| ENERGY MANAGEMENT METHOD AND SYSTEM THEREOF, AND GUI METHOD [Field

of Art] [0001] The present invention relates to an energy

managenent net hod and system and to d GU nethod. In detail, the

present invention relates to an energy managenment mnethod and system

and to a QU nethod using an estimate nodel. The present
application clains priority based on, and incorporates herein by
reference, the content of Japanese patent application No.

2011- 04241 FENERCEIMSINAGBEMENT MIETHODIAND $48 kKigMoUHBREOF], ANID G2]1
Pat ents, patent application, paten&@gg%@écations, and scientific
publications will be cited bel ow & rly described and, to
describe prior art related to the present invention sufficiently,
content thereof are incorporated herein by reference. In
recent Yeildof A Prevent global warnming, there has been a strong

desire to reduce greenhouse gas and nake effective use of limted

t he

resour c¢8l01@E ven this, in using various energy such as electricity,
fuel, steam heat, and conpressed air and the like, in order to nmake
nmore ef fi ci enfhggesyit imveaten edaegioan engrgyirmanggener gethethengsystem, and

techni qlf'(? g dfﬁvn?etgg .n Igrdgpa?l,st % p?gsgntni%\geentfl%a}gltatleg 0I zlu%/ en%ﬁcg/brlngﬁag%r%gr?t?’]
method and system, and to a GUI method using an estimate model.

The present application claims priority based on, and incorporates herein by

reference, the content of Japanese patent application No. 2011-042413, filed on February

28, 2011.
[Background Art]
[0002]

Patents, patent application, patent publications, and scientific publications will

be cited below and clearly described and, to describe prior art related to the present
invention sufficiently, the content thereof are incorporated herein by reference.

In recent years, to prevent global warming, there has been a strong desire to

reduce greenhouse gas and make effective use of limited resources.  Given this, in using

various energy such as electricity, fuel, steam, heat, and compressed air and the like, in

order to make more efficient use of these energies, various energy management
techniques have been proposed and made practically usable.

[0003]

A specific energy management method is, as disclosed in Patent Reference 1, a

method in which environmental factors are combined with estimate factors of an estimate

model estimating the quantity of energy consumption, so as to enable an accurate
estimate of the energy savings when facilities are changed or maintained, without the
influence of changes in environmental factor.

Prior Art References

Patent Reference



A specific energy managenent nethod is, as disclosed in Patent
Reference 1, a nmethod in which environmental factors are conbined
wth estimate factors of an estinmate @odel estimating the quantity of
energy consunption, so as to enable an accurate estimte of the
energy savings when facilities are changed or maintained, wthout the
I nfl uence of changes in environnmental factor. Prior Art References
Patent Reference 2 [0004] Patent Reference 1: Japanese Unexam ned
Pat ent A@@Mﬂcatlon First Publication No. 2007-18322 Sunmary of the

| nvent i n emt Be Sol v by the | nvention 005 .. However
in orde aF’B Rﬁ%ﬁ’\?ﬁ t he?PaRRe eé¥m; ﬁgﬁwt ié‘ﬁp'é‘??“g\}eﬁéﬁk Publication ooy
plant, iy f%)ught to be insufficient to build environnental
factors in o estimate factors of an estimte nodel for each of

faci | i tisammkfedf the [Avdmighory. [0006]
Problem to Be Solved by the Invention
[0005]

However, in order to improve the energy efficiency in an overall factory or plant,
it 1s thought to be insufficient to build environmental factors into estimate factors of an
estimate model for each of facilities used in a factory.

[0006]

That is, in using an estimate model to optimize the energy efficiency in an
overall factory, it is desirable that, in addition to environmental factors, energy
characteristics corresponding to the operating mode in units of facilities in the factory and
the running mode of the overall factory be reflected.

[0007]

The present invention was in consideration of such problems, and implements an
energy management methodology that enables accurate optimization of energy
efficiency.

Means to Solve the Problem
[0008]

In an aspect of the invention, an energy management method inciudes
identifying a target of energy management; monitoring a time-transitionable status of the
target of energy management; and defining at least one estimate model to estimate the
quantity of energy consumption and the quantity of energy conversion associated with at
least one status of the target of energy management, and the energy consumption and the
energy conversion being caused by operation of the target of energy management.

[0009]



That is, in using an estimate nodel to optimze the energy efficiency
in an overall factory, it is desirable that, in addition to
environnental factors, energy charactéristics corresponding to the
operating node in units of facilities in the factory and the running
node of the overall factory be reflected. [0007] The present

I nvention was in consideration of such problens, and inplenents an
ener gy nmanagenent nethodolo%y_thap enabl es accurate optim zation of
energy effici Ehaspthavaspest ebthsanveatiom defriog thagsfioptshodel inpludes defining f

tar get ” GPMAEY )RR O RO e NP HES BRENSY Of kb Sdatus
of the B@{&géﬁgg{oﬁg{g%ﬁnaé@ggﬂgﬁpnt; and defining at |east one

estimate no 0 es e quantity of energy consunption and the
quant i t yomiojener gy conversion associated with at |east one status of
the target of energy managenent, and the energy consunption and the
ener gy conver bi antheeianggctaithe thvieytiap éheanethnd dirtieh clakeg edtinadting Nieas ey
managenent. [0009] 3. I n anot her aspect of the invention,

def i ni n§nihfePlesiitnefestimgianodals thiousnberalsnergy soptummiiontapd i quanatity
esti mat efrmdel S associated with et}?lgﬂ' O];W,I}a | ural i tc?ﬁ of . dibfferent d

st at useS qurg%%oqvg{sgglf engl;%frc&)s 5361 ARE cnergy conversion being cause

by operation of the target of energy management.
[0011]

In another aspect of the invention, the target of energy management facilities
(described below) includes a device, an instrument, an apparatus, an equipment, a facility,
a process line, facilities and a factory.

[0012]

In another aspect of the invention, the method further includes: dividing the
target of energy management into a plurality of boundaries, wherein monitoring the
time-transitionable status includes monitoring at least one time-transitionable status of the
plurality of boundaries, and defining the estimate model includes defining at least one
cstimate model associated with at least one status of the boundaries.

[0013]

In another aspect of the invention, the method further includes correcting the
estimate model, based on at least one actually measured value of the quantity of energy
consumption and the quantity of energy conversion of each of the plurality of different
statuses.

[0014]

In another aspect of the invention, correcting the estimate model includes
selecting one of permissibility and impermissibility to perform automatic estimate model
correction; and storing of a plurality of histories of the estimate model corrections to
enable selection of pre-correction version of the estimate model.

[0015]



[ 0010] I n anot her aspect of the invention, the nmethod further

I ncl udes estimating, based on the plurality of estinmate nodels, the
gquantity of energy consunption and thd quantity of energy conversion,
t he energy consunption and the energy conversion bei ng caused by
operation of the target of energy nanagenment. [0011] In

anot her aspect of the invention, the target of energy managenent
facilities (described below) includes a device, an instrunment, an
appar at us, anleguitheraspect af thganventin, the gstivwesmoii¢l mesoctatasi with besstatnsl a

factory. .[.0012] .In anqther, aspect of the invention, the nethod
further Oif&?cf’t‘léft‘f]éésf d‘?f&\?ﬁd‘? %‘CF Mear get of energy nanagenent into a

pl urali t[éf() boundaries, wherein nonitoring the tine-transitionable
status i'ncludes nonitoring at |east one tinme-transitionabl e status of

the pluralitypindiRsadsdct sﬁahemng&f,itﬁe &ﬁnialfeemeéélimlé&nﬁ@%'mémm es

defining at |east one estinmate nodel associated with at | east one

st at us of symkteesizod bgan assciafiODb&8iveen two or morbouhédrieaspdicteralt fAdigies.

i nvention, the nethod further includes correcting the estimte nodel,
based of0@7]l east one actual |y measured val ue of the quantity of
energy consunp conversi on of . each of

tion and the.quantity of ener
the pl ural 1 ty T Aspeshor GF Svsatidn, an gperey Mansecens appaseis inchdt
e e R N
est i mat actifai@lanG6 drRaéiz9 Ronwi€los b4 'tz@%st@f erferdy H{aﬁﬁgemenpﬁla{jéiﬁ{epr ies of
the estinmate nodel corrections to enable selection of pre-correction
ver si on cofsunies oe stvees engrgy bl its operation, and to monitor a time-transitionable status
of the target of energy management; an estimate model definition unit configured to
define at least one estimate model to estimate the quantity of energy consumption and the
quantity of energy conversion, the energy consumption and the energy conversion being
caused by operation of the target of energy management associated with at least one
status of the target of energy management; an estimate model storage unit configured to
store the estimate model; and an estimate model correction unit configured to correct and
store the estimate model stored in the estimate model storage unit, based on the quantity
of energy consumption and the quantity of energy conversion, the energy consumption
and the energy conversion being caused by operation of the target of energy management.
[0018]

In another aspect of the invention, the monitoring unit is configured to measure
cach a quantity of energy consumption and a quantity of energy conversion of a plurality
of boundaries generated by dividing the target of energy management and to monitor
cach time-transitionable status of the plurality of boundaries; the e¢stimate model
definition unit is configured to define at least one estimate model to estimate a quantity of
energy consumption and a quantity of energy conversion, the energy consumption and
the energy conversion being caused by operation of each of the plurality of boundaries
associated with at least one status of each of the plurality of boundarics; and the estimate

model correction unit is configured to correct the estimate model based on the quantity of



[0015] 4 I n anot her aspect of the invention, the estimte
nodel associated with one status of facilities is defined in article
nanme. [0016] I n anot her aspect 5of the invention, the estinmate
nodel is a conpound nodel that is synthesized by an associ ation
between two or nore boundaries of different facilities. [0017]

I n anot her aspect of the invention, an energy managenent apparatus
includes: a nonitoring unit configured to measure the actual quantity
of ener §YCTEY KSRFWHIALOA aaﬁwetm@ntamo%&nerqmaﬂm\ieworoftheem@r@ycwsmpﬁ@i oW of

a target, of ener nanagenent that either .cons S or .converts ener
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t ar get 1 est:.nat iLnition unit
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quanti t yom@)ener gy consunption and the quantity of energy conversion,
t he energy consunption and the energy conversion being caused by
operati on of {handtizrgepecodf tha@ngytion nageegp tnaagsocin b edenmGU méthbgast
one status of the target of energy managenent; an estimte nodel
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oper at i estirfdte nitrlel &xgaitedivithngie SlatuSasTaReERR s ofleBBE§Imanagement! dhd
anot her aspect of the invention, the nonitoring unit is configured to

measur e egimiting, hasad on e dffined estgyate onsiohpquantitaoflemerggemtsimytiof and a
energy conversion of a plurality of boundaries generated by dividing
the tar GERNEY ObeNSEEH COmBEDEIRENSY coBsumRtion nd digegnergy conversion being

est |t SARsaLT RERRT FbK Tarks P e ideethel dRRED RSPt ndone
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guantity of energy conversion, the energy consunption e~‘ener gy
conver sdemaftfaogiticaasethe Ryconddvandan imiudack 1eft iecoMhdiémriy yer@fation

boundari es associated with at | east one status of each of the
pl ur al i fagilgiesod Hiaanicesy, allgpatianHfgcibities. mat e nodel correction unit is
configuhﬁgoﬂo correct the estimate nodel based on the quantity of 5

In another aspect of the invention, displaying the first and second boundaries
includes displaying first-order information of a past facilities energy value, and
second-order information, which is processed or generated based on the first-order
information, the first-order information and the second-order information distinguished
from each other.

[0021]

In another aspect of the invention, displaying the first and second boundaries
includes displaying discriminately a first display/operation window screen handling only
the first-order information and a second display/operation window screen handling only
the second-order information.

[0022]
In another aspect of the invention, displaying the first and second boundaries

includes displaying the status in the form of a dynamic state transition diagram.



energy consunption and the quantity of energy conversion, the energy
consunption and the energy conversion being caused by operation of
each of the plurality of boundaries, #&nd to store the estinate nodel
in the estinmate nodel storage unit. [0019] I n anot her aspect
of the invention, an energy managenent system GU nethod, includes:
identifying a plurality of targets of energy managenent from anong
energy generation facilities, energy allocation facilities, and

ener gy @¥dld facilities; nonitoring a tinme-transitionabl e status of

hsoc, ared wi thaBactesBRE PER Tebu b bl da s en AgerEnisa and
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consunption an uantit energy conversio

consurrptolfmtaﬂgetstdfen@@gemag@ﬁw@r si on being caused by operation of
the targets of energy managenent; displaying first and second
boundar %@&241]n associ ation with one another, the first boundary

i ncl udi ng the enerlgy demand facilities and the second boundary

i ncl uding at [bardthesRapest ot the nusations taebimhbls shert ingludgsibuphlss awcﬁommg
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and second-order ©nformation I's processed or gem ased

on the btastamiti@rronepesviding atonidttoh besiees adtkary Bﬁ@lﬁleﬁéﬂ céifdng he
second-order information distinguished fromeach other. [0021]

I n anot k@nsitigppath betweeh éadllniweérstatlm$, whesgih alyd shgfe tl’amsnﬁmnr mteadﬁﬁnsg(as ad
boundar i ncl udes di s ing discrimnately a fi

di spl ayﬁjeb@aﬁ PRIMLIRRM aé r@%ﬁr%ﬁwm bRGvaSh e %Th’éfaﬂi #Lagltlmﬁ sfatuses.

i nforma and a second di spl ay/ operati on wi ndow screen handl i ng
only the sécond-order information. [0022] I n anot her aspect of

e vy oo Sl kbt i T e
di agr ambased gn@@@@]ction schedule information. The energy management system GUI
method further includes estimating the quantity of energy consumption and the quantity
of energy conversion in the future, based on the estimate model and the production
schedule information.
[0026]

In another aspect of the invention, an energy management system, includes
energy management facilities being operable based on a production schedule and
consuming and converting energy by operation; a monitoring unit configured to monitor
the time-transitionable status, the quantity of energy consumption, and the quantity of
energy conversion of the energy management facilities; an external information input unit
configured to obtain and output external information; and an energy management
apparatus configured to manage the quantity of energy consumption and the quantity of
energy conversion of the energy management facilities, based on the external information,
wherein, in the energy management system: the energy management apparatus includes a
production schedule information storage unit that stores the production schedule

information, a facilities information storage unit that stores facilities information of the



I n anot her aspect of the invention, the dynamc state transition
diagramis a hierarchically structured bubble chart with
correspondence to facilities within b@undaries of the targets of

ener gy nmanagemnent. [0024] I n anot her aspect of the invention

t he bubbl e chart includes bubbles perform ng input definition and/or
out put di splay associated with each of the facilities statuses that
transition along the time axis, caused by operation of the target of
ener gy ®BeIgY asagement Sacalities apgxdgraaldhiciustioe fanteninfrmation tomgeenit that
between arbitrary bubhl es .and specifying a trapsition path _ between
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production schedul e rnformation. The énergy nmanagenent system GU

met hod foergheonvenududiethe estrgyatanaggndne fagilities) 4 ountlaenettipg uatnsunpt i on
and the quantit Qf_ener%y conversion in the future, based on the

est i mat §onpEEed @fHvids fargetd afener Bnmaragsagneiniad pluraity effboundaris] an
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energy conversion of the energy managenent facilities; an external
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i nformation; and an energy nanagepent apparatus confjgured to nanage

t he quaNfiugyangstiERtsPgded SPEeRtion VBK cankigurpd tagparees thy phialiy of esjimate
conversi o f rgy..janagenent. facilities ased on. t.he externa
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nmanage LAuchi %c%g n
storgg?%?@%gfﬁgfgé@%%%%cti otrcl1 dLs?gcbrll d I%Hm{%ﬂr}gﬁ n(!.,)foa
facilit estimatehdeBicbmractsd by d@estimate rhddl cofrevties uhaci 1ities

information of the 7 energy nmanagenent facilities, an external
fluctual®Bdlfactor information storage unit that stores the external

information optained by the external infornmation jnput unit, a
facilities ac woﬂ&éﬁﬁrt{%ﬁb@l%v%= &%é'dbg'%awmtt ranfigusediocsimgte
faciliti -Or f e monitaring unit and.
Lact L1 AR RGhY Pl ARSI KBl S RS P E) Sy B
conver spfufire, HAS dRHE ¥stTRABARIIBIR tand 8 drbii®idn sehARKNARIKadSH t 1 NY
unit configured to divide targets of energy managenent into a

pl ur al i Effecifofiioz/mdtamticess, an esti mate nodel definition unit configured
to define a plurality of estimate nodels to estimte a quantity of

energy E¥R8linption and a quantity of energy conversion associ ated

with at | east,.one status j.n each of the plurality of boundaries,
hsod on the BRORsS oi calith S I e S Hcleh L iih Sfa 45F Bacy.

i nf or Mg RPrDAR9:bREE R Mﬂ.&?s actual performance value, an estimate
nodel correction unit contigured to correct the plurality of estimate
nodel s, F(}mg d on the facilities actual performance value and the
external intformation, and a GUI display unit configured to synthesize
and di spl ay bFIG 1Gka bidok didgraralshowingfanesathiodatent pbaetisrgomaeica@dnby
the estimate node|l correction unit. [0027] | n anot her aspect
of the PYiMmEq which@apenesy mynggrmsnt methodasaendingte dha presest inventiondnd

di spl ay %ﬂe gquantity of energy consunption and the quantity of energy
conver sPRRI®An the future, based on the estimate nodels and the

product i on- schRAY!ig s bR bkRRbing thEGHerionMok Y FRS 0N

FIG. 3 is a format example of a table input method.

FIG. 4 is a format example of a bubble chart input method.



[ 0028] The present invention can optim ze energy efficiency

wi th high accuracy. Brief Description of the Drawi ngs [ 0029]

FIG 1 is a block diagram show ng an &nbodi nent of an energy
managenent systemto which an energy nmanagenent nethod according to
the present invention is applied. FIG 2 is a flowhart describing
the operational flowin FIG 1. FIG 3 is a format exanple of a table
i nput nethod. FIG 4 is a format exanple of a bubble chart input
method. S  FIG. S&iisgn @wrgyscharactenistigexanide demdng producesbbartht Sowelan ng

produced by the flo rt .process illustrated in FIG 2. FI G
5B is aP§ Wﬁ“é‘ﬁ%‘m G:Re rel ationship between the status change of

(acLitres, ! a4 abh Pt A0SARGBANN BB Bhus o
a pl uralghdihii@f1 AeHDAR itR% AGE/TIGhO Gudrfity BEerRFRSEMbuhpYGNt i on.

FIG. 6A is a divided setting example drawing of a plurality of boundaries
according to the present invention.

FIG. 6B is a divided setting example drawing of a plurality of boundaries
according to the present invention.

FIG. 6C is a divided setting example drawing of a plurality of boundaries
according to the present invention.

FIG. 7 is a drawing in which an operator, based on a production plan, assigns a
facilities operation plan.

Best Mode for Carrying Out the Invention
[0030]

An embodiment of the present invention will be described with reference
drawings in detail as follow. The following description of an embodiment of the present
invention is a specific description of the invention set forth in the attached claims and
equivalents thereto, and is not for the purpose of restricting the present invention, which
will be understood by a person skilled in the art, based on the content of the present
disclosure.

In the following description, the term “energy,” similar the definition in ISO
50001, refers to electricity, fuel, steam, heat, compressed air, and other similar media.
{0031]

The term “facilities” is the collective name of physical space that is positioned as
a target of energy management, this including, for example, a factory, various process
lines installed within a factory; elemental parts constituting or associated with these
process lines, instruments, apparatuses, and equipment in the narrow sense; and facilities
installed within a factory, equipment in the narrow sense, instruments, and elements

installed in a factory in a condition independent from these process lines.



FIG 6B is a divided setting exanple drawing of a plurality of

boundari es according to the present invention. FIG 6Cis a
di vided setting exanple drawing of a Plurality of boundaries
according to the present invention. FIG 7 is a drawing in

whi ch an operator, based on a production plan, assigns a facilities
operation plan. Best Mbde for Carrying Qut the Invention [0030]

An enbodi nent of the present invention will be described with

ref erend@03@ awi ngs in detail as fol |l ow. The follow ng description of
an enbodi nent gf therfgresqnt invention is a sp cific descriptjon, of
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following description, the term"energy," simlar the definition in

| SO 5000dmicordeter factos] @alta petiotemikaiglant ot ﬂamkeheat , conpr essed air,
and other simlar nedia. [0031] The term"facilities" is the
col | ect I¥®3hane of physical space that is positioned as a tar get of
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appar at uses, e narrow nse

i nstal | ek et hifR a@riﬁﬁ:@tc@’cﬁﬁ pﬁﬁlﬂbﬁﬁf?ﬁhh‘t}n alsh1G a[ PeabiBNSCprocess lines
instrunments, and elenents installed in'a factory in a’condition

i ndependmproﬁudedn t hese process lines. 9 [0032] The term
"factory” is facilities (group) that manufacture products of a
plural i {9033 or a single brand, and is constituted by a plurality or

Suppl yi g enefoeiEe Fe 11 B FaH et B sr e pioty B ebirati o5pr
factory ,afhiPpmfd A8 RS Blutdd Y seies bPRciliti¥€and apparatuses.  Examples
include an automotive assembly process line or the like. An “equipment” is a functional
unit constituted by a plurality of or a single apparatus or instrument. Examples include
a desulfurizing equipment or a heat sourcing equipment or the like.
[0035]

“Apparatus” is a collection of mechanisms having a given function. Examples
include a semiconductor production apparatus or the like.

An “instrument” is the collective name for fixtures, machines, and mechanisms.
Examples include motors, pumps, and the like.

“Devices” are apparatuses and fixtures having a specific function. They are
used as the constituent elements of facilities and instruments. Example includes stream
flow sensors, valves, and the like.

[0036]

A “boundary” is an arbitrary closed space that can establish facilities in the
broad sense as a target of energy control.  That is, the establishment of a part of the
above-described facilities in the broad sense, for example, a part of a factory, as a target

of energy management is referred to as a boundary. The quantity of energy



[0033] A "facility”" is a building or facilities nade for a specific
pur pose. Exanples are an energy supply facility within a factory and
a printed circuit production facilityl@r the like. In a printed
circuit production facility, a single or a plurality of process |lines
are provided. [0034] A "process line" is the unit of
production produci ng products of a plurality of or a single brand,
and is constituted by a series of facilities and apparat uses.
Exanpl esonsunintide aad theuquanttyi of eomsssnb bf a targes ef sndrgynmaoagenivat edtabdishedih
"equi pment” is a functional unit constituted by a pluralitg of or a
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An "instrunent” 1s the collective nane fixtures, | nes, and
mechani sis a phyahy! dequainutdedaiddapesdind updis theabibct bftenkigdy@nanagement.
"Devi ces" are apparatuses and fixtures having a specific function.
They ar ¢003Fdd as the constituent elenents of facilities and

I nst runent s. appl e j nc] udes, stream fl ow sensor al ves, and the
li ke. [0036] %11[1:% major object of energy management is t%e e?fect}/Ve usage of energy,

there are detailed objects such as discovery of and countermeasures with respect to the
wasteful use of energy, management of and countermeasures with respect to not meeting
a target for energy efficiency in units of facilities (groups) or boundaries, prediction of a
quantity of consumption for the purpose of energy procurement planning, and
management of and countermeasures with respect to energy efficiency for each
production brand.

[0038]

In the present invention, depending upeon the object of dealing with energy,
facilities related to energy use are classified as energy demand facilities, and facilities
related to energy supply are classified as energy supply facilities.

[0039]

A factory is a typical example of energy demand facilities. A factory can be
divided into a hierarchy in units of constituent elements. For example, it can be treated
as a collective model in which boundaries in units of apparatuses, equipment, facilities
(in a narrow sense), and lines are established.

[0040]

In general, in energy efficiency management in energy demand facilities such as
a factory, energy demand facilities are divided into a plurality of boundaries
(sub-facilities) of an appropriate number. Then, for each of the sub-facilities or group of
sub-facilities, energy efficiency management is performed. In addition energy
efficiency management is performed in units of organization and units of buildings. In

setting the boundaries, the quantity of energy consumption and ease of measurement are



A "boundary” is an arbitrary cl osed space that can establish
facilities in the broad sense as a target of energy control. That is,
the establishnment of a part of the abpve-described facilities in the
broad sense, for exanple, a part of a factory, as a target of energy
managenent is referred to as a boundary. The quantity of energy 10
consunption and the quantity of conversion of a target of energy
managenent established by a boundary are managed. These boundari es
can be fcoasifigredief inrgederah grahannfedergyrbnaaningdadiligestsacipat anoflectst | mat e
nodel s ?y sof tware equations. Such equation nodels can synthesi ze a
pl ur al i fijmase Hgpasifionedasdas wrech iy fogusedh mapagsaanhugong enestadepindoy
division i.nto a pluralit f uat i.on nodel s depend] upon the

obj ect _ oreitiedr Byt i Rpaigret beyidgBerforth eherdy Gapaeman( hPtsp ey ealceopy
ener gy RRARRERRM othsr fabitief b e 'cléégme?ﬁﬂ'ﬁ: éﬂfthe,el'?l?er. 9¥hat ilg,et?éeati?\?? ominent
detail ed objects such as discovery of and countermeasures A

respect chergitenwmsing fadilitiss sue asemedigiric MRNagasabbufaraitth different
counternmeasures with respect to not neeting a target for energy

ef fi ci eseiggony coable stiefierft guergy mavgganaandups) or boundari es, prediction
of a qu Sé‘Qiy of consunption for the purpose of energy procurenent
pl anni ng, d managenent of and counterneasures wth respect to

energy effici f i \ 38 . In the
present i nven? ggr#y %ﬁg%&ﬁgéﬁg%gg‘leggngﬁﬁﬁ%?d %gﬁyéélapﬂéor\}ppﬁeaé%r ay,
faci 1 tiigsird &sit egof MiLRAIAY HHANESGndl AR ré@Yerdi BI&HAYNE GIRNT
facilities, and facilities related to energy supply are classified as
ener gy satpmialtofgaduaily eepand[thO&Dpe of managefeha stagting with éacilities having
exanpl e of energy demand facilities. A factory can be divided into a
hi er ar ch3r2¢ pnaigy eenssmptiomand fagdivies Eirevlieh kargedowresemept ean hetmadeninbe
treated as a l.l ective nodel in which boundaries in units of

appar at G8¥&Y eﬁotﬁ.‘ﬁr’ﬁﬁent, facilities (in a narrow sense), and lines are

est abl i ij

In contrast, there are so-called BTGs (boilers, turbines, and generators) that are
typical energy supply facilities. Many energy demand facilities use the output from
BTGs that are energy supply facilities, that is, stream, ¢lectrical power and the like, as
drive power source for production, diriving, and operation. In energy supply facilities
as well, similar to energy demand facilities, arbitrary boundaries can be established by
dividing boundaries in a hierarchal manner. The object of energy supply facilities is the
conversion of energy. For example, the conversion of fuel to steam and electrical
energy is performed.

[0043]

FIG. 1 is a block diagram showing an embodiment of an energy management
system to which the energy management method of the present invention is applied. In
FIG. 1, the energy supply facilities 1 have energy generation facilities 1a that generate
energy, and energy allocation facilities 1b that distribute energy generated by the energy
generation facilities 1a to energy demand facilities 2.

[0044]



[ 0040] In general, in energy efficiency managenent in energy
demand facilities such as a factory, energy demand facilities are
divided into a plurality of boundarie$2(sub-facilities) of an
appropriate nunber. Then, for each of the sub-facilities or group of
sub-facilities, energy efficiency managenent is perfornmed. In

addi tion energy efficiency managenent is perforned in units of
organi zation and units of buildings. In setting the boundaries, the
quantity of erdegyerepssnmpiancacititics kalsayeafmonitosisoringisystemd as for the
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ot her f agbdghlall6atiN f@d?hﬁésl%rﬁhw a'nhd?ﬁto%oﬁtﬁﬁ’ systdR 1b§r RRlnd ﬁlr?és'é%?t ing
prom nent energy- consum ng facilities such as an electric furnace as

a boundamognifoning add téeradig wethetgbe ynegablleatbid tail@iet 1B 0pErgy
managenment . [ 0041] Energy managenment requires measurenent and
anal ysi @pP@REaey 1t #rcerdeneaswii ih?cQPﬁéﬁU@Oﬁtﬁn EF%ﬂd apgraiiop sasditionst r diet he

t and t of t |
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so- cal | el adEbtEanch Kithe@hiSopdratiddl saftihgs a;ﬁw%.ﬂ@ﬂﬁfnadoﬂﬁﬁﬂm hatheahsnitorRbetRol
energy supply facilities. Many energy mand facilities use the

out put fsyssem8TEs [bhand 3s baversengyys andoqingrof fecilities swiabletthalic ¢omstitatioesaot)

el ectrical, power. and the |ike, as drive power source for production,

di ri vi ngachpldhe fistlicson. 1n energy supply facilities as well, similar
to energ%{ %ﬁmand facilities, arbitrary boundaries can be established
by di vi 91 boundaries in a hierarchal manner The object of energy

supply facili %@%dnﬁoﬁ%tﬁ)@% P%ct s, %rﬂfﬁ@é{‘e cgﬂ{ecf%ﬁ%fg)% &erlhgﬁcation

conversi on of fuel to steam-and e energy I's per
[ 0043] network 3 to an external information input unit 4 and an energy management apparatus 5.

Of the monitor/control systems las, 1bs, and 2s, ones that ar¢ close to the energy
management apparatus 5 may be directly connected by a communication line separate
from the communication network 3.

[0046]

The external information input unit 4 has a service function that, for example,
obtains weather data such as weather forecast values or weather observation values and
supplies the weather data to the energy management apparatus 5 via the communication
network 3. The function of the external information input unit 4 may be performed by
any of the monitor/control systems las, 1bs, and 2s.

[0047]

There are cases in which the characteristics of the energy supply facilities 1 and
the energy demand facilities 2 are influenced by meteorological conditions such as
temperature and humidity. The external information input unit 4 obtains and captures
into the energy management apparatus 5 weather data such as weather forecast values or

weather observation values. Using the weather data captured into the energy



FIG 1 is a block diagram showi ng an enbodi nent of an energy
managenent systemto which the energy managenent nethod of the
present invention is applied. In FIG 14, the energy supply facilities
1 have energy generation facilities la that generate energy, and
energy allocation facilities Ib that distribute energy generated by
the energy generation facilities la to energy demand facilities 2.
[0044] 12 The energy generation facilities |la have a

moni t or eaagernént sipparatus Sathe frdatidrybipthetywaenaho veatheri dava armighagdantity of
controlling so that, the energy generation facilities |a operate
appr opr iCBEIEY Onsunpbioady medeled apd #nalredoper ati on settings and

oper at i ﬁ@ nditions. The energy allocation facilities | b have a
noni t or % rol systeml|bs for the purpose of nonitoring and

controlling s k facilit] :

appropri at el y,qhiE Eﬁéar%%’: g‘rad éllg%l%‘é%a@ajr%ﬁ%g E)SggorrfftQ ?Igh'eébeﬁF{#gesin@ﬁ%%agt one
oper at i gersondldoinpfRs or Wotkseition 9y thdeiend Theehdriy hRfagbnlbdY Sppratus 5 has
nonitor/control system 2s for the purpose of nonitoring and

cont r ol Ifunggionpsuchas an frgcdacerigyctidanaddplaptiatior funktiopend adunction that
appropri Et ely, in accordance vtm th the operation settings_ and

oper at i GRS EFNETBFs ManRZes niRiTies adiusts Al Steres varieus iprmptign. and 2s
have SeT@(ﬁ@? and control facilities suitable to the constitutions of
each of €'facilities. [0045] The nonitor/control systens

las, |bs, andTB§emi8y Ffa &@aﬁﬂf@atﬁ's § RATBABH; iR/ QB mAE R tich IferBlle

external information input unit and an energy nanagenent apparatus

5. O t haitfayd GUI dsphiyroohsdy shiefs, d @st-oldesinf@natids int@fes uhlat, are
close to the energy nmanagenent apparatus 5 may be directly connected
by a cotmshicten sdadylp ifomegionaceuisitiomunit §d copnodnétoatscheduleinfoymiaticn

[ 0046] nge Fxter nal information input unit_4 has. a service
funct i oftofaggMNIY Gy Tacilics FRersy, pharpGierishis gemartionynit &6, faqiikiss infammpation
forecas . - : s i ngd,.su ies..th

For ecashey Gz 09ALNGL: ARRARNALLBRANYER, AEGHARY RERL Foctor
comuni gabhAatioRSIcUREHioR unitBE ahleRelhd? ﬂu}?ﬁuaﬁ&]ﬁa@‘?&)} fiH@hation st{rﬁ@tdn% rer

input unit 4 may be performed by any of the nonitor/control Syste
| as, | bfacilared eBergy [cBATEristic adjustiiérenmitdkefacamies adtoalyletfotmariee value
characteristics of the energy supply facilities 1 and the energy
demand FREZiUNitSm, fagilides sperdyehemgtentioreardtsatiorowiit S, asspefidtorders such
as tenperature and hum dity.. The external information input unit 4
obt ai ns THREELBY ‘i%fgc‘ﬁ bR llé?rércg%rg%&ﬁafgetﬁﬁmc YPPSHALDE 58 A her
data sugh; y}ﬁ)@ t val ues or weat her observation val ues.
Using t %glrﬁvégt etrl: {'Sartaggt[@g?fjr ed into the energy

[0050]

In the energy management apparatus 5, the facilities external information
interface unit 5a has an input/output function that performs exchange processing of
various information between the energy management apparatus 5 and external devices
and the like, via a communication network 3. The facilities external information
interface 5a is connected to a GUI display console unit 5b that has a function that handles
input of operations from an operator and a function that displays to the operator. The
facilities external information interface unit 5a is connected also to the first-order
information interface 5c.

[0051]



13 managenent apparatus 5, the relationship between the weat her data
and the quantity of energy consunption is nodel ed and anal yzed.

[ 0048] The energy nanagenent apparatus 5 is, for exanple,
constituted by at | east one personal conputer or workstation or the

| i ke. The energy managenent apparatus 5 has functions such as an
interface function, a display/operation function, and a function that
obt ai ns, generates, nanages, verifies, adjusts, and stores various

i nformati on. [T0@4Q]I display comsele endrSy\hasradesgbydnnctmpmad ab opertitras
facilities/external jnformation _interface unit 5a, a GJ display

consol e ifgifpcesfnctiontthatase gk TheSHiHediprly sonseleruaéieoby firexaepleain
Dt mecto SORTER R 0 05 SReRYb % YisBP WPt BRSNS o
charact %'ié\ﬁ@i!ng_agzﬁﬂl%{cﬁ‘ltde@%n%!cbloﬁoheﬁﬁ% ldishi4 ?r%g@s%%ﬁ?&r’itﬁ%tﬁﬁﬂe' sition

unit 5g, facilities information storage unit 5h, an externa

f | uct uatwindowsa caroimpant @nsBichONtode display if@ictioniahd Bie, oparation iiteflade
fluctuation factor information storage unit 5j, facilities energy
char act dwnagionc adj ustment unit 5k, facilities actual performance

val ue st[&gﬁge unit 5m facilities energy characteristic verification
unit 5n, econd-order information interface unit 5p, facilities

energy charac I.sti .. j .t 5q.. t e |

ctor age. uni - oit PREbEGH Thest it S8 BEKA MR ey o
the facijfobrh@fonSiiefab@hnit 56 Or R JrodckiBh SEHABR sttthde 1RAt A4S cHthected to

i nput/output function that perforns exchange processing of various
i nf or nathaoprobedtivasthddok: @gergionrmitdge ndht pagpipatiat schedulandrage uaitsalis
devices and the |like, via a communication network 3. The facilities
ext er nalconicisdra thedacilifieeeiesgsecimactasistip genscation ung 4 (@timagk mpiely
console u |& 5b that has a function that handles i nput of operations
from an Y5PRHIGR JRithnd a function that displays to the operator. The
facili ti@(%?,ﬁ:xt ernal information interface unit 5a is connected al so
to the 1[|rs -order information interface Sc. [0051] 14

The production schedule information acquisition unit 5d uses a communication
function to capture production schedule information that includes production information
such as brands and schedule information stored in an external server (not shown) into the
energy management apparatus 5 and store them into the production schedule information
storage unit Se.  The production schedule information may be directly input by the
operator via the GUI display console unit 5b.

[0054]

The facilities information acquisition unit 5g is connected to the first-order
information interface unit 5c.  The facilities information storage unit 5h is connected to
the facilities information acquisition unit 5g. The facilities information storage unit 5h
is connected to the facilities energy characteristic generation unit 5f.

[0055]

The facilities information acquisition unit 5g obtains facilities information
(information of facilities within a boundary) stored in an external server (not shown).
The facilities information acquisition unit 5g also directly obtains facilities information

from a target of energy management. The facilities information acquisition unit 5g also



The GUI display console unit 5b has a display function and an
operation interface function that use a GU . The GUJ display console
unit 5b, for exanple, in making a w ngow di splay, by a conprehensive
di splay within a single wi ndow, or providing a conmon design or color
schene in display frames even with multiple w ndows, can inpart

consi stency to the display function and the operation interface
function. [0052] The production schedule acquisition unit 5d is
connect etitais fatibtiés mérmatide recorded; evhted pandi deteted ancleheihike bybthe ophator
production schedul e storage unit 5e is _connected to the production
schedul &rsiatng teiGYhdigplay cerpolenyut 3. o dihetfrehtiesdnbumpionolipingdbyther se

T L R
rehedl s, DTBEERNS (AR (1 A 8800 GAAPHIEGRH D oy

pr oduct igeferalnfacitified infsrnsion (1gnd) vdebnaand figeies Wpecifibitnsgind eh: B« ed
in an external server (not shown) into the energy managenent

appar at 80®]and store theminto the production schedul e i nfornmation
storage unit 3 . The Pr oduct i of&]sch?dul e information pay be directly
i nput by the E%P&t@ma {ipclugtinn fagipr mytergation aggiusifien wit pi 15 goniregigd A9 the
The facid |.t] N Tt i IR ' iI.s..connect.ed to.the
first - of irorflERpa R eEF P PR Wbt BB FRRE SRR I on
st or age siade wRik 3j3s CRMBAES RAhE Bxtbtl NaGhAtdn ol MEQHIHRbA Wyuisition unit
acquisition unit“5g. The facilities information storage unit 5?1 'S
connect &dl tDhe dxterhaldluchiatios fan@rigiormhisreadapt aiit 6j igeoicatedantieni t 5f .
[ 0055] ... The facilities information acquisition unit 5g obtains
faci | i t ifecdlitiasfepeigsichamcieripliordegnent it Sﬂeaamﬁlthct fagditigs eneirgy chapanteristicy)
stored in.an external server (not shown). The facilities information
acqui si WF%&CE{EWW@ Nal so directly obtains facilities information from

a tar get[(}(?)ﬁ energy managenent. The facilities information acquisition
unit 5g-a sé 15

The external fluctuation factor information acquisition unit 3i stores into the
external fluctuation factor information storage unit 5§ as external fluctuation factor
information external information input to the external information input section 4, for
example, weather data obtained as described above.

[0058]

Additionally, the facilities actual performance value storage section 5m is
connected to the first-order information interface unit 5¢.  The facilities actual
periormance value storage unit Sm is connected to the facilities energy generation unit 5f,
the facilities energy characteristic adjustment unit 5k, and the facilities energy
characteristic verification unit 5n.

[0059]

The monitor/control systems las, 1bs, and 2s obtain monitoring information.
The monitoring information is information obtained by the monitor/control systems 1as,
1bs, and 2s monitoring the energy generation facilities 1a, the energy allocation facilities
1b, and the energy demand facilities 2.  The facilities actual performance value storage

unit 5m receives monitoring information obtained by the monitor/control systems 1as,



obtains facilities information recorded, edited, and del eted and the
| i ke by the operator operating the GU display console unit 5b. The
facilities information obtained by thgsfacilities information
acquisition unit 5g is stored in the facilities information storage
unit 5h. The facilities information refers to information regarding
each of facilities, and is general facilities information (nane,
nodel name, function, specifications, and the like). [0056] The
ext er nallb$,land 2mand storek dlodnoes fanfl biesraierginactod pesfotmance datatof Sie tagpet of
connected to the first-order information interface unit Sc. The

ext er naMAREERGHt | bhatfisdhootuanitydf paeicy sostusiga of facilitss of witbhnect ed
to the external .fluctuation . factor inforpation acquisition unit Si.
The ext SPHIHFS ellsetrdin P sedited petyetasriommanes sl staigs i s
connect ‘FQOGO? the facilities energy characteristic adjustnent unit 5k
and the tacilities energy characteristic verification unit 5n. [0057]
The external fheptddatiicinschadill®fémfationatorae mePeistdred Padudtioh sShedule
stores into the external fluctuation factor information storage unit
5j as exfermationf | Jbie drctlittas iffaohation stéragevanit Hinstescs daailitiesiimfoonatédn. on

input to the external information input section 4, for exanple,
weat her %&aﬁéteﬁ’b"i ﬁpﬁéﬁtl% agles BYfongagion jstegage ymeigs stores emem%@ﬂgg%%l ly,

ornoe; SiaiSRRREiE . AEHARIRNE A BtGnhal fibe 855k i 3 déps
faci | i tipRglifs eHloy RBRUEOS I RGN 6 aHE SAS% ﬁ&f,‘ tﬁrgdﬁﬁohécmﬂf&ect ed to

the facilities energy generation unit , th cilities energy
char act arfostatonadjred imntho pradactiorbichedule irfféndtida istorideamiteIzethe Yacilities
characteristic verification unit 5n. [0059] The noni tor/control

syst ens iforgationtséored huthe gacdlijiea iimformatianctorage unif T, tise ¢xdernal thstuation

noni tori.n i.nqtormation i.s information obtagged by the nonitor/control

syst ens [ infopuatiofsiorsd i hsiexismah fucatian, infprraAtion;skkaged il Yt i es

2 th o : . . _ q
Faci 11 o M Hheities ey L PG Rrhiafes bty o8GR APRLRLRIGC i ¢ sm
recei vepeBridneE valle biof42E MRitisanae RE@hNRE P ab RIaBPRALIRNE 688 Eaplured
systens las, 16 |bs, and 2s and stores themas facilities energy

act ual perthofardiies esi@trenl offotnietionh antgfhceamitrBrmdateed befdleatrodessing bed,
quantity of energy consunption of facilities or within boundaries is
col | ect agsqen fronethedel] display censpleainiipdy israkisaidied aainfermation dglengingtio 5m
[ 0060] . The ro%uct.i on. schedul e i nformati on storage unit 5e
stores HT%HUWW&WBEE 1 ipEriatt Wikt i on. The facilities information
storage m]] 5h stores facilities information. The external
fluctuation factor information storage unit 5] stores external
fluctuation fHRetOthe dohsiti@tieRmentshRcésad Viathefcard-sdkr ReSthRAsANCE
val ue storage unit 5mstores facilities energy actual performance
dat a. Amterfaceluajt Sphellpeaktsaitiecdn Sedvadwlréeriimfoanatidni, cathes tlemeetingn t he
production schedul e information storage unit 5e, the facilities
i nf or mafifdwrdsr dpfermatipn sweh aneqtpgl facalitiesiniormationoer measvrgd ¥alyps fromh, t he
external fluctuation.factor .informtion stored i.n e exterpal ..
£l uct atshs sdetgrmRine i PS8 B yaleR pEd s esttrdinlth Bid Thedikes
ener gy .

Fakb@lo ARESCRTRE GoiRhd BAAS 8%rbdl ih i Jggs%% S EFm ARt

perfor mance val ue - st orage uni m are dactu

have begppeand UrHit varidus PRt @ahddidd BIhexdcBhdialdet THfGIMARbh Mecifideqmitace
unit 5a and stored before processing and, as seen fromthe GU

di spl ay Spail bt desgribed Belpwar e cl assified as information bel onging to
the pri n“o%rg information interface unit Sc.
[0062]
The facilities energy characteristic generation unit 5f defines estimate models for

each facilities group within a target range (boundary) for which an energy estimate model

is defined. Specifically, based on the production schedule information stored in the



[ 0061] Next, the constituent elenents accessed via the
second-order information interface unit 5p will be descri bed.
Second-order information, rather thanipeing first-order information
such as actual facilities information or neasured val ues from
sensors, is information indicating predicted val ues and/or estimted
values and the like related to energy in each boundary that is a
target in the present energy nanagenent apparatus. The various parts
connect gdodustivhechedalo mufoonatem storhge wret 5o the atteal fadéics fbrndgionistdred @
descri bed bel| ow. [ 0062] The facilities energy characteristic
gener at itbhfagiities Brformation storagerunitathe anshihe astupblacidiisheresy adual es gr oup

1S der i atforEiee PRSI M BE Biish St T ouincR o1 e S R
s def i it . S . . om
i ¢ 0. et SRR R chifiee A RPE AR SPRE el BRI R T e

i nf or matpreducabi bge atiditie ﬁhlitiéﬁﬂath@?bpﬂ@itibﬂj art @efinddtds @Stigae hthdeRabral
performance data stored in the facilities actual perforrance val ue

st or age caeti of Banlitieh dorexamyle ivohsfonptaf eatdbar act eri stics and/ or ener gy
supply &@({ﬁct eristics of each production brand and the facilities
st at us i ition) are defined as esti mte nodels for each of

facilities, f ' f. | e, oy h
faci1i1ies st e RIBR G RRHADR, PrRaBt Sgindt Rlfaciiiesoneifife o
oper at i g s@pp&d. ORREForAHY! the Bp@hling sthill®isAREKIAd irﬁ&stﬁgﬁﬂgﬁj%ﬁf&?ﬁg{g%dEd

into standby, starting up, production in progress,

FI G 5B psdimstioreeprpgess, ahd siatdosas. FIGEhows examples of ete&se of
facilities that produce a plurality of articles, the energy
consunpiP¥tlcharacteristics for each produced brand is obtained by

rand, Tt i BbeeicaienlacRELi ot At ot S AptAERYof o
ol aont SORTpEhERARE G T A8 bREE AR SRy R AR PR b

per f or mpg eiro} BéhsERAPFEoNBhRQotthedrolSccadisidl ivis peashit & ohsPaK gy
into operation plans of facilities and apparatuses when proposing a

pr oduct iof nomsuaiptiospEthicfiraal finally pheduiced Ebmythe fathrg @ebklen dodniistobr oken
down into constituent el enments such as constituent parts and raw
mat er i alcengiteent plamenige The breakiag dawaritte constieans glepenisear he peforafedttiye

facilities actuall oduci ng each. of the constituent el ements. are
ot er ed 6 sigaaped wBf Biashedfy FERToChuettidal Mo GPEERY: PRt eeHBRont s
and the j it . i i

and roqis arafdect b chr AIE o nkoler GRBIAH! SRRANERE iy brfies
brand wibkdhdrieERReh dbWn ke constinat elBmesty shilos dhstithént hasd Mdrawand the
constitutional ratio of the quantity of energy usage of facilities
groups inmtexiakeahdi the pkgdmd theoamouniseofachsiahptivat caei gy tkeenieil ey adeally

determ ned, and proportional division of other energy usage may be
done usiPFR{lucng eaglh Pighe Fonsti@ient elamerts arsraetared| ofggneral, because the

break-down into constituent elements and the metering of the quantity of energy
consumption incur costs and require labor, giving consideration to the ratio of a produced
brand with respect to the overall production of the factory, and the constitutional ratio of
the quantity of energy usage of facilities groups involved in production, the actual
metering range may be determined, and proportional division of other energy usage may
be done using the ratio of the produced brand.

[0065]



18 The estimate nodels that are defined in the facilities
energy characteristic generation unit 5f may be defined based on
characteristic information and the |ikg described in catal ogs of each
of facilities. Also, the estinmate nodels may be defined by automatic
generation of an equation based on past actual performance val ues,
havi ng defined rel ated vari abl es. The past actual performance val ues,
which are first-order information, can be obtained by referencing
facilities en&hgystanitealodpbrihamanadufmedt & the Saclitissetielzy chictsstid i ti es
actual performance_val ue storagg unit 5m The function of automatic
e??at |t prgeg@“?mralgmb?fhrb@)sb@d@'mesd ]gédm%ﬁc@tﬁu;@m@rﬁg@ovandjﬁ@ liks
effective also.in the case o i ning hypothesized ener

char act SFEREE PordiPE i BLPBiienn; chios he padrpast mogE Fb berdsed b
act ual : : ]

sensor PoiorPAITRRASa St Grar iR A yitOPHh BT hEuAR B RARE S, He0Re
char act @efifdd REatddWariaBRs ! h?h@{mf Stul QEMEINSInQB vEINad, MHi @ 48 Fikd-odert he
energy generation facilities la, the energy conversion characteristic
01;] t het émfprr?gticml, ]E:mt:lﬁet otgainédby Beiftriemgn% fu,c_ilfi'qe;sl _end:rgé eﬂealggcrfonﬂwfp?iﬁem
characteristic of the energy demand facilities 2, and each o ese
can be ﬁ@ﬁ?ﬁb@éﬁh@éﬁplilWStaaB@?wrfqrwe Yabarsstorage unit Smp e The finetios ofodel s
defined hy and calcul ation resul.ts fromthe facilities energy

char act SRIERE <GlER GO FRUSPT abst Sl oP ey Mgttt
char act oy HieasY of (MM RBRI S, HPHRLS, ARHFRIRin tRAIAT] hiof T AR 27
ener gy @bsvilsle tesbtaini setdy péri@miaficd/dutd, sbeh as WReShere is no schdér draké senkdres
engrgg_ahs&&céeristif adjgsfnept unith5k hgs adfgncthon gf coLrectlng
and adj hes langdesti nate nodel s for each produced brand and eac
faciliti&igﬁtatus stored in the estimate nodel storage unit 5r. That
is, thel lities energy characteristic adjustnent unit 5k is an

i L QRN it ifically,  the faciliti .
char act er 1 ot 1 A" APSERHER TR bhere BREACHE R Mo For Rfe! SR gy
act ual Qﬁ&r%&éﬁﬁf&%ﬁtﬁ@é&r%‘ nefhtibh fad?mlié‘s%j ﬂhkteh@@y%.?%iom{afrr] dRaee

val ue storage unit 5m an he external fluctuatiion factor I nformation
stored fitchmegytativoaionftheititieralt, and fhleehergy cd@sumption characteristic of the

energy demand facilities 2, and each of these can be represented in tabular form.
[0067]

The estimate models defined by and calculation results from the facilities energy
characteristic generation unit 51 are stored in the estimate model storage unit 5r. The
estimate models defined by the facilities energy characteristic generation unit 5f may also
be input to the facilities energy characteristic synthesis unit 5q.

[0068]

The facilities energy characteristic adjustment unit 5k has a function of
correcting and adjusting estimate models for each produced brand and each facilities
status stored in the estimate model storage unit 5r.  That is, the facilities energy
characteristic adjustment unit 5k is an estimate model correction unit.  Specifically, the
facilities energy characteristic adjustment unit 5k, based on the facilities energy actual
performance data stored in the facilities actual performance value storage unit Sm and the

external fluctuation factor information stored in the external fluctuation factor



information storage unit 5j, corrects and adjusts an esti mate nodel
by determ ning an offset value of the estimate nodel and causing this
to be reflected in the esti mte nodel 19[ 0069] The correction
and adjustnent of an estinate nodel is perforned by adjustnent of the
paranmeters within the estimate nodel. The paranmeters in an estinmate
nodel are refined using a statistical algorithmsuch as nmultiple
regression and principle conponent regression or a known | earning

al gor i t hnfosmativregtomageingit 51 eomentkandiddgugtaanaeyeiinate raddal b netetmindigen can
be arbitrarily selected within a pre-established boundary. One reason
such parcdisel wluefjthe estimate medelagdicaesing this tede reffectsst in tee estimstromodel.
(facilitg energy characteristic) defined as an estinmate nodel by

t he faci[pgél]es energy characteristic generation unit 5f changes in
accordance w I FLL QR i st |

A o5t mat e moSrOpRaR A AR EARG b SR A TORET kel SRR,
t he est iofgiceparmaetrsstiehiagr ddfinateahodNd The fr&feteRAN bn b&irhf€ model are
facilities energy characteristic synthesis unit 5g. [0070] The
facilitirefinednisimgya statistiaaltabgarghmcudyast heltipk nogiessiGoarglpritvégsde zamponent
estimate nodels of facilitjes energy characteristics of facilities

( gr oups JeHETIMNY afsropmdearging) algqrimsyel gyncyrd ngvask. sthepasameleat i on

unit 5f ' [ a timte | ,of facilities
energy EhaP ac‘JtnzF ! é‘%l@@?%@ﬂﬁ%ﬁy gﬂggtgi]wgtﬁi%qrgﬁs%@ﬁsﬁaﬁggpg&qam.t i(é%e
ener gy GEALRGIA fapdrhGePsljikthBRNE rdiirkd RhalQéidhate mods] gfzaﬁges! chergy.
estimate nodels of facilities energy characteristics defined In its
of i ndi chataeteriftixg idefindde® ana@ssinbleuhbdey be detadfitiéAaictdyt dhafacREisii®n units
of specified facilities groups are synthesized. The scope of

synt hesigenasatiorpenibd fhanggsiin pcessdanist msthabe productivoinodditipns ot opexatimg| e,
with regard.to al|] faciliti constituting the energy generation
faciliti QES{PO% T ‘%ﬁﬁ'@”é%mpﬁétﬂéatﬁwé@ F%fg?feﬂﬂ@%ﬂqddg SorRdl 481 IS s
ener gy .81 CS r t her, 1L S ssi.ble to
moder 1 ReTROEPEId:PibRee VAR SERle BuRolIGY w808 spleckBaBRSYS
gener at ispithésicidit §4.es la. In the same manner, with regard to all
facilities constituting the energy allocation facilities |b, if the
esti mat ¢00del s representing the facilities energy 20

characteristics thereof are sunmed together, it is possible to nodel
the overal | cdhe{aedifics seergy charaetadstiorsysthesis uit 5¢ knt pstirhate omidelsn
faciliti lLh. Wth regard.to all. facilities constituting.the energy
onmnd. 5 iact Hies Saerdy SFapfse@s B st e iiionSs cEpratoiie it cncre
faciliti : LSk . Lt 1:iS.cROSSE DIl e
[ act 11 ERRBRRIRPALARLAT P 65 QRaRYATRA PRELR e bbol SyRTRD
energy ‘éﬁéfgﬂdhirﬁ&bﬂistic's e&findd ah@ok BjBstB@BY &e fadilitiéSerRAS bR ek Rtic
determ ne the quantity of energy consunption and/or The quantity of
ener gy adjwstareni omit k. a process that is the conbination of a plurality
of facilities. However, it is not necessary to nodel all facilities,
and if (% lboundaries are appropriately established and an overall
factory is nmodel.ed by conbinin .0oboundaries W Lh undari es

cor r espondi ngqﬁ%t léfceéﬁ%‘f’g"f“a%crﬁ‘;'% '?fifgglﬁ{l?sa%nga%ra&?%“%‘g?mE@H’c‘@HtSé’lﬁd
efficiec i i . i . s
o1 1 oviss 8RB iR PHMIRSI ekt e RS
consol e atgiyhtiebizés MMelcopsst syRtHesiY dhviBS arbftrdrifestAtishdd dseasbdlﬂﬁm?.r oups
of facilities) within a boundary. The synthesized estinmate nodels are
al so pr &oi eenptle wikeregadi th iatl ifasligaseogstitetiay the erergp gemeratemi facitided b if

unit 5n. i . e
the estimate models representing the facilities energy characteristics thercof are summed

together, it is possible to model the overall consumed energy characteristics of the energy
generation facilities 1a.  In the same manner, with regard to all facilities constituting the

energy allocation facilities 1b, if the estimate models representing the facilities energy



[ 0073] Also, with the flow of energy that is supplied, by
establishing boundaries fromthe energy generation facilities la to
the energy allocation facilities Ib, z20nd then to the energy denmand
facilities 2, so as to straddle a plurality of facilities, it is
possi ble to synthesize estinmate nodels for facilities in an arbitrary
sub-hierarchal level of different facilities. [0074] For
exanple, in the case of establishing a bounding that straddles

bet ween charpttaristics theredff afasiniied wggther, dss posyibde rmede thetmmerkdl conetmed n
an energ%,/ergener atign facilities, an energy . allocation facilities, and

an ener ¥ rhsactedstics of thesnergy alleeation fraliiesddr  (Wish rasardjesllfagibities s
a demand- - S ly. coll,aboration typ Thi.s de -and-s I

ol | abos apBNTE  RR Rt P e e Ball TR S s R

eval uat i LA I t; i h ddl BSy oudkAh
Tho. ob] o R erey e Ak R kel RSN mbdd B okl |
because ehérgl somasrilzhergy @hpackastits ©F eicankregichiing #dilaks Dhatin gfig addl es
across facilities with regard to the formof energy consunption.

[ 0075] manner, Ttrigpdsaibile for desmmanecthg yuarttidy abenergystonsunptiant andétritin uni t

5n makes a conpari son under the sane condjtions, wth the external
f1 uct uatlPaH! gﬁ?r&rgx RN ﬁ@?%ﬁs%ﬂ’amt’fl%m’é@ét’@maﬂf aplyabityali on

f act e i . . ¢ aci Litd ¢
dat a of T, bE0eRe L8Rk o bioRel B natihie s 2o g o gL "
act ual Bﬁﬁ%?ﬁﬁi@l@fe@t_aﬁﬁiﬂéﬁ a8l @h 39&all Pckory R mBBEled BE cGRBHE%
characteristic éstimate nodel synthesized by the facilities energy

char act eracsiboundayies héthi lwunddries sarrespohdiag inpathal (Adildties] Bboand@apedre Son
is performed with the conditions actually used for operation, for
exanpl e redycehandeifigisnel isiaghisvask t he energy actual perfornance data.
By doi ng @ﬁls the facilities energy characteristic verification unit
5n cal clf s the difference amobunts of each of the quantity of

ener gy gener aty i i tJ. of
consampti on. _oe Nmhctfrel i oddbis e e BRerBBE SN Rl dilpl”
the demgsidersbiic GUIIdRPIAVENEHNE uRSbAY nRidkl Gtifftdvalid @ flief haligac@r

bet ween the quantity of "‘energy consunption output by the estinmate
nodel madeips of {dedites)avitisinbdfoandary haThaamtiteized estindtdmodelt ued algguant i ty
of consunption is taken as the quantity of energy reduction. The
facil it PEYidaddp §ie laplitiarencrgysehagaciesisiie verligagian gpiténsn al so has a
functi OT (ﬁ’[t-" perform ng di agnosi ng the operating condition of each of
the curb®Htlfacilities, using KPI monitoring, which will be described

later. [0076] ,with-ﬁhkeﬂ@t)'ofglileﬁgslé @ég%f&ﬂ@@g@aygéﬁ?ﬁghpggﬁ}l@?ies from

second-order 1 nformation Inter €S ener gy
char act gid éikics ggaaation tRiitiesilh tdihe chitgy hB6ddtioh ifRSIiRREHIMN then to the
characteristic adjustnment unit 5k, the facilities energy
char act endrgy demaydifahidisies2.80i as (G sfraddieen placility of fasiliting gy possible to
characteristic verification unit 5n, and the estinate nodel storage
uni t Sr Synthesizs estimateaedels fon Esilitics enamuibiteane sy-bigrasehe! feyel afidiferantpose
of handlgcn‘?[. information such as nultiply processed and
re-re- ggné ated prediction information, based on past actual
perforrr?(ym] val ues and on production plan and weat her conditions,
which are first-order information obtained via the facilities
ext ernal i nf oFmdxample, iv Skfcageofieniablishing 4 Biumdidf srmabides Beveeh a
second-order information.

plurality of facilities, crossing over each border between an energy generation facilities,

an energy allocation facilities, and an energy demand facilities, the compound model that
is generated is a demand-and-supply collaboration type. This demand-and-supply
collaboration type (RENKEI Type) of model is effective as an evaluation means in

collaboration control between facilities, with the object being an improvement in the



22 [0077] The GU display screen of the GU display console
unit 5b displays, for exanple, a conprehensive display of collected
second-order information within a singli e window, or a conmon design
or color schene in display franes even with nmultiple w ndows, thereby
enabling the inparting of consistency to the display and operation.
It is therefore possible to systematically divide the GU display
screen that handles the second-order information fromthe

above- degengy lsfficicady. diTbpslinhemusedieis poasibliertg petfiernt ovesall optaeization that
information, This enables a clearcut distinction between the GU

di spl ay SEaddlesacress fagilifics veth regardde dhsfarma o encren fISHEPLB from t he
above- d%&ﬁ]bed @Ul display screen handing the first-order

i nformatTon, thereby the conveni ence of operation and discrimnation

is inproved. fgg fmmmeIeﬁergyfchgraaeﬁstmewﬁegmﬁ drgnl SR a%nﬁa'aﬁsw

dISp| ay screen as an alarmor information noti catiron, It

possi bl enter thervamk adnditiond) with thgixsndd Yiutiatiow fhdwﬁfbmi&lod%wr@mm%e
col or schene whether the notification is derived fromthe first-order

i nf or makiemal Auetpatiaefagior nforfpation tsteeagsamatrid- the dasilitios foergrpedormance
i nt erface J 078l) FIG 2is a flomharﬁ?%escr_l bing th operatl onal
f1 ow i n At the target of eneﬁgﬁfr@?naaeweg&%ge%vn aclitics agtug) per{grmapggavalue

setting o] ef.i

Che facﬁ%ﬂ% h AP G5 el s BRL PY0e AR Sy B% s
setting eﬁiib%;@ﬁérﬁ@erlgt& syh@esisl gt 54 aéhﬁl t. dirR&lie BRpaALSM i gﬁbﬂfoxﬁ%d
and is for the purpose of graphically defining the sCope o
faci|itivath the ctrelifions| actiatly usedofoe opgratign, fareatmpk, withehadmdaiodestthicbed
boundaries. The setting GJ screen is used to record, change, and
del et e FRYRY pttualperigrnancesistr aByndping s dwdfacilifies eriergy cherastéaiing and

Faci |1 ¢ vedneaiadnpa oyl s EHEienShamBuh LAY thrghantd od cherey
conpl et %gn r£t9(917ﬁ‘]encw%e Q%ff'aﬂ%n% agGhe @La[ntihh(?f SON&d tlocflon%'éfr@)% rr?d'f%, e

charact &istics a supp y char eristics or eac

def i nedthd &98M which sometﬁ(ﬁigh@d@né Sipdhe deMamesigo W ﬁﬂl]ﬁ‘@@dthf: @ﬁergff:fﬂ%'ldqlgy
the facilities energy characteristic include the table inpu d

shown i therdiGere8ee batreerhihe uhitite of breorgy compumptie batgutlyy thbestshae model
transition chart shown in FIG 4. In the follow ng description, the
boundar Peagle & therstabias kedorg $has avas gongvand the getiialiayeniitytaf égnsumption is taken as

the quantity of energy reduction. The facilities energy characteristic verification unit 5n
also has a function of performing diagnosing the operating condition of each of the
current facilities, using KPI monitoring, which will be described later.

[0076]

The GUI display console unit 5b, via the second-order information interface 5p,
operates the facilities energy characteristic generation unit 5f, the facilities energy
characteristic adjustment unit 5k, the facilities energy characteristic synthesis unit 5q, the
facilities energy characteristic verification unit Sn, and the estimate model storage unit 5r.
These five constituent elements are provided for the purpose of handling information
such as multiply processed and re-re-generated prediction information, based on past
actual performance values and on production plan and weather conditions, which are
first-order information obtained via the facilities external information interface unit 5a,

this information being second-order information.



[ 0081] FIG 3 shows the facilities energy characteristics of
facilities (boundaries) constituting the energy demand facilities 2
in the formof a two-dinensional matr@x setting table. There is a
setting table for each of facilities. FIG 3 shows the display of the
setting table for facilities 1, below which is the setting table for
facilities 2. The vertical direction in the setting tables represents
the statuses Ato Cof the facilities. The horizontal direction in

t he set {00¥J]t abl es represents the nanes of variables and units

correspondi ntho each of the statuses A to C and ec%uat_i ons relating
each variabl e lteoGHhéksgl)ay spigersof the GUI dispiaygongolie ging ubesbwé@énfoa@fmplaf

the facilities ener 1 a (:l i,stic o&f ilities.constituting the

cner gy QEREREESETS fiepia) 05851 jisp ShishPalrdrmptrep FR YA M EMar 1

By a dy'afmc ﬁroata%s,ggﬁ%fléﬂbf Qeflin gfsﬁl}?g?rtaﬂfé%{/@f With M’@Iw DndowapPut)
pla ac

and dis out put] each status o rrties dynam cal |l y.

[0083] thereby endblendohb vnpsrtiBAof &BlSls&Hldy #ihk @idplas.and opagtiogOrk@spond to
the facilities statuses A, B, and C defined in the setting table of

facil it itlegeloresiossibleitn SF!itematR:ally divdoths GHatisplipesdmentha h8Rdlcsthe

hi er ar chi caIIy def] ned, The bubhle Shalt that is not in FIG 3
def i nes S§998dF¢ss pakarmainn from theahoxerdescaibed U ihislaraicraey handipadsi ng

ot at oot i wles PRl RS Epen 4 60T vspBi g
to eachsgbaf thas hduldids ShdQ@e8hdebRlet &f&%{aft@ﬁ @Poﬁ??lle BEoW- &é@cﬁﬁ%ﬁ(‘}@l iRpragch

facilities energy characteristic (demand ocati on

gener at kaogn hddididy the ﬁkwotrderrmbhnaudm thifebgahd castnitod dfldperatiopuid has
t he advantage of being able to define routes of state transitions

bet ween disatimingtion hﬁelmm@m t |F@s emnaﬂ@ssés pemtp window Egmtrdlt po thegGtbar y

condi ti ons For exa ndi tion Def SC-SB)." is an
exanpl e &?PlaéiéF’ieﬁ’i"Hb ﬂéﬂgpatné%mwnpﬂ npd %ﬂanv&l&m@s'blsrtpaam@fhaﬁqlm of

transiti I 1'0 t t
e O] B fRAAM SRR o LS BRI o
or the Quhalderahand f - §Mhﬂ%f§rh&%n 'Mler'ﬂ@Sc‘br floRf the @@co%ﬁfﬂ%dé?ound' ng
and the sane | ogical notation, mutual conversion is possible with
r espect iformdtentiniesfacedt. of i nput sections and/or display sections on
the QU interface.
[0078]
FIG. 2 is a flowchart describing the operational flow in FIG. 1.
First, in step S1, the operator, via the setting GUI screen provided in the GUI
display console 5b, defines the facilities that are to be targets of energy management.
The setting GUI screen is provided in the GUI display console unit 5b, and is for the
purpose of graphically defining the scope of facilities to be included in one group, that is,
the above-described boundaries. The setting GUI screen is used to record, change, and
delete facilities names, operating statuses, and time scheduling and the like. By this
definition function, a time chart for each of facilities, each produced article, and each
operating status is completed.
[0079]

Next, at step S2, the operator defines the facilities energy characteristic.

Specifically, in accordance with the time charts for each of facilities, brands, and statuses



[ 0085] By using these input and display sections, it is
possible to define, for exanple, the follow ng each information, in
facilities energy characteristics (est3mte nodels), for each of
facilities and each of facilities statuses. Nunber of variables
Vari abl e names and units Nunber of paraneters Paraneter names and
units Relational equation with energy (variables, paraneter)

Exi stence or non-exi stence of automatic paraneter adjustnent

Aut omat idefiped atrstepe], ) anstgysmonswoptiint dherastefiatigsl and &hérky sofplgondi ti ons
such as brand, fixed period, and condition agreenent can be sel ected)
Act ual ﬁ@@?@?ﬂﬁﬁéébw%PﬁémHEdﬁi@?FW@n time period [0086] Based
on the i 6 mation defined at step SI and step S2, it is possible to
define, ‘fnassociation with the status of the faC|I|t|es t he energy

et r S R R i et
include the table input method shown in FIG. 3, and the bubble chart input method by the
state transition chart shown in FIG. 4.  In the following description, the boundaries are
treated as being individual facilities.
[0081]

FIG. 3 shows the facilities energy characteristics of facilities (boundaries)
constituting the energy demand facilities 2 in the form of a two-dimensional matrix
setting table. 'There is a setting table for each of facilities. FIG. 3 shows the display of
the setting table for facilities 1, below which is the setting table for facilities 2. The
vertical direction in the setting tables represents the statuses A to C of the facilities. The
horizontal direction in the setting tables represents the names of variables and units
corresponding to each of the statuses A to C and equations relating each variable to
energy.

[{0082]

FIG. 4 is a representation of the facilitics energy characteristics of facilitics
constituting the energy demand facilities 2, represented as a hierarchal bubble chart. By
a dynamic state transition GUI, it is possible to define (input) and display (output) each
status of the facilities more dynamically.

[0083]

The bubbles SA, SB, and SC in FIG. 4 each correspond to the facilities statuses
A, B, and C defined in the setting table of facilities 1 shown in FIG. 3. It shows that the
bubble SB is hierarchically defined. The bubble Shalt that is not in FIG. 3 defines the
stopped condition because of an abnormality or ongoing maintenance of the facilities 1.
Using variables, equations, logical notation (“if then else” and the like) defining bubbles
corresponding to cach status, it is possible to perform coding with regard to each facilities

energy characteristic (demand, allocation, and generation). Bubble chart input, in



25 FIG 5A is an energy characteristic exanple drawi ng derived
fromthem FIG 5A shows the energy characteristics for each status.

The horizontal axis is the tinme axis.zqlhe five statuses illustrated
in FIG 5A are, fromthe top, "planned production tinme," "executed
production time," "production tinme," "apparatus operating tine," and
"time contributing to production.” [0088] The constitution of each of
the times is defined as follows. Pl anned production tine (POT:
Pr oduct icontrast ttetableiimmrt drad ¢hie allvasthgoof) beidghablptoodbiint raned ofiveats ahngitiorishe
production plan beforehand. Execut ed production time (TPT:

Thr oughpatwaen gaghesddbefacditics plgtses adnpitloregpidda beundaty eenditiansy | Forr om
th tart of i, til_t ,of ductiqn..Prodquction fjne
(B " Baeyatpie 6 iy Ko Bionet SCERE 55 sRsaamon of feimins o spatey i

t ' I ' ' e ) t 0pe | N
P o EaPBR AL Tl TSR ) B A RO | i RSGad
production (PDT: Production time/ Main usage tine): Tinme for

production of output that becomes product. Appar at us set up
time (EBUMR4]Effective setup tine): Tine for setup of an apparatus for

product i on. In the GUI method of either the table display shown in FIG. 3 or the bubble
chart display shown in FIG. 4, for the same bounding and the same logical notation,
mutual conversion is possible with respect to the treatment of input sections and/or
display sections on the GUI interface.
[0085]

By using these input and display sections, it is possible to define, for example,
the following cach information, in facilities energy characteristics (¢stimate models), for
each of facilities and each of facilities statuses.

- Number of variables

- Variable names and units

- Number of parameters

- Parameter names and units

- Relational equation with energy (variables, parameter)

- Existence or non-existence of automatic parameter adjustment

- Automatic parameter adjustment conditions (a plurality of conditions such as brand,
fixed period, and condition agreement can be selected)

- Actnal performance value acquisition time period

[0086]

Based on the information defined at step S1 and step S2, it is possible to define,
in associatton with the status of the facilities, the energy consumption characteristics and
energy supply characteristics of each of facilities and each produced brand.

[0087]



Transportation tinme (TT: Transportation tine): Time for transport

bet ween appar atuses or from a warehouse. Waiting tinme (W:
Wait tinme/ Set aside tine): Set aside 2§ne and tinme waiting for
transportation to the next process. Delay time (DeT: Del ay

time): Tinme an apparatus is stopped because of failures and defects.
Additionally, the mutual relationships between the above are as
foll ows. Executed production tinme TPT = E (Production tinme BT +
Transport at i offiGij Fe iSTah encii ahiaragteristie el plédmsiing devivet ifrom BEme  FIG.

Apparatuys qperating time PCT + Delay tine DelT 26 _ Appar at us
oper at i ng* Yo thecsnergyrehagactssisties fon eachgtates. pridederizomalms is thesiae axias
setup ti . rin he tine contributing to .
product iTz)ﬁﬁ f&%%#}sggg%?ge%&@@ B Wi AT HHEHOR ipia e%PB’ﬁ‘B?t?qno'i’fHF

i NCr easee} h bivheof « UL ' gﬁg%?[r A B t he
guant i tyeo%‘%u%??éﬂdét@g%E%ﬁéatp?(g%?%’%ﬁg%’par '%Eg?ggbger{ t élq?’i Cliig? V&fééllg

t hose i mowdniboting to predweioat’ant (heating furnace or the like), this

bei ng established by the characteristic of boundary. The apparatus
setup ti[MB8ESUT is the status in which facilities (group) are started

up fromthe c | etel y. stopped condition, during which the quantity
of energy conggﬁﬁ?ﬁsg t@“&%ﬁg‘ﬁﬁ gft %Eméwéi;fww%ﬂewa apse of tine.
The delay ti j i, [ G apparatus,is.temporarily
st opped bec agg leagf)i%—d b %Ppét}?oéls%ﬁé @%3} éﬁ@“ncglg? %P 96 @B]eéodpgad[ufaﬁﬁmgﬁg%x anpl e
i n whi clrdduefish lide et id tBEpBARAON pRANRYSRA4RN Such as when in

production. Depending upon the facilities, there are many cases in

whi ch, after &xtengbpradyctoheime (1P Tansighpe tRigegyugsadue): | ime of
decreases until a given anount of tine el apses, after which it
decr eas ®Eodugtighectiviizs GYmithe stard OEDT@du@;Ddeﬁlgthei epd of preduetiemspor t at i on

time TT and the wai.tin e WI is . the status in which preparation
work is done Epdélﬁré‘?{b@%?@fﬁ%u%rtmcﬁll‘%ﬁcwuge@ﬂq ¢nsy RIpduqtigh opgrgon
guant i tglo f energy usage decreasing with the elapse of time, until
ul timat I?'the gquantity of energy usage in the standby condition is

reached. [009@pparatus opefaling (iin (FRMTNRIocesd timde! TRE apRRath 8Gcrating8fine,
energy characteristics, associated with a plurality of variablles and

par anet esgardleds aff @ dudputhe status for each of facilities is referred
to as an estinmate nodel or an energy baseline nodel. In the follow ng
descri ption, tHBe QHbWHE g prassdon (d Foddodugtion taneddlaleusagetimeBy

taci |11 100 BrgElith bRoBhhetRogRer BPOERe | dea condition or the
like is deterghp&dus setup time (ESUT: Effective setup time): Time for setup of an
apparatus for production.
Transportation time (TT: Transportation time): Time for transport between
apparatuses or {rom a warehouse.
Waiting time (WT: Wait time/Set aside time):  Set aside time and time
waiting for transportation to the next process.

Delay time (DeT: Delay time): Time an apparatus is stopped because of
failures and defects.

Additionally, the mutual relationships between the above are as follows.

Executed production time TPT = £ (Production time BT + Transportation time
TT + Waiting time WT)

Production time BT = Apparatus operating time PCT + Delay time DeT



[0091] 27 5B is the tine axis. The facilities 1 in FIG 5B are one
t hat manufactures a product of a single brand. The facilities 1
receive a startup instruction and stad, and go into the operating
status after going through operation preparation after an operation
instruction, and then stop upon receiving a stop instruction after
goi ng through preparation for stopping. The energy consuned when this
occurs rises to the rated energy at tine ti after the startup

i nstruction, apganatisepastingtineRCTS+dime aotributing topesdtctiomPDT +
instruction. After an operation instruction, the operation capacity
is redué@&aiawsééwﬁﬂ%ﬁguﬁth the required quantity of production
over th (#ggre t2, and the energy also is reduced accordingly. After
t hat , OE% g ion starts. During operation, energy is consumed in
proportion to : i -arhsti-cs
e Shown T n ¢ e A ofdBRERHE PR BT (RRE RS AHA hek '€

recei ved prégoeti@apridaye inshé giaaity f dreeyCbsurapebrl iRaceneay vathsle
decreases. Further, after the tine t4 of small energy usage, there is

a conpl quantly oppradectionabem source apparathses andithiellike) asd thosedinotliicnit is

products of a plurality of articles, there are cases in which the
ener gy Eﬁ‘bﬁt%{lgﬁap% ﬁE@X%quthedlﬂlfegaéﬁlsbeWgéé@ﬁhWi ¥ |the chagetesistiggf e, in

t he cas acy [ [ t rnace.to. heat it he

t enper a Bl?‘xeda?}}'s?‘%g‘ip ef nsvﬂgt{up t@?@%@?ﬁ%&%éﬁﬁ “é?‘&‘i“;@% fé‘?lﬁﬁﬁs @WS 8%ses,
ener gy Ghatdap Gohtht eompletdPRLBHICRAL] ﬁha&ufﬁ@m ﬁﬁ’ﬁft?i

each articl e.f’Wth reglgrgc??g s?ﬁartup lzgnd’ st oppi ngﬁg%el%@ e g?lg%r??les
as wel | consiniphien ghwinalty micieatdsositidiht kapsdef meen Bid detdyasme BieThethet her e
i's division between each article for the startup characteristics, or
al | st aftgdedn athichraraganatugiis feaperarily stoppadbechisciof ilure drpaiatedandee

article taken as a set. [ 0093] . The use of a nethod such as
this endftBdicg %ﬂ%ﬁéﬂlﬁ%}wﬁ@ﬁleer%wdﬁfae&ﬁgrgmpnmaonﬁa?faﬁsewmmt 0

08 9L pke ) kAR b 1 USSR R B OB, oo

therefo I'S pOSSI 0 update

that hawgm@eay spPDiRCORING R RRARAS deQEase® ultdd QUER ARG BE time
updating of estinmate nodels for nodel adjustnents of only sone given

pr oduc edlapses) aftee whidhi it dbmeasgs @rthaechvagy mgbe standbyostindition. | Fpe ovi ng 28
prediction accuracy of energy consunption, but also in saving
cal cul at'RHPoPRiLse A a“ gnddbg yaisiag time WT is the status in which preparation work is

done to change to the production of a different lot, the quantity of energy usage
decreasing with the elapse of time, until ultimately the quantity of energy usage in the
standby condition is reached.

[0090]

In this manner, a model of the facilities energy characteristics, associated with a
plurality of variables and parameters related to the status for each of facilities is referred
to as an estimate model or an energy baseline model. In the following description, the
term energy baseline model will also be used. By inputting various variables, the
estimated energy amount for facilities before an improvement or for the ideal condition
or the like is determined.

[0091]
FIG. 5B shows the relationship between the change in status of the facilities 1

along the time axis and the quantity of energy consumption. The horizontal axis in FIG.



[ 0094] Returning to FIG 2 to continue the description, next

at step S3, the operator obtains production schedule information from
an external system server (not shown)2zonnected to the target energy
managenent apparatus 5. The production schedule information is the
production plan for each of facilities in the formof data and, based
on the production schedule information, the production schedul es for
articles and production anmounts in each of facilities are determ ned.
The obt &Bniethepiroedaxis.i ofhs Gladidies ¢ in RlGrysnc one iyt nfaonfastoeasya product of a
described as tinme-serjes .information for produced articles and

pr oduct SElchBht sThedasibiliehiwriye grarugyngruchopandsntiand godmpe thaut ur e,
and is stored in th roduction schedul e inf.ormati on st orage unj.t 5e.
[00gs] peratine st A’ aoing frduEh ohethrign vispafition Afer Ay Lo JoRglipn. o
(for ex : i ; and
Cquat | o ourD SRR BAATE RSP {FERLEh G s BERALN DRyt Bt 2TC

55, t he stppingt 0Mhy efiérky esnsohirdvetenakis @%ur@ﬂ‘s‘d@ﬁ@tﬂe&a&atehagy at fivd el
adjustnment is to be done and, if there is no automati c adj ustnent,

pr ocessiafigr the aiastiup instroctien, gnéd pengdns ipubatistate ingil @n operativimatrization.
adj ust rrefg%e, transi.tion is, made to the process of step S 10 and
t her eaf ¢ 8T 3l @BEFA{on Instruction, theiopgralign canackty s regused i acgrrdanceawih s i s

di vi ded _i pt i b i ( B it rou 4 the
oper at Ogéﬁ%@d?@x%‘tﬁ&?féﬁ?g E ne&ggﬁll%ﬁ%ﬁﬁstghé&@?‘e3@%&8&&%@%‘%&i tioned
boundar iageorlihas | iAttic thak HpRkibh staf@N BRLRE BhA Y -

ener gy gonsrulrrptB’: on char actpgri stiStcas. The 1rréet éggacgr#‘@g?ﬁf%?g%%% be
descr i betbposti@r to thOMA8Ynt of productddn 15§ tp ebirgy charagBestBy assageinehd
apparatus col|lects the quantity of energy usage actual performance
val ues EBrapmaiEGndBi t Bhes stapohstsiesips i toteivitl theoapakityyis fineaivi ieduaed.

(group)) at is the target of, ener managenent and nmakes a ,

conpar i §B‘151H1fﬁeﬂlﬁrgy O GrEreaEsS rr&l‘"ét re%%er‘é@)e %‘gﬁgﬂttﬁ’?@rﬁ“@@rﬂ‘\?%ﬁﬁ%‘?ﬁsﬁe
ener gy i del, generating the difference therebetween as the
KPI (eng?%@egﬁ?@éﬁt index). The KPI is not restricted to this, and

ot her caggbizgates can be envi si oned.

When facilities production products of a plurality of articles, there are cases in
which the energy characteristics will differ for each article. For example, in the case of
placing material in a heating furnace to heat it, the temperature rise pattern will differ for
each article. In such cases, energy characteristics of operational status should be
defined by each article. With regard to startup and stopping of the facilities as well, if
the characteristics differ between articles, either there is division between each article for
the startup characteristics, or all statuses are managed differently, with the facilities and
the article taken as a set.

[0093]

The use of a method such as this enables automatic adjustment conditions for
model parameters to be given to each of facilities and each status. For example,
therefore, it is possible to update only the models of facilities that have been subjected to
maintenance, or to perform partial updating of estimate models for model adjustments of

only some given produced article, this being an advantage, not only in improving



[ 0099] At step 58, the energy managenent apparatus repeatedly
executes the processing of step 53 to step 57 until all of the
boundaries (facilities (group)) definggl as targets of energy
managenent have been conpl eted. [0100] Then, at step S9, the
ener gy managenent apparatus displays on the display screen of the GU
di spl ay console 5b the KPI calculation results for all the boundaries
(facilities (group)) in step S7. [0101] At step 55, the energy
managenmpredidipparcairasy, ofl anetgyeooaseption, b addo iasavingtalculatdn pratesimgdel
adjustnment is required, the external factor information is first

obt ai ned*q¥T8t-ep S10. In defining the facilities energy
charactié%ﬁ@ics at step 52, because not only plan information, but
also th ase in which weather conditions (tenperature, humdity, and

the like) are p: ' ider : \
bppar At b col [oRruRBIERICS (b AR e dsc N e b Hg 8B Bberator

f or ecasbbaig paedustibn ¥elledels idbrhfteoneeh Af lexfeh @M shen St & (Add shown)
information input unit 4. [0102] Then, at step Si!, the energy

manageneamnesisdao dieusrgobtngrgysmatrgepicninapparatwsrmatThepraduction sgheddler mance

values defined hy the facilities ener characterjistics. [0103]
At st eplréfﬁﬁ?at{qli‘éggﬁé}r@@}wﬂﬁﬁﬁ fengach 9 ﬁew&ttﬁ% i, the Jommpeaf data giad, based on

e o SRR PR B R R R G oo
e o ALl BB NSNS 455y g
information is, for example, described as time-series information for produced articles
and production amounts approximately one day or one week into the future, and is stored
in the production schedule information storage unit 5e.
[0095]

At step S4, the operator inputs the process variables (for example, header
pressure P and intake temperature T) used and equation parameters defined at step S3.
[0096]

Then, at step S5, the operator verifies whether or not automatic estimate model
adjustment is to be done and, if there is no automatic adjustment, processing transitions to
step S6, but if there is automatic adjustment, transition is made to the process of step S10
and thereafter.

[0097]

At step S6, in the case in which a plant is divided into a plurality of boundaries
(facilities (group)), the operator, by synthesizing the definitions of each of the partitioned
boundaries (facilities (group)), can determine the overall plant energy consumption
characteristics. The method of synthesis will be described later.

[0098]
At step S7, the energy management apparatus collects the quantity of energy

usage actual performance values from the monitor/control system of the boundary

(facilities (group)) that is the target of energy management and makes a comparison with



The automatic paraneter cal cul ati on can be done using various

al gorithns. An exanple of a paraneter derivation nethod using
multiple regression, which is a type @ nultivariate regression

nmet hod, will be described bel ow. [0105] The tine band of the
el apsed tine after a change of status of the k-th data with respect
to an arbitrary facilities status is taken as i (imrediately after
the change of status is set to zero) and the energy consunption

est i mat éhaedtivaitasf enctay doasurhpticnederised frbar the energy basehkemodd, Yricrating
Y(k,i) is assunmed to be cal cul able by the linear |inkage of N

act ual | yh&ifisEnegtherabstwasn ah theyK it dggrey sfficiont indg:o 6] ThedePlris n9t|

Xn(k, i 5 0107 .AIn th b i) Iis a partia

r gér els)s}réspl'l‘)]%‘g%héjgr %rf"d Otg?lrd:a%]flﬂt,gf ?a'\e@ea‘fr}?(\é/s?‘?‘ﬂesﬂ( B%)ser vedpf or the
pur pose[@(jgg}al culating Y(k,i). If Equation (1) and the N an(i) and

Xn(k,i) "are gi ven beforehand, the value estimated by the cal cul ation
of Equation ( hxsiep SBakernagy Médnkgénment abpdrias edpesedoExaakdsahe processing

per formance val ue observed In the i-th tinme band of the k-th tinme is
t aken t of blep BBK9 step &ddintihall elthe bbundacies (facititiss (grouphelelioed as tatgeperfi od
of the approximation error of the estimated value with respect to the
act ual ﬁggrgﬁmﬁé‘ﬁ%%“%ﬁﬁ‘ée besncampletady e band is taken to be Q, we

obt ai n E@#ﬁ)t]ion (2). [0108] Q =E{n2Y(c, i)i)}2(2) k=1 [0109]
0

In orde determ ne the an(i) that mnimzes the sumof the squares

o (3 PSSO iy i rep AL BB
Equat i onciedn) of tht GUH(display comeole 5bahaK Phealéwihticivengts€etiat the boundaries
(facilities (group)) in step S7.
[0101]

At step S5, the energy management apparatus, in the case in which automatic
estimate model adjustment is required, the external factor information is first obtained at
step S10.  In defining the facilities energy characteristics at step S2, because not only
plan information, but also the case in which weather conditions (temperature, humidity,
and the like) are variables is considered, the energy management apparatus collects as
external factor information, for example, the forecast and actual values of the weather
from the external information input unit 4.

[0102]

Then, at step S11, the energy management apparatus obtains the plant
information actual performance values defined by the facilities energy characteristics.
[0103]

At step S12, the energy management apparatus uses the actual performance
values of step S10 and step S11 to automatically calculate the parameters defined as the
facilities energy characteristics. The actual performance values used in the calculation
are the variables defined at step S2.

[0104]



31 [0110] N Ea nO Exi(k,i) X112(1<3141c i). 1 "(1t) melk=1k=1 (

[0111]

In the above n=1, 2, 3, ... N It is possible to sol

the N sinultaneous equatlons of Equatizmn (3) for each tinme band i
determ ne the partial regression coefficients cn(i). [0112]

3)
ve
to

The automatic parameter calculation can be done using various algorithms. An

example of a parameter derivation method using multiple regression, which is a type of
multivariate regression method, will be described below.
[0105]

The time band of the ¢lapsed time after a change of status of the k-th data with

respect to an arbitrary facilities status is taken as i (immediately after the change of status

is set to zero) and the energy consumption estimate value of the facilities at that time is
taken as Y(k,i). Y(k,i} is assumed to be calculable by the linear linkage of N actually

measured data shown by Equation (1).

[0106]
N
Yk, i =D {an(i)e Xnlt,iy (1)
-1
[0107]

In the above, an(i) is a partial regression coefficient and Xn(k,i) is the n-th
observed for the purpose of calculating Y(k,i). If Equation (1) and the N an(i) and
Xn(k,i) are given beforehand, the value estimated by the calculation of Equation (1) is
taken as mY(k,i). If the observed actual performance value observed in the i-th time
band of the k-th time is taken to be Y(k,i) and the sum of the squares in the learning
period of the approximation error of the estimated value with respect to the actual
performance value in the i-th time band is taken to be Qi, we obtain Equation (2).

[0108]

K
J— 71, ; ia 2
Qi=> " {m¥ {k,1)~Y (k,i}} (2)
=1
[0109]
In order to determine the an(i) that minimizes the sum of the squares Qi error,
by taking the partial differentiation of both sides of Equation (2) with ai(i) and setting

this to zero and substituting Equation (1) into Y(k,i), we obtain the following equation.



If the energy characteristics of a process exhibit non-linearity, the
nodel can be nmade non-linear by using non-linear regression. [0113]
Using the tine after a change in a fagjlities status in this manner,
it is possible to adjust the nodel paraneters for each tinme band
separately, so as to obtain energy usage estinated val ues based on
actual past values. [0114] Thi s enabl es automati c readj ust nment
of the nodel paraneters at a given timng, and enables the tracking
of a nodeliXjo variations in production and production conditions. It
is also possible to estimate, based on the production schedul e
infornatimn the fugkure Euantlty of energy consunptlon or energy

converS| g;?tz;“{}g kdeé}s E%’n'géa %%’ gagerrent(:_})
apparatu (oo t de Iated a
step S12™hto the &5tinate nodel storage dhlt Sr Because a history
of corrections is held in the estinmate nodel storage unit 5r, the
estimat gonmgel can be returned to any arbitrary state. Alternatively,
it is possible to use a pre-established estimate nodel. [0116] When
t he processi ntp the aboepn<=1 2, Bs..cdnpl eted, transition is nade to step
6. 32 It is possible to solve the N simultaneous equations of Equation (3) for each time

band i to determine the partial regression coefficients an(i).

[0112]

If the energy characteristics of a process exhibit non-linearity, the model can be
made non-linear by using non-linear regression.
[0113]

Using the time after a change in a facilities status in this manner, it is possible to
adjust the model parameters for each time band separately, so as to obtain energy usage
estimated values based on actual past values.

[0114]

This enables automatic readjustment of the model parameters at a given timing,
and enables the tracking of a model to variations in production and production conditions.
It 1s also possible to estimate, based on the production schedule information, the future
quantity of energy consumption or energy conversion.

[0115]

Next, at step S13, the energy management apparatus re-registers the estimate
model parameters calculated at step S12 into the estimate model storage unit 5r.

Because a history of corrections is held in the estimate model storage unit 5r, the estimate
model can be returned to any arbitrary state.  Alternatively, it is possible to use a
pre-established estimate model.

[0116]

When the processing of step S13 is completed, transition is made to step S6.

[0117]



FIG 6A is a divided setting exanple drawing of a plurality of
boundari es based on the present invention, in which parts that are in
common with FIG | are assigned the sgme reference nunerals. FIG 6A
describes the interface of the facilities energy characteristic
generation unit 5f of FIG |. Facilities are divided hierarchically
into a plurality of boundaries, each being taken as a target of

ener gy nmanagenent. Each boundary is constituted by a plurality of
facilities cohfiibGA et diridedsetisg ekample Gravidg of hplueality gib@indadat base
facilities | b and the energy demand facilities 2 are made into a

hi er ar cRAIthG Preeens invgaQr: én tﬁlnoa et Ehat preyin gommpaiwith Flés 1snassigngd Hhe

el ements. A _specific bound f the ener | | ocation . facilities Ib
(taci 1 srmergiesee wipeBiecPId o detins Be Moiendf Binugylicnsrey
faciliti : ok btk 12 f agi,L:i:1:1 1= 2-:4) . y
associ atcgﬁragtwetﬁﬁg%egh%hgﬁ Hélr% Sg%%FI |'§ pl g?ég?léﬁi%’f&d%eﬁ{cﬁﬁgﬂ Q\@lr) éy
gener at iphitalitg @ bblindasies, @atholycind BRe8s Mdet oPbRray MbkdRhehal HdacRe
structure. Additionally, the specific boundary of the energy

gener at ibonndasg isl dontestel] dyamiumahty afjedlifi¢sccobstimetacleaentst i EI@ ek, dlye

demand facilities 2 _may, be nutually associ ated and di spl ayed.
I'n the SF%rgkaﬁWOP ﬁ%%l)l(tépsﬂﬂ?@@déleerw&w mand faglitigsek e AMde MAAL t he

br eak- d i : th | facilities .
conot ¢ depafa e RulBURS o e R Bl Tt bl o 4 Fieeifs
ener gy HBRRBEIENhe RAKES hllodidn ‘i}ﬁgl'itﬁé% 1%T(f&%§lﬁ§§gaﬁ9\)vand Sped Bl h R ELs of

based on eas€ of neasdrenent and the size o e’ energy usage anount.
[0119] the energhtdesnamdaindiBEesa(faviAtiesad1i-D0 tafedilitled QMER4) Ak twtuagigar d to

the tine lag (delay in response tine) by spread of the influence and
quant i t assopiatedayiileenapdnother puddisplagekesponsi veness), the influence

bei ng Ci@fl by status variation (change) of either one to the other
anong e al l ocation infrastructure |Ib (and/or the energy

Ci . i SS9 5
[01207 33 as e sretblsFers i e DERRALRK: HRAPRG0 2 Birarbhi e on
type, i ttrii@uR0S %d’ﬂitﬁmﬁﬂ’%ﬁﬁé §RCMcYMRh &Ny FRIRIBBRN R tion facilities 1a and
demand- and- supply col | aboration nodelihg that accommodate a

Wi de- r attgespbaifin daaydarlesbf tht cactdl dsmhed fedhict Denayebrandtualivass ogipledt and
facilities., Fromthe standpoint of a collaboration and al so

conpl endisplpgd-t ype that was not possible to achieve with an estinate
nodel of just_one. of .the ener all ocati.on faciljtjes | and/ or the
ener oy genor aft U breakidoRen B0 1 5 ARGt Rdt BRsdigpolashlie PtF Aot be
doi ng thi 8GOV : (G

i npr Ove%@ﬁﬂ%@%&?ﬁg%ﬁ%&h?%@@ﬁ[t%E:ﬁl‘% &%Stﬁﬁw@ﬁ@%égésr’?ﬁ@ﬁ%ﬁﬂﬁ%e case of
per f or Mi¥@a @i Yandan Gemertly Mhdagbmed zﬁ%éﬂ_@ﬁhé A6 & OF bréA ARNSisof

ener gy managenent such as facilities within the factory are divided

i nto a dewwbemedbatedwnaasd efsneasdreareat amdét side bfjthb @nergausas amount.
(sub-facilities and sub-facilities groups) and the energy efficiency
is nana@@df;] The boundaries may be established so as to nanage in
units of organjzatigns or bulldings or the |ike. . The boundaries.may
be establ i sheﬁh\ﬁjepﬂﬁ%ﬂﬁv@ Paﬂ‘?&l‘ﬁaaﬁﬂ{]\%ilt% ﬁeéa’éjntgrtﬁ?“%é@%{dﬁﬁﬁd‘ht
and eas [ t. i . done at
and,eas espindERARY 5B g BEfhe itk 5o T ARRRGELIECLL ARl OO

di vi ded (leggonerBnespy, @id iRRénce BeIng)assRa by tdnes Varialibd {ch@fse) ansithcPbhélo’
facilities. Specifically, for exanple, because the anount of energy
used by the dikertammyggfenenga@lotationanfystrutives Hp@ad/at the dnsrgypederaton he
boundary. I n contrast, because the_ energy used in an assenbly factory
i s rel atffiAsirycturcala) andithgeaergy demand Acliliss@s as a boundary can be
managed ('h%gni ts of process lines. After an inprovenent in the energy
effici eF\cy f a heating furnace is conpleted, the assenbly process

Additionally, by synthesizing the boundaries of both the energy allocation

facilities 1b (and/or the energy generation facilities 1a) and the energy demand facilities 2



34 [0122] When creating an estinate nodel that enconpasses a
plurality of facilities wthin an established boundary, two nethods
exist. [0123] The first nmethod33s to focus on the individual
facilities within a boundary and to code the input/output conditions
of each, the outbound response conditions (behavior), the capacity
range, the internal operation state (status) type and the definition
t hereof, the sequence and tenporal nature of operation, information
r egar di agaenmpgyndmadel o€ demend-ambsipphocaibomtion ggayidisnmsgibie to perform
measurenent of variables related to energy individually, and to

eval uat ENFEHMANZEEBIY yd é%mﬁ’ldo@ndm@pbmﬂggoréh@? mededmedhatascyymodate a

o1 ur ot 1 09 e PeR pe el B R P e AR B R MBS aF i ticea
resul t's ofh@mihthiS GiabGRaidn E‘rﬁfdlm&noﬂfgﬂﬁttgryﬁgﬂe nttggfawgscllﬁcﬂ%tmﬂﬂle yes can

be a neans of extracting problens t In rovenents

regar di aghibecalth apkitbhae aiddenofgog onk bR @ caereillbamn dndlitiddel bl (ak@or
between facilities within a boundary region. [0124] The second

met hod ithe engrgyrgsnasion fidcalitreatlapandsthe hnexgy démambifavilition?, doang thistdaedeand

appar at uses thin a boundary, and also to code the input/output
condi ti Sﬁ%e%#etﬁ dissaves ey e@éf%@ﬁ?lé@@dm%w%cw&r@WwﬁéU ndary

regi on, é]ﬁei out bound response conditions (behavior), the capacity
range, t[ e ﬂnternal operation state (status) type and the definition

thereof, the sgouGRGSe, 3N thel @I RHONAINY ARl AR aﬁ%{ﬁ%tﬂnﬂégfmti on
arding the

regardi ng energy measurenment, and information re
measur ef@mndrypfargesy dfahbey malagérachtisoclemefagitianvithinghd fasery ddeativided t he
overal | established boundary is treated as being virtual single
faci | it ide ainambghef hauadanrg and yire hmeddled by boundades (swfasiliticdand [ 0125]
For exanple, .if as a result of utjJizing the first mnethod,
oot i m o SR Biees BrnPs) SEL gy Shciacy & mested IPABIEIAHREE, as
t he nex j ' her  ex di ng
t he sCO|tre)Set§ﬂé)l?9ﬂ F %g&%%@ghe%g% %e‘?\@ﬁ&;%%ﬂgggﬁé%ﬁ%@gﬁ%ﬁé8%%8%5'5 ﬁ'@ hod of
achi evi BguRiseEfinay OB eitabliAbd Mith RSAGUAEPERen tANe BRIrSY [19s affotint and

e

products are defined as input/output conditions wth respect to
out si deease of measurement and the like. The management may be done at first for an overall

building, and next management may be done divided between “prominent
energy-consuming facilities” and “other” facilities. Specifically, for example, because
the amount of energy used by a heating furnace is large, the apparatus is used as the
boundary. In contrast, because the energy used in an assembly factory is relatively
small, a group of apparatuses as a boundary can be managed in units of process lines.
After an improvement in the energy efficiency of a heating furnace is completed, the
assembly process boundary can be divided, after which a part having a large energy
usage amount can be managed as a boundary, so as to conduct efficient management.
FIG. 6B 1s an example of the initial boundary settings. There are three boundaries,
boundary | being a utility facilities group, boundary 2 being a heating furnace, and
boundary 3 being other production facilities. In the next step, boundary 1 is divided into
two boundaries, and boundary 3 is divided into three boundaries. The arrows between
the boundaries show the flow of objects and energy. Facilities and apparatuses are

shown as being mixed inside boundaries.



[ 0126] The rel ationship between raw materials and products in
the case, for exanple, of heat sourcing facilities (group), is one in
which the raw materials correspond to34l ectrical energy or gas and
the like, and the product corresponds to cold water or hot water.
Cold water is used not only for air conditioning, but also as
production cooling water. In the case of production robot facilities
(group), parts being processed, electrical energy, or production
cool i ng[\eX2¢r correspond to the raw materials, and parts after
processi ng correspond to the product. The products after processing
are treated adVisRerealingmaesimale gnadst thahencpmpassena sbwality of fagiitiesh; s

type of relatio ip is.described |ater.. [0127] The nost

ef f ect \)05@“? g 853?%@%43&34? g Og(/"e%‘fafi? ‘E’flgncy is to perform energy
nanagerrwfzg]lsi ng an appropriate conbination of the first method and
t he second fret hod. [0128] For exanpl e, because using only the

first method Thy @it @scthabis 13Ifdus 0 thedndividabiofacilitits withinGtbodlega$ 9ad kd Y
practical. Gven this, in general, only facilities groups with regard
t o " pr ospdeihe immioyiput oenlitring gf eanheths sluthonad réspomsewonditionss boloaymatar v,
and the first nethod is. applied to only these facjlities groups a
each of HHEPRSEY 1angs. i injgeal operation %&er{é}awﬁ)styawci 8 detinicing thegey- the
ot her fagil.ilLless i t .acll]ties e constructed
PR A R L g R
faci |'i tlh88 infBithatiodlr88irdin B et BAsptemAP B Tables kdd@lo encrey indiv’iﬂlfan]{!,s
manner, if boundaries areé constituted for estimte nodel’s that are
nest ed and medlahhitesimutthedonsly shctgoftherbhiongy tlensctatstids by perésrmitteparaieg of
setting resolution, it is possible to achieve effective ener

managenméflculaionsciaking divse asw 2rUp 196 apluralie wé indeper)dsot ¢S¢/iélammo<ﬂ£$¥agﬂwe nt
AT SRR RS S e N R
bet ween L 0ge ARGy &dex?lfar:t?ﬁgt pr\éﬁlreﬁ]lé Yo E(h?e ﬁlorﬁakiﬂé irlq&%%ments regarding local
collaboration and linked conditions and the like between facilities within a boundary
region.
[0124]

The second method is to include information such as of individual facilities and
apparatuses within a boundary, and also to code the input/output conditions when the
outside is viewed from the overall boundary region, the outbound response conditions
(behavior), the capacity range, the internal operation state (status) type and the definition
thereof, the sequence and temporal nature of operation, information regarding energy
measurement, and information regarding the measurement of variables related to energy
and the like. That is, the overall established boundary is treated as being virtual single
facilities in constituting (synthesizing) an estimate model.

[0125]

For example, if as a result of utilizing the first method optimization within a

boundary region is achieved to some degree, as the next step, switching to the second

method and further expanding the scope of the target of energy management can be one



[ 0130] Because facilities other than "prom nent

ener gy-consum ng" facilities usually incur excessive |abor and cost,
t he boundary setting resolution of thgsestimte nodel should be set

| ow (rough). That is, using the second nmethod to create an estimate
nodel in which the individuality of each of the facilities
constituting a boundary region are subsunmed and buried greatly
facilitates managenent, operation, and mai ntenance of estimate nodels
i n uni t snashodalatt@vingsavefdil®timization. Fécoanple) gaw enatdrial swetdhoddischre
apparatus of the present invention, with regard to the status of al
facilitidefingd asdnpyiquiuticonditiensavitforesprch ke o8isideaci 1 i ti es usi ng

ener gy, @ﬁ%ﬂ as a facility, an equipnent, facilities, an apparatuses,
an instJ t, and an elenent) or statuses related to the change in

the quantity qfe0868h%n n - &}gﬂ% f ,'zg@{ :

the rel ati onshi ;e)_ 0 %r%@%ﬁgese%r gflglﬁ%w% t he Hq%%%?lltge%%g%ﬁérg lésogge
and/ or thoe sQuRirg fayiliGits @ﬂ@fpgyis%u@ﬂi Which tie0@decnatensls Chrrés o@&ﬁﬁéléﬂtﬁcaﬂo
obtain a facilities nodeling function capable of estimate cal cul ation

of the guengyior gasoinddhetilyy, and thgepradit oorre¢spendptanbidt waterf ordroe mgier.s u@pldy
of facilities having a function_ that defines a_cal culation equation
or a contRlEilphseddihPnlyfor Hnconditioning butalsaes riadustion foolingswaleyy Indigge

Va1 ool G R Aicit Rnof Bitifes PO ot Yol pragrsssc elePirise! SpbS7
faci i tipgsdueR6s 8ddIRB R dotleRdid tIRATHY aﬁaléc%agg?g SR pRtteldhg

facilities operation, information regarding I nter operati on of
faciliticesespohdrer thofpesdumet.i OFhe prodhcapsftenbidegssing s ttaednathe ral us
change. [0133] The facilities nodeling function has a

facilit ineaterialg tor thet fuwh agiembhy lineon Thisiype ofretadipasiiie isafesaduidigent | east
a statu ﬁ'fg facilities being in operation, and the quantity of rated
ener gy @ Jmpti on or rated energy supply at that tine. 37 [0134]

ot omode! TR moietded By L0G izt HREGATVERD, i REpAER ST |

actual energy usage or energy supply a

faci | it ngmagdiRerdisifg ah Hsﬁgri&e%aﬁxbmi&i oSS Rt m&ﬁ&?ada%héye%g@t ed.
Doing this nakes thé following correction to the estinmte nodel
(facilimetlsodenergy characteristics), based on the actual energy
informati on. The conditions for correction of the estimte nodel
(facilidPeSlenergy characteristics) are the case in which an abnor nal
stat e does noh%occur in the facili and e case.in vvhf']ch a

rodi 11 cat on FRCBHEIE. BatriSe 651 enty gBe firs eiod SnVaes o0 miich Gost G

labor, it is not necessarily practical. Given this, in general, only facilities groups with
regard to “prominent energy-consuming” are selected from within a boundary, and the
first method is applied to only these facilities groups at each of the facilities. The
second method is applied to the many other facilities, that is, the many other facilities are
constructed as an estimate mode that codes the behavior of not individual facilities, but
rather the overall boundary:.
[0129]

In this manner, if boundaries are constituted for ¢stimate models that are nested
or made hierarchal, using combinations of different degrees of setting resolution, it is
possible to achieve effective energy management in accordance with the management

objective and management policy. In designing the optimum boundary resolution



[ 0135] For each of facilities, selection or conbination of
"automatic correction” and "manual correction" can be done as the
nmet hod of correcting the estimate nodgd (facilities energy
characteristics). Automatic correction can be done to the estinate
nodel for specific facilities only, and the prohibition of correction
with respect to the estimate nodel of specific facilities can be
speci fied. Because the history of estimte nodel corrections is
successisetting asd overal) stratturenit ceimpoeanetd eonsidaimgahdirbdeaffi Heywainehe f i ed
point in time if necessary. [0136] 1) Autonatic Correction

St at i st jachieveskaffrst vessusithe cpssphtabehshi p bet ween vari abl es and ener gy
are usei g& automatically correct the estimate nodel (facilities
ener gy ﬂ Acteristics) by a novi ng average overall average, or the

condi tion i s SSETOPISA ATl S, e enR g’ S IRRFRLIT

used t o igd@l edediife tabor Araldds, &heﬁﬁm@ﬂﬂwmmg @és@ﬁitﬁhloﬂhc%tnfn@fe RGEN
status and automatically correct the estinate nodel. Tine as a

vari abl ehowd dppttiled (ioughhe Vas s, umng\the(shcdﬂdemﬁhmﬂ {oi ar¢abs areestimmye model
characteristic. is chan A statistical value of

ti me- sed 8§ Cérarh%llnéfw@wglw phachef ﬂ@efaahtlercoastgﬂ%g ? bedaBhGBIoNGHe i s
2t omet FAiL g PREE bical B RusTend bl Gl g BenrEnr a6
Usi ng p@ghnggeﬁmegqhﬁnngQpbgﬂﬁgm%or a specified time period is used
to correct the estimate nodel. [0137]

[0131]

According to the method and apparatus of the present invention, with regard to
the status of all facilities (the collection term for production facilities using energy, such
as a facility, an equipment, facilities, an apparatuses, an instrument, and an element) or
statuses related to the change in the quantity of energy usage and/or the quantity of
energy supply, the relationship of variables related to the quantity of energy usage and/or
the quantity of energy supply is coded, and it is possible to obtain a facilities modeling
function capable of estimate calculation of the quantity of energy usage and/or the
quantity of energy supply of facilities having a function that defines a calculation
equation or a condition equation that calculates the quantity of energy usage and/or the
quantity of energy supply.

[0132]

In this case variables include instructions (values) from outside that specify
facilities operation conditions, measurement values related to facilities operation,
information regarding internal operation of facilities, time information, and operating
times from a status change.

[0133]

The facilities modeling function has a facilities information definition function

capable of coding at least a status of facilities being in operation, and the quantity of rated

energy consumption or rated energy supply at that time.



In setting up the estimte nodel (facilities energy characteristic)
at first, taking into consideration whether or not the above-noted B
of "1) Automatic Correction"” or "2) Agtonmatic Correction" can be
used, an item can be added if necessary. C of "1) Automatic
Correction"” is effective in automatic correction in the case in which
there is variation in the energy in a tinme elenent for even the sane
status. [0138] By conparing the estinmated quantity of energy
usage anfdl3 energy supply of facilities obtained by inputting the
above-not ed vari abl es obtained during actual operation of the

facilities tolnHds mpdelinsfondipnetieididérencediebieantheyqeandityaefiacial gueasy ity
f d/ ) |y of i.lities, the effect of
educt i oot e quiiy &) g feRBotidn ok S o Bicsng g ottt oty °
Y . . Har o dr _ T
o CheathEutht IR led " Ag huss SRR A HLALE 2 il
h

quant i t yncefel EREiliGes cnefy dhhraRRFisticd) tbabéd'dh fht Abtug nfofMAEM. The
2) Absol ute value of energy reduction (for exanple, kW) [0139]

| n t hi s contitiens foongrréction of fessiilbie modarfiielidedérstgyndtarateratcshvatd the
regardi ng abnqrmalities in the quantity_of energy usage and the
quant i t W%?fméfﬁ}é? 3n ahepngl stafs dagsdiof g & ﬂ’é)f%%'é‘éﬁsn@lddg@léﬂlﬁeﬁ@whwh a

vari ati . : [ san_at defi.ned conparison timng. [0140]

By thes%&%@éaggﬁﬁg%e% aa%éf??l??att%‘éllllﬁﬁ%el for the purpose of

predi ct ipgpps1based on production information, facilities information
(status), and various variables, the quantity of energy usage and the

quantity of eRer@yholfilitids/scldetioh 8ctdmbih&$orodf “hatoalis cOectidAT GiYd
managenent, it is possible to create an index that serves as a fair
basi s r éganglsgrrestionggambadenc as the method of correcting the estimate model

(facilittes energy characteristics). Automatic correction can be done to the estimate
model for specific facilities only, and the prohibition of correction with respect to the
estimate model of specific facilities can be specified. Because the history of estimate
model corrections is successively stored, return can be made to an arbitrarily specified
point in time if necessary.
[0136]

1) Automatic Correction

A Statistical values of the relationship between variables and energy are used
to automatically correct the estimate model (facilities energy characteristics) by a moving
average, overall average, or the like.

B: One-shot data of the time period after a specified condition is satisfied until
a specified condition is satisfied is used to calculate the facilities energy characteristics
for each status and automatically correct the estimate model. Time as a variable is
applied in the case in which the facilities energy characteristic is changed.

C: A statistical value of time-series data of the time period afier a specified
condition is satisfied until a specified condition is satisfied is used to automatically
correct the estimate model.

2) Manual Correction



39 [0141] It is also possible to sinulate the estimted energy
consunption in the case of an assuned production condition and pl ant
conditions based on the estimte nodeigand determ ne the difference
with respect to the actual quantity of energy usage, thereby enabling
use as the KPI (energy efficiency index) of the reduced energy

absol ute anmount, reduction ratio, or the like in energy-saving
operation. By constantly nonitoring this KPI, it is possible to

di agnose for &lsmgpaal ireridedatd, thetdata foaaispédifiebtiaaderial s skédatoerrect the
energy souyrce unjts. [0142] Also, using the tine-series estinmated
ener gy COWBHRPGISh quantity obtained fromthe estimate nodel, it is
possi bl Tofsol]propose an optimum operating plan for energy generation
faciliti*és,"'this enabling the expectation of the achievenent of a

further ener gy, §a§h@5 thele@diftk model %fgéﬁ\ﬂﬁ@s | %}W#g%gﬁlh?@ aF ARG hiines

and plant conditions are input tot ase I's possible
t o si nuliabeohdiderbyqolheherzg hoethe abyvansied B of ol y RERAMGNE ThricbEsiEtd 2 t h
greater accuracy. The hypothesized energy anmount is a future consuned
ener gy tuwerdatisSerteationa cy lotiused, avritqph ean beydddéd ifarenessamyg O “1)

di fferegfe bet\l\gen t haf .and t.he actual  energy usage quantity, use is
possi bl eWSAMAKLIFCUOR , & PIPCHYS INAUERRIILS GREFEXOTON thtease HyyhIEh tasg s ut e

anount , t: [.0. i 4 Additionally, in
the case Eﬁ%}b\?\“b% {]ﬁg@%ﬁg@é E‘gglg{ﬂ%&%@ eér?%?é? L%lé? ?tgtf’lﬁ'es a specified
condi ti gp3gput omatic correction is possible. Because this is possible
in accordance with the resolution of the nodel definition by
i ndi vi dual f aBiylcompasng thedistimaigdlquaitay of craengly boadé wndloidne kP pIE T
article and the like, it is possible to performnot overall nodel
adj ust mbflitigs gbtainadrsr inpating Hle abowenotgd jvasahiesmbtain¢rbduring astualdptiratipn
t he expegtatj ap.of inproved pr.edj.ction C cy and effjcient use of
conput glo% h‘@stjgcaﬂia%sst_o t{l‘%ﬂbﬁf-no&d estimate mocﬂa? WliltLatlhg/ actua quant{ty of energy
usage and/or energy supply of the facilities, the effect of reduction of the quantity of
energy usage and/or energy supply in accordance with repair of the facilities can be
calculated as a ratio or absolute quantity.
1) Ratio (quantity of energy usage (and quantity of energy supply) per unit time
(for example, kKW/kW)
2) Absolute value of energy reduction (for example, kWh)
[0139]
In this connection, it is possible to make a distinction as well regarding
abnormalities in the quantity of energy usage and the quantity of energy supply.
1) The case of exceeding a defined variation.
2) Comparison at a defined comparison timing.
[0140]
By these, by defining an estimate model for the purpose of predicting, based on
production information, facilities information (status), and various variables, the quantity
of energy usage and the quantity of energy supply in the facilities of targets of energy

management, it is possible to create an index that serves as a fair basis regarding energy

usage.



40 This effect will be described based on the screen
enbodiment of FIG 7. FIG 7 is a drawi ng showi ng the assignnent by
an operator of a facilities operation3gplan, based on a production

pl an, as shown in the center section of FIG 7. The upper section of
FIG 7 shows a production plan. The center section of FIG 7 is a
graphi cal display of the usage plan of each of facilities. Wen the
operator double clicks on the center section of the screen, FIG 5B
appear s[0Hg | ower section of FIG 7 shows the predicted future trend
of power cons#érr?t'on. In FIG 7, 1/30/9 is taken as the present tine.
Because the e abocseﬁlﬁélzlﬁﬁﬁ 1o ats tis gstingatad LRSIy ConsuMpHER Ibihe cagei af gn

, i | . f h of. facilities, i h
consumpernTeabuleop siaioh pREaEREDaEHN el bR csfiatehe) g "
faci i tigegrmlmihe @(i:itﬁfefe%c@%ﬁir@p%ctttﬁ e BTy i 61 éd&%}' 260 "tivds

energy trend, whi i's displayed in the | ower section. By predicting
t he fut ensblimgnseaethed™r(gyergy effidienoy irics) ehe educdd enefeydsslutel novhr
exanple, in the case of electrical power, to |learn of a demand

over age reduceen eadiol 9r theilike in ¢nergyheaving apsrativact Bysoostartlyanomitoringahis
straigh ine at the top indicates the contracted for electrical
power a&ﬁrﬁdn‘g 18 qqss:}n@e tﬁgé%f‘fﬁe or ganorgyaligsdn ‘&EIHES adtpeglimaae dn enesey
re-adj ugf,,of yiifle production schedule or average out electrical power
| oad, giving consideration to energy. Using this energy trend, it is
possi bl ggtg)envi sion an optinum production facilities plan, giving
consideration to the quantity of production and operating
restrictions afso hengrertgye-perad estimgied andryy torsamptibe qedyineoksthinedg t he
expectation of a further energy savings. [0146] ~As descri bed
above, AvEbthgicplimats nadel, gt is pessble HyRIAPESSHEN dptimusn erssating pan for energy

i npl enment _ener managenent .t echni ques.th can.optimz ner

ef 11 o AEY R AR G 203 ranlipe e exPesiation Rrh A AETeDt SgbiRgoT e e en
an exenplapy, demonstration regarding preferred enbodi nents of the
present i nvention, these are only exanples of the present invention,
and shophg3pot be considered to be restricting, and the present

i nvention can be subjected to additions, om ssions, replacenents, and
ot her changes Wiienhibapiodectamopeditions aaf plditapndisiong fre igpue wethe baselieat i on
is not restricted to the above-descri bed enbodi ments, but rather is

| i mi t ed el fds pesspde torsimylateihe Axprthessiedicnergy amoupt sarregpandingtbierstor y
[0147]

S N S A AETE DR NTR R RS
: grﬂg]vet&n&bge%% woduckibiBRY: By eterMidifg R ldiflEn B8YcRl &N Ghar MERIA! S
actual energy usage quantity, use is possible as the KPI (energy efficiency index) of the
reduced absolute amount, reduction ratio, or the like.
[0144]

Additionally, in the case in which the energy baseline model satisfies a specified
condition, automatic correction is possible. Because this is possible in accordance with
the resolution of the model definition by individual facilities, individual status and
individual produced article and the like, it is possible to perform not overall model
adjustment, but rather partial model adjustment, thereby providing the expectation of

improved prediction accuracy and efficient use of computer resources.

[0145]



1Energy supply facilities (target of energy nmanagenent) | aEnergy
generation facilities (target of energy managenent) |as
Moni tor/control system (nonitoring uné@®) | bEnergy allocation
facilities (target of energy managenent) |bs Monitor/control system
(rmonitoring unit) 2Energy demand facilities (target of energy _
managenent) 2sMonitor/control system (nonitoring unit) 3Comunication
network 4External information input unit SEnergy management apparatus
5aFaci lities dhiseffeat wilhbodasatibasibased en hasercamembsadi@ont o QI ay FIG. 7
consol e unit . . .
is a drawing showing the assignment by an operator of a facilities operation plan, based
on a production plan, as shown in the center section of FIG. 7. The upper section of
FIG. 7 shows a production plan. The center section of FIG. 7 is a graphical display of
the usage plan of each of facilities. When the operator double clicks on the center
section of the screen, FIG. 5B appears. The lower section of FIG. 7 shows the predicted
future trend of power consumption. In FIG. 7, 1/30/9 is taken as the present time.
Because the energy consumption trend is defined for each operation status, as shown in
FIG. 5B, of each of facilities, by totaling the consumption amounts for all facilities in
accordance with this facilities plan, it is possible to determine the future consumed
energy trend, which 1s displayed in the lower section. By predicting the future
consumed energy trend in this manner, it is possible, for example, in the case of electrical
power, to learn of a demand overage at an early point.  In the bottom section of FIG. 7,
the straight line at the top indicates the contracted for electrical power amount. It is
possible, using this trend as a reference, to re-adjust of the production schedule or
average out electrical power load, giving consideration to energy. Using this energy
trend, it 1s possible to envision an optimum production facilities plan, giving
consideration to the quantity of production and operating restrictions of the energy
producing facilities, thereby enabling the expectation of a further energy savings.
[0146]

As described above, according to the present invention, it is possible to
implement energy management techniques that can optimize energy efficiency with high
accuracy.

Although the foregoing has been an exemplary demonstration regarding
preferred embodiments of the present invention, these are only examples of the present
invention, and should not be considered to be restricting, and the present invention can be
subjected to additions, omissions, replacements, and other changes within the scope

thereof. That is, the present invention is not restricted to the above-described

embodiments, but rather is limited by the scope of the attached claims.



ScFirst-order information interface unit 5dProduction schedul e

acqui sition unit SeProduction schedule storage unit 5fFacilities
energy characteristic generation unit4]esti mte nodel definition
unit) 5gFacilities information acquisition unit 5hFacilities
informati on storage unit SiExternal fluctuation factor information
acquisition unit 5jExternal fluctuation factor information storage
unit SkFacilities energy characteristic adjustnent unit (estinate
nodel correction unit) 5mFacilities actual performance val ue storage

uni t 42 cability in Industry
[0147]
The present invention can be widely applied to targets of energy management in
a factory or plant in which it is desired to improve the energy efficiency.
Description of the Reference Numerals
[0148]
1 Energy supply facilities (target of energy management)
la  Energy generation facilities (target of energy management)
las  Monitor/control system (monitoring unit)
1b  Energy allocation facilities (target of energy management)
Ibs  Monitor/control system (monitoring unit)
2 Energy demand facilities (target of energy management)

2s  Monitor/control system (monitoring unit)

3 Communication network
4 External information input unit
5 Energy management apparatus

5a  Facilities external information interface unit

5b  GUI display console unit

5¢  First-order information interface unit

5d  Production schedule acquisition unit

5¢  Production schedule storage unit

5f  TFacilities energy characteristic generation unit (estimate model definition unit)
5g  Facilities information acquisition unit

5h  Facilities information storage unit

5i External fluctuation factor information acquisition unit

5j External fluctuation factor information storage unit

5k Facilities energy characteristic adjustment unit (estimate model correction unit)

5m  Facilities actual performance value storage unit



5nFacilities energy characteristic verification unit 5pSecond- order
information interface unit 5gFacilities energy characteristic
synthesis unit 5rEstimate nodel storage unit 43 Clains 1. An energy
managenent net hod conprising: identifying a target of energy
managenent; nonitoring a tinme-transitionable status of the target of
ener gy managenent; and defining at |east one estimate nodel to
estimate the_quantity of energy consunption and the quantity of
energy JonveF#ilificsgemyichareetenpticvesifichigesunibne st at us of the target

of ener mapagenent, .and the .ene consunption and t he energy
conver si%ﬁn b@?ﬁa%&iﬁé’?&wmw&'&ﬁ%ﬂ% the target of energy
manage t. Fe?cilét?e{gﬁg%rcﬂé’ra%ﬂﬁﬂ:eﬁﬁﬁ)tesi%mOd according to claim1,

wher ei n "definin
5r  Estimate model storage unit



estimate nodel conprises defining a plurality of the estimte nodels
associated wth each of a plurality of different statuses of the
target of energy nmanagenent. 3. The #hergy managenent net hod
according to claim?2, further conprising estinmating, based on the
plurality of estimate nodels, the quantity of energy consunption and
the quantity of energy conversion, the energy consunption and the
energy conversion being caused by operation of the target of energy
managemédaims 4. The energy managenent met hod according to claim 1,

wherein the target of ener nment . conprises a device, an
i nst runént, 2‘ ARGy N gy téa?}ﬁ%ﬁ@irwpﬂ%ﬂg acility, a process line,

facilities an nagerrent nmet hod accordi ng
factiiines anduubifd Slateet of enctBPnBRGHMen T2

'St n e target of energy

nmanagenent i ”%nﬂoﬁh%éﬁkﬂetﬂm@ftlohﬁ’él@‘éi@fds%?the%@%?d)ﬁnergt y marfBBhER! ARtP
the tinme-transitionable status conprises nonitoring at |eaSt oné

time-transiti defabhg askadtvac oftinmdiempldelrialestinato theopuantigrifeasregnd
defining the estimate nodel conprises defining at | east one estimate
nodel a$SewIEten Al the uantiypfenege canvertien afsoeinied walirai dgasteanc stagus dfhe

Cor 1 out NJAHEL oL Bp A egent %@&s&ﬁg‘é'y3@%&3@%%@%@8@&{9%@%@
of aner o s sy SREROLE Iikath SLRY ARSI 7 Sent ot At uses.

2. The energy management method according to claim 1, wherein defining the

estimate model comprises defining a plurality of the estimate models associated with

each of a plurality of different statuses of the target of energy management.

3. The energy management method according to claim 2, further comprising

estimating, based on the plurality of estimate models, the quantity of energy consumption

and the quantity of energy conversion, the energy consumption and the energy
conversion being caused by operation of the target of energy management.

4, The energy management method according to claim 1, wherein the target of

energy management comprises a device, an instrument, an apparatus, an equipment, a

facility, a process line, facilities and a factory.

5. The energy management method according to claim 1, further comprising;
dividing the target of energy management into a plurality of boundaries, wherein
monitoring the time-transitionable status comprises monitoring at least one

time-transitionable status of the plurality of boundaries, and
defining the estimate model comprises defining at least one estimate model

associated with at least one status of the boundaries.

6. The energy management method according to claim I, further comprising

correcting the estimate model, based on at least one actually measured value of the

quantity of energy consumption and the quantity of energy conversion of each of the

plurality of different statuses.



44 7. The energy nmanagenent nethod according to claim6, wherein
correcting the estimte nodel conprises: sel ecting one of
permissibility and inpermissibility t# performautonatic estimate
nodel correction; and storing of a plurality of histories of
the estimate nodel corrections to enable selection of pre-correction
version of the estimate nodel. 8. The energy managenent net hod
according to claim2, wherein the estimte nodel associated wth one
status df faciThfepagy managemengmethodaceqrding to glaim 6, wherginecasigeting the
managerrentt net h%d according to claiml, -wherein the estinmate nodel is
a corrpoﬁﬁbm%%q elﬁoa\'?prilsgs‘synt hesi zed by an associ ati on between two or
nor e boundari oL f e @GR A i : a1 nment
appar at us con%??églfnﬁgi:ng 0?b&mlséﬁﬁynﬁdérﬁ@%méﬁwlﬁ}ggﬁ{‘%ﬁg%g togrgreasure
t he act gatimare andde! yordctiemeimdy consunption and the actual quantity of
energy conversion of a target of energy managenent that either
consunes or cetevieg ofaphealijy obhistoriss opébe gstinate nenddl carastions torengble
time-transitionable status of the target of energy managenent;

an esti SEEFITRIArC-ARTSHOR VERIAMTh e Btimalimetelt o define at 1east one
estimat g model,t gne?gghﬁageﬁe%en{% Aol «& 0RhIY% ﬁrﬂ@r%h']@% '{eﬁpmé?‘é‘d t he

quantity of ener gy nversi on, e energy-consunption-a e ehergy
convers In%ebs‘slsaaat@a%ﬁ%n%a%eﬁrﬁw%sqé d&ﬁ}%dtiﬁ‘ﬁﬁ?‘:ie Pnener gy

managenent associated with at | east one status of the target of

ener gy Manageffaetnergnn2ahdeniine nieticdl acedrdingge claim tl, whatingtie edirige st or e
the estimate nodel; and _an estimate nodel correction unit

conf i gumedlet is acomponnd medelsthefrie syrikesized biran @ssesidéipn Setiees twhor mere

estimate nodel storage unit, based on the quantity of energy
consurrpgioﬂ‘i’lffiaé’ﬁﬁlofﬁ‘ét%%ﬂéﬁicfhtt&?s'of energy conversion, the energy
consunptii,on a ' i.ng..caused by operation of
the tar glgt of an%l?&ﬁqﬂné{ﬁ%rg%%s{@%grecluaghgﬁ_%‘r gy nanagement apparatus
according to gindiniodiRe uiie6@idured @anemavctRs Addehl hhrtith 8f &RASY gured to

measure each a quantity of energy consunption and a quanti ki y of
ener gy comnensioonndtheaacplaligadntity ofodnetpyunodeersies of e t@pettofdnergy
management that either consumes or converts energy by its operation, and to monitor a
time-transitionable status of the target of energy management;
an estimate model definition unit configured to define at least one estimate
model to estimate the quantity of energy consumption and the quantity of energy
conversion, the energy consumption and the energy conversion being caused by operation
of the target of energy management associated with at least one status of the target of
energy management;
an estimate model storage unit configured to store the estimate model; and
an estimate model correction unit configured to correct and store the estimate
model stored in the estimate model storage unit, based on the quantity of energy
consumption and the quantity of energy conversion, the energy consumption and the
energy conversion being caused by operation of the target of energy management,
11. The energy management apparatus according to claim 10, wherein:
the monitoring unit is configured to measure each a quantity of energy

consumption and a quantity of energy conversion of a plurality of boundaries generated



45 by dividing the target of energy managenent and to nonitor each
time-transitionable status of the plurality of boundari es; t he
estimate nodel definition unit is coMigured to define at |east one
estimate nodel to estimate a quantity of energy consunption and a
gquantity of energy conversion, the energy consunption and the energy
conversi on being caused by operation of each of the plurality of
boundari es associated with at | east one status of each of the

pl ur al i Oy dbfdins thrdargebet engrgy managementpndda moptpecash darc-Easitivanblen

unit is Ie nf i.gur ed i@c rreﬁt.t_he estimate nodel based on the

quanti t §'a Oéﬂéf’r‘gk}ra n%fﬂ]r%{] B¥5and the quantity of energy conversion,
" . and . . '

the energy CO%%?@?&@&@P&MP&“%]Q%& c%ﬁﬁ%l.g'éc?looﬁbfﬁ%'a{‘&aﬁ%é%gupé’tﬁe

operation of ea e plurality of boundaries, and to store t
est i mat engteri®lestimatcheyRatityofleery) dehsusiption @ad Wuintity 8f erdPeeft@veion,

managenent system GUI nethod, conprising: identifying a

pl ur al i the energyanogenrgpticn anddéhggnemginememsron teirgnaasasiny enseatipy of each of
generation facilities, energy allocation facilities, and enerrq%;
dermand #hscimatifyeef: boypdarics apsgiated wighe at leasheng stefHs ol each ohthelerality il
targets,Qf ener managenent ; defining an estimate nodel
associ atbgl(']m\%n?%%}éﬂe status of the targets of energy nmanagenent, and

estimating, bagedifBelh&icldldetn Rl iTRInGgIRAS} corfefHRNMstifnYteFhokDer 9Y
consunption and a quantity of energy convérsion, the energy

consunpbased canhe finatienef g reyauansption dndithgqeatises’ dayrogpenadriion, thé
the targets of energy nmanagenent, ) displaying first and second
boundar £B&gy porsyEpEPa aiG Hewnelgy saavesior heing caused by pperationpiizack of the

i ncludi ng the er demand faciJities and. the second boupdar
el et PRt B RSHAHES TR o s T DDA Te S Erter o gatpee e

ener gy ﬂhitocati on facilities. 13. The energy nmanagenent system GU
met hod according to claim 12, wherein

12. An energy management system GUI method, comprising:
identifying a plurality of targets of energy management from among energy
generation facilities, energy allocation facilities, and energy demand facilities;
monitoring a time-transitionable status of the targets of energy management;
defining an estimate model associated with one status of the targets of energy
management; and
estimating, based on the defined estimate model, a quantity of energy
consumption and a quantity of energy conversion, the energy consumption and the
energy conversion being caused by operation of the targets of energy management;
displaying first and second boundaries in association with one another, the first
boundary including the energy demand facilities and the second boundary inctuding at
least one of the energy generation facilities and the energy allocation facilities.
13. The energy management system GUI method according to claim 12, wherein
displaying the first and second boundaries comprises displaying first-order
information of a past facilities energy value, and second-order information, which is
processed or generated based on the first-order information, the first-order information

and the second-order information distinguished from each other.



di splaying the first and second boundaries conprises displaying
first-order information of a past facilities energy val ue, and
second-order information, which is pﬁgtessed or generated based on
the first-order information, the first-order information and the
second-order information distinguished fromeach other. 46 14. The
ener gy managenent system GU nethod according to claim 13, wherein

i sor § mAat ol " ChéF e PR SEETeR) SN S G ORIt AP R PP o
the first- 0rd‘3¥spla2fn‘£’rﬁﬂ§h}s?9nc?§k ofid ﬁ&ﬁm%‘f?sddo rf'é‘é’! &P@éﬁﬁgﬁﬁc%ﬂﬁ%‘i‘&

screen handlin e ‘second- or der

manage gt (ﬁéﬁéy%'ﬁeﬁtjonmﬂhﬂm s@e&PRAdNAg bAI Qhéiﬁfé\: brder WMISTRHtiOn and a
di splaying the first and second boundarles conprises displaying the

st at us isecandelispbayopsfatian dyindow scrsd:ra}haieldtmgnslyulneasrecdlcbglrdamnforﬂxﬁmofr he
ener gy managenent system GU nethod according to claim15, wherein
the dyndfic stige énﬁtrghﬁ@nage@wnaﬂém%ulgneéhcpﬂ &caidig tolaip 19 phewin ed

P‘ﬁ*éb't rgets ofisauPgyhARRALRESd Sordiiies anirist® disHiByBRAT LySh e
net I’f&%? Iglnﬂgsltag tFJg@fn%ﬁ?ﬁg Hherein the bubble chart i ncI udes:

bubbl es per ng I nput initron and/ or output display associated

wi th eaqh, of trheenﬁeagy hiaha@&wﬁt afstBe &6 Ul hnadthdd &esidingo cididnis, wherelr e
axis, caused by operation of the target of energy rranagerrent and

a st at e dynamwistatotansgianediggramiisla h@racmgaibmmuncumcblmhbkechaamm rary
bubbl es and speci f¥ g}ﬁ a transition path between faC| l[ities statuses,
wher ei n CPHesPenganse iq Bailities yihmppuadaissioh ghe tacpets of @B%raua?ayamu on,
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target of enepdphubBRAASHEMuLREr at es based on production schedul e
i nformation, the energy nmanagenent nethod further conprises:
bubbles performing input definition and/or output display associated with each

of the facilities statuses that transition along the time axis, caused by operation of the
target of energy management; and

a state transition route providing a connection between arbitrary bubbles and
specifying a transition path between facilities statuses,

wherein the state transition route defines, as a boundary condition, a state during
transition between the arbitrary facilities statuses.
18. An energy management method according to claim 1, wherein the target of
energy management operates based on production schedule information,

the energy management method further comprises:

estimating the quantity of energy consumption and the quantity of energy
conversion in the future, based on the estimate model and the production schedule
information.
19. An energy management system, comprising:

energy management facilities being operable based on a production schedule and

consuming and converting energy by operation;



estimating the quantity of energy consunption and the quantity of
energy conversion in the future, based on the estimte nodel and the
producti on schedul e information. 19. 4h energy management system

conpri si ng: energy managenent facilities being operabl e based
on a production schedul e and consum ng and converting energy by
operation; 47 a nonitoring unit configured to nonitor the

time-transitionabl e status, fhe quantity of energy. copsunptiqgn, and
the quantity BfMAHEKRESURI ?%‘Fqgﬂoé‘?ml‘tﬁéth@ﬁﬁ?"ggfa'?ﬁﬁ%@%ﬁuss the
facilities:. xt ernal i pf.or mat i i nit . c L gqur to
obt ai n- SRS thFt e et Rid 3R shaBy botl Ao CRTh SHr Y
nmanagengha gk fcificgonfi gured to nmanage the quantity of energy
consunption and the quantity of energy conversion of the energy
managenment f aan bxtbinabinfdrameaon oput et exifgurel to lobfaar araitoudsut exdearadi n, in
t he eneggy managenent system the energy managenent apparatus

conpr i s&ygormation; andy pr oducti on schedul e i nfornation storage unit that
stores the production schedul e inforna | es

i on, facilit
i nformation stOFYGEY BANMEAL al%ﬂafj"t“égs"of‘géPrlefjtt‘? E@“?%tg? AAIERO Tt Re
energy g&ﬁﬁﬂﬁ%ﬂtan(ﬁ fife! cfu%fnjit?%f energy conversion of the energy management facilities,

based on the external information,

wherein, in the energy management system:

the energy management apparatus comprises:

a production schedule information storage unit that stores the production
schedule information,

a facilities information storage unit that stores facilities information of the
energy management facilities,

an external fluctuation factor information storage unit that stores the external
information obtained by the external information input unit,

a facilities actual performance value storage unit that receives as facilities actual
performance values from the monitoring unit and stores a quantity of energy consumption
and a quantity of energy conversion of the energy management facilities,

a boundary setting unit configured to divide targets of energy management into a
plurality of boundaries,

an estimate model definition unit configured to define a plurality of estimate
models to estimate a quantity of energy consumption and a quantity of energy conversion
associated with at least one status in each of the plurality of boundaries, based on the
production schedule information, the facilities information, and the facilities actual
performance value,

an estimate model correction unit configured to correct the plurality of estimate

models, based on the facilities actual performance value and the external information, and



an external fluctuation factor information storage unit that stores
the external information obtained by the external information input
unit, a facilities actual perfdfnance val ue storage unit that
receives as facilities actual performance val ues fromthe nonitoring
unit and stores a quantity of energy consunption and a quantity of
energy conversion of the energy managenent facilities, a

boundary setti uni t confi ed to divide targets of er .
managoment i nf O GRIRERT godiebisgn aupiese and dRolay gy LT Hifursbert
defi ni tkfnhDloRRNCHEUES Ty R 8RS AR L AkhYng! estimte model s
to estinmate a quantity o %nergy consunption and a quantity of energy
conversihQn asgRe bﬁér@ﬁn%&%&n%t R8N aQRR1IAE & dSind 1D, SAeikiRtheldMBI display
plurality of boundaries, based ‘on the production schedul e

i nf or munarenfihired @odstimateemdididptayrthe qoantitpolkenetyy doasarhptionemdah¢ ual

per formance, val ue, .an estimte nodel correction unit

conf i guABNtty OF ecrBeeonVRBIqH i the futyre draseken e estimpg araslelssad & on t he
facilities, act ual rf mnce val ue and the external information, and
48 prodyciégy) SC&FELSF OY°Nconfi gured to synthesize and di splay by
a QU the pluggl kﬁéfﬂfﬁl&ﬁ%%éﬂ@ﬁ%@f@ﬂg%c%rcﬁﬁ& foerﬁﬁiﬁﬂld?)(zvl{ep%n estimat e

model correction unf ener gy menagenent ’system according to
cl ai m 1%he GUEARpRAYLAR i§¥dnfidufdl taYispiyta ﬁé@[@fﬂlﬁﬁﬂé@ﬁhé&hﬁ&:&)h{ﬁﬁk@ fisdd@nd

di splay the quantity of energy consunption and the quantity of energy
conver ssenoni melatenshipsthe st belstemhsbip behe dedinedvby betmeeetls quantity loé
production schedul e information. 21. The energy nanagenent system
accor di BEIEY CensyMpien and e qupptity |98 CESIEY GprysTsagn efantarbiEraphmungdy ead o
di splay_a.perfor ce index that c ares first .and gecond

el ot onBfBE TR R LB b PhE R e Priod SvinEas B TElbieneefor: ne
quantit r i i r C Lon
of an arBpaEeR f RESARE AT e TR bl Koo PR e D S
basel i neofisuiptios k@ theSRaNtit B @ferbP CometRoreatie boiindapniald wefbleasididdhe
second rel ationship being defined by between the quantity of energy
consunpta tw caergics loé thpkoundary ind repogiingtineperdedi on of the boundary and
a variable related to the energi es of the boundary in a reporting
time period.



