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Executive Summary

This is a draft report. The Statewide CASE Te
comments on the proposed code changeaesafand t he
report. When possible, provide supporting dat
commerst ggedstreevi sions willrbtioongipgdeopdswhsena
analyses. The Final CASE Report wildl be submi
Commi sish @0l 2 0 . For this report, the Statewide
on the foll owing:

For theomulbticupancy sensing in |l arge offices

1. Doedsi mmi ng | i gbt coafgtrteot eéddn ppomvmetri ons tolfatl ar ge
are unobtauvei mpacttheonpercei ved amfeahiety of t he
remaining occupants?

2. Do tclaé cul ati ons esa\vinmmgts mir addoirctgiyopna nocfy
sensto@esentrol zones noguwarea(tflatare ttl hmang e6 X fsi ce s
tbe correct?

3. Does the estimated installed incremental fir
of fices with occupancy tg emwwsiitnogh taral tiom@ar e d
override switch, match your experience of th

a.Do theumptions used to devedem rieascecmemnltea

b.Cameadmermrsvi de more data or information to
especially relat adedatto nlgaborendtdodstas i @amd anc
HVAXccupied standby integration

c.Should the Statewide CASHIiI heammemd atl e fti e
to include data Rrdsé&mwthed hi ml $dotuigdhn accur
more cotsitvefifeclelsan girdaal ar

4. Does it ahfet dd acesmpayceontrol zon&Theerl ap i s
i nt ethna ardsd mevsscsamtyr ol =z dme revarcleag he unintend
consequence of. coverage gaps

5. For | laghktipn@ance teasATT),$ eicshniitcical ear that the
acceptance test applies to fnopeéaredpdel an office
clarified?

6.1l n the drafted acceptance test, is Step (c)1l
there a better meat hod zonmeadsuzreé® co

7. Any missing, critical m&r Rerld .i2n.ind munketoincen f or
occupancy sensing i woluadgdeofafpipcecmaaeur e
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values, etc.) reasonable? Can you provide mo
them more?

4. Are the methods used to calculate the energy
the proposed and reference designs technical

5. Do the itradr e&emesn s of the proposed |l ighting di
compliant with the proposed new standards as
designs compl i aTnitt Iwel t2relptphdeanr2t@ 9 be correct ?

6. Ar det values ospapphi cralhi powe rg arealrsadthite sn gf or
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8 This proposajewoexedmpo Il ioghting for growing
reference the user of the code tMantdhad omregwl y
Requirements for Controll elds Emlvii s ocampgma p Hioa tt
addressing these exceptions?

Email commemgtestamamssouayp i t | e2 4 s thaykwedws td ex.@&20c om

Comments wil |l not be released for public revi

|l ntroducti on

The Codes and Standard&émiBnhhanoemegnte se@ASE) eco
t o s utplp@arlti fEonrenrigay Co msinegsigyn Copmesbsopbphe to up
the Cal i f oEfnfiiac iEenreay yBui(ITdithn gP&tdan@lardse i ncl ud
requirements or to upgrade existingreequireme
California I nvestor—-P@Qwndd cUtGalsi taineds E(l le@UWs)i ¢ C
Digego Gas andanBloadthriran, Cal rhodwBwab IEidé Isy nOwned

Uti éesltos Angel es Depart me mtn do fS aWa taente na nod MuNW ecri

UtilityhBrreetfreircrted tewi ae tCIHASEStEamtamncl|l udi ng t hi
CASE Autstponrsored this effort. The program goal
proposals that-ewiflelctin @e®fulethhiamcemeihts to i mpro
and energy performance in California building
proposal s pr esreentae do alretr ecifn t he effor4+ to devel
effectiveness information for pr-efppobiseidemeqdes,]

practices and technol ogi es.
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mailto:info@title24stakeholders.com

The Statewi de bOWNStEs Tcecadre scuhange proposals to t
t het ate agency that has authority to adopt r e\

Commi ssion will evalwuate proposals submitted
stakehol ders. The Energy Commi ssion may revi s
Commiosnsis 2022 Title 24 website for informatio

how to participatepsn/ thewpeoeesgagn-dca. gov/ prog
topics/ progreamsedbfuiicsiticanncdya r bsu/i 2-@d ;hredVf i ci ency

The overal IDrpdASE oRephretsemdcdbdepchange propos:
mu lztoine occupancy senandglightbngepo&wéregensi t
contains pertisnuepmpto tihrefnagrodaet icchmng e .

Measure Description

Background I nformation

Multi-zone Occupancy Sensing in Large Offices

Currenbkygyupant seeguingé menbs$ Olgcree astpearc etshan 25 (
are not manndlattdreySl2 g f fP aorptt 160 n ss wintccl hu dceo nttirnoel s

an occupancy sensor wi thh&otweddo vuesrt&meet tarrea | i m
PAP$§rom the 2013 Title 24, Pardar 6utcioldiezicrygc | e
occupancy controls with varying control zone

This proposal allingres nwaittiho ntanhe E2nCelr8 y Conservat
C405.2.1.3 Open Pwhainnafdfact oeasx Cotn0fofdint r ol zone

size andt $mecooimftireosl zones shall be switched se
automatically turn off all control zones with
space, and that each contral kemet cn@B8t pewar,.e
switch off, within 20 minutes of occupants | e
This mevousrdAe e energy through two main mechani
|l oad hours of operation on the lighting syste
occupied standby mode in | arge office spaces,
from HVAC systtemp.i eldVrhefsaamtdsb yt her most at setpoi-r
ventilation air to a zone whlére teme rgryt israev i NPas
cal cwmlsat iae f oumd,3i es tSiemd i ® #0y. r9 4i0m ikgehrd d ¢ i ngs .

Technology to i mplement this code change i s a
Mo sotccupancy sensors control the |ights digita
networked | ighting control system. The occupa
their associations with the | uminaires and/ or
occasionally hardware, different sensors can ©b
di fferent contr ol zones and contr ol zone size
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programmed, added, and rearranged at the cont

andven mobile phone applications, rather than
Anot her popul ar control I mpl ementation is | um
sensors are an integral part of the | uminaire
sensorumiThasré and sensor configuration woul d
control ar elmoarsd eaemsom controls an individual
With LLLCs, the luminaires may al so be networ
ot her anad saicntglaes, | arger zone i f that would be

Lighting Power Densities

Th mmeasprepsasoe update the all oway(lLePWDail guhetsi ng p
(watts of lighting per squame -afecaolty soifs roofo nh PFOS
i mproved tools and changes to t(The Bt adweowt sleav
CASE Team updat eddrihBg JddI1Pes 2dlgddacyelboe ecod

an al((l L&EDt e mibtatsiedd neki.odal)y i fprt hihse 2RAORL syt @aln
the Statewide CASE Team i byr apdpartenvgngotdhsilss pr ev

and accouandtvianngc ifnogr .t emhevoil foigeyal 'y, the Statewi
f ousmfdf i cacy oivireer ¢ &nee 3 a b ol rutnhirness hyeegahr sc ol or
rendering LBOexo,f Cadalgorantduaimovaggagnontrol | abil ity

Li kewise, the Statewi danoaCAISE Baesaend hars muuewiad ietdi
recommended practice ame I EBSelSsandames Met hod

density model has been i mproved to provide a
l ighting powerSt althd vwi it 8a@WESBH t h e el PD 0 ptolsaetd mor €
closely match theaseshbhkete D6 thesmedebr in th
| mprovements includes:
T Detailed documentation of the target il um
task, supplemental and walltowabtlke spsiems &

recommended practices.

T Direct
phot ome
l umi nai

use of the zonal -LMn®Enfsoremdtrtaed ed f
t
;
geometry
u

ric files of |l uminaires to calcul a
es for any combi nataingrul afr moom r ef

T Direct se of manufacturer | amp | umen depr
T I mpl ementation of the | uminaire36disrpte cdiefpirce
to luminaire type and primary function are

Thproposed LPIDo unpodtatpersevenghsulf évelentrimm bein
addition to genthatel agaddadiatgied®DIs, potwkeal lal | ow:
contribute to providinmgnsuféiprepeéer |l igghinihgep
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achi evabkle.suTrhree t heréigbtsbobfi tcaehkt work, displ

l'ighting. There are also additional wattage a
and capabsta@akidadi onal | ighting wattage for pr
occupied by elderéeg. or visually i mpai
Theighting power all owances for the complete

t he gdeneagrh@diwegr all owances froaasriimaeach ubmwitli dir
have also been updated. The tailoredtlyghting
updated to account for the increased efficacy

Proposed Code Change

Thewu lztoine occupancy sensing in | arge offices n
contr ol requirement for nonr é€diadgret”i alf fiincdkasar
as enclosgdeatfdri ctFans288pecially includes op:
workstations, although the term “open office”
proposed c oadpep Icibebsh gtkoi ght i ngon wiidarh uamd eerx csehpe li f
furnmbuneed suppl emental task | i ghtaidrdg.t ilotnsi, m

and alterations.

Theighting power density medsbtrei propssesmaunpad
and the prescriptive. Befcitniotni cofs ThaMaer Relen Puapc
clari faindatrieadidi ti bpabOywatt and JAS8enmiaonrdat or
l umi nai riese wi tahmpa cheo| der s halknbtlkeea peamovreidptiv
code | angwdga l fadr as hefoor | i ghting power and |
classidandapower aasudbementupdated forrefhecftic
updated LPD vathesLPDi kalwuee, i n theButidhdliensg f o
Met hod, Area Category Med hhoadv,e aanldl .Thaw el soeruepdd aMee
updates affect new constr udtoitore,v eaddibtuiidds ,nga
affected by the updates, but many have minor

Scope of Code Change Proposal

Tablssummari zes the scope of the proposed chanc
Stand®ederence Appendi ces, MAt h(eAdhM)t | Rreef eCael nccuel
Manuahdompl i ance tdhoacowrbegntmsodi fi ed as a result

change
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Tabl:e Scope of Code Change Proposal
Measur Type of Modifi Modi fi Would Modi fi e
Name Require Sectio Titl,e Compl iCompl i ¢

of Tit Part 6 ce Documges

Part 6 Append Soft wi)

S Be
Modi f i

Mu kztointMandat o 130(.cl) EAppend Yes NRCL T-1
Occupa 130.1( NA7Y 0 5,
Sensin 140A6 NRCLCTH
Lar ge E, NRC/
Oof fice L T-0 2A
Lighti Mandato 100,. 1 None Yes None
Power Prescri 130.,0(
Densit 140..,6(

140. 6(
Mar ket AamadyRegul atory Assessment
Mul-zane Occupancy Sensing in Large Offi
The mar ket for occupancy sensors andUhigéding
States.CuU.r@n)tly, the main market actors inclu
engineers, electrical contractors, distributo
agencies, manufacturers, and | i ghstSencgt icoonnt r ol
2. 2delscribes market actor core functions in de
Technology to i mplement thisimodal icth@ammiea i s r
confirmedclwndr emne &r vi ews .wiMohs ts toackceuhpoalndceyr ss e n s
control the | ighting digitally through either
control system. The occupancy sensors are con
with the l|ldi/mamadaorethy ansizogmesoft ware, and occas
As such, control zones can be reprogrammed, a
panel or remotely through computer, and even
rewiring.
Luminai tegheval contr ol (LLLC), where sensors
|l umi naires, also offers options for I mpl ement
configuration can increase the granularity of
contr ol decideinddy .i WdeapherL LLCs, the | uminaires
together to coordinate with each other and ac
the desired |lighting design.
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lfhe proposed code ah &sedtewd ss|l ch drogpauck d| | me mor e

occupancy sensors, a more granular control st
equi pment. A few stakeholders mentioned that
| arge buildings, digital systems artethewsed and

proposed code change requiremenaddi tFioonalhiequi
would be needed andowaowlcd | ynlpy orgeg @unmee@ay thbhaetr
requirBmeed on feedback fromastfh&edhmwd eleis g otuit m g
represewbaltidvéskely benefianthee dteciigmcrsée aaecetdg

would necessitate more work for electrical en
code compliant control strategy. The desi gn,
wolud | i kely benefit from increased communicat

representativedMorandedasilgnems stakehol der per
in Sex.td.oh. 3

The proposed wooudequhamgea new acceptance test,
code | anguage can 2.e6AfGrwerpd ainmc eSeletshdjiTrec hni ci a
perspectives were gathered and incorporated b
after the first draft of the teXx.tl.wihetaiompdet
survey responses and reviewer clormnedmdidsl .clan5 be

This pradmadsaglns with the 2018 | ECC Section C40
Contarso lbiontchl ude maengduaitroernyent s max hmwvm $i0Ded tcon
zones that swiautclhhmaeparaadd gl yurn off all contr
all occupants | eaving t heats plaecpes,t ca@Bd rpeodwecre |0
switch off, ewi tohfi mocx0Q pminntuwt | eSevciti@digolna 4cadntr ol
explains the difference in nomenclature betwe

Lighti ngDePhoswetri es

Theurrent mar ket structure for idndsoiogrnilfiigchatnitnl
over the past three years. Lighting designers
fixture types, |l umen output, angd awvrad tragemsa n Liol
for obtaining products and installing lightin
technol ogies have not experienced much change
have. Allmoetnapleleisfi ed for new ¢cemati voatsi ommaker
of LENgihttbi oge (LED) LE®chmghoégpyources are no | c
product but are the default productThed as su
Statewide CASE Team conducted resedrheh, spoke
stakehol ders to gather data on i.ncreased effi

Section 140.6 of Title 24, Part 6 includes ex
|l ndoor |l ighting in nonresidential buil di ngs i
much tvawgte for | ighting is allowed in the diffe
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The proposed widdelr@dhanget he9PBixtilse i g, 2RPdrt 6 |
requirements. There i s zome oveupampcwiddéndihreg
of fices pceposdddhdessdsequi rements for Addieroaal | i
based on the findiogogastgpoopothal | arlge prfifmarey
“open plan office” has been drogfied Tand i s re
proposanotdoreescommend any structural changes ta
updates the LPD allowance values.

CosBBf fecti veness

The proposed code chamgtf easi veuhdr tal becl i ma"
benidatfe o B/rCat i o c o nbpeanreafst btshiev i thiglse oo xetrs t he

15 ear peri odProofp oasnead hyesatsehave/&Lati o of 1.0 or
greaateenmnef fecti ve. HBheatliac,getrhd hfeaster the mea
from enmesgwi ngB/ Cdhietohd omolhei occupancy sensing
of fimeas ungél.SeS&ectd.dnt heor r e s proentdnondgol og vy,
assump,ainadns esutostf doectheeness anal ysis

The B/ C ratio for tymealsivegpktiiersg bp/o weri ntaegrys iftunc
ovelralt he measure saves both ener BY Caddto drsd f
i nf iTnyiptiec.ailelxypieddthat savi ng eanoeareg yd arslgtuii mge ssy st ¢
(i ncr eme nthalt ec potsdatmidset) wvas true. i Howémer cases
many cases, the first cost §teatteattiloen swehmee eo rt
cost decreased or Bi@ygteido tihsn flsiiamitetea . t"d e

Examples of reduced or zero incremental <cost

T Product efficabyt hassi ncagsasedyed,t s same
has been wihbeh ncaanseent alfThbi glot omgr end€R)l ng i nc
l umi nasee@sf or ornament al l ighting have i nci
comparthiré¢e years ago and often do not cos!

T Udatng mohde |l whibawed oomelrl umi na ntchea nv aulrsueeds
the 2019 coNetddgdeltghi £ nree gyl tsaivmn ngs, but tF
lightingl sgsewerr | umi Nnehsowes owut puahilcuhmi nai
resuletidg hiem a f i r satn cuonscthfasnaggeidreqysads tizve(@ oo r
i ncr emen.t al cost)

Detailed costing of the I|Iighting systems used

2022 proposed cased mopdpeelndairxe § abul at e
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Statewide EneEggrnWapamids Greenhouse Ga:
( GHGE mi ssilanpsact s

Tab2preseéehesesti maadred dckeireapgadyct s of the propose
chantghewoube realized sttld dinadettidsarti nde 2022 Ti
24, Praecrdu i6br ement sFatwetairn sefat eavi de ener gy i mpac
represkeynhedf oiné orwileeg t ri ciitny gsiavawagsst per year
(GWh/wyeak el ectricali demagdwabthaoaf ®MWWhgas savir
million tyrRamimgk ip@em ms/ yr depamd athit geTiDdh er gy
saviinigisl o Br i ti spmett hy@eadkaBlt(uuSngiStlesc tsi2oadn d . f50r

mor e dceer atiH-sebirr st at ewiadec uilnaptaecdt sbhy t he Statew
Teal®etispnBnd.Bontdenhails -anithenpegy savings ¢
by the Statewide CASE Team.

Tab2€i rYeta$t at emndyegnthmpact s

Measur e El ect Peak EIl eNatura TDV En
Savi | De mar Savi | Savi |
( GWh / Reduct (mi I (Mil1ioc
(MW therm¢ TDWXBt
Mul-zdne Occupe 94. 144 0 .5( 2,9
Sensing in La
New Construct 224 351 0 .1( 70
Addi tainadn sAl t er 722 10. 0. ( 2, 2
Lighting Powe 109 27 . 2,9
New Construct 26. 21. 0 72
Addi tainadn sAl t er 8 2. 6 . 0 2, 2
The muoéme occupancy sensingener dvyararealoyfsiis er ane
| arge savings potential for a typical office

2..Bhe energy savings arepaepemthewtatnle ot €Eupan
occupied geograpamnlcpl diyst awbug¢ avde olcesupaamcegr gy

more clustered occupancy. The Statewide CASE
and “worst” case scenariods. ebuwerrigrnyg smod enlgisn ¢p,ot
occurred when an office was | i ghokbjusoirnepsasrti a

hour st het keear | y morni ng sorwh eant eo vaefrtteirmmeo owo rhkoeurrs
mai ntenance crews would be present.

Though the pr opdsueaels Updatadd t hree compliance
Met hod, Area Category Method and Tail ored Met

the Area Category Method, as it iIis the most ¢
determining |ightinge pb8epr icrmanpy i fanrcet i Of drhe:
Category tMet towdnbi ned gener al l' ightingP&®sd add
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i bhis proposali wo8|l dunotremasar easand es<traya steh @
sameor 36 &Oveasall  ngbdeatetappsaxi mately a qua
savings associated with LPD Radstamméasr ds. t hlee 291
reduction in savings from this 2022 LPD propo
the 2019 LPD proptolssealchanmigesateprsogdsadd are r el @
are “fine tuning” of the changes, thatt weére pr
Standar ds.

Tab3presents the e GiHIGMEAIt £3a sasvaociidaetda@ wir oipo s ed
code chandgéhet hgeat andardisomarkeotim méWwecodonstru
alter.@Atvioonde®d GHG emi ssi omet rairee tmems uagfedcarmbon
equi vemeemti €OReAssumptions used in developing
provided 2n5 Saotdi 8 §aiRémpendoitxhiC @Thport.
monetary value of avoided GHG emiasdons thBuBn
includeabsdhf ¢ &eianvaelnyesiss .

TabB8e FiYeatr St aGHEmMdesi ons | mpacts

Measur e Avoi ded Annual Ave

Emi ssi Monetary V.

(Metric Avoided G

CO2e/ Emi ssi on:c

($20938

Mu kztoine Occupancy ! 23, 0 $6 9 0,
Large Offices

Lighting Power Den 15,1 $1, 618

Tot al 38, 2 $2, 30¢

Water and Water Quality | mpacts

Thimgasure is not expected to have any i mpacts
excluding i mpacts that occur at power plants.
Compliance and Enforcement
Overview of Compliance Process
Th&tat ewAIE Twamked with stakeholders to devel
copliance and enforcement process awodultdo i den

havevami ous mamTket caempdbi ance process2i $. 8escr
an8. 1imp actthsahe proposevdumhaasumome mar ket actors
described 2i.M® . Seec@tiianBAppendliike Ekey i ssues rel a
compliance and enforcement are summari zed bel

2Q2ZTitl e 2By a®PASHE Retpkd 2NRL T GHD |2 1



Multi-zone Occupancy Sensing in Large Offices

T Compl exitcyondueltontegration rcehganiircead f or |
systems.

o Need for increased cooddsnghi baamet weer
mechanical dleisglhghi ng@gameporetseolt atcoretsr ac
and |ighting and mechanical ATTs

T Newcceptteemnce
o0 Neetda! | owohtromle overl ap.
o Need for wvwéricfointcatwwilomrzone si ze.

f Rai sing awareness of market actors that | a
comply with HVAC occupied standby control s

T Potenti al |l oophol es:

o ATTs could alter the sensors between 1|
acceptance testing sucfompdt amhe contrc

ol f an HVAC zone serves the | arge offi ce
occupancy, it would be exempt from the
initiation unti/l all spaces wiitehdi nf otrh e
more than five minutes as per Section 1

o The control zone size coul d?rmhexilmumger t
zone si ze.

ol f all of the lighting was - -mopendiefdi & da sa&s
' ightioglwgbhing on the ceiling, the | c¢
from the proposed code change.

Lighting Power Densities

Thimgeasiumsenot changing the structure of the 1|

Part But i & hwepdatliuregs appi madyt bueathon area o
types. Enfemaiement.nchanged
For areas where the LPDs are increasing, the

design choices for that space.

Foar ewist bwer ,LBD$ |1 ding desilgsesr wawd wlgee havera

HVAC and envelope measures. This may resul t i
ensure their HVAC and envelope designs are mo
woul d be momRevstsreidnidgaebtsount for increases in |
retain the st rRiartwhricet dicsfi gTietrise n24e,d t o judiciou
|l ocate luminaires to meet task il luminance | e
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Howe vfeorr, about half of t he epgrei mar ynof wrhatnigeen tear
all owance.

Thi s prmap idtaiensst at us quo aflorowaingchet ienngf oprocweenre n

Fi el d Verainfdiccceetpitoamce Testing

The mwlntei occupancy sensing in | arge offices n
acceptance testim@nifeadqunsrréenggunitriendgatios di m by at
percent of full power when control zones are
entire room is unoccupied, and thatf?cAolnft rol z
feedback informed the acceptance test through
the code | anguage. More det di.l5s can be found

Field verification and acceptance testing doe
requirements in Section 140.6(c).
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1l ntroducti on

This is a draft report. The Statewide CASE Te
comments on the ppgpepoaad tbhdeaohbhpdesafpgresent
report. When possible, provide supporting dat
commermiggested revisions wil/l be considered wl

analyses. The Final CASEt Rep€ati wblkhi heEsebmy
Commi sish @ad2®or this report, the Statewide CAS
on the foll owing:

For t heomwel toiccupancy sensing in | arge offices

1. Does di mmi ng pdergdoadfntm@attead 2PpO® welrar gie pofrftii mens {c
are unoccupied have an i mpact on the perceiyv
remaining occupants?

2. Do the calculations estimating energy saving
sensors to control zones ndiqr d atregre tofdn c@GO
to be correct?

3. Do the estimated ifnixteasltl eod icroomrtemddtianlg | 1 gt
of fices with occupancy s esnwsiitnoght racsl caomdp atriende
override switch, match your experience of th

a.Do tdheumpti ons used to devedem rieascecmemnltead

b.Cameaderrsvi de more data or information to |
related to | abor costs and K®VAC occupied s

4. Does it afet d adcesmpayceontrol zon&Theerl ap
i nt ethna ansd mewvssa@amtyr ol =z drme rewarcleag he uninten
consequence of coverage gaps.

5. Any mgsseémitical mar ket 2i & cd ma.in2 aachleft or Se
zoen occupancy sensing wouldrbe aeppreei meadl

6. Perspectives on | arge office spaces in com
Energy Conservation Code (I ECC) would helop

7. Any mi ssing, criati oal f o®r Beertdt.i2o.n2smumtet |
zone ocecsuepnasnicnyg i n | argueuddf beeampaceeci at ed.

8. Perspectives on | arge office spaces in com
Energy Conservation Code (I ECC) would help

9. The current proposed code change would be
Statewide CASE Team took this approach to
however concerns have been raised regardin
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The Statewi de CAISTEg Tfeemad b asc ks ecerk t he appl i ce
alterations.

10. The Statewide CASE Team discerned it unneoc

and |ight schedule in Appendix 5.4B of the
Manual, as expl2ai6neRll eéans eSeschtaroen i f t here ar
ot her wi se.

11. The Statewide CASE Team has received feedt

For

i mpl ementing HVAC occupied stamomy wdelhay t
' i ghting occupancy controls timing. The pr
l'ighting to turn off within 20 minutes of

|l arge office. The HVAC occupied standby mo
zones arugiwmdodor more than five minutes. T
would |Ii ke input on the following question

a.Does the current proposed code change s
t wo separate sensor s, one for HVAC occu
l ighting ootupbhacyocmeet the required t
does it seem feasible to meet the propo
controlling both HVAC and | ighting?

I . This question is informed by feedbac
additional equi paniemg bdwmeesn amdbuedu:
incremental first cost.

b.Additionally, stakeholders mentioned th
set to five minutes for HVAC te20ing an
mi nute time delay afterwards.

i What can be done dwrrmEmdeaef ze this oc

i iWhat would help clarify the code com

interaction, if not already cl ear?
the lighting power densities measur e:
Are the target il luminances in the report

recommended practices?

Ar e t hemosdpeadcse accurately representing the f
be typically dedicated to the various task

Ar e tstrseumgpti ons used t o deuvneilnoapi ,rtelr e fynpeewst lam @
values, etc.) reasonabl e? nCaonr nyaotui opnr otvoi dhee |
refine them more?

Are the methods used to calculate the ener

2Q2ZTitl e 2By a®PASHE Retp2dd 2NRL 1 GHD |2 5



the proposed and reference designs technic

5. Do the incremental costs of the proposed |
mi niynaddmpl i ant with the proposed new stanc
compliant designs compliant with the 2019

6. Are the valuespect¢ti appllicghiiong power densi:
and t he addittiinogn aplower densities, sufficien
that meet the I ES recommendations or other
Sspace types?

7. The Statewide CASE Team has proposed that
voltage socketd wathagtehefl|l adlhel lami naire.
added requirement of a 50 Watt per socket
| amps. Il s this something that is desirabl e

8 This proposal would no |l onger exempt | ight
referenece tofietih®e code to the newly propose
Mandatory Requirements for Contrr®ol|ltRids Envi
appropriately addressing these exceptions?

Email comments andfsufdeéestei2otmsbaykediws td ex.@&20c o m
Comments will not be released for public revi
stakehol der s.

The Codes and Standards Enhancement (CASE) in
t o sutplp@arlti fEommgy CommEs(@®rgy Cogmesbsopbphs to up
Cal i f &mrirEfyfsi ci ency Bui(ITd it ¢P £itdda ni@lraac ldisde new

requirements or to upgrade existingreequireme
California I nvedtldUP@wn dd cUtGalsi taineds El ectri c C
Diego Gas aanmn8d&uteltenrn cCal rhodwBwab IEide IspwynOwned

Uti éesltos Angel es Depart me mtn do fS aWa taente nat nod MuonNw ecri
UtilityhBretniceferrvwiddd oCASE tTheeanstvahteen i ncl uc
CASE Audshpoorn)sor efdf Ghhd spr ogram goal is to prepa
proposals that-ewifllctineulemhimpcemendgy ¢fofi ci en
and energy p&rafl o fboaimdéda ngs. This report and t}

proposal pr eaea tpar th éoofe ttnhteo edfevel op- techni cal
effectiveness i nf oremat ir@mefbdurs | pdri-enfgo iseenickerngty d e s |

practices and technol ogi es.

The Statewide CASE Team submits code change p
t he state agaeuntchyortihtayt thoasadopt revisions to Ti
Commi ssion will evalwuate proposals submitted

stakehol ders. The Energy Commi ssion may revis
Commi ssion’s 2Rt diftodre 2df owemati on about the
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mailto:info@title24stakeholders.com

how to participatepsn/ thewp/eprecemag@tns . g 0V
topics/ progreamsedhfuiicsitieanncdyar cbsu/i 2-@a hredf | ci ency

The overal IDrgpgdAS EeogRo rttipeisseattaca ode change propos:
nonresidenti alThiendeprorlti ghtnitmg .0 s uperottihreerrgt i n
code change.

When devel oping the code change proposal and
presented in this report, the Statewide CASE
stakehol debsiilmdehgdiofidgi ci al g ,d,ingamtuif g tdier seirgsn e |
cont r aucttiolrist,y i ncenti vVEI pr@eg24a4memamgyearrsal ysts
invol ved in the c odTeh pcroonppol siaaln cien cporropcoersast.es f e e
during a public stakeholder worksbaop that the

Sept emerz®@hMar c,h BZ030atewi de CASHE STadamw2 @@k9 a)
CASE TeDalm.b2

The following is a brief summary of the conte
1T Sectd.almd Se3c.tdifo ®haCASE Repoetial description o
eacnheasame biatckgr oudmd s a$ poteisemmdet ai |l ed descr

of howotickhhashge i s accomplished i n memd sv drhiadu
make up t hRarTStt@ ned.a2r4d s

1T Sectd.acnd Se3c.tiznehn adesvi ew of the cuinrent mar
addition to the MaSecetti2oA@esn28y 2d.e2s sreicli @ otnh e
feasi bi laistsyociisastueeds wi t hyi nhbéudodeg wheaendgper t he
measur e o veornlsavg £ ho ro ti loenrs pdr tt he busidcdh nags st a

fire, seismad,etaynd dmtdhdeamh eésher technical, cor
enforceabil ietxy schall enges
1T SectsRo@nd8.@Bresenewunheée pner gye,dudcenaanndd ener gy

c
cost savingsl eaddhomiposed code change. This s
describes the hmdE@hadewiodgy QASSE Te s miemat e
ener gy, rdeedmuacrtd b ne cersggw i ngs .

1T SectsRoadnd8.i4dncl udes aamnd spruesse rotint hrmatad ryisa lss
and | abor requihe dmd as uarpg bhawtadkt i to hteof ncr ement «
cosdltt. sao i ncludes nesteimmat eas onfa, nite@eua,pene& nc ost s
|l ifetime and various periodic costs associ at
during the period of analysis

T SectsRQoand.pr estehsdt at eewniedregy aadi egsironment al
i mpadt dphad pocsoedde change f or tthi2ed 2d20a demtk eyear af
ef ffeeanr each.Trheaas urme | ude senehrehyatmoktueh ts aofed by
California buildi mpdowmeprastandithemamatses or I
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mat ewi ath emphasis placed on any maw bei al s th
state of. Catlattewinde water ¢ onsruenppotritobnd siimnmp a c t
section

Sectsi2o@dn8.Br opoRseevdi si oondskahgu E@ @ c letact e

measuntér epewrth specific wesbmmkddhet onas) an
under(adddl angeagest AodaRetffee,r Appendi ces,

Al t eirveat culMatt ih@ACRef er enc ecovhpnh u aménrciea h d
compl i doacement s

Sectd-®Bn bl i ograpdiynt as @ itrelteets t he St atewi de CAS
used when developing this report.

AppendStxatAewi de Savi npgrse sMentthso dtohleo gnyet hodol o g\
assumpuseadsto calcul ate statewide energy i mp

AppendEmbe8d &é @ ctirn cWatyer Mpt bedotegyhe met ho
and assuung e dcoan seed Iheek e ¢ termbceidtdya d wa t (ea. gi.s,e
electricity used to damadwenec@mw,magsultrieag fwaod
reduced water use.

Appendi En@ironmeMeahotdmpaggats the met hodol c
assumptions usedphbaoc Gald&omiud it @ns uasned awadt er
guality

AppendCxl iDfBourinlidai ng Energy Code Compliance ((
Speci fprasevhgvant proposed changes to the c
any) .

Appendlimpe&c€C€Cemplfi ance nPrMacreksepr dsdowst he
recommended compliancei pegmntmafsikedc oattdor mpact

AppendSwmmar§t aoke hol der deEoncguangéehndsesn tana dte o
engaagndol | alwort &t enar ket actors and experts

AppendMxizteinOe cupaSeay i nar b f i Quass euahv ey

ScrignBesustmwmmastitkee St atewide CASE Team’s out
findings, and response to feedback. Stakehol
desighiegkting reps, acceptance test technici

AppendMwlztlline Occupancy Sensing in Large Offi
Calcul atiermpl Benai It 8e model of fice | ayouts &
generation and nr adnedtoamilz.at i on

Appendiax al on | uminaires used for the | ighti:i
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Appendi ®Wedcription of all the inputs used fo
t hat was used to develop the updated I ightin

AppendDes Xri ption of the color tuning analys
CASE Team to further refine |ighting power d

AppendAnxalLysi s on product availability showi
of efficiencies.

AppendNamiMnal SaviegenfTabtkbe energy cost sav
dol lars by buildindg otry ppewtadndnealsiumatse zone

AppendbDexs dNri pti on of aantael Vtahids o u s dgcMeetahaal ¢ d
' ighting LPDs.

AppendDs ®Ori ption of anal Vai lsowued dMeotrh eaginddat e
wal | LPDs.

AppendDxs®ri ption of anal Vai lsowues dodMeatnneongt cad t e

and special | ighting LPDs.

Appendi DeRcription of theAmnppr Calt@ooyupdat:i
including assumptions, and description of me
i nformation alread3y..Jprovided in Section

AppendDescSri ption of the cost analysis perfo
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2 MulZobn®&ccupancy famn@iehigces

2. MeasWDrescription

2. 1Mdasure Overview

Theulztoine occupandyyrafehisec g MmMemasure proposes a
contr ol reonwinrremeamdtent i abyshdinbrioljgjlceishgned
aencl ofddgceat er 2 hhains 2pOdposed measure especi
open office workstations, although the term *
PartThe. proposed codal ¢ hangd ba xaqgapittosn d enre | &

of urn-mbunseg¢pl|l ematkglhThing.i ncludes gener al [

decorative | ightilbmdearn sahdl fl-aeorgd t fedrf reiatpyprl e me n
task | i ehkteimpg ealrelue to the feasi bbhict wdand t e
t heilm t he same | ighting circuit.controlled by

The pr onpecassemda & d att lreesda conc cupancy ad enmcfefrda gt r ol s
no mor & 0t’hTam6 0 0?1 i mhs ubetslmst ef fectail imgmdss and

wi shmilar requirements in other national mo d e
Energy Conser(M&EtCiCods eatdeepace i nto smaller occ
controlt hamne s pas.tBacedle ony odcteaitpuasnocnyt hel zones

wout dspond accordingly:

T When a conbtercoolmezsomgi e d:

o The contrloilghztoneg ss hal l be all owed to au
o For 1l ighti ndodadurttornoaltliecd dbay | i ghti ng cont
sensing,lcioghtriomg power shall remain at

either control
T When a conbtercoolmazsoaieupi ed:

o The occupancy sensthg cosmtarldl suznoinfeor ml y
l i ghti nogy pBoOweprer c € n b mo f umbTdgiaswdr occur

withOnmi mdtes all occupants have | eft t
A Not e: I f analosfof iicnepilseepnaecnetust i o rifau |l It uni
powagref er spawert haet t he maxi mamt ér ght
institutional t unTihnigs dirasse fbfeieni earpmy i ar
accuracy of both the compliance and

o Wheal | controlofZomces aire tumeoccupi ed, the

sensing controls shdlilghautngmatni adlll y otnu

within 20 miomaud  epsamtfd edet ect edc@iupitelde s
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standby HVMQsbteo nitricofl itf @ tveed mi fnualels contr ol
zones in the officé obeiang ovtmdbcdepiaggdt i m
t h&20mi nutH® A& C Occupi ed ¢ usaonfdfb yvieowmtdial nadt
resthter snbat setpoints

The above requirements do not dedicate any pa

do they mandate the control zones being abl e
using a simple system wihhoant colmmauaonesatitome bt
can be met by wuniformly turning the | ights of
the control zone Dblehceo meesq uu roecncenptise d.r ovi de f 1l e

i mpl ementas imomre complex sgdttemsmean thesoc bede

The proposed measuwroensdpplca d@ dintoidhcarmagivef Spae e s
in all builhids ngeiasyyreequi red for alterations as
shutoff controls are required during alterat:i

Title 24, Part 6 alreadys(iPa8% PoweoncAdpast memrh
control s i nwhliacrhg ev aorfyf ibcye scl o n tardablp ezeodny eo psoiszeed
meas woemoditfhggexi sting rted ad edo wW afserl iane wi th
occupancyams@&nai magx ifftcuom t6r000l . Fbereupdaeed PAFs w
encourage more granfudrari nargdas ey doeit gy adi fyi ci
newccept ampaoge cteadaotruch el e db & oadidoerdr i t&fi mgasur e’ s
mandatory control NBR2gBirement

Thproposed mmegalsdlqrue re updates to thédmhAeP mplianc
val wesl d need t,o abse duepsdcarp ebdeddi kienDSt at ewi de CAS
Team i s stildl researching compliance software
Fi nCGASE Report.

2. 1Masure History

2.1.2.1 Historical Context

Curremnadwpant semsiqrug rxfametnftsopteecgerse at er than 25
are not mafdtdet cuydfréntopshwthnss wintccl hu dceo nttirmoel s an

occupancy seacwer avge hamuwea | i mits. PAFs from ¢t
code cycle enable a pathway for wutilizing occ
Si zes. Se2e 16edct mone detail s.

ThPAFs were adopted i nMarhee r2e@chd0tti®ydlaeEHd@d!| e .
Si mimeasur e.
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2.1.2.2 Energy Savings

Tk Statewi de i A olgham measure due to its pot
energy <c<aowifnfesetsisvemandet r aModiTreebe. 24, Part 6
cur rye malnd a t-cefsf sdhanltarodfel iac essi,ngl e occuopancy ser
contamolarea as | d0geupanbs00d fwarge offices ar
desksequfemrt Ipeet i ngs,lceravainggeir f t @ a ktsh @ oa ftfiiomes o
araamoccupiTppiesent s oppdoeretpuenri ts aedss Nfigegp ar at e
occupancyg cramduduodg hting energy conuaagft iaon i n
| arger affThpcepased imeamdds € mp rooovdkec tapor ur e
eners@awiinmgsl arge workspacepawhene. vlhaemaaciys oft
Th

e pr onpecasseiidne€ | udes otbhleesr dleesn efnietr glytr sndawtc B g S
di srupbconp&fmbmagi ng after hours who would prev
manu al control switch téa&adenabloeadhyovehei cdede
woul d stihnep Isitfagn déir kpl aci ng the PAFs for Occupa
Large Open PRiTaml @AflLidde 6

As s hoSvec tidnph tplr @ p onseeads wIse est i anah ieabv4d000 .
kWh7 fytrpeiumi t ener.gyni sawmewwgussdee e ener gy through
mai n mechani sms:

1. Reducing the full | oad hours olfarogpebr aeson ¢
and

2. EnablHWAQGccupi edmeptdiemad bogfefs raecesmand t herefore
reducing energy usag®Octupmeani\b®EG edysst ems.
thermostat setpoints and shuts off wventil a
i's unoccupied.

The feaoldnwosuns dve emeequwiring occupancy sensor
| i ghbtaisnegp ccrupaathea phasumed beuwluyapsa wmeldsic as

using smaller control zones to makwei thghtang
subzone ofWitthlre trloremcombi ned I mpacts of reducec
application of dacoogieiiede st athishisy stmegpns tf 6 ectai a |
for indoor | ighting energy savings.

2.1.2.3 Technology

Technol ogy t o mempluesmeanitr etahdiys r eadi | y.Mowai | abl e
occupancy sensors control the lights digital!/l
net worked | ight iTrhgeg oarcturpaln asygesstenisgourrsabl e i n t
their associations with tha8yl wmimagiasmd t avmd/eqr
occasionally hardware, different sensors <can
di fferent control Z 0 nfess samalhn tesormdt sr ocleaazs dbrley s i z e
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progr ammedandadrdecadat anhpedcontrol t hpbaonedmhpyt ere mot
andven mplhodepl i crat oeasmewhanng and | adder s.

Anot her cponpulodr i mpllama mtadatrieond eivel | wgbBteng cc
sensorasn airnepbagt abf the | uminaires, so each | un
sensThi s | uminaire andweehsloi ncorefaisgutit datei gmanu

controds ac@dald as @ncomt r ol sd uadnlu minrdanidregoendent | y

Wit h LitLtHhesl,umi nalide snentawor k & adt otoa gde thnleegre wi t h e
ot haeerdct as a singl e, | arger zone i f that woul
2.1.2.4 Demand Response

The pr onpecasseado@id Wilpport demand reduction by way

ef fi ctihernocuggchuced | i ghntiitniguaitoeadde sasvary HWAC usag:
exampdwer,i age afatnedr reoveeme mMd@gynapeaks, 6Bhobeas

bet wdand 9 PM, wdawhrh nddi mi ni slhaerdgfetlsicgethtei ng | oad
responds t o nocac unpoarnecygr ahahawofibadhooswrt wht h a
contamabmual o€ensidering 4 PM to 9 PM to be t
current mode® easteinmatods t he energy savings fro
change would occur Whuirlien gi tp edaekp epnedrsi oodns .t he s pe
occupancy sec hperdouploes,edt code changaewgwlgk | i kely
during peakepprpecioglsiwhedn tompaPBld tusiangl ar ge o1

timaevitch wadrt rmalnualhbaoecdron dtehogeu i2r0elme nt s

2. 1S8mmary of Proposed Changes to Code Doc

The sections bbbwwessmmamadiaz € s, Reference Appe
Cal cul ation Method (ACM) Ref edoecnucneseviiMatnel al s, a
modi fied by the propoPedpobadgRevBeeoB8ectbolfo
Languwagid hi s report f or dieotnasi |teod cpordoep ol saendg uraegvei .

2.1.3.1 Summary of Changes to the Standards

This proposal would modiTfiy lteh&adtoPlaownioh es e vt
See Sezxz.t@G.dahi s repor-apfoodeall&eguage.
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SECTION 130.1 7 MANDATORY INDOOR LIGHTING CONTROLS

Section 1LiAQ.ela(sc )wh e rper ftQHA#Al ococrcupant sensing CoOl
requiAdcdklaDdescrhbowhlg ghtni nlgafrfgieces shal |l be con
occupancy sensing comeciofiises Thort mdldindd mea ma X i
how occupancy sensing c onbtarsoelds orne dotdceu mplaingchyt.i n
an exceptnideerr fsfduwerintmbaurntseigp pl eamarstk | i ghti ng.

Section 71CGo0n.tlr(ofl) 1 ntAe dRaa ttti aBnesl:amiut vy mlao wc
daylighting controls and occBpwetesbkabiag tbae
|l esser of that all owed by either control

SECTION 140.6 i PRESCRIPTIVE REQUIREMENTS FOR INDOOR LIGHTING
Tabl e -Ai4l0i.g6ht i ng Power Adj ustMoedntf hFeassftAoAr s ( PAF
Occapt SeCosnitnfrgol s in Large Open Plan Offices

2.1.3.2 Summary of Changes to the Reference Appendices

Thi s prmopioefshle s ect iRenfser®afp ptemaliidceenstbiefl ioevd See
Sect?d.060.f3 tbpert for the detailed proposed rev
reference appendices.

APPENDIX NA7 7 INSTALLATION AND ACCEPTANCE REQUIREMENTS FOR
NONRESIDENTIAL BUILDINGS AND COVERED PROCESSES

NA7. 6iiQccBupancy Sensing Lighting dometrol Funct
proposed requirements ufpadac¢cent iheibtottdplit amg ei $
mo s2t0 percent of full power when the control z
aref f when the entire room i s unoccupi ed.

2.1.3.3 Summary of Changes to the Nonresidential ACM Reference Manual

This proposal would modify the following sect

Manual as shown bel ow.

T Secti onUppd at eli:PAtFr uc t“ioomesn ftoobronf tete” t o 1 mp
claamndyalign with proposed code | anguage

T Appendi xUpbd dEBet i onal occupancy and | ighti ncg

See SeZxzt@odhthis report for the detailed propo
ACM Reference Manual

2.1.3.4 Summary of Changes to the Nonresidential Compliance Manual

The proposed ncooddiefshceh afnoglel owi nloseesi denof at he
Comp | iManncuea |
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T Secti on:Adddna3w 4s u b gseuchbtsieocnt i o hf oCr. -zRoahréti 3
occupancy sensi h@gfrfgpae.diod or Bugbisneaclt i on C. P
3 (partial off occwepuind e @lbiafgtcEk.d ofa rotl s4).

1 Secti onAddmMewiidssecttioonexepl ai@aomewomelupiancy
sensing control works.

See Sezxz.t@odmt his report for the detailed propo
compl i maarcweal s.

2.1.3.5 Summary of Changes to Compliance Documents

The proposed ntoodd ef hcehsacnogmep | i ance dow.umexampllest
of the revised document2. Garée presented in Sec
T NRCLTOSE:Updahe PAF opPharoAR2.i a roelcaitpeachtt o

sensdomgtrols in | arge offices.
T NRCL T-E:ModiSfexti on P Power AdjwpdakamBds to ref
for occupant sensing in |l arge offices

T NRCAT02A:Addddi ti onal functional testing pro
sensilngrogfef iacd®2s

2. 1Rdgulrggt €ont ext

2.1.4.1 Existing Requirements in the California Energy Code

201 tl e 24, Part 6 | acks a sofefciddrmrct rmalnsd art eoqg wy
for offices ditsSharméf ©OpanodsSOwintcc hu dceo nttirnoel s wi t
hour timed manual override (minimal complianc
moitor the full space, although sens©r | imita

2010 tl e 24, Part 6 includes a PAF (Thha&t PWw&s ad
can be found -Afno (T a®d cecu dadrdt. 6Sensi ng Control s ir
Of fices. It aldfoowentar Obhcrzonesfn6,. Baarfgaecrt otrh aonf
for control zones Betawede na 1f2a6c taonrd 02f5 00 .f2t0 f or
and 500 ft

No ot her chb@ange proposals under consideration
with the recommendaheobhsghti hbi & dwdmsydDEwnrsd,t i e
described | ateoui @vitdhe st mePoixttise i 24, 2@RdAdrt 6 LF
requi r amke nitsss S o nsei nocvee mildtd paelsssogui rement s for ir
l'ighting
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2.1.4.2 Relationship to Requirements in Other Parts of the California Building
Code

There are no relevant requirements in other p

2.1.4.3 Relationship to Local, State, or Federal Laws

Tk Statewide CASE Teamelsvaot bwaak,ofhatheg, o
conkswich the recommendations in this proposal

2.1.4.4 Relationship to Industry Standards

This pradpgnalbh t  he 2018C40CQR .Sle.c3t ipnen Pl an Of f

Thea01l8 | m@@diawodyspedbiatciom#tziomles shal l be swit
separ dat glhy gausbmbati caldygntzromlesoiwwf tdi h 20 minut
occupants | eaving t hentsrpoalc ez, 0 naen dmu shtadrn eedaucche cloi
| ea@Bs0t pepowmator switch off, within 2domtmaltes
zone. It spasifhesmé&O¥iOmfim control zone size al
controls in each zoneromaeeisnbgcaptede Whenpao

change mat dilkee aa f @lrle ndeéntt & iolnse.d

The 2018 | EC@resepaciétimenatt horgopaheof fhaa 8306a
which is a differ—eoxen imnf fniooree’n cM eartasuussa 2-H rmg ge ¢
300Pver sus>-pbe0dwkbeer proposed code chafdde and th
space type “ oepietnhedrfi fnieade” ni ¢ hre I,BGEC, TASHRAR 490
6 An enclosed office s?pabewgventersthadeRbbedt
Title 24,t WPardf &r @anids the most accurate, cl earl
terminol ogy for the proposemg neefa stuhree . r efTchwei rdda e
corresponds to the alreatly emrnstohg magdat emg
|l ess than 250 ft

2. 1Cdbmpl i ance and Enforcement

When developing this proposal, the Statewide
streamline cteheancd negpnfioarncement smptogase andr kb onw)
negative i mpacts on mar ket campb rpagmekoc sar €l hiirsv
section describes how to comply with the prop
compliance ver iApipceantdbioxaasEpmtoos elsew t he proposed
i mpact various mar ket actors.

The activities that need to occur during each
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T Design Hheasleiighti agddebeghner dettdef g emleev ant
requiremenest her perform calcul ations by speé

amnergy consultant. For elxaynptlhea totchceu plai ngchyt i |
sensors along with the | umi ntaakriensg oinnttohe r ef
consideration utieef urghtung kHagogner also pr
narrativetbpesefyenge of operation of the oc
| arge oflfn ctehearecanthreel edi aigc aslp,eeci Fiireesert he ac
or virtual coremeaddcwmarmbeyt weemsor Jjatndc admter ¢ lusgn

T Permit Apphac@tta olni Phti ng designer, someti me
the energy consultant, contributes cteor ttihfey Ce
t hahleayout, camdecobivens@pecampaasyofskeasdoesi gn
dr awiamgs compt hembhewzone occupancy sensing cC
The plan examiner reviews the NRICICedocument a
mandat orzyonoea ¢t t pancy senslianrggfeE onesol sfoncorpo
into the design documentati on

T Constructi dhePbkbag®oindalarcdtacadnmseacntds contf hegur es
occupancy sensors and |l uminaiaed foll owing t
documentTahhd onesntractor fills out thét€ertihfei
|l ightimlg <cyxittem i s properly i AmMAThB$|l edgagddco
to thkwedntrols per the acceptance tasdi hg cri
fill out the Certificatlenadsedcceptdnoat ({ NDRCA
|l ighti ng,edesitgn erad mencgh anreiecr asl engineers, ele
controls contractors, andwd usgichgtniinfgiecdaondtelnye ¢ h a
negative i mpacts on compliance and enfor ceme
inspection phases.

T I'nspechas@hé& buil di ng itnhsapte ctthoer cmaentdraftilosrsyh a v e
been provided per theampd athnhes eNRCG pdkadd memtts .o
controls are missing or doonot hmedRCEI| dbc 8 et
the buil diwagulti ehgsipibred onst al |l at iaosn des ibgen ecd.r rTe
building inspector confirms that the NRCI an
provided on site for the building owner.

2.1.5.1 Comparison to Existing Compliance Process

The compliance process described above differ
in a few ways. I n tHhe ghurn mgmtd edrdegantd mt squime e ,

compliance with occupancy sensors for |l arge o
designers or engineers on HVAC occnupiheed psetram db
applicatihen plhamss ,e xa minmoetr 'csurrroenet Idyoersequi re v
mandatory occupancy sensors in |l arge offices,
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and the changes needed in NRCC forms and |igh

requilmedhe construction phase, ther<eoaerrentl
occupancy sensing in |large offices. The contr
corodi nate between the | ighting and mechanical
mechanical ATTs to ensafffei cosnpl i ance for | arg
The proposed compliance process would benefit

mu lztoine occupancy ser<ciupg eadndtldVAOuhddt egr at i ¢
complexity to controls progr andmoiensg .n olth ei nccul rurdee
| arge offices as a space type requiring occup
would need to be awar e AdfRCAh & omreng raenqu iurpedme ret
training ®dedcain diendgd ynl1 ,Sledgcdttiioong ATTs provided f e
training for both i nst al Iweotuilodn hned rplceati taa tcoornsp |
both installation and acceptance testing.

The complianc&kCdo06ENRCETEH aNRICA T02Awoul d

be changed as spa2.c6Tiee dnainn Scehcatmpgogns oibn @ he he
PAF tiatbhe fir st tawmod dtohceu needndtist i oni mft lme fluamgt i o
documé&hée new accept anc ewotuehsete dr e qou icroenmpe nettse i ns
as detail e2l. 6Lni3gShetcitngonATTs woul d need to compl
t hewna&cceptance test requirements.

2.1.5.2 Mitigating Potential Compliance and Enforcement Challenges

The Statewi demiCASgafTedmpotential compliance an
by including an exception uindepr cgicdreandi acuaidee | a
mounted tashkclirglhtriangng ATT feedback into bot
proposed accepanantgi hgsthe role of theihighti

the acceptaamnc s pteestfying the need frmog Iliinghteiansge
and mechanical design, contractor, and ATT ac
The Statewi degaldASeE eTde aAmh ptestr dughmut all stages
proposed code | anguage developmeopopedcelsangd:

to the RAefgrepeardtctkte s ewi de CASE Team distribute:q
me mberbsotolie Cal i fornia Advanced Lighting Cont:
(CAL®rand Natei onal Lighting ContractorasmdAssoci
receil9édt ot als Suesgspypnagaeeeuantoinfsied responses, an
commeoaas be Sewendl.oihnlKéy irerclulde:

T Most (91.8 percent) of AMdvisauvley cemploatded t
controls acgefpdranicedea@®stoccupancy sensor s.

T 4dMer ceefntATT sur veyyarde cponpdserifoast utp@aqntcy sensor
serving small zones in | arge open pltAdn of fi c
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whi |l eerbczenpt ©®and petcent r &@Bl iped c'emdy wmd. "ATT s
respondents anticipated doing so in the futu

T 45 percent of ATT survey respondents felt fu
need to RIIR oswensoar detecti dnfpazeme awvlelrelsap wwi
percent felt this was unnecessary and 9 perc

T Aboomnehi36d 4 pefcd&AflT survey respondents felt
di fficult to discern an occupa®cyyegeaerandr 'f ua
it dioffiveuwlyt di fficult, and 23.3 percent four

T Floorplans are the most popular document to
foll owed by I ighting plans.

This feedback was taken | nttloe comca gitea md @ otne swth,
espectilmdtl ycontrol zone overlap should not be i
zone coverage gaps.

Once atclceept amwaa rtaddted, the Stacegaged CAISEh Telae
Energy Commi ssion to prdwhied&nffugyh€omguisdamnmane
comments from their ATT angvukegywee poi o st tog d haf
feedmaekcl ude8eL.tli,ohaS weblawbseswithe CASE Team’ ¢
respolnmespamsdg he comments, thea8tdatdewinde oCASE
zone size verificandmnexpglcempdtaincre dmsiZone oVerl
i n

t he Reference Appendices

2.1.5.3 Feasibility of Compliance and Enforcement

The Statewide CASE Team sSChmeti akla gtSEMEEEO p e m
shared that the proposed code change would ad

contimdlegration required for |lighting and mech
standby integration already se»xi gtegquiim eTnetnlte f2
design and compliance prdaicet itcoe st hcea m ebeed cf hoarl lien

cobbaation and communi c aitntoenr aacntopnBgg gueshuoarinl y no
202.@Ohe example pmooeyvyest hdate should occur when
mechani cal conTthreod esa amee di sfealr. clratt iofcio¢ atf ioon of
acceptance testing on a control when both |ig
Anot her dMmalcloempdd ance amdla@anfber camentwg tthhe av
mar ket actors wbabhdwabgereoedqdoiced to wmpimpdy wi l
standby contrbhumrst hert edjetadiilosnn.on Ampacdisx cBn b

Whil e compluli @lnicgecht |l y mor e cohmpdwcrad eut rdeha st o
wouhoddean i nsur mount althlee ec waolulledn dpee no addi ti on
compliance ,Wotc umeemliyst ered currmmdt foirgnsi. f iThant
change would be thewhewmaocpApAT & nhi detdoe abteks t
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mi tigate compliance and enf or cTehree nbtuiilsdsiunegs, a
i nspector 'nsodhalnsgiegmiefsinc asndialgye r at haot hddsspace
type to an alreadyEmrixorsdce mgnt egduddiiletdnesmma | alur c
as the forms clearly articulate the mandatory

Th€ompliance | mprdoesarankifeedSyMPpeod memlitiiaance and
enforcleonephol es to: be considered

1T ATTsoul dt héteensors between laicgltpitmgrcaend emdd
such that the -ccooomptlricalnst .ar e non

T I fTnHYAC zone servesasthweedltldhreagse spfafciese wiitth occ
woul d be exempt from thenHVA&t occupned!| sabhhd
the HVACad omeermpuredcc¢or more than five minut
120.2(e)3 Diftltde2Rt0alPdrandS

9T The control zone size coul d?maexilmumezonte axmni z
T 1 f all of the |lighting was -mopendiekdi lgihgslatsi mag d e
with no |lighting on the ceiling, the | arge o
code change.

Contingent upon approval of a nonresidenti al

al | nonresidential enewauwt eqoumprle arnecgei sdtorcautmeonnt
nonresidential data registry prior to submitt
of a nonresi demtbiupidodatda megioppoytunity to ut
assurance features, sueporats th®R)Project Statu
When a project is uploaded, the data registry
are required for the project based on the Cer
mai ntains the project status withl at i sommaf yalol
required documents for the project. The proje
users of the Data Registry, including plans e
feature all ows buil ding i nspecutioresd tcoo ngpuliicaknlcye
documents have been completed.

2. Mar ket Analysi s

2. 2Mdr ket Structur e

Th8tatewi de CASH iTTenmemient pr oduatvesvmaalhdetid! ity
trendanodn sediew t he pr op orsagydmpsat catchidwair d@lu a | mar ket
actdmd or mati on was gathered about the increme
proposed Betismates of market si zweraaid nme ds ede
through betakebbhdbwdiingty pEogrgm €bomfinf ssi on
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staff wiaremdrange of industry actors. I n addi ti
outreach, the Statewide CASE Team discussed t
potential market barriers during a public sta
Team hel d onl2Sep2tOehebeetri it $tadoeews de CASEBNnHeam 2C
the meeting (Brteagemt atei CASBrEedmth0lNkw) uded i n
Bi bliography

The markedcupaoaerogadamdi ghti ng scoretidiolestabl i shed i
States Cubr@n)t.ly, the machumar keghalceogtr sliecsalgne
engi nekestconingdalact ors, distributorsivenanafadactu
agencies, manufacturers, and | i ghtTilng contr ol
foll owe migptdieeans cex gl & uanfc tehaecnhs mar ket actor :

T Lighti negr deisnigtni ad ret d@ thieon mpy edne vifgnihreeg t he |
l umi namd esver all ITihg kst icrogl es yeshtaenmg.e has potent
l' i ghting dwael rogiaf | c e s .

T El ectricabetengtmineeglsectrical wiring oflmnhe |
t hebsence of a | ightingdeéessbiggoledet royptcalbye
the el ectricadeteairgminree ataldea dulisaey et | umi nari es.

T Electrical contractors procure, install, and
incladespancy sensor s.

T Distriskedtlortshe | i gWwhi oly iefgiet waumreasnt r ol s .
Di stributors make prasucéedetd cmnmenmdaattiosss wh
their products.

T Manufastles remsacrsegreihadtoiem s on sal e wemkratio
witdhstributors to order and suppTheproamcalssd
provide desaingln cdamaspushrgtr vi eksct oi cal contracto
di sutroarbs req,espteetly whenmn lhapko®j@clighting desi

T Manuwftaurpgrodduce | i ghtwhnghedquicp meaheto nft ir>otl sr. e s

T Lighting controls acnce@tdanm me stt @egt ttheclariceipt
required ta mpabkgestires. code compliant

The distributiionc | artdamsif eals, t adrddeens t espeesent a

di st rsjdbeustiograed e nt rsacAbthough the procegs IS no
prior | istt ypipaeals emetsh oad offo ro cdciusptarnicbyu iceoent r o |

2Q2ZTitl e 2By a®PASHE Retp2d 2NRL 1 GHD |24 1



2. 2T&€chnical AVeaa sielt i [Aivtaainlda Ciulrirteynt Pr act i ¢

2.2.2.1 Technical Feasibility

Technology to i mplement thisimodal Mdhsatmnmiea i s r
occupancy sensorisndggntradll yt hdrloiught eant her a r
net worked |l ighting control system. The occupa
their associations with the | uminaires and/ or
occasionally hardware, different sensors can
di fferent control zones and control zone size
rerogrammed, added, and rearranged at the coni
computer, and even mobil e phoneReaspepalriccha tainodn s ,

intervieweghwidlerstaonfirmedet hecteescahbnbgpi t oty
i mpl ement the proposed measur e.

Lumi naire |l evel lighting control (lelalc®), where
l umi nalsesppfieonss for .i mpHhiegnelndmitnainre and ser
configaommahco@ase the granul adacly édnddre makes
contr ol deci sions independently. Wi th LLLCs,
together to coordinate withr garchz @ond eirf atnlda ta c\
the desired | ighting design.

Multiple Design Paths

The pr onpeoasseadf é e si gn flexibility to |Iighting d
ot her mar kye te naadbtl gyrimfigsb It @w a di m it phptdidnegp er cent

moriempl ement at i-ohfmpr eawe Muedtlo dr.exi bi Il ity for ¢
cri ttiewmadry stakeholder interviewed and was al s

in the {fsiposntsouwteidl istyakelhel déer smeeeisngn path wo
ocucpaywcsensor di mmi ng gthd i 2@n peowesgatws with st ak
eveal sdrong prtentkemebhoe2Doper cletnctu Idde seinganb Ipeat h
elatively uniform gener al l ighting, with 20

n an occupied | argeBAChete. oA dt heclod maé € men
sed to turn altli vliaitgeh toss caifplir eadnhdet sV AIKLCY sy st em
of fice vacancy.

c = = =

Theecond desi @n | pawt /ltoofsft os e p@mp ¢ ¥ me nltha tsi o n .

would I ead to a | ess wunicf,oram @énemualocliciugphteidng
l' ighting would turn off while occupi®hli contro
desig pat he nvaobulled hailgshoegsenasgfyurstamadhade | i ght i

[

n
l ody turning lights fully of powdtshaevi tthh arhedifm
design path, a dry contact K matAl@oodutl,d dore outsheedr t
turn all l i ght s aof fs taamdd bayc tfiowa tteh eo cHCVUARG esy st e n
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vacarmfonwcerns were voiced for this design path
owners or occupants thinking |1 ghtWhnd esyditi esms
design pag hpmweafsetdheds| nra jtor i t yr sofi nsttearkvd heoMedde al |
expressed the need for thi sf odreshuwinl ddiandg dwvon & res
fl exi biolitt ¢f ifse c teinveerngeys asrad i agst heti ¢ preferenc

2.2.2.2 Market Availability
With themantvaofteabbki Hi ghting technology, whict

integration of |l ighting cont-rogbtand oebat édn:
as part of a lighting system, manufacturers,

designerenhashefbeng thalfomeuprfodamtst,amsdich as
ball astsysttemfaflfleri ngs. Currently, occupancy
i n small of fices, classrooms,puwromd £& emac@®@mg ,0 0 M
ai sl ewaysusewar éhdrary book stacks, stairwells
The occupancy sensing market is wel!/ establis
Compiled based on research and the Statewide

foll aowiaxdpaustimendluseafdfalgi ghti ng ncdsmutdreo! s

T AcutCowptrol s

1T Cooper Lighting Solutions

T Creelnc.

T Digital Lumens, an Osram Business

1 Douglas Lighting Control s

T Enl i gdat®idemens Company

T GECurr,anbaintree Company

T Hubbell Control Solutions

T Legrand/ Watt Stopper

T Leviton

T Lutron

T Magnumnovations

T OSRAM

T Signify

Many of the | arlgengcompanieenser gi nofémal becupamg
controls as-bpaddi ofy whmelrgy management solutio
and dopgtstahor controls, some involving mobile
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reduce | ighting, HVAC, and other energy consu
when using occupancy controls to activate occ
|l arge offplcet alrye wmanccupi ed.

I n a study conducted by the National Lighting
was noted that wireless |Iighting controls are
t he UNBSPIP.20LP)Péasclhuto 152 | ighting specifi
particular manufacturer concluded that the mo
controls are Leviton,Sdme raofmr,dieneemWatatcbSuoepesr,
foerxampbéalvi(tloenvi t oaan 2 0l@EYuoO N OnNn -2PJRDv, e 286l ready
released documents describing how their produ
| ECC Section C405. 2flec®t Cpknt PhraovhdOxehd code
change clbkelyg. par a

2.2.2.3 Current Practices

Il nterviews with stakeholders revealed that oc
i mpl emented in | arge office spacseswjtsbmebnmes
Currlgmast of tReprebecupawcyi sesncsme scombinati o
ti mevitch radrmterrdli fmavm t @ h -ocnd nyt rdeels i gQurstemat egy .

occupapnogirmpl emecomonbmpeaftifsi ce spaces as one z
t hamw!| ti pl ec,onstnmaol |5 eznogreesss.gn and c¢dmstwelrtyiinegvefdi r m
however, are already eiviepnrb eenegt angl atraahegi ebe
measudue twogthkeenhevgy savtings benefi

Going Emomet bosmmomdar dopr sovhé ceh @awadccwp asncy

senstoog scompl ying with theopt dpomqdkied etdrc t ohrasn g
utimorze occupananyo rsee ngsroarnsu,l ar control strategy
diefrfent eqgAifpenengtakehol ders mentioneids t hat wh
requfoedl arge buil dingseddagdt altesgbtemdyacen
meet the proposed codéochahge reguememént son,
programmti m@glox ma egte qtuhe e ment woaunlddo baed dnietei doenda |

equi pmenhec.®hsaeythis is an encouraging obser
Team did not wuse this as -@afhfeedbtaisvaend s dha&l LOI
Sectik2odsinh. avor of being diligent on the incr
demand responsive |lighting contr ol I's not req
To sumntalre ziempact to the baseline approach frc

Standdods | argeneoddii cgehate mand r e emaresme nt s
t hper o p onmseeads wiooe éid c hange cfordeem nti lche snisgnm at egy

by rneaequg small er contr ol zManneusf afcotru roecrcsu paanndc yl i
representatives would | i kelTyheb dareesfiigtn cua att e giy
necesganotreebek for el ectrical engi neaercsodend/ or
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compnlcicant r ol . Tshter adteesgygn, andcm@ll il anc ewprudadesses
l' i kely benefit from increased communication b
and designers.

While thempasgoesdbeyomdmtndar di praomecgcenar.i
mul tipl e smerkteihodhelkersupport for the proposed ¢
it is where st andaanddopurhagcam hcieedices t& menichgl y g

ef ficiinenCayl i for.8takkbbhol dengs al m@ mascurpgososr tiendd u st
standards to reduce cDinepl2e0x1li8t yl EECC cae $npehaidayn crea.n
par aclolnetlr ol s requirement

Somet sk e ho | dredghady thlaed nwoohRAFesenf or Occupant Sen
Controls in Large nOpra,n IFdfr@@ag gDeihniptey ouse¢ed t he 2
Title 24, Part 6 St.drmgmaotdedigtohhmdge alngtedhacy f f e c t
bel ow t he alolfofwecde LsPplaicglst uesmintitE Degn dd itohdeerse f o r ¢
not needing an addd tiinonyaed a AdPD tailsotnead@ahmya hd er s
some | ighmemtgi AdMdd PAFs add unnetcheasts atrhye yc obnepl|i
thewn | ead to hiWhielre etnftee g§t aitsewi de CASE Team
removing the PAFs dértidbalck, dleimpmisitmagtATT i ts c
encouraging the modification of, maeher than
Statewide CASE Team RAB® ulcelnite was et H ot etnlteour ag
i mpl ementi ng oeocfcfu pcaonnctyr oslh uutsli nzgo rsearsa,lalnvehri eocshmth &t r o
in deeper energy savings.

InaFebr 2a@r230ur ylely8 ArTelsspondeduibboas their exper.
t he PAE&EM Tab-Ae 4174 Op. e6rccoemmpt| ehtaedd & ecEHMBpa ocect

usi ng etlire@ARtabnpde cent hawi nwtone r es.pWhnesne as “
askefi they aopmptepangdsuch an accepta&nce test
percent resp2mpaerderityesespdéperdceéeémto, reamanded

“maybe.” Detailed result si Appmpem dThhee Gsutravkeeyh ocl adne
and | i ghfteendgb aAcTKT bol sters thesB8ggeewiednm vEASE T
t he | arger c ornthreo P AZzomda hedehsemalnl er contr ol Zor
val uwhsi | e some stakeholders had suggested r emo
feedback debotntes rattesent anmnaspoefadi emevdi nug et. he
PAFs, the Statewide CASE Team updated PAF val

zones and increased energy savings.

The energy savingmeadsoanra hreotpreppescttderdo a gh au tmi 1
theye@drn feti me of flihrep Imemerutraeet i on i nvolves a r
strategy that is not expected to require regu

persistent savings.

The pr onpecassendo@ h dt riensuwal tchange i n | heorakhatsieon
already I mpliegmesmmtaguprauli dy slowe®vtsrgiond lad srpeagcuei.
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mor e compdtwerxatciommfs for installation depending
design path.

The pr onpecassendee sa r eew accemwthamcde itsieslteS ead tlieadn

2. 6. Apléelr spectives were gathered and incorpor a
test and after the first draft of n2hel.tbest wa
Detailed suraey respewseacomemehosnd .iln 1Secti o

and. 1.1.5

Market and Technological Critical Barriers

|l ncremental first cost for i mplementation has
proposed measure. Stakeholder fewdbhdkr eassed
especiimmhdlyl er . pifbpepmepeasdantici pated to rai.
projects invol. . xssrhgp wriericgté .ognf. fiihcee spmegpisreda

found to be cost-yedfekciheebmatrtewiadd5CASE Team
manufacturers, sales representatives, contrac
technicians to obtain cost estimates for equi
and proposed measure comatser iTdblauridots 9§ nftloe x ihkei |
proposed code change, via mbhei ptl @t ewimghe | GASE
Team modeled the more coswiyhi mphdmagsatnohug
2. 4.h3r ough 2Selctdinosnt al | ati on costs woulmdr ki kely
mat er i aloni nasntdalcloarimi ssi oni ng needsredédede i s p
complexity of verifying a dwmnrcamfolayi | isyrstwimt H
technol ogy.

Much of the cost of complying with the measur
commi ssi @amiamge sl,abvhi ch can vary geographically
Statewide CASE Team took precautionsthe creat
hi ghesitmploesmment ati on met hod MhioghcloadkRocompdge sanc
to the Cal i f ourenifa oanv eRTSHWpeeaungs@| out reach, the St
Teameal i zed many | arge offices are already usi
timavitch @&loone owwhti @dcdhucexpbeiiemacreament al first
duto curren®Adpr acodme sprojects already focusec
energy savings are pr oaotniev elcy uipraanaxryp sreatsii mgy .
efficient |l evels, this sensing is down to the
been provemetad hraevteur ns.

Anotphetreoti ai cal barertiiecr oirs atmeeniaestimpact of
measurk®Bultiple stakeholders have raised this ;
Team, especi alTHeg pbredpegssemdo®.s not r emiued e unocc
contr ol zones to @grhilghgkt sahulcloywpofyf by di mm
powelthere i s conuerhoobmeli gbti ntgh ea papcecaer patnacbei |aint
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' i ghts di mming to 20 hpeviheeenStt ad fe wiiTudlal mCpAcSviEe r

rececoedhehtem those already i mpilreneman nmgl arhe
of fices in Texas that such concerns were not
currentlgddietekopmatl on this topic, especially f
regswhni ch have already adopted the 2018 | ECC.

Other Market and Technology Barriers

Concern Over Potential Dead Zones

Some stakehol ders $awerccapsedgfcdialgteoinng t he

l i ghting jtca efauliln gp odweeard zoofnfeisc el ns ptaliceet Irdaurceg et wn s
such as cubicle partitoonspamMbhyssessuagdepehd
furniture seuhliipgl e ulceni galst a n dp adsi svii vdee R IjRaryaoruet d.
sensors may have obdturud tgpdad tliotm edasrmgorf o e rg hiti g ht
contr ol pl armed epmogpEBeeEls not prescribe a speci
Ot heccupancyt semsolnggi es such as ubthdasonic, o
mi cr opadhroenirceadi |l y availuadde asndwds egearintil gd i n
inter¥oewshose occupancy sensors wutilizing pr
movement, the sensitivitydeand kzenadjusted to

Concern Over Signal Interference

During t hespfoimresat sutta K e hoylad eero mnvweaastta insge, d r
concer npatbeorutsiiagln aflori nHewdwarenczer o pol | respo.l

this to d amniceaganeeshmodedseprosn de td he ptulbadt csichmal
interferenceeiwi olml yome& mBsostwuhfsatchteuarle risnatnedr f er e n
its solutionFareuwelrlasloméwnoccupancy sensor s,
overcome by wusing different frequencies for a
sensitivity. Anotimgr tecdhwpdmgy ,sem crophoni cs,
as it does not transmitAsoiuny Berae&sgnhbca 2@
interference tsehohuddlacdpwr beema t o compliance wil
codcehange.

Concern for Including HVAC Occupied Standby

The point has beenHWA®Gcsceuwpstendad by egdids i agmp!l e x|
does not belong i measluirghti sgi mpoposed to not
120. 2(tehe8 Toift 1l e 24, Part 6 2019 code already
capabi Ilmuliteisplfeors paafefsi,cdncllaudmtigha®i 2560h 24,

Parteguires such Icapmddids twlheesr d ooc@audpancy sens
and spaces are all owed to reduc-A aepdt Nbaéei Bnf
of fices. Ther efnoeraes,dmdehse rmpato paolsteedr anywuHVAC r el
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ratmemgeusoccupancy efhseergrienat &r whhiacnhs piasb e f t

where ventil ation. cTami s eo &rreddautcteedh aroy Ooccupanc)
wousdbsequentdfyf irceegsuigree @t er hatfianHYBC Htcupied
capabilitstidqwe Ttidbexi@de IPamguage.

Concern Regarding Egress Lighting
The proposed measure does Hyot sap pwiow htlanag qr e s s

on daesi gamad al.l olvneed bui lodi rop dcavesrt edbrh e f | exi bi | it
20 percghti nmgapowdmamr of ér Cadr ent mini mal code
with awiitwméd reeqrutimels e catlplaepthgy si cal ly turn | i ¢

regardless of occupancy status.

2. 2M8r ket | mpacts and Economic Assessments

2.2.3.1 Impact on Builders

Buil ders of residential and commercial struct
proposedhaonfes the 2022 code cycl e. It 1 s wit
these businesses to adjust their buildning pra
necessary, builders engage in continuing educ
compliant with phangesesoaddsbgnl ding codes.

California’s construction industry is compris
and 860, 00es e(Msadbsd)elen 2018, total payroll was ¢
60, 000 of these business establishments and 4
reeind i al buil ding sector, while another 17,00
empl oyees focus on the commercial sector. The
empl oyees work in industrial, utilities, i nfr
(industrial sector).

lAverage tot al mont hly empl oyment in California in 2018

repredehot® percent of 2018 empl oyment.
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Tab#eaCi f €«omisa ruction I ndustry, Establ i shment
Payrol |l

Construction Sectors Estab Empl Annu
me nt me n Payr
(billi
Residenti al 59,2 420, $23
Residential Building 22,6 115, $7.
Foundation, Structure 6, 6 75, 2 $ 3.
Building Equipment Co 14,4 105, . $6.
Building Finishing Co 15,5 123, $6.
Commerci al 17,2 343, $27
Commercial Building C 4,5 75,5 $6.
Foundation, Structure 2,1 53,5 $ 3.
Building Equipment Co 6,0 128, $10
Building Finishing Co 4,5 85, 6 $6.
|l ndustrial, Utilities 4,1 96, 5 $9.
|l ndustrial Building C 29! 5, 8 $0.
Utility System Constr 1, 6 47,6 $4.
Land Subdivision 95. 7,5 $0.
Hi ghway, Street, and 771 25,4 $2.
Ot her Heavy Construct 43¢ 10,0 $1.
Sour(cgtate of California, Empl oyment Devel opment Depart
The pr onpeocassetwdmonas Fztoin e 0 c csuepnasnicnyg i n woaurl gd&k ed fyf i c e ¢
af fecamneiradi | dewosuhbdut | mpact firms that focus o
retrofit of industrial buildings, utility sys

construcmeasur @hwo wltd trhoet reefsfiedent i alefd wicltdgi ng
on the residential and woummoetr cde |l f eluti | bdy nagl |i nf
wor ker s, voub e actohnecrent rated i n spéeaibbiec i ndust
shows the commerci al buil ding subsectors the
i mpacted by the change€omme phousielddoimygt trhuicd i roenp @
nonresidenti al e laecet reixcpaelcitoepda tttoa doteby st he pr opo
change due to their em@pageme rdte nvelcaatsr.éps igdheé m tniga |
HVAC contractors and weoquidp menpta cd eerdt rbgc tt dires pr o
chaepr i mduel yo the need to i mplement domcupi ed
|l arge office spaces, which becomes mandatory
propaolshael St atewi de eGASEaTeamod the magni tude c
Sshowmeot?d. 2. 4
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Tabbe Specific Subsectors of the California Co
| mpacted by Proposed Change to Standard

Construction Subsect Estab Empl Annu
me nt me n Payr
(bil i
Commercial Building 4,5 75,5 $ D
Nonresidenti al El ect 3,1 66,9 $5 ¢
Nonresidenti al pl umb
contractors 2,3 52,9 $4,7
Ot her Nonr esi demotnitala 501 8, 8 $0 .
Sour(c®ttate of California, Employment Devel opment Depart

2.2.3.2 Impact on Building Designers and Energy Consultants

Adjusting design practices to comply with cha
t he nor mal practices of buil ding tdees i2@inarPsa.r tB
typically updyaetaerd roenviasitohmr eceycl e aner opwi |l di ng

consultants engage i n continuing education an
with changes to design practices and building
Businesses that focus on residential, commerc

design ar e tchoinnt atihnee dArwihi t ecNoartaah ASAmewvicas ked
Classificab%4bdaT@pbskclrearws t he number of establ i s
empl oymadttotal annual payroll fdheB®titladiewg dA
CASE Team anheéeci mpaeltowine occupancy sensong in
affect firmaonhaet idifefemdsesdmr ucti on.

There is not @ INmduht AynmeClizaasi f Pcade onplSlyys ft ie
assigrendrtgyy consultants. l nstead, businesses
building energy efficiency are contained in t
(NAI'CS 5413509dmpmwhsed ofs firms primarily engac
inspection of residentia@dltand nohressdebtiealo

2NAI CS is the standard used by Federal statistical agen
the purpose of collecting, analyzing, and publishing si
NAI CS dweavsel opment jointly by the U.S. Economic Classifi
Canada, and Mexico's Instituto Nacional de Estadistica
comparability in business statirgtéigclsC Sa moenpgl atcheed Nohret hStAa
I ndustrial Classification (SIC) system in 1997.

SEstabli shméhis s eéecatsdrneismscelsu e i neawra ll wateinggagee dbuinl di ng’ s
and component systems and i ncl udiecse se naenrdg yh oenfief iicni sepneccyt iio
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which business establishments within the Buil
focculsn energy edidlircihigicyf comat T @ Imé psrhoovwnd eisn an
upper bound indication of the size of this se

Tab6:eaCi fornia Building Designer and Energy C

Sector Estab Empl Annual F

me nt me n (mi | 11
Architectu®al Servi 3,7 29, 6 $2¢
Building I nspfectior 8 2. 3,1 $0 .
Sour(c®ttate of California, Employment Devel opment Depart

a.Architectural Services (NAIESt 64 184dt0gbliciosnpme stes pmri m
in planning and designing resi aéntiaald, iindautsittrutail omal
structures;

b.Building Inspection Services -geNAtl CrS e&sAtla3bl0i)s hcroanptrs spe
engaged in providingnobnuielsd)idnegmtyigaelstiidemtsarlviakces enco
aspects lodi npestbuicture and component systems, inclu
services.

2.2.3.3 Impact on Occupational Safety and Health

The pr onpeoasseddloes not alter any existing federal
pertaining to saf gty udrd hhadlotrit,e di rogyl uchien Cal i
Occupational Safety and Health (Cal /WwoSHAd . Al

remain in place. Complying with the proposed
adverse impacts onoft hec swapg &ntys oor htelmddeé i nvol
construction, commissioning, and maintenance

2.2.3.4 Impact on Building Owners and Occupants

Commercial Buildings

The commerci al building sector includfefsi aew, d
restaurants and | odwd exge s traellaiid h meamtds mi akredd war
(including (rkKefnmiegye ”2BDMe&Odgyy use by occupants of
buildings also varies consirdielrya bfl oyr Wi it chh teil reg,t

cooling and conditioning, and refrigeration.
services. This sector does not include establishments |
pests, hazardous wastes or ondhmoeenivi riommendal staneé aamn

government entibuesdithgt ofoemmlriggin ceo/denf orcement of bui
regul ations.
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water and for space heating. According to inf
Energy Efficiency Action IHRIlisom, stqhuearree ifse emo roef
floor space in California and consumes 19 per
useKenney. 2M0hle9 )di ver sity of building and busin
creates a chalemémage i mgr i chif or mati on on energy
solutions, as does the variability in sophist
relationships between building owners and occ

Estimating Impacts

Building owner ssoabdnetclugpvbenrb sener gy bil |l s. As
Sect2.o;n,donley oaveder gystbbe Isseéteemwher e i n the
econotntyer eby creating jobs and economic growttf
St atewi de CASE Team dossdnobdexpéangehéopr ope
cycle to impact building owners or occupants

2.2.3.5 Impact on Building Component Retailers (Including Manufacturers and
Distributors)

The proposed woouded iclmpknegleye t he sal es ahdoccupal
l hgi ng tcomhgrywileh as r oomnedmtorrklelderls gdirt i ng co
( NLCIst) .i's possi bl e wtihec hssaclbeonst roafs et iitrme | ar ge of f
woul d decrease, althodMantfhasct usemdtamgadadiant rei
ocucpancy soecncswoprasncy rel ated atngdgihp mmtgh cldeVAC Ol s
occupied standby integrativeni aoapakdisleidt desnawa u
sal es. Se2 2Sk4.t2 more specific details on the
busi nesses.

2.2.3.6 Impact on Building Inspectors

TabTsshows empl oyment and payroll information f
agencies in which many inspectors of resident
employed. Building inspectors particaphte in
aspects of building regul ati &dnsa,t eiwn adllea &MBSE e n
therefore, anticipatwouhtdve poopmpadtcloangenpl o
buil ding .i nfshgeegée¢ owdsi It hieng 1 mlspecamdscti ng ener
efficiency woshe@ctewinsed to includargenewfsgace
which to verify the presenclhiod waocaocpe amhcayn gsee ni
standard procedure 1 n | iamea swietr lenfotdy pei xcpael ¢ tceodd et o
havas i gni fi c.ant i mpact
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Tab¥V7:e Empl oyment i n California State and Gover
l nspector s, 2018

Sector Govt Estab Empl Annu

me nt me n Payr

(milli

Admi ni stration St at 17 28 $29

Progrtams Loca 36 2,8 $205

Urban and Rur al St at 35 55 $48

Admi n Loca 52 2,4 $186
Sour(c®ttate of California, Empl oyment Devel opment Depart
a. Administration of Housing Programs (NAICS 925110) <co
primarily eadmgeridstnathen and planning of housing pr
and standards, housing authoritiedevalnadprmemntsi ng prog
b.Ur ban and Rural Development Administration (NAICS 92
establishments primarily engaged in the administrat:i
and rural areas. I ncluded in téridcgs iandd sdadommiagei @royv.er

2.2.3.7 Impact on Statewide Employment

As described. Pnh3IduigHBodtshe Statewide CASE Team
anticipate significant employment or financi al
California economy. This is not to say that th
i mpacts on employment2i . Chli Sotanieai dien CASELt iTe
the proposenbl-cba@egeccupantwarogefnsaensgd ianf f ect

statewide employment racd | gcamamiaodoutgat ydit hr o
buil ders, designers and energy consultants, an
St atewi de CASE fTe@ammeregy i snavtiemlgs associated wit
i mulztoine occupantwgrogefnsoensgd ilnead t o modest ongo

savings for California residents, which would
2. 2Eddlonomi c | mpact s

For the 2022 code cycle, the Statewide CASE T
al ong wiotnh cedonf or mati on from published source
devel oped estimates of the economic I mpacts a

changwmi.l e this is the first code cycle in whi

4l MPLAN (I mpact Analysis f orouPtlpantninmmogde |s ou stemda rteo iess tainmai
effects of proposed MPOLIAN iiess tahned wporscsjeedcotesmonomi ¢ i mpact
due to itsamésttenmsi wesedetailed information on output, e
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estimat esmiocf iempoanca s using | MPLAN, it is iImpor
i mpacts devel oped for this report aretomnly es

some espentul ative information. Il n addition, t
rel ativel ysentmgptlieom epfr et he Cali fornia economy
CASE Team is confident that direction and app
economic I mpacts are reasonable, it is 1import
is a simplifmed¢ygticompdfexexatcte ons and i nteract.i
businesses, and other organizations as they r
codes. In all aspect of this economic anal ysi

assumptions r egeacaodnonngi ct hbee nle fkietlsy associ ated wi
change. By following this approach, the State
i mpacts presented below represent | ower bound
associated with this proposed code change.

Adoptitcdhn sofcodeprepmhawaglkedsult in relatively mode
i mpacts through the abklyfbhboseenah dheecommpendah
industghting,edesitagmdecrade c lreanrgii meleeser gy d

consulTthent$t at ewi de CASBE debmcdpaste that money
commercial building owners or other organizat
cycle rewwltadswints i n additional spending by ¢tF

Tab8e Esti mated | mpact that Adoption of the Pr

the California Commerci al Construction Sector

Type of Economic | Empl o Lab Tot al OQutp
en Il ncoMmM Addegd ( mil |

(pers mill mi | |

Direct Effects (Ad 341 $2 2 | $29 $49

Commer ci al Buil der

|l ndirect Effect (A 74. $ A $H $16

firms supporting C

|l nduced Effect (Sp 148 $8. $15 $24

empl oyeesexde rfiiegmcs

“direct” or “indir

Total Economic | mp 56 3 $3 6 $5 3 ! $9 0 !

Source: Analysis by Evergreen Economics of data from t|
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Tab®9e Estilmpeadt that Adoption of the Proposed

the California Building Designers and Energy
Type of Economi Emp | Lab¢ Tot al Outp
men | nc oy Addegd ( mil |
(pers mi | | mi | |
Directects (Add] 12.8¢ $ 1.3¢ $1.3 $ 2.3¢

spending by Bui

& Energy Consul

|l ndi rect Effect 81. $5¢ $7 ¢ $1.1¢
spending by fir

Bl dg. Designers

Consul t.)

|l nduced Effect 100 $ 5% $ 1.0¢ $ 1.6¢4

empl oyees of fi

“direct” or “in

Total Economic 310 $ 2.4¢ $ 3.0¢ $5.1¢
Source: Analysis by Evergreen Economics of data from t|

2.2.4.1 Creation or Elimination of Jobs

The Statewide CASGE daepbmcidmpaeseuptrédcaptof sbendet h e
2022 codreegecuylerldeilochad toebabheohyepdkfsnjeawbs or t he
el i minexi cttyymédgs of | obs. I n other words, the .
proposedwobhdgeresult in economic disruption
economy. Rather, the estdimacess od 2ZeRw&®iond icom m
l ead to modest changes in employment of exi st

2.2.4.2 Creation or Elimination of Businesses in California

As stated2i2,8¢edbtei &h at ewi de CASE Tweoaumh’'dst pr opo
result in economic disruption to any sector o
change repr esdntcsh amograoedsoa dent i al indoor | arge
strawbdgwydhuhei telxecressi venoy kwrmesit istaidweant age

Cal i forni a-rboawwiud e@ls sesessarily | ead to a compe
California kRusiftbesBsat @wi de CrAStE fTeeraers edeo easn y
businesses bei ngs cBteatt ewli,d e o@ANEB kT eaanny e xi st i n
busi nevoud®e el i minated dwedtchams@pe proposed
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2.2.4.3 Competitive Advantages or Disadvantages for Businesses in California

Thpr opocsoedde c¢ hwaonugleds apply t o naxlolr phpaaCeé&s $esni a
regardless of wheitheor pihmesibdie i mre ssutidsi de of tF
Ther ef otrree St atewi denBGASBnTéeampaoest hat t hese
proposed20f22r ctohdeee gcuylealdei hoshv e an adverse effect
competitiveness of LCiakeawioseni at hbeu sStnaetsesveisde CASS
not anticipateaet ddsowmtesisees odfocCal i fornia woul d
di sadvant aged.

2.2.4.4 Increase or Decrease of Investments in the State of California

The Statewi deanGASYEz eTdeanmat i onal data on corpor a
i nvest ment by businesspistdlhadt exlpahmde faerfn & an’ ts¢
domestic investAstablBbowEPDObErBmaBA1R0NPDI as

a percentage of cor pr6atteo p3rsavfipitettn sc @ma R3yle d afgreo m

percent. While only an approximation of the p
capital itnhvee sStneetnetwi ddeChsblEepeami des a reasons:
estimate of the proporti owoudfd preopriatverstiemc @
owners into expanding their capital stock.

Tabl@Net Do mersitvlaatveest ment and Corporate Profi

Yeal Net Domesti Corporatte Rati o of N
|l nvest ment by After l nvestm
Billions Billions Corporate
201! $6 0 2 $1,7 4 8 359
201¢ $4 5 . $1,73 8 2609
201" $509 $1,818 289
201¢ $6 13 $1,84 3 349
201 ¢ $589 $1, 82 329
5-Year Av 319

Sour(ckederal Reserve Economic Data n.d.)

Gov. Code, 88 11346.3(c)
c

C), 11346.3(a)(2); 1 CCR 8
di sadvantabethu pirmeCs ses nt

(
e l'y doing business in the
5Net private domesshtei ct oitnhavlé savneosuinime wiE pi t al by the busi nes:s
is used to expand rtahenh edapihtaanl matimakai n oQCo rrpeeprl paticaef idiue t
t he moneefytaderfgorpatyisonts expenses.
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Esti mated increase in investment i n Californi
Chang®oti al E®triopatied F756c)n® . 2B98,.258

The Statewide CASE Team does not anticipate t
withprtdposed wrewlsebarde t o shgnpgéi Cantrease or de

investment in any directly or indirectly affe
Neveerltehss, the Statewide CASE Team is able to
change in investment by California businesses

| ncome estlTiah8&ed@ab¥ebove by 31 percent

2.2.4.5 Effects on the State General Fund, State Special Funds, and Local
Governments

The Statewi dedeCASE @rpect t he pr owoousheddv ec cade ¢
measurable i mpact on the California’s Gener al
government funds.

2.2.4.6 Cost of Enforcement

Cost to the State

State government already has budget for code
compliance enforcement woWhidl al sobatae¢ei ggversoenmn
update the TSttamdaKdds Pairmcléudi ng updating educ
material s damdy rteosmaresti onse@bionde me mtes r etvh sea
are already covered by existing state budgets

when compared to the overall costs savings an
code changlesThbeoposespos enmaymeiampact staéw buil din
construction, alterati omwi|l &winddoraandedi 6f bnesef.
Despite some additional i ncremental cost, the

to be cost seavieecstiigvrei faincdant amounts of energy.

Cost to Local Governments

Alplroposed codd@ithengds Part 6 would result in
determinations. Local govbewinindeinngs dwopmahrdtt rmeenetd s
revi sed Ti6tSlteandd,r dBar #Whal i hbi Bsran expense t

government s, It is not a2ZMmxwdeoshaageociyal ed
building code is updated on a triennial basi s
retraining evdeyi si mpdahed. There are numerou
|l ocal governments to support compliance train
retraining, including tools, L©Badhexngamdhd res

Standards (puchr agppy EGedAs Aoe e d
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Sect2.olansAppendtitke ESt at ewi de CASE Team consi der
proposed comiegihchip@amcge vari ous mar ket actors inv
and enforcement process and aimed to minimize
government s.

2.2.4.7 Impacts on Specific Persons

Whil e the obj ecStiavtee woifd ea nCyA SoEf Ttehaenh’os pproaod a le |
effictiretencyt,atewi de eCASHE hbBeeamhere i s the poten
proposed comaey crheasnuget i n unintTded Sd ad @ews e@@u €RAE
Team doenst incoitheat eonpatche pr opos edamcy dsep ecchiafnigee

group or groups of persons (i .e., persons of
to partatfipadabie housing programs, renters,
from i mpacts t o Tpheirss ocnosn cgleunseir dagi hwlaesr srteaancdhi endg t
the proposed code change i mpacts nehoesiddentii
|l ogically have armreadldieqitblad ispmpaets @amd t her ef
di fference aifrf oirmdmedte dm,useinngegampmopgpeams. , as on
persons generally.

2. Energy Savings

2. 3Kdy Assumptions for Energy Savings Anal

The energy and cost analysis presented in thi
consistent with the TDV factors preseznft,ed dur
2020 workshop on ddcCmpliifaomrme ametnreirgy Thoenmi ssi o
electricity TDV factors include the 15 percen
factors include the i mpact osfi tnee.t hTahnee elleeacktarg ec
factors used in the energy savings analyses w
Environment al Economics, Il nc. (E3), the contr
factors for the Energy Commiactsnion, TDWS ap6GH2 ea
Retail Ad] Scaled by Avoided Costs.xlsx”. The

energy savings analyses were obtained from ES3
“2022 _TDV_Policy_ _Compliant CH4Leak Fl atRtl Add
demand factors used in the energy savings anal
spreadsheet titled “2022 TDV Demand Factors. X
Energy Commi ssion rel eaysedr il dluanle WwaOr2mMi nug ep &t
(GWP) wvaluet t hpwe @8AdGWP values that were used
TDV factowyxrarTlGeNP2 ¥ al ues increased the TDV f a
the TDV energy savings presented in this repo
expected OV tthheattyiengael GWP val ues were used in
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proposed code changes wil/l be more cost effec
savings presented in kWh and therms are not a

The Statewide CASErTéam wekrdl tothes eelner gy savil
coetff fectiveness analyses using the final TDV
presented in the Final CASE Report.

The Energy Commi ssion has not provided guidan

regldrmng the i mpact of proposed code changes re
that was devel oped for the 2022 code cycle. P
Commi ssion, the Final CASE Reports may includ
metric.

Toesti maereer gy s awungand rooegncupancy Bsankangecon’
of f jtchees St at ewi de s @ASrEe el emaand e Ir efplroecsre nptlaatnisve of
of fices gredt esirmatlHan,ed™dd Lfatr g es vammneaarsi Taedul | & n

11These model s weR® 1IMBBianfadl&@Repot hef or I ndoor Lig
Cont (Talbd Pwiht modi fi cati ons (aSntdatseiwmpdlei fGAcSaEt | Toemasn
201.Mpre details about the f|lAppemdian Hnodel ca
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Tabl&eMod&bobPl abet ai IEmetr ayvi nCas cul ati ons

Of fice Fl oonModel Of fice A Mo d e | Of fice B Mo del Of fice C
Mo del

T

e [l
FPT R i g
b:‘tﬁ:‘tﬂ;l IJ‘E‘J sff
st et T 5
ek AR ekl Ll
. . I -
Sqguare foot ¢ 2,5 8 42 4000 7,5 4 02@f
Number of o0c¢ 18 25 4 8
Averagea peft 140 15 4 154
wor kstati®n)/
Number of |t 28 40 7 6
Gener al |laiypt 9 572/ fl tu mi 100% &t mi 100% & mi
Tot al lo@gdt i 1.,3aWwW 2, 0W 3, 7TW:«
Lighting p®\y 05 0W/ ¥ 050 W/ 050 W/
(aJhis is the square footage of t?héolbargpackfiodeaar ®@odfwicehibowiiléeny3, 520 ft
(bYhe average area per workstation/cubicle includelsettwee s qtulae ewd rolog taggteisorm fon
(cThe total lighting |l oad and LPDs shown here consider ailnglaghwelnlg asn dthrers

decorative lighting.
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2.3.1.1 Assumptions on Occupancy Schedules

The Statewide CASE Teamedabtdi haedt hheanawydata
Power Adjustment Factors (PAFshde&fi@a@ABEcuUupancy
RepdqrStt at ewi de CASEhiTsadaRInishe poesance and

absestatus of WwWa@r kesdawvi dosilmmna Icaurbge |l ggasver nmer
bui lrde a@gr de-thi hot a ®Rwnedewdddadaly s b eAtuwgeuesnt 2009 and
Januaryl t20wals ass hmeseé tkazwpaarcey puftftieadinesnt |y d
repreasewitde range of twopigiaadclheddulces wor ker s

2.3.1.2 Assumptions on Office and Luminaire Spatial Layouts

The tlharegtef mackebhadsed on RihnkcASE1Report tHhaohi nigndoo
Cont rTamlbd ( with modi ficati B2 adredvi diemIAISTEI cTatain
201,1)wer e icmr eaan edaf f otr Hteytpa ccad p tf U eoeogfef p lsana | d i
medi,amd Isagrugaer e f oot agel tcomds guagsabhmeodstehn dote ad

| i ghitailnlg t hr ee mo dvelrperod V ib Rebtyd f easr of f er s with
i nppuwotwe B Owat t s arranged-biyhO fat. 5¢gpmigdd | yhil §f pr opo s
code change is applicabl & itgohtalnlg Ipiogwetri nvga,s aads
vertical lightingThire selcoerRDf Y®.Flthghtl nghree
model s

2.3.1.3 Assumption on the Number of Control Zones

The number of control zones was determined ba
of fices and the maxi mum ald) ow€drcembwopdlez ohbe
beseveantrol zonesgmkdi-siinhe d4D00D0Dcét model . Thi s
the most censegyatasdacdviomgs are | ikely to inc¢
number of codrmter o lmpaacarnreo.f additional cost per
expliclivdtyedck,vaal t hough it can be c2ald4awnddated fr
2. 4Theighting | oad i n alhses anomabdes Yoe flii wciedse dvaasn d
controéebheld bgntrol zone.

2.3.1.4 Assumptions on Workdays

't was assumed thaofthéadi pwiomasepwuesvoimegst r ol
zonkbseimmoccupied duri wgr wdBEikesshed wrssayam g &

anal ysis was apeewvrefroarBnee0d wonrwkidtahy . alri ghti ng energ
usage and savings for weekeraldpzaddamd!l nadtayisn evl
the savingswbtal tuleaskiidnitasse conservative saving:

2Q2ZTitl e 2By a®PASHE Retp2d 2NRL T GHD B 1



2.3.1.5 Assumption on the Baseline Setup and Sequence of Operation

For offices2ldafatt ee 2HanPmandétesrrkeeatspace t
controadatutedmbiyswi tomeomtsupapoagdherefore, two

baseline oconess deeomre | mpleswmentcsh Ttiomeér ol and th
i mpl ements occupancy sensor control

For the occupancy sleasmumlbarsedfi nec campentwr sens
the baselinweercal catlatmiombe Bagsadeomootage of
of fices and tame ocacwepraagcy cfe DDPIfoar¢typacay |y 1
sensors that detReqtarlddregses mdt itchres )numlser of oc
used to cover ealclh tmoda elli iftf9 cieedrie aass sl uommegd atso
t heraen iocsccupant i n t heastpuarcreeodn doyicdf nt hér el ieqhtig e
of fice space Téhriesa wass Maceamto.st common sequence
ocupancy sensors in |l arge office areas based

When wuastiinmgvi t ch -dfofr sdmnuttr ol , the schedul es are
to leave the |l ights on much | ongeto a@aompar ed
occufcaomp !l dinntad dii thiemnt,ches are commonkthyuconfi g
override Tomacdebay. foirn themsset Mfucttiomgtt wWasbase
conservativelyhasswimedh tihaséldi have additional

ofdai | Yl ofauppelr ati ng hours over the occupancy sen
Savings from other |lighting control strategie
accounted for in this analysis.

The ener gy s avtihteg smeMirtocnh docoadnht rheel occupancy senc
baseline cases then nea&dreapnos dret atoimbe neaviimgd s
ovemalalsure basEheéenfer e qadseemicyy modenctu ppafncyg sensor

vergussevi tch @onthel sol wtfifo nisofiydpri @sahlultyg nt cheep e n d

size of Théels®spmaowes. t he sawbsdduphreedrmat i veffracti on
occupancgvertssmewi t ch paentariomlide ce spacesa anal
si e htethr ee modelasofbfaisceeds on data collected by

Team during outreach
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Tabl2Assumption for the Fractiodhms Tefchinloe oBaesl
Used in the Model Of fices

BaselinefSht Model Oof Mo d e | of Mo del Of

Technol ogy (2, 5% (4, 09 (7, 5%
Ti sewi t c h 4 % 70 % 80 %
Occupancy Sc 6 00 30 % 20 %

2.3.1.6 Assumptions on the Proposed Measure Setup and Sequence of Operation

Thear e porwiomary control methods that can be wuse

measur e

l.lndependent occupancy sensors turnnlights
respamse emncscerdpancy in the zone. This i mple
i nexpensive and saves tthhei snoismp leenmeea mgtyat iHomw
no-oni form thgeghtsamdpeinul d result i mavomeaeg pat

il lumination | evel socthredloavm(t hiE@nu e quditehnedt He f
arealsong the path oocfcuepgireeds.s are stil/l

2.Netwoobkedpancydismnlding setasc h ¢ @& mmtoroarl e ztohnaen
2@®ercoefntr at eidn proeveponse to sensed aodupanc)

when alareomescchwepilddg,ht s in the entire spa
Whil e the proposed measur e aflolrowsh ivsa haenoaul sy siinsp,
St at ewiSdEe T@& ant hiesnwd e meonf at hensecond.Thostr ol m ¢
i mpl ementation, while being the most conserva

t hleowestopdowshin tdssuint a mor e c o nResfefrevcattiivveen ecsoss t
assessmeditti oceRadl Ipye,r ctemt di mming 1 mpl ementatio
appr ofacermegtyak e hionltdeerrvi ewed iobuoheegedwihtsh tlmend
exception of one who did aB®h seteaspemdl d@®r t &l SO
20 peramgret srhoul d remain an option in the code

2.3.1.7 Assumptions on Building-Level Energy Savings

The sageémgrsat edef pompased@eics f i cs ptaccleasf g e ic e

t han f2W& Q& hirnesniodnent itaylp@sei pdiomngt ypi cal buil din
the new const rpuotviiare df doryed daset Bret gy h€o mmi $§ 81 0
|l evel oamaoutrddih é f e rtehnet icaotnep o si t is@ra cweifst WMii f f ea et

buil di.ngE oype®wi ng &e smeandpet itoonspr oj ectoftthiecesavir
|l arger f?wamh2m0eachtuibludl ik sglvig ynpges .

The Statewide CASBuTedanha@lae Ddhteaba&aef gy
Efficiency RedgdwmurecsastmaEERy ¢ti icers qff ef@tt er t han
witthhe i mpact ed bnuoinlrdeisniFgd et nytpireasll | and | arge of f
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t he fr dxpgdmnofofhiscseesd as the fractti baswifl diargg e

type For othpedDEE&ER|I grogided only f farcaason of

wi t hdoiustt i ngpuifsicieng ypes. The Statewide CASE Te:
assumptni arhe fracthan afeof a&fPtgietshitihatnh & 5@dener a
areas summafMiabe& i n

Tabl8Assumptiongarfgef iFfdhect i ampactBed | dlympe@ s
i n En@ommi ssionds Statewide New Construction |

| mpacBwidl diympe s DEEI DEE Frract i Over

Ope Genel Large ( Lar ¢

Of f i Oof fi within Of f i

Fract Fract General Fract
Smal |l Office 35 .% N/ . N/ . 35.%
Large Office 46 % N/ . N/ . 46%
Si nGht erayr getdai | N/ . 8 .% 50¢9 4. B
Mul tistory@LlLarg N/ . 8 .93 50¢9 4 .94
No#m ef r i gwarraetheodu s N/ . 68 % 5009 3. %
ReferigWWad ehouse N/ . 5.1 5079 2.5
Pri maatyd ol N/ . 8.0 7009 5.6
Secon&ah®pol N/ . 7. 4 7009 5.2
Col l ege N/ . 17.9 2509 4. 4
Hospital N/ . 10.9 259 32 %

a. These two retaweéer édufiudt mgr typrmlsi ned into a single “R
applying Energy Commi ssion’s statewide construction
that the retail buildingteegtecbm ed@andi sttorefs,7 5% % imud
retail stores, and x3%reFEhplte@t snpoé sl aorfg er eotfafiilcse space
assumed for those other types of retail stores.

b. Ther e niomerfagi gerated warehous€Ehbeuavdiagetgeeer al DEERI
for “ SHCoornadget i oned” —dmdofh &t oraged” i n DEER was wused.

c.Primary s cechronldaaryd sschool were further combined into
applying Energy Commi ssion’s statewide construction
pri mahpyo$s and 40% secOhaldlaBr y schools per

d. The average general off-iCommunacyi €oliege”"Edndat Edwc s
Univer sEER"wasnnTlh$sddeviates from the Energy Commi ssi
coll ege, which is a compilation of small office, med
secondary sc hroaoils,e aanpda rhtingehnt pr ot otxytp eo fb udieltdeirnngi sn.i nlgn
fraction of | arge offices in college buildings, the

‘"The DEER building models for small and | arge office bu

spaces and “open office” spaces. Office swpraedksasvithin

“general office” spaces without further distinguishing

2Q2ZTitl e 2By a®PASHE Retprd 2NRL |1 GHD [ 4



DEER to avoid making multiple |l ayers of additional a
within those indiwgsdgual prototype buil di

e. The average general offi ceHofsrpd dtail dn afnar —"NHidesdiltnttgl /Mdeadd ic
Home” in DEER was wused.

2. 3ERer gy Savings Methodol ogy

2.3.2.1 Energy Savings Methodology per Prototypical Building

The Energy Commi ssion di rTeecatne d ot hreo dStl a tt envei deen e
i mpacts using specific prototypical buil ding

geometries for diff EreenStt attyepwe sd eafiC dbSuki ¢l iide anses .

prototypicalsatuihéedi wgumddelVlpecattheg deopsedf t |
measufdlemised to | arge of flunei maiesagd mwditmg nt dui
occupaepagiomsmul ti pl ei owvaotymealmizcomecscupandy pat-t
of fice spsat ivadlo clhady entofit e dorteo veelwveyd hi n t he prototy
buigsdi n

The three mpaelagisobblfBveee used i n energy saving
place of theRuprdtnmngypi amad atske ssadi sgpecwdn e al |
exclusively for offtat bepadea,rigevhedtr htahdeah @it ng

| evieheavings calcul ation does not distingui sh
omal teratieasingh estimate should be equally a

2.3.2.2 Per-Unit Savings Calculations Methodology

A spreahasmedewhs devel oped f orunaists essasviinngg st he |
calcul ations usingabb®&mndodddle &f2f ii ma@s vimdual oc
pattdheempl ate takes two sets of inputs. The
to mhegkel iofdliweki ng t he f calnldowdireedy f@watr atmed ed son
assumptions madeamlialBSleEti on

T Squarod afgee of theg model office

f Luminaire | ayduwtmi;nea.ig.e 100f t

T Nominal I nput powéorofjenbeal umi ghtr asg

1 Addi tLiPbhal accourmtenfearalndn ghvwe rntgi,c aln clliugdh tnigt
decorative |lighting

T Averwgekstation or cubicle size, including

T Number of wbocuopanss f{thhee snmaumeboeark sotfat i ons/ cub

The second set of input iIs a time series of ar
average occupancy (in percenWiatgle )t Heoge tthwo esndt
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i nputs,urnihte epreerggr sakengpeci fic accomancyaphy
popul.ated

2.3.2.3 Stochastic Occupancy Patterns

The occupancy patterns were derived from the
descri beuwsiarbgovae st oc hasFtoirc eaapcphr codfcht he t hree m
antdheorr espmonnmberg of ,0c caurpcayn tpsawtetreer maandoml y
sampled from the 82 indAgkedeahtedcopaopgnpgtp
waent eirretdos ptrheeads heet pt echpbe@tugneirt ener gYrsavi ng
exampl e ,Mofdoerl tChfef ptanBwfl bo2b5 occaupmpancy patte
were randomly sampled from the 82 individual
averageupancy pattepadeéeiestehre i cfef iwaes repeated
each model of f iucnei ts peanceer;gylb5s apwair@a gpeaihal meeé susi
spreadsheetrigdmploatsedibleer ageupancyfpattben2h5
ocup armtodel Of fomet Be 15, saanph er epmessents the a
occupancy pattern of. different 25 occupants

Sampled Occupancy Patterns

80%
70%

—Sample 1
——Sample 2
Sample 3
Sample 4
—Sample 5
——Sample 6
——Sample 7
—Sample 8
—Sample 9
—Sample 10
—Sample 11
—Sample 12
Sample 13
Sample 14
-10% Sample 15

0:00 2:00 4:00 6:00 8:00 10:0012:00 14:0016:00 18:00 20:00 22:00 0:00

60%
50%
40%
30%
20%
10%
0% M=

Fi gurhever age daily octuouelabn crya npdaotnt esranmp |l e r uns.

2.3.2.4 Base-case and Worst-case Savings

The -peraber gy ssawi filgpendent not only on the oc
the sgiastm@albution of tMhoer pexismfBoec,0c o dap&gret s .
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of ffiwcskrveacupancy coinft rtohe zoinf@sdr€ceicetupi ed, i .
10 occuppnésehlhéehi ghest savings occurs 1 f all
Cl ustterrroeiens ddveeant r oll nz otnheiss. da se ,a-oteh & oll iyg i n

t hotsheroecec u gioemdzromle sofah dor tdbiensnse dt hagqu2al t o

per coefnul | rait eddthi@deoearo n tzromlelsTs woul d -ba&sd he be
savisnngendri d hec ansoer sstcenar i o, mahyec d @plsdgecvceunpant s
contr ol zcoonnesse,q uaerndh € y1 i g htog edninf stphaec ee nrteimaei n  a't

poevrr,esul ting the | owEBacsaaetmgy Padhiemes amay
strong coor ekt estppaatnital di $obrabaobuaonh for this, t
modeh!| cud avierspo ttther -lhhesdt woasd saevengsi os

2.3.2.5 Occupied Standby Savings

This proposed code change maRkae atsdeydf Up eacmmyt rsod n
of fices | airf?ygtehe rtacktyo mad 0 c a htghye tHMAQ esrt andb g d
requi riemmeme currentcoddldamMpd e2mle,n t R anrgt H8VtAaCn dobcyc u p i
in | arge offices would resul havneoytzldeléen i onal e
accountied pfreervi ousorc oidre octylhcdre 2022 code change
Ther ef baededn&ai oesavgpmpgs from HBYAQdbgc wawpieed ncl u
the energy I mmpatchi andDrpnsdts CASE Report

The prototypical mo d eslp rfoorri dserda Ibly d fhfei cEen elr iyl dC
was uschdt aion the electricHVYpRCaodccdmaadagyvicroqg rf
Thaverage daily occupancy paB8itwaarsf pogpd sheodi Haesd i
t he occupancyt WA ud wa ialnab if lonrd d/e Isicrhge daurd &

Ssi miulhgt energy usage of t he sTnhael Ir eosfuflitcien gp rHWAX
energy sgawilrugli ng cooling amnd fwehdaltassogr gasty
savi,wgse divided by the net conditioned space
prototype Dheldeswnglt of the-usheéertiesitoncpt gviaded
savingm bdcocupmnaddy Therster sla.viangl® dwp sernihte

' i ghtings aViedaysscirciibteyd 2i. 18 .83edbitcicornpor at ed i nto t
yeant at eewniediegnpact analysis ®esbhcribed in Sectio

2.3.2.6 Per-unit Energy Savings Calculations

Thpeunit energyesadliucssgbnigeeld owi. Fgr stsapmph e d
occupancy pattern informed thkeopeawoseaveonégecc

8This can be an enclosed officeowi ah-papeobé&fiareaogreat
compl etely evrclighdd way [ fsul |
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wor kdayy.ertlreemt of occuptiiende oifwfdiscravsafdalr t ®ma dlet er n
the number of occupi @d moeornitoridnl bzodd-tha & énfea rbeetsht at
wor-csdase sc.eamatnihotsh ec atsieme itnme mwdslé iveasoccupancy
datwasecordedqrmanhuae interval as2.deskcuti btelde i n S
spreadsheet can accommodate occuipmtneryv gla.tt ern

For each sampled occupancy patternszomnlkke basel

occupancy sensing control. The |l ights are con
an occupant i s parsaemdgamdlItees odff ittled hoeo A tirgdlt
stayed on until everyone |l eft the office.

For each time period during the average workd
zones is wmuthepkwedatpd | ed wa tptearg ec opnettrroosl e resoonre
provide the aveoageppewecbtjfThehezamge controll
wattage per senseru@aéers dcdhret tolt azomwattage of t
numbecomtf rneels .z o

The above step is also repealfltad Haogeldihtediulnoose
povide the unoccupi edhoweneare wpt opbséeédtd meamwsur e
requires unoccupi edOzpeesetnd dimfubl Opower . T

average( Ypwetrhe outcome of multiplying the nui
t hekomwmtll ed wattage pert e nmerrc eretr @fonwendgycupi ec
background Iwhgihcth nigs |aesssdl meaf d ontblkee cal cul ati o

Oncleot hottepi ed and unoccupied average zone pocC
both theebaxnal proposetdhengaamue esemmtitileti ent i r e
space aver@Weompoaveah ti me period for both the
measureTlceasentire space average power represeil
during a time wekeol edofforceéengrahbhl caoaobrpbraone:

Next ,entthee space average power @2s mmwiubiepgl| i ed
determine the entire space en€Ehgyenseedgydusage
within thewesrtemamidewdr up t o beemenegynhu dmege | vy
serfes ampl e run and eTahceh hreoodeell gy yoFusacgee ss t he
15 godm wemes averaged f oranedaocrh brnod dhezld heaef fliacey e
occupancy sensing base case and t-qwei tpchophassd
case was then construzdred dbacepamay tdhendiamgeb:
additionabdgeneqgyvabent t-loo&8®d opemwatisngfhdwdsg.
houshyitnigme sasia¢scsudattemar |l y endridgyf ersxeange

bet wean ht aeflwwa s e saansle t he proposed measure case
case andaweratdme St at ewleden GO r e conservat
appr oacahs saumakalver age savings f o aadthkead®5 model of
per cemeatiweeen tédared Wioaastt savingesl ssenatr ecasshee wor
savisngenari o
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The hourl|l wienmgesr gyt ban tpeovpeurlyatheodur oof wohkdwggar
to obhai savingbounskpkeowg®ar bekWbhge)yvative,
savimgraes si gned t o hour & eadrervad énlod n dl i patnhde n
applies theepdr®enti meal uation (TDV) factors t
in kilo British thekrBtauldrya@aminual ppreakeat eCTDYci
reuctions measur edlT hhen TkKDM oewaetrtgsy (ckovg)t. savings
in 2023 peedehtaval 02023 PV$) and nominal dol
energy i mpacts ofcharege rviagromsaid) occddetalbee zone,
Statewide CASE Team used the statewide averag
energy and energy cost i mpacts.

The -preirt energy wearpdmitasad 2pOr2e3sent value TDV er
cost sawemgkd oyyearhkearntde eef fi ce modelTabdake s umi
anfiabl® espectivel yweThesatvapoéepead savihgsfi
the i mpacteadcn heéatebdi Dasteidopeunihtep aici abl 4

Tabl 0Of fi ce Modelagy FHFinrestgy | mpacts Per Sqguare

Mo d e | Of f Climeé El ect Pea Natur a TDV

FI oor Pl a Zone Savit El ectr Savir Ener

( kK WHrY Demar (ther?n Savir

Reduct (TD

( WPA)f k Bt d)/

Mo d e | Oof f Al | 08 2. 013 0.00 25. 9
(2,584 ft

Mo d e | of f Al | 09 2. 014" 0.00 28. 7
(4, 00 ft

Mo d e | Oof f Al | 1.0 015! 0.00 32.9
(7,520 ft

Average Al | 094 014" 0.00 29. 2
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Tabl®0Office MO22I|I BVENTeDWY Cost Sawiemgs P@uweaerodl®»
Anal yiies SquarMewWoGoénstruction, Alterations

Mo d e | Of f CIl i me l15Year 15 ear Tot adYea
FI oor Pl a ZoneElectric Natur a TDV Eniq
Savings2 Cost Sa Cost Sa

P\$) 2023 %$§ (20233$%F

Model Off Al l $2 . ¢ $0. $2 . &

(2,584 ft

Model Off Al | $2 . & $0. $2 . &

(4, 00 ft

Model Off Al l $2 . ¢ $0. $2 . ¢

(7,520 ft

Average Al $2 . € $0. $2 . €

2.3.2.7 Statewide Energy Savings Methodology

The -preirt energy 1 mpacts were extrapolated to

Statewide Construction Forecasts (tCadt ftomeni Bne
Energy Commisi Bloem 2t0&2t09gwi de Construction For et
construction that will occur in 2023, the fir
requirements are in effect. 't alislodiesgi snaoels
2023 that the Statewide CASE Team used to app
alterations. The construction forecast provid
existing building stock) by buildingdtympmetaed
construction forecast, Building Type I D, are

types avail a®Gdom, i 50 CBEE€CCEnergy Commi ssion pr o\
which prototypical buil diympes | tDo whee fcawicddah i
energy iTmpd @trseesents the prototypical buil di ng
t h Energy Commi ssion requestsed ftore eStcaeht eBwiid
Type I D in the Statewide Construction Forecas

® —7T T S T T NLQO S

0]

Appendirx skents additional i nformation sabout th
used to <whdtcaawiade energy | mpact s.

°The TlosSehr TDV Energy Cost Savi nWwesari sTV sHilnmencattriiocni toyf G
Savings aYMedat heD¥Y¥5Natural Gas Cost Savings. The slight
due to rounding. The numbers in the baboew wheedeoumdkd,|
however, the actual calculations preserved all the ins
cost savings rounded to zero doll ar; however, when suml
insignificaemd uWp gtid s$0.oulhdin those rows.
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Tablé@ NonresBuiendim¢ Types and Associated Pr of

BuildingDTlypem StBui |l dPirrog of g p Wei ghting

Construction Fori Energy Model i fop Stat

| mpacts A

Small Office Of fi ceSmall 100

Large Office Of ficeMedi um 5009

Of ficelLarge 509

Restaur ant Restaur ant Fac 100

Ret ai |l Retail StandAI 109

Retail Large 759

Retail Stri pMze 5 %

Retai |l Mi xedUc¢ 109

Grocery Store Grocery 100

NoifiRefrigerated WWarehouse 100

Refrigerated War RefrigWarehot N/ .

School s School Pri mar\y 60°9

School Secondz¢ 409

Coll eges Of fi ceSmall 5 %

Of ficeMedi um 159

Of fi ceMedi uml 209

Publ i cAssembl 5%

School Secondz¢ 30¢9

Apart ment Hi gt 259

Hospitals Hospital 100

Hot el / Mot el s Hot el Smal | 100

2. 3P8SUnit Energy I mpacts Resul ts

Energy savings and peak demand rTeadbdct iTchres per
presented savings are for botThhe epneircto nesnterrugcyt i
savings figures do not account for naturally
rat eduenriatvisngs for t he f itrostbhégiecahre satr ef cerx pleart geed
buil diOn4g& Wat yf ol | @ B8kdWhb/yyr f or small Demande b
reductions ar e .eDWpaencdt e0d. Dt8c2 th¥a d g sonfaflilc e ,bui | di
respecilhye savings are | ess significant for ot |
fractliaamgefoffice areas within those building
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TablFi rYsetar Energy | mpacts Per Square Foot

| mpacted Cli miEIl ect Pea Nat u TD\V
Building Zoea Savir El ect Ga ¢ Ener
( k WKRY Demar Savir Savir
Reduct (ther?n ( TD
( WP k Bt d)/
Smal | of Al l 033! 005: 0 . 0007 10. 4
Large Of Al l 04 3. 006 : 0.00 13. 4
Ret ai |l Al l 00 3. 000 0.00 1.0
No~n Al l 00 3. 000 0.00 1.0
Refriger
War ehous
Refriger Al l 002. 00O . 0.00 0.7
War ehous
School s Al l 005 000 0.00 1.5
Coll eges Al l 00 4. 000" 0.00 1.2
Hospital Al l 002 000 0.00 0.7
a.lncludes energy i mpacts srteasnudibty .from HVAC occupi ed

2. 3Ca&l culating Updated PAF Val ues

The FBAfor Occupant Sensing Controls i-A) Large
would be updated to eliminate t h50O-afropgest PAF
reduce compbdexptdwate the PAF val uf€s$ 0fadhid d®rbt r o

fand bel ow. The PAFs for implementing smaller
conttoueraniidrecfeairbkveg steps to use smaller c«
Il umi deaeivred control s. Dependi ngndpomethengreem@am
savifnrrgem | umi naireesmivehtacmandatl arpby titmnegaui r e me n
future abdiwhti me this PAF wouRrdopesedhtdadkd y e
|l anguage revisions Qarb.Hehe owpndda tiend SRAR ivoanl u e s
calcul ated mhmamed hareet modsel offiTaeblPkagoutisedde
i

n the energy savings anal ysi s. For simplicit
the modelsul &thieomwsalused the exact same appr oa
Sect2oBsthorbobugh BeRt2lomwever the control zones
125afmd 2250 ft

As with the proposed code chamdeweame€& gy analy
scenari os wer e bceosntass e eg ceegnpar réilseelnlt epdr esent o0cc uj
cl ustiemr ithhge same s<dher bk agbdnasgpnbnsceyn 9o wicd

be ri ggaemded he most ener ghye wooudsdec beasawved. T
repr eskelnlt present oicmagcpaomstss tshieceand ucle t hat t he
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greanemsmbdaocugp ansceyn swo sl d rbeg gaenrdedt he | east energ
be saved

The hourly energy d@rbsadrmp t235d@ne hftwr e nbekt ehne
compar ed t oentehregyh ocuornisyu mpti ons fmears urhee pr opos
scenapoioal cul ate the dgavviemegge f of faembieochrmobficetthb e
the -base¢ andawer stdmar fwog . mula used for hourly
reductions in |ighting | oad matchess tihmtt hoef t
2013 Final CASE Report f(oSt adtnedwiode LG ADE-i Thega nC 0z
38)

Power Adj ustmentB—BFZ—a—ctor (PAF)

Wher e:

Bi= Baseline |lighting energy use for hour i,
PR= Percentage reduction in |lighting | oad at
The PAF values were estimated conservatively
sawvgs than | owering LPDs. The PAF values for
calcul at ed thlye amsstuumala g8dpiemgent i |l e beaweden t h

wor-sase sc,enmgiipst ed towasdsstkheaawobpst These vVva
foundthe row “WeighabtesldeTAbESSaignenariizes t he calc
vae¢s for updating the PAFs.

Tabl®& Calcul ated Valkiesf dro QUopdwapga&ntPASensi ng C
Large Offices

1252Cfotnt r ol| 2502Cfotnt r ol

Power Adjustment F Leay Mos L e a-s Mo s

effidqeffiq effiqeffiq

Cas Cas Cas Cas
Mo d e | Of 2, 54 Af t 0.1 0. 4 0.1 0.1
Mo d e | Of 4, @0 Bf t 0.1 0. 4 0. C 0.1
Mo d e | Of 7j 80 Cf t 0. ( 0. 4 0. ( 0.1
Average 0.1 0. 4 0. 0.1
Wei ghted Average 0. 2 0.1
Recommended PAF 0. 2 0.1

Notlehd easftfi ci enamasetSd i ci enheecrldarcemp a d th ¢
begstase an-dawdarssttri buti on of tome tprhree ssanvti n
described2i.B.2edtion
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2. £ost and Cost Ef fecti veness

2. 4EMler gy Cost Savings Methodol ogy

Energy cost savings were calculated by applyi
enersgwi ngs estimates that were derived using
2.BDVs a nommatboezedlenelreagyetavitnlgpgst count s for t#F

vari adt eofcoel ectrgas tehackhndh onat wrfalt he year, al
costs are expected to chanM@d owarr st feorpeareisad e
measures and nonresidential envelope measures
nonr esailld emetaidwinr gash)i.s case, the pkyieadbef TDwval y:
cost impacts are presented in nominal doll ars
represent the energy dbstyesaawings realized ov

The proposed codeadHbahgenapp hFod @ ltattdedri aain abnnss .
alter amidbes ) ncrement al cost would be the same
Theeforenetdhy cost savamgsal oartahded oshasnoen sas t ha
new constructi on.

2. 4ERer gy Cost Savings Results

Peunit energy cost savings for newly construc!
reali zedlyear fplkeiod of analysis are presente
do!l | Arppeindi x L

The TDV met hodology all ows peak electricity s
savings dpealkgpdarindadfdithecans e mmer ci al peak period
4 PM and @Q@epéindi ng(®PG&Eh&i mei bift YySemBRates 202
demand response programs are shifting | ater,
bet ween 2 PMoarsd de@rPiMg® Pove ttohe peaPpepereinad

of the energyhsavprongesstdaomoadecaohadgei ng peak

Tabl1@2023 PV TDV Energy Co¥darSaRamiged OuwferAmnal y
Per SquaifrMewoOGonstruction and Alterations

| mpacted Clim 15 ear 15 ear Tot advead
Prototypic ZoneEl ectric Natur a TDV En:
Buil dy pgs T Savings Cost Sa Cost Sa
PV$ (@23 P (2023
Smal |l Of fi Al $ 0.3 $0. $ 0.3
Large Of fi Al $1. = $0. $1. =
Ret ai |l Al $ 0.9 $0. $ 0.9
I

NoiRefriger Al $ .9 $0. $ 0.9

War ehouse
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Refrigerat Al $ 0.7 $0. $ 0.7
Warehouse

School s Al | $01.4 $0. $0L.4

Coll eges Al | $0L.2 $0. $0L.2
Hospitals Al |l $ .7 $0. $ .7

a.l nclaaeas ame&r gys acvaosnrgesm HVAC sotcarudgh ye.d

2. 41. Bcrement al First Cost

As described in the energycansi gsrsed: t wo base

1.Mini mal compl i ssnwdd cvhi itaohpriaermodlmieat i on and no
sens,ans

2.Above minimal compliance i mplementation wi:
as one control zone per office.
The proposed measure capaenwgpubdnberascogpbtan
proposed co@estch amagree col |l ected for the three
Sect2.on

Bothhmse cas@mampwareal with the proposed code char
i ncr enfeinrtsatlTictiostiss because Section 130.1(c) 1in
eitdhhecupancy sensing constwiotlcsh ocro naturtoolnsa ttioc cta n
code. eTahcuhmpl| emendmadn ement anMa sfompsutt ecdost St at ewi
CASEamet hen heamd weaygybtsadaes thdaél@room

calcul ate incremendtalermi neée ddeswowyviemarl d ment al

2.4.3.1 Incremental First Cost Data Collection Process

At t he ftsiprosnts outeidl isttyakehol der meeting, for whi
be founHBi bhi o,pemhpehyosed cost estimate was gene
RSMeans data. Stakeholders responded to a pol
that theladdooremat 96/ hr adj ustreadx ntuenctath e n@Qa If iafcd |
was too high (1Lapcestewassand tbw). 55 percen
respondents found the material cost of the oc
O percent found it to be too |l ow. Additional!/l

technol ogwe uenmsaxressary.

Toget more accur at et ltews$t atsd winzha nedSIALSIEE elee a m

rounds of owuttakealcd! dva rt $, i ncl Wdisng ipaltlorrsgspor
manufacturers, and baleberepregesendtandves.outr .
interviewduwera aowoth designers, manufacturers

contractors &Appeashemdpdpeedn dinDuGi ng each intervi
Statewide CASE Team asked the tiinmetreifeoveee doh
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omponentTabx@ed emach of the three office | ay
ases and proposed measure cavsaeaduThedStasewiod
ound of outreach with occupancy sensor and |
urther insight into accurate cost dat a.

I n responsengagemenpol r om ptome ofrierds ts t watkiglhiotl yd e r
the Statewi deoCABEf dewmrnds twailtlhatai on | abor r at e
scal sactramento, California (he0oaga2femaéntavec ma
el ectriciaof I$6Mor3BhdExredet er mined to be a high
el ectrician’s apprentice or an el ecrterpilcaicaeend s
the $96. 00/ hr aver ageprCadadirrftoad iatTdid] aSsneesdedt Wrirage
CASE Team dalhseo pussiePd Rofsensor for admuallysi s rath
tecbl segndbarsed on the meeting feedback

The Statewi dec@€ASEr Tedmwirtgly tCloenmi Jegnrdo rh
receguedamcsee rate thes9esdd/mMareet @op a
conservative i ncThanedttaatl e Wiiarms tIC&kfDEsSrtmMed t o t he

Quarter 1CR®Me&Lwmst | ndexwhioach Cadnde®s nfiraom 107
times the national iasemnddatfiomTaleadtt migeivard e or
CASE Team included otvieemohseta de satw dmagtredb bntowvar d an d
a California averla2g9. 6s cpaelricnegn tf afcotrorc oonimi ssi oni

| abaosr expl ained in the 2ads Bnme@tStoana WE dSeeacm i 0 n
moved f or walradb omsa 8latt&h elaln/#hlr2 9. 53/ hr f or commi s ¢
install ati on |[|Tahh®irnalr eesgpteicma tvee t witied | preels ¢ mte dn i
mor e consBerCv artaitvieo.

Results in this DaatbmRASEt Repbebtdsmmalkehol der
RSMeambBe Statewi de sCASOEn cTueraanent |l y conducting a
outreach widpr d9 grttaonnglv e s &rpe sseanlteastainvde san el ectr
engineely treaso®miabbl e assumpti ons were made in
actual cosThesbi mbewisdewiQASHRI pldeaatnre t he Fi nal C
based heamgoouwmtgr each

2.4.3.2 Incremental First Cost Components

The i ncrement al -zfoinres to cacaugpta nfcoyr smwunlsthimg!l vas| ahg
componleing tsleab2i@g whlee emit ni mum, maxi mum, and ave
each component of incremental costs can be fo
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Tab2@ ncremBaeasilFrigCotsGComponents Mini mymanhMaxi mi
Average

Cost Compo MinimMaxi mAver & Val iSource
Used
Estinm
Cabl e Conn N/ . N/ . N/ . $5. Manuf ac
($/item)

Commi ssi on $913 $176. $118. $118 RSMeans

Labor ($/h

HVAC Occup N/ . N/ . N/ . $0. 2019 Fi

Standbyegr CASE Re
Proposa
Based o

ASHRAE
Il nstall ati $79. $153 $102 $102 RSMeans
($/ hour)
Junction B $2. $4. $3. $3. Manuf ac
Occupancy $55. $190 $113 $55. Mul ti pl
($/item) Stakeho
Power Cda'b)l N/ . N/ . N/ . $0. TRSMeans
Room Contr $69. $250 $1447. $104 Mul ti pl
($/ 1t em) Stakeho
Tinsewi (Shit $243 $1,36 $595 $244 Mul ti pl

St akeho
2-Wi r 4 0 Ca N/ . N/ . N/ . $25. RSMeans
($/25")
Ot hreel evant assumptions are |isted bel ow:

T Thpoweable i 4 sd ebdatfawiatoh e3 wires and 600 v
Tk cost esti mate iyse &0r20ml iamecRiSMe®ROsh@E2 0
amount of cabloebcahgul anedvoltage 8606 each
feper -swmech amantpreal room controller, as es
model offian€dhkeagapeengnoeens on the Statew
Team.

T The -wwo-200\Vovk)abilse from RSMeans 20Q@®dr fiiegst o
di mmsengnal from t he orhoeo nm icgdina sfamdxltenrsoss cupal
sigimale. esti mate assumes six 225fFdpatcecabl e
based on the, mbded utdif & gcalsl e fTohre rceo nitsi nngoe n «
i ncrement al cost for this coampemiealt mesedddae
bet ween proposed and base cases.

T The cost for HVAC occupied standby integra
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CASE Report Proposals B&sadewn dRSKERASAE 9@ ain
This includesddhei onal o€tcapaacy sensor an
the building monitoring system, as infor me
the $0may3/bdae redundant in including an addi
makes the cost estimate more conservative.

1T Aldbdr rates includelTheveommadsamat @gofabor

based on R&8Mean&ate National Average for 2
$91 . BBTheommi ssioning | abor 1 &trheviesr sageal ed |
Cal i froantmdi2a9l.p@ r cent of t li@rinlatiinsatadll Iraattieo n

commi ssioning dfnnibdaogenhtond It Cost City | ndex
Quar tBmhendstall ation | abor RdtBel eérsdddasreat @ no
$79..18 i s scaled to $1dDI2i. 68K hmirg 1t dtee aveaetr algz
the national rate for all/l i nstallation and
Il Cost City Indexes Year 2020 Quarter 1.

T I'megamd!| abor hour assumptions:

o Thenstallation and commi ssioanmniviad ulkecu if or
similar products wiQ@cdduwp arhcey RsSevlresamnrss ttoaok
the same time to install room keoynwtdoltier

take sig
commi sSsSi

ni ficantly more tiTnnee to i nstal/]l
oni nigncelsutdipmaatnecse t est aredc hni ci an
were determined by engineersThhen the St a
installation wistdO@Vechobt eshwgyg? esti mat
engineéehe &hat eEwiTdeea MCA S
q
y
e

- = 5 -

o | f a equal s the nuymikdruadfs tdhemnwaonbter o
occupanc sensors, and *“ e’"wieqguhasl¢gso ntthreo I n
and “d” gual s-wt h-& OvB b e ro ot h e2a btl lees |
foll owing equations were used to calcul

ti me:
Alnstahbatt iecsmei t ¢# 5.4 0D* 1. 28
Alnstall avicenplaoeysase3n.s3orrd + W*QA.. RBI
A Commi ssioni ngs wiodtua¥s4 .(50 6ne
A Commi ssioniocg ulpamrcy (Sen$ 60r.5379 9+ b *

The for mbhierastfalrl ati on ansd fcoormnoi cscsui poann chyo L
sensors are applicable to both the occu
proposed case.

T The occupancy sensor cost, wansd otbhai medel r
is a wireless PIR sensor.
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T The junction boxdaeatverr migree cdoafsrt obwatfwou rf i nc h
junction boxes fermrdohlyi aecpsischaee from po,
early 2020.

T Theoom controller cost was ohtsaingea&a fwioml a&

| oad controll0eNVowitfticoomt® odopul ar manufact ui
T The cable connector was estimated to be tw

T The +tsiwme c h nmodretlr cslel edtsed fcormmbsnemodehbhcwi t |

to the tmimpwtreary override, and per manent ma
The foltlabwiesg summase zeasdecosts, the proposed
and the incremental measure cost.

Tab2eBase CTagGotst f oBwiTtlenm | e me n(t Mitn ioma |
Compli @Modpel Of fice A

Cost Component Cost Numbe¢ Cost Comp
Uni of Ui Tot
Cable Connector ($ $5. N/ . N/ .
Commi ssioning Labo $118 4.5 $53 3.
HVAC Occupi eldn tSetgarns $0. N/ . N/ .
($9 f t
l nstallation Labor $102 12.7 $13,12.
Junction Box $3. N/ . N/ .
Occupancy Sensor s $55. N/ . N/ .
Power Cdb)le ($/ $0 . 7 30 $21.
Room Controllers ( $104 N/ . N/ .
Ti rBwi t(cHh/ i t em) $244 1 $244
2-Wi r 4 O Cabl e ($/ 2 $25. 6 $151
Tot al Frosjtect N/ . N/ . $2, 26
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Tab22 Base Case FirsSstwiCledhg!  megn tTdtmeon ( Mi ni mal
Compl i @Modpel Of fice B

Cost Component Cost Number Cost Comp
Uni Uni Tot
Cable Connector ($/ $5. N/ . N/ .
Commi ssioning Labor $118 4.5 $533
HVAC Occupi eldn tSetgarnad $0. N/ . N/ .
($9 ft
I nstallation Labor $102 17.9 $ 18,3 8.
Junction Box $3. N/ . N/ .
Occupancy Sensors ( $55. N/ . N/ .
Power Cdb)l e ($/ $0 . 7 30 $21.
Room Controllers ($ $104 N/ . N/ .
Ti rBewi t(SH i t em) $244 1 $244
22Wi rd 00 Cabl e ($/ 25 $25. 10 $253
Total Project Cost N/ . N/ . $28,91.

Tab2®8 Base Case FirsStwiCledhg!| € megn tTatmeon ( Mi ni mal
Compli @Modpel Of fice C

Cost Component Cost Numbe¢eCost Comp
Uni of Ul Tot
Cable Connector ($/ $5. N/ . N/ .
Commi ssioning Labor $118 9.0 $1, 067
HVAC Occupi eldn tSetgarnadi $0. N/ . N/ .
($9 ft
Il nstallation Labor $102 33.2 $ 34,13,
Junction BoX $3. N/ . N/ .
Occupancy Sensors ( $55. N/ . N/ .
Power Cdb)le ($/ $0 . 7 6 0 $43.
Room Controllers (8% $104 N/ . N/ .
Ti nBewi t(GH i t em) $244 2 $489
22Wi rd 0 Cabl e ($/ 25 $25. 18 $455
Total Project Cost N/ . N/ . $5, 4869
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Tab24 Base Case First Cost
Mi ni @ampl i d Mod kgl Oof fice A
Cost Component Cost
Uni
Cable Connector ($/ $5.
Commi ssioning Labor $118
HVAC Occupi eldn tSetgarnadi $0.
($9 ft
l nstallation Labor $102
Junction BoxX $3.
Occupancy Sensors ( $55.
Power Cdb)l e ($/ $0 . 7
Room Controllers ($ $104
Ti rBewi t(SH i t em) $244
22Wi rd 00 Cabl e ($/ 25 $25.
Tot al Project Cost N/ .
Tab2® Base Case First Cost
Mi ni mal CompModaehc ®©f fi ce B
Cost Component Cost
Uni
Cable Connector ($/ $5.
Commi ssioning Labor $118
HVAC Occupi eldn tSetgarnadi $0.
($2 ft
Il nstallation Labor $102
Junction Box $3.
Occupancy Sensors ( $55.
Power Cdb)le ($/ $0 . 7
Room Controllers (8% $104
Ti nBewi t(GH i t em) $244
22Wi rd 0 Cabl e ($/ 25 $25.
TotRroj ect Cost N/ .
2Q2Zri tl e

for

Numbe¢eCost

of Ui
2
3.3

N/ .

13. 8
1

7

30

1
N/ .
6
N/ .

for

Numbe¢Cost

of Ui
4
5.1
N/ .

23.5
2

10
60

2
N/ .
10
N/ .

Occupancy

Comp
Tot

$10.
$38.
N/ .

$14,21.
$3 . &
$389
$21.
$1014
N/ .
$151
$501.

Occupancy

Comp
Tot

$21.
$6 0 7 .
N/ .

$24,15.
$6 . 7
$556
$43.
$209
N/ .
$253
$4, 11:

2Dr a®PAMSE Rety2 2NRL I GHD |8 1
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Tab2@ Base Case First Cost for Occupancy Sens
Mi ni mal CompModaehnhc ©f fi ce C

Cost Component Cost Numbe¢Cost Comp
Uni of Ul Tot
Cabl e Con®%leict em) $5. 8 $42.
Commi ssioning Labor $118 11. 4 $ 13,56 .
HVAC Occupi eldn tSetgarnad $0. N/ . N/ .
($9 ft
l nstallation Labor $102 45 .7 $46,91.
Junction Box $3. 4 $1 3.
Occupancy Sensors ( $55. 2 3 $1, 27
Power Cdb)l e ($/ $0 . 7 12 $87.
Room Controllers ($ $104 4 $418
Ti nBewi t(GH it em) $244 N/ . N/ .
22Wi rd 00 Cabl e ($/ 25 $25. 18 $455
Total Project Cost N/ . N/ . $8, 34°¢

Tab2® Proposed Measure -Eonget OCo sSpeafsaigmgMu | t |
Lar ge OifMoidceels Of fi ce A

Cost Component Cost Numbe¢eCost Comp
Uni of Ul Tot
Cable Connector ($/ $5. 14 $74.
Commi ssioning Labor $118 6. 7 $8 0 3.
HVAC Occupi eldn tSetgarnadi $0. 2,5 $335
($9 ft
I nstallation Labor $102 34. 0 $3#,98.
Junction Box $3. 7 $2 3.
Occupancy Sensors ( $55. 7 $389
Power Cdb)le ($/ $0 . 7 211 $153
Roo@ontrollers ($/i $104 7 $731
Ti nBewi t(GH i t em) $244 N/ N/ .
22Wi rd 0 Cabl e ($/ 25 $25. 6 $151
Total Project Cost N/ . N/ . $6, 16
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Tab2®& Proposed Measure -Eonst OCo sSteanfsaigmgMu | t i
Lar ge OifMoidceels Of fi ce B

Cost Component Cost Numbe¢Cost Comp
Uni of Ul Tot
Cable Connector ($/ $5. 20 $106
Commi ssioning Labor $118 9. € $1, 147
HVAC Occupi eldn tSetgarnadi $0. 4,0 $520
($9 f t
I nstallation Labor $102 50. $5, 18¢
Junction Box $3. 10 $33 5
Occupancy Sensors ( $55. 10 $446
Power Cdb)le ($/ $0 . 7 30 $2109
Room Controllers ($ $104 10 $1, 04
Ti nBewi t(GH i t em) $244 N/ . N/ .
22Wi rd 00 Cabl e ($/ 25 $25. 10 $253
Total Project Cost N/ . N/ . $9, 067

Tab2@ Proposed Measure -Eonget OCo sSpafsaigmgMu | t |
Lar ge OifMoidceels Of fi ce C

CosGomponent Cost Numbe¢eCost Comp
Uni of Ul Tot
Cable Connector ($/ $5. 40 $213
Commi ssioning Labor $118 20. 5 $2, 43¢
HVAC Occupi eldn tSetgarnadi $0. 7,5 $980
($9 f t
I nstall ag$bholapor $102 99. 6 $10, 23
Junction Box $3. 20 $6 7 0
Occupancy Sensors ( $55. 23 $1, 27
Power Cdb)le ($/ $0 . 7 60! $438
Room Controllers (8% $104 20 $2,009
Ti nBewi t(GH i t em) $244 N/ . N/ .
2Wi r 4 00Zabl e ($/25") $25. 18 $455
Total Project Cost N/ . N/ . $18, 16
For each office |l ayout, the incremental me as u

t hper oposed measure cost f rtohtei televe tlcehsanana sseo,l b«
occupansogr siempl ement ati on.
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Tab8@ I ncrementhBi rCdslatys uOfef i ce Layout

Mo d el Oof fice Il ncrem Il ncrem We i g h-t
Measure Measure Cc Aver e

wi t h -1 Occupa Il ncrem

Swi tMihni i SensAbov Measur e

Compl i Mi ni by

($?) Compli 682 | mpl emel

n (%

Model 02 f5 &4 $ 151/f %t $ 142/ ¥ $ 4.5
Model Of fi c $ 154/ % $124/ ¥ $ 4.5
Model Of fi c? $ 169/ ¥ $131/ % $16.1
Average $ 158/ ¥ $132/ ¥ $15.1
The incremental fiamd alotswosa ltfdoam andedh atsito nosf

new construction.

The t wo biarser emeret al first costs were average:{
measur e i nfcirresn®lrictiodd tt

2. 4. dcrement al Mai ntenance and Repl acement
| ncr emantnalenmndéd ecantcriesnent al cost of repl aci
parts of enhte, eagsuiwern | as periodic maintenance

operating relative the dégprantodprodc fhinead grseswsent
val uequwifpmanht enaste (savings) wdadhreelcehtat ed
di scount, watteh(d)s consistent with the discoun
2022 TD¥r eswaltufe mai ntenance costyendhat soccurs
calcul ated as foll ows:

0 OA GAAREDEAET OAATADG M ET OA4 'I'Ad)@\—A—”ppA
The Ener gy Comrmnhifsescitan ecncessts met hodol ogy requir
measures, excluding building enwedarpeme & u rbe
|l ife. The energy sawsedsmeabatedate ehpepted
throughoytatrhenehSure | ife. Occupancy sensors
years or more and do ,noex preecqtuifroer nrae pnltaecniamngc eb e
wireless components, such as sensor s, are use

Tk Statewi de i @ASI I dleadaalpd tatceemetinh e madc ma®nance

wireless occuphrchasersdbes. in the wireless oc
need to be repl az®dadsafdtaennu flalc tyveraerrs ,pr oduct spe
i's pdesito i mpl ement the proposed codenohange
require batteries, so fionrc rseonmeanithabip b atheat ati on
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repl acemeintwoul d b.d8hzer asdwdnplad sbne tshvwairlkar t o
done in3thed@0n Lighting Con(tStoaltse wHidnea | C ACSAES ET e
201.1)

Th

e

Statewi dé sCASEtT eawii rmnaltes su skedlres drod || osva n g

met hodgwhe gutsoe dd et e rimmicnree nirehnetnatle n a8t 8

= =4 =4

Th

e

Estimate battery and | abor cost s;
Determine incremental-unc®upfincy sensors pe
Calcul ate battremyg mtcemetndu nd&r (ft
Cal cul ate the present tviaolnu ea bcoovset. as per t

Statewide CASE Team determined the cost

h
Y
abo%l.pdr b.athteermaxi mum price | ocated was $2. 4
T

mini pumce$dOwadsd per item. The Statewide CASE

i n
as
t e

S
S
C

tall ati doutti e mi mubhesapdheb &t aecewi der CIASIEO
umed an electrician’s apprentice rate for
hnically challenging. eTeretRpeamsi 2620aQea

$7 31 0/(hirncl udiead awndfrdpmr otf he )nati onal 2®8Bve&r age. S

percent to awher £ga&li ifmg né sac dd ontei2am . e i ngs t he
| abor at9et 5f7er $ IBewrause tyhd ibfaet tiesr 10 years per t
the Statewide CASE Team assumed only one batt
for the 15 year | ifetime of the proposed meas
The Statewide CASE Team calcul ated the averag
sensors per square foowuninh omndetenandet epmit se
|l ifetime of the proposed code c hdaetger. miFnedtt he
averagememd¢ al occupancy sensor peirncorfefmecnet allay
occupancy sensors for mMWedadel ohei S¢ fctatnvi Be LA
divided the average incremental ré¢cé6Udpabgyt sen
aversgearagétoper office to?lidredreemd mteall. BZTupxar
sensors per Theguaoersoof. | abor Wol2 dhdwer $ pné mu
occupancyThiesnswaul d 5r «<$dod r $ nofl.llabor per sqgua
| ar ge Tohfef iccaelocnusl aatr e s uTmamed3rE zed i n
TabB8&PetUnit I ncMamemneal nRRee laarcde ment Cost s
Cost Component Cos Uni Number af Cos

Pe per SqualiCompon

uni of Of Tot@%?
I nstallation Lab $94. Hou 1. X5 1 $00 1 @ ¢
attery $1. E I te 1.383; $0.00
|l ncr emilai al e iCaorsd N/ . N/ A N/, $0. P92
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The Statewide CASE Tewm tcaprcad a@arntedv dlhee pefr t he
mai nt enasteusing the following equation:

p

0 OAGRANTCOBAET OAHATAD @A Bip muv T ———
p T8O

Present WNWail rutee @d n t&® =90602% t

2. 4ChsBf fecti veness

Thi s meaoyproeses a mandathory yseguisemenguired to
that the meatsueevewve®keateri od of analysis

The Energy Commi ssipomncesiuaklsi lhesfcthh@ a.hatsbsng
The Statewide CASE Team coll aborated with Ene

t he methodology in this report is consistent
were included i nnctrheemeamtaaly sfiisr.stThceosit and i ncr
cosawehre tyé&preri od ofwegendlnkdiusded. The TDV energ
from el®eavwirngd twere also included in the eval
Design costs were not i ncl usdtesd onfo rc owdeer ec otrpel iia
verification.

Accortdo ntghe Ener g'yd e&foimmii taaisommesa s ua fef a cstt hé&oveCti f

ratio i s greater than 1.0. The B/ C ratio is ¢
ovdryears by thetabtabsteacremenoh i nclrudlebs mai r
years. The B/ C ratio was calcul ated using 202
Results ahitte bpent i veness anal Vak®dZ arenpwesen
const r,ucatdidaainidoas$ t asatihens nhcremental first cos¢
eac@l i mate zone has no i mpact onecost effecti\

The proposeids neecastuvet m;maels money -yoevaerr ptehrei old5 o f
analysis relative to the existing conditions.
in every cTheaBECzpatbotaidsl i vaanlainda | ftoerraast iiotn si s

identical tcontchtathafs, né¢ Wwe aremeutr eefifsecti ve f o
alterations.

The B/ €orhae ippr oposedngeassiBré@dtand has an aver a
val uk7ldft i s i mportant to note that the B/ C ra
duemtloti ple assumptions. The Stanhs&rdat CASE T
estimathese foll owing:

T Enher gy savi nignsc lewsdiisrmmmait mgs on wor kdays and o
savings on weekends or holidays
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T Ener gy savi ntghsa sedssP Disroavteer t 0408 LR® 2.1 |

T Energy savi mgs uenedi-saaitttecrhe absees @t had onl

mi nucdfeddi tfiwwlmald operating hours over

case.

T Energy savings and cost

i mpl ementation rather

M Cost esti matre ibmssteadl loant iao n

esti mpteeg cleanw’e d

t hamnan “auto off

percent of.the national

T Cost estimate based on HVAC occupi ed

addi toacocnuapancy sensor .

T Cost esti mate more conservative than

$0. o0y f.t¢F0/Whereas thi
201.5)

TabB82 -Y&ar Chfsftecti veness

ConstruyctAidanm ti ons, and Al

S

SummariyNeRver Squar e

terations

Mo d el Of fice L Benef Cost Benei
TDV Energ Tot te€os
Savings |l ncr emen Ra't

Savihn Cosh

(2023 (2023
Mod ®f fi Qe 5M)4( f $2 . ¢ $14 6 158
Mo d el Of4f 0OC® B $2 . & $ 14.6 175
Model Office C $2 . ¢ $16 2 180

(7,580 ft

Aver age B/ 171

a.Benefits: TDV Energy Cost

mai ntenance costs.

b.Costs: Total IncremenmntsdBGaPresient!| Yaeéuiedc Cement al
replacement, and maintenance costs over the period
(infddfjfusesnhed) three perceanctremaneal Cdstrsti colsade f
greatewmnrtrran diosits | cdPa¥®f . mai nt enance
mai ntenance costs is greater
cost i s,inegastitwreeat ed alsf at hpeorse tarvee rhoPWVedS#ls , | n diree men

Benef@agsati mfi®anite.

2Q2Zritl e

S8enpfsts
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owance

laano ra dr2n®6ti es S |

stand

r & @Fobrl6.2 B(sR.i nmhattheasl y$el

OhbeudBVTHB¥VvENGS
savings over the( breerigpyw +0fEmwmiarl yrsment-23) O¢c dhherao mi c s
savings are discountiend latt iao nr)e alhr(erco pieraclehtide at e.
i ncr eme rctoaslt fsiarvsitngs i f proposed
cost sawve nigsicfl uRIdof proposed maintenance costs

firVmeaiomsttenande s s

increment al
t Had&n i M\t reefmeocurarl e mta i maien



2.45.1 Cost Effectiveness Verification

As describeadl. 4 n3iSieet $StomEe Weidano IClBegt t hi rd r ounc

of outreach with |Iighting representatives, co
electrical engineer to verify reasonabl e assu
and actual cost estimatesumihhei ped|l henmr eaagpdr &

furwuipemated in the Final CASE Report.

2.4.5.1.1 Lighting Representative Incremental First Cost Estimate

A lighting representative in California provi
averaged across mulmpil pime nt endoms mandhods. The
includes four different 2019 Titl e-s2Mi,tchhart 6
cont mpll ement ations for the baseline scenari o.
2022 Title 24, Par twibr ecloenspsd mmauniatciovu p &@mc v nsgensi i
control solutions for the proposed case. The
for both insg,aldndanids streaprntresent ati ve asfedbot h f
sol utTihorensl.abor est icnhautdee daodedsi tni ootnDael h adiel sei dg nd aht oau
can be found. 1nl Beetawerage incremental cost |
$0. T/afbB emonstrates the projected B/ C ratio
representative’s cost estimate. Note, the mai
assumed to be the same2ad.dalculated in Secti

Tab88 Esti mX¥eead -EDEectiveness Summary Per Squ

Model Oof fice L Benef Cost Benelt
TDV Energ Tot t €€0s
Savings + Ilncremen Rat
Savih Cosh
(2023 (2023
Model Office A $2 . ¢ $0. 3.2t
Model Offic’e B $2 . ¢ $0. 4. C
Model Office C $2. $0. 3. E
(7,520 ft
Aver age B/ 3 .8¢
This cost estimate verifies the Statewide CAS
as plausible, iIf not conservative, as the ave
esti m3abdI &mMhi s cost estimate i s perhaps more &
i mpl eme ntbhattihomws rel ess and wired, and both fix
based solutions. The estimate does nowi dper ovi d

CASE Team to use the exact B/ C Rati o as the o

2.4.5.1.2 Lighting Representative Wired and Wireless Estimate

2Q2ZTitl e 2By a®PASHE Retp2d 2NRL 1 GHD B 8



A lighting representative in California provi
incremental first measure sosbotbubedvoweenwlvi cled
50/ 50 market distribution, according to this
estimated three wired solutions from multiple
batteries) from multiple eretnadrisat H hfeisxt wsrod ult e
zonrbeased solutions. The costs were modeled for
and 10% 0@Gmhef #sti mate includes boTthhe pcroondpuacrti saonn
demonstrated an average nét abl 8dpercehéssasyas

(batteries) compared to wired systems. While
was on average 6.9 percent higher, the averag
model ed offices was 33.1 perceamplleaneenrt,attilhons
cost effective. Detailed 4r. s ul.t2s can be found

2.4.5.1.3 Lighting Representative Equipment and Programming Incremental First

Cost

A Itiignhg representative in California provided
controls for Model Office A and external wire
Of fices B and C. This lighting representative
effectiimpl ementation to meet the proposed code
include | abor rates, however it did provide a
wired to wireless controls for all solutions
dat an ftrhoe esti mate cand.ble. f.olund in Section

Tab3 4 ummar i zesmetnhteali necqruei pment and programmi n¢
of ficeThayweitaghetreadye i ncr ement al measure cost
i Mabl@&Tab3®sti mates the B/ C ratio using the | &
estimate 2.n4d SecadasdoOuming that they are compar at
of fer a mix of fixture embedded and wirel ess
not be a persf eactcInmoastecrh,compari son than that of
St atewi de CASE PRed@m3din Section

TabB84 I ncrement al Equi pmgntCoasnd PRrmogMoamrmi Of f i

Mo d e |l Of fill ncrementalncrement aWei ghAwedar a

Pl an Measure CoMeasure Colncrement a
Ti me&wi t ch Occupancy Measure Co
Mi ni mal Sensor; Abl mpl ement a
Complian®eMini mal ($Dft

Compl i an?de
Mo d el Of fil$0. 14 $0. 00 $ 0.6
(2,584 ft

2Q2ZTitl e 2By a®PASHE Retp2d 2NRL 1 GHD B 9



Mo d e | of fifl $0. 39 $0. 21 $®B.4
(4,00 ft
Mo d e |l Of fii$0. 45 $0. 21 $M.1
(7,520 ft
Average $0. 33 $0. 14 $@.7

TabB8BEsti matYeedarl5EbEECti veness Summary Per Squ

Mo del Of fice L Benef Cost Benelt
TDV Energ Tot t&€os
Savings + Ilncremen Rat
Savih Cosh
(2023 (2023
Model Office A $2 . ¢ $ 8.1 738
Model Offic’e B $2 . ¢ $ 6.6 459
Model Office C $2. $ 07.0 418
(7,520 ft
Aver age B/ 539
This cost estimate verifies the Statewide CAS
as plausible, i f not conasteirovaitd vEe.,1 atsi mehse tahlveet
esti mda®d3&nThis cost estimate is perhaps more
i mpl e me ntbattihomws rel ess and wired, and both fix
based solutions. The Statewide CASE Team may

i ncrement alndf ifrisma lic@Bs/tC

2. bi rYsetar St atewide | mpact s

2. 5Stlat ewi de Energy and Energy Cost Saving

The Statewi dec adASUH aTteepadmatrh es tfaitresvitiodde nseaw i ng s
constrhuctmuwint i pl-ymintg ¢ d&wi mpgsr,e svemitcehd 2mMe.Bect i o
byawssumptions about the percentageoabenewly co
i mpacted by t he psrtoaptoesweidd ec ondeew cTohnest Bueseti on f O
presentAp@einmhisx aA e the Statewide CASE Team’ s a
percentage of newowabwest mpatted bflay hel pmapes a
zone and building type)

The Statewi dedeASEniTneeadn t he st anteewicdoen sst@wicng so
be 3@Wh, tamel st atewi daddaviogs fandimaGiVer ati ons
The -yeastpeak el ectriicgliMgvineamd need e amidtdmucti on
MWf or additions and alterations.
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The -yeastener gy | mpactysearre parnensueant stahve nfgisr sftr on
that were coBifhetydedari ne 222Xyt savings represent
cost savings oyeartaealkwnsissteaptdebiodde. sTahvei ngs es
do not take natwurally occurring mar ket adopt.i

Tab3@®@resenysafi ssbtewide savings from new con
alterations.

TabB8@& Statewi daemdEEearegyyy CadNewl @Gpastsuction,
Al teratiammns Addi ti ons

ConstrucStatewi dFi rFYseta Fi rYseta Fi r-¥eaa 15Yea

Type ConstruEIl ectt Pea Natu Pres:

| mpacte Savir El ect Gas Valu

Propo ( Gwh Demar Savir Ener

Change Reduct (mi || Cos

202 ( MW ther i Savir

(mi I lion (PV

fee mi | |

New 2 3. 2 2 484 351 0.1C $62.
Construc

Additi or 7 3. 722 10. 0.C $199
Al terat.i

TOTAL 97. 94. 144 0.5C $26 2.

a. Firsetar savi nag st efrracbnmpanlslt ed st &t ewi de in 202

b.lncludes energy and energy costsiampdbys result from

2. 552at ewide Greenhouse Gas (GHG) Emission

The Statewidec&ASEI deadh avoi ded GHG emi ssions
emi ssionspetactfobditaedt Beates Environméeht al Pr
EPPMEMIi ssions & Generation Resource Wepsegrated
Electricity Co€adi hnWEGCRCEMXhcsubregion. Avoi
emi ssions fremavnatgsr alt tgadutable secas@eurces o
el ectrical power generation are calcal ated us
EPA’s Compilation of Air Péo2PpedppmeéndionxsCi ons
addi tional details on the methoddhoghbused to
analysis assumes an average elmet ttoincsc i @QQ2 ee np esrs
GWh andaa&erage natural gas mentiteiecs ofp@R adcthem mof
based on the average emission factors for the

Tab3 Pesents t he eysetairmaatveod dfeidr sSGHG emi ssi ons of
code changefipepGH@ MmMi ks i DRI Meft ri c tons of <car
di oxi de eqeit CORewotud d( be. avoi ded
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TabB8® FiYeslSt atewi de GHG Emissions | mpacts

Measure EIl ect Reduc Nat u Reduc Tot
y GHG Ga ¢ GHG Reduc
Savitn Emi ssi Savih Emi ssi C Qe
(GW vy fro mill from NeEmisst
El ect!thersmy Ga s b
Savin ) Savin (Mt
(™t rToa ¢ (Mtric TonGQe)
CQe) CQ@e)
Mu kztoin e 94 . 22,7 0 .5C 25" 23,0

Occupan
Sensing

Large ©O

a. Fisysetar savings from all buildings completed statewic
b. Assumes whegfemi 9s2dOMBAEOR et &WhH, 45MT GO e 1 Ith eornms .
c.lncludes savings and GHG emi ssion -sttamndhyons result

2. 5St3atewi dis®Wwat mpact s

The proposed wooudhedtc reersqud t i n water savings.
2. 5St4at emMatderi al | mpact s

The proposed code change does not switch exis
oneas all of the required equi pmemtduaslitrready e»
Howe vytehper oponsaendd atodg clvaotkeellyi i hbeesage of
occupancy sensors, control teaercd nlodw gwaq,l taangle pwi

depending upon Thmelpmemeadd onode change coul d
i n usage wift cth meontrol s

The Statewide CASE Team estimated materi al i m
met hodol ogy:

T Esti mhmat eri al composition ldfstéeab2@mcost col

1T Esti mate the net change (from base case to
component per square foot of | arweei gohftfeidc e
average estimate laayosss mAdeB, odahmdcéE.

1T Esti mate theeacchhbe@egieal nfor the ppreapmoséed cod:
of f(i mé&} .

T Apply 4fume tpesrmavings to new construction and
statewide savings.
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The
| oo
spe
Bec
St a

The
| oo
wi t
ad.
rat
acec

The
sen
est
pro
[ it
Tea
amo

The
| oo
est
The
t he
pol
di a
cab
1

T

For
r et
i nf

St atewi de CASHaTeampés caofmachaebdl e connect or s
king at the manufacpuoductspesediicmtti mensc @3t
ci ficaticoonnsp dniesetiegds tt hpepu@dB&@Phat eas azi nc.

ause the weight providedtwas tbmpoebnppweaedqg
tewi de CABRt Edamaedticabl e connector to acc

Statewide CASE Team estimated the materi a
king at the manufacturjeunctpiecn fhaeaxatdclomseloy
h the model us ed hien stplheec i da sctatd sotnismdties.t t he
85M@nldbamat eri Bécassestteleed .wei ght provided wa
her than shipping weigddti mdtee Btad eiwi jden CtAI
ount for 0.85 I bs of steel

Statewide CASE Team estimated the materi a
sor by first | ooking at the manufacturer s
i matwel |l as thenktoavmaobinmenofl sTihmi Isgpre cprfd dcu
vided a shipping, wehighh iordclOu®és pmawmmdtsi ng |
hi umTihatdiemegnsi onsarocef atbhoeu’tT elels. 86r aitne wi de CA S
mt esmmated about @. 108 I|llhs off pltahsed i towaatceerai balles
unltead, copper ,t ostaececlouanntd fzoirnct he occupancy

Statewide CASE Teamoenpbismatit ech Dhetimat powa
king atrermanofilactuspecification similar t
i mMetee .speci fications included tOhelttot oI/ fwei
mat eri al s icnocnlduudcetdonraocoepejaakenbrof al umi |

r mop !l ahsetaisci sheiagpht nyl on ( THHN) insul ation, &
y pr otpaypleb.a e al umiomrurhaar m mi ni mumudfer0. 6 i nch
meTtheer .f ol | owi ng assumptions were made to de
| e:

Conductordiameper )of 0.0808 inches.

OQuter jacket armor (aluminum) diameter of
i nches.

|l nsul ation (THHN) outer diameter of O0.118

Assembly covering (polypropylene) diameter
0.0004 incmeserTwasdibased on a | arger diam
thickness was based on an approximation of

@ dhreo nrt r,oltlheer St at ewiidaee rCtAISTEI el aaa d ecsrclrii et |
ail eof wehsudned eito etstié@ mat wel | as the enviro
ormation of similar prodillce si femmweilt getr wa:
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ounces, with product di menThe nrsoomm o mxt r2al2l5e rx
by manufacturer, so theximaateiroinalb ausseed woans naunl tai

TheSt at ewi de CASE Team esti mated itmeavi matyeersi al
|l ooking Bactumanuproduct specification,for thi
and assumes simil ars mammerrooanlt. Tdo@ rhedssippii oy wei g
item iss. 2.9 | Db

The Statewide CASE Team did not estwinta 0 t h e

V. di mming cables, as the same amount of each
and proposedt tamea& piectrea materi al i mpact for t
Tab3&ummar i z27eas etrieal | mpact by weight per c¢omp

code change based on udley adesuapitb ech.s previ o

TabB8&Mat eri al | mpact by Weight per Component
Component Merct Lea Copp Ste Plas Zin Ot hi
(I'b (IDb (I'b (IDb (I'b (I'b (IDb
Cabl e Conr N/ . N/ . N/ . NI/, N/ . 0. ¢ N/ .
Junction E N/ . N/ . N/ . 0. & N/ . N/ . N/ .
Occupancy N/, 0. C 0.C 0.C 0.1 0.C o0.C
Power Cabl N/ . N/ . 4. 7 NI/ . 1. C N/ . 2. ¢
Room Contr N/, 0. C 0.C 0.C 0.1 0.C 0.1
Ti rEewi t ch N/, 0. C 0.2z 0.C 0.¢ 0.C 1. C

The Statewide CASE Team analyzed bDhetaheer age
previousl!l yc odrepsoseiefft dr both the proposed case
The base case scenari o was paropau &d tsimynd acshs u mi n
cont mpileent ati on and occupancy sensor i mpl ement
effectiveness ah.ad4Tylsei sanianl ySseicst iwvoans aveoddgedeasc
A, B, Tama Lt atewide CASE Team subtract®d the ¢
of the base casechsemi hhergdeopbtsesedenerate an
materi al usage per squartabhIb®Eesofi basgehef bt
net change in unit per square foot of | arge o

The Statewi dee sGQA SEahEedhanarstst at ewi de | mpacts ol
showmaibB®ynul ti plying each component’s mater.i
correspondi nlg umicéth epgreerh®@ B i ces and summing mat
the proposed code changweni tT hiempaectuldan wmaat drhiea l
pourndsear. The Statewide CASEydaramst dnteerwidcd eir nm
by mul tiplying-uenach im@itadrtimdflftl pv@m ch i s the est
f2t—f or new construction,—aldalide omnfsf,i maems tad tlee a
statewide in 2023.
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TabB8@Fi rYsetar St dtnmepvaicabBatoer i al Us e

Materi al | mpact | mpact on Maptoeurn/dgske au
(I, D, C peuynit I m FirYsetd®t at e
I mp a
Mer cury NC N/ . N/ .
Lead | 3.316; 3.23°7
Copper I 5. 4«2 % 5. 01
St eel | 2. 10 3; 2.06°
Pl astic | 1. %2 % 1. 491
Zinc | 1.571C¢: 1.545°
Ot her s I 3. %0 % 3. %31
a.Materi al I ncrease (l), Decrease (D), or No Change (N
b. Fi fyetar savings from al/l buil dings completed statewic

2. 50t5h er -ENcenrigmgpact s

There ame-aaefrgwy benefits relatedtt mephevegr opo
pr oduaotfi Voiutiy di slgy orcediypainm § otdhiosstewp tsitary aft er h
and would otherwise need to walk ovemwita@ehenahb
The pr onpecasseadl s o mpl i fi es the standard by displ e
Occupant Sensing ControlsThe Hatgef OpemnmPBPl and
deployed occupancy sensors could be used for

whi ch hel p opttiilmizzaet isopna,c et huer eby i ncreasing op
reducing operational cost at the organization

There are potendnear gy eigraga ovtasnmgoutchhe ace d lepparnt |
privatteeefFfngesurr ounaditindgei bgphaadsar keesast urned o
nei ghboringddertge .wdAfdidtictyi onal ly, stakehol ders
over -annborm aesthetic | ook to the space.

2. Proposed Revisions to Code Language

2. 6Glui de to Markup Language

The proposed changes to the standards, Refere
Reference Manuals are provided bel ow. Changes

withumedar I(inewnd ang sa&gekxea(hdeoluegthisons) .

2. 6St2andar ds
Modi fy Sectiasn f103d.ow(sc) 6
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SECTI ON TIMAN.DATORY | NDOOR LI GHTI NG CONTROLS

(c) OSF&t ConAlrblsenstalled indoor Iighting shal
to automatically reduce | ighting power when t

6.Areas whemarftulall d®OFF occupant sensbinghtiongro
installed in the following areas shall meet t
complying with Section 130.1(c) 1.

A . I n aisle ways and open areas in warehouses
B. In IibrasyelsodlW stack oai | onger

C. Lighting installed.in corridors and stairw
D.Lighitnnagffice spaz2e®@sfqtnkbbhtbe tbanhrolled by o
sensing controls that comply with al/l of t he
a. The occupancy sensing controls shal/l be co
controlled separately in6@&nftol zones not gr
b. Withins 200f ntihneutceont r ol zone being unoccupi €
controls shal/l uni f onml ¥ hree ¢ wtaed rrdodl grrdoringe gt pamw ez
percent of full power.

cC. Within 20 minutes of the entire office spa
semgi controls shall aHlitgdhhma tnigc alnl valtlurcm nd fr fo | Z
dLi ghitm n@ach contr ol zone shal/l be all owed to
upon occupancy within the control z otnreal When
zone in the space, the Ilighting in other cont
at no more than 20 percent of fulll power .
Exceptildmder shedmbuot edusnonipplbement al task 1ig!
| ocal switch smwd @ehi tamerca utpiamey sensor

Modi fy Section 130.1(f) as foll ows:

(f) Contr ol Elarctherla ggthitamsgy. contr ol installed to
shall permit or incorporate the functions of
Section
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8For lighting controlled by automatic dayligh
controls, the controls shal/l be configured so
the all owed power by either control

SECTI @QGQN6-PRESCRI|I PREQWEI REMENTS FOR | NDOOR LI GHT
Tabl e -A40i.hting Power Adjustment Factors (PAI
TABLE 4A4Q.16HT POWER ADJUSTMENT FACTORS (

TYPE OF CONTR TYPE OF AREA FACTOR

a. To qualify for any of the PowastaAadij.:
shall comply with the applicable requi
b. Only one PAF may be used for each g
c. Lighting controls that are required
for AR P
1. Daylight DLuminaires in 0.1
OFF Control zone oOor primal

zone
2. Occupant S One serNo | arc6-—49Q0

NY (O

ContrabsgenOpcontrolthan 1
PHOf f Spackesat an areesquare

t han SQ & &Feee t i s From 12000
250 sqgt
feet
Frem—250—-20
500—sqL
Feet

.l nstiTtwnniimgneLumi nai raeayiln 0. 10

areas. Lumi nai
gualify for of
table may al s
this PARInNg
Luminaires in 0.05
Luminaires t hi
ot her PAFs in
also qualify f
PAF
4 . DemRasgonsi Al I building 10. 05
Contr ol square feet ol
Luminaires h
other PAFs n

al so q

responsi ve
5. Cl eFeséesty Lumi na

adj ace
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Luminaires t hi

daylight di mmi

control may al

t hPAF.
6 Hori zontal SLuminaires in 0.05

adjacent to Vv

fenestration

exterior hori:

Luminaires thi

daylight di mmi

contr ol may al

this PAF.
7L1i gShhtel ves Luminaires in 0.10

adjacent to cl

fenestration

exterior | ight

PAF may be col

the PAF for cl

fenestration.

gualify for di

plus OFF cont i

gual iffor this
2. 6R8f erence Appendices
NA7.6.2.3 Occupancy Sensing Lighting Control
For buildings with up to seven (7) occupancy
tested. For buildings with more than seven (7
done on spaces with similar sensors and space
mi nimmwf e)o(ccupancy sensor fogewvadmiddgtoomadf u|
occupancy sensors. | f the first occupancy sen
acceptance test, the remaining building space
first osempanciyn the sample group fails the a
occupancy sensors in that group must be teste
shall be repaired, replaced or adjusted until
NA 7.6.2.3.1 -CGrRREDtcopaPrPbrfemasing Controls
This requirement is fo@OFRreacuwhrtr esdmudilngrcei
required to comply w+@h Section 130.1(c)6 A.
For each sensor to be tested do the following
(a) For a representatices,sammué adfe lwi udiorg u
condition. Verify and document the following
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1. Lights controlled by occupancy sensors t
from the start of an unoccupied condition.

2. The occupant sensor dore smonvoetmetnrti g gie ra na afi
adjacent to the space containing the contro
operation.

3. Signal sensitivity is adequate to achiev
(b) For a representative sample of building
Veyi and document the foll owing:

1. Status indicator or annunciator operates
2. Lights controlled by occupancy sensors t
condition, OR sensor indicates space is “oc
manuall yt{auOBmaand manual ON control strat

NA 7. 6. 2 .-Z3o.n2e Muu Itli -OdFrF__Foecrctuipaalnt Sensing Contr

This requiremeane iccdwpamuy tsensing in compl i e
130. D(c) 6

Notdnder shel fmooun tfeud nsiutpuprieement al task | ighti
switch and -ewittheh oao minm@®lccupieoeaxgmgeadofrrom th
control requirements, all other ITighting in |
NotWhen a control zone, bebemeseduiosb csomepanefdira cc i
|l ighting power imnmothedamgé ek hietga@mrdi. c a | chal |l e

of dulkiding the circuit to contmdas wrnilng ap cvwelr
the acceptance test procedur asiisthigdesmi gaedeand

reduction as a proxy of lighting power reduct
Notlefe tchf f i ciempsl peancenstts t ut itohniasl tteusnti nsgh,al | be p
after institutional tuning has been applied

Sel ebe o ccupasitchyats eanrseorn ot cl ose tamdt hdhheaar Mfer
of viewsearcg engyt bpswabvbbbddiovri deearcsh occupancy

sensor to be tested, do the following:
(a9i mul ate an occupcent codaodxtdbrmelnl eedn biyhet he
occupancy sensor. Veri fnyg:and document t he
l1.Lights controlled by the occupancy sen
occupancygomwmtffr &.hezone
2 Measure the il 1l umi nacnocnet raotwhazroleoed antei o n
| i ght out put i s due to the controlled

3.Signal sensitivitgve sdasiegeadateonor alch
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4 .St atus

indicator or annunciator operat

(b§i mul at e

an unoccupoeptdr obmtorhelolne d nb y hteh e

occupancy

sensor . Coadmtr mowihtahtiord ftihtee a s t 0

gr e athearn f2850 occ umii fed . anweé document

the f ol

1.Li ghts

controlled by the occupancy sen

wi t 2 omn

nutes from the start of t he unoc

contr ol

2. Measur

Zo0one

e the illuminance at t he same | o

t hat t

he | ight reduction during unoccu

full |

ight output. measured in Step

(a)

3.The

sensor

does not trigger a false “o

contr ol

a.NotBhe fi

Zo0one

el d of view ionf tdhcexaamwratncy s

con

tzromlesf f hces gredmay obhantlBep D b ut

of negitreoMaumli@dgsitacent enct lhhated sp

field

I S

not pl aarrtg eo ffoi fkfdi ecceoonf er ence r ooms,

of f

4 .Si gnal

i ces, et c.

sensitivitwe ide saidreeqdu adt cen ttroo la.c hii

(cQi mul at e

an unoccupoptrobndoheooonnr bhkeed

occupancy

sensornwhAnl adpbhaeadt ngontr ol zon

“edge” of

the control zone combvobhbed by

t owar d

t me vo

GCEempBp®r unt i | the Il ights contr

sensoront warsn i

n, Steer éhdde simulati.ng an o0c

Compl et e

the foll owing:

1 . Measur

e thei oiffsSréecam)xtehne “edge” tod the ¢

t hepot

t hat i s odccepbhegeyvbesleoworhe Thi s

of t he

control zone.

2. Det er mi

ne the area of the contr ol zone

m( 3. ¥r4a5d¥A u s

a.Not Ehe formula asdumeswt lod

sensor is a circle, which is the mo
of occupancy sensors. | f the cover a
sensor undecitestarsandni s supporte
documentation, the test tkehhorcmaha
accordingly.

t he

ftihel dca U

3. The area of contr ol zone 2must be |
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(d9i mul at e

an

occupancy Ssensoro

and oilwi zahnérsclkhbes e d

unoccupoprptr obomitorh@lolne d nb y hteh e

space

(roomYegriand document the foll owing
1.A1 1 |l ighting in the controlled zon
from the start of the unoccupied co
2. 6NBR ACM Reference Manual
The foll owuipmgl anmagka&age would occur in Section '
Nonresidential ACM Reference Manual
Lighting Power Adjustment Factors (PAF
ApplicaAll projects
DefinitAutomatic controls that are not
Standards and which reduce 1|igh
over the day can be model ed as
adjustment factors represent wth
that will approximate the effec
such controls by mul tiplaPiAdfkg .t h
Eligible California power adjus
140-A6 Reduction in | ight itnhgo dp ocw
used only for nonresidential <co
can be used for a qualifying 11
adjustment factors are all owed
Controls for which PAFs Taarbel-Ae ldif-
the standards and include:
a)Occupancy SensiggatCofmtirmg—serf
andpeonf fsispacgerseat er than .250

b)Demand Responske @aomd rrod spons
control that reduces | ightin
to a demand response signal
c)lnstituti-¢émghttuwmmi ngned to n
percent ofrraped Pewti on 140
d)Daylight di mmingdpyusgbatf dca
controls that automatically
l ighting provides an il 1l umin
of the space requirement
e)Hor i zolhatahrt eri or or exterior
fenestration adjacent to day
f)Light sheteesor or exterior
daylit areas

Clerestories are modeled as Pow
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model ed dirddtalncebysoddammre. Cor

shall have a means of disregard

wi ndows when using the PAF. |f

controls in zones with cleresto
The Statewide CASE Jeggesting gtdlezen efuipa at ieon al
occupancy schedule and |l ight schélowkegetortoef
proposed code change would be mandatory and t
bet ween the baseline andlprrogessdfdames,i matkh

change to Appendix 5.4B unnecessary.

2. 6Ti5t1l e 24 Nonr eGCsoindpel nitainacle Uwaenru al s

Chapt er Noo norfe sti hdeenmptlii aaln c@woMiahrelleadl t o be revised.
Section,88Subsd8cdPamt C3 -Zome matccupancy isnensing ¢cC
| arogfefd meecweosuh eded t o blrehead hSudbslecti on C. Part 3
of f occupant swonushienegd ctoon thre® Wsshgiefdta dPralrnt 4 .
Sectiom Shdedtwodudeled to be adgédi Zzomew mul ti
occupancy sensi,ngi rcolntdiodg wtolr&k sdi mmi ng i nter ac
tuning. I f a project utilizes a dim to 20 per
tuning, the i msdtoiutl Wbt isenalt hteumiewg basel i ne fr om
percent or |l ess from full power . This is for
complianceapradacespt ance testing occmpsoaktder
energy savings, amwdtdapiremgriammegprgatiodn ware f o

Addi tionally, Chapter 13 of t hweo uMoererde stiod eébret i a
revised. Section 13wdulBddéditghtnefgl €Conttriwmeé sghart
acceptance tests | icsttizod6T e tihg dsatreesp orho ulnd Sien c
fact that “opema pyhéhaofgfei odd’'i c&respaces, whic
of fices grea&ter than 250 ft

2. 6Codmpi aoe umemMEor ms)

Compliance NRCGUWMHMeH NRCC TTE,anNRCA T-0 2Awouh ee d
to be revised

The complianbt®CHBcSEmenbheded the PAF options in
related to occupant sensi nngo dciofnoerdod fsl ecnt |talreg e
proposed code hcepdagedaPAFs.

The complianbtCaL&dEwmemdded Section P Power Adj

modi fired|ltet t heopmptsdafmoerd oPcAcFupant sensing in |
The compliantlC4de dAworutheded t o ad2d tao pdaerstcr@ be
the additional functional testing procedures
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woupdovmadrek et actors with clear documentati on
testing procedures.

No new compli awoebeoadnedt s
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3Lighting Power Densities

3. MeasWrescri ption

3. 1Mdasure Overview

This measure proposes to update the allowabl e
foot of r oobnasfeldoosann aakr yree) s of LPDs with i mprov
changes to the productThiavairbpplsaltihfgtlLhPeDsmar k
wodbe comparing all LEDTdesbk eg@at,afnFdaammtdtsb ea g2ali 1n9s
al |l LED designs prTogdse @ 3tf,onRladirhdes6p 0 2D os e d
updaares derived from the following

T Reexamining efficacy ionalrerasreesnderri g w mdcheax h
tuning,owadimm and ot her | uminaire performance

o Ef fi cacysadwerr etalksee past three years has been
for standard CRI systems.

o Ef ficacy |l oss for-teal onr feesa thiamg baenedh diend uc e d
comparthiry¢ceear swhaggmo t hey were examined for t

T Revisiting I ES recommendedwbrabticel adédsi ES

o Evaluating cur Fé€ntt airlgledmi fatri qqren(er al as we
i 'l umi natthheonr efcrooommended practices (RPs) as
Handbdbl Statewi de QGAXEnTegmchas effort to

sources of the recommended il lumination ta
ol ncl wmdi rexplicit definition of thbkaftraceion
il luminated to general ciascuwealtli oans |tehvee | fsr &8
wall area that is il luminated by wall wash
o Explicit calculation of luminaire deprecia

| ES RP536RecoemmePrdactice for Lighting Maint

T Enhancing the I nverse ,iLmenewnd Meg:hod Model ing
o Unli ke prior models, the new model makes d
| umen values in 10° vertical angul ar incre
utization of the |l uminaires  ,dmd falngor ombi n
refl ectances, anpaynds paancye cgoenobmentartyi on of wor Kk

l umi naire mountthg pesghtcoefficients of wu
l i mited tod a eddwgxlteaence combinations.
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o During the dethel 280 H6 nt&lPedf e wi dee a@ASZE dled an
explicit foalwadléatwaosrhi ng LPD that,awnaried by
also calculated how much generalipbhghtrirom
t he wall wasTthiersge syadtcaurhati ons were devel op
of RadAG@G3Is2)t ysi(mdlnattihgnhgp astcal cul ati on was ¢
for wah!l sefWwl &b tpacoeoteForthhi S0 code cycle, the m
bere expanded to a wider .range of wal/l refl e

o The inverse | umemavetehodpmatdedsto explicit
| oss factors that are dependent wupon the |
whettrerinbti s encl osedatitbe, hoowsfoéqoeertr!ly
l umi nai r es, aataehdecil re aln7e0d, L80 or L90 | amp | u
valsue

n

Thabove outlined anal yswoeuladdmmodaeseéeaht updat e
changes to thelLB®Pared aldhdi it g otniang | iohme ng watt a
appl i cwotuhoanvse an all owed | i gwhislogmewat €aigret i ncr
a decrebmmwousday t he same.

Thprimary changed iamet hiosupdaped®PBaaned ooved i
coeff fective | ighting designs based on readily
proposal is based on LED sources that have co
index (CRI) comparabkles,t col edpacy |lliighphht ngowem! o
mai ntained or i mproved.

The Statewide CASE Team is committewottlodrecom
not compromise | ight guwealuihtdy ewxciluwadmee aswde ogl ar
syst.enmisaddi t igeemetroalt Hd g hd d digt pilodvizal, atl '@ wances
l i ght i nagd jpuoswséheemtd hRAFa&l | contri bute to providin
power wobheawsure propearalcihgleivabbeebheaddil owsamal

assure there is sufficient |light for task wor
al so additional watetagpael caildlowaeneds dmd capabil
exampl e, additional l ighting wattae@e i s all ow
occupied by elderly or visually impaired. | nd
building energy efficiency standards when the

®The additional allowance i s-i-&ail edpe¢caldlddequi altl yekmrownt @
LPDs that can be used for certain applications and for
6 proaddesi onal information on additional allowances, ¢
all owances. Examples of additional-Cail hoWankes24anPaet f

U“More information can be founectoinohi bhad®. poave4 iamj Tist Ime |
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than or equal to the all owed indoor WwWeghtBng

the installed wattage of the indoor I|lighting
T I'nterlocked | ighting systems,

1T Advanced rceocnetirvoilnsg Power ,Adjustment factors
T Excluded | ighting power,

T Smal | aperture color tuning luminaires, an
T Tail Mleteldod di splay | uminaires that are mout

Lighting design contains.Téhemwel tciotnisd el edfatd omssi
evaluated for each of the pAs marwyedguwintctitome e
singlethloasd change for t heFoprr ospoonsee da p2p0l 2i 2c alt A
the LPDs increased, for otheo¢ htehd PDRDstagede

samelowever, there is a modest decrease in LPD
emi ssionsr rsdwniengeofpd e of California and reduc
altered | ighhboghsybeemssavings are modest in
energy savings i,n PRahteta r26Ddl®d sT,i ttl ee 2pir oposal , i f
save acanmntgnamountSionfc ee ntehrigsy pr opos al i's necess

technol ogies that affeawviavé avhdbedawndtcespr opos:
it does not assume futurefifecteasa@asessn effica

The Statewi de aC AadBvEa rTee aarf isst a k e haonldd ecrosn’c errengsu eosvt
simplifying code requirements. Specifically,

the needitbe standards to alddsev UHEBER lusmep o fwistch
wattage penaltyer 8omensighojagtal depend on th
base LEDt hiampsection was Tuiptdaet e2d¢tqidrd atchte 162Q 1 H u
only al wawsto claim the -aasealLEWarepafyaciemeascr
is JA8 climmi t i@AmM¢g ctoanpd i ant can be probl ematic

applications which require higher color tempe
homes. This proposal would allow the | abelled
used as thedkRdsinedf wvattfage of these | uminaire

3.1.1.1 Importance of Lighting Power Density Updates

A majority of nonresidenti al | iaglhttei rnagt isoynsst euntsi
LED technology. Given that high efficidency |
practice, continued LPD wupdates in Title 24,
this iIis not the case. Updating LPDs based on
appropriate il lumination | evels provides bene
angdupports the energy effectiveness of the Ca
are needed because several things have change
ol ES standards have been updated and i mprov

making use of the more risgorous ANSI adopt
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o Model s h
updat ed

o The wunde

o Model s h
updat ed

An expl anat
LPDs and ad

o LPDs are
Manual
designs
all owed

baseline

coul d be

all ow a

i f the L

systems

)

tandar d.

Part 6 .

fficien
o the n
and not
proporti
updeast t o
decrease

L
a
sever al
e
t

o Desig
i ght
compa
syste

ol napp
t hat
di f fe
brigh
but t

o Uni fo

ess obvi
pplicati

ave revisited the mapping of pri ma
| ES standards

rl1ying Inverse Lumen Method model

ave been updated with more recent
deée s,aggn pmacome cases, i ncreased ef

i on of the mechani sm for actual en
ditional benefits can be summari ze

the basis of the st andRaerfdesr ecnacsee i
| f equi pment efficacy increases an
t hat match good practice would hayv
wattage. The reduction in the desi
tclaptt udied reactent changes in design
applied to other building compone
|l ess efficient design of other bui
PDs were updatedpdbhfethet hPDsewer e
woul d be backsliding relative to t
This is the most obvious direct

ous is the ILMPactonofmat me apme n@r it

[
ion efficiency of |lighting systems
tools used for energy effective de
t luminaires, placing |1l gbgbhtwhevwel
eed. Relying only on source effica
updating the LPDs would assume t ha
onately decrease in response to ef
the LPD all owances, energy consump
through the following mechani sms:

ns to :maTticthl eL P24 , Par t 6 i s known t

ing standards, as a result, the LPI
ri son and these power | imits drive
ms .

ropri at eOnlei gohft tlheev ealdsv.ant ages of se
it declares a "cease fire” in illu
rent competing retailers are incre
ter. Competing retailtehress ed op rnaoctt iicne

he spaces are relatively brighter.

rm IWhgHtei mpre | ight is needed on t
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a simple desvihgr hprdoeessns t take into acco
i 'l umiinsattioondesi gn theighestetapadcel t ami

val ue.

o Optically ineff i Spieemnf yl mogi haimi @esires th
where it is needed and does not il |l umin
takes some skil/ not only for the desig
manadt urer. The wupdated LPDSsI,unbiansaidr eosn
with high efficacy |light sources, provi
l' ighting industry on higher performance

o Low efficacyNobumahhicirEcbest cpadae¢ i.d 68 st h e
i nherent efficacy of the LED itself, th
dependetatt bar mal perfor Apmpeeadi Khhkeshown |
var i aobfi leiftfyi cacy within a given | uminair
premium for this efficacy increase is s

3. 1M@&asure History

Over the past 30 ylkasscontiigmu eAhsgt ae frifenggualaty,e t h e
val ues Ridt, | Praavte beenewupdwntRxyicdre t o t hePa2r0t19 Ti
6 updates, the allowable LPDs in Section 140.
met al halide, and infraredDuefhg@gctheg2606i29ogpad
the sL,LPDt he basis of standards shifted f.rom t he
Besides the higher efficacy of LEDg$ y@s caodmyar
di mmabl e, and theismose¢ercbdbutii @blwalhigeé f oht hi gher
ef fici.€Eheieesul ting0lldOPDbei B4t hPwernte 6sirgwii fsii oan
redudée statewide energy savings that would r
are appr @axigmaotrfe layhe st atewi de energy savings t
updates to LtPDs BHd omedlest savings from this pr
proposal i's fine tuning that efficiency gains

Similar to thememmihoOrtshodH ad yewliad,e pGASHE clTeamed i
the devellopPne nft oo fOASHIRAE 1a8m9 20 The anal ysi s
conducted forhasttebBeenmpdavtesaged for the Title
The insights provided by the NASHRAEsSs Coanwme th e e
inval uabl e.

3. 1S8mmary of Proposed Changes to Code Doc

The sections bel ow summari ze how the standard

Calcul ation Method (ACM) Reference Manual s, a
modi fie@grbposkd SehlarsSg&.tdtohnis report for detail
revisions to code | anguage.
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3.1.3.1 Summary of Changes to the Standards

This pmwopdgdalmodi fy the Totl ewkRalyg Parecwn 6ns| ow.
See tSie@n6o.f2 this repoptcbde mangedge.

SECTI ON TIDEG.IINI TI ONS AND RULES OF CONSTRUCTI ON

| mprove the definiliigohn iofg, OrDebkcnos mits |\sper otphoaste d
it is clear that qualifying luminaires includ
buil ding surfaces. Edits to this definition t
types and emphasizes their distribution and h

Namesf wrdction areadashirsedarsdermredposed ttansitmpini fvy
area ofinntkbeeEPD tabhespr Byap hadlme ple giariniomg
the function areda hmamenzndlophakmenede avlwogud rds

beeble to find the cat ego myGesfeCanttneerrecsital moarned ¢

| ndustri alhaWer boeRraaned Manah&@ommer ogal and | nd
Wor k Arheaterm “general” dwas woatl dd eosec reiapsti ieve ta
manuf aogufrom the | ist of function types than

approaches were taken |Itodbbdeti,nrragel aboratorie

Combining Parking Zone and Ramps i nThRar king G
Statewide CASRB|I Ysam ieundquhaedtLPD fwerr et hese
cl oessreought htehsaet zones coul wo bé&eidmedragfeed .e nT hoirsc e me n
as there is no |l onger a need to separately de
from parking area.

Barber and Spadé@édenbomBeaubyd SalDOmhedanactthem ar
functions have similar requirements and | i kel
applifcamdtei on i n the paswoulTehsiusl te diint gtroe attheer nc:
compliance.

SECTIONO.L IOl GHTI NG SYSTEMS AND EQUI PMENT, AND E
POWER DI STRI BUT | GNG ESNVESRTAHM S

Sectidd. Oi(Lau)p@ naire cl assi f.iRembvtelme am@ watwterpe
soclkhetd dA§ui r enseentts atnod thamp nwatalt 4g@ge i nstead.

SECTI ONOI.®BREESCRI PTI VE REQUI REMENTS$ GHOR NIGNDOOR
Section 1ll4i0gtet(ian B .wattage excluded

Medi c al | i ghtiTrhge dxesmptnigonf buil ding types to
applies have been removed. This was arm artif a
when hospitals were not covered by the standa
the building types were this exemption applie
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Controlled Environmemts kor Hi, c O, t Pr ewoul d now r
proposeldi ghtainhg requirements in section 120. 6
the 2022 Controlled Environment Horticultur e

TABLE IB4@COMPLETE BUI LDI NG METHOD LI GHTI NG POW
VALUEMSppr oxi maotfeltyheh ablufi | di cvayt ¢ ¢ ptes rwefrlee autp t h
in the Area Category LPDs. The Complete Build
average of the gener al l ighting power all owan
buil ding type.

TABLE 1ICAAREA CATEGORY MEHETGHOBMG POWER DENSI TI ES
WATTSPARBout half of the pri mabBDs usdaoliitd mnadpl
Al l owahmovees updabeme LPDs increase and ot hers de
appl i AAdtdiian.onal ly, for easeanfspegef of &aheasth
more al phajpgebiupgldfandti on. Examples include:

|l ocated near dining applicatMiionnst,e aMa nuf dcitsureid
“G” for General Commercial /|l nadawsutpr inagls Wdr k Ar
application for Healthcare, Aging Eye/ Low Vis
Area category table

TABLE 14 00.AG LORED METHOD LI GHTI NG POWE®Ra®¥“né& L OWA

LPDs for gener al il lumination, wall di spl ay,
higher efficacies for LED |l ight sources with
the basis of the allowances for the tdaialnadr ed

as proposed here for the 2022 standards. Thi s
appropriate) almed wamsiclrisgh o€RIt hL ED products in
| ower efficaciCGR( arhcaunC@®)It8aOmdaadr e s .

3.1.3.2 Summary of Changes to the Reference Appendices

The proposed wooudhedtc hmomlged y t he Reference Appen

3.1.3.3 Summary of Changes to the Nonresidential ACM Reference Manual

This pmopioedshle f ol | owi ngNosrercets igdeM tRfeafltelree nc e
Manual as sibewn Se&ltéowsh t hi s report for the det
revisions to the text of the ACM Reference Ma

1T AppendiAMdSpaddsee DAppensdidwdouheed to be update
new LPDs for those spaces that have been u
3.1.3.4 Summary of Changes to the Nonresidential Compliance Manual

The proposed ncoodd ef hcehsaf noglel o wd fn gl dsrercetsiiodne nt i al
Compliance Manual
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T Secti onUpd.atliteeltl mmari ze changes to the code.

T Secti olhpdoadt8des cr i pti on wevfolrteacgees sleudmilnianier e wa't
requirements.

T Secti onpd.adt.e2:t he | angdbagerahtdedabt beb5r emoyv
l egdcyghtr ces .

1T Section 5. 6wolbesupdatiednto reflect the ne
as tbhduootfi smpedadiftiiconals. Al |l owance

See SeX.t@odmthis report for the detailed propo
comp !l i maarciea |
3.1.3.5 Summary of Changes to Compliance Documents

The proposed wooudhedtc hmomge y t heunteonmpsl.i ance doc

3. 1Rédgul atory Context

3.1.4.1 Existing Requirements in the California Energy Code

Secti®n6 1laf Titl e 2edxi skha@mtigi 6 eifhmalt $dhedsoor L PDs.
I nddboghting in nonresidenRPRDbsa; thhue |IdPDgy sspescil fi?

mucht wage for |ighting is allowed in the diff
The proposed wooudedvdhsaengere9Bixtilse i g, 2Pdrt 6 LP
requirements. There imuidome oveup ampdywrirgygdndihreg
of fsipc®posailt sathdcmwessequi rements for interior |

3.1.4.2 Relationship to Requirements in Other Parts of the California Building
Code

The proposed code changes do,ndtaraf fect ot her

3.1.4.3 Relationship to Local, State, or Federal Laws

There are federal standards and Title 20 Stan
This measure does not set efficiency |l evels f
Cal i forni a sEentersgpe cCiofdiec maxi mum al |l owed adj ust
spaces. As sucWwouilidti safmeacsturer duplicate any f
Standar ds. Twoiust dnesa dwerre t he Title 20 Standards
2, Section 1605.3) and small di ameter directi
respectty), and U.S. DOE | amp s teafnfdeacrtd sv,e nnehsesn :
establishing new LPD values. Since this measu

or test procedures for feder alenyptcioovne rceodn cperronds
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3.1.4.4 Relationship to Industry Standards

There are similar requirementAANSABHRAEIE®N al mo
90,AISHRAE 1a8n9%. 1t he TEBECSt atewi dtasCASBmMilieamat ed
wi members of the Lighting SUuAbScHRWMnE tleaeldahdt s
The 1c®@i rmeambder s are stakeholders and the Stat
wel cotmeesiomment s and.suggestions

3. 1Cdmpliance and Enforcement

When developing thiws depr €CAGEalT,e atmh e odtsatder ed m
streamline the compliance and enforcement pro
mar ket actors who are involved i n tApe emrdd xe s s
Epresents how the proposed changes could i mpa

The activities that need to occur during each

1T Design HMha&asgewer LPDs may rbkBavuili bhgi hedssigr
wattage to trade off with HVAC and envelop
designers (and others) needing to ensure t

more efficient as |lighting pow®eviemdtatio
LPDs t o faccrc oiumdr eases in LED efficacy, helr
24, that designers need to judiciously sel
il luminance | evel s.

T Permit Applichd iomarrdgheaseare expected.
T Constructi 6o Phasgeseched. exp
T I'nspecti oNoPbhlasmges are expected.

The Statewide CASE Teiagmnidbiesamiblie ea@m@elti ance
procassa result .dfhet lpirs margpaeahalnges proposed
to the |ight power all owances within the curr

3. Market Anal ysi s

3.2Mdr ket Structure
Th&tat ewi de QPAeSHeolreramar ket analysis with the g

current taevcahinloalboiglyi t vy, current product availab
consi cheorwi tghe phapgmgdnpact t hegemaemladtweil h as
i ndi w.ilchd alr mati on was gathered about the incre

Esti mates of masket sppwadreaa@&inihéeiyed t hrough r
outreach withnsgtl awldé magltdyerpsEogr gmn €omfinf ssi on st
a wide range of industry actors. I n addition
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St atewi de CAS&Esdeatmhei csemurent mar ket structur
barriers during a public stakeholder meeting
September 12, 2019.

Theurrent market Bshdooct ukheadhitnoty espuerciesnced r
c hanogvee r atshte fp vLei gyhetairnsgy deevegheps | sghitli ng syst
specify f,jixltwmentypteput, andawate¢elgasrri Coans a
responsi bl epfrodaaldtsainsitrad | i ngWhiilgdhtt mg mayrshk etm
actors ahdgteshhave dmuclexplamegeedd i caci es and
productBfhédaStat ewi de CASE Teagmpaechadwictled r ese:
manuf acandeheser st atkoe hgoaltdheenrs idnactraeased ef fi caci
dropping costs

3.2T&chni cal AVeaa skielt i [Aivtainlda Ciulrirteynt Pr act i ¢

LEDIsecatmee baseline | i cahtei P 1t9e chordel cagyx | e an
the basé¢hisecode ncectlht de 2s0elve ruepld asteegment s of
L EDmar ketntdtnaucei @ase i,n md Kalkclpawil omgvefrorL PDs
possiFlmlresel ected applic&pecnshemadti gpawedeype
CASE Team lasdseenon in efficacy differences
applications:

T The di fiferehddtahed ORproducts evaluated for
standar ger cteon pZ0r cheingher t han the 90+ CRI pi
devel oping a similar profposalndosl bhepdB8ad
contains a recommentd®@®sr &duwhdgtame 58201 3 hoeo d ¢
cycmoedel s were basedApme Mdihxr C@fghe S dfieoxr Q
more detail s.

T Large aperturdamnlkhawvadtsuonntnighnued t o i ncrease
efficacy. The Statewide CASE Team surveyed
di fferent manufacthekefrscaoy penmaldt yhbheéet wee

aperture clounmirnatmgneimmd ar | uminairesonr hat do
tunalmnialsi dy opped to five percent . Il n the 20
CASE Team found the effi cacyBadsiefdf eorne nthiiasl

small difier®&mdt eaWvwi destiCAdbikEd Teamneed to pr o\
addi talolnbawd mc €ar ge apertur e, color tuning f
di fferenti al has reduced evenadairn her, the

recommends amy 4 ddaidtdidondadecaersge aperture col
l umi naiSfegependionr Knore detail s.

T Smal | alpemit u@gZ2ned -andhd4and narrower sl ots |
inches) aref howameoneshey were when the 201
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devel dhéd atdewiCASE Team examined over 160 p
manufacturers and found that the efficacy
aperture, color tuning and static fixtures
percent when examined durkegi sbe 2Bhé&9State
CASE Teamveyeaed|y 150 products from five ma

small apetrdavarm, fdktmures and found the effi
compared to static fixtures has since drop
téh 2019 code cycle. As a result of this an:
proposreedd udoeeddi ti onabf ald | olwan8edppeodes. K

fomore detail s.

These chamges he uhderphenpngposed updated LPD
all owed | ower LPDs t-ef becachéemedat nwlaettlostt s
l ighting design practices were, ptttmé wil de wi t h
CASE Tmamped pertinent | ES standaedsoutee t he i
transpanenhbgy LPD update process, as well as e
are assigned to.Thiescexesoit seyYescpalsces ngcreasi
or reducing | agkonltevdlus edhitoht he updated LPD
Appentibrk more detail s.

Additi beabt gCaBiEdaanal yzed, OC rp rR2a dydcdt8s

manuf acftruamDesbdegn Light &L Epwnaloirftiiadnt gr bea ¢ er | i
undéensad thefdurcraernyt of maopHTeachds® v ddedinl s

t hper odtuycged corresponding quantities of model
The Statewi dewaGsAnStEe rTeesatmred i n understanding t he
productanahadcfmesrmperc@RIi cafnfdi ¢t aoeg@ghe. product | i st
nar r oovaesde ¢ heen f ol | owi ng parameter s:

T Lumen output
1 CRI

1T CCT

T Di mmability
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Tab#4de@Quantity of Products and Manufacturers Ar

Product Type Number Number
Manuf act Produ
2x2 Troff&ds CRI 80 6 0 7, 3
2x2 Troffers CRI >= 90 10 21
2x4 TroB#Hhers 78 42 4, 2
2x4 Troffers >= 90 10 22.
Direct Linear -8&8mbient C 21 2,6
Direct Linear Ambient C 5 8 5
Hi gh Bay 51 10, 9
Linear I ndirecB8B6Ambient 40 1,6
Linear I ndirect Ambient 2 3
Low Bay 28 14
Sports Flood 2 2
Tot al 1,848 27,551

FigaeBHBi gBare examples of analyzed product s.

of manufacturers, number of products, and eff
i nf or mateisere nwa s | i nd e tme&mpwhged ehsesy ®ofr not | ower
coul d reasonabblays ebde oanc hpireovdeddotr ea da&it laa b is| iatr . pr
i Appendi x L
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3. 2M8r ket | mpacts and Economic Assessments

3.2.3.1 Impact on Builders

Buil ders of residenti al and commercial struct
proposedhaonges t hcecodRed22ycl e. It is within the
these businesses to adjust their building pra
necessary, builders engage i nt oceomdaiimud mmgp leidaurct

wi t h changepsr atcot idcedssu igdghndi ng codes.

California’s construction industry is compris
and 860,000 emmbd élers I GEk&, twatsal$ 8@aOpriedllli on.
17,000 establnieaBmentOO Oardnpl oyees focus on the

The remainder of establishments and empl oyees
infrastructure, and other heavy construction
Tab4#4e aCi f €&omisa ruction | ndustry, Establ i shment
Payrol |
Construction Sectors Estab Empl Annu
me nt me n Payr
(bil i
Commerci al 17,2 343, $27
Commercial Building C 4,5 75, 5 $6.
Foundation, Structure 2,1 53,5 $3.
Building Equipment Co 6,0 128, $10
Building Finishing Co 4,5 85, 6 $6.
Sour(c®tate of California, Empl oyment Devel opment Depart

The proposedPOBawnigi@ék ¢ loyx oanfmfe ebxuii d 1d ewosu hbolu t

i mpact firms that focus on construcsyonemsad r
public infrastructur e, hoer portohpeors ehde acwhya tncgoenss tw ouu
affect the residenteafebusl dnnghendestdgntirhe
buil di ngwoiunhdous thbrey f el t by all f iwramddeand wor ker
concentrated Iin specTédbixshodvgast hy somsmectcons.
subsectors the Statewide CASE Team expects to
proposed i nCotnhmesr crieaploobtwitlrdiictg on and nonresi d:

2Average tot al mont hly employment in California in 201
represented 4.5 percent of 2018 empl oyment.
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contractors ar e mpxapgd ectde d yt d hlkee proposed change
engagement with | ighting in nonresidential pr
contr avotubelsi mpacted by the propmasedypyaade s¢loan
in all owedh LnPaDs ruehsigidh ¢ r ilenif g htciammy equi pment bei
The Statewi de eGASEaTeamod the magnitudienof th
Sect3d.o2Eoinomi c | mpact s.

Tab#42 Specific Subsectors of the California C
| mpacted by Proposed Change to Standard

Construction Subsect Estab Empl Annu

me nt me n Payr

(bil i

Commer ci al mBatiduwdtnigo 4,5 75,5 $ 0

Nonresidential EIl ect 3,1 66,9 $5 ¢

Ot her Nonresidenti al 50( 8, 8 $0 .
Sour(c®etate of California, Employment Devel opment Depart

3.2.3.2 Impact on Building Designers and Energy Consultants

Adjusting design practices to comply with cha
t he nor mal practices of buil ding tdes i2@inarPsa.r tB
typically updyaeteendi otnom dyaleee and buil ding desi
consultants engage i n continuing education an
with changes to design practices and building

Businesses that focus on resideduost@tiacommelrd
design are contained within Noheda hArAmteirti eeatnu rl anld
Classificab4bdaT@psddBdmws t he ntuartbleirs horhie retss ,
empl oymadttotal annual payroll fdheB®titladiewg dA
CASE Team anheéeci mperedast i n@BDtsoheadlflechonresi dent
const rfuictmson

There is not a North Améminc &rystBdad NAYy CSl) as si
speailfiiysi greendertgoy consul tants. I nstead, busine

BNAI CS is the standard used eyl aFsesd éryaln gs thautsii snteiscsa le sa gaebl

the purpose of collecting, analyzing, and publishing si
NAI CS was development jointly by the U.S. Economic CIl a:
Canadaand Mexico's Instituto Nacional de Estadistica vy
comparability in business stati stNAIsC S moenpg atcheed Nohret hStAa

I ndustrial Classification (SIC) system in 1997.
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consulting related to building energy efficie
Services sector (NAICS 5413%0) mawh il yh eingg agemrp

physical inspection of residdntiiasl nond prosrsri éd
determine which business establishments withi
are fdcnusenergy ef fi.ch®niciytficoonmasuff & Ww4n3gi n

provides an upper bound indication of the siz

Tab4® California Buildirgy EKesisgndérandndeEner s,

Sector Estab Empl Annual F

me nt me n (mi | 11
Architectutal Servi 3,7 29, 6 $2¢
Building Insplectior 8 2. 3,1 $0 .

Sour(c®tate of Cali fDewelaqgp menptl oenepartt ment n. d.)

a.Architectural Services (NAIZE€St ®dbd 184dt0ablciosnpme stes Pri m
in planning and designing residential, institutional
structures;

b.Builldnsagecti on Services (NAI CSebt4dB3 5809t almimpsh merst prp
engaged in providingnobnuielsd)idnegmtyigaelcstiidemtdarlvikces enco
aspects of the building structur e eafnfd ccioemmpcoyn e nnts pseycst ti
services.

3.2.3.3 Impact on Occupational Safety and Health

The proposed code change does not alter any e
regul ations pertaining to safety and healt h,
Divisiomadfi o@@adu Safety and Health (Cal/ OSHA) .

rulwosut dmain in place. Complying with the prop
anticipated to have adverse impacts on the sa
involved witbnfheommnss$raoitng, and maintenanc
“Establi shméeéhis s eatsarneismseclsu dea i neava ll wa teinngga gae db uinl di ng’
and component systems and includes energy efficiency i/
services. This sector does not i nnclpurdoeviedsitnagb liinsshpneecntti so n
pests, hazardous wastes or ondhmoeenivi riommendal staneé aamn

government entities that focmupl|l ioaandeae/i ¢ dfi mrgc ®eme reth ea fg yb (i
regul ations.
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3.2.3.4 Impact on Building Owners and Occupants

Commercial Buildings

The commerci al building sector includes a wid
restaurants and rioxdad en ge s trellaiid h meamtds, and war
(including (rKefnmiegye ”2BDMe&Odgyy use by occupants of
buil dings also varies considerably with el ect
cool i ng andgconmdidt ircelf ri geration. Natwural gas
water and for space heating. According to inf
Energy Efficiency Action Plan, there is more

fl oor Lmddcd oirmia and consumes 19 percent of C
useKenney. 2M0hle9 )di ver sity of building and busin

creates a challenge for dissemindtiicngnicryf or ma
solutions, as does the variability in sophist
relationships between building owners and occ

Estimating Impacts

Building owner ssoabdnetcupénom | ower energy bi
Sect3.on,donley oDavedher gysthbid Issedtenvdher e in the
econotntyer eby creating jobs and economic growttf
Statewide CASE Team doesdnocbdexpéangehéopr ope
cycle to impact building ownhers or occupants

3.2.3.5 Impact on Building Component Retailers (Including Manufacturers and
Distributors)

The proposkdnweade i ncrease the specification
| umireai with higher source efficaoyg, i I mpweweldam
optical control to meefmotrhee sLtPAD nlgiemmitt sL.P DA drdeiqtu
woul d nudge the market towards using, |sgdhhing
as ¢tflbat institutional tuning. Discussions with
has not yet been a pressing d&man@Gex i. dakKRe us
for more specific details on the creation or

3.2.3.6 Impact on Building Inspectors

Tabd44s hows empl oyment and payroll informati on
agencies in which many inspectors of resident
empl oyed. Buil di ng iinnscpoencttionrusi npga rttriaciinpiantge t o s
aspects of building regul ati &dnsa,t eiwn adllea &MBE e n
therefore, anticipatwouhtdve moop mpeadtclangenpl o
buil di ng orn stpheec tsocrospé eofconldeict i ng energy effic
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Tab#44¢ Employment in California State and Gove
l nspector s, 2018
Sector Govt Estab Empl Annu
me nt me n Payr
(milli
Admi ni stration St at 17 28 $29
Progriams Loca 36 2,8 $205
Urban and Rur al St at 35 55 $48
Admi n Loca 52 2,4 $186
Sour(c®ttate of California, Empl oyment Devel opment Depart
a. Administration of Housing Programs (NAICS 925110) <co
primarily eadmgeridstnathen and planning of housing pr
and standards, housing authoritieésdewaaldopmesi ng prog
b.Ur ban and Rural Development Administration (NAICS 92
establishments primarily engaged in the administrat:i
and rural areas. I ncluded in pDhirdsi mahdstcoyymasesi gonser

3.2.3.7 Impact on Statewide Employment

As describe8. Pndh3Idautigthodtsiie Statewide CASE Team
anticipate significant tesmpglooyamentpaar ifciud amrc isalc
California economy. This is not to say that th
i mpacts on employment3i B. Chli Sotanieai dien CASELt iTe
the proposedPDwoanhge aiffi ect statewide empl oyment
directly and indirectly through its impact on

building inspebéeofsat ewi dddCABEBENnTeadam esti mated
associated with thePDeoapadsé@dadhamgenoide st ongoi

savings for California residents, which would

3. 2Edonomic | mpacts

For 2t0OhR2e2 code cycle, the Statewide CASE Team u
along with economic information from publi she
devel oped estimates of the economic I mpacts a

chané®wwbi hestis the first code cycle in which

] MPLAN c(tl mpnaal ysi s for Plannuhgytsmbttlehreaesed an espiima
economic effects of propbMPeEANpDEiIi thesmastl poommeat g. use:
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devel ops estimates of economic i mpacts wusing

economic i mpacts developed for this report ar
and o some,speexdwlnati ve i nformation. Il n addition,
relatively simple representation of the Calif
CASE Team is confident that direction and app
economic I mpanabl areitens i mportant to under s
is a simplification of extremely complex actd.i
businesses, and other organizations as they r
codes. I n allomaemectamomdél yoi s, eche CASE Aut hor
assumptions regarding the I|Iikely economic ben

change. By following this approach, the State
i mpacts presenteldowedl owouregprestinmates of the ;
associated with this proposed code change.

Adoptitcdhn sofcodeprepmhawaglkedsult in relatively mode
i mpacts through the abkyfbhboseenah dheeicbdaispegnondah
industghti ng,edexsitgn erad emgrgegecohbahédbat ewi de
CASE Teamodoeaxnticipate that money saved by <co
ot her organizations affected by twedipeaowplotsed
in additional spendiTnhge bSit atheovwsied eéb UGA hE sTseeasm f ¢

i ncrement al costs were negative in many <cases
results in negative impacts on the California
outdi habd el ow. H o wdeoveesr ,n otthitsake i nto account
economic gains that could result from the sav
fromprhbhip®sed ame aBmiaseysi s i s outside &feet he sc
Sect3.omnfdrl additional detail s.

i mpact model dueandxtenseasedef aubed eimpfl ®@mrymaetnitgqn acird ovaf

information.
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Tab#4® Estimatedt hmpaAdoption of the Proposed

on the California Commerci al Construction Sec
Type of Econom EmployrLabor | Tot al Outp
(per ¢ ($ mi Addegd (mi | |

mi | |

Direct (RAfdfde ¢ ti ©
spending by Co
Buil der s) 2,9 ($195,2 (%$258,7 ($427,9
Il ndirect Effec
spending by fi
Commer ci al Bui 64): (%46, 72 ($74,43 (%143, 6
l nduced( Egdrecitr

empl oyees of f ‘
experiencing * 1,2 ($72,33 (%129, 4

“indirect” eff ($211, 2
Tot al Economic 4,98 ($314, 3 ($462,5 (%782, 8

Source: Analysis by Hwdragfeem EdaendmMPdANofVY3. 1 modeling

Tab4é& Estimated | mpact that Adoption of the P

on the California Building Designers and Ener

Type of Economi Empl oynLabor | Tot al Outp
(per s ($ mil Addgd (mi ||

mi | |

Direct Effects

spending by Bui

Designers & Enu

Consul tants) 48 $4,960 $4,901 $8, 718

Il ndirect Effect

spendingshypypbdi

Bl dg. Designer

Consul t.) 31 $2, 043 $2, 760 $4, 388

|l nduced Effect

empl oyees of fi

experiencing “

“indirect?” ef f 38 $2, 0092 $3,744 $6, 113

Tot al Economic 19 ( $9, 096 $11, 40 $19, 21

Source: Analysis by Evergreen Economics of data from t|

3.2.4.1 Creation or Elimination of Jobs

The Statewide CAGE daepbmcidmpedseuptrédcaptof sbendet h e
2022 codegulyaoieldrad t o the ¢typafsijombsformnetwhe
el i mi naxi sttty mdgs of | obs. I n other words, the
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proposedwobhdgeresult in economic disruption

economy. R astth enta,t etsheofe economic I mp.adnuodu | dli scus
|l ead to modest changes in employment of exi st
WhiTab4d4 s howstbhhat proposednadoedaed dt hogsngoébe

model i ng osndasfyjtowmasr et hi s resuéehtalncest heornthemc

i's negative .imEmwmaolydcakbmeaseg r edacdrnomi d nacti vi
associated with instakctbadiog o¢tbDHdhWevieakhid twae e
45doestate i ntoheepodicadnomi ¢ gaiumalsah@atfrom th
savitnlgst buwionesipes femene t hi s propaosbdamabygsar e
i's outside of the scope of this report.

3.2.4.2 Creation or Elimination of Businesses in California

As stated3i a2, 8edtei &hn at ewi de CASE Tweoaunh’'dst pr opo

result in economic disruption to any sector o
change represents momoasisde rcthiaanlgei nddoc hl i ght i
woul d r«ictelsesn vethoyr ktwrnmdpesiti istaidwent age Calsi forni
—-nowould necessarily |l ead to a competitive adyv

ThereflbeeStat ewi de CrASStE fTeeraers edeoeasny new busi ne
createdes ndtratdeowi de QGASErkTeaanny exi svtoiub@ busi ne
el i mi dae¢ etdo t h e opoegogpege d

3.2.4.3 Competitive Advantages or Disadvantages for Businesses in California

Thpr opocsoedde ¢ hwaonugleds apply t o naxlolr phbenaCees $esni a
regardless of wheitheor pihmaibde ienrodsuttife dst at e .
Ther ef otrree St atewi denBGASBnTeéeampadadoest hat these
proposed20f22r ctohdeee gcuylealdei hoshv e an adverse effect
competitiveness of LCiakeaewioseni at hbeu sStnaetsesveisde CA S
noadanticipate businesses | ocated outside of Cal
di sadvant aged.

3.2.4.4 Increase or Decrease of Investments in the State of California

The Statewi deanGASYEz efde annat i onal data on corpora
i nvest ment ebsy thhuasti reexspsand a firm’s capital sto

®Gov. Code, 88 11346.3(c)(1)(C), 11346.3(a)(2); 1 CCR
di sadvantabethbhudwirmeCcsses currently doing business in the
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domestic invesYmsmtb4d Bohro wsRDMb)e.ma B A 1R 0 NPDI as
a percentage of corporate prafiitths amamlyled afgreo

percent. While only an approximation of the p
capital itnhvee sStneetnetwi ddeChsEepeami daelsl e reason
estimate of the proportion of proprietor inco
owners into expanding their capital stock.

Tab4 8Net Do mersitvlaatveest ment and Corporate Profi

Year Net Domesti Corporate Ratio of N

|l nvest ment by After l nvestm

Billions Billions Corporate

201°¢ $6 0 2 $1,7 48 359

201¢€ $4° 6 . $1,738 269

2017 $509 $1,818 289

201¢€ $6 18 $1,8 4 3 349

201¢ $589 $1, 82 329

5Year Av 319

Sour(ckeeder al Reserve Economic Data n.d.)

Esti mated increase in investment in Californi

Chang®ot al E®triopatied ¢$1lllnSi"0edBR, 559, 55

The Statewide CASE Team does not anticipate t
withprtdposed wrewlsebarde t o shgnpgéi cantrease or de
i nvest menitremtlaynyord i ndirectly affected sector
Nevertheless, the Statewide CASE Team is abl e
change in investment by California businesses
| ncome estTiahd @wmendi aibdA @bove by 31 percent

”"Net private doniesshtel ct oitnavlé savneosuinme wHE pi t al by the busine
is used to expand rtalhteneadapgihtaanl maticmakai n oQGo rrpeoprl aaticee pdrucef itt
t he moneefytaderfgorpatyisonts expenses.
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3.2.4.5 Effects on the State General Fund, State Special Funds, and Local
Governments

Cost to the State

State government already has budget for code
compliance enforcement .wdMhhd ealsltad at igmngr err ensneewnrt
update the TSttarmda2Mdds Pairmcléudi ng updating educ
materials and responding requesemeons, abbet et
areeady covered by existing state budgets. Thi
when compared to the overall costs savings an
code changeTpeopospbsewlo wnilednpsauciset at e bmeivdi ngs
constmucal toerati ons), tahmd/ diraveed dintyi csmpsaces wher
proposed updates to thectkPbDe narbheh noeagayt icyaes.e sHo v
even in spaces with sbomepropoemedntaldecosbsages
found t o ebcet icvoestanedf fsave significant amounts o

Cost to Local Governments

Alplr oposed cod@i thangds Part 6 would result in
determinations. Local govbewinindeinngs dwopmahrdtt imeenetd s
revi sed24, tShaarntdatr ds. -Whalil i hbi Bsran expense t
governments, it is not aZ2Whzxzwdeosthaageociyal ed
building code is updated on a triennial basi s
retraining nevearhe code is updated. There are n
|l ocal governments to support compliance train
retraining, including tools, L©8Badhaexngamdhd res

St andards (pcbgaamEner gphsCondmedce) .
Sect3.olansddppendi xheE Statewide CASE Team consid
proposed c omieg hcth a nngpeanctatr kveatr iaocutsor s i nvol ved i n
and enforcement process and aimed to minimize
government s.

3.2.4.6 Impacts on Specific Persons

Whil e the obj ecSttiavtee woifd ea nCyA SoEf Ttehaeh’os pproamod sa le |
ef fictikcktcayt,ewi de QASE (ghelez® t here i s the poten
proposed comaey crheasnugiet i n uni ntTéred Sd ac @nws € gu €RACE
Team doenst incoitheat e mpact of the proposed code ch
group or groups,ofpepsosenef(ia. specific protec
to partatfpadabie housing programs, renters,

from i mpacts to persons generally. This concl
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the proposedi emmpa@amad smoamnrgees iidnednstpieacles, whi ch sho
not havnepacanynspecific group or group of pers

3. Energy Savings

3. 3Kdy AssumptLi ghsRofwegbBensiEmger gy Savings
Anal ysi s

The energy and cost anal yssids tpree sTeDwt & da citro rtsh it
consistent with the TDV factors presented dur
2020 workshop on qddcCmgliifaomrme ametnreirgsy Thoenmi ssi 0
el ectricity TDV fpaecrtcoernst irnectlauidle atdhdeerl 5and t he
factors include the impact of methane | eakage
factors used in the energy savings analyses w
Environment al Ecoromiomd,r alcno.r (tB3A), itsh devel op
factors for the Energy Commi ssion, +h5 apactpr ea
Retail Ad] Scaled by Avoided Costs.xlsx”. The

energy savings anal msE8 wpra sptaadsedeétotit]
“2022 _TDV_Policy_ _Compliant CH4Leak Fl atRtl Add
demand factors used in the energy savings ana
spreadsheet titled “2022 TDV De masndt hFaatc ttohres . x
Energy Commi ssion rel eapedr iql dluanle WwaOr2Mi nug ep @t
(GWP) values inpgeazaradGWP daoleudd Ot hat were used
TDV factowxrarTlGeNP2 ¥ al ues increased the TDV f a

the TDV energy savings presented in this repo
expected i f the tyienaarl GWPV vtahlaute suswe r2e0 used i n
proposed code changes wil/l be more cost effec
savsngresented in kWh and therms are not affe

The Statewide CASE Team weVvdl caotnes i @reaer d iy es awiel
coeff fectiveness analyses using the final TDV
presenterd niann tChAeSSE Report .

The Energy Commi ssion has not provided guidan

regarding the impact of proposed code changes
that was devel oped for the 2022 &odeggycle. P
Commi ssion, the Final CASE Reports may includ
metric.

The Statewide CASE -Tleam cambactateddpst at ewi de
associated with both new construction and al't
| i ghtthiantg i s mini mally 9domplei 2dt WwWiarh ®Gh&taodar
that 1 s minimally compliant wit2h2St hedar dp.os Ell:
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i's, savings are based oSLBDsoampdribenpbepwsed
eacbhui l ding and &ahet/ dbpacbeepepgdanopdsed LPDs
develwipeld the same assumpt i otnhats alhle 12i0dlOt icrog
LED techmrmolaomgpyt her technol ogy with equival ent

The Statewide CABEiI mpweanvaidend of thealuceméemat € Meotnl
modellseidn the devembdtopnmeei® O6br the 2019 version
Part ®he foll owi ng eashsouwdnop toiganess awved emused i n t

T Proposed LPDs for all space/area types wer

T Similar to models developed for the 2019 s
the 2022 Kéormandatraisl, hospitality, museums,
i nclhudhe color rendering index (90+CRI) LED

T Hours of operation were based Opon operat.
Nonresi demReif 2aFfr eACM Manual

T FC targets owertghpeb aad &€t6l (Recommended &@mdctice

when these were not avai WakheappheprE&tkdan

il umiwameemodi fied to align with the buil
r

current TitShaean24yrdBart 6

1T Typical spaoesdifmem project experiences we
prototype spaces. The prototype spaces wer
pl aced emphasis on taller and smaller (1l es
conservatively higher o ctomastervadmvedwi thy g
These higher room cavity ratios in these s
LPDs, than if | arge floor areas or | ower ¢

T Room surfacewrefl ese@inaes tmpdelaédfor the

applicaheé oinmpr ovieed hhoadtheh cal cul ated coef fi
utilization inside the spreadsheet, so the
ceilingnd walldor Ceaf lce dthten cgse.f fi ci ent of ut
the spreadshmeteabtowsaferrepresentation o
geometry on |lighting performance.

T Usef ul l i fe wagelmaseoperomdt o Bmal ysis used

proposed changes to Title 24, Part 6. This
deprecanatoos. f Thanafgses tbec3meortc eunste L 70
reduction i but i gcaotnhseiudheprusea  mount of | ight | o
after 15tyweaadarss specific to. the |l uminaire

T Luminaire dirt deprech@adolommgy sph3aésiddle oinn t RI
(l'ighting maintenance) which is a function
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ti me period between cleaning, themChEkidest
and whetlhuemi ntahiecogpen or encl osed.

T HVAC interaction effects are small <compare
l ighting energg montd comck bhbdedanal ysi s.

The data inputs for eacMPMpyppeade xt WWpe can be fo

3. 3ERergy SMet mgdol ogy

3.3.2.1 Overview of Energy Savings Methodology

ThebjedthieRBP upidsatteo define théPBaxi rmwmm halplra wed
function area and compadrlelwWweRins tthe telka srmha xigmuwsm
This yiel dswaat tcsh apnegre fsignu atrhee feoaodh of t he pri ma
Energy savings per square foot of each functi
expected full | 0o asd eho wrpsd thoaft iflaimglh tlionagd shyour s ar
by taking the weekday, Saturday and Sunday | i
Nonresidential Alternative Cabhoubat AppeNdi kRod
5. 8N .hese schedules aranceedpipmotald pgeal cadmt i o
CBEGComTheavsangl ceuiitng a spreadsheet approach
those as cal cu-Lamleldi b yc &IBEWLICat i onaap@uota cfho rd o ¢
interactive effectsiwtehabhkiadDnsgcamdl crodbdrn ngf f

small as compar ed ffercda m otf eeh bdeigrya ogitthtei mglddi t i onal
heating | oads associated with |l ess internal g
the decreased cooling | oads

Theannual energy savintwmfarachalappl attad i pear of t
category .alppse®@aampmpl i cations are mapped to eacl
complete building method with a weighted to i
coaitns the various space applications. The co
wei ghted average of the applicationSilnRkDes asso
interaction effects are notstcatl ewil ad galnd smwti n
cli mataszonker measures are.

Prescriptive lighting power code compliance i

category method. Additionally, the Alternatiyv
performance approach simul ati on) fnoark etsh eu sbea soef

®¥The 2019 ALMx aPpenfiles can be downloaded here:
https://ww2.energy.ca.qgov/title24/ 2009218t andards/ post __a
14 workshop/ 2019 NRACM_Appendices. zip
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case buil,diheigat Wiude e naerreg yc aslacvuilnagtseldPb ased on
reducts pa€c pryi marytypecaandnmul ti plying this by

new building spaces that are cospcierisisct ed each
accomplished by mapping the percentage of spa
classification type and multiplying by each vy
building type. A similar approach is used for
alterations. Assuming that, on average, | ighti
years, the total floor area of building retro

divided by 15. Calculating the total wsee rofit
of the same mapping of function typesotal buil
floor aresareffr dfuii f decgeach year

|l nputs to LPD Calcul ations:

T Typical prototypical spaces are for develope
geomeies, ceiling wall and floor vteenfd ectance
period between cleaning of |l uminaires.

T Mapping of I ES application/tasks and their a
i n each pri marTyh efsuen cttaisoknsu & enécdl aurd,e riirmary t a s

secondarnagnd aisk ssome cases vertical i Il uminan
needed.
T Allocating fraction of floor area to circul a

il l umi nances.

1T Developing a prototypiyadsdsiegmigmg olfumiarcdi se a
circul ation, task anduwalnlaiwaessh ihnagyv ea piphlei cf aotli
attributes assigned to them:

o Zonal |l umens for each 1.0 °Tihdesretdi ¢ @l can glud ait
Coefficient oifs Utddd ztad i osnsiagod t he CI E CIl as
|l ndirect) used for calculating the | uminai

o Along with the @he&t Rélausnsihriésicragh ¢ m ngnt hencl os ¢
dirtiness of the s pabceet wvaenedn tlhuemitnyapiircea |c |peearn

used to calculate |l uminaire dirt depreciat
RP355.
o Luminaire | umens agred slseWmit maicraed cwdtatt e | umi n
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3.3.2.2 Inverse Lumen Method T Basis of LPD Calculation

Mostt hoef LPDs in prior ASHRAE ,stPamdarethaava@&mdtproil
been based on lanwelbuneemt Meft htoldeTd &In o welr wBriee  n

Met hod has been used for a |l ong t#me wabliasd
ot heri cpauubilons. This method has been used for n
ASHRMBE . 1 and TRPatritene2aldv anlt mgaerusnde nt Vet hod i s i
simplicity and transparency; all the inputs c
can be emisndidieaxaumeMdt hod approach i s based :
model that considers radiatiomraeaxcwaomedke ph@atnwe
This works well based on far field photometr.i
t hat ar e esseecnttainaglullyaro pbeonx ers wi t hout too much
partitionAsospataskdevi ate f riotm itsh ebseet taesrs utnop th
calcul ations on more advanced tools as has be
furniture, ,dndrwaryesauwscek sareas with racks

The updates to LPDs proposed amadmartdlse a2 @2 2noBit

on this same method as well. The results of t

adjusted based on the St at elwiedxep eOA SeEn cTee,a na nsd pa

of the areas were evaluated with -maseddetail e

l ighting design software (AGIi 32).

Derivation of I nverse Lumen Met hod

The average maintained il |l umiamanicéEed if $Fubmi no u s

l ux in SI units) in a space is calcwiated by

U » G ¢5 W B o N SV
o séhoaQew@-B—(g—nggd)a&a@oaQolYuuo
DET QR OO

Wher e,

CU ceoeffofciemitl i zati on, or fraction of | umens
worpk ane directly or via interreflections.
di stribution of the luminaire, the geometr
RCR), and thefrelhéeceiahiceg, walls, and fl o
commonly provided by luminaire manufactur e

the RCR, for standard room d$hrf Scatrafi ldect

¥See Section 10.9 “Standardized Cal cult&tdiian ofhrrocedur es
21 11 umination Engineering Societyt®diBS)o.n20 1Elg. u athieo nL i1goh.

2Q2ZTitl e 2By a®PASHE Retp2dd 2NRL T GHD |2 3 1



CASE Tlkaunsed | ook vuipsowdilregg dmutExcel User
Function to directly calculate this from t

refl ecamdcebe zonal | umen di .STthr8it lmu teiwa rd eo f
CASEeam coll ected I ES photometricdfiles fo
extracted the zonal | umens f or each fil e

Tool box software.

LLFthe product of r-ereeoceemrmblblee alnidgimionl oss f ac

l ight | oss factors are the procdcedt | ofghltamg
source output due to aging; luminaire dirt
efficiency due to dirt buildup on the | umi
surface dirt depreciation, or the decrease
dirt rtlecrinaefgl ectanceseobveuabheebki gNbnl os
ball ast factor, thermal factor, and equi pr
operating position).
For integral LED |l uminaires., Thiegbteguwatpiuonoifs
LED is significantly impacted by its temperat
ther mal performance of the | uminair-29imestjec
met hod for measuri ng-stthada el il g gth ta wntgp tptr oddfuicg tst i
output of the Teatéeqeat uonn naor ei. nt egr al LED | ul
accurately be described as foll ows:
. 8
@) R [ FC or Lume
Where |l uminaire |l umens represent the | umens |

n
both the thermal effects of a luminaire and i
l umi naire tested wouhha vaen ai @hti egginesmrh dkEd wi t h |
|l amps. This is because the CU for LEDs repres
l uminaire (after |l uminaire optpktahel owbhesgasth
CU for the same fixturerfeiprtesdnnwist h hfel womgddsce
| amps that remlchres. t he wor Kk

The total maintained | umens (| ®miNodesiivisdes x) d
found by multiplying thkhe maibayt aihnee darielalsu noifn atnh
pl ane.

i i 0 VET QR OWRBDBUmMens ]
i i £ &1 6 aQE O QNDEXFN @S YOO DLumens

The maintained deldowyneiel dbiuondrea@augi eé€hikightin
given space having a particular geometry (RCR
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0 i — [ Lumens/ Watt ]

Forrhe 2022Partl|l 6, ol att eQVASIEe am devel oped a dat

of 68 | uminai reeltshevhriecshulatvserocafg 48 8i ma@luwdiend umi r
f Luminaire ;description
T Luminaireg | umens
T I'nput watts (and with | bmecsa] culumtedds eff
T Zonal | umens for each deagmglee ianncd enmoernmaall i zoe
1,000 |l umens total per luminaire (this is
di stributions of luminaires with different

T From the mnodalkt,khihiee tCil&n Cl assi fication (Dir
cal cewl at

Since |l amp |lumen depreciation is recorded dif
and other times a variable depreciation for 1
waseed€Ededatwas nor mal it zeaans of numbpear ddnstlsour s

i n ouUAtspswtmi ng | ight | oss is relteegaesaly binehae
analysis isamcmwsss bevenigweafr period of anal ysis
| amp | umen depreciation rather than the mean
From these components, maintainednpaidtedaliveernee d
calculated. This proposal added higher perfor
modi fied the |ight |l oss factors to best repre
their expected |Iife and expected maintenance

For a space having aesdgwwi gh Bl umenaRER®, EBnd
il luminated by @athighmaingt siysee@ mdevl i ver ed | umi
Kmaint,delitvdrea LPD for the space i s:

O a Qo

000 wIQ - — YR OOIQM 0 08" & QO |
0 B a dw

Where the isprmaciendiraattes what fraction of the ¢
to a given desF@nvallwemi nance (

A given space cvwaeni ghhatveed alnParvemer e part of the
one |l ighting systemitlylpemiamat ed hley @talhdrs sy et ¢
di fferent efficacies.

New to the 2022 I nversecbemémdc ahddli ataitda msn ias
calcul at ed. I n tphevpfabsrin g adrlh nsayipveer feor vari ous 1
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cavity ratiosef imacthmherememtsa ftrlbims 2wa o fl1dr. dnye |
refl ect apcecai?lOi pmgr, cvdaflalnd p2Q cfelnaor f or most fi
but for industwarady pi catpaeredosatiti 8 he@r, cvSaflaln d

2@ eenftl oor reflectances.

The new method uses the I ES photometric files
uses the software Photometric Toolbox to extr
l umi neaiirgentleddemegr ee vertinctasl aanndg $sett hingere@amee f ¢
Usi ng equnaattieonsn the | ESt aaedbdelk@MmABE®T e a

macro to calculate CU for any room geometry f
cal cul aftleecwearnec esompared with thyey EBlotaméesi c a
Tool box and found that it matched tpheer geemstul t s

This all ows a more accur at e me s tuimmeatsi onre eadfe dt hteo
il luminate the space to a gi veamdgeesdmrget riy | airmi
surface refl ect anScteast.e wA sd ea (hAaSsku hTtehaimp her | ev el
confidence i metalhd ireegs unotdeltshavhi ch could not b
conditions of spaces being simulated.

Foalslpaces reetceaiplt,n oopfefni cpel ,gawmar ¢ h buw ¢ yt se¢ ack ar
| nver se Lunnans Mestehdo d o d e-b gslpoapc et hree tshpoadc eL PDs i
proposal. These models have been vaflidated by
members of the Stat elvhied er defa bsiplilegaers ( Ret ai | ,
Of fice and Warwhewuset IS¢ alckmén Mewehroed sbirneualkast edd
usidcdgt ai | ed Radi olshietsye mooddeellss wer e siTmull et ed ,d
Partt &ndSards and were not rdejrunt,edubadedde oresah
to efficacyprfoadruchrisgmaTCoid er hes eartebdebk a me.

3.3.2.3 Title 24 Wall Washing Method Updated for the 2022 Analysis

Simulating the power required foriwalulmi wasnlkien
on walls is not directly amenabl eStfamrt icrad ciun at
201ll9ndoor Lighting ePowtth eDemws idilee @&eSyEe | oped an
approach for calculatingpefdbf fwbhe®ihing power d

approach requires detail edi aosgydaicoessi tayn ds innou Ineatlii

the results for application for this.special

There are two primary outputs from this metho
1. The amount ofe@goweri regminate the wall are
average vertical il lTumimPpecesqudr eof matl i ak
area.
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2. The amount of gener al l ighting power that
light from thend homimadt ecdldRPler aegaareef oo
fl oor area.

The calcul ations bel ow make use oft hntosrsee compl
the Statewi delsGASERBRe®&@BFfF t ware) to quantify th
and power chaofacea@chswall washing |l uminaire mi

Pwai i wasWal |l wash | ighting power, in watts
Ar eas Area of vertical Wall being illuminated
Ev,wail¥ Average il luminance of wvertical wal |, f

WHF = Fraction of wall hen ghar ii aevatr &l ffr loono walil
measurement s, di mensionl ess

Env,t1o0erAver age horizont al i1l uminance of floor
height inward from the wall i1l uminated
candl es

The sample spacebh anteymodel wdl Witl |l uminated b
wall wash . Themimadeles for these | uminaires have
applied so that the resulting calculated foot
Rooms with wall HKhei §kethawepeWkbBehett 2@ spaces
with taller wall spertdon (WedFcE€mlwe eharhiezo®Rtbal i1 1
are calculated at floor |l evels because these

ightingdg ywhicalh liys has its design i lLWalmi nance d

refl ectances are varied so that one can accur
that is displacing some of the need for separ

For each room thyepelimdde l2e4d iPmrtt 6 Lumen Met ho
geometry i.Bospebefpedposes of the wall washin
space is defined as the full height RCR where

evels and the heorazomhltadbdr wloekelpl an i

NSy L MM OQED O QEMO ¢d 0 QI VIRG@IE QO

WA 0 QEMO Oa il QW
0i Qw 'Y6‘Yn8 NS Y
51 Q6 @ °
Wher e,
AreaWahtea of all rtcheiim(al | s of the

AreaF+bboor areaf®f the room (
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The RCR is directly proportional to the ratio
relatively easy to coiofemvtaltlh eovkalflt owd\ itreq . W

Sshoul d be noeiegdhttshauwseedhef ochor RCR in the wall wa
heights of the room from the floor to | uminai
and not the heights of the cavity between the
wor k pl amesulAts, at here i s a separate RCR cal cul

cal cul ati on.

LPDs {oW/ fftl oor area) can be calculated using t
the 2offwall areas neadded hteo pealhlimawadlnmat bsgi v
il luminance whieveedd el AnadcdP®d®unts for wall washi ng
given r oom.

<2

550 ST N G QG 0 01 Q®
0V w AEBI QO ———
Ol Qw 0Ol Qw 0Ol Qw
DL O Wl WA EBITQDO—————F M YOV
Ol Qw
wher e,
Pwai i washPower for wall washing, Watts

This approach assumes that wdwebevallilnemwarsihyi ng w
proportionahanoewheVel §.|Homie yvelrli $ swoma adj ust me

that i s needed for tall wall heights as typic
out put and may have a different efficacy and
to total bemdnstTheyesgpretci fi c | uminaires that are
heights.

The required powerwaifi garsnawmal It hvea salr ievmyg ,0af Pet hien pwat |
for a given detailed (raadi dsigthy) | 9ismulfatcit om. i
radiosity simulation so that the |l umsnous fl u
reduced to represent their maintained | ight o
anal.yhiesresults fromt A&l asemagatvensi odl il 1 u
wal | watkar e mul ti plied by the area of the wal/l

(luminous fl ux) deai hwewberditdo ntghe hwalmla, nt ai ned
delivered to the wdlll ways letlhleg poawert afinredw del i v
umi nous efficacy of t hwaiwwalThiwsa slhuimign ol uusmienfafii

I

i s significantly I ess than the | uminous effic
the light fromstmet|l emidnaipr endd he wal l

The maintained del i venaigng 1 loufmian ogui sv eenf fliicgahctyi,n gK

in a space with a particular geometry (RCR) a
the foll owing:
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0 i il i [ Lumens/ Wat t]

LPpPper square foot of wall area required to 1|
can be calculated by rearranging the formul a:

0 Oy
0 0 B

As describedP®ar Iwiadrl, wtalseh adll | ap eraisme tnpeaurnw t s
sqguare foot of wall akkPBnpitanobeWabohgeptedsga
fl oor, d&ryeanul ti pl yiLiPd yt W0e 4dwaliCoewaisRICR g t he equ
for calcul aPiDrmrgn HMe swajlnk mi enratniccea lanidl del i ver ed,
efficacy and the equation to convert from a w
given bel ow.

D00 :ﬁ—ﬁ ™ YOYWPdft floor areal
Often wall washing is conducted on a portion
proportionat ellPyD are dwelels wahsehi ng i n units of we

fl oor ar ea.

000 =0 a0l QDR T8 YO YWPdft floor a
h

Wher e,

Wal | Fr astfiroacti on of the wall that is il 1l umineée
This is a variable selected by the wuser of th
variabl e, whicfh titse tfhleodrmr aazrntaea ni lol umi nated by
(see prior section on Inverse Lumen Met hod

I n addition to wall washing increasing the LP
wall washing luminaires provofleshepiumi haghtes
needed for providing general | ighting. This i
the |l ast row of | uminaires for general |l ighti
that provide both wall washing and gener al | i
As prslvy omenti oned, t hECoanv etrhaeg bvaohrekr az onhhal fi ni
| evel was extracted for the room area that 1is
il luminated by t he.Tshiinuldeetfd d ewla Idli swaasnhceer i s t h
mul edpby the wall height fraction, WHF. The r

on thelwonrek t o the average ver wWwiogalwaisl Icarmicud rad
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for each detailed prototype space simulation
eal uated. This becomes a characteristic of th
bet ween | uminaires than within the simulation
Sspace geometries.

The average horizont al i Il umi naaklkeiwihtthidn stt men

from t he walnl ,beE cal cul ated for a wall washing

average vertical i lwaumbpenascé odh otwse wall , E
O 0O ; Y i

The fractidnghfti ggggnerddlumi nance (and wattage)
height fraction in from wall s, F1, is given b

Wher e,

Ewai |, pesDggnsi gn (t ar ggetf)ori Iwlad Mg nwarschi ng (
EFioor, 5eDiggsi gn (target) generakFgGlighting floor

Note that the equation is capped at 1 so no m
providing gener al l ighting for the floor is d
As was desactikeed the ratio of total peri meter
the foll owing:

01 Qw 'Yé’)‘YT[8 NSy

51 Q6 @ °
However, the fl oor area simulated for receivi
washers ilseitdtet wfarfdcti on ti mes the wall height
walls. When all walls are il luminated by wall
horizontal general lighting is displaced, F2,

F2 = WHF x 0.4 x RCR
WHFs i tfrhnecti on of wall height i nward from wall
measuremedt o rxtnhveal | hemogshtt Waot|l § or wall s t a

t han 1WHH eiepte2 &aemd f or evaluating corridor wal
i | Inamie a cormaiddont i wintghd uthg tpheer cNddft wma d o8 Qvar d
throw wall washer il luminating the entire 8 f
height.
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However, in most cases, not all edebwawhs$Iin

washing |.0menabresgeneral equation that accou
adjacent to the fraction of walls being illum
F2 = Wall Fraction x WHF x 0. 4

Combining this with theear aytiieo dosf twhael |Geanreeraa It oL
Reduction Fraction, GLRF:

GLRF = F1 x F2
The Gener al Lighting Powen rfRDeéBnspgtyeRebyct henf

000 D00 "O0YO or

- - ... .0 Y ;i .

000 000 | Eiph ,(; - O HOdd H6Ho RETFO ™ YS 'Y
R

I n thei20892&al Pawasth model the wall height f

wal | height factors are a variable that is at

modes that are normalized using this approach

i s havingrdddlfeulemmtted model s that vary the ref
not i mpvaecrttFiCchaehpi ngi ng ,obmt t he waés$ I mpact t he

horizont al i1l uminance received byr énfolre ctoaan aéd
of thepaat Getnme al Li ghting PowercenDeldsuyfstoyr Redu
di fferent reflectance walls the amount of di s
accurately calcul ated and | ess LPD “safety fa
targets.

Walwlashing | uminaires have a variety of distri
updated method allows users to simulate six d
However, more |l uminaire types can be added ov

model eed ar e

T Forward Wa+li WaasrhierThese | uminaires | ight t
throw a significant amount of | ight to the
T wal | GrAxpzeerrt ur e: Wal | grazers |light the wal
architectusuwmdh feesathurriecsk, stone, and similar
Aperture grazers focus their | umen output,
applications or when intense grazing is de
1T Wal | GqLa zneerar : Linear wall grazers also hig
achitectural features, and similar design
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(slot of soffit i mmediately against a wall
applications. Their |l umen output i s ideal
preferred.

Wall WasWAWeerture: Aperture wall washer | umi:
vertical wall service as well as provide s
wall . They also exhibit subtle scalloping
spacing)deasicabie for some applications.

Wal |l Walsihemear: These | uminaires |light the \
uni form vertical i1l umination. They are us
close to the wal/l l umi naire placement is d

Hi gh CWallli nWaAmhenrt ur e: Hi gh output wall was
l umi naires provide sufficient | umen output
washing for high ceiling applications.

addition, there are high CRI wvceacsyi oinss of t
rated by 20 based on | uminaire photometric
sted adjustment factors. When/ whereeg ctemits i n
verag®Oofprbducts from over a dozen m@anufact
r 90+ CRI product) was used as the derating

y characteristics of the walSlecwdsoi 28g 31 umi n

3P&Unit Ener gyedunptalt gbh tiOWEDensi ti es

ergy savings and peak demand rtehdeu cftoil d noswi pnegr
bTree second and third columns are the calcul
nsideration of wall waesshpencgtTiaveedlvyail ule walt how
shpngvadesndi cagdmownntofwathttcage #Wesdagdely a we
stem to meet the horizontal il lumination re
mber with wall washingainhdgeawes!| dolwe moneéd e
t only the horizontal il luminance needed fo
provide some additional brightness on the
od design practice.

e fourth nmannsd tfaibfutlhatceoltuhe exi sting LPD requi
tegory Method all owarPaetSt @ahdahes20IBeTiolet
t he LaPIDloorwegde ner al l iTghting and the fifth coc
| owancesal uébBeseevidentical t ol atbhee @a4l0uebs i n
ea CategobLygMei hgdPower Dens.ity Values (Wat
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Thei atntdevenalhumhst he table below contain the
the 2022 Titl éhBRi4x esltuammodnatradisns t laé | plwie@pl o s e d

gener al | i gshd v ecod lleunndn pirhsep totlsoetdal of additi onal
The final three columns to the right contain
savings in Watt hoaréfoperofyeancheprsmaay func
annual demand savings in units of Watts per vy

area. The annual fulflrdmadl hghrsngrecdedubesd |
each primary functsawni mgeaar d hlrasac®r@ry a ¢comp:

case design that fully wutilized both the gene
l ighting power as compared to a proposed desi
l ighting and addi tioovaalcel. i ghting power al

Of the 78 primary function areas, 8 increase
of the combined gener al l ighting and addition
Overall, the total saavgiundgristadarr ®@f atphphe oen anad ¢¢d wa 't

LPD changes in thRakRfa®af dssnad@d@Bdcti on in savi
from this proposal rel atihienet @ 0tlle LPDv ipmn PP 0sx
indicates that the changes proposed” aok thkheéat
changes that were proposkRabttho@ atfd so.n2e0 1c9 nilpiatrlees
the LPDs calculated by the models in rows 2 a
all owances for the 2022 thermgdebdd URDIeowsab
than the proposed LPD. How much additional *“I
proposed LPD is impacted by several factors.

standard the changed proposed standard woul d

the concourse and atria area. The rarcommended
rel atiaabdyalewpri mar;i lwhdhmerecareusakliong ar ea:
concourses, these selling areas can use the h
| i ghatlilnooyance dr op pfétdo fOr.6G6r0 OWD® B8 WFK oposed gener
val ue was greater than the combined LPD of ar
point of comparison this value closely matche
ASHRAE/ | E2S0 1990.. 1Gi ven t he dr otphevaS$t ated vaitd ev eCASH
Teaemrred on the side of conservativi sm.

The coaxmamwhere the proposed LPD cams closely 1
classro@ms s primary function ar ga,het s alciemd rs

essentially an open box shape), an average of
al i gnment318i t((redRRati onal facilities). General
0. 6ffW/ The main area of uncertainty was how mu:
white boards and the |ike and the additional

W/ I i near f eelti gthot i7n gW/al iln5 ffto.ot wifékel awhsrteeomoar
wodl result in an additional l' ighting power al
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0. 102%tW t he cl asTheo®mt spawied eh aQlA SaH sToe acno mmu ni ¢
with the author?omfcaal dPrNNdh asntqidrnyg .| i Ohhe i tngt aln
LPDorhese classrooms were HWH%adtween 0.54 and 0. ¢

Il n several of the primary function areas bel o
power for ornamental | ighitiondg .6 Mdeppedtefr om
ornament al l i ghtwiemg alivewvapeet feer24 heP&r0tl 96 S
these were based on 90+ CRI (color rendering
Il n the time period between the PhgMmepoopened nit PD $
and this pr o0Op22 alPOso,r ovheer &2l | LED efficacies
appreciably, but the eftisedciesmbdéaodel hnghoCiRd m
| i ghhtaivneg i ncr eased bper co&intasv ear a0g.e8,8 31 2f act or wa
the O0.f20 IWwance @&antdo rtohien del fotwwleis¢ h 0iA9 BW2ZASE .| e d
description of how this f acApoprenwdaisx cal cul at ed

It should be noted that changes have al so bee
and Tail ored LiP@lstTheg Gkemmloadt e LBRUDalr ki rbga sMalt loaoc
a floor areas weight eLdP Daorre rsapeec ioffi d@ haep pleincea tail c
al bbed to each complete buil ding Ampopdeenid.i XThR s
For Tailored Libhsi sgadhehaimges tareeApdpdamdilx dO i r
t hr oAlmhendi x Q

Enersgayw i ngs ar e Adiraesae dC actne gtohrayl bMeestahuos e mo st
compliance submissions use the Area Category
only uses the Area Category Method.

2Paci fic Ndritomwmd s tLfabbeor A$Muegi.ng the Light in Classrooms:
LED Lighting Systems in Thr€ar@GeassBoamshat Ihdep€adeal
District inS€atmemblero201T7X.

https://www.enerqgy.qgov/sites/prodtliabkesb®dmld/ padff37/ 20
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https://www.energy.gov/sites/prod/files/2017/10/f37/2017_gateway_tuning-classroom_0.pdf

Tab4@Area Cat egoryy) 2Me tMoac | LPDs, 2019 Base Rinseta02EmaRBdgpesmadadL P
| mpact Sqkare Foot

Primary Func 202 Mo d € 201 201 202 202 Ful Annu Annu
Mo d € LPDv/ Al 1l ovAddit Al l ov Addi t Loa Ener Demar
LPDv/ Wa | Genel l Lig Genell Lig Hour Savir Savir
wal Washi LPD ( PoweLPD (Power /I Ye ( Whit (WHZy r
Wa s h i ( W2 f3 ( W2 f3 f2 f3
(W3
Audi ence Sea 0. 2 0. 4 0. € 0. & 0. ¢t 0.2 3,3 50 0.0
Auditorium A 0. € 1.1 0. 7 0. E 0. 7 0.4 3, 3 16: 0.0
Aut o Repair 0. 4 0. 4 0. ¢ 0. z 0. ¢ 0.2z 2,8 14 0.0
Mai ntenance
Barber, Beau 0. ¢ 1. C 0. ¢ 0. E 0. € 0.4 3,5 70 0.0
Spa Area
Ci vMmMecet i ng PI 0. 4 0. € 1. C 0. ¢ 0. ¢ 0.2z 3, 3 50 0.0
Cl assr oom, L 0. ¢ 0 0. 7 4.5 0. 7 W 2,1 13 0.0
Training, Vo
Commerci al /1 0. ¢ 0. & 0. ¢4 0. ¢4 1,7 87 0.0
Storage: Wa r
Commerci al /1 0. E 0. E 0. € 0. € 1,7 0 0.0
Storage: Shi
Handl i ng
Concourse an 0. 2 0. ¢ 0. ¢ 0. & 0. ¢ 0.2z 3,5 1, 2 0.0
Conventi on, 0. 4 0. € 0. ¢ 0. & 0. 7 0.2 3, 3 50 0.0
Mul ti purpose
Ar ea
Copy Room 0. ¢ 0. & 0. ¢t 0. ¢t 2, 3 0 0.0
Corridor Are 0. 2 0. 2 0. € 0. ¢4 0.2 2, 3 (11 (0. 0)C
Dining Area: 0.1 0. 0. ¢ 0. ¢ 0. ¢ 0.2z 4,7 71 0.0
and Fine Din
Dining Area: 0. ¢ 0. 4 0. ¢4 0. & 0. ¢4 0.2 4,7 0 0.0

Cafeterial Fa
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L PDv/
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Wa s hi
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0.

0.

O OO O oo oo

€
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(@] m

NY

NY )Y Y ~1 ™ (Y ~1 N

Mo

Wa s hi
(W3

0.

O OO OO oo o

de
LPDv/
Wa |

A
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NY
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201
Al'l ov Addi t

Genel l

LPD

f2)

ecliolol loloell Bl

(

m
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cm
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201

Al

202 202 Ful
| ov Addi t Loa
Lig Genell

Powe LPD
(W3 f3
0. = 0
N/ . 0.
N/ . 0.
N/ . 0.
0. = 0.
0. 2 0.
0. 2 0.
0. 7 0.
0. = 0.
0. = 0.
N/ . 0.
0. = 0.
N/ . 1.
0. = 0.
N/ . 0.
0. = 0.

Annu Annu
Ener De mar
Lig Hour Savir Savir

(Power /I Ye ( Whit (WHZy r

f? f?3
.4 0.2 4,7 71 0.0
g N/ 4,7 0 0.0
4 N/ 1,7 0 0.0
§ N/, 3,5 0 0.0
1 0.2z 2, 3 34 0.0
€ 0.2 2, 8 0 0.0
€ 0.2z 2, 8 0 0.0
€ 0.7 2, 8 0 0.0
& 0.2z 3, 3 16 0.0
g 0.¢ 3,7 37! 0.0
4 N/ 2,8 0 0.0
& 0.2z 2, 3 11 0.0
C N/ 2, 3 23 0.0
1 0.2z 3, 3 6 7. 0.0
v N/, 3, 3 0 0.0
g 0.2z 3, 3 50 0.0
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Primary Func 202 Mo d € 201 201 202 202 Ful Annu Annu
Mo d € LPDv/ Al l ovAddit Al l ov A Addit Loa Ener Demar
LPDv/ Wa | Genel l Lig Genell Lig Hour Savir Savir
wal Washi LPD ( Powe LPD (Power /I Ye ( Whit (WHZy r
Was h i ( Wi f3 ( Wi f2 f9 f9
(W3
Waiting Area
Museum Ar ea: 0.1 0.1 0. € 0. ¢ 0. € 0.t 3,3 0 0.0
Exhibition/D
Museum Area: 0. 7 0. 7 0. 7 0. 2 0. 7 0.z 3,3 (3 3)7 (0. 0)
Restoration
Of fice Area 0. ¢4 0. 4 0. 7 0. 0. € 0.2z 2,3 11 0.0
feet
Oof f Acea: > 2! 0. zZ 0. ¢ 0. € 0. 2 0. € 0.2z 2, 3 11 0.0
feet and < X
Oof fice Area: 0. ¢4 0. 4 0. € 0. 2 0. € 0.2z 2,3 0 0.0
of fice > XXX
Parking Gar a 0. C 0. C 0.1 N/ . 0.1 N/ . 6,7 0 0.0
Parking Zone
Par king Gar a 0.1 0.1 0. 2 N/ . 0.1 N/ . 6,7 1,0 0.1
Dedicated Ra
Parking Gar a 0. ¢ 0. ¢ 0. ¢t N/ . 1. C N/ . 6,7 3,37 (©. 3i
Daylight Ada
Zones
Phar macy Are 1. C 1. ¢C 1.1 0. & 1 0.& 3,5 35. 0.0
Ret@ales Ar e 0. ¢ 1 1.¢C 0. ¢ 1 0.%2 3,5 17 0.0
Grocery Sale
Retail Sal es 0. ¢ 0. ¢ 1.C 0. ¢ 0. ¢ 0.2 3,5 17 0.0
Mer chandi se
Retail Sales 0. ¢ 1. E 0.€ 40/ 12 0.€ 40/ 12 3,5 0 0.0
Room mi r mi r
Rel i gi ous Wo 0 0. ¢ 0. ¢ 0. ¢ 0. ¢ 0.2z 3,3 16 0.0
Restr ooms 0. z 0. ¢ 0. € 0. ¢ 0. € 0.2 2,3 0 0.0
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Primary Func 202 Mo d € 201 201 202 202 Ful Annu Annu
Mo d € LPDv/ Al l ovAddit Al l ov A Addit Loa Ener Demar
LPDv/ Wa | Genel l Lig Genell Lig Hour Savir Savir
wal Washi LPD ( Powe LPD (Power /I Ye ( Whit (WHZy r
Was h i ( Wi f3 ( Wi f2 f9 f9
(W3
Stairwell 0. z 0. 2 0. ¢ 0. ¢ 0. 4 0.: 2,3 11 0.0
Theater Area 0. & 0. E 0. € 0. & 0 0.2z 3,3 8 4. 0.0
picture
Theater Area 0. ¢ 0. € 1. C 0. ¢ 0. ¢ 0.2z 3,3 8 4 0.0
Performance
Transportat:i 0. 2 0. 2 0. ¢4 N/ . 0. ¢4 N/ . 3, 3 0 0.0
Baggage Area
Transportat:i 0. 2 0. & 0. <4 0. 2 0. <4 0.2 3,3 0 0.0
Ticketing Ar
Videoconfere 0. € 2. C 0. ¢ 1.¢C 0. ¢ 1.C 2,3 0 0.0
Aging EyeslLo 1. ¢ 1 0. ¢ 1. 2 0. ¢ 1.2 3,3 0 0.0
Main Entry L
Aging EyeslLo 0. ¢ 0. ¢ 0. ¢ N/ . 0. 7 0.2z 2, 3 (232 (0. 0)
Stairwell
Aging EyeslLo 0. 4 0. € 0. ¢ 0.1 0. 7 0.: 2,3 (1 1) (0. 0
Corridor Are
Aging EyeslLo 0. € 1. C 0. 7 0. ¢ 0. ¢ 0.2 3,2 (164 (0. 0):
Lounge/ Wai t i
Aging EyeslLo 0. € 0. 7 0. ¢ 0. ¢ 0. ¢ 0.: 3, 2 32! 0.0
Mul ti purpose
Aging EyeslLo 0. ¢ 1. & 1. C 0. ¢ 1. C 0.:% 3,3 0 0.0
Rel i gi ous Wo
Aging EyeslLo 0. € 1. C 0. ¢ 0. 0. ¢ 0.2 4,7 0 0.0
Dining
Aging EyeslLo 0. ¢ 1.1 0. ¢ 0. 2 1. C 0.2z 2,3 464 (0. 0):
Restroom
Heal t hcare F 1.1 1.1 1.1 N/ 1.1 N/ . 2, 8 0 0.0
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Primary Func 202 Mo d € 201 201 202 202 Ful Annu Annu
Mo d € LPDv/ Al l ovAddit Al l ov A Addit Loa Ener Demar
LPDv/ Wa | Genel l Lig Genell Lig Hour Savir Savir
wal Washi LPD ( Powe LPD (Power /I Ye ( Whit (WHZy r
Was h i ( Wi f3 ( Wi f2 f9 f9
(W3

Hospital s:

Exam/ Tr eat me

Heal t hcare F 0. <4 0. 4 1. C N/ 0. € 0.¢ 2,8 28" 0.0

Hospital s: I

Heal t hcare F 0. 4 0. 4 0. ¢t N/ . 0. ¢t N/ . 2, 8 0 0.0

Hospitals M

Room

Heal t hcare F 0. 4 0. 4 0. ¢ 0.1 0. ¢ 0.1 2, 8 4 3 0.0

Hospitals: N

Heal t hcare F 0. 7 1. C 0. 7 0.1 0. ¢ 0.%& 2,8 86) (0. 0)¢

Hospitals: N

Heal t hcare F 3. € 3. € 1. ¢ N/ 1. ¢ N/ . 2, 8 0 0.0

Hospitals: O

Room

Heal t hcare F 0. ¢ 0. ¢ 0. ¢ 0. z 0. 7 0.2z 2, 8 (432 (0. 0)

Hospitals: P

Heal t hcare F 0. ¢ 0. € 0. ¢ 0.1 0. 7 0.1 2, 8 28" 0.0

Hospltals: P

Therapy Room

Heal t hcare F 0. ¢ 1.1 0. ¢ 0.1 0. ¢ 0.1 2, 8 0 0.0

Hospitals: R

Room

Sports-Rlawnh 3. C 3. C 2. 2z N/ . 2. 2z N/ . 3,5 0 0.0

Ar ea: Cl ass

Sports-Rlawnh 1. ¢ 1. € 1. 4 N/ . 1. 4 N/ . 3,5 0 0.0

Area: Cl ass

Sports-Rlawnh 1.1 1.1 1.1 N/ . 1.1 N/ . 3,5 0 0.0

Ar ea: Cl ass
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Primary Func 202 Mo d € 201 201 202 202 Ful Annu Annu
Mo d € LPDv/ Al 1l ovAddit Al l ov A Addit Loa Ener Demar
LPDv/ Wa | Genel l Lig Genell Lig Hour Savir Savir
wal Washi LPD ( PoweLPD (Power /' Ye ( Whit (WHZy r
Was h i ( Wi f3 ( Wi f2 f9 f2
(W3
Sports-Rlawnh 0. 7 0. 7 0. 7 N/ . 0. 7 N/ . 3,5 0 0.0

Ar ea: Cl ass
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3. £ost and Cost Ef fecti veness

3. 4EMnergy Cost Savings Methodol ogy

Energy cost savings were calculated by applyi
energy savings estimates that wer e dSercitvieodn us
3.3TRY s a nommbatoeedlenelragyetvitnlgpsstcount s for t
vari adt eofcoel ectrgas tehackhndh onat wrfalt he year, al
costs are expected t o acnhad iy soywearr st feorp areisa d e
measures and nonresidential envelope measures
nonresidentilan tmeiasucaeseg, the pkyieadbef TDWvVal y:
cost impacts are presented ainnd irne pZ0e2s3e npir et sheen te
cost savingsl%ealriszed over

The hourly energy savings estimatewnerfeor the fi
mul tiplied2IDy thet20al uegprteceanrciveatvuamdgtshe

over the per §Tdhvd sofmeasallryes i s n®od ehemgyesaensg
estimates are the same f orAneveearryl iGCearl iefvoarlnui aat ico

t hgtven thegseameg profiles, the energy cost s
constant aczwomrsess .c|lWhmarn eeval uated across all b
kWh in the | owest copser codfntimdntae Zome tWwas a%9®rag
zone. Thus, this analysis uded ctal & udaadireagrs. s D
Thi s pstdhei e dé¢ eaverage cost savingsacarsd, as |
ratio i s greater twhoaibdl caofsfie dthiev emeiams utrhee c | i me

| owest TDV electricity costs.

3. 4ERergy Cost Savings Results

Peunit energy cost s acvtiendg sb ufiolrd innegwsl ya ncdo naslttreur a
reali zedlsyear fplkei od of anian yEDWa ndBOe2u3pr esent e
presentdolalpbaaresisquarpefoptototdypical space

The TDV met hodol ogy all ows peak molrect rmiani tey ex
savings dpueak gp.earoinods
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Tab4e 2023 TDV Enaemgy PSasiemdgs V&Llosde d SE@e eligpyse aPrer i od of ( psm@mluysies
foot and per prptotypical space
Primary Function Area TD\V Ener Pr o-t ProtoitPrototProto Prot of
Savi Cos typ Annu Demar e TIEnergy
s Savi Ar e Ener Savir Savir Savir
k Btfég¢d s (P (f 3 Savir ( kW k Bt (PV
f2 ( kK Wh/
Audi ence Seating Area 14 $1. 3, 2 1,6 0.1 45,7 $4,0
Audi torium Area 5 $0. 4,5 75 0.0 21, 4 $1, 9
Aut o Repair / Maintence 3 $0. 4, 8 67 0.0 16, 6 $1, 4
Barber, Beauty Salon ¢ 18 $1. 1, 4 1,0 0.0 26, 0 $2, 3
Civic Meeting Place Ar 14 $1. 54 27 0.0 7,7 $68
Classroom, Lecture, Tr 3 $0. 1,0 14 0.0 3,6 $32
Commercial /Il ndustri al 2 $0. 80 69 0.0 1,6 $14
Commercial/ Il ndustri al 0 $0. 1, 8 0 0.0 0 $0
Handl i ng
Concourse and Atria Ar 32 $2. 12,0 14,7 0.7 380, $33,
Convention, Conference 14 $1. 90! 45| 0.0 12, 8 $1, 1
Meeting Area
Copy Room 0 $0. 20 0 0.0 0 $0
Corridor Area 3) ($0.): 64! (7 % (0. 0 (1, 8)¢ $16
Dining Area: Bar/ Louncg 20 $1. 1, 8 1, 2 0.1 36, 7 $3, 2
Dining Area: Cafeterize 0 $0. 1,2 0 0.0 0 $0
Dining Area: Family ar 20 $1. 2,4 1,7 0.1 48,9 $4, 3
Kitchen/ Food Preparat. 0 $0. 45 0 0.0 0 $0
Electrical, Mechanical 0 $0. 1, 2 0 0.0 0 $0
Exercise/ Fitness Cent ¢ 0 $0. 2, 4 0 0.0 0 $0
Financial Transacti on 9 $0. 72 25 0.0 6, 2 $56
General/ Commercial & | 0 $0. 4, 8 0 0.0 0 $0
Low Bay
General/ Commercial & | 0 $0. 12,0 0 0.0 0 $0
2Q@2ZTitl e 2BHr a®ASHE Retp2d 2NRL I GHD |22 50
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0 $0.
5 $0.
10 $0.
0 $0.
3 $0.
6 $0.
19 $1.
0 $0.
14 $1.
0 $0.
10 ($0.)¢
3 $0.
3 $0.
0 $0.
0 $0.
28 $2.
9% ($8.)¢
9 $0.
5 $0.
5 $0.
0 $0.
5 $0.
0 $0.
3 $0.

Pr o-t

typ
Ar e

(f3

0o

4,

N
- AN WN- OO
© O N MNOPDANROOWMOpONNOND

N
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oo

ProtoitProtoit Proto Protof

Annu Demar e TIEneragy

Ener Savir Savir Savir

Savir ( kWw k Bt (PV
( Kk Wh/

0 0.0 0 $0

91 0.0 2,5 $22

25! 0.0 6, 6 $58

0 0.0 0 $0

8 4 0.0 2,0 $18

8 4 0.0 2,0 $18

1, 2 0.1 34, 3 $3,0

0 0.0 0 $0

2 4. 0.0 6, 8 $61

0 0.0 0 $0

(8 0)8 ©O. 08¢ (22, 8 $2,0

16 0.0 40 $3

70 0.0 1,7 $15

0 0.0 0 $0

0 0.0 0 $0

1,9 0. 2 54,5 $4, 8

(6, 6)¢ O0. Ni@a87,) ($16,)€

16 0.0 4, 3 $38

8 4 0.0 21, 7 $1, 9

8 4. 0.0 21, 7 $1, 9

0 0.0 0 $0

1, 3 0.1 38,1 $3, 3

0 0.0 0 $0

4 2 0.0 1,0 $9:
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althcare Faci Nutrgedr
ation

althcare Facility ar
om

althcare Facility ar
om

althcare Facility ar

TDV Ener Pr o-t
Savi Cos typ
s Savi Ar e
k Btfég¢d s (P (f 3
f3

24 $2. 1,5
24 $2. 16,0
0 $0. 5, 4
0 $0. 2,0
0 $0. 8 2.
0 $0. 6 0
6) ($0.)¢ 6 4
3 ($0.)- 6 4
B) ($0.)¢ 90 !
10 $0. 90 !
0 $0. 50.
0 $0. 1, 6
12 ¢1.) 21
0 $0. 121
7 $0. 2 2.
0 $0. 1, 2
11 $0. 80
22 $1.)¢ 20
0 $0. 90 !
1) ($0.)¢ 19
7 $0. 1, 2

ProtoitProtoit Proto Prot ol
Annu Demar e TIEnergy
Ener Savir Savir Savir
Savir (kw k Bt (PV
( Kk Wh/

1, 3 0.1 37,1 $3, 3
13, 4 1.3 381, $33,
0 0.0 0 $0

0 0.0 0 $0

0 0.0 0 $0

0 0.0 0 $0
(1 4)¢ (0. 0)C 3, 7):i $33
(7 4 (0. 0)C 1, 8)¢ $16
(1 4)8 (0. 0)z 4, 6)! $42
29 0.0 9, 2 $82
0 0.0 0 $0

0 0.0 0 $0
(2 0)C (0. 0)C (2, 5 ($232
0 0.0 0 $0
65 0.0 1, 6 $14
0 0.0 0 $0
34 0.0 8, 6 $77
(1 7)3 (0. 0)! 4, 3): ($38
0 0.0 0 $0
83 (0. 0)C 2, 0 ($18
34 0.0 8, 6 $77
2Q@2ZTitl e 2By a®ASE Retp2d 2NRL I GHD |24 5 2



Primary Functi on
Therapy Room
Heal t hcare Faci
Room

Sports—-Riranhang
SpoAr ® ARl ayi ng
Sports-RFrawnwang
Sports-RFrawnwang

Ar
Ar
Ar
Ar

Ar e a

e a.
e a.
e a.
e a.

ar

N M .MN "N

TDV Ener Pr o-t PrototProtolProto Protof

Savi Cos typ Annu Demar e TIEnergy

s Savi Ar e Ener Savir Savir Savir

k Btfdt s (P (f3 Savir ( kWw k Bt (PV
f9 ( kK Wh/

0 $0. 19 0 0.0 0 $0

0 $0. 5,0 0 0.0 0 $0

0 $0. 5,0 0 0.0 0 $0

0 $0. 5,0 0 0.0 0 $0

0 $0. 5,0 0 0.0 0 $0
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3.41.Bcrement al First Cost

Lumi nadgtes were collected for 3 to 8 different
di stributors for each |l uminaire type. When po
grade costs were collecteds Wamk WwWamhaemasyreohl

specification grade. So that Thel €i RBPDPast sb6
base system) is comparabl e ittol & hZzep poPagrots g@ ) de
bot h basansgdrcoapsoesed case wolwl d sypeec svasme oqirtada c t
Il umi najcroes.t sSaare comparable, for both the base
prices are 2020 prices. This is important as
significahel des e hoe2nel 2bfRa rtthted nd ar dis gthtti negni
di o(dleEDS heever whelpmiemdglmitinght source in use toda
nonremsi dl consthectiromr daowad d r&iDuheaosu rbceeesn
substantially reduced duceompodteeam.nomi es of sca

| Tabd@®@el,olwe descriptive average eadamndcacgragqee
i nput watts aremuheéei avVver dgeni ofai r ke atgheadt mak e
prototypichbteumhaai tbhe avterhages aenfef iacady viidim
average | umens by average watts but is the si
up the sample for the |l uminaire type.
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Tabbe miuna
Lumi ndaDr Sh

No.

Cv A8
DLg38
DL g0

DL g 84O

DLg?9
DLg9w
DL g 9HO

DS mS8
DSm8 O

DSm9
DSm9w

LoB7
PBc 8
PGL 7
PGL-RAO

SLI 8

SLs8
St C8
St &80

St C9
St 8
StH®

20
Co
Do
Do

Do

Do
Do
Do

Do
Do

Do
Do

Lo
Pe
Pa
Pa

Li
Li
St
St

St
I n
I n

ir
or

22
Ve
wn
wn

wn

wn
wn
wn

wn
wn

wn
wn

=~

—1—135
o

=~

- = o 1)

nw n o T T 92 Q©

du
du

e

Cost

S

Description

Ar ea

> S5 T o
Q Q o X< Q «Q Q «Q Q@ «@ «

-

ght
ht

h t

h t
h t
h t

ht
h t

ht
ht

70
w |
ga
ga
i g
i g
Unde
Unde

Unde
ri al
ri al

Lighting
d 9 yrhme3torCiRd

| arge 6"+ 80
|l arge 6"+ 80
|l arge 6"+ 80
|l arge 6"+ 90
|l arge 6"+ 90
|l arge 6"+ 90
4" and | ess
4" and | ess
4" and | ess
4" and | ess
CRI

direct/indir
rage | uminai
rage | uminai
ht sl ot 4" 0
h t sl ot 4" o
r cabinet 80
r cabinet 80
r cabinet 90
strip 80CRI
strip 80CRI

- >
—_— <
~ 0

©O 00

o ~N ~No N

(0] »
O w o o O oo o1 ON B

(o)}

12

81
11
11

10-

94
63
76

46
13!
12

AV ¢ Av ¢
Lume Wa t
2, 7 40
2, 6 33
5,1 57
3,5 4 2
2, 8 36
2, 4 38
4 ., 9 7 2
2,4 32
5,0 6 2
2,3 29
2,4 36
16, 7 13
3, 8 4 8
4 5 4 2
7, 6 70
, 4 33
, 9 32
55 9
1,1 15
4 3! 9
4 2 32
7, 2 59
2Q2ri tl e

Spec G
Cos

$38
$1
$1

$1

$1
$1
$1

$1
$1

$1
$1

$27
$51
$30
$30

o oo 0 0o

o O 0 o

$32

$30
$ 4
$ 4

$ 4
$8
$9.

Contr a
Gr ade

$1
$1

w

$11

$1
$1
$1

$1
$1

$1
$1

N/ .
N/ .
N/ .
N/ .

w - W = W

e

N / i

N / i
N / i
N / i

N/A
$8.
$9!
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Lumi naDrShort Description AV ¢ AV Avc Spec G Contr a
No. Ef fic Lume Wa t Cos Gr ade
Tr B8 Trof fer Basket 80CRI 11 4, 2 38 $14 $9!
Tr BBO Trof fer Basket 80CRI H 11 6, 7 61 $12 N/ .
Tr B9 Troffer Basket 90CRI 10 4,1 41 $19 N/ .
Tr L8 Trof fer Lensed 80CRI 11 4,1 38 $12 N/ .
Tr EHBO Troffer Lensed 80CRI H 11! 7, 6 67 $12 N/ .

2022 Wal |l Washing N/ .
901S 901 Forward Throw WW ( 97 2,7 28 $36 N/ .
901CS 901 Forward Throw WW ( 10 2,7 27 $36 N/ .
903S 903 LindgarazWal I[(standar 81 2,1 27 $35 N/ .
904S 904 Aper tMarseneWal(lst anda 81 1, 8 23 $22 N/ .
905H 905H Lin®wash®wal ([high o 91 4, 2 47 $38 N/ .
905S 905 LinéeMars hWal I( st andar 10 2,7 27 $35 N/ .
908H 908 LingarazWal I(hi gh ou 6 2 2,9 47 $38 N/ .
951CL 951 High CRI Forward W 10 1,7 18 $41 N/ .
951CS 951 High CRI Forward W 10 2,7 27 $41 N/ .
951S 951 High CRI Forward W 8 2 2, 2 28 $41 N/ .
953S 953 High -G@QRAzeWwWal(lst and: 73 1, 3 18 $40 N/ .
954S 954 Hi gh CRI (Asptearntduarred 81 1, 8 23 $22 N/ .
955S 955 High CRI Linear WW 10 2,7 27 $22 N/ .
955H 955 High CRI Linear WW 91 4, 2 47 $22 N/ .
956 H 956 High CRI Aperture 80 4,0 50 $28 N/ .
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L umi
No.

957H

958H

800

801
802
803
811
819
820
821
823
830

8 3-4
8 5-9
8 6-92
853
8 5-9
8 3-1

nadaDrShort

957

958

2019

Li

ne

Down

Li
Li

ne
ne

PAR
Task
Down
WW o
| ndi

Li

Narrow Linear

Li
Li

ne

ne
ne

Task
Do wn
PAR

Li

ne

90+

Li

ne

Hi gh
Hi gh
| ndi
Par k

Li

ne

Description

Hi gh CRI-Was meera r ( hWau

Hi gh -GORaAzewal(lhi gh «

Area Lighting Lum
ar Rec Hi Perf Len
|l i ght open (repl I
ar Wal | Cove (repl
ar WW Open (repl F
downlight flood
(repl MR)

|l ight Lensed (repl
pen (repl CF)

rect Pendant (repl

ar Direct Lensed (

(repl FL

ar Dir/ I nd (repl F
ar I ndustrial (rep
(repl FL)

|l ight open (repl M
downlight flood

ar Rec Hi Perf Len
CRI

ar Wal | Cove (repl
Bay (repl MH)
BaMH)(r epl

rect Pendant (repl
i ng structure | umi
ar WW Open (repl F

11

8 6
81
84
71
67
77
67
77
10
87
10!
13
67
8 6
71
11!

81
11
11

77
11

8 4

Av ¢ Avc Spec G Contr a
Lume Wa t Cos Gr ade
4,0 37 $41 N/ .
2,6 37 $44 N/ .
N/ .
4, 8 41 $12 $10
3,9 4 6 $15 N/ .
2,1 26 $36 N/ .
2,3 28 $31 N/ .
1,9 27 $15 $11
49 7 $4. N/ .
2, 2 30 $16 $11
1,9 30 $31 N/ .
9, 6 12. $51 N/ .
5,0 48 $12 $9.
2,1 25 $34 $13
4, 4 4 2 $37 N/ .
7, 7 59 $7 N/ .
4 9 7 $ 4. N/ .
3,9 4 6 $15 N/ .
1,9 27 $15 $11
4, 8 41 $11 N/ .
2,1 26 $36 N/ .
19,5 16 $24 N/ .
19,5 16 $24 N/ .
9, 6 12. $51 N/ .
6, 1 55 $30 N/ .
2,3 28 $ 8 N/ .
2Q@2ZTitl e 2By a®ASE Retp2d 2NRL I GHD |22 5 7



Lumi naDrShort Description AV Av ¢ Avc Spec G Contr a
No. Ef fic Lume Wa t Cos Grade
8 3-2 Linear Wall Cove (repl 81 2,1 26 $36 N/ .
8 3-2 Linear WW Open (repl F 8 4 2,3 28 $ 8 N/ .

2019 Wall Washing Lumi N/ .
901 For war dL iWAe ar N/ . N/ . 18 $32 N/ .
902 Wal |l GAperture N/ . N/ . 2 4 $28 N/ .
903 Wall Glkiazear N/ . N/ . 18 $36 N/ .
904 Wal | Waperrtur e N/ . N/ . 24 $22 N/ .
905 Wal | Waisrhear N/ . N/ . 18 $32 N/ .
906 WW-Aperture HC N/ . N/ . 52 $28 N/ .
952 CRWall GApertur e N/ . N/ . 34 $28 N/ .
953 CRWall Gkiarear N/ . N/ . 28 $41 N/ .
9514 CRWal |l Wamperrtur e N/ . N/ . 34 $28 N/ .
955 CRWal | MWaisrhear N/ . N/ . 28 $37 N/ .
956 CRWW-Aperture HC N/ . N/ . 72 $28 N/ .

2Q2ZTitl e 2Br a®PASHE Retp2dd 2NRL 1 GHD|2L 5 8



The increment al cost of each pApmpeangMVMoadesll i cat
Cost Calcul ations

3.4lL.dcrement al Mai ntenance and Repl acement
Mostly | uminaires wil/ |l ast over the 15 year
outsi decafasttraenbbre will be based on other con
to change the "l ook" of the space. This woul d

change of buildingtheeStBEoewi desOCapa&alr f gL ED'
with efficaeiresuséd to develop the 2019 Title
standards with those that were evalwuated for

of Ilife cycle cost héoe LEP ROfl® wasndhtres muc
i ncumpnecnatndescent, fluoresceméclhmalisingt al hal id
Statewi de CASENmplacraimmg sl i ke for | i ke so that th
arreegl i.As baeresult, these maintenance costs ar

3. 4ChsBf fecti veness

Thi s meapwas eshpanog e ptrce stchlaPpbt irveegu i Ase nee nwisol e, t
proposakfifeoveveéblrar period of analysis

The Energy Commi ssipomcesituaklsi lhesfcthh@ ehatbsng
The Statewide CASEwlTddamEae@lrilgyb cCroantmé ¢ si on st af

the methodology in this report i s consistent

were included in the analywse sl SylEdpe rii madr eoe nt a
analwasnecl|l WMheadh.t enante were excluded as they w
that the base case and proposed case |l uminair
The TDV ener gy celsdc tsraivdimtgys fveom al so i nclude
evaluati on.

Design costs waeoe mwerei nhbleudedr emental costs

verification.

Accortdo ntghe Ener g'yd e&foimmii tsaisomesa s ua fef & cstt hceoes ti f
bendgfeiotrst (B/ C) ratio is greater than 1.0. The
cobdbenefits realized over 15 years by the tota
mai ntenance costs for 15 years. The B/ C ratio
cost savings.

The LPDs for about half of the primaey functi

i ncrement al cost is zero and the energy cost
these are indicated as NC, referring to no ch
Nine of the primary function areas have incre
i measing the available illuminance for the sp

2Q2ZTitl e 2By a®PASHE Retp2dd 2NRL T GHD |24 5 9



recommended pr patiimagsy. fTUhheadveeom are@as i ve energ
savingasrendndi cated d$he” BC CUwlaitiamod ecspaltu mn ,

energynacroessasda folBloWwaetdhNndoy at h&€ op 0. G@'haitndi c:
energy cosdagnflincstteacsests for more fixtures or

whiicmcreased the | ighting system cost.

When the pPDposdeds t hlaet |12he LRPI® héen t here ar e
positive lighting eintrigy ehpéampged dngergwnl f §qu
Il i ghti ng osoysstt enmosc e e (ceonsttasl ar ¢ plhids twa®)true i n

cas.esHowéwver many fclhesefsigtsayedst he sam@hehne decr
first cost decr easedB/ofatsita yiesih fltiihsdt tesgh ees, “t h e

Examples of reduced or zero incremental <cost
T Product efficacy has increased but cost ha
has been the case for ornamental |lighting
wat tfpaeross the board changes.

T Earlier models were based owmnhiyglver ei lelnhemig
savings realized, but the proposed | ightin
used | ower output |l uminair eg wihteh fairtsherc oas
staying the same (zero incremental cost)

Detailed costi ngt eoms tithseed iigmttilmegg W19 base cas
2022 proposed case model are t abulAgptpeed diimx tShe
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TabbelbYear

Pri mary

Audi ence
Audi tor.i

Au

Barber,
Ci vMecet i ng

t o

Cl ass
mme
mme

Co
Co
Co
Co
Co
Co
Di
Di
Di
Ki
El
E x
Fi

NIOOO
O o0 oo o

nec
nv

py
r

=

-~ 5 5 5 5 ® ® 35 S5 S

[
[
[
c
c
r
a
e
e
e
e
e

(0]
e

[

n
n
n
h
t

c
n
r
r
r
I

n

Repair |/
Beauty

room,

Functi on

Seating
um Ar ea

-Ebsectiv

Ar

Ar

Mai nt

Pl ace
Lectur e,

Sal o

enes

e a

e a

ena
n a

Ar ea

Tr

rcial/ I ndustri al

rcial /I ndustri &lan

ur se and
nti on,
Room
dor Area
g Area:
g Area:
g Area:
en/ Food
rical, Me
i sel/ Fitne
ci al Tr an
al / Commer
al / Commer
al / Commer
Functi on
tific

Atri a

Confere

Bar/ Lo
Cafete
Family
Pr

epar
hani
s Ce
acti
i al
i al
i al
Ar e a

Ar
nce

Laboratory

nd

ai
St
R

e a

a

Prot I ncre
typnt al
Ar e ($
(s
3,2 ($11,)7
4,5 $7,1
4,8 (($1,5%
1, 4 $2,9
54 $40
1,0 ($5, 5%
8 0 I $3
1, 8 $0
12,0 $11,
90( (35, B
20 $0
6 4 $99
1,8 %2, 4%
1,2 $0
2,4 ($4,0
45 | $0
1,2 $0
2, 4 $0
720 (32,7
4, 8 $0
12,0 $0
4, 8 $0
54 $1, 2
67, ($7, 3

s PSuomnoatryyp ePeSrpac e

Prot o1
Ener
Cos
Savir
(PV
$4,0
$1,9
$1, 4
$2, 3
$68
$32
$14
$0
$33,
$1, 1
$0
$19
$3, 2
$0
$4, 3
$0
$0
$0
$56
$0
$0
$0
$22
$58

2Q2Zritl e

Benef
(PV

$15,
$1, 9
$3,0
$2, 3
$68
$5, 8
$14
$0
$33,
$6, 9
$0
$95
$5, 7
$0
$8, 9
$0
$0
$0
$3, 3
$0
$0
$0
$22
$7, 9

Cost B/ C
(PV
$0 I nfi
$7,1 0. Z
$0 I nf i
$2, 9 0. 7
$40 1. 7
$0 I nf i
$3 4. €
$0 N C
$11, 3. C
$0 | nfi
$0 N C
$16 EC wup
$0 I nf i
$0 NC
$0 I nf i
$0 NC
$0 NC
$0 NC
$0 I nfi
$0 N C
$0 N C
$0 N C
$1, 2 0.1
$0 I nf i
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Primary Function Area Prot Incre Protol Benef Cost B/ C r

typnt al Ener (PV (PV
Ar e (% Cos
(s Savir
(PV
Laundry Area 1,2 $0 $0 $0 $0 NC
Library : Reading Area 720 ($2, 3 $18 $2, 5 $0 I nfi
Library Stacks Area 36( ($1, B $18 $2,0 $0 I nfi
Main Entry Lobby 1,8 ($1,1 $3,0 $4, 2 $0 Il nf i
Locker Room 20 ¢ $0 $0 $0 $0 NC
Lounge, Breakroom, or Waiti 4 8 $2323 $61 $83 $0 I nfi
Museum Area: Exhibition/ Dis 2,1 $0 $0 $0 $0 NC
Museum Re®taor ati on Room 2, 4 $3, 9 $2,0 $0 $6,0 EC up
Of fice Area: < 250 square f 14 $12 $ 3 $16 $0 I nf i
Of fice Area: > 250 square f 60( ($1, 2 $15 $1, 3 $0 I nfi
Of fice Area: Open plan of fi 2, 4 $0 $0 $0 $0 NC
Parking Garage Area: Parkin 7, 2 $0 $0 $0 $0 NC
Parking Garage Area: Dedica 1,9 (($1,2 $4, 8 $6, 0 $0 I nfi
Parking Garage Area: Daylig 1,9 %23 ($16,)€ $23 $16, EC wup
Phar macy Area 48 $15 $38 $38 $15 2. E
Retail Sales Area: Grocery 4, 8 $15 $1, 9 $1, 9 $15 12.
Retail Sales Area: Retail M 4,8 ($15,)C $1,9 $17, $0 I nf i
Retail Sales Area: Fitting 6 0 $0 $0 $0 $0 NC
Religious Worship Area 8,0 ($19,)7 $3,3 $23, $0 I nf i
Restr ooms 20 $0 $0 $0 $0 NC
Stairwel!l 36 %99 $9. $1,0 $0 I nfi
Theater Area: Motion pictur 1,5 $81 $3, 3 $3, 3 $81 4. C
Theater Area: Performance 16, 0(%14,)¢ $33, $48, $0 I nfi
Transportation Function : B 5, 4 $0 $0 $0 $0 NC
Transportation Function : T 2,0 $0 $0 $0 $0 NC
Vi deoconferencing Studio 82 $0 $0 $0 $0 NC

2Q2ZTitl e 2By a®PASHE Retp2d 2NRL T GHD |21 6 2



Agi
Agi
Agi

Ag

Agi
Agi
Agi
Agi

He
He
He
He
He

He

He
He
He

Sp
Sp
Sp
Sp

i mary Fu
i Byge/ o w
i ng Evyes
i ng Evyes
i ng Evyes
i ng Evyes
i ng Evyes
i ng Evyes
| Bye/ vo w
althcare
althcare
althcare
althcare
althcare
althcare

althcare
althcare
althcare

nction Are
i on: Mai n
Low: Stair
Low: Corri
Low: Loung
Low: Mul t i
Low: Relig
Low: Dinin
i on: Restr
Facility
Facility
Hroascpii ltiatlys
Facility
Facility
Hroascpii ltiatlys
Facility
Facility

Hroascpii ltiatlys

orts-Rrawang Area:
orts—-Rrapwang Area:
orts—-Rrapwang Area:
orts-Rrapwang Area:

a
Entry L
wel |

dor Ar e
e/ Wai t i
pur pose
i ous Wo
g

oom

and Hos
and Hos
anMledi c a
and Hos
and Hos
candper at
and Hos
and Hos

ankdecove

C
C
C
C

ass
ass
ass
ass

Prot I ncre
typnt al
Ar e (%
(s
60 $0
16 $29
64( ($1, 4
90( (31, 5%
90( (31, B
50 $0
1,6 $0
210 (52, B
12 $0
2 2. $73
1, 2 $0
80 I -$ 6
201 $1, 6
90 $0
19 $26
1, 2 $895
19 $0
5,0 $0
5,0 $0
5,0 $0
5,0 $0

Prot ol

Ener
Cos
Savir
(PV
$0

($ 8)3
($169
$4)
$82
$0
$0
$23

$0
$14
$0
$77
-$38

$0

319
$77
$0

$0
$0
$0
$0

2Q2Zritl e

Benef

( PV

$0
$28
$1, 4
$1, 5
$2, 4
$0
$0
$2, 8

$0
$87
$0
$77
$0

$0

$0
$1, 6
$0

$0
$0
$0
$0

Cost B/ C r
(PV
$0 NC
$8. EC up
$16 EC wup
$41 EC up
$0 I nfi
$0 NC
$0 NC
$22 EC 1
12.
$0 NC
$0 I nfi
$0 NC
$0 I nfi
$2,0 EC wup
$0 NC
$44 EC up
$0 I nfi
$0 NC
$0 NC
$0 NC
$0 NC
$0 NC
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Key to B/ C ratios:
NCNo change to the broetglin e feidt & PDmpd edhd s

I nfitBEméegy costsnceaivhmaomgemevntdl firism costs or
i nceathailr st cost s.

EC ubEpniergy costs have increased ( nebgeanteifviee ener
cost ratio.

3. bi rYsetar St atewide | mpacts

3. 5Stlatewi de Energy and Energy Cost Saving

The Statewi decadASUH alteeadmatrh es tfaitreswtiode nseaw i ngs
constrhuctmwint i pl-ymintg ¢ dwi mpgsr,e svemitcehd Zirnd.WBe ct i 0
assumptions about the percentagevoabednewly con
i mpacted by t he psrtoaptoesweidd ec ondeew cTohnest Bueseti on f O
presenAgpendisx aA e the Statewide CASE Team’ s a
percentage of newooabest mpatied bhkathe proposa
zone and building type).

Ther eaa weightings were devetl optedwdremudberd | tdo nd
t he CBECS ClountneERWialldi-Dg&ENnYgeyat abase and were
PNNL originally to develop the whole building
approachfi,Eebssowas updated more recebhhky by M
Statewi de QraSdee Tuesaem of t his update and made so
better match sfornmectoifbhidse wearse tach derr @ nC BuE G Sh
Tabl e WBACRh had grmoul ar description of build
statistical cbofil dengeacft oviin WEBHRHG®MS a2 0elg2o.r i &nse
areas whePreoulhde i ncrease waBhe@aS$tkatngwigdhe aQASE
wanted to gettiaogoofd pa&rsikirUngt ogratruanbaetsealhyaa . n ot
been part of the CBECS sHirevregyys Csoimhmiesslifai2 and
include parking garages in theirnthfeorSe aa=twi afe
CASE Tesend t he frkaontgi gmrafgeparn n t he i Wedthern c¢
CBECKS992 survey (2.1% of total buil ding constr
parking garages being built currently.

This proposal affects new constructiwarbut al
all owances i n Secti oSwe cltdifo.n6 laddle Onebfde2rllenmdoed L i
Syst e'ms

The -yeastener gy | mpactysearre parnensueanit stahve nfgisr sftr on
t hat were cobBiplTageedeam ear Y 2co0st savings repres:
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cost savings losyear tapakenddseThe statewide sav
do not take natwurally occurring market adopti
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Tabb2 StatewgyaeadEmEarer gy Cad®Onel MpMeew sConstructi on

Primary Function Area Statewid NC Ene NC Demi NC Ener g:
ConstrucH Savir Saving Savings

sf/ ( GWh/ PV$

Audi ence Seating Area 2. 1. 4 143 $3.
Audi torium Area 2. 0. 4 40. $1.
Aut o Repair / Maintenance A 4 . 0. € 31. $1.
Barber, Beauty Salon and Sp 0. 0. & 18. $0.
Civic Meeting Place Area 1. 0. 7 71. $1.
Classroom, Lecture, Trainin 7. 0. ¢ 6 4. $2.
Commercial / I ndustri al Stor a 2 3. 2. C 77 . $4.
Commercial / I ndustri al Stor a 5. 0. C 0. $0.
Concourse and Atria Area 2. 2. E 121 $5.
Convention, Conference, Mu | 7. 3. E 357 $8.
Copy Room 0. 0.C 0. $0.
Corridor Area 11. 1. ¢ -7 4 . -$ 3.
Dining Area: Bar/ Lounge and 0. 0. ¢ 35. $0.
Dining Area: Cafeterial Fast 2. 0.C 0. $0.
Dining Area: Family and Lei 0. 0. € 6 4. $1.
Kitche®PhrEepadati on Area 3. 0.C 0. $0.
Electrical, Mechanical, Tel 3. 0. C 0. $0.
Exercise/ Fitness Center and 2. 0. C 0. $0.
Financi al Transaction Area 1. 0. ¢ 20. $0.
General / Commercial & | Bayst 3. 0. C 0. $0.
General/ Commerci al & I ndust 0. 0. C 0. $0.
General/ Commerci al & I ndust 0. 0. C 0. $0.
Hot el Function Area 0. 0. C 8 . $0.
Scientific Laboratory Area 0. 0.1 12. $0.
Laundry Area 0. 0.C 0. $0.
Library Reading Area 0. 0. C 5. $0.
2Q@2ZTitl e 2BHr a®ASHE Retp2d 2NRL I GHD |2L 6 6



Primary Function Area Statewid NC Ene NC Demi NC Ener g:

ConstrucH Savir Saving Savings

sf/ ( GWh/ PV$

Library : Stacks Area 0. 0.1 7. $0.
Main Entry Lobby 7. 5.1 516 $12
Locker Room 0. 0. C 0. $0.
Lounge, Breakr oom, or Wai t i 2. 1. 4 141 $3.
Musedmea: Exhibition/ Displa 0. 0. C 0. $0.
Museum Area: Restoration RO 0. 0. C 0. $0.
Of fice Area: < 250 square f 11. 1. ¢ 72. $2.
Of fice Area: > 250 square f 5. 0. € 36. $1.
Of fice Area: Open plan of fi 7. 0. C 0. $0.
Parking Garage Area: Par kin 4 . 0. C 0. $0.
Parking Garage Area: Dedi ca 0. 0. 4 45 . $1.
Parking Garage Area: Dayl i g 0. (0. B (38) ($0)
Phar macy Area 0. 0.C 1. $0.
Retail Sa&lrox eAryedal es 4 . 0. 7 35. $1.
Retail Sales Area: Retail M 12. 2.1 106 $5.
Retail Sales Area: Fitting 0. 0. C 0. $0.
Rel i gious Worship Area 3. 0. E 57. $1.
Restr ooms 5. 0. C 0. $0.
Stairwell 2. 0. 2 14. $0.
Theater Area: Moti on pictur 0. 0. 7 72. $1.
Theater Area: Performance 0. 0. E 59. $1.
Transportation Function : B 0. 0. C 0. $0.
Transportation Function : T 0. 0. C 0. $0.
Videoconferencing Studio 0. 0. C 0. $0.
Aging EyeslLow: Main Entry L 0. 0.C 0. $0.
Aging EyesLow: Stairwell 0. 0. C 0 .): $0.
Aging EyéesLow: Corridor Are 0. 0. C (0 .): $0.
Aging EyesLow: Lounge/ Wai ti 0. 0. D 1.): $0.
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Primary Function Area Statewid NC Ene
Construc:! Savir

sf/ ( GWh/

AgibByge/ vowi on: Multipurpose 0. 0. C
Aging EyesLow: Religious Wo 0. 0. C
Aging EyesLow: Dining 0. 0. C
Aging EyesLow: Restroom 0. 0. C
Heal t hcar e Hwoascpiiltiatlys :anEdx am/ T 2. 0. C
Heal t hcare Facility and Hos 0. 0. C
Heal t hcare Facility and Hos 0. 0. C
Heal t hcare Facility and Hos 0. 0. C
Heal t hcare Facility and Hos 0. O.p
Heal t hcare Facility and Hos 0 0. C
Heal t hcare Faci Patyeamnd Rdo 0. 0.1
Heal t hcare Facility and Hos 0. 0. C
Heal t hcare Facility and Hos 0. 0. C
Sports-RFrapwang Area: Cl ass 0. 0. C
Sports-RFrapwang Area: Cl ass 0. 0. C
Sports-RFrapwang Area: Cl ass 0. 0. C
Sports-RFrapwang Area: Cl ass 0. 0. C
Newonstr8caiewi de Total s 162 26.
Statewide incremental construction costs are

2Q2Zritl e

NC De mi
Saving

NOPFP OOOON

(2.)

(8 .)

O OO O w

0.
2,12

esti mated
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NC Ener g
Savi

ngs

(0]

PV$

$0.
$0.
$0.
$0.
$0.
$0.
$0.
$0.
($0)

$0.

($0)
$0.
$0.

$0.
$0.
$0.
$0.
$64

be

r

e



Tabb® Statewi daeddEmEamregyy CdOnel Mphalcttesr at i ons

Primary Function Area Stawi Al t er Al teri Al teratio

Al tera Energy S Demand S Cost Sa

(M sf ( GWh/ ( kW (Millioc
Audi ence Seating Area 8. 4 . G 434 $10
Audi torium Area 7. 1. 2 124 $3.
Aut o Repair / Maintenance A 14. 2. C 95. $4.
Barber, Beauty Salon and Sp 1. 1.1 56 . $2.
Civic Meeting Place Area 4 . 2. C 211 $5.
Classroom, Lecture, Trainin 2 7. 3. € 238 $8.
Commercial/ Il ndustrial Stor a 71. 6. 2 238 $12
Commercial/ Il ndustrial Stor a 17. 0. C 0. $0.
Concourse and Atria Area 6 . 7. € 371 $17
Convention, Conference, Mu | 2 1. 10. 1,009 $27
Copy Room 0. 0. C 0. $0.
Corridor Area 36. 4.2 (2 35). $9)
Dining Area: Bar/ Lounge and 1. 0. ¢ 102 $2.
Dining Area: Cafeterial Fast 6 . 0.C 0. $0.
Dining Area: Family and Lei 2 . 1. € 186 $4.
Kitchen/ Food Preparation Ar 9. 0.C 0. $0.
El ectMadchhdni cal, Tel ephone 10. 0. C 0. $0.
Exercise/ Fitness Center and 7. 0.C 0. $0.
Financi al Transaction Area 3. 1.1 61. $2.
General / Commercial & I ndust 9. 0. C 0. $0.
General / Commerci al & I ndust 2 . 0.C 0. $0.
General/ Commerci al & I ndust 0. 0. C 0. $0.
Hot el Function Area 1. 0. zZ 21. $0.
Scientific Laboratory Area 1. 0. € 4 4 . $1.
Laundry Area 0. 0. C 0. $0.
Library Reading Area 2 . 0. Z 16. $0.
Library Stacks Area 1. 0. 4 22. $0.
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Primary Function Area Stawi Al t er Al teri Alteratio

Al tera Energy S Demand S Cost Sa

(M sf ( GWh/ ( kW (Millia
Main Entry Lobby 2 3. 15. 1,59 $39
Locker Room 1. 0.C 0. $0.
Lounge, Breakroom, or Wait.i 8. 4 . z 442 $11
Museum BRxliabi ti on/ Di spl ay 0. 0.C 0. $0.
Museum Area: Restoration RO 0. 0.C 0. $0.
Oof fice Area: < 250 square f 35. 4. C 224 $9.
Oof fice Area: > 250 square f 17. 2. C 110 $4.
Of fice Area: Open plan of fi 2 2. 0.C 0. $0.
Parking Garage Area: Par kin 13. 0.C 0. $0.
Parking Garage Area: Dedi ca 1. 1. 2 137 $ 3.
Parking Garage Area: Dayl i g 0. a.p 114. $2)
Phar macy Area 0. 0.1 4 . $0.
Ret ai |ArSead:esGrocery Sal es 12. 2. 2 109 $5.
Retail Sales Area: Retail N 38 6. 7 328 $15
Retail Sales Area: Fitting 0. 0.C 0. $0.
Rel i gious Worship Area 10. 1.7 172 $4.
Restr ooms 17. 0.C 0. $0.
Stairwel!l 7. 0. & 45 . $1.
Theater Area: Moti on pictur 2 . 2.1 219 $5.
Theater Area: Performance 2. 1.7 179 $4.
Transportation Function B 0. 0.C 0. $0.
Transportation Functi on T 0. 0.C 0. $0.
Videoconferencing Studio 0. 0. C 0. $0.
Aging EyesLow: Main Entry L 0. 0. C 0. $0.
Aging EyesLow: Stairwell 0. 0. D (0 .)! $0.
Aging EyesLow: Corridor Are 0. 0. D (0 .) - $0.
Aging EyeslLownge/ Waiting ATr 0. 0. D (2 .)! $0.
Aging EyeslLow: Multipurpose 0. 0. C 5. $0.
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Fa
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Fa
Fa
F a

F a

F a
F a
F a

s —RfFrapnan
s —RFrapnan
s —RFrapnan
s —RFrapnan

ations

O O 0O o o

Rel i gious Wo
Dining
Restroom
Ility and Hos
Ility and Hos
Ility and Hos
Ility and Hos
ility and Hos
ility and Hos
| Piaty eand Rdo s
ility and Hos
ility and Hos
Ar ea Cl ass
Ar ea Cl ass
Ar ea Cl ass
Area: Cl ass
atewide Tot al

Stawi

( Al t er

Al t er

Al tera Energy S Demand S
s f ( GWh/

(M

(631

o

O OO oOo~NOOoOOo

©Coooo oorr

0.

o O O o oo
_ O 00 o0 o0 o

©. %

o O oo oo
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8 2.

2Q2Zritl e

( kW

O 01O O O o

(8 .)!

1)
12.

000 O oo o

2Dbr a®PASE

Al teratio
Cost Sa
(Mi I 1liog

$0.
$0.
$0.
$0.
$0.
$0.
$0.
($0)

$0.

$1)
$0.
$0.

$0.
$0.
$0.
$0.
$198
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To evaluate whethed fa&cdcheanmtgierretsyt’”sciotsti s necess
the statewifetetdaouertness so that the different p
by their relative ipded aldelncve.. Thea sener gy osvavi r

based upon the change in thebiuwbtastehe ases tandarpe
upon the luminaires in the 20/1t% eanadmo2uOn2t2 onfio d e
delivered | ight increasedewal Waetcirem sefs rbeacsemme
i Il uminanceswi tAlddtitie oinmmprd yviehe | $Stght e wigdeno@ARS E
had more confidence in the results and coul d
model APDa. roems wl ts,;t at etwh ed eprbapsaxsa®es ener gy AND
| ower fThetetmst,t adrewitdhe bEexoiesttrati o i s infi

Note about half of the prnomaeesti i@t i ememagyas
savings akPBhéowanak did not change.
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Thl®4 New ConsStatewode
Primary Function Area
Audi ence Seating Area
Auditorium Area

Aut o Repair / Maintenanc
Barber, Beauty Salon and
Civic Meeting Place Area
Cl assroom, Lecture, Trai
Commercial / I ndustri al St
Commercial / I ndustri al St
Concourse and Atria Area
Conventi on, Conference,
Copy Room

Corridor Area

Dining Area: Bar/ Lounge
Dining Area: CafeterialPF
Dining Area: Family and
Kitchen/ Food Preparation
El ectrical, Mechanical ,
Exercise/ Fitness Center
Financi al Transaction Ar
General/ Commerci al & I nd
General/ Commerci al & I nd
General/ Commerci al & I nd
Hot el Function Area
Scientific Laboratory Ar
Laundry Area

Library: Reading Area

Ener

n

or a
or a

Sp

i n

Mu |

a
a
L

T

c c c O

nd
St
ei

Ar

el
nd

st
St
St

(a}}

[{aBl{aN{ea]

m m n

= = =

gy and
NC Ene
Savi
( GWh/
1. 4
0. 4
0. €
0. ¢
0. 7
0. ¢
2. C
0. C
2. E
3. E
0. C
1.3
0. ¢
0. C
0. €
0. C
0. C
0. C
0. ¢
0. C
0. C
0. C
0. C
0.1
0. C
0. C

Cost Savings, |l ncrement al

NC Energ: NC Incre B/ Cat
Savings (Mi Cost ( Mi

$ 3. $10) I nfi

$1. $ 3. 0.

$1. -$1. I nfi

$0. $1. 0.

$1. $1. 1.

$2. $39) I nfi

$4. $0. 4 .

$0. $0. NC

$5. $1. 3.

$8. $45) I nfi

$0. $0. NC

(% 3.)C $17) EC up

$0. ($0.)¢ I nfi

$0. $0. NC

$1. $1.)¢ I nfi

$0. $0. NC

$0. $0. NC

$0. $0. NC

$0. $4.)! I nfi

$0. $0. NC

$0. $0. NC

$0. $0. NC

$0. $1. 0.

$0. ($5.)¢ | nfi

$0. $0. NC

$0. $2.)¢ I nfi
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Primary Function Area

Li brary: Stacks Area

Main Entry Lobby

Locker Room

Lounge, Breakroom, or Waitir
Museum BRBxiabi ti on/ Di spl ay
Museum Area: Restoration Roc
Of fice Area: < 250 square fe€
Of fice Area: > 250 square fe€
Of fice Ampdan Ogdnce > XXX S
Parking Garage Area: Par ki nc
Parking Garage Area: Dedicat
Parking Garage Area: Dayl i gt
Phar macy Area

Ret ai l Sales Area: Grocery ¢
Ret ai |l Sales Area: Ret ail Me
Ret ai l Sal es Area: Fitting F
Religious Worship Area
Restr ooms

Stairwell

Theater Area: Motion picture
Theater Area: Performance
Transportation Function: Bac
Transportation Function: Tic
Videoconferencing Studio
Aging EyestLow: Main Entry Lc
Aging EyestLow: Stairwell
AgiByge/ vowi on: Corridor Arec
Aging EyestLow: Lounge/ Wai tir

NC Ene
Savi
( GWh /

0.1
5.1
0. C
1. 4
0. C
0. C
1. &
0. €
0. C
0. C
0. 4
-0. ¢
0. C
0. 7
2.1
0. C
0. E
0. C
0. z
0. 7
0. E
0. C
0. C
0. C
0. C
0. C
0. C
©.p

NC Ener g
( Mi

Savings

$0.
$12.
$0.
$3.
$0.
$0.
$2.
$1.
$0.
$0.
$1.
bY: ($0.)C
$0.
$1.
$5.
$0.
$1.
$0.
$0.
$1.
$1.
$0.
$0.
$0.

($0

$0
$0.
$0 .
$ 0.

2Q2Zritl e

NC |
Cost

ncr e
( Mi

$2.)¢
$5.)C
($0.)C
$1.):
$0.
$0.
$10)
$11)
$0.
$0.
$0.):

$0.
$0.
$39)
$0.
($8.):
$0.
($6.)¢
$0.
($0.)e
$0.
$0.
$0.
$0

')( $ 0 .')(

)( ($0.)C
)( ($0.)C

B/ €at

EC

EC
EC
EC

nfi
nfi
NC
nfi
NC
up
nfi
nfi
NC
NC
nfi
up
2.
12.
nfi
NC
nfi
NC
nfi
4 .
nfi
NC
NC
NC
NC
up
up
up
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Primary Function Area NC Ene NC Energ NC I ncre B/ Cat
Savir Savings (Mi Cost ( Mi

( GWh /
Aging EyeslLow: Multipurpose 0. C $0. ($0.)( I nfi
Aging EyesLow: Rel iAgiecaus Wor 0. C $0. $0. NC
Aging EyesLow: Dining 0. C $0. $0. NC
Aging EyesLow: Restroom 0. C $0. ($0.)C EC 1
12.
Heal t hcare Facility and Hosrg 0. C $0. $0. NC
Heal t hcar e Hwoascpiiltiatlys :andnagi n 0. C $0. ($0.)z Il nfi
Heal t hcare Facility and Hosrg 0. C $0. $0. NC
Heal t hcare Facility and Hosrg 0. C $0. $0. I nfi
Heal t hcare FacilityStatdi ¢t s ©o.p ($0.)C $0. EC wup
Heal t hcare Facility and Hosrg 0. C $0. $0. NC
Heal t hcare Facility and Hosrg ©o. 1 ($0.): $0. EC wup
Heal t hcare Facility and Hosrg 0. C $0. ($0.) I nfi
Heal t hcare Facility and Hosrg 0. $0. $0. NC
Sports-RFawang Area: Class | 0. C $0. $0. NC
Sports—-RFkapwang Area: Class | 0. C $0. $0. NC
Sports—-RFkapwang Area: Class | 0. C $0. $0. NC
Sports—-RFkawang Area: Class | 0. C $0. $0. NC
Newonstr uttaitoenwi de Tot al s 2 6. $64 $203 I nf i

Key to B/ C ratios:
NCNo change to the required LPD, thus both benefits and costs a
I nfi Bnéegy costs savings with no incremental first costs or a d

EC ubBnergy costs have increased (negatiose emern @y savings), follo
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Tabb® Statewi devdEmraregyy Ca&i rYsarghle wt s

Constructi on, Al terations, and Additions

Constructi ol Annu Fi rYseta Fi rYsetar | 15Year

Constr El ect EIl ect Ener

n ( Mi Savir Demar Cos

st/ (GWh Reduct Savir

( MW (PV

New Construr 162 2 6. 21. $64

Additions al 506 8 2. 6 . $198
Al terations

STATEWI DE T 669 1009 2 7. $262

3. 55Ratewi de GredmtGHGYys&EmMéEasi ons Reductions

The Statewidec& ASEI deadh avoided GHG emi ssions
emi ssions factoUUei spdcBftatdsi BEnvheonmaeSt al Pr
EPAEmMIi ssions & Generation Resource Weptéegrated
Electricity Co€adi hnWEGCRCEMYXhcsSddAppgewai x C

for additional details on the met hlondodhogryt use
this anal ysi s aes seuneecst rainciatvye reafg mestitoincs f EOR er s
per GWled on the average GAGX sH ®mI O ascutborresg ifoonr

Tab3@&®resents t he-yesatri mastoa d efdi rGHG emi ssi ons of
code changefi psepGH@ Mi ksi D6HIG®, Mé&EHGr i ¢ tons of cal
di oxi de eqetityvaleORmsosul d be. avoi ded

Tabb@ FdiYesatr Statewide GHG Emissions | mpacts

Construction El ectrReduced GHG E
Savir from El ectri

( GWh/ (Metric T
New Construct 26 6, 4
Addi ti cAn & eamd 8 2. 19, 8
STATEWI DE TOT 1009 26, 2

3. 5St3atewi de Water Use I mpacts

The proposed wooudhedtc reersqud t i n water savings.
3. 5St4at eMader i al | mpact s
The Statewide CASE Team estimated materi al i m

met hodol ogy:
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T Esti mate material composition of a | uminai

Esti mated the number of l uminaires in Cal.
estimates) i f 2019 LPDs were in place;
T Esti mated the number of l umi naires in Cal.
esti magrespoddd 2022 LPDs were in place;
T Found the difference in luminaires between
cal cul at ed, and therefore, di fference in m
The Statewide CASE Team estimated materi al co
2012 sttundey poont ent i al i mpacts from metals withi

LED(GLIi m, et. allhe 2s0tlu3d)y i ncluded estimated amou
metals within é&@bi mMEDe3)uallhnea PDtéat ewi de CASE Tea

recognizes that this is an older study and ma
sources and luminaires produced in 2020 versu
However, the Statewide CASEcdmpmelwassuwabctert
study.

The Statewide CASE Team used this information
materials coditfafi mreaentwithpes of | uminaires typi

Usi ngi ntfhor matoimon he Lim,tkbéewBtiat EASHasSITeabm e t o
devel eupnipteri mpacts of each materi alasp.plfiheed St a't
peunit itnop ascttasteewiacdenstrucal ongaeawtmbrmatsed number
l umi nai reussith@d@ed RDs a st atecovdardeki ngevited mew con
esti manesmber of | umi nai rperso pnoeseedde d2 Qu282 nlgReDsh b e
proposed 2022 LPDs are |lloewsesrmitnmaineesded2 09 LP
meet the 2022 LPDs, whiaokRed?@®lel 8sat awl desChSE
Team recogapprraastisi shany aasdmpgboeensaot account

ot herisncl udle sniggatrderagn ot | i keldy cteo talewanyusmber of
in a space to meebut hei l b wtedn ssiveeraed argiersber o f

l umi neaxceptt bwer wattage ratings. The Statewid
t heseesumpaienki kely to result i gubatgéamawegi ns
resuHotwse vel owehewi BDs i mmaetseulyt i n mae cu ¢ tail sn i n

The Statewide CASE Team witlHe cmattd rnivsal dr eismepaa cct
plans to update this analysis for the Final C
2Using the Inverse Lumen Method Model, the Statewide C.

numbelrumifnaires that would be needed to achieve appropt
space type. The Statewide CASE Team then scaled these |
estimates to develop an estimateromaliheewumbastofluct umini
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TabbFi rYsetar St dtnmepvaicabBatoer i al Us e

Mat er i ¢ | mpact | mpact on Maptoeurni/dsgske
(r, MC) o Pe-tni Fi rYsetd®t at e
I mp a Il mp a «
Anti mor D 3.3 %X 89
Bari um D 9.6 X 26 .
Cerium D 2.0 % 5
Chr omi L D 3.2 X 8 6
Copper D 8. 3 % 22, 8
Gal |l i ur D 2.8 %X 78
l r on D 3.2 % 8, 8
Lead D 4.5 X 12
Ni ckel D 4. 0 X 11
Phosphc D 3.4 % 92
Silver D 4. 2 X 11!
Zinc D 1.2 % 3,2
a. Materi al Il ncrease (1), Decrease (D), or No Change (N
b. Fi ryetar stwvomgal | buil dings completed statewide in 2C

3. 50t5her -EM@migmpact s

The Statewide CASE Team does not expect any a
already describe in the sections above.

3. ropoRevdi si omd kathog uG g e

3.6GUide tolLMdaghapg e

The proposed ochamgeagRdsfoertéhrece Appendices, and
Reference Manual s are pr ovi3deodc ubneel notws. aQhea nngaersk

wi tBdnder l(inewnd angusa&gekxea(hdeoluegthisons) .

Il n addi tn otneltaon gtehbed Wwe prfiumadryedmmve been re
ordetreeidmpl i fy | ooking ufpoltalbhd ea-@pile ®aCabagoyye:
Met h-d ght i ng Power Deftgi) &yr ¥ anuousets i dfuMatd itesd n
areas are now inwiatpbbametnoalkt yptdeitedt ffiirct
| aborragmamed | ab ematmdaiiyn, esnct ry Hlobblyy r e maime
ent,ky )Y cchsengr ouped i mmediately after the dinnin
groupdor the hgaldt eyaer,e aingdpebi 0f ms@oet $ oame ed
at eméd ofFarmbilmrmcr easeld sreema dalriilnigt yi,s thot shown
mar kel wlwven the values do not change. eParking
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shown as stricken as they are merged with par
function ar ea Pmarkkinmgg Zgparea ggen d* Ramp s

Since hospitals arefTnaw ewi@téhhienP atnhter osdcuocpteo roy | a
item F ih4Geklagpht f ng wat’t angee leaxxncgeurd endeeds t o
no-hospital occupancies where exam |lighting mi

Si mi ldaurelayt pr o p onseay efgaurhagdant r ol | ed enviroheent h
excluded wattage itembsema Gewotyloddr, eloPedr.ebn(cae) 3t h e
propopsleadnt | i ghting requirMdMomeeatdet ami Iseccamnbd?2
t h2a02Controll ed EnvirenmMEBHREEABECuUI t u

3. 6St2andar ds
SECTI ONTDEBBI NI TI ONS AND RULES OF CONSTF

é

(bDefiniTeronss. phrases, words and their derivat
speci fied ishalelcth e ndelfOiOné@debsnspeontdbedhapt el
Parts 1 through 5 of the Cal ipfhararsieas , Covbea desf ah
derivatives are not defined in angpetifhedreh
Webster's Thtiirodn aNlewDilcenttieomaar y of t h(el 96nlgl i sh L
edition, through the 2002 addenda), wunl ess th

e

NONRESI DENTI AL FUNCGCalrleONt hAoRsEeA Sar e a s , rooms, ano
Nonresidenti al Builfdoihlgeswiwmg cpharf@il c¢ulwart hdaef it i
according to the most specific definition:

é
Bar bBeeraut y,S8alrdes a room or area in which the
pedi cur esst,hef accuitatlisn,g oorr nsatsyslaignegaaoifd .\hoaitilireers s p a

Ma+n—Hmotbra,i n Erst tshe contiguous area in buildi
is directly lemdataenct eby ft téhemaiun | di ng through
i ncludi ng raencye patnicoinl,l awvayirteiarsg and seating

GeneManduf ac,Commegcilanlduasnd i ali sWoa kr Aaoam aor ar e a

an art, crananmufassemhbing operation is perfor me
is classified as foll ows:

Hi gh: b@wgere the |l uminaires are 25 feet or mo
Low bawhere the | uminaires are | ess than 25 -
Preci sWbere visual tasks of smal/l size or fi
woodwor ki nggpemvedtailon,atfhiene hand painting and
operations, or tasks of similar visual di f fi
Parking Garmaglude ease foll owi ng:
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ParkingndomRempa Parking Garage is used for t
ma nweir i ng oefrsvaerbgi-cel BEdrokoirng areas i nclude sl o}
gar &®gaenps are driveways specifically for the
of a par.WPiam&ki mamndgeasmsot 1| ncTruares iDtaiydn ghdnes
Dedieateadr Rtahmep sr,oof of a Parking GaGagagewhi

Daylight Adapmt aat iPoar kiAonnge Garage 1is the interi
entad] acent t o t heap aerngianmaprgenecoandh ecuxiéetcan i t i on

fFr+dmt weexetner i or dtagynlidng letr i loev ék glht sl eveVvissual

Day | FwgdhrsAidtaipaadness only include the path of

includePandliacg nAr eas.

i . ) e VPSR
vehibeeHtewse e n—Ftoo0+rs—o6f——a—pa+rking—garage and wt
H cH i sdterr ikeadt UP

Seciethtaibfoir @stco reyitr iefasi ca room or area where resea
measurement in medical and physical sciences
details. The area may include workbenches, <co

fl oor Sep&eendstabobamrtddreys ynot refer to film, con
| aboratories wherephyeinesmmdalr £ mearee smpdar ipmanftosr med.

Ornament alf ori chotmpng ance with Part 6 is the fo

Luminainsesal | edi obtdoperrat ed hfadr da30@ wautsitisn aoirr
l anternsumpeanadaes, chandeliers, and marquee
l ighting or task lighting.

Decorativei besmahbdedesndoor that nseenchaddebi

cathodemi—ttiighhg thhiead e s c al pr efldicg hotr sqg e¢lonmmw | pman ¢
| i ghotairncoh i tl @ gthu rearigp h ilknatizeer i or b uDe cdornagt isvuer f ac e

| umi ndam opte——v-ipd o ngigeched i @lh ttiansgk ori ghti ng.
Commeretal—aBStdot@@mempdrdiadl aAddé&mrcd wdtersi alhe
foll owing:

Warehossa room or areas used for storing of
materi al s.

Shipping & sHan daloiemmgsoused for packing, wrappi
out goods,

merchandi se and materi al s.

SECTI ON TL3GHOTI NG SYSTEMS AND EQUI PMENT, AND E
POWER DI STRI BUT I GNG ESNYESRTAHLM S

(cuminaire cl assilfuntiantaiorne sa nsdhagaldlwebhee il ansastitfaige
determined as foll ows:

é
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2For luminaires with |Iine voltage | amp hol de
or transf or merss;ucthh-d huandi intad gecdbeot-¢ nmisned as

ATkt hmeaxi mum r atedtwattaagse nlaa breel;e d nidn accord
Section.130.0(c)1

SECTI ONTPRESEGRI PTI VE REQUI REMENTS FOR | NDOOR
é

(L@l cul ation of AdjustEhe |adljowsgt e&d gihnd ongr Ploiwg
proposed building areas is ame pottadablwatlitisg ot i
in all areas of the proposed building; subjec
through 4 of this subsection.

é

3Lighting wattage excluded. The watmasy of t he

shélel excluded from Adj ustedddlomdodrglhitg mtgi mot
shatt—ecompty—with alt—appltiecable—noenresident

e

Fin—oftftice—builtldings—with mddicdElk aared adliiomi ¢
and sur gi cambil @ rgthitgsh,gséitowand | i ghting integr
provided that these |lighting systems are a
gener al l T ghting system.

G. Lighting fmai mptl eemdinhgeao Wtilg hdri Bwa tgioswé e sden s
per square f oot aaoid—tchoea tiesod Il ekde we/b ma emurl dnom
tise&i tch control that complies with the ap

H. Lighmemg ¢dgatapnide nf onl $alde pbof faud @mtart o Ilcs s h u
complying with Section 130.1(c).

e
0. Lighting in occupancy groupnd bfuidbedeacgfsol
growth or maintenaegejreompksesfwSebtibe 1°

P. Lighting in unconditioned agrdrcdilitfurwmde d u
pl ant growthcompwmbelttEemancequir enhe)nts of Se

é

2Q2ZTitl e 2By a®PASHE Retp2dd 2NRL T GHD |2 8 1



W. |l ndoor Contr ol | erdalEnLviigrhotni nmegn to rH o@rtei ecnuhl otuus €
Lighting. l ndoor Controlled Environment Hor
Horticultghal |l lwdgthhpilSyegct i on 120. 6 ( h)

4 Luminaire Classification and Power Adjust men

ALumi nCdiarsesi fi cati on and Power shall be det el
130.0(c) .

BSmall Aper-Wbr eeTanWleérDe nLumi naires Lighting
For qualifying svinaltle & pwahrrtdi noeEDt Uruantilneai r es, t
indoor |l ighting power of these | uminaires sh
rated watdtdeabyfying |l uminaires shall me et

i Small Aperture. Qualifying | umi ntahare sf duwrnc
inches. Qualifying luminaires with a | ength
eight inches.

i iCol or Changing.whiutaeg i Ifymingaituesabd eal | be ¢
greater than or equal tteanp20 &l uKel (ICETg ar rQale

tawarm | uminaires shall be capable of <col or
CCT.

i iControls. Qualifying luminaires shal/l be ¢
changing of the |l uminaires.

CTail otkddMBi splay Lighting Mounting Height
di splay |l uminaires or floor display | uminair
and H and where the bottom of | uminaires are
floor, the adjusted indoor | ighting power of
mul tiplying their maximum rated wattage and
factor fromeETABWLMmI dd4i0r & mounting heihgeHdt is t
floor to the bottom of the | uminaire. Genera
mul tiplier

é
(o9oCal cul ation of Al Il oweSd elcn dd ar Meit hiotdiod go gR cevee r

indoor | ighting power for each building type,
using only one of the methods in Subsection 1

e
4 Tail or edReMeu ihroement Faf boresi Mgtthloe include a
J Determine additional all owed power for very

é
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iv.l f there is qualifying very valwuable displ
140. 6(c9mBaliliest hef the foll owing separate |
presenting very valwuable display items is p

aThe product of the ar@abbdowatthepenrismquagr ¢ u
b. The product of sth@&/mahrtetas opfe rt hseq udairsep |f aoyo
c. The Adjusted Indoor Lighting Power of |

TABLE BL£OMPLETE BUILDI NG METHOD LI GHTI NG P OWE

ALLOWED LI GHT
TYPE OF BUI LDl POWER DENSI TY
PEBQUARE FOO
Assembly Buil ding 6—0065
Financial I nstity 0.65
gz?rzfagallManufa 0. 60
Grocery Store Bui 6—0590
Gymnasium Buil din 0—-6560
Library Building 0.70
Heal t hcare Facili 0.90
Of fBwiel di ng 6—6560
Par king Garage BU 0.13
Religious Facilit 0.70
Restaurant Buil di 00065
Retail Store Buil 0.90
School Buil ding 0—08560
Sports Arena Buil 0.75
Motion Picture TH 00060
Performing Arts T 6—8075
Al |l shbtulhérdi ngs 0.40
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TABLE -Q ARE®A CATEGORYLMBWADNG POWER DENSITY
(WATTS/ FT])

Addi tliioght i nlg H
Al 1l owed L Addi ti
. Power Den ) . Al |l owa
Primary Func Gener al LQuasllftled(W/ftl,
( WA t ystems not ed
ot her w
Audi ence Seati 0—061 Ornamenti 0O0-—8027-5
Audi torium Ar ¢ Ornament 6-—0802H45
0.70
Accent , d 0 20
feat ur e
Aut o RMiaritren a 0—8% Detail ed?’ 0.20
Baler, Be a ut y, SpSharl € Detail ed?’ 0.20
¥ 0—8®5
Ornament ©0-—802H75
Civic Meeting 1 -0 Ornamenti 0O0-—-8025-5
Cllassroom, Le¢ o 5060 |White or 4 4. 3W f
Vocational Ar ¢
Concourse and 0—0060 Ornament ©0-—802H5
Convention, C¢ 45 gg7 Ornament 68024
Mul ti purpose ¢
Copy Room 0.50 - -
CorrArdea 0—064 Or name nt 025
Dinin B /L OrnamADtAa 6—30
Ar ea ar our 0 83%5 di_s pdmdy f3e 020
Fi ne Di — —
Decor at 0.15
Cafeter 0.0045
Food Ornament ©0-0802H
Family a 0—B8040
Kitchen/ Food | 0. 95 - -
Electrical, Md 0.40 |Detailed? 0.20
Tel ephone RooO]
Exercise/ Fitng
Gymnasi um Ar e g 0.50 ) )
Financi al Tr ar 0—B8070 Ornament 0-—-802H5
Hot el Functi or 0. 85 Ornamenti ©O0-—8027-5
Seiehabbr;atoe) Speci al i z
Ar e a +—0090 Wo B k 0.35
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Addi tliioght i nlg H
Al l owed L Additi
. Power Den . . Al | owa
Primary Func Gener al LQuasllftled(W/ftl,
( WA t ystems not ed
ot her w
Laundry Area 0. 45 - -
Libra Reading 0.80 Ornamenti ©6-—068027-5
Stacks +-—-1000 - -
Mat+hn—EobMgi n § 0—850 Ornamenti 0O0-—-8027-5
Locker Room 0. 45 - -
Lounge, Breakt 06555 Ornamen{ 0.-0027F
Ar ea
GeneMa Low Ba 0.60 Detail ed?’ 0.20
nufac Hi gh B 0.65 Detailed? 0.20
Comme .
| & . Precision
Preci s 0. 85 0.70
| ndus Wo r° k
Wo r k
Museuleynibiti 0.60 Accent, di 3 ppad
Ar ea feat ur e
Restorat 0—-0570 |Detail ed?’ 6—Q03H5
Of fic|0250 squ 07®. 65
5250 squ 0696 0 Portable | 45 5
of fi c’e &
Open—pl g 6—60
Par ki _ FlrstorATrM 100 W
Garag|Par ki nagd Machine
Ar e a 0.10 : :
Ra mps Additi ona
. 50 W e
Ti cket m
Dedicate 6—25 - -
Dayl i g
Adapt at 6—35000 i i
Phar macy Area Speci al i z
1 -1000 Wo & k 0. 35
Ret ai Accent , d
0.20
Ar ea Grocery 1 - 0500 feat ur e
Decor at 0.15
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Addi tliioght i nlg H
Al l owed L Additi
. Power Den ) . Al |l owa
Primary Func Gener al LQuasllftled(W/ftl,
( WA t ystems not ed
ot herw
) Accent , d
Retail M 1 0095 feat ur e 0.20
Sal es —
Decor at 0.15
Exte_lrlr;ladml 40 W/ 4
. . MiI rr or
Fitting 0.60 I niernal
Mi r°r or 120 W
Rel i gious Wor { 0. 95 Ornament 0-—-802H5
Restr ooms Accent , d 0 20
0. 65 feat ur e
Decor*at i 0.15
Stairwel |l Accent , d
0.20
0-05 45 feat ur e
Decor*at i 0.15
Stor a War ehotu 0—08540 - -
Comme . .
| /1 nd| Shippin 0.60 - -
St or a Handl i
Theat Moti on | 0—6040
Ar e a Ornament ©0-—0802H5
Perform 1-—-0080
Trans Baggage 0.40 - -
i on _ ) Accent, d
Funct| Ticketi | 0. 45 feat ur d 0.20
Vi deoconf er*én 0.90 Vi deoconf 1.00
Aging . Or nament
Eye/-L Corrido 6—8070 5 hot i 6—0.530
vi stit o .
Di ning 0.80 Or nament 0.30
LouAnge/V 08580 Or nament 0. 30
rea
Or namen 0. 30
Mai n Ent 0. 85 Transitio
OFF at? n 0.95
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Addi tliioght i nlg H
Al l owed L Additi
. Power Den i ) Al |l owa
Primary Func Gener al LQuasllftled(W/ftl,
( WAF t ystems not ed
ot herw
Mul tipu 60585 Ornament 0.30
Room
Religiou 1. 00 Or nament 0. 30
Ar e a
Restro o.goo0o0 | Accent, d 0.20
feat ur €
Stairw o.po70 | Accent, d 0.20
feat ur €
Heal t| Exam/ Tr e
Faci l Room 1.15 i i
Hospi
Accent | d 0.20
_ feat ur €
| maging 1—-0060
Tunabl e wh 0 10
t awartt =
Medi cal 0 55 i i
Room
Nurser o_ps580 |Tunable wh 45 4,
towartf
Tunabl e wh
i o 0.10
Nur seds 00585 tawar
Det aTlid sk "\ 0.20
Operatin 1.90 - -
Decor at 0.15
Patient 0—8570 [Tunabl e dwf
. 0.10
towartf
Physical Tunabl e wh
Room 6—8575 tawarfh 0.10
Tunabl e wh
Recovery 0.90 t ovartth 0.10
Sport|Class I3 2.25 - -
Areinalc| gss [P 1. 45 - -
Pl ayi
Ar e a Cl askadid 1.10 - -
Class |MA\ 0.75 - -
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Addi tliioght i nlg H
Al l owed L Additi
. Power Den . . Al |l owa
Primary Func Gener al LQuasllftled(W/ftl,
( WA t ystems not ed
ot her w

Al | ot her 0.40 - -
Footnotes for this table are | isted belod
1. White boariiorcechanlal bdamgdhti ng dedicated t
2. Daylight Adaptation Zones shalll be no Ilmng

addition to the controls required by Section
more than the ptaedimampohieglht dHdevwelcs at ni ght

3. Accent, displidymamaifreast sheallli dolet iadg ust abl
4 . Decoratprviemdriy hftumagti on shall be decoratiwv
5. l'l'luminated mirrors. Lighting shall be ded
6 . Portable |lighting

n off-moentedasupptbemdnrs
I

[
gualifies when control ed by a time clock or

7. Det awiolrieckdi gthatsikng provides high | evel of wvi sl
to small el ements and/ or extreme close up wor
8
I

. Specialilzieglhttiarsk mroskiad es fcorgnd malvle or f as
hging required for operating specialized equ

Precisionilsipgletiiadng zfeadr woarkk per f ormed wit hi
at entails wor kealny dvdttehi Il odv, comtfrastt ,mdvinng

Tunable white I uminaires capabl e of -tcoedrom
mi naires capable of color change greatercbh
anging of the Il uminaires.

Agingi ByehLaweas can be documented as bei
SI/I-E® &®PRPd are or wil/l be licensed btyedmcadl
yegcasenior support, and/or people with spec

l'ighting OFF at night. Lightin
ng at night. Additewht! N&D ap
it zones.

—0r O, O —FL —O©
- 0N 92 ZFLr T C O T

«Q c
-5 ~+
—
=
(o]

13. Cl ass |
competition
spectators.
spectators.

S
p
a

e for competition
OO0 spect ap otros .2 OC(
i

s normally wuse

— -
—“ o1Q

i S
u o]
Facildi

14. Spaces ¢

I ng the videoconferencing |ig
SectionGv40. 6
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TABLE -D 4T0Al6L ORED METHOD LI GHTI NG POWER ALL
1 2 3 4 5
Al | owge Al | owg
DVi\/aSII Combi n| Or name
GenerLi kllotFIoor OSpeci al
Primary Fundl |l | umi Pg Power Lighti
owe )
Level D Task Li Power
ens .
(W/fPower D Densi
( W/ ft ( W/ ft
Audi torium A 300 3. 0( 0.20 0—0803H4
Conventi on, (
Mul ti purpose 300 2—0( 6-—08530 6-—003H1
Center Ar eas
Dining Areas 200 1.2 668045 06—003H4
Exhibit, Mu s ¢ 150 11- 5 0. 8070 0. 0035
120
Hot el Ar ea:

Ball r oom/ 400 1. 8( 0.12 0—00 374
Lobby 200 3—8 0 4 0.20 0—003H4
Main entry | 200 3—804 0.20 06—08 0 31
Rel i gious Wol 300 1. 3¢( 0.40 0—003H4
Ret ai il Sal es

Grocery 600 6804 0O0—0®O 0—003H4

Mer chandi 11— 8 d

and Showr 500 11. 5 0—8070 6-903:
Theater Area
Motion pict 200 2. 0( 0.20 0—0803H4
Perfor mance 200 —5% 0 3 0.20 0—00 31§

TABLIEA O-E & A

LORED WALL

AND FLOOR

DI SPLAY MOUN

ADJUSTMENT FACTORS
Height in feet/Fl oor Display or Wall
fl oor and bottg Adjust ment Fact
< 17006 1.00
100 t-001406 0.85
>10® t-00186 0.75
> 10800 0.70
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TABLE FROOM CAVITY RATI O (RCR) EQUATI ON

Determine the Room Cav3 tuysiRagt ioon ef corf TtA
equations.
Room cavity ratio for rectangular roon
3 3
RCR:5H(L+W)
L3W
Rooamvity rat-sbaped roomgul ar
3 3
RCR_25H P
A
Where: L =Length of room; W = Wi dth of
to the centerline of the Iighting fixt

TABLE -GAADORED METHOD GENERAL LI GHTITE® POWER
I LLUNMNCE AND ROOM CAVITY RATI O

Gener al Lighti Q@/ Power fDenshe
valbiesues

Gener @
IILIeuVrréllr RCR O RCR3->52. RCR7.>03. RCR >

(I tx)
150 6—0035 6—0540 6—6050 60— 07.56
200 6—0540 6—86550 6—0565 +-008H45
300 6—6555 6—8070 1+-0085 +-—-402¢(
400 6—08565 6—0580 +-—-2505 15025
500 6—0 M8 +-—-0590 +--4525 18554
600 +-0890 +--2405 6440 2—380¢(
'l 1l umi nance values frebm Column 2 of TA
PRCR values are calculated usi-hg applic

3. 6R8f erence

The

as a result of t he

3. 6NRACM Referenc

The
updated to
Power Densateg

variabl e

Appendi ces

Stat ewi dedoCGAsS En ofte aenx pect
updat e.

LPD

e Manual

2Q2Z1Titl e

Reyeckhavegedppendh

ACM ReferAppentMoandlddmpl i a woau helefdt war & e
refl ectTht€hoempnl eewt eL PBDud dAatl | undgse.diile tt ihn g
vatliferedmpe nsid WABLE Bl dgWmsdera ttah e
nameW( il tnfiAlr RaR eCaMetghooldl olwieglht i ng

Power
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Density for Gemerradf dri@hdéaSiogicreofunctundebDat ae
vari ablennbamBReeg ea CaAcdiotriyonalsaAkl owbercenced
fradmMBLE SpaceFuunncdteiro atbheea b lse “mMAdmew Type 17 (de
what qualified Ilighting systém(acamttad ne ntghd he
all owandbe fparticular type of AluladowfhTymeg 2717 gha
Area 2.7

Pl ease see the table below which has the curr
values for each vari ablne tihne sveap aurea toe cvaalru narbsl .e

the 2019 col umn will have the value with stri
col umn wi || contain the variable value under|
the value is not pr oponsetdhet 02 0clh9a nagned, 2t0h2e2 vcaoll uu
the same and in black font.
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Tabb® oMresi deeOM iAplpendSpxade 4y
¢! .[9 { LI OSCdzHAM

Cdzy O¢ & LIS

Kk{LIOS. 8{LJ O
' dzZRA Sy OS {SlI i

I dzZRA G2 NA dzY ! N.

I dzi2z wSLJI ANJ K
I NB |

z
Efl

SN I dzf &I { |
¢ NI I O YNSS/HG

~~
>
&\
>

O aSSiAy3

- QJ(
ax

N2
A2

+ ~
mr—h
Oc™

I 2YYSNOAF f kLY
OWSTFNRISNI 4GSR
I 2YYSNOAF f kLY

O{ KALIWIAY3I 39 |
I 2YYSNODAIF t kLY

Spandsd diRDsonal Al |l owances

HanMd HAmMd HAMd HAMd HAHH HANAHH HAHH HANHH HANHH
Lyu'ff2£'ffzn'ffzflffZLL)/u[t'ffzflff2£'ff2£'ff2;
5wS Sw™ ™ SH I H 3 Swm I ™ SH I H
2 K ¥ 2 K T 2k TF0 2T 2 KT 2 K T
APc h NI Y ADPoy n nons; a®PpsrhNYFEN 1PH( n nony

al f 0 f
NneT hNY Y AdPos ! OOS ndHs ndTs7hNYEFY ndup ! OOS ndHy

G f RA A& L G f RA &L

I YR YR
TSI FSI @
Ob20: 6b2d.
APp 5SGF, noHs n ndéns nPpsr58Gl. ndHs n non;y
¢l ai ¢l ai

2 2 NJ 2 2 NJ

Ob2i. O0b20G:

Ady 5SGF;, ndHshNYFY APos nPcp5SGrF, ndPHIhNYIFY ndoy

¢l aij Gl f ¢l afj Gl f

2 2 NJ 2 2 NJ

6b2i. O0b20.

M2 hNY I Y ADPoys n nons; n@ps hNYyFEFN ndors n nony

alrf ul f
APT 2 KAUS nodpy n noens ndcsr2KAGS TDPns n nony

| KI € I KI f

2 N . 2F N

02 KT 02kT¥

6b2i 6b20.
non n nonis n nonsr noédnys n nonrs n noni
noc n nonis n nonsy nodcs n nonis n noniy
naon n nonis n nonsy ndns n nonis n nonis
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02| NBK2dzaSvo

/ 2YLIzi SN w22Y ndp n
/| 2y 02dzNES YR A®d hNYI

Gl f
| 2Yy@SYldA2y> | APy hNYI Y
adzf GALJzNLI2 &S Gl f
I NB |
/| 2LJ w22Y nop n

/| 2NNAR2NJ ! NBI adc n
S5AYAYy3a I NBIF o0 aA®Pp hNY I

CAYyS 5AYyAY3D Gt
SAYVAY R IITEESING APn h N+
C22R0 G f
S5AYAYydcCtXEf & APp h Ny Y
[ SA&dzNBO G f
9f SOUNROIf X a non 5SSl .
¢St SLIK2yS w22 ¢ ai

2 2 NJ

Ob2ii.

OESNODA&ASKCAGY nop n

D&Yyl &NBzY &

CAYlLYOALf ¢NI APy hNYI Y

al ydzFl OGdzNAy 3 ndc 5S0GL .

DSYEMNIZEY Y S NDOA | ¢l aj
LYRdzZAGNRF £ 2 2 2 2 NJ
A -] O0b2ii.
al VdzFl OGdzNAy 3 naoc 5801 ;
DSYEMNIZEY Y S NDA | ¢ &y
LYRdzZAGNRF £ 2 2 2 2 NJ
. Leo 6b2i.
al ydzFl OGdzNAy 3 nody t NEO)
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3.6Ti5t1 e 24 Nonr eCoindpel nitainacle Waenru al s

Since the structure of the LPDs are not <chang

Compliance Manual would be small. Some change
so thatalclooweed tLPDs are used in the exampl es.
changes to the exempted | ighting, there shoul
an emphasis that horticul tural ' ighting requi

3.6Ce&mpl i Bacemen&r ms)

Compliance forms do not need to change as the
changing, just the allowable values. For inte
change to correspond with the adopted changes
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Append3txatAewi de Savings Meth

To cal cujedre Stiatsawi de savings, the Statewide
unit savings by statewide construct iwoml aesti ma
be in effTllhda przAjgeBeéscedentonst newt itohmvdfud dec ast
be i mpacted by the proposed coldaeb%ch alnhgee i n 20
projected nonresidential exiwsotdibreg i sntpatcd widd d yb
propdcsoede change as a result of3iaddprte oerst each di
Tab6@his section describes how the Statewide
esti mates.

The Energy Gamtids srigo &ft faindearpmrsovi ded t he nonr e
constructi, onwhHiawmrciasasbl e for public review on t
webshteps:// www. energy.ca.qgov/title24/ partici

The construction forecast presents total fl oo
2023 by building type aqdt ypegnaitreclzwoded iThet Ibe
Commi ssions’ forecafabia®Tdhi summadriez ead sion i dent.i

prototypical bui ladimgdelt htahe wemer giys elds @ of t he
changeBhis mapping was brueiqludirregd tbyepceasu steh et hEen e r

Commi ssion defined i n arhee ncootn sitdreuncttii coanl ftoo etchae
building types that rtelgaielBraeerdd yn eC&Smmit ®ewii @re CAS
use to model energy use. This mapping is cons

Commi ssion bBserdli hmphets Anal ysi@Céloirf ohei 201
Energy Commission 2018)

Thene&r gy Commi ssion’s forecast allocated 19 pe
new construction in 2023 to the miscellaneou
space types that do not fit wel/l i ntTa td reo t2he
Part 6 requirements apply to the miosudedl | aneo
realized from this floorspace. The new const

S
r
u
r
information to distribute the mibckélpankboukds
type, so the Statewide CASE Team redistribute
c
e
e

the remaining building types so that the per
climate zone, net of the miscell am@odablsguar
61 oar sampmlleeufati oedi stributing the miscell an

the other building types.
Mul-zdnGc cupa8enysi nlgarigdé f i Pleassur e

After the miscellaneous fl oorspace was redist
assumptions about the percentage of newly <con
i mpacted by the prdpb8®®»d ecedd schhdoregassumed pe
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floorspace that would be i mpacted by the prop
proposed code change does not apply to a spec

per coefntt he fl oorspace would be i mpacted by t he
percent agerios dammanl d99 percent, it 1 s an indi
would be impacted by the proposal
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TabtPresents percentage of floorspace assumed
change by climate zone.

The measuwreemeogmaltye st os av ismpeesc i f—+'d awgdes & esypef f i c
with arfhogtrlean e25Within nonresidenti al buil d
construction forecast provided by the Energy
does not further differentiate the compositio
calcul aterehtosesyaygled tihmpacted by this measur e,
CASE Team used the building models in the Dat
(DEER) to esti mdtaeg gtehwiftffhmixmetst me@ ompacted nonr ¢
buil ding tlypiersed Aish. 8gicitieoenfraction of “open o
DEER model for small and | arge office buildin
of fices 1 hdihgséeypes. For ot her @furidcdtiinogn toyfp e
general office areabBewwobbute hiEg (B¢ g e ws lien €AS
Team made a conservative assumption on the fr

250wft higne ntenreal office ardadPl@s summari zed in
The measuappliisc anboitl idteypendent on cl i mate zones
percentages oepaswairtghei nofefaicche bui |l di ng type were

zones. These percent o gese cmesrivee doompsit io2add? Btowm na | |

estimate affectedxsguang boal dgpgtiteasSk at ewi d
CASE Tasamumeodonzseodo comply with the measure ov
year s. I n othefiWwbedsathoofyt beevexubsd iinngp abcutiel dd
by the proposed code change. Combining all th
CASE Team arri vregd mpta ptebbe ernga sawlet ipf a6l ehowpace
Tabé 2

Lighting power densities measure

After the miscellaneous fl oorspace was redist
assumpti ongeealtewntt atgree of newly constructed fl o
i mpacted by the prdpb@®»decehd schargassumed pe
floorspace that would be i mpacted by Itfhe prop
proposed code change does not apply taeaospec
per ceefntt he fl oorspace woul d Ibfe tihmaacd edmdedd t he
percentha@erios b utlOlOe spseirtcheand , an imalibcuitli dinn ¢ sh e
would be impacted by the proposal

2Q2ZTitl e 2By a®PASHE Retp2dd 2NRL 1 GHD |2 0 8



TabtPresents
changel bmat.e

p efrlcoeonrtsapgaec eo lhees 9 unrpeact ttead by

Z0one

2Q2Z1Titl e
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Tabb6@Esti maxkedting Nonresidential Floorspace | mp3acAtlede rhaytyi Ro@nlosipma &

Zone and Building Type (Million Square Feet)
Cl i me Al tered FlimoR20Matei on Square Feet)
Zone sSsmalRestau Reti Foo Non RefrSchoColl HospiHot/le Lar( TOTA
Of f i Refrigerat I Mo t Of f i
d War e
War eho ous
1 0.05 0.21 0.00 0.01 0.00 0.01 0.00 0.01 0.01 0.00 0.00 0.31
2 0.29 1.26 0.00 0.08 0.00 0.06 0.00 0.07 0.03 0.02 0.00 1.82
3 1.04 6.91 0.00 0.36 0.00 0.29 0.02 0.29 0.14 0.11 0.00 9.14
4 0.52 3.61 0.00 0.18 0.00 0.15 0.01 0.15 0.07  0.05 0.00 4.74
5 0.12 0.66 0.00 0.04 0.00 0.03 0.00 0.03 0.01 0.01 0.00 0.90
6 0.77 4.67 0.00 0.29 0.00 0.26 0.01 0.20 0.09 0.06 0.00 6.34
7 1.02 3.03 0.00 0.21 0.00 0.15 0.00 0.15 0.07  0.06 0.00 4.69
8 1.01 6.92 0.00 0.41 0.00 0.37 0.01 0.27 0.12  0.09 0.00 9.21
9 1.58 12.20 0.00 0.64 0.00 0.57 0.02 0.41 0.22 0.16 0.00 15.79
10 1.44 3.13 0.00 0.46 0.00 0.53 0.01 0.32 0.11  0.08 0.00 6.09
11 0.35 0.60 0.00 0.08 0.00 0.09 0.01 0.08 0.03 0.02 0.00 1.25
12 1.72 5.53 0.00 0.41 0.00 0.38 0.02 0.33 0.12 0.12 0.00 8.63
13 0.78 0.87 0.00 0.17 0.00 0.14 0.02 0.18 0.06 0.05 0.00 2.27
14 0.28 0.95 0.00 0.10 0.00 0.11 0.00 0.07 0.03 0.02 0.00 1.57
15 0.27 0.30 0.00 0.06 0.00 0.08 0.00 0.04 0.01 0.01 0.00 0.78
16 0.11 0.24 0.00 0.03 0.00 0.03 0.00 0.03 0.01 0.01 0.00 0.46
TOTAL 11.33 51.10 0.00 3.53 0.00 3.25 0.13 2.63 1.12  0.89 0.00 73.98

2Q2ZTitl e 2By a®PASHE RetyRd 2NRLIT GHD[2 11



Tabb®e Example of
Construction in

Building T

Smal |l Of fi
Large Of fi
Restaurant
Ret ai |

Grocery St

Noie friger
War ehouse

Refrigerat
Warehouse

School s
Coll eges
Hospitals
Hot el / Mot e
Mi s cel |[aD]e
TOTAL

202
Forec
( Mi |
Squa

Fee

[ A

O O O O oo
O O OFr O

o
o

O O O O oo
O L OO O Oo

Redi str
Cli mat e

Di stri
Excl uc

Mi scel |
s Cate

[ B

7 %
219
3 %
2079
5 %
159

2Q2Z1Titl e

i buti onrn2®NeMi scel |l ane
Zone 1

Redi stri Revi ¢
of 202

Mi scell @ Forec
Categ ( Mi |
(Million Squa
Fee Fee

[ C] A DB [E] = A

0.41%

0.0 0.0

0.0 0.1

0.0 0.0

0.0 0.1

0.0 0.0
0.0 0.1
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.1
0.1 0. 83
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Tab62 PerckEIhnaomdlpnapcaect ed by PropobgdBMebsdung
Type MtZlothie Occupancy Sensing in Large Offices
Building TygpComposit Percent of 8gaat smpt
Bui |l di Agy pseul I?E)uyi lsduibhf . New Existing
onstru Stock (AIl¢t
Smal | Of fice N/ | 35. 6 2. 3¢
Restaur ant N/ | 0 % 0 %
Ret ai | N/ | 3. 5¢ 0. 2¢
St a-Adone Re: 109 0 % 0 %
Large Ret ai 759 4. 1¢ 0. 2¢
Strip Mall 5% 0% 0%
Mi x-&dde Ret a 109 4 . 1¢ 0. 2¢
Food N/ . 0 % 0%
No#Refrigerat N/ . 3. 47 0. 2:
War ehouse
Refrigeratec N/ . 2. 5¢ 0. 17
School s N/ | 5. 4t 0. 3¢
Pri maalyool 609 5. 6° 0. 37
Secon&ahypol 4009 5. 2( 0. 3¢
Coll ege N/ . 4. 4: 0. 3(
Community C 5 % 4. 8¢ 0. 3¢
University 159 3. 9¢ 0. 27
Hospital N/ . 2. 7: 0. 1¢
Hot el / Mot el N/ | 0 % 0 %
Of fices N/ | 46.0 3. 07
Medi um Of f i 5009 46.0 3. 07
Large Offic 509 46.0 3. 07
a.Presents the assumed composition of the main buildin
2Q2XASE Reports assumed the same percentages of buil
b. When the buildingftypud tiisplceo mspdsterdcean,t atglee f ow e rt ehlel ma
buil ding category was calculated by weighing the con
c. Percent of exi stwiorud éf lad dreg pac a utr h a2 2t laen dfairrdst ay ear nt
effect.

2Q2Z1Titl e
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Tabt6ée
Zone MZlotnie

Cl

a.

Per clklnga orodlpmaxeact ed
Occupancy Sens

by PropobgdCMeamatee
i ng in Large Offices

mat e Percent of Square Foot a
New Const Existing Bui(lAditreg &
1 14.32% 0.99%
2 14.31% 0.99%
3 15.57% 1.07%
4 15.74% 1.08%
5 14.85% 1.04%
6 15.96% 1.01%
7 14.45% 1.00%
8 16.27% 1.02%
9 17.59% 1.08%
10 10.17% 0.67%
11 10.58% 0.71%
12 14.20% 0.95%
13 9.83% 0.65%
14 12.03% 0.76%
15 9.65% 0.63%
16 11.12% 0.71%
Perceaxi 9fing floorspace that wil |2 2teanadatredrse dardeuriinng

ef fect.

2Q2Z1Titl e
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AppenddimbeBd &é @ c tirni cWattye r
Met hodol ogy

There arse tneo woant er savings associated with the

2Q2ZTitl Pae®r GGASE ReROr2NRLI GHD|2 15



Appendi En€i ronmeMéeaahodompagy

Greenhouqde&H@Ns ssions Factors

Greenhouse Gas emissions are calculated by mu
consumption by precalcul ated greenhouse emiss

factors can be downloaded from the California
https:// www. energy. ca.-g8ANsveorekhsthOolednr ekrschyd p/ 2020
compl tnmeentcd dhe fil e200i TD&r €sni sss ons Factor (
15RARFor natural gas there is a singagedadbuer f
the period of interest and by building sector
over the course of the year and do not wvary b
factors are contained in the following table.

Tab64& Natur al Gas GHG Emission Factors

Metric

CO2per

Mi i

Fuel Sour (¢ Ther ms

Gas Res (30 Y 5, 84

Gas Mers (15 5,60

Gas Mers (30 5,28
The GHG emission factors for etlkcmaieizgneary
El ectricity savings can be converted into ann
mul tiplying hourly electricity savings result
di ffer by period of analysis and climate zone
Both natural ga$GH&nNn@é@mélsesdctomi ¢ iatichteo r2s0 2a2r er ebsue al rt ¢
versions of the California percfoom maanndc eC &§pGCd o0 a

for nonresidential and residenti al buil dings

GHG emi ssi ons.

Thassumptions underlying these emission facto
TDV Methodo#agsgi reapbetat the same web page.

Bhttps://efiling.energy.ca.gov/getdocument.aspx?tn=233.

Ahttps://efaldow/l egemted@mgyument . aspx?tn=233345

2Q2ZTitl Pae®r GGASE ReROr2NRLI GHD|2 16


https://www.energy.ca.gov/event/workshop/2020-03/staff-workshop-2022-energy-code-compliance-metrics
https://www.energy.ca.gov/event/workshop/2020-03/staff-workshop-2022-energy-code-compliance-metrics
https://efiling.energy.ca.gov/getdocument.aspx?tn=233260
https://efiling.energy.ca.gov/getdocument.aspx?tn=233345

GHCGEmMIi ssions Moneti zati on Methodol ogy

The 22ZI0D¢ nercpys accstu s eidn t he | i-dfefcggactlieveaemesds anal
include the monetary value oftheoe dendo BHWI e eni
GHG abatement cost. This total abatement cost
and the additional <costs apsesrocceenduedi wht hna GHIG
emi sdiyor2050. This moneti zRitnaln 2052 2d eTsxf i Nbeetdh o «
reporfthough this monetization i s embedded witdt
reportedate@wAI2am has extracted these values
the 825 period of analysis, the economic value

$106/ Metric Ton CO2e.
Water Use and Water Quality | mpacts Me

There are no i mpacts on water quality or wate
change.

2Q2ZTitl Pae®r GGASE Re{R2r2NRL I GHD[2 17



AppendCal iDfBoaurinida ng Ener gy Ci
Compliance (CBECC) Software

| ntroducti on

The purpose of tphieseagp e@mdip) sied tf@wvi si ons to
commerbaiiidldi BEGECAd MPB owmigt h t he supporting docume
Energy Commi ssion staff and wbehededhhocappsap
and i mplement the software revisions.

Techni cal SBafstiwsarfeorChange

This proposal would requifroe¢ d amaree oddv a&recse d ha
full |l oad houltAarddidfitompdriggt,bposal woulldP@hange
up for some Primary FunctionAreas and down fo
the Additional [ 11 ght ifnagr poemetra idre n@u a&lyi],f iAd d olw
to the Area Category Met h©.d Blsbhsgonpgrao mesalTadbh :
both the allowed installed |Iighting power and
system in the snamhde rodo sdterseiqguni.r eSment s i n Secti
mandatory, the hours of operation would apply
proposedAddst gninrmdd yt he base case would now he
controls baseline (occuipasmcryo segmeatngr wt hdn a6 &
Power Adjustment Factors (PAFs) for occupancy
reducedbetter reflect the additional savings
sensing.cdNot swlfsg ware updanefs|l evcti-tolibe meletdied t
occupancy sensing in large offices measure ot
measure is mandatory and thus would not be di
proposed designs.

Description of Software Change

Background olnn ffoorrmaStoif t war e Change

The |ighting simulation in Energy Plus is pri
is in a space as modi fied by ,armsalhqurSluyn laingh thio
Addi t ifoommral3d ydi mensi dn aglhonmade Ipss, fturd her 1 mpact
flux model s of edsaylniagteassy higghwhi chl umi nance at
referemrnoneers that "measure"” horizontal il | umi

t hat have dayl i ghti kgnegn arbgeye dcnoenBseusmpdteiso nt roafc e |
l ighting, the EnergyPlus-Commuhatudas"kbkbenebhv
radi ant healti gghatninnsgh € r b mer mal simul ation model

2Q2ZTitl Pae®r GBGASE ReROr2NRLI GHD |2 18



increase cooling |l oadepandpdgctkaskeabobahagnc:
space for a given time step.

Exi stCBEgcComModel i ng Capabilities
CBEGCCom has all the requir esdi nsutnmacdhleatnigers capabi
proposed for the lacgepoadbdyrcel smas | welboheas f ol

changes to the area category method of <cal cul
standard design.

Summar Proposed Revisi-€Gom to CBECC

There are 4 chaeded ttdhale ama&der to the ACM to 1
proposed here:

1. The PAFs for small zone occupancy control s
three bins of values for different size co
put an upperl|l ¢éwend tzometdhiezead to 600 sf, t he
occupancy sensor biwowshe& eel(i2zmiln atoe b 0as stfhi s
controls is not significantly different fr
Si mi lfeorrl v,he two remai ni ngaogbrienasthegra 2625 o0osR2p 0
the PAFs are reduced as the base case woul
operating hours.

2. The LPD proposal would change the values f
vari dmltdeP DReg, Al |l owAreaht ArleowAmea?2on of
"SpaceBySpaceFutSpTaypd"unnict i tolmddlae ai n NR ACM
Appendi xnb5L®PBPRegesponds tloi ¢ghPed Wwea |l IDeewesd t y
(W sf)" in Area Cat-EqfordpywAPBRaTlaplAe | DARAre& a?2
corresponds to the " AddiotwadnmaelSr'eiag ICait e@ ol ¢
Tabl e -Q40. 6

3.LPD proposaald woumed addi ti onal all owances to
Function Types. As a resul tAl IbcevArdeeassl ,chang
Al |l owArodaiznns of thi s tabl e, ¢ htiyspevoul d add
descriptions for the additional all owance

"SpaceFunc'titoamlblaeg ai n NR ACM Appendix 5.4A r
Al | owTaynpdd I owTy pe?2

User I nputsCom CBECC
No changes are nee@Gednpobhebpaeaod@CBBEGCr ol s. requir
The changes t o 6Sefcotri oonc clu3pOa.nlc(yc)sensing in | arg

250 sf are mandatory requirements and thus ar

2Q2ZTitl Par®r GBGASE ReqR2r2NRL T GHD[2 19



Thei ghPtoiwvnegr AdjFuasctt(o8msEsyefpwyrsmall occupancy se
zones on | arge offices have changed and the |
eliminated. This | argest bin (251 to 500 squa

| megsatredhehang®® in Secti watiéa@eb, nplue s have n
Howe ytehre standar d dveowuuibgnhawmwmgadges refl ected in
5.4A. Hbéweveéehe additional all owances, a coupl
some of the spacwoulyged tach dod hgedded xtin8 e 4 A.
the variabl es :

T Al l owTypel
T Al'l owAreal
T Al l owType?2
T Al'l owAr ea?

St mul ation Engine I nputs

EnergyPlus I nputs

This proposal does not change any of the Ener
schedule for | arge offices, the general | ight
Thips opa$salo changes the small zone occupancy s

Adjustimerntor s and criteria but does not change
passed to the EnergyPlus simulation kernel

Cal cul ated Values, Fi xed Values, and Limit
This proposal does not chanlgRDt ddehleeusl eo rs etthse au
of Power Adjustment factors. This proposal on

in the ghktiwmagalg $tiructure.

Simul ati o®@uEpWwarnieabl es

The proposed code change woul d vmati aallteesr. si mu

Compliance Report
The proposed code change would not alter the

Compliance Verification

Code compl i anczonfeoroctchuepamuclyt isensing in | arge
verified using the updatescompthenaecdptameert
increased afwamewemandat ory contrtohpsl acnesqui r e mer

2Q2ZTitl Pae®r GGASE ReROr2NRL I GHD|2 20



examiner and bui Deétagliedspemmari es of compl i a
compliance, and updates to martkiedAnlaoSdor r ol es
Appendi *¥hE | i ghting ATT wi lulpdmneed tac cleettamaien
which | anguage can2b6é. 8dendoimpl| $adtRi€ld lo c ume nt
OS5, NRCC T'E,anNRCA T022Awouhéeded twoi dteadrnmeodi fy the PFZ
values accordingly and add a part describing

procedures. More detaiRs6Tlaea plead ®ueaxa minn &re cWw ¢
to be aware of the new mandatory contr ol requ
in NRCC forms and |ighting design document s,

new contr ol requirements. iThé abdiyl dieregl itms pbec
aware of the new mandatory control requiremen
such as the NRCA forms. The building inspecto
updated accordingly.

Testamdg Confir mi-GogoMGBECCn g

Thproposed code change would not alter any 1in
confirmi nQomBrEcCde |l i ng.

Descri pChangeAsCMoReference Manual

For theromel $énsing in | arge offices measure,
Manual ecoubd i2n 6Sellchtei ooonl y software associate
the standards would be updating the PAFs for

PAF ealuas well as wupdating the | anguage to r
square feet.”

The Statewi dewoQAH iApggeem dd X i5n t he ACM Ref eren
to account forvaheespddadAsedebkBDIigb dd ei nCoSmwepd teitcen
Building Method and the Area Category Method
4A so new values mTadd Bted obwe iinncsl eurdteesd .t he mar ke
|l anguage with the new values inserted. When t
col umn wil | have the value with strikethrough
contain the variable value underlined and 1in
not proposed to change, the values in the 201
in black font. 3Plaitaoke adale tSo@ntailon nf or mati on.

2Q2ZTitl Pae®r GBGASE ReqR2r2NRL I GHD[2 2 1
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AppendlimpactCemplifi ancenProces
Mar ket Actors

Thiappemndisx utssvwe st ieommended compl i whtehpreces
described 2i.Mare c$ e3ntic.ob5nil dp v@atr i ous maMlhbébt eact or
6 6 deindtshfe mar ket waoapbagy whoole in complying wi

change, the t aswkosubfdeswpwbnshbltdédeytheir objecti
the tasks, how t hegeprcoopudsde d ncpoadveo rckitiatne mwd e x i st |
ways negative 1 mpaciihe cionufl ar et indirh b&arsteadi.ne d |
summarkyefyefedback tédeCAPBt Eavamwheres yealki ng to
mar ket actors about the compliance i mplicatio
Appendcgiuxmnmiari zes the stakehol der engagement th
conducted wheanderveefliomiimg t he code change pr oy

information on the compliance process.
Mul-zane Occupancy Sensing in Large Offices
As showabdi@el ohwepr ¢ p ocsoentp | ipamacecs! dt avearekf | ow
fomost involvedSmmekkeyaichalhgees idogueempl| i ance
with the newt bledimighémng designers ;amdewnerggy
equi pment, training, and testing, for the con
for thénAT&ased coordination among | ighting d
engineers/ desigonéetantenecgptcohs contractor s,
mechanical ATTpowdminadi mieoegeati ve i mpacts of the

requi r(eSreegneéehor.€u2o2eajly, these mar ket actors ¢
Conversations with a fewacgdhefGomphi angédti mgr

Teameveabtedeahlier communication between both
designer s emerwegl lcomsultants and controls cont
furahemg in the building and compliance proce
The proposed compliance pmroateemses Wwoul duhckiebga

completed by,|ltglhionhngoATT®l s contractors, and
existing document si @2s. 6dPd6aenrsameder s’ Saoatd buil d
inspectors’ roles and responsibilities are wun
the proposed code change.

Li ghttiowgr Densities

Proposed clhR® gfesr ttohe Compl ete Buil ding Met hoc
Met hod and Tail ored Method are changing the v
but do not change the structure of «é&tehiasl | owa
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proposal does not change the workflow for mar
with the new | ighting power all owance values.
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Tab6@& Roles of

Mar keiTask(s) I n C

Actor Process

Lightiqfldentify re

Desi gl requirement
compliance
TfTPerform req

cal c ulbayt isopn

t o condmplm
Oor use ener
consul tant.
fCoordinate
other team
(HVAC & mod
fProvides <co
narrative s
the sequenc
operation o
occupancy s
the | arge o
and the act
virtual con
bet ween eac
occupancy s
the | uminai
control s

fCompl ete co
document f o
applioatuens
enercpynsul t e
fTReview subrm
during cons

fCoor diwmate

Ma thleRrt o Acd @d sCompl i ance

Process

Objective(s) How Proposed Code
Compl eting C Coul d |Wumprakeftl ow
Tasks

fTQuickly and fWoulheéed to docul
determine compliance with

requi rement requi rament curr

sco.pe bei ng do c(uanmogféefdc
fDemonstrate OCUCpansceyn s)or
compliance fLowered LPDs may
cal cul ati on alterative |l ight
for debeghn. selections or uct
fStreamlined compliance pathy
coordinati o tial ored or perfo
team me.mber

fTClearly com

system requ

t o tcromctors

fQuickly com

compliance

or use ener

consul tant

fTEasily iden

compl i ant

substi.tuti o

fMi ni mi ze co

dumgi monstru

Opportunities
Negative | mpa
Compl i ancree Ret
fProposed doc
met hodol ogy
materials al
produced as

design/ const
process. N o
documentati o
neces.sary

fModel i ng wsoafl
need to be u
include prop

Software tra
updawewsheed

occur .

IfTNRCC foombéde
to be update
requirement

fTCoor cki nwatt h

mechani cal d
engi nered spot
trol s ocnon
c ofmrt rlod rs

con
t he
of fices.
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commi ssi oni
or Acceptan
Technician
necessary.

Energ :Support desi Utilize comp fWoulhnhéed to docurt fTModel i ng wsoafl
Consulprovide guid method deter compliance with need to be u
t energy code team to be t requirnemencurren include prop
requirements method for t docume(nlt®adge off Software tra
to show comp and compl et e occupancy sensor updawesheed
document@aei i fLowered LPDs may Ooccur.
of complianc a|lterative |light {NRCC foombee
selections or us to be wupdate
compl i amwae sp gtshu requirements
tailored or perf
Contr  fBid and iiln Il nstall and fNew mandatowputc fUpdate NRCA
Contri features pe l ighting sy require additior criteria
documents ( meeting man training, and te fCoordinadt ghw
set, specif requirement successful and mechanic
compliance TfTDeveNB@EGC fBe able to suppc designers/ en
document s, compliance experience with well meth 1 i gt
flnstall and for per mi.t cont.rol s mechani cah A
wor k. the control s
fProvide cer programmed.
i nst atolnaptliio:
documentNRCI
support ins
features me
promise of
sdtspeci fco me
pliance sloc
( NRCC)
fCoordinate
acceptance
installed c
ATT
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ATT

Pl

ans

E x a mi

Bui |l

di
nspe

Verify instaTest and doc New testingophbedt o fUpdate NRCA
are working installed corequired for cont criteria
testing crit working.prop fLighting ATT
supported by with mechani
certificate 1 f commissio
(NRCA) and triggered, ng
communiti cat e agewduwdr kK w
installing c controls con
there any °f mechanical ¢
cont.rol s | i g hAtTi Tragn d
me c h a ”AiTda |
Confirm that Provide buil Be aware of mandaUpdate tiiaichiu
compliance dand emsupmpeort requirements and all new contr
are supporti code require be supported in Nrequirements
and that combeen met wit |ighting des.ign d
achieved document s
fConfirm bui ConfirmsoanmntdBe aware of new nUpdate traini
meetingetplalightingrseys requirements and all croenwr ol
specifjcandinstalled pe requirements .(NRCrequirements
compliance Code require
document s the NRCC/ des
fConfirm NRcapproved for

NRCAB mpl i an pPer.mit
docume i e e
compl et ede a
availabl e t

own.er
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Append3umnrary of Stakehol der

Coll aborating with stakeholders that might be
critical aspect of the SThhd eSvti altee VCIABBeE TAIHEHN Be ¢
to work with interested pasteesasvocidaenedT fwi @&l
proposdd changes so that tthe tpphreo Enxalgy proemme rs
t hDbsaCAAE Report are ge.Pairbdlilcy sqd pkpdmtiead v al uabl

feedback on draft analyses and help identify
i ncl ucdoientgc t | v,ewmae kKt ;bdarcrhingrcs;lcompd i aemce and
enforcement;ochpltemge x| Il mpacts on human heal

Some stakehptder dtetadlta btahe St at ewi des UCpPARSEr tTeam
anal yses.

This appendizesstummastakehol der engagement t ha
conducted whean dlefvieniompg ntghe recommendati ons pr

UtiSSponwsored Stakehol der Meetings

Uti-dparysored stakehol der meeti ngasboputovtihdee an ¢
Statewide CASE Team’'s role in the advocacy ef
change proposals that the Statewide CASE Team
The goal of stakehol der meet ifrrgosm issteatlsahsdaydi c i
enoutgch enshuer epor oposals and the supporting anal
few outstanding Tespeeviadepbseanbparency i n wh
CASE Team is considering for code change prop
Stewi de CASE Team ashks for feedback

Proposed code changes

Draft code | anguage

Data to support assumptions

1
1
f Draft assumptions and results for analyses
1
T Compliance andaedf orcement

1

Technical andimartket feasi

The Statewi de CASSE®DtTekaarh dhlodsaredmee teisn gle nft o ral i
| i ghvtiian gweTh enRR@me asur e nwdauded at both stakehol
andhmu lztoin e o c csuepnasnienygl ar grae afwaes esncl uded at t
stakehol deRl| enseseet isnege bel ow tfeowe dtatpageasndond i nk s
Ti t BtePke hol dMatseciboal s fromsashi dieepregent ati o
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https://title24stakeholders.com/

proposal s uhmncaord ee sl, annagheda gien ga mentcelsuded i n the
bi bl i ography section of this report.

Meeti ng Name Meeti nEvent Page from
Dat e Title24stakehol de

First RWomrde soifde Septenhttps://title24st:
|l ndoor Ui ghpgdmgo 12, 20nonr es i-idnedndt o caHuttiinlg

Stakehol der Meet Sspons-et alle hnoeledteirn g
Sema RoawfndNonresMarch https://title2d4st:
|l ndoor Ui ghpgdmgo 2020 | i ghuttiislg ntsyo-s edkeh
Stakehol der Meet meet-2hg

Th
No

i rst wtaodspdnys st a e hme @teironcgcsuf r ®adn Sept ember t

vemberandl0 Wer e i mpor ttarnan sfpar gomroowa edhgh gf or um
stakehobt &eese dibbmoka sur e spubresiuregd by the Statewid
Teamhe objectives of the first round of stake
the scope of thepr @p@ra & ®bett acfyacel deloanc ks pbeci f i ¢
approaches, assumptions$ hemedgyeampa®ti 9 gi es f o
effectivensasmsd anmd grag tearrec Ahi cal and Trmaer ket ba
St at ewASIeeaanl so presented i ni tfioarl sdtraakfeth ocloddeer sl
revi ew.

Theecond ructu-sdgaasored stakedoduwrer eMiaefertho mg s
Apr2i0l2aOndgr oviupedd edaimirsoposed co.deTlcédh angesnd r o
of meetnitnrgosd acrkegs ul t s ,o0bethecyyamamesse ment al co
anal ysessod i ci t ed rfefeidrbemdotd eon anguage

Ut i-dparysoraekde hsol der meetings .Wereeagdn st aktehe |

me e t,it wgr o mo tei noanivald sdeit 3 i bfurtcendf o @t i t | e24stakehol d
One emas ént t o Tihtel @n24 r Yt iakteshwonohzeke s 1, 900

i ndi viacdhwalas second ¢maial twageds entolni stth eotfs eirnvdi v
dependi ngs wbnsicph éiom pTheeTierle@mc24 Siwa kelhibsttdseerrsv
i's amnopervi ce iawndd viindeulad dse sf r oimn chu setindlie etsr aardieest, vy
i ncl ummdhinmud acturer s, &dwetveaynagemaups, ng and ene
prof essbHaoccmmakbswagosted on the Ti'tLiemk24]1 9t plagleo
(and prometed on the Enerlgyp €tgwedni wesa lon Hdea fnkrea
meeti mgach out taond nldarvgzedrti aolrsgsa nailnedu tcshiachen eo f t
| i st Bhe8tvat ewWASIBE amonducted extensi vteo per sonal

stakehol der 9 niide mtli Wwoda &d ipriesttp sierdt blei st ser v.
Exported webinaapmeadiegmghadmabtandndi vi dual ¢ omme
and recordediduwtec mmd st rod eeer spt aal&lteshpoalrdteirci pati on
support.
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https://title24stakeholders.com/event/nonresidential-indoor-lighting-utility-sponsored-stakeholder-meeting/
https://title24stakeholders.com/event/nonresidential-indoor-lighting-utility-sponsored-stakeholder-meeting/
https://title24stakeholders.com/event/nonresidential-indoor-lighting-utility-sponsored-stakeholder-meeting/
https://title24stakeholders.com/event/lighting-utility-sponsored-stakeholder-meeting-2/
https://title24stakeholders.com/event/lighting-utility-sponsored-stakeholder-meeting-2/
https://title24stakeholders.com/event/lighting-utility-sponsored-stakeholder-meeting-2/
mailto:info@title24stakeholders.com

St atewi de C@&mEmUdeiamati ons

The Statewi dehedAdSEp efresaoomal ¢ ommunipdyaothnieansdg over
iperson i wibBuweews s stvalkermodeaweglsopi.ng this re
Mul-Zzdne Occupancy Sensing in Large Offices

The Statewide CASE Team wor kedavhwd de\ne lao wiamg ett lyi
me as ulrher.oughout 2019 and 2020,endhaeg&d at epve atee
wi fbur comrtgarcitaantrieoensmanuf acturing compani es,
representativeandr gaoi dgtsiagmsvfeil i ms$ wo m€kéi ngs
manuf actur iemsg rcecpmpeasreint & hkaogeuphacyg obntrol
provide different niche services within the a

proposed colw oHsatlgeess repr esent anhiov ep aorrtgi acniipzaatt
in outrrepacelsewo of the four | argest skBdys repr
Ar e a Their roles are significant due to thei
construction, procurement, and installation p
During the first tbesdkefhodudtersach hwi tSh at ewi d
used a sscurrivpety, Ap paemdwixtntc speci fhbiasegueexnt iiomastr
role. Conver datsiterds bwed waelelnyad0 hmumut dheanadforn
coll ected included cpurordeunctt deeasridgesmtriporneacs j ceasst
estimates, perceived issues wattdi sbespropoetd
potenti al i mpacs$ basedraetthetproposed code c
were then compiled into a spread stleanti ayndamsy
confusion angupsbandeng dat a.

A second round of outreach occocnutrrroelds wdiitsht rsiebnust
gain further insight into accurate cost dat a.
using those to inform the incremental first <c
The Statewide CASE Team is currently conducti
l hgi ng representatives, controls sales repres
verify reasonable assumptions were made in in
and actual cost estimates, which in taurn affe
and data are indl adédbdumghSéeédBieo s ABEwTdamC
will wupdate the Final CASE Report based on th

Lighting Power Densities Communications
The Statewide CASE Team contacted stakehol der

focus on |lighting while developing this sub m
Speci fi Gdalaltyewitdikead M SeEngaged with | ighting man
agenaings ot her parties both through phone inte
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analysis asiwellnasroenews at tradeTspows ahd
di scussion and data collected was as foll ows:

T Trendsumimma perforromanfcaecedomad it ce by end users
owners, etc.)

o Overall performance of current | uminaires
o Efficacy differences between 80 CRI and 90
o Which downlight form factors are most popu
o0 Which LEOt prade the top sellers?

o What perofottageal es purchase are?LED versu

T Cost of current LED Luminaires versus | egacy
product.
o Overal/l cost of current |l uminaires versus

o Cots di fferenti al bet ween 80 CRI and 90 CRI

o Cost differ¢emtiniealanfdodi enolt @r war m product ve

Manufacturers, Lighting Agencaneds wenbd soetahrecrh epsa

recapped as foll ows:

1T Telephone I nterviews

o Two |l ighting comagmatibrmacdupaodurces owif ©h i
(representing over 100 brands)

o Three independent manufactures specializin
and specialty lighting products

o Three | ighting r ep oavgeern c4i0e0s nfarneupfraecsteunrtei nbgr a

T LightFair 2019, Lightshow West and I ES LA 20
o Four lighting comagmat tba aman pfraodtuwcrt e 0 fwietrh
(representing over 150 brands)

o Twelve independent manuf act urneds asrpcehciitaelcitzuir
and specialty |ighting products

o Five lighting rep agencies (representing o

T Online (internet -wWwebsis$a)leseandhessbni buti on

o Lamps Pl us
o Graybar
o Grainger
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o 1000 Bul bs

O Lumens Com

o Wayfair

0 HomPepot

o Lowes

o Lights Online

o Lighting Supply com
Data for | uminaire performance pricing (cost)
' i ghting conproafatee &epbhitswere codl ected, eva
di sseminated into thel staibnl epsaratn dt hortohuegrh nahtee rfia

support of the st akeaebovd eglrassadesdciersed i n t he

Ot her Outreach Mechani s ms
Meeti nd nwietrbnati onal Associati o®mD&F Lightir
'l uminating Engil/k&Sering Society (

Th&8tatewide CASE Team met with representative
2020. Meeting notes andpaaspremadshems wér éodi
meeting attendees afterwards.

Concerns wi-Zzdind hecanupancy s eensmenags urne liamroleu dodd

T Potenti al aesthetic issue i f one person is
of fice |Iights are off or di m.

1T Sense of safety at night with proposed cod
The f-oploewquests made by the StatewilLdbe CASE T

representatives for the measure included:
1T Seeking contacts in Illinois, Maryl and, Ne
or have experience with the open plan of fi

T Connecting with ilnivgohltvieadg sdng stihgehett ie si mi |l a
in 201&italcecCc CPADbD i ¢ dorldicryatCor

T Looking for input to determine how to i mpl
the code and supporting good design.

1T Seeking data cexisiatbpgeo?ldlitenPanrtt BAFx. What
experience designing this, the perception
contr ol zone size | imits?

1T Seeking information on potential | imitatio
Can dual technology be used wirelessly?
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T Seeking input on requirements for retrofidt

2021 I ECC Committee Engagement

The Statewide CASE Tiehaaliegbhhegtddswghbrs with
invol vement with developmenTbkeofnthealk0d4B8ghge
was gtehwer t heir experience designing The si mil a
fol-lplwscussion was around the proposed code ¢
versus “gener al l i gAhien®t atewti de ZABEE&E TEGG. r e
feedback that:

1T Theequence raacntdb eitnteee Az onmuel toiccupamcoONts®nsi ng
and automatic daeydmhdggdd i h@ ke nd lasdrtihye speci f
functional requirements in the code | angua

T There should be no issue expandi ng gthtomg"™gd
2 4, Part 6, unless tfourmav-onbuntwad bnflifgbsopwgc
this these |lights should be exempted from
occupancy sensors for them.

Cost Effectiveness ieomief iOcatuip@amcfyorSeMwslitng
Of fices

4.1.1.1 Data from Lighting Representative Incremental First Cost Estimate

A lighting representative in California provi
averaged across mul tipl e veonddso.r sT haen dc ail ntpul | eantei no
includes four different 2019 Titl e-s2Mi,t chhart 6

contimpll ement ati ons for the baseline scenari o.
2022 Title 24, Part 6 compomemrctu pwinrceyd saeamdc i wmigr
control solutions for the proposed case. The

for both insg,aldndanids straprntresent ati ve asfedbot h f
sol utTihorensl.abor esti mate doed gmothoiumsl.ude addi't

Tabbtbe Title 24, Part 6 Basel i rRSewiQashe | mpl emen

Large OfTot al CoAverage |[Average Tot al Co
Sqguar e Sqgquare FProduct |[Labor Co
Footadge |[($ft (%)

1000 $0. 99 $4,102.5%$5,760.0%$9,862.5
7540 $1. 28 $4,048. 7$5,599.6%$9,648. 4
4000 $2.12 $3,470.0%$5,000.6%$8, 470. 6
2584 $2.88 $2,822.5%$4,629.3%$7,451. 8
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Tab6& Title 24, Partt mplRmemd a¢d o@ase

Large OfTot al CoAverage |[Average Tot al Co
Squar e Square HProduct |Labor Co
Footade ($9ft (%)

10000 $1. 64 $8,211.8%$8, 181.5%$16, 393.
7540 $1.93 $7,092.5%$7,434.8%$14,527.
4000 $2.75 $5,145.0%$5,835.9%$10, 980.
2584 $3. 70 $4,225.6%$5,346.5%$9,572.1
Tab6@ | ncrement al First Measure Cost Per Squa
Large Office Sg®Hare I ncremental Cost pér
10000 $0. 65

7540 $0. 65

4000 $0. 63

2584 $0. 82

Average $0. 69

4.1.1.2 Data from Lighting Representative Wired and Wireless Data

A lighting representative in California provi
incremental first measawmdewicosltssdes wleeini ovins e d
50/ 50 market distribution, according to this
estimated three wired solutions from multiple
batteries) from multipne wvemprdogeant edelset s ofl iuxt
zonrbeased soTlhuet ipornosduct and | abor cawpfseinclude
Sect2.odn. 0. Mmore detail s.

Tabv@e 2022 Projected Costs Representing About
Mar ket Preference

Large OfTot al CoAverage |[Average Tot al Co
Squar e Sqguare FHProduct |Labor Co
Footadge |[($ft (%)

10000 $1. 84 $7,826.6%$10,622.%$18, 449.
7540 $2.18 $6, 753.3%$9,711.6%$16, 465.
4000 $3.06 $4,880.0%$7,349.1%12, 2209.
2584 $4.06 $4,148.3%$6,347.9%$10, 496.
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TabV7® 2022 Projected Costs PRegreense Wi ired eAlso Bto
Mar ket Preference

Large OfTot al CoAverage |[Average Tot al Co
Squar e Sqguare FHFProduct |Labor Co

Footadge |[($ft (%)

10000 $1.52 $8,443.0%$6, 716. 7%$15,159.

7540 $1. 77 $7,296.0%$6, 068. 7$13, 364.

4000 $2.56 $5,304.0%$4,928.0%$10, 232.

2584 $3. 49 $4,272.0%$4,745.7%$9,017.7
Tab?2 Percent Cost Savings for Installed Wire

Large OfTot al CoAverage |[Average Tot al Co
Square Savipgs Product Labor Co
Foot age Square F

10000 17. 83% 7. 87% 36. 77% 17. 83%
7540 18. 83% 8. 04 % 37.51% 18. 83 %
4000 16. 33% -8. 69 % 32.94% 16. 33%
2584 14. 09% 2. 98% 25. 24 % 14. 09%

Average |-6. 89 % 33.12% 16. 77 %

4.1.1.3 Data from Lighting Representative Equipment and Programming
Incremental First Cost

A lighting representative in California provi
controls for Model Of fice A and ekbober Madelire
Of fices B and C. This lighting representative
effective I mplementation to meet the proposed
include | abor rates, however it diidngs ofvi @ a
wired to wireless controls for all solutions

Tab?7® Cost Components for Estimate

Cost Component Cost Per Un|/Unit
Wireless Switch $65.00 $/ hour
Embedded Contro $42.00 $/ hour
Wireless Switch $100.00 $/ 1
External Wirele $190.00 $/item
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External Wirele $143.00 $/ i tem
Embedded Contro $45.00 $/ i tem
Ti rBewi t c h $600. 00 $/item
External Relay | $130.00 $/ 25"
Wi red Switch $145.00 $/ uni t
Programming (Fu $1,500.00 $/ day
Programming (Ha $800.00 $/ hal f day
Tab74 Base Case Equi pment and Pr oeSwiatntihn g
| mpl eme nitMotdieoln Of fi ce A
CosGomponent Cost Pe Numbe¢e Cost Comp
of Ui Tot
Ti r”Bewi t ¢ h $600 1 $600
External Rel ay $130 1 $130
Wi red Switch $145 1 $145
Programming (Hal $800 1 $8 0. C
Total Project Co N/ N/ $1,67C
TabV® Base Case Equipment and Pr oeSwiatntihng
| mpl eme nitMotdieoln Of fi ce B
Cost Component Cost Pe Numbe¢e Cost Comp
of Ui Tot
Ti r”Bewi t ¢ h $600 1 $600
External Relay $130 1 $130
Wi red Switch $145 1 $145
Programming (Ful $1,50 1 $1,50
Total Project Co N/ | N/ | $2, 37
Tab7V@ Base Case Equipment and Pire®wiatnthng
| mpl eme nitMwotdieoln Of fi ce C
Cost Component Cost Pe Numbe¢ Cost Comp
of Ui Tot
Ti r”Bewi t ¢ h $600 1 $600
External Relay $130 2 $260
Wi red Switch $145 1 $145
Programming (Ful $1,50 1 $1,50
Total Project Co N/ | N/ | $2,50
TabVY® Base Case Equipment and Programing

| mpl e me nitMwotdieoln Of fi ce A
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Cost

Wi rel ess
Embedded
Progr ammi
Tot al

Tabtv e

Component

Project
Base

Cost Pe
Switch $65.
Control $42.
ng (Hal $800
Co N/ .

Case

| mpl eme nitMotdieoln Of fi ce B

Cost Component Cost Pe Numbe¢e Cost Comp
of Ul Tot
Wi reless Switch $100 1 $100
External Wireles $190 7 $1, 33
External Wireles $143 1 $143
Programming (Ful $1,50 1 $1,50
Total Project Co N/ | N/ | $3,07
Tab?7® Base Case Equipment and Programing Fi
| mpl e me nitMwotdieoln Of fi ce C
Cost Component Cost Pe Numbe¢ Cost Comp
of Ul Tot
Wireless Switch $100 1 $100
External Wireles $190 13 $2,47
External Wireles $143 2 $286
Programming (Ful $1,50 1 $1,50
Total Project Co N/ | N/ | $4, 35
Tab8@ Proposed Case Equi pment and PZIome ami ng
Occupancy Sensing TiiModeealr gGf fOQfcfei cle s
CosGComponent Cost Pe Numbe¢ Cost Comp
of Ui Tot
Wireless Switch $65. 1 $65.
Embedded Control $42. 28 $1, 17
Programming (Hal $800 1 $8 0. C
Total Project Co N/ | N/ | $2,04
Tab8® Proposed Case Equipment and RI@me ami ng
Occupancy Sensing TiModLealr gGf fQfcfei cBe s

E gPuriopgmeannti nagn dF i r st

Numbe¢ CosGompon
of Ui Tot
1 $65.
28 $1, 17
1 $8 0. C
N/ $2,04

Cost for

2Q2ZTitl Pae®r GGASE Re{R2r2NRL I GHD[2 4 7

S



To

st

rel
ter
ter
ogr
t al

b8 2
cup

st

rel
ter
ter
ogr
t al

Component Cost Pe Numbe¢e Cost Comp
of Ui Tot
ess Switch $100 1 $100
nal Wireles $190 7 $1, 33
nal Wireles $143 7 $1,00
ammi ng (Ful $1,50 1 $1,50
Project Co N/ | N/ | $3,93
Propos&duCpment and PrograminfonrFda r st

ancy Sensing fTiiModealr g&f fQfcfel cCe s
Component Cost Pe Numbe¢e Cost Comp
of Ui Tot
ess Switch $100 1 $100
nal Wireles $190 13 $2,47
nal Wireles $143 13 $1, 85
amming (Ful $1,50 1 $1,50
Project Co N/ | N/ | $5, 92
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Appendi Ma@Ghe Occupancy Sens,|
Of fice Qutrwveyslibamd pResul ts

Proposed Code Change Gener al OQutreach

Details of who participated iAppgéndliheuEreach
following survey script wasduséedddbyi heoSt ate
CASE T€amlssual ly took 30 minutes to an hour tc
scri potf falreem p ayouts which were used to devel or

conversation was sl ighelrhyi e@wkekebastedf om eadls
designers, contractors, sal es Ciosgrse sverrrtea tail wes
coll ect ed efroerntt hofefa wdei fAifg yioruttesr vi ew cal | s. Eve
up with an email containing a summary of the
foll ow upBguewstmwshzidime occupancy sensing in | a
survey: script

Designers

Il n your projects, what is the generalormpercent
building that is open plan office area (as op
communal areas, etc.)?

Have you ever used t Adf ocrcdpiamcVAa nle & 9,1t 4@ & 4
67?

I f so, how was it?
What support or objections do you have for

Il n the current hiemplsdhmentodstfiremoniweld t oPamett6 Ti
f onofafgrceeat er than ,hdW daguywow dwerenrently specif
Ti nsewi Bodd/ or occupancy sensors?

For aswitmewm!|l d you specify the occupancy sch
who does that?

What technology do you use?
For an occupancy sensing mamptemphtanhceh..(ab
How o yeu er mi ne howamsaeayys orcsc to use?

Seekemaegal description of how they dec¢
of f?2i ce

Are they already, sphdbdadedggoog mtwh &toh e s
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Doyosipeci fy whwepeaensdeyinmsooct ocates on the re
pl &dRCPp ?

Doyosipecify theFOYebtl 0panrscegnus or s ?

Doyosipeci fy the exact hmpamsteyrmnar sndbdel of
Doyosipeci fy other rel adwear cpanplohent s, e. g
Do you plan where to put occ sensors? Ho\

What i s the occupangypyusenypicaltidgchmpelcody

of fice? (Note: the answer could be stand:
net worked | ightind umomtarigles (WNL ®Gs)embedde
etc.)
I f the answer is NLC, how do s/ he spe:
meet the requirements? (Note: you may
there is no confusion)
Run through the variouseofcfobteFBcOIFOr if 6 s t
34, 30Brytto obtain equipment, Illafboirt, waonudl dc ¢

be easier to share a spreadsheet with them

I f 2022 Title 24 requires thano elaarhg erc ctutpam,c y¢
600oft area within an open plan office, what w
practice?

Guide the interviewee to think through thi
gui ding questions below as needed:

Do you need ttoi me ededs ingppmrieng whi ch | umi neé
controlled by which occ sensor, where e
etc.? How much more ti me?

What about cost? (General sense of how
and what are the varwaabbe sdepheantd tohre? )i nc

Wh at i s the cost for new construction v

Should this be required for-oféetrofits
controls are required during retrofit
effective?

Does this streamliigire agpenatke aayi dre?

Woulydu need to consider specifying a di
using an NLC instewmnplamdeynstoarsd &l one occ
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What changes to the proposed code change woul
design process?

What detaspecifics are most <critical or se
Run through the various of 2 c2%2cEmnadrd ofst t
34,304 Tfrty to obtain equipment, |l abor, and
be easier to share a spveatbbmeemwithithbkam
Woul d you alupoamnmsceyasbroto turn off the | ights
when there are still occupants working in oth

mi ght be the ramifications of doing this?

Woul di poefer the Iights to dim to a backgroun
parts of the open plan office and then turned
unoccupi ed?

|l f so, how you would you specify the contr
sol utwoags®lu use?

| f not , what are the concerns, and how wou
requirement to be?

How would this proposed code change i mpact th
What woul d minimize any negative i mpacts of

Contractors

Il n your projects, what is the generalormercent
building that is open plan office area (as op
communal areas, etc.)?

Have you ever used thef ocwrcdpiamcVAa nle &gt 4@ &2AF
67?

I f so, how was it?
What support or objections do you have for

Il n the current hiemplsdhme n,todstl irem,nievte AT ittoPemex 4 6

f onofafgrceeat er than ,h90W sqQguymome ftceerently speci f
Ti rsewi aaldd/ or occupa[ncfy tsheen ssoerlse?ct i o-n of techno
deter mMVhnaetd i s the occupancy sensing technol ogy
open plamnfp offices?

For aswimewm!|l d you specify the occupancy sch
who does that?

What technology do you use?
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For an occupancy sangiamh@viemmli emenat atcioonp | i ar
Howo yeu er mi ne haoywamsaeyys orcsc to use?

Seekemepgal description of how they dec
of f?2i ce

Are they already, sphdbdadedgogmtwh &toh e s

Doyosipeci fy whwepeaenscteints ooct ocates on the re
pl dCP) ?

Doyosipecify theFOVEe!l df ot h escegnescor s ?

Doyosipeci fy the exact hmpamsteyrmanar asndbdel of
Doyosipeci fy other related components, e. g
Do youwlpdraen t o put occ sensors? How do yo

What is the occupangyusernypircagltgchmpelcody

of fice? (Note: the answer could be stand:
net worked |l ighting controldsdedNIlo€<g) ,s elnsmir |
etc.)
I f the answer is NLC, how do s/ he spe:
meet the requirements? (Note: you may
there is no confusion)
Run through the various of+f2ce%BcOIFOrifos t
34,304 Tfrty to obtain equipment, |l abor, and
be easier to share a spreadsheet with then
t hat .

I f 2022, TRaretgua2 4 es t hat each occupanthasensor
say, @00 afrtea within an open plan office, what
practice?

Guide the interviewee to think through thi
gui ding questions below as needed:

What other decisions doe yoofu tnheiesd? t o mak
Decide which | uminaiupgansteyn swirr?e t o w

Deci de where tuwpamcgynabl st?he occ

Sel ect a different control sol ution
trust and are familiar wit h?
What is the cost difhésee emprcactioceshan
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|l s significantly more time and | abor ne
commi ssioning (e.pga.nsceynls astFOWe iofccadj usH
How much more?

|l s this true when using wireless con
uswireless control s?

l s it more |ikely to cause wiring mista
Run through the various of 2 c28%2cEmnBadrd ofst t
34,304 Tfrty to obtain equipment, |l abor, and

be easier to sharwd téh dpream hsnldeéhave t hem en
What is the cost for new construction vVvs.

Should this be required foroféetcohttels
are required, doviun g rt entierdoffeietts v et?

f not already usingvoNY@ui n hmaosthepuws jtiNblg@G®Nsi de
to meet this new requirement?

A simple way to meet theupraengceaynsemehd tsrhoof &
within the open pl an ofgamrctes wheernk itrhge rien aateh esrt

open plan office. What might be the ramificat
Anot her way to meet the requirements is to di
20%, in the unocktapogfefd cppat henot urmed off when
| arogfef i ce is unoccupied.

How would you go about to i mplement this?

achieve this?
Woul d there be any changes in installation

What are the concearonsy oaund oaleasleleenvgash t hi s
your perspective?

Run through the various off2 c®8%2c3®Rna0r0d ofst t
34,304 Tfrty to obtain equipment, |l abor, and
be easier to shatlk thempramadshaee whem emai l

Do you plan where to put occ sensors? How do

|l s more education needed to make sure your
configure the products and to prevent mist
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Sal esr Regpntsati ve

Il n your projects, what is the generalormpercent
building that is open plan office area (as op
communal areas, etc.)?

Have you ever used thef ocwrcdpiamcVAa lnle &l g,it 4@ r2AF
67?

I f so, how was it?
What support or objections do you have for

Il n the current hiemplsdhmentostfiremopniweld t oPamett6 Ti
f onofafgrceeat er than h2D@®os ywar e ufreetnt |l y specify
Ti nsewi Badd/ or occupanicfy tsheen ssoerlse?ct i o-n of techno
det er mMWVhnaetd i s the occupancy sensing technol ogy
open plah offices?

For aswitmewm!|l d you specify the occupancy sch
who does that?

What technology do you use?
For an occupancy seangiabmh@viemmli emenat atcioonp | i ar
Howo yeu er mi ne haoywamsaeyys orcsc to use?

Seekemegal description of how they dec¢
of f?2i ce

Are they already, sphdbda#adedgogmtwh &toh e s

Doyosipeci fy whwepeaensceyintse ooct ocates on the re
pl dRaCP) ?

Doyosipeci fy theFOVEe!l df ot b escegnescor s ?

Doyosipeci fy the exact hmpamsteyrmnar snbdel of
Doyosipeci fy other related components, e.g
Do youwmhpdraen t o put occ sensors? How do yo

What i s the occupangyyusenwypirmcglttgchhpelcody

of fice? (Note: the answer could be stand:
networked | ighting controlddedNbCx) ,selnsmirt
etc.)
I f the answer is NLC, how do s/ he spe:
meet the requirements? (Note: you may
there is no confusion)
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Run through the various off2c8%2c3IdnNM0i os t

34,304 Tfrty to obtain equipment, |l abor, and
be easier to share a spreadsheet with then
t hat .

I f 2022, TRaretqgua2 4 es t hat each occupancy, sensor
say, @00 afrtea within an open plan office, what
recommend products?

Guide the interviewee the think through th
gui ding questions below as needed:

|l s more educati on nmnoeuerd ecdu sttoo mmea kse csaunr ec oyr
install and configure the products you
requirement ?

Woulyodu need to consider recommending a
(e.g. recommending an NLQpiamsdyresaar o) ? st

What would the cost | ook |Iike? (each se
depending on the technolkadgwnuo®déd) What
material/ product (including additional
cost, commissioning cost?

Run through the various off2 c®8%2c3®Rna0r0d ofst t
34,304 Tfrty to obtain ecourind serto,nilnagb acro,stand
be easier to share a spreadsheet with then
t hat .

Wh at i s the cost for new construction Vvs.

Should this be required foroftetcohttels
ae requiredt wfti twpul d e¢éhisecbievedst

The simplest way to meet the upagnmsdynsment owod wl
of f the | i ghtrefefwiahiwmhdarhet here are still occuy
ot hef fi cud.d Woou recommend this approach to you
the ramifications of doing this?

Anot her way to meet the requirement iIs to dim
2 0 %, i n the unocktapogfefd cpearatnsd otfh ethhheeuenedr ef f
of fice Is unoccupi ed.

Woul d you recommend this approach to your
approach?

How many products you represent that can a
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What are the concerns and challenges do yo
your ee&trisype?

Manufacturer

How do you currently recommend your customers
occupancy sensliarggfeE ones @81 for

For aswimewm!|l d you specify the occupancy sc
who does that?

What techyoluogged@o
For an occupancy sensing I mplementation (&
What equipment would you need and what

Run through the various of 2 c28%2cEmnBadrd ofst t
34,304 Tfrty to médntaj nl @aloai p and commi ssioni r
be easier to share a spreadsheet with then

t hat .
Are you familiar with | ECC 20187? Whamneis your
occupancy sensor i n oiprenh@w aint oif hp a&aetss syeacur owmc

I f 2022, TRaretqgua2 4 es t hat each occupancy sensor
say, G0 afrttea within an open plan office..

The simplest way to meet the upagnsdeynsment w
t o turhne ofifghts within the open plan office
working in other parts of the open plan of

Do you have a product that can achieve

What ' s the general VWhat wdultdhebprolbecl ¢
expensive way to comply?

Run through the various off2 c®8%2c3®Rna0xr0d ofst t

34,304 Tfrty to obtain equipment, |l abor, and
be easier to share a spreadsheet with then
that .

Woul d you recommend this approach to your

What might be the ramifications of doing t

Anot her way to meet the requirement iIs to dim
percentn the unoccupied parts of the open pl an
entire open plan office iIis unoccupied.

Do you have a product that can achieve
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What' s the general VWhat wodultdhebprolecl ¢
expensive way to comply?

Run through the various off2 c®8%2c3®na0r0 ofst t

34,304 Tfrty to obtain equipment, |l abor, and
be easier to share a spreadsheet with then
t hat .

Woul d yoamumernedc t hi s approach to your custom
What might be the ramifications of doing t
How many products you produce that <can act

What are the concerns and challenges do yc
your perspective?

Acceptance TestaanT&amwveys and Resul ts

4.1.1.4 Pre-Draft Acceptance Test Technician Survey

Before drafting the proposed acceptance test,
i nput to i nf oATNT st haet ttehset NAACAON.P Tamédi s hedey 202 2
Energy StamghndgsControls Awaesptdarsde i baid teidn g ™n
and March @nd2020 r ec ei vlehde 1r96s proensspeosn steos .r el e v :
are summari zed bel ow.

Question One

Have you completed | ighting controlscyacceptan
sensor s?

171 ATTs answered this questi’and 98l..189 ppeerrcceemt
responded “no.” The results highlight that a
controls acceptance tests. for i ndoor occupanc
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0%  10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

FigureResul gesestomn onariarf tt PAeT Tprsaur vey.

Question Two

Have you completed acceptance tests for

a

sensors serving small zones in | arge open

Tabl e -A)Y4AD. 6

pro
pl a

18 ATTs respondedd4d @ ope(hted muppsndeod .“ yec61l) 52 p

responded “no.” One responded maybe."”

Have you completed acceptance tests for a project
using the PAF?

70
60
50
40
30
20
10

Yes No Maybe

Fi gwbreResults from quedtriadrn tAWO ismurtvleeg .pr e

Question Three

Do yaomuticipate you wil/l in any future project

r

118 ATTs rtecs ptomedeqpuedStdpencewtit h68) rds3bonding

percent (49) redp3®redicregnt” no7,)” raemsdondi ng
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70

60

50

40

30

20

10

Do you anticipate doing so in the future?

Yes

No

Maybe

Fi gwreResul gesestomn thr-deafh AMN& puevey.

Some comments from questions two and three ar
T I't'"s hard to tell, some designers may util
T 1 have not seen it on any alteration proje
T 1 have nanhtyetpaue it will come up. So far
l ighting designers stay away from this reqg

T Since LED |Iights are already such | ow wat't
do not make sense compared tottaei oconsof fen
users |l ooking out to an area that | ooks |

T Do not change the 2020 codes to require 60

T Yes. It s been a popular option where they
desi gnecrubsitcyllees. They have been adHbubhg mor e
they have not divided the controlled | ight
' i ght s. |l consider a good idea to split th

T No, there has not been muchODb6é &t arcardo,r |
with the reduction of '"Lighting PoweéheDens
2019 Standards, it may become needed.

T Haven't seen PAFs -bsedthatamighg¢ TChmege in

T No and not sur e, | gwedisf ftihaul tdepempllsy iomg h\
all owances becomes in future code.

T No, due to LED wusage.
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T
T
T

l

Yes, and | wi || see this a | ot.

No, too costly.

I f the all owed |l ightindep®@dwan edve rdsmat@yA SIEs Tre
see engineers usellbwe®AWwWat bagmeetfor the pr
Not wunless there is a code change or the n

Question Four

Fun
not
pr o

116
(49
““ma

50%
45%
40%
35%
30%
25%
20%
15%
10%

5%

0%

ctional testing requires that thenpadsesksge

enter into adjacent contoalldetdher measaner
posed need to alter this test requirement?
ATTs responded to the question, with 45 p
) responding “no,” 9 perc3enper(clelnt r(eds)p ornedsi
ybe."”

Functional testing requires that the passive infrared
sensor's detection zone does not enter into adjacent
controlled or uncontrolled zones. Would the measure as
proposed need to alter this test requirement?

|
Yes No Maybe Unsure

Fi ge/tr Resul ts from quesdriaofnt fATuTr siunr vtehye. pr e

Add
1

T

T

i ti onal comments are included bel ow:

I f the sensor is not equipped with masking
sensor can ,bedadhiust eeslr miarsegy itfo idtetsenses f ¢
the zone or not.

Il think it would need to be alte2%d since
per coewmer |l ap on the device detection zones.

't would depend on the | ayout of the other
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T Maskin

g ahe isensery difficult

f This would not only alter testing but requ
mai ntain smaller areas. Each zone woul d be

T Most of the time when designing youstoverl a

t hen n

1 Yes, [
i f

)
—
(¢
-

-

war
bec
i n

f Jus
may oV
spaces

1T Yes, i
mo v e me
may be

o9 = 5 9
®© € © O
-+ n S C

—

ow you makerbglbesedntohe coverage pa

t is very difficult to achieve the g
ere with another zone.

eady make sure there S inmplfamesret ¢ d.i

t overlap of zones
ty call backs to a
e the |lights turn
ween two zones, toh

c

i sance trippin
j t the sensitiyv
f so offteln.waltk w
y both better tur

® O Q *
—+ c 5
(7]

l ude | anguage something to the eff
| ap sensor detection within themse
i ke conf erfefniccee ss,0 0emsc,. "pri vate o

nc
er

I
t is a challenge when using DT senso

nt that the US or Microphonic travel
the need to allow adjwakbkhkthezongh to

mo deuto delwe dee't:cti on zones varying in cove

Question Five

How di ffi
open of fi

129 ATTs
di ffigal4
“easy” at
percent (

cult is it to discern an occupancy s
ce areas?

respondedhd ohitdhhe gHtu ersed S Pmoynse was “nei
"patcent ( 47), the next was “diffici
18, 6“peryeaditf f(i2edgl t” at 10. 1 percent
6), “I don’t know” at 3.9 percent (5
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How difficult is it to discern an occupancy sensor's
control zone boundary in open office areas?

40.0%
35.0%
30.0%

25.0%
20.0%
15.0%
10.0%
5.0% l
0.0% - -

Very easy Easy Neither easy Difficult Very difficult 1 don't know
nor difficult

FigwBrefkelts from quest itdanaffti vVAeT Ti s utrlvee ypr eas a

How difficult is it to discern an
occupancy sensor's control zone
boundary in open office areas?

N

= Very easy = Easy Neither easy nor difficult

= Difficult = Very difficult = | don't know

Fi gwWreResults from quedtriadn fAiTvie sium vtelye mrse a
Question Six

What dodsumeinf ayou dciedpern occupahlcyorzmplnerss?) (e

113 ATTs responded to the g¢uweosvtiidonm,g winteh o3 npo
recommended adaodumepes cent npo8docesmeondi wgoul d h
di scern occupancy zones.

Tab38®ummari zes the recommended document s, i n
responses. Note: smpespdadrme etnt asn corud dt ype of doct
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Tab88ATT RespolWwbesht ®ocuments Would Hel p Di sce
Zones

Document Number

Respor

Ment i
FIl oorpl ans 54
Lighting Pl ans 19
El ectrical Pl an 8
Refl ected Ceil] 7
Lighting Contro 5
Sensor Specific 5
Title 24 Approv 4
Architectur al P 3
Zoning Pl ans 3
Design Pl ans 2
Furniture Layou 2
Specification S 2

Question Seven

What would be i mportant to consider in develo
test should one be requiredchangma kfee & shieb lIpaD p o

86 ATTs responded to this question with widel

answers are sumniaarbi@zZed bel ow i n
Tab84 ATT Recommendations for I mportant Consi
Addi tional Acceptance Test
esponse Number
Respor
Ment i
Unsur e 12
Objection to proposed co 7
No changes to tests need 6
Cost to end wuser 5
Zone overlap all owed to 5
Don’t require additional 4
Test clarity (instructio 4
Batch testing for | arge 4
Sensor placement 3
Sensor sensitivity 3
Cl ear comrdterfalnizamen on d« 3
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Feasible test

Soften sensor distance t
l nstall ation team traini
ATT training class
Vacancy during testing
Enforcement; discipline

R NDNDNDNW

4.1.15 Post-DraftCal i f or ni a Ener gAcceftanteries Sechmiciéns
Reviewer Feedback

The foll owing comments were provided to the S
Energy Commi ssion’s ATT Reviewers regarding t
| anguage. The Statewide CASE Teamtemmesponse

Choose fApowetr® roat Mdrn gthhan using both terms ir

The Statewi de vGASve dTdaamr rpg oposed acceptance t
inconsistency upon receiving the comment and

does not use “power ” andlh“el iagchcte’p tianntceer ctheasntg eaas
intended to i mprove compliance and reduce cha
designed to allow either t het oneparsouvriediee nftl eoxfi bpi
the ATTs, memo i bhheei mpot eahcéaesbidleinloitteyd 1 n t he
previous section. By using light |l evel as a p
enable furthén cesmpbnaecéo this comment, the

added a note in the draf teenct ec AApe elnadn gweasgd oo fi m
clarity.

Has the Statewide CASBDW @¢ahmne contseirdneertedf Thing
Centric Lighting, and other integrative | ight
consumption and the efficacy 0?7 the proposed

Yeshe tSt atewi de CASE Teamswoagmeisidre ntwmide apl e wif ot &
code cyedmpecPaWwby&frber het . "alTeheeitedl g adder s
for twhloe | uminnatihreesLPD submeasure that addres
concerns.

Consider how |l uminaire distribution-uinnfmodern
and photometric outcomes may rely on |light <co
Thproposed code change intentionally | eaves f

and dchegihg conOtbhkerzohas.t he?uprpepodedia@QoO tfhte
requirement doesonobdot ofmuedntt go ¢ direlt sepr tmh e ee x ac t
way contr ol zones must be idedti npdohiThiet azce@t
when this comment was received. Due to this f
Four of 4Séctitéhe Statewide CASE Team inserted
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acceptance test | anguage explicitTheeSpabewi d
CASE Team i s seeking fiefedtbhlaerke fit manp Eiviomlwiem® 8
control zone over | aips iany rodn fbu stieadn flrfo m hree vei e
Statewi dea@mASVE | Te deawdimber | anguage to .minimiz

Consider including control zone deifminli ai one o
dayl it zones.

Because the proposed code change is not presc
in | arge offices, designers would be given th
t he requDeseingegmetr.s and | ightopgiengtaoaekensl| hdegec
zondeef i nonie®emgi neering drawings, and the State
suggedoedwosbd be beneficial i.n the complianc
Address task |l ighting, as it could be a signi
the proliferation of personal control strateg
This is outside of the scope of the current m

code cycl e.

l nclude a requirement testing Exception 2 to
il umination.

Thea019 &pterNonresidential Appendix Section N
stateshehaficotnt r ol should be “fully functional
applicable requirement in Sectmeensld®dbel@Edc¢) t he
exceptlhThihsnguage addresses the concern about |
130.1(c), ddheiwhiuegointe®!| to meet each applic
Section an3d .gli(we)ls a pathway to |ist the specif
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Appendi MaBHhe OccupanclyarSgeens i
SavindgPet@allcul at i

Of fssEmeer gy

Mo del of fices

Three model
mo d e | of fi ce,

Mod ®If fi ce
Fi gdiosehows

The square

A
t

of fices were used Thne tdheet aeinl esr goyf se

he
footage %dntvheertoy i i 2BBWs | 2mb&4iftes
are i nst aiby-ledd

sampled occupancy patterns and

fl Modebpl|l @hs m&eb'bphenapf bnhce area.

logr iad .10

G

J

Y

el e

—Ta

i
o

8

&

o
&

5

TTa TTa| T
%—@ﬁ

Fi guwro€l oor

pl anOfoffi cMeo dhe |
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Sampled Occupancy Patterns
80%
70% ; 2

60% Lgplpes Y
50% //{\ 2.","’['
40%

30%
20%

A, ——Sample 1

N [ Al ——Sample 2
V.QéhA‘ Sample 3
Sample 4
—Sample 5
i\ ——Sample 6
—Sample 7
—Sample 8
——Sample 9

&
——Sample 10
. 3-,/'\ —Sample 11
10% Y\ ——Sample 12
=< ——Sample 13

0% F
% Sample 14
-10% Sample 15

0:00 2:00 4:00 6:00 8:00 10:0012:00 14:0016:00 18:0020:00 22:00 0:00

Fi guridverage daily occupancy pattern of 15 ra
occupants.

Tab8BPeunit energy savi ngrmr$ oMo dtedifef iscaenpA e r
Peunit Energy %gviings (

Sampl e Run Wor st Best (
Samp luel R 0.7 0. 3
Sampl e2 Run 0. 8 0. 3
Sampl e3 Run 0.7 0. 2
Sampl e4 Run 0.9 0.5
Sampl e5 Run 0.9 0. 4
Sampl e6 Run 0. 8 0. 3
Sampl e7 Run 0.7 0.3
Sampl e8 Run 0.7 0. 3
Sample Run 9 0.7 0. 2
Sample Run 10 0.7 0. 2
Sample Run 11 0. 8 0. 3
Sample Run 12 0.9 0. 4
Sample Run 13 0.7 0. 2
Sample Run 114 0.9 0.5
Sample Run 15 0.7 0. 2
Aver agad lofSampl e 0. 8 0. 3

Mo d ©If f Bc e

Figdisehows the fl Modepl @hmedeomenapfance area.
The square f oot adg e0fFgOf afinddr@tOy/fb2yd 'c el imi naires ar e
install ebdyl O n a@r 1@
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Fi gur2&€l oor pl anOfoffi cMo dBe |

Sampled Occupancy Patterns

80%
——Sample 1
70% ——Sample 2
——Sample 3
60% Sample 4
50% ——Sample 5
——Sample 6
40% —Sample 7
o —Sample 8
30% —Sample 9
20% ——Sample 10
—Sample 11
10% —Sample 12
0% ——Sample 13
——Sample 14
-10% - A ——Sample 15

0:00 2:00 4:00 6:00 8:00 10:0012:00 14:0016:00 18:00 20:00 22:00 0:00

Fi gurddverage daily occupancy pattébn of
occupants.

2Q2ZTi t |l Pae®yr GBGASE ReqR20r2NRL I GHD |2 6 8



Tab8@&Peunit energy savings Mbde&heé i camBl e runs
Peunit Energy S%yrirhgs

Sample Run 1 0.7 0.3
Sampl e Run 2 0.8 0.5
Sampl e Run 3 0.7 0.3
Sample Run 4 0.7 0.3
Sampl e Run 5 0.7 0.3
Sampl e Run 6 0.8 0.4
Sampl e Run 7 0.8 0.4
Sampl e Run 8 0.9 0.4
Sampl e Run 9 0.7 0.3
Sample Run 10 0.8 0.4
Sample Run 11 0.8 0.4
Sample Run 12 0.6 0.2
Sample Run 13 0.8 0.4
Sample Run 14 0.7 0.3
Sample Run 15 0.6 0.2
Average of all 0.7 0.3

Mo d ©If f iCc e

Figddsehows the floor plan of‘opdmr "Mollird e Odif ¢ & e
within a |argegulauwiel diomg agEhef? thedosBxkeatiys 7
3 0 W-b2y4 ’ |l umi naires a4 0'nsgtraild.ed i n a 10’
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Fi gurd€l oor pl anOfoffi éMorded | aplgan opfefni ce ar ea.

Sampled Occupancy Patterns

80%
—Sample 1
70% —Sample 2
——Sample 3
60% ——Sample 4
50% ——Sample 5
——Sample 6
40% —Sample 7
—3Sample 8
30% —Sample 9
20% —Sample 10
—Sample 11
10% —Sample 12
0% ——Sample 13
——Sample 14
-10% ——Sample 15

0:00 2:00 4:00 6:00 8:00 10:0012:00 14:0016:00 18:00 20:00 22:00 0:00

Fi gursédverage daily occupancy pattéBn of 15
occupants.
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Tab8BPeunit
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Appendilurmi nai r e

Theoll owing tabl
devel op the LPDs.

es include

S

Tab8@& Luminaire Dat a
Luminaire Type St an
TrMroffer Vandal Proof 3001
TrBrroffer Basket 3001
TrdTrof fer Lensed 3001
DLgDownl!l ight | arge 6"+ 1501
DSmDownlight 4" and | e<1501
Hi BHi gh Bay 1600
LoBLow bay 1200
HBAAi sl e |l ighter 3001
PGLParking garage | umin
CvOCove light omnidir Not
CvACove | ight asymmetri 1501
St-l ndustrial strip 1801
St WStri pawoampd 1801
PKELPuck 1 ight 101

St &Strip Under

PDiPendant
Pl BPendant
Pl+Pendant
PDfrPendant
SCUSconce
ScbBSconce
Sc®Sconce

direct

cabinet

/['indir 180

Il ndirect/ dir 180
I ndirect onl 160

Direct Only 140
Upl i ght 801
Downl i ght 801
Omnidirection999

e

t
t
t

Dat a

~ + ~+ ~ ~ g
o~~~ o0 o o o o —

OI—PI—F!—FU)

nf ormation on

O O O O

O O O ©

o

Lumen
5499
5499
5499
3499
3499

34999

204909
9999

o O

3999
6499
6499

6499
6499
4999
3999
2399
2399
2799

Hi gh
5500
5500
5500
3500
3500
35000
20500
10000
7000
N A
4000
6500
6500
400 o
900 o
6500
6500
5000
4000
2400
2400
2800

O O 0O o o r

= 00 0 = = = = =

O 0O 0o oo o= =™ o o oo

—_ = = =~ =~ = =

t

u

he |

me n
mo
mo
mo
mo
mor

= = = =

mor

mor
mor
mor
mor e
mor e
mor
mor
mor
mor
mor
mor
mor

umen out pued

Low Lu
3000 a
3000 a
3000 a
a
a

1500
1500
16000
12000
3000 a
3000 a
N A
1500 a
18 0a0On d
1800 a
100 an
350 an
1800 a
1800 a
a
a
n
n
a

1600
1400
800 a
800 a
1000

mens

® ® — — ® ® d Dd D
nw.nu O O u nun n n un

® »w uw ® ® ® ® nu nu o
n . unu n unu n n n n nun

rtam

n
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SLsLinear I|light slot 4" 2001 to 5999 6000 or mor 2000 and | es
SLdLi near |l ight slot 4" 2001 to 5999 6000 or mor 2000 and | es
PcyPendant c¢cyl direct/i 2801 to 6999 7000 or mor 2800 and | es
PBePend bowl direct/ind2801 to 6999 7000 or mor 2800 and | es
DL¥TDesk |l ight task 401 to 899 900 or more 400 and | ess
Tab8® 2x2 and 2x4 Troffers
Manufacti2 X 2|Lumeit2 X 2|LumeiljComment s/ Remar
Low/ Hiper Low/ Hiper
Lumen/Watt |Lumen{Wat:t
Out pu Out pu
Manufact2, 000{209 {3, 000(112 {(Sampling of 8
A2 4,800({230 12, 00|137 (Jjtypelsensed & Bag
| umeniwatt [l umenjwatt |al | have full
Manufactl, 400(211 {2, 400118 (Sampling of 8
BP 4,800(143 9,200(147 |Jtypelsensed & B3
| umeniwatt [l umenjwatt |al | have full
Manufact2, 000(102 {3, 400|106 {(Sampling of 4
6,500(129 13, 00(136 |Jtypelsensed & Bag
| umeniwatt [l umenjwatt |al | havfeultlhir a
Manufacil, 000(|86 t¢2, 00099 t(Sampling of 6
D¢ 6,000(156 12, 00(178 |Jtypelsensed & Bag
| umenjwatt [l umenjwatt |al | have full
Manufact2, 300(94 t¢(3,200|97 t(Sampling of 8
4,500(230 }7,800|135 |Jjtypelsensed & Ba3g
l umeniwatt |l umenjwatt |al | have full
Manufaci3, 400|66 t¢(3,900/66 t(¢Sampling ofprdud
Fd 6, 500|per 9,200(122 |Jtypelsensed & B#g
| umen l umenjwatt [al | have full
Average|l, 740/100 ({2,800(98 t(Sampling of 38
Manuf acdi{5, 320(138 10, 80|142 |Jproduct types
l umeniwatt |l umenjwatt |[range)
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Ma x . Rail, 00086 t¢2, 00097 t¢(Sampling of 38
Manaidt uir6, 500(156 |13, 00(178 |product types
l umeniwatt |l umenjwatt |[range)

Average 112 121

efficac)

a.Sampling: Lensed 2 X 2 modéDOTPW ad00QLmL®W; 125KPW basket model VTL: 320011
Lowest LPW for 2X4: 8000l m and 10000Im at 112LPW; Lowest efficacy for 2 X

b.Sampling: 2 X 2: 14001 mM@GK; 127LPW fH30@8BI0RAt /1 BBHLPW for 80CRI / 3500K. Not
the 2 X 2.

c.Sampling: High Efficiency 2 X 2 10001 m; High Efficiency 2 Xma2: 215X6 LaPtW Of 0oOrl
128LPW, Nor mal 2 X 2 6000lm at 134LPW. Not e3 pew O6GmmnAai 9@l mbptoduct eaas vt
Manufacture A and B |l uminaire efficacy declinescas .| Hoeweveut pmaniufaceases
l umen output increases. Uncl ear why this manufacturer efficacy curve does

d. Average and maxi mum range of |l umen outputs arkslkePWrexXdleurde apreo chu agths afbrusm 1
be averaged in the Vandal Resistant |l uminaires category, not the 2 X 2 anct

2Q2Titl Pae®r GGASE ReROr2NRLI GHD |2 7 4



Appendinkvvelr se Lumen Model |l nput s

The Statewi deusCAIDSE hTeealm ght | evels from the 2019 tchha e2 @2 | dohdees
Statewide CASE Tgamemappeéedséa&wmtngdu pv@all ¢ mevatsdli g g ti (guhgtt dlheevaellp pt EBFr i a't

ReferencedasShawdarbd®el.owNot e that these | ight | evels are the re
tasks but they do not amchiudect healrhiagenitmayé¢ woadenhance the ame
additional l ighting power is in addition to the recommended il
Bel ow each maintained design illuSupphemehteal!|| foht Chgcius adifomna
fraction of the room illuminated to the particular il Incmi daewved
fraction of wall areas iéluminated to the design light | ev

Note that there several applications where there iIis |tiasdetdoat Itii:
| evelerios p.erWheantt t hi s indicates is that there arsepahceghies itlalskkmiln a
task |lighting value rather than the circulation | evel s.i d nl ias tcedc
the il lumination is provided by port adalsetsheghtaogi on ot heZereax e m

percent

For most applications the supgmermndentoom Coabhepoodt addsupdpearpdeargte d
genelriaghwiianng addi ti onal | ayés oh highernglthbhami naesplev @defnétsotaamld m
area il luminated.

Tab9@2022 Lumen MetLhgdtFrMeda&ehd!| e ,LeRredcsti on of AndaREFkeumhoatde &t a

Wal |

202247 Combij Cirec Task Supp Wa s h
atic hori hori Vert Wall Wash |
Na m@ (fec Circulatior (fc Task | ES (fc Suppl . I E¢ al ( Vertf{ta)
Audi ence Se 10 HB Tabl-e 24 5 15 fc HB Ta 0 na 10 I ES HB Misc
Audi toria | & E theater Application
100% circ & audi 1Ooo’houseke—ép'rflu 67% 31,2 Ci-ty H
HBTabl e 28. ¢ |l ayered on Audi ence ge
Stage audi e horizont al

ore/ post sh
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RP 3 Tabl e

Circul ati on

RP3

Average
dedicated

HB Tabl-e

Tabl e
Classroom G

[o]

f

3

3

\Y

1

Support/ Sto

HB Ta
Suppo
Shipp

RP 2

MakConcour s ¢

RP 3

bl-e 22
rt Spa
ing Do
Tabl e

Tabl e
Circul ati on

® O O

Task
hori
(fc

30
1009

50
6 5%

30
70 %

40
1009

30
60 %

30
20%

30
70 %

30
40 %

Task | ES

Tabl-e

itoria
ting/com
ad/ write

HB

Aud
Tes
(re

24

t ask
circul

Basi c
wi th

Cosmetol ogy
(FreeSyytl ems
Task

RP 3 Tabl e
Conferencin

RP 3
Cl a
and

Table 3
ssroom H
writing

Task includ
circul ation

HB Tabl-e 22
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1009
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1009
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15
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Task

hori
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HB Tabl-e 22 0

Transition

Corridor
HB Tabl-é odad 7.5
service; Di

10%
HB Tabl-d o022 15
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I ndusGenat a
shop areas 30%

Supp
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| EERR1 619 30
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Food Serviec S %
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| EERR1 619 30
CommaAmpl . )
Food Servic 10%
Ar ea, Cafet
food
| E-BR1 61 9 50
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Fooler vi ce: 10%
Ar ea, Fast
Basic tasks 50
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Task includ 0
circulation
HB Table 31 50
Financial- F 0
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| EBRR7 (I ndus 100
Table A3 1In 0
Component 10%
manufacturi
| EBRR7 (Il ndus 100
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RR1619 Food
Preparation
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manufacturi
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Table A3 In
Component
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Wal |

2022 4T Combi Cire Task Supp Wa s h
atic hori hori Vert Wall Wash |
Na @ (fec Circulatior (fc Task | ES (fc Suppl . Il E$ al ( Vert{fta)
Of fice Area 10 RP 1 Table 30 RP 1 Table 50 RP 1 Tabl e 10 I ES HB Of fi
square feet 0 Transition/ 0 Reading/ wri ok Reading/ wri o 32.2 Ave ho
s f 40% 60% tasks 0%" detail/diff 35% _30 FcC
Of fice Area 10 RP Tlabl e B1lI 30 RP 1 Tabl e 50 RP 1 Tabl e 10 I ES HB Of fi
of fice > xx Transition/ Readi ng/ wr i Reading/ wr i 32.2 Ave ho
40% 60%|t asks 0%* |ldetail /diff| 39%|_30 FcC
Parking Gar 15( From safety 5 RP 20 Tabl 0 n a 0 0
Parking Zon N 1118 cTRI 0 Struc+tEdreevsat
1009 37.3 pParkin 0% |l obby/ zon.e
Structur elsg Combined wi
for high se
parking gar
Parking Gar 2(4) RR818 Sec 171 0 na 0 na 0 0
Dedicated R Ramps/ Entr a
1009
Parking Gar 50 RPR8-18 Tabl e 0 na 50 RP& 8. P-age 0 0
Daylight Ad
Zones 1009
Phar macy Ar 50 RP 9 Tabl e 100 RP T™able 2m 150 RP 9 Table 0 0
0 Phar maGeyner a 0 Phar macy 0 Phar macy
80 % 15% Fillingl/ Ass 5% Compounding
Retail Sal e 20 RP 2 Tabl e 60 RP 2 Tabl e 300 RR2 task anc 10 Foetandl e-t a
Grocery Sal 0 handbook) G 0 Grocery/ Sup 0 l'ighting 0 | ES -RPTabl e
20% store circu 6% General Il 4% 36A’(Ave. of ve
Retail Sal e 15 RP 2 Tabl e 40 RP 2 Tabl e 200 RR2 task anc 30 Foetandl e-t a
Ret ai l Mer c 0 handbook) D 0 Il ndoor Sal e 0 l'ighting 0 | ES -RPTabl e
Sal es 20% jhdoor circ 0% a1 1 o0wed ret 10% 36/"(Ave. of wve
types)
Retaales Ar:¢ 30 RP 2 Tabl e 0 Task includ 0 na 30 Foetandl e-t a
Fitting Roo I ndePirtting circulation I ES -RPTabl e
1009 31% (vertical b
Rel i gi ous W 0 No circul at 40 HB Tabl e 37 75 HB Tabl e 37 5 I ES HB Wor s
Ar ea 0 Wor ship Bl e 0 Wor ship Bl e 0 37.2 Congre
80/"Contemporar 20/"Contemporar 36/"general hor
nal & Trans nal & Trans pre/ post wo
Secondary F Pri mary Foc

Ser mon
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Wal |

202 2 4T CombiCir_C Tas_l« Supp Wa s h
atic hori hori Vert Wall Wash |
Na @ (fec Circulatior (fc Task | ES (fc Suppl . Il E$ al ( Vert{fta)
Restr ooms 5 HB Tabl-¢ 031 15 HB Tabl-¢ 031 na 5 I ES HB Comm
Application
60% 40% 34% 22.2 Toilet
general FC
Stairwell 10 HB Tabl-e 22 5 I ES HB Comm
oTransition 0 Application
100% st ajrs: Hi g 17% 22, 2 sStairw
horizont al
Theater Are 5 HB Tabl-Bl &8 15 HB Tabl-Bl &8 na 5 | ES -D8E2 Tab
picture 0 theater: ci 0theater: ho 0 BlTheaters/ |
0% {ask (seati 1009 70/"post/presho
horizont al
Theater Are 10 HB Tabl-Bl &8 15 HB Tabl-Bl &8 na 10 I ES HB Hosp
Performance 0 theater, st 0theater-, st 0 Table 28. 2
0% audience pr 100’cleanup 62% Theaters/ St
intermissio post/ presho
Transportat 10 HB Tabl-e 36 20 HB Tabl-e 36 na 10 I ES HB Tr an
Function: B 0 baggage cl a 0 baggage cl a 0 Table 36.2
Ar ea 70% 30% 35% baggage cl a
Hori zont al
Transportat 5(10H Tabl-e 36 30 HB Tabl-e 36 na 10 I ES HB Tr an
Function: T 0 trans/ticke 0 trans/ticke 0 Table 36. 2
Ar e 70% 30% counter 42/"(Ave hori zo
al | t asks)
Vi deoconfer 0 No circul at 50 Non | ES Ref na 30 Video Conf
Studi o Video Conf ELP (Hedber
100% L p (Hedber 50%
Agi Byge/ o wi 50 | ES -Re®6 Tab 0 na na 50 | ES -R&R6 Tab
Main Entry o 100 fc dayt o, 100 fc dayt
1009 1 ight from 50% | jght from
FC nightlin FC nightlin
(horizont al (horizont al
Aging EyesL 20 RP 28 T-abl e 0 na na 20 | ES -R&®6 Tab
Stairwel!l 0Visually i m 0 10 FC night
100% corridor 17% (horizontal
Aging EyesL 20 RP 28 T-abl e 0 na na 20 | ES -R®6 Tab
Corridor Ar Vi s uiamp ai r e ( No vertical
1009 45 %

corridor
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Wal |

202 2 4T CombiCir_C Tas_l« Supp Wa s h
atic hori hori Vert Wall Wash |
Na @ (fec Circulatior (fc Task | ES (fc Suppl . Il E$ al ( Vert{fta)
Aging EyesL 30 RP 28 T-abl e 50 RP 28 T-abl e 0 na 30 | ES -2R&@6 Tab
Lounge/ Wai t 0 Visually im 0 Visually im o 20 FC dayti
50% common i vi 50% common i vi 38A’(horizontal
Aging EyesL 30 RP 28 T-abl e 50 RP 28 T-abl e 0 n a 10 | ES -R&® 6Tabl e
Mul ti purpos 0 Visually im 0 Visually im 0 20 FC dayti
50% common i vi 50% common i vi 50/"(horizontal
Aging EyesL 10 RP 28 T-abl e 30 RP 28 T-abl e 0 n a 20 | ES -2R&@6 Tab
Rel i gious W 0 Visually im 0 Visually im o, 20 FC Ave h
Ar ea 40% chapel 60 % chapel 45A’target
Aging EyesL 20 RP 28 T-abl e 50 RP 28 visua 0 na 20 | ES -R®6 Tab
Dining 0 Visually im 0 i mpaired o 20 FC dayti
40/"dinning 60% 38A’(horizontal
Aging EyesL 20 RP 28 T-abl e 50 RP 28 visua 0 na 20 | ES -R&®R6 Tab
Restroom 0 Vi s uiarhp ai r e« 0 i mpaired o 20 FC dayti
60% restroom 40% 35% (horizont al
Heal t hcare 10 RP29 Tabl e 2 50 RP29 Table 2 100 RP29 Table 2 0 0
Hospital s: 0 General /lcir 0 Di agnostic/ 0 Di agnostic/
Exam/ Treatm 40% 30% _General Exe 30% -l njections.
Heal t hcare 10 RP 29 Tabl e 50 RP 29 Tabl e 0 na 0 0
Hospitals: | magiboot h/ g I magding
Room 70% 30% Di agnostic/
Heal t hcar e 20 RR29 Table 30 RP29 Tabl e 2 50 RP29 Tabl e 2 0 0
Hospitals: 0 Linens, Sur 0 Phar macy St 0 Phar macy St
Supply Room 50/"Gauze, Supp 30/"Support Me d 20/"Support Me d
storage (e storage (co
drugs)
Heal t hcare 10 RP29 Tabl e 2 30 RP29 Tabl e 2 50 RP29 Tabl e 2 0 0
Hospitals: Nur s€Geyner al Nur s€Obyser va Nur s€lrrye at me
0 % 80 % 20 %
Healt hcare 30 RP29 Tabl e 2 50 RP29 Tabl e 2 0 na 10 | ES -R®R6 Tab
Hospitals: 0 St at-Gener al o St at-De s k o 2a: Ni ghtti
Station 80 % 20% 34% horizontal
dayti me)
Heal t hcare 200 RP29 Table 2 200 RP29 Table 2 na Exemptn equi 0 0
Hospital s: Surgi cal Se Surgical Ge
Room 0 % 1009
Heal t Faai ¢ i 10 RP29 Tabl e 2 40 RP29 Tabl e 2 75 RP29 Tabl e 2 10 | ES-R®R6 Tab
Hospital s: 0 room@ener al 0 roo-meading 0 roo-mBxaminat 0 2a: Gener al
Room 30% 6 0 % 10% 0% Ekc target
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Wal |

2022 4T Combi Cire Task Supp Wa s h
atic hori hori Vert Wal | Wash |
Na @ (fec Circulatior (fc Task | ES (fc Suppl . Il E$ al ( Vert{fta)
Heal t Faai ¢ i 20 RP29 Table 2 50 RP29 Table 2 0 na 20 | ES -RRB6 Tab
Hospitals: 0 Therapy 0 Ther alpaybl e &€ o . Ave of 10
Therapy Roo 80% General/Gro 20% jnhdividual S0% horizont al
Heal t hcare 0 Basic tasks 30 RP29 Table 2 100 RP 9 Table 5 | ES -RRB6 Tab
Hospital s: with circul 0 Speci al Car 0 Care/ Ctritic 0 2a: Gener al
Room 80% Gener al 20% Exam/itreatm 3°% Fc target (
Sports—-Rrewn 0 Al | Il'ightin 150 RP 6 Ta%pceert 0 n a 0 0
Ar ea: Cl ass l'ighting
1009
Sports—-Rrewn 0 Al | l'ightin 100 RP 6 Tadpert 0 na 0 0
Ar ea: Cl ass l'ighting
1009
Sports-Riran 0 Al l'ightin 75 RP 6 Tadpert 0 na 0 0
Ar ea: Cl ass l'ighting
1009
Sports—-Rreaewn 0 Al | l'ightin 50 RP 6 Ta%pcert 0 na 0 0
Area: Cl ass looolighting
7

* I ncl udedl iighhtpiomg abl e

** Rlnugpr part of equipment such as internal to fume hoods
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The table below contains the di mensions, t hei

ceiling, wal/l and floor refl ggatveemc esp.aclehe thER
pl ane might be on the floor for circulation,

desk height. Similarly, in the same space one
suspended below the ceiling,that &hreer ¢asks ¢ d
the ceilingthe adneet.aiTlheudss cal cul ati ons wi || be ¢

ratios for their dmedi fuimée nlainged tsai mwheg 9 shyes taevne.r a g e
refl ectances of the modehetd diurd atcleys . udd et me o«
but rather effective reflectances are calcul a
geometry and surface reflectances.

Tab9&Prototypical PrimarDi meamsito onsR,e AR@R taamd e s

Len Wor
Wi dt gt | Pl alil Nom Cei|l Wal FIl o

Primary Fun:« Ht (f (f)t ht RCR Re;] Rej] Re
Audi ence Seat.i 20 40 80 2. 3. 709 309 10¢
Audi torium Are 30 50 90 2. 4 . 709 509 20¢
Aut o Repair |/ 18 60 80 0. 2. 409 409 109
Ar ea
Barber, Beauty 11 2 4 60 2. 2. 709 509 20¢9
Spa Area
Civic Meeting 11 18 30 2 . 3. 809% 509% 20¢
Cl assroom, Lec 10 28 38 2. 2. 809 509 20¢
Vocational Are
Commercial /1l nd 28 8 10 0. 18. 409 409 109
St orage: Wareh
Commercial /1l nd 2 4 30 60 0. 6 . 409 409 109
Storage Shipp
Concourse and 30 60 20 0. 3. 509 309 20¢
Convention, Co 11 30 30 2. 2. 809% 509% 20¢9
Mul ti purpose a
Ar ea
Copy Room 10 10 20 2. 5. 809 509 20¢
Corridor Area 10 8 80 0. 6 . 809 509 20¢9
Dining Area: B 10 30 6 0 2. 2. 409 409 10¢
Fine Dining
Dining Area: C 11 30 40 2. 2. 709 509 10¢
Food
Dining Area: F 11 40 6 0 2. 1. 709 509 10¢
Leisure
Kitchen/ Food P 11 15 30 2. 4 . 709 509 20¢
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Len Wor
Wi dt gt | Pl ait Nom Ceil Wal FIl o

Primary Fun:« Ht (f (f)t| ht RCR Re Re Re
Ar ea
El ectrical, Me 18 30 40 3. 4 . 709 309% 10¢
Tel ephone Room
Exercise/ Fitne 12 40 6 0 0. 2. 409 409 109
Gymnasi um Ar ea
Financi al Tr an 11 12 6 0 3. 3. 709 509 10¢9
General / Commer 16 6 0 80 3. 1. 509 409 20¢
| ndustri al Wo r
Bay
General / Commer 30 10 12 3. 2. 509 409 20¢
|l ndustri al Wo r
Bay
General / Commer 28 6 0 80 3. 3. 709 509 10¢
|l ndustri al Wo r
Precision
Hot el Functi on 11 18 30 2 . 3. 809 509 20¢9
Scientific Lab 11 21 32 3. 3. 809 509 20¢
Laundry Area 11 4 0 30 3. 2. 709 509% 20¢9
Li brary : Read 11 2 4 30 2. 3. 809% 509% 10¢
Li brary : Stac 12 6 60 2 . 8 . 709 309% 20¢9
Main Entry Lob 20 60 30 2 . 4 . 709 409% 1069
Locker Room 11 10 20 0. 8. 809 409 20%¢9
Lounge, Breakr 10 16 30 2 . 3. 809 509 20¢9
Wai ting Area
Museum Ar ea: 14 4 2 52 0. 3. 509 309 200%¢9
Exhibition/ Dis
Museum Ar ea R 12 40 6 0 0. 2. 809 509 20¢9
Room
Of fice Area < 9 10 14 2. 5. 809 509 20%¢9
Of fice Area > 10 20 30 2 . 3. 809 509 20¢9
and < xxx sf
Of fice Area 0] 10 40 60 2 . 1. 809 509 20¢9
> XxXXxx sf
Parking Garage 9 60 12 0. 1. 409 409 1009
Zone
Parking Garage 9 24 80 0. 2. 409 409 10¢
Dedicated Ramp
Parking Garage 9 30 6 6 0. 2. 409 409 1009
Dayl Adapt ati on

2Q2ZTitl Pae®r GBGASE ReROr2NRLI GHD |2 8 4




Len Wor
Wi dt gt | Pl ail Nom Cei|] Wal FIl o

Primary Fun:« Ht (f (f)t| ht RCR Re Re Re
Phar macy Area 11 16 30 3. 3. 809% 509 200¢
Ret ai | Sal es A 11 6 0 80 2 . 1. 709 509 20¢9
Sal es
Ret ai | Sal es A 11 60 80 2 . 1. 709 509 20¢9
Mer chandi se Sa
Ret ai | S&Flidgad i 9 6 10 0. 12. 709% 509 200¢9
Room
Religious Wors 30 80 10 2 . 3. 709 509 10¢9
Restr ooms 11 10 20 3. 5. 809 509 20¢9
Stairwell 10 12 30 0. 5. 409 409 20¢9
Theater Area: 16 26 60 2. 3. 309 109 20¢9
Theater Area: 4 0 10 16 2. 3. 509 309% 20¢9
Transportation 12 6 0 90 3. 1. 709 509 10¢9
Baggage Area
Transportation 10 20 10 3. 2. 809 509 20¢9
Ticketing Area
Videoconferenc 10 23 36 2 . 2. 809 509 20¢9
Aging EyesLow: 12 20 30 0. 5. 809 509 20¢
Entry Lobby
Aging EyestLow: 10 8 20 0. 8 . 809 509 20¢9
Stairwell
Aging EyesLow: 10 8 80 0. 6 . 809 509 20¢
Corridor Area
Aging EyesLow: 11 30 30 2. 2. 809 509 20¢
Lounge/ Waiting
Aging EyestLow: 11 30 30 2 . 2. 809 509 20¢9
Mul ti purpose R
Aging EyesLow: 12 18 28 3. 4 . 709 509 20¢9
Rel i gious Wor s
Aging EyesLow: 11 40 40 2 . 2. 809 509 20¢9
Aging EyesLow: 10 12 18 2. 5. 809 509 20¢9
Restroom
Heal t hcare Fac 10 10 12 3. 6 . 809 509 20%¢9
Hospitals Ex a
Room
Heal t hcare Fac 11 14 16 2 . 5. 809 509 20¢
Hospitals I ma
Heal t hcare Fac 12 40 30 3. 2. 809 509 200%¢9
Hospital Me d
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Len Wor
Wi dt gt Pl aitr Nom Cei| Wal FIl o
Primary Fun:« Ht (f (f)t| ht RCR Re Re Re
Room
Heal t hcare Fac 11 20 40 3. 3. 809% 509 206¢
Hospital s: Nur
Heal t hcare Fac 11 10 20 0. 8. 809% 509 2009
Hospital s: Nur
Heal t hcare Fac 12 30 30 3. 3. 809% 509 2009
Hospital s: Ope
Heal t hcare Fac 10 12 16 3. 5. 809% 509 20%¢
Hospital s: Pat
Heal t hcare Fac 11 30 40 3. 2. 80% 509 2009
Hospital s: Phy
Room
Heal t hcare Fac 10 12 16 3. 5. 80% 509 2009
Hospital s: Rec
Sports-Rrawnwang 40 50 10 0. 6 . 509 409 20¢9
Cl ass | Facil i
Sports-Rrawnwang 40 50 10 0. 6 . 509 409 20¢9
Cl ass II Faci |l
Sports—-Rraniang 2 4 50 10 0. 3. 509 409 20¢
Class |11 Faci
Sports-Rrawnwang 2 4 50 10 0. 3. 509 409 20¢9
Class |V Facil
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Appendi CoKor Tuning Anal ysi ¢

The Statewide CASE Team conducted a detail ed
determine efficacy changes since the 2019 cod

effyclaas continued to increase for color tuni |
Statewide CASE Team to prapaodisei oapakt aldlec w dhioee e
tabbebowofrdeet ai | sSperatnfadsy sand resul ts.

Tabd9Zandabd93 how the differenceéesarigr afpfeircacy,be
tunBOAgQ@KI2 and 2xTdh et rSafafteerns .de CASE Teamr exami
tunpngductfs dfefdmmr ent meanmndu fcaacltcuurleatsdd f f e eat i
c o mpar tthoe static lkywher saemes manlhifsacwausr er s .
accompl iddwdadlndgyer age effi caawif as tcloompraera cnhg mahre
efficacy differences between the static and c
Team found thadobsshenaeé¢rfdgmpernyc evats admyiome ar e d
percent in the 2019 adedve dey CCIAG.E TTrmaml iyrsti sr pr e
similarly to the 20%¢@ ed&abhdacta dnyact eonahi wht it s g et
needed for | arge aperture, color d@sunarnegg spa odu
mi ni mal .
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Tab®922x2 andr@gk#@&dsCRI Col or Tuning Large Aperture
Manufacti Number 270C 300C 350C 400C 450C 500C 570C 650C Avere Los
Produ (LPNV (LPV (LPNY (LPVY (LPV (LPV (LPVY (LPV LPW ( %
Manufact 10 11 12 12 131 13. 13 13! 131 12 0%
Manufact 10 11 12 12 12 12 12 4%
Manufact 72 11! 12 12, 121 12 1%
Manufact 8 91 89 95 98 10: 111 98 9%
Manuf a&t 12 11. 111 11 121 12! 12. 11! 2%
Tot al 11 5%:2
a.Average |l oss from the 2019 code cycle was 9%
Tabd082x2 and 2x480rGCRfe¥$satic Color Large Aperture
Manufact Number 2700 3000 3500 4000 4500 50005700 6500 Avera ' Basel:
Produc(LPW(LPW(LPW(LPW(LPW(LPW(LPW(LPWLPW
Manufact 28 12 131 12 101
Manuf act 40 12. 12 13: 12 101
Manuf act 72 13. 13. 131 14 13! 101
Manuf act 20 10! 10 11; 10: 101
Manuf a&t 48 111 11 12 12! 12. 101
Tot al 20
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Tab94a haswhe differences dmadgfefri{daecyrclhe tamae® i n
color 9ulfRIRWhmi nansmal | aperture, staticThkel or ¢
Statewide CASE dTdaml|l examunengs ipkiddwatesntf r om

manufacturers and calcul ated the efficacy dif

versions by the same manufacturers. The State
average | oss inl®wfefricead yaaweads lnteapB ¢ ceefnfti cacy
di f f eirre ntchee 2019T hciosd eh acsy cdlied. wmw atclyatt or smal |l ap

tuning | uminaires hasheal2nols9t ctoodeeb Sceyactlsewinde CA.
Team has r eadldd gadloltntaesd mce t hese products as thi
shown that additional bwatt tnaogte niesarsltyi lals nneuecdhe da
code cycl e.

Tab9+490 CRI Col &SrmaTRpreirrn(@dr eée nch vierés usncoh0 CRI
Static Color

Ma n ucftaur Number of Average L

Manuf act 45 2679
Manuf act 12 9 %
Manuf act 58 189
Manuf act 12 329
Manuf ac&t 21 249
Manuf act 18 129
Tot al 16 19%
a.Average |l oss from the 2019 codi
Tabd9mm hoeswhe differences in efficacy between sm
di-movar9m0 CRI |l uminaires and small apefrherr e, s

St atewi de CASE T4&& mlexamunéedglproducts from s
manufacturers and calculated the efficacy dif

versions by the same manufacturers. The State
average | acy wasdepdmliceg nt as co2nMpareent oefthiecac
di fference in the 2019 code cycle. THiism has s

tovarlmumi naiirresr dhaase d ssulnsctea nthieal2l0yI'fecode cycl
St atewi de CASEudedadlbietalolrpodwd mces hese product s
analysis has shown that additional wattage i s
the 2019 code cycl e.
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Tab9®k

St

Ma
Ma
Ma
Ma
Ma
Ma
To

a.

90 CRIWaDimm Smal | Aperture (4 DBOcKERI

atic Col or

nuf actNumber of Average L
nufactd4hb 14 %
nufactl?2 5 %
nufacthb38 7 %
nufactl?2 27 %

nuf a&t2l 2 %

t al 148 14%
Average |l oss from the 2019 codi¢
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AppendMaxr kket Anal ysi s Dat a

Data was extracted fridm2®U® @am dDenivd hthebra nlug d a't
updated data extracRamparti.or the final CASE

2x2 Troffers CRI 80-84 | Reported Efficacy

Reported Efficacy
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E 200 =
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2x2 Troffers CRI >= 90 | Reported Efficacy

Reported Efficacy
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2x4 Troffers 78-84 | Reported Efficacy
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2x4 Troffers >= 90 | Reported Efficacy

Distinct Count of Model Numbers

Distinct count of Manufacturers
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Direct Linear Ambient CRI 80-86 | Reported Efficacy
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Direct Linear Ambient CRI 80-86 | Reported Efficacy
Reported Efficacy
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Linear Indirect Ambient CRI>90 | Reported Efficacy

Reported Efficacy
4 3

Distinct Count of Model Numbers
Mo
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Linear Indirect Ambient CRI 78-86 | Reported Efficacy
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Low Bay | Reported Efficacy

Distinct Count of Model Numbers
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Sports Flood | Reported Efficacy
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Appendi NoMiiDvalEner gy Cost Sa

Il n SeZz.tadndBre ct3 .ddhenergy cost savings of the pro
over tylemarlHoperiod of analysis are presented in

This appendi x presents energy cost savings 1in
escalating asail,pauthlee t TD val ue of mmomndyrei s no
results are not discounted.

Mul-Zane Occupancy in Large Offices Non
Savings

Tabdeée Office Models Nominal TDV HeramrgyeCo»td $
Anal yiies SquaiMewoGonstruction, Altefra@ati ons,

Mul-Zdne Occupancy in Large Offices
Mo d el Oof fi «Cl i m. 15ear 15ear Tot adYea
P&an ZoneEl ectric Natur a T Ene
SavircCost Sa Cost Sa
( Nomi n ( Nomi n ( Nomi n
Mo del Of i Al $1. N/ . $1.

f
(2,584 ft
Model Offi« Al $2. N/ . $2.
(4,090 ft
Model Off
(7,520 ft
Average Al $2. N/ . $2.

o AL $2. N/ . $2.
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Tab®9@&Nomi nalEnfehbMyy Cost Sawierags P@verodlimf Analy

Per SquarirMewoOGoénstruction, Alterations, and A
| mpacted Cl i me 15 ear 15 ear Tot advea
Prototypic Zone El ectric Natura TDV En:
Building T SavirCosSavirCost Sa
( Nomi n ( Nomi n ( Nomi n
Smal |l Of fi Al $0. N/ . $0.
Large Of fi Al | $0. N/ . $0.
Ret ai |l Al $0. N/ . $0.
NoiRefriger Al |l $0. N/ . $0.
War ehouse
Refrigerat Al $0. N/ . $0.
War ehouse
School s Al $0. N/ . $0.
Col l eges Al $0. N/ . $0.
Hospitals Al $0. N/ . $0.

2Q2ZTitl Pae®r GGASE ReROr2NRL I GHD |2 9 8



Li ghti ng Power Densities Nominal TDV Energy Cost Savi

Tabd @St at eNomenal Ener gy QOoedrbY eSssBrer ngd ofs Anal ysi

Primary Fun:¢ St at e NC Nomi r 1st Alter Al tera

New Ener Ener Stat e Ener Nomi r

Constru Savir Cos Al tera Savisr Cos

(M sf(GWh/ Savir (M sf ( GWh/ Savir

( Mi | ( Mi |

Nom Nom

Audi ence Sec: 2 . 1. $5. 8 . 4 . $15

Audi tori 2. 0. $1. 7. 1. $4.

Aut o Repair [/ Ma 4 . 0. $2. 14. 2. $6.

Barber, Beauty Sal 0. 0. $1. 1. 1. $ 3.

Civic Meeting 1. 0. $2. 4 . 2. $7.

Classroom, VLect 7. 1. $3. 27. 3. $11
Vocati on

Commercial /Il ndus:s 2 3. 2. $5. 71. 6 . $18
War eho

Commercial /I nducs 5. 0. $0. 17. 0. $0.
Shipping &

Concourse and 2. 2. $8. 6 . 7. $24

Convention, Confere 7. 3. $12 21. 10. $38
and Meet.

Copy R 0. 0. $0. 0. 0. $0.

Corrido 11. -1 . -$ 4 . 36. -4 . $13

Dining Area: Bar/ 0. 0. $1. 1. 1. $3.
Di ni

Dining Area: Caf 2 . 0. $0. 6 . 0. $0.

Dining Area: Fam 0. 0. $2. 2. 1. $6.
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Primary Fun:¢

Kitchen/ Food Pr
El ectrical, Me c h ¢
Room

Exercisel/ Fitne
Gymnasi urm

Financi al Tr ati
General/ Commerci al
Ar ea: Lc
General/ Commerci al
Ar ea: Hi

General/ Commerci al
Ar ea: Pr

HotkUncti ol
Scientific La

Laundry
Library : R«
Li brary : &
Mai n Entr
Locker
Lounge, Breakr oom,
Museum Ar ea: Ex hi

Museum Ar ea: Rest
Of fice Area: O

Of fice Area: > 25¢C
X X X

Of fice Area: Open |

St at e
New

Constru Savirr

OO NO~NO OO OO

o ~
. ol

NC Nomi r l1st Alter (Al ter a
Ener Ener Stat e Ener Nomi r
Cos Al tera Savisr Cos
(M sf(GWh/ Savir (M sf ( GWh/ Savir
( Mi | ( Mi |
Nom Nom
0. $0. 9. 0. $0.
0. $0. 10. 0. $0.
0. $0. 7 . 0. $0.
0. $1. 3. 1. $3.
0. $0. 9. 0. $0.
0. $0. 2. 0. $0.
0. $0. 0. 0. $0.
0. $0. 1 0. $0.
0. $0. 1 0. $2.
0. $0. 0 0. $0.
0. $0. 2 0. $0.
0. $0. 1. 0. $1.
5. $18 23. 15. $56
0. $0. 1 0. $0.
1. $5. 8 4 . $15
0. $0. 0 0. $0.
0. $0. 0. 0. $0.
1. $4. 35. 4 $12
0. $2. 17. 2. $6.
0. $0. 22. 0. $0.

\'
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Primary Fun:¢

Par king
Par ki

Garage Ar ¢

Garage A
Ramp

ng Garage

Adaptatio
Phar macy

Ret ai l Sal es Are

Ret ai | Sal es Ar ea:
Sal

Ret ai |l Sal es Ar ¢
Rel i gi ous Wo
Restro
Stair
Ar ea:
Ar ea:

Fui
Ar e

Fur
Ar e

Vi deoconferen
Agi ng E yvei/sLioown : M
Lobtk

E yvei / sLi oown :
Cor

Loun
Ar e

ng

Par ki

Theater
Theater
Transportation

Transportation

Aging
Agi ng E yvei/sLioown :
Agi Ege/ kvave i on:

St at e NC Nomi r
New Ener Ener
Constru Savirr

(M sf(GWh/ Savir
( Mi |

Nom

4 . 0 $0.
0 0 $1.
0 -0 $1.
0. 0 $0.
4 0 $2.
12. 2 $7.
0. 0. $0.
3. 0. $2.
5. 0. $0.
2 . 0. $0.
0. 0. $2.
0. 0. $2.
0. 0. $0.
0 0 $0.
0 0 $0.
0 0 $0.
0 0 $0.
0 0 $0.
0 0 $0.

Cos Al ter a

1st Al ter (Al ter a
Stat e Ener Nomi r
Savisr Cos

(M sf ( GWh/ Savir
( Mi |

Nom

13. 0 $0.
1 1 $4.
0. -1 -$ 3
0. 0 $0
12. 2 $7
38. 6 $21
0. 0 $0.
10. 1 $6.
17. 0. $0.
7 . 0. $2.
2. 2 $7.
2 . 1 $6.
0. 0 $0.
0 0 $0.
0 0 $0.
0 0 $0.
0 0 $0.
0 0 $0.
0 0 -$0
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Primary Fun:¢ Stat e NC Nomi r 1st Alter Altera

New Ener Ener Stat e Ener Nomi r

Constru Savir Cos Al tera Savisr Cos

(M sf(GWh/ Savir (M sf (GWh/ Savir

( Mi | ( Mi |

Nom Nom

Agi ng Ewyvei/sLioown: Mul 0. 0. $0. 0. 0. $0.
Roor

Agi ng Eyvei/sLioown: F 0. 0. $0. 0. 0. $0.
Wor ship

Agi ng E yvei/sLioownn : 0. 0. $0. 0. 0. $0.

Agi ng Eyvei/sLioown: R 0. 0. $0. 0. 0. $0.

Heal t hcare Facild. 2 . 0. $0. 7 . 0. $0.
Exam/ Tr eat me

Heal t hcare Facili 0. 0. $0. 0. 0. $0.
| magi ng

Heal t hcare Hasipl i 0. 0. $0. 0. 0. $0.
Medi c al Sup

Heal t hcare Facil.i 0. 0. $0. 0. 0. $0.
Nur s ¢

Heal t hcare Facildi 0. 0. -$0. 0. -0 . -$ 0.
Nur sebs

Heal t hcare Facil.i 0. 0. $0. 0. 0. $0.
Operati ng¢

Heal t hcare Facil:i 0. -0 . -$ 0. 1. -0 . -$1.
Patient

Heal t hcare Facildi 0. 0. $0. 0. 0. $0.
Physical The

Heal t hcare Facil. 0. 0. $0. 0. 0. $0.
RecovRogr

Sports iMPrlearya ng Ar € 0. 0. $0. 0. 0. $0.
Faci

Sports iMArlearya ng Ar e 0. 0. $0. 0. 0. $0.
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Primary Fun:¢ Stat e NC Nomi r 1st Alter Altera

New Ener Ener Stat e Ener Nomi r

Constru Savi Cos Al tera Savisr Cos

(M sf(GWh/ Savir (M sf ( GWh/ Savir

( Mi | ( Mi |

Nom Nom
Faci

Sports iMPrlearya ng Ar e 0. 0. $0. 0. 0. $0.
Faci

Sports iMAPrlearya ng Ar e 0. 0. $0. 0. 0. $0.
Faci

St atewi de 162 2 6. $90 506 82. $27
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AppendVextiVvilNl u ®blse | aMo d&IDs

The foll owi nagsmeboyd etl hse wStraet e wi dwep dCtbeEe rTyeam t o

val uabl ec akieRDPdnadfeme t ai |l oMbe ®Bethedawi de CASE Te
used the samd ldhrdel g t he 2009 dana&ldy yias uwist h o
new | amp and | umib® &inrgder owa ldeee sa. summary of t he

Tab9®e Summary of Analysis for Very Valuabl e D
Updat e

Model s 201Watte2022 Wa

Model A 5. 75 500
Mo d e | B 9. 75 850
Mo d e | C 8. WO 700
Mo d e | D 8. 5W 7.20
Model A\ 8.05 6. 93

TableOypes of Lighting and Wattages Used in M
Di splLiaghti ng Power Densities

Mo d e | A |l tem 2019 MFact2022 M

Rai | Light 22 0.8 19
Down Lights 24 0. 8 21
Total Watts [/ 46 0.8 40
Size | Footopri 8 f2t 8 f2t
Case Top LPD 5. 75 5.00

Model A (10-11 ft. ceiling)

o O

LED Downlight Spots

4-foot LED Light Rail

Baseline LED Light Rail & Two LED NFL Downlights per Casg|

i guré6Model A (1006 to 116 ceiling) used for wup
I gh

ting power densities.
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Tabl0eil Types of Lighting andBWartt ¥gey VUsédabhe
Di splay Lighting Power Densities

Modd@&l | tem 2019 MFact2022 M
Rail Light 26W 0. 8 2 2V
Down Lights S2Wv 0. 8 4 oW
Total Watts / 78V 0. 8 6 8W
Size | Footpri 8 f2t 8 f2t
Case Top LPD 9. 75 850 \

Model B (12-14 ft. ceiling)

LED Downlight Spots

4-foot LED Light Rail

Baseline LED Light Rail & Two LED Spot Downlights per Case

Fi gur7élodel B 1(4162 &c etid i ng) wused for wupdating ve
|l i ghting power densities.

Tabl@e2 Types of Lighting and Wattages Used in
Di splay Lighting Power Densities

Mo del A | tem 2019 MFact202Mode

Fr oRai | Light 1w 0. 8 10w
Rear LRagihlt 9W 0 .6&4 8w
Casewor k Accel 12v 0 .2& 10
Total /Maeéetage 32 0. 8 28
Size [/ tFootopri 412t 4f2t
Case Top LPD 8.0 W 7. 00
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Model C (24-inch Vitrine)
l 22 -inch Rear LED Light Rail
[ ——

Three LED Narrow Beam
L Internal Accent/Down Lights
I

| 22 -inch Front LED Light Rail

Baseline Two LED Light Rails & Three LED Accent Lights per Case

FigurBdModel24@®i(tyi noeed for
power densities.

Table3 Types of Lighting and
Di splay Lighting Power Densit.i

Mo d e | A |l tem 2019 MFact2022

Rail ALight 2™W 0. 8
Rai |l BLight 2W 0. 8
Casewhkudkks 48V 0. 8
Total Watts [/ 10w 0. 8
Size /| tFootopri 1 22t
Case Top LPD 85 W

10
8

10

28

4 f2t

720

Model D (double sided case w/ MR accents internal)

Four LED Marrow Beam

_. . ‘ ._ Internal Puck Lights
|

Two Rows of LED Light Rail {188~ total)

Baseline Two LED Light Rails & four LED Downlights per Case

M

Wattages
es

updating very

val uab

Used i n

Fi gur9gMod e | D (doubl e isntderdn alasmulwtiitfhacgt ed r ef

used for updating very val
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Appendi XaOl ored Met hod Genet
Abwed Cal cul ati ons

Though average efficacy of h&Dlsastast mmee chaamg:
efficacy of high CRI (defined as having a CRI

assumption used for the tailored Ilighting mod
devel opment is that designers whomorreeq uliaryee rneodr
| i ghdteisniggn are | i kely to reqUihue thhghb&LRils fof
general | ighting all owance for the t&aheored |
St at ewWASIEeeaenval uated the 5 downlhieg hbta sprso douc ttsh
gener al l ighting all owance for the tailored |
the 2019 Title 24 standards and compared that
provide the same | uminous fl ux OTFhen rsdtmid aaf pt

2022 wattage to the 2019 is the wattage facto

Tablef2019 90 CRI vs 2022 90 CRI l umi naires fo
Gener al Lighting

20 1% mi naiWat fLumeg2@ 2Z umi nai |Wat tLumen{Watt ac(
Model s ns Model s Fact of
Downl i ght 22 145 Downlight 2 2 205 0.7
Downl i ght 17 135 Downlight 17 155 0. ¢
Downl i ght 29 244 Downl i ght 29 271 0. ¢
Downl i ght 44 266 Downlight 4 4 369 0.
Downl i ght 3 275 Downlight 3 € 302 0. §
Aver peaver 0. 8
Adj ust men

Factor

During the development of the 2019 standards

were used in the model used for developing th
all owances. This reflected common practace fo
di ameter was desirable for rejectingihbhédat so
i mprovements in LED technology, the | oss in e
significant as it was in 2019 and thus as a r

being used. The tabl e bel owStsatmt & Eeeasm'tshe f i
anal ysis of t heeurerfdntclay raewWaliolfslblBehat were eith

from 6 manoOWvecalutecsrrently avail abl i dacgi am
that is 89.5% that of 6" and 8" diameter prod
these 4" downl p egrhdnsnrtree qpopwiwrea .1 3
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Table5 Efficacy | mpact of Decreasing Downlight

Manuf ac/ Rel at Watt e

EfficiFactc

Manuf 0.9 1.0

Manui 0.9 1.0

Manuf 1.0 0.9

Manuf 0.7 1.3

Manui 0. 8 1.1

Ma nu 0. 8 1.2

Avers 0. 8 1.1
The updated model accoumassuimomgplk ihsoefd@SHeg n sh
downlights in these models would bWhewmntvleet ed
wattage factor accounting for the efficacy 1in

devel opment of the 2019 stafgfaefdi socbmbseedvw
wattage adjustment to account for greater use
wattage adjustment factor is 0.845 as shown i

Tabl@e6 Cal cul ation of overal l|lw&t0tl®gd or t0i2@ an o

Vari able Descriptions Val ue:
90 CRI downlights 2019 t 829
6" and 8" diameter vs 4" 113
Fraction downlights conv 259
Wei ghted 8/ 6" diameter t 1. C

Tot al adjustment 2022 0. 8

This adjuswmentapphcedr to the prior 2019 tailo
20, 40 and 70 footcandhegh(200t edO0O0nagyel TOW b
il luminance values (150, 300, 500, and 600 [ u
the values for room cavity ratios (RCR) great
proposedL®®naral gredttermrdjhaned 2019 model s an
mul tiples of 0.05 W/ sf.
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Table”2019 Tailored Lighting General Mdrlalnli
2019 to 2DDameWatdt Rgti o
RCR <2
2019
llluminance 2019 Model 2019 2022 2019 Model 2022 Adopted x
Adopted x Factor Proposed
(lux) Factor Factor
150 0.30 0.40 0.845 0.25 0.35 0.34
200 0.40 0.45 0.845 0.34 0.40 0.38
300 0.60 0.65 0.845 0.51 0.55 0.55
400 0.72 0.75 0.845 0.61 0.65 0.63
500 0.90 0.90 0.845 0.76 0.80 0.76
600 1.08 L 1.08 0.845 0.91 L, 0.90 0.91
700 126 [ . .08s w6 ... . .
RCR>2 & <35
2019
llluminance 2019 Model 2019 2022 Model 2022 Adopted x
Adopted Proposed
(lux) Factor Factor
150 0.33 0.45 0.845 0.28 0.40 0.38
200 0.44 0.55 0.845 0.37 0.50 0.46
300 0.64 0.80 0.845 0.54 0.70 0.68
400 0.84 0.95 0.845 0.71 0.80 0.80
500 1.05 1.05 0.845 0.89 0.90 0.89
600 1.26 L 1.24 0.845 1.06 , 1.05 1.05
700 w2 7 085 120 00000
RCR >35& <7.0
2019
llluminance 2019 Model 2019 2022 Model 2022 Adopted x
Adopted Proposed
(lux) Factor Factor
150 0.42 0.60 0.845 0.35 0.50 0.51
200 0.56 0.75 0.845 0.47 0.65 0.63
300 0.84 1.00 0.845 0.71 0.85 0.84
400 1.12 1.25 0.845 0.95 1.05 1.06
500 1.40 1.45 0.845 1.18 1.25 1.23
600 1.64 , 1.64 0.845 1.39 L 1.40 1.39
700 183 . o8 155 [0
RCR>7.0
2019
. Extrapolated 2019 2022
llluminance 2022 Model Adopted x
(1ux) 2019 Model  Adopted Factor Proposed Factor
150 0.63 0.75 0.845 0.53 0.65 0.63
200 0.85 1.00 0.845 0.72 0.85 0.84
300 1.32 1.40 0.845 1.12 1.20 1.18
400 2.08 1.50 0.845 1.76 1.25 1.27
500 2.32 1.85 0.845 1.96 1.55 1.56
600 2.60 2.38 0.845 2.20 2.00 2.01
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Appendliaxi IPPred Met hod FIl oor
Powr Al Il owed Cal cul ati ons

Fig2fendabl@®i thin this appendi x document the
model s that were used by the Statewide Case T
the Floor and Wall Lighting Power All owed LPD
Statewide CASE Teamdedssdemipeé oyame dmr i ng the 2
updated values to reflect newldhbngBIldmd tlrumiersa
the efficacy i mprbEBPmkbampsob&dn@8O0ku@Rhaires sin
the 2019 code.

These i mproved efficacy of 90+ CRI product re
3% gain for Wall display | umen output for the
2019 codei.ndgoinveesd percentage i mprovements wer
0.87 for floor accent |lighting and 0.97 for w
the 2019 all owed LPD for Floor and Wall Accen

LPD,s indikla¢ edt4on6Dawd.tébi2nt Best case report.

FLOOR ACCENT & DISPLAY (Sq. Ft. Basis)

Baseline LED T24-2019 9Ft. To 11Ft. Ceilings Improved Efficacy LED-T24-2020 (90+CRI} 2020 LED Adjustment
LAMP WATTS  LUMENS CRI LAMP WATTS LUMENS CRI AVEW AVE Im
MR16 Equiv. 9 430 90-96 MR LED 7.5 410 90-96 8.25 450
PARZ20 Equiv. 11 520 90-96  PARLED 8.5 380 90-96 8.3 560
PAR30 Equiv. 14 850 90+ LED Sp/Fl 12 930 90-96 13 1105
PAR28 Equiv. 18 1320 90+  LED Sp/Fl 16 1360 90+ 16 1320
Fi gwRrOe Tail ored method fl oor, accent, and disp

calawilons on a square foot basis.

Table8 ail MeedbldooAccent Di aplliagghtRowgDensi ty
Cal cul at i 8gnusa Foeo Baas it $ mpr oved Efficacy LEDs

Lamp Wat {Lumern CR|IAverage |[Average L

MR L E 7. 4119 09 6 8. 2 45
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PAR L 6 . 5819 @ 6 8 . 56

LED S 12 9919 @ 6 13 110

LED S 16 1, 3| 90 16 132
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Appendi X¥aQl ored Lighting Or
Effect Lighting
Figaigkei gaRrki g@Bendabl®9 within this appendi x, d
results of wupdating the Ornament [/ Speci al Ef f
St atewide Case Team in developirdT ftike eha@¥y9 <co
i mprovements of the 90+ CRI | amps and | uminai
Tabl@®ontains the results of the effiin@aaoaysi mpr
and | amps since the 2019 modeling was conduct
converted to adjustment factors for each mode
which resulted in the 0.883 factor wusteadl /t 0 de
Speci al Ef fect Lighting iSedit & bdfd tomi sl add e 1rddy
Candelabra Title 24 2011-2016 Title 24 2019 Model Title 24 2022 Model

25 W Halogen 20%

liﬁ i:"l;i jg?% 4 to6 W S0+CRI 3to5 W 20+CRI

: ;f;:aseline FACTOR? WAVEO.SU

Shade Title 24 2011-2016 Title 24 2019 Proposed Title 24 2022 Model

p
A

Pendant

Y

&

Fi g ®rie

43 W Halogen

13w CFL
18W AVE

10%
90%
100%

Title 24 2011-2016

43 W Halogen

10%

10 to 14 W S0+CRI

12 W Ave
12 2019 Baseline

Title 24 2019 Proposed

13 W CFL 90%
16 W AVE 100% 12t0l1d W 95+-CRI
13 W Ave
13 2019 Baseline
Wa |l | Sconce and

9to 12 W 90+CRI

11.5 W S0+CRI
FACTOR: 0.96

Sto 12 W S0+CRI

11.5 W S0+CRI
FACTOR: 0.89

Pendant

Model s

2Q2ZTitl Pae®r GBGASE Re{R2r2NRL I GHD[B 1 2



Candelabra

Shade

Large Up-Light

Title 24 2011-2016

150 W Halogen 40%
54 W CFL 60%
9z W AVE 100%

Title 24 2011-2016

432 W Halogen 10%
178 W CFL Q0%
202 W AVE 100%

Title 24 2011-2016

200 W HP-CFL  B5%
300 W CMH 15%
215 W AVE 100%

Title 24 2019 Model

36to 50 W 90+CRI

43 W Ave
43 2019 Baseline

Title 24 2019 Model

105 W S0+CRI

105 W Ave
105 2019 Baseline

Title 24 2019 Model

178 W 80+CRI

178 W Ave
178 2019 Baseline

Model s

Title 24 2022 Model

30to36 W 90+CRI
36 W Ave

FACTOR: 0.84

Title 24 2022 Model

96 to 102 W S0+CRI

995 W Ave
FACTOR: 0.95

Title 24 2022 Model

144 to 170 W 90+CRI

157 W 90+CRI
FACTOR: 0.88

Fi gw®r2e Chandel i er

Title 24 2011-2016

Title 24 2019 Proposed

142 W 100% LED
BOCRI

4-foot X 10-foot Model

Fi gw®r3e Lumi nous

136 W 100% LED
S0CRI
12t014 W 95+-CRI

136 2019 Baseline

Wa | |

2Q2Titl Pae®r GBGASE ReROr2NRLI GHD|B 13
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Title 24 2022 Model

120 W S0+CRI

120 W Ave
FACTOR: 0.88
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Tabl@e9 Ornament al

Speci al Ef fect Lighting

Type of Lighting ¢

© O

L
F

Candel abS ao nad |

Shade Wal | Sconce

Pendant

AV e. For Sconces ¢

Candel abra Chandel

Shade Chandel i er

LargeLippht Chandel

Av e. For Chandel i €

Luminous Light Par

Ol o|lo|lo/ojo oo/ m
m . mlmlo ol ool ol ool ™

AVE ORNAMENTAL

o
(o]
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Appendi NaRrative on LPD Chal

The foll owing table shows the calculated LPD
and without wall washing, toeeneprralviand Addliot iAc
Al | owRr@ds and the pPremoLad ezy®@223 LPDs.

Tabl®&Oilghti ng Power Density Results of 2022 LI
Exi sting and Proposed Lighting Power Densitie

Mode Mode 20109 20109 2022 2022
withoe withkAI'l ow Addd Al |l ow Addd

Wal |l Wall GenerLight Gener Light

Pri mary Fu Wash Wash LPD Powe LPD Powe

Ar ea (W's (W' s (W s (W' s (W s (WIs
Audi ence Se 0. 2 0. 4 0. € 0. & 0. & 0. 2
Ar ea
Audi torium 0. € 1.1 0. 7 0. E 0. 7 0. 4
Aut o Repair 0. 4 0. ¢ 0. E 0. 2 0. E 0. 2
Mai nt enance
Barber, Bec 0. ¢ 1. C 0. €& 0. E 0. € 0. 4
Salon and ¢
Civic Meet. 0. 4 0. € 1. C 0. ¢ 0. ¢ 0. 2
Ar ea
Classr oom, 0. E 0. € 0. 7 4.5 0. € 7 W
Training, \
Ar ea
Commerci al / 0. ¢ 0. ¢ 0. 4 0. 4
al Storage:
War ehouse
Commerci al / 0. E 0. ¢t 0. € 0. €
al Storage:
& Handl ing
Concour se ¢ 0. z 0. E 0. ¢ 0. ¢ 0. € 0. Z
Ar ea
Convention, 0. 4 0. € 0. €& 0. ¢ 0. 7 0. z
Conference,
Mul ti pur poscs
Meeting AT €
Copy Room 0. ¢ 0. ¢ 0. E 0. E
Corridor Ar 0. Z 0. 2 0. € 0. 4 0. 2
Di ning Arec 0.1 0. z 0. ¢ 0. ¢ 0. & 0. ¢
Bar/ Lounge
Fine Dining

2Q2ZTitl Pae®r GGASE ReROr2NRLI GHD|B 15



Mode Mode
withoe witthAI
Wal |  wal |
Pri mary Fu Wash Wash
Ar e a (W' s (W/s
Dining Arec 0. & 0. <4
CafeterialF
Dining Arec 0. 2 0. 2
and Leisur e
Kitchen/ Foc 0. ¢ 0. ¢
Preparatior
El ectrical, 0. c 0. ¢
Mechanical ,
Tel ephone F
Exercisel Fi 0. c 0. ¢
Center and
Gymnasi um /
Financi al 0. 4 0. €
Transactior
General/ Cor 0. E 0. ¢t
& I ndustri e
Ar e a: Low E
General/ Cor 0.t 0. ¢t
& I ndustri e
Ar ea: Hi gh
General / Cor 1. 2 1. 2
& I ndustri e
Ar ea: Preci
Hot el Funct 0. 0. 7
Scientific 0. 7 0. 7
Laboratory
Laundry Ar e 0. 3 0. ¢
Library : F 0. 0.
Ar ea
Li brary S 0. 7 0. 7
Ar e a
MaiBntry Lo 0. ¢ 0. ¢
Locker Roor 0. c 0. ¢
Lounge, Br e 0. 2 0. 4
or Waiting
Museum Ar ec 0.1 0.1

E x

hi bition/

0.

2019
|l ow Addd Al
GenerLight
LPD
( W/ s

0.

(@]

«

(@]

2Q72ZTitl Par®r GGASE

2019
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2022 2022

| ow Addd

Gener Light

LPD owe

( W/ s W/ s

. 3 0. 4 0. Z

.3 0. 4 0. z
0. ¢
0. 4
0. &

3 0. 7 0. z

Y 0. € 0. z

z 0. € 0. z

1 0. € 0. 7

3 0. & 0. z

3 0. ¢ 0. ¢
0. 4

3 0. & 0. z
1. C

3 0. 7 0. z
0. 4

3 0. E 0. z

g 0. € 0. E



Pri mary

Ar e a
Museum Ar ec
Restoratior
Of fice Arec
sqguare feet
Of fice Arec
sqguare feet
Of fice Arec
pl an office
Par king Gar
Ar ea: Par ki
Par king Gar
Ar ea: Dedi ¢
Ra mps
Par king Gar
Area: Dayl i
Adaptation
Phar macy Ar
Ret ai l Sal €
Grocery Sal
Ret ai l Sal €
Ret ai l Mer
Sal es
Ret ai l Sal €
Fitting Roc
Rel i gious \
Ar ea
Restr ooms
Stairwell
Theater Ar e
Motion pict
Theat er Ar ¢
Perf ormance
Transportat
Functi on
Ar ea
Transportat
Functi on
Ar e a

Mo d e

0.

0.

wi t h

Wa | |

{

N

[{e Nl en)

()Y NY N

(1)

NY

NY

Mo d e
wi tFk Al
Wal |l GenerLight Gener Ligh
Fu Wash Wash
(W's (W' s (W/s

0. 0.

0.

0.

LPD

2019

N)

(@1l

«

M (N ™

2019 2022 2022
| ow Addd Al |l ow Addd
t
Powe LPD Powe
(W's (W s (WIs
0. 2 0. 7 0. ¢
0. 2 0. € 0. 2
0. 2 0. € 0. 2
0. 2 0. € 0. 2
0.1
0.1
1. ¢C
0. ¢ 1. C 0. ¢
0. ¢ 1. ¢C 0. ¢
0. ¢ 0. ¢ 0. ¢
40/ 1 0.€¢ 40/ 1
W mir W mir
0. ¢ 0. ¢ 0. 2
0. ¢ 0. € 0. ¢
0. ¢ 0. 4 0. ¢
0. ¢ 0. 4 0. 2
0. ¢ 0. € 0. Z
0. 4
0. 2 0. 4 0. 2

[ 0.
Z 0.
3 0.
Z 0.
C 0.
1 0.
¢ 0.
¢ 1.
B 0.
¢ 0.
z 0
B

€ 1.
z 0.
3 0.

2Q72ZTitl Par®r GGASE
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Mode Mode 2019 2019 2022 2022
withoc wittkrAll ow Addd Al |l ow Addd
Wal | Wwall GenerLight Gener Light

Pri mary Fu Wash Wash LPD Powe LPD Powe

Ar e a (W's (W' s (W s (W' 's (W s (WIs

Vi deoconfer 0. € 2. C 0. ¢ 1. ¢C 0. ¢ 1. C

Studi o

Aging Eyell 1. ¢ 1. ¢ 0. & 1. 2 0. & 1. 2

Vi sion: Ma i

Lobby

Aging Eyell 0. E 0. ¢t 0. & 0. 7 0. 2

Vision: St ¢

Agi Ege/ Low 0. 4 0. € 0. € 0.1 0. 7 0. ¢

Vi sion: Cor

Ar ea

Aging Eyell 0. € 1. C 0. 7 0. ¢ 0. € 0. ¢

Vision:

Lounge/ Wait

Ar ea

Aging Eyell 0. € 0. 7 0. ¢ 0. ¢ 0. € 0. ¢

Vi sion: Mu |

Room

Aging Eyell 0. E 1. ¢ 1. C 0. ¢ 1. C 0. ¢

Vision: Rel

Wor ship Ar e

Aging Eyell 0. € 1. C 0. € 0. ¢ 0. € 0. ¢

Vision: Dir

Aging Eyell 0. & 1.1 0. & 0. 2 1. C 0. 2

Vi sion: Re ¢

Heal t hcar e 1.1 1.1 1.1 1.1

and Hospite

Exam/ Treatr

Room

He al t hrcaacri d 0. 4 0. ¢ 1. C 0. € 0. &

and Hospite

|l magi ng Roc

Heal t hcare 0. 4 0. ¢ 0. E 0. &

and Hospite

Medi c al Surg

Room

Heal t hcar e 0. 4 0. ¢4 0. ¢ 0.1 0. € 0.1

and Hospite

Nursery
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Mode Mode 2019 2019 2022 2022
withce withkAll ow Addd Al l ow Addd

Wal | Wwall GenerLight Gener Light

Pri mary Fu Wash Wash LPD Powe LPD Powe

Ar ea (W's (W' s (W s (W' 's (W s (WIs
Heal t hcar e 0. 7 1.¢C 0. 7 0.1 0. & 0. ¢
an#ospital s
Nur seds St ¢
Heal t hcare 3. € 3. € 1. ¢ 1. ¢
and Hospite
Operating F
Heal t hcare 0. € 0. ¢ 0. ¢ 0. 2 0. 7 0. 2
and Hospite
Patient Roc
Heal t hcare 0. ¢ 0. € 0. € 0.1 0. 7 0.1
and Hospite
Physical TF
Room
Heal t hcare 0. ¢ 1.1 0. ¢ 0.1 0. ¢ 0.1
and Hospite
Recovery Rc
Sports iTArer 3. C 3. C 2. z 2. 2
Pl ayi ng Ar e
Facility
Sports iArer 1. ¢ 1. ¢ 1. 4 1. 4
Pl ayi ng Ar e
[ Facil ity
Sports iArer 1.1 1.1 1.1 1.1
Pl ayi ng Ar e
I 1 Facil it
Sports iArer 0. 7 0. 7 0. 7 0. 7
Pl ayi ng Ar e
'V Facil ity
The table below indicates the proposed Area C
Densities from this analysis. I't i s worth not
of applications where the primaryy iasmgl iodati on
apptatiomfnfsi dess > 250 sf andsopeonopbasatehntideti
open plan office (some people believe that “o
believe it incl uded Pdbusbicclloesse) ,e ntohueg hr ebgeuti weeedn o
open plan office and offices > 250 sf that it
categories into an unambiguous primary funct.

of function areas that nlgawe rmegen pcaamhbinmge d oinse
dedicated rampsPDohethegei twd areas I S appr ox
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woulsd mplify enforcement as it takes some judg:
area ends and where dedicated ramps begin.

As noted tenarsl ipekrpeiri78 pri mary function areas,
34 decrease their LPDs and 36 of the combined
all owances stay the same.

TABLE -Q ARE® CATEGORYLMEWADNG POWER DENSITY V
( WASTFT])

Additional L gt
Al | owed L Addi t i
. Power Den . . Al 1l owa
Primary Func Gener al LQuaSIIftled(W/ftl,
( WAF t ystems not ed
ot her w
Audi ence Seat.i 0—6050 Ornament 0-—-802H5
Audi torium Ar ¢ Ornamenti 0O0-—8025-5
0.70
Accent , d 0 20
feat ur e
Aut o Repair |/ 0—-B8550 |Detail ed?’ 0.20
Baler, Be a ut y, SpSharl € Detail ed?’ 0.20
- ¥ 0—-8065
Ornament ©0-—0802H5
Ci vWmeceti ng Pl a 1—-0090 Ornament 0-—-802H5
Classroom, Le¢ o5 5060 [White or ¥ 4—3W f
Vocati onal Ar ¢
Concourse and 0—0060 Ornament ©0-—0802H5
Convgntlon, Cf 0—8575 Ornament ©0-—0802H5
Mul ti purpose ¢
Copy Room 0.50 - -
CorrArdea 0—6040 Or namen 0.25
Di nin B /L OrhamADta 0—30
Ar e a ar our 06535 | display °a 0.20
Fi ne Di —
Decor at 0.15
Cafeter 0.0045
Food Ornament ©O0-802H
Family a 0—B6040
Kitchen/ Food | 0. 95 - -
Electrical, Mg 0.40 |Detailed? 0.20
Tel ephone RooOTI
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Addi tional L' gt
Al l owed L Additi
. Power Den . . Al | owa
Primary Func Gener al LQuasllftled(W/ftl,
( WA t ystems not ed
ot her w
Exercise/ Fitng
Gymnasi um Ar e g 0.50 ) )
Financi al Tr af 0—8070 Ornamenti 0O0-—8027-5
Hot el Functi or 0. 85 Ornamenti 0O0-—-8027-5
Sec+ehabbr;@atpe.\ Speci al i 2
AT e a 1-0090 Wo & k 0. 35
Laundry Area 0. 45 - -
Libra Reading 0.80 Ornament ©0-—0802H5
St acks 1—-1000 - -
Mat+nh—Eob Mgj n § 0—-8570 Ornamenti 0O0-—-8025-5
Locker Room 0. 45 - -
Lounge, Breakt 06555 Ornamen{ 0.-00274
Ar ea
GeneMa Low Ba 0.60 Detail ed?’ 0.20
nufac Hi ghay 0.65 Detailed? 0.20
Comme o
| & . Precision
Preci s 0. 85 0.70
| ndus Wo r° k
Wor k
Museuleynibpiti 0.60 Accent, di 5 ppad
Ar ea feat ur e
Restorat 0—-0570 |Detail ed?’ 06—Q03H5
Of fic|lO 250 sq 00065
> 250 sq ©0.-6560 |POrtable |45 5y
of fi c’e &
Spoh——>ata 6—60
Par ki _ FirstorATIM 100 W
Garag|Par ki nagd Machi ne
Ar e a 0.10 : :
Ra mps Addi ti ona
. 50 W e
Ti cket m
BDedicate 6—25 - -
Dayl ig
Adapt at 6—35000 i i
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Addi ti onal

LYi gh

Al l owed L Addi t i
. Power Den ) . Al 1l owa
Primary Func Gener al LQuasllftled(W/ftl,
( WA t ystems not ed
ot her w
Phar macy Ar ea Speci al i 2
1+-1000 Wo & k 0. 35
Ret ai Accent , d
0.20
Ar e a Grocery 10500 feat ur e
Decor at 0.15
) Accent , d
Retail M 10095 feat ur d 0.20
Sal es —
Decor at 0.15
External
_ _ Mi ro or 40 Wi
Fitting 0.60 I niernal
Mi ror or 120 Wi
Rel i gious Wor 0. 95 Ornamenti 0O0-—-8025-5
Restr ooms Accent , d 0 20
0. 65 feat ur e
Decortat i 0.15
Stairwell Accent , d
0.20
0-05 45 feat ur e
Decortat i 0.15
Stor a War e ho U 0—0540 - -
Comme ) .
| /1 nd| Shippin 0.60 i ;
St or a Handl i
Theat Moti on | 0—6040
Ar e a Ornament ©0-—0802H5
Perform 1-—-0080
Trans Baggage 0.40 - -
i on
Eunct!| Ticketi i 0.45 Accfee”atat'urde 0.20
Videoconf ertén 0.90 Videoconf 1.00
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Addi tional L' gt
Al l owed L Addi t i
. Power Den i . Al |l owa
Primary Func Gener al LQuasllftled(W/ftl,
( WA t ystems not ed
ot herw
Agingl corrido 68070 Ornament 4 g53(
Eyel-L e Decortat i i
vi stit o
Di ning 0.80 Ornament 0.30
Lounge/V 00580 Or namen t 0.30
Ar ea
Or nament 0. 30
Mai n Ent 0. 85 Transitio
OFF at? n 0.95
Mul tipu 60585 Ornament 0.30
Room
Rel igiou 1.00 Or namen t 0.30
Ar ea
Restro o_goo0o | Accent, d 0.20
feat ur €
Stairw o.po70 | Accent, d 0.20
f eat ur g
Heal t| Exam/ Tr e
Faci l Room 1.15 i i
Hospi Accent, d
0.20
: feat ur e
| maging 1—-0060
Tunabl e wh 0 10
t awar —
Medi cal 0 55 i i
Room
Nurser o_p5g0 |Tunable wh 0.10
tawarfh
Tunabl e wHh
X oo 0.10
Nur seds 06—-0585 tawar
Detail ed?’ 0.20
Operatin 1.90 - -
Patient 0—B8570 Decor at 0.15
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Addi tional L' gt
Al l owed L Additi
. Power Den . Al |l owa
Primary Func Gener al LQuallf'ed(W/ftl,
( WAF t Syst ems not ed
ot her w
Tunabl e wh
t-avarfn 0. 10
Physical Tunabl e wHh
Room 68575 tawartfn 0.10
Tunabl e wHh
Recovery 0.90 t vartom 0.10
Sport|Class I3 2.25 - -
Areinalclagss 1P 1.45 - -
Pl ayi 3
AT e a Cl ass 11 1.10 - -
Class |M\ 0.75 - -
Al | ot her 0.40 - -
The following is commentary on those primary
recommending a change in the allowed |ighting
T Audi t gr iHom el Function Area, Library : Read

Exhibition/ Display and Retigibusf Wohe&epah

change is to drop t heagaed dailtlioomaanic @ahlblgo vbe d 5w
drop reflects the increased efficacy of hi
bet ween the development of the 2019 Title
for the 2022 LPDs, overall LED aebflfyi,c abcuite st h
efficacies forusedhi CRinod®luir ct@ shoarvnea ment al |
increased by, on average, 12%. Thus a 0. 88
all owance and rounded to the closest O0.05
descri jmtoiwon hofs factor was ®Aplpewmldatxed i s co
1T Audi ence Sealthieng iAgrhetai ng model i ndicates th
be made to t hies taopmlait@attiiom dd the recomme
|l evel s for seating areas. Because the theo
|l ess than the current power | imits, the de
|l eeway but nonet hel eas sh®margeaued iloinmiatss carmg
to the 2019 power density all owances.

1T Auto Repair [/ MaA npC naraencku CAtriecan i S proposec
primarily based on updating the gener al I i
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that task |ighting is not provided by hard
portable task |lighting that 1 s n20t22wi t hi n
mod el il ncludes a detailed task area with a
per coefntt he space.

1T Barber, Beauty SalTohre amwdpSpan Arldaowed power
lighting from 0. 30 tAp pC.nadS kWiimth idesdgmnail e

il luminance i n the model was increased, t h
decreased as not as much | eeway (additiona
bet weenodele amd the | ighting allowance. Thi
provide |Iighting on the task areas.

T Civic Meeti ngBePsliadcedsr stpheeen al | owed power f o
' ighting from as 3d0e stcor iOb.e2dc fWrsfotheentappl ic
drop in gener al | i ghtpenrgcoafretft hestes atr leats amr @
circulation.

T Classroom, Lecture, Tralihme plg4 croccpatiimnal A
general | ighting powerpescipmdrte aaslel yi no fpfosweetr
t eacdhisurfaces. The general | ighting model
| evel s for the entire room.

1T Concourse andBAaAsedaoArehe significant diff
l ighting model and the 2019 |l ighting power
signifTliamtrhgre cl osely matches téamdconfi gt
at wiid hp e8&Occefntt he fl oor area being circul ati
i Il uminance opelf 6ofhtt hhen dhkiaesROwank tel |l er st
with mailndmiimemrdcad of 30 fc and additional
of wall areas. 't shoul d be ersothedkdt lreavte nt 1l &
l ight but t heseefsgpramiersg aa er eotfaieln qoncour se
the theoreticali segubsednpioakely | ess than
the decision was to provide some added | ee
are peRéreenducti on as compared to the 2019 ¢

T Convention, Conference, nMulAtrlid@musr proesfel eacntds M
accurate modeling ofpédrmaeefratg thlei csgtaicen bweii tnhg
for circulation and wall washing half of t

T CorridolSmaAtéaincrease in all owedwiltihgduti ng

any ornament al |l ighting the all owed | ighti
circulation in the corridor has a bas allo
fooandles and 5 fc of wall washing for abo

T Dining Ar eage Banmd LFiunieh eDsienilammge@ ssi gni fi cant
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|l ower recommended il l uminance | evels than

rec
si g
and
t ha
add
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Lo
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t h
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Mu
ac
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Oof f i

acdc
tar

Oof f
mo d
cal
t ha

ommended il luminance targets resulted i
nificantly | ower LPD thamcetBar, dLoungng
Fine Dining areas typically empl oy a h
n other dining areas for the 2022 <code
er is replaced by with two new separate
iIArer@afeterial/ F@atettremwmida/ Fast Food r emai
marily because higher | ight I evels were
ommendati on) andsntohi sd esppeancde otny phe gdhoeer 90
other dining types.

i ng FaAmead:y ankarieliyw/ubei sure all®wed LPD
CEheése targets are based on results of
cise) modeling based on current | ES Rec
i ciency increas€Rl i bEDhprbdgberu9é6d in -

ancial Tr arBseasdtdiedssnotphreema al |l owed power f .
hting from as 3de stcor iOb.e2d5 fWWrsfotpercampipl i C
p in general 1 ighti ngl iaghltoiwiagn cneosd erle ftlheact
ceefntt he area being circulation.

or gtSern y:rthief iad | owed | i ghting power for g
l i cati on perogeoetd ey elBRPR7 trhec d BBended

umi nance value of 50 fc for general |l ab

rNr8tgckisi s dr opre dtetnytr 8f-R&£ ti Il IEBmi nance

ommenaat icompared to the design illumina
nddeeakroom, or :Basitdedy oohe@an al |l owed pov
ament al l' ightingasraoens O©r Bloed of @r 2&t MWé s f
pébcdhkrnap in gener al l ighting all owances
rces (baskeadtobftiewnl hght)

eum Area: RestAdrlaotwieodn wRaototmrmges wer e sl i g
ount for higher illuminance | evels 50 f
sus 75 fc for detailed task areas.

i ce Area: O: R mlglacaweady Bve e t r perpaan tby 6
ount for more accurate modeling of the
gets -RRlLlom | ES

ice Area: > :Thi 6 gmplkerse ufseetof32t he det ai l

eling conducted in 2019 dmort loeg elnu mpd m Nnmac
culated a LPD for a 600 sf ppacle;mtéirat w
n the proposed all owance.
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Parking Garage Area:ThDeediicgahtteidn grapnopwse r al | ©
application wapemrcanthbedadym@de ed at 4 fc

mai ntained average il l umi-B8amcei msmcioimpamied.
of 2 fc. The resulting 0.10 W sf LPD match
simplifies compliance for the combined par

Par ki ng Araga:geDayl i ght Adapt alil owedoheght i:
all owance for thispaere@znitaceceaBtedf dry RPBO
recommended design il luminances of 50 fc i

Phar macyTWAeewaen pderrocpe nitn overall LPD repres
detail ed model of general | ighting, fillin
| EERR2 9.

Ret ail Sal es Arean®&trmicler MerSalhasdiheseSal es
all owed Iighting power all owances dropped
increased efficacy of 90 CRI LED |l ight sou

WareholWUseng the design illumiednkiegbfid@ f
model , pancréeechducti on in gener al l ighting is

St ai rAveb®r creendudtni agrener al | i gthat irnegf liesc tpraop
simple |Ilighting design for stairwell s with
and ornlameinglat i ng additional wattage i s un:¢
both basic stairwells for egress versus st
encourage greater use.

Th
mo
me
mo

pe
Theater Area::APelC ocremadrucced i on on the gener a

e
motion picture reflects the I ow |ight I eve
met hod model could represent any refl ectan
r
r

ater Area: Mo tlorncrggdautcan ®n on t he gener
i on pfilcetcutrse trhee | ow | i ght | evels in thes
hod model courl df reeqpoaBEeamat aory, the prop
e closely match the modelf |rectmmx®.s For
ceeanit!l i magr, cvdaflah d R&r cfelnaor refl ectances.

= = ~ ~+

more closely match the modelctraemxlelst sverkar 5
per cceeitl i megr, cvBatlaln d p2Q cfelnaor refl ectances.

Agi ng Ewyvei/sLioown: :Jthai owelrlal | ' ighting power
increased to account fofodi pbpuknti bppewi d
i mpairm&ngener al l ighting hat weewhdeduced
match the | ighting power to provide 20 mai
mai ntained fc provided by wall washing on
W/ 9fs provided f or dacscpd maty, |fiegahtturneg amd ar t v
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st a

1T Agi
app
i g
W/ s

I rways.

ng Ewyvei/slioonn: CorTThedoal IAoawead | i ghting pow
| i cateiserd ibryc 0. 05 W sf to account for gr
hting. Concurrentliry dlhleowamedagd Odilgdd e d
f. The general |l ighting power all owance

simulated in the model to provide both 20

t he

1T Agi
per
T Agi
al |
req
1T Agi
acec

T Hea
si g
si g
l i g

T Hea
acc

T Hea
i nc
Rev
sup

T Hea

fl oor and 20 fc vertical on half of t h

ng Ewyvei/sLibobenuunge/ Wai tGenmgerAaleal i ghting incr
ctemtbetter reflect the verti2d8al i1 umi ne

ng Ewyvei/sLioonn: Mul t i pRurroppoossee dR ogoemm e r a | l i gh
owance drperpdteogtbley t 20-2 &leufhiencatt i RoPn
ui r emeinstudmmpfboyrr ed Commo.n | i ving area

ng Eyvei/sLioonn: R@esnemadlm | i ghti nmeriacieorteased
ount for | arger fraction of task areas

t hcare Fascpiiltiatlys :a nfdmaBgpinreg aRodmghti ng d
ificantly to represent the |lighting ne
i ficant added accent, display and feat
ting for enhance the visual environmen

> 5 S5 —

t Fcaacrid ity and Ho:Geintealad: | Nwrhgamy power
unt for i mproved efficiency of high CR

o —

|l thcare Facility and lWousepiattdl $:1 gMun 10 P
reapedctddatamctc ofuor better definitions of

ised model included wall washing behind
pl ement al l ighting for reading small pr

|l thcare Facility and:PHopisteadladg:einitcghit e mig

power 1incr @aseenldygcdunt for higher task i

| ar

ger fraction of the patient room.

|l thcare Facility and Hos p:iGtealeg:al Phy gihd a
owed power ¢geacrceamdasccroymdit2tf oer mat chi ng ¢
umi nankRR2s9 iinncllBuSd i Gegn e2rOa | f/cGrfoaunpd t5h0e rfacp y
table and individual therapy.

Compl ete Building Method

The Co
simpl e

mpl ete Building Method all owedl Bt ghel gg
l' ighting designs which do not have man
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documentation can be streamlinafeeéa WeegdtleB®Ds

average of pri mpearyerfalncltiiopmt taor geeapolweCo mPIDst e

Buil dingTye@tthade 17 buildings in the Compl ete
proposal would drop the LPDs for 6 of the bui
motion picture t hTehaet earrse ab yweli.glhot iWWgsff.abt er s ar
11.1

TABLE BL£OMPLETE BUILDI NG METHOD LI GHTI NG P OWE

ALLOWED LI GHT

TYPE OF BUI LDl POWER DENSI TY

PER SQUARE F(
Assembly Buil ding 6—0065
Financi al Il nstity 0.65
gz?rzitalgaI/Manufa 0 60
Grocery Store Bui 0—0590
Gymnasium Buil din 0—-6560
Library Building 0.70
Heal t hcare Facili 0.90
Of fice Building 6—6560
Par ki n gBuG alrdai gneg 0.13
Rel i gious Facilit 0.70
Restaurant Buil di 00065
Ret ail Store Buil 0.90
School Buil ding 0—08560
Sports Arena Buil 0.75
Motion Picture TH 00060
Performing Arts T 6—8075
Al |l sbtulhérdi ngs 0.40

The weighting factors of primary application

tabl e bel ow.
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Tabl#&l Area Weighted Mapping of Primary Funct.i
Building Types
Manufactu

Financial ring Grocery Restauran Motion Performing
Primary Function Area®\ Complete Building Types ~ Assembly Institution Facility — Store Gymnasiui Library HealthcareHospital  Office Parking  Religious (Average) Retail School Sports ArenaPicture  Arts
Audience Seating Area 30.0% 0.0% 0.0% 0.0% 10.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 27.0% 0.0% 0.0%
Auditorium Area 25.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 0.0% 15% 0.0% 0.0% 2.0%
Auto Repair / Maintenance Area 0.0% 0.0% 4.0% 0.0% 00% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Barber, Beauty Salon and Spa Area 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 0.0% 00% 0.0% 0.0% 00% 00% 0.0% 0.0%
Civic Meeting Place Area 0.0% 0.0% 1.0% 0.0% 0.0% 0.0% 0.0% 00% 0.0% 00% 0.0% 0.0% 00% 0.0% 0.0% 0.0% 0.0%
Classroom, Lecture, Training, Vocational Area 0.0% 0.0% 5.0% 00% 0.0% 0.0% 6.0% 0.0% 1.0% 0.0% 10.0% 0.0% 0.0% 40.0% 0.0% 0.0% 1.0%
Commercial/Industrial Storage: Warehouse 0.0% 0.0% 12.0% 20.0% 0.0% 0.0% 0.0% 0.0% 5.0% 0.0% 0.0% 0.0% 9.0% 9.0% 0.0% 1.0% 1.0%
Commercial/ndustrial Storage: Shipping & Handling ~ 0.0% 0.0% 2.0% 5.0% 2.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 2.0% 0.0% 2.0% 1.0% 1.0%
Concourse and Atria Area 40% 0.0% 0.0% 0.0% 4.0% 0.0% 00% 0.0% 0.0% 0.0% 0.0% 00% 7.0% 0.0% 4.0% 0.0% 8.0%
Convention, Conference, Multipurpose and Meeting Area9.0% 0.0% 2.0% 0.0% 2.0% 12.0% 3.0% 1.0% 10.0% 0.0% 1.0% 0.0% 0.0% 4.0% 2.0% 0.0% 5.0%
Copy Room 0.0% 5.0% 0.0% 0.0% 00% 1.0% 0.0% 00% 0.0% 0.0% 0.0% 0.0% 00% 0.0% 0.0% 0.0% 0.0%
Corridor Area 9.0% 0.0% 3.0% 1.0% 5.0% 10.0% 7.0% 20.0% 15.0% 0.0% 14.0% 1.8% 2.0% 11.0% 5.0% 14.0% 12.0%
Dining Area: Bar/Lounge and Fine Dining 1.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 62% 0.0% 0.0% 0.0% 0.0% 0.0%
Dining Area: Cafeteria/Fast Food 0.0% 0.0% 1.0% 0.0% 0.0% 0.0% 1.0% 20% 1.0% 0.0% 0.0% 252% 10% 20% 0.0% 0.0% 0.0%
Dining Area: Family and Leisure 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 17.1% 0.0% 0.0% 0.0% 0.0% 0.0%
Kitcher/Food Preparation Area 1.0% 0.0% 1.0% 0.0% 50% 0.0% 0.0% 20% 0.0% 0.0% 2.0% 32.0% 1.0% 2.0% 5.0% 8.0% 2.0%
Electrical, Mechanical, Telephone Rooms 20% 20% 20% 50% 1.0% 20% 2.0% 7.0% 20% 1.0% 20% 13% 1.0% 3.0% 1.0% 4.0% 5.0%
Exercise/Fitness Center and Gymnasium Area 0.0% 0.0% 0.0% 0.0% 50.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 7.0% 0.0% 0.0% 0.0%
Financial Transaction Area 0.0% 30.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 0.0% 0.0% 0.0%
General/Commercial & Industrial Work Area: Low Bay 0.0% 0.0% 30.0% 0.0% 0.0% 1.0% 0.0% 0.0% 20% 0.0% 3.0% 0.0% 3.0% 0.0% 0.0% 0.0% 1.0%
General/Commercial & Industrial Work Area: HighBay 0.0% 0.0% 20.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
General/Commercial & Industrial Work Area: Precision 0.0% 0.0% 4.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Hotel Function Area 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 0.0% 0.0% 00% 0.0% 0.0% 0.0% 0.0%
Scientific Laboratory Area 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 3.0% 50% 0.0% 00% 0.0% 0.0% 00% 1.0% 0.0% 0.0% 0.0%
Laundry Area 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.0% 1.0% 0.0% 0.0% 00% 0.0% 0.0% 00% 00% 0.0% 0.0%
Library : Reading Area 0.0% 0.0% 0.0% 0.0% 0.0% 350% 0.0% 0.0% 0.0% 0.0% 00% 0.0% 0.0% 10% 00% 0.0% 0.0%
Library : Stacks Area 0.0% 0.0% 0.0% 0.0% 0.0% 22.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 1.0% 0.0% 0.0% 0.0%
Main Entry Lobby 12.0% 15.0% 1.0% 0.0% 5.0% 4.0% 6.0% 4.0% 5.0% 0.0% 1.0% 53% 1.0% 5.0% 20.0% 5.0% 10.0%
Locker Room 0.0% 0.0% 20% 0.0% 50% 00% 0.0% 00% 0.0% 00% 0.0% 0.0% 00% 1.0% 50% 0.0% 0.0%
Lounge, Breakroom, or Waiting Area 0.0% 0.0% 3.0% 0.0% 0.0% 20% 11.0% 1.0% 20% 0.0% 10% 08% 1.0% 10% 50% 0.0% 2.0%
Museum Area: Exhibition/Display 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.0%
Museum Area: Restoration Room 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 0.0% 0.0% 00% 0.0% 0.0% 0.0% 0.0%
office Area: O 250 squarelO%et4.0% 3.0% 20% 1.0% 6.0% 9.0% 5.0% 16.0% 0.0% 10.0% 2.0% 3.0% 4.0% 1.0% 1.0% 1.0%
office Area: > 250 squar e0.0% 19.0%d 100%x0.0% 0.0% 0.0% 0.0% 2.0% 16.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 0.0% 0.0%
Office Area: Open plan office > yox sf 0.0% 21.0% 0.0% 2.0% 0.0% 0.0% 0.0% 0.0% 21.0% 0.0% 0.0% 0.0% 0.0% 10% 00% 0.0% 0.0%
Parking Garage Area: Parking Zone 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 87.0% 0.0% 0.0% 0.0% 00% 0.0% 0.0% 0.0%
Parking Garage Area: Dedicated Ramps 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 80% 0.0% 0.0% 00% 0.0% 0.0% 0.0% 0.0%
Parking Garage Area: Daylight Adaptation Zones 0.0% 0.0% 0.0% 0.0% 00% 0.0% 0.0% 0.0% 0.0% 20% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Pharmacy Area 0.0% 0.0% 0.0% 0.0% 0.0% 00% 1.0% 1.0% 00% 0.0% 00% 0.0% 0.0% 00% 00% 0.0% 0.0%
Retail Sales Area: Grocery Sales 0.0% 0.0% 0.0% 60.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 0.0% 0.0% 00% 0.0% 0.0% 0.0% 0.0%
Retail Sales Area: Retail Merchandise Sales 0.0% 0.0% 0.0% 0.0% 2.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 65.0% 0.0% 2.0% 10.0% 0.0%
Retail Sales Area: Fitting Room 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 0.0% 00% 1.0% 0.0% 10% 0.0% 0.0% 0.0% 2.0%
Religious Worship Area 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 50.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Restrooms 40% 3.0% 2.0% 4.0% 6.0% 4.0% 70% 7.0% 3.0% 0.0% 4.0% 72% 20% 4.0% 50% 4.0% 3.0%
Stairwell 20% 1.0% 1.0% 1.0% 1.0% 1.0% 1.0% 20% 1.0% 20% 10% 1.0% 1.0% 1.0% 1.0% 1.0% 3.0%
Theater Area: Motion picture 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 0.0% 0.0% 00% 0.0% 0.0% 51.0% 0.0%
Theater Area: Performance 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 40.0%
Transportation Function : Baggage Area 0.0% 0.0% 0.0% 0.0% 00% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Transportation Function : Ticketing Area 0.0% 0.0% 0.0% 0.0% 00% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Videoconferencing Studio 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 0.0% 00% 0.0% 0.0% 00% 0.0% 0.0% 0.0% 0.0%
Aging Eye/Low-vision: Main Entry Lobby 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 0.0% 00% 0.0% 0.0% 00% 0.0% 0.0% 0.0% 0.0%
Aging Eye/Low-vision: Stairwell 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 0.0% 00% 0.0% 0.0% 00% 00% 0.0% 0.0%
Aging Eye/Low-vision: Corridor Area 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Aging Eye/Low-vision: Lounge/Waiting Area 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Aging Eye/Low-vision: Multipurpose Room 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Aging Eye/Low-vision: Religious Worship Area 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Aging Eye/Low-vision: Dining 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 0.0% 00% 0.0% 0.0% 00% 00% 0.0% 0.0%
Aging Eye/Low-vision: Restroom 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 0.0% 0.0% 0.0% 00% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Healthcare Facility and Hospitals: Exam/Treatment Roon0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 36.0% 21.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Healthcare Facility and Hospitals: Imaging Room 0.0% 0.0% 0.0% 0.0% 00% 0.0% 10% 1.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Healthcare Facility and Hospitals: Medical Supply Reom0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.0% 1.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Healthcare Facility and Hospitals: Nursery 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 20% 00% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Heal thcare Facility and HOOM tQ@.0%: ONRbs D% s0.8%i 0h0% 0.0% 1.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Healthcare Facility and Hospitals: Operating Room 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 20% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Healthcare Facility and Hospitals: Patient Room 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 7.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Healthcare Facility and Hospitals: Physical Therapyt  0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 4.0% 1.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Healthcare Facility and Hospitals: Recovery Room 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 4.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Sports Arena i Playing Ar 4% c0.0%s 0.0%a0i0 t9.0% 0.0% 00% 0.0% 0.0% 0.0% 0.0% 00% 0.0% 0.0% 15.0% 0.0% 0.0%
Sports Arena i Playing Ar 040% c0.0%s 0.0%F&HDH% i 0.0% 0.0% 00% 0.0% 0.0% 0.0% 0.0% 00% 0.0% 0.0% 00% 0.0% 0.0%
Sports Arena i Playing Ar 80% c08%s 0.0% ©0% 106% 00% 0.0% 0.0% 00% 0.0% 00% 0.0% 0.0% 00% 00% 0.0% 0.0%
Sports Arena i Playing Ar 880% c08%s 0.020FHO% i 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 0.0% 0.0% 00% 00% 0.0% 0.0%
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AppendMaxdeSl Cost Cal cul ati ons

Each table calculate the cost of each subsystem (gener aa plriogthottiy
space for each primary function area. Addsmgwn hienttalbhe elsagtogtead lhle
grey in color, the LPD is unchanged and the increment al ceorsti sha
used to |Iight the space.
Tabl®&2 Gener al ylsitgehmt iPrgopSosed 2022 and 2019 Base Cost s
2019
2022 2022 2022 Generalfc 2019 2019 2019 2022
2022 General fc General General 2022 Avg Number of 2022 Cost|x % areax General General General 2019 Avg 2019 2019 Cost| 2019 Base Proposed
X %area x Area System Luminaire Watts/lumi Luminaire Per Area  Luminaire 2019 Gen Luminaire System  Luminaire Watts/lumi  Number of Per General General
Primary Function Area General Luminaire (lumens) watts efficacy naire s Luminaire | (lumens) Ref No. Description watts efficacy naire Luminaires = Luminaire Cost Cost

Audience Seating Area Downlight large 6"+ 80CRI Hi ( 32,000 305 90 57 5.33 $182 48,000 811 PAR downlight flood 648 71 27 24 $159 $3,802 $970
Auditorium Area #N/IA 0 0 #N/IA $0| 45,000 801 Downlight open (repl INC) 254 86 46 6 $157 $868 $0
Auto Repair / Maintenance Area Industrial strip 80CRI 64,800 1,202 135 32 37.68 $81 120,000 838 Linear Industrial (repl FL) 1,965 131 59 33 $71 $2,3632 $3,052
Barber, Beauty Salon and Spa Area Troffer Basket 90CRI 2,880 35 101 41 0.86 $19¢ 28,800 830 Linear Direct Lensed (repl FL) 636 106 48 13 $122 $1,622 $168
Civic Meeting Place Area Troffer Basket 90CRI 1,620 18 101 41 0.42 $194 2,700 823 Indirect Pendant (repl CF) 91 77 124 1 $514 $378 $83
Classroom, Lecture, Training, Vocational Area #N/IA 0 0 #N/A $0| 37,240 835 Linear Dir/Ind (repl FL) 735 105 42 17 $372 $6,48¢8 $0
Commercial/lndustrial Storage: Warehouse Low bay 70CRI 8,000 260 123 137 1.90 $27q 16,000859-2 High Bay (repl MH) 339 117 168 2 $244Q $483 $514
Commercial/Industrial Storage: Shipping & Handling  High Bay 80CRI 7,200 157 128 175 0.90 $d 63,000 838 Linear Industrial (repl FL) 1,032 131 5] 17 $0 $0
Concourse and Atria Area Linear light slot 4" or more 80¢ 96,000 1,315 104 33 39.34 $320 120,000 851 PAR downlight flood 1,895 71 27 70 $159 $11,132  $12,59C
Convention, Conference, Multipurpose and Meeting Aredroffer Basket 80CRI 2,700 24 116 38 0.63 $144 27,000 831 Narrow Linear (repl FL) 518 87 25 21 $341 $7,207 $92
Copy Room Troffer Basket 80CRI 1,200 24 116 38 0.63 No copy room model in 2019 $0
Corridor Area Linear light slot 4" or more 80¢ 6,400 106 104 33 317 $321 0 801 Downlight open (repl INC) 0 86 46 0 $157 $0 $1,014
Dining Area: Bar/Lounge and Fine Dining Downlight 4" and less 90CRI W 4,590 84 69 36 2.34 $162 18,000 811 PAR downlight flood 284 71 27 11 $159 $1,67C $379
Dining Area: Cafeteria/Fast Food Troffer Lensed 80CRI 7,200 108 110 38 2.85 12,000 831 Narrow Linear (repl FL) 186 87 25 8 $0 $0
Dining Area: Family and Leisure Downlight large 6"+ 90CRI 3,600 59 78 36 1.63 $162 38,400 801 Downlight open (repl INC) 530 86 46 12 $157 $1,812 $263
Kitchen/Food Preparation Area Troffer Lensed 80CRI 3,600 76 110 38 1.99 18,000 830 Linear Direct Lensed (repl FL) 325 106 48 7 $0 $0
Electrical, Mechanical, Telephone Rooms Industrial strip 80CRI Lo Output 24,000 427 121 14 30.52 12,000 838 Linear Industrial (repl FL) 261 131 59 4 $0 $0
Exercise/Fitness Center and Gymnasium Area Low bay 80CRI Lo Output 72,000 862 133 66 13.06 72,000 835 Linear Dir/Ind (repl FL) 1,203 105 42 29 $0 $0
Financial Transaction Area Troffer Basket 80CRI 4,320 41 116 38 1.07 $144 21,600 831 Narrow Linear (repl FL) 463 87 25 19 $341 $6,440 $157
General/Commercial & Industrial Work Area: Low Bay Low bay 80CRI 43,200 605 145 112 5.42 204,000859-1 Lowbay Lensed (Lin Ind - repl 2,950 120 94 31 $0 $0
General/Commercial & Industrial Work Area: High Bay High Bay 80CRI 108,000 1,634 128 175 9.34 510,000859-2 High Bay (repl MH) 7,005 117 168 42 $0 $0
General/Commercial & Industrial Work Area: Precision High Bay 80CRI 32,400 460 128 175 2.63 240,000 869 Industrial Super High Bay 4,076 118 376 11 $0 $0
Hotel Function Area Pend bow! direct/indirect 8OCRI 1,620 39 81 48 0.80 $514 5,400 823 Indirect Pendant (repl CF) 117 77 124 1 $514 $487 $412
Scientific Laboratory Area Troffer Lensed 80CRI Hi Output 33,600 501 115 67 7.48 $129 25,805 831 Narrow Linear (repl FL) 567 87 25 23 $341 $7,886 $958
Laundry Area Troffer Basket 80CRI 36,000 422 116 38 11.19 36,000 830 Linear Direct Lensed (repl FL) 514 106 48 11 $0 $0
Library : Reading Area Troffer Basket 80CRI 36,000 482 116 38 12.77 $144 21,600 835 Linear Dir/Ind (repl FL) 361 105 42 9 $377 $3,184 $1,864
Library : Stacks Area Linear light slot 4" or more 80( 2,880 92 104 33 2.76 $32Q 10,800 831 Narrow Linear (repl FL) 103 87 25 4 $341 $1,440 $884
Main Entry Lobby Downlight large 6"+ 90CRI 10,800 177 78 36 4.84 $162 36,000 823 Indirect Pendant (repl CF) 967 7 124 8 $514 $4,009 $785
Locker Room Troffer Lensed 80CRI 1,600 48 110 38 1.27 4,200 830 Linear Direct Lensed (repl FL) 76 106 48 2 $0 $0
Lounge, Breakroom, or Waiting Area Troffer Basket 90CRI 4,320 44 101 41 1.07 $19¢ 5,280 801 Downlight open (repl INC) 30 86 46 1 $157 $102 $210
Museum Area: Exhibition/Display Downlight 4" and less 90CRI W 9,828 208 69 16 13.29 21,840 811 PAR downlight flood 491 71 27 18 $0 $0
Museum Area: Restoration Room Troffer Basket 90CRI 108,000 1,469 101 41 35.46 $191 72,000800-1 Linear Rec Hi Perf Lensed (re| 1,350 119 41 33 $114 $3,779 $6,951
Office Area: O 250 squar droffeeBasket 8OCRI 560 11 116 38 0.30 $14g 2,800 800 Linear Rec Hi Perf Lensed (re| 63 119 41 2 $129 $201 $44
Of fice Area: > 250 squar droffeeBasket8@RI O x x x s f 2,400 30 116 38 0.79 $144 12,000 835 Linear Dir/Ind (repl FL) 195 105 42 5 $377 $1,720 $116
Office Area: Open plan office > xxx sf Pendant direct/indirect 80CRI 7,200 117 97 50 2.36 48,000 835 Linear Dir/Ind (repl FL) 780 105 42 18 $0 $0
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2019
2022 2022 2022 Generalfc 2019 2019 2019 2022
Primary Function Area 2022 General fc General General 2022 Avg Number of 2022 Cost|x % area x General General General 2019 Avg 2019 2019 Cost| 2019 Base Proposed
X % area x Area System Luminaire Watts/lumi Luminaire Per Area  Luminaire 2019 Gen Luminaire System Luminaire Watts/lumi  Number of Per General General
General Luminaire (lumens) watts efficacy naire s Luminaire | (lumens) Ref No. Description watts efficacy naire Luminaires = Luminaire Cost Cost

Parking Garage Area: Parking Zone Parking garage luminaire 70CRI 36,000 680 111 42 16.34 36,000859-3 Parking structure luminaire 664 112 55 12 $0 $0
Parking Garage Area: Dedicated Ramps Parking garage luminaire 70CRI 7,680 196 111 42 4.70 $304 9,600859-3 Parking structure luminaire 480 112 55 9 $304 $2,616 $1,40¢
Parking Garage Area: Daylight Adaptation Zones Parking garage luminaire 70CF 99,000 1,910 112 111 17.20 $304 9,900859-3 Parking structure luminaire 990 112 55 18 $30( $5,395 $5,161
Pharmacy Area Troffer Basket 80CRI 19,200 273 116 38 7.24 $9§ 28,800 830 Linear Direct Lensed (repl FL) 520 106 48 11 $94‘l $1,023 $688
Retail Sales Area: Grocery Sales Linear light slot 4" or more 80( 19,200 224 104 33 6.71 $32Q 96,000 800 Linear Rec Hi Perf Lensed (re| 1,115 119 41 27 $129 $3,532 $2,14¢
Retail Sales Area: Retail Merchandise Sales Cove light assymetric 80CRI 14,400 248 91 40 6.25 $38( 72,000 831 Narrow Linear (repl FL) 956 87 25 39 $341  $13,304 $2,37¢
Retail Sales Area: Fitting Room Downlight 4" and less 90CRI 1,800 20 83 29 0.69 600 830 Linear Direct Lensed (repl FL) 13 106 48 0 $0 $0
Religious Worship Area f #NIA 0 0 " ania $0 120,000 811 PAR downlight flood 1,834 71 27 68 $159  $10,770 $0
Restrooms Cove light assymetric 80CRI 600 20 91 40 0.50 3,000 801 Downlight open (repl INC) 51 86 46 1 $0 $0
Stairwell Industrial strip 80CRI 3,600 67 135 32 211 $81) 3,600 831 Narrow Linear (repl FL) 77 87 25 3 $135 $410 $171
Theater Area: Motion picture ! #N/A 0 0 r #N/A $0| 46,800 811 PAR downlight flood 958 71 27 36 $154 $5,628 $0
Theater Area: Performance f #N/A 0 0 f #N/A $0| 80,000 811 PAR downlight flood 1,084 71 27 40 $154 $6,369 $0
Transportation Function : Baggage Area Troffer Basket 8OCRI 37,800 463 116 38 12.27 27,000 830 Linear Direct Lensed (repl FL) 385 106 48 8 $0 $0
Transportation Function : Ticketing Area Linear light slot 4" or less 80Ct 14,000 197 94 32 6.11 20,000 831 Narrow Linear (repl FL) 194 87 25 8 $0 $0
Videoconferencing Studio r #NIA 0 0 " aNA M oava 7 oavA #NIA N 0 $0
Aging Eye/Low-vision: Main Entry Lobby Cove light assymetric 80CRI 30,000 535 91 40 13.49 60,000 835 Linear Dir/Ind (repl FL) 971 105 42 23 $0 $0
Aging Eye/Low-vision: Stairwell Downlight large 6"+ 90CRI Wa 3,200 77 66 38 2.03 $162 1,600 831 Narrow Linear (repl FL) 31 87 25 1 $341 $436 $328
Aging Eye/Low-vision: Corridor Area Troffer Basket 90CRI 12,800 156 101 41 3.77 $19¢ 12,800 851 PAR downlight flood 245 71 27 9 $159 $1,438 $739
Aging Eye/Low-vision: Lounge/Waiting Area Troffer Basket 90CRI 13,500 154 101 41 3.71 $19¢ 27,000 823 Indirect Pendant (repl CF) 727 7 124 6 $514 $3,015 $728
Aging Eye/Low-vision: Multipurpose Room Troffer Basket 90CRI 13,500 179 101 41 4.33 $19¢ 18,000 851 PAR downlight flood 284 71 27 11 $159 $1,667 $848
Aging Eye/Low-vision: Religious Worship Area Pend bowl! direct/indirect 80CRI 2,016 44 81 48 0.92 15,120 851 PAR downlight flood 257 71 27 10 $0 $0
Aging Eye/Low-vision: Dining Cove light assymetric 80CRI 12,800 214 91 40 5.39 48,000 823 Indirect Pendant (repl CF) 1,813 7 124 15 $0 $0
Aging Eye/Low-vision: Restroom Cove light assymetric 80CRI 2,592 79 91 40 1.99 $38( 7,560834-1 Linear Wall Cove (repl FL) 330 81 26 13 $36( $4,532 $757
Healthcare Facility and Hospitals: Exam/Treatment Roofiroffer Basket 90CRI 480 10 101 41 0.24 6,000800-1 Linear Rec Hi Perf Lensed (re| 139 119 41 3 $0 $0
Healthcare Facility and Hospitals: Imaging Room Troffer Basket 80CRI 1,568 31 116 38 0.82 $144 8,400 820 Downlight Lensed (repl CF) 193 7 30 6 $162 $1,050 $120
Healthcare Facility and Hospitals: Medical Supply Roorroffer Basket 90CRI 12,000 180 101 41 4.35 36,000 830 Linear Direct Lensed (repl FL) 650 106 48 14 $0 $0
Healthcare Facility and Hospitals: Nursery Troffer Basket 8OCRI 0 0 116 38 0.00 $14¢ 19,200 800 Linear Rec Hi Perf Lensed (re| 366 119 41 9 $129 $1,159 $0
Heal thcare Facility and tTmfkerpBiaskaiSO@Rl Nur seds 4B@0at i o2 116' 38 1.90 $144 3,000 835 Linear Dir/Ind (repl FL) 64 105 42 2 $372 $562 $277
Healthcare Facility and Hospitals: Operating Room #N/A 0 0 #N/A 90,000800-1 Linear Rec Hi Perf Lensed (re| 1,687 119 41 41 $0 $0
Healthcare Facility and Hospitals: Patient Room Troffer Basket 90CRI 576 13 101 41 0.31 $194 1,920 835 Linear Dir/Ind (repl FL) 41 105 42 1 $372 $360 $61
Healthcare Facility and Hospitals: Physical Therapy Rorﬁmszer Basket 80CRI 19,200 167 116' 38 4.41 $144 12,000 835 Linear Dir/Ind (repl FL) 255 105 42 6 $372 $2,249 $644
Healthcare Facility and Hospitals: Recovery Room #N/A 0 0 #N/A 7,488800-1 Linear Rec Hi Perf Lensed (re| 136 119 41 B $0 $0
Sports Arena i Playing A r’ ea: C#N#Ass | Facilityy 0 " #N/A 750,000809-1 High Bay Industrial (repl FL) 11,319 117 168 67 $0| $0 $0
Sports Arena i Playing A r' ea: C#N#Ass |1 Facil i toy 0 " #N/IA 500,000859-1 Lowbay Lensed (Lin Ind - repl 7,230 120 94 7 $0| $0 $0
Sports Arena 1 Playing A r' ea: C#N#Ass |11 Facil ioty 0 " #NIA 375,000859-1 Lowbay Lensed (Lin Ind - repl 5,422 120 94 58 $0| $0 $0
Sports Arena i Playing A r' ea: C#NAAs s |V Facil i toy 0 " #NIA 250,000859-1 Lowbay Lensed (Lin Ind - repl 3,615 120 94 38 $0| $0 $0
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Tabl®&e3 Taslghting System Proposed 2022 and 2019 Base Costs
2019 Task
fcx %
2022 Task fc 2022 Task 2022 Task  Avg 2022 2022 Costf areax 2019 Task 2019 Task 2019 Task 2019 Avg 2019 2019 Cost| 2022
X%areax  System Luminaire Watts/lumi Number of Per Area  Luminaire 2019 Task Luminaire =~ System Luminaire Watts/luminai Number of Per 2019 Base Proposed

Primary Function Area 2022 Task Luminaire Area (lumens) Watts efficacy naire Luminaires ' Luminaire | (lumens) Ref No. Description watts efficacy re Luminaires Luminaire [Task Cost Task Cost
Audience Seating Area Downlight large 6"+ 80CRI Hi Output 16,000 330 90 57 5.8 $187 0 811 PAR downlight flood 0 71 27 $158.0 $1,049.67
Auditorium Area Downlight large 6"+ 80CRI Hi Output 135,000 2,707 90 57 47.3 $182 13,500 823 Indirect Pendant (repl CF) 440 77 124 3.5 $514.00 $1,824.63 $8,603.2¢
Auto Repair / Maintenance Area Downlight large 6"+ 80CRI Warm Hi C 0 0 85 42 0.0 $187 24,000 839 Task (repl FL) 571 67 7 77.4 $45.00 $3,481.36 $0.00
Barber, Beauty Salon and Spa Area Downlight 4" and less 90CRI Warm 46,800 863 69 36 24.2 $162 10,800 811 PAR downlight flood 266 71 27 9.9 $158.00 $1,563.41 $3,912.71
Civic Meeting Place Area Downlight large 6"+ 90CRI 11,340 216 78 36 5.9 $167 13,230 801 Downlight open (repl INC 254 86 46 55 $157.0 $868.21  $958.5¢
Classroom, Lecture, Training, Vocational Area Troffer Basket 80CRI Hi Output 42,560 617 112 61 10.1 $129 0 801 Downlight open (repl INC 0 86 46 $157.0 $1,293.71
Commercial/lndustrial Storage: Warehouse f #N/A 0 0 f #N/A 0.0 $0] 0 0 NA 0 0 $0.0( $0.00
Commercial/Industrial Storage: Shipping & Handling  Linear light slot 4" or more 80CRI 32,400 746 104 33 22.3 0 0 NA 0 0
Concourse and Atria Area Downlight large 6"+ 80CRI Hi Output 72,000 1,354 90 57 23.6 $182 0 0 NA 0 0 $0.04 $4,304.2¢
Convention, Conference, Multipurpose and Meeting Are®ownlight 4" and less 80CRI 18,900 370 76 32 11.5 $162 4,500 811 PAR downlight flood 101 71 27 3.8 $158.0 $594.28 $1,858.7¢
Copy Room Linear light slot 4" or more 80CRI 2,400 45 104 33 1.3 No copy room model in 2019
Corridor Area i #N/A 0 0 " #N/A 0.0 $0] 0 0 NA 0 0 $0.04 $0.00
Dining Area: Bar/Lounge and Fine Dining Strip Under cabinet 90CRI 1,350 68 46 9 7.2 $4Q 4,500 803 Linear WW Open (repl F 82 84 28 3.0 $318.0 $940.32  $287.5¢
Dining Area: Cafeteria/Fast Food Downlight large 6"+ 80CRI 5,400 131 82 33 4.0 7,200 801 Downlight open (repl IN(C 122 86 46 2.7
Dining Area: Family and Leisure Downlight large 6"+ 90CRI 9,600 181 78 36 5.0 $162 9,600 823 Indirect Pendant (repl CF) 313 77 124 25 $514.00 $1,297.52 $804.7¢
Kitchen/Food Preparation Area | #N/A 0 0 " #NIA 0.0 4,050 838 Linear Industrial (repl FL) 88 131 59 15
Electrical, Mechanical, Telephone Rooms | #N/A 0 0 " #N/A 0.0 7,200 839 Task (repl FL) 207 67 7 28.0
Exercise/Fitness Center and Gymnasium Area | #N/A 0 0 " #N/A 0.0 0 0 NA 0 0
Financial Transaction Area Linear light slot 4" or less 80CRI 6,480 127 94 32 4.0 $304 0 0 NA 0 0 $0.0q $1,187.41
General/Commercial & Industrial Work Area: Low Bay Industrial strip 80CRI 43,200 657 135 32 20.6 0 0 NA 0 0
General/Commercial & Industrial Work Area: High Bay Industrial strip 80CRI 108,000 1,530 135 32 48.0 0 0 NA 0 0
General/Commercial & Industrial Work Area: Precision Industrial strip 80CRI 360,000 4,835 135 32 151.6 0 0 NA 0 0
Hotel Function Area Downlight 4" and less 90CRI 11,340 201 83 29 7.0 $167 7,560 801 Downlight open (repl INC 128 86 46 2.8  $157.0 $437.61 $1,126.2!
Scientific Laboratory Area f #NIA 0 0 f #N/IA 0.0 $0] 6,720 801 Downlight open (repl INC 129 86 46 2.8  $157.0 $441.00 $0.00
Laundry Area #N/A 0 0 #N/A 0.0 0 0 NA 0 0
Library : Reading Area #N/A 0 0 #N/A 0.0 $0] 10,080 820 Downlight Lensed (repl ¢ 197 77 30 6.6 $162.00 $1,071.36 $0.00
Library : Stacks Area Linear light slot 4" or more 80CRI 6,480 168 104 33 5.0 $32( 0 803 Linear WW Open (repl F 0 84 28 $318.0 $1,609.14
Main Entry Lobby Downlight large 6"+ 90CRI 6,750 124 78 36 34 $167 7,200 801 Downlight open (repl INC 122 86 46 2.7 $157.00 $416.77 $549.81
Locker Room #N/A 0 0 #N/IA 0.0 600 822 Downlight open 15 77 30 0.5
Lounge, Breakroom, or Waiting Area Downlight large 6"+ 90CRI 1,440 27 78 36 0.7 $162 0 0 NA 0 0 $0.04 $120.1¢
Museum Area: Exhibition/Display #N/A 0 0 #N/A 0.0 0 0 NA 0 0
Museum Area: Restoration Room #N/A 0 0 #N/A 0.0 $0| 27,000 830 Linear Direct Lensed (re 488 106 48 10.2  $122.0Q $1,244.82 $0.00
Of fice Area: O 250 sqguar downlightlarge 6"+ 8OCRI 2,520 50 82 33 15 $167 1,050 839 Task (repl FL) 35 67 7 4.8 $45.0 $214.51  $247.4¢
Of fice Area: > 250 squar drofeeBasket8@RI O xxx s f 10,800 138 116 38 3.7 $144 5,400 839 Task (repl FL) 129 67 7 17.4 $45.0¢ $783.31  $534.57
Office Area: Open plan office > xxx sf Pendant direct/indirect 80CRI 50,400 828 97 50 16.7 21,600 839 Task (repl FL) 514 67 7 69.6
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Primary Function Area

Parking Garage Area: Parking Zone

Parking Garage Area: Dedicated Ramps
Parking Garage Area: Daylight Adaptation Zones
Pharmacy Area

Retail Sales Area: Grocery Sales

Retail Sales Area: Retail Merchandise Sales
Retail Sales Area: Fitting Room

Religious Worship Area

Restrooms

Stairwell

Theater Area: Motion picture

Theater Area: Performance

Transportation Function : Baggage Area
Transportation Function : Ticketing Area
Videoconferencing Studio

Aging Eye/Low-vision: Main Entry Lobby

Aging Eye/Low-vision:
Aging Eye/Low-vision:
Aging Eye/Low-vision:
Aging Eye/Low-vision:
Aging Eye/Low-vision:
Aging Eye/Low-vision:
Aging Eye/Low-vision:

Stairwell

Corridor Area
Lounge/Waiting Area
Multipurpose Room
Religious Worship Area
Dining

Restroom

2022 Task Luminaire

Parking garage luminaire 70CRI
Parking garage luminaire 70CRI
Parking garage luminaire 70CRI Hi Ot
Downlight large 6"+ 80CRI Hi Output
Downlight large 6"+ 90CRI
Downlight 4" and less 90CRI
i #NIA
Downlight large 6"+ 90CRI Warm Hi ¢
Downlight 4" and less 90CRI
! HNIA
Downlight 4" and less 80CRI
Downlight 4" and less 90CRI Warm
Downlight large 6"+ 80CRI
Downlight 4" and less 90CRI
Troffer Basket 90CRI
5 HNIA

#NIA

#N/A
Downlight large 6"+ 90CRI
Downlight 4" and less 90CRI
Downlight 4" and less 90CRI
Downlight 4" and less 90CRI
Downlight 4" and less 90CRI

v

v

Healthcare Facility and Hospitals:

Heal t hcare Faci

Healthcare Facility and Hospitals:
Healthcare Facility and Hospitals:
Healthcare Facility and Hospitals:

: Exam/Treatmen Troffer Basket 90CRI
Healthcare Facility and Hospitals:
Healthcare Facility and Hospitals:
Healthcare Facility and Hospitals:

Imaging Room Downlight large 6"+ 80CRI
Medical Supply Troffer Basket 90CRI
Nursery Troffer Basket 80CRI

ity

Operating RoomTroffer Basket 90CRI
Patient Room  Troffer Basket 90CRI
Physical Therag Downlight large 6"+ 80CRI

: Recovery RoomTroffer Basket 90CRI

Healthcare Facility and Hospitals:

Sports Arena i Pl aying HymBaw8OCRCHi Gupe | Fa
Sports Arena i Pl aying HgmBaw80CRCl| ass || F
Sports Arena i Pl aying Lewbay80CRICI ass |||
Sports Arena i Pl ayi ng Léwbay80CRIC| ass |

2022 Task fc 2022 Task 2022 Task

X % area x
Area (lumens)

0

0

0

7,200
218,880
134,400
0
256,000
1,200

0
23,400
240,000
32,400
18,000
33,120
0

0

0
22,500
22,500
9,072
48,000
4,320
1,800
3,360
10,800
19,200

a n dowliglt 4" and leds SOCRINur s e 6 s 2300at i

180,000
4,608
12,000

4,608
ci | 750,000
a c i 500,000/

Watts

0

0

0

139
3,524
2,064

4,965
24

r
0

581
4,921
643
286
567

364
347
167
833
89
55
69
181
240

o M

3,246
117
193

ity
15,407
9,119

Fac37500Q y 5,702

V Faci 250,000

3,801

efficacy

111
111
112
90
78
83

70
83
#N/A
76
69
82
83
101

78
83
83
83
83
101
82
101
116

83

101
101
82

101
126
128
145
145

Avg

naire
42
42
70
57
36
29
#N/IA
72
29
#N/A
32
36
28
29
41
#N/A
#N/IA
#N/IA
36
29
29
29
29
41
33
41
38

29

41
41
33

41
517
175
112
112

2022
System  Luminaire Watts/lumi  Number of
Luminaires = Luminaire

0.0
0.0
0.0
2.4
96.7
71.2
0.0
69.2
0.8
0.0
18.0
137.7
19.6
08
137
0.0
0.0
0.0
10.0
12.0
5.8
28.7
3.1
13
2.1
4.4
6.4

15

78.4
2.8
5.9

2.8
29.8
52.1
511
34.0

2022 Cos
Per

$30Q
$30Q
$187
$162
$162
$182

$162
$162

$0)

$162

$162

$162

$162

$144

$162

$194
$162

2019 Task

fc x %
areax 2019 Task 2019 Task 2019 Task 2019 Avg 2019
Area  Luminaire 2019 Task Luminaire =~ System Luminaire Watts/luminai Number of
(lumens)  Ref No. Description watts efficacy re Luminaires
0 0 NA 0 0
0 0 NA 0 0
0 0 NA 0 0
3,840 830 Linear Direct Lensed (re 69 106 48 1.5
145,920 841 Downlight open (repl Mk 2,550 86 46 55.5
134,400 811 PAR downlight flood 2,752 71 27 102.3
720 830 Linear Direct Lensed (re 16 106 48 0.3
32,000834-1 Linear Wall Cove (repl F 953 81 26 36.3
1,000 820 Downlight Lensed (repl ¢ 27 77 30 0.9
0 0 NA 0 0
0 0 NA 0 0
280,000 811 PAR downlight flood 6,901 71 27 256.5
27,000 835 Linear Dir/Ind (repl FL) 451 105 42 10.7
20,000 801 Downlight open (repl INC 339 86 46 7.4
#NA T ENIA #NIA "oana T oaNA NA T ENIA
0 801 Downlight open (repl INC 0 86 46
1,600 801 Downlight open (repl INC 39 86 46 0.8
0 0 NA 0 0
7,200 851 PAR downlight flood 148 71 27 55
8,100 851 PAR downlight flood 167 71 27 6.2
0 0 NA 0 0
12,800 823 Indirect Pendant (repl CF) 540 77 124 4.4
0 820 Downlight Lensed (repl ( 0 77 30
0 0 NA 0 0
1,120 820 Downlight Lensed (repl ( 26 77 30 0.9
0 0 NA 0 0
4,800 800 Linear Rec Hi Perf Lens: 91 119 41 2.2
3,000 839 Task (repl FL) 86 67 7 11.7
0 0 NA 0 0
2,400 830 Linear Direct Lensed (re 43 106 48 0.9
30,000 835 Linear Dir/Ind (repl FL) 637 105 42 15.1
0 0 NA 0 0
0 0 NA 0 0
0 0 NA 0 0
0 0 NA 0 0
0 0 NA 0 0

2019 Cosf
Per
Luminaire

$0|
$0|
$122
$157
$154

$36(
$0)

$0|
$159

$157

$0|
$154
$154
$162
$163
$129

$45.01

$129
$377

2022
2019 Base Proposed
Task Cost Task Cost

$0.00

$0.00

$177.04  $442.9¢
$8,708.92$15,664.3.
$16,161.35$11,541.8¢

$13,075.49$12,589.0(
$0.00

$2,917.5¢
$40,532.88$22,308.6¢

$132.50 $0.00
$0.00

$871.16 $1,619.0%
$980.06 $1,940.8:
$500.2¢

$139.99  $338.6(
$289.80 $928.17
$524.60 $245.91
$110.65 $555.5€
$5,622.64 $953.1¢
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Tabl®&4 Suppl eLmegnhttailng System Proposed 2022 and 2019 Base Costs
2022 2022 2019 Supple- 2019 2022
2022 Supple- Supple-  Supple- 2022 mental fc x 2019 Supple Supple- 2019 Base Proposed
mental fcx % mental mental Avg Number of 2022 Cost % area x mental 2019 Supple- mental 2019 Avg 2019 2019 Cost  Supple-  Supple-
areax Area  System Luminaire Watts/lumi Luminaire Per Area Luminaire 2019 Supple-mental mental Systen Luminaire Watts/lumi  Number of Per mental mental
Primary Function Area Supplemental Luminaire (lumens) Watts efficacy naire s Luminaire ~ (lumens) Ref No. Luminaire Description watts efficacy naire Luminaires Luminaire Cost Cost

Audience Seating Area #N/A 0 0 0 #N/A $0.00 0 0 NA 0.00 0 0.00 $0 $0.00 $0.00

Auditorium Area #N/A 0 0 0 #N/A $0.00 0 0 NA 0.00 0 0.00 $0 $0.00 $0.00

Auto Repair / Maintenance Area Industrial strip 80CRI Hi Output 48,000 779 122 59 13 $95.00 0 0 NA 0.00 0 0.00 $0 $0.00 $1,252.5:

Barber, Beauty Salon and Spa Area Downlight 4" and less 90CRI Warm 21,600 392 69 36 11 $162.00 0 0 NA 0.00 0 0.00 $0 $0.00 $1,776.11

Civic Meeting Place Area #N/A 0 0 0 #N/A $0.00 0 0 NA 0.00 0 0.00 $0 $0.00 $0.00

Classroom, Lecture, Training, Vocational Area #N/A 0 0 0 #N/A $0.00 0 0 NA 0.00 0 0.00 $0 $0.00 $0.00

Commercial/Industrial Storage: Warehouse #N/A 0 0 0 #N/A $0.00 0 0 NA 0.00 0 0.00 $0 $0.00 $0.00

Commercial/lndustrial Storage: Shipping & HandlingN/A 0 0 0 #N/A 0 0 NA 0.00 0 0.00 $0

Concourse and Atria Area #N/A 0 0 0 #N/A $0.00 108,000 851 PAR downlight flood 2224.78 71 27 82.71 $158 $13,067.46 $0.00

Convention, Conference, Multipurpose and Meeting#N/A 0 0 0 #N/A $0.00 0 0 NA 0.00 0 0.00 $0 $0.00 $0.00

Copy Room #N/A 0 0 0  #N/A #N/A #N/A No copy room model in 2019

Corridor Area #N/A 0 0 0 #N/A $0.00 0 0 NA 0.00 0 0.00 $0 $0.00 $0.00

Dining Area: Bar/Lounge and Fine Dining Downlight 4" and less 90CRI 2,700 51 83 29 2 $162.00 4,500 819 Task (repl MR) 107.09 67 7 14.51 $45  $652.75 $285.7:

Dining Area: Cafeteria/Fast Food Strip Under cabinet 80CRI 3,600 106 63 9 12 T 0 0 NA 0.00 0 0.00

Dining Area: Family and Leisure Downlight 4" and less 90CRI 12,000 217 83 29 7 $162.00 0 0 NA 0.00 0 0.00 $0 $0.00 $1,211.5(

Kitchen/Food Preparation Area Troffer Lensed 80CRI Hi Output 13,500 361 115 67 5 0 0 NA 0.00 0 0.00 $0

Electrical, Mechanical, Telephone Rooms #N/A 0 0 0 #N/A 0 0 NA 0.00 0 0.00 $0

Exercise/Fitness Center and Gymnasium Area #N/A 0 0 0 #N/A 0 0 NA 0.00 0 0.00 $0

Financial Transaction Area Strip Under cabinet 8OCRI 3,600 88 63 9 10 $40.00 0 0 NA 0.00 0 0.00 $0 $0.00  $399.42

General/Commercial & Industrial Work Area: Low |Strip Under cabinet 80CRI Hi Output 48,000 1,223 76 15 82 0 0 NA 0.00 0 0.00 $0

General/Commercial & Industrial Work Area: High Strip Under cabinet 80CRI Hi Output 120,000 2,978 76 15 199 0 0 NA 0.00 0 0.00 $0

General/Commercial & Industrial Work Area: PreciIndustrial strip 80CRI Hi Output 72,000 855 122 59 14 0 0 NA 0.00 0 0.00 $0

Hotel Function Area ;N/A 0 0 0' #NIA $0.00 0 0 NA 0.00 0 0.00 $0 $0.00 $0.00

Scientific Laboratory Area Strip Under cabinet 80CRI Hi Output 0 0 76 15 $40.00 0 0 NA 0.00 0 0.00 $0 $0.00 $0.00

Laundry Area NIA 0 0 o #vA $0.00 0 0NA 0.00 0 0.00 $0

Library : Reading Area ?#N/A 0 0 0' #NIA $0.00 0 0 NA 0.00 0 0.00 $0 $0.00 $0.00

Library : Stacks Area ?#N/A 0 0 0' #N/IA $0.00 0 0 NA 0.00 0 0.00 $0 $0.00 $0.00

Main Entry Lobby Downlight 4" and less 90CRI Warm 13,500 260 69 36 7 $162.00 0 0 NA 0.00 0 0.00 $0 $0.00 $1,178.3¢

Locker Room Troffer Lensed 80CRI 800 24 110 38 1 0 0 NA 0.00 0 0.00 $0

Lounge, Breakroom, or Waiting Area g#N/A 0 0 0' #N/A $0.00 0 0 NA 0.00 0 0.00 $0 $0.00 $0.00

Museum Area: Exhibition/Display Downlight 4" and less 90CRI 4,368 80 83 29 3 0 0 NA 0.00 0 0.00 $0

Museum Area: Restoration Room Downlight 4" and less 90CRI 24,000 365 83 29 13 $162.00 0 0 NA 0.00 0 0.00 $0 $0.00 $2,043.81

Oof fice Area: O 250 s g u Deskligtt task 30CRI 0 0 77 6 $0.00 0 0 NA 0.00 0 0.00 $0 $0.00 $0.00

Of fice Area: > 250 s qu®ripUndeecabinet80c®l O xxx sf 0 0 63 9 $40.00 0 0 NA 0.00 0 0.00 $0 $0.00 $0.00

Office Area: Open plan office > xxx sf Strip Under cabinet 80CRI 0 0 63 9 0 0 NA 0.00 0 0.00 $0
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2022
Number of 2022 Cost

S

25
42

70

2022 2022
2022 Supple-  Supple-  Supple-
Primary Function Area mental fcx % mental mental Avg
areax Area  System Luminaire Watts/lumi Luminaire
Supplemental Luminaire (lumens) Watts efficacy naire
Parking Garage Area: Parking Zone ;N/A 0 0 0' #N/A
Parking Garage Area: Dedicated Ramps ;N/A 0 0 0' #N/A
Parking Garage Area: Daylight Adaptation Zones %N/A 0 0 0' #N/A
Pharmacy Area Downlight large 6"+ 80CRI Hi Outg 3,600 70 90 57
Retail Sales Area: Grocery Sales Downlight large 6"+ 90CRI 57,600 923 78 36
Retail Sales Area: Retail Merchandise Sales Downlight large 6"+ 90CRI 96,000 1,516 78 36
Retail Sales Area: Fitting Room ?\!N/A 0 0 O' #N/IA
Religious Worship Area Downlight 4" and less 90CRI 120,000 2,023 83 29
Restrooms ?PN/A 0 0 O' #N/A
Stairwell "Nia 0 0 o A
Theater Area: Motion picture ?#N/A 0 0 0' #N/A
Theater Area: Performance ;#N/A 0 0 O' #N/A
Transportation Function : Baggage Area '#N/A 0 0 O' #N/A
Transportation Function : Ticketing Area '#N/A 0 0 O' #N/A
Videoconferencing Studio ?#N/A 0 0 O' #N/A
Aging Eye/Low-vision: Main Entry Lobby '#N/A 0 0 O' #N/A
Aging Eye/Low-vision: Stairwell #N/A 0 0 0 #N/A
Aging Eye/Low-vision: Corridor Area #N/IA 0 0 0  #N/A
Aging Eye/Low-vision: Lounge/Waiting Area #N/A 0 0 0  #N/A
Aging Eye/Low-vision: Multipurpose Room #N/A 0 0 0 #N/A
Aging Eye/Low-vision: Religious Worship Area  #N/A 0 0 0 #N/A
Aging Eye/Low-vision: Dining #N/A 0 0 0 #N/A
Aging Eye/Low-vision: Restroom #N/A 0 0 0 #N/A
Healthcare Facility and Hospitals: Exam/Treatmen Downlight large 6"+ 90CRI 3,600 68 78 36
Healthcare Facility and Hospitals: Imaging Room #N/A 0 0 0 #N/A
Healthcare Facility and Hospitals: Medical Supply Troffer Basket 90CRI 12,000 202 101 41
Healthcare Facility and Hospitals: Nursery Downlight large 6"+ 90CRI 8,000 138 78 36
Heal thcare Facility andiNAMospitals: Nurseds SBtati 6 0  #N/A
Healthcare Facility and Hospitals: Operating Room#N/A #VALUE! 0 0  #N/A
Healthcare Facility and Hospitals: Patient Room  Downlight 4" and less 90CRI 1,440 24 83 29
Healthcare Facility and Hospitals: Physical Therap #N/A 0 0 0  #N/A
Healthcare Facility and Hospitals: Recovery RoomDownlight 4" and less 90CRI Warm 3,840 72 69 36
Sports Arena i Playing #WAea: Class | Facili Dy 0 0  #N/A
Sports Arena i Playing#W%Aea: Class |1 Facil ioty 0 0  #N/A
Sports Arena i Playing #WAea: Class |11 Faciloity O 0  #N/A
Sports Arena i Playing#WAea: Class |V Facil ioty 0 0  #N/A

2019 Supple- 2019
mental fc x 2019 Supple- Supple-
% area x mental 2019 Supple- mental 2019 Avg
Per Area Luminaire 2019 Supple-mental  mental Systen Luminaire Watts/lumi
Luminaire (lumens) Ref No. Luminaire Description watts efficacy naire

0 0 NA 0.00 0
$0.00 0 0 NA 0.00 0
$0.00 0 0 NA 0.00 0
$182.00 0 0 NA 0.00 0
$162.00 57,600 851 PAR downlight flood 1186.55 71
$162.00 0 0 NA 0.00 0
$0.00 0 0 NA 0.00 0

$162.00 84,000 811 PAR downlight flood 1719.70 71 27
$0.00 0 0 NA 0.00 0
$0.00 0 0 NA 0.00 0
$0.00 0 0 NA 0.00 0
$0.00 0 0 NA 0.00 0
$0.00 0 0 NA 0.00 0
$0.00 0 0 NA 0.00 0

$0.00 #N/A | #NIA #NIA " aa #NIA

$0.00 0 0 NA 0.00 0
$0.00 0 0 NA 0.00 0
$0.00 0 0 NA 0.00 0
$0.00 0 0 NA 0.00 0
$0.00 0 0 NA 0.00 0

$0.00 12,096 801 Downlight open (repl INC) 205.00 86 46
$0.00 0 0 NA 0.00 0
$0.00 0 0 NA 0.00 0
0 0 NA 0.00 0
$0.00 0 0 NA 0.00 0
0 0 NA 0.00 0

$162.00 1,600 800 Linear Rec Hi Perf Lense( 30.50 119 41
$0.00 0 0 NA 0.00 0
$0.00 0 0 NA 0.00 0

$162.00 96 839 Task (repl FL) 2.75 67 7
$0.00 0 0 NA 0.00 0

0 0 NA 0.00 0 0

0 0 NA 0.00 0 0

0 0 NA 0.00 0 0

0 0 NA 0.00 0 0

0 0 NA 0.00 0 0

2019
Number of
Luminaires

0.00
0.00
0.00
0.00

14
#DIV/O!

0.00

63.93

0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00

0.00

0.75

0.00

0.37
0.00

0.00
0.00
0.00
0.00
0.00

2019 Cost
Per
Luminaire
$0

$0
$158
$0

2022
2019 Base Proposed
Supple-  Supple-
mental mental
Cost Cost
$0.00 $0.00
$0.00 $0.00
$0.00  $221.5C
$0.00 $4,101.5¢
$0.00 $6,739.9:
$10,100.84%$11,315.1¢
$0.00 $0.00
$0.00 $0.00
$0.00 $0.00
$0.00 $0.00
$0.00 $0.00
$0.00 $0.00
$0.00 $0.00
$0.00 $0.00
$0.00 $0.00
$96.60 $611.44
$0.00 $0.00
$16.79 $134.2¢
$0.00 $0.00
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Tabl &5 Wal

| Wa sghhitn gn g

System Pr

2022 Wall 2022 Avg

Washer Vertical 2022 Avg Lumens Per 2022 2022 Cost

System Delivered  Watts/lumi ww Number of Per

Primary Function Area 2022 Wall Washer Description ~ Watts Efficacy naire Luminaire  Luminaires ~Luminaire

Audience Seating Area Linear WW HO 70/30/20 828 38.8 47.0 4,289 17.6 $380.00
Auditorium Area Hi CRI Linear WW HO 70/50/20 2,281 35.4 37.0 4,009 61.7 $410.00
Auto Repair / Maintenance Area 0 0 #N/A #NIA #NIA #NIA #NIA
Barber, Beauty Salon and Spa Area Hi CRI Aperture WW 70/50/20 177 375 23.4 1,886 7.6 $228.00
Civic Meeting Place Area Hi CRI Aperture WW 70/50/20 141 375 23.4 1,886 6.0 $228.00
Classroom, Lecture, Training, Vocational Area Linear WW 70/50/20 111 43.0 27.0 2,713 4.1 $356.00
Commercial/Industrial Storage: Warehouse 0 0 #N/A #N/A #N/A #N/A #N/A
Commercial/Industrial Storage: Shipping & Handling 0 0 #N/A #NIA #NIA #NIA
Concourse and Atria Area Linear Wall Grazer HO 70/30/20 3,355 30.7 47.0 2,905 714 $380.00
Convention, Conference, Multipurpose and Meetin¢Hi CRI Linear WW 70/50/20 171 38.7 27.0 2,713 6.3 $228.00
Copy Room 0 0 38.7 27.0 2,713 0.0
Corridor Area Forward throw WW corridor 70/50/20 59 69.8 27.0 2,713 22 $360.00
Dining Area: Bar/Lounge and Fine Dining Hi CRI Linear Wall Grazer HO 70/50/20 201 28.3 36.8 2,616 5.5 $444.00
Dining Area: Cafeteria/Fast Food Linear WW 70/50/20 129 43.0 27.0 2,713 4.8
Dining Area: Family and Leisure Linear WW 70/50/20 90 43.0 27.0 2,713 33 $356.00
Kitchen/Food Preparation Area 0 0 #N/A #N/A #N/A #N/A
Electrical, Mechanical, Telephone Rooms 0 0 #N/A #NIA #NIA #NIA
Exercise/Fitness Center and Gymnasium Area 0 0 #N/A #NIA #N/A #N/A
Financial Transaction Area Linear Wall Grazer 70/50/20 177 375 27.0 2,183 6.6 $356.00
General/Commercial & Industrial Work Area: Low | 0 0 #N/A #NIA #NIA #NIA
General/Commercial & Industrial Work Area: High 0 0 #N/A #N/IA #NIA #NIA
General/Commercial & Industrial Work Area: Preci 0 0' #NIA #NIA #NIA #NIA
Hotel Function Area Hi CRI Aperture WW 70/50/20 141 37.5 23.4 1,886 6.0 $228.00
Scientific Laboratory Area 0 0' #NIA #NIA #NIA #NIA #NIA
Laundry Area 0 O' #NIA #NIA #NIA #NIA
Library : Reading Area 0 0' #N/A #NIA #NIA #NIA #NIA
Library : Stacks Area 0 o a7 oava T omna T a7 sna
Main Entry Lobby Hi CRI Aperture WW HO 70/40/20 497 36.3 50.0 4,018 9.9 $282.00
Locker Room 0 0' #NIA #NIA #NIA #NIA
Lounge, Breakroom, or Waiting Area Hi CRI Linear Wall Grazer 70/50/20 150 22.1 18.3 1,330 8.2 $406.00
Museum Area: Exhibition/Display 0 0' #NIA #N/IA #NIA #NIA
Museum Area: Restoration Room 0 0' #NIA #NIA #NIA #NIA
Of fice Area: O 250 s qu dinear WWe7@30/20 0 43.0 27.0 2,713 0.0 $356.00
Of fice Area: > 250 s qu #oneardftheow WW Z0#56/200 x x x s f 68 51.6 28.0 2,713 24 $360.00
Office Area: Open plan office > xxx sf Forward throw WW 70/50/20 136 51.6 28.0 2,713 4.8

oposed 2022 and 2019
2019 Wall 2019
2019 wWwW Washer Vertical 2019 Avg 2019 Avg 2019 2019 Cost
Luminaire System delivered Watts/lumi Lumens per Number of Per
Ref No. 2019 WWI Luminaire Description Watts efficacy naire Luminaire  Luminaires = Luminaire
901 Forward WW - Linear 935.32 21.90 18.0 926.3 52.0 $320.00
902 Wall Graze - Aperture 2,048 29 24 2,155 85.4 $282.00
0 N/A 0 N/A 0 #N/A #DIV/O! #N/A
902 Aperture Wall Wash 117.7% 44 23 2,176 5.1 $282.00
952 CRI-Wall Graze - Aperture 92 23 34 1,712 2.7 $282.00
905 Wall Wash - Linear 103 34 18 1,445 5.7 $320.00
0 N/A 0 N/A 0  #N/A #DIV/O! #N/A
0 N/A 0 N/A 0  #N/A #DIV/O!
956 WW - Aperture HC 2,243 25 72 3,620 31.2 $282.00
954 CRI-Wall Wash - Aperture 170 35 34 3,10¢ 5.0 $282.00
#N/A  No copy room model in 2019
904 Wall Wash - Aperture 291 44 24 1,521 12.1 $228.00
952 CRI-Wall Graze - Aperture 307 23 34 2,004 9.0 $282.00
905 Wall Wash - Linear 52 34 18 1,445 29
905 Wall Wash - Linear 280 34 18 1,445 15.5 $320.00
0 N/A 0 N/A 0 #N/A #DIV/O!
0 N/A 0 N/A 0 #N/A #DIV/O!
901 Forward WW - Linear 0 22 18  #N/A 0.0
903 Wall Graze - Linear 22 31 18 1,202 1.2 $360.00
0 N/A 0 N/A 0 #N/A #DIV/O!
0 N/A 0 N/A 0 #N/A #DIV/O!
0N/A oN/A 0" #vA " #pivior
904 Wall Wash - Aperture 82 44 24 2,271 3.4 $228.00
0N/A oN/A o A [ uovor T oaNia
0N/A oN/A o” #vA  #Dvo!
0N/A oN/A o #vA T aovor T oaNia
901 Forward WW - Linear 164 22 18' #N/A 9.1 $320.00
906 WW - Aperture HC 385 31 52 3,597 7.4 $282.00
0N/A oN/A o” #va " #pvor
953 CRI-Wall Graze - Linear 258 25 28 2,283 9.2 $410.00
0N/A oN/A of ava " sovo T s
0N/A oN/A o #va " sovo T o#Nia
0N/A oN/A o wvawer " sovior T oania
905 Wall Wash - Linear 13 34 18 1,160 0.7 $320.00
905 Wall Wash - Linear 52 34 18 1,160 1o

Base Cost s
2022
2019 Base Proposed 2022

Wall Wash Wall Wash 2019 Base Proposed

Cost Cost Total Cost Total Cost
$16,627.87 $6,696.33  $20,431 $8,71€
$24,069.14 $25,277.06  $26,762  $33,88(

$0.00 $0.00 $5,845 $4,304
$1,443.82 $1,728.59 $4,630 $7,58¢8
$764.55 $1,371.90 $2,010 $2,414
$1,837.45 $1,458.37 $8,325 $2,752
$0.00 $0.00 $483 $514

$0 $0

$8,785.40 $27,122.99  $32,984 $44,017
$1,413.05 $1,440.00 $9,214 $3,39C
$0 $0

$2,762.23  $790.32 $2,762 $1,804
$2,548.50 $2,420.65 $5,812 $3,37¢
$0 $0

$4,973.56 $1,181.55 $8,08% $3,461
$0 $0

$0 $0

$0 $0

$434.05 $2,340.31 $6,874 $4,084
$0 $0

$0 $0

$0 $0

$776.88  $1,371.90 $1,701 $2,91C
$0.00 $0.00 $8,327 $958

$0 $0

$0.00 $0.00 $4,255 $1,864
$2,922.87 $0.00 $4,362 $2,49¢
$2,085.32 $2,800.55 $6,512 $5,31¢8
$0 $0

$3,783.18 $3,328.40 $3,88E $3,65¢€
$0 $0

$0.00 $0.00 $5,024 $8,995
$0.00 $0.00 $415 $292
$233.14  $872.58 $2,736 $1,52¢
$0 $0
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2022 Wall 2022 Avg 2019 Wall 2019 2022
Primary Function Area Washer Vertical 2022 Avg Lumens Per 2022 2022 Cost 2019 WW Washer Vertical 2019 Avg 2019 Avg 2019 2019 Cost 2019 Base Proposed 2022
System Delivered  Watts/lumi ww Number of Per Luminaire System delivered Watts/lumi Lumens per Number of Per Wall Wash Wall Wash 2019 Base Proposed

2022 Wall Washer Description ~ Watts Efficacy naire Luminaire  Luminaires Luminaire Ref No. 2019 WWI Luminaire Description Watts efficacy naire Luminaire  Luminaires ~Luminaire Cost Cost Total Cost Total Cost
Parking Garage Area: Parking Zone 0 0 #N/A #NIA #NIA #NIA 0 N/A 0 N/A 0 #N/A #DIV/O! $0 $0
Parking Garage Area: Dedicated Ramps 0 0 #N/A #NIA #NIA #NIA #NIA 0 N/A 0 N/A 0 #N/A #DIV/O! #N/A $0.00 $0.00 $2,616 $1,40¢
Parking Garage Area: Daylight Adaptation Zones 0 o A T oava T oena T oana T o#NA 0N/A oN/A 0" #va oo T oA $0.00 $0.00  $5395  $5161
Pharmacy Area 0 o #NA ana T oana T aNia #NIA 0N/A oN/A of wva " uovior T oA $0.00 $0.00  $1,200  $1,352
Retail Sales Area: Grocery Sales Hi CRI Linear WW 70/50/20 286 38.7 27.0 2,713 10.6 $228.00 905 Wall Wash - Linear 671 34 18 1,604 37.3 $320.00 $11,936.54 $2,419.20 $24,178 $24,33¢
Retail Sales Area: Retail Merchandise Sales Hi CRI Aperture WW 70/50/20 887 375 23.4 1,886 37.9 $228.00 904 Wall Wash - Aperture 1,570 44 24 2,271 65.4 $228.00 $14,916.04 $8,642.95 $44,381 $29,30C
Retail Sales Area: Fitting Room Hi CRI Aperture WW 70/50/20 71 375 234 1,886 3.1 0 N/A 0 N/A 0'#VALUE! " #DIV/O! $0 $0
Religious Worship Area Hi CRI Linear Wall Grazer HO 70/30/20 758 25.7 36.8 2,616 20.6 $444.00 952 CRI-Wall Graze - Aperture 2,276 23 34 2,208 66.9 $282.00 $18,877.76 $9,143.39  $52,825 $33,04¢
Restrooms Forward throw WW 70/50/20 22 51.6 28.0 2,713 0.8 903 Wall Graze - Linear 26 31 18 1,047 14 $0 $0
Stairwell Linear WW 70/50/20 16 43.0 27.0 2,713 0.6 $356.00 901 Forward WW - Linear 55 22 18 922 3.0 $320.00 $974.29  $214.83 $1,384 $386
Theater Area: Motion picture Linear Wall Grazer 70/30/20 268 36.0 27.0 2,183 9.9 $356.00 903 Wall Graze - Linear 0 31 18 1,252 0.0 $360.00 $0.00 $3,527.77 $5,626 $6,44¢5
Theater Area: Performance Hi CRI Linear Wall Grazer HO 70/30/20 5,027 25.7 36.8 2,616 136.6 $444.00 952 CRI-Wall Graze - Aperture 6,145 23 34 2,208 180.7 $282.00 $50,969.94 $60,654.92  $97,872  $82,96¢
Transportation Function : Baggage Area Forward throw WW 70/50/20 244 51.6 28.0 2,713 8.7 902 Wall Graze - Aperture 0 29 24 1,321 0.0 $0 $0
Transportation Function : Ticketing Area Linear WW 70/50/20 235 43.0 27.0 2,713 8.7 905 Wall Wash - Linear 350 34 18 1,445 19.4 $0 $0
Videoconferencing Studio Hi CRI Linear Wall Grazer 70/50/20 1,122 22.1 18.3 1,330 61.3 #NIA #NIA #NIA #NIA #NIA #N/A #N/A $0 $0
Aging Eye/Low-vision: Main Entry Lobby Linear Wall Grazer 70/50/20 560 375 27.0 2,183 20.8 903 Wall Graze - Linear 78 31 18 1,202 4.3 $0 $0
Aging Eye/Low-vision: Stairwell Forward throw WW 70/50/20 37 51.6 28.0 2,713 13 $360.00 903 Wall Graze - Linear 26 31 18 1,047 1.4 $360.00 $516.73 $474.68 $1,086 $803
Aging Eye/Low-vision: Corridor Area Hi CRI Forward throw WW corridor 7! 287 55.1 27.0 2,713 10.6 $410.00 902 Wall Graze - Aperture 437 29 24 1,282 18.2 $282.00 $5,134.75 $4,364.52 $6,572 $5,104
Aging Eye/Low-vision: Lounge/Waiting Area Hi CRI Aperture WW 70/50/20 401 IS 23.4 1,886 171 $228.00 903 Wall Graze - Linear 194 31 18 1,198 10.8 $360.00 $3,875.45 $3,909.91 $7,762 $6,257
Aging Eye/Low-vision: Multipurpose Room Hi CRI Aperture WW 70/50/20 176 37.5 23.4 1,886 75 $228.00 903 Wall Graze - Linear 174 31 18 1,198 9.7 $360.00 $3,487.91 $1,714.87 $6,135 $4,504
Aging Eye/Low-vision: Religious Worship Area  Hi CRI Linear Wall Grazer 70/50/20 450 22.1 18.3 1,330 24.6 903 Wall Graze - Linear 109 31 18 1,835 6.0 $0 $0
Aging Eye/Low-vision: Dining Hi CRI Linear Wall Grazer 70/50/20 606 221 18.3 1,330 33.1 903 Wall Graze - Linear 207 31 18 1,835 i1l 5 $0 $0
Aging Eye/Low-vision: Restroom Forward throw WW 70/50/20 81 51.6 28.0 2,713 29 $360.00 903 Wall Graze - Linear 33 31 18 1,047 18 $360.00 $651.08 $1,047.09 $5,183 $2,304
Healthcare Facility and Hospitals: Exam/Treatmen 0 o A T oava T oana T sNA 0N/A oN/A o #mva oo T oA $0 $0
Healthcare Facility and Hospitals: Imaging Room 0 0' #N/A f #N/IA r #NIA r #NIA 0 N/A 0 N/A O' #N/A f #DIV/O! #N/A $0.00 $0.00 $1,190 $458
Healthcare Facility and Hospitals: Medical Supply 0 0' #N/A " #N/IA " #NIA " #NIA 0 N/A 0 N/A 0' #N/A 4 #DIV/O! $0 $0
Healthcare Facility and Hospitals: Nursery 0 0' #N/A r #N/A r #N/A r #N/A 905 Wall Wash - Linear 0 34 18: #N/A L 0.07 $320.00 $0.00 $0.00 $1,546 $1,54C
Heal t hcare Facil ity an diORolmgaiWakhGrazer 70%/20s e 6 s 1&17 at IZGJ)' 18.3' 1.330' 5.6 $406.00 0 N/A 0 N/A D'#VALUE! , #DIV/O! #N/A $0.00 $2,255.11 $1,087 $2,778
Healthcare Facility and Hospitals: Operating Room 0 0 #N/A #N/IA #NIA #NIA 0 N/A 0 N/A 0 #N/A #DIV/O! $0 $0
Healthcare Facility and Hospitals: Patient Room Hi CRI Aperture WW 70/50/20 0 375 234 1,886 0.0 $228.00 0 N/A 0 N/A 0'#VALUE! " #DIV/O! #N/A $0.00 $0.00 $487 $751
Healthcare Facility and Hospitals: Physical Therag Linear Wall Grazer 70/50/20 411 375 27.0 2,183' 15.2 $356.00 0 N/A 0 N/A 0:#VALUE! f #DIV/O! #N/A $0.00 $5,417.39 $7,872 $7,014
Healthcare Facility and Hospitals: Recovery RoomHi CRI Linear WW 70/50/20 26 38.7955S-nr 0 #VALUE! 955 CRI-Wall Wash - Linear 12 27 28 #VALUE! 0.4 $0 $0
Sports Arena i Playing Area: Class | Facili 10; #N/IA " #N/A #N/A " #NIA 0 N/A 0 N/A 0' #N/A '#DIVIO! $0 $0
Sports Arena i Playing Area: Class |1 Bacil iO{y#N/A " #N/A " #N/A " #N/A 0 N/A 0 N/A 0' #N/A '#DIVIO! $0 $0
Sports Arena i Playing Area: Class |110FacilOf t4NA  #NA | #NIA | #NIA 0N/A oN/A 0" #va  #DIvVIO! $0 $0
Sports Arena i Playing Area: Class |V Bacil iOf y4NA ~ #NIA ~ #NA ~ #NIA 0N/A 0 N/A 0" #nA 7 #DIvIO! $0 $0
Rows that are sal mon colored are spaces where the all owedehemgdy
coswouil dcrease,sibghamdree diePD t o achieve | ighting goal s.
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Tabl&6lot al First Costs and Life Cycl dgo-Bons&atjy o€ost Savings and B
Primary Function Area PrototlncremProtoi Benef Cost B/ C r
Ar ea Cost : Ener (PV (PV

Syste Cos

Savir

(PV
Audi ence Seating Area 3,2 $11, $4,0 $15, $0 I nfi
Auditorium Ar ea 4,5 $7,1 $1,9 $1,9 $7, 1 0. z
Aut o Repair |/ Maintenance / 4, 8 $1,5 $1,4 $3,0 $0 I nfi
Barber, Beauty Salon and Sj 1, 4 $2, 9 $2,3 $2,3 $2,9 0. 7
Civic Meeting Place Area 54 $40 $68 $68 $40 1.7
Classroom,Trlae oitinge, Vocati o 1,0 -$5, 5 $32 $5, 8 $0 I nfi
Commercial /I ndustrial Stor:« 80 I $3. $114 $14 $3. 4. €
Commercial /I ndustrial Stor:¢ 1, 8 $0 $0 $0 $0 NC
Concourse and Atria Area 12,0 $11, $33, $33, $11, 3. C

2

Convention, Conference, Mul 90 | -$5, 8 $1,1 $6, 9 $0 I nfi
Copy Room 20 ¢ $0 $0 $0 $0 NC
Corridor Area 64 -$95 -$16 $95 $16 EC
5.7
Dining Area: Bar/ Lounge anc 1, 8 $2, 4 $3,2 $5,7 $0 I nfi
Dining Area: Cafeterial Fast 1, 2 $0 $0 $0 $0 NC
Dining Area: Family and Lei 2,4 -$4, 6 $4,3 $8, 9 $0 I nfi
Kitchen/ Food Preparation Al 45 $0 $0 $0 $0 NC
El ectrical, MecHRaomimsal , Tel 1,2 $0 $0 $0 $0 NC
Exercise/ Fitness Center ani¢ 2, 4 $0 $0 $0 $0 NC
Financial Transaction Area 72 $2,7 $56 $3, 3 $0 I nfi
General/ Commercial & I ndust 4, 8 $0 $0 $0 $0 NC
General/ Commercial & I ndust 12,0 $0 $0 $0 $0 NC
General/ Commercial & I ndust 4, 8 $0 $0 $0 $0 NC
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54| $1, 2 $22 $22 $1, 2
6 7 . $7, 3 $58 $7,09 $0
1, 2 $0 $0 $0 $0
72 $2, 3 $18 $2,5 $0
36 -$1, 8 $18 $2,0 $0
1, 8 $1,1 $3,0 $4, 2 $0
20 $0 $0 $0 $0
4 8 | $22 $61 $83 $0
2,1 $0 $0 $0 $0
2, 4 $3,09 $2,0 $0 $6, 0
14 $12 $3 $16 $0
6 0 | $1, 2 $15 $1, 3 $0
2, 4 $0 $0 $0 $0
7, 2 $0 $0 $0 $0
1,9 $1, 2 $4,8 $6, 0 $0
1,9 -$23 -$16, $23 $16,
4
4 8 | $15 $38 $38 $15
4, 8 $15 $1,9 $1,9 $15
4, 8 $15, $1,9 $17, $0
60 $0 $0 $0 $0
8, 0 -$19, $3,3 $23, $0
20 $0 $0 $0 $0
36 -$99 $9. $1,0 $0
1,5 $81 $3,3 $3,3 $81
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Primary Function Area Prototlncrem Protolt Benef Cost B/ C r

Ar ea Cost . Ener (PV (PV

Syste Cos

Savir

(PV
Theater Area: Performance 16, 0 -$14, $33, $48, $0 I nfi
Transportation Function: Bz 5, 4 $0 $0 $0 $0 NC
Transportation Function: Ti 2,0 $0 $0 $0 $0 NC
Vi deoconferencing Studio 82 $0 $0 $0 $0 NC
Aging EyéeslLow: Main Entry I 60 $0 $0 $0 $0 NC
Aging EyesLow: Stairwel!]l 16 -$28 -$ 8 $28 $8. EC 1
3.1
AgibBge/ vowi on: Corridor Ar ¢ 6 4 $1, 4 $16 $1,4 $16 EC 1
8. €&
Aging EyeslLow: Lounge/ Wait. 90 -$1,5 $41 $1,5 $41 EC 1
3. €
Aging EyesLow: Multipurpos:¢ 90 | -$1, 6 $82 $2, 4 $0 I nfi
AgiBye/ vowi on: Religious W 50 . $0 $0 $0 $0 NC
Aging EyéesLow: Dining 1,6 $0 $0 $0 $0 NC
Aging EyesLow: Restroom 21 -$2, 8 $22 $2,8 $22 EC
12.
Heal t hcare Facility and Ho:¢ 121 $0 $0 $0 $0 NC
Heal t hcare Facility and Ho:¢ 2 2. -$73 $14 $87 $0 I nfi
Heal t hcare Facility and Ho: 1,2 $0 $0 $0 $0 NC
Heal t hcare Facility and Hos 80 -$ 6 $77 $77 $0 I nfi
Heal t hcare Facility and Ho:¢ 20 $1,6 -$38 $0 $2,0 EC
0. C
Heal t hcare Facility and Ho:¢ 90 I $0 $0 $0 $0 NC
Heal t hcare Facility and Ho:¢ 19 $26 -$18 $0 $44 EC 1
0. C
Heal t hcare Facility and Ho:¢ 1,2 -$85 $77 $1,6 $0 I nfi
Heal t hcare Facility and Ho:¢ 19 $0 $0 $0 $0 NC
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Primary Function Area Prototlncrem Protolt Benef Cost B/ C r

Ar ea Cost [ Ener (PV (PV
Syste Cos
Savir
(PV
Sports-Rraypyang Area: Cl ass 5,0 $0 $0 $0 $0 NC
Sports-Rfreaypyang Area: Cl ass 5,0 $0 $0 $0 $0 NC
Sports-Rreaypyang Area: Cl ass 5,0 $0 $0 $0 $0 NC
Sports-Rrapyang Area: Cl ass 5,0 $0 $0 $0 $0 NC
Key to B/ C ratios:
NCNo change to the required LPD, thus both benefits and costs a
I nfi BEméegy costs savings with no incremental first costs or a d
EC ubBnergy costs have increased (negatiose emern gy savings), follo
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