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Executi ve Summary

This document presedd schraercgpaemnmetnidaetd tclbe Cal i f o
Commi ssion wi ||l be co2a82d¢éfi ygufbavadopmment s
suggestions pirioar o elbseo @®@aplie2dst akehol der s
Comment s wot be released for public review or

The Codes and Standard&émiBnhhanoemgmnte s(@@MASE) ec o
t o s utplp@arlti fEonrenrigay Co insginegiggyn Copmesbsopbphs to up
t he CalEinfogyi(&fod,é ePa2r4dt 6) to include new requ
existing requirementsTho€@ealviafro nuisa t le@thieloitl twirge B \
(Il OwWPpcific Gas and (BPIGScEt)farc Roempa@an@as and EI
(SDG&EnNBout hern Cali(fsCcamdawvP&Edl sohy Owisleods Ut i | i

Angel es Department aonfd \Waatcerra naenndt oP oMwenri ci pal Ut
(heirn referred to as the Statewide CA$SE Team \
sponsbhed effort. The program goal is to prep
resul t-ef hecbsve enhancements to I mprove ener g
perf or maalcief arnniCa buil dings. This report and t

presented hareiof arlkeeaepfort toetiléeet openeshn
information for proposed r-efqfuiicieanetntde 0ing b up A ¢
technol ogi es.

Thet &t ewi de CAIlEBI Teseamode change proposals to t
the statcey adhat has authority to adopt revisio

Commi ssion will evalwuate proposals submitted
stakeholTdhra senergy Commi ssion may revise ofr r ¢
Commi ssi @ndst2@2 24 website for information ab

how to participlateps re/ntelwegwp rcac egsasndpr ogr ams
topi cs/ progamsedhfuiicsitieanncdya r ¢bsi1/i 2-@@A dhrgdVf | Ci ency

The overall goal of dshdastd@ASH aR@Eo ptr oip® stad @ ro
nonresidentialThge irde p ;mirtte ga amtf @inmsa upermtt ihreenrgt |
code change.

Measure Description

Background I nformation

The focus of the nonresidenti al grid integrat
requirements to better align with the current
respomyRear ket pl aces. This includes new time d:¢
prices, demand responsive |ighting equi pment

communicationigrnaotn@adoltdh,erankdT EeSyesrt gynss tacsri adge f r
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chill ed water setrocriaade ,heaand poudmpnk Wal s Br | mgathegr g |

requirements in |ine with current practices w
nonresi denti alsibtuiiviedliyngcso natrrei bpuot i ng t o grid st
California a@iimsstoemaewalkhve portfolio goals an:

goal s.this CASE Report, the Statewide CASE Te
as the ongb@agobrsttagy practice of wusing build
equi pment t o odpetmamidz, e neelaescutrreidc DRn iksi Itohwast tas ( K
component of demand management, referring to
equi pment a customer he kwetsi Iwhteyn. noti fi ed by t

Demand management and grid integration play a
California'"s clean energy goadrsat(orByWL gnce Ber
devel oped a framework and terminology to desc
manageméat Cali fornia skeapaead Thi §acnbfuseesd b
rat esc htaitnagte t he shape of a buildings energy us
Shiifst changing the | oad profile of whé&hednergy
i g atdi t i o raals,e de vDeRhtammgy Fast DR to support anci
needed by( Alhset ogrel,d. etNoalr es2@®#h) i al buil dings ¢
services and it is I mportanti tememtngd itha eh dron es
exi stiimglfitegx characteristics of buildings.

The current code chBingleASEr Repoalts airre tnkeiesded d
time of peak electricity usage moving to | ate
providgnguhbdwor k for adtdhd i2hZd odde gelsange cy
t he amount of renewabl e energy generation was
occurredadaymbet ween noon and 6 p.m. Additional

creating ayn oofverresnuegpwabl| e ©@magndycdusenagpmall el e

demand from the gr-dadyttoomobhe ffabben anfi der noon al
Adding compliance options to enable the shift
can decr eawsse -pemkgygr i ncr eaghee akne rTdy susweo ud d h
alleviate the problem of oversupply of renewa
in electricity usage when the sun goes down i
change. Li dhstiarge cbhoerctornrd ng mormameacHcRWHIa@Eerfef ect i v e

arriving oncenhd watlebbhs@&8Sal hsspacenackaomlgi ng a
roofnoard vasicpelmasbange matlelrd adessde changé€&i pabposa
CASE Report t htuhsr efeo cruosrerse soindenti alg D&asonésopl a
requirements for | ighting systems, compliance
for TES systeemgi siThgopgédscriptive requirement.
adding complianwke aptdi ©oBS, foheHBt abpewi dee€ASEHA
evolve the code for technologies today and to
integration measures i n the future.
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Demand Responsive Control Requirements for Lighting Systems and Shift to
Solid State Lighting

DR controls foweriendosobratdoghédnign the 2008 Tit!

as a mandatory measure in Section 131(g). Thi
automatic |ighting coghtohg o wdmint drysikayhp tl eedaus
percent in retail buil dings with sales floor

2013 Title 24, Part 6 Standards in Section 13
di mmi ng requirements butmmeasparded | thipp | manadat o

nonresidenti al buil dings greater than 10, 000
' ighting power density (LPD) |l ess than or equ
establishing building and s pnadc es aefxeetnyp tsitoantsu ebsa,
odi nances, or regulations, no major updates t

t he 2elcét i on )aBO02(@¢&¢©) i on )cloOd.el 2c(ycc)l e s . However
the |l ast quantitative updat el tilne 2204t,8t| Paa Khtet @ ,i g
l ighting power allowances and |lighting contro
a shift to solid state |ighting.

Solid state |lighting has a significantly high
incandescennd bahegebhpsmoni ciaghty bul bs and 1 u
gradual shift in baseline has significantly d
in |l ower energy savings potential from DR I|ig
decreasedfotheftestnitvaed i iomplheame decr eased. Hi st
piecemeal system controlled at the circuit |e
i mpl ementation, but now many networked | ight.
aut omated demand r es pcaants e n( AD Ropt AobcBophnsa n(dOp e

piecemeal systems can contr ol i ndividual fixt
Standal one OpenADR devices have also increase
protocols they can operate witl, darleawi yg wi hé
l iigmg controls. These adefafnecetsi wld cd maley sai sn ebve
ensure proper i mpl-afnfteadti iomen éAs :n eavn a&loysdi s, one
total design wattage rather tahare ws ged ri en efad a toan
comared to the existing 10,000 square feet th
control-tseg(leingghti ng wattage) and wmdrecdfifvect i
exemption d&eHd neeave fbastt i ve t hwasihwdtdalilsed , 000

lFor the purposes of the analyses presented imgthis CAS
the term Adesign wattageo to mean | ighting wattage that
that the actual i nstal liedalwarttt atge ti me tfhde sip@rc ewad tst aagal. 0

2Q@2ZTitl e 2F) n®BASE Reip2dr2NRGRD-I N-F|9



Compliance Option for HPWH Demand Management Systems

To achiagawanmM grgeenhouse gas emi ssions goal s, |
of California are expl ortiongalhlow Iteoc ttrriacn sciotnisotnr
systems with demamgdamahagéemsentre an essenti al
electric nonresidewéewat pbbul ddnggscurrently us
HPWHs . Tecnhunsotl oegwwol ve and marmwetfasrmugbdi hganof r
climate goals. Thiasl cwdawrl d heamaooeu rpa e oisnvest mer
award designers that choose to use HPWHs with
compliance credit.

Adding a compliance owotsikppnmrtaailflenlti ec@dt i Parpr
to support t hleutcioomn i nfu etde celvmol ogi es and | ays t
additional grid integration measures in the f

Compliance Options for Thermal Energy Storage

Theitl,RPar8t @andfardsddafidei ti ons andemaqui r e ment
manageme®tf8dmahi ng, ventil ati ol A& rnedq ua.iprmecnaon d i
TheaequirémenH¥Y¥AC expanded significahely betw
2016 T,Ptalrest @dddar dsdcprmpV iickaeadde t f or t her mal st
systems in nonrefsordetntie afli owuti Itdiimeg, al ong wi tl
occupant controlled smart tomérwymaeasdt dtl ed( WG EBY)
systseere incl Céaeéd fiomntilme Buil ding Energy Code
Commercial Buil(BEgLEMpot o waecmmeliiventbdrougti t he
performance approach.

TES systems employ a wide varoileatdy sdforlaigeuime,di

solutionsetkRdff iicmegmey and reliability of trad
systems. AftliowiahgT&E&ddisystemsangdhabeashangesto
materials create more options for buildings t
day based onThger isdp enceiefdisc. compl i ance options be

modi fi cdttiddngsdomtsoti n -CBECC

Demand Responsive Control Simplification and Cleanup

The requirements in Section 110.2(a) apply to
compl vy twiet 4Ti Part 6 and covers how control s
woul d breonmre fsiotmef mi nor revisions to remove comp

Proposed Code Change

Demand Responsive Lighting Systems

The proposed measure woul duadgnedbrege i tome 1hdnda2t @
demand responsive |lightingngobhdro08 dguarcel ac

2Q@2Zritl e 2F) NBASE Rei@ROr2NRGRD-I N-F|10



t hr eswhdalhd hr e AQ®O dtdaetfsailg n. wlahtet spr oposed code <c¢ch
alsevise thBheS5cwatensntper sqguwarte rfeofoetrOeensceensp ttthoen

per square foot exempti ¢ntgdtiSendteicoom| 230. 1( b) .
I n addition to revising when the demand respo
proposed code change simplndd eBagmatnhantcllyartidfae es
acceptance test requires spacfesa topaomd frream cel
and daylighting to |l ess than 50 percent of th
| anguage is not in the standawves. fTlhimsthequir
acceptance test which wAprddadpadhedyamptaarctbel aagta
opt woold allow for a test of the full buil din
di saggrega-ted. byhesddi saggregatiwin hi selreecqguiirce
services ratedkialt eavmpl&te/ )y éhra nT HOIBe h1T30 a® di t i onal
test condition would help to expedite accepta
especially in Il arger facilititeisl Iwhridper &shen tesn ce
significant number of spaces.

These changes apprlwcttioomd, | aadndsiwt adamed narteisoind e nt i e
facilities barring specific exemphi i @an d$pacdes g
l ess than owaegsapetosQuéare foot, alterations
does not e xcceenetd 080 tpheer | i ght i ng -p eomneer |ruengi uniariern
alterations in tenant spaces of 5,000 square
percent Ipawed -& lomemrmred dvaantdt afge faci lities with
ordi nantcedso trhoat per mit the reduction of | ight.i

Compliance Option for HPWH Demand Management Systems
The proposed code change would expand the HPW

credit that is available fperfesmdeaé¢i appboat
comply with code so that a similar credit wou
buinlgdihi s change would help nonresidenti al bui
stability, which is critictalrasewabi éopoitafal
decar boni z &tpiecn fgaalrewvi sions incluide updating
Quadation Requirements for Heat Pump Water He:
Systems (tJMAel 3l)amsgpuage i s more inclusnve of HP\
nonresidenti al buildings. The updated | anguag

requirementfsGefner atheonSdincentive Program ( SGI

2Q@2Zritle 28] NBASE Rei@ROr2NRGRD-I N-F|11



as an eligible mea’Faret hnsJaampliriya06@&0option

avabllea for use, the compliance sof awdeatwoel d
that would simulate bheopereagyngmpWHs with d
capabilities enabl ed, whioucthi Iciaidyl sde iiamec |curdi et iocpatl

pirci ng Addittedanal gatestrtisgfamédvel opmedescribed
in Appebhdi xmpRemertdi bl e modeling tool for bot
HPWHs irnesniodnent i .al buil di ngs

The proposed complianaélcmeodhidenwvoal dbappldy ngo
construction, additions, and alter dtwiidm@ds ngThe
type with the value credit calcul ated by the
draw schedul es, contreoli mptarcdtsedging ®, axzrco ualti ma
appllyotlm i ntegrated ( Wiunhi ttaarnyka)s gHsBEtYVednhsu)hl P Vsl

systems commonly configured as split systems,

Compliance Options for Thermal Energy Storage

Toenable | oad shifting, the Statewide CASE Tea
for ther maloreemger gyTES) technol ogies beyond the

systems by adding features to the compliance
TESi thhaspe change materials and ice storage en:
use across haowrlsa oddotidaee tarmecr i ti cal peak pric
needs. The specific compliance options being
algamms and compliance software to integrate

EnergyPlusiclhjl éwctal |l ww designers to simulate t
receive compl t hnadedictrieodn al ftoyrpes of TES systen
eligi béeveocompli ance credit but therCoaflt war e
I nternal-oA@eli i, Ex¢er nal Mel t, and Eutectic Sal

Demand Responsive Control Simplification and Cleanup

Thsi submeasure aims to simplify and sespambime
cont Seksion 1vdull® (lmg 2Ztaomealdleaw-di oecanynhli

communi mat hods to be used winshieadt loé buimidimg
all owabl @ caadmmwumn met h-bds ZogB8eky WBACNHeE-t, Et her
wiring Hhist 26 1D4de g Piamr ¢ ss@ 1Pe dt2i(l@an 3 amwadul HObEk2 ( a)

2SGI P i s administered by CPUGIamd do fnfoenrrse sriedbeantteisalt oc urses
electric service from PG&E, SCE, and SDG&E who install
home or DbRUsiigniebsisl.i ty critehtips:i/s/ vawva.id pabd..ec ao.nd d w/es qitpi n

2Q@2ZTitl e 28] nNBASE Rei@ROr2NRGRD-I N-F|1 2
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removed in an effort to simplify code | anguadg
be clarefcetpl hathbe manual Il nstead of the cod

Sectllon. 13tar®&s that products can have additic
capabil ihoses rndgunmikeeidmal | ywcomptodet It 1 s wioc
understood that codepatesctibkbse mhdi mdohi ¢i onal
al ledw This cgeéethangexplicitly states demand r
include features that go beyond mini mal code
to the code | anguage.

Section 110. 1a2t( awhde ns tcaotnensu ntihcat i on f eatures of
contrdl sabked or unavailable, the demand resp
provide other functions provided by the contr
t hatbrtchagdieir!l @winmg od systemococbnoi nbeis| dinegt syst e
mimim code compliance even if the demand resp:¢
connected. Demand responsive controls are res
signal s and isnitto atthien gc ocrhtarnogle st r at egi es i n r e
event¥$he code does not require demand, reepons
t here fmatehewro0 control features that aidemand
communi cati orAlitdh odiighalilheed e are other control
codleoes not Agiteataen dt respohnsi wesponsibleé for ens:c
requirement $§ arbuméding iIis going to comply wi
contr ol reffut hemeaommuni cadfi onhd uchema maec al @ $ yo n
conltirso di sabl ed bromadducbdi | thacgonctornotirloilngsy st e
techno)laogi eg i | | required toThe |l e®o gl i £ratr t wibt. h
this | anguagqnd iamdr eeddudrsd unnecessary compl exity

Scope of Code Cédlange Propos

Tablssummari zes the scope of the proposed chanc
Stand®ederence Appendi ces, MAt h(eAdhM)t | Rreef eCael nccuel
Manual, and compltihancevodid durmentmodief pedpased r
changes.
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Tabl:e Scope of Code Change Proposal

Measure Type of Modified Modified TWoul d Modi fied Comp
RequireiSections Part 6 AppComplianDocumes
24, Part Software
Modi fi ed
Demand Mandato1l110. 12(c)NonresidenNo NRCC TE
Rgspopsu 140. 6 Appendi x 7 NRCA T0 42
Lighting
N R CL T-0 5
HP WHs Compl i aiN/ A Joint AppeYes NRC®RP IE
Opti on JAE3 NR ACM
5.9.1.1
Loads an
Configur
TES @&ystCompliaiN/ A N/ A Yei NRC® R IE
Opti on NR ACM
Manual S
5.8.8 Th
Energy S
Communi cMandatoil110.aR2( 3 N/ A N o NRCA T-0 4A
Protocol and 4

Cleanup NRCMCHL 1A

a. At ti meudfl itchaind oael d veedbrieat 5§ ohncepurordeerfiter antbheap@Beradieavé sie THMSE Team
anticipates a need for field verification for these systems

2Q2ZTitl e 2F) nGASE ReipRdr2NRGRD-I NF|1 4



Mar ket Aamad yRBRegul atory Assessment

Demand Responsive Lighting Systems

Pr odufcarmp | eimdyRt | i grhe imegadi |y available in the
DesignLights Consortium (DLC) creates a qual:@
reporting on a sYAsstefmm DRceapiadi QP Y9i. ncl udes 2|

interior |lightthgtcanpearbbR .s glshteesres systems al l o
and intelligentDR mpmglhdad menmgt, atsiuccrh @afs continuous
compatridst ori cal D R tlhifgbhctuisnegd porno dcuocnttsr ol | i ng |
circuit | éveéel ghovtast emcs swial ont hoat odifr.c Whti | e ef f e
reducing lighting power, controlling fixtures
di sruptive DR i mplementation.

Load Shifting Compliance Options for HPWH
Load managemendr disstngresd ehmtbat er s currently tar

residential sector, given their significantly
| oad management has been gaining traction ove
been two pilot pr€opmamctickitn Bener Qi eePower

Admini stration (BPA). Thesesipdfeadtisaiwer e f ocus

HPWH equiramenis Title 24 iPaer tr e6s ifdoecnutsi aol n bluoiw
hydr oni ¢ heat pumps connected powatbommaohrheat
cont.r olhser e are currently no requirements for

functions for commerci al HPWH controls. Outsi
state and federal codes for wat erd htelnd tabsi Itihtay
receive DR signals from the wutility. Californ

includes energy and water efficiency requirem
water heaters and HPWHs. The ENERGYtS®OAREoOpmb
grcdnnected rcadgitdeantai dlorHPtWHsagaendangdasi nst ant an
resideéentyatommerci atowa2@t9hedeierbBer standard

requirements for | oad shifting or | oad manage
HPWH cont®%iomdbar hwest Energy BEEActbkBecy All i ar
Consortium for Energy Efficiency (CEE), and E
all have an efficiency specificationbds for wa
i ncl amhmercciearmhs sayrsed do not provide guidance for
management scheduling control functions.

Ther mal Energy Storage Systems

TESystems cool or heat a storagéicedi xmuflei) gus
the storedBteunse)r gcyaend ibhneatuer t o offset cooling a

2Q2Titl e 2E) nGBASHE ReipRdr2lRGRD-I N-F|1



mechani cal means (consuming kWhs). From its i

is for |l oad shifting. TES is a mature technol
and modullaogy eftofnastat riasi ced only by its storage
underground (e.g., caverns, aquifers, packed
various shapes and sizes, or even microsphere

embedded imatbarnil al .9

TES is discussed minimally in Title 24, Part 6

system efégqueuie@amgnts. To be exempt from chill
facilities using TES to supplemehavehchaegiog
temperatur e °Fl.e sTshet hReenf ed&rOence Appendices in Sec
compliance testing for TES wused in conjunctio
systems. TES designed to be usedrwigteh TEISI | | er
syanse rat her than full storage TES systems. Th
2 4, Part 6 pertaining to scheduling functions

with TIheeSr.e are no relevant horcalntaesdapdsor f e
spdgiing schedules for TES for I oad shifting o

Communication Protocol Cleanup

Control systems within a facility are compose
communicate information for t heypcocmnatlrtoglt essyesptae
protocols are used for controls to communicat
facility typically uses a wireless | ochil, area
or BACnet, all of which are Cwenmune vtad lvleiesrhed
devices in a facility can also be wired (i.e.
these protocols are common, as eaqg.aVasdest rhO0t, ha
|l nsteon) eog. newkoWPAN, Thr ecav , E menrdg gB)loupst.ao ot h
Al l owing systews rteltati oemmdblceommuni cati on, both

newer protocols that allow for transmitting d
l ighting system open up DR opermdtaicensantdo patwi
demand responsive |lighting on the forefront o
to dictate available and preferred communicat

Cost Effecti veness
The bédmrmeofsitt (B/ C) ratio compares thestbenevern s

téal 59 ear period of analysis. Proposed aode cha
greater are cost effective. The | arger the B/
from energy cost savings. As tshtea bpluirspho sae coofs t
effective threshold, the demand responédive |
This resulted in a total desi grSewd ® tddogrb et hr e s
met hodol ogy, assumpt icoorsstf,f eacntdi vreenseusl st sa noaf|l ytshies .
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Theproposed changes that recommend new compl i a
effectivenbesaasal yeheyg do not cthhaen gceo dteh.e Rsattrhie
they provide desidasrgnwf éeéhe¢ ad@dscec dmamlay wi t h ¢t

required energy budget. The recommendedocode
not require a cost effectivenesse asnaliywsgiesn ceyi to
require additional steps to verify compliance
Statewi g EmpBreéersgwat er , and Greenhouse

Emi ssilonpsact s

Tab2presents the estimated energy and demand i

change for lighting that would be rewalithkhed st

2022 Title 24, sPacamparredqutia etmeentl1 0, 000 squar e
e

2019 Titl 2leaPastatbewiFde séenergy I mpacts are
foll owing metrics: el doturisciptey gawair naaWhincyal) g
demand reducti onMW)n mmeagtauwaatlt sgas savings 1 n mi
(million therms/yr), and time dependent valua

t her mal units perSey&eactd(dbdDV KBt e/ ged) yielas on t
statewide i mpacts calculated by2.t3bet 8t ascediedta
on theniptrenergy savings calcul ated by the St

Tab?2®emand Res

esponsi veYe&aSdg attierwg diei &Esmte rigmpact s
Compared to 2Pa

ons
P16 t0I0® BHuare FPoot Threshol d
Pea

Facility Electr eak El e Nat uGas TDV En:
Savir Demar Savir Savir
( GWh / Reduct (MMt hetw (TDV kB
( MW )
New 0. C 0. C 0 7,469
Constr u
Addi ti o1 0. E 1. 2 0 155, 64
Al terat.i
Tot al 0. E 1. 2 0 163, 11
a. HPWHKR.TE®Seasures represent updates t@oethotcompljieznce o
energy savings and subsequent statewide energy i mpac

For HPWH ame obdelfSange proposal would not modi f
exi sTiitnlge 2,4 ,sbRRarstavG ngs associated with this

mi ma.lAl t hough the energy savings are | imited,

increased kdiolptde colypn colfogi esi magntdh |l ooaadd nsahniafgte me n
capabiAsi tnicetseed i n n,heddmamddmomanagpgement and gri
an i mpgormrmtodre in achieving California's clean e
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Tab3present s t haev oa GidiGmait £ga D1Ect e dt hwel tphr opos e d
code chandgéhet hgeat andardcsompared tdftelkke 10, 0
footideation of 201%voidled BZHG Bmi ssbons are
metric tons of carmen rdi€CoOliedssempi vahentsed i
devel oping the GHG savi n2g.sbaa2dpp e nClomkhdiesd i n Se
repdht. monetary value of avoided GHG emi ssion
and is thus comsef 61detiarvalnyediss .

TabB8e FiYesatatStwi M@ Emi ssi on£Lommpaedst o 2019 Ti
Part 6, 10,000 Square Foot Threshol d

Measur e Avoi ded GHG | Monetary
MetricCOpaek Avoi ded GHG I

(%20

Demand Respon 12 $3, 8

Lighting

Water and@QuWiétyerl mpact s

The proposed measures are not expected to hav
guality, excluding impacts that occur at powe

Compliance and Enforcement

Overview of Compliance Process

Th&8tat eASIE Twamked with sstthkedlodplea recommend
compliance and enforcement process and to ide
havevami ous mamTket caempodbi ance process2i $. 8Bescr
3.1451. %ndl. 9 mpacts that the proposed measur e
actors is AlppaenrdiltheedEkiery i ssues related to comp
enforcement aedebsluowari z

Demand Responsive Lighting Systems

T Clarifying which |lighting spaces are exemg
exemption. Linking t hliesv eelx eenxdet mtpdire otsa meh e r
nature allows for more strapagbésoewampt i e
demand responsive |lighting due to | ow watt

T Thexisting acceptaacept @sdce rteswierreisfcyh nti lcd ta
the faciliéegweshgehdsedanl5arpercent | ighting p
5@®@er teefn t he designed il luminancdhfisomsdayl
documented in the acceptance test but was
proposed change r emov ehsartnmoinsi zreesq uti hree nieanntg ue
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the acceptance tesitcwenbyt SeaBEdardyg. EAddI t
including a full -bseldoadstaesé dwhesaggndgat
|l evel would allow for expedited compliance
di saega@an i on.

Compliance Option for HPWH Demand Management Systems

Thedesi gner would need to select a HPWH demand
certified products |list thaConherBmBaéeroyn Cobmmni
control stratdedy itrmpel e(APeMHt €« ompl i es woul d be d
reviltkavsse via complThplciemtsiorhg wiar sstbahlel HP WH

specified i n dtoltas mebuhysil.n g ntclkee i ndhiepe etnif om cpmae nd ,
agency woul d ivredteHiIBBWH sat hehsame model specifi
documentss, owhitchhe iJA13 certified products | i st

Compliance Options for Thermal Energy Storage

Any storage types selected as a compliance op
system r eqsuperceinfRimdddsriampendi X .NAT7The& .rledqui r ement
NA75.14 include system type and equi pment met
tank utilized in the system.

Demand Responsive Control Simplification and Cleanup

Expanding the all owable communication protoco
the MENw for easier Title 24, Part 6 compl i ar
communication protocols allaodwe@cs$oohahgcasmuim

Field Ver i fAiccceetpiteamcaendlest i ng

Demand Responsive Lighting Systems

The dem@pmdsriaese | ighting accept ande ntrest diemntde
Refence Appendices, Section NA7.6.3. The acce
a fiaecty is capably of reducing their lighting
| easath -weeghted) 15 percent, while not reducin
electric light and daylight to | essnythan 50 p
indi vidual space. For facilities with | ess th
sp@as must be tested. For facilities with grea
spaces, sampling may be conducted by testing
sgen similar enclosed spaces.

The test is conducted at a mexilmum@anidi 0t peg ce
thresholds are met, and a minimum |lighting ou
threshold is met. Both testsneanebeesati sfi ed

2Q2ZTitl e 28] n@BASE Reip2dr2NRGRD-I N-F|5



the circuit current to veri fegr atppr®egptftobadre | i g
additional i nformation.

The proposedulchhamgelsomwger require the 50 perc:¢

while introducing a third acceptance test, th
di saggedgai r cuwistes bRyedeaurcde t he requirements of
whil e i ntroduiclidnigngt hnee tfhuood sbhoul d result i n fa

Compliance Option for HPWH Demand Management Systems

At thi s tSitmd,ewtitde CASH eTceoaammeinsdinnog addi ng an ¢
to viemBPWH demandgmmerrstt emst ahbedesndenti al bu
are compl ai,ntt waugh JaAnl 3acceptance test woul d ¢
controls are functAmnamge mtsestintwpwled abi | ity t
buil ding occupants realiad ttimg fcwlplabbdndfiiets @
advanced HPWH systems and that each system is
When the compliance softwhiase theupdat edysootl
i mpacts of HPWH demand managemendi mg/ss,t etmse f or
Statewide CASE Team recommends that the Energ
acceptance test that would be applicable to n

Compliance Options for Thermal Energy Storage

Al'l TES system types woulTd Sbes yvsetreinf iaecdc ewita ntche
defined iNMonmhes  2dai®drieaanice Appehldemxma&NIA7Emerlgy
St or ageSysltEébmsi.s a c c e patla nbchee tteescthon ivceiranfy pr ope

installation of the system as well as ensure

consistent with compliance simulation. The co
includes confirmation ,t hattorted@eharnydgdEemmn eraqy cdarmac
the system is controlled and monitored succes

Demand Responsive Control Simplification and Cleanup

The proposed change would not i mpact field ve
reui rements.
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1l ntroducti on

This document presents recommended code chang

Commi ssion wi ||l be co2a82d¢éfi ygufbavadopmment s
suggestions prior to thteo@atdoptedast pkebskdema
Comments will not be released for public revi

1.1l ntroduction to Statewide CASE Team

The Codes and Standards Enhancement (CASE) 1in
t o outglp@al i fEonrenrigay Co insginegiggyn Copmesbsopbphns to up
t h@al i fEonrenrigay (Co d,é eP32rdd i6ncl ude new requirement
existing requirementsTho€elviafro ouisatlecheaotl @rgi @\
( OUsRhaci fic Gas and El ectric Compaann8yo,utShaenr nDi e
Cal i fornniiasmdEdiwscorPubl i cliyt oBGwrmerdy el teis| iDteipeag t men't

and Pawdr Sacramento Municipal Utility Ristric
CASE Team when includismgondser €d SiHhaAsptrédogrrga m .
goal i's to prepare awdauitsdisbunli tt-e fpfreocptossvael s t hat

enhancemempeewer gy edridceraercyy p&raflof mamdea

buil di ngsr.t Téhrics trle@ocode change apreopasal opr ¢ e
effort to devel opf tecthinvemes @anidnfcommalti iremefndrs
on buil dienfgf iecnieerngty desi gn practices and techno

The Stat Wi dea@®Asubamamge opdreoposal s to the Ene
the state agency that has authority to adopt

Commi ssion will evalwuate proposals submitted
stakehol derg. Cdmmi Esneogemay reyect proposal s.
Commi ssionds 2022 Title 24 website for inform
how to participatepsn/ thewpeoeesgagn-dca. gov/ prog
topi cs/ progamsedhfuiicsitlieanncdya r ¢bsi1/i 2-@lA dhrgdVf | Ci ency

1. 2Document Structur e

The overall goal of dsinas cOAIRXE ch@amget pirert o pr
nonresidentialTlhe irdepg ;mrtte goaartti @inn s uperottihreenrgt i 1
four unique codeTld anywemea oprossalnames and t he
report in which they are presented are provid

A Sectdidremand Responsive Lighting Systems
A Sect3dicCrompl i ance Option for HPWH Demand Man
A SectdicCompl i ance Options for Ther mal Energy
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https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
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A SectSidremand Responsive Control Simplificat

When developing the ododae scshoan caed epdr d pashanli ca | i
presed in this report, the Statewide CASE Tea
stakehohdkeuding building officials, manufactu
utility incentive prograa ymanmagenrssednachei 24t i
ot hevel vead in the codeTlke mprlomanxsal piromc@rspor at e
received during publgtch astt atkheeh oS tdaetre Wweodr ek sSGAOSPE T
September 10, 2019 andthdwevnldeer CIAZSE 2I1a9m 2019

The ol l owing is a brief summary of the content

4

l

of the report:

Measure Deprcovipdesna description of the me:
This section also prenemnmtfs hawdethaisl eddede £h
accomplished in the various sections and d
Part 6 Standards.

Il n addi tMarmk éto Armeltyioing this section inclu
current maekelSscstg?ou® 2,2 ab5ndkescri be t he
feasibility issues associated with the cod
proposed meralsaupse ®rv conflicts with other pc
standards, suchanads oftihreer, ssaefiestnyi cs,t andar ds,
technical, compliance, or enforceability <c¢
Energy ®awisreqid suntihteggpreerde mand reduction, ar
cost savings associated with the proposed
describes thde hmmdE@hatdewiode QASSE Te amiemat e

unemner gy, rdeednuacitdi b ne ceorsgyi ngs .

Cost and CostpEédsencts veamalsgsi s of the mat el
required to i mplement the measure and a qu
alosincludes estimates of i ncremental mai nt

| i f eti meusanpderviaodioc costs associated with r
during the period of analysi s.

i f¥Yetar Statewpdesémpactise statewi de energy
i ronment al i mpacts of t he paropaofsteedr ctohdee
2 code takes effect. This includes the
Cabi barhding owners and tenants and 1 mp
material with emphasis placed obyany ma
d a3 e of .Cd&ltiafteerwnidae water consumption i mg
I s section.

Proposed Revi si onscdroc |IGuotleesrieapnogrutageci f i c
recommendodatsihen<delbeti ondg¢r gaddidl angaage
for Sthedards, ARpetadenes, ACM Re fGCornepnl ciea nMaen
Manuahdompl i domcement s
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Sect@idn bliography presents tlkde CASGuiTeas t
used when devel.oping this report

Appendi 8t At ewi de SavpngsehNéshotel mgyhodol o
assumptions used to calcul ate statewide en

Appendi EmBedded El ectricity eisenWast érheMet ho
met hodol ogy anus edcsadocputliadrexct hieci ty embedde
water use (e.g., electricity used to draw,
savings resduteagwadrem uee.

Appendi En@i ronment al | mp as t 8t Bheotdhoel doogki begsy
and assumptions used to calculate i mpacts
and quality.

AppendCxl!l iDf ornia Building Energy Code Compl
Specifpcasennhs relevant proposed changes t

any) .
Appendi Xxmpacts of ComplianceprresEetwwst oa Ma

recommended compliancei pegmntmafsikeedc oattdor mmpac
AppendSwmary of StakeholddbemmEmgasgementef f or |
to engage and coll aborate with market acto

Appendi Ot@er Measures Consiodhan ednedistuaielss aa
submeasures that were considered as part o
CASE Report but were ulteivmdt evliyewdrodppgerce. wh

date, the barriers observed, and speoctte notni.al
3Context Applicable to Al Measur es
this CASE Report, the Statewide CASE Team

oingtadmaydaypl i stic pracgicenbfolusinhg opet dt
i mize electric dewmands (&a&V3ur dthiisnikicl udes
i pment operations to minimize demand to av
fting demand-depealdiegn witahdtymepohtdfag to

reducing or incrndase al coddnpwin&a nDRofDR eima nd
erring to the additional adjustments to egq
utility. Californicaldtyi I1i2t iteos 1lcha ltli neR eav g
i abi IHotwe vneere, d dtihneg bauwuit omati on and control s

|l s for energy management are geared toward
ro pctoi mi zati on of e neBrgoya da nadd odpetmaonnd o fk W) e ma n
agement promoted by progrhysraddceodks ©oOom
ded DR events.

2D04wWwr ence Berkeley (N&8Nipaumdli slheldont &ateomry phas
ort on demand managemantApstemeée i alt ain. Cad1l
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devel oped a framewortko acas ¢ rhieb & emunli thiop logg yt y p e ¢
management that Californiasmhagewhibgh 2i0=2 5f. a cTihli i
timduse rates that changdaitnge® sl eackrglyapes agfe @
weekly, seasonal Shefmb|lweasr Ic\halmgsing. t he | oad p
energy is used ovefSheide ftcwmadisth ansieada, DdRawleandt i n g
hour sstminmdimg Fast DR over nsiunpuptoerst ta nrceislclaa rey tsoe
needed by the grid. Nomrr ewii ddee ntt H ead e bsud rl Wii neyss ¢
i mportant to continue to evolve the code requ

characteristics of buildings.

Demand managementegndtgondpl ayaaehi empogtant r
California'"s adlseamMsernéeiregystqpd e moves towards 1
el ectri ity consumption byi 2@60#d6ansobroneg Ifglienxg blloea

c
When the amount ofgerneenreantaibolne weanse rlgoyw, Cal i f or n
peak occudayedbentivdeen noon and 6 p.m. Additiona
creating an oversupply ofday nemwd bd &au sene rme/a ld ue
demand from the gr-dadyttoomobhe ffaboben anf der noon al
the sun sets.

The Energy Commi ssionédés (2015) Integrated Ene
shifting is Ilikely to be a-nedaheasahphee sbturidtde giyg s
and the Enegigyn Coanmqmi devel op compliance opti on:¢
dependent valwuation (TDV) <credit for such tec
Cal i fionr n2ilGa05 to assess the energy anaeéscaxntd i mp
to quantify t hef emwirlgdyi ngnpsaycstsems and equi pmer
perf or mance apbpuiolackcihn  wehrod fegoyo sp Imud madd@ .o n)DV
assedn uni que cost and energy valuation factor
eacbuh of the year. uBfawmwgngesakehrpeelr cedsmode t ha
savings thmaealbcclumt odducEngr PV Ce mab flaichont i f y
the value of measures that curtail | oads duri
peak sti mBV factors havey bede copydhetedoervefl ect
energy supply and expected peak periods. The
demand from the grid occurring in the | ate af
1. 4Mar kAental YAipd i cabl e t o Al |l Measures

1. 4Mar ket Structur e

Th&8ttaewi de CAPBETr feeda mmar ket analysis with the g
current technology availability, culrtr etnhtenpr od
consedioew t he pr oporsaggdmpsatcatn dtabreglemearrlkadt aisn wel |

i ndi vmadrukaelt .lancftoorrmat i on was gathered about the
complying with t heEspriompaadseesd onie arsaurkee.t si ze and
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appliocweebietlentyi fi ed through widdheasntalk adrbdi dewntgr e
utility pEogrgwm €bomfinf ssion staff, and a wide
addition to conducting personalized outreach,
current mar ket structur e uanidngp optuebnlitiica ls tnaakrekheotl
me etsitrhgat t hee SXAaStEe Wiiedam B eptde mbe( Stlat e RiOd &
CASE Team,a2n0dl OM8)r c2hQ 30 at ewi de CASE Team 2020)

The California DRsmarbkétphaoceemegpes of

admi niosi,srtaliiird party providers, and utility c1
admini str@aloirforsnitdnel ndependent Service Operat
| OUsever al muni capdl ctoymnuhndiicees admir eigaat er sr et a
mar ketcsh. aHlani ni strator maintains aarwatbiyetuyt i dfit
territory or custaeamer size, type, or end

Cal i fuotrinlailateiéefBeRr pr ogr ams$ hiemurswhimehr s can partici
t hipradty aggregatordl i Th&tCalitforCoimai(RBfsaron EI e
PG&E and SCE) and Electextcemdéeaecd BRI § fmpd XSOIG &tE«
and reliabil ptygpgrameurabédD®Ri hg ensovobim with th
Demand Response Providedsr €DRPyg)i hoo bhddwhol
mar KeCtPUC . Wi dth) Rule 24 and 32 specibysngestbe
operations beatgwyeeng atthor sDRARnd DRPs with utiliti
bil ateeamemag with the DR aggregator or DRP in
resource adeTfQhigrcayr tcyr epdiotv.i der s i nclude compani
OhmConnect, Stem, BoébGXjdlLPKédwpns, Olivine, an
aggregators and DRPS$ oardadeld é veopaigblkW lagad esdhed
utilities when dispatched and in return have
programs for customer s.

Customers ofsiezveer yantdy prea,r ket sector can partic
Cali forudiian,g irrecsli dential, multifamily, commerc
Despite the availability of DR programs, wunde
of DR par thuwiilpditngnoper at ors can be a chall enc
pot ermt icolmptr omi se occupant comfort or standard
i mpl emented. Mandatory building codes that re
increase theeecphbhakegygf abBpti on and | ower <cost
mor e efofseéctaind greater | evels of automated gri
Additionally, mandatory standards can provide
contractors, addsbobghemasdabut hdysystems subjec

Beyond mackpanpsarta wide va¢(peoyi daifanpgacbbB ef act u
controtcentrafctomrisng install ateonabbedt ke mmossir ¢
and orgatriofdteimamggeoprojects enroll edliany DR i
an integmnatheoDR | andscape. The var-capapbbt&e co
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product s

1. 4T828chni

continues to grow and includes
management

Sy

cal MVeaa kielt i |AiVteainkda lCur r ent Pract.i

Participactannbe ni DR i ated at facility-in

aut omat eAADR)semand fully autbBbmgt.edMamsudll IRt at
gr sdtoenetr a@&rmd wntt @fmdcunvol vement .
phone call, email , trexcto,ntoarctp aagti ntgh em

requires
pl aces a

t h

e

The cust omer
t he DR str atteedgyt.o Alsi ghetliang, thi s commonl
sSwit

l'ighting
resul ts

on SO0 meoinne
to
buil di ng.

proceed

Manual
DR Participation

Semi-Automated
DR Participation

Automated
DR Participation

Fi gur el ||
response

n

us
(A

| o

t h

tr
DR

must then manually turn off

ches in alli ntrddms D&Rn & vfelndar sT hp &sr
w participation rates and poorly
twhiet hf acility to see the response,

e |l engt hy prhoec € sosa do fs hneadn usat Irlayt eegny

T,

Text, Pager Turn OFF

Man
Via

DR Event > Load Shed G '

Turn OFF

@

Turn OFF

DR Event S with SCADA 7
> ([]) ==> (@

Turn OFF

Turn OFF

Shed with SCADA Turn OFF

W » +
.'_J_-I

Twrn OFF

1 OFF

ationaofom@ddRpil, , ass@mMmanmdo d
) .
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MADR relies upon a connected system that has

ents, ormelduad ismedtrategy, in a coprADRol I i ng
ent begins the same as a manusaksDR ®Reervena
tification through a phone call, email, tex
ad shgg¢g,sthateuil ding contact only needs to

rategy through the connected systemsadcmhmter f
vice in the |l oad shed strategy -®Rd manual ly
presents a singminfiec¢dortraddctiome for -a faci
ogrammed can be initiated through a single
wever, it stildl requires that the operator
tification frnom nihtei autte Itihtey laonadd csahed str at e

t omdbiRed ADR) relies upon communications equli
so knowh easdvnodea (VENs), that are instal/l
tification of DR evendg saf Ad tER dwemtt,i ftyh en gV E
mmuni cates to the facilities central contro
ui pment i n tohred-pprroeg oammadt DR | oad shed strat
tervention is not requiredmmamiARR, ohuti se mmd
nt in parallel to the event notification to
aware ofevbatpandiogerride the event if ot
e equipment tied to t hemaDR onpeearsautrieo nt.o AnaR netv
ctate what equipment should be controlled o
il ding o6penafot$ centrol over their facilit
gnal should be interpreted by their facilit

eurcrent Title 24, Part 6 | anguage requires |
ntrols) in new construcdampabldencddtalitser dathieorsg
guire the encearpjaybficea retcredlvs nlge a communi cati on
ve the capability to automatically reduce |
il ding that is comphsabnhbthewenker ytkcen2dpl Bat
participate in DR event s, ebnurtiontlaa O&Rr rpy ogu ta
dnatlhe ADR capabilities th4@wmgh sprgon@id armmisnd
th the utility dautomgr £owmmé schoms @@ gt o Caanr ol |
n choose between different | evebsgodi DRer en:
ogr ams.

1. 4M8r ket I mpacts and Economic Assessments

rket i mpacts and economic assessmeritoldroevi diig
asures: demand rcesmpmplnisdwee o gtRitn"Hm d e mand
nagement, samdmgomeaonopti ons for ther mal energy

2Q2ZTitl e 2F|] nGASHE ReiRr2NRGRD-I N-F|1 3



1.4.3.1 Impact on Builders

The proposedhehdegaentdor esponsive | ighting man
alliooy for a compliance credit for TES technol
and all owing for farcdoHm®WHI asayscse¢ eansed ihtat can sto
woul d kel yoanimfeebouii d ld e os Inlwut ivmpact firms that f
constrarcd iroemt rof it of industri al buil dings, ut
ot her heavy conotfr wotmmenr.ciBdi Isderuxctures are d
manypmomdéposed coflerchhege822 Ildodes owidlha n t he n
practifceashese budj metsstelseitro mui |l ding practices
codes. When necessairry,c dorutiil deirrsg eendguacgaet i on anc
compliant with phangéesestsoaddClag nlf dciomymaed acd eas .

comsutcti on industry 13000mbussprdssesfeabahbti shme
34,0000 empl olyeebadpl hs® 18, totaTVT bPpayiohl was $

Tab#deaCi f €omisaruction I ndustEmpl Egmabt j samdnt
Payrol |l

Construction SectEstablis EmploynAnnual

Payr ol

(bil i
Commerci al 17, 2 343, $27
Commerci al Buil di 4,5 75,5 $6.
FoundaStirounc,t ur e, 2,1 53,5 $3.
Exterior
Bui gdEgQui pment Ci 6, 0 128, $10
Building Finishi./ 4,5 85, 6 $6.
Sour(c®gtate of California, Empl oyment Devel opment Depart

The effects on the commenhot akbebbyl di hgfi nchssa
wor ker s, bwtlbe@&r actohnecremst r at ed i n spéeaibbiec i ndust
sbws the commercialtbai Bdangwsdes@eB@rBeam

i mpacted by the changes @progpcecueéed iom tmics encspad
and commi sPReomamilgedfl i ghting systems, connect e
systems. wihdee SGAASE Teambs estimates of the mapg
shown i nl S4Ec4oinoommpact s.

SAverage tot al mont hly empl oyment in California in 2018
represented 20%8pempéonymeht .
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Tabbe Specific Subsleicftmrmri afCdrmhme rCai al Buil din
| mpacted by Proposed Change to Code/ Standard

Construction Subs Establis Empl oyr Annu
Payr
bil I$i)

Nonresidentiandt rEd 3,1 66, ¢ $%

Nonresidenti al p |

contractors 2, 3 52, ¢ $4!

Ot her Nonresident

contractors 50 8, 8 $0 .

Al | ot her Nonresi

contractors 98 17, ¢ $1 -

Sour(c®tatCal of orni a, Empl oyment Devel opment Department

1.4.3.2 Impact on Building Designers and Energy Consultants

Adjusting design practices to comply with cha
the normal practices of bui |luwdinfggtd ees i2g4na& rPsa.r tB
typically up@eyaetaerd roenviasitohmr cycl e and buil ding
consultants engage in continuing education an
with changes to design practices and building

Busisneess t hat focuduon dé omgmarecinald &aif é hcont &e

Architectural N®eagrtwi Aeanerdsea@tnor ndustb5 411 @pxsifi
Tabbshows the number of estamdi sadmalatropde mmplroy
Building Archi Teetoondke Peopbseshrc ade c2h0a2n2g ecso d

cycloamlpwwt enti ally impact all firms wlihtehi n t he
Statewide CASE Ttehaem iammppacctdspmbard glkesipogsi ve | i
compliance credit for HPWHs that can store the

addition to chioblatlfwatefi smehemat déotual on
construction.

There is not a North American | hodaudsepeygo €i as §i

energy consultants. I nstead, businesses that

*NAI CS is the sfealrrdarnd sisadd shy cal usd emresise £ sitrma bd li sshanefnyt i
purpose of collecting, analyzing, and publishing stati:
NAI' CS was develgpmgnt hpolUnsS. Economic Classification P«
Canada, amd IMexiidcda't o Nacional de Estadistica y Geograf
comparability in business stati stNAlsC Saantoendgl tthhee S\oarntdha rAd

I ndustrial Classification (SIC) system in 1997.
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energy efficiency are contained in the Buil di
541350), which is comprised of firantsi @mionfari |
residential and nofAlrtsisemot apodbsiiblde ngs . det er
establishments within the Buil dierdgn |lenrseregy i on
efficiencyh@€omnsat@ilor i magT @ mé psohvd vdre si mn upper boun
indication of the size of this sector in Cali

Tab6:e Cali fornia Building Designer and Energy

Sector Establis Empl oyn Annual F
(bi I I1i o
Architectur
a 3,074 29, 6 $ 2
Building In
ServiPces 8 2. 3,1 $0 2
Sour(c®state of California, Empl oyment Devel opment Depart

a.Architectural Services (NAIESt 64 184dt0gbliciosnpme stes pri m
in planning and designing residential, institutional
structures;

b.Building Inspection Seornvpirciesse s eNoAtliocGrs tbeAtlaBIB6I0i)s hment s p
engaged in provi dingnobnuielsd)dnégmtyipaelstiidemtdarlvi&ces enco
aspects of the building structure and component syst
services.

1.4.3.3 Impact on Occupational Safety and Health

The proposedsdodepothahger nraly, ext stté ngorf eldec al
pertaining to safety and health, including ru
Occupational Saf etsyt i amrgd hkead It thh .aonll dsmad deit yi m ul e
place. Complying with thetpraroposéegpatctedetohbmay
i mpacts on the safety or health of occupants
commi ssioning, and ndainngg¢.enance of the buil

The proposed code changes would not apply to

SEstabl i s hmé hdrs ismmitsuidreesses pri nmeawall wateinnggagee dbuinl di ngod s

and component systems and includes energypeeftfiioniency i
services. This sector does not includenepe¢eabloshmeart s |
pests, hazardous wastes or omndhmroeenivi riomoenmdal stcane aamn

government entities thragy foacdeg! ioaan dbel/i ¢ dfi mrgc ®eme rtneof bui
regul ations.
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1.4.3.4 Impact on Building Owners and Occupants

The commerci al building sector includes a wid
restaurants and | odwd eitgablrieshamdnt sa,n da nmd xveadr e h ¢
(including (rKefnmiegyeardBtRodlalhe sEROMLPY use by occu

commer cial buildings also varies considerably
space cooldngiandngpnand refrigeration. Natur
heating water danagf.orAccmpaade nlgeda o i nf ormati on
California Energy Efficiency Action Plan, the
commer ci adcd liomrCalpi fornia and consumes 19 per

[
annual en(ekregnyn euys,e Bi rd a.ndTRe sdiil wesr 2i0tlyY )of bui
business types within this sector crradmrs a ¢cC
energy and water efficiency solutions, gas doe
owners and the relationships between building

Building ownersoalbdnetcupédnom Wwower energy bi
Secoln. 4, 4when buil ding occupants tsoavsep eomnd einter
el sewhere in the economy thereby crCeadtiifrog njiab
economy. The Statewide CASE Team does not exp
the 2022 code cycle to impact building owners

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

The pr opdoes ecdhacnoge i s not introducing any new n
intent is to update, clarify, and reduce stak
responsi vaend iogfhfteernigng credits to stakehol ders
HPWHs t hatectahestnal excbrgyednawanen TES system
compliance credits are not mandatory, the com
manufacturers tamdcrdeatte i puoducsts that woul d ac
credit.

1.4.3.6 Impact on Building Inspectors

TabTshows empl oyment and payroll information f
agencies in which many i ns paercet oernsp | oofy ecdo. mniBeuriclid
inspectors partia@imatng itm cadmrtyi cwirmgntr on al |
regul ations, including energy efficiency. Thi
changes to the demand responsicwheihicghdiesg aacc
addi tional test methodsdas ngelrleqas rreendud tsi, o nid
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demand responsive |ighting threshold, which i

wattage instead of ®facility square footage.
Additional lycethrediotmpanméd certification met ho
sysems and HPWHs with thermal storage capabil it
processes for compliance would be included in
and informasional shee
TabV:e Empl oyment i at€abadanfloGavar S8ment Agenci es
l nspector s, 2018
Sector Govt Establis Empl oyn Annual F

(mi ||
Admi ni streSt at 17 28 $29
Housing Prioc: 36 2,8 $205
Urban and St at 35 55 $48
Devel opmer|ogec:
Admi n 52 2, 4 $186
Sour(c®tate of California, Employment Devel opment Depart

a. Admini stration of Housing Progr amsenefsNAalbCS shxtelnltG) co
primarily engaged in the administration and planning
and standards, housing authorities, and housing prog

b.Urban and Rur al Devel opmenhtl2O®dmpni sesagover lMAhCS 92
establishments primarily engaged in the administrat:i
and rural areas. Il ncluded in this industry are gover
|l mpact on Statewide Empl oyment

1.4.3.7 Impact on Statewide Employment

As described.i4nthSrdottgphp 8 s 6e SCASEwTideam does no
anticipate significant employment or financi a
Cal i f oomony .ecThis 1 s not to sagulhdathahwe moode@s
i mpacts on employment 1li.Mt@eal ISt ant riwa del CAS&C (Tie

stigsnahtee proposedle manrachgrees monsi ve | ighting, HP
redit, and TES wooungd fi eacntc es tcateadwitdsec e mp mioy me n t
ut put directly and indirectly through its i m

onsul tants, and bui |l dtilnegg 9tnastpeewitdoa s€C A @t Bedadm
ownergy savings associateddemamdthespoopiosed

>0 O O o

5For the purpadgsecf preseamted in this CASE Report, the
the term fAdesign wattageodo to mean |ightmeagalwabtageuimbasa:
that the actual installed wattage tiamge.h® space is equi
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i ghting, HPWH compliance crevotl dahdadESocmmng

ongoing financial savings for California resi
ot her e cotniowni tci eas .

l1.4E40nomic | mpacts

For the 2022 SodeewAlam tused the | MPLAN mode

along with economic information from publ i she
devel oped estimates of the eeamnnprcop agped tcso e
chandgWwki.l e this is t lwdifcih$tddhteecGuAdite amctdeviehops
estimates of economic iIimpacts using | MPLAN, i
i mpacts developed for this r eepdorotn ariemiotneldy aensd
some extent specul atowe theot MRBLABNmMotrl| agdbV
relatively simple representationhaef Sttlad e@aldief
Case Taaem confident that directi onesatnidmaatpepdr o X i

economic i mpacts are r easocnabnlde ,t hiatt itsh ei nhpVoPrLtA
is a simplification of extremely complex actd.i
businesses, and other organizations @asythey r
codes. I n all aspect of thissecehygymbo anabegsv
assumptions regarding the I|ikely economic ben
change. By foll owhegSthtswapgdpreCs®EeTeamnomi c
i mpacts presented below represamnt |l owarctsound

associated with this proposed code change.

The demand responsive |lighting proposal i's ma
proposals are voluntary t hhreo ungahn dcaotnoprlyi arnecgeu icrre
are analyzed for tAdeoiprt i¢toénomaimdat ompadémand r e
code chaopewwsatdsult in relatively modest econ
additional ditbosespentdhagcobgniewscterayc hbtutecdsng
energy consultants, Bma foalill dwingg i tnaslpleed od st ai
i mpact compared with no demand responsive |ig
existing requirement in the 20lax ewitdlee CAMSE Plae
doensot anticipate that cmaordey uddwdd gby wneemrme ror
organizations affected by the poobesedt20d2 c
addi tional spending by those businesses.

I MPLANmMpact Analysis for Plowntnputg)mosdoeflt wasreed itso aens tiinnpau
effects of proposed MPILIAN iiess tahned nporsotj eccotnemonl y used eco
due to itsamédwsttemdi wenddoertmaaitlieodn ion output, empl oyment,

2Q2ZTitl e 2F|) nGASHE ReiRr2NRGRD-I N-F|1 9



Tab8e BHsattied | mpact that Adoption of the Propo.

te California Commerci al Construction Sector

Type of Econoi Empl oyr LabcTot al Outp
(jo Il nco Adde (mil |

(mi |1 (mi |1

Direct Effect: 1, 3 $8.8 $ 1 16€ $ 1 992

spending by Ci

Buil der s)

|l ndirect Eff e 28 $2.1: $ 3.3 $6.4

spending by fi

Commerci al Bui

| nduced Eff ecHt 57 $38 $5.38 $9.8

empl oyees of f
experiencing |
Ai ndi fect o) ef

Total Economi 2,1 $141 $ 2 05¢ $3512
Source: Analysis by Evergreen Economics of data from t|
Tab®9e Esti mated | mpact that Adoprte owowlfdthayv &r
the California Builmnemgy DésnguwmlerantanidSd&ctor s
Type of Econoir Employr Lab Tot al Outp

(jo l nco Adde (mil |

(mi |1 (mi |1

Direct Effect: 16 $1.7. $ 1.6 $30.

spending by Bl
Desirgme& Energ
Consul tants)

|l ndirect Eff eq 16 $7 $9 ! $1.5
spending by fi

Bl dg. Desi gnel

Consult.)

|l nduced Eff ect 132 $7 $1.2 $ 2.1
empl oyees of i

experiencing i

Ai ndires)to ef

Total Ed¢ompamit 39 $ 3.1. $3.2 $6.6
Source: Analysis by Evergreen Economics of data from t|
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Tabl@ Estimated | mpact that Adopti orhawfe the P
on Cal i for nlims Badtl drsg

Type of Econon Empl oyr LabcTot al Outp

(jo |l nco Adde (mil | i
(mi L Ti (milli

Direct Effects 4 3 $4: $5° $6 !

spending by Bu

|l nspector s)

| ndirecAd E&if tfiec 5 $0 . $0 . $1 .

spendifnigr mMsy su

Building I nspe

|l nduced Effect 25 $1¢ $2¢ $4°

empl oyees of E

|l nspection Bur

Department s)
Tot al Economic 7 2 $0 $8 $1.1°

Source: Analgsésn bfc&wvemi cs of data from the | MPLAN V3.

1.4.4.1 Creation or Elimination of Jobs

The Statewi dedeCASE aerbimci padaeut doetitnipd@or oposed
for the 202r2e gwldeast udogaldet o t he typaisolmn of thkeaev

el i minexii gty mdgs of | obs. I n other words, the .
proposed ahldger &wsult in economic disruption
economy. Rather, hnobeamiesi mpatceés ofi $edwadueldd i n S
l ead to modest changes in employment of exi st

1.4.4.2 Creation or Elimination of Businesses in California

As statedlid,8edbtei &n at ewi de CASE Teamadst propo
result in economic disruption to any sector of
change represent s tahenoddeman & hraemggeonsi ve | i ght.i
standard, the only pr opowhil cotudwibat neaxncdeastsoi rvye | nye
bur den otri tcgovmgpaedv ant age Cal i mhororunial bnuesciensessasrei sl
| ead ampet icti ve advant age fTdre Calmpfl o ramicae ku widr
noohilled water TES and HPWH capable of therm
productilhnprodduwatcs but its iIimpact i s expected
voluntary. Theastflhee St at ewi de CrAStE fTceraers edeo eassn'y |
busi nesses bceri nlgedaireevaeexe ¢t i n go wluds | enleismiersatwe d d
the procpoceheadrsgge Titl e 24, Part 6.
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1.4.4.3 Competitive Advantages or Disadvantages for Businesses in
California
Theode <chtahnegeSst at ewi de CASE Team i s proposing
woul d apply to ozlaltnelW@asli infecsrsreisa, regardéess of
i Bncorpiomnsiteéd or out&TheeedbtriedeStsatae wi. de CASE
doensot anticipate that the2@ 22e & 9 dreeegeuylpalteipmors e d
woulhédave an adverse effect on the competitiven
Likewitseme Statewide CASE Team doasedobutstdei |
California would be advantaged or disadvantag

1.4.4.4 Increase or Decrease of Investments in the State of California

The Statewi deankASYEz eTdeanmat i onal damna empcorapor a
i nvest ment by businesspistdlhadt exlpahmdefaerfn & andts
domestic investAstabl sbowEPDObErBmaBA81R0NPDI as

a percentage of corpréad e3prpdrncesntrangred o m:

percent. While only an approxi mation of the p
capital itnhvee sStneetnetwi ddbeChsblEepeami des a reasons:
estimate of the proporatwownl d@fberroeirnwvddtred nizy
owners into expanding their capital stock.

Tabl &Net Do mkersitvlastveest ment and Corporate Profi

Yeal Net Domesti Corporate Rati o of N
|l nvest ment by Aft ak e Il nvestm
(bill (bill Corporate
201! $6 09 $1,7 4 0 359
20 1¢ $4°5 . $1,7 3 9 2679
201° $509 $1,818 289
201¢ $6 18 $1,8 4 3 3490
201 ¢ $5 89 $18 7 . 329
5Year Av 319

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

8Gov. Code, A 11346.3(c)(1l)(C), 11346.3(a)(2); 1 CCR A
di svaacdht ag easl iffdoru 96l messes currently doing business in the

°Net privat e tdroenretishtei ct o tnavle savneosuinme weE pi t al by the busi nes:s
is used to expand rtalt eh eada fgihtaanl msati ond éapi rne col@ a tr peopnl aaticee pdrucef itt
t he moneefytaderfgorpatyisonts expenses.
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The Statewide CASE Team does not anticipate t
wit hprntdeosed meadstuarde two shgngtei ¢cantrease or de
investment in any direedtl ogr orofi n@alriefcadryi ad 9 ec
Nevertheless, the Statewide CASE Team is abl e
change in investment by @dlyiifngr nihe BbBwan ds Bas
| ncome esitTiarn8terdoTuapthl @ bove by 3Tlh e eascteinmat ed

increase in investment in California is appro

1.4.45 Effects on the State General Fund, State Special Funds, and Local

Governments
The Stdet €&vAiSSEdenot expect the proposed code ¢
measurable i mpact on the Californiads Gener al

government funds.

Cost of Enforcement

1.4.4.6 Costto the State

State government alreadyopashbaatgiedn,f oandode
compliance enforcement. While state gover nmen
the Titl eSt2adn,daPadrst, 6 ncl uding updating educat.
and respondi ng ttoh equreesvii oends tradegqsuartirdedneint ar, e

already covered by existing state budgets. Th
when compared to the overall costs savings an
code changeWprlbepodamand respolb&i viergeuifgohrt i ng w
bul dings above the proposed threshold, demand
be ceofsftecti ve abovlehet hHPWH hcraepsahbolled .or t her mal
chilled water TES compliance creditepnopoeml s
these measures are expected to be small compar

the state.

1.4.4.7 Costto Local Governments

Al revisions woaw Ir2istullee 24n, chhaarntge6s t o compl i an
Local goveorunmideend st loaw it Irdhel pngr t meonnt tshtea frfevi sed Ti
Par 6t @&ndards. -Whalei hbpi Bsran expense to | ocal
new cost assof2Dacoedde wihtahn gtehecycl e. The bui |l di n
a trienni al arseir,npelanatics d md abudget for retraini
code is updated. There are numerous resources
support compliance training that can help mit

trai,amcdgresovideshdp@@wdades and st an(dsaurcdhs asr o gr &
Energy CoAle Mactrg Eest i18/B14 5lansAppendi x hE
Statewide CABEiIi eamdchow the pmopbsedmpade ch
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various mar ket actors involved in the compli a
to minimize neglaotciavle g onvpearcntnse notns .

1.4.4.8 Impacts on Specific Groups of Californians

The proposed IcdhahgyesPdrot T6 tare not expected t
on any groups relative to the state populatio
commutersnsobypamg®o r ace, or religion. Gi ven
wel |l corr ealidtda d gwiptrh cles, the proposed code <ch
have an i mpact on financing costs for busines
Renters would typically bénéhey prYmMmehewgy &N

Renters who do not pay dieesbtmyg her eaerggscao:
on if and how | andlords accounts for energy c
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2Demand Responsive Lighting

2 .
2 .

The

pr

demand
threshold wit4aQ0®d tdoetsmisdhhroTwa @ifs desi gnefwianddge,

l1Measure Description

l1M&asure Overview

oposed measure would change the)mandato
responsive |ighting controls by replac

in the Section 140.6(a) of Title 24, Part 6,

theshold metric because it more effectively ¢
demand responsive |ightingouThle aprsopoeed seod d
0.5 watts per square foot exemption so it ref
exemptiod t-hevemul tighting controls in Section

I n addition to revising when the demand respo
proposed ceodsei mphlainfgi es and cl ari fi etshda he accer
acceptance tagstesr @auinores rempluce the il luminanc
and daylighting to | ess than 50utplkirselndngdadd
does noti nahpep esatrandards. This requirement i s be
acceptance testn whatchh Iweonugudagaedsi.g A proposed th
option would allow for a test of the full bui
di saggrega-ted. Wyimmgdyr egati on is required for

services rated laotvaomgrse (kiVa@An De@eBkiTabiltl 3245 P
This additional test condition would help to

responsive tightyngn kapger facilities while

representsnta nsuingbneirf iocfa spaces.

These changes apply to all/l new constructi on,

facilities barring speci hstatetdkampibbnadasn $pacdedas g
|l ess than or equal to Or.a5 iwantst swhpeerre stghuea rael tfeor
does not exceed 80 percent of t Heorheghtmnhgapo
alterations in tenaetfepiaces lbésdS, V0Or squlae t
percent | ower -abmpaee dvatnudt ggpe facilities with
ordinances that do not permit the reduction o
Finally, t-thabitteabn ddmoins removed from the demar
all owance factor (PAF) reganakmehasi Al oagi whs
responsive |lighting PAF section to dallow the

spaces that were not required to i mplement de
not applicable to the nmorcroaumitceearptairal ime ashwer ena
requirements was removed in the 2016 Title 24
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No changes ptlo atnltee arfibt@éw anraed ew

2. 1M2asure History

Demand responsive (DR) oventer dlig sftoradiompd ecdr ilni
24, Part 6 Standards as a mandatory measure i
required the inst@ahtiang onomtfr alug otmaturi ior mly
consumption by at | east 15 percent intheaenail

50,000 square feet. The 2013 Title 24, Part 6
same unifor mi teqguwinrde da mm nlgutr expanded the mar
apply to all nonresidential Dbuildings greater
with a |lighting power density (LPD) |l ess than
Asi de from est amldi sshpiarcge kwielndpitngons based on h
statues, ordinances, or regulations, no major

ieither the 2016 (Section 130.1(e)) or 2019 (
since the |l astequanf2Dfidti vheupdghting standar

relating to |ighting power all owancespdandcd ig
to reflect a shift to solid state |ighting.

Solid state |ighting has a sergnwdtitc)antHan hi gh
incandescent, halogen, and other historically
gradual shift i narmtalsyeldeaer dhaased itgme fLRD i n mar
in | ower energy savings potential from DR Ilig
As can bdavé@&nsimce the | ast substantial chan

lighting re@did3remedret $iigmt2ng power all owances
cl assrooms have decreased by 53 and 42 percent
areas, | aundry areas, and spaces not specific
have effecti veplty ablelc otnoeg eet xheem .
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Tabl2 Arataegory LPD From Different Code Cycl e:

Area CategoryaSpac 2013 2016 20109

( WA ( WA ( WA
Audi torium 1. 1. 0.
Classroom & Traini 1. 1. 0.
Dining Area 1. 1 0 .-55P
Exercisel/ Fitness 1 1 0.
Loungas,akroom, & V 1. 0. 0. €
Of fice Ar2a: 0250 1 1 0.
Laundry Area 0. 0. 0. 4
Areas Not Specifie 0. 0. 0.
a.Listed spaces are a sample of those | imdteldod.n the 20
b.Diningnaroergasses three subsections: cafeterialfast

and fine dining.

Sour ce: Title 24, Part 6

As the installed Ilighting power has decreased
decreaseidc gdHli ggiteooemeal system controlled at tfF
for DR lighting i mplementation, but now many
have native automated demand response (ADR) ¢
and pieceme@adn dgm®ilemsandi vi dual fixtures instea
Standal one OpenADR devices have also increase
protocols they can operate with, allowing the
l ighting contr olds cet tah enseew fatdeveatnicvees anal ysi s be
ensure proper i mpl-afnfteadti iomen éAs 1 eavn a&loysdi s, one
total design wattage rather than square foot a
compared to thesogeuwdrseeti nghrl®s0®&®I0d that direct]!
control-lseg(leinghti ng wattage) and wmdrfecdfifvect |
exemption delineation.

The 0.5 watts per square foot threbbobkld is ba
' ighonnhmgedcui rements i n Secti oni 2103109.,1 (wh)i cohf Ti t
requirdsvmedl tliighting contr ol above 0.5 watts
l'ink being spaces witHowtelt hceonctapodbi(lei.tgy. ,f ori n
well epedpaotiicnpBRe To prepare these spaces fo
participation, di mming capabilities would I|ik
code. This would attribute the cost of such d
t heeosftf ecti veness of the measure.

The 10,000 squarepfophovsnedar eGAASOH dRewpaosr t f or t he
Part 6 Stwadevdbbaedd on fluorescent sources ;
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reevaluated in order-ef é edeihsarensi hnoel da. nTehwe csohsitf t

state Iighting would decrease the controll abl
analysis, but other market forces, such as <c¢h
in product av-adlgbidleimawydfemmd ndmdgawmet t hose | ose
The t erhmMintoanbl ed was included for demand r esfg
24, Part 6 code cycle in both the mandatory a
from the mandatory | anguades,egeanidency 80 el (vé)
Anehmmbi tabledo was |l eft in place in the PAF | an

Acceptance testing for DR florgh@i&gvennitom| cf w
24, P&r ntch®i s, ttihme acceptance tests have remain
despefuoasswonroundi ng Ii.mEBlpeemdrisiicacldnyt he 2013 ve
Title 284hePactefpthaanvceeqtiesggatbdatdo not reduce
il luminance of a space from electric and dayl
desidgniel hamcheee. source of confusion has been th.
requi riesmemart of the acceptanspectiekciteduitnniohe s
standar ds.

2.1S8mmary of Proposed Changes to Code Docun

The sections bbbwwes g naRafaacrgesnAppendi ces, Al te
Cal cul ation Method (ACM) Ref edoecnucnesviiviatnel al s, a
modi fied by the prSepxca88edit tihangeporSteef or det ai |l
revi siohes Itanguage.

2.1.3.1 Summary of Changes to the Standards

This proposal would modiTfiy lteh&adtoPlaownioh es$ e vt
See Sez.t@dhthis repoptcdbde mangedge.

SectioniMa@ddaRory Requirements for Demand Msa

T (¢c) Demand responsi vie The hguang h@dadtdrvadf st hr e
10,000 square feet of Section 110.12(c) wo
wattage, as defined by 140i6((halLwdbist snperin
sqguare foot) Il ess than or -legual Itioghtiend PO
i necStion )13 Mm.als(eld on t heefrfeesatlitv eorfe stsh ea calsyt s
direct I|listing of the 0.5 wattsegxdr osnquar e
woul d be removed i n f awvloerveal rleifgehrteinncge ctoon ttr
same exempt iwomnu. dThil | ow a single exemption
|l ack of di mming requirements for such spac
respendiighti ng.

Secti oni Plr4e0s.cér i pti ve Requirements for I ndoor
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T (a) 2Ki s subsectiowerr all dtoevantce pactors. Thi
be updated to reflect the changes to the d
requirementlofl3ecThenl, 000 square foot t|
replaced wefhetheveodt 000 ttdteald. dbe wiagn swapte
square foot reference would be di rleecvteeld t o
' ighting contr ol-lsgbiatreaibdt daeo rtreersmp ofnndoom g t e x t
removed.

T Tabl e -Ai4l0i.c6ht i ng Power Adjust mEme F@acdo0d s (
square foot and 0.5 watt per square foot t
be removed and the introductohlryl d mqoganaege w
defining eligible facilities and spaces as
demand resmdhnsinge clontrol s.

2.1.3.2 Summary of Changes to the Reference Appendices

The proposed code charge pwawmlcee medithg NAive 6. 3.
reér emppendti wies! d. It would remove the 50 perc:
the full output test of the two existing veri
verification method that would operate at the
t heir «csiargguietgsatdeid eby end

2.1.3.3 Summary of Changes to the Nonresidential ACM Reference Manual
The proposed code change would not modify the

of the Nonresidential ACM Ref er e naccec oManntuian g dfec
PAs, but the |l anguage references the standard
updat ed.

2.1.3.4 Summary of Changes to the Nonresidential Compliance Manual
The proposed owoadm diHangedrew f sbf owhegNeeacesbDden
ComprnaEanual

T Secon 5.4 Mandatory Lighti og-DeaovatnBdo!l s, sub
Responsive LighTheglCob®0osguare foot thre:

replaced wethetheveodt 000 tot al design wat
square f oowoulhd eisredillewideen cae rtl ce vtel e I muwlhttii ng
exemption of the same | evel

1T Section 5.6 Prescriptive Compl i ainkcaer tAplp,r 0 a

Adjusted I ndoor Lighting Power, subsection
Factors (PAEs$) oor oRd@MMabughpeConThelde mand
responsive |l anguage within waoulldanbgeu argeepl ac

detailed in the CASE Report for demand res
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removing the 10,000 square footnaredbblbews

andncluding a more gener al statement notin
were not required to i mplement demand resp
PAF.

1 AppendibemMand Responsive Control s

o Tabl-2 Bummary of DR Gemtrssolf oRe dNeiwl g
Constructed Nonresideatl@| O0BQUi $gquamges :f oc
called out in this tableewdelcdive Hhe@PI0O®
design wattage.

o Section 4. DR Control sTHerl @, @G i snqgu &ryes
t hrelsdh wouladc ebde wietphk ftflreec tdaovset 4, 000 t ot al
wattage and the 0.5 watts per square fo
reference -levoet hei gobtt hg controls exempt
l evel

2.1.3.5 Summary of Changes to Compliance Documents

Tk proposed code change would modify the

comp

T NRCLCTE Indoor Lighting Ceruptintat eoof eCbmp
revised threshold reqguirements from 10, 000
wattage.

T NRCAT04A émand Responsive Lighting Control A
refinements would be made to align with th

T NRGLTOS5E Power Adjustment Factors Certifica

woul d be made to al ngn wihteh dtehrea nndo diefsipcoantsii
Il d including replace the 10,-000 squ
ve total design wattage, the refere
on
f o

thresho
ef fecti
exempt.i bevehel mghti ng controwatitrs ppleace
sqguar e ot exemption, -aAambditaembeiong the te

2. 1Régul atory Context

2.1.4.1 Existing Requirements in California Energy Code

The existing code | anguage states |lighting DR
than 10, 000,wbeuar esphees with a watts per squa
to 0.5 are exempt from the requirement and do

foot threshold. When complying with demand re
di mmi ng must bet e eldi dolatsiedg ot echnol ogy i nstall
130A1 Spaces where health or | ife safety stat:
permit |ighting to be reduced are not require

do not countlOtoWwarsiguame f oot threshol d.
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The 2022 code cycle includes potenti al updat e

Decreasing the all owable LPD would result in
responsive |ighting. AdditiopbaVYéyre@quipreomporstal
secondary side |it daylit zones to mandatory
demand responsive |ighting as it would reduce

hours. These changes are preskmgtheéednign @ame non
nonresidential daylighting controls CASE RepoO

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

There are no relevant requirements in other peé

2.1.4.3 Relationship to Local, State, or Federal Laws

There are no relevant | ocal , stat e, or feder a

2.1.4.4 Relationship to Industry Standards

There are sever al building codes and rating s
DR and include mrtevdtadridoincsi peot ifaarciiln tDR transac
codes and rating systems include, but are not
189.1, the International Energy Conservation
and Environment al Des | donondjeLsE EiDn)c. | uMvdoed erl e gowii r e me
support DR wusing the following strategies: (1
ensure | oad are equipped with DR controls, (3
commi ssioned and cer i Cialpa bdfo rceonngaonmdi nd etyo abDF
designed, (4) require participation in DR tra
use to be measured t eaidadreabrnaen algetmeenrt d eemarhee f u
building codes and ratainngidaslygsit emolr emtua mry memt ®:

Title 2HMas Pmone 6robust and detailed DR requir e
mandatory model codes. This is, in part, beca
mar kets and building energy teof fFbducihgegs cyweatdksr
utility markets in California.

On the voluntary <i0degutASHRAE t©1BAt 1buil di ngs
with ADR infrastructure capable of receiving
system oper ptadry,pbdrg rtahm rpd ovi ded to automati ca
adjustments to the HVAC and |l ighting systems.
projects with interior |ighting control syste
programmed to alproovgmidimrg AsDiRal IThreeduce the tot e
l' ighting power demand during a DR event by no
50 percent of the baseline power | evel. Requ
spaces not i n daymagsenmalgudenelsumiTmaisres or si
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emergency circuits, luminaires within a dayl:|

to automated daylighting control systems, and
all owance for i nstigsuisfiiocnant Ity nmorge dlienscr i pt i\
specifications2®f4 ASMIRIAGhUI@®tnleisnedchat buil ding
automatic systems, such as demand | imiting or
reducing electric piermagnai maen&8 of 6 dthehtbaiprdoj e c
peak demand. The U.S. Green BuildemgdiCoufnaern | DI
i n LEED Vaenrds roepbei g system with the requiremen
with a mini mum peakdet eocfo nliOc iptegrEcheenma ndu rreent |
Version 4.1 which includes a DR credit with s
10 percent demand reduction hapedleemowdarandd er
the general annual peak demand.

2.1Chbmplanmed &Enf orcement

When developing this proposal, the Statewide
streamline the compliance and enforcement pro
mar ket actors who are involved in thies process
seicon describes how to comply with the propos:
compliance ver iApipceantdbiox@sEpmos elsew the proposed
i mpact various mar ket actors.

The a
1

(@]
—

i vitiesr tdhhati mgeelaco ptasue of the proj «

the design phase, the | ightd.i
ndive controls are incorporat
I r es gthhteirm.g Addedsiitgi noenda | nhuys,t tehnes u
is controlled by the demand
r eulssa)g eb y( olr5 Ipiegrhcteinntg olfe vmor e
e for speciflyathgmaetmatnide r @
he design team documents 1in
ontr ol r elqiiEi M endeonmtr Celi mht h egNBC
ance documREE CrerNRGG cate of Compli a
ma nacceh aapnpdr oot her | i ghting design docu

Q» ~+ — = Q

O Dd®D®—C —T» SO0
T JbLVounwTaeounon
e o B o BN el © Bl o e S el
o —o —

Appl i cRltamsn éhamiener review design
m t hat the deasimpmdc amepslpioens iwiet It otnta o
guirements.

=
T
(¢
5 =
-3
—

= 0
D O
—

nstructidhePhagétting system, awhd cthhean c
mand responsive controls are installed a
nstruction phase. The details and capabi
n
e

=
Q0
® O

(@]
o

umented-LiTM2NRCtilhe Certificate of I nstal]l
nagement Contr oilngSy&Ganretnt oolr SQyisgtheem. The cc
ogrammed/ configured so the system can au
rategy that iasccteepsttaendc ed utreisntg. tAhecerti fi ed
chnician (ATT) conducts fuhetconbaltopes¥ys

U)'DZQ.
~ =@

—
@D
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to complete required acceptance tests and
compl et es -t THedANRDOAmMand RespoGosnitvreolLi ghti ng
Acceptance Document to document a passing

T I'nspecti ofih®hials@éiing i nspector confirms acc
compl eted and the appropriate controls wer
reviewing tchuemeMRGA dduo i ng i nspection.

The compliance and enforcement process after
| argely the same. The primary difference from
thresholds at which this compl i @intclee p2do,c eFsasr tm
nonresidenti al l' ighting in spaces | arggr than
power densiti eswagtrtesatpeer t(stgaumair@®eg5feoxeampti ons f o
ordinances) must have demand reaponsal bvVg ceduc

the |Ilighting power of the facility.s WCASBETLt he
Reportlbe 000 s gquumaret iftoaotti veutcthmreaglkrol dhhewl10, 000
sqguareotbet repl acetd0Odelsi vplagasstied in-the 2019
NRCCTE certificat,e wift It otnlpd i aanme exempti ons ir
pe square foot spaces and areas where health
regul ation does not permit | ighting power to

2. 2Mar ket Anal ysi s
2. 2Mar ket Structure
DR enabled |Iighting systems involve two pri ma

T A native nenguocintorfol $ ghhat enables demand
through OpenADR, and

T A piecemeal system of I|ighting controls <co
communication protocol that extends to a s
The mar ket for wiredsamnd wielél ess abomtshed 1in

available through establishedTahls2ri buti on ch

Tabl® Lighting Mar ket Actors

Mar ket Actor CorFeuncti on
Manufacturer Pr o d uocnt

Whol esal e Distr Distribution of PFioda rm ¢
Manufacturer Re Sales Generation

El ectrical Cont I nstallation and Sal es
Commer ci-lhd e rEsn d Deci sion Market

A 2015 study by Bonnewi lclharRecwenr i i fdiosutrr at is
channels used by manufactur erusetres.s ellhle Ifioguht i
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channels include wholesale distribution, reta
Furt hreee,, mobot h i ndehpoeunsdee nnta naunfelp citnseet at i ves act
brokers for deals, thus playing @Bonmeortkthet
Power Authority 2015)

Tabl4 LightrinlgutbDiien Chai n
Di stri bDescrmptio

Channel
Whol esafYDominant Channel
DistribfNot all inventory is physicall
manufactursehrigpofiddriapct!|l y from
Ret ai |l TSelling protduadstibnaugbri ck
Online YSelling only B0OGhaolls. camh otk
from a central warehouse
fTOffering minimum customer ser)
Direct 9YSmallest channel used by |lcaamad
or by ameuwWf anct urers fAbecause th
Many f i xufuacect umaenmr s of fer standal one or integrae
| atter gaining more mar ket share. This integr

controls has only accel am&zteenéd nWistbha ttelod i @t ti inrg
technol ogyw.heSamag oaof manufacturers that offer |

OpenADR certified include, but are not | imite
Daintree Enterprises, and Lutron El ectronics.
TRk 2014 California Commer chiyall tSaotnu rpartei poanr e(dC Sf<
California Public Utilities Commission collec
| amps by control type and the busineissds part
control, and QORtremg, sti@a¢e2@0@hd#dy found that np:;
statistically significant smaller share of th

participants and a hi gohheroldhar é& yo fE MSh e iorc clugpmm
motion sedsphsetoael | s and -parntei cdillpdaandss,&. H anrc R2d

This insight demonstrates the early adoption
study wmlsetceodn these controlliagtieoahnol thiee L
codes such as Title 24, Part 6 to further 1inc

Addi t i olniagd htniomg specific OpenADR devices are &

Uni versal Devices Inc., | C Systems | nc, | PKey
SolauasioLLC. These devices can be purchased di
thrmugnl i ne mar ketplaces, online resellers, al
neutral device manufacturers, such as those p
secei lines to aid with installation and c¢ommi

sent directulsyert.o the end
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2.2T@8chnical Feasibility, Mar ket Availabil it
There are three main DR strategiacilfiori esrn:.dob)

di mmi ng e s2s)e nntoina | l ighting shueotk] eandod) opacvw
strategy to employ depends on the installed I
example, |l ighting fixtures aw tchonmomrayb | bee bfad ur
of fice spaces and can shed I|heaad wohlurldu gohr oocvd rdsei
sufficient Iighting in all occuessdantaireala sac Rer

decorati v
tend to -b
patterno

e |lighting that cVdanr ebheo utsuersn eadn do fbfo xd us
a
r

significan
u
0
c

el hgpbhing fixtidrsesaldmwdinfgf ¢ roenta dic
sult when one circuit is shut off

| oad shedblwdil iegmtaiimg ali ev enlgs aicm etpl
d be mdrees dvhserrwepteiaweh ifn xftaaiel iits (v
cupants and the shutoff of any one

tactic wo
buil ding

0 — = 00

from effe ivedgeutilizing the s

Sever al controls manufacturers have gdeavteel oped
with existing |ighting control systems or est
OpenADR Alliance maintains a qualifiieeld produc
devices. Along with standal one OpenADR device
sytsems, the QPL includes | ighting specific con
| nc. , Daintree Enterprise, Enlighted, Inc., E
The Design Lights Consortium (DLC) maintains
certified to a DLC specification, this specif
capabilities (though ©OMhtentADeR tiismen od f rwverqiuti irregl,)
consi ®f 37 interior |ighting controls systems
c apialbi ties. DLC defines DR capabilities as ha\
consumption of a | i-djynftii megd swaygt,emgn ian taempper ar \
respamsea demand r e(sDLoCn s2e0 ¥s9i)Jgiongahttoionlg scy st em doe

have to be on the DLC QPL to have the same ca
with the proposals within thisuf€dA8EafReposburd

information showing avail abl ec gpabdiulcittsi ensi.t h d
©The DLGuomeked | ighting controls specifications and qua
herhet:t ps: // www. desi gmlnitgmtl s .Aaropphl|l/ dtaldt cdhfe gwriimei ng, the co
specification was on version 4.0 that was |l ast wupdated

|l ast updat éceromB,N®RWelA . hS p epcsi: f/i/ cwamwi. adress:i g mlnit  lotl ss-/ @rua/l 1i if ¢
system/ treeduwii carhent s/

2Q2ZTitl e 2F) nGASHE ReipRdr2NRGRD-I N-F|3 5


https://www.designlights.org/lighting-controls/download-the-qpl/
https://www.designlights.org/lighting-controls/qualify-a-system/technical-requirements/
https://www.designlights.org/lighting-controls/qualify-a-system/technical-requirements/

2. 3Energy Savings
2. 3Keéy Assumptions for Energy Savings Anal ys

The energy and cost analysis presented in thi
consi shenhewilrDV factors presented during the

2020 wopbpkhsbompli afcal médtoringsa Ener gy Thoenmi ssi o
electricity TDV factors include theDY5 percen
factors include the impact of met haintey | ERQWKage
factors used in the energy savings analyses w
Environment al Economi cs, |l nc. (E3) , tVhe contr
factors for the Energy Commi ssion, +h5 apactpr ea
Retail Adj Scaled by Avoided Costs.xlsxo. The
energy savings analyses were obtained via ema
AR2Q2TDV_Policy Compliant CH4Leak _ Fl atRtl|l Add _2
demandt dras used in the energy savings anal ysi ¢
a spreadsheet titled A2022 TDV Demand Factors

Energy sCoimbom released iwedungl 2020 wsemRO@Gg pot
(GWP) valadsofi mseeer 1 GWP values that were used
TDV factowxrarTlGeNP2 ¥ al ues increased the TDV f a

the TDV enesr gyesawniteg in this report are | owe
expected TDVtheatyiecnasré QWP values were used in
proposed code changes will be more cost effec

savings presentttedr man &Wh montd af fected by TDV ¢

The energy savirhgd hda ss oneiastuedk wist focused on t
associated with enacting demand responsive 1in
potenti al I's eval uatged ygcerso sns tthwdlhwe i muielndii on
coetf fecti ve demagnhdt irnegs ptohnrseisvheo lldis based on t he

Updates t o TtEhSe raAMIHI,oi cpabt eodb not require an
savings analysis asgtthkey @aomplindyce haofgi war e |
or do not have aansys cecnieatgeyd swaivtibn gtshei r | anguage
(communication protocol s).

The energy and cost analysis presented in thi
consistent wittdhr & hdeocTkDevt €da on June 5, 2020 on
Pr-Bul emaki nGombBmesgyon -BDOTck¥ CalldDf ornia Energy
Commi ssian 2020)

2.3.1.1 Building Models

A total of twelve buil ding modeel st enne raer er ebva seew
the ASHRAE 90.1 prototypes twail eMit wwod Use . gea R
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on the -C8®BCICuil ding prototypes. The details o

further i n the energy savings methodbhomgny Wh
specific details of the facidiwgl | suathi @a,s gl
stories, and operational schedules, they do n

footage by space type. This spate teperdisaert
l ighting power all owance ofi ntghe hper catrcoetay e tlewio
met hod (which is discussed further in this se
Efficient Resources (DEER) Commerci alsplace@oor
type distributions f(oDEHRR f2f0eIrbe)nst rbeusioludricneg waysp

provide this additional |l evel of detail to th
There are three | ighting powerhealwhoonaen cbeu iclodmpn
met hod, 2) the area categortyhonk.t hdDlde amaa 39 att:e
met hod is used to calculate the I ighting powe
of fers a more detailed anal ysi s ptphlainc atbhlee whoo |a
facility spaces unli ke the wuuadlos¢ednmet had. n®
buil dings would use the area category method,

o —

t h prototype building model s.

While the area oat egeryvmethoedhewmaxi mum al |l ow
each prototypes buot di egreeaes(éemtd otniset tatl d ggel,) whi ch
would be | ower than the Yaxiimuem tail fl yo wtatbd ed iwfaft e
bet ween maxi mum al | owe dsauanvde yd ensaisg nd i veat trti bguet e d
conducted from | ate 20019 gthhtrionugg hs teaakrel hyo | 2d0e2r0s , t
designers, engineers, contractors, protpeerty o
ask, among other thingsesihgonwe dofotrematf aac iplrietsices
such as 50 percentP,D. o ff htiviheed ydail fl foewaebnte r esponder
predominately |ighting designers, responded t
resulted in a distributi cenr dfetiandteal liend tlhieg hetn
met hodol ogy. The supnvegpresehts aamar keé¢d wtei gh
facility installed wattage across all facilit
Once applied to the building prot dteydp elsP,Dst he
were used to identify spaces wloer0e 5t watlt BD pwea
The area category method provides maxi mum all owabl e w;

foot (LPDs). A sepadesignet!| paved itwosballed) with up to I
with an LPD value of 0.6 ewaitgre d etro sagruya rwvea tftoaoge cuam thae O
foot .

2Q2ZTitl e 2F) nGASHE ReiROr2NRGRD-I NF|3 7



square foot. These areas were subsequently ex

required to install demand responsive | ightin
The ASHRAE 90. ICoam db uGBHGG g model s include wee
operational scpedutegpéorTlekasd schedul es were
facility unoccupied/ closed schedules and the

unoccupied/ closed ti mes.

2.3.1.2 Daylight Impacts

Nonresidenti al daylighting appliasdtsegendany
daylit zones as well as the skylit zone. With
daylight is greater the 150 per cenmi noafi rtehse de
within those zones need to havpetbent. pdbweacc
for this |lighting control requirement, some a
daylighting is applied, how much spdcwhast Wwst
the power reduction i mpact.

Lighting power réaduogi appfrem wwaghi ghere is s
daylit and skylit zones. While there are nume
il luminance is proviagdedsuomwm ¢éhpeseUZz®ntelsrowvagl hc |
ot her buildings, amdAhswirvaawvehadssuampdi on i s t
greater than 150 percent of the designed spac
daylight in the dayl iitl lzuom ensa.n cWh imaey tnhoits all emae
for t-bhgsistiet eearidagt itdhres Statteewi de CASE Team use:(
create a conservative estimate of the availab
zones As di scussed iidnn 3mdlrt eéh ed edtaayil li gihnt i Segc | mp a
considered to start at 2 p.m., the historical
and the starting time for evaluation of this
acrosor@alai fhom bongitude and | atitude perspe
Team | ooked at the two extremes within Califo
geographic |l ocation on sunset ti mes. Energy C
represents theedwurz@alsitfi anrorrliticomavtheéll52orieepr esent s
the zone furthest southeast. | n 20iln8at el hZeo naev e
is 7:01 plimma twdii5Z @nseC 62 T2h9e spe. mar e not drasticall
enough to meralty sseesphaerbaativee raange sunset ti me of €
used to represent California as a whol e.

2Data for CZ1l is represented by the Pailtmy Spfri Argsat £A.CA
ti mes analyzed wer-subhakéenofgomnduwersefor the 2019 cal
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Building Climate Zones
California, 2017

E Building Climate Zones

I_'_—I County Boundary

FigwreCalifornia Energy Commission c¢climate zol

Source: Energy.ca. gov

The square footage for eacphprpmatygtapd shabdbnta
zones as well as the skylit zone needs to be
wattage would be controlled by daylighting co
Comrototype buildings, amohg gtheingnkot mahieo
window di mensions, building square footage, t
interior ceiling height, and presentWanhi mage
this information, the Stdatae wiodnes eGA/SSE i Tveea ne sctailn
sqguare footage in each in the daylit zones an
overl apping square footage). The number of wa
t Bi analysis as only two walrlextatsuany x@me utrieme
for a prototype building with windows on al
greater than 150 percent design il luminance <c
sied of the building facingcomei dematttomany! eac
single conservative square footage number for
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reasonably expected to be subject to |l uminair
at anyi mae

Tabl® Prototyge Bayl dtnand Skylit Square Foot

Prototype Total ¢ Dayl® Walls Skyl ¥
Foot Wi ndo
Of fice Small 5,5 3,8 4 N/
Of fice Medi um 53, ¢ 22, ¢ 4 N/
Of fice Large 498, 33, ¢ 1 N/
Strip Mal/l 22, ¢ 2,4 1 N/
St a-Aldone Ret ai | 24, ¢ 2,4 1 8,1
Retai l* Large 240, 12, ¢ 3 320, ¢
Ret ai | Mi xed Us:s 9, 3 1, 8 1 N/
Primary School 73, ¢ 27, € 4 2, 7
Secondary Schoc 210, 55, 1 4 32, ¢
War ehous-Bef{ Nioge 49, ¢ 8 6 2 18, ¢
Qui c k SReersvtiacuer a 2,5 96 2 N/
Smal | Hot el 43, 2 5,0 2 N/
*Pri mady SecDbDaghiy and Skylitatzdares fwdrle sqaupapeed f 00t age
the I arge number of skylights present in the Retail L a
The I mpactfeadotsggggearweoul d reduce their | ighting
prescribed |Iighting power retHec2donPaft6b, p8e

130.1(d). The daylighting i mpacts are integra
nditions and oicncpuapcatnsc W .SkocriisedoBys per cent redu
uld be applied to the calculated | ighting |
urs provided they occur before the average
cility closes at 5 p.mtheaeasd csbmegetdi gbur sg( a:
Sect3i)gzn the reduction in power due to dayl:
ur |l i ghting demand asi ngelde naasn d.h eT hoipse na phporua a
e available lIlighting load is distributed th
actliioghnhtoifng during open and closed hours. Ac
subject to both dasylnispht irrrqquane meandwspandyt
nsor requirements dictate the | ighting be t
taimneditle 24, Part 6, Section 130(c)), thert
cl osed space and ptohtuesn,t izaelr.o | oad shed

o
o

®aownwo—+"~I3 " +3S
S5 ®®D®®d®= 305 ®» O O

2.3.1.3 Occupancy Sensor Impacts

Title 24, Part 6 130.1(c) identifies three di
contr orlenmeengtusi t hat apply to different space ty
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T Section 130.1(c)5: lighting inst,alled in o
mul tipurpose rooms of | ess than 1,000 squa
conference rooms of any sizd, bendomegtod d @enrd
an occupancy sensor that would shut off al
For these sipsacaesss,umed t hat when unoccupied
reduces to zero.

T Section 130.1(c)6: |lighting isnsmhalwlae & hiomu sa
' i brary book stack aisles of 10 or 20 feet
corridors ammudsts tbaei rcwenlitirsol | ed by an occupan
|l east reduce | ighting power by 50 percent
t hespaces, it is assumed that when unoccupi

50 percent .
1T Section 130.1(¢ed: ilni ghtaimgvell hst alnd common

provide access to guestrooms and dwelling
controlled by an occupancy sensor that wou
|l east 50 peecene¢awhenunhbdccumxiessd. iRori st messal
t hat when unoccupied the | ighting power re
While the ASHRAE -GOmlmanel €BELCENt i fy typical
the building as a whol e, t hensges daos snoocti aitdeedn twift
occupanoyssemsspecific spaces. To determine t

spaces, the Statewide CASE Team |l ooked to a 2
U.S. Department of Energy (DOE) EneRB)y Effici
di vi(sU.ohh. DOE (DepartmentThafs Ereerogy) i 2201 u)des

identifying l|ighting energy savings Thaylsepace
16 These values, or the averagéde urheam ea pmaxiemu
were used to estimate the amount of |l ighting

requires occupancy sensor depl oyment .
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Tablé U. S. DOE EERE Application Guide for Fed
Occupancy SemyoiSaEmemg by Room Type

Room TyptcOccupancy
Sensor Lic
Energy Sa\

Cl assrooi4®6%

Conferenid4d5%

Room

Corridor 3880%
of fice, 113 0%
Restroom 3@0%
Storage .45 0%
Warehousi354%

Sour(ce.:S. (D®&prart ment of Energy) 2019)

The energy savings from the dwrciugp@ntclye seaswpise
period of each prototype building that were |
buil ding model s.

2.3.1.4 Demand Responsive Lighting Reduction

The energy savings potential is the demand re
casidering the 1 mpact of the daylighting and
A 15 percent |lighting reduction i s wucsaldl ssi nce
for a 15 percent reduction in |ightimngedpower

in Demand Responsive Controls Acceptance Test
2 4, Part 6 Reference Appendices.

2.3.1.5 Annual Participation Hours

DR programsaaed dprectly by wutilities, such a
program and SCEs Critical Peak Pricing (CPP)

t he Capacity Bi dd(im@&E (@ .ah RIGREP. N .PD.P) and

CPP operate ffirveem hfoouurs tpeer event across nine t
through October. While CBP operates across th
hi st or iactaeldl ymoirneie tfie re2g@ eanntd 45 di fferent event

2018 respecthvehgrtiean davertda gensbet ween two and

per event. Accounting for all of these | ong r
can be <conosihdaevree ddereyemtrst hat each | ast for 2
hours peCPyYy@az2017 & o02018)gn with this DR progr
top 88 hours per year, equi val ermrctant d et heex pteacp e
to result in DR action. While the DR window th
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from 11 a.m. to 9 p.m., no event hagCP&E€CNn cal
2017 &.2060B)this oeaaspeyc®¥ihnhdoondsg TRoul d be res
within the 2 p.m. to 9 p.m. windfowe Pha& bbas

for the three | argest investor owned utilitie
which have hi saatkorhiowalsl poeh aveerephe® p. m. , but hav
transitioned, or are in the midst of transiti
Nonresidential facilities at all three wutilit

with this winttewobégydamien@od by 2020. At which

woul d be transitioning nonrodussiedeenlteicatlr iccuisttyo nrea
Whil e DR enroll ment represents a small fracti
customer snveass otrheowined atiahsition nonre$identi
use rates, demand responsive |lighting would b
customers and not solely those in DR progr ams
The three DR programs idenhi ODcedbepgradbembnbm
referred to as the Asummer seasono, which has
mont hs of DR programs. However, in recent yea

wit h-ryaeuanrd wi ndows: The Demand ReDsRpAdV) S e tAuwect i o
Supwlie Pilot (SSP), and Excess Supply Side P
expand operation ofr ORnpromeraantsi d o, ytelaeg TDV h
considered in the top one percent of this ene
ay mont h.

2. 3EBergyi @s Met hodol ogy

2.3.2.1 Energy Savings Methodology per Prototypical Building

The Energy Commi ssion directed the Statewide
i mpacts using specific prototypical buil ding
geomesrfor dpéseotnBulid dp mgtsot ype buil dings tF
CASE Team used in the analysis dfabil®&i $hsubmea
existing Titl e endappPlayr tt 06 broetghuinmeewn consor uct i C

the Standard Design is minimal] | i arcebgnu@ |rieanmetn tvsi
accounting for variances in install &@ LPDs ba
purpose of the energy savings analysis, there

BANSISHRAE/ I ES StandardCeétm. huahdi €BEM@MEdel s and were use
evaluation. Details concerni®tgandar dnod@.l 5 rAdNGE I/ A SHRMAEN d
foll owihnd plsi: ik www. energycodes. gov/development/ commer ci
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https://www.energycodes.gov/development/commercial/prototype_models

new construction

occupancy,

Tabl®
| mpact

Prot oNgpfeNumb .

of

Stor
Of fice Sr 1
Of fi ce Me 3
Of fi ce Le 13
Strip Mal 1
St a-Adone 1
Rei &
Ret ai l L ¢ 1
Ret ai l Mi 1
Primary ¢ 1
Secondary 2
School
War eh o u s-€ 1
Refrigere
Qui ck Ser 1
Restaurar
Smal | Ho't 4
a.Large

buil ding

Source: ASHRAE

Protot
s Anal

and

pe
S |

S

and

Bui

di

ngs

alterations as both
photosensor requirememsts that

FI oDescription

Ar e
(9
5,51 story, 5 zone office
unconditione®.28tic. WW
53, €3 story of ftihce5 bzuan eds nagl
pl enum on each. 383o00r. W
498, 12 story + 1 Ibaiskediemg w
and a ceiling plenuin 90
22, t5Strip Mall burtll dpegcwent

24,

240,

9,

73,

€S
on

mi |
t h

ar to a Ta rpgeertcWWwR
e front fa-ade, no

2.dercent

an

3 Re
ad

CEI

210, Hi

Bi-lgo x

type Retail -bipielrc

d SRR2rcent

t ai
i ab
e me
gh

49, £4Si ngl

2,

4 3,

of

fic

SFast

di
an
24

ReRetidi lanMi x ed
modes ar

90. 1
https:.lkehwwwycodes.

ni n
un

In gb wii It ¢kl OWAR Cc e rRto o f
atic

ntary schoopewtceéeht
school wpehc#®&NWR of

story high ceiolnie
sp-@c@®er \MRESEper ce
food restaurant wi
g qpreaxcwWWR1I4Pitched
conditioned attic.

e
e

sthon WWR1Ilpercantaver age

Us e

e based
Model s

ar eCobma sbeudi lodni ntgh emoCdBeHC Gvhi | e
on the ASHRAE 90.1 prototyp

at

gov/ devel opment/ commercial / prototype

Th&t at

e Wi

de

custom excel
prtootype
(comparedal It olwRR@h eby t

t he O.
wher e

5 watt s

per
ar e

oceepancsyg

cul

CASE Team
cal
b ui | dtiankgess.

he

estimated energy and
ator tool to estimate
iTnhtios acocodunt the est.i
area category met hod),
square foot exemption,
ee@di,r®arby6Tithe 1 mpact
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https://www.energycodes.gov/development/commercial/prototype_models

where they are required by Title 24, Part 6,

ti mes, unoccupied times, and |ighting | evels
met hod héel Bwat ewi de CArBEI fTyeatmhe oi mdoor | i ghtir
potenti al based on the requirements of Title
applied to the top one percent (or 88 hours)

saving pobtueinlitdianlg btyy pe.

Prototype Wattage Without Controls

The first step of the energy savings calcul at
without any controls. This calculated | ightin
steps as o0c chuoptaonsceyn saonrd cpodurceldstar spiaces t hat
required by Title 24, Part 6.

The area category |ighting power all-€wanees o0
used in conjunction with the 2016 Database fo
Comerr ci al |l ndoorr i ghtidgnBufmmaspace type fra
model I delmtbilféi ddhei space type fractions of the
Summary al | obwi tdiiorne cotf atthter iag e@oweatrt eglolrgwdnmngd tm
to each building type. As an example, this at
showmTabda@& I A the prototype Thauwilladn diegrsg a dtemitsi fsipe
typ fraction and area category |lighting power
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Tabl® DEER 2016 Small Of fice Area Faction Dis

DEER 201 DEE Prot Title 2Are 20119 t 1 Al |l ow
Space Ty 201 pe fCategory S Part 6 | Light
Spac Type Power D (W
Typ ( WA
Fraci
Break 4 % 20Lounge, Br 0. ¢« 13
or Waiting
CompRoom 1% 71El ectrical 0. : 2 ¢
mechani cal
Tel ephone
Conferen: 6 % 31 Convention 0. ¢ 26
Conference
Mul ti purpo
Meeting Ar
CopyRoom 1 % 5tCopy Room 0. 2 ¢
Hal | 6 % 35Corridor A 0. ¢ 21
LobbyWwai - 6 % 32 Main Entry 0. ¢ 27
Mec hEI ec 2 % 9(CEl ectrical 0. : 3¢
mechani cal
Tel ephone
Of fi ceOp: 36¢ 1, 90ffice Are 0. ¢ 1,1
pl an cef f
Of fi ceSm 25¢ 1, 30ffice Are 0. 95
sqguare fee
Rest Room 4 Y% 23 Restr ooms 0. ¢ 15
StoragesS: 10¢ 53 Commeiral [/ 0. - 24

l ndustri al
War ehouse

Tot al : 100 5,5 3, 4
Source: ASHRAE 90. lgaModéEBECCnBCkDEERcR2D&@B) with

This data source pairing results in a prototy
maxi mum all owabl e wattage of each prototype b
area cat egadriyweprresgauriirement s. For the smal/l of
allobwa wattage is 3,498 watts. However, not al
facilities install the maxi mum all owable | igh
the maxi muem wadl oavgél woul d be difficult to do
that | ighting designer s aan dd ebsua gl hda gnegy soommeew hse rwe
bel ow RBEnlel owance. To account for this, a surve
fr®2m@m19 t harluyyh2®20 to | ighting stakehol der s,

engeers, contractors, property owneraskanamarmg
other things, how often facilities are design
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percental lodwdahlee -fLiPDe dihfifréernyent respomecdgnts, p
designers, responded to this question. This s
Tabl®@

Tabl@e Actual Li ghttiangger DSay/i dqRre sWa tt s

LPMMDesigns Wei gh Average LPDof

Design F Maxi mum Al
At or ar ounmd | nawaibn 3 W 95¢
Bet ween 10 and 24% 2 2% 8 3¢
Bet ween 25 and 49% 1% 6 3¢
At efFrow 50% LPD 2 8 50¢
Wei gchtAever age 8 %

Source: 2019 & 2020 Stakeholder Survey

The weighted avliearbd ges sthhoemn appl i ed to the maxi
LPD of each wsmade btuygdaifngr prototype, resultin
LPD f dir spaace of each building prototype. At t
weighted LPD | ess than or equal to 0.5 watts
existing demend irgndgdganmsiexempti on.

The mar ket weighted L PtDheonf neualcthi pslpiaecde btyy pteh el ss
of that specific space type (e.g., conference
and separated into facility ffaocpdnd yamd pfemldoo ae
that the prototypeo fbaecidpetryatiisngc oinns iodcecruepdi eed
Acl osedd are hours at which the prototype fac

unoccupied conditions. For exampkceupwbd!| af aer
the occupancy rateHVACgbpengtaohivdegreand si
settle into their unoccupied operFatgi@are at t hi
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100%
Sk / LAY
80% : :
= | <
o 70% |
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O 50%
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L
o 30% ‘
o
20% : / —
10%
0%
£ EEEEEEEEEESETETEETETETETETETEEE
mmmmmmmmmﬂmoQQQQ_QQ_QD_O_Q_QQ
— N M T N W~ 00O A 5 A4 N MS N W N 00 60 O — N
~— - - - -
e=eeBLDG_OCC_SCH ====BLDG_EQUIP_SCH BLDG_LIGHT SCH
Fi gwBr eSmal | of fice occupancy, equi pmeonft , and

day.

Source: ASHRAE 90.1 Building Model Operations

The open and closed hours have their own expe

considered. To this point, the analysis consi
instwatedge but nmoatitdhrealdawdtyt @agpe. This di ffer
byewi ewing the building model |l ighting operat:i
hours bound by the DR program hours of our ev
can be Bieg®dr etnhhe | ighting schedule indicates |
from 2 to 5 p.m., with 5 to 6 p.m. having a

of these four hours is 83 percent whadcdh can b
wadage to achieve the operating wattage during
applied to the c¢closed hours, which end at 9 p
program operation hour s. For the small office
and . 9n.p the |lighting | evels average 27 percen
The result of these steps is the mar ket weigh
open and cl osed operation at each building pr

Prototype Wattage with Daylighting Controls

Tk second step in the energy savings calcul at
requirements of Title 24, Part 6. Specifical

l'ighting in the skylit, primarypnarndlagsecondar
automatically adjust the power of the instald]l
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l ight | evel stable as the amount of incoming

states tipatr kalnlg ym@amage areas shably hiamemt heir
of 65 percent when the il luminance from dayl:
design illuminance received from the gener al

To incorporate this requirement the Statewide
di mmdog to daylighting would be in effect. Th
average sunset time across California during

sunset time instead of the sunset time for in
energyi sgs key assumptions section. This assul
time of 6:45 p.m., as previously detailed. Th
generalize that before the sun has setmat 6: 4
thatmur al l ight in the primary and secondary s

fixtures down by 65 percent per
produce a conservative esti mate
isituf ficient solar illuminance du

Secti on

130.1

simeei Pr es uma
ring daylight
exposure. As discussed2.i 3, mohie danyplaicyth tiisn eict
considered to start at 2:00fpdemantdheebpensr v

events and the starting time for evaluation o
The fraction of each prototype building that

sidelit and skylit daylit zones i sC-Goemt er mi ned
buil ding model schematics that identify the g
wi ndof enestration details, skylight di mensi on,

daylighting i mpact on this fractiowmlodbfedt he f a

wattage of the facility during open and cl ose
wi dhyl ighting control s.

Prototype Wattage with Daylighting and Occupancy Controls

The third step in the energy savi mnx yc alonu lr atl

requirements of Title 24, Part 6
there are three different aspect
apply to different space types:

T Secti on
mul ti purpose rooms of | essobmanotl, aag@
conference rooms of any si ze,
an occupancy sensor tha

T Section 130.1(c) 6: ' i ghting i
|l i brary book stack aisles of
corridors and stairwells must
|l east reduce | ighting po

2Q2ZTitl e 2F|) nGASHE ReipRr2NRGRD-I N-F|4 9
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T Section 1gBtildg)i7Tnstalled in stairwells an:i
provide access to guestrooms and dwelling
controlled by aensocupamat would reduce the
| east 50 percent when the area I s unoccupi

Attributing the previously idgnBitfoi @d eospuxaers
that require occupanmdy icermadorsdurchtiiothg | o vaesra i
during the open hours. Either reducing the 1|

to Section 130.1(c)5 or a 50 percent reductio
130.1(c)6 and 7. Coerbirnediuc ttihans icratlthceughat i ng poc
occupancy sensors with the initially calcul at
daylighting reduction in |ighting power provi
space type and openh cproosteadt yhpoeu rbsu iflodri nega.c

Demand Response Lighting Power Reduction of Prototype Buildings

The Proposed Design impact of this measures i
energy savings comes in the form of a 15 perc
2019 Title 24, Prairng 6t Hd0t.d@ (ecnd ,pamucent of TI
facilities. 2019 Title 24, Part 6 identifies

i mpl ementation that differ in this famatl y&nd:

spaces with ubaststbh@n5owaéegs per square foot .
savings evalwuation, al/l nonresidential spaces
controls are considered to be partsi oMmhpatei ng i
heal th or | i,f eorsdafneatnyc es,t aotrue egul ati on does no
reduction. -dhteatwveoskemptions are establish
savings results againstSdeh eSatditolm faidipd @menit
statewide savings, 1 ndlouwdibrug |ad sngmptcicaumpsa na kso un
control snew Ftoifugsket roaft es .

The 15 percent reduction i sotaoptpylpiee do utiol dtihneg fwa

ater accounting for the daylighting and occup:
Pewunit energy i mpacts for nonresidenti al bui l
foot. Annual energy and peak demanar e mpacts f
transl at ed pient s qgiumpactioot by dividing by the
building. This step allows for an easier comp
types and enables a calcul ation off osrteactaeswti d e
t hat i s ipnubtleirsnhsedof f |l oor area by building typ

Top One Percent of TDV Factors

The top one percent (equivalent to 88 hours)
represents a single hour in a calpndararnyeauseo:
to mireaontredxpR program operation. The Statewioc
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hours by climate zone within these parameters
average TDV cost factors in 2023 prVesseknh)val u
and the cogresmpobedi of hours. Taking the wei ght

climate zones results in the dalZ@i buti on by
A similar evalwuation methodol ogy was i mpl emen
measurdsing the previously identified top 88 |
factor wads taot teraicbhutoef t he rel evant hours. The
characteristic that is used to calculate a pr

demandrfaatae was devel oped when the 2022 TDV
annual TDV hour Ilwi tdi stthrei bswtm oconf t he annual den
one. Multiplying the demand factor by the ene
yi el ds t hek adnenmiaanild .pefTao account for the demand
prescribed 15 percdmtn,| itdhet idregnalnada d arca dbuc twa s
each hour of each climate zone for their resp
devel oped to amadwentzofhers.alTlheclresult of this
i mab2 @

Tab2@ Top One Percent (88 Hours) Average TDV
Count of Hours

Hour Efc Average Demar Count afs
Energy Fact Across al
Val 2O
P\W/ kW
3: 0 m $4P6 0.00Q0 35
4: 0 m $416 0.00 54
5: ®O0 m $515 0.00 85
6: O m $526 0.00 17
7. @O m $221 0. 06 29 ¢
8: ®O m $19. 0. 12 4 3 |
9: MO m $169 0056 32
a. Each hepresents the entire hour preceding the I isted

2:00 to 3:00 p. m.

To account for the difference in open and cl o
the Statewide CASE TemmfTMob®Rka rt ch ed ii :sntf roir omatt e d t |
results based on start and close times which

energy savings of each eaioftiod yppee rbaatsierdg omo u rhs.
di str$ buamomeT ashl2eehabh2Z nadl ab2 2
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Tab2® Top One Percent (88 Hours) Climate Zone

Hour Wi ndow Start
Endi®n 3.0(4:0 5:0 6:0 7:0 8:0 9:00
p.m. p.m p.m p.mp.mp.m p.m.

Wi ndo3: @©Q n 2.
End

4 : @Q n 5. 3.

5: @0 n 10. 8. 5.

6: ®Q n 2 2. 19. 16. 11.

7: @®Q n 40 . 3 8. 35. 29. 18.

8: @O n 6 7. 65. 6 2. 57. 45. 2 7.

9: @O n 8 8. 85. 8 2. 77. 66. 4 7 . 20.
a.Each hour represents the entire hour preceding the |

2. 00 to 3:00 p. m.

Tab22 Top One Percent

(8 HoubsYalAves algpye IJtDar t
and Close Ti mes,; TDV 202
n

Present Value $ per

Hour Wi
Endi%n 3:0 4:0 5:0 0 7:0 8:0 90
p.n p.n p.n n p.n p.n p.n

Windc3: QO n $4DP26
End

4: @O0 n $480$416

5: @O n $465 $483$515

6: @O n $489$561$523$526

7:@0n $379$302$3629$33. $221

8: ®On $3P9$29. $296$227$210%$109.

9: O n $208%2B84$265$2893$1613$188$169

a.Exh hour represents the entire hour preceding the 1
2:00 to 3:00 p. m.
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Tab2® Top One Percent (88 Hours) Sum of Deman
Close Ti mes

Hour Wi nd&wart
Endi®n 3. ( 4:( 5:( 6:( 7:(C 8:( 90
p.r p.r p.r p.r p.r p.r p.r
Wi ndo3: @Qr 0. 0O

End

4: @0 r 0. 0C 0. OC

5: ®@0r 0.0CO0.0CO0. 0C

6: Qr 0.0CO0.0CO0.0CO.OC

7: ®Qr 0.070.070.070.070.0°¢€

8: ®Qr 0.200.2C0.2C0.2C0.1¢<0.1°

9: ®@Qr 0.2 0.250.250.250.22420.170.0¢
a.Each hour represents the entire hour preceding the |

2: 00 tp. B.:00

This iindmrenman be used to understand the TDV ai
based on a building prototypeds open and cl os
demand hours of 2 to 9 p.m. For example, the

6p. m. and ucrlsosaerde h6o t o 9 p. m. The TDV for the
22 hours per year with a demand factor of 0.0
factor of $19.61 over 66 hours per year with
fo all tkebpidtdomygps Tab2eshown i n

The DR reduction based on the 15 percent | igh
the TDV ener giypVc choturwal men,d demand factor to c
corresponding TDYesa&videgn@anandetdluet i on.
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Tab24 TDV Energy Cost Val
Prototype Open TDVYost

Hou#¥ Val ue Hour
(2023
P\ / k Wh
Of fice Small 26 P $4899 2 2.
Of fice Mediu 26 P $489 2 2.
Of fice Large 26 P $499 2 2.
St aaadone Ret 29 P $208 88 .
Strip Mall 29 P $208 8 8.
Retail Large 29 P $208 8 8.
Ret Mi xed Use 29 P $208 88.
Primary Scho 24 P $480 5.
Secondary Sc 24 P $480 5.
War ehous-e \
Refrigeratéd 26 P $489 22.
ui ck Serviec
CRgestaurant 29 P $208 88.
Smal | Hot el 29 P $208 8 8.

a.lf a facotnioperddipgaem®h e cl ose

ue

and

ti memwanxx esdthatto i the end

Hours by Prototype

TDV Demar Cl os( TD\Xost
Fact Hou?® . Val ue Hour

2023

P\ / k Wh
0.00 69 P $161 6 6 .
0.00 69 P $161 6 6 .
0.00 69 P $161 6 6 .
0. 25 N/ . N/ . N/ .
0. 25 N/ . N/ . N/ .
0. 25 N/ . N/ . N/ .
0. 25 N/ . N/ . N/ .
0.00 49 P $265 8 2.
0.00 49 P $265 8 2.
0. 00 6-9P M $161 6 6 .
0. 25 N/ | N/ . N/ .
0. 25 N/ | N/ . N/ .

of

t

o o

he

and Open

TDV Demar
Fact

.24
. 24
. 24

N/ .
N/ .
N/ .
N/ .

. 25
. 25

. 24

N/ .
N/ .

eval uat.
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2.3.2.2 Statewide Energy Savings Methodology

e -preirt energy i mpacts eereéeexmpapbsateidngot k
atewide Construction ForecasbDsi(tffadt fiolmei Bne
ergy Commi ssTlhe 2U02t00gwi de Construction For e«

nstruction that wilyeacctuhat nt 223022 hEi fli e
guirements are i n tehfef escitz.e lotf alhseo teosttail maetxea ss
23 that the Statewide CASE Team used to app
terations. The consdongttn wat if om e(cCrasw @ao ros/ti rdt
Il sting building stoaok)t ebyomei.|l dihreg btuy pea i amgd
nstruction forecast, Building Type | D, are
1 or-COBBE®Q@i | di ng teymegs ,Cognamitstse oban provi ded
ich prototypical buiillddiingg sT ytpoe uls@e whoern ecaaclhc u
ergy iTmpRéptrsesents the prototypical buil di ng

e Energyi €cCommmeguesewddeh€ASEaTeam use for e:
pe I'D in the Statewide Construction Forecas

pendirxesfents additional i nformati omnabout t
ed to calcul atepasdtasg.ewi de energy i m
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Tabl2&Nonr esi Bantlidalng Types and Associated Pr of
BuildingDTypem Buil ding Pro Wei ghtffiacgor

St atewi de Cons Energy Model Statewi de

Forecast Anal vy

Smal i cO©f f Of fice Small 100

Large Office Of fice Mediu 5009

Large Office Of fice Large 5009

Restaur ant Qui ck Servic 100

Ret ai | St aaadone Ret . 109

Ret ai | Ret ai |l Large 759

Ret ai | Strip Mal/l 5%

Ret ai |l Ret ai |l Mi x ed 109

Grocery Store Grocery 100

Noi#iRefrigerated Warehous-e (N 100
Refrigerated

Refrigerated WRefrigWareho N/ .

School s Primary Scho 6 09

School s Secondary Sc 409

Coll eges Of fice Small 5 %

Col l eges Of fice Mediu 159

Coll eges Of fi ceMedi um 2009

Col l eges Publ i cAssemb 5 %

Col l eges Secondary Sc 309

Coll eges Apartment Hi g 259

Hospitals Hospital 100

Hot el / Mot el s Smal | Hot el 100

Building models for Grocery Stores, Refrigera

were not avainlhdlylse sf@and were excluded hferom a

savings associated with these facilities was

the buil ding model s.

The analysis conducted in this submeasure req

breakdowmr der to apply the area category | igh

met hod and to incorporate occupancy @and dayl i

types. The Offi ce Keedsiium alt aebd parso t200t yppeer cent of
fl oorispaabcl2éddi d not have space by space distrib

and was thus excluded from an individual anal
facility was assumed to be on average .with th
Hi gh se apartments and hotel s/ mot el facilities
copliance only in the nonresidenti al functi on
guest rooms. This results in | i mitedbuaplpdiincgat
prototypes. As a result, the ApartmentHi ghRi s
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analysis while the hotel/ motel buil ding type

prototype identifies 37 percent of mmomni | ity s
space and is therefore subject to nonreesi dent
overall square footage for smal.l hotels was ¢

ASHRAE 90.1 building model descri pthiudn,oneven
di ffered from this value.

Spaces where health or | irfegwsladteiton sd mduenotoryg
lighting to be reduced are not required to in
reason hospitals wer eysnost ainndc laurdee da sisnu niehdi st oa nh
energy savings from this submeasure.

2. 3P8Bquare mrorody El mpacts Results

2.3.3.1 Per-Square Foot Energy Impact Results: Demand Responsive
Lighting

Energy savings and peak demand rTead2e&t iThres per
pesquare foot energy savings figures do not ac

adoption oe rcatmph e amavi ngs per year are | i mit
participatioAspdrsgaased inrtleamekgy assasvu mmtsi G
only the top one percent, or 88 howmst of TDV
energy saving impacts. For buildings that mus
l'ighting reqguamemeyntsagvitrhgs arw ddres tsramet if onr &
al ter Ntoi guansi.t savings for natural gas are expe
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