat abase. 108, TR & aparat on ataity et ot S b d et R oThen,
upon recepti it 4%t HRlwit&EHR EGEERI PN apparatuses 2. The
estimated energy demand is passed to the scheduling unit
104.
10 On the other hand, the condition setting unit 105
passes a virtual DR condition input by the user using the
GUI for DR formulation unit 103b as a virtual DR signal.
The condition setting unit 105 passes a virtual DR signal
including a virtual DR condition to DR formulation unit
15 103b irrespective of reception of a DR signal in the DR
reception unit 102. DR formulation unit 103b formulates
the suppression condition included in the virtual bR
signal, and passes an obtained formula to the scheduling
unit 104.
20 The reducible amount designation unit 106 passes a
power consumption reducible amount input by the user using
the GUI for the scheduling unit 104.
The scheduling unit 104 solves an optimization problem
that minimizes the object function C so as to optimize an
25 energy balance in the building 1 based on the formulated
suppression condition and energy demand. In order to solve

the optimization problem, for example, an existing method



unit 102 passes the received DR signal to DR formulation unit 103a. DR
formul ation unit 103a fornul ates a suppression condition included in the DR
signal, and passes an obtained fornula to the search unit 110. The search
15unit 110 searches the operation database 108 based on this formula, and
acquires an operation schedul e cal culated based on a virtual DR condition
which reflects this formula. The acquired operation schedule is passed to
the control unit 109, and is used to contrld t-Hhe controlled 20apparat uses
2. FIG 5 is a flowhart show ng the processing sequence of the
ener gy management server 4 according to the first enbodi ment. Thg ener gy
nmanagement sefYER aSacepReticselgpritn @anibeuusedR ctndnt sohvand the
desi gnati on of g.25reducible apount bg,the user (step Si, step S2). After
these pi eces BPEHAEHRIEPE r P npat TiPR FoRATiEPEBAenhi FensuBadanaweo3b

formul ate suppressi on conditions.respectivel - .16, -_included in a DR

si gnal andsgﬁﬁ%Uayﬁtébs %%%J?oﬁn%e%?ggeﬁﬁethérﬁ?ﬁ%?liéeﬁzgo?sggdagg?ﬁernlt

data (stop SetoopEEgl il aReT s SRR e Bl ettt i estVasteon
it 1 timates t S n- t he. weat her data

;25 da?% g? ;he céﬁ??gﬁﬁgﬁdappa g%ﬁgg§ﬂ§?(%%£%3g§3$gT%ﬁsg St on result -

is input to thens@lrsubf NehdiNkdndfdh 19 ShLHE0EEALES, a0 QB8 3L 1 PR SChedul e
of the controlled apparatuses 2.
virtual DR condition. The calculated operation schedule is
stored in the operation database 108. This operation
schedule may be displayed on the GUI.
10 Then, upon reception of a DR signal, the DR reception
unit 102 passes the received DR signal to DR formulation
unit 103a. DR formulation unit 103a formulates a
suppression condition included in the DR signal, and passes
an obtained formula to the search unit 110. The search
15 unit 110 searches the operation database 108 based on this
formula, and acquires an operation schedule calculated
 based on a virtual DR condition which reflects this
formula. The acquired operation schedule is passed to the
control unit 109, and is used to control the controlled
20 apparatuses 2.

FIG. 5 is a flowchart showing the processing sequence
of the energy management server 4 according to the first
embodiment. The energy ménagement server 4 accepts a
setting of a virtual DR condition aﬁd designation of a

25 reducible amount by the user (step S1, step S2). After

these pieces of information are input, DR formulation units

103a and 103b formulate suppression conditions respectively



10Wth the sequence described so far, an operation schedul e based on a
virtual DR signal is calculated. The cal cul ated operation schedule is
stored in the operation database 108. Note that the sequence of steps Sl to
S6 can be repeated many times by changing a virtual DR condition. 15Next,
the DR reception unit 102 waits for arrival of an external DR signal (step
S7, step S8). If the DR reception unit 102 cannot confirmarrival of a DR
signal (No in step S8), it confirns a DR dignal again after an el apse of a
prescribed tinme. If reception of a DR signal 20can be confirmed, the energy
nmanagement server 4 executes an operation schedule prepared in advance
based on a suHpFEXsdNEndPR i Dhonat| a@dvintuak PRceigeal DRasdgpabs(shep
S9). Until st S9 is reached, an operation schedul e has 25already been

cal cul at ed undfMELaspi? 53¢ ovcleediel 1RS unkE chO4afeter 83)is close to that
included in the regeived DR signal. Therefore, the energy managenent server
4 can - 17 start CHTOH JFERFITPR at FORVRE o R @ViRFF c5PeREVAE to a

destr | bed abGUE A G 100k e ' 51 CRE AR S=liutoreh dnkE <4 Ghal

descri bed above, "accor

arrivess virtsal OOl snd bala s 01 £PS O bl O TR L 0D wnLch L0 Late

vari ous energy suppression condifions are provided

MANagenent Sefas dhmatltf UL DYoBAYSREINhSET YAl 5 4 GENEL AL 6SF d L ural ity
of operation schedul es based on
controlled apparatuses 2 (step S5). This estimation result
is input to the scheduling unit 104, which geﬁerates an
operation schedule of the controlled apparatuses 2.

10 With the sequence described so far, an operation
schedule based on a virtual DR signal is calculated. The
calculated operation schedule is stored in the operation
database 108. Note that the sequence of steps S1 to S6 can
be repeated many times by changing a virtual DR condition.

15 Next, the DR reception unit 102 waits for arrival of
an external DR signal (step S7, step S8). 1If the DR
reception unit 102 cannot confirm arrival of a DR signal
(No in step S8), it confirms a DR signal again after an
elapse of a prescribed time. If reception of a DR signal

20 can be confirmed, the energy management server 4 executes
an operation schedule prepared in advance based on a
suppression condition included in the received DR signal
(step S9).

Until step S9 is reached, an operation schedule has

25 already been calculated under a suppression condition which

matches or is close to that included in the received DR

signal. Therefore, the energy management server 4 can



10 virtual DR signals before arrival of a DR signal. Thus, a plurality of
scenarios that assune every DR signals can be set and generated i n advance.
Therefore, a tine required to determ ne advisability of an operation
schedul e used in actual operations and a setting tine required to generate
15an operation schedul e can be assured. That is, according to the
first enbodi ment, upon reception of a DR signal, the controll ed apparatuses
2 can be immedi ately control | ed based on tiwe al ready cal cul ated operation
schedule. Thus, a lead tine until the beginning 20of activation of
especially an apparatus which is difficult to be quickly activated such as
a heat energyStaratexeappienat et zanoperahoenesciedElet bernespontibng to a
controll ed apparatuses 2 can_be activated under maxi mally advant ageous

condi ti ons. HRITIPBeerRBbyEon stenediately 2feet| retepnbodi aEna, DRan
ener gy managenent ﬁerver, ener gy managenent nethod, and program which can
innediately:ﬁ%ﬁ?a ontrol based on an - - 18 - advantageous operation

o ovi ded. [ Second ‘EHSST FRHI e FIE % | SECOTRIRT | Smat e GLAS o abraRt Sty
provi ded. [ Second ‘Enbodl i i dhat?%l i PP A BRBW ng
ambod: rent - PR b e B il DA Ly bt o
FIG 3 and enlscdd Iderapfonfl foniddsdie desCiibadhin{bi s enpodiment. In
, program nenory 45 1 ncludes an estimtion condaitl sel ection
program 111P Aafsh:sd £idn GorfiP¥s are provided for the energy
management server 4. The energy management server 4
generafes a plurality of operation schedules based on
10 virtual DR signals before arrival of a DR signal. Thus, a
plurality of scenarios that assume every DR signals can be
set and generated in advance. Therefore, a time required
to determine advisability of an operation schedule used in
actual operations and a setting time required to generate
15 an operation schedule can be assured.

That is, according to the first embodiment, upon
reception of a DR signal, the controlled apparatuses 2 can
be immediately controlled based on the already calculated
operation schedule. Thus, a lead time until the beginning

20 of activation of especially an apparatus which is difficult
to be quickly activated such as a heat energy related
apparatus can be shortened. Furthermore, the controlled
apparatuses 2 can be activated under maximally advantageous
conditions.

25 As described above, according to the first embodiment,
an energy management server, energy management method, and

program, which can immediately start control based on an



program 112P. These prograns inplenment functions of an estimtion condition
selection unit 111 and selection support unit 112 in a CPU 44. The
estimation condition selection unit 111 is an 15interface which pronpts the
user to select a desired denmand estimation froma plurality of energy
demand estimations. The selection support unit 112 is an interface which
pronpts the user to select one operation schedule to be executed froma
plurality of operation schedul es output- 2Qfsrom a scheduling unit 104.

FIG 7 shows the data flows anong the function blocks shown in FIG 6. A
plurality of demand estimation units 101 shown in FIG 7 have simlar
function as i%@Y¢@¢¢9¢@MSeﬁﬁﬁnﬂ¢ﬁnn.S@EﬁduIé(1n7rempem9ertdareceppbomedﬁby
a weat her data reception unit 107 is passed to the demand estimation units
101. The deneh¥EIPHXTRPUAR (SLFBL cerre batrrevipfiedal ity - 19 - of
energy demand estipation é@ﬁf%gton ifferent criteria on the basis of the
weat her data and dggéFQﬁ BN lappar at uses 2. For exanpl e, by appl yi ng

i C i i ' a |l earning function of a
2 Lechinaue o7 ookl o110 2 AT SR RLLOT: Dl el o2 0,

5 example of an energy management server 4 according to the
second embodiment. In FIG. 6, the same reference numbers
denote parts common to FIG. 3, and only different parts
will be described in this embodiment.

In FIG. 6, a program memory 45 includes an estimation
10 condition selection program 111P and selection support
program 112P. These programs implement functions of an
estimation condition selection unit 111 and selection
support unit 112 in a CPU 44.
The estimation condition selection unit 111 is an
15 interface which prompts the user to select a desired demand
estimation from a plurality of energy demand estimations.
The selection support unit 112 is an interface which
prompts the user to select one operation schedule to be
ekecuted from a plurality of operation schedules output
20 from a scheduling unit 104.
FIG. 7 shows the data flows among the function blocks
shown in FIG. 6. A plurality of demand estimation units
101 shown in FIG. 7 have similar function as in the first
embodiment.
25 In FIG. 7, weather data received by a weather data
‘reception unit 107 is passed to the demand estimation units

101. The demand estimation units 101 calculate a plurality



1 earned, thereby obtaining different demand estimation results for the sanme
weat her dat a. As criteria of preparation of different data sets, a
predicted mean vote (PW) as a confort evaluation index 1l0associated with
air-conditioning control can be used. The PW is specified by |SO 7730, and
is a value calculated froma tenperature, humdity, wnd velocity, anmount
of clothing, radiation tenperature, and anount of activity. Wen the PW
value falls within a range of +0.5, abeut 13096 15persons feel confort. As
the PW value is |arger, people feel hotter; as the value is smaller,
peopl e feel colder. As different data sets, four data sets of
di fferent PMPYafRRETArdemardinest iMiietens drasedt anadef fesgett cybtgria on
di stinguished by [A], [B], [C, and [D], and respectively 20assune, for
exampl e, the $of | RAGHY hendeatheatdatetand Garaof asgetvdlbed or | ess
Data set [B]: PMW range from0.4 to 0.6 Data set [C]: PW range fromO0.6 to
1.0 Data set FE¥2T Samge oF°U. KHPHor LY APRIERINY esthnbTreniemits
101 cal cul ates_£n . demand estinmations for respective, data sets. These
demand esti e ?g%@% L g ‘?“é‘_’&f"‘# R S S Rt i%ﬂﬂ?’t?%ngumtzbon of a
5 computer, different data sets are used as data to be
learned, thereby obtaining different demand estimation
results for the same weather data.
As criteria of preparation of different data sets, a
predicted mean vote (PMV) as a comfort evaluation index
10 associated with air-conditioning control can be used. The
PMV is specified by ISO 7730, and is a value calculated
from a temperature, humidity, wind velocity, amount of
clothing, radiation temperature, and amount of activity.
When the PMV value falls within a range of +0.5, about 90%
15 persons feel comfort. As the PMV value is larger, people
feel hotter; as the value is smaller, people feel colder.
As different data sets, four data sets of different
PMV values are.assumed. These data sets are respectively
distinguished by [A], [B], [C], and [D], and respectively
20 assume, for example, the following PMV ranges.
Data set [A]: PMV range of 0.4 or less
Data set [B]: PMV range from 0.4 to 0.6
Data set [C]: PMV range from 0.6 to 1.0
Déta set [D]: PMV range of 1.0 or more
25 The demand estimation units 101 calculates energy

demand estimations for respective data sets. These demand

estimations are supplied to the estimation condition



selection unit 111. The estimation condition selection unit 111

di spl ays these plurality of demand estimations on a GUJ in a nenu form or
the like, and pronpts the user to nake, for 5exanple, a selection operation
such as a click operation. At |east one selected demand estinmation is
passed to the scheduling unit 104, and an operation schedule is cal cul ated
in the sanme manner as in the first enbodi nent. Note that both an operation
schedul e whi ch considers a 10virtual DR sk§nalk and that which does not

consi der any DR signal nmay be cal cul ated. The cal cul ated operation schedul e
is stored in an operation database 108. Upon arrival of a DR signal, a
formul a whlcﬁeéﬁ§F€§§b§H§iédbb#eSS|on condition included in this DR si gnal

is 1l5passed to a 3, ch unlt 110. The search unit 110 searches the
oper ation dat abas %9?tqﬂ%ékﬁﬁQHH%flqgﬁ}%mqunﬁe§hﬁxﬁxﬁpkavs

schedul es cal ulate un er. a ual caondition which reflects this
fornula for a%plsﬁr U ot Ye eﬁtjl r?jtfft“]a&#:)R EHTHME RIS Pie 23 &HF gy Somamt i on

schedul es 20fQt..r t| estl i,on _cqnditions are passed to t he
sel ecti on sup%%}nt %E:ﬁ?’ \EL FHE™RE5 é"h ComSEFpFGr MakSt P2 di spl ays

the operatiopxambedul gs gg% SEB %%E@ﬁﬂ g@%mpg_conghg] n%§933ﬁ¥$3$ULn|t

The operation schedul e selecte e user 1s passed to

109. The conhtoneu@tto%%9g@@@aaé65JQM%nﬁp%%QQHE%qﬁﬁpﬁﬁr%%%% 3 raged on

the schedul e of the user's choice - S t
showi ng the prhedasing seqience ,ohnkih@reRPed¥ tTRA2GEHRAL 18erer 4 according

to the second

calculated in the same manner as in the first embodiment.
Note that both an operation schedule which considers a

10 virtual DR signal and that which does not consider any DR
signal may be calculated. The calculated operation
schedule is stored in an operation database 108.

Upon arrival of a DR signal, a formula which expresses

a suppression condition included in this DR signal is

15 passed to a search unit 110. The search unit 110 searches
the operation database 108 based on this formula, and
acquires operation schedules calculated under a virtual DR
condition which reflects this formula for a plurality of
estimation conditions. The acquired operation schedules

20 for respective estimation conditions are passed to the
selection support unit 112.

The selection support unit 112 displays the operation

schedules for respective estimation conditions on the GUI.
The operation schedule selected by the user is passed to a

25 control unit 109. The control unit 109 controls the
controlled apparatuses 2 based on the schedule of the

user's choice.



embodi ment. In FIG 8, the same step nunbers denote processes compn to
FIG 5, and only different processes 5will be described in this enbodi ment.
After a plurality of demand estinations are calculated in step S5, the
estimation condition selection unit 111 displays the cal cul ated demand
estimations on the GUJI, and waits for user's selection (step S10). If the
user sel ects one 10demand condition, an operation schedule is cal cul ated
based on the sel ected demand estimation (8lep-S6). The processes of steps
S5, S10, and S6 are repeated until the user's selection operations are
conplete, that is, until a cogPletion instruction of all cases is input
(Yes in step 1551F)C-Af®t d Gpérlamicharicisdimiog dhemprpces stingy methemod
sel ected demand estimations are cal cul ated, when a DR signal is received,
an oper at i on HcHEGuICESEGT BSHFIEEHt VAL BRasicgralings teadded sararie

sel ection support..unit 112. 20The sel ection support unit 112 displays a
plurality ofe%%EP&ﬂeSﬁ-scﬁEdﬁng &n Fﬁ@ EG3Me FAEPHIPEr s Wengs&® to sel ect

an operation I S %) §he , control. bas on the sel ected

oper ati on scﬁ% tr‘}leé%%ie% g:t%gnrgkggd% sté 'S%)’. af‘%FP@lYQ%SIEE _ eé‘ff Wﬁ%?ﬁ%ecﬁ da

schedulse sel egtiioR SGL displayed .qn | accordin o] e _secon

enbodi rent . %ﬁﬂé g@rggﬁ%?g% ?séﬁagg&goﬁ&gggggﬁng 4% Fﬁ%éFeEE§f§iﬁ%Y of
demand estimations are calculated in step S5, the

estimation condition selection unit 111 displays the

calculated demand estimations on the GUI, and waits for

user's selection (step S10). If the user selects one
10 demand condition, an operation schedule is calculated based
on the selected demand estimation (step S6). The processes

of steps S5, S10, and S6 are repeated until the user's

selection operations are complete, that is, until a

completion instruction of all cases is input (Yes in step
15 S11).

After operation schedules as many as the number of
selected demand estimations are calculated, when a DR
signal is received, an operation schedule corresponding to
that DR signal is passed to the selection support unit 112.

20 The selection support unit 112 displays a plurality of
operation schedules on the GUI, and prompts the user to
select an operation schedule (step S12). Then, control
based on the selected operation schedule is started (step
S9) .

25 FIG. 9 shows an example of a schedule selection screen
displayed on the GUI according to the second embodiment.

This screen is displayed on a display 42 in step S12 of



v+ 22+ FIG 8. Two different operation schedules are displayed on the right
and left sides of the screen. Operation buttons 201 and 202 havi ng
different signs are displayed in association with the operation schedul es.
5The schedul e corresponding to the operation button 201 considers a DR
signal, and that corresponding to the operation button 202 does not

consi der any DR signal. Note that a plurality of schedul es which consider
DR signals may be displayed in correspondezze with a plurality of demand
10estimations in sone cases. However, FIG 9 shows only one schedul e.

I ncentive, cost, total cost, and peak power values are displayed together
for respectivElGpefati EWosdhéflerest Bpelravpenaschrdsdkeedulre deppeagatsohhe
rel ationship between 15heat storage and heat dissipation ener gy anmounts,
and recei ved pBRerighbunnd. leftt aedeaf pfsthedaktzern.Fl Gpe@ation baehbhnee of

15000 yen is ei vabl e by executing heat storage and heat dissipation, but
a costyof 1333@ ?Eg ?92réﬁﬁ??@d@lﬁgﬁrQHQOFéﬁaﬁ asst daspdaysdt 6n118000 yen.

The ri ght schedule.igdicates a_case in which heat storage and heat

di ssi pation af8 R6t? §8Euvéﬁhb%@%doBﬁg§F&?5n3c8e§HQSF-co?t agDquzntgelects
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considers a DR signal, and that corresponding to the
operation button 202 does not consider any DR signal. Note
that a plurality of schedules which consider DR signals may
be displayed in correspondence with a plurality of demand

10 estimations in some cases. However, FIG. 9 shows only one

schedule.

Incentive, cost, total cost, and peak power values are
displayed together for respective operation schedules.

Each operation schedule represents the relationship between
15 heat storage and heat dissipation energy amounts, and
receivedlpower amounts.

On the left schedule in FIG. 9, an incentive of 15000
yen is receivable by executing heat storage and heat
dissipation, but a cost of 133060 yen is required, and a

20 total cost amounts to 118000 yen. The right schedule
indicates a case in which heat storage and heat dissipation
are not executed based on DR, and a total cost amounts to
123000 yen.

The user who prioritizes a cost reduction selects the

25 left schedule, and clicks the operation button 201 to
inform the system of his or her intention. Thus, control

based on the operation schedule which considers DR is



informthe systemof his or her intention. Thus, control based on the
operation schedul e which considers DRis - 23 - started. ~Note that
peaks of received power anmounts for respective schedul es are displayed
together. A peak power of the left schedule is 620 kW and that of the
ri ght 5schedule is 900 kW When a received power anount is limted, this
nunerical value can be used as a reference. Note that the cost and peak
power displayed on this screen are asswure®3val-ues when the correspondi ng
operation is executed, and are calculation values cal culated by the
10schedul i ng unit 104. According to the second enbodi nent, a
plurality of ®9pe¥t€fon schedul es are cal cul ated, and are presented to the
user. The plurality of operation schedul es can include a schedule in a
nornmal operation sYate Wprehperks abtrasebsederewer signats fod that which
assunes arrival of a, DR ngqgl. Also, the plurality of operation schedules
can include aZpFRTAHHYS DFHSLRLERI %S O F fdi hRggeeharpl ukapeay E@Y@ﬁergy
dermand esti mat L ons gfs d on a.p urali%% of criteria. The user can select
one of the pr%éeﬁ?% %%%d%?%??% & sthedt? 5 arf® hEh%E,OFhEh%SE%ggtlntenthon
can be geflecy r o_l%wtheW trolled. apparat uses 2. . Note that
t he préient iH@%ﬁ%ﬁ%ﬁqgi %éﬁ ihité%g?détﬂégg %?gn%%Y?Bn%%O%HBOH?nents.
limited, this numerical value can be used as a reference.
Note that the cost and peak power displayed on this screen
are assumed values when the corresponding operation is
executed, and are calculation values_calculated by the
10 scheduling unit 104.
According to the second embodiment, a plurality of
operation schedules are calculated, and are presented to
the user. The plurality of operation schedules can include
a schedule in a normal operation state which does not
15 assume a DR signal, and that which assumes arrival of a DR
signal. Also, the plurality of operation schedules can
include a plurality of schedules corresponding to a
plurality of energy demand estimations based on a plurality
of criteria. The user can select one of the presented
20 operation schedules and, hence, the user's intention can be
reflected to control of the controlled apparatuses 2.
Note that the present invention is not limited to the
aforementioned embodiments.
FIG. 10 shows another example of the data flows among
25 the function blocks shown in FIG. 3. FIG. 10 shows the DR

formulation unit 103, which is shown as DR formulation

units 103a and 103b in FIG. 4, as one object (thread).



FIG 10 shows another exanple of the data flows anmong 25the function bl ocks
shown in FIG 3. FIG 10 shows the DR fornmulation unit 103, which is shown
as DR formulation units 103a and 103b in FIG 4, as one object (thread). -
24 - This DR fornulation unit 103 assunes two processes of fornulation of a
suppression condition included in an actual DR signal, and that of a
suppression condition included in a virtual DR signal. Hence, the actual DR
Ssignal and virtual DR signal can be di-sti2agui-shed from each other using,
for exanple, a flag. A DR signal without any flag indicating a
virtual DR signal is handled as an actual DR signal, and a fornula which
represents i tSsudPt ekaronl aloleh tuit | 50 passeunes twe diseassds uaft 110. A
DR signal with the flag indicating a virtual DR signal is handled as a
virtual DR si UlanPTh 2branfEPRiR e or prerdit on tinclppedsin cancondi ti on
is passed to th cheduqug unit 104. In this manner, the sane operations

as in the fi AT"Bithdtt metfithn IR dthaf el 2 Swreeseion e%@ltdiat!'qi,m@f the
Schedul i ng unFCHERY ol 1Yo thge LRAL 4 odteHesudith Zaf‘cat;"fﬂﬁﬂ‘i{‘zé‘“' -
105, “oont rol e 108 SCarai Lt LD [ AR e 1995 and
sel ection SURRGIdy Wil ,12f6@ye3&‘?n[ﬂl@l m | on a cloud conputing system
Prograns whi ch inplenent the functions of se function
A DR signal without any flag indicating a virtual DR
\ signal is handled as an actual DR signal, and a formula
which represents its suppression condition is passed to the
10 search.unit 110. A DR signal with the flag indicating a
virtual DR signal is handled as a virtual DR signal, and a
formula which represents its suppression condition is
passed to the scheduling unit 104. In this manner, the
same operations as in the first embodiment can be attained.
15 Also, at least any of the demand estimation unit 101,
DR reception unit 102, DR formulation unit 103, scheduling
unit.104, condition setting unit 105, reducible amount
designation ﬁnit 106, weather data reception unit 107,
operation database 108, control unit 109, search unit 110,
20 - condition selection unit 111, and selection support unit
112 may be implemented on a cloud computing system.
Programs which implement the functions of these function
blocks may be installed in a single computer or may be
installed while being distributed to a plurality of

25 computers. How to implement these function objects in a

system can be understood by those who are skilled in the

art.



bl ocks may be installed in a single conputer or may be installed while
being distributed to a plurality of 25 conputers. How to inplenent these
function objects in a systemcan be understood by those who are skilled in
the art. - 25 - Wil e certain enbodi nents of the invention have been
descri bed, these enbodi mrents have been presented by way of exanple only,
and are not intended to limt the scope of the inventions. |Indeed, the
novel methods and systens 5descri bed herei2% nay be enbodied in a variety of
ot her forms; furthernore, various om ssions, substitutions and changes may
be made w t hout dﬁ@grting fromthe spirit of the invention. The
acconpanyi ng cl ai BRI deichain et aref | phenteden ol covieave heeen
enbodi ments and 10nodj fi cations thereof as would fall within the scope and
spirit of thé&§ $dnsthese grhodngnis thaye kerr greseniedshy way vef
conpri si ng: estimation unit configured to estjmte an energ

n )

demand in a beu}lcar“&ﬁﬁeg e aé}(ial;q G AR & | M i e serPRAR by
consunption rq% nd. an e st,qrage apparat.us_are equi pped based on
data associ atq:ggéavﬁ \ﬁesrf%eonesl 'ecﬁr_fc%%d’ap ‘?%ﬂ%‘é%g;metho‘_is P n%iY&%‘P’F‘ setting
uni L cont! QUIR ARG el Ay Yol Terftl i CAD L L) A0 §UPPT SSLO"

forms; furthermore, various omissions, substitutions and

changes may be made without departing from the spirit of

the invention. The accompanying claims and their

equivalents are intended to cover the embodiments and

10 modifications thereof as would fall within the scope and

spirit of the inventions.



10a cal cul ation unit configured to calculate an operation schedule of the
el ectrical apparatuses, which is configured to optin ze an energy bal ance
in the building, based on the energy demand and the suppression condition;
a reception unit configured to receive a demand 15response signal including
an energy consunption suppression condition; and a control unit
configured to control the electrical apparatuses based on the operation
schedul e cal cul ated under a suppression c&dlition corresponding to the
20suppression condition included in the demand response signal. 2. The

ener gy management server according to claim1, wherein the electrical
appar at uses i nclude an energy producti orfl@ims at us, 25the estinmation unit

estimates an energy product by the energy production apparatus, and the
cal cul ation unit citcu@%t%@eF%% BPRRGENBAL sEAtHarecompZisingased on the

ener roduct. - 3. .The. ener managenment server according to claim 1,
furtggrpconprisinga% ﬁ%gfﬁ%Bi?%hungtcﬁﬁ t9gtredtPocatiBptedasi gRAYEBN of a

reduci bl e ano&g&aﬂé fﬂeégguffﬁfﬁgmh gyetgfectrical apparatuses including

5 an energy consumption apparatus and an energy storage
apparatus are equipped based on data associated with the
electrical apparatuses;

a condition setting unit configured to set a plurality
of energy consumption suppression conditions;

10 a calculation unit configured to calculate an
operation schedule of the electrical apparatuses, which is
configured to optimize an energy balance in the building,
based on the energy demand and the suppression condition;

a reception unit configured to receive a demand

15 . response signal including an energy consumption suppression
condition; and

a control unit éonfigured to control the electrical
apparatuses based on the operation schedule calculated
under a suppression condition corresponding to the

20 suppression condition included in the demand response

| signal.

2. The energy management server according to claim 1,
wherein the electrical apparatuses include an energy
production apparatus,

25 the estimation unit estimates an energy product by the
energy production apparatus, and

the calculation unit calculates the operation schedule



5ener jy consunption apparat us, ~ Wwherein the calculation unit

cal cul ates the operation schedul e based on the designated reducible amount.
4. The energy nmanagement server according to claim1, further conprising a
weat her data reception unit configured 10to receive weat her data,

wherein the calculation unit calculates the operation schedul e based on the
weat her dat a. 5. The energy managenent server according to claim
1, wherein the estimation unit estinates &7pludrality of energy 15demands
based on different criteria, and the calculation unit calculates a
plurality of operation schedules based on the plurality of estimated energy
demands. baspd T tdife e Tmn Rt server according to claim 5,
20further conprising an interface unit configured to pronpt a user to

desi gnat e ongpof e ﬁhﬁ%ﬁ9§§9¥ﬁm%ﬁﬁﬁ%RQQﬁ1%ﬁﬁﬁﬁﬁﬂ%ﬁf?rdlng to cliher et n

t he control %pit controls the elegiripal appar at uses based on the operation

schedul e desigHAESE FONPIESRT ?%ﬁﬁ?iﬁf n unli]c?ﬁflgﬁﬁ?QHﬁﬁgﬁFcépt .
di t i.m.6 erein e interface un visual ly

@ Spl ays t ho SR S GRERY AVEETe P (S dubi i

condi t isons cgﬂe@@gpwn@gm{ﬁtitg}p d Gtiye operation schedul es. 8

!

The energy nanagenent server acc Ing to claim6, wherein the interface

unit visually di spayeitherd Walddiscin Refatd A sehedl 8 Ayl Asakn
val ues of received power
schedule based on the designated reducible amount.
4. The energy management server according to claim 1,
further comprising a weather data reception unit configured
10 to receive weather data,
wherein the calculation unit calculates the operation
schedule based on the weathef data.
5. The energ§ management server according to claim 1,
wherein the estimation unit estimates a plurality of energy
15 demands based on different criteria, and
the calculation unit calculates a plurality of
operation schedules based on the plurality of estimated
energy demands.
6. The energy management server according to claim 5,
20 further comprising an interface unit configured to prompt a
user to designate one of the plurality of operation
schedules,
wherein the control unit controls the electrical
apparatuses based on the operation schedule designated via
25 the interface unit.
7. The energy management server according to claim 6,

wherein the interface unit visually diéplays the plurality



amount s corresponding to the respective operation schedul es. 9. An
ener gy nmanagenent nethod conprising: estimating an energy demand in a
bui | di ng where 10 el ectrical apparatuses including an energy consunption
apparatus and an energy storage apparatus are equi pped based on data
associated with the electrical apparatuses; setting a plurality of
ener gy consunption suppression conditions; 15cal cul ati ng an operation
schedul e of the electrical apparatuses,-w@&h s configured to optinize an
energy bal ance in the building, based on the energy demand and the
suppressi on condi tion; recei ving a demand response signa

i ncl udi ng an ®he?PBSr2bioRsarbefvhes upplesbeoAuppREssion: canditions
controlling the electrical apparatuses based on the operation schedul e
cal cul at ed unTRYTSFROBPIREsFontRendeEPeatéser erpoabiay secheduleappr essi on

condition includedgin the demand response signal. 2510. The energy |
managenent net hod accof &r ng-tHI¥| BrArSSMGRE ?ﬁv?ﬁea%?%%@%PEaFOaﬁgaiﬁtéses

compr i 5i ng RE¥eBE PEHET LB APRE T Bhtee Ly THES LGS ey bhbeed bRy
Zggﬁést%;}ogﬂgﬁ.operation scﬁ@é&ﬂééiéﬂg ﬁQQkQQQ{@%éCEES Q§9¥$§db88$gr°“ the
amounts corresponding to the respective operation
schedules.
9. An energy management method comprising:
estimating an energy demand in a building where

10 electrical apparatuses including an energy consuﬁption
apparatus and an energy storage apparatus are equipped
based on data associated with the electrical apparatuses;

setting a plurality of energy consumption suppression
conditions;

15 calculating an operation schedule of the electrical
apparatuses, which is configured to optimize an energy
balance in the building, based on .the energy demand and the
suppression condition;

receiving a demand response signal including an energy
20 consumption suppression condition; and
controlling the electrical apparatuses based on the
operation schedule calculated under a suppression condition
corresponding to the suppression condition included in the
demand response signél.
25 101 The energy management method according to

claim 9, wherein the electrical apparatuses include an

energy production apparatus, and the method further



- 11. The energy managenent nethod according to claim9, further conprising
accepting designation of a reducible anpunt of energy consumed by the
energy consunption apparatus, and 10cal cul ati ng the operation schedul e

based on the designated reduci ble anount. 12. The energy nmanagement
met hod according to claim9, further conprising receiving weather data, and
15cal cul ating the operation schedul e based on the weat her data. 13.

The energy managenent method according-to2dai-m9, further conprising
estimating a plurality of energy demands based on 20different criteria, and
calculating a plurality of operation schedules based on the plurality of
esti mat ed ene¢gyPryLstngs. 14. The energy management nethod according
to claim13, further conprising 25pronpting a user to designate one of the
plurality of oper ag$bimaithed Arssnergly concdwutt ilng the eheegyi pabduction

ratuses based on the
appa apparatus, and

calculating the operation schedule based on the energy
5 product.
11. The energy managément method according to
claim 9, further comprising
accepting designation of a reducible amount of energy
consumed by the energy consumption apparatus, and
10 calculating the operation schedule based on the
designated reducible amount.
12. The energy management method according to
claim 9, further comprising
receiving weather data, and
15 calculating the operation schedule based on the
weather data.
13. The energy management method adcording to
claim 9, further comprising
estimating a plurality of energy demands based on
20 different criteria, and
calculating a plurality of operation schedules based
on the plurality of estimated energy demands.
14. The energy management method according to
claim 13, further comprising |
25 prompting a user to designate one of the plurality of
operation schedules, and

controlling the electrical apparatuses based on the



£ 30 - designated operation schedule. 15. A program executed by a conputer,
the program conprising: estimating an energy denmand in a building where 5
el ectrical apparatuses including an energy consunption apparatus and an
energy storage apparatus are equi pped based on data associated with the

el ectrical apparatuses; ~setting a plurality of energy consunption
suppression conditions; 10cal cul ati ng an operation schedul e of the

el ectrical apparatuses, which is configuredto-optim ze an energy bal ance
in the building, based on the energy demand and the suppression condition;
receiving a demand response signal including an energy 15consunption

suppr essi on cOfdignekedapperationcenhediuleng the el ectrical apparat uses
based on the operation schedul e cal cul ated under a suppression condition
corresponding to the: suUPpPESSTIR evnartednbynel ggerutart he denand response
signal. 2016. The gﬂogéan1according_to claim 15, wherein the electrical
appar at uses i ncl ude anPERET P PrBREtEiBH: apparatus, and the program furt her

and 25cal qulat | ng PRELBREra | G% SLRENGI ASbaedaitun: Rbi SAkng, vbremuc
5 electrical apparatuses including an energy consumption
apparatus and an energy storage apparatus are equipped
based on data associated with the electrical apparatuses;
setting a plurality of energy consumption suppression
conditions;

10 calculating an operation schedule of the electrical
apparatuses, which is configured to optimizé an energy
balance in the building, based on the energy demand and the
suppression condition;

receiving a demand response signal including an energy
15 consumption suppression condition; aﬁd
controlling the electrical apparatuses based on the
operation schedule calculated under a suppression condition
corresponding to the suppression condition included in the
demand response signal.

20 16. The program according to claim 15, wherein the
electrical apparatuses include an energy production
apparatus, and the program further comprising

estimating an energy product by the energy production
apparatus, and |

25 calculating the operation schedule based on the energy

product.

17. The program according to claim 15, further



17. The program according to claim15, further - 31 - conprising accepting
desi gnation of a reducible anmount of energy consunmed by the energy
consunption apparatus, and cal cul ating the operation schedul e based on the

5desi gnat ed reduci bl e .anount . 18. The program according to claim15,
further conprising receiving weat her data, and cal culating the
operation schedul e based on the 10weat her data. 19. The program
according to claim15, further conprising3l - estimating a plurality of

energy demands based on different criteria, and 15calculating a plurality
of operation schedul es based on the plurality of estimnmated energy. denands.
20. The progrdtiRIdO™E ng to claim 19, further conprising

pronpting a user to designate one of the plurality of 20operation

schedul es, and  2ccefnfibidsHipratd dt &ft i3 adupidalataramnth ek erergne

desi gnat ed operatio chedul e.
9 %onsuméaf%y(¥he energy consumption apparatus, and

calculating the operation schedule based on the
5 designated reducible amount.
18. The program according to claim 15, further
comprising
receiving weather data, and
calculating the operation schedule based on the
10 weather data.
19. The program according to claim 15, further
comprising
estimating a plurality of energy demands based on
diffefent criteria,. énd
15 calculating a plurality of operation schedules based
on the plurality of estimated energy demands.
20. The program according to claim 19, further
comprising
prompting a user to designate one of the plurality of
20 operation schedules, and
controlling the electrical apparatuses based on the

designated operation schedule.



