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Technical Field
Embodiments of this invention relates to a thermal

10 recycling plant systeﬁ for use in controlling air-
conditioning in buildings, factories and apartments, an
apparatus for controlling a thermal recycling plant,
and a method of controlling a thermal recycling plant.

Background Art

15 In recent years, people have become more conscious
of the conservation of the global environment, now
demanding that the energy consumption should be
reduced. The demand for energy saving is growing.
People now request that energy saving legislation

20 should be revised and that conformance to standards
such as ISO 50001 should be stipulated. Attention is
therefore being paid to techniques that can reduce
energy consumption in comparatively large facilities,
such as buildings and factories.

25 A large part of the energy consumed in a facility
is used in the air-conditioning system. In some
buildings, the air-conditioning system is responsible
for half the total energy consumed. Hence, if the
energy consumed by the air-conditioning system is

30 decreased, energy will be effectively saved in the



is used in the air-conditioning system In some buildings, the
air-conditioning systemis responsible for half the total energy consuned.
Hence, if the energy consuned by the air-conditioning systemis

30decr eased,

energy will be effectively saved in the 2 building. In

Vi ew

of this, various techni ques have been proposed, which efficiently operate
the system (hereinafter called the "therm&al recycling plant”) that re
thermal generated in the building, thereby 5raising energy efficiency
Prior Art Docunents Pat. Doc. 1: Japanese Patent No. 4166051 Pat. Doc
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10Summary of the Invention Technical Problem In the existing

t echni que, thebeent pobpvakde wbtichoemifniciene lyhepemerrgy tbhensyspeinon i s
calculated fromthe evaluation function based on the specification or
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Summary of the Invention

Technical Problem

In the existing technique, the_control value set
to minimize the energy consumption is calculated from
the evaluation function based on the specification oxr
operating history of the air-conditioning system. More
specifically, the thermal recycling plant is studied as
a group of controlled objects, and an optimization
based on a modeling technique is performed, thereby
calculating the target control values for the
respective control objects. In this method, however,
the specification or operating states of all components
constituting the thermal recycling plant cannot always
be taken into consideration. The operating state of
the thermal recycling plant depends also on the
environmental conditions, such as temperature and
humidity. Inevitably, the modeling of the system is

limited. Consequently, there may be discrepancy

cycl es
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and an



the specification or operating states of all conponents constituting the
thermal recycling plant cannot al ways be taken into consideration. The

operating state of

the thermal recycling plant depends al so on the

25envi ronnental conditions, such as tenperature and humdity. I|nevitably,
the nodeling of the systemis |imted. Consequently, there may be

di screpancy 3 between the control based 6n cal cul ati on and the act ual
operation of the system Assune that, by a calculation for mnimze the

ener gy consunption,

a tenperature (hereinafter referred 5to as the "preset

cool ant tenperatuweéni sheeconneatledasalii ch tslbugheiohhandt hiee oadtnaty

val ue for the coolant tenperature optinal at, for exanple, the output of a
col d/ heat sourcpeappacata$. thé shetpmeset tenperature is increased, the
power to the conpressor for cooling 10t he cool ant can be reduced,
ultimately to decredseumheténsrgpyconsamedlbhivrhefosl diheat zsothee

apparatus. In this

respect, the decrease of the preset tenperature is

theoretical |y 889AAYagedEsIPHoRBver, tERRSEDBBIFAg (RapabrRftyr wefeBERFease,

because ghe teggeggt

ure ;5differenc§ bet ween the cogl ant and the any obj ect
the “preset coolant temperature” is recommended;

which is higher than the ordinary value for the coolant

temperature optimal at, for example, the output of a

cold/heat source apparatus. If the preset temperature

is increased, the power to the compressor for cooling

10 the coolant can be reduced, ultimately to decrease the

energy consumed in the cold/heat source apparatus. In

this respect, the decrease of the preset temperature is

theoretically advantageous. However, the cooling

capability will decrease, because the temperature

15 difference between the coolant and the any object

cooled. As a result, the outdoor air-conditioning unit

will have but inadequate dehumidifying capability, and

a feedback that lowers the humidity will increase,

possibly increasing the energy consumption in some

20 cases.

Used as an index for evaluating the operating

state of the thermal recycling plant is the coolant

bypass flow rate. The coolant bypass flow rate is an

amount in which the coolant flows per unit time flows

25 (or is bypassed) from the outlet port of the chiller

recycling thermal from the coolant, to the outlet port

of the chiller. This flow rate remains sufficiently



cooled. As a result, the outdoor air-conditioning unit will have but
i nadequat e dehumi di fyi ng capability, and a feedback that |owers the
hum dity will increase, possibly increasing the energy consunption in sone
20cases. Used as an index for evaluating the operating state of the
thermal recycling plant is the cool ant bypass flow rate. The cool ant bypass
flowrate is an anobunt in which the coolaaAt flows per unit tinme flows 25(or
is bypassed) fromthe outlet port of the chiller recycling thermal fromthe
coolant, to the outlet port of the chiller. This flow rate remains
sufficiently ®idih ohsasoh@ngs ashé hehthidt eiahasusifdiententocholg ng
capability. The cool ant bypass flow rate, however, lowers if the |oad (for
exanpl e, outdoocspabiitondi tToai agolamt bypassoblowi ratondieweveihg unit)
must 5operate to achieve cooling. In this case, the standby col d/ heat
sour ce appar atlevwéss atfi Vae etodef bFer t pampbt antubypass2¥fow rate falls
bel ow a preset value. Thus, the control may be inappropriately perfornmned,
in sonme cases,C@@@SFbP?lF%CV@hgi%@'%%@O@ﬁe@b?“%%%§hﬁiﬁmb%g1®WthH%u?%ernal
recycling plant in its actual operatjon, in_spite of the target_ cantrol

I e

val ues cal cul aPRETRBF FRe?FREPEEt FOR EBft r of " obj &Rt S25An obf ett®8t-Y hi s
i ti ist id th | i t f i
i nvention is O%Pﬁg¥%?§i%?ﬁﬁgén$ recygling g%ﬁgg%?gé gg}gggapgf of saving

15 energy, whif rmal "t ecyc ant in norrmal operating

state, an appagggggngog BQQEVQ#E&”QafetFEEQE'bé?&%céiSQeQ%?néalégﬁ a met hod
of controlling a thernmaf“recycliing plrant. Solution to Problem

Thus, the control may be inappropriately performed, in
some cases, possibly increasing the energy consumption

10 in the thermal recycling plant in its actual operation,
in spite of the target control values calculated for
the respective control objects.

An object of this invention is to provide a.

thermal recycling plant system capable of saving

15 energy, while maintaining a thermal recycling plant in
normal operating state, an apparatus for controlling a
thermal recycling plant, and a method of controlling a
thermal recycling plant.
Solution to Problem

20 A control apparatus according to an embodiment
controls a thermal recycling plant that circulates the
coolant cooled by a cooling apparatus consuming energy,
thereby recycling thermal from a load apparatus. The
control apparatus comprises a calculating unit and a

25 monitoring unit. The calculating unit calculates, by

means of optimization, an optimal temperature that is

optimal for the coolant for minimizing energy



20A control apparatus according to an enbodi nent controls a thernal
recycllng pl ant that circul ates the coolant cool ed by a cool ing apparat us
consum ng energy, thereby recycling thermal froma | oad apparatus. The
control apparatus conprises a calculating unit and a 25 nonitoring unit.
The cal cul ating unit cal cul ates, by neans of optim zation, an opti nal
tenperature that is optinmal for the coolaht for nmininzing energy 5
consunption under given conditions. The nonitoring unit nonitors an
operating state of the | oad apparatus, thereby to determ ne whether an
abnormal ity extsthsunptide hoder appaeat asndlficeme. nn%h@cm@ﬁ&FQﬁﬁﬂgdeternlnes
S5that an abnormality exists, it controls the cooling apparatus, cau5|ng t he
sane to cool theitoobahtors antepperbingestaverof haret @mﬁ?@ﬁﬂa us,
tenperature cal cul ated. Brief Description of Drawi ngs 10FIG 1 is, a block
dlagran1shomnn§h9ﬁ°@Xeh9I@??e¥%E@ﬁBWh?E%?EI?%g@?@%ﬁﬁallty exighnin s a
systen1d|agranlshomﬁn an exenpl ary_thermal recycling £5€q§ control system
K

accordi ng to ahPenbsd n%ﬂ?arﬁﬁﬁf(i 3L hg Pomtteoha? B %ﬁ%ﬁﬂ%ﬁﬁ%f t he

| | ant contr ol 10. FIG 2. FIG 4 di
how ng. 3n exerBFar 57 SEPBBRTAR: bl Bt ShBvi ke 30" T 8pt apds cdolfnd CagTam

gggklgygs a d'§9p§95§98Y‘99u§98éh€ﬁee§§HQ'ééycggfcﬁﬁéncégfaﬁyt@@tadeV'Ce 30

temperature lower than the optimal temperature
calculated.
Brief Description of Drawings
10 FIG. 1 is a block diagram showing an exemplary
thermal recycling plant;

FIG. 2 is a system diagram showing an exemplary
thermal recycling plant control system according to an
embodiment;

15 FIG. 3 is a functional block diagram of the
exemplary plant control apparatus 10 shown in FIG; 2;

FIG. 4 is a diagram showing an exemplary screen an
output device 30 displays;

FIG. 5 is a diagram showing another exemplary

20 screen the output device 30 displays:;

FIG. 6 is a flowchart showing an exemplary process
sequence the plant control apparatus 10 may perform;

FIG. 7 is a flowchart showing an exemplary process
sequence of calculating an optimal preset coolant

25 temperature;
FIG. 8 is a diagram showing a further exemplary

screen that the output device 30 displays;



FIG 6 is a flowhart show ng an exenplary process sequence the plant

control apparatus 10 may perform FIG 7 is a flowhart showi ng an
exenpl ary process sequence of calculating an optinmal preset cool ant
25t enper at ur e; FIG 8 is a diagram showi ng a further exenplary

screen that the output device 30 displays; 6 FIG 9 is a diagram show ng
an exenpl ary preset cool ant tenperature upper linmt table 15a; FIG 10 is a
fl omchart showi ng an exenpl ary process sequence a systemnonitoring unit 13

may aperform FIG 11 is a flowhart showing, in detail, a process
sequence a cool i ng €apabPl ityandnagoamnghaninglda euyupéafprprefeG 12 is a
flowchart showing, in detail, a 10process sequence a bypass flow rate

moni toring uni £028pnFmyepeefaFnre upper HGti18absealbonchart showing an
eXenpl ary Process SogUengE & C gy R L R o e s S "k kemp Ny PErform
process sequence a system monitoring unit 13 may
5. perform;

FIG. 11 is a flowchart showing, in detail, a
process sequence a cooling capability monitoring unit
13a may perform}

FIG. 12 is a flowchart showing, in detail, a

10 process sequence a bypass flow rate monitoring unit 13b
may perform;

FIG. 13 is a flowchart showing an exemplary
process sequence a communication process unit 14 may.
perform;

15 FIG. 14 is a diagram showing exemplary parameters
15b for calculating the optimal coolant temperature;

FIG. 15 is a table showing exemplary calculated
optimal coolant temperatures, arranged in time series;

FIG. 16 is a graph showing how values change for a

20 _ specific time including the period shown in FIG. 15;
and

FIG. 17 is a system diagram showing an exemplary
thermal recycling plant control system according to
another embodiment.

25 Description of Embodiments

FIG. 1 is a block diagram showing an exemplary

thermal recycling plant. The embodiment describes an



15FI G 14 is a diagram showi ng exenpl ary paraneters 15b for cal culating the
opti mal cool ant tenperature; FIG 15 is a table show ng exenpl ary
cal cul ated optimal cool ant tenperatures, arranged in tinme series; FIG 16
is a graph showi ng how val ues change for a 20specific tinme including the

period showmn in FIG 15; and FIG 17 is a system di agram show ng an
exenpl ary thermal recycling plant control 7system accordi ng to anot her
enbodi ment. 25Description of Enbodi nents FIG 1 is a block diagram

showi ng an exenplary thermal recycling plant. The enbodi nent describes an
7 exanpl e of aczgmpée that esmateonthat che tbetnal tkeychémgapl ant of FIG
1. In .FIG 1, the arrows indicate the directions in which coolant (for
exanpl e, wat er yetyvewsngThéasbobantIfecyel esnthéFmal, f ot arsphsiral ity of
cool ant | oad apparatuses 500, flows through a pipe system and reaches
col d/ heat souréedapphratiisedi100tiqhe EBoVARED| 6adlabppar BPLise%2BROSar e
conponents to be_cool househol d air-condi ti oners, gure wat er

%g, i ncludin i
producers and Bat@bor LaPFS - 10EBRAFPPHAThgr RV ELSS thermal from
5 plurality of coolant load apparatuses 500, flows

through a pipe system and reaches cold/heat source
apparatuses 100. The coolant load apparatuses 500 are
components to be cooled, including household air-
conditioners, pure water producers and outdoor air-

10 conditioning_units.

The outdoor air-conditioning unit is an apparatus
configured to process outdoor air (fresh air) to be
supplied to rooms. The outdoor air-conditioning unit
consumes electric power to adjust the temperature and

15 humidity of the air taken from outside. A parameter
important to the outdoor air-conditioning unit is the
air supply dew point. The air supply dew point must be
appropriately controlled in order to prevent
condensation in the air-conditioning ducts.

20 Each cold/heat source apparatus 100 is a cooling
apparatus, also known as a “chiller”. It cools the
coolant on, for example, the principle of the heat
pump. The thermal recycled from the coolant is
transferred to a heat radiating system (not shown), and

25 is ultimately radiated outside the building, by the
dump heat exchanger or radiator mounted on the roof.

Some of the cold/heat source apparatuses 100 are driven



The outdoor air-conditioning unit is an apparatus configured to process
outdodr air (fresh air) to be supplied to roons. The out door
air-conditioning unit consunes electric power to adjust the tenperature and
15hum dity of the air taken fromoutside. A paranmeter inportant to the
outdoor air-conditioning unit is the air supply dew point. The air supply
dew point nust be appropriately controlle@ in order to prevent condensation
in the air-conditioning ducts. 20Each col d/ heat source apparatus 100 is a
cool ing apparatus, also known as a "chiller”. It cools the coolant on, for
exanpl e, the ptoncepielef thhemhkat Powpmaidheshbetduberdcyeeérddépondshe
coolant is transferred to a heat radiating system (not shown), and 25 is
ultimately radpatedvonushdeheheabuntdinge bycyhecdunplheacoesiéhanager or

radi ator nounted on the roof. Sone of the cold/ heat source apparatuses 100
are driven 8 BBUFEByaPRArAbYAaF. LEBWCRBAYTSHBUFY BRSHFYvenlBePEARBE on how
much thermal nust be recgcled._The coLd/hEat source aggaratéses 100 consune
mich energy. | hofa&F EB°5IVe thetgyt FECFSrEnBFEPBre hetBsSatV®t8°drive as
5f ew col d/ heat _sourc aratuses 100 as_possible~.to_achieyv esirabl e
air-cond?tioniﬁaw CO?d?R%ﬁé 88%FF%ga?ﬁﬁE??Bﬁe8fH?%eafh ?ﬁg B%%c?@ling pl ant
depends nainIyagﬂiggghdgQ§r§§?éa€%rL8§ﬁggggg e,and the coolant flow rate.

| f the cool ant tenperature w, e coolant flow rate can be small to

attain a desirable %ﬂg'EealﬁHnghﬁetisgng%r%ﬁgythgzmgmerge9b@@hgtenperature
is high, the coolant flow raté nust be large to attain the same cooling

function. The pernr"HkpunhatRaidsgdohenrerAeans ebbhentt bempapuptiref the
15cool ant flow ng per unit tine in the thermal recycling plant, or the

amount of the aadl aat Ebonang pedbwunateti MEfi théheobypasstembesatarbecause
the flowrate in the bypass directly reflects the rate at which the cool ant
flows i b0t he emnsi Lewpl ahk. coolant flow rate can be small to attain a
desirable cooling function. Conversely, 1if the coolant
temperature is high, the coolant flow rate must be
large to attain the same cooling function. The term
“flow rate” used here means either the amount of the
15 coolant flowing per unit time in the thermal recycling
plant, or the amount of the coolant flowing per unit
time in the bypass. This is because the flow rate in
the bypass directly reflects the rate at which the
coolant flows in the entire plant.
20 In the existing technique, a feedback is applied
to set raise the coolant temperature in order to save
energy. The coolant flow rate inevitably falls too
much. As a result, additional cold/heat source
apparatuses 100 are driven, ultimately increasing the
25 energy consumption and hence the running cost of the

thermal recycling plant. In view of this, the

embodiment is configured to apply a feedback in a



20In the existing technique, a feedback is applied to set raise the cool ant
tenperfature in order to save energy. The coolant flowrate inevitably falls
too nuch. As a result, additional col d/ heat source apparatuses 100 are
driven, ultimately increasing the 25energy consunption and hence the
runni ng cost of the thermal recycling plant. In view of this, the

enbodi ment is configured to apply a feedbd&ck in a 9 specific way, thereby
driving col d/ heat source apparatuses 100 in a m ni mum nunber, while

mai ntai ning a sufficient cooling capability and achi eving energy saving, as
wi Il be expl ai seechifow. wsiNeetthessbyodsayingutbildibaetceobirng capability may
not be attained even if the coolant tenperature is reduced as nmuch as
possi bl e. In thppacasuseaddlPi onak mohdnhmanusbarcewhppar BeE5E8120DINUSt be
activated. This enbodi nent does not exclude such an operation of 10the

t hermal recycl Bn§uplfartenthapolsndt RererbodiireAndi 3CHeSVgREdENE E8ntrol the
pl ant in accordance with not only the coola ﬁ tenperature, but also the
cool ant flow r &fE 1 Bher8bY t6 QECSﬁBPPéﬂeQnB gY-saving. In order to

circulate the cool ant tween the 15col d/ heat  source apparatuses. 1 on
the one Eand, and tﬁge%ESFSnFO|8§§'aﬁﬁ atasas 588?185 Fﬁ&a%%§é§Y %ggrinary

punp 700 is prayided gt the bnpyls of the coldlheat -agurce,appacatuses 100,

and a secondary punp € out puts of the col at source appar at uses

20100. Furtherre@u&%hnggymBEﬁdgé gggs§BQe@ S?ﬁoeg§5ycase, additional
cold/heat source apparatuses 100 must be activated.
This embodiment does not exclude such an operation of
10 the thermal recycling plant. That is, the embodiment
is designed to control the plant in accordance with not
only the coolant temperature, but also the coolant flow
rate, thereby to accomplish energy saving.
In order to circulate the cooclant between the
15 cold/heat source apparatuses 100, on the one hand, and
the coolant load apparatuses 500, on the other, a
primary pump 700 is provided at the inputs of the
cold/heat source apparatuses 100, and a secondary pump
300 at the outputs of the cold/heat source apparatuses
20 100. Further, a primary header 200 and a secondary
header 400 are provided at the input port and output
port of a secondary pump 300, respectively. Thus, the
pipes areiefficiently arranged.
Moreover, a return header 600 is provided on a
25 path extending from the coolant load apparatuses 500 to
the primary pump 700. A coolant bypass route 800

extends from the primary header 200 to the return



header 400 are provided at the input port and output port of a secondary
punp 300, respectively. Thus, the pipes are efficiently arranged. Moreover,
a return header 600 is provided on a 25path extending fromthe cool ant | oad
apparatuses 500 to the primary punp 700. A cool ant bypass route 800 extends
fromthe primary header 200 to the return 10 header 600. In the bypass
route 800, part of the coolant flows (cirkulates), returning to the
col d/ heat source apparatuses 100, without flow ng through the cool ant | oad
apparatuses 500. The flow rate of the 5coolant flowing in the bypass route
800 is a baronktedethadOi ndicates byeassmrgontef 8¢0opl pagt capabheéity of the
cooling system If the coolant flow rate decreases, the standby col d/ heat
source appar at asesank| flpes activareates hevietbtying tacteasecthéhpaner

10consunpti on. FIG 2 is a sgsten1diagranlshpmjng an exenpl ary
t hermal recycl FRAGL PF aPPPRBREFOES sY4P ent HEROR I AgOYBNEhEL EABOYI Hedt .~ As

showmn in FIG 2, device/sensor groups 61 fo 6p as_controlled ob%ects
i ncl ude coId/h%%?liﬁﬁr%%aQS%BB%F%FE§%§_igoteng%?afh?%'E%ﬁ%o?g Bhef|ow rate

sensors 3, outdoor ajr-conditioni nit 4 and pu 5,and so_on.. The
ol d/ heat sour C8 bBRhr FRERT 1 T nETERYERS® cbr A head®sbar Se aBHAY & hises 100
shown in FIG 4y, The LeODELAULE REPSPRSoE BbE11LQ" cEEFPL Bty of the
cooling system. If the coolant flow rate decreases,
the standby cold/heat source apparatuses will be
activated, inevitably to increase the power
10 consumption.

FIG. 2 is a system diagram showing an exemplary
thermal recycling plant control system according to the
embodiment. As shown in FIG. 2, device/sensor groups
61 to 6p as controlled objects include cold/heat source

15 apparatuses 1, temperaturé sensors 2, flow rate sensors
3, outdoor air-conditioning unit 4 and pumps 5 and so
on. The cold/heat source apparatuses 1 include the
cold/heat source apparatuses 100 shown in FIG. 1.

The temperature sensors 2 are, for example,

20 sensors configured to measure the temperature and
humidity outside the outdoor air—conditioning units 4.
The temperature sensors 2 measure also the air supply
dew points at the cold/heat source apparatuses 1 and
outdoor air-conditioning units 4. The flow rate

25 sensors 3 measure the rates at which the coolant flows
in the pipe system, particularly the rate at which the

coolant flows in the bypass route 800.



20sensors configured to neasure the tenperature and hunmdity outside the
out door air-conditioning units 4. The tenperature sensors 2 neasure al so
the air supply dew points at the col d/ heat source apparatuses 1 and out door
air-conditioning units 4. The flowrate 25 sensors 3 neasure the rates at
whi ch the coolant flows in the pipe system particularly the rate at which
the coolant flows in the bypass route 800l1 11 Device/ sensor groups 61 to
6p are controlled by control devices al to 5p, respectively. Control
devices 51 to Sp are connected to, for exanple, a nonitoring device 41.

Moni toring device i BevastdskadoBopreaph fFlobr 6P, afer cexamplésdabpui | di ng.
Hence, in nost cases, several nonitoring devices (41 to 4n) are used in the
bui | di ng. Eachcenttoht fevidedi eést815po 5PSPaAELVOAE- at CPpBSIPLons very
close to the conponents it controls. Each control device gives contro
commands 10t o ERAB1EBFdPheaf SBuprEe appArat@desol, fout 838RPALr-2conditi oni ng
units 4, punps 5, .etc., and acquires sensor data fromthe tenperatyre
sensors 2 and FPOw PAtBIsBRYELFS 31-etHonThBTYaPad EUER A4S fﬂgp@gﬁﬁas and

operating states lband_preset .values acquired_at, .fqr_exanple, the_ data
cbaquisi thon poti SrH GLoEEePConser gRatH Ba = huidfialt ahr i ontP o

device 51 and fhen Leansm Lied, Lo 4BRLLOLEAY dEVCes4La) NPOI LAY i ng. devi ce

41 stores the data recelve rO_m contro an I nterna
20dat abase (nofss8RovR) thbnphheqh pLer nahcdababasge rbfegevices 51 to 5p

functions at positions very close to the components it
controls. Each control device gives control commands
10 to the cold/heat source apparatuses 1, outdoor air-
conditioning units 4, pumps 5, etc., and acquires
sensor data from the temperature'sensors 2 and flow
rate sensors 3, etc.
The data, such as the values and operating states
15 and preset values acquired at, for example, the data
acquisition points in device/sensor group 61, is
collected in control device 51 and then transmitted to
monitoring device 41. Monitoring device 41 stores the
data received from control device 51, in an internal
20 database (not shown). In the internal database, the
data is held for a prescribed time (for example,
48 hours) or longer.
Monitoring device 41 transmits commands to control
devices 51 to 5p, in accordance with the control logic -
25 set in it or with the control command or set value
changing command coming from a higher control device.

In response to a command coming from monitoring device



data is held for a prescribed tinme (for exanple, 48 hours) or |onger.

Moni toring device 41 transmts conmands to control devices 51 to 5p, in
accordance with the control logic 25set init or with the control comand
or set val ue changi ng command com ng froma higher control device. In
response to a conmmand comng fromnonitoring device 12 41, control device
51 supplies preset values or operating stbie data to devi ce/ sensor group
61. Monitoring device 41, control device 5m and devi ce/ sensor group 6m
operate in a simlar 5relationship. A so, nonitoring device 4n, control
devi ce 5p and deyi cehsensodegiocepSbpsopetate pneacsi nelaesrefrati onship.
Moni toring devices 41 to 4n are connected to the plant control apparatus 10
via a connunlcapﬁoﬁthegmétktesd@haaEOadP@ééﬁ/éﬁééoﬁegﬁBPR 8b(LAN) provi ded

in the building. The pl ant control gparatus ngnltorlng devi ces
41 to 4n and cBApiePrdByi de¥ice b SEOPEFPer ARKLEFaPEhfREl monitoring and

controlling on devicel/sensor groups 61 to 6§ _throug _;he 15comruni cati on
networ k. BACnefleVi&eg/ sEBFeH EFQHEnﬁWk?pngt rBpfeséfitaffve protocol for

(1, communtcaLl ST.RELADE . T, SETTUNGRLL B BLYELE ki, Mibal il ted to @
device 5p and device/sensor group 6p operate in a
similar relationship. Monitoring devices 41 to 4n are
connected to the plant control apparatus 10 via a
communication network, such as a local area network

10 (LAN) provided in the building.
The plant control apparatus 10, monitoring devices
41 to 4n and control devices 51 to 5p perform
hierarchical monitoring and controlling on
device/sensor groups 61 to 6p, through the
15 communication network. BACnet (registered trademark)
| is a representative protocol for the communication
network.
The communication network is not limited to a LAN.
It may be an Internet Protococl (IP) network or a
20 virtual private network (VPN) of the system vendor.
That is, the plant control apparatus 10 need not be
installed in the same building as device/sensor .groups
61 to 6p. Rather, the plant control apparatus 10 can
be installed at a site geographically far from the
25 building.
The plant control apparatus 10 comprises an

input device 20 and an output device 30, both used as



20virtual private network (VPN) of the systemvendor. That is, the plant
control apparatus 10 need not be installed in the sanme building as
devi ce/ sensor groups 61 to 6p. Rather, the plant control apparatus 10 can
be installed at a site geographically far fromthe 25buil di ng. The pl ant
control apparatus 10 conprises an input device 20 and an out put device 30,
both used as 13 human-nmachine interfacesl3 The input device 20 is, for
exanpl e, a nouse, a keyboard or a touchpanel. The output device 30 is, for
exanple, a liquid crystal display. The user may use these devices to

vi sual | y 5confhemanheadatac aboterfhecpr océss theupl davicent¥olsapparatus 10
has perfornmed, and input nunerical values and characters to the plant
control appara€ismede, a mougpg azkpgbgardneri anapushbeRedi agFa®n showi ng an
exanple of the plant control apparatus 10 shown in_ 10FIG 2. As shown in
FIG 2, the pl aREPebnEeBLicappar 4fusf2d AuymebRpr f sl duhdnahyYHaehi ne
interface (HNIé_gr cessi 8 unit 11, a greset coglant te eraturﬁ

cal cul ati ng unft=B2%Y3 sg EeHPRONTESr FRG bRFES 135V ACEdnmmunl LT O uni t 14,
and a database _unit 15 . O 15t hese copponen h r cQol an
fenperattire. calLir GETng BniE T 12008y E B nEn s o7 NG B f o153 and toL

communi cat | on gﬁgér& u@l 8o PRLOCESS  FURGLLONSn REL £ QL Fefu Y - 80, AT LA INEL I C
operati on base n the program stored
and characters to the plant control apparatus 10.
FIG. 3 is a functional block diagram showing an
example of the plant control apparatus 10 shown in

10 FIG. 2. As shown in FIG. 2, the plant control
apparatus 10 may comprise a human-machine interface
(HMI) processing unit 11, a preset coolant temperature
calculating unit 12, a system monitoring unit 13, a
communication unit 14, and a database unit 15. Of

15 these components, the preset coolant temperature
calculating unit 12, system monitoring unit 13 and
communication unit 14 are process functions performed
by an arithmetic operation based on the program stored
in, for example, the program memory (not shown)

20 incorporated in a central processing unit (CPU). The
intervals at which to perform these process functions
are performed can be set, independently of one another.

The HMI processing unit 11 is éonnected to the
input device 20 and output device 30, and has the

25 function of giving various data to the user and the
function of receiving data from the user. Thus, the

HMI processing unit 11 enables the system and the user



iin, for exanple, the programnenory (not shown) 20 incorporated in a
central processing unit (CPU). The intervals at which to performthese
process functions are perfornmed can be set, independently of one another.
The HM processing unit 11 is connected to the input device 20 and out put
devi ce 30, and has the 25function of giving various data to the user and
the function of receiving data fromthe uskr. Thus, the HM processing unit
11 enabl es the systemand the user 14 to exchange data. The data the HM
processing unit 11 has received is stored in the database unit 15.
The preset cootanéxteapeeatiare. caltel ddiagtmi HM12pcatess abesumi preset
cool ant tenperature for the thermal 5recycling plant fromthe given
condi tions (fohagxagpeevednvirohpeed alnconedi dhbatasachnas tenperature and
hum dity, or the air-conditioning tenperature and hum dity the user_has
set), by means of oEP?nP%ﬁFPBnFoﬁﬁ?ﬁFyt?%pﬁFaEPr?oCﬁﬂﬁPkﬁgénghénéheiﬁy
consunption. 10The data necessar% for_ this calculation_is optajned fLonlthe
% S

dat abase unit %3'oriAbRTtorPRESERVFRREINE PYRRIATRES cEPEUT AT e SHIY
(hereinafter called,the "ﬁgt%n?lﬁﬁrtset cool ant Le eratr%e;)egég faved in
the database UhFEY 15 7Y 57 8" opt f Hal ~PF et “Coot ANt “t8itper atir 875 the best
possi bl'e { enpegabufsnAlaihi Choh: FRLAL AL Bk Nes cpohaBE Lo t g pur pose of
saving energy. In"the existing control system this presef cool ant

tenperature songal Gyl gt ed aghdeseribed apoyeihg thRpSPLEuFONLAL!
humidity the user has set), by means of optimization,
mainly in order to minimize the energy consumption.

10 The data necessary for this calculation is obtained
from the database unit 15 or monitoring devices 41 to
4n. The calculated values (hereinafter called the
“optimal preset coolant temperature”) are saved in the
database unit 15.

15 The optimal preset coolant temperature is the best
possible temperature at which to maintain the coolant
for the purpose of saving energy. In the existing
control system, this preset coolant temperature so
calculated as described above is the sole control

20 value.

The system monitoring unit 13 performs a function
associated with the monitoring and controlling of the
thermal recycling plant. The system monitoring unit 13
monitors the operating states of, particularly, the

25 coolant load apparatuses 500, and determines whether
the coolant load apparatuses 500 have an abnormality or

not. If any coolant load apparatus 500 is found to



20val ue. The systemnonitoring unit 13 perforns a function associ ated
with the nonitoring and controlling of the thermal recycling plant. The
systemnonitoring unit 13 nonitors the operating states of, particularly,

t he 25cool ant | oad apparatuses 500, and determ nes whet her the cool ant | oad
apparatuses 500 have an abnormality or not. If any cool ant | oad apparatus
500 is found to 15 have an abnornality, the systemnonitoring unit 13
controls the col d/ heat source apparatus 100, whereby the coolant is cool ed
to a tenperature |ower than the optinmal preset cool ant tenperature. 5To be
nore specific, hatet he spsbemahbdhit othagsvatemlBodetecisganyiabhdrmality in
the thermal recycling plant, the tenperature of the coolant is reduced
bel ow t he opti Aantppésetheocbadl heerpepararearparatder 106, redacebyhe
tenperature of the coolant in this manner, a 10predeterm ned correction

val ue (a val uetBy ®RPéRNfoiehafgéeehbot enperaetrEUAE ACVRHeFDRB pPEset.

The comruni cation unit 14 communicates with nonitoring devices 41 to 4n,
exchangi ng dat 8PWPRINMBRFEEEFI RGCUBUF cBE™BERE6YAR-and transmitting the

t 15val d_control data to device/ 61 to 6p. T
ot abaseSuni t 15 Noflgs | AOFEe “GEoRAg6" atear An HBDER IORLEOrSBPOUTaa, a

par amet er tab'?3?é@teé@% an OQERH?ha$9§8aEE Eﬁ?P%B?EHE? %§Sycfﬁﬁ upper
limt table 153°i s a tabl e Of various upper Timts o e presgt cool ant
tenperatures, Eﬁght, the temperature of the coolant is reduced below
| the optimal preset coolant temperature. In order tb
reduce the temperature of the coolant in this manner, a
10 predetermined correction value (a value by which to
change the temperature at a time) is preset.

The communication unit 14 communicates with
monitoring devices 41 to 4n, exchangiﬁg data with
monitoring devices 41 to 4n and trénsmitting the preset

15 values and control data to device/sensor groups 61 to
6p. The database unit 15 holds, in its storage area,
an upper limit table 15a, a parameter table 15b, and an
optimal coolant temperature 15c.

The upper limit table 15a is a table of wvarious

20 upper limits of the preset coolant temperatures, each
associlated with, for example, the absolute atmospheric
humidity. In the upper limit table 15a, the lower
limits of the preset coolant temperatures can be'
registered, too. The parameter table 15b is a table

25 registering the parameters for use in calculating the

optimal coolant temperature (for example, the

atmospheric temperature and humidity sensed by



associ ated with, for exanple, the absolute atnospheric humdity. In the
upper Ilimt table 15a, the lower Iimts of the preset cool ant tenperatures
can be registered, too. The paraneter table 15b is a table 25registering
the paraneters for use in calculating the optiml coolant tenperature (for
exanpl e, the atnospheric tenperature and humdity sensed by 16 sensors).
The optimal cool ant tenperature 15c is théboptimal preset cool ant
tenperature actual ly cal cul at ed. The system nonitoring unit 13
conprises a cooling capability nmonitoring unit 13a and a bypass flow rate
5nmoni t ori ng unisensdls)whi Ehearptpmedesoofiantt tonpeutichirzedScnishghe

enbodi nment . ‘The cooling caEabiIity nonitoring unit 13a determ nes
that the ther me@Pti@eychiragepl arplhas srmabmotriri agtupf lheadcpfatefce

bet ween the tenperature 10nmeasured by the tenperature sensor 2 and the
tenperature set to thé SySI&Rt MPeadoZpar #ds 360 CPERELRS SyPe&CEL 1N Fan a
preset value for a prescribed tine or | onger. Tgis reset t erature val ue
may depend on CREBPLITY MBReS_E1BgoPEAL ggﬁpéP t Gr 8YPEPS f%P i $9pFeset
tenperature val ue.accords with e user's_demand, and_may.not depend on the
opt i mai r eset TE0Or GG PeRberalare. YT cne Fatteroadsd TERe hreset

t enperat ure Vab%?lﬁ%eﬁiéﬁdtﬂ% LR A6WRei Nt at the outdoor air-conditioning
unit, and the plant conirol 2Z0apparatus 10 needs only to maintain the

outdoor air- The cooling capability monitoring unit 13a
determines that the thermal recycling plant has an
abnormality, 1if the difference between the temperature
10 measured by the temperature sensor 2 and the
temperature set to the coolant load apparatus 500
remains greater than a preset value for a prescribed
time or longer. This preset temperature value may
depend on the optimal preset coolant temperature. Or,
15 this preset temperature value accords with the user’s
demand, and may not depend on the optimal preset
coolant temperature. In the latter case, the preset
temperature value is fixed at the dew point at the
outdoor air-conditioning unit, and the plant control
20 apparatus 10 needs only to maintain the outdoor air-
conditioning unit at the dew point, irrespective of the
changes in the temperature of cold water.
The cooling capability monitoring unit 13a
calculates a correction value for the optimal preset
25 coolant temperature, so that the load apparatuses, such
as outdoor air-conditioning units 4, may not be

insufficiently dehumidified. The correction value



conditioning unit at the dew point, irrespective of the changes in the
tenperature of cold water. The cooling capability nonitoring unit 13a
calcul ates a correction value for the optimal preset 25cool ant tenperature,
so that the | oad apparatuses, such as outdoor air-conditioning units 4, may
17 cal cul ated for
correcting the optinmal preset coolant tenbérature will hereinafter be
called "correction value LT1". In the enbodi ment, correction value L. T1 is
added 5to the optimal preset cool ant tenperature, providing a corrected
opti mal presetcebohaatetdefperaturectShgceheoppetnadnpvakae addédntowers the
tenperature, the correction value is negative in nost cases. Th
opti mal presettevpkapturenpetat heeewnbftbe boretétedd corascthen” opti nal
preset coolant tenperature (corrected)”. Correction value ATl is stored in
t he database ufiptu252TL0gether with the optimal preset cool ant tenperature

not be insufficiently dehum dified. The correction val ue

(corrected). The bypass, flow rate nonitoring ynit 13b 15d
E&thﬁaEmQHdlment' correcttion value AT

thermal recycling p

5 to the optimal preset coolant temperature,

%t

corrected optimal preset coolant temperature.

correction value added lowers the temperature,

erm
is a

e corrected

gggdthat t he

providing a

Since

the

10

15

20

25

correction value is negative in most cases. The
corrected optimal preset coolant temperature will be
referred to as the “optimal preset coolant temperature
(corrected)”. Correction value ATl is stored in the
database unit 15, together with the optimal preset
coolant temperature (corrected).

The bypass flow rate monitoring unit 13b
determines that the thermal recycling plant has an
abnormality, if the flow rate in the bypass route 800
(FIG. 1), detected by any flow rate sensor 3 falls
outside the predetermined reference range. Then, the
bypass flow rate monitoring unit 13b calculates a
correction value for the optimal preset coolant
temperature, so that the cold/heat source apparatus 100
may not be unnecessarily activated, even if the bypass
flow rate decreases. The correction value calculated
at this point will hereinafter be called “correction
value AT2”.

Correction value AT2 calculated by the bypass flow

rate monitoring unit 13b can be used, independently of



abnormality, if the flowrate in the bypass route 800 (FIG 1), detected by
any flow rate sensor 3 falls outside the predeternined reference range.
Then, the bypass flow rate nonitoring unit 13b cal cul ates a 20correction
value for the optimal preset cool ant tenperature, so that the col d/ heat
source apparatus 100 may not be unnecessarily activated, even if the bypass
flow rate decreases. The correction valuelal culated at this point wll
herei nafter be called "correction 25val ue LT2". Correction value L, T2
cal cul ated by the bypass flow rate nmonitoring unit 13b can be used,

i ndependently obrré8ttonrealliienAiVal ueldidlacabichlyated bgofhegcool i ng
capability nmonitoring unit 13a. The corrected optimal preset cool ant

t enper at ure, ‘whiphbhistpemnanédrrévgednin adceor ddheecorthcthd cpoliaat fl ow
rate, will also be 5Sreferred to as the "optimal preset cool ant tenperature
(corrected)". Presetrpreplanistamapagaheshohiial gﬁsekéﬁﬁlépyr§@ﬁéénlﬂhe

out put device 30 of the plant control apEaratus 10 displays_to enable the
user to confirAFEREIBPEFalihf DSt aPel8Rtt ReOVhERRBI FeééVchiAg BRant

control system_ The screen_sh in FLG .4 sho t hat the preset, cool ant
Cemperat it e caFEAFEFERGTanRE $5% SOREIEAH aPEAGSEnECBbET hmF CBRECEE Te80! ant

t enperat ure. T2§o§§é8§9d?h°““ in FIG 4 displays icons, indicating that the
15t hermal recyclrng plrant ¢ontrol system has an abnornality.

FIG. 4 is a diagram showing an exemplary screen
the output device 30 of the plant control apparatus 10
displays to enable the user to confirm the operating

10 state of the thermal recycling plant control system.
The screen shown in FIG. 4 shows that the presetl
coolant temperature calculating unit 12 is calculating
the optimal preset coolant temperature. The screen
shown in FIG. 4 displays icons, indicating that the

15 thermal recycling plant control system has an
abnormality.

FIG. 5 is a diagram showing another exemplary
screen the output device 30 displays to enable the user
to change the operating scheme of the plant control

20 apparatus 10. The screen shown in FIG. 5 shows that
the function of correcting the air supply dew point at
the outdoor air-conditioning unit has been turned on,
and that the function of correcting the bypass flow
rate has been on. The former function is performed, by

25 ﬁainly the cooling capability monitoring unit 13a. The

| latter function is performed, by mainly the bypass flow

rate monitoring unit 13b.



FIG 5 is a diagram show ng anot her exenplary screen the output device 30
di spl ays to enable the user to change the operating schene of the plant
control 20apparatus 10. The screen shown in FIG 5 shows that the function
of correcting the air supply dew point at the outdoor air-conditioning unit
has been turned on, and that the function of correcting the bypass flow
rate has been on. The former function is Yerfornmed, by 25 mainly the
cooling capability nonitoring unit 13a. The latter function is perforned,
by mainly the bypass flow rate nonitoring unit 13b. 19 FIG 6 is a
fl owchart showi ng aRIéxefpiary proeessrtequientrgt he pkampleomt pobcappar at us
10 may perform As FIG 6 shows, the plant control apparatus 10 keeps
waiting for theeguenng bdlficcplent atongroheappaianhs5Spy esey podbfant.
tenperature (Step S1). This timng is based on the control cycles set by
using, for exahpl BIGthe $ﬂ@wﬁro%@%sphgnEnFPHEEQlTﬁﬁpﬁFﬁhPScbét¥%?P%pparatus
10 repeats this process sequence shown in FIG 6, each in oneﬁfontrol

cycle. 10When YR&LENF AGL cbestIRhRI pPrEset leboRrhntdt ERABePBEUFR  cal cul ati ng
unit 12 calcul ates the optiml preset coolgnt tggﬁer ure (Ste 2%. Then,
the syst n1nnn?F%F?Egcﬁﬁ'?n53t§¥%?f§tﬁﬁﬁif FFRg°the t hetfa l?é@?c fng plant

contr ol SySte”‘S§&8po§3%heT@8n%?8%9§§é§8§ E§t5£§p§s§§ angd, 53, By, be
performed at the Sanme tInme or a ifferent fInes, In dtcordance with the
control CyCle'the HMI processing unit 11. The plant control

apparatus 10 repeats this process sequence shown in

FIG. 6, each in one control cycle.

10 When the timing comes, the preset coolant
temperature calculating unit 12 calculates the optimal
preset coolant temperature (Step 2). Then, the system
monitoring unit 13 starts monitoring the thermal
recycling plant control system (Step S3). The

15 processes in Steps S2 and S3 may be performed at the
same time or at differentltimes, in accordance with the
control cycle.

FIG. 7 is a flowchart showing an exemplary process
sequence of calculating an optimal coolant temperature.

20 The preset coolant temperature calculating unit 12
acquires the outside temperature and humidity from the
parameter table 15b. Then, the preset coolant
temperature calculating unit 12 applies the outside
temperature to, for example, the Wechsler-Highland

25 approximation, thereby calculating the pressure Psa of
saturated water vapor. The preset coolant temperature

calculating unit 12 uses the following equations (1)



FIG 7 is a flowhart showi ng an exenplary process sequence of calcul ating
an optimal cool ant tenperature. 20The preset cool ant tenperature
calculating unit 12 acquires the outside tenperature and humdity fromthe
paranmeter table 15b. Then, the preset coolant tenperature cal culating unit
12 applies the outside tenperature to, for exanple, the Wechsl er-Hi ghl and
25 approxi mati on, thereby calculating theZ®pressure Psa of saturated water
vapor. The preset cool ant tenperature calculating unit 12 uses the
foll owi ng equations (1) 20 and (2), calculating the absol ute atnospheric
humidity (Stepas2l)2)PwePsaxRef109. thélibsolunheaemPephsribehpaidiay
pressure [kPa] of water vapor, 5Psa is the pressure [kPa] of saturated
wat er vapor, an8t®n Fslthe relative humidity [%. X=0.62198x2w (P-Pw)...(2)
where X is the absolute humdity [kg/ kgDA], and P is the total pressure of
air (at sea level, 8%afsaiBfikp§P = 101.325 kPa.- {¥) the wet bul b at nbspheric
tenperature is 25C and the atnospheric humdity is 80% the absolute
at mospheri c huhf8FeyEWi £F BREOPBIEIRG/ REDASUFE hbRR1 oP F N2 BB ERP24: for
exanpl e, _.can directly, 15det er ni ne bsol ut e at pheric humdit Step
21 can b% Skip ga.ls t%e pressure &Ega? og saguragga waEer vapor, Xﬁd
Rh is the relative humidity [%].
X=0.62198xPw/ (P-Pw) ..o (2)
where X is the absolute humidity [kg/kgDA], and P
is the total pressure of air (at sea level, 0 m),
10 [kpg] = 101.325 kPa.
If the wet bulb atmospheric temperature is 25°C
and the atmospheric humidity is 80%, the absolute
atmospheric humidity will be 0.016 kg/kgDA. If
monitoring device 41, for example, can directly
15 determine the absolute atmospheric humidity, Step 21
can be skipped.
The preset coolant temperature calculating unit 12
then refers to the upper limit table 15a, and
calculates the optimal preset coolant temperature from
20 the absolute atmospheric humidity calculated in Step
S21 (Step $22).
Next, the preset coolant temperature calculating
unit 12 performs a limit process, finding the upper and
lower limits of the optimal preset coolant temperature
25 | (Step 823); If the optimal preset coolant temperature

greatly changes every time it is calculated, it should

not be applied directly to the thermal recycling plant.



The preset coolant tenperature calculating unit 12 then refers to the upper
limt table 15a, and cal cul ates the optinmal preset coolant tenperature from
20t he absol ute atnospheric humdity calculated in Step S21 (Step S22).

Next, the preset cool ant tenperature calculating unit 12 perforns a limt
process, finding the upper and lower Iimts of the optinmal preset cool ant
tenperature 25 . (Step S23). If the optinmal preset cool ant tenperature
greatly changes every tinme it is calculated, it should not be applied
directly to the thermal recycling plant. 21 Therefore, the optinmal preset
cool ant tenper@herefosecothecvpdimaghpraseéercoolhns bemperateudated,
preventing it fromgreatly changing fromthe previous optinal preset

cool ant tenperaturechgdnpighthahtarsprekesi bedncoaticolabadgi n. Assune
that the control margin is 3.0C per hour (i.e., 3.0/ h) and that the preset
cool ant tenperBfaveneangul bt fAgMUBTe21dyYhaBaaal Bpef APPNEREYRFRVHPUSO

m nutes. Then, the control margin for each 10cal culation is half the val ue,
i.e., 1.5C. |fOPhémpteRFBastopPPhANT pFeRBE CbBF anPYt Biiper APdRe?is 7. 2C, the

opti mal greset cool ang tengegatﬁre will be calculated as 9.0C. This
i ncrease”exceeB5SPRETREHL POl " FBIgM'AT9FRe preset cool ant tenperature

cal cul ating 15unit A%Fgagr%RgEethrEBFE§?%h§§%%?k%ﬁgrggggﬁa?gprﬁg§ ing the

opti mal preset cool an enperature w e opti preset cool ant

tenperature, so;cgrrestgds,j s, 1egisiengd indhe daianase ubide i (tdwus, the
optimal preset cool ant tenperature is now 15C) 20The control  margin
involving the Limtt1RE9RESSnBY1B€has an operating cycle of

30 minutes. Then, the control margin for each

10 calculation is half the value, 1.e., 1.5°C. 1If the
previous optimal preset coolant temperature is 7.2°C,
the optimal preset coolant temperature will be
calculated as 9.0°C. This increase exceeds the control
margin. The preset coolant temperature calculating

15 unit 12 therefore performs the limit process,
correcting the optimal preset coolant temperature will
to 8.7°C. The optimal preset coolant temperature, so
corrected, 1s registered in the database unit 15 (thus,_
the optimal preset coolant temperature is now 15°C).

20 The control margin involving the limit process may be
set to the thermal recycling plant control system
beforehand. Alternatively, it may bé inbut at such an
input screen as shown in FIG. 8.

FIG. 8 is a diagram showing an exemplary screen

25 the output device 30 displays, guiding the user to

input the control margin that involves the limit

process of Step 23. The screen has a window, in which



set to the thermal recycling plant control system beforehand.
Alternatively, it may be input at such an input screen as shown in FIG 8.
FIG 8 is a diagram showi ng an exenplary screen 25the output device 30

di spl ays, guiding the user to input the control margin that

i nvol ves the

limt process of Step 23. The screen has a window, in which 22 the itens
(*1, 2, 3, . . .) are displayed in the ro# of actual cycles and the upper

and lower limts of the water (coolant) tenperature are set

in associ ati on

with the absol ute atnospheric tenperature. 5FIG 9 is a diagram show ng an
exanpl e of a ptleseitewosl &ni,t2nperat ur e- uppee fimpiayedl enibae The Pfeset
cool ant tenperature upper limt table 15a is a table in which the upper
limt and | onerctialt CoElenean@nples atpper predelofoF eiehtabsbl e
at nospheric 10tenperature are shown, associated with each other. The
absol ute at nospheft c (FEAPRRAL uF B REFRBRTSefTFnSEL r ARgRSDPCIF bt O-x4hpl e,
0. 0000 to 0.0400 kgékgPA. The cool ant temgeratgres set for the absolute

¢ huhi'@i £PestpEe 6L}

0% BBOBP ANt 6. BABBSI ¢

at nospheri

4pectively, are

15autonaégcally setF&g_tgeigagu s_for t%g?ﬁgg g% 'k%% ?%2?§Fge LCset

hum diti . The itens that “can be get " reése

erature

upper |imt tablg)dpa AEgpbiothed LBpoHmben: ! tappul dshherehorsrbset

advi sable to read two

coolant temperature upper limit table 15a is a table in

which the upper limit and lower limit of the

temperature preset for each absolute atmospheric

10 temperature are shown, associated with each other. The

absolute atmospheric temperature can be set in a range

of, for example, 0.0000 to 0.0400 kg/kgDA.

temperatures set for the absolute atmospheric

The coolant

humidities of 0.0000 and 0.0400, respectively, are

15 automatically set to the values for the most similar

atmospheric humidities.

The items that can be set in the preset coolant

temperature upper limit table 15a are limited in

number. It would therefore be advisable to read two

20 preset absolute atmospheric humidities (for example,

0.0000 and 0.0400 kg/kgDA, which are most similar to

the absolute atmospheric humidities acquired from the

preset coolant temperature upper limit table 15a, to

derive a linear or non-linear approximation from the

25 two preset absolute atmospheric humidities, and to

calculate an optimal preset coolant temperature.

Assume that the preset coolant temperature upper



20 preset absolute atnospheric humdities (for exanple, 0.0000 and-0.0400
kg/ kgDA, which are nost similar to the absol ute atnospheric hunm dities
acquired fromthe preset coolant tenperature upper limt table 15a, to
derive a linear or non-linear approximtion fromthe 25two preset absol ute
at nospheric humdities, and to cal cul ate an opti nmal preset cool ant
tenperature. Assume that the preset cool aft tenperature upper 23 limt
tabl e 15a has the content shown in FIG 9. Also assune that the |inear
approxi mation for the absolute atnospheric humdity of 0.0160 kg/kgDA is
appl i ed. Then, lamizppebkemhbsohasfthgogorteabsshave honfdFtyP-+ BiFoo =
(optimal preset coolant tenperature) will be obtained fromitens No. 2 and
No. 3. If the as§ém@téhﬁangg¢tylaﬁae BRBECKFPREEAN| §0BppRFedPEBLERFS

approxi mation, an optimal preset cool ant np ure of 9.000
obt ai ned. 1OFI€Fm?9pP§réCfﬁBmtﬂéFY QEOQAHéEQnﬁgzkﬂBﬁaF§ 6?88é§§‘sequence

capabl i Ly monEPGFF ngunPP = T35 B porat 60: A (RECYSEEnTHBAEDY  ng uni t
13 corregts theajpr S%?g%ém9§“§?85$% 8Eo%§EPet@h ?%FE?S ) Ot 9oL,

air- condltlonlng uni t e bypa ow rate nonitoring

uni t 130 corteghsathebypans ELAW Kiat eo( ShePns3Zy, NekerhbabpSben:dl and

Step 32 can be switched in the order they are performed. Further, only one

of themmay bengQpert9rBedo. o160 kgFk&oallsig gliéaw@BaEhlghownng, in
detail, a process seqience the cooglng capablFlty nonitoring unit 13a may

perforn1 The capbirBgigapabhl i bty opoihali pgepit cd3aaneadsmpbeadata about
t he outdoor air-
9.0°C will be obtained.

10 FIG. 10 is a flowchart showing an exemplary
process sequence the system monitoring unit 13 may
perform. As shown in FIG. 10, the cooling capability
monitoring unit 13a incorporated in the system
monitoring unit 13 corrects the air supply dew point of

15 the air at the outdoor air-conditioning unit (Step
S31). Then, the bypass flow rate monitoring unit 13b
corrects the bypass flow rate (Step S32). Note that
Step 31 and Step 32 can be switched in the order they
are performed. Further, only one of them may be

20 performed.

FIG. 11 is a flowchart showing, in detail, a
process sequénce the cooling capability monitoring unit
13a may perform. The cooling capability monitoring
unit 13a reads the data about the outdoor air-

25 conditionihg unit from the database unit 15 and

determines whether the thermal recycling plant has an

abnormality (Step S311). The cooling capability



25conditioning unit fromthe database unit 15 and determ nes whether the
thermal recycling plant has an abnormality (Step S311). The cooling
capability 24 nonitoring unit 13a then finds the difference between the
air supply dew point of air at the outdoor air-conditioning unit 4 and the
tenperature detected by the tenperature sensor 2. If this difference
remai ns over a prescribed value for a presét reference tine, the cooling
capability nmonitoring unit 13a determ nes that the thermal recycling plant
has an abnorrmality (Step S312). Both the prescribed val ue and the
reference tinemmaytbeinyreaiy iegi shenedindst hbesgistéarencaapebecen
10regi stered by using the HM processing unit 11. Whether an abnormality
has occurred orhaotikssdepéymiaedppontabf eutdedr ther ovdbdditri ®@hkng units.
Even if an abnormality is found in one outdoor air-conditioning unit only,
the thermal re€gBRihgopiastunbeoft pbf E)St EATREFRtBEST BBRECRBE Py Bke
functioning wel | . If the air supply dew paint at the outdoor
ai r-condi ti oni REMBRFELHEST BBRACE 0% be Bnghﬁﬁld%?ESrPHCStéEmSQTQ)?V?He
cooling capability nonitoring. unit 13a 20determ nes whether the previous
CBYPANE PBHpERALEr 6T s2hPERGF ot RARSERACRT BSBE " | DRBr 11 mi ¢

opti mal preset“c
Egtep S313). I281H8§5E3$£B15i9§ &QSi%B?%%QtHREHD?BQtHé§ﬁ9ﬁﬁﬁggeghat .
gistered in the system or can‘be registered by usSing the processi ng
unit 11. AIter@ﬁgi¥ﬁg¥mako¥@5ycling plant has an abnormality (Step
S312). Both the prescribed value and the reference
time may be already registered in the system dr may be
10 registered by using the HMI processing unit 11.
Whether an abnormality has occurred or not 1is
determined for all outdoor air-conditioning units.
Even i1if an abnormality is found in one outdoor air-
conditioning unit only, the thermal recycling plant
15 control system will be found not to be functioning
well.

If the air supply dew point at the outdoor air-
conditioning unit is found to be abnormal (YES in Step
$312), the cooling capability monitoring unit 13a

20 determines whether the previous optimal preset coolant
temperature is higher than the preset lower limit (Step
S313). The lower limit of the coolant temperature has
been registered in the system or can be registered by
using the HMI processing unit 11. Alternatively, lower
25 limits of the coolant temperature may be set for the

absolute atmospheric humidities, respectively, as shown

in FIG. 9. In the case of FIG. 9, the lower limits are



25limts of the coolant tenperature may be set for the absol ute atnospheric
hum dities, respectively, as shown in FIG 9. In the case of FIG 9, the
lower limts are 25 obtained fromthe values calculated in Step S21 shown
in FIG 7. If the previous optiml preset coolant tenperature is
hi gher than the preset lower limt (YES in Step 5S313), correction val ue
LT1 is decreased by a preset reference vadue XA (for exanple, 0.17) (Step
S314), obtaining a correction value LT1 = LT1-XA, thus obtained, is added
to the optimal preset coolant tenperature. An optinmal preset cool ant
tenperat ure 100bbaieetefyoinsthherabyesbtalnedated in Bheph826t Bbpwhand, if
t he dew point at the outdoor air-conditioning unit is not found to be
abnormal (NO i AnSFép-S312), the cooling capability nonitoring unit 13a
det erm nes whether correction value /1'l1 is negative 15(Step S315). If
correction val ue ATifi§PRegativeuFYERtIRASt Bpe83E5FO0LRaNTs tRRBFERSEBESY a
reference val ue .(for exanple, 0.17) preset beforehan St S316). Next,
the cooling cabﬁéEFé?ﬁrnBﬁ?PonﬁgpﬁﬁF%t1 8w8EtE?W?ﬁeéYagegﬂe§888rrection
value LTl is pesitive 2 S317) . 1 orrection_value LT1 | sitive
(YES i1 Step ST01 0 {nelebar TRg carabr | P75 tonitsr LAy SunEy 4 pHEsBe
reference value XA (for example, 0.17) (Step S314),

obtaining a correction value AT1 = AT1-XA, thus

obtained, is added to the optimal preset coolant

temperature. An optimal preset coolant temperature
10 (corrected) is thereby obtained.

On the other hand, if the dew point at the outdoor
air-conditioning unit is not found to be abnormal (NO
in Step S312), the cooling capability monitoring unit
13a determines whether correction value ATl is negative

15 (Step S315). If correction value ATl is negative (YES
in Step $315), it is increased by a reference value XB
(for example, 0.17) preset beforehand (Step S$316).
Next, the cooling capability monitoring unit 13a
determines whether correction value ATl is positive

20 (Step S317). 1If correction value AT1 is positive (YES
in Step 317), the cooling capability monitoring unit
13a zeros the correction value ATl (Step S$318). 1In
this case, the optimal preset cooclant temperature is
not corrected.

25 FIG. 12 is a flowchart showing, in detail, a
process sequence the bypass flow rate mornitoring unit

13b may perform. The bypass flow rate monitoring unit



13a zeros the correction value LT1 (Step S318). In this case, the optinal
preset cool ant tenmperature is not corrected. 25FIG 12 is a flowchart
showing, in detail, a process sequence the bypass flow rate nonitoring unit
13b may perform The bypass flow rate nonitoring unit 26 13b reads the
cool ant bypass flow rate fromthe database unit 15 (Step S321). The bypass
flowrate nonitoring unit 13b then detern2des whether the cool ant bypass
flowrate is lower than the lower Iimt value Li 5(for exanple, 250 kg/s)
(Step S322). . If the cool ant bypass flow rate is found | ower than the
lower limt valdke kea@¥EShencSbepnS3R2pasthélbypassef fownr 8he nonitoring
unit 13b determ nes whether the previous optinmal preset cool ant tenperature
i s 10hi gher thdatehaseoweit! Lhi (StspPep38323). The Ehéapﬁeﬁﬂéwsrépﬁinal
preset cool ant tenperature is higher than the lower limt gYES in Step
S323), the byp&SBlfP&w'PFatBlfphPPoFRNfAl HAFEIT3BCAelPEAS8E cbBPr 6EPLBATVal ue

AT2 by a reference value XC (for exanple, 0.17) 15(Step.$S324). rrection
Value’ AT2 <0 QBEPBaSeaIoN E2teATS: KWBF <t hAHeA  Eo PHE ppilil TPrBSeL:

Conporat iro (cof PecEEaIE-rn’ &08p 843, (PRBEaaTaAe "bypass i1 ow rate may be
20f ound equal to OrI@iQﬂ%rcggﬁgnkhgybgggrfhEWiEa¥§|g% E%und lower
than the lower limit value L1 (YES in Step 8322), the
bypass flow rate monitoring unit 13b determines whether
the previous optimal preset coolant temperature is
10 higher than the lower limit (Step S323). If the
previous optimal preset coolant temperature is higher
than the lower limit (YES in Step S323), the bypass
flow rate monitoring unit 13b decreases correction
value AT2 by a reference value XC (for example, 0.17)
15 (Step S324). Correction vaiue AT2 so decreased, i.e.,
AT2-XC, is added to the optimal preset coolant
temperature, thereby obtaining an optimal preset
coolant temperature (corrected).
In Step $322, the coolant bypass flow rate may be
20 found equal to or higher than the lower limit value L1
(for example, 750 kg/s) (NO in Step S322). 1In this
case, the bypass flow rate monitoring unit 13b
determines whether the coolant bypass flow rate is
higher than the upper limit value L2 (Step S325). If
25 the cooclant bypass flow rate is equal to or higher than
the upper limit value L2 (YES in Step S$325), the bypass

flow rate monitoring unit 13b determines whether



(for exanple, 750 kg/s) (NOin Step S322). In this case, the bypass flow
rate nonitoring unit 13b determ nes whether the cool ant bypass flowrate is
hi gher than the upper limt value L2 (Step S325). If 25 the cool ant bypass
flowrate is equal to or higher than the upper Iimt value L2 (YES in Step
S325), the bypass flowrate nonitoring unit 13b determ nes whet her 27
correction value LT2 is negative (Step S326). Correction value LT2
may be negative (YES in Step S326). In this case, the bypass flowrate
nonitoring unit 13b increases correction value LT2 by a preset 5reference
val ue XD (for esamrpFelon. 17}ueshed &327pgathechyphss FPOw rate nonitoring
unit 13b then determ nes whether _correction value LT2 so corrected is
positive (Step S328F°rEBFELERi BALWEI AE2LT2YCcHFr BEPRALAY (BESpaSi PFOR (YES

in Step S328 t he b ass 10flow rate nonitoring unit 13b zeros
correcfion vélﬁgzg%z Eﬁcﬁ 3r afeter t8eBYPASENE BWOE%E% BPREFET 112 may be

t d bef in th t t the
it 11 R & OSSP ERast SO o A B Sebee BAuBlcB AStREL o
L 8L 90 JBEL-dAcDOLL 9L 0xp ThE£ONTUALERT | 811901 fstdpCadapet form 2

process In specifIc process cyc of exanpl e, one-m nute cycl es. The

communi cation Rkt plA,86081 £§S QPLI ABL1PHESRE EHQEaQEbtgﬁEﬁrature from the
dat abase unit 15, and outputs the 20sane to & data area that can hold the

optimal presetgeeekanheteNRetAbUr esrteetibg ¢aldéhgap seuccerappagatyses
nonitored and controlled (Step S41). The communication unit 14 can use a
protocol such assBACnet (ftegi stesed tcadesatkdn AayuephThatopreseedcool ant
may be positive (YES in Step S328). Then, the bypass
10 flow rate monitoring unit 13b zeros correction value
AT2. FEach parameter used in the process of FIG. 12 may
be registered beforehand in the system or may be input
at the HMI processing unit 11.
FIG. 13 is a flowchart showing a process sequence
15 the communication unit 14 performs. The communication
unit 14 can perform a process in specific process
cycles, for example, one-minute cycles. The
communication unit 14 acquires optimal preset coolant
temperature from the database unit 15, and outputs the
20 same to a data area that can hold the optimal preset
coolant temperatures for the cold/heat source
apparatuses monitored and controlled (Step S41). The
communication unit 14 can use a protocol such as BACnet
(registered trademark). Any optimal preset coolant
25 temperature may be first corrected and then output to

the data area so that it may not fall outside a

reference range. For example, the optimal preset



25tenperature may be first corrected and then output to the data area so
that it may not fall outside a reference range. For exanple, the opti mal
preset 28 cool ant tenperature of 15.1C nay be corrected to 15.0C and then
output to the data area, if the upper Iimt of the tenperature is 15.0C
The nunber of decinmal places in the optinmal preset 5cool ant tenperature
cal cul ated may differ fromthe nunber of 4¥eci mal pl aces in any optinma
preset cool ant tenperature the col d/ heat source apparatus 100 can receive.
If this is the case, the cold/ heat source apparatus 100 may round off, cut
of f or round upPelREntOoptieedtpreset Eool Enfavelse CatrFestschérey - 0°C
correcting the tenperature, and nmay output the optimal preset. cool an
tenperature scRRdr¥een RRERYL the tnpértad B30 thrikRteRper BNt (RE | at est
opti mal preset coolant tenperature, has the sanme val ue as the previous
optimal 15pr eset® oM a?%ﬁ%e%%lh$e9(%he col d/ heat source apparatus 100

Ki tputti the | i nal
Next .t e conmuni oAl on URPE: 197 ARGUTFEE BarT Bhs: tar 4o 0L E he” Lt fal
recycl ing plan.and. he. dal a. 20about  Lie, Al susnheg e i £t e, pl ant

con;rol appar at us uses, omnonitoring devites 41 to 4n, control -
devices 51 10 ppOL, deyi G&LSENBOE1 YEOLPS, ,6§-r1§/0c(>j;§t?ime§)y M5k 88 acq 4dcol  such
a

as BACnet (registered tradenmark). The vari ous a, thus acquired, is
stored in the 25d3¢abases Uhé d81d/heat source apparatus 100 can
receive. If this is the case, the cold/heat source
apparatus 100 may round off, cut off or round up the
10 optimal preset coolant temperature, thereby correcting
the temperature, and may output the optimal preset
coolant temperature so corrected. If the temperature
so corrected, i.e., the latest optimal preset coolant
temperature, has the same value as the previous optimal
15 preset coolant temperature, the cold/heat source
apparatus 100 may skip outputting the latest optimal
preset coolant temperature.
Next, the communication unit 14 acquires various
data about the thermal recycling plant and the data
20 about the atmosphere, which the plant control apparatus
10 uses, from monitoring devices 41 to 4n, control
devices 51 to 5p or device/sensor groups 61 to 6p, by
using a protocol such as BACnet (registered trademark).
The various data, thus acquired, is stored in the
25 database unit 15.
FIG. 14 is a aiagram showing exemplary parameters

15b for calculating the optimal coolant temperature.



FIG 14 is a diagram show ng exenplary paranmeters 15b for cal culating the
opti mal cool ant tenperature. 29 |In the enbodi nent, the optinal preset
cool ant tenperature is calculated at intervals of 10 m nutes, the
tenperature change is limted to 3 degrees (Cel sius) per hour, the optinma
preset cool ant 5tenperature is corrected at intervals of 1 mnute, and
correction values LI and L2 are changed B®? 0.017C each tine. FIG 15
is a table showi ng exenplary calculated optinal coolant tenperatures,
arranged in tine series. 10ln the case of FIG 15, the initial tenperature
is set to 12. 0 Uie ewbbeintions tie qrikenk et ahEenkabf an
abnormality, and also the values corrected. In FIG 15, 0 and 1 indicate
the absence of tePabiiorhal ¢ ycaher 1 Prasehee® bfa uh %%n]oq‘ fatFises .
respectively, based 15on the detalled cq{rect n acg ved Qy t he cooling
capability nnn??%r??@?%ﬁﬁ?uﬁ%a? APRE 0L S 1 i T taf%91He" absence of an
abnormality, an r oneous nd_an erron ous upper limt
val ue, respecti V%i@lu%hs%%ro%oTﬂelgi éﬂ%é @r?%%??%nc%% |eved 20by t he
oPass L (A SRR OLL No WL ddhea LU H G o doar o PR LRPtnilERE) alilg ©

Corrected" is prese enperature corrected nDre preC|ser
the sumof the. 8P%ééfﬁie Iprxeés&e;e@pemu&;e 2nd coEEesdiop yabiee ldaand L2.

I n accordance wt preset tenperature 25 thus corrected, the plant
control apparatuyge10 controls the thermal recycling plant |nclud|ng t he
pl ant control apparatuses 100.

FIG. 15 is a table showing exemplary calculated
optimal coolant temperatures, arranged in time series.
10 In the case of FIG. 15, the initial temperature is set
to 12.0°C. The table shows the presence and absence of
an abnormality, and also the values corrected. 1In
FIG. 15, 0 and 1 indicate the absence of an abnormality
and the presence of an abnormality, respectively, based
15 on the detailed correction achieved by the cooling
capability monitoring unit 13a. And 0, 1 and 2
indicate the absence of an abnormality, an erroneous
lower limit value and an erroneous upper limit value,
respectively, based on the detailed correction achieved
20 by the bypass flow rate monitoring unit 13b. 1In
FIG. 15, “Preset Temperature Corrected” is the optimal
preset temperature (corrected), more precisely the sum
of the optimal preset temperature and correction values
Al and A2. 1In accordance with the preset temperature
25 thus corrected, the plant control apparatus 10 controls
the thermal recycling plant including the plant control

apparatuses 100.
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16 is a graph show ng how various val ues change for a
(2 hours), including the period shown in FIG 15. As sh

own in

FIG 16, LTl and LT2 are negative after the tenperature correction 5process
is started, because the thermal recycling plant has strange cooling
capability and the upper and lower limts of the cool ant bypass fl ow
have unusual values. In FIG 16, line (a)3?Pndicates the optimal preset
cool ant tenperature not corrected in 10consi deration of correction val ue
AT1 or AT2 calculated by the systemnonitoring unit 13. Thick line (b)

i ndi cates the

pr eset I&oollénti st enperabusaowdngoprimii rprasetvadgelsant
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tenperature corrected in accordance with correction values LT1 and LT2. As
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values. In FIG. 16, line (a) indicates the optimal
preset coolant temperature not corrected in
consideration of correction value ATl or AT2 calculated
by the system monitoring unit 13. Thick line (b)
indicates the preset coolant temperature, or optimal
preset coolant temperature corrected in accordance with
correction values AT1 and AT2. As seen from FIG. 16,
the system monitoring unit 13, which has an additional
function, can calculate an optimal preset cqolant
temperature, in consideration of not only the energy
saving characteristic, but also the operating state of
the thermal recycling plant.

As described above, not only a preset coolant
temperature optimal for saving energy in the thermal
recycling plant is calculated in the embodiment, but
also the difference between any two values,
respectively preset to and actually measured in the
thermal recycling plant, is monitored. (For example,
the difference between the air supply dew point preset

to the outdoor air-conditioning unit and the air supply

Stieb bé?laﬁ§8 t he

not
er mal
nce
in the

ng



dew poi nt nmeasured at the outdoor air-conditioning unit is nonitored).
Then, "the optinmal preset coolant tenperature is corrected in accordance
with the difference nonitored. The cooling capability of the 5outdoor
air-conditioning unit can therefore be prevented from becom ng insufficient
to cause an abnormality. Further, in the enbodi nent, the cool ant bypass
flowrate is nonitored, and the optimal pBgset cool ant tenperature is
corrected, also in accordance 10with the cool ant bypass fl ow nonitored. As
a result, any cold/ heat source apparatus in standby state would not be
unnecessarily dewi patied. measuired at theseutdabur esr-tbedéntodimgntini s
believed to pronote energy saving. 15Any existing techniques are no nore

t han t he cal culist monisbred)opt I'hreh, ptésebptombanpreerpecabvliretby neans of
optim zation. The cool ant | oad apparatus, such as outdoor air-conditioning
unit, may receite@pgrasxsesssveoryadtand impctarbangeawqahr éhg suffi ci ent
20dehum di fyi ng .capability, inevitably raising the air supply _dew point. In
such a case, s&nel6CREFecBBraRPrFHad gﬁﬁaFﬁpééPgmﬁﬁéﬁbéﬁéthO§t5ﬁ8by state,

are unne essarglﬁgacyivatgd, BOESibLﬁ ingakrigg tPe e?ergy savi ng. 25By
contrast this Gar At ~RABSE hé OPahEt P8 Fof 2BoFPEEETAGTL RE optimal preset
coolant tenperatute, IH $,8HPRALARNL CanLhesetone provldg.a fhernal
abnormality. Further, in the embodiment, the coolant
bypass flow rate is monitored, and the optimal preset
coolant temperature is corrected, also in accordance

10 with the coolant bypass flow monitored. As a result,
any cold/heat source apparatus in standby state would
not be unnecessarily activated. In view of these
features, the embodiment is believed to promote energy
saving.

15 Any existing techniques are no more than the
calculation of an optimal preset coolant temperature by
means of optimization. The coolant load apparatus,
such as outdoor air-conditioning unit, may receive an
excessive load and may fail to acquire a sufficient

20 dehumidifying capability, inevitably raising the air
supply dew point. In such a case, some other coolant
load apparatus, which are in standby state, are
unnecessarily activated, possibly impairing the energy
saving.

25 By contrast, this embodiment has the function of
correcting the optimal preset coolant temperature.

This embodiment can therefore provide a thermal



32 recycling plant system an apparatus for controlling a thermal recycling
pl ant, and a nethod of controlling a thermal recycling plant, which can
keep the thermal recycling plant in a normal operating state, thereby to
5save energy. [Another Enbodi nment] FIG 17 is a system di agram
showi ng an exenplary thermal recycling plant control systemaccording to
anot her enbodi nent. In the thernal recycFyhg pl ant 10control system shown
in FIG 2, devicel/sensor groups 61 to 6p, control devices 51 to Sp,
nonitoring devices 41 to 4n and plant control apparatus 10 are provi ded on
the same net workCyNokied Helasls, SYHit &M nv@ndPRAr @ suhof OF i aRReEP t bl 1 he?
configuration shown in FIG_ 2. That is, 15as shown in FIG 17, the glant
control appar at RN nESC Bl BoRneERRE, viRA t hem? PRt 9br kKOvpEP 1 bing

devi ce/ sensor groups. 61 to 6p, control devices 51 to 5p and noniforing
devices 41 to g%?r # ot Fer S o dst ?%E'p?%h?hc%%?r%?e%pg%?aYu%rq.iis

connected via a data 20co nication network to a plu ity r ol
recycling planfs?y%g%%gi Q?%ﬁih@ %OT%F%%ng %ﬁ?%%ngpﬁggg Us%@éﬁégidgﬁlant
control appara S The plant control apparatus 10 therefore controls
each the?nal r%%i%l?%%9%¥ant via the data communi cation 25net wor k.

I'n this enbodi pRAL: 8O COYbQUREG: 1 One server can acconplish all col d/ heat
source apparatuses installed 33 in a building or factory. To be nore

specific, the plantpeont1ol ;gppasatdemlQibhksin aagWingsadatrehpdaTryhe
nonitoring devices provided in building or factory (sites), then calcul ates
preset cool antthenper ateceSling plant control system according to
another embodiment. In the thermal recycling plant
10 control system shown in FIG. 2, device/sensor groups 6l
to 6p, control devices 51 to 5p, monitoring devices 41
to 4n and plant control apparatus 10 are provided on
the same network. Nonetheless, this invention is not
limited to the configuration shown in FIG. 2. That is,
15 as shown in FIG. 17, the plant control apparatus 10 may
be connected via the IP network 900 to device/sensor
groups 61 to 6p, control devices 51 to 5p and |
monitoring devices 41 to 4n. In other words, the plant
control apparatus 10 is connected via a data
20 communication network to a plurality of thermal
recycling plants, each including cold/heat source
apparatuses 1 and plant control apparatuses 100. The
plant control apparatus 10 therefore controls each
thermal recycling plant via the data communication
25 network.
In this embodiment so configured, one server can

accomplish all cold/heat source apparatuses installed



Roptimal for the respective sites, and finally outputs the data
representing the optinmal coolant tenperatures to the nonitoring devices,

respectively. To any person with ordinary skill in the art, it would be
obvi ous that a gateway should be used at each site in order to 10connect
the nonitoring device to the network 900. The dat abase unit 15 may

store preset coolant tenperature upper |li3dt tables 15a, paraneters 15b for
calculating the optimal cool ant tenperature and optiml cool ant tenperature
15c, in the sane nunber as the 15sites. In addition, the database unit 15
may store a datmabaskeuihdinbobdsfabeodat a Torbeaamagengpebefsct eshe The
communi cation unit 14 obtains various data fromthe registered sites and
stores the datmlamtthentdapibaspanaits 150 firahyaoguines peesefrevofhnt

20t enperature i s changed, the conmunication unit_ 14 outputs the optina
preset cool antMPerper ahdr dcvocenePhoViL €0fi kg BHevidenprovi §eataryt he

associ ated site. The preset coolant tenperature calculating unit 12 and the
system noni tor i AgtERI t 1BSPeprAFUL AESPrBERSST aSORMAYT 258 PHBEA RS Efie sites

regi stered, thereb alculating the preset.cool ant .t eratures for the
respect i e_sit%@?l%ﬁge%?rfgﬁe;g%sﬁﬁf§%§6d5§g?Fbeanﬁe?ggagﬁg 8?%%%@% 34
bR L N R R
to the monitoring devices, respectively. To any person
with ordinary skill in the art, it would be obvious
that a gateway should be used at each site in order to
10 connect the monitoring device to the network 900.

The database unit 15 may store preset coolant
temperature upper limit tables 15a, parameters 15b for
calculating the optimal coolant temperature and optimal
coolant temperature 15c, in the same number as the

15 sites. In addition, the database unit 15 may store a
database that holds ﬁhe data for managing the sites.

The communication unit 14 obtains various data
from the registered sites and stores fhe data in the
database unit 15. If any optimal preset coolant

20 temperature is changed, the communication unit 14
outputs the optimal preset coolant temperature to the
monitoring device provided at the associated site. The
preset coolant temperature calculating unit 12 and the
system monitoring unit 13 repeat the process as many

25 times as the sites registered, thereby calculating the

preset coolant temperatures for the respective sites.

Except for the points described here, the process



enbodi ments described above. Optinmal preset cool ant Stenperatures, for
exanpl e, can, of course, be calculated not only by the nethod shown in the
flowmchart of FIG 7, but also by the known optim zation utilizing the
eval uation function with respect to the optimal preset cool ant
tenperatures. Further, the 10functions of nonitoring devices 41 to 4n and
control devices 51 to 5p nay be inplenent®d in the plant control apparatus
10. In the enbodi ments descri bed above, whether an abnormality has
devel oped or not is determined fromthe 15air supply dew point at the
out door air-copdifoonedginntiie Howenwerembpbeidaha isomisbhtibalotdetiesm ne
the existence of an abnormality is |limted to the air supply dew point at
t he out door aiprcoadstpeniogneddiin #Hny farattémbosihoastt he operating state
of the thermal 20recycling plant and serves to calculate the difference
bet ween the actual Temperasene andenhéopr ésenotehpeiaedr eochhebe used,
instead, to determ ne the existence of an abnormality. For exanple, the
t enper ature of SOPPRAMPUEE dRteFiPadarbare- wabeEinahrbaecer anelehe outl et
port ten?erature of a Iom1teq$erature water circul ati on system can be

d

utilized>for thPBPHHAPLERS, MoYROVETTPVEr i GBS’ dat aCPYERE, N8y be 35

calculated not only by the method shown in the
flowchart of FIG. 7, but also by the known optimization
utilizing the evaluation function with respect to the
optimal preset coolant temperatures. Further, the

10 functions of monitoring devices 41 to 4n and control
devices 51 to 5p may be implemented in the plant
control apparatus 10.

In the embodiments described above, whether an

abnormality has developed or not is determined from the

15 air supply dew point at the outdoor air-conditioning
unit. However, the data from which to determine the
existence of an abnormality is limited to the air
supply dew point at the outdoor air-conditioning unit.
Any data that shows the operating state of the thermal

20 recycling plant and serves to calculate the difference
between the actual temperature and the preset
temperature can be used, instead, to determine the
existence of an abnormality. For example, the
temperature of ultra pure water in a pure water

25 producer and the outlet port temperature of a low
temperature water circulation system can be utilized

for this purpose. Moreover, various data items may be



ysed in conbination, to deternmine the existence of an abnornmality. Wile
certai n enbodi nents have been descri bed, these enbodi nents have been
presented by way of exanple 5only, and are not intended to limt the scope
of the inventions. Indeed, the novel enbodi nents described herein may be
enbodied in a variety of other forns; furthernore, various om ssions,
substitutions and changes in the formof 3he enbodi nents described herein
10may be nade without departing fromthe spirit of the inventions. The
acconpanyi ng clainms and their equivalents are intended to cover such forns
or nodificati onsedasimoubdoiabtiont hto tibeeswope ahd spisténod dhean

i nventions. 15Expl anation of the Synbols 100 ...col d/ heat source
appar at uses, 580normalany.|oad apparatuses, 700 _prinary punp, 300
_secondary punp, 200 rimary header, 400 secondary header, 600 _return
header, 800 bypassWFéE?eceitalnc@mépﬁéaﬁn295BéV@ebﬁﬁﬁaﬂﬁﬁﬁséged2
tenperature sensors flowrate sensors, out door air-conditioning
units, 5 punpshed® e%?%ﬁ%m%6ﬁﬁrBPvﬁpﬁﬁﬁ%tBsesﬂﬁteﬂnbynﬂﬁYt%Fl%ﬁa@%%?ces

.ﬁét;gripB ggntro y?egh egreG%o%olgEendegeVIC iﬁf@sgﬂegéggge O?OQ GIP

inventions. Indeéd, the novel embodiments described
herein may be embodied in a variety of other forms;
furthermore, various omissions, substitutions and
changes in the form of the embodiments described herein

10 may be made without departing from the spirit of the
inventions. The accompanying claims and their
equivalents are intended to cover such forms or
modifications as would fall within the scope and spirit
of the inventions.

15 Explanation of the Symbols

100 ..cold/heat source apparatuses, 500 ..coolant

load apparatuses, 700 .primary pump, 300 ..secondary
pump, 200 .primary header, 400 ..secondary header,
600 ..return header, 800 .bypass route, 1 ..cold/heat

20 source apparatuses, 2 ..temperature sensors, 3 ..flow
rate sensors, 4 ..outdoor air-conditioning units, |
5 .pumps, 10 .plant control apparatus, 41,
4n .monitoring devices, 51 to 5p ..control devices, 61

to 6p ..device/sensor groups, 900 ..IP network.



CLAI M5 1. Athermal recycling plant system conprising: a
cool i ng apparatus which is configured to cool coolant recycling thermal
fromcoolant circulating in a 5l oad apparatus and whi ch consunes energy
whi | e operating; and a controller configured to control the cooling
apparatus, wherein the controller conprises: 10a cal cul ator confi gured to
calculate an optimal tenperature that is Iptimal for the coolant by
optim zation calculation for mnimzing energy consunption under given
condi tions; a nonitor configured to nonitor an operating state
150f the | oad apparatus, thereby to deterRnin® @het her an abnormality exists
in the | oad apparatus, the nonitor controls the cooling apparatus, causing
the sanme to cool thé.codl ahernelarteypiiagupbahbweystamncoher bpinaal
tenperature cal cul ated, on 20determ ning that an abnormality exists in the
| oad appar at us. a coollng apparatus which is configured to cool
coolant recycling thermal from coolant circulating in a
5 load apparatus and which consumes energy while
operating; and
a controller configured to control the cooling
apparatus,
wherein the controller comprises:
10 a calculator configured to calculate an optimal
temperature that is optimal for the coolant by
optimization calculation for minimizing energy
consumption under given conditions;
a monitor configured to monitor an operating state
15 of the load apparatus, thereby to determine whether an
abnormality exists in the load apparatus,
the monitor controls the cooling apparatus,

causing the same to cool the coolant to a temperature

lower than the optimal temperature calculated, on

20 determining that an abnormality exists in the load
apparatus.
2. The thermal recycling plant system according

to claim 1, wherein the monitor corrects the
temperature of the coolant from the optimal temperature
25 by a prescribed correction value, on determining that

an abnormality exists in the load apparatus.

3. The thermal recycling plant system according



2. The thermal recycling plant systemaccording to claiml1, wherein the
nonitor corrects the tenperature of the coolant fromthe opti mal
tenperature 25by a prescribed correction value, on determ ning that an
abnormality exists in the | oad apparatus. 3. The thermal recycling
pl ant system according 37 to claim1, wherein the nonitor determ nes that
an abnormality exists if a difference betseen the tenperature of the |oad
apparatus, measured by a tenperature sensor, and a preset tenperature of
the | oad apparatus renmains equal to or |arger than a prescribed value, for
a prescribed ttpeclaim 1, #hefhént heemabnieoychHengrpliant sisteamaccordi ng
to claim 3, wherein the |oad apparatus is an outdoor air-conditioning unit,
and the tenperabupemgeénsgr exOrtasiufes dnfaeresoppbygtaeanpdbhat at the
outdoor air- conditioning unit. 5. The thermal recycling plant

syst em accor di hgnpgrerairsm of wher épadt AEPABALLEr WeRERKEHAedYt Rat an

abnormality exists if a flowrate of the coolant, 15neasured by a flowrate
sensor, falls EAPBPYBTARIFr E8BFPhed2Pef 8r BREESFahgBPerature gt ¥[8 t her nal
recycling pl an sten1ac%ording?to claim5, wher theFEIOM/rate sensor

ﬁ s& . ?in
measur es>t he fI8&"r 4PE24E “WRi CATEABSco8Fant “FI 8ws -Ba8k*f romfi an

prescribed value, for a prescribed time.

4. The thermal recycling plant system according
to claim 3, wherein the load apparatus is an outdoor
air-conditioning unit, and the temperature sensor

10 measures an alr supply dew point at the outdoor air-
conditioning unit.

5. The thermal recycling plant system according
to claim 1, wherein the monitor determines that an
abnormality exists if a flow rate of the coolant,

15 measured by a flow rate sensor, falls outside a
prescribed reference range.

6. The thermal recycling plant system according
to claim 5, wherein the flow rate sensor measures the
flow rate at which the coolant flows back from an

20 outlet port of the cooling apparatus to an inlet port
thereof.

7. The thermal recycling plant system according
to any one of claims 1 to 6, which comprises a
plurality of cooling apparatuses, the monitor controls

25 the cooling apparatuses operating, thereby cooling the
coolant to a temperature lower than the optimal

temperature in order to minimize the number of cooling



200utl et port of the cooling apparatus to an inlet port thereof. 7.
The thermal recycling plant system according to any one of clains 1 to 6,
whi ch conprises a plurality of cooling apparatuses, the nonitor controls
25t he cool i ng apparat uses operating, thereby cooling the coolant to a
tenperature | ower than the optinmal tenperature in order to mnimze the
nunber of cooling 38 apparatuses operati3g. 8. The thermal
recycling plant systemaccording to claiml, wherein the controller is
connected to the cooling apparatus via a data communi cati on network, and
5t he nonitor ceppashsuthe cperatngnapparatus via the data comuni cation

net wor K. 9. A control apparatus for controlling a thermal recycling
pl ant which circul aBes €bel ahervadl edchygldnpvbhgna eyokemgaapparands
consum ng energy, thereby 10to recover heat froma | oad apparatus, the
control apparat@scéaaprisivigerein the eaneuraler ednfrgure efloteaflel ate an
optimal tenperature that is optinmal for the coolant by optim zation

cal cul ati on foFoﬁﬂhPﬁ1iPH@r%E%FngQS%oﬁéﬁﬁpFPBWUGHB%Fl@Pv@ﬁtEBHErt?%ﬂs

5 the monitor controls the cooling apparatus via the data
communication network.

9. A control apparatus for controlling a thermal
recycling plant which circulates coolant cooled by
driving a cooling apparatus consuming energy, thereby

10 to recover heat from a load apparatus, the control
apparatus comprising:

a calculator configured to calculate an optimal
temperature that is optimal for the coolant by
optimization calculation for minimizing energy

15 consumption under given conditions;

a monitor configured to monitor an operating state
of the load apparatus, thereby to determine whether an
abnormality exists in the load apparatus,

wherein the monitor controls the cooling

20 apparatus, causing the same to cool the coolant to a
temperature lower than the optimal temperature
calculated, on determining that an abnormality exists
in the load apparatus.

10. The control apparatus according to claim 9,

25 wherein the monitor corrects the temperature of the
coolant from the optimal temperature by a prescribed

correction value, on determining that an abnormality



@ nmonitor configured to nonitor an operating state of the |oad apparatus,
t hereby to determ ne whether an abnormality exists in the | oad apparat us,
wherein the nonitor controls the cooling 20apparatus, causing the sane to
cool the coolant to a tenperature |ower than the optinmal tenperature
cal cul ated, on determ ning that an abnormality exists in the |oad
appar at us. 10. The control apparatd$ according to claim9, 25wherein
the nonitor corrects the tenperature of the coolant fromthe opti nal
tenperature by a prescribed correction value, on determning that an
abnormal ity 38xeéxksts$ni hheéhéohdadppppatabus. 11. The contro
apparatus according to claim9, wherein the nonitor determ nes that an
abnormal ity exists ifi.a @hef epencelberweentilse aterpeiagute oflathe 9, oad
apparatus, neasured by a tenperature sensor, and a preset tenperature of
t he | oad apparHb@§eﬁénﬁhﬁsm@qméprtdeéﬁrmaﬂgértbﬁénaa pbesemnphédyval ue, for
a prescribed tine. . The control apparatus according to claim11,
10wherei n t he Pééétépbﬁrétﬁéff§r§ﬁ06uP868?eﬁlFheCBﬁHP?FéﬁPﬁﬁ Ghi theand the
t enper at yre sensor measures_an air sugpb§ 0|nt at the outdoo

tPoI

ai r-condPti oni ng® gnppparatus, qgasygpg Bﬁé?&Pﬁg 588895rn8n90 claim
9, 1lbwherein tpe appi tof delefgLngs LRat 30,2000 98 LY renains equal

to or larger than a prescribed value, for a prescribed
time.
12. The control apparatus according to claim 11,
10 wherein the load apparatus is an outdoor air-
conditioning unit, and the temperature sensor measures
an air supply dew point at the outdoor air-conditioning
unit.
13. The control apparatus according to claim 9,
15 wherein the monitor determines that an abnormality
exists if a flow rate of the coolant, measured by a
flow rate sensor, falls outside a prescribed reference
range.
14. The control apparatus according to claim 13,
20 wherein the flow rate sensor measures the flow rate at
which the coolant flows back from an outlet port of the
cooling apparatus to an inlet port thereof.
15. The control apparatus according to any one of
claims 9 to 14, wherein the thermal recycling plant
25 comprises a plurality of cooling apparatuses, the
monitor controls the cooling apparatuses operating,

thereby cooling the coolant to a temperature lower than



exists if a flowrate of the coolant, neasured by a flow rate sensor, falls
outside a prescribed reference range. 14. The control apparatus
according to claim 13, 20wherein the flow rate sensor neasures the flow
rate at which the coolant flows back froman outlet port of the cooling
apparatus to an inlet port thereof. 15. The control apparatus
according to any one of clains 9 to 14, Vierein the thermal recycling plant
25conprises a plurality of cooling apparatuses, the nonitor controls the
cool i ng apparatuses operating, thereby cooling the coolant to a tenperature
| ower than 4Chdempinaaltegrperatng eln ooteerte onim e echhenWikder of
cool i ng appar atuses operati ng. 16. The control apparatus according
to claim?9, woethcisliconneepaeteseheortedweldrecycling plant via a 5data

conmmuni cation network, and in which the nonitor controls the cooléng
apparatus via the dhta cORRURPRBEPbMARRIMRFKS according ta abihbd’ of

controlling a thermal recycling, plant which circul ates, cool ant I b
driving a 10co¥Hiy Ja%p%‘?%?%%t%%n%%rﬁkh% telh%]fr&?i, ?%%Y%fﬁ/n? opjfae%%\(i\gir)a ﬁéejaty

from , ,
om a Igad 3993{31é@ﬁméﬁfggﬁiggdng§w%¥i?'gﬁh in which the monitor

controls the cooling apparatus via the data
communication network.

17. A method of controlling a thermal recycling
plant which circulates coolant cooled by driving a

10 cooling apparatus consuming energy, thereby to recover
heat from a load apparatus, the method comprising:

calculating an optimal temperature that is optimal

for the coolant by optimization calculation for
minimizing energy consumption under given conditions;

15 monitoring an operating state of the load
apparatus, théreby to determine whether an abnormality
exists in the load apparatus, and

controlling the cooling apparatus, causing the
samé to cool the coolant to a temperature lower than

20 the optimal temperature calculated, if an abnormality
is determined to exist in the load apparatus.

18. The method controlling a thermal recycling
plant, according to claim 17, wherein the temperature
of the coolant is corrected from the optimal

25 temperature by a prescribed correction value, if an
abnormality is determined to exist in the load

apparatus.



calculating an optinmal tenperature that is optimal for the cool ant by
optim zation calculation for mnimzing energy consunption under given
conditions; 15nonitoring an operating state of the | oad apparatus, thereby
to determ ne whether an abnormality exists in the | oad apparatus, and

controlling the cooling apparatus, causing the sane to cool the
coolant to a tenperature |ower than 20t hedbpti mal tenperature cal cul ated,
if an abnornmality is determned to exist in the | oad apparatus. 18.

The met hod controlling a thermal recycling plant, according to claim17,
wherein the tenperatlGre OThet hetbodl anhtrslddngeet etdefrmem rheyoptingal

25t enperature by a prescribed correction value, if an abnormality is
deternmined to pxist,i Acthedipadtapphpranus’, #herein anjgbnyhmapithods
controlling a thermal recycling plant, according to claim 17, wherein an
abnormal ity isfpvnAdtPocsxpst iffagdédffeepBReebBEYREBNtRRtEBRBERANGRe Of
the | oad apparatus, neasured by a tenperature 5sensor, and a preset
tenperat ure of °fh&hPoA828pPAPAFAS FenBFASUEGHaPYt 8 BFTPEF§ER Ehan a
prescribgd value, for a prescrib t hod coghgolling

i ) 0,. Th
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remains equal to or larger than a prescribed value, for
a prescribed time.
20. The method controlling a thermal recycling
plant, according to claim 19, wherein the load
10 apparatus is an outdoor air-conditioning unit, and the
temperature sensor measures an air supply dew point at
the outdoor air-conditioning unit. |
21. The method controlling a thermal recycling
plant, according to claim 17, wherein an abnormality 1is
15 determined to exist if a flow rate of the coolant,
measured by a flow rate sensor, falls outside a
prescribed reference range.
22. The method controlling a thermal recycling
plant, according to claim 21, wherein the flow rate
20 sensor measures the flow rate at which the coolant
flows back from an outlet port of the cooling apparatus
to an inlet port thereof.
23. The method controlling a thermal recycling
plant, according to any one of claims 17 to 22, wherein
25 the thermal recycling plant comprises a plurality of
cooling apparatuses, and if an abnormality is

determined to exist, the cooling apparatuses are



10 apparatus is an outdoor air-conditioning unit, and the tenperature
sensor neasures an air supply dew point at the outdoor air-conditioning
unit. 21. The nmethod controlling a thermal recycling plant,
according to claim 17, wherein an abnormality is 15determned to exist if a
flowrate of the coolant, neasured by a flowrate sensor, falls outside a
prescribed reference range. 22. Th&2 et hod controlling a thernm
recycli-ng plant, according to claim?21, wherein the flow rate 20sensor
measures the flow rate at which the coolant flows back froman outlet port
of the coolingcapparaled, tehahei obetrapony,t hbeeeby cooling28heThe net hod
controlling a thermal recycling plant, according to any one of clains 17 to
22, wherein 25theleher tal ar eeypéragupkanbweonphesesha ppuiapilty of cooling
apparatuses, and if an abnormality is deternmned to exist, the cooling
appar at uses ar &emperapptreolinedrdahi Fe BpeiatEAgthehBrBBGTcBbl FRGLLAS
coolant to a tenperature |ower than the optiml tenperature in order to
mni mze the n@RBEFabPSEoPPRE2EPPEr at uses operati ng.



