SYSTEMS AND METHODS TO CONTROL ENERGY CONSUMPTI ON EFFI Cl ENCY PRI ORI TY CLAI M

[0001] This application clainms priority to U S. Provisional Patent

Appl i cat iwo 20lm/056461 10, 353 filed on Cctober 31, 2008, trhe/usadvmcisoTatt er

of which is incorporated herein in its entirety. FIELD OF THE | NVENTI ON

[ 0002] The present invention generally relates to systens and net hods for

controlling energy consunption, and nore specifically controlling energy

consunption of a heating, ventilation, and air conditioning (HVAC) system

t hrough a buil ding autonmati on system ( BAS). BACKGROUNDOF THE | NVENTI ON

[ 0003] Monitoring and controlling the energy consunption of a building, and

in particular the energy consunption of an HVAC system has been achi eved

t hrough a BAS havi ng software executabl e algorithnms that incorporate

nunmerical constant values correspondi ng to equi pnment operating

characteristics. The equi pnent of the HVAC system may include, but is not

limted to, chillers, punps, condensers, filters, air conditioners,

heaters, etc. The values utilized by the BAS are typically programed

during installation of the HVAC system and set according to the | ocal

climate and anbi ent conditions. Theseval ues may be changed peri odically by
ghNE Sner

manual | y eval 98P TBYISARNDMELHORS R GANTREO R&Y N KdNchanges in
the local climate and anbi ent con8FFIGWNCY0004] Over tine the |ocal
climate, anbient conditions and/or the operating characteristics of the
bui | di ng and HVAC system may change. For exanple, the operating
characteristics of the HVAC system may change if a punp is replaced with a
punp that has different characteristics. A nore advanced type of BAS nay
utilize optimzation software for controlling the HVAC system This type of
BAS will continue to adjust one or nore
PRIORITY CLAIM
[0001] This application claims priority to U.S. Provisional Patent Application
No. 61/110,353 filed on October 31, 2008, the subject matter of which is incorporated herein
in its entirety.
FIELD OF THE INVENTION
[0002] The present invention generally relates to systems and methods for
controlling energy consumption, and more specifically controlling energy consumption of a
heating, ventilation, and air conditioning (HVAC) system through a building automation
system (BAS).
BACKGROUND OF THE INVENTION
[0003] Monitoring and controlling the energy consumption of a building, and in
particular the energy consumption of an HVAC system, has been achieved through a BAS
having software executable algorithms that incorporate numerical constant values
corresponding to equipment operating characteristics. The equipment of the HVAC system
may include, but is not limited to, chillers, pumps, condensers, filters, air conditioners,

heaters, 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
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operating paraneters such that each piece of equipnment is operating at or
near its optimumto satisfy the building cooling load with m ninal total
ener gy comeenmasosscbased on an equal rmargi nal perfor man®eTarseovoiopise?
However, the optim zation software focuses on each piece of equipnent such
that periodically the nunerical constants used in the optimzation software
may still need to be manually adjusted. This is typically done by
recal cul ating the operating characteristics of the equi pment, nodifying the
opt i m zatvaloes mef baxchasgedrpesddicdly bg niaheal BASalugibhgeny raygroglasnopetha BASat
efficiency of the HVAC system and iterating until the overall operating

ef fi ci en@ptigpatedrhapgga@ B ocdplimate agd gpbleat copditignst hi n a desired ef fici ency.

SUMWARY OF THE, PARTI.CULAR E I TS [ 0005] A cantroll i n conmuni cation
S I 3 e o Cov o e L g et
trol i f £ i@ t r.al il
Coal i meluBREAL BO0E bl EhEARY AP XA, FdIRABAN] I8 oty 1 269

i nf or mat icRaradterisatd orme Heald %/s@ﬁﬁﬁg)t Aiafig@iTd R|ipUS tepldied RARBYYMPARS UBPt i on of
a building by contenporaneously adjusting operating paraneters for the HVAC

equi prmentdifferalt chraddtergtitshd radf adtamenlttgpe A S mepkiiling optiwehfion wémaierigr f eat ur e
to mnimze the tinme needed for simlar_adjustnents in the future. By way

of exanplcentraliipg tenEVAA systedbolfit AnssomBPAR VHlecEigus ¢ BY B¢ PhEEVAC

Syt em Unler B AL 00, EL B JEURAAS, LA, TBLIMD STPLOY YRS AgR), ( her eby

I mpr ovi ngbu i Nng energy na n one

aspect OfsdJpe R rb%ﬁ&ﬁ% chMENbAdORih FhiBRAE 0Bl bfroy O8nsGAPRBABEAE b gh Wik @ BAS
i ncl udes a communi cations interface operable %o exchange i nfornmation

cont enpomangital peiforintanéd principld WeeBvdr e c@imiradioh esfredie fdches bukdctlipitge of
automati on system theexchanged information carrying data corresponding to
oper at i ngapamarteuer thappermdich tnugeriegh gerbtants wsad HVAC opyimizatgn goftware

RS NI A I R R
Pt O A GULPIEILBabI L O TS o S R pacy o
conput ed ohg@ihé Mgt ghdratohANerBBBLdyf SICAE IIFPNEC system and iterating until the overall
operating efficiency of the HVAC system, as a whole, is within a desired efficiency.
SUMMARY OF THE PARTICULAR EMBODIMENTS
[0005] A controller in communication with a building automation system (BAS)
may be configured to automatically control an operating efficiency of an HVAC system. The
controller utilizes real time operating data in comparison with predicted or theoretical
information to automatically ascertain and adjust the energy consumption of a building by
contemporaneously adjusting operating parameters for the HVAC equipment, validating the
adjustments, and invoking a self-learning feature to minimize the time needed for similar
adjustments in the future. By way of example, the controller cooperates with the BAS to
monitor the HVAC system under prevailing energy demands with minimum energy wastage,
thereby improving building energy management system efficiency.
[0006] In one aspect of the present invention, a controller for communicating with a

BAS includes a communications interface operable to exchange information

contemporaneously in time between the controller and the building automation system, the
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provided with the HVAC equi pnent; a conparison nodule in data conmuni cation
with the optimzation and sinmul ati on nodul es, the conparison nodul e
conf i gur estot2o10dst4s6m ne whet her the operating effici encycrassbabosesar desi red
threshold relative to the predicted operating efficiency;, and an adj ustnent
nmodul e in data communi cation with the conpari son nodul e, the adjustnent
nodul e configured to transmt instructions to the building automation
system for changing at | east one of the operating paraneters for at |east
one pi ecexecfangquinfommaionodartying ddACHrEysdndimg tb peadhg phiambtersnufthguipnieat t her
configured to process the instructions for changing in a self-|earning
aspect whaEANgCHdn @8 riPBM &t optema fn gpligization magdule dié‘tlég Araseigble Hastypéens tfong

efficiency is. belowthe degi.red ol.d rel e to the predicted
oper ot 1 naerFinBEan oy Frsonors B ENARC Sl BNy S e ol S BAF B 1 on, a
met hod f of (0D Jl}%ljﬁéﬂt,ngu?@léggﬁrlﬂgdtpg h%ﬂ%%&&ﬂ%le%m u&C}M r YRR

conmuni cati on I'ng automat | systeminclu the stepsS of (1)

exchangi gb@edhdﬁdqrpaﬁhhg)Efﬁ@@ﬁktyecﬁnmmﬁqtmtymlcampmtezefr&ﬂtlﬂmlau@a pentieibher and
the buil ding automation system the exchanged information carrying data

cor r espomdividgdtvathothe HMA @ gqpemented ermgpaofonegudyerandatacanamgechtipm withehdHVAC
system (2% determ ning an op eratlng efficiency of the HVAC system based on
the preséptm té‘?natail%é“%‘tl%{toé Bpdileie By EPPARHER I{l@éuledétnéfrg?ﬁ% g UeCHHRYI ct ed

oper at in I } (t:heenc % ttﬁf1ﬁnctyh1g t em gs%ngeﬁreglolc{ ativﬁ;ttgrtlh% dor%ﬁ %C},‘ er the

speci fica |o S pr
oper ating, &faﬁﬁgcéfﬁ&gﬁ(c ‘ §ncpa§1| %sﬁn&?ﬁioﬁﬁg it Heit@é&%lgn&ﬁioﬂ%%ﬁeché Corhigis & edi cted

operating eff|C|ency (5) adjusting at |east one of the operating

par anmet emsoduRf thatdju@msht R lguoafigured toatuirpirdistuctibng 1 ehd-Hifding ystotation 6)
transmtting the at | east one adjustnment to the buil ding automati on system
and (7) tsyiteggedpi nlgangingeatfleasea)nmiorﬁghé epdrefing paraméters diar rblldagtr ofeopiece of

Che. oper SAFHGCRIE5 ENEY. TSl 4SS B A AP R GHEGEh ol oo mer
DESCRI PTI, %J‘Il(g: g—l_figr Eﬂgﬁg&gﬁo[ é)e:(?tolgflllmlnlglal§§etc{ %Jhm\{ §he Q&nl?alra{tglr g?tall\o{t%r %HBOC“ ment s

are descr w W t
determines the operating efficiency is below the desired threshold relative to the predicted

operating efficiency.

[0007] In another aspect of the present invention, a method for controlling an
operating efficiency of an HVAC system in communication with a building automation
system includes the steps of (1) exchanging information contemporaneously in time between
a controller and the building automation system, the exchanged information carrying data
corresponding to operating parameters of equipment arranged in the HVAC system; (2)
determining an operating efficiency of the HVAC system based on the present operating state
of the equipment; (3) determining a predicted operating efficiency of the HVAC system
computed from installation specifications provided with the HVAC equipment; (4)
comparing whether the operating efficiency is below a desired threshold relative to the
predicted operating efficiency; (5) adjusting at least one of the operating parameters for at
least one piece of equipment of the HVAC system; (6) transmitting the at least one

adjustment to the building automation system; and (7) triggering a self-learning feature of the



reference to the follow ng drawings. [0009] FIGURE 1 is a bl ock di agram of
a controller for communicating with a building automati on systemto control
an oper atwogosfisSiwsency of an HVAC system accordi ng to aoTdarsbadiosmsnt of the
present invention; [0010] FIGURE 2 is another block diagram of the

control |l er show ng deci sions made by the controller to adjust equi pnent
paraneters of the HVAC system by way of the building automation system
according to an enbodi nent of the present invention; [0011]] FIGURE 3 is a
bl ock di agntadtiet fdrusitonadtically @caiiidtd dt deasaoljeustjusngerit e adaen pime nthepakanet er s
of an HVAC systemusing the controller of FIGURE 1 according to an

enmbodi nemperafing Hacipicy deqgain belashthp desircdeesh@d12] FIGURE 4 is a graph of
power efficiency curve for an HVAC systemin a building controlled by the
control ler of FIGURE 1. DBREFIIHESCRIEEORN PHHENPRFVIFGE PARTI CULAR EMBODI MENTS

L0013 L L B 366 PSRRI SR T P A BB 8L oL

in order to p u I'ng o 0 'S' of the

i nvent i oRefefdRNEY @fe fo@REins Hilalied i N the art will understand that the
invention may be practiced without these details. In other instances,

wel | - known st [0009)ur BEGIESE ACis at BldcinvidiabrablVACa systt@ies f@naninnghioatitk slith HVAC
conponents, building climate or environnental control systens, building

aut omat i Gnildps pepmwatandyvemitoentnl grepssdisg ciigcaaetiand VAR dydpe petordre t her eof
have not necessarily E en shown or described in detail to avoid
unnecessé??l}?n@é‘ﬁ‘ﬂ’lli) fgea@%&lﬂ%ﬁtwﬁs of the embodi nents of the invention.

At |east one Edﬁ‘g&ldi PRIROS Qﬁothé}vﬁp%ﬂ gig%!a{%ﬁ&t"ﬁ\gscgig&ﬁelr fsh&%‘%g HeBiGio

selfcorrectin rocess I n connuni cati on O recerve seﬁected

i nput andnafdb%g tRUEEBLdGalaliMstt ddBB At REDRIM SLRRIV AT ZQstEN By QY JTRRE
aspects of a building's HVAC system [0014] Unl ess the context requires

ot her wi séyildihg aghatith sydiem sqealifg ah icmbhodimdntalf diemsesedtiicdenfi@l; | ow, t he word
"conprise" and variations thereof, such as, "conprises"” and "conprising"

are to be confiMlledFIGURR Jopen, blpeke digsiape i5stiatme ¢ pagthqds fogsadiysieg e ng, but

not equipment parameters of an HVAC system using the controller of FIGURE 1 according to an

embodiment of the present invention; and

[0012] FIGURE 4 is a graph of power efficiency curve for an HVAC system in a
building controlled by the controller of FIGURE 1.

DETAILED DESCRIPTION OF THE PARTICULAR EMBODIMENTS

[0013] In the following description, certain specific details are set forth in order to
provide a thorough understanding of various embodiments of the invention. However, one
skilled in the art will understand that the invention may be practiced without these details. In
other instances, well-known structures associated with HVAC systems and individual HVAC
components, building climate or environmental control systems, building automation systems
and various processes, parameters, and operation thereof have not necessarily been shown or
described in detail to avoid unnecessarily obscuring descriptions of the embodiments of the
invention. At least one embodiment of the invention includes a self-learning or self-
correcting process in communication with the BAS to receive selected input and then

automatically tune or otherwise optimize one ore more aspects of a building’s HVAC system.



limted to." [0015] The energy performance of constant speed chillers,
punps and tower is nmaxi mzed when conponents are operated as closely as
possi bl e wo 2bwidsidé6ad. Thus, chiller plant operating stprarasc@s/ogmsoeral |y
i nvol ve sequenci ng plant equipnent to mnimze the amount of on-line

equi pnment, which is operated at full load. In all-variable speed chiller
pl ants, optinmum perfornmance is attained when the equi pnment is operating at
a specific part |oad that depends on the current external conditions. The
curve of the [9Ad nfnlses Wisi eiteshcpuwray iCHISEss JhoyShkyinilm sprcificatine ok

maxi mum &fqfih & WRIRA Yoy, tREwEL-€bARisc® QNP VA0 HhBLES M%spfcohlﬁmﬂ&%* ad're)

vary is called the "natural curve" of that conponent. Optinum s systens

enpl oy a “comprisolg” et tedetodongfyuetl an se qpem celwwisprrenthatsie as Haiclugingnbut@per at i on
is at all. t es., as cl ose as possible to the natural curves of the equi pnent

cont ai nec]iinln{r? the plant. [0016] Chilled water distribution punps are usually

i ned"T the p 16] Chilled vater distributi _.
Someti nes. ¢ hi DUAPE 0 aRAEE b’ o AMteRDaR! CENFR PRRPREERNGE ! | on of

one or se¥RImikedWhéMEnYRhMAS aRbpbRRdl Q3515 &k etk td Ml 15XSTam, chidwever,
the use of m ninmum pressure setpoints can contribute to substantial wasted

punpi ng et gycraeepecitagids ygedemilngnvobrei egsenoihg | pdant leqaigdsmentwloi mhniraize the equent
in systenms that operate on continual daily schedule. The controller

descri bedmeertefromtine ssuicab vdiigh i getatshatpighdosdoht pBivariabdg sresd shilles cul ar |y
effective,in large distribution.circuits that y have.different crjtical

1 ow seqits ORHEP PaTTTIEPSEE 2aied ¥ hnBe savipmPds SRt s SIis Ll o e
not ed t hag, diYAGGATDON BRIH AR M RFna EAHIRIRD The L fry O BE TR SRl ot Winfent g 1

manuf acturaer' S ?Ig%om‘reﬁ%ecgrr I'm ts.al The controlcﬁgr cont?%tljn\gusl y rmnlalt ors the

chil | ed aadattogdensaiponait@chibyconimxmngn eMicREcy04s the exedhlasdgditioas pweduke as t he
condensi ng water tenperature, and [imts operation to ensure these

par anet ers tenegrepdture)warhiin callvd thaepuraleawyaierided doynpoieat. repiiwe’s yysems or t he
specific equi pment to which the control is apgl ied.[0017] The controller is
conf i gur SEPIY a0kl mEhqdrlogy fratewcssquipraenpieshatmlent pRarfigads & aHitigigs as

execut abl f  PLOYAOE «f AL nSGLPAI QP the 2B Abn G OPR AL g, ef fi ciency,

[0016] Chilled water distribution pumps are usually operated to maintain a specific
distribution differential pressure. Sometimes this pressure setpoint is reset based on the
maximum position of one or several of the valves on the loads served by the system.
However, the use of minimum pressure setpoints can contribute to substantial wasted
pumping energy, especially during periods of low loads, which are frequent in systems that
operate on continual daily schedule. The controller described herein may provide distribution
pump control that is particularly effective in large distribution circuits that may have different
critical flow segments under different conditions or different times. It should be noted that
HVAC components and/or equipment are operated within their manufacturer’s recommended
limits. The controller continuously monitors the chilled and condenser water flows and rates
of flow change, as well as the condensing water temperature, and limits operation to ensure
these parameters remain within the range recommended by the manufacturer for the specific

equipment to which the control is applied.



sinmulating a predicted or theoretical operating efficiency, conparing the
sane, and then adjusting one or nore operating paraneters on equi pnent
utilized W 2a10m3idedi ng' s HVAC system I n one enbodi nent pChaiSecoomstsabl e
prograns control variable speed |oop cooling plants to establish a decrease
in energy usage of a power utilization system for exanple, a building-w de
HVAC system |In addition, the controller or at |east one or nore of the
execut abl e al gorithns enpl oyed by the controller may conport with an equal
mar gi nal per f @QOABNCEhPrcomeillpt & tarfigargdatnt exchime afshaionconsisBAM avd th the
teachings found in U S Patent No. 6,185,946 to Thomas Hartman and an
article autwise odrioy ereeutabiperesiamy (ferd deteiyniagian gpaktiniec preratingyeffieipasywi t h t he

Equal Per f nce Princjple,” ASHRAE Jour nal Vol 47, 7, Jul
RN N g R WA ARIRARE S-S e i M R SR SO

entireti ggy, Ftﬁ%\/&/{%‘a& 53 YL BEF gph%%n&%nh&g gn&g{‘ﬁﬁﬁ’z’é& %le ﬁlﬁﬁl d&‘seﬁv‘ﬂct h the

oper ation O system equl suc ut not

centri f ugaterRURPSne EndtBlime dhe/ alce@bbie psReatk Edntie vaeibld éﬁebtgfi’dopcdbbl1ﬂ1§r s. The
nunerical values are based on the likelihood that nore HVAC equi pnent

oper at es plantsparcsteblesh aadedrease-ihienegyesage iof 8 peatuwtdizatopesystenn (pr cyrnge, 4 0018]

In sone enbodi nents, the BAS may communi cate with an all-vari abl e speed
systemt &ue@%@ﬁ@aﬁé{% Fysﬁ%n@e%ddtt@ne&ﬁl GoREpHer it %déqsatopwr adiof itens

aut Ormtl %%lecl ¥able a Se f e thg l’ltI'O elut ear exec all?l’he Iensglrl’lfllgrt }1’1(-3), S- The
control | &f a 2 eoBsOIy g’ OVI aneadt 3n%tmé’8 t echil que*t &%l ace t he

current rﬁ@ﬁ%an&éjﬂﬂnﬂﬂ)lm&r@ﬂaﬁ‘tlé’tﬁ@rdsyrstgmt éHﬂ%stEﬁ"tewﬂfﬁ/ﬁQ BRI foldd QLT

enbodi ments, the controller automatically corrects the operation of the BAS
to corrperPaaheNfo% 18fiadg &s ThomiHdVAG e apirantaréhanabbedist the Ssame @xtler nal

buil ding | oad characteristics that may be attributed to the buil ding and

| ocal cl i“i?atigning GOAHnt [Syistome vathbibe iBaesltManghel Bafirmetdeelrinela” 86HRARear ni ng
controll er Le cqQnmuni catjon with tFe Bés. The sel f-| earcg'hn . controller
iti 1] zes JpPwafh tVO Ten¥t gy a5 HGEIn PUhdECrearer Yy REYETS "SR at i on,

conpar at Iré{fgreﬁl& 1nytﬁé1§ entﬂ'&%s.vﬁiujtrgﬁlt éle%&h‘t;eg%nliugr%?i%altc%nstants associated with the

operation of HVAC system equipment, such as, but not limited to, centrifugal pumps, fans,
and variable speed drive centrifugal chillers. The numerical values are based on the
likelihood that more HVAC equipment operates in parallel and on-line near its natural
operating curve.

[0018] In some embodiments, the BAS may communicate with an all-variable
speed system to compensate for changes to equipment or operating conditions automatically,
using self-correcting computer executable instructions. The controller may advantageously
provide an automated technique to replace the current manual tuning methods used to tune
the HVAC system. In other embodiments, the controller automatically corrects the operation
of the BAS to compensate for changes in HVAC equipment characteristics or external
building load characteristics that may be attributed to the building and local climate.

[0019] In one embodiment, the controller is a self-learning controller in data
communication with the BAS. The self-learning controller utilizes real time energy usage
surveillance, energy analysis, simulation, comparative analysis, and validation techniques to

allow the controller to self-ascertain and self-adjust energy usage. The self-tuning features
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allow the controller to self-ascertain and sel f-adjust energy usage. The
sel f-tuning featuresmay incorporate executable instructions that are

pr ocessedwoizbtwasiawepower utilization system for exanpl eca/uskiloezsonat er
plant (CHW. The controller receives data fromthe HVAC system for

sinmul ating the operation thereof based on cal cul ated systeminputs for
values like total systemkilowatts used (TSkW and a system cool i ng out put
tonnage (tons), which when conbi ned provi des a neasure of energy

ef fi ci enayay ildvepcaatxelitable imveyctiins thapiro passssethtvahih hepowehailAMAG ssytsihem t o
provide a predicted energy efficiency (kWton). [0020] In one enbodinent, a
sel f - | earfoli ergmple &ehifled winfen glaas Held V) of Thergonteliar redeivsp datayranp dheudy A&

dificati f the Ha | it dt tim t he HVAC t
o e o AT S S PRB 2850 B GRS Brb T BSLET, o
f th g I | 1 I ts t
o e A6 B SRR d S S AR M L2 T U aiput = 1

val ues OrcomBin¥@prolived Reds@Rlof bhd¥By EBEERYyL T @hirbitdr 8¢ ¥Is8@RIcBS [da@ fiohiTul at ed
(e.g., predicted or theoretic) operating efficiency. The self-Ilearning or

sel f - t unitingH ¥4 pegtterofio proeide e ptedwlddencrgryffibeneyek®f/toedd t 0 as a neural network
process. [0021] The neural-netmorking process includes executabl e
i nstructions f8920leleens spPaimaIer pRf-spingigsti SH-MHNS apegatft tBe sentilieteen t he

i nputs, output.s, control.and jnformtion.points of t.he tem The
exout apiti) o E FRURB RS bE PARL O RN G BonliBBe R R o0 pur

of a cont gl mAARAEEHSI odiut® FNAELL cihd ShabREnIEBHHRDAMEAUS B HYRID Kied

out put as determ ned by a nodel based on the optinmum or best effici'ency of
power coRrsupRingahe covbdiedut e it tt kipddtedootiti t6 elthd in@aifl (We Sihéomsntalty ot her
patterns that dimnish optinumor best power consunption efficiencies are
pr opagat edjubtadke optithigeipadalpershmt ves dr ttheveiifpthesredf timpeperatng officivnelel |
appl yi ng and adj.ust i nunerjcal or weighted.val yes to _reduce the

conput at i28HA! aeirl?lafﬂgegg(é-a»tpﬁ%@ect%? P ERTEd) Gierine ciIered TORSE LIS BaPBs ¢ he

0Pt e BB ASERE, YL AR gEl BN ST O

processors degjoeft edhd Rueil$6fatind FO&Ss inbRUes@XMRILE iRARICRERIESRALHTRY

incorporate a "training phase" after adjustnents to the
hidden relationships in set patterns between the inputs, outputs, control and information
points of the HVAC system. The executable instructions provide for a “training phase” in
which the output of a control parameter is compared with the desired output or defined output
as determined by a model based on the optimum or best efficiency of power consumption.
Model computational outputs indicating errors or other patterns that diminish optimum or
best power consumption efficiencies are propagated back or looped back toward the inputs of
the control model, applying and adjusting numerical or weighted values to reduce the
computational errors, so that a prediction is acquired that indicates the optimal power usage
system pattern associated with optimum energy consumption by the system.

[0022] The controller may include one or more processors dedicated to discreet

tasks, for example one processor may incorporate a “training phase” after adjustments to the
HVAC system have been determined, another processor may compare real time data with

predicted, theoretic or best-case data, and yet another processor may evaluate an error in the

system and suggest ways to reduce the error. In one embodiment, the self-tuning includes two
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HVAC system have been determ ned, another processor may conpare real tine
data with predicted, theoretic or best-case data, and yet another processor
may eval mioeoswmsesssor in the system and suggest ways toPCcedise@obasoer r or .

I n one enbodi nent, the self-tuning includes twophases, the "training phase”
foll owed by the "verification phase". During the first "training phase",
sanple data (fromthe system nodel), containing both input and desired
output is processed to optim ze the actual control output, until the

desi red ehakg\yhattrdinizgphwe’ Bilbwed By ‘ivsrifiabioe pkede”. Duiring ghet fivet aldigat i on or
"verification phase", the error is no |onger propagated back towards the

i nput pamisrst.eesplepdata {fony dedsystemppedille cordziniog tbptht inpweangdepieddaquanit évent s or

sequence val ues to serve as inputs for the vari.ous equi nt operating in
Che. bui | ARG S oI5 DS Syl ATDEWBR Yl ghej Sesiffal crehsy AIGHODETIRSETY ¢ he

t ual J I . . I i
ehange banjifye@ ISR o8 fitfcurio Frad S HETROR 4o RULATREAH ¥

cor r ect | Watih@wagMitheciphattantcters, bat isMeed fol fradittn cRipaseicrgddRiafedanents Mai n
there unless a deviation occurs again. This provides the self-I|earning

cont r ol | eequehat vilees atdaptvablseinpats dhatigesarions ehepiAGrsIasing m dbe beildings
adaptable to extrene environnental changes. [0024] FIGURE 1 shows an energy
manageme FPOBYEPERBER: control l er 10 that includes a buil ding autonmation

BAS i al i ith HVAC 1 d
Do (50 AP TSR R RS B e

controller 16, y.

system 14,08y shMChutfSrticAN chhireMAlk fo i ¥RGhihEphSReL Y thelRERCs BRGhBL] onal
data 18 for the equi pnent of the HVAC systen where such operational data

18 af f ectcotrbtglyomer awitclebakgy eikf tvetifcutiyn Ghadeh eighiAfndSieshapinthdd. ullbe a
controller 18 includes executable instructions that nmay be arranged in
di f f er entdepptoyy cenwrs egaimodid prevideidhesadidepnive eguendlehipat in déqpabletntchgngecessi ng
means. 1In &r%e empodi ment , 1t he coagﬁrol | er 18 includes an optim zation
modul e, 4" BSAPEMT SHHThEd es 299P12p ISR GRS W TRYBRA'E CB¥Eand an adj ust ment
(e.g., a selfdwar LRGN QLwself &b ﬁg%l %B‘J?lliltl ?1 T f,rlll[hg{ 10
i ncl udes vari &dgs%mdgﬁ{as, V%%Imé’% ar?a(f/ THke tHe Tor ?XS% gx&?ﬂ?%% e%
i nstruct i;§ies RN QGNRATSutcHRfHHAY em §BAS) 112 tih AhataCQRARBIMANE MWt 4 BVaGt to
system 14 and a controller 16, respectively. The data between the BAS 12 and the HVAC
system 14 may include, but is not limited to, energy related operational data 18 for the
equipment of the HVAC system, where such operational data 18 affect the overall energy
efficiency of the HVAC system 14. The controller 18 includes executable instructions that
may be arranged in different programs or modules and even processed by independent
processing means. In one embodiment, the controller 18 includes an optimization module, a
comparison module 22, a simulation module 24, and an adjustment (e.g., a self-learning
and/or self-tuning) module 26. The controller 10 includes various modules, which may take
the form of executable instructions, programs, software, etc.), that cooperatively interact to
tune or self-adjust the operating parameters for different types of HVAC equipment to
account for changes in consumer demand, inclement weather conditions, and other situations.
By way of example, the controller 10 may interact to communicate to the BAS 12, which in

turn communicates to the HVAC system 14, to adjust a flow rate of a pump, adjust a

rotational speed of a fan, adjust a temperature setting of an air conditioning unit, etc.
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tune or self-adjust the operating paraneters for different types of HVAC
equi pnent to account for changes in consuner demand, inclenent weather
condi t i onsQ 2ardbsotcher situations. By way of exanpl e, thectarsteoolobmn7 10 nmay
interact to conmunicate to the BAS 12, which in turn comuni cates to the
HVAC system 14, to adjust a flow rate of a punp, adjust a rotational speed
of a fan, adjust a tenperature setting of an air conditioning unit,
etc.[0025] The optim zation nodule 20 nmay take the form of the executable
instructions {aght Thy dphimiZddod nacdulef20r engeskei e ufsadofiiby ecxeByabiay of
exanpl e, the optim zation nodule 20 receives real time operational data to
det er mi nénsgueticas tyughie byt Heftmen &ffereedes wispuped ebomhaywwcogsrwmlﬁ 1l#e based

on the present .o st.ate of. the equi pnent t he HVAC system 14. The

ol at | SRR AEEry s el sne bR sy Rlesie snea flaﬁ?%fﬁtmg

cal cul at r e, the
ul at eg;did) gﬂ?g o%ﬁle H\%&‘@ Ders h 8kl }?@hé&@s@ﬁ{ & %ﬁmng&raor i e ?r?' g a

si mul ati on i ncl udes executabl e instruction

si mul at edf (iR BVAMEE@hCie dhe kaodtohikalulcor4 Re&tcsCase)0, onasmaekefthd ci ency
32 of the HVAC system 14 conputed or calculated frominstallation

speci fi cdbinoef cakhlaed itphatforgommgsponkdtiorscpreide thyr wiynddxopge.dbd omalatiomnges
for the individual pieces of equipnent of the HVAC system 14. [0026] The
respect i veedafer 7t |11@H@P%§X602@b163128t&10é0rr8e@éM?@anwgt %élné%?fh ¢BoRrchsidl e 22

for det ertﬁ@o?ét@%egrgkﬁ&f:case Bera ueesﬁf%ﬁlen%}/g3%%q§g H\ﬁgctsgsﬁgrple Or m)rteed 8' eces of

equi pnent ne AT Son hodul e
22 is in ch@Ethe&Wﬁétﬁ%bﬁ)%veU&m%%lu@P{h'amo%&ﬂoﬁH' td‘R‘é&’ét&n%Qd%BQrat%n@P' ation

nodul e 24 and the conparison nodule 22 is configured to determ ne whet her
t he real ringeefodferiatividghl plebdsaif eiymaB obthe HhRAGMAGHsMSt em 14 is bel ow a
desired threshold relative to the sinulated operating efficiency 32. [0027]
The adj ust nent0026l uéke B4pegiiec ¢fEicienaiesd 2832t dre resdived byl comdrjm el

ne. new ener rel at ed sequence val ues 36 for rovi g t he

d I
agtvﬁaf)peﬁérf@g/f]eewmml%%dﬂ%ﬂn%?/mlmsgﬁégfb e%%?n@rﬂrfwr%waceﬁ@é?@ enéP [ east
approac“‘% tﬁ\‘?dAﬁ%ewngﬁ% 69 ‘?Re(;n%t Lo fhE C RN S mpariso S mdhAE USS §d ibgy e, the

adjustne inc
communication with the optimization module 20 and simulation module 24 and the

comparison module 22 is configured to determine whether the real time operating efficiency
28 of the HVAC system 14 is below a desired threshold relative to the simulated operating
efficiency 32.

[0027] The adjustment values 34 are received by the adjustment module 26 to
develop or define new energy related sequence values 36 for improving the actual energy
utilization efficiency HVAC system 14 and meets or at least approaches the simulated
operating efficiency 32. As discussed above, the adjustment module 26 may include
executable instructions for self-learning the adjustment values 34 and for self-tuning the BAS
12 based on the sequence values 36. In one embodiment, the adjustment module 26 operates
as a neural network processing module that includes computer readable media having
instructions to execute various functions using either local or remote computer processing;
whereas the remote processing may, by way of example, be via a local network or the
Internet. The adjustment values 34 may be further processed by mathematic multipliers,

weighted and/or normalized.



execut abl e instructions for self-learning the adjustnent values 34 and for
self-tuning the BAS 12 based on the sequence values 36. In one enbodi nent,
t he adj uswoento/osodal e 26 operates as a neural network protasgicagersotiul e
t hat includes conmputer readable nmedia having instructions to execute
various functions using either local or renote conputer processing; whereas
the renote processing may, by way of exanple, be via a |local network or the
Internet. The adjustnment values 34 may be further processed by nat hematic
mul tipliers, y®2ght BIGEE Bailusuateral makal [@ORS|prdebGlgElad frbhubd BaSeR a

met hod 100 for processi Fg dat a fromthe BAS 12 with the controller 16
(Fl GURE Mith the cgltt@ﬂielltﬁz( CPRE bi st@l@é%tr?adglr@amraézbg)@@tatah@utMm@VésCst emis
acquired from.he BA The cq%n JE| er Iude a conmuni cat.ions interface
oper abl esi’%e“é%&r?é‘t%‘@'é’* BB tha ‘%% }Z?nP%IPﬁS [SB‘H%SI § GORTRYIRAUERSE EERCS he

control | ep.a6d ¢§ B&n § 1n 0 ue 'Rloﬁ%b ;%ealﬁtoﬁ'stlf% tirhd et FEGRO GG oA MR | oN

i ncl udes ata corres ti'nme operating paraneters or
charact erdA¥. %@%r@fou@l@@taﬂﬂ?ﬁh& eﬁdhﬁ@gég etfointhtibA c kWA afy @@ iPondihg & @Prch04, the
real time operating data is received or input into an optim zation nodul e,
such as ttie aptating patinctars wo dbdrectadicy dfizquipambuneerangid is thepd YO6, systedi i dual
equi pnent efficiencies and an overall real tinme operating efficiency of the
HVAC systémla eth‘étﬁgrbﬁ@%ﬂp%%%cﬂa@rﬂs E6ee AbINBUY IRStAn PRt MEE e dEs sEeh by t he
opti m zaLl on Audul.G.Andender BIPHALLT NG SINPTRALA SPErall g ARl eat her
condi ti ond. [‘5’ Eoht g‘flrﬁof; Bus y or Sl eous qutlher e TR St step
108, the data {41 del e di%ﬁﬂn@eﬁ?cféﬁéﬁ&@éﬂe (fﬁwc 1sys(?5r§%ec$o%qyutéd%%de$ﬂ cal or
best case) operating efficiency of thHe HVAC systemis received by a

si mul at i @Reci@BlE énstridindagraceidy bakee t HRinfigdtioh ofmotlulst &ldl ahde@npepstng | cati on
val ues that correspond to predeterm ned operational ranges for the

i ndi vi dughuipinetepcrafing-NA®cetiol qomditipns. At step 110, the si mul ati on nodul e

determ nes the sjimulated operating efficiency of the HVA tem [0030] At
step 112, a cb%%%lr SEHCMBY U GE skudancpu LS glatleP 5883 2Bt & e

whet her td@@mél% 2 difRia QR FL 21 braGicRE! h&lEREY o sst¥ald)! PeifESHEREL JMfshol d of

t he si mul
HVAC system is received by a simulation module. The data may take the form of installation

specification values that correspond to predetermined operational ranges for the individual
pieces of HVAC equipment. At step 110, the simulation module determines the simulated
operating efficiency of the HVAC system.

[0030] At step 112, a comparison module processes a decision gate to determine
whether the real time operating efficiency is within a desired threshold of the simulated
operating efficiency. If an affirmative (e.g., “yes” or “true”) answer is produced then this is
communicated to the BAS and no adjustments are made. In a negative (e.g., “no” or “false”)
answer is produced then the real time operating data along with the installation specification
data of the HVAC system’s equipment is passed along to an adjustment module. Thus, at step
114, adjustment values for one or more pieces of HVAC equipment are determined and a
self-learning or training process is initiated or commenced.

[0031] At step 116, the adjustment values are tested or validated using a validation
module. In this step, the adjustment values or equipment parameters are processed to

determine if they achieve a desired overall HVAC system operating efficiency. Stated
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operating efficiency. If an affirmative (e.g., "yes" or "true") answer is
produced then this is communi cated to the BAS and no adjustnents are nade.
In a negavowvelnds14gs, "no" or "fal se") answer i s produce@ctrhisnoovioe2sneal tinme
operating data along with the installation specification data of the HVAC
systenl s equi pnent is passed along to an adjustnent nodule. Thus, at step
114, adjustnent values for one or nore pieces of HVAC equi pnent are

determ ned and a self-learning or training process is initiated or
comencethe W3t the clahep td i, HVAE adjpushnantally ptades: ar enprestesk iarthe

val idated using a validation nodule. In this step, the adjustnent values or
equi prentoverall éﬁﬁ?fér@ef@v’éopﬁﬂ@@é@é @dd tlousgeveer npresating qfﬁ@s«ncacﬂqr deeHY Adesired

o the HOKETRAUCHREHCEREE JAPT BF SEUEAr s TFitph Greheit i Rt HE SGUSRET - syst em
ener gy CONSUTRL oA b I BF ARSI AR AL SRSV AP A HHEC

system as comruni cated thr e results are pOSItIVG t hen

t he adj usfbRie Madhees! ﬂ@ﬁﬁant rsale&ﬁuhﬁm wetheher dBRBchimkesper nanent _
i npl enentation into the HVAC system until of course another adjustnent is

needed due t o[0082k hEIGIRE ot hkows hangd®dinid032] a FirSHRE dBgsihoR80 afar émdbodi nent
of a process diagram 200 for the adjustnent nodule from FI GQURE 2. At step

202, the a@uﬁpﬁ%@wd%jfre@twwémbgeﬁ %92 tﬂr?eewmnbe@wﬁ@ﬁwaa%f%ébeer ni ned
d t. te
st uct 1 OAC e eRe o (Gafb R0 B P EF TR AL RR B S ¢ e

i nstructions Tqulre er w

adj ust meng %%ldé%s'tru@t‘ion% Tt@ﬁlezxgﬁdatﬁoﬁ?ndaﬁﬁ% %si &f otﬁ&’%xf*r’sremaﬁ@ﬁe ﬂfé%ﬂ%ﬁnehhe

adjustnents wer e val i dat not, then the adjustnent values are re-set
by the adjplust meBicp ao(ﬁjuheecoﬁaeolﬂdmét@mnéshehdrnémleaﬂﬁlsmemgveeé {dldhtemaynot] f the
val ues are validated, then these values are provided to the BAS for

i mpl enmenttleni ba adivsineeof valpGoag) reﬁthuR@maCQh%wtamomwlmmve tsuH Vaéwer
efficiency curve_for rom data conmuni ca hr.o t he BAS
wher e t h&PHRARS %ﬁﬂ?‘ﬁﬁe‘gfh"w&@% sﬁa -tﬁ%ﬂ P Valig %?YSIP’fOé(H} gyﬂ% 8i ment

of the c I he executable instructions as described above. The
HVAC sy s?@hﬁ%méﬁﬁ%gﬂé%kﬁh a fluctuating efficiency across the twentyfour

[0033] FIGURE 4 shows a twenty-four hour power efficiency curve for the HVAC
system from data communicated through the BAS where the HVAC equipment has been
continually controlled by an embodiment of the controller with the executable instructions as
described above. The HVAC system operates with a fluctuating efficiency across the twenty-
four period because the controller optimizes energy consumption by at least incrementally
adjusting one or more parameters of the HVAC equipment.

[0034] 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 by

reference to the claims that follow.
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peri od because the controller optimzes energy consunption by at |east
increnmental |y adjusting one or nore paraneters of the HVAC equi pnent.

[ 0034] Wwbeotonsi4ssef er red enbodi nent of the invention Ira3/use@/osishust rat ed
and descri bed, as noted above, many changes can be nmade w t hout departing
fromthe spirit and scope of the invention. Accordingly, the scope of the
invention is not limted by the disclosure of the preferred enbodi nent.

I nstead, the invention should be determ ned by reference to the clains that
fol | ow. The enfbdienbodimentt of hige invedivhi iarnwhich ahicedludve pxopértysor priyitegpesr ty or
privilege is clained are defined as follows: 1. A controller for

comuni cd#imgd aigidefined aydellogisng aut omation system the controller conprising:
a communi cations interface operable to exchange information

cont enpor anEOUSAl XonltrrolHé[:rl or bn%gn\ﬂ\rllelce r%int Qvelthc'g l}ll[c@tll | gl{tOl’l’?&Ql%ntShSq nQ,utlhle ch:lorﬂl%ller .

aut omati on systen the exchange "Af'or nh |ong%arry|ng dat & corresponding to
operatingoﬂﬁﬁgﬁgters of equi pnent arranged in an HVAC systeny an

optim zati on nodul e havi ng executable instructions for determning an
operating effi ciaanaynudicatibie ikiviAdce pshmtibaghthgo mfbietipn eaashpodgpesaly ng
state of the equipnent; a sinulation nodul e havi ng executable instructions
for determ ning a ipr8@p cieteren piée soptigllesfanid cthe iayldog auhanadoncysipet dha

conput ed fron1insta|+ati n sggcifications proviQﬁd with the HVAC egyipnent;
a conparison modul eI LTEBMAGTRE ‘Bl CRITEROIHRE B IPFHIERA YRR

si mul ati on nodul es u;@%npﬁﬂﬁgérﬁggHgggyggw onfigured to determ ne whet her

the operating effi%ﬁ ncy Is ow a desirte "t hreshol d relative to the
predi ct ed oper atahngptghifdtoheRoNule AN cALLMEE MBEtuckeslulfe idbed@hRg an

comuni cation with the conpari son nodul e, the
operating efficiency of the HVAC system based on the present operating state
of the equipment;

a simulation module having executable instructions for determining a predicted
operating efficiency of the HVAC system computed from installation
specifications provided with the HVAC equipment;

a comparison module in data communication with the optimization and simulation
modules, the comparison module configured to determine whether the
operating efficiency is below a desired threshold relative to the predicted
operating efficiency; and

an adjustment module in data communication with the comparison module, the
adjustment module configured to transmit instructions to the building
automation system for changing at least one of the operating parameters for at
least one piece of equipment of the HVAC system, the adjustment module
further configured to process the instructions for changing in a self-learning
aspect when the comparator, at a later time, determines the operating
efficiency is below the desired threshold relative to the predicted operating

efficiency.
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adj ust mrent nodul e configured to transmt instructions to the building
automati on system for changing at | east one of the operating paraneters for
at | east woeopisceseof equi pnent of the HVAC system thepadjussenawsisonodul e
further configured to process the instructions for changing in a

sel f-learning aspect when the conparator, at a later tine, determ nes the
operating efficiency is below the desired threshold relative to the

predi cted operating efficiency.2. The controller of claim1, further

conpri sing & Tat icdatdllen ofrethith el, cfonfiar gunpdsihg adedl@ntionn enoddile tdoefigréte to

adj ustnment made to the at | east one of the operating paraneters for at

| east one pi eé@e@?m@qhﬁﬂﬁﬂﬁﬂmadblﬁtm%émwmﬂ@y%f Fhone s ‘Ih? §P¢rﬁm@ P@@@‘ler‘ﬁé‘d

overall efficienc ean%,th% AC. s ste % Qécate H
aut omati on sygF 3. TRECE 81 ?@ﬂ? oph SYSeEH ?H‘% @ stem
i ncludes a VaEfﬁ%i%hﬁr 1%%%31 AL d}Ls?e'in £ hinRic ﬁftoeﬂﬂ‘é bﬁidl?ékﬁlh&%%rs'te% of

claim1l, wherein the predi operating e |C|ency o] system

i ncl udes information corresponding to a natural operating curve for the
HVAC equi pnentThe Sontrdll¢res biadn il owhean thedl VA Ggyadm apeidad 4 ngiablkfspeidenidlyr of an
HVAC system in comunication with a building automation system the nethod
conprising: egehaagystayi nf or mati on cont enporaneously in time between a
controller and the bU|Id|ng aut omati on system the exchanged information

carrying dajargorresnond ad.tp 9petatl. ﬁ?agtra(?mtrgtl{n% & 1c1e&$/ioﬁr%ﬁe”ﬁvv§rg anged

in the HVAC sy S? 80nr0 8t eérmni ig an opera I crenc system

based on the Ws?e%?i'ﬂ%lu@éé%i%haﬁﬁm%&ﬁés 0 lfl_'\%ttG% nGf Bp&Ring cqﬁle%ml@HWCa
predi cted operating efficiency of AC system conputed from

instal |l ati on sqeghdntcati ons prOV|ded mnth t he HVAC equi prent ;

5. A method for controlling an operating efficiency of an HVAC system in
communication with a building automation system, the method comprising:

exchanging information contemporaneously in time between a controller and the
building automation system, the exchanged information carrying data
corresponding to operating parameters of equipment arranged in the HVAC
system;

determining an operating efficiency of the HVAC system based on the present
operating state of the equipment;

determining a predicted operating efficiency of the HVAC system computed from
installation specifications provided with the HVAC equipment;

comparing whether the operating efficiency is below a desired threshold relative
to the predicted operating efficiency;

adjusting at least one of the operating parameters for at least one piece of
equipment of the HVAC system,;

transmitting the at least one adjustment to the building automation system; and
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conparing whether the operating efficiency is below a desired threshold
relative to the predicted operating efficiency; adjusting at |east one of

t he oper avongipaiwaet ers for at | east one piece of equi poents2ab/os1se7 HVAC
system transmtting the at |east one adjustnment to the buil ding autonmation
system andtriggering a self-learning feature of the controller for
automatically recalling the at | east one adjustnent at a later tine when
the operating efficiency is again below the desired threshold. 6. The

met hod of cl ai mtbggefing b hef-lce@ingricgum@f thalcoatlenfyr whtemineally Feealdnl ths arrent
made to the at | east one of the operating paraneters for at |east one piece
of equi prent of t hieasHyACadipsimeny ¢tess ltar i wher i qnseptiny sffmiqncefif pgsitency f or
t he HVAC system as,_ co icated to the building automati on system 7. The
met hod of claim 5,b%%%i%ﬁsniﬁ’81%g?%?]ﬁi ng the operating efficiency of the HVAC
systemincludes determ ning the operating efficiency of a variable speed

chiller coodimge s¥&b&0OT claim 5, further comprising validating whether the adjustment made to
the at least one of the operating parameters for at least one piece of equipment of the
HVAC system results in a desired overall efficiency for the HVAC system as

communicated to the building automation system.

7. The method of claim 5, wherein determining the operating efficiency of the HVAC
system includes determining the operating efficiency of a variable speed chiller

cooling system.
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