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An environmental control system for a building in a geographic location and having a heating, ventilation and air-conditioning
(HVAC) system includes at least one computer-readable medium having instructions stored thereon that, when executed by at
least one processing device in communication with the external application, enables the at least one processing device to receive
weather data characterizing a weather forecast over a predetermined time period for the geographic location, receive free-cooling
window data, determine, based on the weather data and free-cooling window data, an available free-cooling time window, and
issue to the external application an executable command to the HVAC system to enter free-cooling mode during the available free-
cooling time window.
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(57) Abstract: An environmental control system for a building in a geographic location and having a heating, ventilation and air-
conditioning (HVAC) system includes at least one computer-readable medium having instructions stored thereon that, when ex-
ecuted by at least one processing device in communication with the external application, enables the at least one processing device to
receive weather data characterizing a weather forecast over a predetermined time period for the geographic location, receive free-
cooling window data, determine, based on the weather data and firee-cooling window data, an available free-cooling time window,
and issue to the external application an executable command to the HVAC system to enter free-cooling mode during the available
free-cooling time window.



PREDICTIVE FREE COOLING

[0001]
BACKGROUND

[0002] Controlling the energy consumption of a building, and in particular the energy
consumption of an HVAC system, has been achieved through a building automation system (BAS)
having software executable algorithms that incorporate numerical constant values corresponding
to equipment operating characteristics. FIG. 1 shows a BAS interacting with an HVAC system in
which real-time operating conditions within the HVAC system are sent to the BAS while control
settings are received.

[0003] The equipment of the HVAC system may include, but is not limited to, chillers,
pumps, condensers, boilers, air handlers, heaters, terminal units, etc. The values utilized by the
BAS are typically programmed during installation of the HVAC system and set according to the
local climate and ambient conditions. These values may be changed periodically by manually
evaluating and re-programming the BAS for anticipated changes in the local climate and tenant
comfort complaints.

[0004] HVAC systems in the past had been designed and installed without energy
efficiency in mind. With rising energy costs and more emphasis on protecting the environment,

customers are now looking to reduce energy consumption. Other inventions
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‘that deal with energy efficiency within HVAC systems take along time to dmploment; require
large upfront costs, require a large amount of hardware modifications fo the original BAS or
HVAC system, and requite experiise for installation, maintenance, updates, and even
castomer usage. These conventional systems may require frequent updates and repairs.
Customers often nesd oxtensive training o porform sach updates and repairs thomselves.
“Typically, these systems may also require wrigue modifications for each different HVAC
system, which adds to' the cost and complexity of sach installation. Further, conventional
BASs e geverally resoirce Timited In their ability with respeet 1o processing, exchinging
and computing data.

{0005} Free cooling is an cconomic method of ‘usin‘g Tow extermal air temperstores 1o
assist in chilling water, which van then be used for industrial process, or air conditioning
systems in green dala centers. When the ambient wir tomperatiive drops 1o 2 set lemperatue, 8
maodulating valve allows all or part of the chilled water 1o by-pass an existing chitler and run
through the free~cooling system, which uses less power and uses the lower ambient wmir
temperaiiee o cond the water in the systom withowt compromising conling reguircements.

[0005] Free cooling (water-side econontizing} is an effective tool for reducing overall
engrgy consnmpltion in complex cooling systems, In practice, however, it ean be difficult to
implement effectively, and often involves guesswork in determining when o tern on and off.

(G807} Due (o lack of precise information, operators tend to avoid using free cooling
to minimize the possibility of expending the extra energy consumed by suddenly restarting
chillers. When free cooling is used, 1if iz often incfficiently smplemented and fans are overrun

— again, due {o lack of precise data.

DESCRIPTION OF THE DRAWING FIGURES

J0008] Preforred and alicrnative cmbodiments of the present invention are described
in detail below with reforence o the following drawings:

(0009 FIG. 1 is a schewmatic dingram of a building avtomation systom interacting
with an HVAC system without sn external application according {0 8 conventions!
environmental conirol aystem;

[3010] FIG. 2 is a schematic diagram of an covironmental control system having an
external application in commmmication with a building automation system o contrel snergy

consinnption of an HVAC systent aecording 1o an emboditnent of the present invention;
e
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{0011} FIG. 3 is.a block Jogic diagram of the conumunications and operation of the
eavirenment-control. svstem of FIG. 2 3@;:‘01‘&;1;; w an embodimentof the present invention
and

{0012} FIG. 4 is a block logic diagram of the communications and operation of free-
couling functionality in conpection with the environment controd systenyof FIG. 3 according

to an embodiment of the present invention,

DETAILED DESCRIPTION

j0013] This patent application is intended to describe one or more embodiments of
“the presSent vention, 11 to be understood that the use of absolufe torms, such a8 “oast,”
“will,” and the Bike, as well as specific quantities, is o be construed ss being applicable fo
one oromore of such cmbudimenis, bat not mecessarily to all such embodiments.  As such,
embodiments of the invention may omit, or inchude & modification of, one or more features or
functionalities described in the context of such absolute terms,

{0014} According to one or more embodiments, the combination of software or
computer-gxecutable mstructions with a computer-readable medium results in the creation of
8 machine or appamtus.  Sinularly, the exccution of sofftware or computer-executable
instructions by a processing device results in the creation of a machine or apparatus, which
may be distinguishable from the processing device, dsclf, according to an embodiment.

(0055} Corvespondingly, i is to be understood that a computer-readable medium ig
ransformed by storing software or computer-executable instructions thercon.  Likewise, a
processing device is transformed in the course of executing software or computer-excoutable
mstructions.  Additionally, i is 1o be yaderstood that a fivst set-of data Input 1o a processing
device during, or otherwise in assoctation with, the execution of sofiware or computer-
executable instructions by the processing device is transformed fmto a sccond set of data as a
consequence of such execution. This sccond data set may subsequently be stored, displayed,
or otherwise commupicated. . Sich wansformation, alluded to 1n each of the sbove wxamples,
anay be a consequence of, or othérwise involve, the physical alteration of portions of o
computer-readable mediame Such wansformation, alladed 1o in cach of the above examples,
may also be a consequence of, or otherwise involve, the physical alteration of, for example,
the states of registers andfor couters associated with a processing device during execution of

software or computer-exccutable instructions by the processing device.
~Fw
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{0016} As used hereim, a process that is pecformed “sotomatically”™ may mean that the
process is performed as o result of machine-cxecuted instractions and does not, other than the
establishment of user preferences, reguire manual effort,

[0017] In the following description, certain specific details are set forth in order to
provide a thorough understanding of various embodiments of the mvention. However, ong
skilled in the ar will understand that the invention may be practiced without these details, In
“other instances, well-knoven structures associated with HVAC systems and individual HVAC
components, binkling chimate or environmental control Systonss; building hutomation systenis
{BASs) and various climaie control or environmental control processes, parameters, and
operations theroof have not necessarily been shown or deseribed in detail to avoid
unhecessarily obscuring deseriptions of the embudiments of the invention,

{0018} An embodinent separates eneryy oplimization computation from equipnient
control functions by extornally inferacting with the BAS of an HVAC system. In one
embadinment, ap optimization module, such as an external application, is located in a global
controd device, but could be boused in another hardware dovice that includes an mtomal
microprocessor. The external application communications with the BAS, which in tum
communicates with the HVAU system, The external application runs software sybroatines or
modules that process real-time HVAC system data and then provides that data to be read by
the BAS, which in turn provides mstructions to divect various HVAC system components €0
new or desired set points (e, 2 now tomperaturs setting for a region of the building, a new
flow rate for a pump or fam, ofc). One particular embodiment of the external application
inchides a method for optimizing or at attempling to optimize the overall energy efficiency of
the HVAC system by reading, processing aod revising varicns parameters, datn, and sef
points.

{0019 In one embodiment, the HVACU systom may inchude chilfer plant cguipment
that is under the control of the BAS. Some of the BAS” responsibilities inchude equipment
control functions: leadday. changeover, equipment failure monitoring, cquipment stavtup,
equipment shotdown, alarms. recognition and  announcersent, and futhure changeover
sequences of the chiller plant,

{86020} Free cooling can be used to save engrgy whenwver the wet bullvtemperatirs on
the exterior of the chiller plant drops below the required chilled water sot point, Such energy

savings can be realized due to, for example, reduced delnnmidification Joad for ventilation air
i
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and mereased officiency of vooling towers. An-embodiment provides predictive fres-cooling
functionalily, Predictive free cooling allows the use of a weather forecast (eg., data received
over a network andior manually nput, describing predicted ambient air temperahures over a
predetermined andfor selectable time interval and externsl to a structure to be cooled) as an
gt to determine if free cooling shoudd be reguested or auwtomatically inplemented.

{0021} An embodiment incorporates weather forecast data that accwately predicts
Aree-cooling availability based on outside air wet bulb threshold. When the ambient outside
“teroperatire is below the threshold for the minimuam Tree-cooling window period, and curvent
plant conditions permit free-cooling operation, an embodiment can inform an operator that
“freesconling is available. This process can also ocour automatically, with an cmbodiment
enabling andfor disabling free-cooling mods without operator intervention. Predictive free
cooling is configurable, sllowing for both the outside air swet bulh threshiold and the mintmum
free-copling window period to be adjusted based on a site’s specific roguircments, An
embaodinment may generate montbly reports that give insight into the free-cooling bours
available, free-cooling hours activated, and frec-cooling hours misscd when otherwise
avatlable.

{8022} Predictive free cooling adds the ability to ensure that a window of weather
availability is present; without it, ondy current conditions may be used. By providing this
precise weather-condition data ahead of time, the possibility of inefficiently expending
energy by shutting down and restarting chitiers is nunimized. In other words, chillers may be
only shut dows if ambicnt air-<temperature conditions will, according to the weather forecast,
persist long encugh to create frec-cooling energy savings exceeding the energy required to
restart the chillers, This lafter determination can tvpieally be a function of the specific
tonmage, flow rate, andfor current wet-balb temperature set point (collectively “free-vooling
window data™) associated with the chillers in question.

{00231 The result is reduced overall energy consumption throogh increased use of
Adree cooling and improved cfficicncy in system operations. By leveraging the wealtime
operating data in an embodiment, the system learns and improves over dume, sllowing
operators to use free cooling more often, and at optinal efficiency.

{00241 FIG. 1 is provided for purposes of clarity to Hlustrafe an covironmental control
systemn 100 that includes interaction between a building astomation systom (BAS) 102 and an

HVAC svstem 104, The systerm 100 does not inclade an external application, 8o it is thesefore
~Fu
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consistent with existing or conventional envirommenial control systems. In operation, real-
fime a;:erating conditions 16 within the HVAC system 104 are transmitied to the BAS 102
and then control setiings 108, also called set points, are controllably transmitied from the
BAS 102 to the HVAC system 104, In this systemy, equipment control functions and
optispization functions must by co-mingled in the BAS.

{0023} FIG. 2 shows an envirommental control system 206 that includes interaction
batween 2-BAS 202 and an HVAL system 204 in which real-time operating data 206 within
“the HVAUD systerdy 204 are wimsmitied 1o the BAS 202 a8 deséribed above. The real-fime
operating data 206 may inclade equipment operating conditions such as, but not limited to,
voltages, speeds, temperatures and pressures, hereinafier referred 1o ag “real-time operaiing
data™, Tn addition, the environmental control systermn 200 inctades an external application 210
configured to communicate with the BAS 202 through a data communication network (not
shown). In one embodiment, the interaction between the external application 21{ and the
BAS 202 is accomplished with a logical interface that allows the external application 210 to
interact romotely from the BAS 202 and optionally imteract with other BASs. The external
application 210 provides application data 214 to the BAS 202, The application data 214 may
inchude operating parameters for the HVAC system 204, for example the application data 214
may ndicate which HVAC components should be curvently running, at what speeds, ete,
Dhrect {e.g., havdware level) control of HVAC equipmaont is provided by the BAS 202, The
application data 214 provided to the BAS 202 from the external application 210 may
preferably include data o vary cquipment speeds and define new equipment sof points, but
additional data may also be provided,

J0026] The BAS 202 reads the real-time nperating data 206 from the HVAC sysem
284, The external application 218 interacts with the BAS 202 1o achieve cnergy savings for
the HVAC system 204 by receiving equipment data 212 from the BAS 202 and then
proceasing the squipment data 212 asing software algorithms that caleulate or otherwise
determine destred operating scttings for the HVAC system 204, To achieve the desired
operating smtings, ihe application. data 314 is sent fromn the external application 218 to the
BAS 202, which in turn permits the BAS 202 to operate the HVAC svstem 204 in accordance
with the application data 214 provided from the external application 210. By way of example,
the BAS 202 opeorates the HVAC system 204 with controlling instructions 208, In one

embodiment, the external application 210 inchades 3 programamable micropratessor unit,
"!ﬁ"
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{0027} The external applivation 210 uses three types of data, the squipment data 2132,
the application data, 214, and smms data 218 when wteracting with tkn? BAS 202, The
equipment data 212 includes the real-time operating data 206 as originally provided by the
HVAC system 204 and interpretively modified by the BAS 202 The equipment data 212
may take the form of data related 0 power conswmption, eguipment speed, sapply
temperatures, squipnient set points, equipment faults, running statuses, et The BAS 202
writes the equipment data 212 to the exernal application 210 The application data 214
“meludes operating parametérs processed by the exterhal application 210 and vead by the BAS
202, The application data 214 may then be acted opon within desired operational and/or
safety limits defised by the E?I‘Xﬁfi‘i,sysgmm 204, The application data 214 may nchade
optimized set poings, optimized speed set poinds, temperature set points, ete. In a proferred
embodiment, the cquipment data 212 is sent to the external application 210 while the
apphication data 214 is provided by the external application 210, The status data 2135 15
exchanged between the BAS 202 and the external application 210 so that each has access to
the current status of the other. Existing BASs do not have the necessary control lngic or
computing power to perform like the external apphication 210, which inchudes more complex
control logic and may require more compuiing power,

{0028] FIG. 3 shows a logic diagram of an envivonmental control system 300 for a
buikding or other structure 400 (FIG. 43, The control system 300 includes 3 BAS 302, and
HYAC system 304 and an external application 306,

[0029] The BAS 302 reads real-timic operating data 322 from the HVAC svstom 304
and converts the data 322 into BAS input database 324, The BAS mput database 324 is
directed to both a normal BAS control sequence 320 and equipmment datg 316, which may
take the form of the equipment data described above.

[0030] The default BAS contrel sequence 320 is used to direetly control the HVAC
system 3 withont the external application 306 or when the external application 306 s in a
non-operations! or non-communicative mode. The sequence 320 is the original control logie
sequence that controlled the HVAC systent 304 prior to integration of the external appl jcation
306 with the BAS 302. Although the sequence 320 may operate the HVAC system 304 in a
stable manner, which may inclede, but is not lmited o, a steady state opersting
configuration, it is appreciated that the sequence 320 may not optimize the officiency of the

HVAC svsterm 304,
w e
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{0031} The squipment data 316 is wilized by an cquipment application control
sequence 318 of fhe extornal -application 306 to process the equipinent data 316 and
determine desired application settings 319, The desired application settings 319 mre formatted
by the application formatting modude 314 to become application data 314, The application
formatting module 310 is triggered based on a signal or data recetved from an extomal
applicationteady 312,

0032} By way of example, the external application ready 312 (hereinafier the ready
312) informs the application’ fomvatting module 310 whether the oxtemal gpplication 306
meets cerfain oriteria such that the ready 312 may then aliow the application formatting
module 310 o format the desired application settings 319 to the application data 314 The go-
ahead eriteria for the ready may require that cach of the following are met, specifically that
{1} the external application is in an operational mode; (23 the external application is in'g
communications mwode with the BAS 302; (3) the BAS is operational; and {4} the BAS 302
expects to receive instructions from the external application 306 o operate.

[R033] I the ready 312 determines that the external application 306 is not operational,
there is no conununication with the BAS 302, or that the BAS 302 does not require the
external application 306 (o operate, then the ready 312 informs the application formating
module 31 fo format the initinlization data 311 to application data 314, Thus, the ready 312
determines whether the external application 306 is operational through internal status checks.
The ready 312 determines commuuncation with the BAS 302 via the status data 313 and
recheocks this status periodically. The ready 312 determines that the BAS 302 requires the
external application 306 1o operate via the status data 315, which includes a signnl from the
extornal application enable 308.

{60341 The initialization data 311 may include application setiings for operating the
HVAC sysiem at 3 mininnun stable level i the application data 314 iz utilized by the BAS.
The fsitishization data 311 may be utilized unti the external application 306 is ready, until
‘communications between the external application 306 and the BAS 302 are restoved, unil the
BAS 302 expects o receive the application data 314 from the external application 306 tw
operate, or any combination of the forepoing.

{0035] The BAS 302 receives the application data 314 from the external application
306. A sequence selector 326 then determines which of the data sequences (the appﬁmticﬂ

data 314 or the novmal BAS. control sequence 320) to sénd o & BAS output data strocture
R



CA 030110%4 2018-07-10

WO 2017/123810 PCT/US2017/013254

328, The sequance sclector 326 determines which of the data signals to send, via the external
application enable 308, In one cmhodinment, the external application enable 308 includes an
operator defined enable point that pernuits the operator to mamsally tigeer the control system
300 o indicate that the BAS 302 will be using the external application 306 to operate the
HVAL systom 364,

{0036] I the external application enable 308 informs the sequence selector 326 that
the operator defined enable point is enabled, the communication with the external application
306 15 opetational, and the exiernal application 306 s ready 1o opétnie, then the copble 308 #
will allow the sequence selector 326 to send the application data 314 to the BAS ouiput daia
structire 328,

J0037} If the external applieation snable 308 determings that the operator defined
enable point is disabled, the external application 306 is not operational, there is no
commumication with the extornal application 306, or somwe combination thereof, then the
enable 308 informs the sequence selector 326 1o send the normal BAS control sequence 320
to the BAS output data structwre 328 as confrasted to sending the application data 314, The
BAS ouiput daw stractore 328 may then convert the reccived data to control insiructions 334,
which are then received by the HVAC system 304,

{0038} Sull referving to FIG. 3, one example of an enviromment control system
includes the oxtomal application 306 mntoracting with the BAS 302 o control a chiller plant
{e.g., HVAC svstern 304). In the BAS 302, an extemal application enable value within the
BAS 302 duects the extornal application enable 308 that there is a domand for optimized
cooling within a building, therefore the enable value 15 set to TRUE, Next, the extomal
application 306 is instructed that the application data 334 i needed from the oxternal
application 306 as processed by the apphication control sequence 318, The application data
314 may then be processed by the sequence selector 326 and converted to data received by
the BAS output data structure 328, which may then be transmitied to the chiller plant 304 as

controtling  mstructions 330 intended to provide an improved optimization sequence 1o
“increase an overall operating efficiency of the chiller phant.

{60391 When the exiernal application enable value ix FALSE, this indicates 1o the
external application 3006 that the chiller plant 304 ix set 1o be operated vader manoal or BAS
control, which doss not reguire the processed application data 314 from the extemal

_application 306, In such 3 confipuration, the initialization data 311 or other default dat
G
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accessible by the sequence selector 326 may be processed and transmitted o the BAS output
data structure 328, which o turn provides the contralling instrections 338 1o the chillor plant
34,

[0040] Once the chilter plant is operating at desived efficiency, which may be checked
or otherwise verified using the external application, the external application 306 may analyze
and determine a required chiller opernting parameter within the spplication control sequence

‘31% and then transmit processed application data 314 1o the BAS 302, which in tarn provides

controlling iostractony 330 10 operate the chillel © the desived officiendy ot andther
cfficiency as determined by the external application 306, Similarly, afler receiving the real-
time operating data 322 and converting the same to the equipment data 316, the external
~spplication 106 sy determine & new chilled water temperature st point. The external
application 306 sends the new chilled water temperature set point fo the BAS 302 via the
application data 314, It is appreciated that the aforementioned data flow may be utilized o
provide controlling nstructions 330 to other components besides a challer, for example a
boiler, 3 fan, air handling uwmits, variable air volume units, or any other component of the
HVAC system,

{8041} In the event there is a loss of communication betyeen the external application
306 and the BAS 302, the BAR 302 may retain the last supphied application data 314 for a
desired poriod of time. After this desired period of time, the BAS 302 may reburn to the
nommal BAS control sequence 320 until comnumnication is restored. After conymnunication has
been restored and afler some additional period of time, the external application 306 may
again be brought ondine 0 generate now application data 314, The BAS 302 may be
configured to smoothly make the transition from the nonmal BAS control sequence 320 o
utibizing the application data 314 in & gradual and efficient manner,

[0042] Referring now 1o FIG. 4, an embodiment includes g predictive frec cooling
module 402, The modale 402 receives free~cooling window data and the location of building
400 from the external application 306. Module 402 passes the location of building 400 1o a
weather forecast engine 404 Forecast engine 404 may be provided by a third-party weather
service such as, for example, the NOAA. Forecast engine 404 rehurns a weather forecast over
a predetermined period of time for the location of building 400, Altematively, the weather
forecast is provided by modude 402, itsclf using weather sensors to which the module is

SAntechaced.
21
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(80431 Module 402 dotermines fes-cooling window availability dafa based on the
weather foreoast reccived from engine 404 and the frec-cooling window data. Jn an
embodiment, the weather forceast form cngine 404 provides a prediction of drybulb
temperature {regular femperature), relative humidity, barometric pressure, and wetbulb
femperatore for a period fnto the futare {e.g., botweon 24 hours to 72 fs).

{0043} The free-cooling weather data may consist of, wetbulb: temperatie. threshold
(may be configirable by installation, tvpically botween 32 degroes F and 50 degrees F),
divbulb seniperature thieshold (may be configurable by installaticn, tvpically between 32
degrees ¥ and 30 degrees F), frec-cooling window {(may be configurable by installation,
typically between 1-24 hrs),

j0045] Module 402 applies the freg-cooling data such as wetbulb. threshold {or
devbulb threshold; either or both may be uwsed) and free-cooling window to the predicted
weather data, determines if the predicted wetbulb tomperature {or drybulb threshold; cither
one of both may be used s paraliel) is below the associated threshold temperatwe for a
perind of conscoutive time, it this amount of consecutive time meots or exceeds the five~
cooling window period, then a “free-cooling window™ is determined to be available, if the
amount of conscoutive time does not equal or excecd the five-cooling window period, then 3
“free-cooling window”™ is not determined to be available.

(G846} For example: wetbulh tomperature threshold = 35 degrecs F, drvbulb
temperature threshold = 40 degrees F, free-cooling window period = dhrs. if the predicted
weather data shows that at 1:00am the wetbulb temperature will be 35.2 degrees F and the
drvbulb temperature will be 4001 degrees F a “free-cooling window™ is determined NOT to
be available. Until, at 2:00am the wetbulb tomperature will be 34.8 degrees ¥ and the drvbulb
temperaiire will be 38 degrees T, the wetbulb tomperatare and the devbulb temperature
remain below their respective thresholds €l 7:32am, when the wetbulb tomperatre will be
35.4 degrees F and the drybulb temaperatire will be 40.3 degrees F, this period exceeds the
“free-cooling window period of 4brs; 50 a “free~cooling window™ 15 determined to be available
starting st 3:00;n, ending at 7:33an.

60471 Module 402 passes the free-cooling window availability data to the external
spplication 306 and, if free-cooling conditions are met, can instract the external application to
switch chiller plant 304 to free-cooling mode in which the chillers are disabled or brought to

& low-power state, and the cooling fluid {eg., water) routed to conduils exposed o ambient
S
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temperatures. Upon the free-cooling window’s closing, module 302 can further insteact the
external application 306 1o switch chiller plant 304 {mt of frec-cooling wode, thereby
vestarting the chillers.

0048} The free-cooling window availubility data may be displayed to o user via a
webpage 4006, This displayed data provided by modals 402 may farther inclade information
describing the extent to which the chiller plant 304 has historically operated in free~cooling
mods during identified free-cooling windows, as well ay other performance indicators, such
a8 e spént by the chiller plont in " fee-codling wode, pumber &f available frdecooling
windows in a predetermined historical time range, and average length of frec-cooling
windows.

[0049] This data is also displaved to the operator or customer through an infuitive
dashboard view.

{0058} The Dashboard displays:

{0051} Free cooling window availabilily stitus

3052} I Free Cooling Window is available, display “Free Cooling Available™ in
green

{8053] 1Y Free Cooling Window is not available, display”™ Free Cooling Not
Available™ in grev

{0054} Siate weather data siatus

[00S5] If file is stale (no forecast data for 24 hours. display “Free cooling not
available, Weather forecast our of date”

[0056] If file is not state, display nothing,

[G057] Free cooling status

{60381 If Free Cooling Available = YES and Free Cooling Status = ON; display “Free
copling is on” i grey

{6059] 1f Free Cooling Available = YES and Free Cooling Status = OFF,; display
“Free cooling is off 7 in ved

[B060] If Free Cooling Available = NO and Free Cooling Status = OFF; display “Free
conling is oft” in grey

{0061} 1f Free Cooling Available = NQ-and Free Cooling Status = YES; display “Freg
cooling is off” in red

[0062] Wet Bulb Temperature
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{0063} Display wet balb theeshold (this will be a trended pointy

[0064] Display cwrrent QAWS

{0065} Free Cooling Window Duration

{3066} Regoeired window is the minimum amoant of time the forecast wet bulb must
be below the threshold 1o have free cooling available

{00671 Display Reguired Minimum Window (fhis will be a trended point)

[B068] Display time remaining

[0069} If there is'a curtent window, display the time rematning in the window

{6070F 1f there is not a current window, display “no awrent window”™

(0071} Ifthe weather data is stale, display “unknowsn”

J0072] I the carrent fres cooling window is more than 72 in the futare; display “more
than 72 hows”

{0073} Free Cooling Window Availability

{0074} Current Window Began:

JO075} If there is an aclive free cooling window {imrespective of stale weather data
status), display the window start date and time

{0876} If there not g owreni window {lrrospective  of stale  weather data
status), display “no current window™

(0077} Next Window Available:

10078] 1If weather data is stale, display “unknown”

{00791 If there is a free cooling window available in the next 72 hours {that is not the
current window), display window start date and time

{0080} If the current free cooling window iy more than 72 in the Baare, display “more
than 72 hours™

[6081] In an cmbodiment, the external application 306 contnually or periodicsily
provides updated free-cooling window data to wmodule-402. This information provided by
‘external application 306 cnables module 402 to caloulate updated free-cooling windows as
such information (e.g., requived load) changes over time,

{60821 Addidonally, md in an smbodinent, the external application 306 continually
or periodically miorms modude 402 of whether chiller plant 304 is operating in frec-cooling

mode. This information provided by extemnal application 306 cnables mwodule 402 to calculate

13«



the extent to which chiller plant 304 effectively exploited all portions of available free-cooling
windows.

[0083] The various embodiments described above can be combined to provide further
embodiments. All of the above U.S. patents, patent applications and publications referred to in this
specification, as well as U.S. Patent No. 6,185,946. Aspects can be modified, if necessary, to
employ devices, features, methods and concepts of the various patents, applications and
publications to provide yet further embodiments.

[0084] While the preferred embodiment of the invention has been illustrated and described,
as noted above, many changes can be made without departing from the spirit and scope of the
invention. Accordingly, the scope of the invention is not limited by the disclosure of the preferred
embodiment. Instead, the invention should be determined entirely by reference to the claims that

follow.

-14-
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What is claimed is:

1. An environmental control system for a building in a geographic location, the
system comprising:
a heating, ventilation and air-conditioning (HVAC) system controllable configured to
change environmental aspects of the building to target parameters;
a building automation system (BAS) in communication with the HVAC system and
configured to adjustably control at least one of the target parameters to a desired value;
an external application in communication with the building automation system and
configured to evaluate equipment data received from the building automation system and to then
process the equipment data to generate application data using an application control sequence,
the external application providing the application data to the building automation system for
controlling the HVAC system to achieve the desired value of the at least one of the target
parameters; and
at least one computer-readable medium having instructions stored thereon that, when
executed by at least one processing device in communication with the building automation
system, enables the at least one processing device to:
receive weather data characterizing a weather forecast over a predetermined time
period for the geographic location;
receive free-cooling window data;
determine, based on the weather data and free-cooling window data, an available
free-cooling time window;
determine, based on the weather data and the equipment data, whether ambient
air-temperature conditions that allow free-cooling will persist long enough to create free-
cooling energy savings that exceed the energy required to restart one or more chillers
included in the HVAC system; and
provide the available free-cooling time window to the external application based
on a determination that the ambient air-temperature conditions will persist long enough to
create free-cooling energy savings that exceeds the energy required to restart one or more

chillers included in the HVAC system.

-15 -
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2. The system of claim 1, wherein the external application is further configured to

operate the HVAC system in an optimized, energy-efficient manner.

3. The system of claim 1, wherein the building automation system is further

configured to return to a default sequence of operations during a communication failure.

4. The system of claim 1, wherein the equipment data includes real-time operating

data originally provided by the HVAC system to the building automation system.

5. The system of claim 1, wherein the application data includes operating parameters

read from the external application by the building automation system.

6. The system of claim 5, wherein the operating parameters includes operating limits

obtained from the HVAC system.

7. The system of claim 5, wherein the operating parameters include safety limits

associated with the HVAC system.

8. The system of claim 1, wherein the free-cooling window data comprises a

threshold wet-bulb temperature value for ambient air in the geographic location.

9. The system of claim 1, wherein the free-cooling window data comprises a

numerical value representing a minimum free-cooling window time period.
10.  An environmental control system for a building in a geographic location and

having a heating, ventilation and air-conditioning (HVAC) system controllably configured to

change environmental aspects of the building to target parameters, a building automation system

-16 -
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in communication with the HVAC system and configured to adjustably control at least one of the
target parameters to a desired value, the system comprising:
an external application in communication with the building automation system and
configured to evaluate equipment data received from the building automation system and to then
process the equipment data to generate application data using an application control sequence,
the external application providing the application data to the building automation system for
controlling the HVAC system to achieve the desired value of the at least one of the target
parameters; and
at least one computer-readable medium having instructions stored thereon that, when
executed by at least one processing device in communication with the external application,
enables the at least one processing device to:
receive weather data characterizing a weather forecast over a predetermined time
period for the geographic location;
receive free-cooling window data;
determine, based on the weather data and free-cooling window data, an available
free-cooling time window;
determine, based on the equipment data, whether ambient air-temperature
conditions that allow free-cooling will persist long enough to create free-cooling energy
savings that exceed the energy required to restart one or more chillers included in the
HVAC system; and
based on a determination that the ambient air-temperature conditions will persist
long enough to create free-cooling energy savings that exceeds the energy required to
restart one or more chillers included in the HVAC system, issue to the external
application an executable command to the HVAC system to enter free-cooling mode

during the available free-cooling time window.

11.  The system of claim 10, wherein the external application is further configured to

operate the HVAC system in an optimized, energy-efficient manner.

-17 -
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12.  The system of claim 10, wherein the building automation system is further

configured to return to a default sequence of operations during a communication failure.

13.  The system of claim 10, wherein the equipment data includes real-time operating

dam originally provided by the HVAC system to the building automation system.

14.  The system of claim 10, wherein the application data includes operating

parameters read from the external application by the building automation system.

15.  The system of claim 14, wherein the operating parameters includes operating

limits obtained from the HVAC system.

16.  The system of claim 14, wherein the operating parameters include safety limits

associated with the HVAC system.

17.  The system of claim 10, wherein the free-cooling window data comprises a

threshold wet-bulb temperature value for ambient air in the geographic location.

18.  The system of claim 10, wherein the free-cooling window data comprises a

numerical value representing a minimum free-cooling window time period.

-18 -
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