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BACKGROUND OF THE | NVENTI ON The present inventi onummummmwan oper atW3>
support systemfor a facility of supplying a plur ergy formss/8
such as electric power and heat, and 5 nore particul afido)set 0 t he system

whi ch properly supports the operatlon of the energy supply facility if
change of demands cannot be preC|ser pfredi cted. As a typical exanple of

an electric power or heat t here have been proposed
a 10 gas turbine (that su6@5@@%*%@@%%?@5§¥Eé$§%?% exhaust heat vapor by
gas), a steamturbine (that supplies electric power

absorption refrigerator (that supplies chilled water by ”ﬂ’ mﬁmm“mm
electric turbo refrigerator (that supplies chilled 15 wat |c
power), and so forth. The energy supply facility conposed ofcobdiBse devi ces

are difficul gackerbenp' eperky QREERiTGdNON account of the follow ng two
reasons. First, the energy supply facility is arranged to keep those

devices closely rel at egnei bhe@ratanakRer 020 ren aseghta &ﬁnﬂﬁérblﬂibnt he gas
turbine and the steamturbine are conplenented with each ot I n respect
of the el ecsubpoptwelstepplfyrand fhlkd 1Stgamtakspbpliiog a plurality
of energy forms such as electric power and heat, and
5 more particularly to the system which properly supports
the operation of the energy supply facility if change
of demands cannot be precisely predicted.
As a typical example of an electric power or
heat energy supply facility, there have been proposed a
10 gas turbine (that supplies electric power and exhaust
heat vapor by gas), a steam turbine (that supplies
electric power by steam), a steam absorption
refrigerator (that supplies chilled water by steam), an
electric turbo refrigerator (that supplies chilled
15 water by electric power), and so forth. The energy
supply facility composed of those devices are difficult
to be properly operated on account of the following two
reasons. First, the energy supply facility is arranged
to keep those devices closely related with one another
20 in such a manner that the gas turbine and the steam
turbine are complemented with each other in respect of
the electric power supply and the steam absorption
refrigerator collects exhaust heat from the steam
turbine. Second, the energy demand may fluctuate

25 depending on variables such as a weather and a



refrigerator collects exhaust heat fromthe steam turbine. Second, the
energy demand may fluctuate 25 dependi ng on vari abl es such as a weat her and
a - 2 - tenperature or any obscure cause. In order to overcone these
difficulties, the two background arts have been proposed. The first
background art is a nethod of patterning an operation 5 nethod (such as a
start and stop tine and a nunber of ogﬁrating devi ces) and operating the
facility according to the pattern. The& concrete exanple of the target

operation pattern iaﬁ:udeescri hed ion t he ega e % of "*99 Collection of Energy
Savi ng Cases t(Gf“}prgt Vol ur?éf) aéﬂ’it&fcﬂf & Ener gy Saving Center

(I'ncorporated Foundat i Cfélﬁ) hor}_,gé%gg% @S%r%fpnfﬁigthgsél dQ_L édl%(iteiégﬂ t%fe Ener gy

Saving Cases (second Vv ner gy savi ng ter

(I'ncor por at e%&ow@gﬁr&g%wdl%@%fﬁ%%é%e%fﬁ é%g{b%ry Sag&régrgr%g:nosi s and

Concr et e Measures (COm pre m ning such an

al | owabl et a5 Q85 QRBIALAN RALL @dt AN GG W 300 diEBRd ion o
fluctuations, the operation enables to operate the “energy supply facility

W th saf ety aeaddd NGuch e a predal el RAGPRamR! 918 Rathaber WH ch makes
the safety 20 supply of energy possible. The second background art is

descri bed i n opRratihly MAITDs ) Thardmeidewad tdhd i dFekgndwid svdoridingar r anged
so that for supplying an operator with a future predicted value of an
el ectric powsro déreamchtddrn. The concrete example of the target
operation pattern is described in the page 6 of “'99
Collection of Energy Saving Cases (first volume) edited
10 Dby the Energy Saving Center (Incorporated Foundation),
pages 786 to 787 of “’'99 Collection of Energy Saving
Cases (second volume)” edited by the Energy Saving
Center (Incorporated Foundation), and page 53 of
“Energy Saving Diagnosis and Concrete Measures” edited
15 Dby NTS (Limited). By predetermining such an allowable
target operation pattern as coping with some demand
fluctuations, the operation enables to operate the
energy supply facility with safety according to the
predetermined operation pattern, which makes the safety
20 supply of energy possible.
The second background art is described in JP-
A-11-346438. The method of the background art is
arranged so that for supplying an operator with a
future predicted value of an electric power demand, the
25 electric power demand is predicted at each interval as
estimating a prediction error and are displayed. The

application of this method makes it possible for an

operation to know a prediction-deviating range or



25 electric power demand is predicted at each interval as estimating a
prediction error and are di splayed. The application of this nethod makes
it possible for an operation to know a prediction-deviating range or - 3
possibility and thereby to operate the energy supply facility according to
the range or possibility. For exanple, if a future power dermand may
greatly exceed the prediction value, the application of this 5 background
art makes it possible for the operat6r3t6 easily determ ne that one nore

generator than usuyal,. . needs. to he rted. .. LE the futur wer denmand
may substanti Al S;S/luor%a lctﬁ’ ta5ldt ﬁgleprreé) I &Ol c?(rjﬁ)evra tt?e,tqel'ng%ear Iiscfﬁjlcialn of this

background ar d it i or rat.Qr:1:G . il term ne
that a reserv%%@i&%ngrcgc%%ﬁd%ﬂogt%gcr}{% e{ia}tr&_eler %@:O(fg%lgj’fetﬁast%ﬁggkground
art has concerBgghiui (e LheBbpbRled SRl @hhe wafaly apelation of the
energy supply ftfacility. This art may, however, burdens 15 itself with the

addi tional ORGIAYRAYICASIon RRAITuEXahY &ppien il diheglectric power and
the steamare supplied by the gas turbine, assum ng that the

predet er myegack@fur@P et mkgatitteigbfigike fas tHaldpdiatdor alo t he
"constant full operation” and the gas 20 turbine supplies nore steamthan

needed accor diayg Iy ddteernidfegathaapesral inir Pajdriratdhea s plgislstreami s
abandoned. It is certain that the energy nmay be supplied with safety
accordi ng tonduds ttar gt sapertad.on Or, if the future power demand
may substantially match to the prediction value, the
application of this background art makes it possible
10 for the operator to easily determine that a reserve of
energy may be partially reduced.

The first background art has concerned with
the method of realizing the safety operation of the
energy supply facility. This art may, however, burdens

15 itself with the additional operation cost. For
example, when both the electric power and the steam are
supplied by the gas turbine, assuming that the
predetermined target operation pattern of the gas
turbine is at the “constant full operation” and the gas

20 turbine supplies more steam than needed according to
the target operation pattern, the surplus stream is
abandoned. It is certain that the energy may be
supplied with safety according to this target operation
pattern, but the surplus stream is abandoned. The

25 operation cost thus may be increased more than needed.

The second background art provides a hint of
keeping the electric power safety supply and the

operation cost reduction in prompting an electric power



pattern, but the surplus streamis abandoned. The 25 operation cost thus
may be increased nore than needed. The second background art provides a
hint of keeping the electric power safety supply and the operation cost
reduction in pronpting an electric power - 4 systemin conpatibility by
presenting the prediction value of the power demand with an error range to
an operator. However, unlike the pronotion of the electric power system
as to the electric power or heat 5 enefby supply facility built in a

closely rel ats vé“?'hﬂ%nce PRI B I R AR r s Ll tes of
el ectri ¢ power1 it €M cndieahetl: Adnld £09 A fed TR heupfesanted to the 10

oper at or toget er W t €lr error ranges, the operator cannot eaS|Iy

determ ne howdo-£ape Whdysach piedictinn p‘»‘fcfn%ti’&ri hott tiherror range. As
one exanple, consider the energy supply facility conposed of a conbined

cycl e gener atéreteVi € ik ashfddm | eLHOMes L hlb dlievd e c tdeeao sy nraicycl e

generator device serving to drive a steam turbine by using part of exhaust
stream fromdéhergasdpgly eadid dyheodidad irecoVEIdtd8vice a serving to
utilize the remaining exhaust streamfor a water heater. Even if the
gradual i ncr éaselding hes 2k e emgridiya eidiycto brenetgle sswdp hotfladile telesct ri ¢
power and the water heater load is quantitatively presented to the
operator, themperkaselyamcttedsiith deteranatthdioweven if the
demand prediction values of electric power, steam,
heated air and cool air may be presented to the
10 operator together with their error ranges, the operator
cannot easily determine how to cope with each
prediction error with its error range. As one example,
consider the energy supply facility composed of a
combined cycle generator device and a heat recovery
15 device, the combined cycle generator device serving to
drive a steam turbine by using part of exhaust stream
from the gas turbine and the heat recovery device
serving to utilize the remaining exhaust stream for a
water heater. Even if the gradual increase of the
20 demand prediction values of both the electric power and
the water heater load is quantitatively presented to
the operator, the operator cannot easily determine how
to cope with the demand prediction value.
The reason of the difficulty in determining
25 how to cope with the prediction value isg placed on a
sophistication of an energy supply facility

configuration and function in using many kinds of

energies such as electric power, stream and chilled



to cope with the demand prediction value. The reason of the difficulty in
determning 25 howto cope with the prediction value is placed on a

sophi stication of an energy supply facility configuration and function in
usi ng many ki nds of energies such as electric power, streamand chilled -
5 water. For exanple, as one of the nethods of coping wth the increase
of the power demand, there may be proposed a nethod of raising a steam
turbine output. This nmethod may briﬁgSaﬁout an adverse effect by a 5

short age of %a%%ggn1%%%g%§F%1%th& L%ﬁgh%ﬁﬂgﬁe?g%% %%ﬁtég Encnggsing t he

st eam consunption ‘of "t the n1§§6 y is not in

short, at a gehtghn li?li[ch:e%rsiecgbf()ft h?’ g}e Ctdeim%intdY tt%{)ei.rfef HEW%e cost may be

;
| ower ed not by TaisSing e output 0 K& °10 “ST6amt ur b ne by increasing

the electri Ciptr%()ﬁ:t%%légihta nde¥Od g %%Té‘iﬁqg %L st rtilﬁcb%‘é’%ut?r%ti ndi cated by

t hi s exanpl e, e operator cannot easi termne whether not the

mani pul ation 19f; & #HeHRY RS T8AY bl B8 kR SrFRRM @Rer from both
vi ewpoi nts of 15 safety supply and reduction of an operation cost. SUMVARY

OF THE | N¥ENEHNthige 2R @Ricet stibplile fRireseRiatichv dRbiteR brcapkavi de an
operation support system which provides an operator with a hint of keeping

two obj ects off daeir@nsidiy Fafeetsit sanppion saightaper atfi @heC@dleameduction in
conpatibility by presenting a target operation pattern

turbine. Even if the steam supply is not in short, at

a certain unit price of the electricity tariff, the

cost may be lowered not by raising the output of the

10 steam turbine but by increasing the electricity bought

from the commercial electric power. As indicated by

this example, the operator cannot easily determine

whether or not the manipulation of raising the steam

turbine output is in proper from both viewpoints of

15 safety supply and reduction of an operation cost.

SUMMARY OF THE INVENTION
It is an object of the present invention to
provide an operation support system which provides an
operator with a hint of keeping two objects of energy
20 safety supply and operation cost reduction in
compatibillity by presenting a target operation pattern
of an energy supply facility for each energy form to
the operator according to the demand continuously
fluctuating on some variable factors in a plurality of
25 energy supply devices for supplying different energy
forms such as a cogeneration energy supply device and

in an energy supply system provided with a plurality of



of an energy supply facility for each energy formto the operator
according to the demand continuously fluctuating on sone variable factors
in a plurality of 25 energy supply devices for supplying different energy
forms such as a cogeneration energy supply device and in an energy supply
system provided with a plurality of 6 - energy demands. It is another

obj ect of the present invention to praqvide an operation support system
whi ch provides an operator with a hin® 6n the operating nethod of 5

keepi ng t he ener %QL%&%k§upply and the operation cost reduction in

conmpati bi lity in~an energy supply facility for supplying energy in
eoponse L0 o SetrlC PREL Ao chead ASTRAIS Ll Y30 0N A ABke

factors. According to a first aspect the solvin means provi ded by

the i nventi ofbo a1 RARKONA ARl LRSI 0L SRRl Vigrdiieent, ener gy

forms is arranged to predi Ct an upper "and a F'ower limts of a demand of

each energy fof BRIGHIEIAMN 3N HARR JOHY hherd thdOgleteRRN it ON pattern
of each device for each 15 energy formwi th the upper and the lower limts,

the targed oReAAORHRARMDSTERHASRESAR bhel Whreb tildpe cogwer |imt
val ues of the demand. For deriving the wupper and the lower Iimts of the

t ar get oper atdegiuc tfiatt eémn coxpeit itdpdreyanc lapwehdrgh saippfllyt Factianget 20
operation pattern as reducing the operation cost as much as possible are
derived i n cdnsi derpgtlivimoofertdryy in response to electric power and
head demands fluctuating on variable factors.
According to a first aspect of the solving
10 means provided by the invention, an energy supply
facility for supplying different energy forms is
arranged to predict an upper and a lower limits of a
demand of each energy form and present an operator with
a target operation pattern of each device for each
15 energy form with the upper and the lower limits, the
target operation pattern being based on the upper and
the lower limit wvalues of the demand. For deriving the
upper and the lower limits of the target operation
pattern, such upper and lower limits of the target
20 operation pattern as reducing the operation cost as
much as possible are derived in consideration of the
error range of the energy demand prediction caused by
variable factors. The present invention may present
the operator with the upper and the lower limits of the
25 target operation pattern. Hence, the operator can
concretely obtain the operating policy of supplying

energy with safety and reducing an operation cost.

In particular, the present invention presents



error range of the energy demand prediction caused by variable factors.
The present invention nmay present the operator with the upper and the
lower limts of the 25 target operation pattern. Hence, the operator can
concretely obtain the operating policy of supplying energy with safety and
reduci ng an operation cost. In particular, the present invention presents -
7 an operation with not the target operation pattern but the upper and
the lower limt of the target operation “pattern of each energy form The

oper at or thu%npb %&J io%f%aﬁﬁpn%&pﬁ%kﬂgﬁ%ggkagﬁégg%fgh %%%&%?hg%htoperation

5 pattern. For exanple, ewd e en the upper e lIowner

limts of a ggfd @d&e&a&%ﬁ ARENGN lfiﬁgtrtt SN thS ’E%rrfg‘\%‘ﬁ” ogé%fatt%%t

operation pattern’is icult to su fromthe adverse effect of the

demand predi ¢f5itQR8f I3 ealcdh RRAIGY Frnt.he 1 gelerb@ o2Pehalki @A Bt ern has
a high reliability. Conversely, 1f the wdth between the upper and the

lower |imts Lfts aLamiod RcaAR@Al s0RaHaN OF Rl @hRdet Wpdeattibe target
operation pattern is easy to suffer fromthe adverse effect of the demand
predictiors efga®tern. MFaRs dadip1ly tiffe thay gadtdpecdticen palkt @ppehas a | ow
reliability. As nentioned above, the application of the present invention
makes it possnd eheconldweer dheriatsoft @ ogettatin kaewedl loplratdpear at i on
policies including all the factors up to the reliability of the target 20
oper ati on patdedruernThe melrrabi,| ithe dfardes topegetcion pattern is
difficult to suffer from the adverse effect of the
demand prediction error. It means that the target
10 operation pattern has a high reliability. Conversely,
if the width between the upper and the lower limits of
a certain target operation pattern is wide, the target
operation pattern is easy to suffer from the adverse
effect of the demand prediction error. It means that
15 the target operation pattern has a low reliability.
As mentioned above, the application of the
present invention makes it possible for the operator to
get to know all the operation policies including all
the factors up to the reliability of the target
20 operation pattern. The reliability of the target
operation pattern, termed herein, indicates how much
the operator may follow the target operation pattern
with fidelity. It means that if the reliability is
lower, the operator is not required to follow the
25 target operation pattern so much, while if it is high,
the operator should follow the target pattern with
fidelity.

According to the second aspect of the solving



operation pattern, termed herein, indicates how nuch the operator may
follow the target operation pattern wth fidelity. It nmeans that if the
reliability is lower, the operator is not required to follow the 25 target
operation pattern so nmuch, while if it is high, the operator should follow
the target pattern with fidelity. According to the second aspect of the
solving - 8 neans provided by the present invention, the operation

support systemis arranged to presenf dn operator with a target operation

e PO AP S DA, SR, et

operator can concreteéely obtain a hiit on era n keeping

the energy s u ng .t rat i.an reduct] i :
conpatibilit%L% of%éggﬁéﬁﬁ;qffg? ngggktgoPQE%%ngeﬁgiﬁye %gpgigﬁfpon is | ow

and the SKi T s - dbieal o 1B cile, e RRS HBA ke dtidih bet ween (he 10

upper and the lower limts of the targel operation pattefnis wide in the

first methodqiGenvengelon. |iikhenreal ek b@getc%r,%heoré%@tait@& Raht ern
probability density distribution is high and the skirts thereof are

narrow, its nRamerdtaltberwiat B behween the vprehrtdnd kethbe lhewer limts
of the target operation patternis narrowin the first nethod. According

to the presemndedpiventthen eneygypkasetti Bupbley @pde thandpeiatlionekrokitm ts of
the target operation pattern derived in consideration of the
reduction in compatibility. For example, if the peak
of the density distribution is low and the skirts
thereof are wide, it means that the width between the
10 upper and the lower limits of the target operation
pattern is wide in the first method. Conversely, if
the peak of the target operation pattern probability
density distribution is high and the skirts thereof are
narrow, it means that the width between the upper and
15 the lower limits of the target operation pattern is
narrow in the first method.

According to the present invention, by
presenting the upper and the lower limits of the target
operation pattern derived in consideration of the

20 demands fluctuating on variable factors to the operator
of the energy facility, the operator is given an
effective support in keeping the energy safety supply
and the operation cost reduction in compatibility.

Other objects, features and advantages of the

25 invention will become apparent from the following

description of the embodiments of the invention taken

in conjunction with the accompanying drawings.



20 demands fluctuating on variable factors to the operator of the energy
facility, the operator is given an effective support in keeping the energy
safety supply and the operation cost reduction in conmpatibility. O her
objects, features and advantages of the 25 invention will beconme apparent
fromthe follow ng description of the enbodi nents of the invention taken
in conjunction with the acconpanying drawings. - 9 - BRI EF DESCRI PTI ON OF
THE DRAWNGS Fig. 1 is a function bl ock di agram showi ng an operation

support syst i fd i t of the present invention; 5
%ﬂtﬁgﬁfn%{)ﬁfgg({%ﬁﬁggx} dF sJf]HE HHQHNERD

Fig. 2 is a sys am showi ng an operation support system

according to the first Fi%‘pqdii@ﬁ] Afndhe Present &i%%y.sggﬁ@k%oragl is a

fl omchart showi ng a process of e operation support Ing to

the present cfbdwiei ispipdiitd sybtich adfl@rhaw ng dala on demand
records for describing a procedure of a deman predicting unit; Fig. 5is

an expl anat oremdciirerh o hah s axamhemfigenerating sanple data in a
target operation pattern calculating unit; Fig. 6 is an explanatory table

showi ng ars exanpl e of miRy .ol iimla epgItRin W1 (EEY e GHALG iah
correspondence with each sanple data unit;
operation support system according to the first
embodiment of the present invention;

Fig. 3 is a flowchart showing a process of
the operation support system according to the present

10 invention;

Fig. 4 is a table showing data on demand
records for describing a procedure of a demand
predicting unit;

Fig. 5 is an explanatory table showing an

15 example of generating sample data in a target operation
pattern calculating unit;

Fig. 6 is an explanatory table showing an
example of an optimal operation pattern calculated in
correspondence with each sample data unit;

20 Fig. 7 is an explanatory table for describing
an upper and a lower limits of a target operation
pattern;

Fig. 8 is a function block diagram showing an
operation support system provided with a target upper

25 and lower limits setting unit according to a second
embodiment of the present invention;

Fig. 9 1s an explanatory table for describing

an example of a target operation pattern probability



20 Fig. 7 is an explanatory table for describing an upper and a | ower
limts of a target operation pattern; Fig. 8 is a function block di agram
showi ng an operation support system provided with a target upper 25 and
lower limts setting unit according to a second enbodi nent of the present
invention; Fig. 9 is an explanatory table for describing an exanple of a
target operation pattern probability - 10 density function of a gas boiler
i ncluded in the second enbodi nent; Tﬁ%ﬂ 10 is an explanatory chart for
descri bi ng an,_exanpl e of .a three-di nensi gnal 5 _representation praovi.ded by
an operation%ﬁgﬁﬁg n%ugfgﬁpgypﬁgauﬁﬁﬁ; Fg?rlfnfggge%uﬁ@tibﬁ ﬁggg?ddiagram
showi ng an r at.l support systemprovided with an alarmng unit
accordi ng to%%§¥ﬁﬁh%ggﬁbodinent of the present 10 invention; and Fig. 12

is a diagramfor descr@ Hngl@ i%OQE?% q%hg@ogp %hggge@%%ation ener gy

supply facility to which the operation support system of the present

doseri ption Wit The B Snt o= Pact e Confiaur ot en o The oper ation support
system agrondigiesed thite onnNyertiidRd Ay Ak xS odf papRleynng
displaying unit;
Fig. 11 is a function block diagram showing
an operation support system provided with an alarming
unit according to a third embodiment of the present
10 invention; and
Fig. 12 is a diagram for describing a
configuration of a cogeneration energy supply facility

to which the operation support system of the present

invention applies.

15 DESCRIPTION OF THE EMBODIMENTS
Hereafter, the description will be oriented

to the configuration of the operation support system
according to the invention. As an example of applying
an operation support system according to the invention,

20 a summary of the configuration of the cogeneration
energy supply facility will be described with reference
to Fig. 12. The cogeneration supply facility is served
to supply each of different energy forms such as
electric power, stream and chilled water in association

25 with the commercial electric power. The supply
facility is composed of a gas turbine GT operated by

town gas as energy supplying means, a gas boiler GB



an operation support systemaccording to the invention, 20 a summary of the
configuration of the cogeneration energy supply faC|I|ty w Il be described
with reference to Fig. 12. The cogeneration supply facility is served to
supply each of different energy fornms such as electric power, stream and
chilled water in association 25 with the commercial electric power. The
supply facility is conposed of a gas turbine GI operated by town gas as
energy supplying neans, a gas boi | er” &8 -~ 11 ~operated by town gas, a steam

turbine ST opy %Fﬁlﬁ%db¥g} g@p} %2?a$ﬁ§%% orptLi g%er E&i %&%%%@e C operated

to supply ch as turbine % o generate

5 electric pouel, by i u hngb%oq;r&@%t e £33 Gl ale o3 A0 opIRARY § ST eam by

usi ng waste heat. The g is se ene te steanl The st eam

turbine ST |%u§§Q@v%gﬂmqege%%&%&eB§l%Qg ANy pomer by using steam The
absorption refrigérator ACis servéd to supply chilled 10 water by using

steam The electric powek g%gnkbﬂ%lg@qutg@bb@%V@E gid gleb@r@ae boiler GBis
supplied to the electric demand in association with the comerci al

el ectric powelectha sl YMANTiaes ol yebleRatcl aBdwee @aschoiler GBis
partially supplied to the steam 15 turbine ST in which it is converted

into the el eglahieratpovticadnbypaising Wwastepplebed t Thhgagbeipkeroas
refrigerator AC fromwhich the chilled water is supplied. The remains of
t he st eam ar éssggplvieed tbo gelherate steam. The steam turbine ST is
served to generate electric power by using steam. The
absorption refrigerator AC is served to supply chilled
10 water by using steam. The electric power from the gas
turbine GT and the gas boiler GB is supplied to the
electric demand in association with the commercial
electric power. The steam from the gas turbine GT and
the gas boiler GB is partially supplied to the steam
15 turbine ST’in which it is converted into the electric
power and partially supplied to the absorption
refrigerator AC from which the chilled water is
supplied. The remains of the steam are supplied to the
steam demand. The chilled water generated by the
20 absorption refrigerator AC is supplied to the chilled
water demand.

Hereafter, the description will be oriented
to the operation support system according to the
present invention. Fig. 1 is a function block diagram

25 for realizing the operation support system according to
the first embodiment of the invention. The operation

support system is arranged to have a demand predicting

unit 11, a target operation pattern calculating unit



steam demand. The chill ed water generated by the 20 absorption refrigerator
AC is supplied to the chilled water demand. Hereafter, the description
will be oriented to the operation support systemaccording to the present
invention. Fig. 1 is a function block diagram 25 for realizing the
operation support systemaccording to the first enbodi nent of the

i nvention. The operation support systemis arranged to have a demand
predicting wunit 11, a target operati ﬁéttern calculating unit - 12 12,

and a_target jgper itd' an t%%f;;te%r %g%'r%%ll%w E;%t'f@ h %ﬁsgl ?Ln%e%% Rredi cting

unit 11 is serve to deri tion u r t vValué I4 and

over 1imt ol uerdf Phediarel GRAEALION PaLteL %%' @]%'ﬂveng 5 unit 12

is served to erlve tar operation pattern ower limt val ues

16 and 17. ThRrbhakdgkeddReiadh & @%tHQHQtdb%Rb%YUQQaH@'Ho%%r'il%ﬁ%Ved to
di splay the target operation pa Férn upper and lower limt values 16 and

17. This makeglie pessi bhe fafrgllte ol repeibal patierabtankuadtpaki cy of how
each of the energy supply devices conposing the energy supply facility

shoul d be sopemdted 20 st kerkasl £coldeiecuppagendpehat ilbawea titiefint s of t he
di spl ayed target operation pattern. For exanple, if the width between the
upper 15 andpplee kadelowen tliafitt alu@sgdl aemer at7i.on That targeitn a certain
energy supply device is narrow, the operator tries to fit the actual
oper ati on patpemratiiont petiaermowisplaying unit 13 is served to
display the target operation pattern upper and lower
limit values 16 and 17. This makes it possible for the
10 operator to obtain an policy of how each of the energy
supply devices composing the energy supply facility
should be operated on the basis of the upper and the
lower limits of the displayed target operation pattern.
For example, if the width between the upper
15 and the lower limit of the target operation pattern in
a certain energy supply device is narrow, the operator
tries to fit the actual operation pattern in the narrow
range, while i1f the width is wide, the operator can
easily fit the actual operation pattern in the wide
20 range.

Fig. 2 shows a system block diagram of the
hardware for realizing the operation support system
according to the invention. The operation support
system is composed of a data storage unit 21, a

25 processing unit 22, and a screen display unit 23.
The data storage unit 21 is served to store

the actual demand data 24 that corresponds to the past

demand records for each energy form. The actual demand



range, while if the wwdth is wide, the operator can easily fit the actual
operation pattern in the wide 20 range. Fig. 2 shows a system bl ock di agram
of the hardware for realizing the operation support system according to
the invention. The operation support systemis conposed of a data storage
unit 21, a 25 processing unit 22, and a screen display unit 23. The data
storage unit 21 is served to store t actual demand data 24 that
corresponds to the past denmand recor for each energy form The actual

demand - 13 1343524115 apRliad cbo Hhe dlemad pLadienigo i 131, The

processi ng unit 2 Wt h the ing unit 11 and the

target operation att t 32 e erations 5
rqulredpfor bot h gf tﬁ@gu ??g%%%&h§9u¥%% %% %e%&BS&E%?e ﬁ%?inggunlt 11 is

served to Cab%ﬁbﬁbeﬁkgalé%ﬁﬁﬂdunHEGQchhantHQP%ErQQQ bpwesh chiom t val ues of
each energy formthrough thé use of the actual démand prediction data 24.

The target opgkabirancRathearicg! culiat Hngaual bel@oldsl theebyedatqosal cul ate
the target operation pattern and its upper and lower |imt val ues of each

energy s@ppkeqieviede fbasedtbnofhehdemmidsprediagti QR .Uuppdle dethandower |im t
val ues of each energy form The view display unit 23 is provided wth the
15 target operetiienipgt nain dispsagetrietl 18 andcuiaser voe demadidspl ay t he
target operation pattern cal cul ated by
prediction upper and lower limit values of each energy
form through the use of the actual demand prediction
data 24. The target operation pattern calculating unit
10 12 is served to calculate the target operation pattern
and its upper and lower limit values of each energy
supply device based on the demand prediction upper and
lower limit values of each energy form.
The view display unit 23 is provided with the
15 target operation pattern display unit 13 and is served
to display the target operation pattern calculated by
the target operation pattern calculating unit 12.
The process of realizing the operation
support system according to the invention will be
20 described with reference to the flowchart of Fig. 3.
The operation support system executes the processes of
the demand prediction 31, the target operation pattern
calculation 32, and the target operation pattern
display 33 in the describing sequence.
25 The demand prediction process 31 to be
executed by the demand predicting unit 11 is executed

to retrieve the recorded demand data 24 for extracting

the past recorded data that have the same conditions (a



the target operation pattern calculating unit 12. The process of realizing
the operation support system according to the invention will be 20
described with reference to the flowhart of Fig. 3. The operation support
system executes the processes of the demand prediction 31, the target
operation pattern calculation 32, and the target operation pattern
display 33 in the describing sequence., 25 The demand prediction process 31
to be executed by the demand predicfi% unit 11 is executed to retrieve

the recorded ASTaNg. 03t 3.3 o pex /AR L0 Lhecaash cecqided darg that

have the sane condit'i ons wea he wee so forth)

at the target ;i g%.il%i chendt hecangidenat gy %%F%gdt,e%orf or preparing

the basic data required for predicting the enman I'f the nunber

of extract eddala YRyt $hieS PR ¢ @BQ%QQ@qEH%e@C%%&a efi dthe gdemand
precision is made |ower. Hence, It is checked if the nunber of the

extracted datgmsmid S31%)enough (31b). As the determning criterion of it,
sonme threshold values may 10 be provided. If the nunber of the extracted

data unitg is not enoughthieh@umder @falexeeaditledodaits elidsed.s Ten, the
actual demand data 24 is again retrieved for extracting the past recorded
data (31lc). Asculyd,mheodcclirany ofl atiendamad etreod\sdlonc drdidaiden, for
exanpl e, when

lower. Hence, it is checked i1f the number of the

extracted data units is enough (31b). As the

determining criterion of it, some threshold values may

10 be provided.

If the number of the extracted data units is
not enough, the retrieval condition is relaxed. Then,
the actual demand data 24 is again retrieved for
extracting the past recorded data (31lc). As the method

15 of relaxing the retrieval condition, for example, when
the predicted temperature is 25°C, the data including
25°C as well as 24°C and 26°C are extracted from the
recorded temperatures. Or, when the demand on
Wednesday is predicted, the data including the recorded

20 data on Wednesday as well as the other days of the week
are extracted from the recorded data.

If a sufficient number of the recorded data
units are extracted, the demand prediction upper and
lower limits of each energy form are derived through

25 the use of the statistical technology based on the
extracted data units (31d). As a method of deriving

the demand prediction upper and lower limits, it is

possible to utilize the method of assigning an average



the predicted tenperature is 25C, the data including 25C as well as 24C
and 26C are extracted fromthe recorded tenperatures. O, when the demand
on Wednesday is predicted, the data including the recorded 20 data on
Wednesday as well as the other days of the week are extracted fromthe
recorded data. If a sufficient nunber of the recorded data wunits are
extracted, the demand prediction upperl§ lower limts of each energy
formare derived through 25 the use of 1he statistical technology based on

the extracteddata lé@'atn%a(r%ill@ev:éﬁ:J,t%nrrectohctqle()f %r V' ze S‘ﬁ&arret hod of

predi cti on uppér and | ower 0SSi

assi gning an AYARA0GE clR. Al stendand devigid %xte%l% WARRIeand the
re?

lower limts t he denman ction. The foregoing process corresponds

to the conteraozqfestﬂ&a},ewchw AN o PIIRLHerdhd DHrt itde target

operation pattern calculation process 31 to be executed by the target
oper ati on patdrydasgalzqul ating unit 12 prepares sone sanple data units
about the denmand value for each energy formas the basic data for deriving

the optinmdg 10 operati @hgigt ttien Ha32@)t dpertdtd g esfrdedmvention, the
demand prediction value has some wdth (that is, the wupper and the |ower
limts of theadenwdrd ipregircidess drle tedte .edarvuwenkriat tHeooviareyet t he opti nal
operation pattern is different depending on a certain demand
operation pattern calculating unit 12 prepares some
sample data units about the demand value for each
energy form as the basic data for deriving the optimal
10 operation pattern (32a). In the present invention, the
demand prediction value has some width (that is, the
upper and the lower limits of the demand prediction are
set). In general, however, the optimal operation
pattern is different depending on a certain demand
15 prediction value between the upper and the lower
limits. For deriving the optimal operation pattern, it
is necessary to extract some sample data units between
the upper and the lower limits of the demand
prediction. In addition, for a plurality of energy
20 forms whose demands are to be predicted, such as
electric power, steam and chilled water, the
combination of the demand values for each energy form
is treated as sample data.
In turn, the optimal operation pattern for
25 each energy supply device is derived by using each
sample data unit (32b). The optimal operation pattern,

termed herein, means the operation to be executed at a

minimum cost. However, the concept of the present



15 prediction value between the upper and the lower |imts. For deriving
the optinmal operation pattern, it 1is necessary to extract sone sanple data
units between the upper and the lower limts of the demand prediction. In
addition, for a plurality of energy 20 forns whose denmands are to be

predi cted, such as electric power, steamand chilled water, the

conbi nation of the demand val ues for each energy form is treated as sanple
data. In turn, the optinmal operation pattern for 25 each energy supply

device is derfn‘(f%%t?.%tngrﬂggzg b%a%rlsos%@ll?w L3 Lll.'?f.et 0 %%@t‘io-l:{;%togi mal

operation pattern, erein, ans the operation to be executed at a

m ni mum cost mimﬂﬁl‘éﬁe("():gét benseaeept E’lflet!?ﬁePé@%Ht%a%%ihﬂMﬁlﬂt LRB-ggy be

al so applied to t ratiton at a mnihum CO2 e st or the operation at

a m ni mm eneicehsunePRSHMRINYR r&aY 8hied Jint 0 dide mEM@ IO LS ey Vi ng
the optimal operation pattern nmay be obtained by 5 applying the technol ogy

described i n thEOJseUinaN opReatYSROAVA RMOWRE beOHtEndd 3Nni ng of
Cogeneration", pages 57 to 63, Sangyou-Tosho (1990). The application of

this net hed mepaying ROSSitRlcdiniod coft desdrii®edoder ATOOKpAldhEr Rn@ a m ni num
cost in the constraint 10 condition that energy can be positively supplied
i n response YIOKOYAMAd ®yemthe iTh@ptetadd Pdfanthemigviofg Qolyeneaettiimm” ,oper at i on
pattern is not limted to the foregoing nmethod. In place, the experinental
oper ati ng pages 57 to 63, Sangyou-Tosho (1990). The application
of this method makes it possible to obtain the
operation pattern at a minimum cost in the constraint
10 condition that energy can be positively supplied in
response to the demand. The method of deriving the
optimal operation pattern is not limited to the
foregoing method. In place, the experimental operating
method or the operating rules based on the experimental
15 knowledge of an operator may be applied to the method.
The maximum value and the minimum value of
the optimal operation pattern for each energy supply
device is assigned to the upper limit value and the
lower limit value of the target operation pattern,
20 respectively (32c¢). The foregoing process is the
content of the target operation pattern calculating
process 32.
Lastly, the target operation pattern
displaying process to be executed by the target
25 operation pattern displaying unit 13 is served to
display the upper and the lower limits of the target

operation pattern on the target operation pattern

displaying unit 13 (33a).



met hod or the operating rules based on the experinental 15 know edge of an
operator may be applied to the nmethod. The maxi num val ue and the m ni nrum
value of the optimal operation pattern for each energy supply device is
assigned to the upper limt value and the lower Iimt value of the target
operation pattern, 20 respectively (32c). The foregoing process is the
content of the target operation patterp,calculating process 32. Lastly,
the target operation pattern displayi process to be executed by the

target 25 operation Pafhteerf’%frf%gﬁygr%yis’é‘li@ toflg)]:io%e%%re\ée%ah& diispl ay the

upper and the lower limts o ttarget operdation pattern on the target

oper at i on Pt 14 TAAKH Witk (FPRiew the tHIOIRIING ReT i €5 of

processes make it possible for the operator to view the target operation

pattern w th dafte dippesi Nt Hh&iggierard BHe 10wetadhi midnerddy <l y devi ce,
thereby allowing the operator to 5 obtain a hint of howto operate the

ener gy suppl ¥ened@mMi GRS KeRRIIG T hheaRe 9} 1980uwaing THRPlapeanttdrthao
operation cost reduction in conpatibility. The conposition of the recorded

demand datsa otadnd d e exerplhany tetdped ofe adicigndrgyt kawpgger and 10 the
| ower val ues of the demand prediction will be described wth reference to
Fig. 4. In Fidpvide as rkewmrialg dhademetrey; am fetanmeuwppdfy tarel rideor ded denand
operation cost reduction in compatibility.
The composition of the recorded demand data
24 and the exemplary method of obtaining the upper and
10 the lower values of the demand prediction will be
described with reference to Fig. 4. 1In Fig. 4, a
numeral 4a denotes an example of the recorded demand
data 24 to be used when the demand predicting unit 11

derives the demand prediction upper limit value 14 and

15 lower limit value 15. In the example of Fig. 4, the

recorded demand data includes ‘“year”, “month”, “day”,
“day of the week”, “time”, “weather”, “temperature”,
“electric power demand”, “stream demand”, and “chilled

water demand” as data items. Hereafter, the

20 description will be oriented to the method of deriving
the upper and the lower limit values of the demand
prediction with reference to the data.

First, a process is executed to extract the

recorded data matching to the demand-prediction

25 condition from all the data items. For example, when
the demands for an electric power, steam and chilled
water amounts are to be predicted at 1500 hours,

Tuesday, 26 June, 2001, in a cloudy weather, and at a



data 24 to be used when the demand predicting unit 11 derives the demand
prediction upper limt value 14 and 15 lower Iimt value 15. In the exanple
of Fig. 4, the recorded denand data includes "year", "nonth", "day", "day
of the week", "tinme", "weather", "tenperature", "electric power denmand",
"stream demand”, and "chilled water demand" as data itens. Hereafter, the
20 description will be oriented to the thod of deriving the upper and
the lower linit values of the demand % ediction with reference to the

data, First carieasssd sesectl ofubosgklr gt clbeacteactdsd daiachet chi ng

to the deman i ction ondi tion from al

tens. For “exanpl e,

when the derRids fananieheqiid  RAPTr Shern atdahy) | ehyquat er amount s

are to be predicte

at 1500 hours, Tuesday, 26 June, 2001, in a cloudy

weat her, and Rlc1dck 18 thMREFRMNRBOT a23C e lhRARA d S RXI T a6l @ghd rom al |

the data itens with the itens of June, Tuesday, three

afternoon, ar&ag1edyads thek@bw l4aod)e cHxanRy e v ddi
the data on 19 June 5 corresponds to the concerned dat a.

0'clock in the

W 14a0find hat i s,
| f the nunber of

t he extract edodatedpichn@lds ticS thet cemeidghed ldRtsrat e thid ermmRy e i gnor ed,

the tenperature of 252C may be included as a key item.

or the tenperature

of 249C to 26Q@Ceaxayaateaddarded tamsa iseyndtt emouegdr, eohenpleathear 10 t he
exanpl e 4a, assumng that the weather is ignored and the tenperature range
is 24C to 26Gteamhaayolse ignored, the temperature of 259C may be

included as a key item,.or the temperature of 24°C to

262C may be included as a key item. For example, in

10 the example 4a, assuming that the weather is ignored

and the temperature range is 24°C to 26°C,

the rows

4a0l1 and 4a02, that is, the data on 5 June and 12 June

are extracted.

Second, based on the extracted recorded

15 demand data of each energy form, the basic statistics

(specifically, average values and standard deviations)

4b of electric power, steam and chilled water are

derived. The basic statistics 4b in Fig. 4

on the extracted data 4a0l, 4a02 and 4a06.

is derived

The method

20 of calculating an average value and a standard

deviation may utilize the method described in ISHIMURA

Sadao, “Easily Understandable Statistics Analysis”,

pages 14 to 27, Tokyo-Tosho (1993). The basic

statistics 4b is obtained by the following expressions.

25 Average Value of Electric Power

- 351 + 324 + 354 _ 353




4a0l and 4a02, that is, the data on 5 June and 12 June are extracted.
Second, based on the extracted recorded 15 demand data of each energy form
the basic statistics (specifically, average val ues and standard
deviations) 4b of electric power, steamand chilled water are derived.
The basic statistics 4b in Fig. 4 is derived on the extracted data 4a01,
4a02 and 4a06. The method 20 of calculating an average value and a standard
deviation may utilize the nmethod described in | SH MJRA Sadao, "Easily
Under st andabl e Statistics Analysis", pages 14 to 27, Tokyo-Tosho (1993).
The basic statistics 4b is obtained by the foll ow ng expressions. 25

Aver age Val ueRfradeeeiadie RaWteadpl + 354 + 354 = 353 3 - 19 - Average

Val ue of Steam 238 + 265 + 244 = 249 3 Average Value of Chilled Water 150
+ 151 + 149 = 150 3 5 Standard Deviation of Electric Power 1(351 - 353)2 +

(354 - 353)2 + (354 738393)¢5 3-4441. 0 Standard Deviation of Steam (238 -
249)2 + (265 - 249%2—+—%2é?1——%i5y2249

Average Value of Chilled Water

_ 150 + 131 + 149 = 150

5 Standard Deviation of Electric Power

\/(351 ~ 353)2 + (354 — 3532 + (354 — 353)2
_ 31

= =1.
A 0

Standard Deviation of Steam

\/(238 — 249)2 + (265 — 249)% + (244 — 249)2

= 3-1 = 2
5 8.
Standard Deviation of Chilled Water
\/(150 ~ 150)2 + (151 - 150)% + (149 — 150)?
10 = 3 -1 =0.6
V3

Last, based on the basic statistical amount,



3-1=82 Standard Deviation of Chilled Water 1(150 - 150)2 + (151 -
150)2 + (149 - 150)2 10 =3 - 1 = 0.6 Last, based on the basic statistical
anount, - 20 the upper and the lower |imt values of the denmand

predi ction are derived. Concretely, assune that the demand prediction
upper limt value = average value + constant tinmes of standard deviation
and demand 5 prediction lower limt vagye_: average value - constant tines
of standard deviation. Herein, assum that spreads of the prediction

errors foll O‘Hhtehgﬁﬁ@fs%hé” t&‘# et iig e Lh1tRg %‘fn%g%g?ﬂﬁ'g%n% 0, the

demand predicti upper an ower Iimt values are o in 10 the

range of Fhep%%ﬁﬁ%%ﬁgﬁthQ RIRRRI 1 t Yo%tk i Ne sctaRs Rk itHe3. 0, it IS
obtained in the range of the corresponding probability 99% The denand

prediction upReanAN@reeMRt ilbnmMubperahuas t4&aQfueFi=0 avérage «allee ated on the
basic 15 statistics 4b. The foregoing description has concerned wth the

nmet hod of appbyistant staRdand dewndardh deviatden windg depaedds of prediction
errors. As another nmethod, the table for holding the prediction error
wi dt h f or seagireddrdiibnon oy hdmiredeflured. alleazd@ weflerenrceonsltaas of the
demand prediction upper and lower limts may utilize not only the
above- nent i onddesavdr agendalrde glewitatdlosio t Merednor deduwdlngeshiar t he near
spreads of the prediction errors follow the Gaussian
distribution, if the constant is 2.0, the demand
prediction upper and lower limit values are obtained in
10 the range of the corresponding probability 95%. If the
constant is 3.0, it is obtained in the range of the
corresponding probability 99%.
The demand prediction upper and lower limit
values 4c of Fig. 4 are calculated on the basic
15 statistics 4b. The foregoing description has concerned
with the method of applying a standard deviation for
deriving spreads of prediction errors. As another
method, the table for holding the prediction error
width for each condition may be predefined. The
20 reference values of the demand prediction upper and
lower limits may utilize not only the above-mentioned
average values but also the recorded values in the near
past. The use of the latter data allows the operator
to obtain a policy of how to operate the supply device
25 on the basis of the displayed target operation pattern
upper and lower limits.

The generation of the sample data will be

described with reference to Fig. 5. The sample data 51



past. The use of the latter data allows the operator to obtain a policy of
how to operate the supply device 25 on the basis of the displayed target
operation pattern wupper and lower limts. The generation of the sanple
data will be described with reference to Fig. 5. The sanple data 51 - 21
shown in Fig. 5 is generated by using the demand prediction upper and
lower |imt values 4c shown in Fig. 4.. The sanple data 51 includes a
occurrence probability of each datafi%%nf which is derived on the 5

assunption thgt 1he_o ren 9&9%@ Ey ; I i.c; power demand
val ue, a stera:‘g%nOé}enrrgrrllplCE&E’:"UE3 g%d% C A%éeﬁaﬁrr@;é%n?e%nﬁe correspond to
Lhe val ues aprABSEiRedeSUng SR 2R JASRRCUY A e hE - sanpl €

data 51, the possible demand value I's divided 10 into three stages, a | ower

limt value, mgqenter frRl WmARd Ritaprerddifdes/ @l Wcdrdtafddial , it may be
divided into nore stages. As a result, the highest occurrence probability

0.216 takes prafpadinitthe RsRddhaathe tehd deimin iy ediGhicnoroftHehe
el ectric power, the streamand the chilled water are 353 kJ/s, 249 kJ/s and

150 kJ/s,5 r espagigtdeny thite 1 eddurtrifcd e pibimalt iepercdt is@gn  pattern
will be described with reference to Fig. 6. 20 Then, the optinmal operation
pattern of eadreactonia patvean dendarde vaidieyalauet asin |ddranabtvailued aaldorg t he
flow of chilled water demand value correspond to the values as
described by 5al, 5a2 and 5a3, respectively. In the
sample data 51, the possible demand value is divided
10 into three stages, a lower limit value, a center value
and an upper limit value. In actual, it may be divided
into more stages.
As a result, the highest occurrence
probability 0.216 takes place in the case that the
15 demand predictions of the electric power, the stream
and the chilled water are 353 kJ/s, 249 kJ/s and 150
kdJ/s, respectively.
The obtention of the optimal operation
pattern will be described with reference to Fig. 6.
20 Then, the optimal operation pattern of each combination
of demand values will be obtained along the flow of
Fig. 6. Fig. 6 exemplarily shows the optimal operation
pattern 61 of each energy supply device generated on
the sample data. As shown in Fig. 5, the number of the
25 sample data units is 27, so 27 optimal operation
patterns are prepared. The left-end numbers of Fig. 6

correspond with the left-end ones of Fig. 5. It means

that the occurrence probabilities of Fig. 5 are common



Fig. 6. Fig. 6 exenplarily shows the optinmal operation pattern 61 of each
energy supply device generated on the sanple data. As shown in Fig. 5, the
nunber of the 25 sanple data units is 27, so 27 optinmal operation patterns
are prepared. The left-end nunbers of Fig. 6 correspond with the left-end
ones of Fig. 5. It neans that the occurrence probabilities of Fig. 5 are
comon - 22 to those of Fig. 6. The_n? hod of obtaining the optinal
operation pattern is executed by applyffig the technol ogy described in ITO

Koui chi and Y(KQ Syauhei ¢ " Oofyl il e Rl 20 9 5 GRggpenat i on”, pages 57
h) i P e

5 to 63, Sangyou-Tosho ( . The iTlustrate ata 1s ased on the

fol | owi ng. coniiyraal icqe:of: ddte \enardph SURBIICUS! 80 e Bhertale power s

generated by the gas turbine and the steamturbi'ne . The steami s

suppl i ed fronddmdasgy WdHdre vak and ite was hoi | ffa Bddrand is consumed

by the steamturbine ST and the absorption refrigerator AC. The remaining
steamis sumptdugcki,0 toi: isiganedaiming e dduddet water dagedrerel y
supplied by the absorption refrigerator AC. The cogeneration energy supply
facility showv ig8 ,Figandghdu -l SHonSUBE) )t he mreridyl s riase] ideegh bgd ow. That
is, the gas turbine GI generates a steamof 600 kJ/s (double) as a

bypr oduct whérmasdd prrodiee s @l eieny rdan foignera tdfon M) thk senelwey st ream
turbi ne ST consunes steam of 150 kJ/s (triple) when it produced an

el ectric powsurRsflsGYEE U/ s . THEhee ldwtorint immwverefis geremrt AC porides st eam

of
gas turbine GT and the steam turbine ST. The steam is

supplied from the gas turbine GT and the gas boiler GB
10 and is consumed by the steam turbine ST and the
absorption refrigerator AC. The remaining steam is
supplied to the steam demand. The chilled water is
merely supplied by the absorption refrigerator AC. The
cogeneration energy supply facility shown in Fig. 12
15 consumes the energy as described below. That is, the
gas turbine GT generates a steam of 600 kJ/s (double)
as a byproduct when it produces an electric power of
300 kJ/s. The stream turbine ST consumes steam of 150
kJ/s (triple) when it produced an electric power of 50
20 kJ/s. The absorption refrigerator AC consumes steam of
750 kd/s (quintuple) when it produces chilled water of
150 kJ/s.
In Fig. 5, the sample data of No.l includes
an electric power demand of 353 kJ/s, a steam demand of
25 249 kJ/s and a chilled water demand of 150 kJ/s. 1In
Fig. 6, the operation pattern of No.l generates steam
of 600 kJ/s when the gas turbine GT produces an

electric power of 300 kJ/s. The steam turbine ST



750 kJ/s (quintuple) when it produces chilled water of 150 kJ/s. In Fig.
5, the sanple data of No.1l includes an electric power demand of 353 kJ/s,
a steam demand of 25 249 kJ/s and a chilled water demand of 150 kJ/s. In
Fig. 6, the operation pattern of No.1l generates steam of 600 kJ/s when the
gas turbine GTI produces an electric power of 300 kJ/s. The steam turbine
ST - 23 consunes steam of 150 kJ/s ang t hereby produces an electric power
of 50 kJ/s. Since the electric power” 3mand i s 353 kJ/s, the shortage of 3

521{ fi ;Zr;tegrf,&%mccﬁ\gsgﬁrrsgs@geogmalo &%ﬁgiﬁ%}s&%ﬁ%by]&%%{e%hces chilled
vater of 150 deliyithg, A WPUALed WdE 580 NG, Fhue 000 kl's

and the steam consu e steam'turbine ption

refrigerator Rmdryy 420 3*5375&/% 904, ko r R )i shordapeEdgg 300

kJ/s. The gas boiler GBBis thus required to generate steamof 549 kJ/s in

response to dihe compripddemand Qfc 249 doltes andridesdide igream demand of
300 kJ/s. The steamturbine ST is adjusted to generate 15 an electric

power of 30 klbfriderdwstanadaimiet isteaddd 6 K ks 2418 ke ey an
el ectric power of 40 kJ/s when the steamdenmand is 265.4 kJ/s. If the

electric powarodyereey atteid Ind tweetegasoft Urdd rke7 /Sl artthe letesiveam tur bi ne ST
is not enough to the power denand, the

generated by the gas turbine GT is 600 kJ/s and the

steam consumed by the steam turbine ST and the

absorption refrigerator AC 1s 150 + 750 = 900 kJ/s.

10 Hence, the shortage is 300 kJ/s. The gas boiler GB is
thus required to generate steam of 549 kJ/s in response
to the steam demand of 249 kJ/s and the short steam
demand of 300 kJ/s.

The steam turbine ST is adjusted to generate

15 an electric power of 50 kJ/s if the steam demand is
232.6 kJ/s or 249 kJ/s or an electric power of 40 kJ/s
when the steam demand is 265.4 kJd/s. If the electric
power generated by the gas turbine GT and the steam
turbine ST is not enough to the power demand, the

20 shortage is fed from the commercial power.

Lastly, based on the 27 operation patterns
shown in Fig. 6, the process is executed to derive the
target operation pattern upper and lower limits 71
shown in Fig. 7. Fig. 7 exemplarily shows the upper

25 and lower limits of the target operation pattern. In
this example, the maximum value and the minimum value

of the operation pattern correspond to the upper limit

and the lower limit of the target operation pattern,



20 shortage is fed fromthe comercial power. Lastly, based on the 27
operation patterns shown in Fig. 6, the process is executed to derive the
target operation pattern upper and lower limts 71 shown in Fig. 7. Fig. 7
exenplarily shows the upper 25 and lower limts of the target operation
pattern. In this exanple, the maxi numvalue and the m ni nrum value of the
operation pattern correspond to the yp??r_linit and the lower Iimt of the
target operation pattern, - 24 respectfvely. In this exanple, the upper

limt and the 48 On}lél/’i}st lcfkn tha d fé:&%l%“ert‘ﬂé g{j?;p%ta:f]gﬁ_rn{lhé Ll & pqas

turbi ne are bot nce, 1t s understo e gas turbine

shoul d be operfjd alnan QUHE Glrde3Ubdidlisionl i R0 A Yhd ¢fdld ger ator

shoul d be operated in a narrow range of 149 to The steam “turbine

shoul d be openaifthd e @A i3M8 kHide nange, aft 4Q kY delicy and the gas
boil er should be also operated in a relatively wide range of 528 to 544

kJ/'s. 10 In genres ahe tdwes WuidiRetsen d e uhkefatdd ad ke lwgyud igF ts of
the target operation pattern depends on the following two factors. One

factor ism 300KT et waiie tEesdyppdomne fiieydrawyr Ishedlsl afe t he  denand
prediction and the other factor is a sensitivity 15 to a demand change of
the optinmal opErEttesh jpata evarrowisrandd dfe Idtdercstlddd f ridma tdteazonpari son
of the standard deviations of the basic statistics 4b, the steam demand
i s so vari ablteinthate tHhwuliditie ratamedred Her a relatively wide range
of 40 to 50 kJ/s and the gas boiler should be also
operated in a relatively wide range of 528 to 544 kJ/s.
10 In general, the width between the upper and
the lower limits of the target operation pattern
depends on the following two factors. One factor is a
width between the upper and the lower limits of the
demand prediction and the other factor is a sensitivity
15 to a demand change of the optimal operation pattern.
As will be understood from the comparison of the
standard deviations of the basic statistics 4b, the
steam demand is so variable that the width between the
upper and the lower limits of the steam demand
20 prediction is made relatively wide as indicated by the
upper and the lower limits 4c of the demand prediction.
The gas turbine and the gas boiler are assumed as the
steam supply source. If each optimal operation pattern
of the gas turbine and the gas boiler has the same
25 sensitivity to the demand change of the steam, the
width between the upper and the lower limits of the

target operation pattern of the gas turbine is

substantially equal to that of the gas boiler.



upper and the lower limts of the steam demand 20 prediction is nade
relatively wde as indicated by the wupper and the lower |imts 4c of the
dermand prediction. The gas turbine and the gas boiler are assuned as the
steam supply source. If each optimal operation pattern of the gas turbine
and the gas boiler has the sanme 25 sensitivity to the demand change of the
steam the wdth between the upper a the lower limts of the target
operation pattern of the gas turbine i substantially equal to that of the

gas boiler. - r,. t I |t t ratgi a rn upper
and Tover |1 HTRRE T R 5es AR it REREAGdSR PREYeBOLEEER The
|l ower limts ofyt I : ratsi fter t S i-ne +hS, zero,
while the upgglrd Eal%ﬁrietnlftho t%ﬁzlgég%{)l()cia]Q%r tt?lgr%%lek\] gg%n(?te;&%e ov%l% limt

thereof is 544, sndlheditfheenaaiefs e twWadih r Jeet weeR althenpat t ern upper
and lower limts takes place between the gas turbine and the gas boiler

resul ts frompathterdnaels et gbhe ttadihe Risnechas ahimel lkhezeppkrl0
sensitivity of the optinmal operation pattern to the steam demand change,

whi | e t he sgad ildid &f e @adsargd lesens Gi28 ./ sThingl $bit 1okvernflamiat i on is
quite significant to the safely and econom cal operation of the energy 15
supply facil itherdepft He @ddr &Jors.. TiThes @ritf fefr enrfeoifatthen widthbe obt ai ned
only if the systemof this invention displays the upper and lower limts
71 of the between the pattern upper and lower limits takes place

between the gas turbine and the gas boiler results from

the fact that the gas turbine has a small (zero)

10 sensitivity of the optimal operation pattern to the

steam demand change, while the gas boiler has a large

sensitivity.

This sort of information is quite significant
to the safely and economical operation of the energy

15 supply facility by the operator. The sort of
information can be obtained only if the system of this
invention displays the upper and lower limits 71 of the
target operation pattern shown in Fig. 7. It cannot be
obtained if the background art merely displays the

20 wupper and the lower limits of the demand prediction.

Then, the description will be oriented to the
function configuration of the operation support system
according to the second embodiment of the invention
with reference to Fig. 8. This operation support

25 system includes a target upper and lower limit setting
unit 81, which serves to determine the upper and the

lower limits of the target operation pattern so that

the integrated value of the probability density



target operation pattern shown in Fig. 7. It cannot be obtained if the
background art nerely displays the 20 upper and the lower |imts of the
demand prediction. Then, the description will be oriented to the function
configuration of the operation support system according to the second
enbodi nent of the invention wth reference to Fig. 8. This operation
support 25 systemincludes a target upper and lower limt setting unit 81,
whi ch serves to determ ne the upper and°the lower limts of the target

operation patf.ern.so t.hat . the jntegrated val ue of: .t r hlity density
- 26 distri lﬁiul’[St iBuriol is qiac teg%gal o ségCﬁF&grgp%o%%%Q1élt

_ on's de"e spéb@fi ( ( _ valde 84. The
action of thqlaqTQlor%%%on ﬁlép%]%rttio%%tfe@hesE?a‘g@%a't}oﬁ)%}xp%g‘é‘ I Is eCeglescrl bed

with reference exanpl es shown 1n € “demand

predi cting unido bl ;9€RMeS 190, 14ar inee RN G REE PG QR JPRES gad | ower
I emand pr ed“l

limt values 14 and 15 as well as a ction probability density

function 82, ahing LORWRONG F3 gd.h@ qecyrrence probabilities 5al, 5a2 and
5a3, 10 respectively. Then, the target operation pattern calculating unit

12 serves g0 derive a tledelenRPRl riedlctiaigt &mi tpriabakidvidsy tdensi ty
function 83 through the use of the demand prediction upper and lower limt

val ues 15 14 didvkd taed ddnande mard ipitd dine ippie rplaeidaliowidry 1dadsi ty function
82. The coordination of the operation pattern
values 14 and 15 as well as a demand prediction
probability density function 82, which correspond to
the occurrence probabilities 5al, 5a2 and 5a3,
10 respectively.

Then, the target operation pattern
calculating unit 12 serves to derive a target operation
pattern probability density function 83 through the use
of the demand prediction upper and lower limit values

15 14 and 15 and the demand prediction probability density
function 82. The coordination of the operation pattern
and the occurrence probability of the optimal operation
pattern 61 with respect to the gas boiler results in
producing the demand prediction probability density

20 function 91 of the target operation pattern of the gas
boiler shown in Fig. 9, which corresponds to the target
operation pattern probability density function 83 of
the gas boiler.

Next, the target upper and lower limits

25 setting unit 81 serves to derive the target operation
pattern upper and lower limits 16 and 17 through the
use of the target operation pattern probability density

function and the specified probability value 84. For



and t

he occurrence probability of the optinmal operation pattern 61 with
respect to the gas boiler results in producing the demand prediction
probability density 20 function 91 of the target operation pattern of the

gas boiler shown in Fig. 9, which corresponds to the target operation
pattern probability density function 83 of the gas boiler. Next, the
target upper and lower |imts 25 setti unit 81 serves to derive the
target operation pattern upper and T r-limts 16 and 17 through the use
of the targe erati atter I Lty cdensi funct i t he
specified pr E)tglgl% Ip?ltyf%\%aﬁquteth&ge&&?%%bﬁﬁt ﬁﬁs%%ﬁﬁ%g’sgé héil(agl&%tri ng unit 81

serves 10 91 gfuald %ndvhlerti e Wl Rl WRBLL G RIS 180, Naiguer 1imits

with the target operation pattern as a cen

arget operation

pattern corrgSReNEH0 parga tt R ReRK o8 patiher! a6l PRl epdattern

probability density distribution,

upper

the specified value. In turn, the description will be oriented to

for searching the wdth between the

and t heydqaweloddrition paMtiedh (R rdxipReianed widhieheC @e® ¢gs W th

10

t he

oper ati on 9f dHee tHaadio@! opeRelt iand dadweirnl ipfolabiddithi dendiityy 81 on the

assunption that the specified probability value 84 is 0.8,

W th an examjlstrdfoutlien, arfget seeercatingn that tedthp beltalsen tthe depsirt y

t hat

is,

80%

function 91 shown in Fig. 9. The target upper 15 and lower limt setting
unit 81 has @amdordhg daiwer limits in which the integrated value

coincides with the specified value.

In turn, the description will be oriented to

10 the operation of the target upper and lower limit

setting unit 81 on the assumption that the specif

probability value 84 is 0.8, that is, 80% with an

example of the target operation pattern probabili

S

iled

ty

density function 91 shown in Fig. 9. The target upper

15 and lower limit setting unit 81 has an original

function of setting the target operation pattern upper

and lower limits as to the gas turbine, the steam

turbine, the absorption refrigerator and the gas

boiler. Herein, as shown in Fig. 9, the gas boiler is

20 wused as an example. The same principle is applied to

the other devices rather than the gas boiler. At

first, the target upper and lower limits setting unit

81 determines the reference operation point. The

method of determining the point may be a method of

25 assuming the reference operation point as an average

value, a center value or a most frequent value.

In the

graph shown in Fig. 9, the average value = 528 x 0.04 +

530 X 0.04 + 533 X 0.12 + 535 X 0.12 + 538 X 0.04 + 540



function of setting the target operation pattern upper and lower limts as
to the gas turbine, the steam turbine, the absorption refrigerator and the
gas boiler. Herein, as shown in Fig. 9, the gas boiler is 20 used as an
exanple. The sane principle is applied to the other devices rather than
the gas boiler. At first, the target upper and lower limts setting unit
81 determ nes the reference operation int. The nethod of determ ning the
poi nt may be a method of 25 assuming t ref erence operation point as an

average Va'%eg B4CENEQL Yabug 0L 34805t f§§q¥e§&4vilgelz'ﬂ kpe, g@éx 0. 12

shown in Fig t he average val ue = 528 x 0.04 +

L3S % 01268838 wauRt =t (340 284)720-0848 oK Relfonc5a9 x 0,36 +
544 x 0.12 543, the center val ue = (528 554)/2 ="541, and the nost

frequent val ¥eequeh?. vHen@l B, sile feklkewnngthdesenipiiiag W Il be expanded
as assumng the reference 5 operation point as the nost frequent val ue 549

kJ/'s.  Her ealdegicr ibite opr @423s bes ekpatdiead a0 assyiiBY’ ithal e feweackhe upper
limt and the lower limt fromthe reference operation point in the plus

and the M nepetiatdon epdntWaen thiee mbetalf rebiuche padbebskot kegsl10 | ocat ed
bet ween the upper and the lower limts reaches 80% the upper and the
lower limts are searcHedeafiterf,i the, passesisngst kaectliedr éber ence operati on
point of 549 kJ/s is |located on the upper and the lower limts, the
probability isymoe3sicadilvhngyes thet uopgehldmgt phd the lower limit
from the reference operation point in the plus and the
minus directions. When the total of the probabilities
10 located between the upper and the lower limits reaches
80%, the upper and the lower limits are searched. At
first, assuming that the reference operation point of
549 kJ/s 1s located on the upper and the lower limits,
the probability is 0.36, which does not reach 0.8. TIf
15 the width between the upper and the lower limits is
widened like 1, +2, +3, 14, the probability is still
0.36. If the width is *5, the lower limit is 544 kJ/s
and the upper limit is 554 kJ/s. The probability of
the area between the upper and the lower limits is 0.12
20 + 0.36 + 0.12 = 0.5, which does not still reach 0.8.
If the width is widened into #14, the lower limit is
535 kJ/s and the upper limit is 563 kJ/s, in which the
probability of the area between the upper and the lower
limits is 0.12 + 0.12 + 0.04 + 0.04 + 0.12 + 0.36 +
25 0.12 = 0.80, which finally reaches the specified value
0.8. Hence, the target upper and lower limits setting

unit 81 determines that the target operation pattern

lower limit is 535 kJ/s and the upper limit is 563



15 the width between the upper and the lower limts is
3, 4, the probability is still 0.36. If the width is 5,
544 kJ/s and the upper limt is 554 kJ/s. The probabi l

w dened like 1, 2,

the lower Iimt
ty of the area

bet ween the upper and the lower limts is 0.12 20 + 0.36 + 0.12 = 0.5,
into 14, the | ower
limt is 535 kJ/s and the upper Iin1t2§s 563 kJ/s, in which the

whi ch does not still reach O. 8. If the width is w dened

probability of the area between the upper and the | ower

unit 81 det erd,ngfut AU £ ALl ORETAL itof RAJRIT or PMRTdriit IS 535

limts is 0.12 +

0.12 + 0.04 .04 + Q s12 = Wi f
the specifie J\C/)/a$ueh%%{?erl-'le%g%?u e tgLrlé(aett t}%pgélal\g@tlgc?\/\gfadﬂ&

r eaches

is

lTmts setting

kJ/s and the upper limt is 563 - 2 kJ/s. Further, thé upper limt

delimted by HAS ngdriBePy Yriebalfi 1934, kel Treft e ergigd

havi ng nonzero probability so that the range between the upper and the
lower |imts e tUppdrargrl teReNtWean 1imipad o tHeS tadlydto dpd-del/on After

t he upper and the lower limts of the target operation

determ nedy tgettergeils SHiertat iSHd pattsern di splaying unit 13 di splays the
values to the operator. 10 The application of the foregoing nmethod nakes

iRt ern

pattern are

is

it possible to adjust tAfecan dibe hgtpeeemnchehgpieweand inties lodwathd i mits of

the target operation pattern by adjusting the specified probability val ue.
In general, target operation pattern are determined, the target

operation pattern displaying unit 13 displays the

values to the operator.

10 The application of the foregoing method makes

it possible to adjust the width between the

upper and

the lower limits of the target operation pattern by

adjusting the specified probability value.

as a smaller specified probability is taken,

In general,

the width

15 between the upper and the lower limits of the target

operation pattern is made smaller, which brings about

an advantage that the target is so narrowed
be more understandable. On the other hand,

about a digadvantage that the difference of

that it may
it brings

the width

20 Dbetween the upper and the lower limits in each device

is obscure. On the other hand, as a larger

specified

probability value is taken, the width between the upper

and the lower limits of the target operation pattern is

likely to be larger, which brings about a disadvantage

25 that the target is so obscure that it cannot be easily

grasped. On the other hand, it bring about

an

advantage that the difference of the width between the

upper and the lower limits in each device is so clear.



as a smaller specified probability is taken, the width 15 between the upper
and the lower limts of the target operation pattern is nmade smaller,
whi ch brings about an advantage that the target is so narrowed that it may
be nore understandable. On the other hand, it brings about a disadvantage
that the difference of the width 20 between the upper and the lower limts
in each device is obscure. On the other hand, as a | arger specified
probability value is taken, the w dth Hetween the upper and the | ower
limts of the targe erati attern_is. likel .Q_be | arger, which
%or.é%a%$§h,adg %%ef@g@%pﬁe show 1hYFE %, 3

brings about "a“disa e targé& s “$6 ‘ob<cur € that it cannot

be easily grQ%%%QFﬁgna;gshgb%e&JU%n%f E%egéggg§%. #%ggﬁga%gM%ptage t hat

the differencé o betweén the U we imts in each

device i s sOGpgAr .« i i ig. 6, the
orobabi |1ty i 360 50 Fg, E?ﬁ’eq‘égglﬁ”r SHR et %6%&%33{& at how

l'argely the spacid e MoRakidhddy vl WY ke assUMRRe ! N8 iRREr and the
lower limts 5 are both kept in 300 kJ/S. On the other hand, in the gas

boiler, the wird horel weer tike 3P /aNd ke theWlthdd Hahn®,| SnRde W der
according to a larger specified probability value. As will be understood

fromthis exayyy &oider]0 thar gadtdpeeithieeth phebalpiddrt \wndlukhe rnegrr es the
gas turbine to be operated in 300 kJ/s, while the gas boiler does not
need to stri dtilmitcons dede e depeaiddoadling to a larger specified
probability value.
As will be understood from this example, a
10 larger specified probability value requires the gas
turbine to be operated in 300 kJ/s, while the gas
boiler does not need to strictly consider the specified
probability value. Roughly speaking, it is requested
that a beginner operator assume a smaller specified
15 probability value for making the target more obvious,
while a skilled operator assume a larger value for
grasping a target reliability.
The description will be oriented to the
three-dimensional representation on the target
20 operation pattern displaying unit 13 in which a time, a
target operation pattern and a target operation pattern
probability density distribution are assigned to three
axes with reference to Fig. 10. As shown, the target
operation pattern displaying unit 13 outputs a three-
25 dimensional representation in which the X axis
corresponds with the time, the Y axis corresponds with

the target operation pattern for the peak of the target

operation pattern probability density distribution, and



probability value. Roughly speaking, it is requested that a beginner
operator assune a snaller specified 15 probability value for naking the
target nore obvious, while a skilled operator assunme a | arger value for
grasping a target reliability. The description will be oriented to the

t hree-di nensi onal representation on the target 20 operation pattern
displaying unit 13 in which a tine, a target operation pattern and a
target operation pattern probability #¥ensity distribution are assigned to

three axes with reference to Fig. 1Q. shown, the target operation
pattern di splt&f ﬁgaﬁﬁﬁtcf§qﬁﬁﬂ&ﬁa§ XlFﬁ$§QEQ§a&Pﬁ§n§Fﬁﬁ§%1F5bresentation in
whi ch the X axi corre nds wth the tine, .t.he Y axi.s corresponds with
the tar got oRBI-SaRoh EpOHRGAT 18t GBS ea i S THHE « o ide Y58 28 on pat t or n
probability it yesdi Stri buti - 3L _t axi.s [t onds with the
t ar get operagﬁg%eﬁéﬁﬁé&ﬁ&O%%&b%%ﬁﬁ%%}%&@%éﬁf&q%ﬁ%?tﬁghFE%ﬁFgﬁgyg% of

three-dinens%&yyg cq%B&?ng%%k%%& kes jhle RESHPl. %ebgﬁﬁ%é@ early present

the tine shift of the operation pattern proba ty density

di stri butizon otp%raFt*l%nO%%rt%tlen o dain 1 b SedeI ¢ RliiseR iMddi ety iented to
the function Configuration of the operation suppdort systemaccording to a
third enbodi met Rferzhel0 i nvention. This operation support systemis
characterized to have an alarmng unit 111 in addition

In turn, the description will be oriented to
the function configuration of the operation support
system according to a third embodiment of the

10 invention. This operation support system is
characterized to have an alarming unit 111 in addition
to the operation support system shown in Fig. 1. The
alarming unit 111 compares the target operation pattern
upper limit 16, the target operation pattern lower

15 1limit 17 and the current operation pattern 112 with one
another and outputs an alarm if the current operation
pattern departs from the target operation pattern upper
and lower limits. The constantly checking of the
proper fitting of the actual operation pattern in the

20 range between the target operation pattern upper and
lower limits is a dull work for a skilled operator
having a deep knowledge of the optimal operation. The
use of the alarming unit 111 allows the skilled
operator to be released from the dull constant checking

25 work.

It should be further understood by those
skilled in the art that the foregoing description has

been made on embodiments of the invention and that



to the operation support systemshown in Fig. 1. The alarmng unit 111
conpares the target operation pattern wupper limt 16, the target operation
pattern lower 15 limt 17 and the current operation pattern 112 with one
anot her and outputs an alarmif the current operation pattern departs from
the target operation pattern upper and lower limts. The constantly
checking of the proper fitting of the actual operation pattern in the 20
range between the target operation pat ern upper and lower limts is a

dull work for_a.skilled operat vi.ng .a deep know ed of the optim
operation. THETIISE & aﬂ?%salaéﬁdn}?glaﬁﬁﬁc{%‘wsaln}aé’m%et ﬁ?%gaxﬂq &d*© oper at or
to be rel eas I he .dul | . const ant. checkin 25 wor.k. | houl d be
further unde?Lglt\'Jcoeéﬁdl'q]t():’;l S’ﬁ%;}léjutsck&?eﬁaer Y the ar het AF U eql‘ftort 0i ng
description hag,eReen gggp i of i nventl. and that - 32
vari ous changes eang nmodi T ctgltrél %’%%%ay%ﬁét%ﬁaﬁgt%%%dteﬁe%qiaﬁ\%%ﬁti on w t hout
departing fromthe spirit of the invention and the scope of the appended
claims. - 33 - WHAT IS CLAIMED IS: 1. An operation support system of an
energy supply facility having a plurality of energy forns, conprising:
demand predicting means for deriving demand prediction upper and | ower
limts of each energy form



target operation pattern cal culating neans for deriving target operation
pattern upper and lower |imts corresponding with each energy form based
on said demand prediction upper and lower limts; and target operation
pattern displaying unit for displaying said target operation pattern upper
and lower [imts. 2. An operation support system of an energy supply
facility having a plurality of energy forns, conprising: demand predicting
nmeans for deriving a demand predictTd¥3pTobabiIity density distribution of

each energy t peration pattern cal culating neans for deriving
a target opeV&@ﬁggspgégg&ﬁ%pﬁgbabiIity di stribution corresponding with

each energy Eorn1based§Pp§ %Qggi%%nggg %&%dg&ékggygﬁgg%bgﬂe égfensity

distribution; ‘and targ eration ern neans di spl ayi ng
sai d target Qpeiall ¢a-RaLl 1AR2RI Hi1Y-a19€9SiotEy i%?ézi atd@n. 3. An
operation suppgékygysfenlagrcag?ngggi? p 34 |&Iﬂ%§e rther conprising

t ar get uppercgﬁgrggwgb: limts setting neans for setting upper and | ower

limts of said target operation pattern so that an integrated value of
said target operation pridheun pRleehaRiihigt YiederRsirly dliettikiiblt iqmabet ween t he

upper and the | ower

prediction upper and lower limits of each energy form;

target operation pattern calculating means
for deriving target operation pattern upper and lower
limits corresponding with each energy form based on
said demand prediction upper and lower limits; and

target operation pattern displaying unit for
displaying sald target operation pattern upper and
lower limits.
2. An operation support system of an energy
supply facility having a plurality of energy forms,
comprising:

demand predicting means for deriving a demand
prediction probability density distribution of each
energy form;

target operation pattern calculating means
for deriving a target operation pattern probability
distribution corresponding with each energy form based
on sald demand prediction probability density
distribution; and

target operation pattern displaying means for
displaying said target operation pattern probability
density distribution.

3. An operation support system as claimed in



limts of said target operation pattern may becone a specified value. 4.
An operation support systemas clained in claim2, wherein said target
operation pattern displaying neans outputs a three-di nensional
representation in which a tinme, the target operation pattern correspondi ng
with a peak of said target operation pattern probability density
distribution, and said target operation pattern probability density
distribution are assigned to three axe3? 5. An operation support system as

stribution are assigned axest 5 A n suppor
al arm 11t he SAGUTbi® o SRt SRR Ho it s EHoT RS et neen the
upper and { hq L ouer JAupits, ol 8811 Q8L APRLALONPALIEIL 1§y AL
operation support systemas clalnmed’1n clal , ur er conprising

al armng means (ol d SR AR A o d AL BDELALL AR AR 1

departs from the range bet e upper and the lTower IIrmts of said

target operatjQmddft &N.a LaryeORY A GBS Idrs YRS i@al ned in
claim3, further conprising allarm ng neans for issuing an alarmif the

actual oper ?tde(?x@iﬁ?t gt rderatilch dfee3®hd Rpgangadaeanwdie upper and
the lower limts o said target operation pattern. 8. An operation support

system as cl diifds Bf Gadidnthrdedt iR 0am igHtteral aay tedkans for
I SSul ng
specified value.
4. An operation support system as claimed in
claim 2, wherein said target operation pattern
displaying means outputs a three-dimensional
representation in which a time, the target operation
pattern corresponding with a peak of said target
operation pattern probability density distribution, and
saild target operation pattern probability density
distribution are assigned to three axes.
5. An operation support system as claimed in
claim 1, further comprising alarming means for issuing
an alarm if the actual operation pattern departs from
the range between the upper and the lower limits of
said target operation pattern.
6. An operation support system as claimed in
claim 2, further comprising alarming means for issuing
an alarm if the actual operation pattern departs from
the range between the upper and the lower limits of
said target operation pattern.
7. An operation support system as claimed in
claim 3, further comprising alarming means for issuing

an alarm if the actual operation pattern departs from



an alarmif the actual operation pattern departs from the range between
the upper and the lower limts of said target operation pattern

- 35 -

the range between the upper and the lower limits of
said target operation pattern.

8. An operation support system as claimed in
claim 4, further comprising alarming means for issuing
an alarm if the actual operation pattern departs from
the range between the upper and the lower limits of

said target operation pattern.



