1 DESCRIPTION TITLE OF THE INVENTION AIR-CONDITIONING CONTROL SYSTEM AND
AIR-CONDITIONING CONTROL METHOD TECHNICAL FIELD [0001] The present invention
relates to an air-conditioning control system and ait-conditioning control method for a facility having a
plurality of electronic devices and more particularly to an 10 air-conditioning control system and
air-conditioning control method suitable for g Jarge-scale electronic device facility such as a
datacenter. BACKGROUND ART [0002] 15Ina datacenter or the like, there is a growing tendency that
electronic devj eéyar%ﬁstgmg%%ﬁ}y to improve the area efficiency and as a consequence, the heat
generated by the electronic devices may amount to 1.0 to 1.5 kW/m2. Therefore, there is a need to
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[0001]
The present invention relates to an air~conditioning control
system and air-conditioning control method for a facility having
a plurality of electronic devices and more particularly to an

10 air-conditioning control system and ailr-conditioning control
method suitable for a large-scale electronic device facility such
as a datacenter.

BACKGROUND ART
[0002]

15 In a datacenter or the like, there is a growing tendency that
electronic devices are installed densely to improve the area
efficiency and as a consequence, the heat generated by the
electronicdevicesnmufamounttx)l.Otx>l.5kw/m2. Therefore, there
is a need to cool the electronic devices quickly with less power

20 consumption.

{0003]

Patent Document 1 describes an air-conditioning system which
air~conditions a plurality of rooms by at least one outdoor unit.
According to this document, in order to reduce energy consumption

25  sufficiently, the air-conditioning system includes a plurality of



[0003] Patent Document 1 describes an air-conditioning system which air-conditions a plurality of
rooms by at least one outdoor unit. According to this document, in order to reduce energy consumption
25 sufficiently, the air-conditioning system includes?a plurality of 2 indoor units located in a room and
determines the number of indoor units to be operated, based on outdoor thermal energy supplied from

the outdaoyinlt, speifcation.data on,the indapr.units, & (egyest o, eagll jadoor ynt, apd l electric

)
energy of the 5 air-conditioning system and stops operation of indoor units in excess of the number of

indoor unji (0 be operaled. 0004) 1. Raten: Ragument2, n grderio actieye, boih enetgy, saving

and environmental consérvation by controlling an air conditioner 10 in conjunction with operation of an

electronie gievios: Bt rally.of sgers-ateaused In.a pralily ot server [agkadnatalled jn.g server

room and a system for cooling the electronic device monitors t eat generation of each server in

each ser@%@ck@é &[gmp%%%gﬁ,coq}&l Zone C,;ll%aet f(g)_rL ?ve%(lseec\:/ggail erver racks anc% an ta}i{

.. ener oL .. e .
conditioner is provided for each temperature control zone to change the operat?rYg condition of the air

C°”®“m§¥¥18893B%EB%E%@Eé§§E%%?%%%[@@$§s operation of indoor units in
excess of the number of indoor units to be operated.
[0004]
Patent Document Z, in order to achleve both energy saving
and environmental conservation by controlling an air conditioner
10 in conjunction with operation of an electronic device, a plurality
of servers are housed in a plurality of server racks installed in
a server roomand a system for cooling the electronic device monitors
the heat generation of each server in each server rack. A
temperature control zone is set for every several server racks and
15 an air conditioner is provided for each temperature control zone
to change the operating condition of the alr conditioner in each
temperature control zone.
[0005]
Patent Document 3 describes that the temperature
20 distribution in the vertical direction of the gas space in an
alr-conditioned room is measured and the supplied air flow is
adiusted by fuzzy control, bkased on the relation between the
temperature distribution and the air conditioner outlet
temperature.

25  PRIOR ART DOCUMENT



Patent Document 3 describes that the temperature 20 distribution in the vertical direction of the gas
space in an air-conditioned room is measured and the supplied air flow is adjusted by fuzzy control,
based on the relation between the temperature distribution and the air conditioner outlet temperature.
25 PRIOR ART DOCUMENT 3 PATENT DOCUMENT [0006] Patent Document 1: Japanese
Patent Applicationdaid:2pen No. 2006-220345 5Patent Document 2: Japanese Patent Application
Laid-Open No. 2010-108115 Patent Document 3: Japanese Patent Application Laid-Open
No.H8(1996):439542 SUMMARY OF THE INVENTION 10 PROBLEM TO BE SOLVED BY THE
INVENTION

Patent Document 1: Japanese Patent;Applicationﬁbaid—@penE&L

2006~-220345
b Patent Document 2: Japanese Patent Application Laid-Open No.
2010-108115

Patent Document 3: Japanese Patent Application Laid-Open
No.HB8({1996)-159542
SUMMARY OF THE INVENTION

10 PROBLEM TC BE SOLVED BY THE INVENTICN
[o007]

However, when a faclility in which electronic devices are
densely installed as in a datacenter and the temperature control
accouracy in alr conditioning must be high is cooled to aveld an

15 operational failure, the conventicnal approach i1s to operate a
plurality of cooling means almost to their full extent. However,
in c¢order to address environmental i1ssues and reduce power
consumption, they must be operated more efficiently for energy
saving.

20 [0008]

The alr-conditioning system described in the Patent Document
1 is not intended to deal with the heat generated by precision
devices such as electronic devices and does not pay due
consideration tc decreasing the temperature cof the obiect to be

25 cooled which generates heat itself, to a given level. In other



[0007] However, when a facility in which electronic devices are densely installed as in a
datacenter and the temperature control accuracy in air conditioning must be high is cooled to avoid an
15 operational failure, the conventional approach id to operate a plurality of cooling means almost to
their full extent. However, in order to address environmental issues and reduce power consumption,

they mustbesoperated more.efficiently for.energy saving. 2Q10008] The;air-conditioning system

described in the Patent Document 1 is not intended to deal with the heat generated by precision

devices guch.as electronic.devices, and does.notpay due cansideration tq c&%crsgéi@%ﬂsfgweratwe

of the object to be 25 cooled which generates heat itself, to a given level. In other 4 words, the

techniquein this document dealswith loads caused pygeneral enviropmental;factors and is not

intended to save energy in a case that a certain level of load is predictable. [0009] 5The electronic
device cogigssystem described in the Patent

5 The electronic device cooling system described in the Patent
Document 2 1s intended to cool electronic devices like ones in a
datacenter tc a glven temperature, in which detailed data on loads
is available and thus a higher level of energy saving than before
can be achieved. However, even in the technique described in the

10 Patent Document 3, there is a need for further energy saving and
more active acqguisition of locad data is an important issue,
[0010]

The air conditioner described in the Patent Document 3 is
intended to quickly resclve the temperature distributicn in the

15 wvertical direction of the air-conditioned area. If this system is
gpplied to an area with a high heat generation density in which
servers or the like are densely installed, such as a datacenter,
there is a restriction on the locations of temperature sensors or
the like, so the system does not always bring about an effect which

20 18 required for electronic devices.

[0011]

The present invention is intended to scolve the problem of
the above related &art and has an object tc provide an
alr-cenditioning system and air-conditioning control method for

25 efficiently ccoling an electronic device which is required to



Document 2 is intended to cool electronic devices like ones in a datacenter to a given temperature, in
which detailed data on loads is available and thus a higher level of energy saving than before can be
achieved. However, even in the technique describ&d in the 10 Patent Document 3, there is a need for

further e

nergy saving and more active acquisition of load data is an important issue. [0010]
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air-condiggr%i g-system and air-conditioning control method for 25 efficiently cooling an electronic

device whic

as a5computer orIserve
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n oréér to achieve the above cbject, according to cne aspect
of the present invention, there is provided an air-conditioning
contrel system for air-conditioning an electronic device
installation room housing a plurality of electronic devices by a
plurality of alr conditioners and the system includes an integrated
management server which calculates a required amcunt of cooling
energy based on power data on the electronic devices as sent from
a first client server including a job management means for managing
jobs for the electronic devices and outputs information to control
operation of the alr conditioners, and a control panel which
controls operation of the air conditicners based on a command from
the integrated management server, in which the integrated
management server includes an environment optimization means to
calculate a temperature distribution in the electronic device
installation room in controlling operation of the air conditioners
pased on the reguired amount of cooling energy and sends a command
for controlling operation of the air conditioners to the control
pranel so that the temperature distribution calculated using the
environment optimization means 1s within a predetermined
permissible range.

[0013]

ISrequired to 5 operate with high precision and generates a large amount of heat, such



MEANS FOR SOLVING THE PROBLEMS [0012] 5In order to achieve the above object, according to
one aspect of the present invention, there is provided an air-conditioning control system for
air-conditioning an electronic device installation roBm housing a plurality of electronic devices by a
plurality of air conditioners and the system includes an integrated 10 management server which

calculates a requifec aiopnt of caging energy baserogpouer dala an dhg eleqtionie deyices as sent

from a first client server including a job management means for managing jobs for the electronic

devices g@% ggput%@for%ipnzgq_, gg@g@ Opﬁﬁ%(}&ﬁf;ﬂ?? airt%)%g%(i)c;rr:gt%,: ;ﬁg qugg%tggl pgﬁel which

15 controls operation of the air conditioners based on a command f egrated management

server, 1% MG g Dipglaled Manadement AearbAudes AN aTCONMAY APUTZEloRMeans (0

calculate a temperature distribution in the electronic device installation room in controlling operation of

the air capllanets 20 based on e requed amaunt gl coping enerayand sends a.gamend or

controlling operation of the air conditioners to the co that the temperature

calcylat EiBQ&*}%?E%‘{[OQ%‘S%OB%%‘%E‘:{EP&'%%’?AéWE%%%PB%%Q %{gﬂﬂﬁ%g%%sgi@é%ange-

25[0013 In order to achieve t ove object, according to another aspect of the present

invention, th IS; provi n.air-conditioni tr thod for air-conditionin electronic device
el e T e B ot oA S the

method iggludes the steps atobrania ower.datgon e electipnic deviees by 4 st diept server

including a job management means for managing jobs for t ectronic S, calcu[%ting a required

smoun gisaelon iy e o 1 sdinie s SReyoys s besed n e g pover

data on the e (_EC'[I‘OI’IIC YICES a;_o _ Irst client server and ca ) 1 .
B e e T L N e O
Op%ﬁmogg&@yﬁggé%mltheelectronicdevicesasc&mainedknithefirstclient
server and calculating information to control operation of the air
conditioners, and the integrated management server giving an
operation command to the control panel, in which at the step of
the integrated management server giving the operation command to
156 the control panel, a command to control operation of the air
conditicners is sent to the control panel so that a temperature
distribution cbtained using an environment optimizaticon means for
calculating a temperature distribution and an air current in the
electronic device installation room is within a predetermined
20 permissible range when operaticon of the alr conditioners is
controlled based on the power data on the electronic devices and
the required amount of cooling energy.
[0014]
In the above system and method, the required amount of cooling

25 energy may be a sum of actual power consumption of the electronic



15 the control panel, a command to control operation of the air conditioners is sent to the control panel
so that a temperature distribution obtained using an environment optimization means for calculating a
temperature distribution and an air current in the electronic device installation room is within a
predetermined 20 permissible range when operation of the air conditioners is controlled based on the

Do g oh e Clegonl Sevaes ane s lad ie) A9 e0gNg SR d00T gL Lie sbove

system and method, the required amount of cool in 7 devices, Or t uired amount ot cooling
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consumption of the electronic devices as predic e first client server according to a 108 plan

which the fisl client serygt iegenves. Whichever (s auger. aLgion e%@g&fggg]@ére%o@x‘gi Bef includes

a return air temperature sensor for detecting a temperature of air flowing into the air co ijoner, a

supply it ferperatuie sensor, foy delectng g lemberalue 0 outfwing air, anda means for detecting

17
a frequency of a fan of the air 10 conditioner the seco lent server or the m%egra e

manpgeepl,agrveL calchlales 4 AMAUL Of UV Lised Spollnd ersiy hasad @) gt from the

dC %lr
return air temperature sensor, t supply alr temperature sensor, and eguency detecting means,

the requited amau of cooling eneray.1uay be g surb gl actual power gonsurplion g Lhe glegtronic

_devices, or a sum of future power consumption o the ctronic devices as predicted by Ré first client
e R e e AT
aceoringi Ve ESaLIOU U, e Aol ol e o 1 gk ot gt con o
air, and a means for detecting a frequency of a fan of the air
10  conditioner and the second client server or the integrated
management server calculates an amount of currently used cooling
energy based on outputs from the return ailr temperature sensor,
the supply air temperature sensor, and the frequency detecting
means, the required amount of cooling energy may be a sum of actual
15 power consumption of the electronic devices, or a sum of future
power consumption of the electronic devices as predicted by the
first client server according to a job plan which the first client
server receives, or the calculated amount of currently used cocling
energy, whichever is the largest.
26 EFFECT OF THE INVENTION
[G015]
According fo the present invention, the amount of heat
generated by an electronic device itself can be estimated from data

on the operation of the electronic device, so the air-conditioning

25 system can prevent a compufer or server from malfunctioning due



25 system can prevent a computer or server from malfunctioning due 8 to overheating and efficiently
cool the electronic device which generates a large amount of heat. BRIEF DESCRIPTION OF THE
DRAWINGS [0016] 5[Fig. 1] Fig. 1 is a block (ﬁagram of an embodiment of an air-conditioning
control system 100 according to the present invention. [Fig. 2] 10Fig. 2 is a top view of an example of

an e'eC”E’B'Co%‘Q%%?&UH)ﬁ "‘HHE{‘ iseai-condiioned by the,alr-canditigning confrolisystem ageording to

the present invention. [Fig- 3 Fig.3 is a Side view of an electronic device facility shown 15in the

Fig.2. generates a large amount of heat.

BRIEEF DESCRIPTION OF THE DRAWINGS
[0016]
5 [Fig. 1]
Fig. 1 1is a Dblock diagram of an embodiment of an

alr-conditioning control system 100 according to the present

invention.
[Fig. 2]
10 Fig. 2 1s a top view of an example of an electronic device

fagility which is air-conditioned by the air-conditioning control
gystem according to the present invention.
[Fig. 3]
Fig.3 is a side view of an electronic device facility shown
15  in the Fig.Z.
[Fig. 4]

Fig. 4 is a flowchart for controlling an embodiment of the
air-conditioning control system according to the present
invention.

20 BEST MODE FOR CARRYING OUT THE INVENTION
[0017]

Next, an embodiment of the present inventionwill be described
referring to drawings. Fig. 1 1is a block diagram of an
air-conditioning control system 100 according to the present

25  invention and Fig. 2 is a plan view of a server room in which the



[Fig. 4] Fig. 4 is a flowchart for controlling an embodiment of the air-conditioning control system
according to the present invention. 20 BEST MODE FOR CARRYING OUT THE INVENTION [0017]
Next, an embodiment of the present invention will Be described referring to drawings. Fig. 1 is a block
diagram of an air-conditioning control system 100 according to the present 25 invention and Fig. 2 is a

plan view; of-a sgrver roamiinavhich the, O ai-conditioning controlsysiam 400 iginstalled; Fig. 3 is a
fragmentary longitudinal sectional view of the server room shown in Fig. 2, schematically illustrating

the air c%%%re%s%geg aineyrenis: al0P18] -+ ; Jn Fig 1R bloekenclased by a reclangle fepresents
a

hardware an lock enclosed by a corner-rounded rectangle represents software. Ablock enclosed
by a rectangie witha Ieft LpRgt comer issingrepresentsdata, A seffwareRrogran isloaded on a
piece 10 of hardware connected to it by solid line. An integrated management function 10 which is the
core of an integrated management server 300 as enclosed by dashed line centrally controls the
air-conditioning control system 100 in the present invention and is connected to a job management
cliery servgr 29 and a power 15 management client server 20, a power management server 30, and an
air-conditioning efficiency management server 40 by communication means such as LAN and the

Internet respectivelyri 4. 1, a block enclosed by a rectangle represents hardware
and a block enclosed by a corner-~rounded rectangle represents
software. Ablock enclosed by a rectangle with a left upper corner
missing represents data. A scoftware program 1s loaded on a piece

10 of hardware connectedto it by solid line. An integratedmanagement
function 10 which is the core of an integrated management server
300 as enclosed by dashed line centrally controls the
alr-conditioning control system 100 in the present invention and
is connected to a Jjob management client server 20 and a power
15 management client server 20, a power management server 30, and an
air-conditioning efficiency management server 40 by communication
means such as LAN and the Internet respectively.
[00189]
The job management client server 20 controls job management
20 which will be described later and upon receiving a job reguest 24,
manages the operation of an electronic device using a job management
program 22 to respond to the job request. At this time, job
management is done using power data 82 detected by a power meter
80 and temperature data on zones Bl as detected by temperature

25 sensors 85 which will be detailed later,.



[0019] The job management client server 20 controls job management 20 which will be described later
and upon receiving a job request 24, manages the operation of an electronic device using a job
management program 22 to respond to the job red@est. At this time, job management is done using
power data 82 detected by a power meter 80 and temperature data on zones Si as detected by
temperatpgg 2§;sensors 85 which will be detailed later. 10 [0020] The power management client
server 30 sends power consumption status information and a management guideline to the integrated

management fungon, 0. basedon e tempesatie laja on gonesd  andpower daa 82.and using

a power management program 32; in order to perform efficient power management. [0021] The

a"'CO“diQ‘BH@@&@?ﬁ?B%Q@P@QeM%'iﬁQh%?r{é{ﬁ%ﬂQ optimizes: the aiicopditioning efficiency

according to an 10 air-conditioning efficiency calculation program 42 which will be detailed later, using

the tempgratyce date.on zones Bl and data.onai;conditionsis Al AL IS e, asthe icarated

management function 10 receives various setting data from the client servers 20 to 40, the integrated

management function; 10 integrates the 13 varigys. sefting. data in accordance with wsggg%mined

criterion to optimize power utilizat on. Then t Sends a command for Settings of the air conditioners 70

to a monjtgring g@ggﬂl Rane @9@%’;0%@} I%éﬁ@gg%%e%@l‘owing the command from the integrated
management function 10, the monitoring control panel 60 sends an

[0021]

The air-conditioning efficiency management client server 40

optimizes the air-conditioning efficiency accerding to an

10 alr-~conditioning efficiency calculation program 42 which will be

detalled later, using the temperature data on zones Bl and data

on alr conditioners ALl. AL this time, as the integrated management

funetion 10 receives various setting data from the client servers

20 to 40, the integrated management function 10 integrates the

16 wvarious setting data in accordance with a predetermined criterion

tooptimize power utilization. Then it sends a command for settings

of the alr conditiocners 70 to a monitoring control panel 60 through

an 1I/0 unit 50, Fellowing the command from the integrated

management function 10, the monitoring control panel 60 sends an

20  operation command to various parts of the air conditioners 70 using

a monitoring program 62, The monitoring control panel 60 cutputs

monitoring data 64 which indicates the operation status of the air

conditicners 70 and the I/C unit 50 outputs log data 56 which

indicates the operation status of the air-conditioning control

25 system 100,



20 operation command to various parts of the air conditioners 70 using a monitoring program 62. The
monitoring control panel 60 outputs monitoring data 64 which indicates the operation status of the air
conditioners 70 and the I/O unit 50 outputs log datd 56 which indicates the operation status of the
air-conditioning control 25 system 100. 11 [0022] The 1/O unit stores an 1/0 program 90 and an
energy op@jgﬂé%tion program 92 and environment optimization program 94 relating to the program 90.
The energy optimization program 92 5 makes calculations in reference to characteristic data 96 on the

air conditioners ¢Q) storegin g storagegmeans in.theform of & databasg,and pitial setting data 95 for

the initial setting of the air conditioners 70 and outputs log data 93. The environment optimization

program 4. caleylates,how o operate the air 10, conditioners 79 fo;minimize the enyironmental load, in

reference to sensor setting data 97 including data on the arrangement of the temperature sensors 85

stored in, storage means i the form,af a dlatabase J0023).154thauoh hese Piaarams00, 92, and

94 are stored in the 1/0 unit 507in this embodiment, instead the integrated management function 10 or

the moniforing;control panel 50 may, h@g%&rbh@egﬂeat%&%%@@ﬁ%ﬁteré&%sea%rqg{am?e Fig. 1is

a diagram for easy explanation of various functions. 20[0024 Next, an example of an electronic

device fagjlity to,which;the aii:congitioning gontrolsystem 100 i aciually applied will he described
referring to Figs. 2 and 3. Fig. 2 shows an example of a server room 200 as part of a datacenter in
Whmh'“@@%éﬁ%@%sand initial setting data 925 for the initial setting of
the air conditioners 70 and cutputs log data 93. The environment
optimization program 94 calgulates how to operate the air

10 conditioners 7C to minimize the environmental load, in reference
to sensor setting data 97 including data on the arrangement of the
temperature sensors 85 stored in a storage means in the form of
a database.

[0023]

15 Although these programs 90, 92, and 94 are stored in the I/0
unit 50 in this embodiment, instead the integrated management
function 10 or the monitoring control panel 60 may have an
input/output function and store theseprograms. Fig. 1isadiagram
for easy explanation of various functions.

20 10024]

Next, an example of an electronic device facility to which
the alr-conditioning control system 100 is actually applied will
be described referring to Figs. 2 and 3. Fig. 2 shows an example

of a server room 200 as part ¢f a datacenter in which many servers

25 {electronic devices) are mounted in server racks. In the server



25(electronic devices) are mounted in server racks. In the server 12 room 200, a plurality of air
conditioners 111 to 114 are installed along walls (two units against each of wall surfaces opposite to
each other in the figure). Return air temperature sehsors 131 to 134 for detecting the temperature of
air sucked in from the server 5 room 200 and supply air temperature sensors 121 to 124 for detecting

the tempeysirs o copdidoned ai ischayoe o oe aloondiiangrs 111 (9414 are gaghed to the

air conditioners 111 to 114 respectivély. [002 The server room IS substantially ivided into

zones whichcorjespond o e aitcondiioners A1 o 11t and the & conditionsr 141 mainly

air-conditions the zone 171 and the air c itioner 112 air-conditions the zone € air which is

conditonedthy the o qgndiignars ALt 1143 pased ieugh an wderfogy aasenge 15,453 and

supplied to the zones 171 to ctively. In each of the z y otforows (two

rows in the i) af senver a6k 197 fapusn ek ey tan i fhe fgure) e fastalled and hese

server racks each have a plu lity of shelves arrange vertic server aced on each shelf.
e e e
SErver room, temperature of conditioned air discharged from the air
conditioners 111 to 114 are attached te the air conditioners 111
to 114 respectively.
[0025]
10 The server room 200 is substantially divided into zones which
correspond to the air conditioners 111 to 114 and the air conditioner
111 mainly air-conditions the zone 171 and the air conditicner 112
air-conditicns the zone 172, The air which ig conditicned by the
alr conditioners 111 to 114 is passed through an underfloor passage
15 153 and supplied to the zones 171 to 174 respectively. In each of
the zones 171 tTo 174, a plurality of rows {ftwo rows in the figure)
of server racks 182 (seven racks per row in the figure) are installed
and these server racks each have a plurality of shelves arranged
vertically. A server 181 is placed on each shelf. This means that
20 many servers are installed in the server room 200 and the heat
generated by these servers must be gquickly and efficiently
discharged.
[6026]
Fig. 3 is a sectiocnal view showing part of the server room

25 200 schematically. The air conditioner 71 located against the wall



13 is a so-called package type air conditioner which sends conditioned air 161 through a partition wall

152 to the underfloor passage 153 formed between a floor surface 155 and an underfloor wall surface

156 by a blower fan. The floor surface constitutes ¥ grating 154, 5 so while conditioned air 162 flows in
the underfloor passage 153, upward air currents 165 and 166 which go into the server room through

e clearaice gosel e faid Jotaislarme OF() he SeeripdisntiZ Al dagaien.on the floor

surface 155 10 as mentioned above a e conditioned air currents 16 coming from the

grating 1od exchangs Reatwili e seryers 1A% Mauptedinhie seeriacks 185, and el o

temperatures go up, resulting in the formation of upward air currents 1 These upward air

currents ﬂg%@g@ %g% : etit;rgugtj &Qaréiggg% g\@éln}r% g.Sélhfgr (,Bj?.r% '(ggh@% %eop%%lhaltio 1. 5hace of the air

conditioner 71 against the wall and turn into an inflow current 167 which exchanges heat with cooling

water andggfigeraqt thiouoh aiheatexchanget piavided n the 2 condiioner 71, asnerating

. ?’I‘ -
conditioned air. This cycleis repeated to cool the servers1 to below a prescribed temperature.

100281 Te, hopt exchanasr.qlihe i sondiiangt 44 orks g sgealled fres,caglin, Jn which I

exchanges heat between the air in the server room whose temperature has fisén and the cooling

25 Wateru\%u%ﬁ:edlgtfgt&l%é§1Iggtl\%lgegr;[g%Wﬂ?éﬁo&ésior%gfthe server room through
The clearance gaps of the grating 154 are formed.
[0027]
The server racks 182 are located on the floor surface 155
10 as menticned above and the conditicned air currents 165 and 166
coming from the grating 154 exchange heat with the servers 181
mounted in the server racks 182 and their temperatures Jgo up,
resulting in the formation of upward air currents 163 and 164.
These upward air currents 163 and 164 go through a partition wall
156 15l for partitioning the installation space of the air conditicner
71 %gainst the wall and turn into an inflow current 167 which
exchanges heat with cooling water and refrigerant through a heat
exchanger provided in the air conditioner 71, generating
conditioned alr. This cycle is repeated to cool the servers 181
20 to below a prescribed temperature.
(00281
The heat exchanger of the air conditioner 71 works for
so-called free cooling, in which it exchanges heat between the air
in the server room 200 whose temperature has risen and the cooling

26  water whose latent heat is lost when the compressor is out of



14 operation. When the compressor is in operation, in the heat exchanger which functions as a
condenser, heat exchange takes place between the refrigerant and the cooling water having passed
through a cooling tower 76 and in the heat exchankfer which functions as 5 an evaporator, heat
exchange takes place between the air in the server room 200 whose temperature has risen and the

refrigerant, Epx fhis reasop, pipes;74 and 75 areprpvided iq.engble cooling waigr tpgircylate through

the cooling tower 76. [0029] 10As described above, the return air temperature sensor 72 is located

near the ltake sife.of he-glrseanationer. 2L and e siagly 2 Lepnetaiule senser 14 [srigeated near

the discharge side thereof. The temperature data detected by these sensors™72 and sent through

a commlﬂmg%w@ﬁ@%%aéﬂ-é%&tgﬁaetﬁqg@%iﬂgncgwgogelé&g&%%g%gﬁystgs other hand, an

operation control command Is Sent from the monitoring control panel through a communication line 65

such as LAN Ig {he aircondioner 4, [993d) Eor fhe putmase.of onfimization of he.sndronment, 20
temperature sensors 86 to 89 are located near the top and bottom shelves of each server rack 182.
Aboye these dompsialirg sensars 86.40.83, Jempgiature datals,alyg, aent thiough;the gommunication
server room 200 whose temperature has risen and the refrigerant.
For this reason, pipes 74 and 75 are provided to enable cooling
water to circulate through the cooling tower 76.
[0029]
10 As described above, the return ailr temperature sensor 72 is
located near the intake side of the alr conditioner 71 and the supply
alr temperature sensor 73 is located near the discharge side therecof.
The temperature data detected by these sensors 72 and 73 is sent
through a communication line 66 such as LAN to the monitoring control
15 panel 60, On the other hand, an operation control command is sent
from the monitoring control panel through a communication line 65
such as LAN to the air conditioner 71.
[0030]
For the purpose of optimization of the environment,
20  temperature sensors 86 to 89 are located near the top and bottom
shelves of each server rack 182. Abcove these temperature sensors
86 to 89, temperature data is also sent through the communication
line like LAN to the monitoring control panel 60. Although
temperature data is collected in the monitoring control panel in

25 this embodiment, it is needless to say that the data may be sent



line like LAN to the monitoring control panel 60. Although temperature data is collected in the
monitoring control panel in 25 this embodiment, it is needless to say that the data may be sent 15to a
separate client server or the integrated managemét function 10 instead. [0031] An example of
operation of the air-conditioning system in 5 the present invention which is intended to achieve both

environmental laad tegh.ction,ant alrcongltioning,elficiancy improysment a fhe airseandiiaping contro
system thus configured will be explained referring to the tflowchart of Fig. 4. First, as a job request 24 is
issued from auser Be: job program is executed 10 to perform calculations and control operations
using the servers. The job management client server 20 optimizes the job. [0032] For example,
the methogd ribed in JP-A-2009-252056 is adopted to optimize the job. This method uses two

types of 15 processing policies. (1) When an order of priority is set for jobs, priority order indices are

given to assign jgps 10.a, plurality,of seryers,and the o o be assigned,to eadh server s detgrmined.
(2) Taking power consur‘r%tlon of(z:-a%}h server into consideration, ajo%) IS asagﬁeg 0 ﬁwe server so as
tonEanE%éhe&%gg%ht invention which is intended o achieve both
environmental load reduction and alr-conditioning efficiency
improvement in the air-conditioning control system thus configured
will be explained referring to the flowchart of Fig. 4. First, as
a job request 24 is issued from a user, the job program is executed
10  to perform calculations and contrel operations using the servers.
The job management client server 20 optimizes the job.
[0032]
For example, the method described in JP-A-20092-252056 is
adopted fto optimize the -ob, This method uses two types of
15  processing policies. (1) When an order of priority is set for jobs,
priority order indices are given to assign jobs to a plurality of
servers and the job to be assigned to each server is determined.
{2) Taking power consumpitlon of each server into consideration,
a Jjob 1s assigned to the server so as Lo minimize the power
20 consumpticn (Step 410). In either of these policies, power
consumption is calculated from server location information and
position information including environmental information (Step
4207 .

[0033]

25 The location information includes position coordinates and



20 consumption (Step 410). In either of these policies, power consumption is calculated from server
location information and position information including environmental information (Step 420). [0033]
25The location information includes position coordihates and 16 identification data of the servers 181
and inter-server connection data. The environmental information includes server operation data and

performangg, characterisiic, datg and-amplent epuirenment.manitpring data such as glectric power,

temperature, humidity, flow 5 rate, flow direction, rated output power, and rated performance. The

performance charagteristic, data includes supply power loss;characferistics, and. pawer consymption

characteristics. These are stored in the form of a database. [0034] 100nce jobs are assigned, the

amount of.generated heat.or.cnolingload is. caleulated. using theair-gopditioning, management client
server 40. For example, the method described in JP-A-2010-78218 is adopted for this purpose. Since

this method,yses sensiiviy analysis, sensitily analysis datajs prehared, 15 ueing & simuator

Specifically, how the temperature of conditioned air which flows into, and from, each sérver 181

changes when the gutiettemperature (suppjy gir tsmperatire) of, gach. of the gl conditioners 111 to

114 is changed, and how the temperature of the return air into each of the air conditioners 111 to 114

changes20.when the femperature of conditioned ajr flowing, oyt af.each seryer 184,is,changed are
actually measured or estimated by a simulator (Step 430). [0035]
characteristics and power consumption characteristics. These are
stored in the form of a database.
[0034]

10 Once jobs are assigned, the amcunt ¢f generated heat or
cooling load is calceculated using the atr-conditioning management
client server 40. For example, the method described in
JP-A-2010~78218 is adopted for this purpose. Since this method
uses sensitivity analysis, sensitivity analysis data is prepared

15 using a simulator. Specifically, how the tfemperature of
conditioned air which £lows into, ané from, each server 181 changes
when the outlet temperature {supply air temperature) of each of
the air conditiconers 111 to 114 is changed, and how the temperature
of thereturnalr intoeachof the air conditioners 111 to 114 changes

20  when the temperature of conditioned air flowing out of each server
181 is changed are actually measured or estimated by a simulator
(Step 430).
f0C35]

The supply ailr temperature of each of the air conditioners

256 111 to 114 (temperatures deleclted by the supply alr temperature



The supply air temperature of each of the air conditioners 17 sensors 121 to 124) which minimizes the
evaluation function as the square sum of deviations between the temperature of conditioned air
currently flowing into each server 181 and the perfissible maximum temperature of inflowing
conditioned air is determined 5 (Step 440). If this value has a sufficient difference from an estimated

value or gygr-changing updates, by xeqllime, calqulations are desited,; the %%!8%'@5{8% here ig stopped

(Step 450) and setting data for the air conditioners 111 to 114 to attain such supply air temperatures is

sent to the inteqrated managepient function10, 10(0036] . . |f further reduction.f.nqwer. . 4

consumption is desired, the air conditioners 111 to 114 are operated under conditions as close to the

optimum.anerating.gandijons gs ppssible, Specifigalie seltina,data s, gentio the integrated

management function 10°so 15 that the compressor operation level is changed to an operation level at

hich th i | f.the.ait conditi 1 14 are th
which t %é%&’zg!yma'%%%g%%&g%%%}%%&%ﬁﬂB‘%Fﬁ%é’e&?{dtf&%%%% Hyaners, % 19 %né alg the

e
temperatures determin e power consumption is minimized (Step 4 0). 037]

20Fgr furlhettecgtion of power, gansymption (31ep 4701, dhe sepvers 183 gl gre-uf,of service or

not executing the jobs though turned on are se uence o se servers Is eliminated

from the@@ﬁlﬁaetyg&u@gq_%gog)?tgggpgctggnogol%%ﬂggdates by real~time calculations

are desired, the calculation here is stopped {(Step 450} and setting
data for the air conditioners 111 to 114 to attailn such supply air
temperatures is sant to the integrated management function 10.

10 [0036]

If further reduction of power consumption 1s desired, the
alr conditioners 111 to 114 are operated under conditions as close
to the optimum operating conditions as possible. Specifically,
setting data is sent fo the integrated management functicon 10 so

15 that the compressor operation level is changed to an operation level
at which the supply air temperatures (cutlet temperatures) of the
alr conditioners 111 to 114 are the temperatures determined at Step
430 and the power consumption is minimized (Step 460).

[0037]

20 For further reduction of power consumption (Step 470), the
servers 181 which are ouf of service or not executing the jobs though
turned on are selected and the influence of these servers is
gliminated from the above evaluation to determine the operation
levels of the ailr conditioners 111 to 114 (Step 480C). Thus, by

25 controlling only the temperatures of the servers 181 which are



levels of the air conditioners 111 to 114 (Step 480). Thus, by 25 controlling only the temperatures of
the servers 181 which are 18 currently executing the jobs, further reduction of power consumption can
be achieved. [0038] In terms of reducing power cdffsumption while the servers 181 5 as heat
generators to be cooled are nearly at their maximum operable temperatures, a considerable effect is

produced. simaly fy,caying ut he ahaye steps. However, futher mprayament fsdo he fade n

terms of reducing environmental load. Therefore, considering environmental load, t currents and

tempera%%gliﬁﬁglatit&p %gllln the sgryer.rom 200 are calculated according to the environment
i .

optimization program 94, also using data from the temperature sensors 86 to 89 (Step 490). [0039]
Whether g5 iot the temperature of each zone in the server 15 room 200 is above a predetermined
upper limit or héat buildup occurs can be decided based on the calculation of air currents (Step 500).

Conseauently,nopoply s} bl 5 suppressec bt lse i heat buidup should e redied it

possible to prevent the temperatures of the servers 18 m going up abnormally due to 207ocal

einBeratite fon bydncieaia i seolna paverol e A soadianels Laanalrgbeloh (lep 520
If the air conditionérs are preset to operate only when there“is no heat (ife up tepp5€1 , power
CO“S“”“ggmﬁéngHE%ﬂa a considerable effect is produced simply by carrying
out the above steps. However, further improvement is to be made
in terms of reducing environmental load. Therefore, considering
environmental load, the air currents and temperature distribution
16 in the server room 200 are calculated according to the environment
optimization program 94, also using data from the temperature
sensors 86 tc 89 (Step 490).
[0039]
Whether or not the temperature of each zone in the server
15 room 200 is above a predetermined upper limit or heat buildup cccurs
can be decided based on the calculation of air currents {(Step 500).
Consequently, not only heat builldup is suppressed but also if heat
buildup should be predicted, it is possible to prevent the
temperatures of the servers 181 from going up abnormally due to
20 local temperature rise by increasing the cooling power of the air
conditioners or changing the Jjob (Step 520). It the air
conditioners are preset to operate only when there is no heat buildup
(3tep 510}, power consumpticn 1s reduced.
[0040)

25 In the above embodiment, the thermal load generated by the



[0040] 25In the above embodiment, the thermal load generated by the 19 servers 181, namely the
required amount of cooling energy of the air conditioners, has been calculated by either of the
following two methods: ) the calculation is made offthe basis of the operation status (calculated value)
of the job assigned by the job 5 management client server 20 (Step 420) and (2) instead of Step 420,

the calculation.isqnagde by.dete¢ting the heat,generation.(RRWsECERIUMPLoR)Qf,1he Sepvers.181

resulting from the actual job operation. If the latter method is used, the required amount of cooling

energy (thermabload is,qbtained,as direct.electric power; 10 consymptiogewhich effers an agvantage

that the amount of load is easily known and the air conditioners can be controlled in real time. This

method is.pffective,when load variation is large, {90411 4n additian, dhe required amoynt of gooling

energy (load) 15 can also be predicted according to the job operation plan of the job management

client server 20, This iseffective as aproactive,measyre when large load variation.js.expecigd to

occur in the future. When a server is cooled by an air conditioner, it is difficult to avoid a time lag from

inpu of & gaoling.conditionupdating, signah20-t04he;3ip conditionsr until the servet isaciuglly cooled to

a prescribed temperature. According to the past experience, a time lag of about 5 minutes may occur

in some gages. dn the past, duedo.sieh aimadag.dead yapgtion couldnat be dealtwith and.an
excessive cooling capacity was used with a resulting increase in 25 power consumption. 20
consumption) of the servers 181 resulting from the actual job
operaticon. If the latter mefhod is used, the required amount of
cooling energy (thermal lcad) is obtained as direct electric power
16 consumption, which offers an advantage that the amount of load is
easily known and the air conditioners can be controlled in real
time. This method is effective when lcad variation is large.
[0041]
In addition, the required amount of cooling energy {(load)
15 can also be predicted according to the job operation plan of the
Job management client server 20. This is effecltive as a proactive
measure when large locad variation is expected to occur in the future.
When a server 1s cooled by an air conditicner, it is difficult to
aveid a time lag from input of a cooling condition updating signal
20 to the alr conditioner until the server is actually cooled to a
prescribed temperature. According to the past experience, a time
lag of about 5 minutes may occur in some cases. In the past, due
to such a time lag, load variation could not be dealt with and an

excessive cooling capacity was used with a resulting increase in

25 power consumption.



[0042] The above embodiment compensates for such a time lag and permits energy saving. In this
case, if the predicted required amount of cooling energy or the required amount of cooling energy 5
calculated from the heat generation (power consuﬁ?ption) of the server 181, whichever Is larger, is
taken as the required amount of cooling energy and instead of Step 420 in Fig. 4 the integrated
managemgnt function 10 runs the air conditioners 70, power consumption is reduced without an
excessive load on the servers 10181. [0043] Furthermore, since the difference between the return

air temperature anghsupply @irdemperaturs: oteagh.ofthealr genditigners 111 t9,114 gultiplied by the

amount of air flowing 15 into each of the air conditioners 111 to 114 may be considered as thermal

load, optinaum; eperatien gan beynerformed acegrding.to.the sequence shawn.in fig. 4y taking as
cooling load the largest one among three values, namely the amount of heat processed by the air

conditiongfthe-power.conSWRPLQRaf the servers 181 atthe present 2Q fmeasured valye) .and the

predicted power consumption of the servers in the future, instead of Step 420. Therefore, W%?en the air

congjitioners are ceptiolied Ry finding the laggest ope:among the.aboye, tiree valyes at regylar time

intervals, high reliability is ensured and power consumption is reduced without an excessive 25 load

on the servets:18% sHereifithehlower fan 77 gf the air 21 conditioner £ 1.is an;inuertercontrolled
blower fan, the amount of inflowing air can be calculated from the inverter frequency and the fan
charactefigtic data. {0044k v v and instead of Step 420 in Fig. 4 the integrated
management function 10 runs the air conditioners 70, power
consumption is reduced without an excessive load on the servers
10 181.
[0043)

Furthermore, since the difference between the return air
temperature and supply air temperature of each of the air
conditicners 111 to 114, multiplied by the amount of air flowing

15 into each of the air conditioners 111 to 114 may be considered as
thermal load, optimum operation can be performed according to the
sequence shown in Fig. 4 by taking as cooling load the largest one
among three values, namely the amount of heat processed by the air
conditicner, the power consumptioncof the servers 181 at the present

20 {(measured wvalue}, and the predicted power consumption of the
servers in the future, instead of Step 420. Therefore, when the
air conditioners are controlled by finding the largest one among
the above three values at regular time intervals, high reliability
is ensured and power consumplhion is reduced without an excessive

25 load on the servers 181. Here, i1f the blower fan 77 of fhe air



5The above embodiment has been so far explained by taking an example of air conditioning of a
datacenter with many servers; however, the present invention is not limited to air conditioning of a
datacenter but it may be applied to air conditionin&]of a facility including many devices that generate
heat. Also, although 10 the above explanation assumes that the air conditioners are package type air

conditioners, {he inyention;may also be similarly applied to-the case,0f using.absorption refrigerators

with fan coil units. [0045] Furthermore, in the above embodiment, in order to attain the 15 optimum

operatiop, statys of the, gir.qonditioners..namely attain the pperation status in which a,given , 4

air-conditioning performance is achieved with minimum power consumption, the required amount of

cooling energy-needed (o, calculate the gperation status of the air conditioners is calculated based on

one among a plurality of 20 varying factors which is most contributory to safe operation, so rise in the
room tempergure which contributes to failures of electronic devices included in an electric device
facility is suppressed. In addition, since the operation status of the air conditioners can be decreased

accgrding to loadyenergy saving s 25 ensured.and sﬂvggn%@t@ugﬂﬁaﬁ%% 244 PESGRIPTION
OF REFERENCE NUMERALS [0046] 10... Integrated management function 20.. .Job management

client seryer (first.client sever) 5 22 ;. Joh management means (program) 24,0 squest ;

however, the present inventiocn is not limited to air conditicning

of a datacenter but it may be applied to air conditioning of a

facility includingmany devices that generate heat., Also, although

10 the above explanation assumes that the air conditioners are package

type alr conditioners, the invention may also be similarly applied

to the case of using absorption refrigerators with fan coil units.
[0045]

Furthermore, in the above embodiment, in order to attain the

15 optimum operation status of the air conditioners, namely attain

the operation status in which & given air-conditioning performance

is achieved with minimum power consumptioﬁ, the reguired amount

of cooling energy needed to calculate the operation status of the

alr conditicners is calculated based on one among a plurality of

20 varying factors which is most contributory to safe operation, so

rise in the room temperature which contributes to failures of

electronic devices included in an eleciric device facility is

suppressed. In addition, since the operation status of the air

conditioners can be decreased according to load, energy saving is

26 ensured and envirconmental lcad is reduced.



30...Power management client server 32.. .Power management means (program) 40...A -conditioning
efficiency management client server (second 10client server) 42.. .Air-conditioning efficiency
calculation means (program) 50...1/0 unit 52.. Initf setting data 54.. .Log data 15 60,. .Monitoring
control panel 62.. .Monitoring program 64.. .Monitoring data 65, 66...Communicat on lines 70.. .Air

conditiongrs 207+ 1A CoRditionek iidem Retuin-alr temperature sensor 73.. .Supply air temperature
sensor 74, 75...Cooling water pipe

10

15

20

[0046]

10...Integrated management function

20...Job management client server (first client server)

22...Job management means (program)

Z4...Job reguest

30...Power management client server

32...Power management meansg (program)

40...Alr~conditioning efficiency management client server (second
client server)

42...Alr~conditioning efficiency calculation means {(program)

50...1/0 unit

52...Initial setting data

54...Log data

€0.. . Monitoring control panel

62...Monitoring program

64...Monitoring data

65, 66...Communication lines

70...Alry conditioners

71...Alr conditioner

72...Return alr temperature sensor

73...53upply alr temperature sensor

74, 75...Cooling water pipe

76...Cooling tower

7., . Blower fan



76.. .Cooling tower 2577.. .Blower fan 23 80...Power meter 82.. .Power data 85 to 89...Temperature
sensors 90...Input/output management program 5 92.. .Energy optimization means (program) 93,. ,Log
data 94.. .Environment optimization means (progr%t?n) 95...Initial setting data  96...Air conditioner
characteristic data 10 97.. .Sensor setting data 100.. .Air-conditioning control system 111 to 114.. .Air
conditiongis 121 10.124. .. Supply air temperature sensors 131 to 134.. .Return air temperature
sensors 15151, 152.. .Partition walls 153.. .Underfloor chamber

82...Power data
85 Co 89...Temperature sensors
90...Input/output management program
B 92...FEnergy optimization means (program)
93...Log data
94, . .Envircnment optimization means (program)
85...Inttial setlting data
96...Alr conditioner characteristic data
10 97...3ensor setting data
100.. . Air-conditioning control system
111 to 114...Air conditioners
121 to 124...8upply air temperabture sensors
131 to 134...Return air temperature sensors
15 151, 152...Partition walls
153...Underfloor chamber
154, ., .Grating
155...Floor surface
156, . .Underfloor wall surface
20 161 to 167...Air currents
171 to 174...Alr-conditioned zones
181,...8erver {electronic device)
182...3erver rack
200...8erver room

26 300...Integrated management server



154.. .Grating 155...Floor surface 156.. .Underfloor wall surface 20161 to 167.. .Air currents 171 to
174.. .Air-conditioned zones 181. ..Server (electronic device) 182.. .Server rack 200...Server room 25
300,. .Integrated management server Al.. .Air corfditioner data Bl...Temperature data 25

Al...Alr conditioner data

Bl...Temperature data



CLAIMS [Claim 1] An air-conditioning control system for air-conditioning an electronic device
installation room housing a plurality of 5 electronic devices by a plurality of air conditioners,
comprising: an integrated management servefivhich calculates a required amount of cooling
energy based on power data on the electronic devices as sent from a first client server including a job
managemgentmeans for managing jobs for the electronic devices and outputs 10 information to control
operation of the air conditioners; and a control panel which controls operation of the air
conditioners based on a command from the integrated management server, wherein the integrated
management server includes an 15 environment optimization means to calculate a temperature

distribution in the,glectranic,davice iastallatqn.ioom in eniqliing operation,gtine;aik capditigners

based on the required amount of cooling energy and sends a command for controlling operation of the

air condiiggers,(0,1he contipl panel sa thatthe 2gemoeratuig distibytion cleylated using e

environment optimization means is within a predetermined permissible range. [Claim 2]

air-gpndifioning,cqnirol syster ageording to Claim, 1, w%%rfl%@%m%@@xa@oa@ﬁgﬁegqlm energy i

a sum of actual 25 power consumption of the electronic devices.

an integrated management server which calculates a required
amount of cooling energy based on power data on the electronic
devices as sent froma first client server including a job management
means for managing Jjobs for the electronic devices and outputs
10 information to control operation of the air conditioners; and
a control panel which contreols operation of the air
conditioners based on a command from the integrated management
server,
wherein tThe integrated management server includes an
15  environment coptimization means to calculate a tenperature
distribution in the electronic device installation room in
controlling operation of the air conditioners based on the required
amount of cooling energy and sends & command for controlling
operaticn of the air conditioners to the contrel panel so that the
20 temperature distribution calculated using the environment
optimization means is within a predetermined permissible range.
[Claim 2]
The air-conditioning control system according to Claim 1,
wherein the required amount of cecling energy 1s a sum of actual

25  power consumption of the electronic devices.



[Claim 3] The air-conditioning control system according to Claim 1, wherein the required amount
of cooling energy is a sum of actual 5 power consumption of the electronic devices or a sum of future
power consumption of the electronic devices as pr?édicted by the first client server according to a job
plan which the first client server receives, whichever is larger. [Claim 4] 10The air-conditioning control
system according to Claim 1, wherein each air conditioner includes a return air temperature
sensor for detecting a temperature of air flowing into the air conditioner, a supply air temperature
sensor for-detecting;a temperature of outflowing air, and a means for detecting a 15 frequency of a fan
of the air conditioner; and wherein the second client server or the integrated management server

calculates an amaunt of curreitiy used: cogling,gnergy hased.gn qutpytssfrom the return.air; |
temperature sensor, the supply air temperature sensor, and the frequency detecting means; and 20

wherein fhe.requiredamount af.cooling eneray js asym gfactial gower consumptien.of the electronic

devices, or a sum of future power consumption of the electronic devices as predicted by the first client

server acearding [9.a johplanwhichihedirstelient sererreceves, Qrét]&%@#@{?{%d: arpayaLof

currently used 25 cooling energy, whichever is the largest. 27 [Claim 5
consumption of the electronic devices as predicted by the first

client server according to a job plan which the first client server
receives, whichever is larger,
[(Ciaim 4]
10 The ailr-conditioning control system according to Claim 1,
whereln each alr conditicner includes a return air
temperature sensor for detecting a temperature of air flowing into
the air conditioner, a supply alr temperature sensor for detecting
a temperature of outflowing alr, and a means for detecting a
15  freguency of a fan of the air conditioner; and
wherelin the second client server or the integrated management
server calculates an amount of currently used cooling energy based
on outputs from the return alr temperature sensor, the supply air
temperature sensoxr, and the frequency detecting means:; and
20 wherein the required amount of cooling energy is a sum of
actual power consumption of the electronic devices, or a sum of
future power consumption of the electronic devices as predicted
by the first client server according to a job plan which the first
client server receives, or the calculated amount of currently used

25 cooling energy, whichever is the largest.



An air-conditioning control method for air-conditioning an electronic device installation room housing a
plurality of electronic devices by a plurality of air conditioners, comprising the steps of: obtaining
power data on the electronic devices by a first clieht server including a job management means for
managing jobs for the electronic devices; 10calculating a required amount of cooling energy needed
for air-conditioning the electronic devices, based on the power data on the electronic devices as
obtained by the first client server and calculating information to control operation of the air
conditiongrs;;and t9the integrated management server giving an operation command to the control
panel, wherein at the step of the integrated management server giving the operation command to

the control paneh 2 commangd e:controh opesation-af the:air-conditioners.is seat toithe Gantro| panel so

20 that a temperature distribution obtained using an environment optimization means for calculating a

temperature distribution apd an.air cuzrent inthe-glectrgpie deyiee installation feom s within 2

predetermined permissible range when operation of the air conditioners is controlled based on the

powgr dataon-the glectignic 25.dgvices.and the reayired amouwnt of cogling energy, 28 [Glaim 6]

The air-conditioning control method according to Claim 5, wherein the required amount of cooling
energy is-a.sug gfactyal,power consumption of the electronic devices.

obtaining power data on the electronic devices by a first
client server including a job management means for managing jobs
for the electronic devices;

10 calculating a regquired amount of cooling energy needed for
alr-conditioning the electronic devices, based on the power data
on the electronic devices as obtained by the first client server
and calculating information fto control operation of the air
conditioners; and

15 the integrated management server giving an operation command
to the control panel,

wherein at the step of the integrated management server giving
the operation'command to the control panel, a command to control
operation of the air conditioners is sent to the control panel so

20 that a temperature distribution obtained using an envirconment
optimization means for calculating a temperature distribution and
an air current in the electronic device installation room is within
a predetermined permissible range when operation of the air
conditioners is controlled based on the power data on the electronic

256 devices and the required amount of cocling energy.



5[Claim 7] The air-conditioning control method according to Claim 5, wherein the required amount
of cooling energy is a sum of actual power consumption of the electronic devices or a sum of future
power consumption of the electronic devices as pfédicted by the first 10 client server according to a
job plan which the first client server receives, whichever is larger. [Claim 8] The air-conditioning control
method agcording4o Claim 5, wherein the second client server or the integrated management 15
server calculates an amount of currently used cooling energy based on outputs from a return air

temperature sengar, a.Sunply, Al femperaiure.sensel; apd afrequency defectingmeags which are

provided in each air conditioner; and wherein the required amount of cooling energy is a sum of 20

actual power.consumption.of theelegtronic deyices, of arsum.of ftyre power,consemption.of the

electronic devices as predicted by the first client server according to a job plan which the first client

server re§g‘b/@§, QBH%%‘E‘{@}?%%’“QH@ af currently;usegd.cpoling energy, whichever is the largest.
5 [Claim 7]

The air-conditioning control method according to Claim 5,
wherein the required amount of cooling energy is a sum of actual
power consumpiion of the electronic devices or a sum of future power
consumption of the electronic devices as predicted by the first

10 client server according to a job plan which the first client server
recelves, whichever is larger.
[Claim 8]
The air-conditicning control method according to Claim 5,
wherein the second client server or the integrated management
15 server calculates an amcunt of currently used cooling energy based
on ocutputs from a return air temperature sensor, a supply air
tenmperature sensor, and a frequency detecting means which are
provided in each air conditioner; and

wherein the required amount of cooling energy is a sum of

20  actual power consumption of the electronic devices, or a sum of
future power consumpiion of the electronic devices as predicted
by the first client server according to a job plan which the first
client server receives, or the calculated amount of currently used
cooling energy, whichever is the largest.

25



