BUI LDI NG ENERGY CONSUMPTI ON ANALYSI S SYSTEM BACKGROUND OF THE | NVENTI ON

1. Cross Reference to Related Applications [001] This application clains
priority wo220i08299a80vi si onal patent application serial morhises08341176, 855
and 61/176, 790, both filed 8-May-2009 and titled Buil ding Sensor

Oper ational Data Analysis for Energy Saving System Control. 2. Technical
Field. [002] This disclosure relates to obtaining and anal yzi ng buil di ng
energy data. This disclosure also relates to engaging in an energy anal ysis
to determ ne analysis results, and optionally responsively controlling
bui |l di ng systens, such as lighting, heating, air-conditioning, and other
ener gy consum ng syst B o EREZL FERSbmerioRIARIS/SHYSFoRaH LI on,

noni toring, and nanagenen{ are crucial conmponents of sustainabl e,
eco-friendly infrastructures now and into the future. A need exists to
provi de energy data focused analysis results to accurately determ ne
bui | di ng energy expendi tures, performance and costs. SUWMARY [4] An energy
anal ysi s system provi des energy analysis results. The energy anal ysis
system may i nclude a processor, a conmunication interface coupled to the
processor, and a nenory coupled to the processor. The nenory may incl ude
energy analysis logic that, when executed by the processor, causes an
energy anal ysis systemto: establish a data connection froma network
operations center through an energy data connectivity interface to an
energy data source, obtain eBwckpralNEOsTHEHRVENTIOOr K Operations center

t hrough the data connection to the energy data source, and perform an
energy analysis in the network operations center on the energy data to
produce ag analpysi ﬁﬁﬁi ioisal ysis may incl ude:

det erm ni ﬁg cogé% %eﬁ;éﬁéfcr?gt%gtégﬂg\n&t [ nrﬁle energy data, determ ning

user - def i [ ]ddhes applicahion lckimsaurpyity & &.Sapovikoral mateémgapicatiore seral ysi s

user- det | TUGORE 21 P oEx adth F BP0 mell” eelibrfov- b ot i Bufiene”
user defi B@ﬁsé‘@@?ef&bnﬁapbbfh%nél%i's%% EnbRly S8viAg GR&m ©oni.e. the energy
anal ysis may include: determ ning a bal ance point "set fromthe energy data

as the analysis result. The bal ance point set may include both a heating
bal ance péint AeghnicadFiieldg bal ance point. The system may di splay any

anal ysi s | £ jN [ fac a di spl . her t
nmet hods, Fea uﬁ-glss' g%&’%@f/earr] tggééssf’owﬁpgf%@? %r?d)v?ﬁ ryalyzb'{é%]SH@'HQp%@ér@%f@ %‘ one
wi t h ski | Thisndisesaré algerektesritoagnguying it hen faldrgy arglydiguo esetendine

detailed description. It is intended that all such additional systens,
net hods, fBRalyaEdesHiR ang\epfiongdy respqnsiialieentiplting RUiding syeleams. UCBIRS be
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3. Related Art.
[003] Energy consumption, monitoring, and management are crucial
components of sustainable, eco-friendly infrastructures now and into the future.

A need exists to provide energy data focused analysis results to accurately
determine building energy expenditures, performance and costs.

SUMMARY

[004] An energy analysis system provides energy analysis results. The energy
analysis system may include a processor, a communication interface coupled to
the processor, and a memory coupled to the processor. The memory may

include energy analysis logic that, when executed by the processor, causes an



[8] The systens and net hods may be better understood with reference to the
foll ow ng draw ngs and description. The conponents in the figures are not
necessar iwg 20w/ReHBe, enphasis instead bei ng pl aced upomrCirlusesioatling t he
principles of the invention. Mreover, in the figures, like referenced
nuneral s designate corresponding parts throughout the different views. [9]
Figure 1 shows a systemfor building energy analysis. [10] Figure 2 shows
an operational diagram [11] Figure 3 shows a foundation diagram [12]
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determining, as the analysis result, an exception rank by comparing the control
building data and the user-defined data. The exception rank may identify specific
data in the user defined data for further review.
[006] As another example, the energy analysis may include: determining a
balance point set from the energy data as the analysis result. The balance point
set may include both a heating balance point and a cooling balance point. The
system may display any analysis result in a user interface on a display.
[007] Other systems, methods, features and advantages will be, or will become,
apparent to one with skill in the art upon examination of the following figures and
detailed description. It is intended that all such additional systems, methods,
features and advantages be included within this description, be within the scope

of the invention, and be protected by the following claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[008] The systems and methods may be better understood with reference to the
following drawings and description. The components in the figures are not
necessarily to scale, emphasis instead being placed upon illustrating the
principles of the invention. Moreover, in the figures, like referenced numerals
designate corresponding parts throughout the different views.

[009] Figure 1 shows a system for building energy analysis.

[010] Figure 2 shows an operational diagram.

[011] Figure 3 shows a foundation diagram.

[012] Figure 4 shows a benefit diagram.

[013] Figure 5 shows an energy and savings impact analysis.



[23] Figure 15 shows business rules, controls and technol ogy (including
data configuration) to provide a secure environnent. [24] Figure 16 shows
a programnvoensgessant net hodol ogy. [25] Figure 17 showsPaTdaisadialosdiit y
scenario. [26] Figure 18 shows dashboard screenshots for reporting screens
that the system may generate. [27] Figure 19 shows a dashboard screenshot
for an anal ytics reporting screen that the system nay generate. [ 28]
Figure 20 shows a dashboard screenshot for a trend reporting screen that

o tor i ol Py bR B sioush 38 o pisfcc anallRE” pfb B85 A fe “RISEFE REhG ot om

may gener phelemdn30] Figure 22 shows a dashboard screenshot for a nonitoring

reporting screen of _actual energy usage versus budged anount that the
syst em mal0dnEicgkre 7 shows findigge Bhad e Ariemamay SepEEate ok H8 RERHSIF.or a

moni torin | S e AV @émé I [ nd
Di algnos: s&’{fﬁf ?'[ égggs%ﬁﬁgna@za&é\%rg?%”n\é[ §§?6 |gu($g tg%usﬂ?]%\lﬁ}s g Si’iﬁ%yg
reportinggéoenadd. for neasuring and optim zing confort, efficiency, and
operati on i.thin each buil ding space,, inclyding reportin on operatjons
of “but | ot T Eicb e Sas syelbisy o fuiarrated i APy & inteBdapCripeRs ik use
on Equi p”ﬁ@fe_cﬁ@ﬁfo@?ﬁﬂ%ﬁ‘t%ﬁanﬁé%3ﬂiviﬁé§.ure 25 shows an exanple of a particular

machi ne for i nplenmenting the systemfor building energy anal ysis. [34]

Fi gure 26[GtJwEiguae d0chows an edamplendireatieveiopmgint franfe3&jrk forgheesysershows a
ki | owat t W, consunption and exception . ranks anal ysis. 36] Figure 28
shows corbbdls SRFE R Pl SvsiF i ArchiSahBE Y olBntcbroy Rakst:

[020] Figure 12 shows a phased implementation plan for the system.

[021] Figure 13 shows a threshold-based alerting process that the system may
implement.

[022] Figure 14 shows a process flowchart.

[023] Figure 15 shows business rules, controls and technology (including data
configuration) to provide a secure environment.

[024] Figure 16 shows a program management methodology.

[025] Figure 17 shows a scalability scenario.

[026] Figure 18 shows dashboard screenshots for reporting screens that the
system may generate.

[027] Figure 19 shows a dashboard screenshot for an analytics reporting screen
that the system may generate.

[028] Figure 20 shows a dashboard screenshot for a trend reporting screen that
the system may generate.

[029] Figure 21 shows a dashboard screenshot for a monitoring reporting screen
of historical energy comparison that the system may generate.

[030] Figure 22 shows a dashboard screenshot for a monitoring reporting screen
of actual energy usage versus budged amount that the system may generate.
[031] Figure 23 shows a dashboard screenshot for a monitoring reporting screen
of Interactive Automated Fault Detection and Diagnosis that the system may
generate.

[032] Figure 24 shows a sample reporting format for measuring and optimizing
comfort, efficiency, and operations within each building space, including reporting
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[37] Figure 29 shows alert logic for determ ning building |evel alerts.
DETAI LED DESCRI PTION [38] Figure 1 shows an overview of a system 100 for
bui | di ng woengyi2om1al ysis. The system 100 conver ges bui | ¢cmgs26998ans 102
with Informati on Technology (I T) 104 to facilitate a new | evel of data
anal ysi s and continuous control 106. The system 100 gat hers data and

i ndi cators for fact-based decision-making and sound envi ronnent al
rranagenent The system 100 drives conti nuous i rrprovenent and facilitates

renaset, U Y e ST LSRR RSB oLt Aol RRReS

optim zat Fomsetadsm lm]un;imgmrleerffmdﬁee and m)re effectl ve for conpanies to
sust ai n perfornance of their existing real estate portfolio. In sone cases,

t he syst e[\q:’fﬁiy Fiosie 2o ﬂlﬁWQ}l?‘ﬂ@X@Bﬂﬂ%ﬁf ﬁ'goafﬁ@lt'@r B}?C@(')"‘Q fOSO%Olﬁm%iQQ the
yi el di ng bWo?%ﬁﬁdlh elﬁlé!r%\}ﬂéﬂa yal ue of $10 - $20! sqgft or nore. The
system 10 ocuses on grow ata focused services to optimze building
oper at i onf03jdFnse 26 sHodG bérbecespemedetmmlmeﬂmnbeglcnpl errent ed with a wde
range of n loie The tech s may S at a pture and anal ysi s
over o vi HERIA PGS E 35, Picivnof o flavts Tl $aBSampho nedper ot eRaratinys am
200 in Fi QHélg sid: Such bui I ding systens include automation systens 202, high
0

voltage alr ndi ti oni ng (HVAC) systens 204, |i ghting system 206, power
syst ens 2[86]sEgure 28 shpstseeampdrigor lagicdof detqau@miryg ieteeyptidn ek on syst ens

e Ty

sensors). Energy and consulting services 216 may provide input into the
system 100 as well. Such technol ogies are avail able from as exanpl es,

Ri chards Zeta(TM conpany, | nt eDeshILEBRDESSRFTENE(TM conmpany, Facility

Sol utions G oup(TM conpany, Sensus(TM conpany, Constellation

NewEner gy Vg t I OVd i V. 100 may
i npl enent E‘ﬁ]@!tg ﬁonh 0 eﬂuc?/%rw fn%gg%epﬁiﬁg?%u%w%%ﬁr&g? %ﬁa?qg%%'nance
servi ces, Thetsqgtemltﬁﬂ c@mrérggs;lmldmgs ﬂrsmmsmIOZTwahslhwr'martIon Pogdhmloldgyr

Renote B t t t BAS
et B L S T 2 M S Sl APgaction, oas

Anal ysi s, i 4al oder

feat ures. @Ta%ﬁi @i@gﬁgﬂ){eggaiowsg?%ﬂﬁg@ls%ﬁdﬁgig%érﬁ%nod%% é@; on he system
100 data seund i enapproactal t managementdel Ther syein | Cbﬁal dswesq cestinupushe
future. The system 100 f.ocus on data services and r benefi

based on PN RENS AV G taiES Hinfaesrs Rt PhdieRs ardoieach PRELFILD e
Accessi NggbhIg. ORYY It | Wilergd Q\nﬂh”éuu@lhggte'chnbl@g%%ntth@| syteineADOPEERitsONs
can facil | tate significant additional Savings and revenue-generatin

oppor t uni engeing $ysIeMFpgliMizatioshdwekiag bemadriet fersiye aandigooreTkEep@reefion

he syat ofvoon Spe Bl Bohte A3t HEERS PraludBlRblo ot ey .

mai N benetages, dheveystem MaY]reblgsitriildinghoperating edtty Yya?ol S@O%rasmdﬂ@act
anal ysi s 500. The anal ysis 500 expl ai ns an exanpl e scenari_o under whi ch

conpany s MglngaNdRcease i puidied vaLw@ Qfd51@ne$fé@/ sall orgkRI diner sustepstddn 100
hel 600

that the SR8 Boprliing ditd ToclHeoRenBoe ol fr28 buABTIG BberdibAs Ehi

exanpl e, costsude full optim zation and nonitoring over a nmulti-year period.

col Pocti ofbSha T hAtGrerm: 1 Fiebde Teplgmented MG ANBHRMANGR o ‘BHINGIIgS. bi || <
or other ¢RgUERARSIbgidR' Rd ”bﬁéﬁ d’ﬂﬁt@ag?l?rlel 558'%&3@9@&@@&9%%@&% g@o@
as at

(e.g., to generate Scorec rds an 1 ne reports etall
col | ecti obuil@og)systerds gamshawe inethenoperadéidnalcdiagresm (BXD)n Feguge,2.i rBudie form

f | t t 6.1 . g. the f f
o veriti chbfdo 8BS e dRR o By kiR Figh wlfioknair wBngitSpig ™ °
system 1094%@)%9@1@@204 ondtcrﬂmgpéysterﬁ exhel Poe? \SydRnEP DS NSERIFityBPstERAY NY
for each |ntegrated acility, w't options for further integration of

ent erpris@’ @yrﬁmeqma@csemﬁca_tm Aysiems (erpl EnirAcke @Sseisopetraiae! angai n

To share. BUERGTRG A18: Argneetadt SR R13GHE A Byt Rl Er Tt Bh ey, o

est abl i shes a | ong- tern1re|at|onship that | eads to continuously increasing
benefits. [44] For exanple (602) and /4or (604) may include an analysis of
the historical billing information and I nterval data, such as that show ng
bui | di ng power usage neasured every 5 to 15 mnutes. Figure 7 shows
findings 700 that the system 100 may generate fromthe analysis. The
flndlngs 700 may |nclude bU|Id|ng eff|C|ency deterloratlon 702 unnecessary
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[47] The inputs to the system 100, concerning Data Collection - Analytics -
Fault Detection - Continuous Control, and other aspects may include: [48]
Uility bwbl2sieemebidnt erval data [49] Buil di ng bl uepri nPsTarsdoBASH1desi gn

di agrans [50] Building control systeminformation [51] Contact
information for controls vendor and buil ding engineers [52] Access to
facility (e.g., physical or renote access). [53] The system 100 nay
conbine strategies to inprove the efficiency of a building' s energy and

The. str at BTeSA i Reboufe: SERSaE £ STHY St RalHBERG eerlRes fle hays T
managenenprovidee irgys irt01tAdQytevier ages wok Seichltepmiildgiet are robliksible drgn gy
managenent franmewor thro% t he connectivity and data manalﬂemant of

k
bui | di ngsaSsHATRIeR RifterasLsipdMucomprRYERiesY?ldAatacyRiemsgi M cospany.

t echnol ogies;;: el 1ud : j e At j d
other t ochag] Do s el R cdpordt SERRUSITRA' Somedfhl PoMStpa®ee
Systens. NeeEnesg@ifiM)0Oompdngy ahenotheplpeowde@t i drecordingly s thalsygienni 100 t he

| eadi t i .0.,, S M, ION EEM, i i
e e e R R e e N
t hrough Aé@ﬁ/%e%?dlnMg?éﬁéﬁf Configlirdtdnar pitd &t Wrhs|atiem, SPei8IMdORemyte

further |everage Mcrosoft (TM Dynanics to facilitate integration between
Utiliti esBaidingiegiosnaiforBGiysinng) (BAS), Prpgnamating ¢ daptimzatids, &utetPhted SVART

city, SMA rd arbhon tracki ray.consunmpt i.on, .SVA id, .

Cnt wgr at 1 bpul ol HRGAES Akp SR e Brkizaidt FAS Athiusiso
shows an ByagMeSebrezafteiBOSBNEHd SySEmobkimlRnt and oieersratess. 100. The
fol |l owi ng rzgﬁ be undertaken with regard to devel opi ng the system 100: [55]

Create t hEOMHr higeg9 Japows &dienpdaien dingremeB@paged 198 theesysyenaliyeatent

Fr amewor k ter i ” i | CH t to be
t he provi ﬁéﬁg{rgz)a&r%&sggi tdﬂ@%ﬁ{%béﬁvﬁégﬁ;gﬂ%ﬁ S?Wigg(l:;r @gﬂgﬁﬁpgﬁgf g‘tﬁje[ %}Egt and
its prem ¢00engy fycusporRgiatesenddyy aodidetiver bédatlts Casdews dortnteticnMrom

| ever agi n%@. NET, SQL Server, nam c¢s, Virtual Earth, Azure, and Sharepoi nt
to lead t PHEIBE rSENSAT P& RPMEP!INTABUEUR- atAGHessiNg ey epegtionanfaifed,

and rmanag neLigdy #aha pRldigat | i ~kD & t - i . 9.,
Auro o ornaasy, f dobARrIE e SERt bRBRons Gan TBENEYe [ lgnt it pLlBongt 2.
dat a nmanagavings andgeverareegéserating ®ppbrivesiesgat e | eadi ng t echnol ogi es for

D g RRC B S0 b b3t 4R AT e e A DRl e ©

conpany tgubRMBV@%Rd quantitative benefits delivered by the system 100. The benefit
diagram 400 also illustrates several example main benefits drivers.
[042] Figure 5 shows an energy and savings impact analysis 500. The analysis
500 explains an example scenario under which company share price is increased
due to energy saving which the system 100 may help achieve.
[043] Figure 6 shows an end-to-end analysis process 600 that the system 100
may implement. The analysis process 600 may, for example, include full
optimization and monitoring over a multi-year period. In one implementation, the
process 600 may include systems information collection and integration (602)
(e.g., using information from energy bills or other documents), preliminary data
collection (604), analysis (606) (e.g., to generate scorecards and baseline
reports), detailed data collection (608), and generate recommended actions (610)
(e.g., in the form of a solutions report), and corrective actions (612) (e.g., in the
form of a verification report). Beyond initial installation and analysis, the system
100 may continue to be optimized to provide continuous monitoring for each
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[60] Further define the strategy of the EMF to | everage additional MSFT
technol ogi es as the nmarket develops (e.g., Ofice Comunicator, carbon

t racki ng wot2h108heg1epoi nt, Qutl ook integration wth BAS, pas/uSzanpBas). [ 61]
Integrate into existing Energy systens and technol ogi es depl oyed at NMSFT
(i.e. IOVEEM & MRO). [62] Align with utility conpanies to | everage

Dynam cs as part of the world's energy / carbon dashboards (SMART Gid, CCF
Project 2 degrees, |INDE, demand response prograns, carbon

tracki ng/ f I - Lty [63]
Figure 11@%@%?éagﬁgdgb%hl &éi %Jrﬁg‘: rﬁ%@%@ﬁt%ﬁ%@”é%@%eﬁhﬁo may
provi de asystesr gP0daay b@dnmnarmedomcbr hagled @ yattisharipg aggaenicnandat
anal ytics _of existing systens and equi pnment versus a capltal intensive

appr oach. 39453@%6@@@@1 tRY ivelaraen eéﬁﬁl ProuidRyrigrshare beth Hiciwerona fast

sof tware t

provi ded gea‘?@%lnce%n Mln é’f‘j@oh'lr'@%ﬁe ntréf%omﬁet%vﬂélﬁl&lé%ﬂgﬁ@t ers%:ad%The
system 10 w;tirmousiydacmsmgebertdﬁté)ased two way (read/wite) infrastructure
connectin e_or nore byjldings, in ortfolio to a networ erations
contor i (leEOh s¥BaRI A el iy el o Bombing of e B BhERe:
[64] 1) dBIlltﬁgefnf&%tlth% wftér\féPgJHtaSSéu%ﬂ' é&tﬁdtréh6%§%h%hgt ttﬁé%l\?eeand
schedul e opti'm zati on; I'Tvers 24 hours a da ays a

(24x7) autmeastierd eqemyp&émwr aututesletFegwneoﬁ sémwsdflrattm@smodbahtheosyﬂtemm nut e
nterval s r oritize ser ef'n t ons yer t cost of
aurt, 1 od00 Ry Serefhipt v ete. cothan RhaRes Lod M s ks’ o
set poi nt s efiiRereyh@steliemtionr P2, ahhe@%@bmp@takuagd7@ﬁ8stsﬂ@batutn@r odcandyol i o
of buil di ngs, managed t hrough central ‘command center [67] 4) deliver
measur abl §Cf¢%dui@ﬁ 38606%@1*@%[8?%@@0[@@%@% energy reductions: (10% min
in year 1y t [ | enai tions
app?/i cati ns ]gg‘ ! ﬁgér}%ét} na%@hgé)?f))s(%@ /r& %42ﬁ%;ﬂﬁ&néc?l ﬁgig'agﬁéee@‘béﬁ ty to

install, baselet of doddingt @@tmrwédl in @traér werdy, sthess\atamt €06, baseddors i nto
t he commn | at f orm as required; | 0] esup orted by wor | d cl ass
proj ect nBXaHeIfRN, 268ty @&Hﬂ@s agsmntt r%)(sﬁ Mg (BMSarintesmalian. gy [ 71]

8) be delpyey @% Bﬁsélngcﬁéﬁftjg%r?{%? %ttfjgtﬁ tHe® s;t/éteﬁta?pq) Béh% é%HFne&y rtéﬁ@' €

with the cllent S nee erence sti ure
architect prcdaJraa(mﬁonmaded&er picfufd]of Anerdne cons urdptian. (Elgytre 8csi'rqwsmyxdrapiel ity):

Connect | vPegeine wpesiscadty Pl ik cysfemy ol TohE cinerae neutiiva Pt BBl st e

in a faci 'sbérlécafﬁ‘goﬂeécﬁ‘fs%ntﬁibbn'/@éddgﬁd wraph BY4NBUEH for2P slt‘@r'e'calac!S ba&¥line
Bui | di ng Automation System (BAS), lighting or security control system or

ot her sys{egs con[folzt]/ eﬁlcn@wtv\@l@ewmsaebartaeﬂfi Thetheetiaselne BPOAScommuni cat es

the data | ol,l ek e _Syst em Net wor k eratjons Cente 1106
e ot ald46iS ApsRAR, (e el PER e AR aihs d, Hisinhahes 4l bibs o
install edlrﬁﬂi@vbesy?éte@ngeﬁ@ﬁhél%b fasis! tﬁalyeﬁftcldd’e @bhﬁﬂiudw deal-tithe, viil/or
services 1104 may establish a data connection to the mediator 1102 and send

bui | di ng an@n@@teaa@%alwsmesyﬁamét eperation. Figusee9 Shows exaplasy 9800
Connect | VL ok LB ARG Al A A RPH ORISR BB OB IRLOY S T

communi ca etr ans nessage

passi ng (Wﬂt]h@hevmputsetd/tt@SyétasedOOI c@u@ctérmr@hlew Cutleotiores, Analyncétet dat a
transfer pechani sns. r]ﬂ System NOC 1106: The NOC 1106 may use a
Servi ce- OF ?B'r‘it[&ﬁe%%ht ge QH%JS(%@UOH BNAgHIs FerecENaY g al |

facilitie t QRIS ShY iR e/ aP i de anal ytics and other data nanagenent
servi ces §J ! gebr? S{'S/?aaa %‘élg Egﬁséed portal, or Rich Internet Application

(RIA). ExW]eBuddlngthesntréms';bhd BA@IdemgntdaagramSJf the NOC 1106 and the
anal ysi s Eoeqml Es.é.hat tPeI 110]5 rraaé Rr ovi de are discussed below, and in
parti cul at0RW]t RUFLGE@NITG! BYSEMdgIosgiasgr

[051] Contact information for controls vendor and building engineers

[052] Access to facility (e.g., physical or remote access).

[053] The system 100 may combine strategies to improve the efficiency of a

building’s energy and maintenance by delivering an energy framework to support
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[ 76] External Data sources 1108: In addition, the NOC collects rel evant
data from external data sources, such as the National Wather Service, and
may al so wbtaion2eEports on regi onal energy prices and 3PdTmeelp/oas11Conmpany
systens. [77] Additional Services 1110: Because of the versatility of the
system 100 i nfrastructure, additional services nmay be | ayered onto the
core. The nediator 1102 has 2-way comruni cation that supports Demand
Response prograns. Additional services also include a coll aborative soci al

't o mat | BRAGRSRUERTRBE NS Ylaiod SENTRERG toh REERBHB BT BURIES qne
conpany benéu@ynmanagemeﬂt m The wystem a0 lRgershinel gatdlopment vf aedbusind

others. [78] The system 100 energé‘ managenent data services offer a unique
approach &be@ ma@age@eat HamMeWRKnkTQled ﬂé@/\ﬁ%’?n%@t*ﬁ/ﬁtlalnﬂt@ﬁté BRAGRMeRs. The
system 10 I n u I M eal

timelint er8va a a g@@“@:& |%Ilr]1@a ana%?/gniﬁgrfn%gﬁtroﬁelt&é@{ nt zeaé:l | uyChdat a.
The Syst etedBnbkagies sreayEmmthp mﬂaglen@ﬁtceS@etrenmrqlEﬁNB)ShayepomﬂJ ade adher

i nvol ve: hysi site sessrrent hi st or,i utility bill
onalys: s, hpOBNY (o sfor T AR SOt R e 00 Ejiokig (NERRSIHER i ¢y
control s 88ieri. S TheSYyHER! 100 BRI AYSRIRLRRHIGHENRIBAMAR Hdo YL HiloMeand
(6) energy’sourcing and denand-response energy rranage m t hese

i nput s t hteaging eﬁer@yemgyagamag‘enemﬂlpaemt(@rg g&reosas &4, ||®bl| EEM)I improgingor m of
reports, 8 hbo and a rts thg?{ﬁ:ow delécﬁtlonab e nformatlo { hat

| eads to P8 '8Hera5g9' SR G0 AT YR IFech 8PP Ioﬂasma”?%ﬁ‘ QN 8?‘:1 100
may begi nthInba@h AzUes andedicrosbit's dlodd ardtaictirey ﬂﬁ@@gﬁ%ﬁa 1680hhy tfu@serar €

surveyed to full Klbdocurrent machi ne type, |ayout and buil ding structure,
oper at i nglavetage Migiosaftrd Mlubyramiasnia: isiisatei integsation bebvesn Wilitiae éndf or

dd h
i que by SRATTT o 1yl S ot R fbeds SOKRIG SITRRECCAP SRR e
basel i ne gridl oroaearortravkinid)eeperyyl seasumpsiont SNMABRTNGId Nigtegeatibno PNDEE | onal

heal t h. 80] Historical t| | i t%{bl || analysis is the next phase of the
system 10 eManddRERPRES. GRd ofher %@@?l cal utility bill analysis provides an
i n-depth (ﬁﬂﬂ i4 r L4 e

seasonal tre dngedrtl%ﬂgdy%Pt‘?\;eaﬁ n%%ﬁﬁ@ e%r%%{t/él@ |eggg¢éméw?&tm¢llz%rstandl ng
the way asmi'ermlrlﬁg hﬁbeb‘emmgemylb@mdedakergwlﬂﬂawegmjdompdetzelopinlgethecan be
recogni zed. Qs)_o provi des a benchmark agai nst which | ater energy saving
nmeasur es aéﬁjf Hb npared. Additionally, it is common to find billing errors
during t higsghaseatenhhen s@fa@egmﬁaatrea@mer tigPi EbReevERIpiIkY S Eneldil]
Meter interval data analysis i's a third phase of the system 100 sol uti on.
To obt ai ana@eammFremeM@yk Ut i on an energy data nedi at or 1102 is

i nstal |l ed nnec 0 ut it ter The nedi.at or S
used to° clelc TERERY Flol e SRS Blibing R A R Repg i TR0 Beedi et

bui | di ng, tHEMHI 88d t SeveUad dhBJcrediehoamidrothe YEVIENand hit$ tairder 8nbREN

cl eansed and collected to get a consunption breakdown by building, section

or floor maeem%@a@p%@nl n the robust EEMS tool . I\/Uch I | ke the billing
anal ysi s, s n p r @&s f

ener gy sa s(,:ltor(ti e%r%estRg Fgfj%%tagmgt %Egl cture 09 bUI CEI n\ghg%rgr ges
during thEaf*taplAqutrg mSheI@omtatbyea@ thevmelustry hedemslhgra arﬁIQueethfcﬁnanyzes
and report on the "design intent"” of the building controls versus the

current p@?‘F@Pﬁa‘ﬁ%‘eoﬁd’tq{@ Hanpae SGerpyietated RPPHeRfioNSor 1102 extracts data
from each elgy@'n o f [ b n s data
i's tracke[jd%\J e?ﬂ)r}é)ﬂ?% obser \?E‘ggu%tqo’epgﬂg%ﬁpgghldng?wﬁvsxa?%ﬂﬂg graaur} r?ént
wor ks andadhmdﬂd dernfgmgermgacaitelatlalss anWIdaItaamaAsagemaﬂhse(antere@/rﬁa years of
data are ecte nacr o al rends rela 1o se onallt cupancy,
ond ut 11 BERdIofveStialRe eadig, BehhaRaks’ fotkidong SYSRAT danmbeidb” Btk
usage andwﬁé@%hoﬁ%é' Bexus) étﬁ’(‘!‘h@ﬁb $&dle QaRicRaratifrs! Qéélgbﬂlty aha é@é’uh%‘ ng
operations and further opportunities for savings. [83] The system 1

sol uti on withla plaotnatfier aapeempanyio teveragedi at or 1102 on a per-m nute basis.
This fine level of granularity facilitates the Systemsolution to identify
real -time trends and probl ens which were previously undetectabl e.
Additionally, it provides real-tinme actionable reporting that prioritizes
probl ens and suggests a tangi ble cost to their continued negl ect or
systematic inefficiencies. Automatic faplt detection begins with as little
as three weeks of collected data, and continues for the life of the System
contract. [84] The nediator 1102 provides for bi-directional (read/wite)
capability with any integrated system This facilitates for 24/7 continuous
optim zed control of the systems connect ed to |t The rredl at or 1102 has an

o L,




hours to investigate - freeing the facility teamto address the nost

prom si ng energy saving opportunities rather than sinply assessing the
state of wbeotwibddng. [89] Efficient building operati @ns/USe@d®34101
decreases in schedul ed mai ntenance costs. This increases the |ifespan of

t he equi pnent and decreasing the replacenent frequency, thus allow ng a
facility to optimze its operations with the equipnent it has, rather than
reconmendi ng new capital purchases. Unschedul ed nmai ntenance costs al so
decr ease d tection of .j i Gi tErm_c'n chi SPY
achi eve the eglﬁﬁgg'eeoﬁg'h?egh tstr’(ag , Ogotg] i ng aWPogeﬁn/etr%?r?%dﬁtgngédg??, but do
so in a htghhpldgies &$ thenarketndevelos @g.¢ Gfficé Contrnliniepton, carban trackimgas
hal f. As an exanple, a machine which Is operating in both heating an

cool i ng n¥iB SrarepeinhiiPdlaak intagraien W'thﬁfg’:f’, I:HFEPEESt-e of 72 degrees by
m xi ng ho d i r 1S d j [ Lchent u
cause thetongighllrﬁgé%é@blbteoak@ﬁx] peEgieg%f yéy%t%%]hé%ﬂ ttgg@ﬁ(ﬂgéggt ﬁgﬂgéj"g@e‘lﬁ‘ﬁdloo
sol uti on MSHWT (les IONVEEM &MRRO)nuous, and reliable energy savings w thout

requiring jor capital purchases. The system 100 solution h s a facility
mkes  nalSRZC NIGE b uHBY RIS RaRe 1P rield PORDVRRISICOLTS GRE: B STonyOuH gy
consunpti hah 24 i fiqt q ph t. hiN

dat a-dri vgﬂe@fjlﬂ%ﬁ?ﬁt?léé%s%'?%ém(%ﬁ%?o%ngég@gﬁ gl{)(%rgggczh d;é gétéé?slNu[?ll?’que in
t he mar ketlpmand frespbnsegipnggrams, nfearben i drackinghmenagement/iragingus ilhigtys

intelligepce capabi Lity t \d of facility energy managenment. [91]
Fi gure 12B§ﬁ8{}@ %C%hggéc?’ %Mlgm{yzltl on plan 1200 for the system 100: [92]
1. EEMS DaFO’dIﬁSEidB@@qsli $sws an9drchiddtii® 1180 whr thie9¢stdie1 0B diTHeOEystdR2 may

be installed directly into the existing netering infrastructure to retrieve
avai | abl e1RBtreay pep\dae an enasgy gete st appragcibRaney odcdale managemenionce

h : { <hed vty - b .
oot Four eETUATIATBS RIS RORRRE i Yoo VRS, APPIRTRY PR e
conmmi ssi oapp@aehch Tet eystend fORcimayt Yowhebl anthiatelpbthas ea aretdwhbeansidng,

val i dat i ng and normal jzing the data points retrieved. &%5] Utility/Energy
Consunpt | 8AftWale2gReStCaYaY Withomulie vesder seiuipng$t Brotpuds (fige: RiP¥IASH 100
wi |l suppgt a [ £V r 5 h i at or
1102, "y Oh T Slefhdrss Rhnkb CAIHcE] SoRBielh it bfche} (TR ISR MR et e
bui | di ngs mayheronieléi aat operl 1P-baaed dwo avaycpead/erite oinfrastrdctoge eontreentingameand

ot her building suh-systens, including |jghting and security, viaiits

VUl t1 - Pr oPbauiteaiaiiage Y Aroaaic e of nebibikidibralins, contes At BHAseet mance
I ndi cat or g0 AdepaBiiiESSThERGs ey hesy, 29@xbFitks data points such as
tenperatures, flow rates and weat her conditions as interval data points.

The syst e[@64]0 1) deliver oe@ntirhiosisi ré-commisainninigt hroughmeetpoi, cpoirak anal ue
and dat a-%u}??lfml% r?t |%n?g for each collected point/interval. The system 100
can then RY 2R 2780a) ues into any interval the user desires to align

poi nts fo[o6B]t RYHENRISrAd Reurs 4 93) Medaylsey weekf (Q4RBNEEtoNTHEIEE MRIiSMEMP! S)
are the result of cal cul ati ons based on these data val ues. The system 100
can cal cufaMtedeiagiitand siranesis eawa e oppeniavis iteysts and pdoritizeg. by gseiour )

at the degir .3 coll ection.r , ] .es) or via KPIs
nor mal i Zegbﬁ@éﬁg?g@@s&%ﬂﬁ, %%\%}g %?Sg&f@o{t) l.O%\éﬁé%a%ﬁ%% 0 cost and
consunpt i f066}aspestaBlish operdtiorial guibelindsdor aetpoirtalandysdHetiQes adiosatalr s are

avai l abl e to, show how wel | the system neets thermal confort and ventil ation
requi r eneffidipment and BAS data for a”portfolio of buildings, managed through a central
command center;
[067] 4) deliver measurable calculated monthly results tracking energy
reductions: (10% min in year 1);
[068] 5) integrate to existing Maintenance Repair & Operations applications and
Energy Management systems;
[069] 6) include the ability to install, connect, and integrate additional meters,

sub-meters, sensors into the common platform as required;

8



[0100] Utility/Equi prent Data Retrieval from conpany Enterprise
Applications and External Resources [0101] Through systens integration, the
syst em 1080raw/neq18i eve data from exi sting conpany ent ePpritseoigppiiicati ons
or external resources. The systems open, service-oriented architecture
(SQA) can interface with existing conpany enterprise systens to deliver a
fully-integrated energy and mai nt enance nmanagenent sol ution. [0102] The
specifics of the commni cations link will depend on the system s details.

The syste r n at ant
dat abases@@ig§ ) c?@f@q %Bgef\@gﬂdﬁ Cr\i?y%) B%ée sc&?bég%g%%@{m@r Vi ces
data feedmapia bmdn(ﬂ andtraindiy omfapifation; aeé required. The EEMS nmay be |inked
to or inport data from exij sti ng dat abases and Exce] files and process ot her
flat filel07H Bbpﬁﬁeéw%rﬁé'd?rf ﬁ&@atﬁwq REChifeciure o eapbanld SRSl peaje W

cont i nuoug,d @ ?{ ceg9ul arly schedul ed updates (e.g., daily, monthly).
[0103] Data Transfer and Uploads into the EEMS Data Repository [0104] The
syst em so[@R2]oWittotdferense atitl tod Fansé dd sthesdrehitectuteh®O0R ohicatdms: 1102. The

di at [ || ect I d t t to th
oV, dat alteolf VEFHOTRR % nFddany AL & e 021102 e Rlknaes |
(e.q. th?e%oﬁﬁe%lhatéb’%@m[)at HIgROibEs WO TR inf intbitadts Kdtdodhritetihg 16 ne

cellular wireless i S aggregat | ocal 'y on the nediator 1102,
and then Or angree Mesersaand mab-sysiemsr @qaefla@ﬂlé}s Dwemetees acay mlndﬁnutlhtycatl on

link. The EEMS recei,ves the a, e e cesses and l.pads it
hto the. BEERaes Woll BEATY Erduerhlonaliore Yo ABAST, HaTERE B G B e
access t ochaesdlldykiernedresthegsgémsyi @ the medi ator 1102 HTM. and XM (A.JAX)
Wb page dashboards and G aphical User Interfaces (GQUI) and up to

one- mi nut 074] Bite WebsSgaticeeApott dbeNvedmtar ¢hHa? a&qr@mgn@etﬂ%the [@iD 3 Dat a
Nor mal N 6

ron tect Pt HhS Bl N TR b G bR: eB (RSO o BB e i 2
it on a ting2 bﬁ@} sedgivad tmanendrdyf daenfromesebr sasicesel e ingtsigdt engite at

bui | di ng aut omat | on systens, weat her, eFM5, UM et c? The dat abase may
manage dafRY §esked f W'gﬁeﬂeﬁth%ﬂt’é‘t’ﬂq@r thqwghspr\ﬁ@eq Q4 mayfsiallishsa Q?‘ta
col |l ected, e S E/Eﬂ’\ﬁ I rom
di fferent g@%‘%&@@aﬁg{ﬁﬁo@eﬁﬁa{t%ﬁm ti IT%Q%?)]EI %ﬂ%t emso %t%att% f\?gmgg@%ﬂ be
nor mal i zed102 Hawexsrr anyntodneratypehef daeEvBCtigigr lrtbenfmsaeasta)ddi&paagrnlssron

t h dust t th | | f th
normal | aflasnaaishaney el SEPRYBET o COBRBHE RIS e ondn APEdELeT 08 ng.
and anal y#icfudifpand $rdn'§f‘éruﬁ%§sbges S35y elSthel &Y Isealiced #laksed &f

Val ues for Interpretation of Consu tion and Cost Information [0108] he
syst em EEMBaneaymemolrigedcormotbar dataatramﬂteemchemsm facilitates performance

cal oul at | S RYPGAE NERrl G Thel 0T o U cml, e o <S4R Ogntec

Bt u/ squar Arétﬂ’@bturbo(S(aAb ltot abgreryid addts 086ro8S T 81 Sfatitéd.i It eSoreTBENENS W | |
derive the cost data fromintegration with a bill consolidation platform

that provPERéde RaRbESS Anghoter diata /re@mageéneraiotewmeéotﬁstht@pwwwmoatrVVeq?olog]

2. Data Co [ n et vily vity
Requi r erreh%g&ﬁ Oéic?&aﬁ %afg&@oﬁ%me}toﬁkﬁﬁagép%%)t h %)ﬁagﬁwghgﬂ?h grﬁb%ﬁdl vity
to the netrmplekndnddtion dinteedySCemBodnd thenanallsis aesytnibdatte HOC ¢odPamy S
connectivity requirenments 0113] I n cases where a routed network

connect i vPE '(’ll%at?o‘t“sﬁ"&%‘t’qda@é@w A inpartisylgr Withgeaard fo igdres2erSboar d _
L0 A1 ORGTRECTfP Sl REKLNABAIh Mttt e, BRMcOTbRYaRY BhEM Vi 2
wirel ess eI ar or ot her connection mechani’'sm n cases ere
rout ed nefroor éxtemaieiatta gourcesssacraas df &atibhel VIMIHr(ﬁemIUeZ andlrhayatso

e DY B DSBS A M RSP B ERRCE (0 11

bet ween afgeqi abaltiohdPSerneedornB!l BAMALSE & ie vér%%ﬂtﬁﬂﬂ@ﬁtt%%?@ﬂ@rﬁc’ﬂdﬁ' on
Wil confl rmthat data security through Linux-based sécurit eatures that
i ncl ude pmfneetrUt:ture,eaddn@omalr ewalqe§ meecbﬁ daysied Igntsshe ¢apged hantediater

| oggi ng or 1102 fire th tfilters pack filtering
subsyst emﬂt;@ WIE P8 RETMHOE gﬁ p&ygttsNﬁ]erqa[ncﬁﬁq%pgmgéoprpg{a{gsSecur e
shel | propg@pionahbésitedl diso Mavdela c&illé@ﬁgat@@tslmtﬁl ine@lbiNinankich ijmﬁan
comuni cati ons over insecure networks such as the Internet. SSL w |
facilitate encrypted transm ssion of daga between Wb browsers and Web
servers. The I PSec protocol will provide security in network-to-network
connections. It will provide access control, data-integrity, authentication
and confidentiality for secure private comruni cation across insecure public
netvvorks such as the Internet Data Ioggl ng will record a varlety of

e . a e v N T - o



[ 0116] Conmuni cation Data Rates, Speed and Vol une [0117] The system
solution will have little inpact on network traffic. The nediator 1102 only
transm t swoheiwiabue associ ated with a data point when tiratr/vsaés3ghanged.
This will reduce strain on the network. [0118] For connections to existing
bui | di ng automati on systens, data rates above the controller nmay be 100nb
TCP/ 1P, while data rates below the controller wll increase all possible

t hroughputs fromthe | egacy systens. Data rates below the controller wll

L1 sl at o 4B S Rers BB AR SR RN imofOF S GndieRbns, FfgiLiay

pr ot ocol salsangrividal BEDetavtifisatiireetisorhbany buitiegs, patiorna carlgdn traelddg lahd
standards qbject nodel. [0119] Data Coll ection Requirenents [0120]Li st of
Dat a Poi nfdtig@sionezarsigesyand/atérs-EEMS for Each Facility [0121] The system

EEMS may e a W r a ' t er.Lar tLon
anal ysi s, t:q:)}oér]r thei 8 st,gﬁ]an n&a‘ﬁggn%%tnagﬁﬁér??t?cgg%%s? . laTrlfg‘qsuyest em
wi | | atteappraachcat |detiveriveray ceoxigehegsinet viewk efl aldacilifpsi operatioasf ddid i1 ty.
[0122] The fol | ow @g |ist represents a_.subset of additional er aﬁi ona|

poi nts t h&YEEWE 48Y| 8ed¥%: IMiyenens, SORtIRNS: r QPUTPEESet R s%ﬁ#ﬂ ek
occupi ed/ ypRARLR) & Hath AtaHERRACKH T SRSy SS GIRAMEIBhBIAAI BAERITHAI Sk ai T
vol une system (VAV) operational data such as supply air” tenperature, reheat
val ve posEntesprisedzargy Madkgemente Systeal \EEMEemayuipplugeadr invetvsoi(it) @

e TP A ecA R enl e P LRGSR Ao Sy R RSTBL e
fan opti nahtastamalyss, o) WaligticU BaciktlyC cohtpdid 7 hAalysikang) efrealififes dufdthhted

supply/return/ m xed air tenperature, outside air tenperature, return air
hum di ty, eguigmend fag} dekactioniande(®) waeegy sewising amd degrandrrespanse &Naray,

hot/ chi | | fl C L 0Q: v osi,ti.Qn, r LEion,
| ockout tg%ﬁ]\eggtgﬁjern& Ci-*g%n qﬁ%ﬁ%QT\éﬁ){?cﬁ hgt §¥/ %ﬂgﬂgr%@gy\gﬂ{%g g\séﬁ{ aet\fﬁcggszt%@oi nt
[ 0130] Thegsnertates phsighitommtmayormn wfi tgporise dashboandst ardebierts teatr ggvldeed
data coll ection durations and custom ze this upon request. System

cont r ol | ePStinatiq Eormation haf lpadsre ssaligesrenesay FRHHUIIOR G ISt SR¥INGgnnot

transm t gadg} ThAISLldh {1 hizy bOGhwitNd défbd Fuakadinkorabitypdrisked

Facilities are surveyed to fully document machine type, layout and building
structure, operating hours, building automation capabilities and potential need for
additional metering and sub-metering. Specific care is given to observe the
unique properties of each building. The walkthrough provides critical baseline
information on the premises’ layout, engineering, and operational health.

[080] Historical utility bill analysis is the next phase of the system 100
implementation. The historical utility bill analysis provides an in-depth look at
utility bill trends over time, including general or seasonal trends energy trends.
This information is crucial to understanding the way a building has been operating
SO energy saving opportunities can be recognized. It also provides a benchmark
against which later energy saving measures can be compared. Additionally, it is
common to find billing errors during this phase, which are immediate
opportunities for savings.

[081] Meter interval data analysis is a third phase of the system 100 solution. To
obtain data about energy consumption, an energy data mediator 1102 is installed
and connected to on-site utility meters. The mediator 1102 is used to collect utility
data from each of the meters and sub-meters in a building, including the building
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[0132] The system may collect all available data points. The system 100
collects data in support of operational analysis, recomrended corrections,
and M&V awOivini2ed3 The systemuses utility consunpti onrPaemdSasaibanl dat a
for building-performance anal ysis, baseline and benchmark cal cul ati ons, and
M&V tracking. The system may use operational and facility data points to
understand at a holistic |evel the performance of each facility regarding
confort, air quality, and energy and operational efficiency. The system

may use egquj or s t

equi pnent Ep%% gé}b -F #%Eatdgﬁgo @g gﬁd’”ﬁ& %@e@ hi eray dat a
poi nt geneo@satption Ibretal@omcbyltiundn‘@( sleetuorseml ﬂQOrtehfd Sarstb%nneW@dCim ey
attenpt to collect that data on a frequent basis for EEMS. [0133

Justi fi cafQRyst &EFMedeel ilugh B Ere p&“%?‘”%@'@r fhigy Irgiogn@tl%tSew%]tq 8R8Y] The
system m*&ﬁﬁsa%ﬁ?’%g%ng@é‘ﬁ ﬁﬂgri‘é;??égﬁg'sta\/%trd}@ gki ng after analyzing the

avai l abl e con systemexists with data readily
avai | abl e[082]eA adlistic (p]itabremﬁethien@ui‘miylgr epreeges tduamgutime cfassity \}coakpisnse.

Thi ht Ki t he f t t .and ) i
contro - s§OrRE. WEFe Ao SHStant | AR JBET PAE g RO BANE A0PSandale ke
deci si ons opBiehgyid %&sﬁfrs@vfgg%@tﬁéweuwrsméﬁmmt&mmh@l HiSENBedat a

and facts tO_ SI ness S1 ONsS versus 1 nvesti ng rn a tl onal assets
t hat may medﬂtnedé&%axgyaq&terdaé@ﬁoervea@h beitding systef0acs piene of etpripmeot Initi es,

expence ol euBHG cHie s BB Seaie o ShSerdn S laatdatio iRt ey
Fr equencytrﬁcé@@iph%n& wo?aRsl. aﬁthémﬁlém&%@a&@ 48 hathole! As megiths Redcagpany

m ni mum requi renents and offers an even better data-collection capability.
The syst eieagyofcata ace cokegted, mac@aseale Wiengh retgiethid srasonelityagceupansy a

0p to o 180t Uiffon, A8 FPEm e ThRs AR R EtBiaflad e e & O
speci fic datiathel mettidsHrallenthd forquencyreatdreidsight entarplileindCoppratipnEEvid

Requi rements System Sol uti on Categories Type/Unit Requested Frequency Data
Readi ng FREHGERPPOEMBIEER fr$avings.

[083] The system 100 solution utilizes data captured by the mediator 1102 on a
per-minute basis. This fine level of granularity facilitates the System solution to
identify real-time trends and problems which were previously undetectable.
Additionally, it provides real-time actionable reporting that prioritizes problems
and suggests a tangible cost to their continued neglect or systematic
inefficiencies. Automatic fault detection begins with as little as three weeks of
collected data, and continues for the life of the System contract.

[084] The mediator 1102 provides for bi-directional (read/write) capability with
any integrated system. This facilitates for 24/7 continuous optimized control of the
systems connected to it. The mediator 1102 has an intelligence layer allowing for
full closed loop advanced math and logic between any of the previously disparate
systems. The mediator 1102 also sends and consumes Web services. An
example Web service would be an Automated Demand Response (ADR) notice
and pricing level signal from Constellation New Energy (CNE) triggering the
mediator 1102 on board logic and control to automatically shed electrical loads by
turning off non essential lighting and changing set points on chilled water and
HVAC zones.

11



kW kWh 15 minutes real-tinme Natural Gas CCF 15 mnutes real -tinme Water
gal. 15 mnutes real-tine Steam|bs., mbtu, F degree, psi and mmbtu 15
M nut es rwel2o0tone13 PCT/US2010/034111

[085] Thus, the system 100 and NOC 1106 may establish a data connection
from the network operations center 1106 through an energy data mediator 1102
to an energy data source 1104. They may then obtain energy data at the
network operations center 1106 through the data connection to the energy data
source 1104. The system 100 and NOC 1106 may also perform an energy
analysis in the network operations center 1106 on the energy data to produce an
analysis result, as described below, for example in connection with Figures 25-
28.

[086] Another component of the system 100 solution is the strategic energy
sourcing and demand-response energy planning. Energy sourcing experts will
help each facility to find the lowest cost and/or greenest power available in that
market. Green options include offsetting a facility's energy requirements with
renewable sources of energy, including wind, small hydroelectric, landfill gas, and
biomass, providing an electricity choice that can directly support the building of
new renewable power plants. The system demand response solution is an
additional service that can provide direct revenue to a facility. Facilities sign up
with the regional ISO’s demand response program and receive annual payment
for participation, in exchange for agreeing to shed load an agreed number of
times. System helps to engineer a demand response solution that minimizes
impact on facility operations. Both energy sourcing and demand response are
administered to meet regional regulations while delivering value to the customer.
[087] The system 100 solution achieves cost savings on several fronts. Most
notably, savings are realized through reductions in total energy consumption and
decreases in both scheduled and unscheduled maintenance.

[088] Energy savings occur when building control sequences are optimized to
run in the most economic fashion. Wasteful situations like running an unoccupied
building at/near full capacity are easily eliminated. More subtle improvements can
be identified through system 100 analytic solutions which identify mis-configured
and even machines needing repairs. The system 100 solution’s automatic fault
detection and diagnosis tool not only provides a clear understanding of a
problem, but suggests a financial consequence with letting the problem go
unresolved. The EEMS’ reporting gives a level of detail which requires less man-
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WO 2010/ 129913PCT/ US2010/ 034111 Conpany EEMS Requi renents System Sol ution
Categories Type/Unit Requested Frequency Data Readi ng Frequency Chillers
kKW tons wO 2000120919, F degree, flow rates 15 m nutes re&CTiUSawoBailiers
Fuel use, st eam hot water production, auxiliary |oad (punps, blowers and

f ans)

hours to investigate — freeing the facility team to address the most promising
energy saving opportunities rather than simply assessing the state of the building.
[089] Efficient building operations leads to decreases in scheduled maintenance
costs. This increases the lifespan of the equipment and decreasing the
replacement frequency, thus allowing a facility to optimize its operations with the
equipment it has, rather than recommending new capital purchases.
Unscheduled maintenance costs also decrease based on detection of inefficient
machines. Some machines may achieve the desired end result (say, cooling a
room to 72 degrees), but do so in a highly inefficient manner which cuts its
lifespan by as much as half. As an example, a machine which is operating in both
heating and cooling mode may be able to achieve a final temperature of 72
degrees by mixing hot and cold air. However, this is highly inefficient and could
cause the machine to break unexpectedly.

[090] Altogether, the system 100 solution provides direct, continuous, and
reliable energy savings without requiring major capital purchases. The system
100 solution helps a facility makes the best use of the equipment it already has,
by optimizing energy consumption and maximizing the lifespan of the equipment.
Through its data-driven solution, the system 100 provides an approach that is
unique in the marketplace for bringing an information-technology-driven business
intelligence capability to the world of facility energy management.

[091] Figure 12 shows a phased implementation plan 1200 for the system 100:
[092] 1. EEMS Database Repository

[093] Initial Setup

[094] The mediator 1102 may be installed directly into the existing metering
infrastructure to retrieve available metering data. The system configuration may
occur remotely once there is established network connectivityy The EEMS
database may be configured while installing the mediator 1102. Configuration
may include commissioning each meter and facility within the database and
cleansing, validating and normalizing the data points retrieved.

[095] Utility/Energy Consumption Data Retrieval from Meter/Sub-meter data
[096] The system 100 will support data retrieval from meters and sub-meters
through the mediator 1102, which may serve as a unifying platform for intelligent
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and connected buildings. The mediator 1102 also can connect to building
automation and other building sub-systems, including lighting and security, via its
Multi-Protocol Exchange (MPX) platform and framework.

[097] Key Performance Indicators Tracking

[098] The system 100 tracks data points such as temperatures, flow rates and
weather conditions as interval data points. The system 100 will store this
information with a timestamp, point value and data-quality rating for each
collected point/interval. The system 100 can then normalize time values into any
interval the user desires to align points for output/reporting.

[099] Most key performance indicators (KPIs) are the result of calculations
based on these data values. The system 100 can calculate ongoing consumption
and operating cost rates (e.g., $/hour) at the desired data collection rate (e.g.,
every 15 minutes) or via KPIs normalized by size (e.g., Btu/square foot). In
addition to cost and consumption-based KPIs, comfort and indoor air quality
(IAQ) indicators are available to show how well the system meets thermal comfort
and ventilation requirements.

[0100] Utility/Equipment Data Retrieval from company Enterprise Applications and
External Resources

[0101] Through systems integration, the system 100 may retrieve data from
existing company enterprise applications or external resources. The system's
open, service-oriented architecture (SOA) can interface with existing company
enterprise systems to deliver a fully-integrated energy and maintenance
management solution.

[0102] The specifics of the communications link will depend on the system’s
details. The system EEMS will be able to read and extract data from SQL-
compliant databases (e.g., OracleDB, SQL Server, MySQL), subscribe to a Web
services data feed, or build a custom interface, as required. The EEMS may be
linked to or import data from existing databases and Excel files and process other
flat files in formats specified by the utility company. These may be continuous
feeds or regularly scheduled updates (e.g., daily, monthly).

[0103] Data Transfer and Uploads into the EEMS Data Repository
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rel ated projects as needed

[0104] The system solution collects and transfers data via the mediator 1102. The
mediator 1102 integrates, collects, logs and exports information into the EEMS
data repository either through the internet via a routed network (e.g., the postal
system routed network PRN) or by using a built-in cellular wireless link. Data is
aggregated locally on the mediator 1102, and then transferred at specified
frequencies over the active communication link. The EEMS receives the data via
Web service and processes and loads it into the database in real-time. Thus, the
system EEMS supports real-time access to facility metering data via the mediator
1102 HTML and XML (AJAX) Web page dashboards and Graphical User
Interfaces (GUI) and up to one-minute to the EEMS data exported Network
Operations Center.

[0105] Data Normalization (Weather and Time Series/Interval)

[0106] The database architecture may be based on the need to manage interval
data and normalize it on a time basis from many different resources (metering
systems, building automation systems, weather, eFMS, UMS etc). The database
may manage data of any frequency, whether it will be in set intervals or collected
on a change-of-value (COV) basis. The EEMS will align data from different
sources with a uniform time coding system so that values can be normalized to
whatever interval the EEMS user chooses to display. In agreement with industry
proven practices, the system will perform weather normalization as part of the
Baseline Energy Record and various tracking and analysis reports included in
system EEMS.

[0107]Calculation of Key Values for Interpretation of Consumption and Cost
Information

[0108] The system EEMS may include a calculation engine that facilitates
performance of nearly any type of calculation at 15-minute intervals. Example
calculations include normalized usage and cost parameters, such as Btu/square
foot, to facilitate comparisons across facilities. The EEMS will derive the cost data
from integration with a bill consolidation platform that provides indices such as
cost/square foot or consumption/hour.

[0109] 2. Data Collection and Connectivity

[0110] Data Collection and Connectivity Requirements
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[0116] Communication Data Rates, Speed and Volume

[0117] The system solution will have little impact on network traffic. The mediator
1102 only transmits the value associated with a data point when that value
changed. This will reduce strain on the network.

[0118] For connections to existing building automation systems, data rates above
the controller may be 100mb TCP/IP, while data rates below the controller will
increase all possible throughputs from the legacy systems. Data rates below the
controller will depend on the actual installed legacy systems. The mediator 1102

will translate these disparate systems’ physical layers, communications protocols
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[0176] Dashboard Features and Functionality [0177] The system user interface
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[0138] EEMS Data Storage Capability for 15 Minute/Hourly Real-time Access and
Reporting

[0139] The system solution may deliver real-time access and reporting of

collected data. For most points, the system may poll at one-minute intervals.

However, data is generally stored at the data collection rate. This means 15-

minute-interval data is stored every 15 minutes, and hourly data is stored hourly.

Data that infrequently changes (e.g. set points) is stored only when changed. No

limit to the number of points collected and stored exists. Not only will the EEMS

meet company three-year archiving requirements, but it also will extend the time

requirement at the company request. The database architecture will not impose a

performance penalty for increased volume of data storage.
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[ 0191] - Savi ngs [0192] - Basel i ne Energy Record [0193]-Cal endar Vi ew
Consunption versus Baseline/ Cost [0194]-Tracki ng versus Baseline Energy
Record [ owezprodashiBoard | dentification and Al ert of Abnecwaiszeiom®s4ifFeat ures
[ 0196] The EEMS dashboard includes the follow ng capabilities to detect
abnormalities, identify predictive maintenance and provi de actionabl e

I nformation: [0197] Real Tine Interface: A user will be able to select a
certain nunber of data values or fornmula results for any conbinati on of

roch e Bt AT 2o B Ry DR b T L o o e

fault inf Ri's Wi ¢ilan " wants to view the

dat a val up141QyRitée Sublhetereand Pulse DateCblattionidnd Amatydist ate a user to
proceed through tinestanps for itens that do not connect in real tine.
[0198] | ni® Fh@é)@% :EMBrwil colaet Qﬂi?‘aﬁtiQ?r?,h factiguby ingtalling enmegdimtern
I nteracti r : ] 0, | e
ranges on¥m|'cﬂ'ﬁ%]ﬁ]eew§8rt% ?ggggk#;ﬂ%@%&;% g?ﬁﬁ?ﬁ?@é@%%@ Srgnm\g;e&ét’
Pr e- sel ecMexdibug| LesTakdSHMRIbhdplozegs ayftproperigthat eunnentl ard Eedjacwiprotocold |

i d i nfornation about that particular fault_ Th di f
the. i nt er GbEPVEOIFOBREERL AHARYSIG ALCRBB eI oo MediRor ddPE Ghew

gr aph. [Oﬁggdorﬂfigtﬁ?éoaﬁhic\( g ﬂ@aﬁgﬂ)tph‘i%?é proeLYIde makiheg bullgihgdSsnsoherapi | 1ty

to plot the graphs at once; the ability to graph any Stored data val ue or
formul a ( eorinoligrtihfodingtien eveailzlavercantiatized @nalysisCapplidatibos irxaeghe)on and

t he abili t om or. expand into,th r w Lh the use, scroll forward
and_ backwV B TEmReoa R FAPieRS oBi SEn e ot sk Sl gr aphs.

[ 0200] Al e[0r£3] Dvens¥widtPrEEdEedMeterdriISuBetefiflg @chticty al erts based on
faults that the analytics will identify. These faults could range from

machi ne-| &%ﬂﬁ{ams&ﬁnwluﬁ@mwlltiaclzdﬁere@dwﬁ@rmetﬁrinseam@’pﬁsﬁwememﬁ@s and
0,0 Sk XS TR B VS ol 28ty [

Response even ner gy

2010/ 1299 i feFbnésit® 10ni8 IAfadtr AaflvilRep @vhheotedd02 Fadilitg ragdiaton 1O tory
I mpl enment the foll owing Reports and Reporting Points: system EEMS Reporting
G eenhous Brawds eanmRMiving & gie ¢rntral conversion (CO2/ kW, etc.)

[0145] Integration of Meter/Sub-meter into Existing company and Utility
Equipment

[0146] The system will connect to utility-owned equipment via a KYZ pulse output
for electric that can be installed on the utility IDR meters, and pulse outputs for
gas and water. The system may maintain a real-time connection at each site with
all assets required to meet these specifications.

[0147] Installation includes labor, materials, equipment and incidentals required to
configure and integrate the EEMS systems including mobilization and setup, data
collection, equipment and storage, communications linkage to EEMS data
repository, and an established web interface to dashboards and reports.
Installation may also include connection to one (1) utility provided meter pulse
outputs to Mediator panel (wiring 100 feet or less), connection to one (1) utility
provided pulse output from water meter (wiring 100 feet or less), connection to
one (1) utility provided pulse output from gas meter (wiring 100 feet or less),
installation of two (2) Modbus outputs from electric sub-meters, (less than or
equal to 400 amps, wiring 100 feet or less) connect from customer provided
Ethernet to Mediator panel (wiring 100 feet or less).

[0148] Maintenance & Repair Support for Installed Metering Equipment
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- Periodic Carbon Footprint Report ENERGY STAR Reporting Baseline report

wi th weather normalized data Energy consunption profiles matched with
oper at i oD 20tvaewBeri stics Energy netrics - i.e. ENERGPCHFTARbasommar k
score, btu/ SqQFT Benchmarking reports - i.e. past vs. current perfornmance,

I ndustry average, best practice, etc. Periodic survey results reports
Periodic audit reports Energy Summary/Usage Report (i.e. Dashboard Reports)
Current Readi ng/ Current Readi ng Summary Daily Conparison/Daily Conpari son

vontni 5 COABLTRR SR deorey e RRIOR i gH SR Sl Bl bnghadon
Benchmar kiCeaterg NO'C pard ata;vrmeadagéeer\me fSeuests \aarmeREEMS Portfolio

benchmarking Report Building Pattern of Operations - i.e. TOUs consunption
data Mont %A&dmﬁab@a@l@@ara Ener gy Consunption Reports Al utility

Sgps?g&t : ﬁ‘lydirj%ﬂiéaeﬁae% iprAgEtybEYRTU, VAL A §AETc VAL RG5teRP R Iefilndat a
the minimum point types required to evaluate existing operations. Beyond those,
the system will determine on a case-by-case basis if it can obtain more actionable
information from additional points. As a rule of thumb, the system may pull all
available points, because the more points available, the more powerful the
analysis. Generally, though, point lists are not generic; they are identified on an
equipment-by-equipment and/or system-by-system basis since the individual
manufacturer, model, controller, and system design affect point
recommendations.

[0152] Calculated Energy Requirements

[0153] Calculations, Parameters & Algorithms Supporting Identification of
Anomalies & Diagnostics

[0154] The system 100 creates and displays a virtually unlimited number of
calculations of almost any complexity. The EEMS will store and manage the
calculation results in the same way as other interval data points, including
viewing, reporting and further analysis, or even as a factor in another calculation.
When the company adds new calculations to the system, the calculation engine
will go back to the earliest point where all factors are available and can perform
the calculation historically, as well as the ongoing calculations every 15 minutes
going forward. This will facilitate the company experimenting with different
scenarios and determine the impact of a change based on actual historical
operational data.

[0155] Calculations range from simple (e.g., Delta T) to complex (regression-
based Baseline Energy Model normalized for weather and occupancy patterns).
The EEMS may support industry standards such as indices for thermal comfort
(ASHRAE 55-2004) and minimum ventilation requirements (ASHRAE 62.1-2007).
The ventilation index is an example where the system first will integrate data from
external systems (space planning data for room sizes and uses).

[0156] Algorithms and Options for Customization/Expanding These Algorithms
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Energy Sunmmary/ Usage Report (see above) Buil ding Energy Use Conparative to
Basel i ne Buil ding Operations Scorecard Systens (BOSS) reports Room

Summar y/ DEDanioedygBeor ecard Perfornmance Anal ysis - Conparcsars2ab/osavel oped
EU |l to normalized baseline budget per facility Reporting Dashboard Energy
Summary/ Usage Report (see above) Actual Energy Costs vs. Budget Anount
Summary Report WO 2010/ 129913PCT/ US2010/ 034111 Equi prrent Anal ysis Reports
BOSS Reports (see above) Sub-neter data of power feed to Interactive AFDD

Reports ([(ﬁfﬁ]T}‘ng %‘?@r%ir?rgytinﬁ)lgrﬂgprHEH%er!)m?@%eifiﬂegvglgoﬁthmée?e.g., delta T,
pump brake horsepower, variable speed drive kW, cooling tons, make-up water
Btu, heating coil MBtu). These operate by specifying the data points (or constant
values) to use as calculation factors.

[0158]The EEMS will provide the company with options to customize its
calculations. Users typically need this capability for more complex calculations
where the system design will affect the calculation requirements. For example,
calculating the CFM of outside air delivered to a specific room depends on the air
handler design and available data points from the control system. The calculation
engine also will allow company users to add entirely new calculations to the
system.

[0159]Data Feed from Local Airport/\WWeather Station for Energy Data
Normalization

[0160] The EEMS may collect local weather data at the facility level by using
standard Web services provided by NOAA's National Weather Service. It will
normalize weather data to the NOAA standard if drawn from an alternate source.
[0161]EEMS Interface with company Enterprise and External Systems (eFMS,
UMS, MTSC) & Frequency of Data Transfer, Storage and Analytics

[0162] The system will integrate with existing company systems via standard
interface protocols through its open, SOA architecture. The system design
facilitates a rapid, low risk and seamless integration with these various systems.
Details on the form and complexity of the interface depends on the systems, but
the system EEMS may accept these systems’ data at appropriate frequencies
and volumes. The system 100 may include automated interfaces to the external
systems where the system may scan for data updates to these systems. The
system may then be able to transfer data easily as it is updated, at whatever
frequency is required to build a complete picture of facility operations.

[0163] Calculation of Initial Cost and Consumption Baselines and Demand
Profiles

[0164] The system 100 may generate a Baseline Energy Record that is a formal
baseline of energy usage. To that end, the system 100 may implement an energy
model such as that shown in U.S. Patent #5,566,084 to normalize for weather
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conpared to predeterm ned Fault Sunmary Report operational threshold

Syst em Sub- system Scorecard Associ ated system tenperatures and/ or equi pnent
oper at i orwbapiompas equi pnents Exception/ Vari ance RepoPC3/usgoiB@sS1r eports
(see above) facility and equi pnment type Interact AFDD reports (refer to
guestion d above) Measurenent & verification plan Baseline Devel opnent
Reports report per facility Building' s Savings Potential Based on List of

i nstal |l ed Energy

and occupancy variables. The baseline calculations may employ at least 12
months of utility data and corresponding weather data, with 24 or 36 months of
data preferred, and can use any level of detail from monthly utility bills to 15-
minute interval data. Thus, access to utility billing data will facilitate the system to
provide immediate analytical value.

[0165] The Baseline Energy Model calculation may use a polynomial regression
methodology that factors in weather variables and occupancy patterns
(weekdays/weekends, etc.), which is important at company facilities that are not
24x7 operations. Each utility meter has its own baseline model. Once calculated,
the models may be converted to common units (e.g., MBtu) and mathematically
combined for a total building energy baseline. (Water use also has a baseline
model, but is not part of an energy total.) The system interface includes roll up
baselines and benchmark the resulting performance against other facilities,
districts, areas, or to the national level. The Baseline Energy Model may provide
the basis for forecasting and budgeting, M&V, and greenhouse gas tracking.
[0166] Collection Process of Historical Utility Data That is not Available in UMS
[0167] The system may gather utility bill and time of use (TOU) information. With
the a company-supplied Letter of Agency, system implementers may acquire
historical data from the local utility companies, which the EEMS can load directly
into its repository to fuel baseline calculations.

[0168]EEMS Capture and Storage Capabilities of Maintenance Contact
Information

[0169] The system EEMS will store maintenance contact information and other
company organizational data at various levels of the facility hierarchy. EEMS will
store national, regional, and facility-specific information as meta-data attached to
each node in the company facility network.

[0170] Integration of building automation and lighting systems (and any future
such systems) are a core function of the system platform, and require no
additional infrastructure beyond the initial installation of the mediator 1102.

[0171] Integration Capability through the Use of Open Communication Protocols
[0172] The system platform is open, as defined by modern IT standards. No
additional downloads are required. The system platform may be DHTML,
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Benchmar k Conpari son Conservation Measures (ECM\ Installed ECM conpared
agai nst weat her nornmalized baseline data Energy savings cal cul ati on based
on hi st orwoabioizp41Bng dat a [0203] Type of Report Defi mrCriuse0p0204i The
reporting Dashboard nmay show a top-level view of nost critical energy
managenent el enments that will facilitate users to drill down information to
site level. [0205] Periodic Carbon Footprint Report: provides

nont hl y/ quarter/yearly carbon nmeasurenent of energy consunption per

faci 1/ gl 306 S PhIARSLSALAT BE! NBc Ak Bolald POE I8k kR0

Energy Summary provides ‘ehnergy consurptiron”info ron $u

type of DbUhedplagornangd épgre odf bethetray DAY adgatie Bipiordand tred ddes i$ b usage
data di spl ayed as the daily average of the total usage in a billing cycle.

[0208] BeHiEdEHNG nd Nee pBpeiatarndil 0de Multi-froigpob xchangs) (MR3'S) eoiai son
522?? aﬁg%ﬁwe%maﬁdrﬁ%z% I 1BY akiS 39Ga P bURAD AR PrdtOlol2ftlet MBafiEF ent
1102 supports building systems standards like BACnet, Lonworks, Modbus, and
SNMP. The mediator 1102 supports IT and networking standards like TCP/IP,
HTTP, HTTPS, FTP, and SMTP. This facilitates for intra-protocol communication
and uniform application of services such as logging. This also facilitates the
common presentation of information from all intelligent machines found in
buildings.
[0173]The system’s open architecture supports proven building systems
engineering and selection which will work well with company’s advised plan to
add and upgrade lighting control, building automation and metering systems. The
open architecture also supports proven enterprise applications, services and
service providers never locking company into one proprietary provider or building
systems manufacture. The system open architecture will empower company with
choices and ultimate flexibility in engineering and procurement.
[0174] Company EEMS User Interface
[0175]Item 3.3.1 Dashboard
[0176] Dashboard Features and Functionality
[0177]The system user interface (Ul) is a rich internet application (RIA) that
provides an interactive framework for viewing dashboards and reports. The Ul will
present a holistic overview of facility performance by combining key items such
as scorecards, recommendations, alerts, and energy/equipment data into a
common format. Additionally, direct integration with the system NOC will permit
real-time data analysis of HVAC interval data and energy consumption.
[0178] The EEMS dashboard has three main views: trends, real-time monitoring,
and analysis. Each has a set of customizable dashboard elements relevant to the
specific view. The user can select the data elements he/she wishes to analyze on
their dashboard dynamically by clicking on a list of available elements and
dragging the element to the frame. This will allow comparison of similar

equipment or facilities, for example.
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[ 0210] Portfolio Benchmarki ng Report shows Conparison of energy usage anong
simlar buildings within the enterprise portfolio (per region or at the
nati on | ewel2picane1or agai nst i ndustry best practices [ OPCTjuSBuiolosiimy
Pattern of Operations - i.e. TOUs consunption data denonstrates TQOU
consunption pattern and | ong termenergy consunption in kwh/day and cost
trend ($/ nmonth) [0212] Building Energy Use Conparative to Baseline consists
of annual / nonthly snapshot cost at the baseline |evel and unit energy cost

Feport s | BEEN R s AT eyl b Rlesk 8T RaRRBRgER Criiis Rl ok

within a tisei baged ouithelr nﬁpfh)@ead privilege.akn ege@h‘tmerpr@met,léd)r @»ea“rﬁplerrmwe
agai nst the facili t?z)abw | di ng service |level objectives - i.e. confort,
ef fi ci enchavaRgcePe QP@%”Q@Z%PS%&H%Y §?‘V'n9§o?%&F‘EP@HW'%@HG@V

i ndi vi dua %Rﬁk gani pd h /

i ndi cati oh '5) tI&L %\pefrégﬁlt%%a dalga I é%y'?o Vtgi f‘a&?:%%?a&] in bu'?ﬁ%l%ﬁ%\%al
Ener gy Cososswsptiddydgetn o}hsmtmt aBdnocusty, AReppertatidns ghgineeg nagphkavg atcesk?

nont hs' rth in o por 0217 b- based Exception Reporting and
Al ar mi ngmﬁ?g%ag%%gg}ﬁaq QfAHf @wh %\# fant eractive AFDD Reports
[0219] Fapy{80pHHBaNORH % o‘é@ﬁbé‘ér@ls tr?@%?% BRI CRRAUAN bUSTohSY 2
summary of quantity of faults i1dentified | ocati on and I ne or
system wi tnﬂlghtaawd venygineghtapye conteat, pelutlth)(as geognapbldall str@lysig)| inancials,
descripti OP? éerll t% ranking, and the fault nonetary inpact. This

i nformati8 rﬁr?e?B r%ev '? §Y%% corrective actions [ 0220] Subsyst em Scor ecard

incl udes pEREAISYERIM Navigationamd AxikbBraCUSBN i2éd Vieavd anki ngs of vari ous
primary and secondar systens and equi pment t hroughout the buil ding, such

as air hal&dhegystared-EMbehas ysenffieadty revigakerethathieghs Wibaa Sﬁ@@r@\/ery
units, et 38 I 0 i zed
ener gy colStrBeloh Bagey bR TR b R e B B el e s ERRCT g
Potenti al aaamed t@ntr%ensbnardus@mzedl wew oﬁmeshls@ardrremer&ﬁerrheaursbr will
verification information - i.e. before and after savings and nedi an savi ngs
- per faclpyiggta H%W%e@%ﬂéﬁ%bﬂ%a VSIS Yy CliEs INgePRy H¢ HpSRCHYE dashboard
[0223] Trepg, Anal ysis and Benchmarking Reports Capabilities [0224] system
EEMS perforns trend anal ysis and benchmarking by creating sophisticated

gr aphi cs [01133] Eablerd&slhbdatda ets¢roeedwilh hahe a e:ptba;bsteni wnd C&smﬂmided view. Byend
anal ysi s include, re n n‘itﬁdt ti rles éig | oad rofllles
mul ti - dai FKF BN @% fin v@wa@&gemﬁmg ke £ieMFD &6Pﬂ'i‘ 12Pe" yifeyV-3inp
charts. TB@rtﬁﬁ'\é%s%%S%é’e%éﬁ%d @leW)Wilh érrﬁ@%%éﬂm{te%tlehoﬁkbﬁ] %érbﬂQIséY
fiscal/cal endar year or conparison of these nonthly profiles over t he
years. Thideragtiaphinstude (butfaaemqtﬂlatltedttbémmaamng the timeadyig @t intdrvalberi | di ng

per f or mance | ckI over tinme EI\/B wi,ll generate. benchmar ki ng
epor t 5. by Gt en eI aien brana by Eumat e O Al R 0 e ng i n
a bar chag Steﬂfhe conpany also w || have options to conpare their facilities
by si ze, i mate zone, buildin and will be able to benchmark their

portfoli o[Q'@"i]htﬁFu@f BysterbGenefs a@ﬁ&s@boamthn@erﬁm i ndustry benchnmarks such
| R t
Copabi | ¢ [ TIBSpHRGR HBIERRNS By (irfdde St oW HEBERAES, (P! end anal ysi s

reporti ng[0186]+30 eayedliirkpcomslirhpiorusage. Users can create reports with a
si npl e dr[(g1 and-drop interface and save the results, if desired. Users may

export da Qﬂ@%ﬂ%&‘f@“”%g%m@@@el .csv, or other common formats.
Addi ti O”atdwséf\ﬂlbréisrﬁét%r%néh%b%n ed access, predefined reports will offer

a variety o election criteria and wll be downl oadable into a variety of
formats, [0189)diVocstPDEter Abinandcsyv, and Excel . [0228] Software for Accessing
t he Dashb [ 9] Users ,may access the dashboard through a standard Wb
br owser V\f‘?{?%/l\d%ﬁé JBlea@nC%tﬁyer to access the system EEMS.

[0191]-Savings

[0192]-Baseline Energy Record

[0193]-Calendar View Consumption versus Baseline/Cost
[0194]-Tracking versus Baseline Energy Record
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[ 0230] G eenhouse Gas/ Carbon FootPrint and Energy Star Reporting [0231] The
system EEMS will be able to track greenhouse gas (GHG em ssions and

i denti fy wptzomnmedidr car bon footprint reduction, includPeg/Uyseelons41yl ar eas,
reduction initiatives, and tinmeframes to achieve results with a reasonabl e
comm t ment range. The met hodol ogy nmay be aligned with GHG protocol and
Carbon Trust approach. system can assist the conpany with G eenhouse

Gas/ Carbon Footprint and Energy Star reporting by: [0232] Providing carbon

Ul . ; | | iati )
based on (LRI PEshBod BE ol bRl B oRTRIRS FEFORR s rmanageront
t hr ough j p0196]Phes EAMEeaizshboadesscladent the aolowingi @apabiitenowd edgeoent s.

[ 0234] Assisting with apP,I ications tqo the EPA Power Partnership Program or
to the CRSV)@%’%@{H'@SLGQB 'Wer@F‘&HV% ma"a@aan%@ne)prwd@r?@tIEﬂ@blgynfgfraa on:

Certifi ' i > '
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t o Accommudats drhferrooiaprasyltS&déorgaay lcondlindticer af oiagh&eloon gystermsAaral theans
0236] Dat fi ti ts hoth f ti and ge hi

02351 Dot PORLHOML 2 o0 FHBRELLS 00 B gt ol BRASS 380 Sl gy e

under | yi ngaiabR NRlediMciSATRARY BRR BR1UER 0BIL8SIBQERRPNTAS! redl ime

equi pnent basi s. e systemw up Basel i ne Energy M s, tracking
and r epor intexdace wildlecllitatg /agesryrtagrgceett fuouge timestamps ifdr itgms yipas, denet
Simlarl Ye t he  Bui lzﬂi ng. Operations Scorecard analysis with summary | evel
reporting 8%'?1691&] [e ;.J)' geogr aphy, equi pnent types, or building functions,

etc. [023?01983)Irﬂgfa%tib@f0ﬁé’$ﬁﬁb&ﬁért Yo fijupdtidh,t Befadgewdlf lifkas &0 THdraétatd on
Protocol s [0238] Performance tracking reports will conpare operations

agai nst t BEMBaddle uRerEniErks aRecter seledhia® org 6F the time rangesiarewWhitjotheg

nmeasur ene i f1cati 0 i I f r i for
weather  aproobeid, o LG orAERRE bk P RaHiRte Aoy iy &
Anal ysi s fnatipié igpapth tEmplaos twill () vdsich ivfill @rovide myoreMafargeition| dbbiit tRte
system may be operated or nonitored by two full-tine, on-site, certified
ener gy maRagEHEr Fgbadie ygansee MBAiNY BiS interacivegiens taspabradhe srebledr43)

Noti fi cat| i r?ﬁw {fication (auto-correct) Process [0244]As
shown in Fi guerrﬁig!:?ésdﬁ?e sgﬁﬁ\}js supports threshol d-based alerting and
noti fi cat [99] BAéractive cWrapmpeatlzes imciddeaihisdeciuded ther abijty tdelaintdeyt i cs

o B Yich: SRR o bHA B ek bt S R B

23&2.955 BifleBont ddIRRPsIBRS iduchadd @or FRoPBxaMbRIT 8h8hENAIIT 185 E6SMWEK K
expand into the graph with the mouse, scroll forward and backward in time, draw
trend lines, and save or email graphs.
[0200]Alerts: The system EEMS will generate and display alerts based on faults
that the analytics will identify. These faults could range from machine-level
maintenance issues to zone comfort or performance issues and to holistic facility-
wide energy management issues (such as a Demand Response event or a

significant change in local energy prices)
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[ 0245] Detailed Automated System Functions and Repeat abl e Processes

[ 0246] The fl exi bl e EEMS user
di rectly Wwo=0tenoaBerts and the notification process.
notifications are integrated into the user's work queue,
detailed tracking and resolution of alerts.
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[0276] Subject Matter Advisors' (SMA) Support [0277] system SMA/ E supports
are ongoi ng throughout the project deploynent until the end of the service
contract .woheiwi2priBmary roles to provide in-depth energpCrRarsagemgil

anal ysi s whenever necessary [0278] Ri sks and Possible Constraints [0279] The
system may be inplenented with a standardi zed project nanagenent process to
provide a snooth startup and will extend through the initial pilot of any
nunber of buil dings and the subsequent rollout to any nunber of additional
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and menagl PR AU SEhs S8 RGepRERoRRY AN SBvRESY AR Siak! She
[0218] Interactive AFDD Reports
[0219]Fault Summary Report contains advanced sorting capabilities for a
summary of quantity of faults identified by the location and machine or system
within any selected specific period. It also lists fault descriptions, severity ranking,
and the fault monetary impact. This information helps prioritize corrective actions
[0220] Subsystem Scorecard includes assessment results and explanation failure
rankings of various primary and secondary systems and equipment throughout
the building, such as air handlers, chilled water, steam and hot water, pumps,
heat recovery units, etc.
[0221]Baseline Development Report contains weather-normalized energy

consumption based on regression analysis
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[ 0292] Al | ocati ng and managi ng project resources [0293] Monitoring progress
of and providing support for global efforts and inplenentation prograns on
a weekly wa20e/120894] Reporting on status and perfor man@eT[ud2@5j3Mmnagi ng
alliance partners, contractors and subcontractors [0296] Resol ving

out standi ng risks and i ssues [0297] Devel opi ng necessary comruni cati on and
training material [0298] Question j - Proposed EEMS Open Architecture

[ 0299] The nedi at or 1102 design is based on open systens and technol ogi es,

l:g(r:rlmljg: (r:ng qic?r?]%‘dwﬁg%%ﬂ gg%c\%r eaeflr)guasS%éort?eﬂfﬁ%f%%%base r%i I‘:&ﬁnp” ot

connect i videasusseot tinfl overdicatioe inongatioh I . 1defore ahddafmrosam $ and
i ncluding UDP, TCP, SMIP, IP, FTP, HITP, HITPS, SNMP and nore. e medi at or

1102 suppquéarﬂﬁad"rﬂgﬁc rT Rl f%?“td’omﬁimh@ét ,wnalemq—rggd oEnﬁh'gryel%kﬁequt@nt he
et er / sUbgRiR[fedNd Vvia nore than 65 protocol drivers that the nediator

1102 supports. FT0300] The data war ehouse, data-analysis tools, publishing,
repor t i ng[0233] TrentbAdlheis anadBeighmoartog Bepmts Oaebbiitigs st andard. Pr ot ocol

RS s T R D AT N o DA

Publ i shi ngophisticated graphics from interval data stored in the repository. Graphics for
trend analysis include, but are not limited to time-series daily load profiles, multi-
daily profiles, averages, highs and lows, point overlays and 3-D charts. The
EEMS also provides a monthly consumption profile during a fiscal/calendar year
or comparison of these monthly profiles over the years. These graphics will
facilitate the company to analyze their building performance quickly over time.
[0225] The EEMS will generate benchmarking reports by plotting whole-building
energy consumption for each building in a bar chart. The company also will have
options to compare their facilities by size, climate zone, building types, and will be
able to benchmark their portfolio to industry proven practices and typical industry
benchmarks such as annual energy use intensities (EUIs), etc
[0226] Ad hoc Reporting Capability
[0227]Users will be able to customize and design trend analysis reporting for
interactive, ad hoc usage. Users can create reports with a simple drag-and-drop
interface and save the results, if desired. Users may export data and charts into
Excel, .csv, or other common formats. Additionally, for users with limited access,
predefined reports will offer a variety of selection criteria and will be
downloadable into a variety of formats, including PDF, XML, .csv, and Excel.
[0228] Software for Accessing the Dashboard
[0229]Users may access the dashboard through a standard Web browser with
Adobe Flash player to access the system EEMS.
[0230] Greenhouse Gas/Carbon FootPrint and Energy Star Reporting
[0231] The system EEMS will be able to track greenhouse gas (GHG) emissions
and identify options for carbon footprint reduction, including priority areas,
reduction initiatives, and timeframes to achieve results with a reasonable

commitment range. The methodology may be aligned with GHG protocol and
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User Interface Other protocols SQServer, Oracle OLE, BACnet, LonWrks,
Modbus Excel, CVS, PDF, Access Mcrosoft Ofice (Excel, Wrd, PowerPoint),
XM., HTMWORDH/M2¢03XM., Web Services, TCP/IP, SQ [030PrT@MseonoMsamitecture
Sol ution [0302] EEMS Open Architecture [0303] The system has desi gned and
built every aspect of the EEMS architecture and platformusing the | atest
devel opnent net hodol ogi es, open protocols and advanced technol ogies. This
begins with the nediator 1102 and its ability to connect seam essly to

hvansys, Coopsoff sARRraRUE: Bl PR oBst 2 8cConbRAY R BUGTER N SFev ce
i's Web-f agdsiCatoed RoudpietcandeE Nerfgyadtantddoeting byt he system NOC. Advanced

data services _and analytics platformthen manages the data. The NOC is
built on m@dﬂfoﬁﬂ'agt%bﬁﬁr@%w%‘&ﬁﬁ'@ﬁlGW'F%§ep§€iRE@a@r@dﬁﬁ@)cqudel@ﬁﬁuﬁb

access da Lk g(ggo J i ad\ gégﬁytics to nmonitor and
manage thé‘?cro(ﬁ%ﬁl:ah_?n S ﬁ%%%egr%%g@ Fslggﬁ[b%ﬁ%s .f'acts combine to create
an open p[e233)Pubtidha¢lations managknentathyougie janipplessrretegsesp predsaeyents,

protocols. th .corrpanﬁ c%ré make software, infrastructure and capital
i nvest menf8d ARE6E RFERPWISAIERH N ®ter at i ons for the system EEMS because

system S- f({ioﬁi‘é]@,gifﬂlﬁgewnﬁeaﬁﬂﬁcb%r% {P6i8 BPA h’o@\@# PrfiRAsH 6 F%%ﬂ%rnﬁ’BF kPt Y

pr ot ocol gration wth Non-standard Equi pnment [0306] The nedi at or
1102 suppbiRSGreer-ctlege Beogsamp(ifi anricabley torthe EaeigynStar &ievtdidatiohand/or

non- st andard eguli. nt. Th lator, 1102 i.ntegrates intq t si cal

v oo o PRARSCHS BEBdsee, REACHOREY RapHarel B FRRRE ol the CRedrRet?

f r amewor k|_g§o Pregrisesl (inbeplitdblelhe medi ator 1102 normalizes the data and

facilitates it to be noved bi-directionallg back down to the building
2

systens o[0235]1BEHMS Grpabilities je iAssonmiedate theicompanyLceegraphisal Hierassht em

sol ution, - J grate with whatever equi pnent the conpany is
usi ng, st g‘?d%élgmgﬁ?ﬁg%&g 0307] Trai ni ng Program [0308] Trai ning on the system

may i ncl uf236] Datacoafiglratibh Gppotts doth Mgndglioanl asd geogsaphicalptistarthiesr vi ce
I nstructignal System Design (I Sg%y Mbdel and Tr ai ni nq Managenent Procedures
(resul ti nghesygtem vill suprRit &R 36zY PhBlerGhicel yewsf the ryigrdatadhaides

i nstructi : ; rb ! ; i [Welak

funct i onal 1t S aRe L AR olinize Bp rdiEpRichl Strkinent ofigis. TRESHRSEPPL |,
Manage EnssligypUBagelirteo BnepgyWdodeis) traskinBeand t repoifiing yafatilinggeagraphg] wi | |
include instructor notes, and class exercises to reinforce |earning. In
addi t1 on, SBREENERN Helilin: G, Wic B0k Kb BHIG OPFREORENEATECahpor
a user at ghhN8isAlitH88mmdraii &g HRahyee . bBh iBrAERER t hod.
[ 0309] Theasggtglgm It rgli?rr?imn%@néa\gé?bee%{]?\%rgg \?Pﬁ%ég%g %’m%hétﬁgpgg’errpany
Aut omat edoEhuitdingréumnctiepsi ety t o conpl enent the instructor-1ed training.

B R X T g B e e Lo e et
time by 5f0238]PeRbrmaRts trabkingtepoRy WilPSordparkAsyeratioRs agamsa Y Basdlineor
ongoi ng refresher training. . . . o
Energy Record. These reports will provide ongoing measurement and verification
of operational performance, normalized for weather and occupancy/schedule
variations.
[0239] Remote Monitoring & Analysis Operational Support
[0240] Certified Energy Managers
[0241]The system may be operated or monitored by two full-time, on-site,
certified energy managers.
[0242] Remote Monitoring & Analysis and Diagnosis
[0243] Notification, Escalation and Verification (auto-correct) Process
[0244]As shown in Figure 13, system’s EEMS supports threshold-based alerting

and notification 1300 of raw input data and data derived through the analytics
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[ 0310] Ancil l ary Services [0311] The system solution will lay the groundwork
for integrating all system expansions and potential ancillary services into
a comon,woperny/pbasform Wth the nediator 1102 as the rab/uSeée/osampany
could integrate any existing or future technologies into the EEMS. The
proposed solution will use existing infrastructure and provi de an open
pathway to future upgrades and system expansi ons. Future system expansi ons
woul d be acconplished without requiring controller upgrades or proprietary,

ecai ve. dapdnss YT gisB 8on SOMIATEThreshd BRENR' fio SPErPREMS b ladifiis 2
control . mhbgficatidnatand phlioatizazethent Gaste ainicastotnitdiste SRIBdYserules MTadsegy

platform for seanml ess integration with other business systens.
[ 0312] ModNelificatiopn SANRG RtRasates iRfoA YaPH Warkasyeausi onal ~ Sequences and

Control Pgi i | i i ill b
necessary AT Detiibal Afofiid SR FRABAEENIP REpBaLHRE PHIAESEES. N s The
nmedi at or [(A6]Fae fexitlecEEMS arser eirtestacegfadiliaiasya arsenpigr eacedpesgsecin and,

U R PTG R N SRS e o

| denti fi cgd g } i I i [BPEE: tens
[ 0315] sys?ﬁdr)ﬂ%sb lljiéééh‘;tssegg?% 9%%%@3@@9%@%???%&9?%%& E‘% futur ealféﬁi' conpany

syst ens i 12473 Qyenview ajijusitessddges andiBatpeonfiguiratidrt or m pr ocessi ng,

tat | hari.ng . of data. b- syst.ems. The. med 1102 act
P Tountie e 20 StB if Ine i BH Brotect M5 on i ngy SHertlanistéiang °
nmetering aygl aBmpérdtutd Yasd @'ﬂdalﬁtﬁiié)l%t@ﬁldtof hRXitbtigg %{]rb@rﬂs.o‘fhé Eiasedill
g

services, while the EEMS uses an SOA to maintain hi flexibility for

i nt egr at i BFPGess dhes@droupe astRrpatisallynmaking drermofwickly cacopssidrss forl visual
Renot e Copt,f: of Equi pnent [0317] Question a - EEMS Renpte Control
Capability [I 18] A significant benefit of systemis tight integration with

| ocal con[0249]MatvmIsSkesandietiaynssnbased idnestaagardized sett goinnand)breveand
control securely the renote building-sensor logic and control -system
sequenci nBractiges+ RE AEreedain disaussighsahawvRANk thet Bptemeand nthe CRBPRBYI at or

1102 may ; ﬁﬁ%ﬂsﬁ i g,:],%g jrcat i | pred

| oop math ?%'S‘?@F sC e'réui eéf\é %Srr%ér.{ﬁé@d g@g{g%%@en s,()ﬁ&ghﬁg@’g%ﬁ%%#gsystens
and dat a operatignabpéedormaladea TevepAF D&Y AutdDiRted irduiHDEIesBowi8c Bsagretsticy) can
be nodified and enhanced renptely based on agreed business. rules. [0319]
EENB. CapaBlHE0 G4 BA FORUGH Brie RenicA St AaR ¢ ORdaeea AL S cel E3spl 930,
syst em NOp&abafslsefds tine pricing of electricity for 1SO DR prograns.
The nedi ator 1102 can be programmed via on board cl osed-loop logic to shed

el ectri ca[025%dBusinesn RuesDHRosi GQatdctips 9€nBystpoB 2Arjordplidsri et | Gorregtive
Equi prment nfiguration [0322] AFDD can renptely inprove control -system
sequenci n e(aggg d on operational requirenents, design intent and space

confort) pORb1]SpstbeE MY wilt appIiyBusiysdseriibed mUb lsystertRNGaRBePd foewtity
| evel ). This continuous nonitoring, inprovenent and fault resol ution

faci | i t at 68MPAAN iSpULY tharEstye iBplicRNCnss ThERRSH enasgy searacped prstatewdnce
and Repal fdentify issues associated with Comfort, Efficiency and Operations indices. These
indices are created on a room-by-room basis, allowing for granular detection of
system anomalies, and the illumination of a clear path to apply corrective
measures.
[0252] Key Outputs of Reactive and Proactive Monitoring and Analysis
[0253] The EEMS for the company is created to achieve the right balance of
comfort, efficiency and improved operations. Outputs take the form of identified
problems rooted in hardware or programming. Built-in mediator 1102 capabilities
will identify and resolve the majority of programming issues remotely.

Maintenance personnel will correct identified hardware issues, whether
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[ 0324] Monitoring, Tracking and Reporting Capabilities for Preventive

Mai nt enance Activities [0325]systemnmay enploy a thin Cient Service order
and proj exO-20emi2gEAENt tracking systemto | og, report, trcaas2aod3merify
servi ce deploynents. The systemfacilitates real-tinme custoner updates on
daily service calls and |large project rollouts. For all future schedul ed
visits, the systemincludes the routine nmaintenance itens to be perforned,
the tine allocated, and the tine available to solve identified faults.

[ 0326] Con y m_j I n the
proj ect - rrh{né;fﬂgHEﬁf (?rlr gé] ggﬁ'éTﬁb%nﬁsg?le ?%%gf\k;%rjrkebgg%rgbﬂﬁ\ﬁje,n%u(a

mai nt enandetdilag Msfoatmtuba@bc&ﬂ tae identifidd ippsblemsed that pissiemc esdluiks is
Service work orders are automatically di sPatched as a product of the

conti nuou@@@@ﬁﬂs@ﬁ@h@”&% m‘%%%‘% hepeorEEghek: epwg%g@dertaken
i ndepende f; rmance of serviced equi pnent.

[ 0327] Schggdéd’\fe\égthgn%&%g@%@g%{n?of Preventive Maintenance Activities

[ 0328] The[02Z54] Préteessl fat |dent|‘@m’rgadeld:@nr’r(elﬁﬂ8)g amchpKeritiidg r esol ves faul ts.

Faults ar ned t schedul ed ser edited in. cases of
i gencyy BREOS kel roreS e baned partes el Pt eBr FABSTR S MAggRT ol t s
found do BekieDedBRIgnYinkdritt PlidritieS Rt g ?l@é é’tlf?fqlr%t by 3. coTI@%tn'/:é?@eé@f%ﬁf f' es
the action the systemtechnician should take (investigate or solve). The
FRS al so eﬁthenEEMS ahe tme fﬁ£I|tt30 represeplative. T highest pwltadmeerarecbyplcaiky

faul t. |ts aeauto aIIy sc%éguled with future service visits once

the FRS a S&n‘%”im:? I\?P ?Ost grgg %F&a%ctl on. Actions included as part

routi ngozw] Beeraeds Aif) BétFQQJﬁuh Gdriodicaf§ itenesbebs BUIEiRdESperdtidhs byl 0329]
EEI\/S Capability to Incorporate Electrical Signature Analysis for System

Di agnost i i 0830]Perer@anear Elicsiorshe Teg s serreAFD Wil ateirMinenategsdier
condi ti O”PB&%‘?Sngﬁtceo%eﬂﬂaﬂb‘H. F’é.ﬂﬂﬂ%ﬁfeb@§|x°fthge9ilfﬁbcas' sledy! (R@ uﬁ]‘eﬁlﬁfy

el ectrical"Signatureé analysis incorporating vol tage and anp a a. I’s

t echnol oggquiprient Wsduesan ddvancemidaijureoturhing reguiiveerintenbnce eleatsrinal
data is not often avail able w thout additional sensors on HVAC equi pnent.
The syst eRTQBEHVEOPES- simi |l ar technol ogy used for el ectrical signature

anal ysi s 4y o. Rﬂ%‘% ns to
t her m)dynL ?i_hlea pg#%nt?ﬁt ﬁgat E%Mtl%ergﬁ]%g Ffﬁ(ggn t oIngé g%l %9§x®r a
sensors. ﬁéﬂl’ﬂh}j mastagemediti epporreiesitbasies bor tHEENES/dPr efv exfforty dabbr raneinance

Ma t bi | i 033 I t Li st 333
Process FATREAISHO 2hBieNFanE e SLHole e HEREsS AT S e aosn ol &5
process fkpyhagin %Qoa;fﬁ?bvécﬁﬁ?‘?ﬁé"fé@lltS/QeEFHslénPJt%r PligH<:3 PP br@%@%ﬂéﬂ'eng to:
[ 0336] Emergency: 4 hours [0337] Urgent:24 hours 0338% Routine:3 - 5 days

identified by the highest level of potential positive impact. The system would

achieve and maintain optimum building performance through the use of baselines
and scorecards. The system may periodically and automatically rerun
standardized scorecards to assess the building operations against key
performance indicators. The scorecard will determine areas for operational
improvements focused on comfort, operations, and efficiency. Simultaneously, the
AFDD system will continuously identify equipment inefficiencies in advance of
failure, turning reactive maintenance into proactive maintenance.

[0258] EEMS Capability to Implement Recommendations

[0259]system may, as examples, implement recommendations in one of two
ways. system could implement most software changes through remote
access/control of a facility’s systems using the two-way communication capability
of the Mediator™. system could also implement fixes that require physical

corrections through its established national network of maintenance personnel
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[ 0339] Mai ntenance And Repair [0340] Technicians and Engi neers Depl oynent
Capability for System Repair [0341] The system may be supported by an

ext ensi vewDl2emr120413si gn trucks and cranes operated by aPhirgiskgronsainned

prof essional staffs and broad nationw de affiliate network. Wen a work
order is created in the systemsystem it searches a database for the
appropriate technician by ZI P code. The systemthen narrows the search to a
specific field, such as EMS controls, electrical only or sign repair.

poti vl 11 ey BRE N, PRBRIS W B HPAR " 1AREGH JERbirngescnou o
take (i nvigsteghbdrthercosbars)employeE&S al so estimates the tinme to acconplish

the required action for the fault. Fault details are sent to special client
teams i n [0Z60diBost FalDating apd Budaed FRRsashP@er s, obtain schedul e dates, and

te th b t LS t t '
note the QW?THE B8 I‘Eﬁéﬂgy Wocﬁﬁgﬁg[lczs cé&eésﬁ[ﬁgﬂ?% Bﬁdrﬁﬂ%%ﬁt ain

t
pendi ng, he parts ordered”'to co t he work. ans al so
quot es f r toretdstinge Thei EEMS creafds the, motelaiging hstanel eapmyovsdgeamkatioerpl et e

t he job. Cust th . f thei d i
wi thi 1§ hENRERReO eIl ey SRR TR OV D PERPRh SRR oDy SR ot
[ 0345] TheFﬁmﬁbg@dpn@?(th@?%Nm'rﬁﬁg?ésaf&%ofee@@émé%duaw HfodeRhate! WweSthePy

various electrical, lighting and mechani cal systens. The repair services
i ncl ude egqod Expeciecohpilgirg odespancyasaheadeidsuiling, lastpteipr apdlidsi rldingtarifiol s,

UPS syste dedi cat circuits and .sub-nmeterin roubl eshoot.i ng. [ 0346]

"t egr at | BTOWAIPTa o ae e et o SR TP e e e S AREe sy ot e . EEVS
cont i nuoupd262] NEHikdl IR UFBEhdts Brithé 2B pRAYIIVEémEALI ts. The prioritized
punch list can be sent to eMARS, based on pre-defined rules. The eMARS can

communi caf@63 e eompanyfimpementationotgane stppreing her pexestgyoulshinsiugst i on

measur enept. .. Lfi.cat i : 0 L ment
[0349] RS éfb0ersi B ooRRaRHIL AR Jner s, Febod REERTRL BT SR o
provi des Sopmnperbemsd|veoart dotainsenymeeriag Bidmtatom faboutitsitast anbli Iré-
managenent andg;ayrrent._ The system may provide an end-to-end solution to
facilitat bBtegra findingatintnihe P@WP?‘QVc%}gt'rFQﬂrWQdO'ig@\V‘&aé'@npﬂ_B@e%@F% does
paynent s i . Th y y (Leald utkl i S d i ugh
e t1 g P! SEApipang? SoRPaRgY B Rhodse i dhh R bk PRRE

r epor t i ngpadgrdeinaing eservice| mayntdasmace or dontwasfsysiene repaiser vat i on and
sust ai nabjl4 initiatives. [035 I.ntegratjon of Utility BilJlin nd
Consunpt | H264ie comPeny “Sinprbsib abSiderT aghest it ealitenRoeasy
utility bfaldtordihtt%evbr%jéﬁ"s@ccégé.@ﬁié%lﬂd Drii@ defb8rmndRkcatibRMaehsas on
froma vendor. A dedicated ED group may devel op the techni cal

r el at i onshbtadlisingonvéciivity endsperfem miliali vadidetions. fthe complanyywoudtrieed to

transm ssi OQ/icg%d tg ccgnfi rm.t hatd q.l I keé dat a el enentsdar re(iei ved. , They
al so noni BV Pia)dpEEaRPANNE GUOSIEES SR SoSTIEDgFr £ ﬁegggg] VR %Raded
| nt er f acegdillty oughtrfil?l shé@r sydtéer dapenoNeRed¥urer iahd Redifyocedriplidhded]ahde EEMS

sol ution uses an open architecture and SOA design principles, enabling
i nt egr at i BAMAINANGE dalRiag\1ee sysier dadergiaNd RS CONIPM §XISARE PfPGRPErS Jor

connecti vj LRI PRI i cili
integrati ﬁ%@@@‘gﬁ'g[@ fagﬁ%q%? @géﬁgré@@d@%d%dér%gétfg e -Iforl]%t %érhb/%ﬁﬁgqaa}/dded
i nterfacealsoohkelp withl gdtingétheapiplahciat itbreshofdsbiahd busigess r(fesr taldtigyery of

information to nobil e phones), or RSS feeds. [0355] The information
retri evedSePeioWOHPEVMY®Y t hr ough these interfaces could include facility

| nf or mat i Mﬁﬁﬁ@étdjﬂdﬂi% Ifleflent MfedRBrdrhas: Sid V%Fiﬁt’fa%np(ﬂﬁé\ﬂ on of the

el evators status, roomreservation status/occupancy, 'status of

bl i nds, s[0266}PevssssaandfPlioreiExpefienee alitir Nisacking,a Vabdating aotth&epbeoig i ty
properti eﬁllﬁégener al connectivity to the Wb can permt delivery of bl ogs,
podcast s, news feeds, video streans, and other data for direct

i ntegrati ppe7iraet BtERMPRORER the capability for Measurement and Verification
(M&V) of “installed energy conservation measures.” One approach would be to
establish a baseline and then track numerous quantitative measures of building
health and efficiency (efficiency, comfort, and maintenance). The system may
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[ 0356] [0357] APPLI CATI ON AND system FUNCTI ONALI TY & TRAI TS [ 0358] EEMS

I nfrastructure Support Capacity [0359] The system may support an unlimted
nunber ofwo=erwi2eaid user groups effectively. It grants pemmsgsioons1f or data
access to user groups according to any of the appropriate 255 | evels

avai l abl e for read, update, add, and del ete access. Access control applies
to both properties of data itens and controlling hierarchical views (e.g.,
specific facility) of data the user can view [0360] System Access,

oot oane; DRSS HeRE 6 eRsIBhO S PIde et paG I B g Y it er
m x, and gHmrtesdletharapeatonifest ahgtyemitgtion based in ASHRAE stphdans. fTore

features such as password epri ration and reuse frequency. The EEMS uses
role baseéyﬁéﬁhmawtr@@‘ thaser iaciass tim adgitian @ptrﬁ@ﬁgg el tﬁaﬂﬁ&ﬂ%mwetrfﬂdhat a

user can @ﬁﬁﬁe??éf é%@jé%g%upwht k\ﬁﬁ"mieﬁﬁ%, émlsscﬁﬁﬁ%&ggtﬁtpgr ades and

Custom zati1 o pt oposed’sol ution | al’abl e and conpati bl e
wi t h al nof0268} Y hemystahe usas lwegmbinhéor afpélity kilgultidityetrmeraf, usepdatadehokend

tom th E i . fit wthout bei b d to . ifi
cust om ze e U 2y 1L Secs, LLiguLIFou, belrg, boun e gy speci i
Confi gur abh?ﬁo[ﬁ}fiﬁﬁhd Rl %Cn%f]qyp%bih%.s EBBS S R8s DHoides g@g%ﬁ]ﬁtgﬁﬁtoand

technol ogy (i ncluding data iguration) to provide a secur VI ronment
1500 for buidiggiaperatioms rdndo enargy-redectyrs tappoaiusdiesoulhd wystenniwith tragk
conpany | T gecurri]t er sonnel tp est abl i Eh Snd If aci I{jt ate %oitnt met_hods for
moni t or i ng¥ 8%?@@19%%9%@1@?89? RS PYANShG PaRRIlNG S8HUSKELP $i9NFadked and
training me&h@dm@?y.webnmmné hrat Q@@B@gt\érrsamwerﬁ?_ml frétiefesung dRfaRe@ur es.
The system plans to conduct annual review activities including

sel f - assebEEatesMinashgealgency pl an testing, and vulnerability scans. [0366]

ot onent RAG e 18 G art] RGREAE oTVbloR! My kafitele B BESOIRR Pk

conpany datva0es utiity bils d¥he Wystdm rmag nepphlizathobasdlire bplwimeaddsiohans and
user-profile definitions define user access and restrict users to only
access datPuUihaych e mweahesrindeprendentiaas andaoelngiaratingdesdsy t he core

security jnG I taRrd A | [WeTg ut i
Syt em ol 2T RE R sBim fEBEIopR dats R Re RSP HRKI o tef oo it
appl yi ng soouldcoessequirg rebsyetering. [ 0368 jrGormpéticm cadredy c edailadde fthrougdcur e

Envi t. [0369] At | th t i npl ement_a_ i t
ol ut § on PHEINAReN RIS Do PR A e AP B Bt PO BP0 P o

data. Onl yyrARGasystEhRAREiINPCHSPNE&uriely. ‘Fﬁéesﬁﬁéﬁﬁ%bg LSe sQipstyrsdat a.
The system has™ secure comruni cati on processes between the conpany and the

sol ut i on. s¢lesthalTishosids thamcoagianiyt yishatp [solajadightidgbpostal siquéprsemtrdndy
per sonnel _and IIm)ni tor&%lm hours a day, seven days a week by a private
security 1Y GH a‘?ﬁgu%? eﬂ?g%nt rols the facility's entrances by proximty

control, PREFIITRE! @ystehenmby eresed- He cBildwing! PUssiraplesrifatas) sMppot
record on tinme-lapse recorders. Al user access is |ogged and can be
tracked afevt&Sorted on i f necessary. Floor and server room access requires

badge a“d[(ff’fz‘i Hléﬁ}'-D%%E?étsNetwork Operating Center)

[0273]A multi-tiered help desk will augment the support team with skilled
resources to resolve user needs quickly. The Post Implementation Support team
will provide customer support throughout the deployment cycle.

[0274] System Maintenance & Enhancement

[0275]Some issues and requests may need system changes through
configuration or code changes. The system application maintenance resources
will triage problems to assess priorities, and then will begin completing the work
using the extensive tools, resources, and knowledge capital available to them.
[0276] Subject Matter Advisors’(SMA) Support
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[0371] Security Policies and Procedures Conpliance [0372] The system EEMS and
approach may neet any desired security policies and procedures, such as
post al sewoi2ow/idgndbooks- AS-895-A, Application | nfor maPCOUSSH0O8411Yy
Access, AS-805D Information Security Connectivity Process, Adm nistrative
Support Manual |ssue 13, Section 272.3 C earances and Public Law 102-569,
Section 508, Electronic and Information Technol ogy Accessibility

Gui del i nes. [0373] Database Security Requirenents [0374] Overvi ew of system

my r ot A2 TTISHEtEI, SR ECRiSnorty SEBRG Hiloudily BECEIet Raldr&HELce
and the EGMB 8@ ehdoof iy Jenvicé rcmt@rce Theia gognanyt rates tof priaafcwr%depth

(DoD) - approved facility, for exanp or any other systens, data centers,
and faci | PRy m@nweﬁ?a%@éﬁﬁéd"r@ﬁ\%?hﬁé@ﬁ%@&a security requirements. The

envi ronrre @Rléﬂéear%t%gé} e @&?gtf’élhtgn procedures (SOPs) to conply with
Iva

Feder al y requi rerren S, applicable | aws, regul ations, and the conpany

policies mﬂa}ﬂ'beesg&etem niayr beicmplleormnhgd wiithd etmd*ardngp,d am;lemtpnarazhgergent

|nformat|onsstems may del,iv. erf or manc an.in egrit

Fepor Lo t BrOSERS aET VISR SN, Pt 2od i cxlenid B gl PUEEs any

| ncl udi ngngABERt0BRfingS G | wa aupsehat oIyt 'tareé mm&rr &aﬁeéhtleﬁal

establ i shed protocols ,"with layers security aut entication in the

sol uti on, bditdings. oSyaterri\ inaple Mt tiansggheslinite ogrk depenrds up@B76] The envi r onment
nstance of the solution on dedicated

I
\r/r:a?/t Iugf ug@'ﬁb‘ig‘? fz’ﬁ“rgaf?&&%‘/ BY3R95F envi ronment i ncl udes t he required

firewall's oztzmarmtéh 9§L|4Id|r4¥;| COREE!S Ssylsterh N@loBYATRrAtBRY (3REePPNans, a cbhrol
Internet over SSL, with transm ssi on of data feeds via a secure VPN

connecti odramlngg eteB-Bit SSL encrypt| on. All support personnel nmay have

passed r| I t r i

Secur ity Ef-821EnRaRRRY pohORON A S bR nIB e PRI
[0378] Al | bdiiattmltoftaelrhe¢|||a€:js~ g0t ai ning client information may be encrypted.
[0379] Business Continuit Conti ngency and Di saster Recovery Pl anni ng
[0380] | nlQ3sS] B’lﬁé'ﬁtobﬂﬁzé’@%ﬁng dity ﬁﬁ?ﬂssﬁe\ﬁ% efadied Qft oversaaied: he
system i npL gﬁgﬂg ation may include or would transfer operations to the nost
appropriate -up site within a network of simlar facilities within the
Uni ted St fA28t] OpeBatidrkihdasisipeanad ppaioterianceirepaic plate ipken eeent olesystdmand
docunent ed proced %s and esses to restore mssion-critical business
functi ons©®Y eﬁ\Pélr]J‘?S FRAYCE ‘Fﬁﬁ‘?% busi ness interruptions in the event of an

unpl anned[a85198e siRterh INOLEMayPbSErafe QAINARE SviebbiGs NRPRedistRChbiRieSint hat
are criti cal l'y inpacted. | dentl fication of business continuity requirenments

early in theeemrﬁjcécnorrpnumcahom msdpm)faajﬁy thhe systemievid pnopitaraennentitity
m nimze ¢Qst, and.increase. xi_bil it y n eX|st|n apabi Lities.
T0382) 1 n0 00 ior2Gp B inbal P arfmerd e sEeH FEReS AR Ao
conti nui t gM®, aémaﬂ hRSSOémd bREnswRHll thosilebHs fohe designavddistasitpeddié @fio
[ 0383] | dent i f users 1 ncluded in disaster recovery activities [0384]

Devel op afdn @QY @rfwrtaeémestlg@t@ t‘é‘ﬁdSW%tThﬁ sysieRowilelsenlochbang eegippal
decl are aoffhBRat BolIARPLIERYEI BN HRER UP:hg 10 HIATRLAR RGeS

pr ocedur es tu nmal n saster recove Site’I'n a state
of readi nigegrald 3B Iréppdnseatystanchdogbe existing tadesnpangt inmieeut itreoRingc count

di saster recovery pl ans
system, if appropriate.
[0286] system employs robust technology at the control level that is highly
resilient to loss of power or external communications. In the event of power
failures, the mediator 1102supports optional gel cell battery, on-board trickle
charger, and uninterruptible power supply (UPS). The mediator 1102 will continue
to log data locally until issues are resolved.

[0287] Role and Responsibilities of Program Manager(s)
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[0388] Infrastructure changes and upgrades nust take into account disaster
recovery plans [0389] Make operating system database, and third application
sof t war e woaoloeenses avail able for restore [0390] St or e PEITtUsR019H341¢M
software and data (including the EEM application database and file systens)
backups offsite in a tinely manner and nake themreadily accessible from
(renmote) secured facilities [0391] Perform di saster recovery testing using
the di saster recovery site, procedures and personnel. [0392] Backup and

D S e TR Rl s A DB EoR 0P Ean e PN N
Mai nt enandiedtradidbdrdir3eé thaaetiFdanitaimeat EEMS Peegratuidlputislabesn hgo5] The

software life cycle devel opnent and nai nt enance_ mnet hodol ogy i ncl udes:
[ 0396] Snostigians¥rand eepNomy, ef epaiadpNfade o sheswill dnanrpe ah &BNraetres e

devel op, ; | ] i i ag%%)é'

operatio ngﬁf gﬁ@%%@éﬁﬁﬂgrﬁyﬁg F‘ﬁﬁ@@ @duéékfaﬁta g@c@nﬁ%@% gﬁ]%j d cﬁa}%’l zg] d
dependencinvds haveoasdebp EivBed§y sofe margeh&iddBeintdemeqtatioast ulHe MRMr edlsi on
testing to,reduce risk of data corruption or incorrect dat rocessing

| 0395] & aEDTHe UBERKEI GHECUE PP CRYSTA AR I310 TEENR: <& GGl make

speci al i zadefsne! BOAM 1RNbUIBRN MR SEidgrahblevaRialUd {18%! SR WAl
execut e enhancenents whil e understandi hg “nmai nt enance requi renents naxim zes
staff ski bbeglatewsiraiegic issubst todhaipsegrakmspbrstydor joint alesisiamowkirgges

know edge er.,,&ross_training,...and provides growth opportunities

[ 0399] Teché#@i%%rfwFd?{%?{ty:re%ﬁ)ﬂpﬁpyﬁ‘?%{v@g@g@gﬁg enhancenent and

nai nt enanpe9®] Deverpimrahd his@irth@ iR ABudsdRidurRwWRh Hisyen®prBtiesand
testing environnments and data needs and maxi m zes configuration managenent

of sour ce[@3d Deneloping aancbnmasagingl Prajgod]spoREni Pigfaaid atk esclgddes Usdat es:

The syste i i O 1 nd user guides to reflect enhancenents.
[ 0401] @e%%hbgggq@bgac&g@%ngﬂgt hods for Identifying Software

Def i ci enc[0292]A#6E3ty and amnagidecrolsts resousyes em appl i cati on mai nt enance
personnel will work with users to understand, research, and resolve

probl ens HABIMADItEERE. Prageess Rfe@@i ProVidiNg fHPROR hor c glabahyefistsy ek i ne
if a repofrﬁﬁ@r’r@n‘?é}kcﬁf‘brjo@r@rng%iﬂie?bv%@}(?l&-tragi? systemw || track deficiencies
p g 0

via a deficiency report “management and record enhancenents for
possi bl e [a2%:A] Repattingnorbgtatygpbnd performemeer s. [ 0403] The system wi | | base

i 11 base UM RpoiG o i deoHa Ton s CoUTa SRAoPEEAGRG he or 111 calt 1y,
of the apl‘;ﬂigﬁﬁe@&vin@@@é‘?ﬁ% MeRd aﬁ&%@hé@ hi gh-severity deficiencies as

emergency corrections for imediate rel ease upon correction, whereas
non- ener gE0RI7] Delvelopingnesessary copmunicationaansdtraising-matasiajency and woul d

typi cal Y [gfa) B ek b 7S hopBidd EERFS B5dh AGNREMLRS' i ntenance rel ease.
[0299] The mediator 1102 design is based on open systems and technologies,
including the Linux Operating System, standard RS-232 and RS-485

communication ports, Dallas 1-Wire bus ports, 10/100 base TX Ethernet

connectivity, support for a wide range of TCP/IP related protocols including UDP,
TCP, SMTP, IP, FTP, HTTP, HTTPS, SNMP and more. The mediator 1102
supports data retrieval by communicating wired or wirelessly to the meter/sub-
meters and via more than 65 protocol drivers that the mediator 1102 supports.
[0300] The data warehouse, data-analysis tools, publishing, reporting, GUI, and
other tools/protocols may meet any standard.

Protocol
Description Example
Operating System Microsoft Windows, Web (Microsoft or Linux Servers)
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[ 0404] For software or data deficiencies, the systemw || assign to al
deficiencies a severity code and will correct the deficiencies in

accor danceownton2phie conpany governance processes. The sysTarseawloB4imor k wit h
the conpany to define the characteristics of severity levels that drive the
rel ease path of a fix. Equally inportant to application deficiency
managenent i s data correction nmanagenent. Upon conpl etion of an inpact

anal ysis, the systemw || address data fixes appropriately. [0405]

Mai nt enance Cost [0406] The cost to fix deficiencies (i.e., application not
wor ki ng as Betahasat ed) may B&LSefvedéNacie t he mai nt enance costs.

[ 0407] Respoppadimentnd Process for Hel p Desk [0408] The Hel p Desk approach
provi des the EEMS users with a central contact point to provide rapid issue

resol uti on BAtR colediver supptit BASupgloon\iiosks. MogS an end user contacts

the Hel p Depltanhfly g,srm@stgxcg]h@\)@lmgpe,&gcé&es i ndustry-standard tools to
record contacts as trouble tickets with information regardl ng baqt h i ssue

and resol ut PeRlIshif@ syst em Migrogel SffgRIalExCehe VRN PrBERRINY esXMEOP) such
as those used on Federal gowammePFprojects. The Hel p Desk perforns data
extraction @ ﬁgul ar intervals for analysis to determ ne trends and

devel op appP88chi 3 resol onmon i ssues. The hel p desk is available 7
days a weekOth&tf grotcelsa day XMIGSveEpYSerpiees YEGP/IPTBQlLaver age response tine
for help desk calls is driven by the service | evel agreenents (SLAs) in
place with a given custonmer, but average at around 45 seconds. [0409] ED
Exchange Servi ce Busi ness Partner Conmunication Options [0410] The system

EEMS supp and ot acol s including ED INT AS2, FTP w PGP, and
connect : dﬁ:}éﬁt] ﬁfﬁ't%t?tér% lt"gﬂpmay enpl oy Internet Protocol (IP)
infrastr UPG302E}EEM$ Ol Adchabesrd he ef fective integration of disparate
bui |l di ng systens. The system may | ntdegrate t hird- parté bui | di ng systens

€

that usedl(303 bb6Isysiam hassiesigiiodsand Bulisruesy pypecimtiae EEMSARBIeSidreot her
() | b |
connect 3 et EP I ey BLehapRient siuRbadioBicR, drely picfa g e Y

Col enan, hdvanses techoblitgies. Bhigebeginanditimthe mediater 1102 andc #padbilityt o t o
hel p t he g&r}r&ny recei ve a truly open_ architecture. The s%fstem na aI SO

i ncor por a Agessnipes! Ydele@('ﬁtﬁ‘@ta %&ftﬁf‘t%rpér'ﬁ@ﬂélpé@f@ﬁ?'sa dTiaRee B2EREN e
commi ssi 0 h SHRSoRO R I .

nmet eri ng, %!%n%i F‘J%‘t’ﬁﬂt omatoﬁon ésé;gt gtrttés I%% é'% ?5'?%%"%?%% e prgﬁg@ss of
energy r edev:rceosnWélbt@(glytateelmndage¢uretyhtean$fn1ﬂed>toettlea;tysmrdn NOGnadeahdeaul t
DetectlonadDa Si AFDD) apal sfor andr tion

cqui prrent S8R STULES A 2 Ay GarAlaE difshinaars e dtdsaina HEC S84 onmni s
provides bAIRHAI 88AkhE %ﬁbleca?é%a@lllti‘é%tfbelﬂﬁaté B CREMS kRS d ARG sFRNSOr ,
machi ne, and building Systemdata create prioritized, actionable

i nf or mat i drill ainéo hmore: dadvances @hlagiice kR NMENHRH| ansl trpanegs| hejr muildingsm
provi di ng gﬁé %ﬁ' FDDI analysis results via I T open-standard Wb servi ces.
The systefh @Lﬂ €6 conbine both national and Web-based el ectrical and
control s PO30#)Thesk F4dts Rohitone W chest@ran 6gen Wﬁt thail sl e ed aRf@ement
capabi | i t| es. The system may include the follow ng sol utions: Intelligence
and t ool sStllép”@é’ISpp@Ds'?Eﬁﬁ?ér@’OW&Q@ ith¢ CORRANYeERIY | §Q@Nﬁ@ad@@a€r%@ﬁﬁ city
pur chasi ngngi Shtse) dﬁ\?és%ﬁh naBAt %?' n%mer?lﬁ]ér?st & sk/gte'ﬁg ERfsons to
nmeet custoners nee I ne reporting o S W ess o ener gy usage
and bi | |i bgcaudeosysteis sofutioawsbiree eoen@yf,acemm raypstandanl ogpaoprictan)

whol esal e ori gi nati on power purchases with generators. Expense-nanagenent
sol uti onsprcgogo from Cadence, may be inplemented to allow nultiple site

ent erprl S : f I 1@54 gduce electric, gas, water,
sewer, g%dﬁjnrggg\r%g?g V@iﬁ Fél%ﬁries‘éa | g ﬁ Igure 16 shows a program
rranagerren[03ﬁﬁ] FﬁbdomegltetmﬁdOOQosup)ptmtssyMrenttmo 65wprcomle’naxy bemdrunieatichr om a

P | PM)
St oot ur PO S PR T et Bfular e, TS i 0r O gt g, Bl

program ”BH?Q@éleﬂéwé@reﬂ'heﬁﬁma W@B”@%@Qtéﬁplp iR aRfad@scRbedabl |h9th%aV' ngs
realization. [0413] Figure 17 shows a scal abili tg scenario 1700
r

scenari o rao@vesknettise bMieristords. a2 medigtos #l@ernimaliees dth£7dat€t tﬂﬂﬁhgh

t he medi a c e er, 0 her

pr ot ocol s% %lje%% \%Ivr:b(e%sﬁ]cség tlI)'nq I:lercg)g é@y%gggo@ém? rliljt?% @2@ %gsterﬁg (?gletwor k
operations center 1106. [0414] The scenagio 1700 may enploy a Site Level
Infrastructure (SLI), such as a Wb-facilitated SLI, as the backbone of the
solution. The nediator 1102 conprises hardware that resides inside the four

wal | s of the conpany facilities. It is an |P-based device that serves as
the condwt to the EEIVB The system 100 supports Iocal Web based real tine

I . o o o o v



[0417] 60 second machine interval data via sensors or existing BMS
(facilitates superior fault detection) [0418] Real tinme machine efficiency
(ener gy, warbom2end cost drivers) [0419] Sub neter and meCErUSd@ana3{19420]

Li ghti ng where avail abl e [0421] Set points [0422] The infrastructure
facilitates: identification of problens, control HVAC systens, and

comm ssion continuously to inprove performance. The infrastructure al so
woul d facilitate |oad managenent, sub-netering of nmajor systens,

oppor tuni 124d 3 eDlcrBire. 305 1S T vBEA RO SrPTSIB Sty can i n

predefi nemtegr@t@wthavﬁalem@cm|meamiee¢csnpér€34@3lsﬂ@ starsdagthormpt.anal yze
available utility bills and tinme of use (TOJ) data. The system may al so
conpar e t HBMddrajpingiregtandt t he faC| | i ty to what it actually is doing and

advi se an mm'!'f‘réﬁﬁyhg drieCRA M A IrH R é)ggt ﬁﬁ#%%ﬁoﬁ@%%ﬁﬂﬁﬁ%lﬁﬁ Qichsub

par perfo system nay ma ion o

renot el y astthet bestebma\nge cIostruc:trcmad:eS;au’nehsE)redlgrh«(eltSDJ)aModelhramgﬁ'ralhmg
backbone' s, bi -directponal dat (ihl tecture. %0424@ab| e, 1- 1?)8 el ow show
scenari o Fa¥ rqoﬁgug%,ss WHY S8endtid GUstemized; {y Hég@?'n'ng

Managi ng é?@r@@' that ﬂ&ddegaalrm‘%trﬁhﬁé%noﬁdv@% RPa EE‘M’SW Og?l ool xant age

Qccasional ly views ta to adjust setpoints in the contr emin a
react i onangvigetien tfunstmadam anacregting\ashineg remmtrisg@nd Hew It Userthadignartse

changes i e orma e of, the buil urs.. atte

i aghosi s MEEER REE TipoRioahe Blsiibes dREis. FRE oy FERe BByl e
t he SNART.rﬁwdedin@gact@Mbtéyam@mbsrs%de%i@eé td rdigfrcd ig@hinghth beditiencswy and
performance issues occurring in their faci |Itél§ACtI0nab e itens are sorted

by user - de¢ieaBcdheipifties wilbbe a\@aﬂabkagwﬂhw ther EEMSS to spapert anuseeat Bmefell ¢ s,

Gynam ¢~ HEv YO RBRP A aRbLSe HE SaRIREH el et L Pl T

2010/ 1299|1m17ru§2§3/k(§r63ﬂa1ﬁ4hgtmetnrbecolem/etred ded eaTi/vieb daysagbrtheaioemarﬁyl Iy
weeks Iater the chiller actually has a dirty coil .vs. eneric "high
pr essur e" AdfoPateds Strgliment heygies) to complement the mstructor ed training.

According to ASTD industry learning standards, an interactive, Web-based
training course can increase retention by 70 percent and reduce training time by
50 percent. This option provides an easy-to-access approach for ongoing
refresher training.

[0310] Ancillary Services

[0311] The system solution will lay the groundwork for integrating all system
expansions and potential ancillary services into a common, open platform. With
the mediator 1102 as the hub, the company could integrate any existing or future
technologies into the EEMS. The proposed solution will use existing infrastructure
and provide an open pathway to future upgrades and system expansions. Future
system expansions would be accomplished without requiring controller upgrades
or proprietary, single-source systems or equipment. The mediator 1102 ability to
send and receive data will give the company a powerful tool for remote facility
control. The mediator 1102 open architecture is the sensible technology platform
for seamless integration with other business systems.

[0312] Modifications/Upgrades to Standardize Operational Sequences and
Control Points
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potentially nonths before the BVMS has generated the static alarmat 60%
Scenario 2: Enterprise Energy Manager - Tracking energy across a real

est at e powofoloadg@arrent Capability System 100 Advant ag@CThiS2E00841pT | Se
Manager needs to Continuous real tine performance track the progress of the
conpany's reporting at one mnute intervals across energy & carbon
reduction the energy nanager's real estate prograns across a portfolio of
20 portfolio. Energy and carbon analytics buildings (lighting retros, BMS

[0313]No additional modifications and/or upgrades will be necessary for
standardizing operational sequences and control points. The mediator 1102 can
connect to any existing (legacy or upgraded) system and, through its two-way
communication capability, send standardized operational sequences and control
points to any site.

[0314] Technical Approach for Identification, Integration, and Standardization of
the company Systems

[0315]system’s EEMS abstracts the data from existing and future the company
systems into a common object model. This permits uniform processing,
presentation and sharing of data among sub-systems. The mediator 1102 acts as
a foundation layer to interface with existing building management and metering
systems via its standardized and flexible array of IP-based services, while the
EEMS uses an SOA to maintain high flexibility for integration into other the
company enterprise software systems.

[0316] Remote Control of Equipment

[0317]Question a — EEMS Remote Control Capability

[0318] A significant benefit of system’s tight integration with local control networks
and equipment is the capability to configure and control securely the remote
building-sensor logic and control-system sequencing from the NOC. All systems
and data integrated into the mediator 1102 may be accessed remotely. Local
mediator 1102 applications (closed loop math/logic, schedules, trends, alarms,
events, Web page GUI, systems and data configuration, data exporters, ADR,
and AFDD services, etc.) can be modified and enhanced remotely based on
agreed business rules.

[0319] EEMS Capabilities and Deployment for Demand Reduction Strategies
[0320] system NOC can send real time pricing of electricity for ISO DR programs.
The mediator 1102 can be programmed via on board closed-loop logic to shed
electrical loads when the DR signal is sent.

[0321] Optimization of Equipment Configuration

[0322]AFDD can remotely improve control-system sequencing (based on

operational requirements, design intent and space comfort) and resolve many
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hi ghl i ghting buildings with the highest recomm ssioning, new equi pnent

energy usage, trending, and drill down performance, etc). Limted to no
capabi | i twe=ofowapiportfolio rollup down to connected reaCTast@om3iimdi vi dual
bui | di ngs and even down to a infrastructure, manual utility bill specific

pi ece of equipnent's analysis in arrears nonthly using excel, and nanual
report generation. performance. Scenario 3: Facility Manager - Conti nuous
commi ssioning Current Capability System 100 Advant age

control systems faults (depending on fault level). This continuous monitoring,
improvement and fault resolution facilitates better equipment operations.

[0323] Preventative Maintenance and Repair

[0324]Monitoring, Tracking and Reporting Capabilities for Preventive
Maintenance Activities

[0325]system may employ a thin Client Service order and project-management
tracking system to log, report, track and verify service deployments. The system
facilitates real-time customer updates on daily service calls and large project
rollouts. For all future scheduled visits, the system includes the routine
maintenance items to be performed, the time allocated, and the time available to
solve identified faults.

[0326] Continuous analysis and AFDD system is tightly integrated into the project-
management tracking system. The majority of preventative maintenance tasks
are handled as “condition-based maintenance” tasks. Service work orders are
automatically dispatched as a product of the continuous commissioning and
AFDD process. The EEMS M&V process independently verifies the performance
of serviced equipment.

[0327] Scheduling and Deployment of Preventive Maintenance Activities

[0328] The Fault Resolution Scheduler (FRS) tracks and resolves faults. Faults
are assigned to scheduled service visits (or expedited in cases of urgency) and
are sent to the system field services. The majority of faults found do not normally
justify urgent unscheduled action. The FRS specifies the action the system
technician should take (investigate or solve). The FRS also estimates the time to
accomplish the required action for the fault. Faults are automatically scheduled
with future service visits once the FRS assigns the visit type, time and action.
Actions included as part of routine maintenance are automatically assigned to the
next visit.

[0329]EEMS Capability to Incorporate Electrical Signature Analysis for System
Diagnostics

[0330]Level three of the system AFDD platform can handle condition-based
detection and diagnostics of mechanical faults using electrical signature analysis

incorporating voltage and amp data. This technology works well on the company
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N A - Current BMS does not support Wth an ongoi ng snapshot of one mnute

I nterval data 24x7, System s energy nodels deliver continuous optim zation
of both swbeduw/esiand setpoints in a building. Energy nmpdelts2aelodamer

set poi nt changes based on seasonal and WD 2010/ 129913PCT/ US2010/ 034111
occupancy changes throughout the day (e.g. 20 degree drop in tenperature as
a cold front noves into the area or the automated setpoint / schedul e
changes required froma cloudy norning to a sunny afternoon). Scenario 4:

Capabi |1 €3ORD 6 btk S8 RANEbs HE BYERE bt wNbp p b Bnst T o
Predi cti veesswalor HVAES eqipbesiteTive apdtembablamjneémamrtedn aséd lfow
bui l di ng owners to interface with Denand Response progra structure

Cheir encPlRFTisobsEnaiR a1y do PESo! a4 AR CH S CaMRCloR SIAIciagnesiher
peak KWH gp o%lerﬁ‘g‘fé"ﬂ%%ﬂm gr’rﬁ@ﬁgtasb&mseﬂ’fa?%ré%ﬁe %bﬁéﬁ@%@%o&ﬁaﬁ?h@

advant age o ongol ng rans and 1 ncenti ves. cenar 0
Engi neer exitalgansed. bU|Id|ng performance strategy Current Capability System

100 Advanh?& ]Ehs fCEfleﬂ ereedrerﬁltaﬁse%’tl‘:sElE/l% Preventive Maintenance Management
Capability
[0332] Equipment Types and Application List
[0333] Process Flow Chart and Average Response Time
[0334] Figure 14 show a process flowchart 1400 for responding to work orders.
[0335] Responding to:

[0336] Emergency: 4 hours
[0337]Urgent: 24 hours
[0338] Routine: 3 - 5days

[0339] Maintenance And Repair

[0340] Technicians and Engineers Deployment Capability for System Repair
[0341] The system may be supported by an extensive fleet of sign trucks and
cranes operated by a highly trained professional staffs and broad nationwide
affiliate network. When a work order is created in the system system, it searches
a database for the appropriate technician by ZIP code. The system then narrows
the search to a specific field, such as EMS controls, electrical only or sign repair.
[0342] Tracking, Scheduling and Reporting of Maintenance & Repair Activities
[0343]The FRS specifies the action the system technician should take
(investigate or solve). The FRS also estimates the time to accomplish the
required action for the fault. Fault details are sent to special client teams in the
NOC. These teams issue work orders, obtain schedule dates, and note the cause
of the problem, the repairs that they made, the repairs pending, and the parts
ordered to complete the work. The teams also obtain quotes from the technician’s
office, obtain customer approval and complete the job. Customers can access the
current status of their orders and issues within the EEMS.

[0344] Equipment Types Repaired and Repair Actions List
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establish a building performance strategy to prioritize his workl oad based
on the issues with the highest energy inpacts. Realizes he has no way to
conduct twDo0sm2bsasi s. Delivers a real tinme dashboard secTras2ig/os41e1 nost
URCGENT faults in each building across the entire portfolio with their exact
econom c inpact. Cost is derived fromthe specifications of each machi ne,
conbined with Systenis analytic nodels and data. [0425]As noted above, the
system 100 may include a nediator 1102, such as a Ri chards-Zeta Medi at or

2t o T R RO LRRER A, T, SR oPE SR DS i
devi ce) askctifal Waightitg. @nd an&tiedracals syetemsredirat crrepéﬂco%es\Meé§mrmfde\/\/ar e).

Thus, the nediator logic 1102 nay be inplenented as an enbedded device with
no novi ngeﬁﬁ'wntfcﬁmwrnge%lgf‘m& pHU;df"elp@'rs?/fsﬂgﬂhQorﬁ‘értdsstlépgsgyc%‘%rﬁson a

Fl ash rrenaéalcgpe\e @F‘ﬁungran"d%l?}bgttn’é?érﬁw ﬂé%h&ﬂf?\ om power failure events that

typi cal Iy causes e systemcorru ition, the nediator 1102 may
i ncl ude bEﬂ:Mﬁ]j,nte@rraangamTr«uubtaJTlt:Betur’rgaan(aMa)menanc@ performits own

t f t it 0426] Th t 1102
e e A4 eB b atet e Bohkir s ieaies anbh FEPRitan BathBRal  an
RO~ 11 DO fo iG] THATBRSI88 bhcH4EN 18 SBIRTENRROONBALE BA e FERE2

serial port, four RS-485 serial ports (configurable as
t er m nat edllesmThereMAﬁ?tSe@pn commubDiate faoan@etietatod Variokispioeuble otickiets or
conmmuni cations wit ul se co unt er/freatE uency counter/digital inputs,

e g e R e A A DR

normal |y [nms]Bﬂl [EnagémehsanadiPayrer@OV, 1. 0A AC/ 2. OA DC out put s,
opto-isolated, or other interfaces. [0427] The nediator 1102 may i ncl ude

512 MB or [QRANEEMS hibbcBilliMaragarseniand Bryasatreatueesup to 2GB ext ernal |y,

bower - up, LUER1 S8l Biovidisse EBihihbiShue BRQAAGHEAL, B Ufor stV BIN H aon
into RAM arethageamaint ed pamWTh@eystenﬂnmapmvm an @nBtv-ahd Readien tehi ch

provides sone in-circuit emulation capability and the ability to program
its own bEWiliteigadns eHiGeN @'H‘é)ufﬂgf}té’nﬁOPHQ"Q%énEEP@CMO@ﬁﬁ%ng[ 8@ spayrpent

di at d 24
VAC ol ass I lye R, iy codfie BN, oo fRfickiung, (v iohl BLamHaPat o7 ot
power di sscmeldmpﬁw and rfate lamabsis. Hire eystepl provides fleribleateportin@ 2f raeyailedc| ude
50- oyl e POAaE K Bave FAA RSB o A B P T BIOB RS ncl ude
provi si OnfoiﬂﬂIrﬁ@gr%lﬂbh@?@Jnh@ﬂ?ﬂﬁ@aéncgébﬁ@hbtl@ﬁ DfadiAeDighgt tery. The

battery may bé trickle- charged continually and used as an onboard UPS, so
t hat the [3%2mheaystaonicanueceive @ner progess utility kil data v & Eﬂicﬁﬁte@tronlqoomer

| . [04 The di at 1102 Sof t i ncl d S 0 30 T di at 1102
Fr anewor k DS (TG A Ct SRR a T A Rt &) 8463 e Bl Pl mab
Envi 1 onmegbyéibBiEhe &&ﬁﬁdaThaaﬂ@@lsrﬁp@énamnFar@e@W@t l@qﬁmfeirrvmg GO RtyTive

medi at or 1102 amewor k Sof tware provides the core functionality of the
medi at or YEOIraBFRISHIRN PAOSIO pRNliEedhat[ @l say Adée ArMAGiSaateuFRAENES yEI®m f rom

conf i gur abian,gat& daifIReasHdiL %o ANd a8 Hidgriya! ues

[0353] Value-added Interfaces through APIs or Other Open Non-Priority Protocols
[0354] The EEMS solution uses an open architecture and SOA design principles,
enabling integration with endless Web services and Web 2.0 APIs. Additionally,
connectivity to enterprise data stores and applications facilitates integration to
ERP systems and other back-end corporate data. Value-added interfaces could
include Web applications, mobile widgets (for delivery of information to mobile
phones), or RSS feeds.

[0355] The information retrieved and/or delivered through these interfaces could

include facility information such as utilization of the parking structure, position of
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[ 0436] Processing raw data [0437] Presenting data from di sparate stheces in
a uniformformat [0438] Making data easily available to end users [0439]
Provi di ngweenwiees3such as data | oggi ng and HITP servi c@sT[U34610j03nbvi di ng
an environment for custom system configuration [0441] Providing an

envi ronment for devel opi ng custom sol utions [0442] Providing both REST and
XM.- RPC based Web-services for external value add applications. [0443] The
medi ator 1102 Framework Software is witten in Python, an open-source

pr ogr amm - o} | . object-0r] | i:Gatj,ons.
One feat uﬂga %I? Ogﬁggﬁgﬁﬂg@ c')s'?él[@%)@to?—r} g%ﬁé%naggﬁ‘ﬁ/ %@‘i@?@&%@@%ﬁ%@hﬁst em
conf i gur agpklersprirefitéronéite plapgisaamd ar Rostooobinehifacility srepeties. \Gerdraneans
they would contain all of the code required for any possible site

conf i gur afPRRECtiviY o he VYRD par pesmitalivayt offdogptedeasise RIS aepsrieresi ar
site, but,i : gelarye em

confi gur a%/!ldtgﬁ‘@rﬂ?gﬁ%%gbﬁﬂ?ﬁ%ﬂé?g%%@ﬁﬁ@g@@mﬂ @éa systé?ﬁétlhat i ncl udes
only the [35f]am code that a particular site configuration actually

[ bui 1 as 1031 APRLIGRE RO N sisiem ECRRPIANRL Y R TRAS, e “the” ™" "

functi Ona!$3%]EEhﬁ§$ﬁP5§tﬁJcrtuh§ Wﬂtégﬁéﬂf"”“ guration data. It then
[ [ I ch

provi des e Operating environnment in that systemruns. As a result,

t he nmedi af@359]110e dystémimay esippast an uslimdadi umben ohusersband epeegeoitpsd i n
sof t war e. ﬁn tad?li hi on,m_i t facili tgt e5.&" exi stti ng Séf]tem to b& rmtdi fied or
ext ended EHEFTYNAAOGINTREYTSHONA AT I@RATHSRG 1P GORFOUR0ASIRE RedilYat or
1102 Oper gt tH&aﬁbl‘bPFiQfé@B&S |d\WIFhv alap € forsitiadnapgales deias afld tieidteRatebgt 2. 4
series Linux kernel and a Red Hat-derived user-space, thereby providing
true mul t ACEesKi eantratuppplieshrigadoth vpranestiesredbrdatasiamsd andreant@dingdenand

| oadi ng, - V- i I i st cat t,
| oadabl’e DSt ERIEP PYLR e PR A S B 3 BB g e e
facilitat pe360)8ysted Atogss] NaRigationtandbért Atcessefurationalitpd pr ot ocol s

simul tanegus|ly and still respond to events, such as energz usage
SY

curt ai | meH36tI Syaies agenss Aayaraayirend UsetRMPR/PERSYPEhNEIR SYSIEM: $igPRAfent  of
a system failur i &t.0 Jt [Welllg i I em
estor os THeRshORg RehAhonaRtieiSRul 'dhd thorebf®s rBBeal Rstictorsy SUFT,
recovers uvosfaugdbléatoptiansl &irofesurds isuchhasl paasword vdxpiration aondl ceusave
gone if the system ha failed, making it an inportant feature for
551 on- CEER: di FEMS 618 D5 BEpI SeRuhy S0 TDs e sy MRRL SpI<EiRal
capabi | i t yn@YyumBtRRaligfthhhe UBBE E4h befediacket -fil tering subsystembuilt into
t he Linux operating system The Secure Shell (SSH) protocol defines
prograns [0&a2] Suppartisevises fordeetentalyUpgrgdesvoddrustomizationput er over a

net wor k, e commands r t el and ve files between.machi nes. |t
provi des TR RRERERE setihra i BCShAIRYE i SRR B BT ST Al

net wor ks gpgradespdthwal ntherdbetpanyhéo®@ éxedre, ubgfitie) s@d dUdtorReMBSHEEMS

i npl enmentation of the SSH protocol specification. SSL (Secure Socket

Layer): t B8 itggesdttivigosy bees baung tepryrsresdiceaiipment meopfacdureshf i gured to
i npl enent ( ) I - rotocol to allow

encr ypt ed[%sb&neggl&gg}fcﬁ[gﬁgsg %@F%@Qﬁ%ﬁ%@g@gﬁﬁnd Wb servers. SSL is
based on [0885]Fidey Enouines dhe thesmeskaglesadnprolkyade secratao@n ¢ingliotingn,
server authentication, mass% ntegrit and client authentication for

TCP/ | P cofifteccPBAgUraipab o Rikyideed a?ﬁsw?/e’lﬁw'rﬁamemeﬁﬂoeé@ ARV and
| mpl ement ﬁ%dn%riﬁ%. ﬁ?@ skﬁ%ﬁ? a[%b%&&le'wéﬂk' With tﬂ-@@oﬂnggﬁg |Prsac%g) Eeﬂ%bﬂMFP'e
security I n network-tonetwork connections. It provides access control,
i nt egrityfo addeishi eaadi tacjlitated jaionnetbods afor t monadingv segusige yrecgaureat e

conmuni cati.on ,acr.qQss,.i hsecur uPI ic networks such as the Internet.
[0447] ThoMiiatBouRe Rt iE s B, g BR N IgSYSIAT vl Se/iNG GARBE 0T aY% em
and ker nekedmf %i%ies[ Qﬁ&%lroéé@u%@etrwé«/s@@mns%hb% chhdu@rartHuddtretigw P

address, length, and other data about attenpts to enter the system [0450]
Renot e uséeivities ialuding ses-afseasnenite moatiagenayt hlant iesting oand ajulnarakility

scans.

dat a

[0366] Process for Data Access, Storage and Retrieval
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[0452] In addition, the nediator 1102 may be configured with intrusion
detection tools that take user-specified actions such as setting off an
al ar m whewounsubasi zed entry is attenpted. [0453] The Mediratseo1dmssa1MOE
supports a broad range of networking capabilities, including: [0454]

I ntegrated Wb server with HITP, CEd, SSI, Secure Socket Layer (SSL) and
HTTPS prot ocol support [0455] Secure Shell (SSH) and Secure Copy (SCP)
[0456] Integrated I PSec (Virtual Private Networking) functionality [0457]

[t rust on R A ST ory e TS bR ‘asenGaitn GREL BIRKE ot ANt o
Transl at i protétidh of A4é Horyaramdataast it Gesidieg Uitthin othePapplatibn ( PHEP)ole-

[ 0464] Si npl e Net wor k Managenent Praotocol (SNWP) [0465] The nedi ator 1102
provi des Refmisgiops gt Hé"}r'@pfﬂ@dﬁ%wsséﬁ ne eiSef ReEeThANBdeqisist upers to

| 20" 2 oSt R FELTBE IS SR 180, W R EPORRRUISP,
(AJAX) . Opribcipled dfdedst privileges bed separdtiongé metties eTiteisystemMbu jdegstablishat
el Udos BHETEACERYN: S RGO oS T DS PERIR O Ariest dh BB Mocal | og
st om ap bl DT P S e o pen L. RRC based AP
t hat faci [0369]&¢ ai maerabaviebrthei syisterni mey praaptemenpd iseauiiynsolution includes
keeping the company data separate from other companies’ data. Only company-
cleared personnel will have access to the company data. The system has secure
communication processes between the company and the solution.
[0370] The system facility may be guarded by on-site security personnel and
monitored 24 hours a day, seven days a week by a private security firm. The
system controls the facility’s entrances by proximity control, and monitor them by
closed-circuit television cameras, which record on time-lapse recorders. All user
access is logged and can be tracked and reported on if necessary. Floor and
server room access requires badge and card key access.
[0371] Security Policies and Procedures Compliance
[0372] The system EEMS and approach may meet any desired security policies
and procedures, such as postal service Handbooks- AS-895-A, Application
Information Security Access, AS-805D Information Security Connectivity Process,
Administrative Support Manual Issue 13, Section 272.3 Clearances and Public
Law 102-569, Section 508, Electronic and Information Technology Accessibility
Guidelines.
[0373] Database Security Requirements
[0374]Overview of system Information Security Policies, Procedures and
Compliance
[0375] The system may reside in an environment that meets any desired security
requirements and the EEMS solution may run from one of a Department of
Defense (DoD)-approved facility, for example, or any other systems, data centers,
and facilities to meet or exceed Government data security requirements. The
environment may use standard operation procedures (SOPs) to comply with
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[0468] Meter Mai | Exporter: The nediator 1102 supports the PM. EEM | og
transport protocol, MeterMail. This facilitates information froma variety
of net er swoaotve12pngor porated into this application. [048eT&NEAV/0SI1AD] €

Net wor k Managenent Protocol used in I T and Tel ephony conmuni cati ons.

[0470] RSS: Al arml Event information nmay be subscribed to via RSS

syndi cation. [0471] FTP: Log information nmay be periodically sent to FTP
servers. [0472] SMIP: Alarminformati on may al so be comuni cated via SMIP.

but | it ng. FEASIAT iUty SietlfrefindPag Rebis 1l “RREDARES, nehthe Py
Googl e Vapelsies andgirdcedures Seddevelotingg irepleaidringGahd opegatirap rifdrahation

accurate representation of a real estate portfolio coupled wth ,
cust oni zaBY¥EeMst of RatSYsieroveay &@QV@OW@@@% ang I“')‘/te% Yi 'fﬁﬂoétﬁetﬁt R@VidS t he

t B i t g T4L7T t ti
oy fac, | ITareerRhed e sétRBebRRTARTER! otdidea thel oG (Bl afo o sERuR ' O
pr ovi der sbrdamhesxmayinecly Meahragrdrasbtiron ¢stablesinedzbiboors | hevilPCE |IBFAS sef ver
f di Al ts. .Th di at 1102 . th tiliti ADR Wb
servico, PREAEY ZUHTERNSN BTG SHAION, FOBTHOAN a7 VAo AHRER SR cat i on
| ogi c andFmd]?hSSerf\)ﬂ%Hn@h‘t%é@ir@ﬂd@f%i@%ﬁﬁ%rﬁ% igg%nkécdf'théysdhﬁ}b%' l'ike

HVAC and l'i ghting into reset, 'set point changes a I mmng and /or turning
of f sel ecoediediggtied nituad fatsl ansdhatwarkMEachatandgrdeanvires meN irchddesDiRe
results via a POF | og FTR.Qr_0 r w,se sent, to the utility upon reguest
ind for olflERdTeuATr g AP SEha A 387G o1 Bri SR rren HHBOE sl Biben
nmay provi gRedidt ORen SHLCHiteehsRistRrodhestadels G BaRTUAO YR sbaABction? SQL
connections, CVS extracts, online viewing, FTP and Wb services nethods

( XML/ SOAPYSINGh1 23-BEchdk eacetiont Syt aup FergINet May; baveuRaryed SIgPEXIS t s
into the ' I - - - or even
paynent - syeCenEgeCHREAERD ol P e MR Er Ry R YRa ey monc
cannot be[0377¢ Bzt Enotyiptioh a2umdicr Othet hecesgiCpntolss t hey are responsi bl e for
are fixed, This platformis also tightly integrated with MediatorTMr) to

Dt 1 ze i LO3TRbAY e tacilies aBia MO IEB LM TSHORTAY BREMGHPBR | di ng.

facilit . _ : f . _ ,
arohi bus, R RpirEss Sufinldhy CAIRRERRE) FATICARE! RIS PBIRENSY support

t he maj or [@380fimiheaeveniof@ severelis pavetenhofl epgraimed atriné INOBuiHedsysjem

Aut ti i nd . but oth d I d.and, i npl ted. [.0477] Th
ot P ng B0 Py Re R A B ST boah 9
the nedi apgek-ibQ&keWhih BHEWBRL of SATIE} GRS TORTIHAER e PRMNEST! ON AND
ANALYSI S TOOLS [0479] The system 100 may i nclude an Event Manager t hat

provi des 38diphet eysten ppeobcil anay naoadenplannedsttestedhandpdoguniestadhe
nmeans to nanage al aros from cc[adlel\ to %r ave, "tEv?ékj medi ‘gtor. 1102 within a
conf i gur eH WCTHEES EPLPILEIFPS [QEERPY SN ik’ RPSINGrY JEtiohs 2DdAVE™ o

each ot heypaydddbler BaiRssRinteslptionst mdihel avéit dPhRTN@Plaa ButiRjeadRient
systemthat still has the ability to present a system w de consistent view.

Al arms  ma§trelegyoragGas cemebasis en neirieessofundionsetha)i arererticallynimpactefss and
simlar faci i i)

control {Eoge?w @%%@sot gﬂgﬁé&g%b félwt)}l\ﬁe'gﬁgrgf’nneéﬁ% éf'&@ﬁ ?@%@\E‘ﬁﬁgph@ﬁ%@ {ab(r%d
passwor dsoppoitintitysipsdersloe opfiomgitHat gniaimize coist ahd dhdrebss flaxidilias bpcisiig ng
policies wth those roles. [0481] Trend Manager facilitates the integrator
to add, cBNEHRYFBPRRILEES N Fl ash graphics, so that end users can view the
data and \ afishs : hSai

schedul i ng enéﬁlteﬁe?eo\férggi?tgi ng aﬁr&a%?ﬁﬁﬁﬁﬁgﬁ@ﬁﬁﬁﬁﬁ@gbﬁf@iggig%ﬁﬁ@;yt e
Bui | der f plan|, itheasastiomevould sgpdrothet followimigi agiivdieshe | ook and feel of the
end-user anplJ.cation. The integrator can use it to |lLink pages together,
create bult B fniBhkantisesdnaoand Sas groaere aFulRsents i n the GU
choose co[gggy] DeRERPhrH MRIMHtEH a ¥AIFRES anaNdt 81 PeisofheMAtherizéd td@dRakage,
etc. [0484] Wb Express facilitates the integrator to create Wb pages on
the fly. ptdigasteni des wi dgets and other tools to graphically display

i nformati m medi ator 1102 - point val | ogs, . etc. In addition,
the o af18%] BENER AT e ntd Wi B Pend P4 Bines PiisgEl b usands of

i mages t hpi38638ebap Whetnhintdin &t dRasiReB@ERS site in a state of readiness
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[ 0485] Configuration Tool is the tool the integrator uses to configure the
medi ator 1102 to comrunicate with the devices, equipnent, and systens in a
facility. wpQdBBRINede Browser provides the integrator wpCh/us2goaphilc vi ew
of the nodes in an installation. [0487]Cisco IPT is a tool for configuring
the G sco voice-over-1P tel ephone. It facilitates authorized users to
comuni cate with the nediator 1102 over the tel ephone, and to view and
change settings, logs, alarns, and other information fromthe Medi ator TM

The nedi a : f i u n ri n LVLE V. m
such as V@%ﬁgi%ﬁﬁmg?%ﬁ%g%gggéﬁrgﬁq8H§%%@§gdh§L o%&% @@?egﬁﬁh%¢%¥w%%%éfor
reporti ngrecsovegnglahbat the system may generate. [0489] Figure 19 shows a
dashboard_screenshot for an anal ytics reporting screen 1900 that the system
may gener E3388]jrirastuctirguekangess kbis URIBASRbBWISE 1aKe el RAcopBt disasteind
reporting, V@RPM%R O that the system may generate. [0491] Figure 21 shows
a dashboard screenshot for a nonitoring reporting screen 2100 of historical
ener gy co[q389]Maket bperdting systeem datpbgeeerad ethifd04plicdioguseft®ares tems a
dashboar d _screenshqt r a nonitoring reporting screen 2200 of actual

fQ
ener gy us HeRNSESAREaRIEJRPSIRSUnt that t he system may generate. [0493]
Fi gure 23[Mt&ed9§£b§%{gn§%ﬁwg%né Aatd Uﬁé\g&ﬂb' Rk 'EROr ta'ppﬁcﬁﬁfneen

2300 of Interactive Autonated Fault Detection and Dfagnosis that the system
may gener da@bape49u] filei systems) bakbups affsitenin @ timplyr riangef @ndamakerthem

measuring_ang optim.zi confort . efficien and operations within each
builgihggg ¥fﬁph§$ékﬁﬁﬂnﬂgﬂg??9ﬁSCW#d3§8ﬁ§?§ons OP bui:dingmgqu:pnent and
syst ens, glgmi[lpbﬁf@%y dis@esrdiragoviigl ysdtimgFesiedhen dististérmeatoeyf grgance

2400. [04 igure 25 shows one exanple of a particular nmachi ne 2500 t hat
i npl emrent Braceshisaseand persdineli ng energy anal ysis. The nmachi ne 2500 may

i npl enent I f e } xanpl e.
mhe maon IS ZA8GoRTR podReeRibeel BhE OFTe FEK Sarsdd Praeieel ool ay
2506. A c{0893)MAANTENANCEr ARCE SEFRBORINAOR EEMS DEPLOWYER IJARDWARET gy
data sources 2510, such as building sensors, utility conpany neters,
weat her céﬁgéﬁgﬁﬂﬁ@ﬂSator devi ces, and ot her data sources. The display 2506
may prese 2 i 0 hQw, ~ejther
Toeal |y ofosAERikaliaatonatice. FiddiRg Sdffpare BRfadeiEnt Snd U eBlde"
[ 0496] Th&paatds ne 2500 al so i ncludes an energy dat abase 2514. The energy
dat abase store a datg that the chi ne 2500 processes., As
examp oo, (E51TRE, SoRuaiante e ude s CRUgOBTENE. dadomrTishanes Derpdctoay
sanpl es ofpcfipf¥sgy consunption or performance of building energy consum ng
devices), energy netrics 2518 (e.g., neasured or conmputed netrics,
opt i onal | {03964 Sohanth e RpegatickeL sThe usystemy hasl Iprdegssels2md( eagabilitiest toper
uni t energy, .ener caonsuned, taotal cost,. and dat. weat her. data 2522
(o g S ebusBRn 8% o 00 e b8 o efB8teriPlnp ah o e B Bling o el
vari ati ongp@tatigRy desired interval), or other data that hel ps the nachine
2500 analfze ener gy _consunption, cost, or history. [0497] The nenory 2504
may st or elQFTAPatA" A8eraicancomyintgrogs hitencegnectiass @nec @idtandegendescies
rocessor . a 4 - [ S
P ogr ams. 2651 BENSSTTS G bitfariEeRérts ToahlBY LRSI R Mg R e

prograns ASR4f dat @rtuption arnadotzect datalpaideesimgse process the sensor sanpl es
2516 or other energﬁ]data roduce control recomrendati ons for
r

e.g., Lo prod .
bui | di ng Mﬁ'ﬁafﬁa ed@ﬁ?'ié'?”ga?tt%ﬁ SYPReRINGother EE%?%@UH?O%@D%Q‘I‘%% s) .
The ener oy @BRLI L9 EERACATSIPSEE. ERALHRE HhektEaliSe! exdUé lefgRclRehtdl n
dashboards, charts, graphs, text displays; or other reporting I nformation
as descri mbie abweestandinmgr mgartenamceFrepuiresndr8s -maxdmizes akafnskiks) hedimegs
[ 0498] The hi ne 2500 erforman ener anal ysi e . g., as. part of the
hetwor k oBBR APt TS damUEyod .t RS BRER Gons kadiedds el ralt aftite o514
to producgn@mréidby sdwthespfortunkst hat end, as one exanple, the machine
2500 may include in"the nmenory 2504 bal ance point determ nation | ogic 2528

<(:| e.g., as[@399]dechniealdnuritpypngndl T@Eﬂ}/mt@graﬂﬂg Terﬂmp.emﬁﬁé angll raaiféerpﬁnqe;
i i i.C. 2528 : ' .
mul ¢1 pl o Bpan e O Bora Y o Yoy BB i 2N e RRN SriniEeRf e,

data. In one inplenmentation, the energy data that is searched are triples
of : date, tenperature, and neasured consunption data 2546, obtained from
one or nore energy data sources over apy desired date range, such as froma
bui | di ng under analysis and a weather information center. [0499] The bal ance
points may include a Heating Bal ance Point (HBP) 2530 and a Cool i ng Bal ance
Point (CBP) 2532 to help identify the nunber of heating degree days (HDDs)
and cooling degree days (CDDs). The HBP 2530 nay be interpreted as the

M e o o e o o o, - NN AN



usual |y inaccurate bal ance point (e.g., 65 degrees F). The increased
accuracy in the determ nation of HDDs and CDDs has positive effects in
downst r eawpeohpoal anal yses, such as obtai ni ng a nor e PaATAISR@ENM34111
determ nation of the weather [ oad on the building, and therefore a nore
accurate regression nodel of how the building responds to weather |oad. The
nore accurate regression nodel neans nore accurate neasurenent and
verification of savings obtained when energy managenent strategies are

bt ance paPRL TRELEr AThanPARPEY: DGR, Fanadiche bR St EOBbridc,

i n Fi gur emidgratibheohtrgl c 2600 may be inpl emented as executabl e instructions
for the processor 2502, to determne either or both of a HBP 2530 and a CBP
2532 (i . e[94°<9§T@'@'Bﬁp@ﬁ%pﬁ%@étﬁ’@npégam Hrd’t?) systren pl é’ﬁgétep(tﬁammg and

det er m nat| HeTa) 1N (2602) bal ance point paraneters 2534

I ncl udi ngpé%rs]guelggérrg? gez%%{ os% S O\Ar/ﬂsbel ow i n Tabl e Bal ance Poi nt

Par aret er f04(1Q8QkstioT be- Pedcess eangdiliethadistfer ldeméfyiiran Sbfigiace PefBiemaigsobt ai n

t he bal an int paranmeters 2534 from operator input, from pre-defined
par amet o AT Py aR s ReeHahsias 2 503 ers, A CoLtHR A nenp PEPEEaF a0 ¢ he
search w QEenvwRRr %@5%?%0@&%6&1%3\@%&%}% R%oWé?grdHPérﬂ& e edTERMIS ON

| ogi ¢ 2528 may search for the HBP 2530 and CBP 2532 over the entire

t enper at ulbersystgm (vl wakewith éhelebmpeayplor détermine if laeregiosied prabips) is a
represented.i.n _the ener dat a _aobt ai.ned for .anal vsis. Tabl e: Bal ance Poi nt
Par anot or SEBIPARRTLE MBI BRI S Rclea s Sy oy EPoa Panr g By f or
the heati fbl babdaes-drsiHincemets foripodsieesndidération byEipiusatidreowpery. end of
t he search wi ndow for the heating bal ance point, e.g., in degrees F or C

CBPM n ThE04031dhe giyatesn wilthdase seevicov eupbsniarsteficiency Gineason Anadeficientnt |,
S5 "o SR T R, AN AL AP 1 0 Ve SR Wiy Y (e
criticality of the application. The system will resolve high-severity deficiencies as
emergency corrections for immediate release upon correction, whereas non-
emergency deficiencies will not be treated as an emergency and would typically
not be released until the next scheduled maintenance release.
[0404] For software or data deficiencies, the system will assign to all deficiencies
a severity code and will correct the deficiencies in accordance with the company
governance processes. The system will work with the company to define the
characteristics of severity levels that drive the release path of a fix. Equally
important to application deficiency management is data correction management.
Upon completion of an impact analysis, the system will address data fixes
appropriately.
[0405] Maintenance Cost
[0406] The cost to fix deficiencies (i.e., application not working as documented)
may be included in the maintenance costs.
[0407] Response Time and Process for Help Desk
[0408] The Help Desk approach provides the EEMS users with a central contact
point to provide rapid issue resolution and customer support. Support starts when
an end user contacts the Help Desk with a request. The Help Desk uses industry-
standard tools to record contacts as trouble tickets with information regarding
both issue and resolution. The system may use Standard Operating Procedures
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point, e.g., in degrees F or CC. RA2M n The m ni mum correl ati on coeffi cient
val ue that the bal ance point determnation logic 2528 will consider inits
search fowoaottBR9s CBP. Thus, RA2 val ues bel ow RA2M n may/useoidiosoar ded or
not considered in the search for the best fit RA2 in the analysis discussed
bel ow. In other inplenentations, the bal ance point determ nation |ogic 2528
may enploy additional or different statistical tests or variables to
determi ne which regreSS| on nodels to consider in its search for the HBP and

Comer at oS0 At A P8 1962 Bl SRtref SUBRTRER! Bloied SoMERDHE ERLT) e

t he nunbepeforms datepbxisaction athieguidh inteevale #bn mlh@b&o@et@mum tre@dscmdv ndow
or cooli ng bal ance point search w ndow. A For exa an i ncrenent of 2

degrees a GV%IOE@@P@?\%QWSJP FQS@é%P@WO%tSSHﬁ%-H&ngﬁ@rﬁeséfda ayatrkle dneams of 1
degr ee. t n S, U ve
out | e Sgt@i%dﬁtgﬁf Eéi;é";%tg?v? Etﬁ?%%?é?i rﬁsgﬁ p%gtfref ttﬁﬁmr*?t@@? Cap
or exanpbesk aa ve(rel e $eldjceolevel agrde: ® § pinsplace mi IIESEN

t enperature or rrea ene Y onsu 4{ on that defines outlier data pgm nts in
t enper at uPESIOMEERY gﬁ)’e& g rtquﬁrﬂrpdn NW8noved. [0502] The bal ance poi nt
det erm natom EQH'E%H%R% @éhﬂb@%u%ﬂ%rsgl{:’éiﬁte? ddrﬁﬁ?uhft%tuBH'cbﬁtd?ﬁ under

anal ysis (260 xanpl e, the energy data may | ncl ude date,

t enper at ufG41 Odfﬂje siysteny ErEcMStmppotta standgrd BONproweols inoludingcRDHMITAS The
energy da may, AQst ead be consurrptl on, occupancy, w nd speed,
relative hiﬁl%@ﬁ RHEC ghﬁ?gy dat a. The energy data may extend over
any desi rF!ﬂHH']Wﬁer@/éte(hdmévJéﬂhpﬁﬁ/ PR nEERFoto eI IRILiAfraSiructOfe 2R fa@ltatbs and
may be collected at any desired interval (e.g., every 15 mnutes, 30

m nutes, H® ﬁffﬁ?ﬁitvéslntetﬂfaftﬁm@fdISﬁ@@’feélluﬂdln@t systerme. e aysten) gﬁyelﬂtetgdia@ny

out 11 or agisgoay SRSG BaTERh I Lanp SERAR F08 od ModtRfusBnds @ 9

bal ance pBIArttneﬂetneJr hmmetownotlheglcurréﬁzaegmy ana|prgpridtepnprioddie. §ystemls dat a
prior to anal y5| S 2606I) For exanpl e, the bal ance point determ nation

| ogi ¢ 2528 bihy 1oy eeAI0IESE Ncﬁﬁ%‘@ﬁ%?%@%'ﬁi‘”%ﬁnﬂr@ﬂr‘t FPf@D@ﬁ@QjWQF&P@'S QfeRBRd dat a
oints e err iN

Consumpt | Ba g GoRnart ey, oAb Mebelt noCiiont T ool cabablf & 1o¢

poi nts rrahelp)ethdat:empen}ntrxacbwoadtralypopelefaamnbdectute i eThe hsyessdrol chayeatpo, 2

Vor o apecl EOGRIPY - CRETASLE: oloak: R (PGIALs GTels i mi W2 H qr%’%éfaen”‘ét?rh'e
average apgmphigdldaing. dryd %ys%nO%éWQ:drﬁmHé dnp bm Ofime! R 48T 70O

weekdays after data with invalid dates and energy data are di scardeg? t hen
renovi ng owteringmi and Buifding h‘wtomatloe Systiemsd (BAS) paatat mto sthecpfacedsnaf ti pl e
of the standard devi.ati romt e.avera 504 ven .t i nput
ner 6y dap oG b SR¥tenh M AT A ARG ad et AipGikd FrAdP

anal ysi s Oetdbtiondaric® QiR st (AFBDY $ihdlysisofod 84 eADT 4R aefh%éé f66 Rpigrheste! .

The bal ance point set may include the HBP 2530 and the P 2532, as an
exanpl e. Opkvasednas & rawseyased Sefwarei Beda bReigaM(SAaBbnT NisUBEVIdESer ence
to Figure, X e t rmpation

| ogi ¢ 2525talee™, ol ARIauEhs 3Ra Batliudi B AReRRS SAReE BRI A 1"

not ed t habulldieg 3istam edqigiarbaideproritizeat isatiohalyeciniir2htivayar@phbsteddsh ta onal
or different statistical tests or variables in its search of the energ

data to fSiabRoVARP(MEg0ns Y WeRNDESBlatsBOBIOVIdng 4P enddrDDI Reahsisance
poi nt det ﬁ‘ééttte% ) PP 0pBAistaridiitd WD Al ORIy SerPrAG e EBRLIR both

terrperature ascendi ng or 2608). An anal ysi s boun

finding thetldﬂtm? a&tﬁSWeb lsased tleatrical saed (tamtrIdEDMGdt(cﬂﬁism)lbutEmr wihlservieedat a
points startin frdt;mthe | east te erat ﬁto tﬁh dat 0| nt corres ondi ng
Do HBPM nSURRRIT (21chREaCELMANaRaar T RaRTRISSogi e §3BeaLBP Y RELOEN B quar e
of the cofdighaid %I&Rﬁtfsf'lﬁtélggtenc@gndb@o‘t’@% Iﬁéﬁpéus"thfe@s %Qk@nlﬂfd}}med
consunption for that set of ta points (2612). The bal ance poi nt

det erm naﬂe@alqnsgartﬂ rEPggaleclEcitt pucbasing risksy 10U eNEET a@alws atwd
general , rf rm.on lLinear.re S usi t he | d,
oth o PRAGShEERNS, PR i S G Oati et ouffe yeROitRC R am@

poi nt det gegadiatol sHerhPUisegdaad Bilrg nthﬁthﬂ@rmtreneW@b@@he'rg%/Slobéwégbdr%eo by
1 degree, or another pre- defl ned tenperature delta) and i'f HBPMax has not
yet been exceeded, the bal ance point dggerm nation |ogic 2528 determ nes
the square of the correlation coefficient, RA2, between tenperature and
energy consunption for all data points fromthe |east tenperature to the

i ncrenented anal ysis bound. This way, the bal ance point determ nation |ogic
2528 retur ns to (2612) repeat edIy to det erm ne the next RA2 over the new

. o, o, o



[0506] Wth regard to the CBP 2532, the bal ance point determ nation |ogic
sorts the energy data according to decreasing tenperature (2617) and sets a
new anal yWwo=0bvoed3equal to CBPMax (2618). For the dat aPp@iuse&0884nt i ng
fromthe highest tenperature to the data point corresponding to CBPMax, the
bal ance point determ nation |ogic 2528 determ nes the square of the
correlation coefficient, RA2, between tenperature and energy consunption,
for that set of data points (2620). The bal ance point determ nation |ogic

or o- def | nBIST afver i P RaERTGITHRIET POReh R Rtmsld whv G Fork FRRBREE 1
bal ance paianagdatientnsdlations) EeQl drodv28adehes,Mizgs behémplinasreedf ta kdlow

correlation coefficient, RA2 between tenperature and energy consunption
for all dHtUét'Ri%iSi*\ttesemeé%'f’t%t%i’m@s?ﬁ@@w manage: and Heddee releErecgas,
anal ysi s j rgﬂ% oint determ nation |ogic 2528
returns tg%@gi%\élr&:’zepéé%{%ﬁ@%?%% terr%g'ne t he next RA2 over the new set of
dat a poi nfG412] Feyuie nt6 t shawse adquograsmt mdnagemgst snethoddlagyt 1600 hfor the
decrenent ed ,anal ésl s bound rgaches PM n. The %al anceé\goi nt det e{)gj nati on
| ogi ¢ 2528Y$IR] d90e WHETS Fiay, D€ GMER, KoM Pottrefid Sraghai Manaaampentabiiceny or

all of th dg{Rrd ' t i t e
poi nt det g?'ﬁ?éaf@gﬁ@ﬁggi C 2%@%%35%%92?5“293&@%@% F\gll)g?ﬁjeesthgt%ch

decr enent witbl ara estabdlishér anddeture etehet prgprRImaxanageOBPN serviche, tealuginge

poi nt det e{m' nakti on I%%igc 2528 det.erm nes ﬁé\e tenperature at which the best
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may: plot the CBPM n to CBPMax with correspondi ng RA2; plot the HBPMn to
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non-zero for a HDD;, extract the nonth fromthe date field for each data
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(optionally) unique building identifier, analysis start date, analysis end
date, or gomgrfopdardnet ers. Additional MV paraneters 2550 may i ncl ude:
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as kW consunption, kBTU (i.e., naturalgggas) consunption.. Using the M&V
paraneters 2550, the M&V | ogi c 2548 may cal cul ate, store, display or

ot herwi se performa user-specified regression analysis. In particular, the
M&V | ogi c 2548 may determ ne the 'n' independent variables specified in the
M&V parameters 2550, and from'i'=1 to n, take 'i' of the variables at a
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[0521] 3) tables containing the underlying data used to generate above two
charts; [0522]4) a table showing nonthly date in any desired (e.g.,

m yyyy) woroaw129%%h consunpti on, kBTU consunpti on, non®hTyusapmes4mnt hly
HDD, nonthly CDDA2, Log ODD, Log HDD, HDDA2, nonthly average Cccupancy,
nont hly average Rel ative Hum dity, nonthly average Wnd Speed, nonthly
average d obal Sol ar Radi ation, or other variables; and [052315) a table
whi ch shows a summary of the top regression outputs, including RAZ,
Significa t n I 1 cl.gat - ach
independemﬁ\j§ %Deﬁ%gﬁg h'ﬁ ﬁ{eegrr%sds%tgn\ﬁ%&%gé?% ﬁo%g'}%}'%?'\ﬁgc@?é@% 00 may
addi ti onaklpyerior faultteetmmnpl y include conparison logic 2544 (e.g., as one
of the enfg‘&%}anal %m s prograns 2524). The conparison | ogic 2544 may

i nclude i EerbH¥eRaehiip S sy ergwcam@npar&&swﬂvng cause the
processor (fzp@ﬂ tt hour consunption and exception rank
anal ysi s,[ or gyg rﬂ?(efr%g]erﬁ%ﬂ%;%}’% of a conparison analysis 2700 that

resul t s f[0t20]hghtingpdrere@vallalgec 2544 is shown in Figure 27. The

conpari so[}?@}?gy?i %700 extends in 30 mnute intervals over an entire day
for a par PLBRINYi ng under analysis, but the conparison |ogic 2544 nmay
perform apgion %eowasﬁnemr@rfafarntéteggq“aeﬁtlﬂegt.&erép%tﬂ mdi Tt HVAC
intervals. Furthernore, the conparison nmay be done respect to a single
bui | di ng (syﬂstgms t @ncbrrpameniesien gycartinsauplyi ote dimopronest perfaraldnget orThehe

bui | di ng) e mul.t w ldin compare a

bui 1 di ng s Ogthle SR8 ol #bialibad dnenesRant iy e ta,
there nmayspstemd| t i igbatifddtibdi nepdi npﬁom‘tﬁm.bﬁl BEli | stebentative!P b RitefRtde
contribute enerqgy data for defining ., by averaging or according to
anot her sPRPPEENIHES, ﬁﬂda\fﬁ‘ﬂlﬁaﬁloﬂh@aéob\lﬂl%dﬂlg%tﬂonﬂﬂ%@ l@aParfaes cwitbied pbed ow.

[ 0525] The are control building data 2702 to a
user - def i né@%éﬁ%@&é%ﬁ]ﬁﬁéﬁa@%g&gﬁl e shown in Figure 27, the control
bui | di ng ptBtB]Iﬁé%ysmrdméwaaalgze@eakwecmnbwmm land te@ofiued (RO Watanut e

interval s_over 15 different days in and the user-defined data is 2704
is daily Ebérsé@@”kmyc@ﬁgl?ﬁmﬁ%ﬁ the dQ@'QWW@(‘EOf hedagiifystooylat it aetuatnish of

January 2 f T | di ng
data 25020909 41 F0REE etk it b RenbAREbn I02b8EEE calists SRO ERISORS: | 1l e
i nt erval sof Bubepapaeﬁornwncmt'ﬁlmsglstbrmmmagnynakmheiar@é mhrﬁdireroértheb‘tfikésﬁ ngs,

f th b, Furth t her t trol | di 2702,
Che. usor - BRPPIRG0 Wil A9 78AmPENY LeRrieuriarSe 208 s e AL Ak (YBLBRcld cvel s

of buildi Bgcwﬁe@gBﬁﬂi%t.oﬁ%ét@rgreﬁ@é&u@ct ual Iy measur ed and optionally
statistically treated (e.g., averaged) consunption data fromone or nore

bui | di ngs[0424]Walglerbﬁrb@wmshowmendaoaxammﬁmtqr(tm bysteot #0®ed or input by

an operator. Thus, as another exanple, the control building data 2702 may

be individual operator specified data points at 30 mnute intervals that

provi de fp baseli1ne Tor conparison. The constrtution of the control bujlding
dat a 270RSgadattnd: frasilitylbfanager d Managirmsigaglsy alejtswdddagms as exanpl es
aver age consunption at any desired interval on weekdays over a predefj ned
time perjod (e.qg., one week, three nmpnths, or one year), optionally
excl udi ngOuaEnd&@eabliBe/ or out | i er datSYS,MAtA) Advantage consunption at any
desired | nterval on weekends over a predeflned tinme period; average
consunptj on at, any desired interval on hol | days over__a predefined ting
period; loPcsepiepabonswsMedaiada. [ 5298 %Wé@nﬁ%ﬂ'@%m@ oA gur e

27, the Caaper ‘5§t@6|rit§ﬂ1 m&&ﬁﬂromerfor ear® mtawg (IS PsalrtRsERAE t@peﬂeﬁmy
COI’]SUI’Tpt neasur er _ener renents.

used, SUFHV%IS%'M EoclBradnRdB N ar gt OR S PEHENS M er| used,
or neasur sysabsalafmsi éemts yecotd  engrtbgir dacilitgs dwtionsble[ @by dfehsortethpiar i son
| ogi 25 | 4 2706
mca)gl iCden ?l@)r%ﬁ g&o{lﬁ]eﬁa@& ﬂ |t§§sal>/r oﬁ%%_ ?‘8@ &%nng?eraﬁ}%gpﬁbﬁ’ evi ew
or anal yspgrfom@fmeeofzthelbulldmr ates an CEQSQrmH)@aCtl AUmMkEE Af feeltexetept i on rlanks

2708 are éﬁ%h&@ﬂour‘ésatwﬁﬁhrﬁgfo exanpl esadjite hﬁéﬁé@é?'s@ﬂs@ﬂé@asrﬁ%érattgﬁ @ rank
3 exceptjon and ch tion 2712 indi CF 3 @ ?@df t| an. ,The
conpar i 309'31988?@32 Hﬁ%séﬂﬁ%l 28Nt he BIlardyRiyae Hter"b‘%t Aepie2diIMy e
user-def| prc @lﬁlﬂ@r a%DIéterQrallb@th to detw‘lralm' @ecwetedoatszm wegk@eﬁdred time

|nt erval, Dubll do TVUTYy DUL’UIIU, CVECTlYy LILILI IIUL <, AL J.\J LILILI IIUL Co Ul CVCT y 30
m nutes. [0528] The conparison |ogic 2544 may determi ne an exception rank
for any interval in many different ways. For exanple, the exception rank
may apply to the user-defined data 2704, with exception rank assi gned based
on the standard devi ation of the user defined data 2704 (e.g., determ ned
at each |nt erval) TabI e Exception Ranks beI ow, shows one exarrpl e
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technician to determine days or
potentially weeks later the chiller
actually has a dirty coil .vs. the
generic “high pressure” alarm
issued by the BMS.

potentially months before the BMS has
generated the static alarm at 60%.

Scenario 2: Enterprise Energy Manager - Tracking energy across a real estate

portfolio

Current Capability

System 100 Advantage

The Enterprise Manager needs to
track the progress of the company’s
energy & carbon reduction
programs across a portfolio of 20
buildings (lighting retros, BMS
recommissioning, new equipment
performance, etc). Limited to no
connected real estate
infrastructure, manual utility bill
analysis in arrears monthly using
excel, and manual report
generation.

Continuous real time performance
reporting at one minute intervals across
the energy manager’s real estate
portfolio. Energy and carbon analytics
highlighting buildings with the highest
energy usage, trending, and drill down
capabilities from portfolio rollup down to
individual buildings and even down to a
specific piece of equipment’s
performance.

Scenario 3: Facility Manager — Continuous commissioning

Current Capability

System 100 Advantage

N/A — Current BMS does not
support

With an ongoing snapshot of one minute
interval data 24x7, System’s energy
models deliver continuous optimization
of both schedules and setpoints in a
building. Energy models deliver setpoint
changes based on seasonal and
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2to25from -2.5to0 -3 and from 2.5 to 3 [0529] Mre specifically, the
conparison |l ogic 2544 may determ ne the average (the control average) and
st andar d weowoari2en3(t he control standard devi ation) of Phe/usp@ogg41dat a for
each interval (e.g., the interval between 3 amand 3:30 amon a given day)
in the building control data 2702. The conparison | ogic 2544 further
determ nes the average (the user-defined average) of the data for each
simlar interval in the user-defined data 2704. The conparison | ogic 2544
then aSS yrioc arll C)\L,C}Jt; UTl IClIIIr\ tU t:lt UusSci -dcf; IIC\AJI avccl ayt fUI ca\.,h t
h

interval|in the user-defined data 2704qupaney bBarideshes yHoWe ths@ay deff i ned
average falls within the control st ang@rqd eyl ation determ nefjurf romthe
L ITE "S- :

bui | di ng| control data 2702 for the sa H&aLPe dERp Iy gl)ﬁﬁr@ ?r‘?slffg re
27, at 3} 30 amthe conparison | ogic 2%dd tenemovaes intathexcepor dine r ank| of 4

because t he average consunption (7082. i -2.5
st andar d| devi ati ons of the average con%ﬁ%%né%?g@y\%g@eq%et%ﬁgn%%?Id| ng
control gdata 2702 in the sane intervalreqaredfrom a@jougly reedng foa rank| of 3
appl i es pecause the average consunpti %nm%g@ﬂggoMW) of the user-def}ned
dat a 2704—-s—betweer—1i—-b5—anrd—2—standard—devati-ens—oi—t-he—average
consunption (8064.87) in the building control data 2702 in the sane
interval|[ [0530] The Tabl e Conparison Data, below, shows for the conpafison
anal ysi s| 2renatithg: ddadity Siompriye/ KO 30interfaairg wmithdhe SMARIr Cithé SMART o
bui I di ng| egfga 2702 and the user-specified data 2704, including the
det er m ned—excepti-on—+ank—determned accordi-ng—to—Table—Exception—Ranks.

Tabl e: Co@j&ﬁrei@%tp%ﬁi%/ Cont r ol Rar‘%yns?l;é(r%rﬁﬂﬁAQVaﬁtbﬁ@ sl ot User Deff ned

Range average by tinme ‘sl ot Exception

N/A — Current BMS does not Predictive capabilities in Systems and
support established energy models allow building
owners to interface with Demand
Response programs and structure their
energy procurement to the best of their
advantage, avoiding higher peak KWH
costs. Advanced load shed strategies
are implemented to take advantage of
ongoing DR programs and incentives.

Scenario 5: Chief Engineer — Advanced building performance strategy

Current Capability System 100 Advantage

Chief engineer attempts to Delivers a real time dashboard sorted by
establish a building performance the most URGENT faults in each building
strategy to prioritize his workload across the entire portfolio with their exact
based on the issues with the economic impact. Cost is derived from
highest energy impacts. Realizes the specifications of each machine,

he has no way to conduct this combined with System’s analytic models
analysis. and data.
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[0425] As noted above, the system 100 may include a mediator 1102, such as a
Richards-Zeta Mediator 2500. The mediator 1102 may implement a middleware
system including hardware (e.g., a Richards-Zeta mediator 1102 Multi-Protocol
Exchange device) and software (e.g., a Richards-Zeta mediator 1102 system
software). Thus, the mediator logic 1102 may be implemented as an embedded
device with no moving parts, including a journaling file system that stores data on
a Flash memory device for robustness against random power failure events that
typically causes file system corruption. In addition, the mediator 1102 may include
battery management circuits that allow it to perform its own uninterruptible power
supply functionality.

[0426] The mediator 1102 may include multiple 10/100 Base T Ethernet ports for
network connections, an RJ-11 port for connecting to an internal modem, a
console port, RS-232 serial port, four RS-485 serial ports (configurable as
terminated/non-terminated), an IrDA infrared data Ilink port to allow
communications with a PDA, pulse counter/frequency counter/digital inputs,
Dallas 1-Wire ports, universal serial bus ports, solid-state single pole normally
open relay outputs, with 0-60V, 1.0A AC/2.0A DC outputs, opto-isolated, or other
interfaces.

[0427] The mediator 1102 may include 512 MB or more of compact flash memory,
expandable to up to 2GB externally, which acts as a solid-state hard drive, and
512 MB or more of SDRAM. After power-up, the mediator 1102 Framework
Software application loads from Flash into RAM and executes from RAM. The
main board has a special header which provides some in-circuit emulation
capability and the ability to program its own boot load flash without removing the
EEPROM chip.

[0428] The mediator 1102 may operate on 24VVAC power provided by a customer-
supplied 24 VAC class 2 transformer (typically 40 VA), and may include defenses
against power disruptions and failures. For example, the mediator 1102 may
include a large capacitor with enough capacity to withstand two or three missing
60-cycle power cycles. In addition, the mediator 1102 may include provisions for

an optional external gel cell or lead-acid battery. The battery may be ftrickle-
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charged continually and used as an onboard UPS, so that the system can
continue to operate in the event of brownouts or power loss.

[0429] The mediator 1102 Software includes:

[0430] The mediator 1102 Framework Software application

[0431] The mediator 1102 Operating Environment (MOE)

[0432] The mediator 1102 Framework Software

[0433] The mediator 1102 Framework Software provides the core functionality of
the mediator 1102 system. This includes:

[0434] Assembling a running system from configuration data

[0435] Getting and setting values

[0436] Processing raw data

[0437] Presenting data from disparate stheces in a uniform format

[0438] Making data easily available to end users

[0439] Providing services such as data logging and HT TP services

[0440] Providing an environment for custom system configuration

[0441] Providing an environment for developing custom solutions

[0442] Providing both REST and XML-RPC based Web-services for external
value add applications.

[0443] The mediator 1102 Framework Software is written in Python, an open-
source programming language that supports robust, object-oriented applications.
One feature of the mediator 1102 Framework architecture is dynamic system
configuration. Conventional programs are monolithic in design, which means they
would contain all of the code required for any possible site configuration. Much of
the program may not be applicable to a particular site, but it would be loaded and
run nonetheless. Dynamic system configuration facilitates the Framework to
assemble a system that includes only the program code that a particular site
configuration actually requires.

[0444] The mediator 1102 Framework provides the structure on which it builds the
system that represents a site. It also provides the functionality to assemble the
system from configuration data. It then provides the operating environment in

which that system runs. As a result, the mediator 1102 facilitates any site

95



3:30 AM 7267.40 7082.58 4.00 184.82 4:00 AM 7250.07 7086.48 4.00 163. 58
4:30 AM 7248.60 7198.90 0.00 49.70 5:00 AM
WO 2010/129913 PCT/US2010/034111

configuration to be represented in software. In addition, it facilitates an existing
system to be modified or extended easily and quickly, without shutting it down.
[0445] The mediator 1102 Operating Environment (MOE) system software is
based on a Red Hat 2.4 series Linux kernel and a Red Hat-derived user-space,
thereby providing true multi-tasking, multi-threads, virtual memory, shared
libraries, demand loading, shared copy-on-write executables, sophisticated
memory management, loadable device driver modules, and robust TCP/IP
networking. The MOE facilitates the mediator 1102 to run multiple services and
protocols simultaneously and still respond to events, such as energy usage
curtailment signals, generated in the network environment. In the event of a
system failure, the Mediator may use its full journaling file system restores the
data on the disk to its pre-failure configuration. It also recovers unsaved data and
stores it in the location where it would have gone if the system had not failed,
making it an important feature for mission-critical applications.

[0446] The mediator 1102 provides firewall capability by means of the Netfilter
packet-filtering subsystem built into the Linux operating system. The Secure
Shell (SSH) protocol defines programs that allow users to securely log onto
another computer over a network, execute commands remotely, and move files
between machines. It provides strong authentication and secure communications
over insecure networks such as the Internet. The mediator 1102 uses the
OpenSSH implementation of the SSH protocol specification. SSL (Secure Socket
Layer): the Operating System running on the mediator 1102 is configured to
implement Secure Socket Layer (SSL). SSL is an open protocol to allow
encrypted transmission of data between Web browsers and Web servers. SSL is
based on public key encryption technology and provides data encryption, server
authentication, message integrity, and client authentication for TCP/IP
connections. IPSec: The mediator 1102 may use FreeS/WAN, an implementation
of the IPSec protocol suite. The IPSec protocols provide security in network-to-
network connections. It provides access control, data integrity, authentication,
and confidentiality, allowing secure private communication across insecure public
networks such as the Internet.

[0447] The mediator 1102 may keep logs of the following:
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[0448] All system and kernel messages.

[0449] Each network connection, its originating IP address, length, and other data
about attempts to enter the system.

[0450] Remote users file requests.

[0451] Repeated authentication failures.

[0452] In addition, the mediator 1102 may be configured with intrusion detection
tools that take user-specified actions such as setting off an alarm when
unauthorized entry is attempted.

[0453] The Mediator™’s MOE supports a broad range of networking capabilities,
including:

[0454] Integrated Web server with HTTP, CGl, SSI, Secure Socket Layer (SSL)
and HTTPS protocol support

[0455] Secure Shell (SSH) and Secure Copy (SCP)

[0456] Integrated IPSec (Virtual Private Networking) functionality

[0457] Routing

[0458] Packet filter firewall

[0459] Packet logging

[0460] Intrusion Detection

[0461] Quality of Service (Q0S)

[0462] Network Address Translation (NAT)

[0463] Dynamic Host Configuration Protocol (DHCP)

[0464] Simple Network Management Protocol (SNMP)

[0465] The mediator 1102 provides a flexible array of IP-based services that can
be used to integrate the various automation systems deployed within an
Enterprise. These services include (but are not limited to) the following:
[0466]HTTP (AJAX): On-board tools allow the user to generate custom Web-
pages that dynamically update and may be used to represent various equipment.
This includes the ability to embed a Flash-based widget that can chart local log
data.

[0467] XML-RPC: Large Enterprises typically have requirements for custom
applications. The mediator 1102 provides an open XML-RPC based API that

facilitates interaction with third-party applications.
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[0468] MeterMail Exporter: The mediator 1102 supports the PML EEM log
transport protocol, MeterMail. This facilitates information from a variety of meters
to be incorporated into this application.

[0469] SNMP: Simple Network Management Protocol used in IT and Telephony
communications.

[0470]RSS: Alarm\Event information may be subscribed to via RSS syndication.
[0471]FTP: Log information may be periodically sent to FTP servers.

[0472] SMTP: Alarm information may also be communicated via SMTP.

[0473] The system may store and generate 3-D renderings of buildings or
building floor plans, e.g., modeled in Google SketchUp, imported into Google
Warehouse, and accessed via Google Earth (GE). A geospatially accurate
representation of a real estate portfolio coupled with customizable information
overlays could potentially be implemented in the system as part of a building
Management Intranet.

[0474] The system solution may facilitate Automatic Demand Response (ADR)
offered by many utility providers. For example, Mediator™® listens 24/7 on the
PGE DRAS server for pending ADR events. The mediator 1102 consumes the
utilities ADR Web service, integrating this DR signal into mediator 1102 resident
application logic and policies then driving building systems at the facility level like
HVAC and lighting into reset, set point changes and dimming and /or turning off
selected lighting loads. Mediator™® also provides M&V and ADR results via a
PDF log FTP or other wise sent to the utility upon request and /or on board
configuration.

[0475] The system’s maintenance component may provide an open architecture
to other applications and systems via SQL connections, CVS extracts, online
viewing, FTP and Web services methods (XML/SOAP). This facilitates integration
of prioritized analysis results into the company’ business rules, dashboard, work
order systems, or even payment system for payment control purposes, e.g.,
technician payments cannot be released until faults on the equipments they are
responsible for are fixed. This platform is also tightly integrated with Mediator™®

to utilize its MPX feature, enabling integration with energy, building, facility
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service, asset & IT management applications such as CMMS, Archibus,
MAXIMO®, SAP, Oracle, etc.

[0476] The mediator 1102 may support the major communications protocols most
widely used in the Building Automation industry, but others may be developed
and implemented.

[0477] The following is a list of the building management protocols and drivers

that the mediator 1102 may implement

Modbus RTU Carrier Dataport/Datalink

Modbus TCP CSIMR

BACnet/Ethernet CSI I-NET

BACnet/IP Staefa Smartl and Smartll

Trane proprietary BACnet objects YorkTalk

Barber Colman ASD protocol McQuay Microtech #1/#2

Trane TRMI Tracer 100 Interface | Barrington Microstar | and Microstar |l
Module (COM3) HSQ Misenet Field Interface Emulator
Trane TRMS Tracer Summit Interface | DNP3

Module. (COM4) Crossbow Wireless Sensor Network and
Johnson Controls Metasys N1 motes

Johnson Controls Metasys N2 Point Six wireless host protocol

Dallas 1-Wire LonTalk

PPP (Point-to- Point Protocol) RZ Net

Andover proprietary Capstone Micro-turbine protocol
Capstone proprietary Caterpillar CCM protocol

Point Six proprietary Generic SOAP Host

Siemens proprietary ASI Controls VAV, Fan Coil, Heat Pump,
Clipsal C-Bus AHU and ASIC 2 devices

[0478] MEDIATOR™ OMEGA CONNECTION AND ANALYSIS TOOLS

[0479] The system 100 may include an Event Manager that provides a complete
Web-based alarm management system that provides the means to manage
alarms from cradle to grave. Every mediator 1102 within a configured cloud
reports all locally identified alarm related events to each other, which creates a
distributed, fault tolerant alarm management system that still has the ability to
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present a system wide consistent view. Alarms may be communicated to a
number of parties via RSS, e-mail, SMS and similar mechanisms.

[0480]Security Manager facilitates the ability to control user access to the
system, including adding/removing users and passwords to the system,
configuring and assigning roles and associating policies with those roles.

[0481] Trend Manager facilitates the integrator to add, configure logs in Flash
graphics, so that end users can view the data and save it to a spreadsheet.
[0482]Web Scheduler is a complete scheduling engine for editing and
maintaining schedules.

[0483] Web Site Builder facilitates the integrator to configure the look and feel of
the end-user application. The integrator can use it to link pages together, create
buttons, drop-down menus and other graphical elements in the GUI, choose
colors, upload graphics, videos, and other elements for home page, etc.
[0484]Web Express facilitates the integrator to create Web pages on the fly. It
provides widgets and other tools to graphically display information from the
mediator 1102 — point values, logs, etc. In addition, the mediator 1102 has an
onboard image library containing thousands of images that can be used in
creating Web pages.

[0485] Configuration Tool is the tool the integrator uses to configure the mediator
1102 to communicate with the devices, equipment, and systems in a facility.
[0486] Node Browser provides the integrator with a graphic view of the nodes in
an installation.

[0487]Cisco IPT is a tool for configuring the Cisco voice-over-IP telephone. It
facilitates authorized users to communicate with the mediator 1102 over the
telephone, and to view and change settings, logs, alarms, and other information
from the Mediator™. The mediator 1102 may further include an enterprise
connectivity system, such as Web Point.

[0488]Figure 18 shows dashboard screenshots 1800 for reporting screens that
the system may generate.

[0489] Figure 19 shows a dashboard screenshot for an analytics reporting screen

1900 that the system may generate.
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[0490]Figure 20 shows a dashboard screenshot for a trend reporting screen
2000 that the system may generate.

[0491] Figure 21 shows a dashboard screenshot for a monitoring reporting screen
2100 of historical energy comparison that the system may generate.

[0492] Figure 22 shows a dashboard screenshot for a monitoring reporting screen
2200 of actual energy usage versus budged amount that the system may
generate.

[0493] Figure 23 shows a dashboard screenshot for a monitoring reporting screen
2300 of Interactive Automated Fault Detection and Diagnosis that the system
may generate.

[0494] Figure 24 shows a sample reporting format for measuring and optimizing
comfort, efficiency, and operations within each building space, including reporting
on operations of building equipment and systems, specifically regarding Analysis
Focused on Equipment Performance 2400.

[0495]Figure 25 shows one example of a particular machine 2500 that
implements a system for building energy analysis. The machine 2500 may
implement all or part of the network operations center 1106, for example. The
machine 2500 includes a processor 2502, a memory 2504, and a display 2506.
A communication interface 2508 connects the machine 2500 to energy data
sources 2510, such as building sensors, utility company meters, weather centers,
mediator devices, and other data sources. The display 2506 may present reports
2512, such as those described above or below, either locally or remotely to an
operator interacting with the machine 2500.

[0496] The machine 2500 also includes an energy database 2514. The energy
database 2514 may store any data that the machine 2500 processes. As
examples, the energy database 2514 may store sensor samples 2516 (e.g.,
samples of energy consumption or performance of building energy consuming
devices), energy metrics 2518 (e.g., measured or computed metrics, optionally
based on energy KPIs), utility bill data 2520 (e.g., cost per unit energy, energy
consumed, total cost, and date), weather data 2522 (e.g., temperature ranges,
dates, expected temperature or temperature variations at any desired interval), or
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other data that helps the machine 2500 analyze energy consumption, cost, or
history.

[0497]The memory 2504 may store program instructions or other logic for
execution by the processor 2502. For example, the memory 2504 may store
energy analysis programs 2524 and energy reporting programs 2526. The
energy analysis programs 2524 may gather, analyze, and otherwise process the
sensor samples 2516 or other energy data (e.g., to produce control
recommendations for building systems or identify data points for further study and
analysis). The energy reporting programs 2526 may generate user interfaces
including dashboards, charts, graphs, text displays, or other reporting information
as described above with regard to Figures 18 - 24, or as noted below.

[0498] The machine 2500 may perform an energy analysis (e.g., as part of the
network operations center) on the energy data in the energy database 2514 to
produce an analysis result. To that end, as one example, the machine 2500 may
include in the memory 2504 balance point determination logic 2528 (e.g., as one
of the energy analysis programs 2524). The balance point determination logic
2528 may search for one balance point, or a set of multiple balance points (e.g.,
a pair of balance points) in the energy data. In one implementation, the energy
data that is searched are triples of: date, temperature, and measured
consumption data 2546, obtained from one or more energy data sources over
any desired date range, such as from a building under analysis and a weather
information center.

[0499] The balance points may include a Heating Balance Point (HBP) 2530 and
a Cooling Balance Point (CBP) 2532 to help identify the number of heating
degree days (HDDs) and cooling degree days (CDDs). The HBP 2530 may be
interpreted as the temperature above which the building is not heating, while the
CBP 2532 may be interpreted as the temperature below which the building is not
cooling. In one model, the building is neither heating nor cooling between the
HBP 2530 and the CBP 2532. Thus, identifying both the HBP 2530 and CBP
2532 may significantly increase the accuracy of the count of the number of HDDs
and CDDs for the building, particularly as compared to finding a single balance

point for both heating and cooling, or compared to assuming a standard and
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usually inaccurate balance point (e.g., 65 degrees F). The increased accuracy in
the determination of HDDs and CDDs has positive effects in downstream
technical analyses, such as obtaining a more accurate determination of the
weather load on the building, and therefore a more accurate regression model of
how the building responds to weather load. The more accurate regression model
means more accurate measurement and verification of savings obtained when
energy management strategies are implemented based on the downstream
analyses.

[0500]In particular, the balance point determination logic 2528 may implement
the logic 2600 shown in Figure 26. The logic 2600 may be implemented as
executable instructions for the processor 2502, to determine either or both of a
HBP 2530 and a CBP 2532 (i.e., as a computer implemented method). The
balance point determination logic 2528 may obtain (2602) balance point
parameters 2534 including, as examples, those shown below in Table Balance
Point Parameters.

[0501] The balance point determination logic 2528 may obtain the balance point
parameters 2534 from operator input, from pre-defined parameters stored in the
memory 2504, or in other ways. With regard to the search window parameters,
alternatively the balance point determination logic 2528 may search for the HBP
2530 and CBP 2532 over the entire temperature range (or some pre-defined

portion of the whole range) represented in the energy data obtained for analysis.

Table: Balance Point Parameters

Parameter Comment

HBPMin The lower end of the search window for the heating balance

point, e.g., in degrees F or C.

HBPMax The upper end of the search window for the heating balance
point, e.g., in degrees F or C.

CBPMin The lower end of the search window for the cooling balance

point, e.g., in degrees F or C.

CBPMax The upper end of the search window for the cooling balance
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point, e.g., in degrees F or C.

RA2Min The minimum correlation coefficient value that the balance
point determination logic 2528 will consider in its search for
a HBP or CBP. Thus, R*2 values below R*2Min may be
discarded or not considered in the search for the best fit
R*2 in the analysis discussed below. In other
implementations, the balance point determination logic 2528
may employ additional or different statistical tests or
variables to determine which regression models to consider
in its search for the HBP and CBP. Alternatively, all R*2

values may be considered.

Temperature Delta | A temperature increment (for the HBP) or decrement (for
the CBP) that defines the number or size of steps through
the heating balance point search window or cooling balance
point search window. For example: an increment of 2
degrees and a decrement of 3 degrees, or an increment

and a decrement of 1 degree.

Data Cleansing Parameters used to identify and remove outlier data points
Parameters in the energy data before searching for the HBP or CBP.
For example, a number (e.g., 1.5) of standard deviations
from the mean temperature or mean energy consumption

that defines outlier data points in temperature or energy

consumption to be removed.

[0502] The balance point determination logic 2528 obtains energy data from the
building under analysis (2604). As an example, the energy data may include
date, temperature, and energy consumption (e.g., kWh) data for each date. The
energy data may instead be kBTU consumption, occupancy, wind speed, relative
humidity, or other energy data. The energy data may extend over any desired
time period, such as one year, one quarter, or one month, and may be collected
at any desired interval (e.g., every 15 minutes, 30 minutes, 60 minutes, or other
interval), with the data subjected to any desired mathematical treatment (e.g.,
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averaging of the data, or discarding outlier data) to obtain the energy data for a
given date.

[0503] The balance point determination logic 2528 optionally cleanses the energy
data prior to analysis (2606). For example, the balance point determination logic
2528 may remove from consideration from the energy data: weekend data points,
outlier data points, data points with errors in date or energy consumption data, or
other non-representative data points. The outlier data points may be data points
beyond a predefined outlier threshold (e.g., 2 standard deviations away from the
mean) input as a balance point parameter. More specifically, the outlier data
points may be determined by finding the average and standard deviation of the
input data (e.g., the average of weekdays after data with invalid dates and energy
data are discarded), then removing data points more than a pre-defined or
operator specified multiple of the standard deviation away from the average).
[0504] Given the input energy data, the balance point determination logic 2528
performs an analysis (e.g., a regression analysis) to determine a balance point
set. The balance point set may include the HBP 2530 and the CBP 2532, as an
example. One exemplary analysis is described below with continued reference to
Figure 26. In the example given below, the balance point determination logic
2528 uses regression analysis to determine R*2 values. However, it is noted that
the balance point determination logic 2528 may apply additional or different
statistical tests or variables in its search of the energy data to find the HBP 2530
and CBP 2532.

[0505]In particular, the balance point determination logic 2528 sorts the energy
data according to temperature (e.g., in ascending order) (2608). An analysis
bound, for finding the HBP 2530, is initially set to HBPMin (2610). For all the
data points starting from the least temperature to the data point corresponding to
HBPMin, the balance point determination logic 2528 determines the square of the
correlation coefficient, R*2, between temperature and energy consumption for
that set of data points (2612). The balance point determination logic 2528 may
determine the correlation coefficient by, in general, performing a linear regression
using the least squares method, with 'n' independent variables and one
dependent variable. The balance point determination logic 2528 then increments
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the analysis bound (e.g., by 1 degree, or another pre-defined temperature delta)
and if HBPMax has not yet been exceeded, the balance point determination logic
2528 determines the square of the correlation coefficient, R*2, between
temperature and energy consumption for all data points from the least
temperature to the incremented analysis bound. This way, the balance point
determination logic 2528 returns to (2612) repeatedly to determine the next R*2
over the new set of data points extending to the incremented analysis bound until
the incremented analysis bound reaches HBPMax. The balance point
determination logic 2528 may save, display, analyze, plot or otherwise
manipulate any or all of the R*2 values determined during the analysis. Once the
balance point determination logic 2528 has determined the R*2 values at each
increment delta over the window between HBPMin to HBPMax, the balance point
determination logic 2528 determines the temperature at which the best R*2 fit is
achieved (2616), e.g., as determined by the greatest R*2 value. That
temperature is designated the HBP 2530.

[0506] With regard to the CBP 2532, the balance point determination logic sorts
the energy data according to decreasing temperature (2617) and sets a new
analysis bound equal to CBPMax (2618). For the data points starting from the
highest temperature to the data point corresponding to CBPMax, the balance
point determination logic 2528 determines the square of the correlation
coefficient, R"2, between temperature and energy consumption, for that set of
data points (2620). The balance point determination logic 2528 then decrements
the analysis bound (e.g., by 1 degree, or another pre-defined temperature delta)
and if CBPMin has not yet been reached, the balance point determination logic
2528 determines the square of the correlation coefficient, R*2, between
temperature and energy consumption for all data points from the highest
temperature to the decremented analysis bound. This way, the balance point
determination logic 2528 returns to (2620) repeatedly to determine the next R"2
over the new set of data points extending to the decremented analysis bound
until the decremented analysis bound reaches CBPMin. The balance point
determination logic 2528 may save, display, analyze, plot or otherwise
manipulate any or all of the R*2 values determined during the analysis. Once the
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balance point determination logic 2528 has determined the R*2 values at each
decrement delta over the window between CBPMmax to CBPMin, the balance
point determination logic 2528 determines the temperature at which the best R*2
fit is achieved (2624), e.g., as determined by the greatest R*2 value. That
temperature is designated the CBP 2530. The HBP and CBP may be displayed,
saved, or otherwise manipulated (2626).

[0507] Obtaining the balance point parameters noted above helps to focus the
search for the balance points in specific windows. The results are faster and
more efficient searches for the balance points. An exhaustive search of all the
data points may still be performed, however, and in that regard, the balance point
determination logic 2528 need not obtain specific balance point search window
parameters before performing its analysis

[0508][Once the balance point determination logic 2528 has obtained the HBP
2530 and CBP 2532, the machine 2500 may apply the HBP 2530 and CBP 2532
in many different types of analyses and reporting. For example, the
measurement and verification (M&V) logic 2548 (or the balance point
determination logic 2528) may calculate the number of HDD and CDD, present
analysis plots on the display 2506, or take other actions. For example, the M&V
logic 2548 may: plot the CBPMin to CBPMax with corresponding R”2; plot the
HBPMin to HBPMax with corresponding R*2; determine whether any day was a
CDD according to the CDD test: Min(Temperature recorded that day - CBP, 0)
that returns non-zero for a CDD; determine whether any day was a HDD
according to the HDD test: Min(HBP - Temperature recorded that day, 0) that
returns non-zero for a HDD; extract the month from the date field for each data
point (row) and sum the kWh consumption, kBTU consumption, CDD, HDD and
the number of days in the data set belonging to each month and store or display
the monthly figures; for monthly CDD and HDD, calculate Log CDD, Log HDD,
CDD*2, HDD”2 and store or display the values for each month; for each month,
calculate average Occupancy, Relative Humidity, Wind Speed, Global Solar
Radiation and store or display these for each month; or output other analysis

result.
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[0509], The M&V logic 2548 may define, execute, and display the results of
regression analyses, given, as examples, the number of CDD or HDD, the HBP
2530 or CBP 2532, or other parameters. To that end, the M&V logic 2548 may
obtain (e.g., from operator input or from pre-defined parameters in the memory
2504) M&V parameters 2550. The M&V parameters 2550 may include, as
examples, company name, building name, an (optionally) unique building
identifier, analysis start date, analysis end date, or other parameters. Additional
M&V parameters 2550 may include: user-specified independent variables for use
in regression analyses, such as CDD, HDD, number of days, CDD"2, HDD"2,
Log CDD, Log HDD, occupancy, relative humidity, wind speed, and global solar
radiation; and user-specified dependent variables for use in the regression
analyses, such as kWh consumption, kBTU (i.e., natural gas) consumption..
Using the M&V parameters 2550, the M&V logic 2548 may calculate, store,
display or otherwise perform a user-specified regression analysis. In particular,
the M&V logic 2548 may determine the 'n' independent variables specified in the
M&YV parameters 2550, and from 'i'=1 to n, take 'i' of the variables at a time and
create a regression model with the 'i' variables as independent variables and kWh
(or kBTU, or other energy measurement chosen) as the dependent variable.
Each of the regression models created may use a combination (subset) of the
overall ‘n’ independent variables chosen. The M&V logic 2548 runs the
regression based on the data (e.g., monthly, weekly, or daily data) for the
dependent and independent variables, and may determine and store the R"2
value, significance F (e.g., from an F-test), or any other variables or test results,

and the corresponding intercept and coefficient values for each of the i
independent variables.

[0510]The M&V logic 2548 may, if desired, for each independent variable
chosen, disallow the certain pairs of variables in the regression analysis (e.g.,
transformations of the same variable may not be chosen together in the same
regression model). As examples:

[0511]CDD and CDD”2 together may be disallowed;

[0512] CDD and Log CDD together may be disallowed,;

[0513]Log CDD and CDD”2 together may be disallowed,;
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obtained fromthe building or "any other source, such as kWh consunption,

t enper at uf@H25]iThe cqﬂmaﬂsolnalbgm:c%%mayspompat& nemtraiabu@mwslataE%@@)lt@Q of
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Demand ki baweihg ddtd)270p |sD§aw1@v@g@@em Beasun pticrs nddabuped |i 3W nkinuge mand
conpared at any desired interval against a user defined kw threshol d.
intervals over 15 different days in July, and the user-defined data is 2704 is daily
average kWh consumption at 30 minute intervals over the month of January 2009
for a particular building under analysis. The control building data 2702 and user-
defined data 2704 may be data points over any other time intervals, time spans,
or obtained from any number of different buildings, or from the same building.
Further, either the control building data 2702, the user-defined data 2704, or both,
may capture desired or expected levels of building performance, may represent
actually measured and optionally statistically treated (e.g., averaged)
consumption data from one or more buildings, or may represent other data
automatically obtained or input by an operator. Thus, as another example, the

control building data 2702 may be individual operator specified data points at 30
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Exampl e: If kw demand reaches over 500kw, then issue alert. 2. Demand
Exceeded Hi storic Threshold (not nornalized) Building kw demand

cont i nuousDyoovizedi3any desired interval (e.g., daily, mparhisg)loesapar ed
agai nst historical demand for the building. Analysis Result: Send warning
nmessage to building operator. Exanple: Daily kw demand is conpared to the
sane day in previous years.lssue alert if demand is greater or |ess than
hi stori cal denmand by a pre-sel ected threshol d. 3. Denmand Exceeded

Basel i ne Tk GRNRIh 9 IPLIAREH pTHALhBToK KoABIRSEh.| STHECBALHSEH ¥r Bl
control building data 2702 and the user-defined data 2704 may vary widely, as
examples: average consumption at any desired interval on weekdays over a pre-
defined time period (e.g., one week, three months, or one year), optionally
excluding holidays, and/or outlier data points; average consumption at any
desired interval on weekends over a predefined time period; average
consumption at any desired interval on holidays over a predefined time period; or
other consumption data.

[0526] For the example shown in Figure 27, the comparison logic 2544 performs
a comparison respect to energy consumption measured in kWh. However, other
energy measurements may be used, such as cubic feet of natural gas
consumption, gallons of water used, or measurements of other types of energy or
resources.

[0527] The comparison logic 2544 may determine and display exceptions 2706.
The exceptions 2706 may identify noteworthy variations in consumption data for
further review or analysis. Figure 27 illustrates an example in which 16 exception
ranks 2708 are defined. As specific examples, the exception 2710 indicates a
rank 3 exception and the exception 2712 indicates a rank 4 exception. The
comparison logic 2544 may analyze the building control data 2702, the user-
defined data 2704, or both to determine exceptions at any desired time interval,
such as every second, every minute, every 15 minutes or every 30 minutes.
[0528] The comparison logic 2544 may determine an exception rank for any
interval in many different ways. For example, the exception rank may apply to
the user-defined data 2704, with exception rank assigned based on the standard
deviation of the user defined data 2704 (e.g., determined at each interval). Table
Exception Ranks, below, shows one example definition of the exception ranks
according to windows of standard deviations of the user-defined data 2704. The
comparison logic 2544 may determine additional, fewer, or different exception
ranks according to additional, fewer, or different standard deviation windows, or
using any other statistical criteria of interest that map the statistical criteria to one

or more exception ranks.
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conpared agai nst historical baseline regression nodel Exanple: Daily kw
demand is conpared to the sane or a simlar day (as defined by any desired
regr essi omoeniwied1dabl es such as HDD, ODD, Humidity, Occeparusgoioos4iot her
vari abl es) . 4. Significant Change (Increase or Decrease) in Denmand

Bui | ding kw demand is nonitored continuously or at any desired interval for
changes up or Exanple: Demand goes from 700kw at 10amto 500kw 10: 15 (the
next interval). This could either be a result of a demand / response event

o P e s o oo o
2 3

Rank 1 4 5
Standard -1 to +1 from: from: from: from:
Deviations -1t0-1.5 -1.5t0-2 -210-2.5 -2.510 -3
from the and and and and
mean from: from: from: from:

1t01.5 1.5t02 2t02.5 25t03

[0529]More specifically, the comparison logic 2544 may determine the average
(the control average) and standard deviation (the control standard deviation) of
the energy data for each interval (e.g., the interval between 3 am and 3:30 am on
a given day) in the building control data 2702. The comparison logic 2544 further
determines the average (the user-defined average) of the data for each similar
interval in the user-defined data 2704. The comparison logic 2544 then assigns
an exception rank to the user-defined average for each interval in the user-
defined data 2704 according to where the user-defined average falls within the
control standard deviation determined from the building control data 2702 for the
same interval. For example, in Figure 27, at 3:30 am the comparison logic 2544
determines an exception rank of 4 because the average consumption (7082.58
kWh) is between -2 and -2.5 standard deviations of the average consumption
(7267.40) in the building control data 2702 in the same interval. At 3:30 pm, an
exception rank of 3 applies because the average consumption (7526.81 kWh) of
the user-defined data 2704 is between -1.5 and -2 standard deviations of the
average consumption (8064.87) in the building control data 2702 in the same
interval.

[0530] The Table Comparison Data, below, shows for the comparison analysis
2700 the analysis data at 30 minute intervals for the control building data 2702
and the user-specified data 2704, including the determined exception rank
determined according to Table Exception Ranks.

Table; Comparison Data
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5. Demand Exceeded Conparabl e Buil ding Threshold Buil ding kw demand is

continuously or at any desired interval
conpar ablwobmi2e13bui | di ng. Exanpl e:

conpared agai nst a user- defined
Bui | di ng 1 denmandPprexdaseas/oBuil di ng 7

kw demand (Building 7 is the baseline or control building against which

ot her buil dings are conpared).

i nt erval
consunpti

(e.qg., hourly, dally,

Consunption (kwh) 1. Consunption Exceeded
H storic Threshold (not normalized) Building kwh consunption at any desired
nont hI y) _conpar ed agai nst historical

om—For—trive i R'angéJ ‘Aﬁ‘sef’be?nedﬁngey r‘E"xcepf'on RRptTon—s
average by time slot average by time slot by time slot Difference
12:30 AM 7348.93 7213.00 2.00 135.93
1:00 AM 7331.47 7218.42 1.00 113.05
1:30 AM 7310.67 7210.65 1.00 100.02
2:00 AM 7281.27 7204.10 0.00 7717
2:30 AM 7285.67 7202.52 1.00 83.15
3:00 AM 7275.53 7194.45 1.00 81.08
3:30 AM 7267.40 7082.58 4.00 184.82
4:00 AM 7250.07 7086.48 4.00 163.58
4:30 AM 7248.60 7198.90 0.00 49.70
5:00 AM 7245.80 7206.10 0.00 39.70
5:30 AM 7323.53 7169.90 2.00 153.63
6:00 AM 7265.13 7259.00 0.00 6.13
6:30 AM 7285.67 7291.13 0.00 -5.46
7:00 AM 7413.67 7419.35 0.00 -5.69
7:30 AM 7448.87 7453.87 0.00 -5.00
8:00 AM 7526.47 7419.16 0.00 107.31
8:30 AM 7583.80 7443.19 0.00 140.61
9:00 AM 7673.47 7465.71 1.00 207.76
9:30 AM 7751.73 7499.58 1.00 252.15
10:00 AM 7835.53 7522.03 1.00 313.50
10:30 AM 7923.40 7550.65 2.00 372.75
11:00 AM 7952.73 7556.00 2.00 396.73
11:30 AM 7975.87 7537.77 2.00 438.09
12:00 PM 7994.87 7545.10 3.00 449.77
12:30 PM 8015.13 7557.58 2.00 457.55
1:00 PM 8016.80 7550.87 3.00 465.93
1:30 PM 8041.73 7556.03 3.00 485.70
2:00 PM 8057.87 7556.29 3.00 501.58
2:30 PM 8052.53 7600.32 2.00 452.21
3:00 PM 8043.93 7568.87 3.00 475.06
3:30 PM 8064.87 7526.81 3.00 538.06
4:00 PM 8050.93 7492.26 3.00 558.68
4:30 PM 8041.73 7506.42 4.00 535.31
5:00 PM 8010.40 7509.71 4.00 500.69
5:30 PM 7971.53 7496.00 3.00 475.53
6:00 PM 7935.40 7487.13 3.00 448.27
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conpared to the same day in previous years. Issue alert if consunption is
greater or less than historical consunption by a pre-selected threshold.

2. ConsumpOi2on/Bseeded Basel i ne Threshol d (normal i zed) PBIiuSdemng3dawh
consunption is conpared at any desired interval (e.g., daily, nonthly)

agai nst historical baseline regression nodel Exanple: Daily kwh consunption
is conpared to the same or a simlar day (as defined by regression

vari abl es such as HDD CDD, Humidity, Occupancy, or ot her varl abI es) 3.
S| gr“ f | CanIL ulclll\.jc \I N1 ©cas© LJCbI UCIDU) LI WIIDUIIIJL I UTI DUI I ur 11 l/\h
consunpt i on68&PWpni t or ed A191 é:fn desired ##%3%rval for 38hanges upﬂ2§81 own
t hat exceled7Bxpmm! e: Conswgxpbs on goes framBAOkwh begpeen 10 amagel| 11 am
LS, 5ol DECRE T AT Bflsde Moo TR T eTT SRy D A Vi
8:00 PM 7783.07 7426.45 3.00 356.62
8:30 PM 7720.87 7415.61 2.00 305.25
9:00 PM 7703.20 7405.29 2.00 297.91
9:30 PM 7628.07 7392.23 1.00 235.84
10:00 PM 7492.53 7280.90 3.00 211.63
10:30 PM 7442.33 7267.32 2.00 175.01
11:00 PM 742347 7257.65 2.00 165.82
11:30 PM 737153 7224.42 2.00 147.11
12:00 AM 7349.53 7219.74 2.00 129.79
Total KWH 367583.33 354587.29 3.00 12996.04

[0531]Figure 28 shows the logic that the comparison logic 2544 may implement,
e.g., as processor executable instructions (i.e., as a computer implemented
method). The comparison logic 2544 obtains background information, such as
company name, building and company location, an (optionally) unique building
identifier, or other data (2802). The comparison logic 2544 gathers overall time of
use consumption data at any desired interval (e.g., every 30 minutes) (2804).
The operator may specify a date range for exception rank analysis (2806) and for
the control range (2808). For example, the operator may specify a particular
month in 2006 as the control range, and a particular month in 2010 as the date
range for exception rank analysis. Optionally, the operator may directly specify
the consumption data for either the control range or exception rank analysis
range.

[0532] The comparison logic 2544 obtains or establishes exception rank
definitions (2810). Examples of exception rank definitions are shown in Table:
Exception Ranks, but the definitions may vary widely in implementation to take
into consideration any statistical parameter desired. The comparison logic 2544
optionally cleanses any of the input consumption data (2812). To that end, the
comparison logic 2544 may remove data rows for which no consumption data is
available, for which erroneous data is present, or for which the consumption data
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a pre-defined threshold. result of a demand / response event or sone
probl em wi t h equi pnrent or behavi or changes. 4. Consunption Buil ding kwh
Exanpl e: Woi2buvr2ge13 Exceeded Conpar abl e consunpt i onPC3/USe0IS0841i on
exceeds

is anomalous (e.g., exceeding the mean consumption data by more than a pre-
defined threshold).

[0533] The exception analysis may be run against all the data, weekdays,
weekends, holidays, or any other subset of the overall data. Thus, the
comparison logic 2544 identifies and determines the number of weekdays,
weekends, holidays, or other particular days in the overall data (2814). Similarly,
the comparison logic 2544 determines overall and monthly average consumption
data at each interval for weekdays, weekends, holiday, and all days in each
month (2816).

[0534]For each interval in the control range (e.g., daily, every 30 minutes), the
comparison logic 2544 determines the average and standard deviation of the
data for that interval (2818). Similarly, the comparison logic 2544 determines the
average consumption in each interval in the user-defined date range for the
exception rank analysis (2820). The comparison logic 2544, with reference to the
exception rank definitions, assigns an exception rank for each interval, using the
average consumption from the user-defined date range with reference to the
average and standard deviation determined form the corresponding interval in the
control range (2822). The comparison logic 2544 may generate and display the
resulting comparison analysis 2700 (2824). While Figure 27 shows an analysis of
daily consumption at 30 minute intervals, the comparison logic 2544 may analyze
other time windows at other intervals (e.g., one day intervals over one month, or
one day intervals over one year).

[0535] Exception ranks may be determined in ways other than that described
above, however. As another example, the comparison logic 2544 may determine
the exception rank according to the magnitude of the difference in consumption
between the control building data 2702 and the user-defined data 2704, with
individual thresholds or ranges defined to determine which difference magnitude
maps to which exception rank. Furthermore, the difference may be shaded or
otherwise highlighted in the comparison analysis 2700 to help visualize the
difference.

[0536] The machine 2500 may employ the comparison analysis 2700 to rank or
gauge how well a building is performing. The ranking may be output on the
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Bui I di ng conpared at any Building 7 kwh Threshold desired interval
consunption (Building 7 agai nst a user- is the baseline or control
defi ned bwDl2divigomgai nst whi ch PCT/US2010/034111

display 2506 as an analysis result. For example, a building with more than a
threshold number of exceptions of greater than a pre-defined exception rank (or
some other function of the exception ranks) may be flagged and displayed as a
building that needs special attention with regard to its energy consumption. To
that end, the comparison logic 2544 may implement any desired ranking rules
based on the comparison analysis 2700 to determine how well a building is
performing, and responsively take action, e.g., by notifying a building supervisor,
outputting notification or warning messages on the display 2506, or taking other
action when the rule fires.

[0537]In addition, the machine 2500 may implement building level alerts. The
alerts may be defined in the memory 2504 using alert rules 2536. Alert logic
2538, shown in Figure 29, may run at any desired interval. The alert logic 2538
may include instructions that when executed by the processor 2502, read the
alert rules 2536 (2902) and energy data from the energy database 2514 (2904).
The instructions may further processes the alert rules 2536 to determine based
on any of the energy data whether any of the alert rules 2536 should fire (2906).
If so, the alert logic 2538 determines the analysis result (2908) based on the alert
rule and displays the analysis result (2910). In that regard, the machine 2500
may output a message, display any desired indicia, or take any other pre-defined
action when the alert rule fires, as defined in each alert rule 2536. Further, the
alert rules 2536 may specify the analysis result (e.g., display a warning
message), the analysis results may be pre-determined (e.g., for any rule that
fires, send a message to an operator), or the analysis results may be determined
in other ways. The alert rules 2536 may vary widely in implementation, and may
take into consideration any of the variables obtained from the building or any
other source, such as kWh consumption, temperature, time, date, balance points,
or other variables. Examples of alert rules 2536 are shown below in Table:

Alerts.

Table: Alerts
Alert Alert Name Alert Rule Notes
Category
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[0538]
consumption and demand. However, the alert rules may define alerts based on

The alerts discussed above are building level alerts with regard to

any energy consumption parameters that are directly measured, statistically
derived, or otherwise obtained. The machine 2500 may also implement more
complex analyses. As one example, the machine 2500 may include event logic
2542 that analyzes equipment data to detect or infer events of interest based on
event rules 2540. Such event rules 2540 may help define when demand /
response events occur, when equipment has failed or has been fixed, or other
events. When the event logic 2542 identifies an event, the event logic 2542 may
responsively execute a pre-defined action, for example as specified in the event
rules 2540.

[0539]
implemented with additional, different, or fewer components. As one example, a

The machine 2500 or any of the systems described above may be

processor may be implemented as a microprocessor, a microcontroller, a DSP, an
application specific integrated circuit (ASIC), discrete logic, or a combination of
other types of circuits or logic. As another example, memories may be DRAM,
SRAM, Flash or any other type of memory. The processing capability of the
system may be distributed among multiple components, such as among multiple
processors and memories, optionally including multiple distributed processing
systems. Parameters, databases, and other data structures may be separately
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heati ng bal ance point wi ndow and a correl ation analysis of the energy data
within the cooling bal ance point window. 9. The systemof claim8, where

t he ener gyoanslns918 | ogi ¢ further causes the energy analPgSitus2¢ypss4am t o:
execute a correlation anal ysis between tenperature and energy consunption
to find a best fit correlation. 10. The systemof claim8 or 9, where the
energy analysis logic further causes the energy analysis systemto: execute
the correlation analysis at each step of a pre-selected tenperature delta

bal ance poire A Hubieotd. e BEhbdPorAbAIng, BohRlie: HBURI MicrapBpse” | ™0

anal ysi s mepbbsiogﬁfall?sémblpim/bidaﬂy%rgah'&edomnmriyoﬁliffdrem vayst \weiok may
operations center through an energy data connectivitadi?nter ace to an

energy datapPleganied Wikt %iffﬂrﬂ@t Bimesg9f daten SHHCURRS SEEMAR% liBked dffSeriasfent er
t hr ough t%l?ﬁtcﬁ 'ﬁ‘?\rﬁﬂfﬁ‘fot% gﬁchﬁgisﬁ%er gy data source; perform ng an energy

analysis In e ne center on the energy data to produce an
anal ysi s [GEA0]t, lwitic,esyohrdprogrgmsher arcelitgy rearlbgsc@nbioeprorsygsdit among

det erm ni Hg{h(;ﬂntrol bui | di nlg data within the ene.rgy dat a; determ nin
user - def | RHTRIRPIOHATS AISHEM € cCegs e voral BeRIGReR 975, PIREeETRIS o it
resul t, ape§mpRith&MBdNiRKIRANE FURATAS shBfed MrarPle.§Uid @yimialnk 1t he

user-defined data, the exception rank identifying specific data in the user
defi ned déPkL))orTheudtheior egample, mayl stpsacodeithgt amalyzis energyrexpaendiere

gt e P R AR ek 1P RST ALSLARS IS B SOC RPN R

except i onal BiKsErREPST FRS functionality of the machine 2500. The programs may be
stored on a computer readable medium, such as a CDROM, hard drive, floppy
disk, flash memory, or other computer readable medium. Thus, a computer
program product may include computer readable instructions, which when loaded
and run in a computer and/or computer network system, cause the computer
system and/or the computer network system to perform operations according to
any of the claims below, and in particular to perform any of the logic and methods
illustrated in Figures 26, 28, and 29, as examples.
[0541] While various embodiments of the invention have been described, it will be
apparent to those of ordinary skill in the art that many more embodiments and
implementations are possible within the scope of the invention. Accordingly, the
invention is not to be restricted except in light of the attached claims and their

equivalents.
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determ ning a control average and a control standard devi ation of the
energy data within a tine interval in the control building data. 13. The
conmput er wopbsvesdied nmet hod of claim 12, where determ niPoE/ESR010%084EPE | ON
rank further conprises: determining a user-defined average of the energy
data within the time interval in the user-defined data. 14. The conputer

i npl emented nmethod of claim 11, 12 or 13, where determ ning an exception
rank further conprises: accessing an exception rank definition that
conprises a mapping of a statistical danageter to exception ranks; and
assigning the exception rank to the time interval according to the mapping.
15. The conputer inplenmented nmethod of claim 14, where the statistical
paranmeter conprises a standard devi ati on wi ndow with respect to the control
aver age. Whatigclaimediis:anal ysis system conprising: a processor; and a
menory coupled to the processor, the nenory conprising: energy analysis

| ogi ¢ that, when executed by the processor, causes an energy anal ysis
system t o1. est Aldangputer aaplensmiect otdtiood foreneagyehalysis copepragingins cent er

t hrough an _ener data ,connecti.vity interface to an . ener dat a squrce;
obtain enBFEPIHANG BidaReCHEGRIPR BRRr 8t N K SRERIGTR SEYIeT HEodt 27
connect i 0BnbRytdifia BBANEIVIGiRtePRLE §6 anRMdhgY Bhdsqitesgy anal ysis in the
net wor k operations center on the energy data to produce an analysis result,
wher e t heobtagnigg enaigysidata caipithe esetwdsk eopenaiiogs ceenteol thnalghndithg datea

wi thin the ener, tdgt a; determni ng user-defined data within the energy
data; det 8P % 0 Qeleﬂsr%}'n%? %4 %sul t, an exception rank by conparing
t he performing an energy analysis in the network operations center on the energy

data to produce an analysis result, where performing the energy analysis
comprises:
determining a balance point set from the energy data as the analysis result,
the balance point set comprising a heating balance point and a cooling
balance point; and
generating and displaying a user interface on a display, the user interface
including the analysis result.

2. The computer implemented method of claim 1, where determining a
balance point set comprises:

determining either or both of a heating balance point search window into the
energy data and a cooling balance point search window into the energy data.

3. The computer implemented method of claim 2, where determining a
balance point set comprises:

executing either or both of a correlation analysis of the energy data within the
heating balance point window and a correlation analysis of the energy data within
the cooling balance point window.

4. The computer implemented method of claim 3, where executing the
correlation analysis comprises:

executing a correlation analysis between temperature and energy consumption to
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control building data and the user-defined data, the exception rank
identifying specific data in the user defined data for further review, and
gener at e woaotvptiay a user interface on a display, thePasars2ématiince
including the analysis result. 17. The system of claim 16, where the
energy analysis logic further causes the energy analysis systemto:

determ ne a control average and a control standard deviation of the energy
data within a tine interval in the control building data. 18. The system

of claim gy anal ysis logic further causes the energy

anal ysi s éé%;ﬂ%%%?t&@ﬁggﬂ Ir]ne a user-defined average of the energy data
within the tinme interval in the user-defined data. 19. The systemof claim
16, 17, or 18, _where the energy analysis |logic further causes the energy

anal ysi s 8yst eﬁh?(ﬁoné@éié‘éﬁ“@'ﬁn@m%tm%tﬁogdﬁkc'@l@f |3n‘Prt‘i’foWh?Fﬁa?X%@#tﬂgi 485 a

mappi ng o [ .er to exception ranks; and assign an
excepti on%@%@@%@%ﬁﬁ%ﬁﬁ erval according to the mappi ng. 20. The

met hod of eréaitimglthe vsbﬂrekatlbhearmlyasis sdti eadh pﬁm@taelpreasetercteszémmpeltammr d
devi ati on th respect, to the control avera

br 001 am B TONGR Ialaeror Dot UF ke FediihPalanag oL vigHa 4 HF BRING oaded
and run i BaRineePHitNin@HH/ or conputer network system cause the conputer

system and/ or the computer network systemto perform operations according
to any of clainms or 1-5 or 11-15.

6. An energy analysis system comprising:
a processor; and
a memory coupled to the processor, the memory comprising:
energy analysis logic that, when executed by the processor, causes an energy
analysis system to:
establish a data connection from a network operations center through an
energy data connectivity interface to an energy data source;
obtain energy data at the network operations center through the data
connection to the energy data source;
perform an energy analysis in the network operations center on the energy
data to produce an analysis result, where the energy analysis comprises:
determining a balance point set from the energy data as the analysis
result, the balance point set comprising a heating balance point and a
cooling balance point; and
generate and display a user interface on a display, the user interface
including the analysis result.

7. The system of claim 6, where the energy analysis logic further causes the
energy analysis system to obtain either or both of a heating balance point search

window and a cooling balance point search window.

8. The system of claim 7, where the energy analysis logic further causes the
energy analysis system to:
execute either or both of a correlation analysis of the energy data within the
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heating balance point window and a correlation analysis of the energy data within
the cooling balance point window.

9. The system of claim 8, where the energy analysis logic further causes the
energy analysis system to:

execute a correlation analysis between temperature and energy consumption to
find a best fit correlation.

10.  The system of claim 8 or 9, where the energy analysis logic further causes
the energy analysis system to:

execute the correlation analysis at each step of a pre-selected temperature delta
through either or both of the heating balance point window and the cooling

balance point window.

11. A computer implemented method for energy analysis comprising:
establishing a data connection from a network operations center through an
energy data connectivity interface to an energy data source;
obtaining energy data at the network operations center through the data
connection to the energy data source;
performing an energy analysis in the network operations center on the energy
data to produce an analysis result, where performing the energy analysis
comprises:
determining control building data within the energy data;
determining user-defined data within the energy data;
determining, as the analysis result, an exception rank by comparing the
control building data and the user-defined data, the exception rank
identifying specific data in the user defined data for further review; and
generating and displaying a user interface on a display, the user interface

including the analysis result.

12. The computer implemented method of claim 11, where determining an

exception rank comprises:
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determining a control average and a control standard deviation of the energy data
within a time interval in the control building data.

13. The computer implemented method of claim 12, where determining an
exception rank further comprises:

determining a user-defined average of the energy data within the time interval in
the user-defined data.

14. The computer implemented method of claim 11, 12 or 13, where
determining an exception rank further comprises:

accessing an exception rank definition that comprises a mapping of a statistical
parameter to exception ranks; and

assigning the exception rank to the time interval according to the mapping.

15. The computer implemented method of claim 14, where the statistical
parameter comprises a standard deviation window with respect to the control

average.

16.  An energy analysis system comprising:
a processor; and
a memory coupled to the processor, the memory comprising:
energy analysis logic that, when executed by the processor, causes an energy
analysis system to:
establish a data connection from a network operations center through an
energy data connectivity interface to an energy data source;
obtain energy data at the network operations center through the data
connection to the energy data source;
perform an energy analysis in the network operations center on the energy
data to produce an analysis result, where the energy analysis comprises:
determining control building data within the energy data;
determining user-defined data within the energy data;
determining, as the analysis result, an exception rank by comparing the
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control building data and the user-defined data, the exception rank
identifying specific data in the user defined data for further review; and
generate and display a user interface on a display, the user interface including

the analysis result.

17.  The system of claim 16, where the energy analysis logic further causes the
energy analysis system to:
determine a control average and a control standard deviation of the energy data

within a time interval in the control building data.

18. The system of claim 17, where the energy analysis logic further causes the
energy analysis system to:
determine a user-defined average of the energy data within the time interval in

the user-defined data.

19.  The system of claim 16, 17, or 18, where the energy analysis logic further
causes the energy analysis system to:

access an exception rank definition that comprises a mapping of a statistical
parameter to exception ranks; and

assign an exception rank to the time interval according to the mapping.

20. The method of claim 19, where the statistical parameter comprises a

standard deviation window with respect to the control average.

21. A computer program product including computer readable instructions,
which when loaded and run in a computer and/or computer network system,
cause the computer system and/or the computer network system to perform

operations according to any of claims or 1-5 or 11-15.
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