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PREDICTIVE FREE COOLING

PRIORITY CLAIM

{0601} This application clatms priority from ULS, Provisional Patent Application No.
G2727T 883 filed Yanwary 12, 2016, the contenis of which are bereby incorpovated by
reforonce ay if fully set forthvherein.

BACKGROUND

j0802] Controlhing the encrgy consumption of a building, and in particelar the energy
consumption of an HVAC system, has been achieved through a building automation system
{BAS) having software exccutable algonithms that incorporate numerical constant vahses
correspondmg to equipment operating charactenistics. FIG. 1 shows a BAS mteracting with
an HVAL system in which real-time operating conditions within the HVACU system are sent
to the BAS while control seitings are received.

{0003] The cqupment of the HVAC system may mclude, but is not homied 1o,
chillers, pumps, condensers, boilers, nir handlers, heaters, terminal wnits, ele. The values
utilized by the BAS are typically programmed during mstallation of the HVAC system and
set according to the local chimate and ambicnt conditions. These values may be changed
periodically by manually cvaluating and re-programuming the BAS for anticipated changes in
the local clirogte and tongnt comfort conplaints,

[6084] HVAL s in the past had been designed and installed without encruy
efficiency i mind. With nising cnergy costs and more emphasis on protecting the

enviromment, custonters are now looking to redoace energy consamption, Other inventions

ole
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that deal with energy efficiency within HVAC systems take a long time to implement, require
targe upfront costs, require a large amount of hardware modifications to the original BAS or
HVAC svstem, and vequire cxpertise for instatiation, musintenance, updates, and sven
customer usage. These conventional systoms may require frequent updates and repairs.
Clastomers often need extensive training to perform such updates and repairs themselves.
Typically, these systems may also require wiugue modifications for cach different HVAC
systent, which adds to the cost and complexity of cach mstallation. Further, conventional
BASs are geperally resturce himitted i thoir abilify with respeet o processing, exchanging
and computing data.

[O005] Free cooling is an ceonomic method of using low extornad alr tomperatures o
assist in chilling water, which can then be uwsed for industrial process, or air conditioning
systems in green data centers. When the amsbient air temperature drops 1o a set lemperature, g
madulating valve allows all or part of the culied water to by-pass an existing chiller and nm
through the free-cooling system, which uses less power and uses the lower ambient mir
temperaburs (o conl the water i the svstem without compromising cooling requircments.

0006} Free cooling (water-side cconomizing) is an effective tool for reducing overall
encrgy copsumption in complex cooling systems, In practice, however, it can be difficult to
implement effectively, and often involves guesswork in deternuning when fo tarm on and off.

j0007] Duc to lack of precise information, operators tend fo avoid using free cooling
to nunimize the possibility of expending the extra energy consumed by suddenly restarting

chillers. When free cooling is used, 1t 1s often inefficiently implemented and fans are overrun

again, due to lack of precise data.

DESCRIPTION OF THE DRAWING FIGURES

j0008] Preforred and alternative embodiments of the present mvention are described
n detail below with reference to the followmg drawings:

{0009] FIG. 1 is a schomatic diagram of 2 building avtomation system interacting
with an HVAC system without an extornal application according to 8 conventional
cnvironmental control systemy

[0010] FIG. 2 is a schematic diagram of an covivonmental control system having an
external gpplication in comammication with a building sutomation system 1o control snergy

consumption of an HVAC systentsccording o an entbodivoent of the present invention;
*]

S
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{0011} FIG. 3 13 a block logic diagram of the commumications and operation of the
environment control system of FIG, 2 sevording o an embodiment of the present invention;
and

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

to an embodiment of the preseot invention.

DETAILED DESCRIPTION

[0813] Thus patent application is intended to deseribe one or move embodiments of
the present invention, U is to be understood that the use of absolaie tooms, such as "mast”
“will,” and the bke, as well as spocific quantities, is to be construed as being apphicable
one ormore of such cmbodiments, ot not necessarily to all sech embodiments,  As such,
embodiments of the invention may omit, or include 8 modification of, oue or more features or
functionalitics described in the context of such absolute terms.

{004} According to one or more embodiments, the combination of software or
computer-gxecutable nstructions with a computer-readable medium resulés in the creation of
a maching or apparatus.  Sinularly, the execution of software or computer-cxecutable
wstructions by a processing device results in the creation of a machine or apparatus, which
may be distinguishable from the processing device, iiself, according to an embodiment.

{0015] Correspondingly, i is to be understood that 3 computer-readable medium 18
wransformed by stoving software or compater-executable instructons thercon.  Likewise, a
processing device is transformed i the course of executing software or computer-cxecigabie
mstructions,  Additionally, # 8 1o be vaderstood that a fivst set of data input to a processing
device during, or otherwise in association with, the execution of software or computer-
executable instructions by the provessing device is transformed e a second set of data as 3
consequence of sach execution. This sccond data set may subsequently be stored, displayed,
or otherwise communioated.  Such transformation, alladed to 1 cach of the above examples,
may be a conscquence of, or otherwise mvolve, the physical alteration of portions of 3
computer-readable wediom. Such transformation, alteded to i cach of the above examples,
nwy also be a consequence of, or otherwise nvolve, the physical alteration of, for example,
the states of registers andfor counters associated with a processing device during execution of

software or conmputer-executable instructions by the processing device.
3w
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{0016} As used herom, a process that is porformed “aatomatically”™ may mean that the
process s performed as a result of machine-cxecuted instructions and does not, other than the
establishiment of user preferences, require manuad effort.

{0017} In the following deseription, certain specific details are set forth in ovder o
provide a thorough understanding of various cmbodiments of the mvention. Howover, ong
skilled in the art will understand that the invention resy be practiced without these details. In
other nstances, well-known structures associated with HVAC systems and individual HVAC
components, building chimate or environmental control systems, building automation systems
{BASs) and vartous climate comtrol or envivonmental control processes, parameters, and
operations thercof have not necessanily been shown or deseribed 1 detall o avord
unnecessarily obscuring descriptions of the embadiments of the invention,

[O0IB] An embodiment separates energy optimization compuiation from cquipment
contrel functions by extornally interacting with the BAS of an HVAC system, Tn one
embodiment, an opinization module, such as an external application, is located in a global
control device, but could be housed in anothor hardware deovice that includes an intemal
microprocessor. The external apphication communications with the BAS, which in tum
compunicates with the HVAC system. The external application runs software subroutines or
modules that process reabtime HVAC system data and then provides that data to be read by
the BAS, which m turn provides instructions to direct various HVAC system components o
new or desired set points (e, a new temperature setting for a region of the building, a new
flow rate for a pump or fan, ot} One particular cmbodiment of the external application
inchides a method for optinuizing or at attempting to optimize the overall energy efficicncy of
the HVAC system by reading, processing and revising varioes parameters, dafs, and set
points.

{0019} In onc cmbodiment, the HVAC system may include chiller plant cquipment
that 1s under the control of the BAS. Some of the BAS’ respomaihilities include equipment
control functions: leadfag changeover, equipment failure mowmitoring, cquipmont stavtup,
equipment shotdown, alarms recognition and annooncement, and Ruhee changeover
sequences of the chiller plant.

{8028} Free cooling can be used to save energy whengver the wet bull temperatiee on
the exterior of the cluller plant drops helow the required chilled water sot point, Such cnergy

savings can be realized due to, for example, reduced delnnmidification load for ventilation air
wia
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and mereased officiency of cooling towers, An embodiment provides predictive frep-cooling
fimctionality, Prodictive free cooling allows the use of a weather foreeast (e.g., data received
ever a network and/or manuatly mput, desceribing predicted armbient alr temperafires over a
predeternined andfor selectable time interval and external to a structure to be cooled) as an
nput to determine if free cooling should be requested or automatically nmplemented.

{0021} An embodinment incorporates weather forecast data that accurately predicts
free-cooling availability based on cutside air wet bulb threshold. When the ambient outside
teroperature 18 below the threshold for the miminunm free-cooling window perind, and cumrent
plant conditions perot free-cooling operation, an embodiment can inform an operator that
free cooling is available. This process can also ocour sutonatically, with an cmbodiment
enabling andor disabling free-cooling mode without operator inforvention. Predictive froe
cooling ts configurable, allowing for both the outside air wet bulh threshold and the mintmum
free-cooling window peried to be adjusted based on 3 site’s speaific requirements, An
embodiment may generate monthly reports that give msight into the free-cooling hours
available, freo-cooling hours activated, amd frec-cooling hours missed when othorwise
available.

{8022} Predictive free coolimy adds the abdity to ensure that & window of weather
availability is present; without i, ondy cwrent 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 chillers is minimized. In other words, chillers may be
only shut down if ambient alr-temperatie conditions will, according to the weather forecast,
porsist long enough o create frec-cooling energy savings exceeding the energy required to
restart the chillers. This latter determination can typically be a function of the specific
tonnage, fow rate, andfor current wet-bulb temperature set point (vollectively “free-cooling
window data”™) associated with the chillers i question.

f0023] The vesult 15 reduced overall energy consumption through ncreased use of
free cooling and improved cfficiency i system operations. By leveraging the reabtime
operating data 1n an embodiment, the system leams and wmproves over time, aflowing
operators to use free cooling more often, and at optimal efficiency.

{0024} FIG. 1 18 provided for purposes of clanity to illustrate an cavironmental control
system 10U that inchudes interaction between a building automation system (BAS) 102 and an

HVAC gystem 14, The systeny 180 doos st inclede an-extornad application, so it is therefore

s
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consistont with: existing or conventional envirommental control systems: In operation, real-
fime opersting conditions 106 within the HVAC system 104 are fransmitied fo the BAS 102
and then control settings 10X, also called sst points, are controllably transmtied from the
BAS 12 (o the HVAC system 104, In this systemy equipment control functions and
optinttzation functions must be co-mingled in the BAS,

[0023] FIG. 2 shows an environmental control system 200 that includes interaction
between a BAS 202 and an HVAC system 204w which real-thne operating data 206 within
the HVAC systomn 204 are transmitied to the BAS 202 as described above, The real-time
operating data 206 may mnclade equipment operating conditions such as, but not humited to,
valtages, speeds, temperstures and pressures, hereinafier reforred 1o ag “real-time operating
data”™. In addition, the envivonmental control sysiem 200 includes an external application 210
configured to communicate with the BAS 202 through a data communication network (not
shown}. In onc embodiment, the mnteraction between the external application 210 and the
BAS 202 is accomplished with a logical mterface that allows the external application 210 to
wieract remotely from the BAS 202 and optionally iteract with other BASs, The external
application 210 provides application data 214 to the BAS 202, The application data 214 yeay
mchide operating parameters for the HVAC system 284, for example the apphication data 214
may mdicate which HVAC components should be curvently running, at what speeds, ete.
Direct {e.g., hardware {evel) control of HVAC equipment is provided by the BAS 202, The
application dats 214 provided to the BAS 202 from the external application 210 may
preferably include data to vary cquipment speods and define now equipmient st points, but
additional data may also be provided.

0026} The BAS 202 reads the real-time operating data 206 from the HVACU system
264, The external application 210 interacts with the BAS 202 1o achieve energy savings for
the HVAC system 204 by recoiving equipment data 212 from the BAS 202 and then
processing the equipment data 212 wsing software algorithms that caleulate or otherwise
determine destred operating settings for the HVAC systemn 2040 To achieve the desived
operating settings, the apphication data 214 is sent frow the external applicaton 21 o the
BAS 202, which in turn permits the BAS 202 to operate the HVAC system 204 in accordance
with the application data 214 provided from the external application 210, By way of example,
the BAS 202 oporates the HVAC system 204 with controlling instructions 208, In one

ernbodiment, the externalapplication 210 inchades a programmable microprocessor unit,
i
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{00271 The extemnal application 210 usex thre types of data, the cquipmuent data 212,
the application data 214, and states data 218 when hderacting with the BAS 202, The
cquipment data 212 meludes the real-time operating data 206 as onginally provided by the
HVAC system 204 and interpretively modified by the BAS 202 The equipment data 212
may take the form of data related o power consumption, equipment speed, supply
fenperatures, aquipment set points, cquipment faults, running statuses, ole. The BAS 202
writes the equipment data 212 to the extomnal application 21 The application data 214
ncludes operating parameters processed by the external application 210 and read by the BAS
202, The application data 214 may then be acted apon within desired operational andfor
safety limits defined by dhe HVAQ system 8. The applicagion data 214 may include
optimized set points, optimized speed set poinds, temperabure set points, cie. In a proferred
entbodiment, the equipment data 212 s sent to the external application 210 while the
application data 214 is provided by the external application 210, The status data 215 15
exchanged between the BAS 202 and the external application 210 so that each has access to
the cwrrent status of the other. Existing BASs do not bave the necessary condrol logic or
computing power to perform like the external application 210, which includes more complex
control logic and may require miore compating power.

[OO28] FIG. 3 shows a logic disgram of an envivonmental control system 300 for a
building or other structare 40 {FHG. 43, The control systom 300 includes 3 BAS 302, and
HVAC system 304 and an external apphication 306,

{00291 The BAS 302 reads real-time operating data 322 from the HVAL systom 304
and converts the data 322 into BAS input database 324, The BAS input database 324 is
directed to both a normat BAS control sequence 320 and equipment data 316, which may
take the form of the equipment data dosentbed above.

{0038} The default BAS control sequence 320 15 used to directly control the HVAC
system 304 withoot the external application 306 or when the external application 306 s in a
npo-operations! or non~communicative mode. The sequence 320 1s the onginal control logie
sequence that controlled the HVAC systen 304 prior to integration of the external application
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 lhimited to, a steady state operating
configuration, il is approciated that the sequence 320 may aot optimize the efficiency of the

HVAC svstem 304,
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{0031} The cquipment data 316 s utthized by an cguipment application conidrol
sequence 318 of the external application 305 fo process the equipment data 316 and
determune desived application settings 319, The desived applivation settings 319 are formatied
by the application formatting module 310 to become application data 314, The application
formatting meodale 310 18 triggeved based on a signal or data received from an extornal
apphication ready 312,

jOB32} By way of cxample, the external application ready 312 (hercinafier the ready
312y informs the application formattng modude 310 whether the extermal application 306
meets cerfain oriteria such that the ready 312 may then aliow the application formatiing
module 310 o format the degired application setings 319 to the apphication data 314, The go-
ahead eriteria for the ready may roquire that cach of the following are met, specifically that
{1} the external application s In an operanonal mode; {23 the extermnal application 18 ina
communications nmode with the BAS 302; (3) the BAS is operational; and {4} the BAS 302
expects to receive mstructions from the external application 306 o operate.

fO833} If the ready 312 detormines that the external application 306 is not operational,
there s no communication with the BAS 302, or that the BAS 302 does not requive the
external application 306 o operate, then the ready 312 mforms the application formatting
module 31 to format the inittalization 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 commuumication with the BAS 302 via the status data 3135 and
rechecks this status periodically. The ready 312 determines that the BAS 302 requires the
external application 306 1o operate via the status daia 315, which includes a signal from the
external application enable 308,

{0034} The initialization data 311 mway include application setiings for operating the
HVAC svsiem at a mimimum stable level if the gpplication data 314 is utilized by the BAS,
The imbalization data 311 may be utilized wnutl the external application 306 is ready, wntil
connnunications between the external application 306 and the BAS 302 are restored, unti the
BAS 302 expeets to receive the application data 314 from the external appheation 306 o
operate, or any combination of the foregoing.

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

data 314 or the normal BAS control sequence 320} o send o & BAS culput data structure

i
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328, The sequence selector 326 determunes which of the data mignals o send, via the extoral
application enable 308, In one smbodiment, the externa! application enable 308 mcludes an
operator defined enable pomt that pernnts the operator o manually trigger the control aystem
30 o indicate that the BAS 302 will be using the external apphication 306 to operate the
HVAU system 304,

{0036} If the oxternal application cuable 308 informs the sequence selector 326 that
the operator defined enable point ix cnabled, the conumuenication with the external application
306 1s operational, and the extornal application 306 is ready to apcrate, then the enable 308 i
will allow the sequence selector 326 o send the application data 314 to the BAS output data
structure 328,

FOB37] IF the extomal application enable 308 defernunes that the opurator defined
enable point 15 disabled, the extornal application 306 i not operational, there s no
comunnucation with the external application 306, or sonwe combination thercof, then the
enable 308 informs the sequence selector 326 1o send the normal BAS control sequence 320
to the BAS cutput data structure 328 as confmsted o sending the application datg 314, The
BAS output data stracture 328 may then convert the received data to control instructions 330,
which are then recetved by the HVAC systom 304,

[O038] Still reforring to FIG. 3, one example of an enviromment control system
includes the extornal application 306 mteracting with the BAS 302 o control a chiller plant
{e.g., HVAC svstem 304} In the BAS 302, an externad application ensble value within the
BAS 302 dicets the external application cnable 308 that there 15 a demand for optimized
cooling within a building, therefore the enable value 15 set 1o TRUE. Next, the external
apphication 306 is mnstructed that the application data 314 ix needed from the extemal
application 306 as processed by the apphoation control sequence 318, The apphication 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 transmitted to the chiller plant 304 as
controlling nstruetions 330 dontended to provide an umproved opumization scquence o
merease an overall operating effictency of the chiller plont.

{00397 When the external application enable value 1s FALSE, this indicates to the
external application 306 that the chiller plant 304 is set to be operated wnder manual or BAS
control, which dogs not require the processed applicaton data 314 from the extemal

application 306, In-such a configueationg the inttialization data 31 or other default dats
A
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accessible by the sequence selector 326 may be processed and transmitted o the BAS output
data structure 32¥, which i turn provides the controfling instractions 330 to the chiller plant
34,

0046} Once the chiller plant is operating at desired efficiency, which may be checked
or otherwise verified using the external application, the external application 306 may analyze
and dotermine a roquived chiller opernting pavamieter within the spphcation control sequence
31% and then fransmit processed application data 314 to the BAS 302, which tn wun provides
controlling structions 330 to operate the chiller o the desired efficiency or another
efficiency as determined by the external application 306, Sunilarly, after receiving the real-
timie operating data 322 and converting e same to the equipment data 316, the external
application 306 may determine a new chilled water tomperature sot pomt. The external
application 306 sends the new chilled water temperature st point to the BAS 302 via the
apphication data 314, It is appreciated that the aforementioned data flow may be utitlized to
provide controlling mstructions 330 to other components besides a chuller, for example a
boler, 3 fan, air handling units, variable air volume units, or any other component of the
HVAC system.

{0041} In the event there s a loss of commumication between the external application
306 and the BAS 302, the BAS 302 way retain the last supplied application data 314 for a
desired period of time. After this desired period of time, the BAS 302 may retwa to the
normal BAS control sequence 320 untl communication is restored. After communication has
been restored and after some additional pentod of time, the external apphcation 306 may
again be brought online 0 gencrate new application data 314, The BAS 302 ray be
configured to smoothly make the transition from the normal BAS conirol sequence 320 o
utilizing the application data 314 in a geadual and efficient manner,

{0042} Referring now to FIG. 4, an embodiment includes a predictive free cooling
module 402, The modale 402 recctves free-cooling window data and the location of building
400 from the external appheation 306, Module 402 passes the locaton of butlding 400 o a
wenther forecast engine 404, Forecast engine 464 nay be provided by a thurdsparty weather
service such as, for example, the NOAA. Forecast engine 404 returns a weather forecast over
a predetermined period of time for the {ocation of building 400, Altermatively, the weather
forecast 1s provided by modude 402, itsclf using weather sensors to which the module is

interfaced.
~ i
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80431 Muoduke 402 determines frec-conling window availability data based on i
weather foreoast received fronn cngine 404 and the free-cooling window data. In an
cmbodiment, the weather forecast form cngine 404 provides a prediction of dryvbulb
temperature {regular teroperature), relative humidity, barometric pressure, and wethulb
temperature for a period mito the futare {e.g., between 24 hours to 72 ws).

{0044} The free-cooling weather data may consist of, wetbulb toraperature threshold
(may be configiwrable by installation, tvpically bebween 32 degroes F and 30 degrees 1),
divbulb tenmperature threshold (may be configurable by mstallation, typically between 32
degrees F and 50 degrees F), frec-cooling window {(mwy be configurable by installation,
typically benween 1-34 hes).

[0845] Module 402 applies the frec-cooling data such as wetbalb threshold {or
devbulb threshold: either or both may be wsed) and free-cooling window to the predicted
weather data, determunes if the predicted wetbulb tomperature {or drybulb threshold; either
one or both may be used v parallel) is below the associated threshold temperatme for a
pericd of consceutive time, if this amount of conscoative time meots or exceeds the free~
cooling window period, then a “free-cooling window™ is determined to be available, if the
amount of consecutive time does not equal or exceed the free-cooling window pertod, then a
“free-cooling window™ i not determined to be available.

jo46] For cxample: wetbalb tomperature threshold = 33 degress F, drybuldb
teraperature threshold = 40 degrees F, free~cooling window period = dhws, f the predicted
weather data shows that at 10am the wetbulh temperature will be 33.2 degrees F and the
dryvbulb temperatuwre will be 40,1 degrees F a "free-cooling window™ is determined NOT to
be avatlable. Unal, at 2:00am the wetbudb temperature will be 34.8 degress F and the drvbulb
temperature will be 38 degrees F, the wetbolh temperatare and the drvbulb tomperatuee
renain below their respective thresholds 8 7:32am, when the wetbulb temperature will be
354 degrees F and the drybulb temperature will be 40.3 degrees F, this period exceeds the
tree-cooling window penod of dhrs, so a “free-cooling window” 15 determined to be available
starting at 2:00mn, ending at T:32anw

{00477 Module 402 passes the free-cooling window availability data to the external
application 306 and, if free-cooling conditions are met, can mstract the external application to
swiich chiller plant 304 to free-cooling mode in wiuch the chillers are disabled or brought to

s low-power state, and the cooling fleid {eig,, water) rooted to comduits exposed fo ambient
-1l
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temperatures. Upon the freewoohng window’s closing, module 402 can further mstract the
external application 306 1o switch chiller plant 304 out of fres-cooling mode, thereby
restarting the chillers.

{0048} The free-coohing window availabibty data may be displayed to o user via a
webpage 406, This displayed data provided by modale 402 may forther inclode imformation
deseribing the extent to which the chiller plant 304 has historically operated 1o free-cooling
mode duning identified free-cooling windows, as well ay other performance indicators, such
as time spent by the chiller plant n free-cooling mode, number of available free-cooling
windows in 3 predetermined historical time range, and average length of free-cooling
windows.

FOIMS] This data iz also displaved to the operator o customer through an inhative
dashboard view.

{0050} The Dashboard displays:

{0051} Free cooling window availability statns

j0052] If Free Cooling Window s available, display “Free Cooling Available™ i
green

{8053} If Iree Cooling Window is not available, display”™ Free Cooling Not
Available™ in grev

[0054] State weather data status

JA0S5] If file is stale {(no forecast data for24 houwrs. display “Free cooling not
available, Weather forecast our of date”

{0056} If file 1s not state, display nothing.

{0087} Free cooling status

{0038} If Free Cooling Awvailable = YES and Free Cooling Status = ON; display “Free
cooling is on” in grey

f0059] 1f Free Cooling Available = YES and Free Cooling Status = OFF, display
“Free cooling Is off o red

{866} If Free Cooling Avatlable = NO and Free Cooling States = OFF; display “Free
coaling is off” in grey

{8061} 1f Free Cooling Available = NO and Freg Cooling Status = YES; display “Freg
cooling is off” i red

{0062} Wet Bulb Temperatare
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{0063} Dhsplay wet bulb threshold (this will be a trended poiat)

0864} Display cwrent QAWE

j0065] Free Cooling Window Duration

0066} Reguived window is the munimam amoant of time the forecast wet bulb must
be below the threshold to have free cooling available

{0067} Display Reguired Mininnon Window (this will be i ended point)

j0068} Display time romaining

{69} 1Y there is 8 cuvvent window, display the time remaming o the window

{0070} 1 there 18 not a corrent window, display “no awrrent window™

{8071} It theweather data 13 stale, display “unknown™

JT2} I the current free cooling window s more than 72 in the fuure, display “more
than 72 howrs”

{0073] Free Coeling Window Availability

JOOTS] I there 1s an active free cocling window {imespective of stale weather data
status), display the window start date and time

{8876} If thore not a cwrent window {imvespective of stale weather dats
status}, display “no current window™

J0077] Next Window Available:

1078 If weather data is stale, display “wknown™

{0879} 1f there is a free cooling window available in the noxt 72 hours (that is not the
anrent window}), display window start date and time

0086} If the current free cooling window ity more than 72 i the Reure, display “more
than 72 howrs™

{0081} In an cmbodiment, the external application 306 conpinually or periodicslly
provides apdated free-cooling window data to module 402, This information provided by
external application 306 cnables module 402 o caleulate wpdated freo-cooling windows as
such information {2.g., requived load) changes over time.

{00821 Additionally, and in an cmbodinent, the external applcation 306 continually
or periadically informs module 402 of whether chiller plant 304 is operating i frec-cooling

mode. This information provided by external application 306 enables niodule 402 o caloulaie
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the oxtend to which cluller plant 304 effectively explotted all portions of available freg-
cooling windows,

j0083] The varous embaodiments described above can be combined to provide farther
cmbodiments. Al of the above US. patents, patent applications and pubhications referred to
in this specification, as well as ULS. Patemt No. 6,185,946, are Incorporated hercin by
refercnee i thelr entireties. Aspects can be modified, if necessary, to omploy deviees,
features, methods and concepis of the various patents, applications and peblications to
provide yei fnther embodiments.

{0084} While the preferred embodiment of the invention has bren Hastrated and
described, as noted above, many changes can be made without departing from the spirit ad
scope of the invention. Accordingly, the scope of the mveation is not Hmited by the
disclosure of the preforred embodiment. Instead, the nvention should be determined entirely

by reference to the claims that follow,
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What s clatmed is

i Anvenvironmental controd sestem for a building v a goographic location, the
systom cornprising: a heating, ventilation snd afr-conditioning (HVACQ) system controllable
configured to change envivonmenial aspects of the building to target parameters;

a building automation system {BAS) in communication with the HVAC systom and
configured (o adjustably control at least one of the target parameters to a desired valoe;

an external application in compmaication with the building sutomation system and
configured to evaluate equipment data received from the boilding automation system and to
then process the equipment data fo gencrate apphication data using an gpplication vontrol
sequence, the external application providing the application data o the building sutomation
system for controfling fhe HVAC system to achieve the desired value of the at least one of
the target parameters; and

at least one computer-readable medim baving mstructions stored thereon that, when
excented by at loast one processing device in conmmanication with the building awtomation
system, enables the at least one processing device to receive weather dota characterizing a
weather fiwecast wver a predetormined time poriod for the geographic location, receive froe-
couhing window datg, determine, based ou the weather data and fivexcooling window data, ap
available frec-cocling time window, and provide the available frce-cooling time window to
the external application,

i The systeny of chum 1, wherein the external application s further configured

e

o operate the HVAC eysten in an optimized, energy-cfficiont mannet.

-~ : v.

3. The system of clanm 1, wherein the nalding astomation system by faother

configured to reban to 8 doefault sequence of operations during 8 compunication fahere.

4, The system of claim 1, whersin the cquipment data includes realime

operating data originally provided by the HVACU systom to the building sutomation Svstem.

15
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s The system of claim 1, whersin the application data includes operating

paramuters read from the external apphcation by the butlding sutomation systom.

6. The system of claim §, wherein the operating parameters ncludes operating

hinuts obtained from the HVAC system.

3

The system of claim 5, wherein the operating parameters inchade saftty Hmils
% : 19 Y

associated with the HVAC svstom.

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 svstem of claim 1, wherein the free-cooling window data comprises a

nomenical valae representing & mininnan free-cooling window time period,

16, An covironmenial control system for a building in a geographic {ocation and
having = beating, ventilation and air-condittoning (HVAC) system controllably configured to
change envuommnental aspeets of the building to target paraneters, a building automation
system i compmunication with the HVAC system and configured to adjustably control at
least one of the target pavameters to a desived value, the system comprising:

an external application in commanication with the building sutomation system and
configured to evalaate equipment date recetved from the butlding astomation systom and
then process e equipmont data 6 gencrate spplication data using an application condrol
sequence, the external application providing the apphication data to the building awtomation
system for controtling the HVAC system 1o achicve the desired value of the at least one of

the target parameters; and
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at least one computer-readable medunm having instructions stored thereon that, when
execeted by at least one processing device in conumuiication with the extermal apphication,
cnables the at lenst one processing deviee o recvive weather data characterizing a wenther
forecast over a predeienmimed time period Tor the geographic eation, recgive figescocling
window dats, determine, based on the weather data and free-cooling window data, an
available frec-cooling tme window, and issue o the external application an oxecutable
conunand o the HVAC system to enter free~-cooling mode during the available free-cooling

fune window.

11, The system of chum 10, wherenn the extornal application 1s farther configored

to operate the HVAC system m an optinuzed, encrgy-cfficient mamier.

12, The system of claim 10, wherein the building sutomation system is further

configured to reban to a defaudt sequence of operations during a communication fathere.

13, The system of claim 10, whorein the cquipment data includes real-time

operating data onginally provided by the HVAC systom o the building automation system,

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

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

15, The systom of claim 14, wherein the operating parameters includes operating

thnits obtained from the HVAC system,

16, Thesystens of claim 14, wherein the operating patameters inchede safety Hmits

associated with the HVAC system.
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7. The system of clam 10, wheretn the free-coohng window data comprises a

threshold wet-bulb tomperatare valu for ambient air in the geographic location,

18, The system of clabn 10, wherem the free-cooling window data comprises a

mumerical value representing a prnimum free-cooling window time period.

w8



PCT/US2017/013254
1/3

WO 2017/123810

N

RN NN AN NN RN

avasnRanassssaas

¥
i

N

s
W

", 7%

B4

4
b
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
j4

\
3

anssnpassaaassanaanand

3

3
3
pravvRRnana v

i

R —
SRR,

Ha
3

AN AN AR




WO 2017/123810 PCT/US2017/013254

e
3
3
3
3
3
3
3
3
3
3
H
3
3
3
3
3
3
3
3
3
3
3
o £ e S R A o
PR i iy ]
3 N
R F
R 3 H
R H H
R N H
R N H
N 200000005 R
R S
R
R
R
R
B RSN
ot
&% "
Xt
e
Rt
e
§
2 ™
A3 L
Panhand

Rl

—
:

“pssossso¥

sty

<,
¥
Nadar




T TS

a2

s

PCT/US2017/013254

SRNANAN NN

by 4

3
4
4
4
4

3
b
4
4
4

%

3/3

1
1
ROOEERRARRS SR

AR s

3
3
3

sssorossssiy

A R A A

I3

152 ot

G

LG B

%

S e

sossssssssssih B

P s

WO 2017/123810

h )




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2017/013254

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(8) - GO5B 21/00; GO5D 23/00; GO5D 23/19; GO5G 11/01; HO5K 7/20 (2017.01)

CPC - F24F 11/001; F24F 11/0015; F24F 2011/0058; GO5B 21/00; GO5D 23/00; G05D 23/19; G05D
23/1917; HO5K 7/20; HO5K 7/20836 (2017.02)

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 8,543,244 B2 (KEELING et al) 24 September 2013 (24.09.2013) entire document 1-18
% US 2014/0316583 A1 (LEVEL 3 COMMUNICATIONS, LLC) 23 October 2014 (23.10.2014) 1-18 T
entire document
Y US 8,897,921 B2 (DEMPSTER et al) 25 November 2014 (25.11.2014) entire document 3,7,12, 16
Y US 6,202,429 B1 (KINKEL et al) 20 March 2001 (20.03.2001) entire document 8,17 e
A WO 2015/035241 A1 (GREENSLEEVES, LLC) 12 March 2015 (12.03.2015) entire document 1-18 -
A US 2013/0124003 A1 (LEHMAN et al) 16 May 2013 (16.05.2013) entire document 1-18
A US 7,870,090 B2 (MCCOY et al) 11 January 2011 (11.01.2011) entire document 1-18
A WO 2014/152276 A1 (PACECONTROLS LLC) 25 September 2014 (25.09.2014) entire 1-18
document -
. %
A PAWLISH et al. Free cooling: A paradigm shift in data centers. Information and Automation for | 1-18 G-
Sustainability; 347-352, 2010. [retrieved on 20.02.2017]. Retrieved from the Internet. <URL:
http://www.cs.montclair.edu/~greenit/papers/Sri%20Lanka.pdf>. entire document
A US 2015/0377508 A1 (RITTAL GMBH & CO. KG) 31 December 2015 (31.12.2015) entire 1-18
document
[Z Further documents are listed in the continuation of Box C. D See patent family annex.
*  Special categories of cited documents: “T” later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the apﬁhqauon but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E” earlier application or patent but published on or after the international  “X document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“Ln d_ocgment w};)ilqhhmﬁy thrglw d(_)ubtfl on prfiority]::laim(s).or whiclLis step when the document is taken alone
cited to establish the publication date of another citation or Other «y»  gocument of particular relevance; the claimed invention cannot be
special reason @5 specified) . . considered top involve an inventive step when the document is
“O” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination

means being obvious to a person skilled in the art

“P”  document published prior to the international filing date but later than <« g 4ocument member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

28 February 2017 0 4 A P R 20] 7

Name and mailing address of the ISA/US Authorized officer

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Blaine R. Copenheaver

P.0. Box 1450, Alexandria, VA 22313-1450 s
L PCT Helpdesk: 571-272-4300 |

Facsimile No. 571-273-8300 PCT OSP: 571-272-7774 v

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US2017/013254 i
C (Continuation). =~ DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of documen;: with ind-ication, where appropr;ate, of the relevant passages Relevant to claim No.
A US 2011/0153524 A1 (SCHNACKEL) 25 June 2011 (23.06.2011) entire docurment 1-18
A US 2014/0277759 A1 (TRANSFORMATIVE WAVE TECHNOLOGIES LLC) 18 September 1-18

2014 (18.09.2014) entire document

Form PCT/ISA/210 (continuation of second sheet) (January 2015)

o




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - wo-search-report
	Page 24 - wo-search-report

