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Executi ve Summary

This is a draft report. The Statewide CASE Te
comments on the proposed codeerrcthadc garsa ftamids t h e

report. When possible, provide supporting dat
commermti ggested revisions wil/l be considered wl
analyses. The Final CASE Report wildl be submi

Comi ssiifopa@02®Por this report, the Statewide CAS
on the following:

1. Vari abl e AiA\Dkaldwmar df V o w:

a.The Statewide CASE Team assumed that al
using therliviadbgueer bet ween 20 gpesicegmt airf
mi ni mum out doWrarei rsfelekw ng feedback on t
Specifically, we are seekpergc @ratt aa isrhfolwo \
specified for deadband contr ol relative

2. Expand Economi zer Requirements

a.lncremental <cost ilmnfwermataiparcirnel atceod otma
b.Current data on mar ket adoption of | owe
c.Feedback on code | anguage related to Exc

to exempt VRF and other decoupled syste
3. Dedi cated Outdoo®AIir Systems (D

a.l ncrement al cost esti mates of added con
uni t

b.Feedbarc kmar ket adoption of DOAS and proj
c . DOAS prescriptive |l anguage for multiple

4. Exhaust Air Heat Recovery:

a.lncremental cost information

b.Feedback related on the code | anguage a
Email comments andfsoupgestei2ddmsdbapkeegiws td eZ2.&2 0c o m
Comments will not be released for public revi

| ntroducti on

The Codes and Standard&amiBnhhanoemegnte se@ASE) eco
t o s utplp@arlti fEonrenrigay Co insginegsiggyn Copmesbsopbphs to up
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t he Cal i f obfnfiiac iEenreayg yBui(ITditnh gP &tdan@artde i ncl ud
regmemnés or to upgrade existing relguee ement s
California I nvestoriP@Qwndd cUtGalsi taineds E(lle@UWg)i ¢ C
Diego Gas aamB8dc&utelteamrn cCal idrmdwd@uab IEdcilsyo nOwn e d
Uti eisLtos Amrge Depart ment ofanWatSarrameénPowdMuni ci

UtilityhBrrseifreircrted tewi ae tCHASEBStEamtamncl udi ng t hi
CASE Al)itshpoornsored this effort. The program goa
proposawosuttehsautl ttef hecbsve enhancements to | mpr
and energy performance in California building
proposals presented herein are a part of the
effectiveness i nf oergnaitrieonme nftosr opr-edpuoiisleddiernng eareesr

practices and technologi es.

The Statewi de bOWNStEs Tcecadre scuhange proposals to t
the state agency that has authority to adopt

Commi ssion will evalwuate proposals submitted
stakehol ders. ThenEmeaywgyeCosmmi ®8si reject propo
Commi ssionds 2022 Title 24 website for inform

how to participatepsn/ thewpeoeesgagn-dca. gov/ prog
topics/ progreamsedhfuiicsitteanncdya r cbsu/i 2-@ A hredf | cCi ency

Theverall d@oaalAPE Réepesrt i s to presseandt faorcode
nonr es iHWAQ iCGolnTthrecelpsort cont ai ns marptpior dretn gi n f
code change.

Measure Description

Background I nformati on

VAV Deadband Airflow

This measure incorporates changes to the wvari
opermttilvat aligns with recent changes in ASHR/
standards would save energy and simplify comp
requirement for deadband airfl ow operation an
requiremeretcds imemetl2®».1 (c)3. The proposed code
existing prescriptive requirements in Section
buildings which utilize VAV HVAC systems.

Expand Economizer Requirements

This measure woulndg mpodeisfcyr itphte veex irsetqiui r e ment s
including economi zers on smaller capacity uni
fault detection diagnostics (FDD). Economi zer
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save energy by takminlgd adalainft argrei afcltihmate to i
of free cooling. The proposed code changes wo
to Section 140.4 for applicable nonresidenti a

Dedicated Outdoor Air Systems (DOAS)
Dedi cattadaiosy st ems ( DOAS) have high potential t

usage in nonresidential Dbuil di-emlgesctamidc abb i lad ist
They are used in a majority of Cpmrlajfeoatnd.a Aloxnd
DOAS are become increasingly popular in Calif
more flexibility for desi gneP@drotensod bcwirlrdcinntd yo
have a clear definition or pr epsrcorpiopsteidv ec ordeeq u i
changes woul d-egdreeartatvee cenetr gy savings, help p

support state goals to move Tthoewaprrdosp ocsaerdb ocno dnee
changes would add a 9$eacectdicdd. pit iswe csddtciadnd yt d or
nonresidenti al DOAS

Exhaust Air Heat Recovery

Thi s mevaoudnhe | ement new requirements for exhau
syst ems tchrattodmeaeatt door air fracti onat ec| iamadt e 2z
hours of operation.e$hgnedgbasethentssamel dr r
Section 6.5.6 of ASHRARB )Stwhnidcahr dh a9s0 .ilncl uded r
Exhaust Air Heat Recovery since 200dandaedreq
90. 1 but wpdatdelren appCalciafodrenimMm@anhdst he state c
the mar ket

Proposed Code Change

VAV Deadband Airflow

This measure would amend the existing prescri
i ®ection 140.4(d) by specifyidegdblaatd tloe ber i ima
design ventilation airflow, which would align
90.1 (2019). This measure would impact both n
variable air volume HVAC systems.

Expand Economizer Requirements

Ths measure would incorporate two changes to
for econoSmiczteosw 140.4 (e). This would i mpact
maj or alterations and additions when a new HV
wolud 1 nclude the foll owing:

1. Reduce economizing threshold from current
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2.Modi fy wording w tthoi nalTiagbnl ewilt4hO .pdr oposed <ch
90. 1

3.l ncorporate an exception to exempt ssys$t ams
area meets the new dedicated outside air s

Dedicated Outdoor Air Systems (DOAS)
Thi s mevoukhmde prescriptitviecOASNan riesmeechtass t he p

sour cveenafil ation i n nonirreclideata arhi rhiumd i lnegwe It
criteria and control capabiliThes wodl|l dni mpae
primarily new construction though would al so

a new HVAC system wasi n nesxtiasltliendg obfuitlhdisn gsy.p e
ADOASNn this context isysdefm whdidchpdated¥rhCs 100

ventilation air separately from any heating a
Thwouapp!l yDOABS&lIiIng used as a buildings primar
ay size in a nonresidential application in se
i nclude:

1. Providing each space with either:
a.A separate cooling system with an econo

b.ADOAS unmit nwmtum | evel of sensibldemaméerg
cotnr ol wventilation wahhdwv e ylp,ak®G0 cafpm,bidnd
ventilation economizing

2.DOAS wunit fan systems shall havepttihmamibliy if
bal ancing and reduci.ng operation fan power

3.A total systemwiam powscriptliiveefan power
4 .Zone terminal fans for cooling or heating
5.DXDOAS or DOAS with active cooling must ha\

when in ceoling mod

Exhaust Air Heat Recovery
This mevouhmdelewr escriptive requirements for ex

requirements ineqalifrémenta. alfbebased on si mil
ASHRAE Standard 90.1 which take into account

perent of outdoor air, and hours of 16peration
climate zones and utilize a asemtshédbkbepvecyveat

ag he performance metri dheepdegadapt dreessleateesd |
exempt i otntseSTHROAAEE St andeex da @ifa nle rregoyo v, 8¢ ¢yt i o n
6.5.6.1

2022 Title 24, Parit2 G2NIRH¥ ACBIHAASE Report



Scope of Code Proposal

Tablsummar iezesscoophe of the proposed changes and
st andaRedfse,r ence Appendices, MAl h(eAOM)t | Rrveef eCael nccuel
Manuahd compl i anctehadaudwemenotds fi ed as a result

changg

Change

Tabl:e Scogedef Change Proposal

MeasurelType of{Modi fiModi f iWoul d Modi fi ed
Name Require/Secti¢Titl,e|CompligCompl i an

of TitPart €Softwar/[Documgea}

Part €@AppencModi fi €

es

VAV Prescri|(l140. 4(No Yes NRCMICHE
Deadban changg NRC®RHE
Airfl ow
Expand |[Mandato|120. 2(JA6. 3 |Yes NRC®ICHE
Economi|Prescri|FDD NRC®RFE
Require 140. 4
Dedicat|Prescri|140(p)No Yes NR MECH
Outdoor (new changsé Acceptan
Systems secti ¢ Test
( DOAS) modi f isc a
Exhaust|Prescri|140(@&@)NA7.5,|Yes NRC®ICHE
Heat (new NRC®RFE
Recover secti(
Mar ket AamadyRegul atory Assessment
This proposal updaRearst eéxriipspte snvge Trietgluei r2edme nt s

contirml fsour

require

pr-exi sting

Th¥ A\Me adb aindfrheoavs ume or proe @aée rets
ver si A HRASHE an da0r. d .
previous

upon
|l ower
t hat

have

s the

use
of fereavdmaniuf acturer s.
stakehol der

of

economi zer

Exhaad¢éarecovmegysur e

heat

recaa we rhyanidn er s

2022

been

Title

(0]

c ha

24,

sepaastedpbiofeps amsasturkeseaezent
industryandseacomporeat @ener gy s.avien g ompeosxadr es
buiwiddelgy t@&wdinlod mlge esn wthh ¢
| mpl ement ati on

groups t

of

i mpl ement

n gyd sh ea d ap teesd
Exprmomdiegein r etmeand brue | ds

requirememnteaxtaemdd ntad
c ap.ach®heSausruirtes dperveeslcerp spetg wi f esnyesnistesm
already

lintgpheapeetof manmanpaybw
d e v e |-soppeecdi glwi matoe ot $ 1 | z e
which have been util
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CosBf fecti veness

The proposedswe dfeo ucnhdactgmetflfeect i ve for all c¢cl i m:
it Is prbepoxsgditredtcdogd/ ICadmnied c o nbpearreadsi ttsh e
costhvithg st heoveeosy®s oprer i od ofPramalsyedihsan g bat
haved/&atioorofgrlasdeeef f ecti ve. Hhfeatl iaoc,getrhd hfeas
the measure pays foastavisred B/ @& toere sfecera gtgihr e
vasygnificantly acr.8e8ethz2.B8oMi/hhddtehaeones

met hodol ogy, ,aansds urnepstuitobrestt 6 ect h@eeness anal ysis

Statewide EneEgegerWYapamds GreenhqusHgEG Gas
Emi ssilonpact s

Tab2presehesesti maadred dckeireapgadhct s of the propose
c hantgheat wi |l |l be r ealtihze f 2notedthiesavi dehe u2 0223 Tit
Part 6 requirecnleinty®taar stiabheevi de energy i mpact
byw he fométomwileagtri ciitny gsiafvawnagisst per y e@arak( GWh/ vy
el ectrical deimannde graenwdaytcta $i W) gami hvongsheéenms
per yynedrt h@mms/ yr depamd athiteTiD&@mer gy B &VI Dgs
British tphber mgbakBtiuZBg &Spcta .Bn/b./H.f5omor e detail s
on thgebtdrrstatewiadecuilnaptaecdt sby t he SSeactteiwvonde CA
2 .IB.IB./IB.Bontdenail s -anithyenspaevg ngs <cal cul ated b
Statewide CASE Team.

Tab2é€&i rYeta®t at emndyegntmpact s

Measur e El ect | Pea Natur a TD

Savil El ect Savi Ener

( GWh / De mar ( mi | Savi

Reduct t her mg ( TD

( MW kBt u

VAV Deadband A| 4 . 0. 0. 1814

New Constructii 1. 0. 0. 54.

Additions and | 3. 0. 0. 129

Expa_nd Economi | 21 1 (0 476

Requirements

New Constructii 6 . 0. (0 147

Additions and | 15. 0. (0 329
Dedicated Out diq

Systems (DOAS) 11. (0. 0. 499

New Constructii 5. (0. 0 268

Additions and | 5. 0. 0 230
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Exhaust Air Hej (0. 0. 0. 145
Newonstruction (0. 0. 0. 39.
Additions and | (0. 0. 0. 105

Tab3presents the e GHIGMEAIt ega sasvaociidaetda@ wir oipo s ed
code chandgéhset hgeat andar déAvai e eidn GellGf eeni ssi on

measurmatiinc
devel oping
monet arey ofalawoi ded
includeabsdhf ¢ &eianvaelnydsigs .t he
CASE Team wil |l

used in

GHG

extract

tomsdiod x icche peeqguii viaOQteeMisss u mpt i ons
t he

GG esnadeitxhpCs BbBpoptovid

emi ssi
Fi

is included
CASE Report,

ons
nal

atsasruympuv d loines @afb oauvt o it chead

emi ssions u8dTDN Bahd pHBesent GHG emission mo
shown bel ow.
TabB8é€&i rYsetar St aGHGw@mMdesi ons | mpacts
Measur e Avoi ded Monetary
Emi ssi Avoi ded
(Mtric Emi ssi
CO2e/ ($20
VAWeadband Airfl ow 2,6 $278,
Expand Economi zer Re 4,1 $440,
Dedi cated Outdoor Ai 3,0 $320,
Exhaust Air Heat Red 2,2 $239,
Tot al 12,0 $1,27¢9
Water and Water Quality | mpacts
Tabd4pr esents tdfd ressitaiyneaatresavi ngs resulting fro
He at Re.colvheer ysavings result from reduced cool i
systems that -cboolcdhhdé!|l end watTerrsysatemsaot expec
be significant water i mpacts from any other m
Tab4#:.&i rYsetart & ma and Embedded Electricity | mpact
| mpact OnSit e Onsit e Embedd
l ndoor OQut door |El ectr
Savings/Water SgSaviahng
(gall onf(gall ong( kWh'/y
Exhaust Air Hea|O 938,672 |3, 346
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a.Assumes embedded enerWhy pfeactnirl lafon3,g5a839 ons
outdoo(rCRUBGE 2015) .

b. Fi fyetar savings from all buil dings compl eted
Compliance and Enforcement

Overview of Compliance Process

Th&8tat ewASIE Twamked with stakeholders to devel
compliance and enforcement process wwonud dt o i de

havevami ous maimlTkhet caempdbi ance pr otcde srse d pse dteiswe
Ssubmeasaectef onsmaa umpactthsaehe proposevdburhaeaasur e
have on mar ket actor s2.s/d3eslkodppeddin Eecti on

Field Ver i fAiccceaetpitoamceendlest i ng

Foex pagcdonomiegern r e menQAsS ex haanaishtie are covery measur e
there would be modifications to existing fiel

economizers, this would simply add smaller <ca
systems. For DOAS wunits, thifsorwobulAdS aidhd tas n enw
scope of vemhlauwsdit areocove€&poy, new criteria for
design airflow wil/l need to be added to indic

device and the economi zer bfeu motdii dn ald ttesttiersg
functions.
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1l ntroducti on

This is a draft report. The Statewide CASE Te
comments on the proposed code changeaesafand t he
report. When possi blag,a mrnavijdiests dgparttiiomg d n
commermti ggested revisions wil/l be considered wl
analyses. The Final CASE Report wildl be submi
Commi sish @al2®Por this report, thesStatgewstdeng@AS
on the following:

1. Variable Air Volume (VAV) Deadband Airfl ow

a.The Statewide CASE Team assumed that al
using therliviadbgueer bet ween 20 gpesicegmt airf

mi ni mum out doWrasreee ki hgwf eedback .on this
Specifically, we are seeking data showi
specified for deadband control relative

2. Expand Economi zer Requirements:

a.lncremental <cost ilmnfwermataiparcirnel atceod otma
b.Current data on mar ket adoption of | owe
c.Feedback on code | anguage related to EXx

to exempt VRF and other decoupled syste
3. Dedicated Out ddqhOASA)iIi r Syst ems

a.l ncrement al cost esti mates of added con
uni t

b.Feedback on mar ket adoption of DOAS and
c . DOAS prescriptive |l anguage for multiple

4. Exhaust Air Heat Recovery:

a.lncremental ocnost informat.

b.Feedback related on the code | anguage a
Emil comments andniSoa@gieish e d4sitbiyoegqiws td eZ2.&2 0c o m
Comments will not be released foshpulkldi ovitt &v i

stakehol der s.

The Codes and Standards Enhancement (CASE) in
t o s utplp@marlti fEonrenrigay Co insginegsigyn Copmessopbphs to up
Cal i f &mrirEfdfsi ci ency Bui(ITd it h gPGRMt4da nidraa ldisde new
requirements or to upgrade existingreequireme
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California I nvestoriP@Qwndd cUtGalsi taineds E(lle@UWg)i ¢ C
Diego Gas aanmn8d&utelctenrn cCal ThodwBwablIEideIswynOwned
Uti eisLtos Angel es Depart me mtn do fS aWa taente nat nod Muonw ecri

UtilityhPreitiniceferred t& dasamheh8hatewi ddi €4
CASE Auitshpoorn)sor efdf ihhd spr ogram goal is to prepa

proposawosulttehsautl t-ef hecbsve enhmpcememgy ¢fofi ci e
and energy pe&rafl o fboaimédai ngs . d htilse re@de tc maange
proposal pr eaeatpadr theafeitnhe effort to devel op
effectiveness i nf oremgat ir@mefibdrs | pdri-enfg iseenickerngty d e s |
practices and technol ogi es.

The Statewide CASE Tegen pubmos sl sotde thanEner
the state agency that has authority to adopt

Commi ssion will evalwuate proposals submitted
stakehol ders. The Energy Ceimmicssipoopmapnpl seviSe
Commi ssionds 2022 Title 24 website for inform

how to participatepsn/ thewpeoeesgagn-dca. gov/ prog
topics/ progreamsedhfuiicsitteanncdyar bsu/i 2-@A hredf | cCi ency

ThiDr aOASE Reppasrshotipurni q¢wele c hange npoanorpeossiad e rftoira |
heating, ventilation, and.aiThecsesotmemesragd (H
the sections of the repoanprionviwlhe dc hb etlhoew: ar e

1 Sectdio/MV Deadband Airfl ow

T Sect3diecxpand Economi zer Requirements

1 Sectdiddadi cated Outdoor Air Systems (DOAS)
1T Sectidiecxhaust Air Heat Recovery

The foll owing is a br ioekfushe € mmvd mhBei ontf 2 ¢ thher occuognht e
4 ofr d@pheer t

T Measure Desti PpfaCIAGSIE Repowmtial desafritphe on
measame i ts bacTkhgrsoasngoteismamdet ai |l ed descri
how tbdcéhange is accomplished in memdeg svari ou
t hat make upPatriSet @Tnidtalred s2 4

T I amddi ti loMartkoet Atnhailsy ssesct iaom eivhelwuaobds t he cu
mar ket sS$urbuscetctrio/®./2. Rescri be the feasibilit
associated withinbéudodg whenper the propo
overl|l zps bavn th otiloers odntht dieng ,su amf daged s
sei smic, sanfdtot sehrad dawh e sherc otmpd hminceal,, or
enforceabil ietxy schall enges

T Energy Shesemgtspwhhe pner gye,dudcenaaondd ener gy
cost savings associated with thal pooposed
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describes the hmdE&hadewiody QASE Teamiemat e
unehnher gy, rdeednuacitdi b ne cedrsgyw i ngs .

Cost and CostpiEéd eh®astveernieaslss and | abor reqgt
i mpl ement t heaqgnueaarstaiitrfieib mena@f ncr emMethsaal cost .
i ncludes eisndrnmamerst alf ma, nite.@eua paheendiordd sand
various periodic costs associated with rep
period of anal ysi s

Fi fyetat aSewmgdapgt esstehrsdt at eewniedcegy aadi ngs

envi r onimepnatcatlsp roofp ocsbedde change f or tthhee f i r st
202c20 dtea geef f.&8bt s i ncl ude senehreghyatmohieh ts aovfed

by California buil damd iompwacréss sarsdnotre mandtusc t
omat ewiitah emphasis placed on any materi al s
St atewide water comrseumegtgsioon disi@e ¢ OB

PropoReevdi sitoosdeE@Bnguageacltéddepoett wonb speci fi
recommendodvatsihen<delbeti onde¢r gaddidl angaage
for Sthad®ederAppendAlcteagrv@®at culMatt ih@AICM)
Reference NMampadl anapdMgnuaoncement s

AppendprxesfAents the methodol ogy and assumpt.i
stateéee energy i mpacts.

AppendEmbeBd&Eeéa@ctricity in WaeeentMetthime ol og)
met hodol ogy anus e dcsau oogutlhesd res ternmbceidtdya d
water(esge., electricity usedantheshreaavwg,y mov e,
savimgsul t irreg ufcreadmwat er use.

AppendprxeLents the methodol ogies and assumj
i mpaciGHGOmMIi ssi ons uared qwat et y

AppendpmxedDents detailed information on upd:z:
Energy Code Compliance (CBECC) Software.

Appendprxe Edotwst he recommended compliance pt
i dentmafriked . actors

Appenddox ukfetnheef f matiteo ee@agrado!l | alvort &t enar ket
actors and experts

Appendprxesent s @ tshuemmcaornyp | et eDOASukhserg¥ th
i mpaoetr buil ding.

Appemnxdpi esesummary of DOAS manufacturer tec
Appen:gire siDPOAS i ncrceorsetntraesf er ence

Appendpirxovli des a DsQAnsmahreyatofr ecovery ventil a
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T AppendprxoWKi des a sDmw&oyledfi nghanal ysi s

T Appendprxovii des a sumenaerygy ne ®WDiABal ence with
economi zeers BNrmsystems.
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2 VAV Deadband Airfl ow

2. Measure Description

2. 1Mdasure ®@vervie

The proposed code changes would modify existi
specify airflow rates when variable air volum

Deadbapdration is defined as a temperature r al
and air conditioning (HVAC) systerml ms neither
California, the maxi mdmrahlgodwalldbd arsdn ere il atrlige

of 20 percent of peak primary airfl oas or the
det erdminneaccordance withhSecpropodeorélflapge wo
compl byiltiyni nate qui ntdmeindet o2@omsr cent of peak
airfThewmaxi mum a@iurfiingwdreatdd avod $ @ e f egg ulaan

the dmisnigmwmdoor aiThifkowowaderesult in a decr
during deadbamd mopdr atsit @dfd rad n gperai knmeairryfi Iso w
typigraédtyede sihgam mi ni mumfrdawtBds@eomr evi si ons woul

to all buildings that use VAV systems for new
The revisions to the compndiimalceardf fittwawaeu lwd ubl e
cost to i mplement. Energy savings would resul

enerTghyi s proposed code change wAmdrdi @adn g%o cTii &t
of Heating, Refrigerat.i omreeaSHIRMNMEt andanm-di t9i0o0 i n
201(9ASHRAE, Standard 90.1 2019)

2. 1Masure History

Requirem¥VAVszdorshave been subject to code cha

and 20CIA3SE: Reduze@el&®Redh ecarte wel | KknoWwme i n the i
proposed code changes have already been adopt
exi sadamtgrol s infrastructure adopted in 2008 ar
no cost.

Title 24, Pwotp6bebocl ptiesetoptions for airflo
The required ventilation airflow calcul ated i

20 percent of the peak primary airfl owf This
peak prianvompy i aifrdielmdbandwiali di beawted by indoor
requirements alone. This recommendation is ba

1Section 100.1(b) of Title 24, Part 6 includes the foll
temperature range within which the HVAC system is neit|
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ASHRAEOs r esearlhhl 5prToheerctal RPnd Air Quality Ac
t hat RErdarceegy by Reducing Mini mum A ASH&®WEfr om
RR1515 20wh6) chf wadedoby the California Energy
Commi ssion) PIER program. The research projec
comfort and air quality satisfaction of reduc
investigastadi rgerggsul tdiemg bamamml ewt senhpgoints
10 perdesti gof xioroflicmy and found that | ower f 1l o\
occupant thermal comfort andSulmpequedtabstuduaea
found ss$ mi(iASSHRA&E JourFnanldi2n0yls9l)bd & mr BRul ted i n
approval of Addendum2®U6t owlISHRAEe ®@cdd t he de
requirements. As a result, this measHRAEDpropo
Standar20 990 .and simplify the existing code rec

2. 1S8mmary of Proposed Changes to Code Doc

The sections bbbwwessmaadiaz € s , Reference Appe
Cal cul ation Method (ACM) Ref edoecnucnesviiiatnel al s, a
modi fied by the propo8edt tihangeporSteef Grecdetoai |
revisions to code | anguage.

2.1.3.1 Summary of Changes to the Standards

This proposal would modify the following sect
shown bel ow. 2Sécef2 Sehcitsi ornep-optcbdbde mangedge.

SECTI ON TPPRE.SLCRI PTI VE REQUI REMENTS FOR SPACE C
SYSTEMS

Section 140-<chd(d) tSmandeng ZAmendCo nedxiodtst:ng | ang!
simplify calaxu lmaultmi o waebaladéb and airfl ow for ter mi
DDC syshtyemes i mi nat icmgndihckeermnmez2d percent .of peak
This codeembarge compl egnsywahnhtd ASHRAE Standar
(ASHRAE, Standawhd 190 .nai2n01a9%)ni ng mini mum outdo
requir¢mente 24, FPaatti Gn 21022®.)1)

2.1.3.2 Summary of Changes to the Reference Appendices
The proposed code change would not modify the

2.1.3.3 Summary of Changes to the Nonresidential ACM Reference Manual

This proposalSewaulod mo &Gi.feyol NAaNr &ds rAEM b wa |
ReferenckeSdMansiex.todh t his report for the detai
to the text of the ACM Reference Manual
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2.1.3.4 Summary of Changes to the Nonresidential Compliance Manual

ChaptierMedchani caf Sdamit & gnisdenpt!ii dllac@wad uheed
to be tevieedrpor aSeec tdihodnm e Prtescri pti ve Requi

See Sezxztli.oh.4his report for the detailed prop
Compliance Manual s.

2.1.3.5 Summary of Changes to Compliance Documents

The proposed code change would modify the com
Examples of the revised doc@2méntés are present

1T 20X RCMBCHE-Secbn K: Termi nwbuBdedCbotbhel s
amended to indweafie Itdrmgernt hlee e20 percent zc
requirement .

2. 1Rédgul atory Context

2.1.4.1 Existing Requirements in the California Energy Code

Currently VAV air fnlomw ersa lofueinrtdimegés safe®ersubj ect
di stinct sections of (thietlCal24, o0o6Ramnt &hed@PHP9)CO
and Section 140.4 (d). Section 120.1(c) provi

[
ventil ati on.e,Fdr emkamoms, | obby, and office s
ventilation corrections based-AoMi sqmame f oot a
Ventilation Rates in Title 24, Part 6 for mor
prescriptive requi rbeomerctontfrwrd st stmitnang t hat d

not exceed the greater ofoRtOh e emardat qreya kr epq u imn
airfl ow.

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

VAWIi ni mumfrlegwi r ement s lairet sk puanmdcddreltyhe Cal i f o
Mechanicéalli Cbde24, urdet €hapte) 4: Ventilatio
andubseqgswebnstecti ons which reference ASHRAE 62.
Haowever, asSercatiéth dsng ediul atsopsr saseeed by the C
Energy Code.

2.1.4.3 Relationship to Local, State, or Federal Laws
There are no relevant | ocal , stat e, or feder a
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2.1.4.4 Relationship to Industry Standards

Both ASHRAE Standard 90.1 and the Internation
contain sectionslfrhdam zordep roodpravergodl ds . ahl itghne w2ilOtl 9
ver si PSS HRAE Stan@ABSHRAB, 1Standard 90.1 2019)

For |1 ECC, t her20al8 dv ear snieomnc ® € sipireacti dtiocc\MAVY ons f ¢
zone airflow but d@diguinda omamert RAEB AAWE taed dehnd um

which removed the 20 pappgrd@lmBbCqQ i20TiBe)f leo wre a tee
nogproposal s2062athatEC@commending aligning with #
the 20 percent anp mi ohaeenhefriggwrEdtfe ci ent .Codes Co

2. 1Chbmpl i ance and Enforcement

When devel opipnog atlhi st hpe St atewi de CASE Team co
streamline the compliance and enforcement pro
mar ket actors who are involved in the process
section descri bes hpow ptoos ecdo epoldye wihtaln gtehe 1t al
compliance ver iApipceantdpioxemsEpmobs elsew t he proposed

i mpact various mar ket actors.
The activities that need to occur during each

T Design Phhaseg the design phasewouhd mecha
need to make small modi fications to their
for the ndercahwainhgss@lusé dmpl i fy the code by ba
airffloowt he deadmmand nep evrad tuieon nwoebd of tw
make it incrementaldryd easse®eaci dtoed.dewsb goaretrr
order to accommodate t hledIcghalnlg dgustd ehiagmer
in the sequence of operations and other s
ensure controls subcontractors are aware
checkers can note clarity for future comp

T Permit Appl i chtt stopihbadhemxlkeenr s with the au
having | woiusndliedt tonensure that the new f|
flow setpoint is called out in the mechani
operations to ensur e t hlihsi si sc oidrepddevaeingl elde
incrementally easUprdefothcesdgMCadE e | c NRCE
Certificate wofuv@amgdlyi armhaeg t he zonal contr
for each zone iIs meeting the requirements

T Constructi &dndPhas @,i st hpeh assceb t o o tweoaud tdo r

2Se&ection C403.6.1: Variabbdtegsatemvol ume and multiple
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i mpl ement the fl owrate setwhiianh ttiloe ddhret rdc
subcontractor is already doing.

T Inspectiodnddrmastthi s phase, the mechanical
part of acceptance testiag.uidedM@ONRITZA cha
A, step 7,woiumeEpactor yerify that the deadhb
adheres to tlhoewrgartodploeseeedn of necessary change
compl idomcawenemtnd t he proposed change wil |l ¢
process because the inspector would not n
determi ned2 bamperdc emt of peak primary airf/|
mi ni mum outdoars aihreflopwi emtcént uet ROak pr
airflow option would be removed.

As outl i nda deamsamoe,h atvhe | i mi ted chawnWges ghoamnhle
constrprcdadedsBSt at ewi de CASE Team does not exped
this measur e t o aandgde ss utbos ttehoeticeevwsd lsdid® mges s s .

2. Mar ket Anal ysi s

2. 2Mdr ket Structure
The Statewide CASE Team performed a mar ket an

current technology availability, culrhreent prod
St atdewiCASEt heamconsidered how the proposed st
mar ket in gener al as wel |l as individual mar k e
the incremental cost of complying with the pr
and meapurieadp | ity were identified through re
stakehol dewsiilmne¢lyugirmgram staff, Energy Commi
of industry actors. I n addition to conducting
Team di sceuscsuead ethnt mar ket structure and potent
public stakehol der meetings that the Statewid

(Statewide CASE TeamandVAR?2 PEOSIt 44t e2d 1d®e) CASE
Team: HVAC Co.trreclentza@2®)n sl ides, meeting not
code changealnamguagesnd in the resources secti

Primary mar ket actors for this medAQre includ
designers, controls contractors, and commi ssi
boxes compiling the various components such a
anHVAC designers determine the ductwork | ayou
to the air handler and specify the equi pment

VAV boxes to adhere to the requirements of th
the building automation system. Commi ssioning
i mpletmed properly adhering to the ownerds proj
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The Statewide CASGE daeptmcdpaeste significant cha
complying with mhinsomgages ewodhe occur with H
which would hdawve rt otneachjamstcal drawings and sch
deadband airfl oavl regqgulhee meatlset actors woul d
way .

2. 2T&@&chni cal MVeaa kielt i lAivtaainlda WCiulrirteynt Pr act i c

As noted in the MeasWVAY Descrioptirohssédatvieobee
code changes i n bbDitthl € 02aBn dapearr €2 Oed | known i n
Thproposed cohdaes cahlarnegagedy been adopted into ASFH
this measure would simpbgi dayrtbmowl mancmwmuimy req
to be subject only to the airfl owAmomhitmuens r e
California EmergyarcCedeo known technical feasil
barriers.

Currently, the maxaimum awl| dwaibhe aceacband opet
of 20 percent of peak primary airflownor the
most QaDsesercent of pdaask |m@rrigedeyihgmr fhiheew mu m

outdoor ailtfliseswcommen etacttheecairfpoak adi 201 @v
even though this provides more outside air th

2. 2M8r ket | mpacts and Economic Assessments

2.2.3.1 Impact on Builders

Buil ders of residential and commercial struct
measures proposed by the Statewide CASEsTwamh
the nor mal practicesdplusthéebdei bubunéssiey poaa
building codes. When necessary, builders enga
in order to remain compliract i wietsh aolabges$ di og

Californiads construction industry is ndesmpri s
and 860,000 emmpbbelers2@s&e tot al payroll was ¢
17, 000 establishments and 344, 00i0ale nspel cotyoere.s f G

SAverage tot al mont hly empl oyment in California in 2018
represented 4.5 percent of 2018 empl oyment .
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TabbeaCi f €«omisa ruction I ndustry, Establ i shment
Payrol |l

Construction Sectors Estab|] Empl Annu

me nt me n Payr

(bil i

Commerci al 17,2 343, $27

Commercial Building C 4,5 75, 5 $6.

Foundation, Structure 2,1 53, 5 $3.

Building Equipment Co 6, 0/ 128, $10

Building Finishing Co 4,5 85, 6 $6.
Sour(c®tate of California, Employment Devel opment Depart
The proposedombsandgttMMAG Nt weolud d | i kely affect c

bui la@eadesnresi denti al electrical ,bHVARouladdn et L
significantly i mpa.ctTld hefrf datid domgt he ademmer ¢
industry would not be felt by all firms and w
specific 1 nduBdbéysehsouwbss e chteo rcsoommer ci al buil ding
Statewide CASE Team expects to be impacted by
as they are related directly rél dva@ tqut pbeenp

Tab6:e Specific Subsectors of the California Co
| mpacted by Proposed Change to Code
Construction Subsector|Estab| Empl Annu
me nt me n Payr
(bil i
CommerRuialldi ng Construg 4,5 75,5 $ 67
Nonresidential Electri 3,1 66, 9 $ 5
Nonresidential plumbin 2,3 52,9 $ 465
Ot her Nonresidential e 50 8, 8 $0 9
Sour(c®tate of California, Empl oyment Devel opment Depart

2.2.3.2 Impact on Building Designers and Energy Consultants

Adjusting design practices to comply with cha
t he nor mal bpuridctiincge sd ecsfi gner s. Buil ding codes
Energy Code) are typiyxadd yr aipidaitend oywc lae tdanmaek el
designers and energy consultants engage in co
to remain compés atna dve $ihgre hpmagcti.ces and buil

Busi nesses that focus on residential, commer c
design are contained within Nohea hArAoteirti eecatnu rl anld
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Classifica%4b3aT@pEeecml|l i fornia Building Design
Consultangh®cwsttohress number of estamd i sthitmaint an n

payroll for Buil desBhpArcpmodedctwuoddulStkarnges
potentially impact all firms within the Archi
Team anticipateNMoméiedempiaalk sHYoA € fCoencttr oflisr ms t
focusoaonesidenti al construction.

Thereoi sa North American Industfgodd asmse dii fciad |

energy consultants. |l nstead, businesses that
energy efficiency are contained in the Buil di
5413%wMh).ch is comprised of firms primafily eng
residential and nohtesisdeamomti @loslsuibl ¢i ng@gs deter

establishments within the Buil dierdgn |lenrseregy i on
efficiencyh@€omnsat@ilor i magTam7psrhoovwnd eisn an upper bol
indication of the size of this sector in Cali

TabV:e California Building Designer and Energy

Sector Establ i s/ Empl oynAnnual F

(i I'I'i g
Architectutal S 3,7 29, 6 $ 2
Building I nspfec 8 2. 3,1 $0 2
Sour(c®tate of California, Employment Devel opment Depart

a.Architectural Services (NAIE€St ®dbd184dt0ablciosnpme stes Pri m
in planning and designing resi Gaéntiaald, iinMstsittrutail odall
structures;

b.Building Inspection Services -geNAtl CrS e&sAtlaBbl0i)s hcranptrs spe
engaged i n providingnobnuielsd)idnegmtyipaelcstiidemtsaearlvikces enco
aspects dinghetbuicture and component systems, includ
services.

“NAI CS is the standard used by Feder al statistical agen
the purpose of collecting, analyzing, and publishing s
NAI CS was development jointly by the U.S. Economic CIl a:
Canada, and Mexico's bhbdbBsttoaoyN&eognafide Estall ow f ol
comparability in business stati stNAIsCSa moenpg atcheed Nohret hStAa
I ndustrial Classification (SIC) system in 1997.

SEstabli shméhis s eatsdrneismselsl goa é mpagledat inng a buil di ngods
and component systems and includes energy efficiency i
services. This sector does not include establishments |

pests,dohuaszawvast es or ot her ennoidrocensmerntt aln cdoundtea nsitnaattee sa,n
government entities that focmupl|l ioaandel/i ¢ dfi mrgc ®eme reth eo fg yb (i
regul ations.
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2.2.3.3 Impact on Occupational Safety and Health

The proposed code change does not alter any e
regul ations pertaining to safety and health,
Division of Occupational Safety and Health (C

rudweout démain in place. Complying with the prop
anticipated to have adverse impacts on the sa
involved with the constructi on, commi ssioning

2.2.3.4 Impact on Building Owners and Occupants

Commer ci al Buil dings

The commerci al buil ding sector includes a wid
restaurants and | odwd erge s traeldlaiidh mamtds mi akredd war
(including (rkKkefnmiegye 2EOMe&Odgygy use by occupants of
buil dings also varies considerably with elect
cooling and conditioning, and refrigeration.

wat ed famr space heating. According to infor mat
Energy Efficiency Action Plan, there is more

floor space in California and consumes 19 per
useKenney. Theld) versity of building and busine
creates a challenge for disseminating infor ma
solutions, as does the variawndrig yand tshoghi st
relationships between building owners and occ
Esitmating | mpact s

Building owner ssoabdnetcupanbom | owladrs camssregly i i
Sectd.ocn,wtheln buil ding occupants save on energy
el sewhere in the economy thereby creating job
economy. The Statewide CASE Teacnmo de ecsh annoge efxopr
the 2022 code cycle to impact building owners

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

The Statewide CASE Team does notmerptattangrsi
and distributors of these products.

2.2.3.6 Impact on Building Inspectors

Tab8shows empl oyment and payroll information f
agencies in which many inspectors of resident
employed. Building inspectors participate 1in
aspect $ doingbuwuiegul ations, inclSutategi eéeaChyp Eef f
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therefore, anticipatwouhtdve moop mmpadtclangenpl o

building inspectors or the scope of their rol
Tab8e Empl oyment in California State and Gover
l nspector s, 2018
Sector Govt.|Estab| Empl Annu
me nt me n Payr
(mi | I
Admini stration o/State 17 28 $29
Progriams Local 36 2,8 $205
Urban and Rural |State 35 55 $48
Admi n Local 520 2,4 $186
Sour(cstate of California, Empl oyment Devel opment Depart

a. Administration of Housing Programs (NAICS 925110) <co
pri manghged in the administration and planning of ho
and standar ds, housing authoritiedevalnadpmemntsi ng prog

b.Ur ban and Rural Development Administration (NAICS 92
establishments primdmi hysengtged andtpkanning of the
and rural areas. I ncluded in téridcgs ianddsdadommiagei @rosv.er

2.2.3.7 Impact on Statewide Employment

As deesdcriim S2.c2.id.nlsli.gh, 3t6e SCASEwidam does no
anticipate significant employment or financia
California economy. This i s nwotuhtdad ehaapo d ehsatt t
i mpacts on empl oyment 2i.mt@al ISt at miwa del CAS&c (Tie
estidaavehe proposedA¥banhwelba&tdfect statewide

empl oyment and economic output directly and i
desirgsheand energy consultants, ahdeb8t htdewgden
CASE Tesatm ddadve ener gy savings associated with
Nomsi denti al HWoAUd dColnetardo Itso modest ongoing fir

Californsa wasctdewobuld then be avail able for

2. 2Eddlonomi c | mpact s

For the 2022 code cycle, the Statewide CASE T
along with economic information from publi she
develdopesti mates of the economic I mpacts assoc
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chan§gWwhi.l e this is the first code cycle in whi

estimates of economic iIimpacts using | MPLAN, i
i mpacted opeed for this report are only estimate
some extent speculative information. I n addi't
relatively simple representation of the Calif
CASE Teamenst ctohnafti ddi recti on and approxi mate n
economic I mpacts are reasonable, it is 1import
is a simplification of extremely complex actd.i
businesses, anadtioomerasrpglaey respond to chang:
codes. In all aspect of this economic anal ysi
assumptions regarding the I|ikely economic ben
change.

Adopt itchn se fccondgppmrpep wpatkt esult in relatively mode
i mpacts through the adtdhbseenah dheecommpendah
i ndustarychi tects, energy consdhta®tat eavndeb CAIS
Team dwmds anthiacti pnraotneeyt saved by commerci al bui l
organizations affected by the pooapeseaedt20d2 c
additional spending by those businesses.

As noted 2n4 $éhet iSdrmt ewi de CASE Team does not
equi pment, maintenance, or Adbot i oosatil $yf ot hteh
CASE Team does notde aklparcdf | tohwe pViAb o@imme t o
consumiasgs to the exietibgi réespgnsnbdpéctoes o
Thus, wtohudbrde no economi c i mpact s uecxtpieorn Edneccetdo rb.y
following threweuéxdxpeeasnceseconomic i mpact s.

2.2.4.1 Creation or Elimination of Jobs

The Statewide CASGE daepbmcidmpeseuptrédcaptof sbendet h e
2022 codreegecuylerldeilochad t o t he tyrpessft ijoomb 0 formetwhe

el i mineii gty mdgs of | obs. I n other words, the .
proposedwobhdgeresult in economic disruption
economy. Rather, the estimates dfi ex@Qwadwolmd ¢ i m
|l ead to modest changes in employment of exi st

5] MPLAN (I mpact Anal ysis f opoudtl pantninmogd e |s ou stenda rteo iess tainma
effects of proposed MPILIAN iiess tahned nporsotj eccotnemonl y used eco
due to itsamréwstenmdi wsedetailed information on output, e
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2.2.4.2 Creation or Elimination of Businesses in California

As s taabtoevdet he St at Ewanmhés CAIS&p owsoeudh octh arnegseu |l t i n
economic disruption to any sector of the Cali
represents a moe¥a€t Cowhngbdshdt excessively bul
competgtsadvant age Cal imowonuiad bnuesciensessasreisl y | e a
competitive advantage for CtaHe f3trantiaawibdies i QASE
doensot foresee any new busipeesSbetbwidg CASE&ELt e
Teatmhi nk any exi svtoiubg U s mmeastsoe st hkuwcpdeposed
charmsge

2.2.4.3 Competitive Advantages or Disadvantages for Businesses in California

Thpr opocsoedde c¢ hwaonugleds apply t o naxlolr phpuaCeéEs $esni a
regardless of wheitheor pihmesibdea i nfe sche'sstat e .

Ther ef otrree St atewi denBGASBnTéeamppoepodad t hese
measuwewshave an adverse effect on the competit
busi nelsiskeeswi se, the Statewide CASE Team does n
| ocatedobutCal déornia would be advantaged or d

2.2.4.4 Increase or Decrease of Investments in the State of California

The Statewi deankASYEz eTdeanmat i onal data on corpor a
i nvest ment by businesses t h(arte feexrpraendd tao faisr mmdest
domestic investAseEab9shoovbeNPiele)ma B 812 0 NPDI as a
percentage of corporate pr ofwittsh raaan ggégvtke rfargeem o

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

Taboé&det Do mersitvMlaatveest ment and Corporate Profit

Yeal Net Domest.i CorporateRati o of N
I nvemenht by Bug After ] l nvestm
Billions Billions Corporate

201% 609 1,748 359

"Gov Code, AA 11346.3(c)(1)(C), 11346.3(a)(2); 1 CCR A
di sadvantabethbhudpirmeCcsses currently doing business in the

8Net private domesshtei ct oitnavlé savmosutinime wiE pi t asli nkeys st seeckwr t h
is used to expand rtalbteéneadapgihtaanl maticmakai n oQGo rrpeoprl aaticee pdrucef itt
t he moneefytad erfgorpatyisonts expenses.
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201 ¢ 495 . 1,739 2609
201 ] 509 18186 2879
201 ¢ 618 1,84 3 3409
201 ¢ 5890 187 . 3209
5-Year Av 319
Sour(ckeeder al Reserve Economic Data n.d.)

The Statewide CASE Team does not anticipate t
wit  hprtdeosed wroewlseuarde t o shgngti ¢antrease or de
investment in any directly or indirectly affe

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

Governments
The Statewi dedeCAASE @rpect t he pr owoousheddv ec cade ¢
measurable i mpact on the Californiads Gener al

government funds.

2.2.45.1 Cost to the State

State government already has budget for code
compliance enforcement woWhidl al sbatae¢i ggversomanmn
update the T$Sttarmda2®Mdds Pairmcléudi ng updating educ
madr i als and respondi ng t or eqquueisrteinmoennst sa b otuhte steh e
are already covered by existing state budgets
when compared to the overall costs savings an
cde change 9iromagplelsaswsbhmeasures hacveefdemxtd vewn
the Statewide CASE Team does notthexpeateany a

2.2.4.5.2 Cost to Local Governments

Alplr oposed codd@i thangds Part 6 would result in
determinations. Local govbewininteinngs dwopmahrdtt rmeenetd s
revised Ti tSteanadda,r dBar #Whai i hbi Bsran expense t

governments, idtiasssomci a2 @aAwwietolc htalmege cycl e.
building code is updated on a triennial basis
retraining every time the code is updated. Th
| ocal governmemps itamceupp@aitniag that can help
retraining, includiesgutrcelss proOBadeesdpyndde

Standards(puolgrasn Enerfy Code@edpAoE) xhe Statewi
CASE Team consideredcdoldewctntaeg per o pnpsaed vari ous
actors involved in the compliance and enforce
negative i mpacts an | ocal governments

2022 Title 24, Pari2 G2NIRHY ACBHBABSE Report



2.2.4.6 Impacts on Specific Persons

Whil e the obj ecStiavtee woifd ea nCyA SoEf Ttehaem s oprod peo Eanle |
effictiretencyt,atewi de eCASHE hbBeeamhere i s the poten
proposed comaey crheasnuget i n unintTéred Sd ad @ws e@u €RAE
Team has not found any siprefco f maw apuebmds sgcatweidn g t h
by this.proposal

N

Energy Savings

3Kdy Assumptions for Energy Savings Anal

e energy and cost analysis presented in thi
nsistent with the TDV factors presented dur
20 workshop on compliance metrics. (Califor
ectricity TDV factors include the 15 percen
ctors include the impact of methane | eakage
cst oursed in the energy savings analyses were
vironment al Economics, Il nc. (E3), the contr
ctors for the Energy Commi ssion, hb5 apastpr ea
tAdj Scaled by Avoided Costs. x|l sxo0o. The nat
ergy savings analyses were obtained via ema
022 _TDV_Policy_Compliant CH4Leak_ FlatRtl Add
mand f acttores erseerdgy nsavings analysis were ot
spreadsheet titled A2022 TDV Demand Factors
nergy Commi ssion releapwedr il dluanle WwaOr2Mi nug ep @t
GWP) values inpearadGWP VYdaleudd Ot hat were wused
DV factorearTlGaVNP2 ¥ al ues i ncreased the TDV f a
he TDV energy savings presented in this repo
xpected if the?2®byienaarl GWPV vtahlaute susweer e used in
roposed code changes will be more cost effec
avings presented in kWh and therms are not a

® NS O S5 9 99 T OO0 I

- 4~ M QO =® PY+M—>"0ONO o N

(¢

n ©

The Statewide CASE Teamowendl catnhes i elreegr d h es awiel
cogeff fectiveness analyses using the final TDV
presented in the Final CASE Report.

The Energy Commi ssion has not provided guidan
regardi ngct hef i ppoposed code changes relative
that was devel oped for the 2022 code cycle. P
Commi ssion, the Final CASE Reports may includ
metric.
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2. 3ERer gy SMet mgdol 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
geometries for diffE&henpr otypegpefbbiulididnaggst h:
CASE Team used in the nalmallyes iTh earSa apgreevs eret eCAA S
Team considered any nootrepesenhatli baoal bdedgaip
systems that had variable air volumeVAVWNtrol s
systems, those systems were not modified.

Tabl@ Proto
| mpacts Ana

—_ —

pe Buildings Used for Enentgal, De
S i

ProtoNgme [Numb¢ FI| ojDescription
of Ar €
Stor (squ
f eceg
Apartment!H 10 93,610 story apartment bui
(Col | @egenid and el evator penthouse
and ot herspamemwsn ncl ud
of fice, mul ti purpose r
l aundry, and storage
Of ficelLarg 13 49B8(12 story + 1 basement
zones and a ceiling pl
Wi nd-bavaiRlat W&/R{0 . 40
Of fi ceMedi 3 53%2(3story office building
ceiling plenum o@. 83ach
Of ficeMadi 3 53,63 story office buildin
ceiling plenum o@. 83cHh
School Seco 2 210,|High school with WWRA4¢

1. ThdonresifApatt mbntdpirphRityei cal modebl i egasddr mbt mpdef wh
accoumrt % @fCotlHeabgueisl di ng type based on square footage

Th&8tatewide CASE Team estimated energy and de
proposed code change using the-Qo0n2 Research

CBEGCom generates two models based on user i n|
Proposed Design. igmep6Senanbdhgdomdmesry of the de
buil der would |Iike to build and inserts a def

budget mti matcaoldpyl i a1 9wiTiht | e 24, Par.t 6 code
Features uSsteadh dian dniDgeess cr i bed Nont édei R2@M0OI al

ReferenceThManRiradposed Dediiegrs amep geoenetts yt as t
Standard Design, but it assumes t hdee secrseirbgey f e
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wi ubBer iTnop udtesv.el op savomgtshespgnonmdseesd fcode cha
St atewi de CASE Team created a Standard Desighn
prototypiclTahlerbeuiilsdiamg.exi sting Title 24, Part

building system in qguestiomctindnapmpdi &Ist ¢eoatbhio:
Standard Design is minimally dcamgduiamdAneaevin tt . t
indicated i n SSpcademdiltdiorti(rdg 2Zone Control s, t
air in the deadband shabDl paeoterkcebdt hbepéeakyg
or the design zone outdoor airflow rate as sp

The Statewide CASE Team di scowerveed otpheadt ftrioem St
CBEGComt il i zpeesr caein2td mum f |l owdmpmedevyprirtye t he du
critfdrei &t atewi de CASE Team modi fied the Stand
code requirements wusrieafgerae d peokruggmd ratbd el it htaed i
120. 1Tkkg 3Proposed Desi gnmwdi Sti adrddcharic aDe giognt hi n
ways except for the revisions that rMmaprdesent

llpresents precisely which parameters were mod
the Standard Design and Proposed Design. Spec
assume the desighlaewneabetideoous,adirnsnt € ahce afe atdh
| ar gerpeafcpeeék r f [tdhdesiogn door aiirn felaccvwh rcdtiemat e
zones as specified by Section 120.1(c) 3.

Comparing the enhbeg$tiambdactdsDesi gn twetnhse Pro
the i mpacts of the proposed code change rel at
compliant with the 2019 Title 24, Part 6 requ
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Tabl&Modi fications Made to Standard Design in
ProposedCHhCardge

Prototype Cli m¢gPar amelSt andard De|Propose
ZoneName Parameter V|Design
Par amet

Val ue

Apartment H Al I |[Fl ow Larger of 2design
(Col l ege d Mi ni mupeak primarjoutdoor

design zonejairfl ov
airflow rat

Of ficelLarg Al 1 [Fl ow Larger of 2design
Mi ni mupeak primarjoutdoor
design zonejairfl ov

airflow rat
Of fi ceMedi Al I |[Fl ow Larger of 2design
Mi ni mujpeak primarjoutdoor
design zonejairfl ov

airflow rat
Of ficeMadi Al I |[Fl ow Larger of 2design
Mi ni mupeak primarjoutdoor
design zonejlaiaowlr a

airflow rat

School Seco Al I |[Fl ow Larger of 2design
Mi ni mupeak primarjoutdoor
design zonejairfl ov
airflow rat

CBEGComal cul atlewi Iwhionge energy consumption for
measurled omm@ur s per year (kWh/yr) and therms p
applies the 2022 time dependent wvalwuation (TD
in ktiehBt her mal urkiBttsudpy@npnweaar peabVelectrici
reuctions measured i n-Ckoinl cawastot sg e(nkeW)a.t eGB ETADC/ e

savings values measured in 2023 present value
The enmepragcyt ssi of t he proposed codeTl hceh aSitgaet ewa rdye
CASE Team simulated the energy i mpacts i n eve
cl i nzaotnee speci fic TDV factors when cal.culating
Peunit ener @y inmmacetss dfent i al buil dings are pr
foot. Annual energy and peak demand i mpacts f
translated into Iimpacts per square foot by di
buil ding. Thars &t egpasuaildrowsormipari son of savi ngs
types and enables a calculation of statewide
that i1 s published in terms of floor area by b
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2.3.2.2 Statewide Energy Savings Methodology

The -preimteregy i mpacts were extrapolated to stat
St atewide Construction Forecast s( aloivfiodrendi &y
Energy Commisi Bloem 20&2t0gwi de Construction For ec¢

construcwduwobndctuhrati n 2023, the first year that
requirements are in effect. It also estimates
2023 that tOGASEthReamwiueed to approxi mate savi
alterations. The construction forecast provid
existing building stock) by building type and
construction doTyemgasitD, Bané dnmt identical to
types avail a®om so CB&CEnergy Commi ssion prov
which prototypical buildings to use for each
energy iTempAéresents the prototypical buil ding
the Energy Commi ssion requested the Statewide
Type I D in the SdmtFowi@ecaLtonstruct.i

For alterati omstsatamahn caed@Ww twmegrees ,cal cul ated usi ng
met hodol ogypwheéd ht hese savings to theé existing
percoeefntappbuichadtdl eg weroeamptaypleisls asstumelset haef ul

l'ife of VAV equipment is 20Dwegetretlan@dort hatpew:
VAV systems would be replaced in an alteratio
Appendoirxskents additional information about th
used to calculate statewide energy i mpacts.
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Tabll@Nonr esi Bantlidalng Types and Associated Pr of
Building Type I|Building Pro Weighting F
Statewide Const/Energy Model Statewi de
Forecast Anal vy
Small Office Of fi ceSmall 100
Large Office Of ficeMedi un 5009
Of ficelLarge 5009
Restaur ant Restaurant Fa 100
Ret ail Retail StandA 109
Retail Large 7559
Retail Striph 5 %
Retai |l Mi xed\ 109
Grocery Store Grocery 100
Noi#iRefrigerated | Warehouse 100
RefrigWamnmneleraduse RefrigWareho N/
School s School Pri mar 6 09
School Second 4009
Col |l eges Of fi ceSmall 5 %
Of ficeMedi un 159
Of ficeMedi un 2009
Publ i cAssemb 5 %
School Second 3009
Apart ment Hi g 2559
Hospitals Hospital 100
Hot el / Mot el s Hot el Smal | 100
2. 3P8Unit Energy I mpacts Resul ts
Energy savings anrdupceakomdseé ppaeme plracbdeé&nt ed n
t hr oluggthl EThe -preirt energy savings figures do no
occurring mar ket adopti-ani br savempbgsahoe thetes$
expected to ©0@amga@kfdimnt Oel0ect r i cB0l. 0s0abv itnog sO . a0On0c
t her fisn/ fggas savings depending upon Mdstmadfe 2z on
t he savienegasalfl tf anedyesttemcal savingisheadt second:
gener ated dysetimsatdufcamnd .n Theidmces eneo@yimge in
domi nated(cobomangs|l oacdndinsreadescseemheatgiyngse in
domi nated(béamangsl oad The imecgteapreadnounced i ns
reduced cool i ng clroeaads erde seinnletm@gngga siaw iennpd (@ a s
savilhgsause heating is priosvitdheed Ofyf iac eglaasr gsey sstie
Climate Zone ,wh{Ahcahawe@Ar O0.801 kBtu/ft] pe
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| n salmMul ated prototypexcaprd ftbohiemht aD¥oprBasrgy s
i's poshattiivihes.a T but fowrd ecitmulcattiyomsa,vitiges fr or
out weigh the increased natural gmastheseffouwmrt
simul ated results, tot als ewmoeurlgly eunseer gwo wlods tisnc
St atewide CASE Team wil |l be working with the
instances and deter mwinlel ac @pragsihddmortwkae di mmlait c at
increasing energy use i n asbooruetc dbtohpel d x ngyg wi t hh
(code would be more complex with exceptions f

The tables belgygwashopwrt peototygype i mpacts. Any
val ues ar er ewintoht e(d )i nin .the tables bel ow

Tabl®Fi rYsetar Energy | mpact $§APartBgunaHegRBDEE

Clim El ect | Peak EI e Natur a TDV En
Zone Savinn Demand Red Savi Savi i
( k Wiy ( k MR therrmd) (TDV kB

1 0.0 0.0 (0.0 0. 6

2 0.0 0.0 (0.0 0. 6

3 0.0 0.0 (0.0 0.5

4 0.0 0.0 (0.0 0. 4

5 0.0 0.0 (0.0 0. 4

6 0.0 0.0 0.0 0. 2

7 0.0 0.0 0.0 0. 2

8 0.0 0.0 0.0 0.3

9 0.0 0.0 (0.0 0. 4

10 0.0 0.0 0.0 0. 3

11 0.0 0.0 (0.0 0.6

12 0.0 0.0 (0.0 0.6

13 0.0 0.0 (0.0 0.5

14 0.0 0.0 (0.0 0. 4

15 0.0 0.0 (0.0 0. 2

16 0.0 0.0 (0.0 0.3
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Tabl4¢ FiYesbnergy | mpacts PieOf fSiggueagree F o0t
Climg EIl ect Peak EI e Natur a TDV En
Zone Savin Demand Red Savi i Savi i

( k Wy ( k M) (ther rhd | ( TDKBtfd)/
1 0.0 0.0 (0.0 (0. 8
2 0.0 0.0 (0.0 0.5
3 0.0 0.0 0.0 1.6
4 0.0 0.0 0.0 1. 4
5 0.0 0.0 0.0 0. 8
6 0.0 0.0 0.0 2.9
7 0.0 0.0 0.0 3.3
8 0.0 0.0 0.0 2.6
9 0.0 0.0 0.0 1.9
10 0.0 0.0 0.0 1.7
11 0.0 0.0 0.0 0. 8
12 0.0 0.0 0.0 1.3
13 0.0 0.0 0.0 0. 8
14 0.0 0.0 0.0 0.5
15 0.0 0.0 0.0 1. 4
16 0.0 0.0 (0.0 0. 4

Tabl® FiYesBnergy | mpacts PieOdf fSigcueaMeed iFuono t
Cl i mg El ect i Peak EI e Nat ur a TDV En
Zone Savil Demand Red] Savi | Savi i

( k Wiy ( k MR ther 3| (TDV kB
1 0.0 0.0 (0.0 (0. 2
2 0.0 0.0 (0.0 (0. 3
3 0.0 0.0 (0.0 0.5
4 0.0 0.0 (0.0 0.3
5 0.0 0.0 (0.0 0. 4
6 0.0 0.0 0.0 1.7
7 0.0 0.0 0.0 2.1
8 0.0 0.0 0.0 1. 3
9 0.0 0.0 (0.0 0.5
10 0.0 0.0 (0.0 0.5
11 0.0 0.0 (0.0 0.3
12 0.0 0.0 (0.0 0. 2
13 0.0 0.0 (0.0 0.1
14 0.0 0.0 (0.0 (0. 3
15 0.0 0.0 0.0 0. 8
16 0.0 0.0 (0.0 0.0
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Tablé FdiYesdBnergy | mpacts PieOf fSigcueaMeed iFuonoLta b
Cl i mg El ect i Peak EI e Nat ur a TDV En
Zone Savil Demand Red] Savi | Savi i

( k WY ( k M\ thermd, (TDV kB
1 0.0 0.0 (0.0 0.1
2 0.0 0.0 0.0 0.5
3 0.0 0.0 0.0 0.7
4 0.0 0.0 0.0 0. 8
5 0.0 0.0 0.0 0.6
6 0.0 0.0 0.0 1.6
7 0.0 0.0 0.0 1.6
8 0.0 0.0 0.0 1.5
9 0.0 0.0 0.0 1. 2
10 0.0 0.0 0.0 1.2
11 0.0 0.0 0.0 0.9
12 0.0 0.0 0.0 0. 8
13 0.0 0.0 0.0 0. 8
14 0.0 0.0 0.0 0. 8
15 0.0 0.0 0.0 1.2
16 0.0 0.0 0.0 0. 8
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Tabl® FdiYesdBnergy | mpact s PieSc hSogoulaS eec oFnodoatr y

Climig EIl ect Peak EI e Nat ur a TDV En
Zone Savi i Demand Red)| Savi | Savi i
( k WY ( k M\ thermd, (TDV kB

1 0.0 0.0 (0.0 0.0
2 0.0 0.0 (0.0 0. 2
3 0.0 0.0 (0.0 0. 4
4 0.0 0.0 0.0 0. 3
5 0.0 0.0 (0.0 0. 2
6 0.0 0.0 0.0 0.5
7 0.0 0.0 0.0 0.5
8 0.0 0.0 0.0 0. 4
9 0.0 0.0 0.0 0.3
10 0.0 0.0 0.0 0.3
11 0.0 0.0 (0.0 0. 2
12 0.0 0.0 (0.0 0. 2
13 0.0 0.0 0.0 0. 2
14 0.0 0.0 (0.0 0.1
15 0.0 0.0 0.0 0.3
16 0.0 0.0 (0.0 0. 4

2. £ost and Cost Ef fecti veness

2. 4dEler gy Cost Savings Methodol ogy

Energy cost savings were calculated by applyi
energy savings est i nuastiensg tthhaet meetrheo ddoelraigvye dd e s C
a nor mmet gedcalenelragyetavitnlpggst count s for the var

of electricity and natural gas for each hour

expected to change v9ses.thpthhberpedaeé, ahahnal
is 15 years. The TDV cost i mpacts are present
value doll ars and represent the energy cost s

This measure also apptidiesi otows al Erermagy oonssanga:
measure are assumed to be the same as that fo

2. 4Eergy Cost Savings Results

Pewunit energy cost savings for newly construc
reali zed g9ear Ppleeabydsbés are presented i n nomi
do!l | drali@nhr oluggkh2 2
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The TDV met hodology all ows peak electricity s
savingsnapmpealkigperi ods.

This mdavour eexhbect mpact ¢geakddemanmaj ority of
shouledul teflvoemd fan energy duri Hgwevtehde, weat he
mod el i hedadteamandd pshbwghtcaeasdewiptrioit ot pen mode
the orldé¢ Angfinstances of negatriewe t\hal(ues iar & h
tables bel ow.

Tabl182023 TPV Energy Cost 18YaevairnghRe rGvoedr iof Analy
PeBfquareiRewtonstr ué& tAlotner ati ons/ Addi ti ons
Apart ment Hi ghRi se

Climgls5Year TDV E|15Year TDV TotlaSYear
Zone Cost Sa Gas Cost Energy Cost
(2023 %5 (2023 %5 (2023 $H

1 $0. ($0. $0.
2 $0. ($0. $0.
3 $0. ($0. $0.
4 $0. ($0. $0.
5 $0. ($0. $0.
6 $0. ($0. $0.
7 $0. $0. $0.
8 $0. ($0. $0.
9 $0. ($0. $0.
10 $0. ($0. $0.
11 $0. ($0. $0.
12 $0. ($0. $0.
13 $0. ($0. $0.
14 $0. ($0. $0.
15 $0. ($0. $0.
16 $0. ($0. $0.

2022 Title 24, Pari2 G2NIRH¥ ACBIH@ASE Report



Tabl1@2023 TPV Energy Cost 1S8YaevarngRerQvoedr iof Analy
PeBquareiRed«wtonstr u& tAlother ati on®f Addetaogs

Climgisyear TDV E|l15Year TDV Totl8Year
Zone Cost Sa Gas Cost Energy Cost
(2023 %H (2023 %H 2023 %H

1 $0. ($0. ($0.
2 $0. ($0. $0.
3 $0. $0. $0.
4 $0. $0. $0.
5 $0. ($0. $0.
6 $0. $0. $0.
7 $0. $0. $0.
8 $0. $0. $0.
9 $0. $0. $0.
10 $0. $0. $0.
11 $0. $0. $0.
12 $0. $0. $0.
13 $0. $0. $0.
14 $0. ($0. $0.
15 $0. $0. $0.
16 $0. ($0. $0.
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Tab2@2023 TPV Energy

Cost 18Yaevairn ghse rGvoedr 1o f

Analy

PeBquareiRed«tonstr u& tAlotner ati on®f AddeMedhnam

Climgisyear TDV E|l15Year TDV Totl8Year
Zone Cost Sa Gas Cost Energy Cost

(2023 %H (2023 %H 2023 %H
1 $0 ($0. ($0.
2 $0 ($0. ($0.
3 $0 ($0. $0.
4 $0 ($0. $0.
5 $0 ($0. $0.
6 $0 $0. $0.
/ $0 $0. $0.
8 $0 $0. $0.
9 $0 ($0. $0.
10 $0 ($0. $0.
11 $0 ($0. $0.
12 $0 ($0. $0.
13 $0 ($0. $0.
14 $0 ($0. ($0.
15 $0 $0. $0.
16 $0 ($0. $0.
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Tab282023 TPV Energy

Cost 1S8Yaevairn ghse rGvoedr Tof Anal y

PeBquareiRedwwtonstr u& tAlotner ati on®f AddeMednemLab

Climgisyear TDV E|l15Year TDV Totl8Year
Zone Cost Sa Gas Cost Energy Cost
(2023 %H (2023 %H 2023 %H
1 $0 ($0. $0
2 $0 $0. $0
3 $0 $0. $0
4 $0 $0. $0
5 $0 $0. $0
6 $0 $0. $0
7 $0 $0. $0
8 $0 $0. $0
9 $0 $0. $0
10 $0 $0. $0
11 $0 $0. $0
12 $0 $0. $0
13 $0 $0. $0
14 $0 $0. $0
15 $0 $0. $0
16 $0 $0. $0
2022 Title 24, Part2 G2NIRH&¥ ACBIGARSE Report



Tab222023 TPV Energy Cost 18Yaevarnghe rQvoedr iof Analy
PeBquareiRed«wtonstr u& tAlotner ati onStAddl Beonadary

Climigisyear TDV E|15ear TDV Totla3Year

Zone Cost Sa Gas Cost Energy Cost

(2023 %$H 2023 %$H (2023 $5H

1 $0. ($0. $0.
2 $0 ($0. $0
3 $0 ($0. $0
4 $0 ($0. $0
5 $0 ($0. $0
6 $0 $0. $0
7 $0 $0. $0
8 $0 $0. $0
9 $0 $0. $0
10 $0. $0. $0
11 $0. ($0. $0
12 $0. ($0. $0
13 $0 $0 $0
14 $0 ($0 $0
15 $0. $0 $0
16 $0. ($0 $0

2. 4. Bcrement al First Cost

The Statewi deex(QlexErsDeamcr emehi 8l scbigse assir e
simple change to mini mumndammper bpeo sintpil emesnd ted
t he existing caretqrud Irs dc aupieddelr.l 4StedeetaBquha ¢ € oni ng
Zone Cowhircon shaveqberemde.Il2n01a3 pot he dOc boplger 1
2019 stakehobmajromeeyiofy part iagirpteemdits (fi ve o
i mpl emenbawaswin ebedThe Statewi dee@AISErhdaerd t hi
guestiont akehdleder meetifmagr i huAtpmed ddt4ai2l0.201 r
of s1la9 d i mpl ement ati onancd stedseawmtlledsdlel e roai d
they did(soatkwode CASE Team:. HVAC Control s 2

2. 4l.ddcr ement al Mai ntenance and Repl acement
|l ncr emantndlenmndé ecaxntcriesment al cost of replaci
parts of the equipment, as well as periodic m

operating relativevder twwhkeaerkPerpodcbicasal ysi s
val uegudafpmeantnt enance costs (savindqapeeewasnt al c
di scount, whateh(d)s consistent with the discoun
2022 TDWYr eswaltasfe mai ntenance costfyenhat soccurs
cal cul eotldd wess f
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"ENCHITAHHTITI™HD T 7 HTARTITHEHD T 71 "HT"A‘FrlT"l“FH"H—,,H

This measure has zebreoc aiunscer einte nutsaels ceoxsitsst i ng c O
infrastructure to I mplement hheadmeéasuorabnaoea
the equi pment

2. 4Chst Ef fectiveness

Thi s meaLowprosses a prescriptive requirement. As
to demonstrate that the meagerme percogdt odf ama
However, costts tthoi si nmpel aesmuerne are assumed to be
simple setpoint control and able to be implem

infrastructure. As the ebBwtofsibf rabherozesoi nbshi
t herefore meeatrs tththeerséghoui red by t heAsEnergy Com
di scussed above, in four of the simulations t
would increase as a result of this proposed ¢
wi || be reviewing these irsessiudn sanmnd tde ttehremiEmiernrc
forward that considers the complexity of the
use in a small portion of statewide construct

2. 51 rFYsetar St atewide | mpact s

2. 55tlat ewi de Energy and Energy Cost Saving

The Statewi dec adAcSUH aTteepadmatrh es tfaitresvitiodde nseaw i ng s

constr,ucatdidam d oal skey amuloni pl-ymnintg ¢ dwei Pp@s, whi c|
presented 2i.nm.Skescstuinopnt i ons about the percentage
and existing buildings that wouThde tbhaet e wnpdaec t needv
constructi on Jiosr epcraessté mipeend dEistn2ah e t he St at ewi de
Teamds assumptions about the pwoobdtiagpaofede
by the proposal (by climate zone and building

The Statewi deasGAGt §& AN It er mi nau s ibtrolkee sl aarrgee r
value between 20 percent air f,l otwhoanglh Sthaet evweindte
CASE Tesaae kfisemgd b atctkki © na s sThh epcttioobner wdi-1 PO0¢9
sponsstakdehol demr omadtpiond @muetstiea amatbtser
inconclusive with only four respondents split

The -yeastener gy | mpactysearre parnensueant stalme afgise sftr o
buil dings that wer e cyyengnertgeyd c ons t2 0s2a3v.i nlghse rlebg
energy cost savingaoveamatlysiantpiemre o5 The st
estimates do not take natwurally occurring mar
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accollab2xmantdab24eresent -ytelmet aftierwsitde ener gy and
savilmyscl i matreewloy ec drogtmraguacntde da doduiitlidoins.Aand al |
summary of I mpactiab@2&Anyyei hotuuamdcen of negati ve

denot edwiitnh (

Tab2® Statewi daedmdEEearegygy

) in t

he

tabl es

bel ow.

Clim Statewi dFi rYset&| Fi rYseta) Fi rYseta 15ea
Zone Constru El ect Pea Nat u Pres
| mpactg¢g Savirn EIl ect Ga g Val u

Propo ( Gwh Demanr Savinn Energy

Change i Reduct (mi | | Savi i

(mil | isqru a ( MW ther | (mi I 1lio

fee PV$

1 0. 0. C 0. ( (0. ($0.

2 1. 0. C 0. ( (0. $0.

3 6 . 0.1 0. ( 0. C $0.

4 3. 0. C 0. ( 0. C $0.

5 0. 0. C 0. ( (0. $0.

6 4 . 0.1 0. ( 0. C $0.

7 2. 0. C 0. ( 0. C $0.

8 6 . 0. 2 0. ( 0. C $0.

9 11. 0. 2 0. ( 0. C $1.

10 3. 0. C 0. ( 0. C $0.

11 0. 0. C 0. ( 0. C $0.

12 5. 0.1 0. ( 0. C $0.

13 1. 0. C 0. ( 0. C $0.

14 0. 0. C 0. ( (0. $0.

15 0. 0. C 0. ( 0. C $0.

16 0. 0. C 0. ( (0. $0.

TOTA 4 7 . 1. 7 0.1 0. C $4.

a. Fistyear

savings

from all

2022 Title

buil 8ings

compl et ed

CadNewl @Gpast suction

statewi c
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Tab?4St at ewi de Energy and EAcdigtyi CrostanddpAlctter

Clim Statewi gFi rYsetd| Fi rYseta Fi rYseta 15Yea
Zone Constru EIl ect Pea Nat u Pres
| mpactg¢g Saviin EIl ect GagsVal ued H
Propo ( Gwh Demanr Savinn Cost Sa
Changé Reduct ( mi | (millid
202 ( MW t her | PV$
(mi | Isiqgouna
fee
1 0. 0. C 0. ( (0. ($0.
2 2. 0. C 0. ( (0. $0.
3 14. 0. 3 0. ( 0. $1.
4 7. 0.1 0. ( 0. C $0.
5 1. 0. C 0. ( (0. $0.
6 10. 0. 3 0. ( 0. C $1.
7 6 . 0. 2 0. ( 0. C $1.
8 14. 0. 4 0. ( 0. ( $2.
9 25. 0. € 0. ( 0. ( $2.
10 8 . 0.1 0. ( 0. ( $0.
11 1. 0. C 0. ( 0. ( $0.
12 12. 0. 7 0. ( 0. ( $0.
13 3. 0. C 0. ( 0. C $0.
14 2. 0. C 0. ( (0. $0.
15 0. 0. C 0. ( 0. C $0.
16 0. 0. C 0. ( (0. $0.
TOTA 114 2. ¢ 0. 2 0. z $11.
a. Firysetar savings from all alterations completed stateyv

Tab2® Statewi daedvdEEearegyy CadNewl @Gpastsuction,
Al teratiAdndi t amms

Construction |Fi rYseta Fi rYseta Fi r-ge a 15ea
El ect i Pea Nat u Pr es

Savi I El ect Ga ¢ Val u

( GWH De mar Savin Energy

Reduct ( mi | Savi i

( MW ther| (PV$ mi

New Construct 1. 2 0.1 0. (C $4 .
Additions and 2. 9 0. 2 0. 2 $11.
TOTA 4 . 2 0. 3 0. & $1 6 .
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2. 5S2at ewi de Greenhouse Gas (GHG) Emi ssion
The Statewidec& ASkElI deadh avoided GHG emi ssions
emi ssions factoUUsi spdcBtatdsi BEnvheonmaSt al Pr

EPAEmMIi ssions & Generation Resource Weptéegrated

Electricity Co€adi hnWEGBGCRCEMXhcsubregion. Avoi
emi ssions from natuahblegte saurogsscaeatlheer bubhan
el ectrical power generation are calcll ated wus
EPAG6s Compilation of Air Péo2PedpmeéendioxsCi ons
additional details on the methoddhoghbused to
analysis assumes an average electricity emiss
GWh based on the average emission factors for
Tab83resents t he-yesatri mastoa d efdi rGHG e mi ssi ons of
code changefipepGH@ mi ssi dn3mdtfri ¢ tons of <car.lt
di oxi de eaqeitvaleORmgsul d be. avoi ded
Tab?2@& FiY¥mgt Statewide GHG Emissions |I mpacts
Measur|El ect |[Reduced Nat u Reduc Tot
Savih Emi ssi Ga ¢ GHCGC Reduc
(GW vy frg Savih Emi ssi C Qe
El ect (mi 1 I| from NgEmi ss
Savifithersmy|Gas Sa¥% (Mtric
(EMtric (EMtric C Qe
C Qe ) C Qe
VAV
Deadba 4 . 1 1,0 0. 1 1, 6 2, 6
Airflo
TOTAL 4 . 1 1,0 0. ] 1, 6 2, 6
a. Fifrsetar savings from all buildings completed statewic

b. Assumes

2. 5St3at ewli

The
as

t he

extremely |

de

proposed wooudhedtc hreeasmnd ts iigonh an gceasntttew a g e
savedewelbyhdueing
water

Wat er

measure wil/l

2. 5St4at eMatder i al |

The

measur e

Use |

proposed wooudhedtc lreersqud t

ut il

i zes

exi sti

2022

ng

Title 24,

mpact s

mostly
mited i mpact on any
mpact s
I n

control s i

chil

whegfemi ess2d0MTE@0R et &EWhH, 4AMRBCO2ne 1 Ithi eornms .

|l ed

st ataeswitdhee mat er i
nfrastruc
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2. 50t5her -EM@migmpact s

The proposed wiode Icihkaenlgye i ncr easet hdédeffimadi @ nf
the ASHRAEBHRAHE)YLRPS5 2015)

2. roposed Revisions to Code Language

2.6Gdi de to Markup Language

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

withumedar I(inewnd ang sa&gekxea(hdleoluegthisons) .
2. 6SR2andar ds

SECTI ONTPRESEZRI PTI VE REQUI REMENTS FOR SPACE C
SYSTEMS

(d$paceonditi oni ng Zbacch Csgpoancded It $ oni ng zone
have controls desi dginéeld oirn 2accordance wi't
1. Each scpoancdei ti oning zone shall have contro
A.Reheating; and

B.Recooling; and

C.Simultaneous provisions of heating and coo
mi xXing or simultaneous supply oifcallythat
heated and air that has been previously co

economi zer systems; or
2Zones served byl vamei saspseemsrt hat are design
reduce, to a minimum, the vokdmaiof arehaat ed
only if the controls meet all of the foll owi
A.For each zone with direct digital control
i .The volume of primary air that is rehea
shall not exceed the | arger of:
a.50 perfcetnite opeak primary airfl ow; or

b.The design zone outdoor airflow rate a
120.1(c) 3.

i iThe volume of primary air inittaheedeadba
a—-20—pereent—of—the—peak primary airfl ow
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b-—F+hdesign zomeaionftldow rate as specified
120.1(c) 3.

i iTihhe first stage of heating consists of
temperature setpoint up to a maxi mum se
the airflow is maintained at t he deadba

i vLhe second stage of heating consists of
the deadband flow rate up to the heatin

B.For each zone without DDC, the volume of
cooled, or mixed airhsesuppatygeshaflthetfekt

i .30 percent of the peak primary airfl ow,;
iThe design zone outdoor airflow rate as spe

EXCEPTI ON 1 t o SeZcotniessn wl 4 Ch. 4s(pde)c:i al pressuri.
or c-cossami nnattriooln nceoe d s .

EXCEPTI ON 2 t o SeZcotniessn sled Ov.eddp do)yi tsiparcieng sy st

which at | east 75 percent of the energy for
systems, is preawichevtkrfesloaa sein®e gy source.

EXCEHR ON 3 to SecZobpomesl#édf.wbdh specific hum
required to satisfy exempt process | oads. Co
the only process |l oad is from I T equipment n

EXCEPTI ON 4 to Seoheenwil#h. d-agpalQuaoppty of
cfm or | ess.

EXCEPTI ON 5 t o SeScytsiteemrmsl 4sCe.rdv(idh)g: heal t hcare -

2. 6R8f erence Appendices
There are no proposed changes to the Referenc

2. 6A@M Reference Manual
The foll owitnlge secrrne®xni wédnti al ACM Reference M:

0 5.6.6 Zone Level Air FI ow
T 5.6.6.1 VAV Air FI ow

20 percent of the peak swiplpll ybeairre nvoovlieudmef rtoom ts

Dual Maxi mum control sequence in the deadband
Ter mi nal Mi ni mum Stop
Applicabi Systems that wvary the vol ume
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DefinitioThe minimum airflow that wil/
bef oedeating occurs

Uni ts Unitless fraction of airflow |

|l nput Res I nput must be greater than or
rat e

Standard For systems 5 and 6, paohaiyay
handunngs, set t he b nthreungrada

a&iorr M erbtoir lad toir «
fractieaquishal d
the proposed di
the mini mum Vv

Mmi ni mum out si
mini mum airf|
the greater o
reqguirements

StamdaDes
Existing

Ter mi nal Heating Control Type
Applica VAV boxes with reheat
Definit The control strategy for the he

Single Maxi mum:

I n the single maximum contr ol m

constant value in both the dead

cawary but is typically 30 to 5I

mo dteypi cal |y as a higher mini mt
el ow, resuldaheaagt .i |
I

h
i'n thmadumbm b
Figure 9: Sing

N

e Maxi mum VAV Bo

\ Maximum-airfiow
set point

\
\\— Reheat-valve position

Airflow
set point

Minimum- X
airflow \
set point \
\
\
\
\
Reheat
\
\
| l—
Heating-PI signal Deadband Cooling-P1 signal
Dual Ma xi mum:
Raises the supply air temperatu
andncreases the airflow to the
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1 The first stage oftihre@attimeg =zc
air temperature setpoint up to
95AF while the airflow is maint
2 The second stage of heating
rate from the deadbame hleawi ngt
rate (50 percent of design fl ow

Figure 10: Dual Maxi mumhCbnotve ol
deadb@amdedy e
Cooling Maximum
Airflow
Max
DAT1
Ik'u\l'ing Discharge Air
Airflow I;ﬁﬂﬁﬁ““"
Cooling Active Airflow
Hg:\ling Minimum Setpoint, Vspt
Minimum Minimum
DAT = AHU SAT
Heating Loop Signal Deadband Cooling Loop Signal
Uni t s List:
A Single maxi mum
A Dual maxi mum
l nput Fixed at singloatmaxi siymtiein type
Restric control
(DDC) control to the zone | evel
St andar Dual maXxi mum
Desi gn For healthcare facilities, same
St andar
Desi gn:
Exi stin
Buil din
2. 6Codmpl i ance Manual s

Chapd4cefr Ndhrer esi @empgliiadnceowoMheedl to be revised.
should be made to 4.5.2.1 P€CesdrtponvegREquoer
Controls to indicate the removal of the 20 pe
example calcul #B8Bi5o0msi weExampl ¢ he graphic indi
control s:
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4. 5 .SPhalkklendi ti oning Zone Control s

|A140.4(d) |

Each scpoancdei ti oning zone shall have controls tFh

T Reheating of air that has been previously
equi pmenan economi zer .

1T Recooling of air that has been previously
returned from heated spaces.
T Simultaneous heating and cooling in the sa
t hat has been previouslythmathhascheey heatv
cooled, either by mechanical cooling or by
Zones served by VAV systems that are designed
reheated, recooled or mixed air to a mini mum.
fbbwi ng:

a.For each zone with DDC:

1. The volume of pri mar y oailredt hatr ins xrealh eaa tre
shall not exceed the | arger of 50 percent
design zone outdoor airflow rate, per Sec

2. The volumeaofr pmi mdarey deadb ame—dhmalgle rn otf e

pe+recent—oft —the —petatke pdesnagry zomé | owt door
per Section 4. 3.

I iThe first stage of heating consists of
temperature set posett p@i nto rmo maixd hmaurm t |
degrees F while the airflow is maintain

iiThe second stage of heating consists of
the deadband flow rate up to the heatin

i vEor each zone without DDC, the volume o
cooled, or mixed air supply shall/l not e
peak primary airflow or the design zone
4. 3.

For systems hw tzhomDeDCl gwelt, the controls must L
di fferent -emngi mambh for heating and cooling. T
Figubel @aw. I n cooling, this control scheme i s
control . Thse whiaftf eorcecnucres iin the deadband bet we
in the heating mode. Wi th traditional VAV <con
typically set to the | argest rate allowed by

space in thenddeaedbtamdg modes. With the "dual n
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mi ni mum rate is the | owest allowed by code (e
mi ni mum rate the controls system can be set t
vel ocity pressoatiemrnbfactampantlithe accuracy
convert the velocity pressure into a digital
dual maxi mum control first resets the dischar
design col d deucpk ttoe Bpe roat Or0e degrees F) as a f
if more heat is required, it increases airflo
point, which is the same value as what tradit
airfl ow sierng ptohing .c dJmst r ol can save significant
whil e maintaining better ventilation effectiyv
controlled to aouéemipematzersttrhaification.
This control requinses andli snalyamrgeuairre s@ae progr
controller. The discharge air sensor is very
system problems even i f they are not actively
Figubaadaxi mum VAV Box GCw nitorvodlo nDeeagbamd
(amended)
Cooling Maximum
Airflow
Max
DAT
Heating Discharge Air
Max emperature
Airflow lc(pgim l
Cooling Active Airflow
I.h.'"“"g Minimum Setpoint, Vspt
Minimum o
Minimum
DAT = AHU SAT
Heating Loop Signal Deadband Cooling Loop Signal
For systems without DDC to the zone (such as
airflow that is reheated is Iimited to a maxi
airflow or the minimuamteairhéosspaeguitveedchevee
A.Certain exceptions exist for space conditioned
1.Speci al pressurization relationships or ¢
(Il aboratories are an exampl®eatodgesrpya)ces t h
2.Sitecoveresgoloar senergy providing at | east

for reheatiggwamom @irovidimi Xi ng

3.Specific humidity requirements

2022 Title 24,

systems

to satisfy
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rooms are expliciitsl yexncoetp tcioovne)r ed by t h

4 .Zones with a peak supply air quantity of

5.Systems with healthcare facilities
ExampgBé
Question
What are the | imitations on VAV bsgamenfoum air
of fice having a design supply of 1,100 cfm an
Answer
For a zone with pneumatic thermostats, the mini
a. 1,100 c¢cfm x 30 percent = 330 cfm; or
b. The mini mum ventilation rate which is the | a
11,000 ft] x 0.15 cfm/ft] = 150 cfm; and
2) 8 people x 15 cfm/lperson = 120 cfm
Thus the minimum airflow set point can be no | a
For a zone with DDC to the zone, the minimum cf
Fa+rger of:
S 1—1060—eefmx—20-percent = 220 cf m,; or
b—MmMh@i mum ventilation rate which is the | arger
1) 1,000 ft] x 0.15 cfm/ft] = 150 cfm; and

2) 8 peoplersgsodS=ct0Opcfm

Thus the minimum airflow set poin22i0hOftme deadb
And this can rise to 1100 c¢cfm X 50 percent or

For either control system, based on vehtobWwati on
set point must be at |l east 150 cfm, or transf

2. 6Cémpl i Bacement

Compliance 2A0HORCEBACGHEwWoOouheded t o be Sreevi end K.
Ter mi nal Box Controls shoul d wvboeu hadmel nodnegde rt ob ei n2
percent zonal airflow requi Seméelhdh.pde(rd)r ef er en
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SExpand Economizer Requiremi

3. Measure Description

3. 1Mdasure Overview

An -aide economi-aprdegi ae Bdd HVAC systems t ha
adjusts the amount of outside air going into
detected. This reduces the overall amount of
Economi zers are a proven energy savings measu

enercpydes through ASHRAE Standard 90.1 since a
especially effective for mostsiode Cadordominaz @r0s
consist of a damper to modul ate flow between

an aotruao mechanically operate the damper, an
a controller to determine t-hemeoweatheopeonati:
Sever al code advances regarding economizers h
have indbudgdiategration with the mechanical

even when mechanical cooling is needed, dampe
reliability requirements, and most r(ekBh)t !l y a

This measurdemtwo elxd supg ng prescriptive requiren
ways. First, it would require economizers on
threshold requiring an economizer from 54,000
uni ntended I mpaaowar ioablt éer g@fr oiwgeaerr kaentt s d gme ntV Ra
other | arge i ndooirs umrndpgs ad ienxctelpd imeaentguage t
newedi cated outsi depraegcrsiysttievne ( rDOAWBI)r e ment s
Sectdionn order to not r.edSweicroen dan tehd csn omeiazseurr e i |
code wlpedmnguage f r20m fTaASIHERAGE. 5S.tlandard 90. 1 v

the efficiency | mproorv edmefnfte rpeenrtc.eenfithas si pnopomet
incorporates the | atest draft whichlwas submi
me c hamiudbalo mmi tt ee. CIAWSEE esatilmtceowipdbe at ed t hi s | ar
ATabl eD14Bcdnomi-Qfefr TaGddel frog Systemso of Titl
Section 140.4(e) (1) and wil/ monitor and appl
|l anguage that gets adopted.

The combined i mpact of these measures would r
buil di ngs wehoiulsel ysidneuclrteaansi ng t he energy usage.

3. 1Masure History

Prescrriepgtuiiviee me-at def ecoabomi zers being addresse
were | ast updated under two separate 2013 Tit
Econom( £AS&Fan Contr ol and nkconognitz eCro mM2rleldrIc)i a |
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HVACCASE: Light Comme.r cihad s dJna tamrge 2 0vielr)e ado g
2012. At ,tthlhraeete tmamen changes were made:

1. The existingemamaciftoy reeguiomi zers was adj u:
75,000 Btu/h to 54,000 Btu/ h.

2. Mini mum compressor dis-p)aWemehtr ¢ abtedlgac
units to haveamdl! ini pi mu st digesgauli arceemeeontrtsl er t o
take advant aagde ngf free co

3. Fault Detection and Diagnostics (FDD) <capat
reqguired automatic detection of poor econor
and performance.

The fimesquitrwoments have not been upddeastped esi nc e
significant acdovnapnrceesnseonrt st ceitcehch od yo gtyheen tt woh as e s
(2018 andf eder8gli ci encpdytbaceenetde mosecgl asses of
atrcrool ed iatiiromiomg and hedtU.msummDOEq Fii mmdntRul e 2

Il n addition, economizers haveralisabiclointynued
i mproveanennslustrfyr gmakot t emanuf acthurveer s and i
i mpr ovwdedt he i ncorporati dirasofi mMpDbD veap anlaii Init teinea:n «

awar eness

3.1S8mmary of Proposed Changes to Code Doc

The sectiomwmmbhibavdévet andarRlesf erence Appendi ces,
Ref erence Manual sdo caunndeviactobred | moadnicfei ed by t he pr
change. Se3 ®¥cdtsi oreport for detailed proposed

3.1.3.1 Summary of Changes to the Standards

This pmwopteal fy the s@ealtiifoorsniod shHhtoeavng yb eCloadve.
See tSie@no6o.f2 t hi s nraeg kepmto dfemmguage.

0 Secti oni RRRQQUI2ZRED CONTROL S -GCG@N\RD ISTPIACCNEI NG
SYSTEMS

T Subsection BEQdOn @i Dernt eEdulotn and Diagnostic
Changes woulhdexamemag t hreshold | evel for ¢
54,000 Btu/h to 33,000 Btu/h

0 Secti oni PIROSCARI PTI VE REQUI REMENTS FOR SPACE
SYSTEMS

T Subsection 140. 4 (Ch)a nEgceosnaown® uzldedresx i st i ng
requiremevwaygO®maeay bl owtehminngg mum capacity requ
for systems requiring an econonfihz.erThfirsom 5
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change will al so be acacno nepxa msite @ntgb yenc wangés
exemptectome miezqeuri r e ment s i fa ad escyosutpel ne du tsiylsitzee
that meets the DOAS prTewsoc,r itphtel vnee arseugruel rweonuel
i ncorpor at eupc oldaen gculaegaen -#-Dregabdiend4€conomi z
t r aadfef s

3.1.3.2 Summary of Changes to the Reference Appendices

This pmwopdoal fy t he sRecftarofnpsg eonfdiitckheastbiefl ioevd
Se&ectli.obo.f5 tbpert for the detailed proposed r
reference appendi ces.

T Joint Appendix (JA) 6.3 EconomizeWA Fault D
mi nor change wotuhled ebxei sntaidneg tJOA 6. 3 text to
capacity sited in the text tforonmatxh, QE RBtha
being sought for section 120.2(1i)

3.1.3.3 Summary of Changes to the Nonresidential ACM Reference Manual

This proposal ewd wlld owo achigf setchi ons of the Nonr
Manual as shovwrechéloGw5 thees report for the det
revisions te AGHWM Reikxeéer efcé hManual

Mi nor ch8egesonho5. 7.4 Outside Ai rwoQihrdterdoltso an
be made to address the capacity requirement ¢

T Section 5.7.4.1 Outside AiTr Control s: Ma X i
f Setcion 5.7.4.2 Air Side Economi zer: Economi
T Section 5.7.4.2 Air Side Economi zer: Econo

3.1.3.4 Summary of Changes to the Nonresidential Compliance Manual

The proposed code change wouslod mddi fNy ntrhee i fdeeln
CompliancleSeact 8 060.f5 t hi fsor eplhpetdetail ed propo
to the tcempl bD@aartubeel s .

T Sectionld4l1l18. Ecénomizer Faul t Detection and
T Sectd.o,n. 1. 1. 1. 18 Economi zer s
T Section 4.9.1.1.1. JAMandaonosy aMeafltes ati o

T Section 10.4.3.1 Economi zer s

3.1.3.5 Summary of Changes to Compliance Documents

The proposed code fcyh atnhgee cwoonuplldi amocdei document s
Examples of the revised docWBmebts are present
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For the Expand Economizer Requirements measur
NRCMCHEwWouheed to beemsswressefli tati on of the HV/
sectwidn verify economizers on the smaller uni

3. 1Rédgul atorty Cont ex

3.1.4.1 Existing Requirements in the California Energy Code

Applicableqqudadamamnt $s mpact ctami Pbemdasumde i n t he (
Energy (Codée 24,:SRarti 20@. 2 0Sleec)tdidon. AA( e) handl i ng
systemmewhahicalecod®d4, @0 oBtu/ h shalpern ncl ude
Sectlid 4(e) amdpeIeccltdi@®@én. R{i gomfort cooling sy
a cooling efficiency that meets or exceeds th
presentTabl e OAHAD.Mot need to have an economi zer

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

Pr ersicptive requirements for economizers are |
Cod(eTitl e 24, aPapbArptp eenfdli) sE ai nabl e Practices.

these requirements are not manCdadtiodroyr nanad Eanreer g
Cod(eTitle 24,. Part 6 2019)

3.1.4.3 Relationship to Local, State, or Federal Laws

Most HVAC equi pment effected by this code cha
certification, and test i ndgerrad g uElneetregdy aPso | piacryt A
(EPCA 20H&Wwever, economizers are not inclusiv:
requirements.

3.1.4.4 Relationship to Industry Standards

Existing industry standards for eubaomBtandan
90. 1. These standards are adopted into model
which publish both the International Energy C
|l nternational Green Construction Code n(tilsgCC) .
by each code or standards body is presented I
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Tab2@Economi zer Requirements fromsVarious | ndt

Rel evant Titleg (ASHRAI(IT EC(I gCC Title

Requiremern Par Standar | 2018 / ASHR Part
(20 2019) 189. 1(Propo
5

Capacity
to require¢ Btu
economi zeft

54,000 (54,033,000 33,00
Bt u Bt u/

N
~ Ok~

3. 1Cdmpliance and Enforcement

When developing this proposal, the Statewide
streamline the compliance and enforcement pro
mar ket actors who are involved i n dtThha sprocess
sectdiessncr i btesommplwy with the progds ead swo de schra
compliance ver iApipceantdpioxea sEpm b€ els e w tahneg epsr ocpoausl edd
i mpact various mar ket actors.

Thactivities that nepdaetbhecpupjdotiagereedebcr

1T Design Phhaseg the design phase, the mechan
tensure that s meolull dhelwe dhraendl | veirtsto re awd n d mizzee i
the appropriate exception and as well as t

T Permit Appli chAtt imhaPehaxhpmicakner s with the aut
having jurisdiction would need to ensure t
with an economizer dowanttitbi 38,006 Bpprfrbapri
Under this gMCHE e Ce NRCfCi cate odfd Qenrmg| itoan be

filled out and verified that the specified
requirements.
T Constructi ®nrPhgséhis phase, the general/i

t
compl ete -MOGK INRICdér m to decl are that equi pm
properly and meE¥VAE€ oereqekoemdnmeing ed in the N
Under t hiasyplkldsregrt economizers would have
incorporated if they are not included in t

T I'nspectiodndédrastthias plaanscget testing technici
t o conapclceetpet ance t esttitneg NMRCHMABAdTf.Dr ml out
Economi zers are put through functional tes
di agnostics.

As outl i neéadeabsamoss,h d@tvhe | i mi t edleckhanges ggo and

constrpurcdadeoans r @ah o rethattheewi de CASE Team does not
i mpl ementation of this measure tocade substan
compl ipamace ss.
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3. Mar ket Anal ysi s

3.2Mdr ket Structure
The Statewide CASE Team performed a mar ket an

current technology availability, current prod
considered how the proposed standard may i mpa
i ndsi dual mar ket actor s. |l nformati on was gathe
complying with the proposed measure. Estimate
applicability were identified through researc
ut il itystparfofgr abmer gy Commi ssion staff, and a w
addition to conducting personalized outreach,
current mar ket structure and potenti al mar ket

meetingdhet batat ewi de CASE Team HSEltatemwi Nev e€AlISE
Team: HVAC Pan#lApei ROIS)t a2t0e2n0i de CASE Team: HV A
202.Pyesentation sl ides, nmeeotfi ngen octoedse, cahmd gseu
can be found in the resources section of this

The primary mar ket actor s yfsdmeant thfi asc tmeraesrusy ea md
desi gn enhpi meadrnss.i My @bmb wehr capaci tnye aescuorneo mi z i n
woul d HoveA Gteos i gansertshi s woul d require ewhminoomi zi n
woumddi fy current descgnrpgecphbeastumeiattiso e é&r

to exwealriorto comply with the econoami zer requi
decoupled sBystemse tbe new exceprhayw nbef opra rDtGAcSu |
i nprt anmaddirtiaons and as$wleirmdty loinmiersateadreti i n

| i-kdri kepl aciemmetnhd awi itdinho return ducting system
bespacenstraineds.e@dh®t aoe@meImBam i s aware of thi
pot entssarkdl so paomode ftiG&eacttiioonn 1E4xOc.edp(tei)oln, 6 whi
woul d exempt economi zDeOA $§reegsuci rriepgteintes me ht s har e
for the siameotsagpeascter i ke an appropriate bal ance
and desi gnelrhef [Setxaitbeiwiidtew oQUA SAE aTpdpaened b a¢ ke f r om
designers andpodidt wirmoely wiXicdsipneg o n .

HVAC sysatharmhamturers would face | i mmoed i mpact
existing product | inesnialersadynd mcer pot atex pec
significant chRhegteismi Hpwefvetrhi ¢ pr opadisanlewwoul
requirements from the California Air Resource
(low GWP) refrigerants and new federal efficien
requirements all whwbhwdwalke gl sn@alud actRO® 3

make revisions to product offerings.
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Secondary mar keb uialcdpoenrgaathodrosdiedenf or cement

professi®hal main i mpact to buitcdpagnbper wtbls
nowequi re esddhmdmifzEDd3t uaviel | need to be aware of
t h enian natnecne spltan i ncor por atTdhet masen d¢mpmgdes t o p
checkedd Iteoarn tclbpelenewquirements and | ook for
speci fiinatliuad antgi v@alsmal l er units will feature
Accepcteant esting technici fnsc Wiebshtraidhegetde d ot @ ondu
economi seamad lemr skardumnintt ¢ st hat are utdolfifzing
t abolre t he new oerx cDe(pAS inants checkers and desigr
be aware of the new | anguage which will no | o

Tab? @AHRI Data Economizer 2014 Shipment Vol ume
TechnbSepport Documentation)

Equi pment Category % Units
Economi

Smal | Commer ci al Pa
(ACool €d)65, 000 Bt u 60 %
<135,000 Btu/h Cooling Capacity

Smal | Commer ci al P a
(ACool «€d)135, 000 Btu 67 %
<240, 000 Btu/ h Cool

Smal | Commerci al Pa

(ACool €02¥4 000 Bt u/ h 77 %

<76,0000 Btu/h Coolin

Similar data on economizer mar ket penetration
Bt u/ h. Hovwseweron di sicuodisvmadnguaficttlur er s, singl e
units in this capacity range are increasingly

of requirements for them. ThewiStthatAHKMRIdet cC ABIEL ¢
additionahedataaken prevalence of ecoansonwezlelr s
as incrementwal hcodte datanti on of providing an
manuf acittuhhre rise mailon of this report.

Economares seciimgddadtnf Clalwhfidcrémaitaur es r el atively
yearouwhli ahutci | i ze ecoedwmwodn tgh wouwghout t he ye
The mar k edtevied wwpeldli n G@Galdi fwhriniea t here has been
growth in alternati V&F ssyysstivdermist D IOMBALU plackag e
unit with airssiehat meoprmmmdeywyunatCabnforni a
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3.2T&chnFeasi bility, Market Availability,

3.2.2.1 Technical Feasibility

Ai-sri de economi zer s f e atsuernes aan €d aampceofnhteraocl tlueart.o r
controldetal meseisnf ortmamp erna tf u roao pseernastoer sant oact ua
open orudlsoslee air damge ¢rmstrierdrucael t he need f or n
cooling. Thi s -uinsd ear smhaotoudy et felcahénlol aosgy beeparéeqofr
ASHRAE <i0ncle at .Ececansotmilz9edn9semavequi red on s mal
t he technol ogan ch assr enad fufreerded as an op@mtoiwean by r
33,000 Btu/ h.

me stakehol ders dawvms exlpo ets steldle cpenr si st ence
onomi zers because of historic reports that

r long periods of time, and the savings are
onomi zer syst elnhse aadSreewi MdoefTeGASxEexXdpect s t he savi
om this submeasure to persist so | omhg laess t h
conomi zers have been around for d¢edades, sev
hanges to Titlien2rde a Pad fmmkbgc eh aocrveArs toif md he 20
ode cycle, economizers are required to come

t estdianngpleaga ktaget i agd F DDMaudkeshtang e swardd anced

di gital e C 0 h osmiaznedrb gcsoandttruoal tlloeers @ h a@setry | € r o d

' i nkdges) al so I mproared pellAfdabimaimm@w!| |y, this n
i ncl udeBDnedsure which will I mprove measure pe
operational cost s.

—t
@)

O o o “+~o 0 W
- O O O O

3.2.2.2 Current Practices and Market Trends
Ai-sri de economi zers are a feature of many HVAC

of building typesdene€ahomozersa.adjust the ra
and air returning from a building tnmournegd wde e
mechani cal cooling required. They can be ship

economizer or retrofitmaerdketn pm@dlddbteDdpawrt men
Energy®0OE) rul emarkildig dmr ge, ommar paicaklggiaar ge c
condi ti ohe& gmpwtdi ldiazzeadtfhreomAi r Condi ti oning, He
Refrigerat Abiwhnshi foued( mar ket penetration o
manuf adthsntend | ed economizers to be fronmnnO per
the equi pment capacity.
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Tab2 @AHRI Data Economizer 2014 GhdDPEBHehRt n¥bl ume

Rul ®echni cal Support Documentation)
Equi pment Category % Uni ts
Economi

Small Commercial PaciCopd&A ( 6 0 o

. . 0
65,000 Btu/h and <135,000 Btu/h Cooling Capacity
Smal | Commer ci al Pac kaogpd eaddA ( 67 v
135,000 Btu/ h and <240, 000 °
Small Commerci al Pac laogpd A ( 77w
24000 BtulZlb0a@ Btuhh Capaci °
Similar data on economizer mar ket penetration
Btu/h. However, based on discussions with ind
units in this capacity rangeormomi Z2arKcs edass migtl &
of requirements for them. The Statewide CASE
additional data on the market prevalence of e
as incremental cost dat a awiotnhy ntitzee di rdtag mt if am no
manufacturers in the final version of this re
Economi zers are especially impactful in Calif
yearound which can wutilize economizers to redu
The marike well developed within California an:t
growth in alternative system types such as VR

unit with airside economizers remains the pri

3.2M8r ket | mpaothomrcd ABEsessment s

3.2.3.1 Impact on Builders

Buil ders of residential and commercial struct
measures proposed by the Statewide CASEs Twhamh
the nor mal practicesdpst thlesier blnsgi heissgspt ac @i
buil ding codes. When necessary, builders enga
in order to remain compliract i wietsh aolabges$ di og
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Californiads construction industry is compris
and 860,000 emmlbd ®%d ens 2(0sleBe t ot al pagrmolly was
17, 000 establishments and 344,000 employees fc

TabB8@e aC i f €&omisaruction I ndustry, Establ i shment
Payrol |l
Construction Sectors Estab| Empl Annu
me nt me n Payr
( bliilon
Commerci al 17,2 343, $27
Commercial Building C 4,5 75, 5 $6.
Foundation, Structure 2,1 53, 5 $3.
Building Equipment Co 6, 0 128, $10
Building Finishing Co 4,5 85, 6 $6.
Sour(c®tate of California, Employment Devel opment Depart

The proposed rwhameattial NHVAC Controls would |
buila@amed snonresidential electricabyt HVAKLI] d amat |
significantly i mpa.ctTld hefrf datid domgt he ademmer ¢
industry would not be felt by all firms and w
speciifmdustryTabdbbBedotwsr $ he commerci al buil din
Statewide CASE Team expects to be impacted by
as theyralated directly related to the purcha

TabB8% Specific Subsectors of the California C
| mpacted by Prop&e®ed Change to

Construction Subsector|Estab| Empl Annu

me nt me n Payr

(billi

Commercial Building Co 4,5 75,5 $ 0

Nonresidential Electri 3,1 66, 9 $5%6

Nonresidential plumbin 2,3 52,9 $ 45

Ot heonresidential equi | 50( 8, 8 $09
Sour(c®ttate of California, Empl oyment Devel opment Depart
Average total mont hly empl oymentn;i n hCGalciofnosrtnriuac tiino n2 O In8

represented 4.5 percent of 2018 empl oyment .

2022 Title 24, Parit2 G2NIRH¥ ACBHTASE Report



3.2.3.2 Impact on Building Designers and Energy Consultants

Adjusting design prcahcatnigciensg tbou iclodmpnigy cwidtiehs pr a
the nor mal practices of building designers. B
Energy Code) are typixadd yr aipidaiteemd oyclae tdanmaek el
designers and energy coaosuobtaedtutsaéengageaendntca
to remain compliant with changes.to design pr

Businesses that focus on residential, commerc
design are contained witb~entNohea (hArAoateirti eeatnu rl anld
Classificab%4b3aT@pEIBddmws t he number of establi
empl oymadttotal annual payrralll SfeGihwpR@elodieng A
code chwonugleds potentially i mpact all firms with
The Statewide CASE Team antresciidenteisalt hHeV A GnpQGaocr
affect firmaonhatsifdeawts adnconstructi on.

There is not a North American | #dadergp€tasdstc

for energy consultants. I nstead, businesses t
energy efficiency are contained in the Buil di
541350), which is comprised of fiinrspseaftriiomar i |
residential and nothirtesiisdenotti aplo sbsuiiblldei ntgos .det er

establishments within the Buil dierdgn |enrseregy i on
efficiencyh@€omnsatfibtrimagTam3 dhownders an upper bo
indication of the size of this sector in Cal.

ONAI CS is the standard used by Feder al statistical age.

the purpose of collecting, anal yziondg heand Spulbluiss miesg
NAI CS was development jointly by the U.S. Economic CIl a:
Canada, and Mexico's Instituto Nacional de Estadistica
comparabilitytimsthesi menongstt he NONAHUICSAmerpi aaxre dc d thret 1Sit e
I ndustrial Classification (SIC) system in 1997.

UEstabli shméehts s eatsdrneismscelsu dea i mawa ll wa teinngga gee db uinl di ng o
and component systems and includes energy efficiency i
services. This sector does not include establishments |
pests, hazardobhsrwasvesoomeaoanadoednittami malt ede state an:

government entities that focmupl|l ioaandel/i ¢ dfi mrgc ®eme reth eo fg yb (i
regul ations.
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Tab82 California Building Designer and Energy

Sector Ed abl| Empl Annual H

me nt me n (bi I I i o
Architectutal Servi 3,7 29, 6 $ 9
Building I nsp®ctiof 8 2 3,1 $0 2
Sour(c®ttate of California, Employment Devel opment Depart

a.Architectural Services (NAIESt b4 184dt0abliciosnpme stes pmri m
in planning and designing residential, institutional
structur es;

b.Building I nspect ibodnl 3FHelr)v iccoensp 1(ieNeAtl sCrPp eisY atbé i shment s p

engagedoivih ding buil diiomg e(sh)a ®imdsépreticitailon& services enco
aspects of the building structure and component syst
serves.

3.2.3.3 Impact on Occupational Safety and Health

The proposed code change does not alter any e
regul ations pertaining to safety and healt h,

Division of Occupati(cCradl/ OSdHfAgt y Adnd ebe aslttimg h
rulwosut dmain in place. Complying with the prop
anticipated to have adverse impacts on the sa
involved with the constructénancecommiksei buni hd

3.2.3.4 Impact on Building Owners and Occupants (Including Homeowners and
Potential First-Time Homeowners)

Commer ci al Buil dings

The commerci al building sector includes a wid
restaurants and | odwd exge s traellaiid h meamtds ,mi akredd war
(includi ng (rkefnmiegcErb®@tiegdy) use by occupants of ¢
buil dings also varies consi derlaibdht iwvig,h sdeaecd
cooling and conditioning, and refrigeration.

water and for space heating. According to inf
Energy Efficiency Action Pl aunar et hfeereet iosf ntoorneme
fl oor space in California and consumes 19 per
useKenney. 20hle9 )di versity of building and busin
creates a challengge fofodmaseomnnan energy and
solutions, as does the variability in sophist
relationships between building owners and occ

Estimating Impacts

Building owner ssoabdnetctup@ememglyowdmscsssAdg in
Secti.om,wheln buil ding occupants save on energy
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el sewhere in the economyectomeorne bcy gcrroewa thi nfgo rj o bh
economy. The Statewide CASE Team does not exp
the 2022 code cycle to impact building owners

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

The Statewide CASE Team does not expect any s
and distributors of these product s.

3.2.3.6 Impact on Building Inspectors

Tab3&hows empl oyment and payroll information
agencies in which many inspectors of resident
employed. Building inspectors particaphte in
aspects of building regul ati &dnsa,t eiwn adllea &MiBSE e n
therefore, anticipatwouhtdve moop mpeadtclangenpl o
building inspectors or the scope of ohseir rol
Tab88 Employment in California State and Gove
|l nspector s, 2018
Sector Govt . Estab| Empl Annu
me nt me n Payr
(mi ||
Admini stration |[State 17 28 $29
Progrtams Local 36 2,8 $205
Urban and Rural|State 35 55 $48
Admi n Local 52 2,4 $186
Sour(c®tate of California, Employment Devel opment Depart

a. Administration of HousingoRPpoppsamsgONAlICHeAR5&480abl i

primarily engaged in the administration and planning
and standar ds, housing authorities, and housing prog
b.Urban and Rur al Derveetliopme(nNAIAGISNTI hd5120) comprises go
establishments primarily engaged in the administrat:i
and rural areas. I ncluded in this industry are gover

3.2.3.7 Impact on Statewide Employment

The Statewide CASE Team does not anticipate si
i mpacts to any particular sector of the Calif
proposedwobhdgehave modest | mpacts on empl oy m
Sect3d.o2t e StatewidesCA@Bh&emmoposed change in
economi zer rwoquwdibrfeencetn tsst at ewi de empl oyment and
directndyi raenadt liy t hrough 1 ts iIimpact on buil der s
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and building insphetB8tatewnded@A@&Boweamer gy
savings associated wi tehc otnhoemipzreorp orseeqdulidrhehmeegnet si
modestngngonanci al savings for California res
for other economic activities,.

3. 2Edonomic | mpact s

Adoptitcdhn sofcodprepawsaglkesult in relatively mode
i mpacts through the adtdhbosenah dheecommpendnh
i ndustarychi tects, energy consudhtam®tat eavndeb CAIS
Team dwmds anticipate that money saved by c¢comme
organizations affected byrebel ppooupeseadt20pdr2 c
additional spending by those businesses.

TabB84 Estimated | mpact that Adoption of the P

on the California Commerci al Construction Sec
Emol ovr Lab Tot al Outp
Type of Economi pi oy Il nco Adde( mil |
(jo . . . . ]
(mi i (mil i $°

Direct Ef fects
spending by Com
Buil der s) 20 $ 1.35 $18¢ $285¢€
|l ndirect Ef fect
spending by fir
Commerci al Bui l 4 4 $ 23 $51¢4 $ B3
l nduced Effect
empl oyees of fi

Adirecto or Ain 89 $5 . ( $85 ¢$1a81
Total Economic 33 $2.13 $398 $5.21
Source: Analysis by Evergreen Economics of data from t|
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Tab8®% Estimated | mpact that Adoption of the P
on the California Building Designers and Ener

Embl ovr Lab Tot al Outp
Type of Economi p(.yo Il nco Adde( mil |

PO Cmin i (mit i $

Direct Effects
spending by Bui 8 $07 € $07 7 $ 137
& Energy Consul
| ndi r e c(tA dEfi ft @ cotr
spending by fir A - d
Bl dg. Designers > $03 2 $04 < $06 ¢
Consul t.)
|l nduced Effect
empl oyees of fi 6 $0 33 $0 59 $09 €
Adirecto or AinN
Total Economic 19 $ 14 : $18 $ 03
Source: Analysis by Evergreen Economics of data from t
TabB8@® Estimated I mpact that Adoption of the P
on California Building Inspectors

Embl o Lab Tot al Outp
Type of Economi pt(.g l nco Adde(mil |

PO Cmit i (mit 1 $

Direct Effects
spending by Bui ! $7 $8 $10
I ndirect Effect
spending by fir 1 $ $9 $1
Builldnsgectors)
l nduced Effect
empl oyees of Bu 4 $2 $41 $68
Bureaus and Dep
Total Economic $1 $1, ¢ $18 $80
Source: ME=Irysieen Bedaomi Erom the | MPLAN V3.1 modeling

3.2.4.1 Creation or Elimination of Jobs

The Statewi de

2022 <codreegcuyleeldeiloéhad t o t he

el i mi natiiotnymgs of | obs. I n

proposedwobhdgeresult in ec
2022 Title

CASGE apbmcidmpadseuptrécaptof sbendet h e

t y pafsijomb o fornetwhe

ot her words, t he !
onomic disruption
24, Part2 G2NIRH&¥ ACBIIUASE Report



economy. Rather, the estimates of 3eQwadwlmd ¢c i m
|l ead to modest changes in employment of exist

3.2.4.2 Creation or Elimination of Businesses in California

As s taabtoevdet he St atewi de CASE TweoaunhGs precspudsed c
economic disruption to any sector of the Cali
represents a me¥as€t Cowhngbshdt excessively bul
competgtsadvant age Cal imowonuiad bnuesciensessasreisl y | e a
competive advantage for CaltiHer3it at dwisd e eCGAREB
doensot foresee any new busippesSbatbwidg CASE&t e
Teatmhi nk any exi swtoiubgl leUs Mmiesasesl dwe dteo t he p
charmsge

3.2.4.3 Competitive Advantage or Disadvantages for Businesses in California

Thpr opocsoedde c¢ hwaonugleds apply t o naxlolr phpuaCeéEs $esni a
regardless of wheitmeor pihmsibde i nre ssutisi de of tt
Ther ef otree St atewi denBGASBnTéeampaoest hat t hese
pr oposed20f 22 ctohdeee gcuylwaldei hoehv e an adverse effect
competitiveness of LCiakeawioseni at Hie$ &S tiaetsaesveisdoee sC

not anticipate businesses | ocated outside of

di sadvant aged.

3.2.4.4 Increase or Decrease of Investments in the State of California

The Statewi deanGASYEz eTdeanmat i onal data on corpor a
i nwMement by businesses that expand a firmds ca
domestic inves¥®¥memthd dohro wWsRDMb)e.mha BB 1R 0 NPDI as

a peentage of corporate profiwtig hr amg @lVlefrraga 2

percent. While only an approximation of the p
capital itnhvee sStrmeetnetwi ddeChs8Eepeami des a reasons:
esti mat ehe proportion of proprietor income th
owners into expanding their capital stock.

2Gov. Code, AA 11346.3(c)(1)(C), mAaet4i6t i3 ea)d @)antlaCe€R
di sadvantabethbhudpirmeCcsses currently doing business in the

BNet private doniesshtel ct oitnavlé savneosuinme wHE pi t al by the busine
is used to expand rtaltadneamgiiihttadi s torc kr e pl . LCoe pbuatitaso pd edr d
t he moneefytad erfgorpatyisonts expenses.
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TabB8eNet Do mersitvlaatweest ment and Corporate Profi

Yeal Net Domestifl Corporate Ratio of N
I nvest mente dye After ] l nvestm
Billions Billions Corporate
2011 6089 1,748 359
201 ¢ 45 . 1,739 269
2017 5089 1818 2859
201 ¢ 618 1843 3409
201¢ 589 18 7 . 329
5-Year Av 319

Sour(ckederal Reserve Economic Data n.d.)

The Statewide CASE Team does not anticipate t
withprtdposed wrewlsebarde t o shgnpgpéi Cantrease or de
investment in any directly or indirectly affe

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

Governments
The Statewi dedeCAASE @rpect t he pr owoousheddv ec cade ¢
measur appalcet iom the Californiadbds Gener al Fund,

government funds.

Cost to the State

State government already has budget for code
compliance enforcement woWhidl el sbatae¢ei ggversomanmn
update the TSttamdaMdds Pairmcléudi ng updating educ
materials and responding rteqquesemeons, abbet et
are already covered by exiostsitnagt es tgaa vee rbnundegrett sa
when compared to the overall costs savings an
code changeSpno@oalal ssubmeasures have been sh
the Statewide CASE Team does neottleeexpeéateany a

Cost to Local Governments

Alplroposed codd@ithengds Part 6 would result in
determinations. Local govbewinindeinngs dwopmahrdtt rmeenetd s
revised Ti tSteandda,r dBhri SWhehé ri Ng i s an expense t

government s, It Iis not a2ZMmxwdeoshaageociyal ed
building code is updated on a triennial basi s
retraining every timere har eomdemesowpdraeeaur dd
| ocal governments to support compliance train
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retraining, includiesgutrcels prob®@Bodeeasdhyndde
Standards(puolgrasm EnerAy tieaddepAhAoe) xhE Statewi
CASE Team considered how tmheghgr oppaed wvade oals
actors involved in the compliance and enforce
negative i mpacts an | ocal governments

3.2.4.6 Impacts on Specific Persons

Whil e the obj ecStiavtee woifd ea nCyA SoEf Ttehaerh@s pproapod xa le |
effictilteencyt,atewi de eCASE hBeeamhere i s the poten
proposed comaey crheasnuget i n uni ntTéredSd ad @ws eé@u €RAE
Teamsh not found any information showing that
by this proposal

3. Energy Savings

3. 3Kdy Assumifpdarn olarser gy Savings Anal ysi s

The Statewide CASE Team used EnergyPlus to co
change prEompeorsgayl smodel s atrlee s©BIoG®rdo tf atoyp i c al

building models and are modified to include t
stand@ahdsportonpdeut § laiuzse zed air handler attri bu
automatically scal e tnoe cneesesta rtyh et ddiemea eginc tchra rtieat

for each of the reference cities reprAsssenting
result atiohmhe wvwéarithe equipment specifications
by both climate giomee amle pcroittoeryipa for requir.i
orn henit capacity.

3. 3ERer gy gSawernt hodoPmogtyoppgmi | di ng

The Ener gy nCammiescstiead t he Stamewebdet CASEndgegm
i mpact sspuwescpngtcot ypi enald ethh ari € pdri ebsgeind a | buil ding
geometries tfyoprdodh dif Edem@gs ot ot ype buil dings th;
CASE Team used in the aiabd&Enseragrye npordeesl ei nntge dw ai
conductpedton ypical b uhd dHi me cmo ceexlpsa ntsh aotn ( D X)
obetw88n0O0OOaBdubh, 000 Bhe/ mofdelr i nmaeéestigating
handl|l eOBBEGUQoO mpr ot ot ype hmo be¢ lag ewi de CAS8&Er Team f
building types thahotwe et HbtBetal hp o togwbatsy pe mo d
excluded in this iampadgytsed Ubrictasisientthiee onl y s
would Iikely be served by DOAS wunits in the f
representativenocod huansed peenr floowoal todaada rn ga iarn df rha
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As notSedc t3ion, B¢ 2St at ewi de CASE Team is workin
addi tmaornkaelt dabdomnomnmelrsding numbemwiofh d¢miets sh
intepoptutoh i zi ngvahiadada tnaphtéisoen sas s u

Tab8& Prototype Buildings Used for Energy, De
| mpacts Analysis

Prot oNgme [Numb¢FIl oor |[Description

o f (squa
Stor feet
Restaur ant 1 2, 50]Fast food resmatlt ar

kitchen and dining
Pitched roof with e

Ret ail Mi xe 1 9, 37!'Retail buildldo®. wRd
adi abatic

Retail Stri 1 9, 374{Strip Mall b ull0d% n ¢

School Prin 1 24, 40EIl ement arwi tshc WéWoR o

Th&8tatewide CASE Team estimated energy and de
proposed code change using tII8BEXTELd2n Research

CBECComgenerates two models based on andldhre i npu
ProposedThesiSgamandard Detsh@ngee®mpetersyendfs t he de:
buil der would |ike to build and inserts a def

budget mtimatwcaoldpyl i anx1 9wiTtiht | e 24, Par.t 6 code r
Featur est hSsteadh diar da rOfeessicgni bed Nont dei RAAMOI al
Ref erence Manual

The Proposed Dediegmrsamep geoenett g yt as t he Standa
assumes the energy featdesessgsviibitek ert hidnoswtf s . war e
develwipngsa estimates for the proposed code <ch;
created a Standard Design and Pr oposlehderze sisgn

an existing Title 24, Part 6 requirement that
apploelsoth new construction and alterations, ¢
compliant with the 20A9® iTndil ®at2eld riemMud e etmeonn s:
Economi zers, each cooling air handler with a

i ncl udre eacnomdmi zer capable of modul ating out si
supply 100 percent of the de-aign supply air q

The Proposed Design was i dentical to the Stan
revisions thatopepeesehangélea bi@® rt ehssevicioale .
parameters were modified and what values were
Proposed Design. ompecidf icoaldli yia,d othisee ars timal dr vy
economi zer .
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Comparing the energy impacts of the Standard
the i mpacts of the proposed fclhhate ichamigri mal lay
compliant with4,t hRear2t0 169 rTeiqtulier e2ment s
Tab8@e@Modi fi cations Made to Standard Design in
Proposed Code Change
PrototypClimate [ParamelStandard |PropobBedi
Name Parameternpar amet er
Restaur aAl | EcononNoEconomiDi fferent
Food Contro
Contro
Met hod
Retai |l Mi|lAl | exceEcononNoEconomiDi fferent
Climate |[Contro
15 Contro
Met hod
Retai |l St|Al | exceEcononmNoEconomiDi fferent
Climate |[Contro
67103nd |[Contro
15 Met hod
PrimarySAI I exceEconomNoEconomiDi fferent
Climate |[Contro
89101 113,/Contro
141 % nd6* IMet hod
*Note: The deapani tcyodfi ngshbra sheadn dolne rtsh ev acrsieemat al zone and
protowgpesapetl i.cabl e
CBECComal cuwlad-lesi | di ng energy consumption for
measurled onm@tutr s per year (kWh/yr) and therms p
applies the 2022 time dependent valwuation (TD

i hbhousandmerofy elatkiB{ idbivydnnu al peak electricity

reuctions measured i n-Ckinm oawastot sy e(nkeW)a.t eGB ETAC/ e
savings values measured in 2023 present value
The ener gy 1| mpacdt sc oodfe tchhea npgreo pvoasrey by cl i mat e
CASE Team simulated the energy i mpacts i n eve
cl i nzaotnee speci fic TDV factors when calculating
Peanit ener gy oinmpeasd tdse nfta ra | buil dings are pres
foot. Annual energy and peak demand i mpacts f
translated into Iimpacts per square foot by di
building. Thians¢éeaepi al |l owmpédoirson of savings
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types and enables a calculation of statewi de
that i s published in terms of floor area by b

3. 3St3atewide Energy Savings Methodol ogy
The -prirtggniempacts were extrapolated to statey

Statewide Construction Forecasts that the Ene
Construction Forecasts estimate new construct
year that the ROr2t2 6lrirtdgui2rdement s are in effec
of the total existing building stock in 2023
approxi mate savings from building alterations
constructioos tofnobeamid exi sting building stock) b
zone. The building types uS8edldnnghé@ypens$Drua

identical to the prototypicalComusad dtimeg Eryeregy
Commi ssion proeidedwihguchkaprototypical buil di n
Type | Dxawhceunn ati ng stateWahde@ensegysi mpacpsot oo
buildings g@gndawteomghti mat the Energy Commi ssi ol
CASE Team use for each Building Type I D in th

Appendirxe sfenittsi amdall information about the meth
used to calculate statewide energy i mpacts.
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Tab4@Nonresi Bantlidalng Types and Associated Pr of

Buil dingDTlypem St|Bulidifrgot ot ggWei ghting
Construction ForeEnergy Model for Sta
| mpacts A

Small Office Of fi ceSmall 100
Large Office Of fi ceMedi un 5009
Of ficeLarge 5009

Restaur ant Restaur ant F 4 100
Ret ail Retail StandA 1009
Retail Large 7559

Retail Striph 5 %

Retail Mi xedU 1009

Grocery Store Grocery 100
Noi#iRefrigerated WaWarehouse 100
Refrigerated Ware RefrigWareho N/
School s School Pri mar 6 09
School Second 409

Col |l eges Of fi ceSmal |l 5 %
Of fi ceMedi un 1509

Of fi ceMedi un 2009

Publ i cAssemb 5 %

School Second 30¢9

Apartment Hi g 2559

Hospitals Hospital 100
Hot el / Mot el s Hot el Smal | 100

3.3P&Unit Ener gyRelsmpdcsct s

Energy savings and peak demafd@abd4 & chuolugthhe ar e
44vhich summari zes ener ghiemmpa@ptngd ct gAey t s fron
instances of negati vieemivdlhuds )arn ea dAdsre mntoeide diers nb
Tab3®bove, the design cooling |l oasszefl basedi
on the <cl,whatcdh Zompeact ed otfhd haep plriopalsieldi tcyode ¢
certain prototype buildings and climate zones
prospeod code change would not be nmnéllls0amtset he
they were not model ed

The -preirt energy savings figuresrrdiommghkbét account
adoption or compliance rat es.sgAs rahto wino rb etl hoew, f
year 1 s expecte@28o0 Ir.alnSg% rkfVaho/df thjam gr @eant ¢ §

therm usa@o8t 6 r @ mO D6 -ytrh edrenpse/nfdtijng upaonnd cl i mat e
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prototype bSavidnogisg itnypree-dhecmi iameadeooll a :1.gt he
economizer offsets mechanical <cool i Mdrewwi t h fr
are negative heating isavhegtsi whi daddbmianmat il aggelsi
Climatd {Ameata, CA) and tilse pRhaedtFrawtdamobg | ar g
prototypR2emaonmdaelr edurcddgloifgoarkalreec! i mat e zones.

Tabd4 e&Fi rYsetar Energy | mpact $ERparn8qgiEaneaombdboer
RequiremRemdtsaur ant Ha$) Food

Clim El ect | Peak EI e Natur a TDV En
Zone Savifn Demand Red Savi | Savi i
( k Wh/ ( k W/ (therm (TDV kB

1 0.5 0.0 (0. 0)] 9. 8

2 0.7 0.0 (0. 0)] 15. 0

3 0.9 0.0 (0. 0)] 20. 5

4 0. 8 0.0 (0. 0)] 17. 7

5 0.9 0.0 (0. 0)] 24 . 3

6 1.1 0.0 (0. 0)] 25. 9

7 1.1 0.0 (0. 0)( 27 . 7

8 0.9 0.0 (0. 0)( 21. 5

9 0. 8 0.0 (0. 0)( 19. 7

10 0. 8 0.0 (0. 0)( 17. 8

11 0.5 0.0 (0. 0)( 10. 9

12 0. 6 0.0 (0. 0)] 14. 3

13 0.5 0.0 (0. 0)( 11. 5

14 0. 6 0.0 (0. 0)] 12. 4

15 0.5 0.0 (0. 0)( 12. 1

16 0. 6 0.0 (0. 0)] 13. 4
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Tab42Fi rYsetar Energy | mpact $ERparn8qgiEanpeaombdboer
RequiremRentas | Mi x(2odf4)s e

Clim| EIl ect Peak
Zone Savinn Demand
( kWh/ (

Natur a TDV En
Savi Savi i
(ther (TDV kB
4 . 4

7.5
12.
9.

g0 -

o|T|o|lo|lo|lo|lo|lo|lo|o|lo|o|lo|lojo|lo|T 2 @
o
olololololo|o|CPlolololololo]|3 -

NN PN PN N S
ellellelle}) e}l

N N A
ON|dlWw

olo|lo|lo|o|lo|o|lo|lo|o|lo|lo|lo|o
Z. - - - - - - - - - - - - -
N TlwNvwiNw A AN A O|wW|N
o|o|o|o|o|o|o|o|o|o|o|o|o|o|x T m
olo|lo|lolo|lo|o

NN PN PN PN PN S
Z|.
~

gaoo|h~(N|©

Z .

N
6 .

PR PPPRPOloNoobwN e

olalhlwN|k|O
~[~lo|lw|lo|o|olal | | | lo
[oeBI61 HF-NKe)s] (@]]

o
o
o
o

(

Tab428Fi rYsetar Energy | mpact $ERparn8qgiEanpeaombdboer
RequiremRkRentas | St (BioMal |

Climqg EI ect | Peak EI e Natur a TDV En
Zone Savifn Demand Red Savi | Savi i
( kK Wh/ ( kwW/ (therm (TDV kB

1 0.1 0.0 (0.0 1.7

2 0. 2 0.0 (0.0 4.9

3 0. 4 0.0 (0.0 9.0

4 0. 3 0.0 (0.0 8. 2

5 0. 4 0.0 (0.0 9. 8

6 N/ | N/ N/ N/

7 N/ | N/ N/ N/

8 0. 3 0.0 (0.0 6.5

9 0. 3 0.0 (0.0 6. 8

10 N/ | N/ N/ N/

11 0.1 (0. 0)( (0.0 2.5

12 0. 2 0.0 (0.0 4.6

13 0. 2 0.0 (0.0 3.8

14 0. 2 0.0 (0.0 3.8

15 N/ | N/ N/ N/

16 0. 2 0.0 (0.0 4 . 8
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Tab4 éFi rYsetar Energy | mpact $ERparn8giEanpeaombdboer
Requirememitmar y J4ohid o |

Climg EIl ect | Peak El e Natura TDV En
Zone Savinn Demand Red Savi i Savit
( kK Wh/ ( k W/ (therm (TDV kB

1 0.0 0.0 (0.0 0. 3

2 0.0 0.0 (0.0 0.9

3 0.0 0.0 (0.0 1. 4

4 0.0 0.0 (0.0 1.1

5 0.0 0.0 (0.0 1.5

6 0.0 (0. 0)( (0.0 1.1

7 0.0 0.0 (0.0 2.0

8 N/ | N/ N/ N/

9 N/ | N/ N/ N/

10 N/ | N/ N/ N/

11 N/ | N/ N/ N/

12 0.0 0.0 (0.0 0.9

13 N/ | N/ N/ N/

14 N/ | N/ N/ N/

15 N/ | N/ N/ N/

16 N/ | N/ N/ N/

3. £ost CoonsHif f ecti veness

3. 4EMnergy Cost Savings Methodol ogy

Energy cost savings were calculated by applyi
energy savings estimates that &eserideedviend 8e
3.3.2D¥ a nommbatoeedlenelragyetvitnlgsstcount s for t

vari adt eofcoel ectrgas tehacchndh omvat wfalt he year, al
costs are ekprgde eadverm t he (p3elr iyoeda rosf faonra lryessiisd e
measures and nonresidential envel ope measures
nonresidentilan tmeiasucaesg, the pkyeadbef TOWvVal y:
cost Iimpacts are nmrledentilead si mndomn 2023 prese
represent the energy ddbdsdarsavings realized ov

3. 4ER2er gy Cost Savings Resul ts

Pewunit energyfooshnewhyingeasandkctedalbanhanaeqgs
realovendl yleear pdr iaodal ysi s anroemiph@adl 4 ean2tPe2d3 nidn
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dol liamr ¢ he fol Tohwi APVt amet d®dol ogy all ows peak
be valued more than el epceaak cperyi ssdasvi ngs durin

Tab4®TDV Energy Cost SYaevarn ghse rGvoedr ,PHESY AS@u arse s
FooAnal yi€ixpand Economi zeri Regtua urearetnfla$4) Food

ClimglsYyear TDV E| 15Year TDV Tot adfYeahb
Zone Cost Sa Gas Cost Energy Cost
( Nomi n ( Nomi n ( Nomi n

$1. ($0. $0.

$1. ($0.
($0.
$0.
$0.
$0.
$0.
$0.
$0.
$0.
$0.
$0.
$0.
$0.
$0.
$0.

&+
==

©
N

RiRRRPRRIRIRIRINNN N

FPIPIPIPIPlolo|~Nlololslw|N|-

B NR PR B R R R |A R R &R
—~ I~~~ I~ e S
&R |R RSB |R | R RPN R R BB
P RPRPPRPPFPIOIFRPIFPIFPINNDNIE
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Tab#4#@TDV Energy Cost SYaevarn ghe rGvoedr olf5 Anal ysi s,
Foot AniaBExymarmsd Economi zeri Retqauii Ir Mineend)ss e (

ClimglsYyear TDV E|l5ear TDV Toal -Ylebar
Zone Cost Sa Gas Cost Energy Cost
( Nomi n ( Nomi n ( Nomi n

1 $0. ($0. $0.
2 $0. ($0. $0.
3 $1. ($0. $1.
4 $0. ($0. $0.
5 $1. ($0. $1.
6 $1. ($0. $1.
7 $1. ($0. $1.
8 $0. ($0. $0.
9 $0. ($0. $0.
10 $0. ($0. $0.
11 $0. ($0. $0.
12 $0. ($0. $0.
13 $0. ($0. $0.
14 $0. ($0. $0.
15 N/ N/ | N/
16 $0. ($0. $0

Tab4@TDV Energy Cost Syaevairn gike rGvoedr olf5 Anal ysi s,

Foot AniaBExymarmsd Economi zeri Retgauii lr tiBreifft Ma | | (
Climglsyear TDV E| 15ear TDV Ta al-Yadr
Zone Cost Sa Gas Cost Energy Cost

( Nomi n ( Nomi n ( Nomi n
1 $0. ($0. $0.
2 $0. ($0. $0.
3 $0. ($0. $0.
4 $0. ($0. $0.
5 $0. ($0. $0.
6 N/ | N/ N/
7 N/ | N/ N/
8 $0. ($0. $0.
9 $0. ($0. $0.
10 N/ | N/ N/
11 $0. ($0. $0.
12 $0. ($0. $0.
13 $0. ($0. $0.
14 $0. ($0. $0.
15 N/ | N/ N/
16 $0. ($0. $0.
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Tab#4@TDV Energy Cost SYaevarn ghe rGvoedr olf5 Anal ysi s,
Foot AniaExymamd Economi zeri FRreiqma rr yeSdehit) osl (

ClimglsYyear TDV E| 15Year TDV Tol a-YBar
Zone Cost Sa Gas Cost Energy Cost
( Nomi n ( Nomi n ( Nomi n
1 $0. (8.0 $0.
2 $0. (8.0 $0.
3 $0. (8.0 $0.
4 $0. (8. 0 $0.
5 $0. (8. 0 $0.
6 $0. (8. 0 $0.
7 $0. (8. 0 $0.
8 N/ | N/ N/
9 N/ | N/ N/
10 N/ | N/ N/
11 N/ | N/ N/
12 $0. (8. 0 $0.
13 N/ | N/ N/
14 N/ | N/ N/
15 N/ | N/ N/
16 N/ | N/ N/
3. 41l 8cr e mEéintCsols t
l ncremental first cost was determined by comp
with a simmbdel cappcesgnting the proposed cod
economi zer for @ahemal tbanggstame expected to
manufacturer prior to equipment delivery and
changes for installation in the field. As a r
per coefntt he icnocsrtesmeonftossttesf ocstir wi t h ftdire bmatnhi f takee
cost of the econonmkPAf taenmd rtelaec hd gt Ludf t o sev
manufacturers on, moegmest adl ftcostisnf or mati on |

the trade as sAosciaatrhepsnd ItffHRRAtmat i on was not read)
ti melindradft trieiport and therefore tchoesft&bat ewi d
t he prleivglmtusCommer ci al Unita2@l HVALSReRopar tf r c

Tk 2013 CASfEoO lRedotritat eciomloeni 22r0@0@sBtsu/ h t o ¢
Bt udahpaci tweneen gve8d 2 23786 a¢ hfessr manufacturers
medi an val 0UdeoR0338E&ASE Report also indicated
an FDD Carstimagl I[temo manuf actumemng. FODncattohdi ad
Part 6, FDD capabilities have become incorpor
ashown by Californiads Economizer Fault Detec
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Certifiéahiahmh Lists 125wictehe irfy jeaafr iparhfo iccohm tasr e

HVAC manuf.acDuuer etiros t he i ncorporation of FDD in
maturity of tih&sat e@hIM®e |Toegaym ut i |l i zed the | owe
t he origi nTahhe eSsttaitneawiede CASE Teamstha&nedcan ed
hi storicaflolreo€tl d&tbuasniinag cR $IMesasros i ¢ a l cost i ndi

arrive atl08Bpgeoste coffad$@i9OB@ar ciemar €éasen 2011 to
20129

The Statewide CASE Team understands that econ
changes ovogearhe@eri od these numbers were | ast
manufacturers movidnagmpteor hciogrhsetdr ugadtaidannt ¢ d di gi t
controls. oWlhaVe i ncosng arsaendy u rmiotse changes wil |l
the failure rate and decTheea sSt atheewindae nG AeSE nTceec
curreorkyng with AHRI to ohbtnairre meddiatli ocnoaslt sd ao
economi zers amndt ovi Vadnldiu digdtdeeett asa s sumpt i ons wi t hin

3.4l dcr emiBait al e manmdc eRe p| aCoesntesn t

| ncr emearntnalenmndéienos & nteossttalof repl acimg t he e«
parts of t haes ewgeulilprmaesntper i odi c omakieretpe rnt ahrec ee grue g
oper ateilnagg i ve t o owrerr dbtleepre aicd d ces Bmal yrse sent
val uequwifpmanht enance costs (savindqgpeeewasnt al c
di scount mweateh(d)s consi st ewnsdk whtehn tdheev edliospci onugn
2@ 2ZTDVLL.hpr e swealtaufe mai ntenance costyendhat soccurs
calcul ated as foll ows:

k4

ENCHITHHTITI B HD T 71 "HEART I HEHLD T 7 "HT"AIT-IT"I"I’-H"H—,,H

|l ncrement al Mai ntenance and Replreacve mairst CABSEL s
Report on Light Comnwehriccihdludsikenat Ar g mHVGE&EOGS Ai
mai nt enance program to deter mi ne tpheer cfeanitl ur e
over -yaealr5 usef ul l i fe of the equi pmentctcecfnMai nt e
the cost at the halfway point of the wuseful I

8

ACHU T T 1w ®ITHTH "H BT "HAT b oA

“Yhttps:/ / www. en eangdye ogcual. agtoi vo-ar sugl beckif li ccii reon ¢ vy /-aneamtuif faicad autr iea n
bui l-@lgumigp-the nt
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https://www.energy.ca.gov/rules-and-regulations/building-energy-efficiency/manufacturer-certification-building-equipment-4
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However noa&ec tidnon, 2etonomi zers have been stead
guality which would reduce the ecwmbeheer f ai
FDD measureceise Z@paeid hetxipeesct ednhmsaehhred cee cost
by $30/ kW which weeeé@uly disdrrcreatt®ivleWyor $16 per
of cqolriepgesenting$ddcodoossg&hniengni os . bd&@ihng co
costavings rreesdudded roewr vi ceptastagdaoertain typ:e
prevenmaitntvewahbeaut omat edAfaed tislkee t eeawgtisonusi n
RS Means hi sda oogadsSal Gikbh& mendi ng on twasunit caj
determined

combinihemgchestls of a replacement aeocaoanbmi zer
st savings from maintenance savings from FD
viower tyleearlmnal y$udd0pprAhAsosgreased in the pre
cthenstatewide CASE Team is currently worKki
ta on the incrementalwoudisltes tdfated on ovrail 2 elrag e
e assumptions within this report.

- o n n O —
S 9 ® 9 O 5

3. 4ChsBf ecti veness

Thi s meayroepe £ s& rriepgtuiiredsnesich, a cost anal ysi|
to demonstrate thaeftodet mebsyewer ipehre osgt of ana
The Energy Commi ssion establishesffbhetprveoedas
The Statewide CASE Team coll aborated with Ene
the methodology in this report i s consistent

were included in the analysis.emnthal i mairretmemd rac
costs olvsgeat hpdr iaomdal ysi s were i ncl usdaevdi.nglshe T
fremectricity saawiwegaseuradlsogasncluded in the ev
Design costs were not included norl waneet he i
verification.

According to the Energy Commi ssionbds definiti
bendgfeiotst (B/ C) ratio i s greadlecultdataend 1b W . diT\hie
cost benefitsSreamalsi gd tdheant at atosnsyewhi ch in
mai nt enanc & 5Sceoasrtss. CfTonrat B6 was cal cul ated using
cost savings. Raesulettdecxft itvleerepesr anal yses for

Economi zer Reque gemetdbsd ®ahr reoTpaghd 2

Th proposed measure sygeamam@pmedysoadvereltaie ve5 t

e
exi sting Amnaldy diiloonsé.r t h&pacity economiozibreg mea
coef fectiyecl|l hmaayired zomet effective in every pi
i st haaenatd DHDdne he pReatliai IpBesstqoutadyrpeet cost s and
v

savings are ifmulrlelateanoft ot tdheprototype model :
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amounts odfi ntghearbeuai |i anpaacu retd famrd t he | arge di ff
prototypsumbdaessthe PrimarySchool prototype

Tab4e -YBar -EbSectiveness SummariyexhearndSquare F
Economi zer RegRegtcanemdasdfa$) Foo

Cli ma Benef Cost Benetfo
Zone| TDV Energy Cos| Total Incrg Cost F
Ot her PV a{ Cosh
(2023 (2023
1 $0. $®@.7 3. 72
2 $1. $®@.7 4 . ¢
3 $1. $®@.7 6. 71
4 $1. $®R.7 5. 8§
5 $2. $®R.7 8. (
6 $2. $®R.7 8. §
7 $2. $®R.7 9.1
8 $1. $®@.7 7.1
9 $1. $®@.7 6. 5
10 $1. $®@.7 5. &
11 $0. $®@.7 3. €
12 $1. $®@.7 4 . 1
13 $1. $®@.7 3. &
14 $1. $®R.7 4 . (
15 $1. $®R.7 4 . (
16 $1. $®R.7 4 . 4
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Tabbe -Year -Ebsectiveness SummariyExPpearndSquar e F
Economi zer RegRetraeimeMit(3ed)Us e

Cli ma Benef Cost Benetfo
Zone| TDV Energy Cos| Total Incrg Cost F
Ot her PV 2§ Cosh
(2023 (2023
1 $0. $®@.2 1. §
2 $0. $®@.2 3. C
3 $1. $®@.2 5.1
4 $0. $R.2 3. 7
5 $1. $®R.2 5. 6
6 $1. $®R.2 5. ¢
7 $1. $XR.2 7. 2
8 $0. $®R.2 4 . 4
9 $0. $®R.2 3. ¢
10 $0. $®@.2 3. 7
11 $0. $®@.2 1. ¢
12 $0. $®.2 2.7
13 $0. $®.2 2. 72
14 $0. $®.2 2. 4
15 N/ | N/ N/
16 $0. $®R.2 2. 5
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Tabb®

YB ar

Economi zer

-EbSectiveness
Reighke tr @imet3wif4) Ma | |

SummariyeE xPearndSquar e

Cli ma Benef Cost Benetfo
Zone| TDV Energy Cos| Total Incrg Cost F
Ot her PV 2§ Cosh
(2023 (2023

1 $0. $®.2 0. 7
2 $0. $®.2 2.
3 $0. $®.2 3.
4 $0. $R.2 3.4
5 $0. $®R.2 4 . (
6 N/ | N/ N/
7 N/ | N/ N/
8 $0. $®R.2 2. 6
9 $0. $®R.2 2. §
10 N/ | N/ N/

11 $0. $®@.2 1. (
12 $0. $®R.2 1. ¢
13 $0. $®R.2 1. 5
14 $0. $®R.2 1. 85
15 N/ | N/ N/

16 $0. $®R.2 1. ¢
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Tabbe2
Economi z

YB ar

-EbEecti

veness

er RenqRm ir manreyn §40hf4) o |

SummariyeE xPearndSquar e

savings
savings
i ncr eme
mai nt en
mai nt en

over
ar e
rctoaslt
ance
ance

Tot al
ment ,

j ueh ed)

ent
| f

three

proposed
if PV of

mai ntenance

ar e

2022

percent
choasi tnst.e nlafnciencr ement al

Title

and

24, Pari2 G2NIRHY¥ ACBIHOMBSE Report

first
proposed

over
i f PV of
mai nt enance
nob ¢ o &Boiotsintciroe mesn tianlf iPnVi tceo.st s,

Cli ma Benef Cost Benetfo
Zone| TDV Energy Cos| Total Incrg Cost F

Ot her PV 2§ Cosh

(2023 (2023
1 $0. $ 0.3 1.1
2 $0. $ 0.3 2.9
3 $0. $ 0.3 4 . 6
4 $0. $ (0.3 3. 8
5 $0. $ 0.3 4 . §
6 $0. $ 0.3 3.7
7 $0. $ 0.3 6. 4
8 N/ | N/ N/
9 N/ | N/ N/
10 N/ | N/ N/
11 N/ | N/ N/
12 $0. $ 0.3 3. (
13 N/ | N/ N/
14 N/ | N/ N/
15 N/ | N/ N/
16 N/ | N/ N/

a.Benefits: TDV Energy Cost SBenep§st s

ceyt

t he

OhbéeudPVTB&¥vEeENngs

t he( preeri oy 4o f E awiarl oyrsmen t-23.) ©d dveo mi ¢ s
di scounitiendd |laatt iao nr)e alh r(ereo pieraclehttde at e .
fsiarvsitngs i f
savings

i s
mai nt enan
I ncrementaCofPresenct!| Yaéuiedc Ceme st al

costs
rate

peri od
propos



3. b5l rFYsetat abewimpact s

3. 5Stlat ewnadregyEEner gy S@oesihgs

The Statewi dec adAcSUH aTteepdmatrh es tfaitresvtiodde nseaw i ng s
constrhuctmuwint i pl-ymintg ¢ dwi pgsr,e svemiSeindt 3 .. y4
assumptions about the percentage of newly con
i mpacted by t he psrtoaptoesweidd ec ondeew cTohnest Bueseti on f O
presenAppendisx aA e the Statewide CASE Teamdés a
percentage of new construction that would be
zone and building type). Savings Dypeanl terat.i
| i fleeyfcor HVAC pacaknadg ea pepgluieepdnatoheartent r at e t o
buil ding stock of applicable building types.

Thei-yseadr ener gy | mpactysearre parnensueant stahlva nfgisr sftr on
t hat were compl 46Byeedamieneg)0 xD.stThseavi ngs represe
cost savings losyear taealkwnsiseperiod. The state:
do not take naturally occurring markéd&@abaeéopti
53resent sydadre dtiatsewi de energy and energy coOs
constructed buil dIEm@gs glyy anldi matse szemeli ngs for
additions calmblheé found in
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Tabb® Statewi daedmdEEaregygy

Expand Economi zer Requirements
Statewi 0 Fi r| Fi rYseta Fi r 15Yea
Constru Ye & Pea Yea Pres
| mpact El ectt El ect Nat u Val u
Cl i me Propo Savif De ma Ga 9 Ener
Zonel Change i ( Gwh Reduct Savir Cos
(million ( MW ( mi | Savi I
f ek t her ( mi h
2023
1 0. 0. ( 0. ¢ (0. $0.
2 0. 0.1 0. ( (0. $0.
3 1. 0. & 0. ( (0. $1.
4 1. 0. 3 0. ( (0. $0.
5 0. 0. C 0. ( (0. $0.
6 1. 0. 7 0. ( (0. $1.
7 1. 0. § 0. ( (0. $1.
8 1. 0. § 0. ( (0. $1.
9 2. 1. 9 0. ( (0. $ 6.2
10 2. 0. 7 0. ( (0. $1.
11 0. 0. C 0. ( (0. $ 01.4
12 2. 0. & 0. ( (0. $ 10.4
13 1. 0.1 0. ( (0. $0.
14 0. 0.1 0. ( (0. $0.
15 0. 0. C 0. ( (0. $0.
16 0. 0. C 0. ( (0. $0.
TOTAI 17. 6. € 034 (0OH $13.
a. Fisyear savings from all buil 8ings completed

2022 Title 24,

CadNewl @pasts uction

statewi c
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Tabb4¢ Statewi daedmdEmEairegyy CaRAl tlempsaAdodnist i ons
Expand Economi zer Requirements

Statewi 0 Fi r| Fi rYseta]Fi rYseta 15Yea
Constru Ye & Pea Nat u Pres
| mpact ¢El ecty EIl ect Ga g Val u
ClimgProposed C| Savin Demarn Savi I Ener
Zone 202 ( GwhH Reduct ( mil Cos
(million s (MW t her Savi I
( mi |
2023
1 0.1 0. ( 0. ( (0 $0.
2 1.0 0. Z 0. ( (0 $0.
3 4 . 4 1. 6 0. 1 (0 $3.
4 2. 2 0. 7 0. ( (0 $1.
5 0. 4 0.1 0. ( (0 $0.
6 3.5 1. 6 0. 1 (0 $3.
7 2.5 1.1 0. ( (0 $2.
8 5.0 1.9 0. ( (0. $3.
9 7.8 2.9 0.1 (0. $5.
10 6.1 2. ( 0.1 (0 $3.
11 1.1 0.1 0. ( (0 $0.
12 5.0 1. 72 0. ( (0 $2.
13 2.5 0. 4 0. ( (0 $0.
14 1.3 0. 3 0. ( (0 $0.
15 0.7 0. 1 0. ( (0 $0.
16 0. 4 0. 1 0. ( (0 $0.
TOTAL 4 5 15.2 0. 7 (0 $2895
a. Fiseyear savings from all buil8ings completed statewic

Tabb® Statewi daemdEEaregyy CadNewl @Gpastsuction,

Al terations, Jabxdp aAddd i Ecioommosmi zer Requirements
Construct| Fi rYsetd| Fi rYsetar | Fi r-$e a 15Yea
Type El ect El ect|{Natur a Pres
Savi | De ma SavinVal ued E
( GWh Reduct ( mi | Cost Sa
(MW ther| (PV$ mi
New Const 7 0. 3 (0. 13.
Additions 4
Al teratio 19 0. (0. 2%
TOTAL 22 1. (¢ (0. 4 24.

a. Fi fyetar savi nag st efrracbnmpahnlsit ed st 8t ewi de in 202

2022 Title 24, Parit2 G2NIRH¥ ACBHAAIE Report



3. 552atewide Greenhouse Gas (GHG) Emission
The Statewi dec& ASEl deadh avoi ded GHG emi ssions
emi ssions factolUsi spdcbtatdsi Envheonmedt al Pr

EPAEmMI ssi ons
El ectricity
emi ssions from

& Generation Resource Webtéegrated
Co€Cndi nWEGCRCEMXhcsubregion. Avoi
natuahbl eghe saurogsscaeatlheer bubhan

el ectrical power generation are calc@l ated us
EPAG6s Compilation of Air Péo2PedpmeéendiomxsCi ons
additional details on the methoddhoghbused to
analysis assumes an average electricity emiss
GWh based on the avefagetbmi €ACEXnEGRtDoOoBsE8br eg

Tabb@®el pwesent s t he-yesatri matoa d efdi rGHIG e mi ssi ons
proposed code c hfainygeeaGH Beurnii snsgi 4thkepeédtfr i ¢ t ons of
carbon dioxi deetergud Qtzaawesnt ¢ lfe. avoi ded

de

Tabb®e FdiYeat St at ewi

Requirement s

GHG HEnmnmirs €ixpras dl rBgaantogni z

Reduced
Emi ssi on
El ect
Savit
(EMtric
C Qe )

Me asur ¢€

Nat u
Ga
Savit
(mi |1
th e rsmy

Reduc
GHGC

Emi ssi
from Nz
Gas Sa¥
(Edtric
C Qe

Tot
Reduc

C Qe

Emi s s P
(Etric
C Qe

TOTAL 21, 5, 2

(0.

(1,0

4,1

ewi
MT CC

stat
42

a. Fi sysetar

b. Assumes
t her ms.

savings from al|l buil dings compl eted
whegfemli essikd®. 8B&ctMFICOH2e/ GWh and 5454,

3. 5St3ateWader
c owdoeu hadlta mgees ul t i.n

Use | mpacts

Thproposed water savings

3. 5S4ateMader i al |

Thi s
t he
statewi de
units 1 mpacted
usetdo estimate t

mpact s

mevoosud e r ease the amount ofconeel zeeasdead
appr 8xiom®t eany ts that woul dl moavr derg uti 0 ec &lc
I mpadtes ,CAtSliEe T@taant elwt er mi ned the num
for each prototype G@hdscWwamat e
he amount of steel that woul d
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TabbFi rYsetar St at ewiodne Manhpearcitasl Use

| mpact on Materi al

. | mpact _ :
Materi al C D o f Per-Unit Impacts First Year®
' ' (Ibs/ft2) Statewide Impacts
(pounds)
Steel I 0.002241 190,746
a. Materi al Il ncrease (1), Decrease (Blaseon |l Mes/@hagnge (N
b. Fi ryetar savings from al/l buil dings completed statewic

3. 50bhNofEnerigmpact s

|l ndoor awauiqauparloovtey wi th the higher fresh air r
hours economizer is. providing free cooling

3. PropoRedi si tmd&&anguage

3.6GUui de tolLMaglhapge

The proposed cochamgleagRdsfoertéhrece Appendices, and
Ref erence Manuals are pr ovi3deodc ubneel notws. aQhea nngaersk

wi tBdnder l(inewnd angusa&gekxea(hdeoluegthisons) .
3. 6St2andar ds

Secti oinRelWi.r2e Cont-CohditoobnbEpgc&ystems

()Economi zer Fault Det ectAldn naemd yDiiangsntoasl tliecds a(i
mechani cahb peagprodaytnegr 24-h&A0MO033 B0 0 Mhathtdu/an i nstal |l ec
economi zer shallloniencwlrudentaeae gstagdnedd Fault Detect
system in accordanciel wtihrhop@tbskezZQ.id(ns 120. 2(

Secti onPrledsOc.rdi pti ve r eqgcuoinrdeineinotnsi nfgo rs yssptaecnes

(eE)conomi zer s

l1.Each cooling air handler that has54-WE&ign

Bt+u33n,r0 0y Botruicantidrl ecdool i ng systems without
airfl ow t hactaphaacsi tay cgoacelaitreg t han Che sdhywditl en
include either:

A.An air economizer caqabl anaifrmreadammphart $ ntgo o %
100 percent of the destagm ;swpply air quant

2022 Title 24, Pari2 G2NIRH¥Y ACBIHAASE Report



B.A water e@pamdpai codit@diermaper cent of the expect
|l oad, at outside abul bempédb bl Femdk blf e I5SDVA.F

EXCEPTI ON 1 to SWkenensgddoi dl( egdtside air il
reduct i ome natn do ft ruenauts u a | outdoor contaminant s,

EXCEPTI ON 2 to SWkenent HidOudéedfl: outdoor air |

systems, such as humidification, sgehsaisals fi ca
toncrease overall building TDV energy wuse.
EXCEPTI ON 3 to S&ysti oms 10 A€ egelhi gdanti al | i vi
hotel/ motel guest rooms.

EXCEPTI ON 4 to SWkerineoncdhdfOodt eddol iimg syst ems
efficiency that meets or exceeds the cooling
140D.4

EXCEPTI ON 5

to SEanioynstldmlds 4grei)rmari ly serving
Section 140.9(a) for computer room economizer

EXCERIIN 6 to SectSymsndibgad(edPloperate—at 100 p

t+mperso.vi ding cooling and heating conditioning
conditioning and have a dedicat ed hoautt dnoeoert aoirr
exceed the requi.fledeenttlisg maifa hlpeinest Wéeé 1BOAS meas|
sexec t4i.fénr detail s

TABLIE4QGC 4CHI LLED WATER SYSTEM COOLI NG CAPACITY

Tot al Building Chilled Water Sys
ClimateCooling units with Air Economi ze
Bui |l di n@o oWaetde rCHAiI-Cool ed Chil |l ed
Wat er System Di strict Chill ed
15 O 960,000 Btu/h|®0 1,250,000 Btu/H
1-1 4 0720, 000 Btu/h [©0940,000 Btu/h (2
16 01, 320,000 Btu/[01, 720,000 Bu/h (
TABLE -D4AGCONOMTRAREFF TABLE FOR COOLI NG SYSTEN
CIimateEffiCienCalf a unit amsnual iedeodaidd i
| mpr ovle merPLV+—F+EER tohe B EtER el iami
1 70 % o—+—weact oenr o min 2 digegpt+—iamanbulad |
2 65 % pal omdni mum cool i nd¢gv&ftfni
3 6 5 % mu s t be increased by HtVG
4 6 5 % unit is only r at edevhiitilE
5 7 0 % or COP cooling, then th:a
6 30 % percenwnaige dc&dtoer mi ne t he
7 30 % to eliminate eco@a@umipmenq

2022 Title 24, Parit2 G2NIRHY¥ ACBHAASIE Report



effi csenayed wintphuta ndievn
out put metric, t he met ri
prior to muétiiptmemgy & med
percentage and then con

(Y I=y =y ==y = =Yoo}
olg|hlwN|k|o

SHSISISIFIISIEIEEE
olo|o|o|o|o|o|o|o
SIS I

3. 6R8f erence Appendices
Changes to tled efrelnlcewi mgppendices would be mad

T JA 6.3 Economizer Fault Detection and Diag
Requirements

JA6.3 Economizer Fault Detection and Diaghn
Requirements

T Title 24, Part 6eqGecesonhafOel6é6ndmi zer FD
i nst alalr@@oloemd unitary air conditioning syst
mechani cal cool bAgQ36aMacdi/thy aowerl i wgt bapaei
ability to detect thd2f0al(t9 .sfEkacihf iaed icmn
system manufacturer, controls supplier, or
their FDD analytics conform to the FDD req
so in a written declarationto Tthhes Cea&lqiufi orsi
Energy Commi ssion declaring that the FDD c
120.2(i). The declaration at the end of th
California Energy Commi ssi on.

3. 6A@M Reference Manual

Changes t o gt hdeo cfuomelnawisn of the 2019 Complianc
Manuals would be made (please note that tabl e

0 5.7.4 Outdoor Air Controls and Economi zer s

T 5.7 utlside Air Control s

Maxi mut si de Air Rati o

Applicabi|Alyssems with modul ating out si

DefinitioThe descriptor is used to | i mi
air that a system can provide
supply air. It i s used where
capacity.

2022 Title 24, Pari2 G2NIRH¥Y ACBHAASE Report



Uni t s Rati o

|l nput Res|1.0 for all 54y daEBEIMBG@bbveocol irf
0.9 for other systems.

Standard [1.0 for all 5s4ysE@GMmMBGGbboveool il
0.9 for other systems

St an deersd ¢

Existing

2022 Title 24, Parit2 G2NIRHY ACBHAASE Report



T 5.7.4.2 Air Side Economi zers
Economi zer Control Type
ApplicaAll systemsiwiet ecamoanirrzer
Definit/An -aide economizer increases out
peri odsywhem koatds ngan be reduce
outside air flow. The control ty
T No economi zer
T Fi xedoudrbyy The economizer is
temperature of the outside ai
temperature fixeAfF.setpoint (e
T Differemuli@l Theg economizer i
temperature of the outside ai
temperatur e.
T Di fferenti add eecnorhoanhipzyer Tihs en
ent hal py of the outside air i
T Differemulil@lamndd yent hal py. The
percent outside air or the ma
to maintain theicnaol iwhg nSATh-es
bulb is |l ess thédoml bhA&aNDet lhen ¢
ent hal py is |l ess than the ret
requires additional sensors.
Uni t s List (see above)
l nput As designed
Restric
Standar/lFor healthcare facilities, same
Desi gn |The control should beshandaodothi
cooling &apdBAOtBaAA/ h and when th
cooling sBgatceoomput er nrdddmagaiurniha
Ot her,whsteandar dc hdaddi gars sume an i1
drlyul b economi zer.
An exception is t maobemwaodoen e #errs
servi nrgi e grhesi denti al or hotel/
Standar
Desi gn:
Existin
Buil din

2022 Title 24,
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Economi zer I ntegration Level

Applicabij]Ai rside economizers
DefinitigThis input specifies whet r
with mechanical <cooling.

OO0 wo

he
[t
transl ate thspecntocsohpwhaset
The input could take the foll
T No#m nt eg+Tehteedsystem runs the e

stage of cooling. When the e
| oad, the ecromnmilrteroutesi de ¢
mi ni mum position and the com
stage of cooling.

T I nteg+Tehteedsystem can operate
open to outside air and mech

running) simultaneously, eve
Uni t s List (see above)
|l nput ResLimotA nt egoratiedr at ed
Standard |[For healthcare facilities, sam

ot hanrtseegr ated for sys54mE8Ba BUe
at -Qddanmditioning, Heating, and |
conditions

Standard
Exi stings

3.6Cd&mpliance Manual s

ChaptieMecdhamifc@2lhBPonr esi@empgliiadnceoMbasaedl to
be revised

Section 4.5.2.2 Economizers would need to be
the change i n economizer r e @ujfun eme nBBtBuh ®@® @ s hol

the begiSrercitdgio. 2.

3.6Co&mpl i Bacement

Changes tMCHERGC@be needed to incorporate both
requirement as well as the related DOAS excep

2022 Title 24, Parit2 G2NIRH¥Y ACBHAASBE Report



4 Dedicated Outdoor Air Syst

4. Measure Description

4. 1Mdasure Overview
The proposed codes changessecwoiuond taod dl 4a0 .pdr esspcerc

al | nonresidenti al DOAS to require:
1. A minimum | evel of ventilation energy reco
capabilitiese¢fdaf DOABUAN 2i of Sedid sometpor t

have these capavoiullidt ibees ,ant heexre mpti on requir
include an economizer.

2.DOASu fan speed control capabilities.

3.Total system fan power emé@uiiamme meomierer nasyn
proposed in a diffienr eidt0.CGASE )meoads ukrdn s bot h

4 H/I C system terminal fans that cycle off wh

5.A maximum reheat | imit DOASedsi Wathoacsupe
such absOAXBX

The proposalx pamnud dc wrlrseonte fi el d verification e
include DOAS wunits. The proposal would requir
DOAS system and changes to the -€Cothef oompPpODA&NC

The proposal woulmrdcy nsfurel It htey ppedd iacfi eDOAS i nst
making appropriate allowances to accommodat e
configurati onlshei s aWd Inigfsoramida cost effectivenes
St atewide savings 4r\Whiehshtfei ma ttTehgee aprrooupnods e d

prescriptive code would also help form the ba
programs to continue increasing efficiency th

4. 1Masure History
Dedi cautt eldaiosy st ems ( DOAB) pbaeathialf to reduce HYV

usage i n nonresidenti al buil di-emlgesc tamidc ab wi lad ist
They are used in a majority of California non
DOAS are becoming i ncarleasoirmglay apnodp wnlaari oinnwi @ e
of fer more flexibility for designers and buil

research found that the market share of DOAS
bet ween 2012 and 2@er9ctgauippd@ecde oftr onne w0 construct.i
frdmree peérnn oentpfeorrc eanltt( Croantsitamusct Connect Resear
However, Title 24, Part 6 does not currently

2022 Title 24, Parit2 G2NIRHY ACBHAADE Report



requirements for DOAS. The proposedfeade vehan
energy savings, hel p protect consumers, and s
carbon medtdn algshb

DOAS refers to supplying only outdoor air, as
bl end of outdoor and return air. Il n this prop
material swoadaD®OASU Ot o the unit sudgptlhye ntgertrhe o1
ADOAS swotuée®der to the DOASuU plus the space h
(H/IC system) that provides comfort control i n
DOASub6s can be designed to supply outdoor air

T Filtered only

T Tempea®dneeded by recovering dry sensible |

recovery ventilators)

T Tempered as needed by recovering dry and m

(energy recovery ventilators)

T Actively dehumidifi ®0OA&ndrcondt omobDOAS| DX
The primary energy savings come from 1) the a
not needed while still ventilating &aod-p2r usi
condition vefdtiel attictomodiogy in all tde lamboae t
survey of 35 projects wet biendddAusd eidn vGCeanltiifloartniioan
recovery. ©Ofbrtcteloge,h®d the ability to bypass t
when the outside air temperature didlnogonged
Based on the analysis presented inwihihsthepor
recommended pr esarni pteidwes ec rsiotue pceea ceemet3@®y by 20
per cweintth the same or | owerasompaex ead iainrals yesteeamnyy
DOASs already recognized as a key strategy fo
several other ehaeb%g®y codes. See
TabbDOAS Requt semenOt her Codes
Energy Co¢Summary of DOAS Requirements
Out si de Ci¢g
WashingtonSets DOAS as the primary prescr
Energy Codbuildings with detailed criteri
|l ECC E0E8 (I ncludes DOAS as an enhanced en
Code additional efficiency packages

what type of DOASu and control s

ASHRAE 90 ,Sets efficiency crnltyeramd oo e n

2019 DOAS as a prescriptive section
2022 Title 24, Part2 G2NIRH¥ ACBI/QADE Report



General fan power requirement
Supply air reset controls for wu
Requirements on exhaust air hea

California code enhancement ttoeamddrieaswse DOASO dm
24 Pasritncee 2016. Below is a summary of studi es:s
groundwor k:

1T PG&E Code Readiness field efforts to moni't
advanced | ow eneirognygoDQAgS .(2016

T Nort hwest Enceyr gyl IEfafniccei nNEEA) Pil ot sites
(VHE) DOAS.

Both efforts helped to inform technical det ai
standards can play an i mportant role.

4. 1T8&8chni cal Description

4.1.3.1 Main types of DOASU
The mai n DOABa® sofare those that:

Only ventilate and filter air (unit ventil :
Recover dry sensible heat only (heat recove
Recover dry and moi st heat (energy recover )
T Actively dehumi dviefnyt id nad Ocddd@®n diDiXicaurst om DOAS)

= =4 =

DXDOAS, which inexmpaesi @an drnefercitger ant system f
air, is commonly wused in relatively humid cli
relatively dry, wtipmenatitemdsf ttohdeDXoevg | n |
custom DOAS with a chilled water coil would p

Many ERV and HRV products raerceoweesrée d|l as i bheeb©A
California. They use varyowusr éeygpers wlheelner go!
nonresidenti al buildings the outdoor air is d
recover sensible heat (HRV).

| n s omenosnmaelslibdueinltdiianlgs out door air is brought
system, such asiatndhenatxegompitelach Fomewunits
which do not require an economizer, Whele@utdo
this Iis a rabuohdl ngtsr avi ¢ oy fceamn tbhee rsntaalkl ezdo nteos r
zoned b wiilthde nugsse -mé adnerd t heat pumps or what 1 s
as Variable RefrigerastddmomwsKiVgRIFge siyrst e ms

2022 Title 24, Parit2 G2NIRH¥ ACBHAASE Report



—
Exhaust Fan C><)

COND.
. UNIT T
{BC CONTR{OLLERI:*?f OUTSIDE

L Plenum Relief u

1 Ak
— - S AIR
L Fan Coil Fan Coil Plenum Relief /E‘Fan—CoﬂE]\

; ZONE IN COOLING ZONE IN COOLING ZONE VENTILATING ONLY
n

OUTSIDE
AR

ulrSemaI I nonresidenti ali H¥YAIC| poywttdedreviaihr dt o

Whidecti ng each isnodwmeotri nfeasn tchoei Il oiwsest cost, su
more enkagya centradpd@OASBluly in regions with r
tmper atwhieshmaiamt ai n vemped atte oinnadeapleEh@entl y o
systemsal | ow zcoyncenafnadinfeo Tthoe pr oposed code enhan
diisncentives the use of such designs in new cc

4.1.3.2 Code Readiness Data Findings

I n field studies conducted by PG&EO6s Code Rea
several systems were monitored with various c
demonstration project of a high efficiency HR
sepaeraheating andThooé¢ipagpvsyetdem. det ai |l ed set
information on how DOAS configurations are de
sever al DtOYAlens tesf and cdhei gundti ngssfromfinitia
t he t, @ swhaireh i | | aosn goofi n6g/ Ir/ex®@2ZmMme nds s OOAISNg mi ni
fan and <wmppclaylaabiialnidteif € i ng av ednetciol uaptlieodn
configurations between the DOAS wunit and zone
a levelnofopéfatciens

Ke

ey features obgiearbb6&d i ncluded
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I

TabbP@ DOAS Field Site Observations
Observation from Study | mpact oifMe@hAS
Propal
Half the sites monitored UyThe proposal
with -BOADAX and no ventilatilaccommodate b
the other half wused centrgconfiguration
recovery. basitshefexcep
i ncluded | ink
Sites with a form of ventiProvideenaer
to reduce their operationgfor operation
afternoon peak demand by r
mil d cli maCleismatue3aZnadse s
I n sites where DOASu fans |[Provided a re
speed capabilities, fans vfor why modul
airflow rate by increasingcapabilities
reducing the airflow from|li mproves oper
design. This resulted in ¢
units selected at sizes mu
I n sites with H/C systemnfiProvide a ref
most fans were set to run |for ewm®ee giyn
mini mum speed of 1/3 or | |operations of
zone fans running during gconfiguration
no active cooling or heati
I n one oO0OAS esiDXes, supply/Provided a re
not properly configured dyfor i mportanc
system was operating againinspection at
over 6 months wuntil discoyCurrently DOA
i nscke on and supply air co|lnortequired to
situation during installatinspected for
functional i ti
I n a sitaghwietiizikncy HRV| Provides a r a
cooling controls the opergsavings poten
33% from an equivalent varexistingsbtrb
sol utCloinmamnd 2Zaome Davi s, CAusing DOAS.
4. 1Sdmmary of Proposed Changes to Code Doc
Proposed Changes to Code Document s
Thi s mevoukhmde prescriptitviecOAEMiutng emenesi denti a
buildings to include a minimum | evel of effic
exceptdaiomeitdbenomi i agdi ti onal DOAS efficiency
A dediocuattdeodorr system (DOAS) iinre dt haisssac oHN&ARCK t 0 S
whi ch delpievrecreenntt ©0 ati on air separately from a
system. The components to be required for a D
2022 Title 24, Part2 G2NIRH& ACCBI/QASE Report



Gener al reguivcaim@pt y to all DOAS systregns bein
pri mary means of wventilation of any size in a

types.
The sections bbbwwessmamadiaz € s , Reference Appe

Ref erence Manual sdo caunndeviactobmed | moadnicfei ed by t he pr
change. Sede ®®Pcdtsi oreport for detailed proposed

4.1.4.1 Summary of Changes to the Standards
This proposal woul demddionys tolhe tfthel ICawid®r ni a
shown bel ow. 3S6cef2 Sehcitsi ornep-optcbdbde mangedge.

T Subsecti o~Addd&f. ilrfiotri AMOAS
T Subsecti on AM40 .ad d(d)i:onal pressure credits
heating or cooling compotnemashsusd deduc e RtVH eE RV

fan power all owance and IiAd tiem nlait me ewiytt ht A®
power peeesuftamnkElI CASE measure may super
recommendati on.

T Subsecti on AD40 .a4d d(d) :onal |l anguage to the e

systems to require an airside &Seoniomnzer t
140 (pwhich woul hebeodeded to t

f Subsecti on AW4O0 .a4 n(epnv) ;'section for prescripti
any DOAS used as a building&sipeirmarynmomé a

1. A minimum | evel of wventilation sensible e
capabilreeesobbrng.
a.Units with this can be coupled with a c¢
economizers in 140.4 (e).
2.DOAS unit fan systems shal/l have the abil
3.A total system fan power in |ine wi)th pre
4. .Zone terminal fans for cooling or heating

conditioning.
DXDOAS or DOAS with active cooling must ha\
when in cooling mode.

4.1.4.2 Summary of Changes to the Reference Appendices
JOI NT APPENDI CI ES

This dowaouwmtkeate few i fThe dac¢dfainmietsi ons in the jo
woubed updated to match the-DsGAS.dard for DOAS
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4.1.4.3 Summary of Changes to the Nonresidential ACM Reference Manual

This proposal would modi fNohhesiAI®GMbReafheggr esrecd
Manual as shown bél] @wso.f8etehiSsecrteapart for the ¢
revisions to the text of the ACM Reference Ma

4.1.4.4 Summary of Changes to the Nonresidential Compliance Manual

The proposed codd emocdhiafnyg et hweo uflol Nowiregi sleat i amh
Compliance Manual

An example problem for DOAS pwesbei deveetopedt
to demonstrate when the criteria o%eeach is r
Sectd.o60.f5 this report for the odethai Iteedk tp roofp a shee
Compliance Manual s.

4.1.4.5 Summary of Changes to Compliance Documents

The proposed code Y htamgec ovonpll idamoeli documents |
Examples of the revised documéntés are present

T Document 1 NRMAMOMCH2 t he outdobudaithéeeabi

to validate a DOAS unit. Mi nor modi ficatio
1T Document 2 NRMAOAJIMCHOX omponent to the econo
test to validate bypass or free cooling ca
reovery. Fundamentally the test procedure |

test only for those units.
T NRCBICHEwWouheed to be revised to document ne
requirements specific to DOAS.

Compliance documents f oo up errofdo rfmaendc e os o fetf w aercet
inputs of a DOAS wunit. Current compliance vVvi a

4. 1R&gul atory Context

4.1.5.1 Existing Requirements in the California Energy Code

Currentluar eDOAS Y referenced in an exiTshtei ng ex
code effectively usittastedsf tdhoaets tnhoea @A an econ
10per coenttdaniorr and does not modulTahties reextcuerpnt iaoinr
not in relation to any separate KB/ Cnsystemehh

Outside of this dD@ASU thefenengyg ataddeB&E€di r ec
systems which traditionally are ilnnstladlOl.ed4d (ien)
economi zers, ther eH/i&y satne nesx ewm pstthiadhrli gfdoere f i inc i e n
which is typically wused by variable refrigera
have an economizer.
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Criteria is included in California energy cod
system types andaiing mutmi leifZeditemcyetcriteria on

which is installed above the 5 hp | imit.

Ot her mentions of a DAAtSe ra@ et O wnia tuill@AdC M)n atsh e
a system type and is now an option rfe,r a syst
CBEGComlhe current definitions in the software
the unit provides full space sensible conditi

There are other code change proposals that ov
| i mi tgs pbreoipposed in the 2022 code cycle. Based
t he DOAS measure would be adjusted to incorpo
prescriptive sections of code being proposed.
outcome ofréhe measu

4.1.5.2 Relationship to Requirements in Other Parts of the California Building

Code
The primary ToveRrh&p ,wi boh t he mechanical buil d
ventilation rates and equipment efficiencies.
additional criteria for DOAS for all space ty

4.1.5.3 Relationship to Local, State, or Federal Laws

There are no | ocal, state, or federal l aws wh
efficiency cr iFtedreiraalf drawa iBOMA®.r ki ng to devel o
the moisture removal efufiitciedrfcy fofanal svphemni ftihe
includes DX cooling. This specific equipment
any proposed gadrdeicto noomesn doeedP atrot Toi.t | e 24

Local reach codes are being set in California
electric forms of heating. There is an indire
for | ocal reach c¢odheiseve temidsyuameigeosaaod aode
compliance on a prescriptive path. Current <co
considered in all electric nonresidenti al bui
path. This code change cwoduel df ocrr etahties aa npda tehmwsauyr
energy cost equivalency to build on which wou
codes.

4.1.5.4 Relationship to Industry Standards

Il n I ECC, there are requirements for additiona
oe of those options. I n this code, criteria a
and contr ol
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Il n ASHRAE %@tk 20I9 ciency criteria on compone
fan power requirement, DOASuU suppumi diifri aetsiedr
DOASu in select climates would require exhaus
I n ASHRAE 189.1 there isDOASexplicate referen
Il n Washington State energy code, there is a m
exceptions for cygdairtiitemala &fof ibei emcl uded i n a
information is provided in the background sec
Thi mevaouud rdlé y on the AHRI 1060 test procedur e

recovery component portion of a DOASu.

4. 1Cémpl i anEaeafandement

Wh e n

devel oping this proposal, the Statewide

streamline the compliance and enforcement pro
mar ket actors who are involved in the process
sectdieossncri bes how to comply with the proposed
compliance ver iApipcecantdiEoneas pnioselsew the proposed

i mga

The
1

various mar ket actor s.
activities during each phase of the proje

Design Perassgnecosnsawmldtants who select this
system would have to check the DOAS unit
document t RCL damctuhmenNs for nonresidenti a
unit has not been required to be document
This would be a minor change in document a:
of effort required for documenting other

Pemit ApplicaPian Phapectors would have tc
DOAS unit meets minimum criteria using th
design documentation. This is in |line wit
now be requiredtsor the DOAS uni

Constructi €onPhaséonrs would be responsi bl
as speand,i eodn sonmeddprtajoencatls,contamd s conf i
setuptwobl completed by .fThe scomst oalcsircomig
already i f and when ntshtiasinldeydplee orie s yrsd cguni 1 e
woul d create a standard set of sequences

| ns pe®thiacfehhe acceptance technician woul d

t he MNPRPCIument s aotre sCeorft ilfnisct al | ati on documer
Certificate of Acceptance documents for t
systems. This acceptance process would be
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mi xed air rooftop unit or aim DOASEI umgtun
The el ements to inspect would be as writt.
adapted to the DOAS wunit.

The current process for specifwisgprimatal in
responsibility of each projedtas epar anadf ntohe d
document ati on pudooceess sp.r cAv iDdBRASvy ent i | ati on t o no
and design documents today must convey this i
DOASwi th fans that exceed 5hp doumdnrte tshyesitre no w
fan power ,fartNDG .olvee@24 | at icompowethemi des fans
havset andard permit documentation processes.

The measwtequire increased effort by mechanic
speci fyandnsamfligure a DOASu that meets the mi
This includes a mechanical designer consider.|
zone terminal cooling and heatwogbggrsatenst @a nlde
able to aurhanermih while still mai ntaining v
configurations, the ducting options may | i mit
The code is written to allow any duct configu
DOAS which sepmplagdtee supply ducting of wventil at
cooling air. It is the recommendation of this
requirements in the NRCC documents to capture
uncl ear i f a DrOIAYSuv @mtoivli atiingn oi s required to
several designmsdodomeamt s documedcdtsdrmhe wsne totahe
forms for other information to reflect the eqg
believed t he etf fkoeryt attot rdiobcustneesn woul d be reduce
clearly defined for designers.

I n the verificat iwoubset angien o rt hagncdc brpehggueisree Te st

Techniciane (A3Ipegt and wwasu memdt al IDEODASas s pec
meeadasmini mum set of control capabilities. 1In
units and Hmiaxednai unaits are test eai ra,nds upnpslpye cf
control, demand control ventilati ong, faonrdmss upp
woubéed enhanced to capture a DOASu and provide
these revised Acceptance Tests has been start

select demonstrat-2020pwbjekbtbBasni @dpddved init:
bere able to be followed by initial field teams
Experts have been part of the Code Readiness

4. Mlar ket Anal ysi s

Th&8tat ewi de QAeSHeolrenramar ket t an a degusrirsefnyt t ec hnol
availability, current prodBot ernwmpaltatbe | i ty, a
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mar k egte nier al as well as wadievdlaht madmaeanh dact o

about the inccempht anhceossBsbopgmabhes edf mar ket
measure apwdriedabti fiegd through tresd sakerhooH demrd o
incl wdiing Epesgaf Commi ssion staff, andlma wide

addition to conducting tpaetreswinche i QASE olld amadihs «
current markepotséemwuicalurmamaket barriers during
meeting that the Statewide CASE Team held on
publicly availabl e.

4 . 2Mdr ket Structur e

Buil ders

This mnmeawouurl d create more opportunities for bu
prescriptively. Projects currently wusing this
mi ni mum set of criteria. These new requiremen

i mpl emernthed phryoduct manufacturer and specifyin
unit which meets these minimum criteria.

Building Designers and Energy Consultants

This measure would require buuwidihngmidneismugmer s
efficiency component sTheompaotwbdbeomhiso apaby | i tie
standar d hmpnvteldas cgrsescri bed controls features.

| mpact on Occupational Safety and Health
Whil e this wouwhedtc hraenqguej r et DWdoBled DPpOASM desi gns.
Having ventil at pen cewtinccodm oani r1 0i0s generally poc¢
| mpact on Buil ding Owners and Occupants

Additional documentati on uan dwelufihsdpne cbtei ornesq ua fr etd
before the buil di ngwocuaand db ev eorcyc unpineodr. i Tnpiasct s a
primarily the smallest part of the overall HV
documentation and inspection.

Buil ding Compon(khrtl uRMamdpialca rus eDisstandput or s

DOASwouhdw be able to be differentiated by Cal
meeting some, all, or none of the criteria re
use in California and Washpngjeot State market
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Bui |l dinsgectors

Thwouadd additional equipment to be inspected
currently notwo uwke etcheedsanmerilsevel of effort as:c
with a mixed air handl er owad dr onatkteo pp uu h idt n gOHe&/
i nspections more consistent in that al/l maj or

4. 2T&chni cal AVeaa sielt i [Aivtaainlda Ciulrirteynt Pr act i ¢

4.2.2.1 Current Practices

I n California, DOAS continues to gmrsadawnith ynanr
choi ceelienctarlilc buil dings being built. 8 of the
reported by PG&E usedDsameahdr muo hiPribQPResc20 1 8)

exampclietsend t he appendi ces otf Qahliisf orrenpioar tc |ti hnraot ue
were gathered, ranging from office buildings,
various forms of DOAS in both coastal and inl
projects surveyed found theytwemnehbevegedepbhby
savings, simplicity in controls, and eliminat
sts.

(@]
o

net zero buil pgé magosfn atsh eo fp r200  le6¢c,t s6 dbui | t or i
di ant sy®diOABsstwemht @ addodme g eNdesmtBUialtdi ngs
stitutdn2®®O6E)9, the same team at New Buil din
e secondh at Hgetheed tf ,afmadlikét t echnol ogi es applie
ergy (ZE) abuekhdihpgMpwt Bui |l di ngs ITrhset istywstt e m2
ntinues to be a top selection for reach cod
d I ECC structureDamded i GOV O020DP)ri ons

5 O 5 T 5 9 S

In current practice there are many compliance
insdat¢tdupil edcondi ti.onHerge sayrsd etmsr ee exampl es,
energy efficiency:

l1.Configurations with no DOASuUu or economizer.

from the outside and have zone heating and
54,000 Btu to a&wai d etqglue reeamemdami They can be
they are al so Cbemhkea svte reyf fsincaildntb.ui | di ngs
functitdreagl lay e being used in largewkbbuil di n:
headreedf ri gerant heat pumps.

2.Systems wbhQAS aunDX but no energy recovery o
avoid the economizer by either using zone F
capacities under 54,000 Btu, or by increasi
conditioning system to use other economi zer
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3.High efficiency solutions with centralized
ventilation energy recovery. These often us
to demonstrate the H/C system meets Or eXCEe

Based on tphreacctuircreesn todbtseetr a@AdRE tTlreeam proposal ali

encourage designs with ventilation energy rec
economizer. This solution was found to meet o
a TDV metriincgs imndafftdidd56, 600ri es and is the coc
used in several | ow energy buildings today. H

desiagpmr oaches.

4.2.2.2 Global Trends

The gl obal DOAS mar ket i s eppdriocetmgd dt @a nthetadr o
growth rate forecasted Mard&mtz30 Bh% dt .M hkep hrse f2dDrAt
summary sites increased adoption of -DBASe sys

products, for the engerBbgldavings potential th

The study sites key product devel opments anno
several years including:

T I'n March 2019, Greenheck Fan (US) introduc
companyo6s product -Inio(d ed sdl SRMAVCHEVI B ®&®&pagc ittoi e
18,000 cfm, up to 70 tons MBH pdtc k egtrdegda s o |
heating. The companyds DOAS units meet the
dehumidification, and ventilation requirem

T I'n February 2018, NorteXKRAUSerl asncheldowRece
efficiency dedicated outdoor air system (D
requirements for educational, healthcare,
spaces.

T I'n January 2018, | nger solQGr oRuapn dHo(lldrienl gasn dL)i n

(I1'CS Cool Energy). The acquired business i
Trane business and provides products to cu
buil dings across Europe.

4.2.2.3 California Trends

Thé&t at ewWASIfeeaanal yzed i mae @atabase of construct
Construct Connect I nsight which suggests DOAS
increasipgr tiemn2 W1 pet cieh92019 amar cteop®@r & ent
in alteration pr ojsecstesa.r chhieids udaQnegD XBh@A Stae r ms
ERVHRYEiMmer gy Recover \yevendpil [&htiolre" t hi s databas
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reflect all of construction It does provide a
peri od.

CA New Construction Projects CANC Percentage
500 00 508
7 4832 51 430 . £ o
5 400 s
- 2 .
o 2| s | ee| 72 e | 4 L || 2
All Projects
CA Alteration Projects DOAS Projects CA Alt Percentages
sos2 7320 0 oo .
F 6K 5107 5% E_
5 4433 4413 g &
R e
. 127 121 172 185 208 284 344 314 =
FigwrGal i fornia online database or a sample se
searched for key terms to determine al/l proj e

This data was used to provide market size est

Cali fornia. ddte praonei dled aa breakdown of projec
These project types were used to further esti
as office and school. This data is included i

4.2.2.4 Market Forecast of DX-DOAS in US
DX-DOAS wunits, which are one of the many DOAS

i mportant component of commercial ventilation
construction industry towarndwmesieapaoapl eEdomyentk
database cymphet@d bOUs aggregated informati ol
construction projects in the US. A search for

outside air, o or fdedi cated outdoor airo was
Fi g@dr e
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ConstructConnect Insight DOAS Projects by Year

5.000
4.500
o 4.000
B 3500
£ 3,000
) 2.500
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Z 1500
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2012*% 2013 2014 2015 2016 2017 2018  2019*

Year

Figure 1: ConstructConnect Insight results for DOAS projects by year.
Source: ConstructConnect Insight.
Note: 2012* and 2019* were incomplete years and extrapolated to full 12-month periods for comparison purposes.

Fi gwBr eMar ket historical data of DOAS projects

FigBhas an estinmamberofft loe ns tf mruwlmotni sotnr upcrtod oencnt esc
It has oonf biefmatdhi s trheep reersteinrtes i ndustry, thoug
2012 to 2@lzlismxarwesase in the number of DOAS pr

4.2.2.5 Design and Construction Ongoing Survey

A survey of California system specifiers and
currently to gauge the frequency of a DOAS <co
nonresidenti al buil dings. The surveyraaiemso ft o
these systems in key building types. This sur
with results collected by April 2020. The sur
often the system is considered as. well as how
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4.2.2.6 Net Zero and High Performance Building System Trends

Nat Vent
8%

DOAS, GSHP

46%

DOAS, VRF
11%

DOAS, HP
15%

Figur eHVAC system configuration used in a sam]
buil di ngs.

From a simpl e surpvreoyviodie d 6byb uNedwl iBlgist i wgise | n s
designed to Net Zperoc(dntterpgy jewdrs)7 3l sed some f
asetiprimary meanBigédshkews il a¢ei omact iammd odthepro
ventilation dsstPrbybod8nwy sbevmfriegudetd f er eht

heating and coepeéendithgsopest ,r adicdsntdaibnmg VRF, o
ground sour c el hhee aetx apcutmptsy.pe of -DOAS, ulWRY, @ th
ERV, was not documented.

OoOf 23 buildings reviewed from the ASHRAE High

15 out of 23 projects included some form of a
4. 2T&8chni cal Feasibility and Market Avail a
Technical feasi bielnictyy cofmpememdy afmfdi contr ol s
proven in both field and | aboratory testing o

many DOAS sit es oevxidset hwhgihchref f i ci ency exampl es
efficiency examples of H/C systems.

HRVY and ERV technology has been in use for ye
energy codes. Modul ating controls and capabil
for many years and were referenced in several
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Th&tat ewASIE Team reviewed 24 mgmuwfea CAtpipreensd i oxf HI
and found that all have a product which woul d
requirements proposed by the code change prop
products that wowlgdialesne nmesetf orheeentil ation h
bypass for free cooling.

Most-DDAS products ventnioteditinameucdorevery and only
heat the air using DX, a heat pump, and or a
most packB@QARA8 DX include an option for ventil
not wuniversal across all manufacturers. Some

c oviemoy .pat hways are included in the recommen
eci ficsad Ityhiagddr e

(@)

0w -

energy recovery ventilators and heat recov
e types of control capabilities and | evels
pabl e. For energy recovery, pdatabasdafarwh
ckaged equipment in the air to air recovery
r to air recovery section. This data review
oducts available on the market today.

- T 9 5T S5 T O

T 9 T O —~ —

2RPer si st Emee gg9f Savings Measur es

lysear measure |ife is reasonable given the f
fe span of DGASceompbaenvtses.i s separate from
ults or degradation of pered ramadi cfei xceadn. bFeo rm
stance, ventilation is centrally controlled
It being on or off is all that is needed.

e heating or cooling neetdwo ulpeh ealilhe rtmmo sit chd st
actly which part of the H/ C system is not w

4 o~ c — = —> A

> X OS5 S5 T

e |l argest barrier is the ongoing maintenanc
in any HVAC system. DOAS with ventilation ene
adwousdil |l mai ntain a | evel of energy efficiel
solution to degraded performance is to have a
monitoring as well as a way for occupants to
syesm.

2022 Title 24, Pari2 G2NIRH¥Y ACBIHAARSE Report



4 . 2Mdr ket Barriers and Solutions

Potenti al B[Sol uti ons

Lack of cl e Develop a code definition f
definition |energy standard including a

and cooling components

Not D®IAIS uni|Set criteria for ventilati or
configuratijan exception |inledetcdt ac b
ventil ationrecovery able to maintain ef
recovery avail aprbdugteftoday.

Not all DOA/Set free cooling and bypass

have free c|tradfef s with ot her mechani ca
bypass cont|{equi valency.

Some DOAS Devel op a DOAS configuratior

configurati|jterminal fans to not have t(
terminapefaland add an equivalent except
to ventil at

Designer ed/Sti
DOAS contro|dif
l i mited

ul atfd ilca sincye control s a
erentiate DOAS units whi

First Cost l denti fy the common DOAS cor
perception |marginal first cost differer

d

a
tdemonstrate the savings fr
t o

day which eliminate key c¢
Code compli|New 2022 Ti me Dependent Val
metrics hislhave made caingnichanges to th
favor gas oland electric. This change df¢
energy consjunits which meet the ventil g
meet or exceed an alternate

4. 2M&r ket | mpacts and Economic Assessments

4.2.6.1 Impact on Builders

Buil ders of residential and commerci al struct
measures proposed by the Statewide CASEs Twath
the nor mal practicesdplusthéebderbobuoeéssog pban
buil ding codes. When necessary, builders enga
in order to remain compliract i wietsh aolabges$ di og
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Californiads construction i nduwdtnreys si £ sdamgdriissh
and 860,000 em@mb6é ¢eles IGr&, total payroll was
17, 000 establishments and 344 me0CCiamplseyxdeos .f C

Tabé6e aCi f €&omisaruction I ndustry, Establ i shment
Payrol |l
Construction Sectors Estab| Empl Annu

me nt me n Payr

(bill

Commerci al 17,2 343, $27
Commercial Building C 4,5 75, 5 $6.
Foundation, Structure 2,1 53, 5 $ 3.
Building Equipment Co 6, 0 128, $10
Building Finishing Co 4,5 85, 6 $6.
Sour(c®tate of California, Employment Devel opment Depart
The proposedombksandgeatticaaht HUAE woul d | i kely aff

buila@amed snonresidential electricabyt HVAKLI] d amat |
significantly i mpa.ctTld hefrf datid domgt he ademmer ¢
industry would not be felt by all firms and w
specific induBdabdybbatwsethersommerci al buil din
Statewide CASE Team expects to be impacted by
as they are related directly related tnot .t he p

Tab6® Specific Subsectors of the California C
| mpacted by Prop&e®ed Change to

Construction Subsector|Estab| Empl Annu

me nt me n Payr

(bill]

Commercial Building Co 4,8| 75,5 $ O

Nonresidential EIl ectr.i 3,1 66, 9 $56

Nonresidential plumbin 2,3 52,9 $ 45

Ot her Nonresidential e 50( 8, 8 $0 9
Sour(c®etatCaloforni a, Empl oyment Devel opment Department
BAverage tot al mont hly empl oyment in California in 201

represented 40158 pempxlemnytmeonft .2
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4.2.6.2 Impact on Building Designers and Energy Consultants

Adjusting design practices to comply with cha
the nor mal practices of buihdlongi dgsitgpreeCal i B
Energy Code) are typixadd yr aipidaiteemd oyclae tdanmaek el
designers and energy consultants engage in co
to remain compliant with changeosd.etso design pr

Businesses that focus on residential, commerc
design are contained within Nohda hArAareirti eecatnu rl anld
Classificab%4bdaT@peBdBdmws t he number of establi
empl oymadttotal annual payroll fdhpBwiplobdieng A
code chwonugleds potenali bl tiyr msmpaicthin the Archite
The Statewide CASE Team antresciidenteisalt hHeV A GnpQGaocr
affect firmaonhatsifdeawts adnconstructi on.

There is not a North AmericaNMAIIG)ader gypE€tasstc

for energy consultants. I nstead, businesses t
energy efficiency are contained in the Buil di
541350), which is comprised bfysfcamsiofispmatib
residential and nothirtesiisdenotti aplo sbsuiiblidei ntgos .det er

establishments within the Buil dierdgn |enrseregy i on
efficiencyh@€omnsat@ibobtrimagTamé 2howndes an upper bo
indication of the size of this sector in Cal.

BNAI CS is the standard used by Feder al statistical age.

the purpose of collecting, analyzing, and publishing s
NAI CS was deveyl obpymetnhte jb.iSn.t IEconomic Cl assification Pol
Canada, and Mexico's Instituto Nacional de Estadistica
comparability in business statistNAIsCS nmeoenpgt ateh eS tNeorr ok ahr dA |
I ndustrial Classification (SIC) system in 1997.

"Establi shméehts s eatsdrneismscelsu dea i mawa ll wa teinngga gee db uinl di ng o
and component systems and includes energecefi foinci ency i |
services. This sector does not include establishments |
pests, hazardous wastes or ondhmoeenivi riommendal staneé aamn

government entities thayt cfedtens| ioaan del/i ¢ fi mrgc ®eme ertneafg bui
regul ations.

2022 Title 24, Pari2 G2NIRH¥Y ACBIHAARSBE Report



Tab62 California Building Designer and Energy

Setcor Establis|{Employn Annual H

(i I'1'i g
Architectut al 3,7 29, 6 $ 9
Building I nspt® 8 2 3,1 $0 2
Sour(c®ttate of California, Employment Devel opment Depart

a.Architectural Services (NAIESt b4 184dt0abliciosnpme stes pmri m
in planning and designing residential, institutional
structur es;

b.Building Inspection Seornvpirciesse s eNoAtliocGrsa tbeAtlaBIbI0iI)s hment s p
engaged in provi dingnobnuielsd)dnégmtyipaelstiidemtdsarlvi&ces enco
aspects of the building structure and component syst
services.

4.2.6.3 Impact on Occupational Safety and Health

The proposed code change does not alter any e
regul ations pertaining to safety and healt h,

Division of OccupationaHA)SafAltly aexids tHiemad t lne 4 ICt
rulwosut dmain in place. Complying with the prop
anticipated to have adverse impacts on the sa
involved with the constructi omnf tcloenmb wisli dinnagq.g

4.2.6.4 Impact on Building Owners and Occupants

Commercial Buildings

The commerci al building sector includes a wid
restaurants and | odwsd exge s traehllaiivh mammws sne kred
(including (rkKefnmiegye ”2BDMe&Odgyy use by occupants of
buil dings also varies considerably with el ect
cooling and conditionianlg,g asn dc onesfumegde rpartii noanr.i |
water and for space heating. According to inf
Energy Efficiency Action Plan, there is more
fl oor space in Cal i feorrcneinat aonfd Ccaol nisfuormensi alg9s pt ot
useKenney. 2M0hle9 )di ver sity of building and busin
creates a challenge for disseminating infor ma
solutiongheavadoadbi lity in sophistication of
relationships between building owners and occ
Estimating Impacts

Building owner ssoabdnetcupaénom | owlars carsesregly i mi
Sectd.on,wheln buil ding occupants save on energy
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el sewhere in the economy thereby creating job
economy. The StTetaewiddbee sCADE expect the propos
the 2022 code cycle to impact building owners

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

The Statewide CASE Team dmdas immptacdaxsp eont nmeamy fsa
and distributors of these product s.

4.2.6.6 Impact on Building Inspectors

Tabé&hows empl oyment and payroll Enhoemati on
agencies in which many inspectors of resident
empl oyed. Building inspectors participate in
aspects of building regul ati &nsa,t eiwn dlleeuaddhArSgE e n
therefore, anticipatwouhtdve moop mpeadtclangenpl o
building inspectors or the scope of their rol
Tab6®8 Employment in CalifornigenrSdiaes wvaintdh GBwiel
| nspector s
Sector Govt. | Estab| Empl Annu
me nt me n Payr
(mi ||
Admini stration (State 17 28 $29
Progrtams Local 36 2,8 $205
Urban and Rural |[State 35 55 $48
Admi n Local 520 2,4 $186
Sour(c®tate of California, Employment Devel opment Depart

a. Administration of Housing Programs (NAICS 925110) <co
primarily engaged i npltahneniandgmionfi shtoruastiinogn parnodg r a ms , i no
and standar ds, housing authorities, and housing prog

b.Urban and Rur al Devel opment Administration (NAICS 92
establ i shments prhemaardniyniesntgraagteidon nantd pl anning of t
and rural areas. I ncluded in this industry are gover

4.2.6.7 Impact on Statewide Employment

The Statewide CASE Team does not antiati pate si
i mpacts to any particular sector of the Calif
proposedwobhdgehave modest | mpacts on empl oy m
Sectd.o2t e StatewidesCA@Bh&emmoposed change in
economi zer r equaifrfeencetn tsst awoemdidde empl oy ment and
directly and indirectly through its i mpact on
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and

buiiddp engt or s .t hlen Sd cdad ietwii dre,sC A &Baveeamer gy

savings associated wi tehc otnhoemipzreorp orseeqduli drheameegnet si
modest ongoing financial savings for Californ
f or octohnearmiec acti vities.

4. 2ZEdonomi c | mpact s

Adoptitcdhn sofcodprepawsaglkesult in relatively mode

i mpacts through the adtdhbosenah dheecommpendnh
i ndustarychi tects, energy consudhtam®tat eavndeb CAIS
Team dwmds anticipate t haterntoinaely bsua vleddi nbgy ocwonnen ¢
organizations affected by the mpwooapesedt20d2 c
additional spending by those businesses.
Tab64 Esti mated | mpact that Adoption of the P
ont he California Commerci al Construction Secto
Type of Economic I|Empl Lab|Tot al Out p

me n Il nco Addeg( mil I

(iof(millil(mill:i
Direct Effects (Ad 57 $ 375 $5 . $ &
Commerci al Buil der
|l ndirect Effect (A 12 $0 . ¢ $ 14 $ 3
firms supporting G
|l nduced Effect (Sp 25 $ 139 $5 $4
empl oyees of firms
Adirecto or Aindir
Total Economic | mp 94 $ 60 4 $ &0 $1.5
Source: Analysis by Evergreen Economics of data from t|
Tab6® Estimated | mpact that Adoption of the P
on the California Building Designers and Ener
Type of Economic| Empl Lab| Tot al Out p

me n l nco Addeg( mil |l

(mi L (mil I

Direct Effects ( 2. $0 . $0 . ! $0 53
by Building Desi
Consul tants)
|l ndirect Ef fsepcetnd 1. $01 2 $0 .7 $0 2 6
by firms support
& Energy Consul't
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|l nduced Effect ( 2. $0 . | $0 23 $0 37
empl oyees of fir
Adirectodo or Aind
Total Economic | 7. $0 . ! $0 69 $ 116
Sour ce Analysis by Evergreen Economics of data from t|
Tab6e& Esti mated | mpact that Adoption of the P
on California Building Inspectors
Type of Economic| Empl Lab|Tot al Out p

me n l nco Adde (mi I I

(mi L Lip(mil i

Direct Effects ( 2. $0 28 $0 33 $03 ¢
by Buil ding | nsp(¢
Il ndirect Effect 0. $0 . ( $0 . ( $0 .6(
by firms support
|l nspectors)
| nduced Effect ( 1. $0 . ( $01 € $0 2 6
empl oyees of Bui
Bureaus and Depa
Total Economic | 4 . $0 39 $05 2 $07 1
Source: Analysis by Evergreen Economics of data from t|

4.2.7.1 Creation or Elimination of Jobs

The Statewide CASGE daepbmcidmpedseuptrédcaptof sbendet h e
2022 <codreegecuylerldeilochad t o t he ¢typafsijonbsformetwhe
el i minexi csttyymédgs of | obs. I n other words, the .
proposedwobhdgeresult in economic disruption
economy. Rat her, tdmi esitmpreadtes difsdewmweratl di n S
l ead to modest changes in employment of exi st

4.2.7.2 Creation or Elimination of Businesses in California

As stadostveed t he Statewide CASE Twoaumbs precspud sed nc
economic disruption to any sector of the Cali
represents a moe¥as€t Cowhngbshdt excessively bul
competgisadv Lmattadeor ni al rhawoiul s e essarily | ea
competitive advantage for CtaHe f3tratiawibdes i QASE

doensot foresee any new busieesbSbaetbwidg CASEt e
Teatmhi nk any exiswtoiubg kus Mmiessed dwe dteo t he p
charmsge
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4.2.7.3 Competitive Advantages or Disadvantages for Businesses in California

Thpr opocsoedde ¢ hwaonugleds apply t o naxlolr phpuaCeéEs $esni a
regardl ess of wheitiheoatpabhdes ibdies i mre ssutisi de of tF
Ther ef otrree St atewi denBGASBnTeampadoest hat these
proposed20f22r ctohdeee gcuylealdel hoshv e an adverse effect
competitiveness of LCiakeawioseni at hbeu sStnaetsesveisde CASS
not anticipate businesses | ocated outside of

di sadvant aged.

4.2.7.4 Increase or Decrease of Investments in the State of California

The Statewi deanGASYEz eTdeannat i onal data on corpora
invest ment by businesses that expand a firmods
domestic inves¥msemtbh Bohro wsRDMb)e.ma B B 1R 0 NPDI as

a percentage of corporate prafiitths amamlyled afgreo

percent. While only an approximation of the p
capital ithhvee 833 ementd e CHSIEisdteapr ovi des a reasonsz
estimate of the proportion of proprietor inco
owners into expanding their capital stock.

Tab6&Net Do mersitvlaatveest ment atned PO oorfpiotrsa, u. S.

Yeal Net Domestifl Corporate Ratio of N

l nvest ment by After ] l nvestm

Billions Billions Corporate

201"% 609 1,748 3509

201 ¢ 495 . 1,739 2609

201 ] 509 1818 289

201 ¢ 618 1,843 3409

201 ¢ 589 187 . 329

5-Year Av 31¢9

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

8Gov. Code, AA 11346.3(c)(1)(C), 11346.3(a)(2); 1 CCR .
di sadvantabethbhudpirmeCcsses currently doing business in the
®Net prieatécdomvsehset nteonttali nmavreosuinme wdE pi t al by the busine

is used to expand rtalbteéneadapgihtaanl maticmakai n oQGo rrpeoprl aaticee pdrucef itt
t he moneefytad erfgorpatyisonts expenses.
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The Statewide CASE Team does not anticipate t
wit hprntdeosed wrewlseuarde t o shgngti ¢antrease or de
investment in any directly or indirectly affe

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

Governments
The Statewi dedeCASE @rpect t he pr owoousheddv ec cade ¢
measurable i mpact on the Californiads Gener al

gover nment. fu

Cost to the State

State government already has budget for code
compliance enforcement woWhidl al sbatae¢i ggversmanmn
update the T$Sttarmda2Mdds Pairmcléudi ng updating educ
materials and responding requeemeons, abbet et
are already covered by existing state budgets
when compared to the overall costs dga&wings an
code changeSpno@oalal ssubmeasures have been sh
the Statewide CASE Team does notthexpeateany a

Cost to Local Governments

Alplr oposed codd@i thangds Part 6 would result in
determinations. Local govbewinindeinngs dwopmahrdtt rmeenetd s
revised Ti tSteanadda,r dBar #Whai i hbi Bsran expense t

governments, idtiasssomci a2 @akowietolc htalmege cycl e.
building code is updated on a triennial basis
retraining every time the code is updated. Th
| ocal governmemps iamceuppa@aitnioag t hat can help
retraining, includiesgutrcels prb®@Bodeeasbdbyndde

Standards(puolgrasm EnerAy Cotde@pAaed) xhE Statewi
CASE Team consideredoldewctmaeg ger o pnopsaed v ari ous
actors involved in the compliance and enforce
negative i mpacts an | ocal governments

4.2.7.6 Impacts on Specific Persons

Whil e the obj ecStiavtee woifd ea nCyA SoEf Ttdheem s opmod peo sanle |
effictilteencyt,atewi de eCASE hBeeamhere i s the poten
proposed comaey crheasnuget i n uni ntTéedSd ad @ws e@u €RAE
Team has not found any informati on sahcotweidhg t h
by this proposal
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Energy Savings

3Kdy Assumptions for Energy Savings Anal

e energy and cost analysis presented in thi
nsistent with the TDV factors presented dur
20o0r kshop on compliance metrics. (Californi a
ectricity TDV factors include the 15 percen
ctors include the i mpact of methane | eakage
ctcerds ins the energy savings analyses were o0b
vironment al Economics, Il nc. (E3), the contr
ctors for the Energy Commi ssion, +h5 apastpr ea
taidcaldgd by Avoided Costs. x|l sxo0. The natur e

ergy savings analyses were obtained via ema
022 _TDV_Policy_Compliant CH4Leak_ FlatRtl Add
mand f actoremneuged siarvitnlpess anal ysi s were obt a
spreadsheet titled A2022 TDV Demand Factors
ergy Commi ssion rel eaysedr iql duale WaOr2mMi rug ep 2t

GWP) wvalues inpe®&Sw® vhl utbe fiBAt were used to
DV factoryearTlGaVNP2 ¥ al ues i ncreased the TDV f a

h
X
r

a

e TDV energy savings presented in this repo
pected i f the fyeanl GWBVvahaesuwer 280used in
oposed codeubdamges cost effective using thi
vings presented in kWh and therms are not a

The Statewi dewoQASIE sTiedeemm trheev anleveadt et oener gy sav
oetf fectiveness analyses using t hweoubenal TDV
presented in the Final CASE Report.

c

The Energy Commi ssion has not provided guidan
regardi ngtt lod ipmpgposed code changes relative
t hat was developed for the 2022 code cycle. P
Commi ssion, the Final CASE Reports may includ
metric.

Energy savingbBassedcahcal maeklet standard DOAS
based on field research and a |literature revi
systemsranel wywot defi 26 dMNietxlpar2td 6L yand a propo
DOAS system confliiguerdatiinon haes cowte change propo
comparisons are also provided for DOAS compar
each prototype. This compari sonewasggone to e
consumption of the DOAS measures with standar
understand the energy cost and source energy
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Energy Savings Equivalent

Evaluation
:/ ™
i \
DOAS DOAS 1 DOAS :
Market standard With Code ! With Code Mixed-Air 1
(without code Change i Change Standard System :
change) ( norrR )i wimHR :
( Multiple DOAS unit Types !
L I
[ Multiple Heating/Cooling Systems :
l\ I
\a-. _____________________ _/,

gwbrlkeOAS Venn diagram of energy savings cal cu
cl

St at eemied @y savings are very sensitive to mark

these systems are installed by building type.
report to better inform this market size, in
instalha. I n the market sectors, conservative
of fices, primmryeadedoaill,amcddare being furthe)]

Fi n@ASRepoThe weighted mar ket share of each bu
resdl tme @Ocleanrtge op érn creasttap@r,cseenitoo |l speranan t3
coll eges.

The energgndavompartihsean kwitt st anadmd ¢gr ibDgoASe d
prescriptive requtheméopsiomm@pgnassompti ons ab:i
system is configured and operated:

l1.Heat recovery or energy recovery ventilati
al one sysitearts cachngmosnt a h I-BAAS uni t s.

2.Zone terminal unit fans are daegmmomlgy set t
occegihours and do zmottee hmpue rmatodrfe svhaerne wit hi
thermdseadbandwhen ther mdentnaba@dahliave snoften

case in systems where the ventilation path

t he fan cafwnohontutterrnr uopft i ng ventilati on.
Most heat recovery or energy recovery ventil a
controlc tsgetchédiir cl i mates.
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4. 3ERRer gy Savings Methodol ogy

4.3.2.1 Energy Savings Methodology per Prototypical Building

The Energy Commi ssion directed the Statewide
i mpacts using specific prototyppcabl bbul ddngg
geometries for diffeeeptotyppgpeobubldl dgegsha
CASE Team used in the amaléygesi s are presented

As DOAS HVAC i s not tahney tbhats eplrionteo tsyypsetse,m iinndi v i
prototypes were moStdncar dHbOWWAGypItmec €t hehe ode

enhancem®MAS and separate heating anderceool i ng
deffdn based on research of common practice in
20119 t |, e Paketquei r e ment s for equi pment nominal e

These are refPBPr epdXetsdisgas tatnime meet s the criterdi
code enhdancemoemme.nrdéatt o toyngpe model s of nonresid
were modified to create the DOAS baseline bui
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Tab6& Prototype BuildingsawdgedCodotr, Emred gnviDre
| mpacts Analysis
Numb eroe . .
Prototype of Description
stor|(sau
f ec¢g

Thrmedewesr e created to ac
DOAS HVAC configurations

Of fSmeel | 1 55@| 1 DOAS HRV with Mini Spl i
T DOAS with RTU
T DOAS with VRF
Thrmedewesr e created to ac
DOAS HVAC configurations

Of fNMecckei u m 3 53297 DXDOAS with furnace and
T DXDOAS with heat pump &
T HRWOAS with VRF
Onenodwhs created foRepdr

Scheol maj 1 24,34‘” DXDOAS with furnace andc
Onenodwhs created foRepbe

Sch&ektonqd 2 2186 T DXDOAS with furnace and
Thrmedewesr e created to ac
DOAS HVAC configurations

Retail St ¢ 1 24,317 DXDOAS with furnace and
1T DXDOAS with heat pump &
T HRWMWOAS with VRF
Thrmedewesr e created to ac
DOAS HVAC configur at iaonnds
only applied to

Hot el Smal 4 93’E‘H DXDOAS with furnace and
T DXDOAS with heat pump ¢
T HRWOAS with VRF
Thrmedewesr e created to ac
DOAS HVAC configur at iaonnds

_ only applied to

RetaillLarf 1 240, T DXDOAS with furnace and
T DXDOAS with heat pump ¢
T HRWOAS with VRF

The same set modstiphract omeyr pee ommoeda Reifeedc ence Desi gn

DOAS configurations based on mar ket research
2022 Title 24, Part2 G2NIRH¥ ACBIIABBE Report



installed todawyinSan®&@aBkbsen nDDGASdi rectly regul a
ener gy ,tchoedetswo Ref erence Design casnffisgglulreaw i ons

Tabb6@DOASQonfi guraRebaesehoer Design System

Configurat|Description

Referencel |DOAS without ventil ation hea
remain the same with regards
ti me.

ReferbP0A88d DOAS with ventil athonbdirpdswirt
zone ter missmalatmnnictonti nuousl y
hours. This was applied only
configurations.

For t heRe(@AlBEer gy savings from these prototype
savings per sdwanmnefflect BbBasvisngs from addition
existingThei sadaimegeprescriptive criteria would
t he whol weesbyesitnegm r ep | ac e d.

Assumptions for DOAS Reference Model s

Th&8t atewide CASE Team estimated energy and de
proposed code change using EnergyPlus 9.0.1 w
from the 2022 ReseCaarlcihf otenrisai oBhuiofditnhg Ener gy C
(CBECC) software for com®hem). al buil dings (CB

Ther ecoamponent redduicieemeryt s i n Ti tdtet r2idh utPeas to-
t he DOABugh the whole system ancd fcioehdie ol f eat
Statewide CASE Team modi foedéehkbemBsandamdobDes
cur rDeOAtS s ydsetseingn practice, or industry standa

Th8tandard Design model s weuanadoseparat ¢ ohdatvi
and cool isnpveyhsatheamng and cogdaliwengse sysmeimat ed
depending on the specific building type.

Themodi fied Standard Desi gam madleé tO OtAY@mg c amlow i n
henceforth referred to as etnteengRekdles etnltaet DOASu
i ncorporat e&satrlee hR@ASRU ort h referred Tthesaes t he
Reference Design models with the Reference DO
evaluatingdemangy i apacts of the proposed meas

System Sizing

Alclapacity and fmoaw | fliieesled Saeuttn otd@imzle t he system

capacity sizing factorscweléengetotoell ot bea
modeling sizimg DPOAStwaxessi zed for ventil ati or
reflects how tHesedgmgetoemms saideegihi al sbuai hd f ac
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was se
addi ti
requir
year .

Change

The Pr
revi si
whi ch
and Pr
the @&n

1 . Ena
c al

2.Ver
ass

3.Ver
bas
on

Al'l c¢h

Compar

t for the draft report to avoid DOASu f
on atnod hceoaotliinnggMocdeep asc iwteirees .r evi ewed t o en:
ements wiuetrhei ns aat insefai seddr en oo fgrremada an t han 3

S between Proposed and Reference DOAS M

oposed Desi gnRevfasc Belseingn ciald alol twaeys e xc
ons that represent t hlea b @orpeosseendt sc hparnegcei ss
parameters were modifiedRamhaer Bvénmgdgrnal ue

oposed Design. Specifically, the propos
enogl el s:
bling zone terminal fans for heating or

| for active conditioning.

ses Refer2noel PPABuof heat recovery f

or
umi ng sensi bl e healaitf alreiciateersy only in C

ses Refer-2noaldbdAl8§inty to bypass the heat
eduamdoor air teunprelryytairre taenmipeesreatt ubraes ecdo
outdoor air

anges were set to the same | eevpedr tf.or al

i ng the eneRgfyeri Brepsmicgmns too tthhee Pr oposed L

the i mpacts of the proposed ftchate fchlaingws rieth Gt

typica

I practices.

Tab?e@eModi fi cati ons avadd eDetsoi gSnt ainnd Each Prototyp

Proposed Code Change
ProtolRefereClimParamete|Market T/Proposeoc{
| D Case Zone|Name Design Design
Par amet elpar amet ¢
Val ue Val ue
Al l Ref 2 |Al I Ventil at [ DXDOAS: DXDOAS:
Recovery HRWOAS: |[60%
50 % HRWOAS:
6 0 %
Al | Ref 1,|Al Il Zone Fan|On Conti|Cycl e wi
2 Control Ther most
Al Ref 2 |AIl I Ventil at |[None Control
Recovery Supply ¥4
Bypass C Temper at
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Ener gyRllwsul at-lewi Iwhionge energy consumption for
measurled ommutr s per year (kWh/yr) anfdhet her ms p
St at eA IIee atmh ep pdtihee 2022 ti me dependent valua
calcul ateeagguabeein kilo Briti«Btuswd nal uni
annuall peak el eductcohy mthemandedeiSht aktiedwiwdaet t s
CASEeaanl so calcul ated the TDV energy cost savi
present val ueVdgl laaards n(oc2di 2v&xA |l dol | ar s.

Thenergy impacts of thedprwvwpnnyeldy coldiemathangen
Statewide CASE Team simulated the energy i mpa
the cizioma&t sepeci fic TDV factors evhey aocadtcuil mga
Pewunit energy i mpacts for nonresidenti al buil
foot. Annual energy and peak demand i mpacts f
translated into impacts per squartehef patothboy ydie
building. This step allows for an easier comp
types and enables a calculation of statewi de

that i s published in terms of floor area by b

4. 3St3atdeewiEner gy Savings Methodol ogy

The -preirt energy i mpacts were extrapolated to
St atewide Construction Forecasts (tClaat ftomei Bne
Energy Commi si Floem Qi€C&@t0swirdeti on Forecasts est

construction that would occur in 2023, the fi
requirements are in effect. It also estimates
2023 that the Statewodep@ASKI Maam saedngs fro
alterations. The construction forecast provid
existing building stock) by building type and
construction forecasnto,t Buielndkiincg | Typoe tihke, parod o
types avail a®dor, ti ne CBE€ICgy Commi ssion provi de
which prototypical buildings to use for each

ener gy iTmbhd@trsesents the prototypical buil di ng
the Energy Commi ssion requested the Statewide

Type I D in the Statewide Construction Forecas
Appendirxsfents additional information about th
used to calculate statewide energy i mpacts.
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Tab7® oMresidenti al Building Types and Associated Prototype Weig

Buildi_ng TypBuiIding Py Simul at¢g Weighting| Nevwonstru Al tera
Statewi de Cofor Energy DOAS Dr for St a DOAS Mal| DOAS Ma
Forecast Report | mpacts A Shari Shar
Smal | Of fice|lOf fi ceSmall Yes 100 15%9 3 %
Large OfficeOfficeMediL Yes 5009 15%9 3 %
Of ficelLar ge N/ A 50%9 N/ A N/ A
Restaurant Restaur ant H N/ A 100 N/ N/ A
Retail St ang Yes 10¢9 1459 4 %
Retail Retail Lar ge N/ A 759 1409 4 %
Retail Strig N/ A 5 % N/ A N/ A
Retai |l Mi xeo N/ A 10¢9 N/ A N/ A
Grocery Stor|Grocery N/ A 100 N/ A N/ A
No#Ref ri erat
Warehouge Warehouse A 100 N/ A N/ A
RefrigWanelad|{Refri gWar efh N/ A N/ N/ A N/ A
School s School Pri mg Yes 6 09 18%9 6 %
School Secon Yes 4009 18%9 6 %
Of fi ceSmal l Yes 5 % 15%9 3 %
Of fi ceMedi Yes 159 15%9 3 %
Colleges Of fi ceMedi N/ A 2009 N/ A N/ A
Publ i cAssen N/ A 5 % N/ A N/ A
School Secorn Yes 30%9 18& 6%
Apart ment Hi N/ A 2559 N/ N/ A
Hospitals Hospital N/ A 100 N/ A N/ A
Hot el / Mot el s|Hot el Smal | N/ A 100 17 % 6%
Mar keestt i ma tpeesr coeine’s a | | for alterations was assumed first with the
statewide savings and mar ket size percentages is included in Ap
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4. 3P&dUnit Energy | mpacRef Resmt¢ é sDesi gn
A summary of thendcenepegk damadamdisnieeduat eanaper

presented in the following table for the prot
each climate zone for each building are inclu
comparison betweenSmanklet hey proplosB@ADOAS wit
enhancements. The peak demand is estimated to
increased slightly in one of the prototypes f
total energy cost saviegsesaferfeathabeil dchgdp

TabV? 2Fi rYsetar Ener gy | mpact per Squase foot per
Reference Design

Electheak El e Natu TDV E.n|
Savir Demar Ggs Savir
( K WY Reduct Savir (TD
(kW) (t her?n k Bt d)/
Of fi ceSmal
New Constr 1. 2 (0. (0. 29.
Al t erati orn 1. 7 (0. (0. 29 .
Of fi ceMedi
New Constr 1. 3 0. (C 0. ( 37.
Al terati orn 1. 3 0. (C 0. ( 37.
Retail St an
New Const 1.5 0. ( (0. 38
Al terati or 1. 8§ 0. ( (0. 38
RetaillLarg
New Const 0.1 0. C (0. 38
Al terati or 0.1 0. ( (0. 38
School Prinm
Newonstru 0. 3 (0. 0. ( 11
Al teratior 0. 3 (0. 0.( 11
School Seco
New Consty 0. % 0. C 0. ( 19.
Al terati or 0. § 0. ( 0. ( 19.
Hot el Smal |
New Consty 0. € 0. (C 0. ( 17.
Al t erati oy 0. € 0. C 0. ( 17.
These prototypes do not represent the entire
which may be utilized to evaluate energy i mpa
T Ret ail Mi xed Use
T Ret ai l Strip Mal/l

T Medium Office Lab
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Whil e the peak demand does show an increase |
buil d€vionmg®e a reducing in peak demand due to p
heat recovery more frequently. This component
the medeksiity on the electric grid from HVAC n
more predictabl e.

4. 3PédWUnit Energy | mpsMd txsAdR e sSuylsttseAms swidteh
Economi zer s

Part of the DOAS proposal i's an inclusion of

building system utilizes a DOASu with -ventil a
diligence process of this recommendation ener
i mpacofPndopessedf Desegui val ency or increased pe

system aymexied system witheb@bnrreednomi asrfthe Ai
EcononDezseirgn

I n California, a DOAS HVAC comfaiig@ys®ti on can

1 . DOAousave on heating energy from ventil at
to mixed air s-yeshemselweah, mal DPOAS HVAC con:
al so eliminating space cobD@ASiom, nmgi miermieait
system rehe®dDtOABIL. t h a DX

2.DOAS saves cooling peak demand by reducing
ventilation heat recovery. Compzaoned t o a m
reheat, a DOAS HVAC configuration provides
reduce peak coomi ngt l-coogadisivibgy ocefl spaces duri
ti mes.

Il n |l arge buildings, DOAS with zone cooling ca
around a chilled water plant and hydronic sol
coolwionug dse twnwet abai i $i dheo weecvodmre,yni g@i; n t he abi |
utilize sensible only cooling which can have

system which must adpoedehamprdadsyi.omMudrtivari at
flow systemsvetréefeiggrant controls can adjus
temperatures to best match ther maMul wiapllse and
cool i ng wseyiset eenstwigtant eRIOAS, including air cool e
refrigerant faltdw,g amd frteo@i rumult s .

The makseydst ems with economi zperrost oweeydped rdodui |t fr o
enhantcedi ncl ude iefc otnhoenyi zweerrsasndotaddnti odad func
to represent airflow control ame fdern aprlessur e

The analysis found DOAS configur ataiorn ss ytsot ebnes
with airside €Ebenamalpwsss tfoolbrd-diruesy otrems xwid
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air source caalciluglisnwstsemsgy,l e zonkzpaedabBPEd un
variable air DOASmMei sl saaceumsgmoe®mntedwas found to
efficient -dihmnsystmemewi t h a c¢ hThlel each awatsars od dl
include water cooled configurateons$oof wbeOASt &
exception for airsbdeaeadbhalml eTibtglsewd2id dHVY AE

systems map of buildingasitbeahdmnumbwénoh de

a system would generally selactr a@dochiclelded owha i
The -yeastenergy savings pePr spgouesiDgbnast abéet we
t hi rsi de EDesniogm zeaerre i ncluded to document t he
meet or exceed the | evel of pretr fsotraNadaeedt.d@ mp |
secondary school model wmodukatéytldeesundodoonca
energy model and negatively impacts the propo

Tab78Fi rYsetar Energy Equivalepey Berl| Sguagr €y peo
Airsi de Echensoingrzer

Peak EI e

El ect Natur a TDV En:
) De mar . .
Savir Reduect SaV|2rSaV|ngs
( k WrYy ( K W) (t her?n k Bt @)/
Of fi ceSmall
New Constr 0.1 0. 2 0. ( 13.
Al terati on 0.1 0. 4 0. ( 13.
Of fi ceMedi u
New Constr 0. C 0. 2 0. C 5.
Al terati on 0. ( 0. 2 0. ( 4
Retail St and
New Constr N/ | N/ N/ N/
Al terati on N/ | N/ N/ N/
Retail Large
Newonstr ud N/ | N/ N/ N/
Al terati on N/ | N/ N/ N/
School Pri ma
New Constr 0. ( 0. ( 0. ( 12.
Al terati on 0. ( 0. ( 0. ( 12.
School Secon
New Constr 0. 4 0. 7 0. C 2 7.
Al terati on 0. 4 0. € 0. C 27
Hot el Smal |
New Constr N/ | N/ N/ N/
Al terati on N/ | N/ N/ N/
The following is a sample of energy results p
results arAppeolbdugded in
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Prototype Summary of Energy | mpact s

For Medium Offices, multiple configurations o
mo st crolmmtesbyws tle ms . Four types of DOAS were sin
code changes

.DXDOA®i th a andrinacSs5darcabl e RefVYRBerant FIl o
.DXDOAS with a haAmrt puBmbPcand

.HRV with Four Pipe AKAiam Caollled (,F RARMM@) Boi |l er
4 HRV wAitrh SUYRFce

Thesceonf i guweartei osnismu Raf edewnoc&hti ons hasaslerve as
for energbhesawis@iagmatiddf donenly one DOABbi nati o
Four Pipe Fan O®AIS,iFMGgsG) TwiVt ke n eRegfye rtennacne t h e
Design and a reduction in the overall source
sampl e set odl irmatue tzsordfer @omplete tables for
configuration aAppein@c¢ikuded in the

WN -

Office Medium | Climate Zone 09

Site TDV Energy, HVAC Only | C_OffM Source Energy, kBtu/sf-year | C_OffM
CA Climate Zone 09 CA Climate Zone 09
Heat Recovery No Heat Recovery Heat Recovery No Heat Recovery
DX-DOAS Furnace [with VRF] DX-DOAS Furnace [with VRF] DX-DOAS Furnace [with VRF] DX-DOAS Furnace [with VRF]

17.0

15.0
14
e 118
10 9.6
8
6
4

Proposed Reference Proposed Reference Proposed Reference Proposed Reference

145

140

120

100

80

60

40

HVAC Energy Only [TDV kBtu/sf]
Regulated Source Energy [kBtu/sf-yr]

20

]

o

[l Heat g M HeatE Pumps M Fans M Cooling Towers M Total Source Gas M Source Elec M Source Total

Fgurée TDV energy and source Iriematée sZomMmMedd um O

The primary school wasprsopmwosbead edquwat haonnbf DO
more conservative DOAS-DOAf ugutatainan zwinteh ha ab
cooling using VRF. Based on running other pro

of DOAS wunit and type of heating and cooling
cogluirations such as HRV or ERV DOAS wunits and
FPFC or radiant cooling anSd ahd@ad«disggnst Eme i gr i m
sevesriantkgb el x-adrooftop units. | nwewimghdhu ¢ s ofng n a
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ener gy bgy ar usnmailnl er ventilation only system co

and cooling room fans on only when needed.
Primary School | Climate Zone 12
Site TDV Energy, HVAC Only | C_SchP Source Energy, kBtu/sf-year | C_SchP
CA Climate Zone 12 CAClimate Zone 12
Proposed Reference Standard Proposed Reference Standard
Packaged

DX-DOAS Furnace [with VRF] DX-DOAS Furnace [with VRF] DX-DOAS Furnace [with VRF] | DX-DOAS Furnace [with VRF] |Packaged VAVR

VAVR

200 199 272

- B
@ kg
T 150 T 20
a a 18.2
z = 17.0 :
= g : 154
= . £ 15 139
2 .
< g
2 3
o w
£z - 10
9 o
< =
ER EN
o
® s
0 0 .
Prop Refl Ref2 Ref3 Stnd Prop Refl Ref2 Ref3 Stnd
W Heatg M Heat E Pumps M Fans M Cooling Towers W Total Source Gas W Source Elec I Source Total

FiguwreTDV energy and source Qleismualtted 2Z.oPhrei mar y

The secondary school wi 6 tho byRifed cw @O ASI Mol at ed
represent the nbbGAS cceomasreirov aftatvreenhnbeggeaeadary

schoolSt ankdar di Desigentral air handling unit wi
control and a central pl ast Cmlan e3dniZdohberend i mat e
Fi g8&r eTDV energy and source emat e3sThe8econdary
ReferbP®AS configuration increabesl|l dhegcwbiiag
decreasing other end uses such as pumps and h
energy cost is reduced along with a reduction
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Secondary School | Climate Zone 03

Site TDV Energy, HVAC Only | C_SchS Source Energy, kBtu/sf-year | C_SchS
CA Climate Zone 03 CA Climate Zone 03
/)
Heat Recovery No Heat Recovery N/A Heat Recovery No Heat Recovery N/A
DX-DOAS Furnace [with VRF]|DX-DOAS Furnace [with VRF] MA-VAVR_C.. DX-DOAS Furnace [with VRF] | DX-DOAS Furnace [with VRF] |MA-VAVR_CHW
18 17.2
120 16
— 146
= 5 14 140
m 7
E. 100 ‘é.
= 2 12
2 g = 10.2
£ 71 § 10 9z
= -
< 8
§ 60 ag 8
W w
& g °
2 40 £
2 B 4
20 14 =
2
11
0 0
Proposed Reference Proposed Reference Standard Proposed Reference Proposed Reference Standard
W Heatg M HeatE Pumps M Fans M Cooling 1 Towers W Total 7l Source Gas M Source Elec I Source Total

FigwBreTDV energy and source r elsiumatse3d ZSemceondar

The standal one retail prototype waprepmsédted
DOAS with avYRERYc®mdi t.i oirhieng esul ts are compar
Ref erence DOASStamnmddRZersd gnt mexed air syisstoenrs., | n
t hper opobsAdS configuration reduces energy use a
prot ogawiengs are primarily driven by saving he
enerigcy ht pher both the Stantdrdebeei @@AZN dootd ke ¢
decsed economi zer capabilities from ventil at.i
consumption.

Retail Stand Alone | Climate Zone 03

Site TDV Energy, HVAC Only | C_RetS Source Energy, kBtu/sf-year | C_RetS
CA Climate Zone 03 CAClimate Zone 03
/i
Heat Recovery No Heat Recovery NfA Heat Recovery No Heat Recovery N/A
Heat Recovery Ventilator Heat Recovery Ventilator | SZVAV with Heat Recovery Ventilator [with | Heat Recovery Ventilator [with | SZVAV with
[with VRF] [with VRF] Furnace VRF] VRF] Furnace
181 184
18
120 113 17.0
w 100 )
= S oa 137 132

8 o
= =

2 30 = 12
= T

£ E w0
o o
60 o

Bl 8
= 2
g v

o = 5
= 40 £
= =2

20
2
0 0
Proposed Reference Proposed Reference Standard Proposed Reference Proposed Reference Standard
W Heat g M HeatE Pumps M rFans M Cooling I Towers M Total [l Source Gas M Source Elec M Source Total

Fi gwr eTDV energy and source r &€dulmad,e3 Reotnaei | S
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The small office protot yRed ewd@DABo sfciequamre o swit to

represent typical 1instal |Rédfiernesnoond sOaRkeds yi snt er
HRV with mini splits, HRV with recirculated t
three DOAS scenarios overall energgy IiIRefreedcwnce
and 2 are included for two of the scenarios a

ReferbPOA®I ther 1 and 2 configurations

Small Office | Climate Zone 03

Site TDV Energy, HVAC Only | C_OffS Source Energy, kBtu/sf-year | C_OffS
CA Climate Zone 03 CA Climate Zone 03
Heat Recovery No Heat Recovery N/A Heat Recovery No Heat Recovery N/A
HE\;‘:!etnlili;C;\;t:r’y Heat R?COVEW He\?;niieli;t‘giry Heat Recovery S‘_ZCAV Heat Recovery = Heat Recovery | Heat Recovery = HeatRecovery = SZCAV
rwith VEIHWE‘EDV rwith Ventilator |with Fu Ventilator [with | Ventilator [with | Ventilator [with | Ventilator [with = with
M\I;\iSD\\tS] [with RTU] Mir;\SpIits] [with RTU] rnace MiniSplits] RTU] MiniSplits] RTU] Furnace

=
g ‘g = 137
a 2 12.4
=
> = 111 11.3 113
B &
—_ [
£ g 10 as 88
2 i 7.6
2 3
£ :
= z s
z ES
@
-4
o]
Propos.. Refere.. Propos.. Refere.. Propos.. Refere.. Propos.. Refere..|Standa.. Propos.. Refere..|Propos.. Refere.. |Propos.. Refere.. Propos.. Refere.. Standa..
W Heat g M Heat £ Pumps M Fans M Cooling Towers [ Total "l Source Gas M Source Elec ¥ Source Total
Fi gurde TDV energy and sourcel rmaue4 Zon&mal |l Of
DOAfSesults of each prototype are included in

prototype cohhBguwroasteidomlbsOAS reduces energy use
ReferpPpbOAS.
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Small Hotel | Climate Zone 04

Site TDV Energy, HVAC Only | C_HotS Source Energy, kBtu/sf-year | C_HotS
CA Climate Zone 04 CA Climate Zone 04
Heat Recovery Mo Heat Recovery Heat Recovery Mo Heat Recovery
DX-DOAS Furnace [with VRF] DX-DOAS Furnace [with VRF] DX-DOAS Furnace [with VRF] DX-DOAS Furnace [with VRF]
16.2
100 6 5.6 150
_ 141
s 14
>
) z
El z 12
2 ]
= 2
I~ =
>
E. o 10
5 e 3
= w
(=] @
> g @
o 3
T 40 a
& v 6
o -
< =
ES 2 4
20 2
2
0 0
Proposed Reference Proposed Reference Proposed Reference Proposed Reference
W Heatg M Heat £ Pumps M Fans M Cooling Wl Towers W Total "l Source Gas M Source Elec W Source Total

Fi gurie TDV ener gy easnud tssourScned lirmated €lon eC

Tables of Energy | mpact per Sqguare Foot pe
This measure reduces total energy use by 10 t
and cl i matSawiomngess are conservaniRef dbasrde on a

DOAS with the proposed DOAS enhancement s.
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4. £ost and Cost Ef fecti veness

4. 4Elder gy Cost Savings Methodol ogy

Energy cost savings were calculated by applyi
energy savings estimates dthtadd ovlead ey deea s vreidb aucs
4. 3. 2D¥ a nommbat boeedlenelrapgye vitnlgsstcount s for t

vari adl eofcoel ectrgas tefacdhn dh ovat wrfalt he year, al
costs are ekprgde eadvero t he (p3el iyoeda rosf faonra lryessiisd e
measures and nonresidential envelope measures
nonresidentilan tmeiasucaesg, the pkyieadbef TDWVal y:
cost impacts ar e nmrlederdtlaad si mndomn 2023 prese
represent the energy ddsdarsa.vings realized ov

This code c¢haogdpplt gpdtvalal terati ons and/ or ad
whol e HVAC system is replacedemandt snsEmaét gy ¢
savings of existing buildings with new HVAC s
not incl uwlae@ASBepd@aet this ti me.

4. 4dER2er gy Cost Savings Resul ts

Pewunit energy cost savings for newly construci
reali zedlyear plkeiod of analysis are presente
do!l Itdres f ol |l ocavmahgadddibtl ie@enal tables by prototyp
appendi x.

The TDV met hodol ogy all ows peak electricity s
savings dmugakigpairbhibodst KABEmMtcl udes a prel i mine
account of the penaokubTeDW uirmphaeat cadicknualla tCeAdDS E or
Report
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Tabtvé

Monal

TDV Energy
TotiaNew Constructi on

C o sYte aSa vPienrg so dOWwoefr
( DOAS mar ket

ClimglsYyear TDV E|l5ear TDV Tot adYeah
Zone Cost 8§83 Gas Cost Energy Cost
( Nomi n ( Nomi n ( Nomi n

1 $97, | $2, 3 $99,

2 $599, $15, $614,

3 $3, 031 $71, $3, 103

4 $1, 32/ $36, | $1, 360

5 $312, $7, 3 $320,

6 $1,960C $40, $2,000

7 $1, 846 $40, $1, 8809

8 $2,410C $53, $2, 463

9 $3, 848 $77, $3, 925

10 $2, 496 $68, $2, 567

11 $545, $16, $56 2,

12 $2, 718 $66, $2, 78/

13 $1, 017 $38, $1, 056

14 $571, $11, $583,

15 $357, $9, 1 $366,

16 $214, $3,0 $217,

Tab?® Noanli nTDV Ener gy Codtey Sarvi hagrsi dOdr éa f

TotiaAl t erati omar KkBPOABercentages applied)
Climgls5¥ear TDV E|l15Year TDV Tot advyedh
Zone Cost Sa Gas Cost Energy Cost
( Nomi n ( Nomi n ( Nomi n

1 $76, $2,7 $78,

2 $475, $16, $491,

3 $2, 4772 $72, $2, 544

4 $1, 118 $36, $1, 151

5 $251, $7,3 $258,

6 $1, 761 $47, $1, 8172

7 $1, 476 $36, $1,516

8 $2, 25/ $65, $2, 3109

9 $3, 7172 $103, $3, 815

10 $2, 097 $71, $2, 168

11 $400, $16, $417,

12 $2, 1172 $72, $2, 1814

13 $727, $39, $767,

14 $506, $14, $520,

15 $281, $8, 8 $290,

16 $170, $4, 6 $175,

2022 Title 24,
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4 . 4. Bcrement al First Cost

|l ncremental costs were estimated for the prop
included:
T I'ncremental costs for includingneérygpyass or
recovery DOAS units.
T I'ncrement al cost for DOAS wunits with modul
T I'ncremental cost for additional duct work
unit fans to have separate supplyfpathways

There is assumed to be no inclrieamemaealt lItiosti & or
alreadyusétdiing codes for fan systems.

Reheat requirements on DOAS wunits with active
configuration which ocfam ke pdocrad asnspaarl | ati on
cost of a system.

Appendix J includes documentation on assumpt.
for each i1 tem. Costs were estimated for each

Tab?7@& DOAS I ncrement al Cost by Building Type

_ _ _ Free COModuIaAdde Tot
Buil di ng/Ventil / EneFan Sp Du c l ncrem
Prototyp cf m/ Recov Cost | Wo r _Cos_t

Cost | [ $/|Bui |l din
Smal | Of 0.1 $0. $0.0 $0. $0.
Medi um O 0.1 $0. $0.0 $0. $0.
Retail S
Al one 0. 2 $0. $0. 0 $0. $0.
Secondar
School 0. 3 $0. $0.0 $0. $0.
Pri mary 0. 3 $0. $0.0 $0. $0.

This estimate or any modification to enhance
first costs for an addition or alteration to
used, the incremental cost Reweubds IDgDMAtSh e s ame
and RrhoeposedDODOASI gn

4. 4. dcr ement al Mai ntenance and Repl acement
| ncr emantnalenmndeé ec a nntcriegment al cost of replaci
parts of the equipment, as well as periodic m

operatiegtoelkarrentt pegeBhrcperouvdrdoheapakbygents
val uequwifpmanht enance costs (savindqgpeeewaasnical c
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di scount, whateh(d)s consistent with the discoun
2022 TD¥Wr eswaltaufe mai ntenance costyenhat soccurs
calcul ated as foll ows:

1
"ENCHIAHHTITI™AHD T 7 HTART I HEHD T 7 "HT‘AmT“l“FH"H—,,H

For a DOAS system, maintenance once a year to
expected useful | if-@a50fyetahe bgeepgmentengi h@er
of i nst@héamaiomsenance cost | & oas saumed etre nlcee -
DesignS DaBOWAd Pr oposed Design DOAfSomanadp e&vwaasti nacm e n
assumed

4. 4ChsBf fecti veness

Thi s measur eprpersocproiepgteiiveedsnesich, a cost anal ysi|
to demonstrate thaeftodetvmebBylreame qpeercfosanal ysi
The Energy Commi ssipomcesituaklsi lhesfcthh@ ehatbsng
The Statewide CASE Team coll aborated with Ene
the methodology in this reportludi cgnwhis¢lento:
were included in the anal ysiirscr drhent alc r maniemtt et
costs oveeat hpedlbod of analysis were included
from electricity and natural @aal sawviogs wer e
Design costs waeoe mwerei nhhbleudedr emental costs
verification.

Accortdo ntghe Ener giyd e&foimmii taisomesa s ua fef @ st ictobsd
bendgfeiotrst (B/ C) ratio 1 s rgarteiaot eirs tchaalnc ull.alt.e dT hbe
cost benefits realized over 15 years by the t
mai ntenance costs for 15 years. The B/ C ratio
cost savings.

Results a@ahitiee bwentass anal yses Tabé& @amrdesent ed |
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TabT& or

new construction and alterations, res

TabVel5eaOosBf fecti venesBT GtuaNmmavr YConstPemrcti on
Sqguare(bPoOédar ket percentages applied)

Cli ma Benef Cost Benetfa
Zone TDV EnergyavGonsy Total 1Inc Cost H
Ot her PV 2{ PV Co0s
(2023 (2023
1 $2. $0. 2 .
2 $2. $0. 2 .
3 $2. $0. 3.
4 $2. $0. 2.
5 $2. $0. 2 .
6 $2. $0. 3.
7 $2. $0. 3.
8 $2. $0. 2.
9 $2. $0. 2.
10 $2. $0. 2.
11 $2. $0. 2.
12 $2. $0. 2.
13 $1. $0. 2.
14 $2. $0. 2.
15 $2. $0. 2.
16 $2. $0. 2.

a.Benefit
savings
savings
i ncr eme
mai nt en
mai nt en

s: TDV Energy Cost SB8eneprfgsts OnhbeudPVTHB¥¥VENEGS
over t he( Bbrearigpw 4o fEmwmiarl yrsment-23) ©Odc dhheroami cs 20

are di scounitiendd laatt iaonr)e alh r(erco piemaclehtide at e. Ot
rctoaslt fsiarvsitngs i f proposed first c@®¥t is | ess
ance cost savings i f PV of proposed maintenan
ance costs.

Tot al I ncrement aCo®Presient!| Yaéuiedc Ceméeénstal equ
ment, and maintenance costs over the period o
j uebhed) three percent rate and i f PV of propos
ent cnoasitnst.e nlafnciencr ement al mai ntenance cost is

I f there are no total i ncrement al PV cost s,
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Tab?7@& -YBar -Ebsectiveness S$SAmmerptTonal
( DCA mar ket percentages applied)

Cli ma Benef Cost Benetfa
Zone TDV Energy Cos|l Total 1Inc Cost H
Ot her PV 2{ PV CO0s
(2023 (2023
1 $2. $0. 2 .
2 $2. $0. 2 .
3 $2. $0. 3.
4 $2. $0. 2.
5 $2. $0. 2 .
6 $2. $0. 3.
7 $2. $0. 3.
8 $2. $0. 2.
9 $2. $0. 2.
10 $2. $0. 2.
11 $2. $0. 2 .
12 $2. $0. 2.
13 $1. $1. 2.
14 $2. $0. 2.
15 $2. $0. 2.
16 $2. $0. 2.

4.

4 .

.Benefi tEnelM®dW Cost Savings BeQttient sPVnsSdwidergd DV ener

savings over the( Bprearigpw +ofEmwmiarlyrement-23) Oecdhreami cs 20

savings are discounitiend | aitriecenr)eetdl c € mto mi aatag . Ot her PV
i ncr eme rctoaslt fsiarvsitngs i f proposed first c@®¥%¥t is | ess t
mai ntenance cost savings i f PV of proposed maintenan
mai ntenance costs.

. CostTso:t al I ncrement al P rCeossetnst iVhaclluuedde donsctrseement al equ
replacement, and maintenance costs over the period o
(infdadfusesnhed) three percent rate andgirfeaP¥roft hmpmo P&s
of current maintenance costs. I f increment al mai nt en
benefit. I f there ar e nobetnoettfarbtsriantciroe mesntianf iPnM tceost s,
bi rYsetar St atewide | mpact s

5Stlat ewi dearEchekEmger gy Cost Savings

The Statewi decadASUH aTteepadmatrh es tfaitreswtiodde nseaw i ng s
constriuytmwlint i pl-ymnintg ¢ dwei mpgsr,e svemitcehd Armg.R2e ct i 0

byassumptions about the percentagevoabednewly c
i mpacted by the psrtoaptoesweidd ec ondeew cTohnest Busti on f
presenAgpenadisx aA e the Statewide CASE Teamods

o
C
a
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ata was used to capture common
rations webei bgphgediodel s ypri cpt
n statewide new construction t
t

k

alterations of existing buli

< TS’

ake naturally occurring mar ket

| opwi ensge nttashyldehre dtiatsewi de ener gy
wly constructed buildings by cl

proposa

eated b
el d dat
DOAS co
ototype

ypol ogi

ria in the code change | anguage and
t typical DOMAS .aMdh et hevncpreanengead s avi
0

| di ngs

tenergy | mpactyse arre parnensuean t stahve nfgisr sftr onm
e comglhetydeda ri ne n2edr2gnyg sc orsetp rseasveint t he e
i ngs oyeartaealkwynsissteaptdeBiiodde. sTahvei ngs es

adopti

and ene
i mate z
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Tab7@DOASt at ewi deanEdh eEmer gy

CadNewl @past sucti on

Sct:c?rtusetwrlu(uj . FL PSSt £ iyeeta 1°/-80a
o ImpacteF'r'Yseta PeaNatura Pres
Cl i mg El ect1 EIl ect ~IVal ued BH
Propo . Savi i
ZoneChange i Savinn Demar (mi | Cos_t Sa
(mil1ion ( GWhH Reduct ther (mi Ilig
( MW PV}
fee
1 0. 0. ( 0. ( 0. (C $0.
2 0. 0.1 0. ( 0. (C $0.
3 1. 0. ¢ 0. ( 0. (C $3.
4 0. 0. & (0. 0. ( $1.
5 0. 0. ( 0. ( 0. ( $0.
6 0. 0. 4 (0. 0. ( $2.
7 0. 0. 4 0. ( 0. ( $1.
8 1. 0. ¢ (0. 0. ( $2.
9 1. 0. ¢ (0. 0. ( $3.
10 1. 0. € (0. 0. ( $2.
11 0. 0.1 (0. 0. ( $0.
12 1. 0. 7 (0. 0. ( $2.
13 0. 0. 3 (0. 0. ( $1.
14 0. 0.1 (0. 0. ( $0.
15 0. 0.1 (0. 0. ( $0.
16 0. 0. ( 0. ( 0. ( $0.
Tot 4 10. 5. & (0. 0. ( $23.
a. Fisyear savings from all buil&8ings completed statewic
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Tab8@ DO3tSat ewi de Energy and EAletrgryatCiosrns | mpa
Aslttaetrea‘ _ Fi rYseta Fi rYseta 15/-8@a
. ImpacteF'r'Yseta Pea Nat u Present
Clim El ecti1 El ect Ga ¢
Zone Propo Savit Demar Savi Energ_y
Change : Savi ( ogs |
20 2(3mi | (GwWhr Reduct (mil 2023 |
(MW t her |
square
1 0. 0. C 0. C 0. C $0.
2 0. 0.1 0. C 0. C $0.
3 1. 0. € 0. C 0. C $2.
4 0. 0. ¢ 0. C 0. C $1.
5 0. 0. C 0. C 0. C $0.
6 0. 0. ¢ 0. C 0. C $1.
7 0. 0. ¢ 0. C 0. C $1.
8 1. 0. € 0. C 0. C $2.
9 1. 1.1 0. C 0. C $3.
10 1. 0. ¢t (0. 0. C $2.
11 0. 0.1 (0. 0. C $0.
12 1. 0. ¢ (0. 0. C $2.
13 0. 0. 2 (0. 0. C $0.
14 0. 0.1 (0. 0. C $0.
15 0. 0. C (0. 0. C $0.
16 0. 0. C 0. C 0. C $0.
Tot ¢ 8 . 5. € 0. C 0. C $20.
a. Fisyear savings from all buil&8ings completed statewic

Tab8eDOASt at ewi dearkEd eEmger gy

CadNewl @past sucti on

Al terations, and Additions

Construction|Fi rYseta Fi rYsetal Fi r-$é¢ a 15ea
EIl ect i Pea Nat u Pres
Savi i El ect Ga g Val u

( GWH De mar SavinEnergy
Reduct (mi | | Savit
(MW ther{(PV$ mi
New Construc 6 (0. 0. C 2 3.
Addi ti ons an 6 0. ( 0. ( 20.
TOTAL 11 (0. 0. ( 4 4 .

a. Fi ryetar savi naglst efrracbnmpanlslt ed st 8t ewi de in 202

2022

Title 24,

Pari2 G2NIRHY ACBIHAADE Report



4. 5SR2at ewide Greenhouse Gas (GHG) Emi ssion

The Statewidec& ASkElI deadh avoided GHG emi ssions
emi ssfiantsor s spd&aii ftiead Sitrmttelse Environmeht al Pr
EPAEmMIi ssions & Generation Resource Weptéegrated

Electricity Co€adi hnWEGBGCRCEMXhcsubregion. Avoi
emi ssionsr akFrogasasavings attribut asbclael ee 0 sour
el ectrical power generation are calcll ated wus
EPAG6s Compilation of Air Péo2PedpmeéendioxsCi ons
additional details on the methoddhoghbused to
analysis assumes an average electricity emiss
GWh basedvematiglke eami ssi on factors for the CACX
Tab83resents t he-yesatri mastoa d efdi rGHG e mi ssi ons of
code changefipepGH@ mi ssi dn@@2dtfri ¢ tons of <car.l

di oxi de eaqeitvaleORmgsul d be. avoi ded

Tab82 FdiYeat St atewide GHG Emissions | mpacts
MeasulEl ect | Reduced Nat u Reduc Tot
Savihn Emi ssi Ga s GHG Reduc
( GWh/ fro Savihn Emi ssi C Qe
El ect i ( mi | from NgEmMi ss i@
SavihthermgGas Sa¥ (Metric
(Mi | IMea n Metric CO2e¢
TonBO2 e CO26e¢
DOAS 11 0.00Q 0. ( 0.00Q 0.0
Contr
TOTAL 11 0.00 0. C 0.00 0.0

a. Fi sysetar

b. Assumes

ther ms.
4. 5St3atewi de Water Use |
The proposed wooudhedtc hraermsgd t
4. 5S4at emMatder i al | mpact s
The proposed code change i
system component or
madr i al use.

2022 Title

savings

from all

c o nworucbles ncoo mpnopraecntt si.n  Tsht eart

buil dings

24,

compl et ed
whegfeml s i2di® MI&Q20er/sGWh4 h.0MT2Z202m 1 | i on

mpact s
i n water savi
s switching 1|

Parit2 G2NIRHY ACBHAADE Report
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4. 50bher -EN@migmpact s

The proposed wooudheddc Hhanncgeeased control capabild.i
woul shprove the persistence of indoor air qual’

4. roposed Revisions to Code Language

4. 6GUi de tolLMdaghapge

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

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

4. 6St2andar ds
SECTI ON TIDEGC.IINI TI ONS AND RULES OF CONSTRUCTI ON

Dedicated Outdoor ANTANSHYAEmMSY EDOASIVhi ch sepa
ventida@andiotni oni ngs pfarcoem hperaitmanrgyy ashemeBle oi c age

equi pment to condition, t ebmrpcerghtori mtid tae rb willlc
ventilation and delivers it to each space, el
centspadcecondi ti onsrgVsENgt EmMose same spaces used

temperatur e.

DXDedi cated Outdowmi tAsD QAN suthainitsy)p ec oodf| ead ,r
wat-edg ol ed, -soorurwaet efract ory assembled product th
outdoor air to a | ow dew point and includes r
suppl-Fuldbyt emper at mire@gi bifed h@i detha t he desi gne:c
temperature. This conditioned outdoor air 1is
conditioned spaces. | t may precondition outdo
sensible wheel, desitc cexmrcth amhmesal,, hpeladt e ilpees, o
mass transfer apparatus.

SECTI ON TIPRE.SALCRI PTI VE REQUI REMENTS FOR SPACE C
SYSTEMS

(c) Fan Power Limitations.

TABLE B46Ga# Power Limitation Pressure Dro
Device Adjust ment Credits
Return or exhaust sy0.5 in. of water

code or
accreditation standsg
or

2022 Title 24, Parit2 G2NIRH¥Y ACBHAAIE Report



systems required to

di fferentials betwece

Return and/ or comhawg0.5 in. of water

devices

Exhaust filters, scrThe pressutrhetednaece «fal

exhaust treat ment usifnrgn system design ¢

Particulate FiltratiPressure drop calcul at

greater pressure

and electronically gdrop at fan system des

Carbon andpbaberagagClean filter pnr essyssutreem
condstion

Bi osafety cabinet Pressure drop of devi(
condstion

Energy recovery devilFor each airstream [ (2

runaround Ef fectiivOembgss)n. of wa

|l oop

Coil runaround | oop |0.6 in. of water for e

Exhaust systems serv0.35 in. of water

Devi ce Adjust ment Deductions

Systems without centi0O. 6 in. of water

cooling device

Systems without centi0O.3 in. of water

heating device

Systems with centralli0. 2 in. of water

heat

(e) Economi zers.

1. Each cooling air handler that has a design
54,000 Btu/-Wateorcobiilhgdsystems without a
airflow that has a cooling capacity -greate

C, sihmdIllude either:

b.An air economizer capa-bie ahdaamodidlaaipiemn e d wt
supply 100 percent of the de-aign eupply air

c. A water economizer capable of providing 100
coolingtloadsi de air t erbpudrbatanrdelsduSodiF &nvdedt F d
bel ow.
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EXCEPTI ON 1 to SeWheoe d44€6cuddédlk)dut side air fi
for the reduction and treat ment of unusual ou
infeasi bl e.

EXCEPTI ON 2 to SeWheoe tLtH€®.dé¢e)df outdoor air

ot her systems, such as humidification, dehum
systems, so as to increase overal/l building T
EXCEPTI ON 3nt d498c8Y®e®#dPdms serivsagr @isigthent i al I
guarters and hotel/ motel guest rooms.

EXCEPTI ON 4 to SeWheoe ddmfd(e)dooling system
efficiency that meets or exceeds thdscomling
TABLE 1D40.

4

EXCEPTI ON 5 to SeEanosydvémd(pdidmarily servini

See Section 140.9(a) for computer room econom
[

EXCEDPTI] ON

=7y =1 — i< Ty

at+—+atalt—t | mes.
EXCEPTI ON 6 to Sefyvysobpemdd4dprdvyiedilng cooling an:

e e e e N = L

conditioning which are decoupled from ventil a
outdoor air system unit,, serving the same spa
requi r efmeindG. 4 (p) 1B.

|l f an economizer is required by Section 140. 4
meet the requirement, then it shal.l be:

A.Designed and equipped with controls so th
increase the buil didug i megathiomgnad n®mpey au s e

EXCEPTI ON to SectSypynt dmd . 4lf &) 2;Arovi de 75 per c¢
energy used for mecharicoalerteaateine® bfgr mm nxairtge t
sour ce.

B.Capable of providing parhabhl meobhnhngakvean
is required to meet the remainder of the

C.Designed and equipped with a device type
with TABIEE 140. 4

D.The air economizer and al/l air dampers sh

i War rtayey ear Manufacturer warranty of econ«

i Damper rel i abSupiptlyi etresstoifngeconomi zers sha
economi zer assembly, including but not |
air damper, drive |lienlbaeeean, taersd ealctamat anm e
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open

a

60, 000

I iDia.mp

er

a max.i
tested

air
Comm

i s

nd
d

I
mu
i

and

S i

close against the rated airfl ow
amper opening and closing cycl es.

Exloageni zer outdoor air and retur
m | eakagetr 2t dPfasrt @l sf (Hi/lsfO a n.
n accordance WitAhAMEAOSDaMNndeardot
return air damper | eakage rates ¢
on in accordance with Section 11C¢

i VAdj ustabl el s étilgjehi mitt. c ont rboull bi sorf ifxiexde dd r vy

ent hal py buf bxededryhe control shall have
vSensor acQuutrdaocoyr. ai r , return air, mi xed a
shall be calibrated within the foll owing
1.Dry kmwmldb bvelt b t emper atures accurate to
40AF to 80AF;
2.Enthalpy accurate to N3 Btu/lb over th
3.Rel ative humidity (RH) accurate to N5
percent to 80
percent RH;
viSensor cal i bDatta omseaedtfaor control of the
plotted on a sensor performance curve.
viSensor high | i®%éens emoshtar ©heidg H olri mit contro
|l ocated to prevent false readings, incluc
shielded from direct sunlight.
viRel. i ef aiRelsiyesft eaem.r systems shall be capa

percent

out si dera&iszsiuwg tthlbert b wivledi ng.

E.The space conditioning system shal/l i ncl u

A.Uni

t

controls shal/l have mechanical cap

economi
position when meomamindaldo@esolniong biegi n t

zer controls such that t he econo

the | eaving air temperature is | ess tha
B.Direct Expansion (DX) wunits greater tha
capacity of the mechanical cooling dire

temperature sham lofha2vestaagneisnioniu mechani c
capacity.

C.DX
t he
f al

units not within the scope of Sectio
requirement$,i andABLE)140a4l have ¢

S €

oad the mechanicali sabling sBkete
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economi zer or by any other means except

mechanical cooling capacity.
2.Systems that include a water economizer to
the foll owing:

A. Maxi mum pressure dr op .-to-Wwateero ol e amtg &€»d Hasn @ai
as part of a water economizer shall either ha
15 feet of water, or a secondary |l oop shall b
pressure drop Iis not @cmmnwhermuthegsypt @em eiss uirre
coolingcdmomi zer) mode.
B. Economizer systems shall be integrated wit
they are capable of providing partial cooling
required ttohemer emai nder of the cooling |l oad. C
mechani cal cooling system by I|Iimiting or disa
means, such as hot gas bypass, except at the

(p) Dedicatedi QutSdsd ems ( DOAS) .

Fosystemsch utilize a DOHNSE mpamnd/l tfoi Ictoeardi 20 ® np e
outdoor aiigepamatgdtfr omsip@acadindornt i ®endnegavsiynsg e m
the samehsaddceneet the following criteria:

1 .Prowgdieach space with either of the foll owi

A.ADOAS unit andndepepmdaeadrdi ti onwhgchyste
meet seddreomiezgeuri r asmecti $i ed by Saerdion 14
exhaust air heat recovery requirements ¢

B.ADOAS unit which meets or exdeadseplae at ¢
Sspace cooling system:

i DOAS wuni t shall have a design airfl ov
of outdoor ai rzfoneesy s peei tbedach Secti
120.1(c) 3

iiVentilation sensi bl e enerpeyr ceegnctovery
cooling design pemdcetntthiemmy ardi @O
condihaed on tHeades|l gwHRAEt @668nd

effectiveness ratings at fulll fl ow cc
i iEnergy recovery bypass or free cool ir
directly economize with wventilation &

spddied in TABLE 140. 4
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i VDOAS wunits with airflow rate > 1,000
ventilation comninr @alccomeagd@aincemaemnt i Sec!
120. 1(d) 3, 4 5.

EXCEPTION 1 to Sefysbemiddidondg{abllied for sol e
providing makeup air for exhausting toxic,
fumes or dust |, dryer exhaust, or commerci al
removing grease vapors and smoke.

2. Fan systenmsapdmlld ddfe modul ating fan speed ¢

3. For DOAS fans with a motor namepl ate hp | es
combined fan power of 1.0 W cfm of outdoor
meet requirements ENotSeics wownmkeédr0e Moy etdh.e
final CASH fl afnagnu apgoewer al |l owances are revis
measure for fans >1 kW)

4 Heating and cooling equbpmenty ftansul hBeabdbnng

ter mi nal unit fansiskdlriu miay cylp ec ocofl fi nagn da itre rsr
of f when there i s no call for heating or cc
EXCEPTI ON 1 to S&c¢ermnndloud(p)fans used fc
cooling which operate at no more than 30 pe
temperatwirebBi arehe thermostat deadband and
control such that at 30 percent air flow tfF
of fan power at full fl ow.

EXCEPTRPOON Secti omFaane. a6pyd for heating and
l ess than 0.12 watts per cfm may operate wt
ther mdeadband to provide destratification ¢

5. DOASystseesving spaces wher e ftodiccolciomd r when ar
the outdoor air tempdisahalle net gusatkeat ihmg
recovery to watmmplkeauawe!| §0AF r

4. 6R&8f erence Appendices

Overlap and updates towohddreéemhet endeael a@hoPhXEhei &
Repdrtr the DOAS measure. Current enhancements
| anguage definitions. Few additional enhancem
appendi ces.

4., 6A@M Reference Manual

A draft | ist ofi ptrievi deeadh amhgeesebat ewant i ci pated
Reference Mawawahd fTthretsleer devel opRaepdrofthd he fi
primary areas are in defining the HVAC system

2022 Title 24, Parit2 G2NIRH¥Y ACBIHAASE Report



DOAS unit controls, coroneoheseat aandsygsoleimngntedg
t hem.

T 5.7 HVAC Secondary Systems

This |ist of system optfiicomrad maeyobbd updatned
Current draft report doesembobltyinclude this

T 5.7.2 System Control s

Definitions of Supply Air Temperat-ure cont
DOAS.

T 5.7.4 Outdoor Air Controls and Economi zer s

Description of the bypass and ventilation
uni t .

T 5.7.5.2 Direct Expansi on

Description of the supply air tDeOWpSe roart ur e
ot her DOAS wunit with active cooling is uti

4. 6CodAmpl i amwe | Ma

A new section describing whebdadOASY lreped.i pEhHivs
wouil dcl ude at | east one example problem of ho:
specific critEheweabe@& irerquired.

T Chap4a:Blechanical Syst ems

1 Secti@n 4

1T Section 4.3

1T Section 4.6

T 4.1.1.1.1.5 Prescriptive Compliance Approa
4. 6C®&mpl i ance Document s

Acceptance tests are in devel opmMeRCMGHEr, t he D
NRCMCHO 2 andO0MCH
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5Exhaust Air KH&EAHRRecovery

5. MeasWrescri ption

5. 1Mdasure Overview

Thi s mevouhmdel requirementlsedtecoeehaustTiai ke 24
Currently there apecnidgatwmgolieegyeenfietreath ex haust
despite the bemwiflitdyspieggse r tCeadd mtfeoirmmaat eT lzion e s
measure proposea hewipcespoprpteve requirement
recovmo y metdhreequi r e ASHRAE -DO1IXkcti on Wi 65h 6
significant modi féisc autniiognuse fna ncd Cécllia irmbast ecsa a |

met rThees proposedomedguree heat ftoomeexkdamover aid
precondition in€fomisgtaoatdoos &ahmotcbhdesatve been
effective

The Statewi deasGAeSsEsh&eamer gy s aavnidn g sn chreenmeefnittasl
cosdafs ex hawesattecasdivrer yt devecmisne wibhiuch ds megcitfyipes
and cli mamoaub®Horte®st ,efafnaect ihee ef ore, where the
should be applied

There are twof nmaxhhewsytpgasi adewvy.ces

T Units whichemsd¢dbVenkbhwawnsas heat r(eHROWse)ry d
T Units which r ecovekrnodwny aasn de nneorigsyt (riied€dbsv)er y

Sensiebleegyovery i s meabswlrbe daibry tidnmesedmatconver ed
Tot al ener gne arsauachselrdyr yai r t emper aturel stohat i s
includes moi 2tDwr eCtard e cliodmeyiyz | mmat esonresi dent i
buil d€viommthselve outdoor air omnyyens e@um® redcaecvhe rtyh aits
needed. The pr oappopsleideesmetaos ainedil t e wh i odsd ac

HVAC systems in climated hadoagtfebedtbveldi ng t

The pr opos ewlo udedads uarsea € wi Toint Iteo 2&p,r ePsacrrti pbt i v e
requirement theameldotomedfhequi r e MeSTHIRSASEf amdhar d n
90which utilizesowt doobi aian | fanoapeetfadneds | gol i mat e
systamrflawd hoursThe ompawathidpohny to both new
constructionascemarti @ saTaci d aedosidireEnwsi.r e a

O®Moi sture recovery is also known as | atent heat recove
released or absorbed when water is condensed from wat e
gas respectively. I n t hirse fceornst etxa ,c da pattuernitn gh etaht e reenceorvgeyr
water vapor is condensed.
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mi ni mems iebnleerrgeycoveroyo @atceoent for aviolut ®lygyst e ms t
exhaust air headts orcelcuedgear yempdtoeondmrzan bypass

5. 1M@asure History

Three arcaernmeemtui rement ® 2@d, Part 6 foranhdeat r ec
there are nofedrecaldn padeempits omaiad Fgmue re exhaust
heat recovery devices which are noA ai marar of
measure was proposed in the 2019%o0Ti taldeo p24e,d.Pa

At t hat Ethiem@ymmihesi on cexmasedrsrsedg the 2019 code
that exhaast r avnamwer wfofsecti ve enoughmightal | cl
actuiarndmeasr gy use under TchedrOtladi np rooghogsiadp p h & e d
tael i mate zorMdd tpreatctesniddidr i @inc | ade dnaulmber of

totbal | dihwgs|l d haaetd®eae to the | i mited number
buildings and the concethmrs EneengycECommefsfse omni ¢
tadopawevtieme Energy &ompi edi meaqui rement in Tit

CALGreen. The | anguage wadsoepatiebdg nitniteoa gCuAELgCer eiem
t h20 1®ASE Report

For sthutsh®t at ewi deedmosheEduct ed much moretextensi
determine whibdthssmemaauires asdsosbtepfepbsveag i
without positive tther3yl b eoantelde tlsiyrmillteed pr ot oty
we rtehpper i nmmagays chre gy erre uletfsoawn d ctoctbef fecti ve

5. 1S8mmary of Proposed Changes to Code Doc

5.1.3.1 Summary of Changes to the Standards

Sectis0Oi.Rirescriptive Requirements forTBpace Co
proposed changreewouddieaxdird dm 140. 4 for exhaust
recovery. Wbubdseaotlone the exhaust air heat

modeloesdi mi | ar requirementhrSHRRAIE e%0c.elp td eocntsi of r obn
but adapted bfuoirl ddad ¢i $f manadd & e svoul d aligdeirncl ude
stringeercygy recovery requStremeartadntdhGs.mpleASHRAE

requirements oenermrgeyoveensitbobhteahle re ntehragnge r ecov e
requirements would also requor &diludses ewd 0 nao nbiyzpear
operation.

5.1.3.2 Summary of Changes to the Reference Appendices

NA7. BAidr Economi z:elrheCpntorpmlssed changequwiomué me ad
to veredgncecohomnzecobyfp@aiyst ems with exhaust
recovery khastbéeahofbsel d oand atchtaotr ymacnau fi abcrtaut reedr
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and testing proceduMés shave |l dedr appleideds a n
to NA7.5.4. 1.

5.1.3.3 Summary of Changes to the Nonresidential ACM Reference Manual

Section 5.7.6.6THeapr Repcoswveulypdage t he existir
section of the ACMORdflea mende eMarowell ithag al gor i
heat r ecoveSpyecsiyfsitceardisl.y, the prowobademeasur e
requirement for heawoukdquier g-CoBECOCedeanmgpdat e
all ow heat recovery for systems with | ess tha
CBEGCCom does not include requirements nfor heal
and heat recovery devices can &@6Dypbecadtedutw
air system.

5.1.3.4 Summary of Changes to the Nonresidential Compliance Manual

The pr ocphoasnegdleuba dd a new s@&donresi @empglhiadnc e
Manual undér 6P8ecstciroinpt i ve TRe guinreevimes reicd d lound e
an explanation of the new requirement. based o

5.1.3.5 Summary of Changes to Compliance Documents
The pr ocphoasnegdeu mad dyi ft he f ol |l owdogumempssi ance

T NRCBICHE
1T NRCPRHE
T NRCMCHO 5A

These compl i anwoeubdeo cuupniteasttesch c |l ude provi si ons f
ventilators and economizer bypass control s.

5. 1Relgul atory Context

5.1.4.1 Relationship to Requirements in Other Parts of the California Building

Code
The proposewlouneeagsuuirree a bypase fe@wrontolme zairr, s o
not 1 nteagxXiesdad aowgotnh zer operations. The heat re
operations should be linked ttbaghesecosomozma
the device is not interfering with economizer

measure change to other parts of Title 24 bey

Portionmeasutdiexistexhauptrai of beecatti ornecovery
A5.202.% within Title 24, Part 11, CALGreen.
was nearly identical to |l anguage in the 2019
6. 5.6.1 of ASHRAHBH tStaadmdaredd H0.rl1 Cal i fornia cli
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provi si ony gteegms rpeest teewdtOdoor air fractions and
200 c¢cfm or greater require a heat recovery sy
(2, 9, 10, 11, TITRi,sl1Bwopdealaendi 1L8)Jje the remov
| anguangeCALr@r een as the requirements cover a v
systems.

5.1.4.2 Relationship to Local, State, or Federal Laws
There are no ot her state or federal |l aws that

5.1.4.3 Relationship to Industry Standards

The measwbendor porating -209BRAEi 6AQwhi 6ho6wér e

|l ast updat éder sHdowev 0,1 gener alexlaguwstr eanerntise &
recovery have beéeérn amidtabhidn 9ASHRAE nce the 20014
requar @r ceemear gy r ecoverfyore fsfyescttd nmse nwa atfh® 0o f
CFM or greater and a mini mpwemcemttdoleat 2810 fr ac
tabl e was ddweloaped qttleadte ment s bagsederarenftl ow r
mi ni mum outdoor air frlanct2i0dm, arhd scltiahd tee wzacn
separate tables based on hours of operation o
basitshefcurrent standard

The St a@ASHE deealm gwsiitnlge | at est ApH®&KRVEESa nodnasr d n
90(2019). This stamdarmpd eldhe N2®48 Wlees2®h8 of

Il nternational Ener gy @osn sae rmaantdiad nos /¢ theeafslub @&C)(
C403.7.4 Energyi raetpbogsomnyeasmalt @ enadinwhde

prvo siimmei renewrmgy. codes

AHRI Standard 1060/1061 is a-madet i ekxkhaatsitomi st

recovery devices. This certificatiwer s traatdiac d
for heating and cooling recovery for sensible
and 75 percent airflow. For enf owocuebnee nuts epdur po
to show prescriptive compliance usinreg gtyhe s ma

recovery at 100 percent airflow for heating o

5.1C&mpl i ance and Enforcement

This code change proposal affects buildings t
compl ivaintchee key steps and changes to the compl
bel ow.

1T Design Ehasnges to the existing design pha

buil dings anwooahéewmhyesegbhante heat recover:
design teamawarse df the new code changes ¢
design, and contrwouitder saysd etmse sTithaze of t
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handling units, so coordination with the
and structural engineers for |l oads is ant

T Pemit ApplicafhencBRhages to the NRBGPI i ance
MCHEr efl ect the code change regquiuhemednt s.
t o kinfowa particwbaft eaquamnr eeared pgyde vyaoa
check 1 f the butilneianigri inssycsoteepnt @ ainec@ wi t h t
codeased on the hours of operation of the
characteristicsPeorff dmmamdce dhampllieance appl
choose to usewbhehllso ecoevd®krtyo hawviegm he syst
checked.

T Constructi 0me Plhrasmpased changes require mec
subcontractors to be able to properly ins
operate as required by code.

|l nspecti ohhé&@hiasepector must check Bf the
certified by AHRI and pansesregsy trheec omwienriymunat
the net emnenrgayhd veer vy . During the acceptance
needs to make swreea yt wenhtedtatroec i s wor king
i nspectormamketsat eothe heat recevemy venti
with the economwaeirdcomase®l| sedathiamng or cool

5. Mar ket Anal ysi s

The Statewide CASE Team proposed si mialnadr r equ
has built ofmf t2i0el€OASEC ReTher St at ewi de CASE Team
confirmed it is still accurate with additiona

The Statewide CASE Team performed a mar ket an
current technol ogty parvoadiulcatbiaviatiyl,a bciulrirteyn, and n
Statewide CASEsiTdeearred how the proposed standar
in general and individual market actors. The
information about the inchtéememptralposcsedt mefasuom
Esti mates of market size and measure applicab
outreach with stakeholders including utility
a wide range of industry tpilaiypatse pvidiims ovieie léi ti yn v
stakehol der meettioroges helAp P2 9 1(4Sntda2t0e200 de CASE
Team: HVAC Controls 2020)

5. 2Mdr ket Structur e

Principal manufacturers of heat r eVeonwmary vent
Greeh&€c&ane, AAON, and Carrier afsf am logdati orne ma
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packaged systems. The products are distribute
or directly from the manuf ®&cttwabdn shglsaaegrhandd
there have beeinn reeJHHIRAE nM.tls since the 2004 Ve
Producteadrky available from multiple manuf ac:

5. 2M&@r ket Actors
Building Design€ossahd aBher gy

This measure wouldesrigmepmseitboyi bdi pger gy recov
undeertain Bzeadudo-sly mg, -zbheaastyentdem cagaei ty
primary impact in the devoiud@l and ocemuulptmemg p
representatives who ahlhree dilfofseerleyn tcioantniencgt ecda ptaob i
and know whaanpmeduct fese n@werrealglu,i maehud it sp a ct
be mismorc e maaaruyf acdlurready contain these feature

| mpact on Buil diOctg u@wmdrss and

Thi s mevaoudner ease outdwroopn tpd ratrdaweat her condi
whiwbdupdoviinddcoor ai r ¢ uwa loictcyApbaenntesf.a it asl documen
and inspecenengyof et bwoecuhydw ebvei crdeugrupiergendi t t i ng
and const eldhet cbanmiersorariempawdwsbeasan hadsd on f ea
to an already existeggdoeumewhachoal aeddiynspe

Controls Contr acMamrud acntdir eV AC

Controls pwoghamohi hg beoupudaant eedeer gy recovery
into the |l ogic. This should also be incorpora
bypass is operating paompereatloyr a nwhhars | ietmipi@asc nrod ti .
woubd minor sa nsciemplhaf ©crh aenognet r o lasn dc oanl trreaacdtyo resx i
for national manufacturers to icomptlyemirnédqgiAGH:

Equi pment Representatives

New requifroemeemtesr gwoule@aneeqguy pment repbesentat.i
abloaditf f er ent iogttd odisf ffeorremnctl ibenbaseFeneegampekec
devices save ener gwo wbte tahne oepxptorretrensi,t yi tt o d o wn
capaciiniesrtain sitwatl @ars. h®&asiilgyweors equi pmen
ungdr standnng ofapabilities.

Buil ding lawsdeRItaor sCheckers

Thiwouaddmi nor ¢ h@dnng ec hf eocrk ewosu vwehriicfhy t hat pr esci
units musqgtu aulteiklhiezdes ta ai r dheevaigd e elcd vierey ai r han
systems mee-bfoplee ahoomns cr ittheer ical ian@aairegd aywimteha i r
and design CFMDueguogremepesti owpuaeedheandl!l i ng
ver idiuretkdogensure they meet this requirement.
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5. 2T&8c hali cFe asMabrikett yAv,ainlda WCiulrirteynt Pr act i c

Exhaust air heat recovery units are avtahiel abl e
St atewide CASE Teadm emapedtacttulmatr st ackendlbmgyi a
because i taloinsgtaalnrdeeandgyi r e ment St an ADHBWAE |.ECC

I n addition, with the increased familiarity w
the California market 1 s becoming more famild@

The Statewi decoOMSEe tTeedlarmk et oa rcalnyfsirsn tmar ket ave
of the higher energyThecAHRIr yDirregati areynemnft sCer t
Performance | ists tesermraenmeEodeyyaleasr| abl ecent:
mar ket madeabyi AHRBRtI ngTata8nau i aws utrfree sbreakdow
products that woul @0 bperabéerenoegngeicth e gadnecer y r at
found t hagteracertt @8 current mar ket canwinehet t h
al most alylmewheteHe | ar ge -tnyapjeo rhietayt oefx cphlaantgee r s

Tab88 Market Analysis of AHRI Directory of En

Number Product s Product s

Produc 60 %%e nsi 6 0 %Se nsi

AHR| Cool iRmegov dHeat Rnago v ¢

Device Type Dat ab Rat i Rat i

Heat Pipe 23 0 0

Pl attyep e 71 4 2 | 4 6

Whel¢ ype 177 170 1767
Technical feasibility for implementation of tfF
consi derceddediomgg mi zer bypass, intoeasedgf amesi 2
and exhaust. The ASHRAE 90.1 standard address

T Section. Zddr €sdes economizer bypass

1T Section 6.5.3.1 addresses fan power increa
T Exception 6 to Section 6.5.botabdddgeshesin
and exhaust airstreams.

For projects with heat recovery dteiviee.s, Hd date s
recodenvywsesd in pawampe@ednti ¢ sinclude an econor
but most pawokuasgdez euntihtes bypass opening to match
through the heat recovery ventilatoemThdhis is
proposed | anguage al so t mbeylpuadsess caomotergdulasr et noe n t
achieve a supply air setpoint. or outdoor air
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5. 2Ma&r ket

5.2.4.1 Impact on Builders

Buil ders of r
measures prop
the normal pr

buil ding code

| mpBaccamso minad Assessment s

esidénstalucanmdesommer directly i m
osed by the Statewide CASEsTwaith
acticesdpustheéesveibbubunésdseaeyg poaa

S . Wh e n

necessary,

bui

| der s

in order to remain compliract i wietsh aolabges$ di og
Californiads const riuscetdi oonf ianbdouustt r8y0 ,i0sO Oc obnupsri n e
and 860,000 em@mbd ¥eéles IGke&, total payroll was
17, 000 establishmendyeandf daduws 0®M teml commer ci
Tab84¢ aC i f €&omisaruction I ndustry, Establ i shment
Payrol |, 2018
Construction Sectors Estab| Empl Annu
me nt me n Payr
(bi i
Commer ci al 17, 2 343, $27
Commercial Building ( 4,5 75, 5 $6.
Foundation, Structure 2,1 53, 5 $ 3.
Building Equipment Co 6, 0/ 128, $10
Buil ding Finishing Co 4,5 85, 6 $6.
Sour(c®tate of California, Empl oyment Devel opment Depart
The proposedomrmbkandgeaticaht HUAE woul d | i kely aff
buila@med snonresi dential electricalbyt HVAKL| d amat |
significantly i mpactTld hefrf datid domgt he ademmer ¢
industry would not be felt by all firms and w
specific induBab3y®mmbaoatwsethersommerci al buil din
Statewide CASE Team expects to be impacted by
as they are related directly related to the p
2lAverage tot al mont hly empl oyment in California in 201

represented 4.5

percent of 2018

2022

Title 24,

empl oyment .

enga
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Tab8® Specific Subsectors of the California C
| mpacted by Prop&esed Change to

Construction Subsector| Est alth Empl Annu

me nt me n Payr

(bil i

Commercial Building Co 4,5 75,5 $ D

Nonresidential Electr.i 3,1 66, 9 $ 56

Nonresidential plumbin 2,3 52,9 $ 48

Ot her NonNnreeqgsuiidpemmetnita lc o | 50 8, 8 $0 9
Sour(c®ttate of California, Empl oyment Devel opment Depart

5.2.4.2 Impact on Building Designers and Energy Consultants

Adjusting design practices ctoodecso nporlayc twiictehs cihsa
t he nor mal practices of building designers. B
Energy Code) are typixadd yr aipidaiterd oyc lae tdanmae el
designers and energy consul tantds ternagiangien gi ni nc oo
to remain compliant with changes.to design pr

Businesses that focus on residential, commerc
design are contained within Nohd hArAcawmirtlencdtuusrtarly
Classificab4bdaT@pddsdmws t he number of establi
empl oymadttotal annual payroll fdhpBwiplodieng A
code chwonugleds potentially i mpact all firms with
The Statewide CASE Team antresciideanteisalt hHeV A GnpGocr
affect firmaonhatsideaws adbnconstruction.

There iNsornct Aamer i can I ndustry C#caocsdse fsipceactiifoinc
for energy consultants. |l nstead, businesses t
energy efficiency are contained in the Buil di
541350),s whimph iised of firms primarilgf engaged

2NAI CS is the sFaddrnald ssteaetibyical agencies in classif)
the purpose of collecting, analyzing, and publishing si
NAI CS was development jointly by themild.tS®.e HcEOPOni,c SQClaat:
Canada, and Mexico's Instituto Nacional de Estadistica
comparability in business stati stNAIsCS moenpgl atcheed Nohret hStAa

Il ndustri al Claysitfeimcani d®9FSI C)
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residential and no*hirtesiisdennotti aplo sbsuiiblldei ntgos .det er
establishments within the Buil diedgn Ienrs@regy i on
ef ficinesnuclyth@ogi nf or matTa@amb8@howndes an upper bo
indication of the size of this sector in Cal.i

Tab8é& Califodning Beisi gner and Energy Consul t a

Sector Establis| Empl oyn Annual H

(bi 1119
Architectutal | 3,7 29, § $ 20
Building I nsp®eq 8 2 3,1 $0 2
Sour(c®tatCal of orni a, Empl oyment Devel opment Department

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

b.Building Inspection Services -geNAtl CrS e&sAtla3bl0i)s hcroanptrs spe
engaged in providingnobnuielsd)idnegmtyigaelcstiidemtsarlvikces enco
aspects of the buwiolnmpiomg nstt rswesttuernes ,andhcl uding energy
services.

5.2.4.3 Impact on Occupational Safety and Health

The proposed code change does not alter any e
regul ations pertaining to safeby Bahd Baehil fbrn
Division of Occupational Safety and Health (C
rulwosut dmain in place. Complying with the prop
anticipated to have adverse i mpacttshoosne t he s a
involved with the construction, commissioning
5.2.4.4 Impact on Building Owners and Occupants

Commercial Buildings

The commerci al building sector includes a wid
restaur aondtgsi nagn,d rlet alisle, ean d brii sdhdnent s, and war
(including (rCaflriifppegmdataeE)ner gy Eoemggsuvsa. b04ae
of commerci al buil dings al so vari elsy cfoommrsi der a
ZXEstabli shmehis s eatsdrneismselsu dea i mawall wa teinngga gae db uinl di ng o6
and component systems and includes energy efficiency i
services. This sectabldebamends pncimadéel gsengaged in pr.
pests, hazardous wastes or ondhmoeenivi riommendal staneé aamn

government entities that focmupl ioaandeae/i ¢ dfi mrgc ®martheo fgyb (i
regul ations.
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l'ighting, space cooling and conditioning, and

primarily for heating water and for space hea
the 2019 California Energy Effi ci einocny sAgcutairoen
feet of commercial floor space in California
total annua( Cealniefrgryniuss eEner gy TUTievneirsssiitoyn.o f2 Oblus
and business types twist hai nc htahlil se nsgeec tfoorr cdriesas e mi
on energy and water efficiency solutions, as
building owners and the relationshsps between

Estimating Impacts

Building ownenrtssoabdnetcuparom | owlars carsesregly i mi
Secti.on,vwheln buil ding occupants save on energy
el sewhere omy tthkeereelmyn creating jobs and econor
economy. The Statewide CASE Team does not exp
the 2022 code cycle to impact building owners

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

The Statewide CASE Team does not expect any s
and distributors of these products.

5.2.4.6 Impact on Building Inspectors

Tab83BBhows ogmeInt and payroll information for s
agencies in which many inspectors of resident
employed. Building inspectors participate 1in
aspects of boans diingclrediuh @t é nSetragtye wei fdfleie @mMeSnEc y .
therefore, anticipatwouhtdve moop mpeadtclangenpl o
building inspectors or the scope of their rol
Tab8® Empl oyment in California State and Gove
l nspector s
Sector Govt . Estab| Empl Annual H

me nt me n (mi | 11
Admi ni strati o/State 17 28 $29
Progrtams Local 36 2,8 $205
Urban and Rur|State 35 55 $48
Devel opmeht Al ocal 520 2,4 $1886
Sour(c®ttate of California, Empl oyment Devel opment Depart
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a. Admini stration of Housing Programs e(sNAaIbCS shxatelnlt®BG) co
primarily engaged in the administration and planning
and standards, housing authorities, and housing prog

b.Urban and Rur al Devel opment Admpni sesagioover imAhCS 92
establishments primarily engaged in the administrat:i
and rural areas. I ncluded in this industry are gover

5.2.4.7 Impact on Statewide Employment

The StatewilTdamCABEs not anticipate significant
i mpacts to any particular sector of the Calif
proposedwobhdgehave modest I mpacts on empl oy m
Sect5.o2t be Statewi desCA@GBhh&Eemmoposed change in
economi zer r equaifrfeentetn tsst awoemmlidde empl oyment and
directly and indir ectbluy |tdrerrosu g d eisti g niempa atn do e
and building insphetB8tatewnded@A@&Boweamer gy
savings associated wi tehc otnhoemipzreorp orseeqduli drheameegnet si
modest ongoing f i naonrcniiaal rseasviidnegnst sf,orwhQGaclhi fwo ul
for other economic activities,.

5. 2EGo0nomic | mpact s

Adoptitcdhn sofcodeprepmhawaglkedsult in relatively mode
i mpacts through the abklyfbhboseenah dheecbgompendah
i ndustarychi tects, energy consdhta®tat eavndeb CIAIS
Team dwmds anticipate that money saved by c¢comme
organizations affected by the pooapeseaedt20d2 c
aditional spending by those businesses.

Tab8& Estimated | mpact that Adoption of the P

on the California Commercial Construction Sec
Emp | Lab Tot al Outp
Type of Economic P l nco Adde( mil |
me n . . : .
(mi i (mil | $)

Direct Effects (A

Commerci al Buil de 55 $ HB3 $ 481 $PE
(
i

Il ndirect Effect
by firms support
Buil der s) 172 $0 87 $ 13 € $ 67

|l nduced( Egdreccitng

empl oyees of firm 24 $ 13 4 $24C

Aidirecto or Aindi $ 03

Total Economic I m 91 $ 384 $&HBEC $18/4
Source: Analysis by Evergreen Economics of data from t|
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Tab8@® Estimated | mpact that Adoption of
on the California Building Designers and
Lab: Tot Outp
T e of Economic Emp | I nco val Pl
y p men L 0¢¢ Adde(m'$,
( mi Cmilni /
Direct Effects (A
Buil ding Designer:
Consultants) 0 $0 . ( $0 . ( $0 . (
|l ndi rect Ef fsepcetn d(i.
firms supporting
Energy Consult.) 0 $0 . ( $0 . ( $0 . (
|l nduced Effect (S
empl oyees of firm
Adirecto or Aindi 0 $0 . ( $0 . ( $0 . (
Total Economic I m 0 $0 . ( $0 . ( $0 . (
Source: Analysis by Evergreen Economics of dat a
Tab9@ Esti mated I mpact that Adoption of
on California Building Inspectors
Lab: Tot
T f Economi  Empl dnco val Ol'JtlT
ype o conomic men ( mil | Adde( mi G
$)(mi |1 y
Direct Effects (Ad
Building Inspector 0 $0 . ( $0 . ( $0 . (
I ndirect Effect (A
firms supporting B 0 $0 . ( $0 . ( $0 . (
|l nduced Effect (Sp
of Building Inspec
Depart ments) 0 $0 . ( $0 . ( $0 . (
Total Economic | mp 0 $0 . ( $0 . ( $0 . (
Source: Analysis by Evergreen Economics of dat a

5.2.5.1 Creation or Elimination of Jobs

The
2022
el i mi neaxi sty mdgs

Statewi de

of

proposedwobhdgeresul t

t he

P

Ener

from

t he

from

CASGE apbmcidmpadseuptrécaptof sbendet h e
c o dree gcuyl sald @i loeha d

t

t

to theewypafsijombofor the
j obs. I n other words, the

i n economic disruption
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economy. Rather, the estimates of 5eQomomrmi c i m
woul dad tocmangegss in empl oyment of existing |

5.2.5.2 Creation or Elimination of Businesses in California

As s taabtoevdet he St atewi de CASE TweoaunhGs precspud sed nc
economic disruption to any sector of the Cali
reepesents a modHWBAC chamtgreodtsoh dt excessively bul
competgtsadvant age Cal imowonuiad bnuesciensessasreisl y | e a
competitive advantage for CtaHe f®3trantiawibdies i QASE
doensb foresee any new businessBbBabewndec€CASEed
Teatmhi nk any exi swtoiubgl leUs Mmiesasesl dwe dteo t he p
charmsge

5.2.5.3 Competitive Advantages or Disadvantages for Businesses in California

Thpr opocsoedde c¢ hwaonugleds apply t o naxlolr phpuaCeéEs $esni a
regardless of whether the busines$Ther ¢focme ed
t he Statewi de CrACStE alrmetainc idmpatse t hat t hese meas.t
2022 <codree gcuyloeldeihoghv e an adverse effect on the
CalifornialLbuseswneseseshe Statewide CASE Team d
businesses | ocated outside of California woul

5.2.5.4 Increase or Decrease of Investments in the State of California

The Statewi deanGkASYEz eTdeanmat i onal data on corpor a
invest ment by businesses that expand a firmoés
domestic inves®melmtbd Bsohro wsRDMb)e.mha BB 1R 0 NPDI as

a percentage of corporate prafiitths amamdyled afgreo

percent. While only an approxi mation of the p
capital ithnhvee 833 ementd e CHSIEisdteapr ovi des a reasons:
estimate of the proportion of proprietor inco
owners into expanding their capital stock.

2Gov. Code, AA 11346.3(c)(1)(C), 11346.3(a)(2); 1 CCR .
di sadvantabetbdfoirmeCsses currently doing business in the

Net private domesshtei ct oitnavlé sevmeosuinme odpi t al by the busine
is used to expand rtalbteéneadapgihtaanl maticmakai n oQGo rrpeoprl aaticee pdrucef itt
t he moneefytad erfgorpatyisonts expenses.
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Tab®&Net Do nmkersitvlastveest ment atned PQOoorfpiotrsa, u. S.

Yea Net Domestif Corporate Rati o of N
l nvest ment by After ] l nvestm
Billions Billions Corporate
201 6089 1,748 359
201 45 . 1,739 269
201 5089 1818 2859
201 618 1,843 3409
201 589 1,8 7 . 329
5-Year Av 319

Sour(ckederal Reserve Economic Data n.d.)

The Statewide CASE Team does not anticipate t
withprntdposed wrewlsebarde t o shgnpéi Cantrease or de
investment in any directly or indirectly affe

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

Governments
The Statewi dedeCAASE @rpect t he pr owoousheddv ec cade ¢
measurable i mpact on the Californiads Gener al

gover nment. fu

5.2.5.5.1 Cost to the State

State government already has budget for code
compliance enforcement woWhidl el sbatae¢ei ggversomanmn
update the TSttamdaKdds Pairmcléudi ng updating educ
materials and responding rteqquesemeons, abbet et
are already covered by existing state budgets
when compared to the overall costs dga&wings an
code changeSpno@oalal ssubmeasures have been sh
the Statewide CASE Team does notthexpeéateany a

5.2.55.2 Cost to Local Governments

Alplroposed codd@ithengds Part 6 would result in
determinations. Local govbewinindeinngs dwopmahrdtt rmeenetd s
revised Ti tSteanadd,r dBar #Wh@ai i hbi Bsran expense t

government s, 4t Ids wdi a2 @aAEvdietolc htameg e cycl e.
building code is updated on a triennial basi s
retraining every time the code is updated. Th
| ocal governmemps itamceuppa@aitniag that can help
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retraining, includiesgutrcels prob®@Bodeeasdhyndde
Standards(puolgrasm EnerAy Cowde@pAhaed) xhE Statewi
CASE Team consideredoldewctmag ger o pnopsaed v ari ous
actors involved in the compliance and enforce
negative i mpacts an | ocal governments

5.2.5.6 Impacts on Specific Persons

Whil e the obj ecStiavtee woifd ea nCyA SoEf Ttahaem s oprod peo Eanle |
effictilteencyt,atewi de eCASE hBeeamhere i s the poten
proposed comaey crheasnuget i n uni ntTéredSd ad @ws eé@u €RAE
Team has not found any informati on sahcotweidhg t h
by this proposal

5. Energy Savings

5. 3Kdy Assumptions for Energy Savings Anal

Ener gy scaaviicnugsati ons performed i@estiupptoed wgi n:
CBECCom probhwi ympoechegTlse basel rapr me dRtt asn d ahred

DesnEgher gy Pl wse nmeadaeled -GgmCBEC&ccordance with t
Nonresi demRteif &r e ACHRT Maa npurad p o si epdr ondoudcgeldnmo di f yi ng
the baselticmmecooped ate exhaust air heat recovel

The foll owi mg saurngpttilopenskeuysed i n the energy sav

T Energy recovery i s avawhl eanb|teh eo noluyt sdiudrei nagi rp
i s not i nouotpseirdaet iaoinr abe Mm@ E7 &mur d&K.1 ow 55AF

T Heating and cooling eneirgytnandgfher txdathe bl
supplfyi pddat e heate pwicthpendgewd dampbdypass

T Energy recboempnpe i spasscsemedsansédl e ener
recoverilyhirsatper.f or mance i s consepgsat efearewi t h
veihnkati onasPOASL ms

1T The added static prbeasssoudrleat osmpeEmsémrgewmm or i
recovery device, otheo tbadtaddel iFAandBound
Power Limitations Presdshie DinopeARidystPaent
140 ASGHRASH an®ar.dd Sectiusresb6am. gl val ent ta

2.2 1T WEnergy RedOvéryWRat per aitl)stream (E
(I'wa ands for inches of water col umn,

0 Ener gy Pl ush advoee st hneodt® b a miacdgj Istsgat i ¢ spr essur e
based dmewhairstreams are bypAssai mestuhd ||
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this siasudwmmesmag paet s uraed jdursoqpite n2 | WC
throughout the simu$t at.goat based on

O Theren iasdjaacent effort by the Statewide C
credits and penalties for fan pystpemal Th
woul d repuees ttaed jdursofpmemt 1. 2 | WCT hteo 1. 0 |
Statewi de GA#&BtTe amlee meormtert pressure drop
anal.ysi s

5. 3ERer gy Savings Methodol ogy

Initial Analysis: Cost Effectiveness of ASHRAE Requirements
The EnergsysiComndi rected the SdxattiemawlegCASE Tec

i mpacts using specific prototypical buil ding
geometries and space functiomnbef 8t atdteivi dee@AS
Team | ooked toamdefved mapt aofsimed ommendati ons to

Section 6.5.6.1.2 of( ASHRAE, SSfnaddaddbh®g8&él 20
regmenés are depeéemaeenizzameasddi thasatd aeamni desi gn
suppl y |l foavn,paitrefent age of outdoor, ainrd atnndieadi gn
operati nfgab®dcundabd9 B how t he specific ASHRAE r1 e
|l ocated in SecHiigoinzksebo®ws 1a2mapdof the c¢cli mate
(in this map, most of California is celvered b
Paso, TX and Sahinfmasge gtciov e ICy
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Tab®92Exhaust Air Energy Recovery Requirements for Ventilation Sy
(ASHRAE-29Q091 Tablel)e. 5.6. 1.2

ASHRAE %Out dooat AFul | Design Airfl ow

Climate | g10mnd|®0%nd|O030and|040amnd|O50and]|O060&nd|O070&nd| 080 %
<20% <30% <40% <50% <6 0% <70% <80%
Design Supply Fan Airfl ow Rate, c¢cfm
3B, 3C, [NR N R NR N R N R N R N R N R
4C, 5B
OB, 1B, [NR N R N R N R 026, 00/012,00({05, 000|004, 000
6 B 028, 00/026,50/011,00[{05,500|04,500/03,500|02,500|01, 500
OA, 1A, |02,600(016,00/05,500/04,500(03,500/02,000(01,000(0120
4 A, B5A,
7, 8 O04,500/04,000[02,500|01,000|01140 0120 0100 080
Tab®98Exhaust Air Energy Recovery RequiremenGrse dtoleraonZe m@ai8l0dt®i dHo uSy
per Year (ASHRMAE Talm.l1e2)6.5.6. 1. 2
ASHRAE %Outdooat AFul | Design Airfl ow
Climate |510% alO20% alO030% alO040% alO50% al|O60% alO70% a| O80 %
<20% <30% < 4% <50% <60% <70% <80 %
Design Supply Fan Airflow Rate, c¢cfm
3C N R N R N R N R N R N R N R N R
0B, 1B, 2/ NR 019,50009, 000 |O5, 000 |04, 000 |O03,000 [O1,500 |O0120
4C 5C¢C
0OA, 1A, 202,500 (02,000 |O1,000 |[O500 0140 0120 0100 080
4B, 5B
4A, 5A, 60200 0130 0100 080 070 060 050 040
8
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Marine (C) Dry (B) Moist (A)

Warm-Humid
below white line

All of Alaska is in Zone 7 except for
the following boroughs in Zone 8:

Bethel, Northwest Arctic, Dellingham,

Southeast Fairbanks, Fairbanks N. Star, Zone 1includes Hawaii,
Wade Hampton, Nome, Yukon-Koyukuk, Guam, Puerto Rico, and
North Slope the Virgin Islands

Fi gur2e ASHRAE / |1 ECC Climate Zone Map

The St aGASMEaamonduct endmadaellainmmd gsi she criteria
t he two t abol ecsonafbiorvne t hat the ASHRAE requireme
Cali fpenanadtysthis22016 California Entemgy Commi s
ASHRAE/ |l ECCC€aotnéorQliiandasareé&€al i fornia Energy Co
201.6Men Of fi ce Area (Open pl was otassé dteh)ed bsapsa cse off
analysis because it represents moderate inter
function (in terms of forecasted building are
st at ewoindset r 1 oriedsp.ace faonmrced iwas di heemdmdo each
applisadhnenihe t ablhly sibiviereg equti 0 efmetntshemcr i t e
Table 6-15a6d1Tabl-2 &f 5St6ardid&r d .9IG.bY 4oefl oAMMSHRAE
summari zes the California climate zame mappin
which climates were impacted.
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Tab®4Appl i cabdalliitfyoronfi a Cl i mate Zones to ASHRA
Zones

Calif|Referen{ASHRAE [/ 90.Tabl e 90:Tlabl e
ClimacCity Zone 6 .61 .-2 6.5..1
Zone (Referen (bel ow 8| (abo8e 010
City)
1 Arcat a 4 Seattl N o Yes
2 Santa R{3c (San N o N o
Franci sc
3 Oakl and|3c (San N o No
Franci sc
4 San Jos{3d San N o No
Franci sc
5 Santa M{3c (San N o N o
Franci sc
6 Torranci{3c (San N o N o
Franci sc
7 San Die{3b (EI P N o Yes
8 Fullert{3b (EI P N o Yes
9 Bur b-ank|3b (EI P N o Yes
Gl endal |
10 Riversi (3b (EI P N o Yes
11 Red®!| uff|3b (EI P N o Yes
12 Sacrame|3b (EI P N o Yes
13 Fresno 4 b N o Yes
(Al buque
14 Pal mdal {4Db N o Yes
(Al buque
15 Palm Sp|2b Tucson Yes Yes
16 Bl ue Ca|4b/ 5b/ 6b Yes Yes

The model isnhgo wteddABIHIRAE O & eqQu.i r e me nt sf fweea ted wed s t
applfioerd 11 of 16 CanthHheseaiwmwesdlipmrmdxeesnt ed i n th
202s0akehol deSemeeti ngf t he scenaarihoisg hprbeesneenftiet
t@eost ratio ilmadi datciaecngstdtyhawa®wevyrags coul d be ac
wi th highe.Dusitnrgstniegieentcoyl d ea majed i intgy of st akeho
reponded positively to the Statewide CASE Teal
throughltmomgent sr etghwaied eémemtdASHRAE 90. 1.

5.3.2.1.1 Final Analysis: California-Specific EAHR Requirements

Th eSt at eA Slee aans s e s s e d awlhda tth eoghuail r enng n b €
appropmrnidatasssesnee@&rtilyendorqguae sgtiivoennn space type,
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combi nathioaHo o pefr ad e ingn CFM and OA percoennt age
an air bheammied&crbs tt i voef itnh ee a@dhli imfad $2niza n e

The St aClkeMNtdemgaseal ethtifice Areaf(Opeacel an o
funcds othnhe basibBeocodustentygymedsemdndeer nal | oads a
the single | ar g(eisnt tseprancse of fu nfca ri eocmacsltuedde do uiinl dti hr
Energy ComBtasewnde ConstThue td mal y irse ciarsMol v ec
zone size and venti bart horhehsaehshid@mpepet sent age
the air handler spanned t heTabldizgredoaldd BODA perce

Cosetf fectivenegssnot eEAmBl®0ctBe atwiaict tBeG) det er mi
frdarme air hanCGQARMaSeddesingoasperne sen$dedthi.oin
Resuilaasch climate zone svepasattdbaesepitedssatsr at e
the t hsats hwhidch ERHReis., e@sSCTWo 19ets of these
were genlelnlat etlf i cree paurtdidnghgcont i n(uBb7u6sO ohpoewrrast i
per yamargd(n2)of fi cepdmuaatcicnogrgli ng t o thef fAISHRAE 9
scheduywldddour s perTsywedra)ce pl ot sBb@l mavt ishhoavt t dhief
combi natdieesngnoffl ow and destigihh®buGdber Zane Pper
(Santa R&€$amaaed(ZDancer alm@ent o)

CZ02 (Santa Rosa)

21300
18900
16600
14200
11800

9500

Design CFM

7100
4700

2400
10% 20% 30% 40% 50% 60% 70% 80%

Design OA %
B/C 10.00-1.00 [01.00-2.00

Figurde Cesfectivenes €l ioma EAHRothledb hdbur s of
oper ati on
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CZ02 (Santa Rosa)

\ 19600
17500

15300
13100
10900

8700

Design CFM

b e 6500
u .
A - 4400
N

~ - 2200
10% 20% 30% 40% 50% 60% 70% 80%

Design OA %

B/C 00.00-1.00 01.00-2.00 [12.00-3.00 [13.00-4.00

Fi gurde Cesfecti venessl| iomatd HRotnlm 8 760 hours o
operati on

CZ12 (Sacramento)
. 20900
|
18600
16500
1 + 13900 s
W LL
- 11600 ©
Y =
s - 9300 2
N @
T~ 7000
"-a.__\___\-.
<1 4600
e 2300
10% 20% 30% 40% 50% 60% 70% 80%
Design OA %
B/C 00.00-1.00 001.00-2.00

Fi gurs€osetf fecti venessl|l om@ZteadBR win hC4, 644 hours
oper ati on
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CZ12 (Sacramento)

19300
17100
15000
13100 s
LL
10700 ©
=2
8600 2
[a)
t 6400
4300
- 2100
10% 20% 30% 40% 50% 60% 70% 80%
Design OA %
B/C 100.00-1.00 01.00-2.00 £2.00-3.00 [13.00-4.00 O 4.00-5.00
Fi gure€osetf fecti venessl| iomatEAIRRom8e MGOuUur s of
oper ati on
Sur face pltadtisgdsBiemr bRaighhdtBeer e devel oped for eac

zone to detbreshel dbheat whitbheBBAWBreateof€nal if
speci fifcort asdbbloevse and bei oivib®re0 @G BRABdar d 90. 1
tables presé@heedubbgumgrements dam9 mmen dfadodred i n
9@el ow.

Tabd®Title 24 Proposed ERdquwistememt €nfeogy Rec o0\

Requirements for Ventil dteissn 83Ot edAomur @p great iYre
ASHRAE%Out dooat AFul | Design Airfl ow
Climatyngow0o20%030%040% 0O50%060%070% 080U
Zone and |and |and |and |and |and J|and

<20%|<30%|<40%(<50%|<60%|<70%<80%

Design Supply Fan Airflow Rate, c¢cfm
01 N R 615, {613, |[610, (09, 0({07, 0(06, 5(04, 5
02 N R 620, {015, (012, (610, {O7, 5|07, 0(06, 5
03, 5,NR N R N R N R N R N R N R N R
8
04 N R N R N R N R 618, |016, 015, (014,
09 N R N R N R N R N R 620, {017, (015,
10 N R N R N R 622, {017, (615, (014, ({013,
1116 N R 618, |015, (010, (068, 0{07, 0(05, 0(02, O
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Tab9eTi

t 1l e

24

Proposed ERbuisterAemt €nfeomgy

Rec o\

Requirements for Ventilation Systems Operatin
Hours per Year
ASHRAE|% Outdoor Air at Ful/l Design Airfl
Climatidiowo20%030%040%050%060%070% 080 ¢
Zone and |and |and |and |and |and |and

<20%<30%<40%[<50%/<60%|<70%<80%

Design Supply Fan Airflow Rate, cf
01 o10, |02, 0|02, 0(02, 0|02, 0|02, 0|02, 0|02, 0
02 010, |05, 003, 0(02, 002, 0|02, 0(02,0[/02,0
03 N R ©13,|610, |08, 0({07, 0{06, 0|06, 0|06, O
04, 5 |NR 09, 0/06, 5|06, 0|06, 0|06, 0|05, 0|05, 0O
06, 7 NR NR N R NR NR N R NR NR
08 N R NR NR NR 020, 018, |015, |012,
09 N R NR 015,012,010, |09, 0/08,0(07, 0
10, 11|040,|015,|07, 5|06, 0|05, 0|04, 0|03, 0|03, 0
12 020, |05, 0(03,0[02,0[(02,0[02,0]|02,0[02,0
1316 010, |05, 0(03,0/(02,0[(02,0[02,0[(02,0[02,0
The Statewide CASE Team applied-Gohmeset oeyper e
buil dinmge that iIin several cases, no prototype
requirements) altAiesnp mupareogt oocifgypdsi n t he anal ysi s

presentazbd 2
Al t erfaltaooma

bel ow.

Tab®ePr ot oBwyipledMondge Usse d Hnemr dPOg ma ndo,s t |,

nSt at ewi de
f orecast s

Environnema @&thal ysi s

fo

savings

r th

f
(

Qveerr £t ressa ¢f imarnt e d

e building types

and

Prototy|NumbegFI oor |[Description
Na me of (squ
Stor f ec€

Of fi cel 12 498,12 story + 1 basement
zones and a ceiling (|
WWRO0 . 40

Of f i ce Mg 3 53, 4q0f fice building with
pl enum on each. 383o0o0r .

RetailL 1 240, |Bi-lgox type Retail -Ouil

School S 2 210, |Hi gh swihtoholaudi tori um

ary kitchen, i brary WsR-d
0. 35
2022 Title 24, Part2 G2NIRH¥ ACBI/AAMIE Report



Th&8tatewide CASE Team estimated energy and de
proposed code change using the 2022 R®esearch
nonr esibdueinitdiianlg sSCo(MfCBETChGe pr ot otype mdodel s, sum
97 were simul aCGoend fioor GBEQC cl i mat€omone. When
simul at esi ta fmordsetl ,gener ates the baseline and r
Ener gylPHa sunmdaiefr iggidhlpwstr efpirleessent i ng t he St and:
generated -BgmCBECCe as the baselines for each
regarding the Stdegdarridb eDdke siimgnt mree e2019 Nonresi ¢
Reference Manual. The prapopkdtdesxihgausefaiect]
deviicrest al |egpliincigthleeaBeld 2use t he dequatemgnts
appl i cfaobri Itihtiys me as ufreer asrienmubd & saendedb@iissi ¢m i d¢ ®@ao li ian g
airflow, <c¢climate zone,angerhoamntsa o h eofpcea oabt id moant,i
of i mpacted air handlers andabhBmaetsee nZzZo ma s cv &
which parameters were changed in ¢éhrrabstanaiar d
heat r eapwariyni ttihes Pr opmedcdlodDdeaildncases i n whi
handl er met the {bhaohidgdanTaebd@ GSGomparing the el
i mpacts of the Standard Design to the Propose
proposed code changet lretl aits vmei rmiomal lby idammigi ar
Title 24, Par.t 6 requirements
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Tab9&Modf i

Propose

cat i
d Code

ons

Made t

Change

O St an

dard Desi

Prot o|CI

Zone

i mMObj ect s

Modi fi e

Par ame
Names

St anda|
Design
Par ame
Val ue

Proposed
Parameter

AirLoop
Outdoor
tem: Equ
tList

Compon
Obj ect

N/ A ( af

Heat Excha
ToAir: Sen
Latent

AirLoop

Compon
Obj ect

Ene
Wh e

116 |r:

Heat Exc
AirTo
si bl eAn

New Ob|

Ene
Wh e

Se
be

NodelLi s

Node N

ER Supply
Node

Se
be

OQutdoor
XxXer

OQut doo
Stream
Na me

ERSupply
Node

- D
=

be

=
[

Fan: Var
ol ume

Pressu
Ri s e

Vari es
model

e |-Be:
e

n

e

0 y
i S am
Equal)i on

S IO NS
;—|-—<A(-_|
A
OO - Mo

P
2
R
0
a
(

*Only

four

prototype

model s

gn

i n

E

weTebdmpdabe@® OhBEedebar gbe

Of f i
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ceMedi um,

energy

Retail Lar ge,

mpacts of

School Secondary.

exhaust

air

e &af ereagv e

out si de
every cli
ener gt

Peunit
foot . Ann
transl at e
buil ding.

energy i

mat e

ual ener
d into i
Thi s al

mpact s

ai.TheoB8datewnde
zoaep ram@rDi¥pthdac e o r shawildv cal cul a
cmgact s.

gy and
mpact s
|l ows

for

for

CASE Team

nonr esi
peak dema
per squar
easier

simul at ed

denti al bu
nd i mpacts
etbogpeby
compari son

t

[
f

di
(0}

and

n

t

enabl es
erms of

cal cul ati on
fl oor

of

area by

2022 Title
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buil ding t
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5. 3St3at ewi de E

The -prirt energy
potentwalbt ddalk e

nonresi dentiygpteesp u e $belyn ntghde

nergy S@awings Methodol o
i mpacts presented in this secHt
xhaomt air heatnhsnaddhwear y nbei ng

protesummar mbak@ll & n

132 Theanddr energy i mpacts were extrapolated t
Statewide Construction Forecasts that the Ene
Construction Forecasts esmoiuhatcairnew Q®@®rR23t r ua dte
year that the 2022 Title 24, Part 6 requireme
of the total existing building stockoin 2023
approxi mate savings from building alterations
construction (new construction and existing b
zone. The building types used in thenactonstruc
identical to the prototypicaCormusad dtimeg Eryeregy
Commi ssion provided guidance on which prototy
Type I D when calculating statewide enmrggy 1| mp
and weighting factors that the Energy Commi ss
Team use for each Building Type I D in the Sta
Appendoirxskents additional information about th
used to calcul ate statewide energy impacts.

Tab9@Nonresi Bdent digipbgs Asmd ci Brtoetdot\Wepag ht i ng

Buil di ngDTypemBuil cPirmg otgpg Weighting F
St atewide ConslEnergy Model St atewi de
Forecast Analy
Small Office Of fi ceSmall 100
Large Office Of ficeMedi um 5009
" Of ficelLarge 509
Restaurant Restaurant Fa 100
Ret ail Retail StandA 1009
" Retail Large 7509
o Retail Stri pM 5 %
" Retai |l Mi xedU 109
Grocery Store |Grocery 100
No#RefrigeratedWar ehouse 100
Refrigerated WRefrigWareho N/
School s School Pri mar 6 09
" School Second 4009
Col |l eges Of fi ceSmall 5 %
o Of fi ceMedi um 1569
o Of fi ceMedi um 2009
o Publ i cAssemb 5 %
2022 Title 24, Part2G2NRHYACHAMNIE Report



BuildingDTypemBui |l d®Pirmmg ofgpg Wei ghting F
St atewi de Cons/Energy Model Statewi de
Forecast Analy
" School Second 3009
o Apartment Hi g 2559
Hospitals Hospital 100
Hot el / Mot el s Hot el Smal | 100

5.3Pe&tUnit Energy I mpacts Resul ts

Energy savings per squlaalel @0datoTuaght @ rTehsee npteerd
unit energy savings figures do not account fo

complianceunatesavPags for the firsnD09&8ar are
t her msO.ylrtOftea nadse/pyern d ibrug ladn ngcltiymat.@dhaone

di fference Iin energy savings between the prot
heating and ,¢ceontihgtioadand total eaichf mowerd e @
climat.dhzmse¢ anecleescctarh gy depneamallatriee £ a utsheed by
increased fan static pressure requi.tadsbmemoyv
cases, electrical savings is positive due to

condi Rbwsest hat have Wwereen matayiemdp aoautted by t he <«
requirements.

TableO FiYeaslEner gnpact sSquarFeotOf f i celLar ge

Clim|EI ect Peak EI e Natur a TDENer
Zone Savin Demand Red Savi i Savi i
( K Wh/ (kW (ther ms (TDV kB
1 (0.0 6. 6-QH 0.0 0.9
2 (0.0 2. 406 0.0 0. 8
3 N/ N/ N/ N/
4 N/ N/ N/ N/
5 N/ N/ N/ N/
6 N/ N/ N/ N/
7 N/ N/ N/ N/
8 N/ N/ N/ N/
9 N/ N/ N/ N/
10 N/ N/ N/ N/
11 (0.0 3. 3-6 6§ 0.0 0.9
12 (0.0 3. 0-G 6§ 0.0 0.7
13 (0.0 7. 5-Q 6 0.0 0.9
14 0.0 5. 8-@ 6§ 0.0 0.9
15 0.0 2. 266 0.0 0. 6
16 (0.0 8. 0-6 €§ 0.0 1.1
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Tablel FiYeaslEner gnpact sSquearFeoit Of f Mede um

Clim EIl ect Peak EI e Natur a TDV En
Zong Savin Demand Red Savi | Savi i
( k Wh/ ( kW (ther ms (TDV kB
1 N/ N/ N/ N/
2 N/ N/ N/ N/
3 N/ N/ N/ N/
4 N/ N/ N/ N/
5 N/ N/ N/ N/
6 N/ N/ N/ N/
7 N/ N/ N/ N/
8 N/ N/ N/ N/
9 N/ N/ N/ N/
10 N/ N/ N/ N/
11 0.0 1. 2068 0.0 14.7
12 N/ N/ N/ N/
13 N/ N/ N/ N/
14 N/ N/ N/ N/
15 N/ N/ N/ N/
16 (0.1 (3. 0B 0.0 14. 1
Table@e2 FiYesatr Energy | mpact sReteai ISlqarag e
Clima EIl ecti Peak EI e Nat ur a TDV En
Zone Savi | De mar Savi i Savi i
( kK Wh/ Reduct (ther ms ( TDRVBt u
( kW
1 (0.0 (1. O8] 0.0 2.9
2 N/ N/ | N/ N/
3 N/ N/ | N/ N/
4 N/ N/ | N/ N/
5 N/ N/ | N/ N/
6 N/ N/ | N/ N/
7 N/ N/ | N/ N/
8 N/ N/ | N/ N/
9 N/ N/ | N/ N/
10 N/ N/ | N/ N/
11 N/ N/ | N/ N/
12 N/ N/ | N/ N/
13 N/ N/ | N/ N/
14 N/ N/ | N/ N/
15 N/ N/ | N/ N/
16 N/ N/ | N/ N/
2022 Title 24,

Pari2 G2NIRHY ACBIHAASE Report
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Tabl@e3 FiYeaslEner gnpact sSquarFeeo+tSchool Secondary

Climg EIl ect Peak EI e Natur a TDV En
Zone Savi i De mar Savi | Savi
( kK Wh/ Reduct (ther ms (TDV kB
(kW

1 (0.1 (1. 96 0.0 17. 6

2 (0.1 (9. O® 0.0 13.8

3 N/ | N/ N/ N/

4 N/ | N/ N/ N/

5 N/ | N/ N/ N/

6 N/ | N/ N/ N/

7 N/ | N/ N/ N/

8 N/ | N/ N/ N/

9 N/ | N/ N/ N/

10 N/ | N/ N/ N/

11 0.0 2. 0-@6 0.0 16. 6

12 (0.0 (3. 95 0.0 13. 3

13 0.0 5. 7-@6 0.0 15. 4

14 (0.0 (2. DB 0.0 14. 5

15 0.2 2. 0-@5% 0.0 13. 1

16 (0.1 (1. G 0.1 23. 4
5. Lost and Cost Effectiveness
5. 4EMlnergy Cost Savings Methodol ogy
Energy cost savings were calculated by applyi
energy savings estimates that were derived us
5.3.2D¥ a nommbatoeedlenelragyet vitnlgsstcount s for t
vari adt eofcoel ectrgas tehacchndh omvat wfalt he year, al
costs are ekprgde eadverm t he (p3elr iyoeda rosf faonra lryessiisd e
measures and nonresidential envel ope measures
nonresidentilan tmeiasucaseg, the pkiyieadbef TDWVal y:
cost impacts ar8 presentedaloe2@dal |l ars and re
savings reb% eaddeopepnposed measure applies on
buildings and does not apply to additions or
5. 4ERer gy Cost Savings Results
Pewunit energyfooshewhyingaeastructed buildings
l15% ear period of anal ysils aaTrsebilp@iehs eoiugkhbei n 20 2

2022

Title 24,
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10.The -prirt energy
savings for newly
The

savings

Tabl@4aNomi

nal

cost
constructed

TDV methodol ®lggctadil oiwtsy peaki ngs
dpuealkgp.earoinods

buil dings.

to be

TDCoBnheSayi A@gseaOveReriod -of

pe¥fquaFeotNew Const&uAsltti em®@®f foocelLar ge

Climl5%ear TDV E| 15 ear TDV Totla8year
Zone Cost Sa Gas Cost Energy Cost
(Nomi nh (No mi na ( Nomi n
1 ($®3 $ 0L.6 $ 0.2
2 ($0. $0L.1 $ 0L.0
3 N/ N/ N/
4 N/ N/ N/
5 N/ N/ N/
6 N/ N/ N/
7 N/ N/ N/
8 N/ N/ N/
9 N/ N/ N/
10 N/ N/ N/
11 $ 0.3 $ 0.9 $ 0.3
12 $0. $ 0.9 $ 0L.0
13 $ 0.4 $ 0.8 $0L.1
14 $ 0.3 $ 0.9 $0L.2
15 $ 00.8 $0. $ 00.9
16 ($0. $ 0L.6 $ 0L.4
2022 Title 24,
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Table@SNomi

nal

TDCoBnheSayi A@gseaOveReriod -of

pe¥fquaFeotNew Constir@fcftiimerMe di u

ClimiglsSear TDV E| 15 ear TDV Totla8year
Zone Cost Sa Gas Cost Energy Cost
( Nomi n ( Nomi n ( Nomi n

1 N/ | N/ N/
2 N/ | N/ N/
3 N/ | N/ N/
4 N/ | N/ N/
5 N/ | N/ N/
6 N/ | N/ N/
7 N/ | N/ N/
8 N/ | N/ N/
9 N/ | N/ N/
10 N/ | N/ N/
11 $ 06.4 $1. $ 18.5
12 N/ | N/ N/
13 N/ | N/ N/
14 N/ | N/ N/
15 N/ | N/ N/
16 ($8) $2. $ 17.9

Tabl@aNomi

nal

TDVoEBEnheiSgyi idseaOveReri od -of

pebguaFeotNew Constructi onR&t Allbanggeons

ClimiglsYear HID&ct1i| 15%ear TDV Tot adfYedah

Zone Cost Sa Gas Cost Energy Cost
( Nomi n ( Nomi n ( Nomi n

1 ($ 0.4 $ ¥.2 $ B.7
2 N/ | N/ N/
3 N/ | N/ N/
4 N/ | N/ N/
5 N/ | N/ N/
6 N/ | N/ N/
7 N/ | N/ N/
8 N/ | N/ N/
9 N/ | N/ N/
10 N/ | N/ N/
11 N/ | N/ N/
12 N/ | N/ N/
13 N/ | N/ N/
14 N/ | N/ N/
15 N/ | N/ N/
16 N/ | N/ N/

2022 Title 24,
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Anal
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Tabl@e™Nomi nal TDXCoBnheSayi AdgseaOveReriod-of Anal
per SquafrNewodanstructi on S&hAlotl Seratbindmas vy

ClimdlbYear TDV E| 15¥ear TDV TotlhlYear
Zone Cost Sa Gas Cost Energy Cost

( Nomi n ( Nomi n ( Nomi n
1 ($DH $2. $2.
2 $ 0.9 $ 16.6 $ 17.5
3 N/ | N/ N/
4 N/ | N/ N/
5 N/ | N/ N/
6 N/ | N/ N/
7 N/ | N/ N/
8 N/ | N/ N/
9 N/ | N/ N/
10 N/ | N/ N/
11 $ ®.9 $15.1 $2.
12 $ @.4 $14.4 $ 16.8
13 $ 6.0 $1. $ 19.5
14 $ 0.4 $1. $ 18.3
15 $14.9 $ 0.6 $ 16.5
16 ($D2 $3. $ 0.7
5. 4. 8Bcrement al First Cost

5.4.3.1 New Construction

| ncremental first cost fesrt itmMaadcmreo 2®@d48d CASEs u
RepoRrtoposal s Based -201(BCABREAE Co0d.els and Standa
EnhancemenThi®lirncil ndeememteal aobeabfraddvegy
deviwéce h bypass dampeor sanamd Thammmedlesed cost du

ri eehtzti msgy stweans al so included in the first cost
costs of heating and cooling equipment were d
|l oad reduction was determi nedi dm oans evaelhl cd 3 ma:
buil dingbés outdoor air percentage and supply
cost $237 -peol ¢ d ngehriadi Ireesrtsi mat ed t o cost $728 p
cooled chiller systems were esttatmalt edo dto icrocltt
material and | abor cost of installihagbleaach pi

10del.ow
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Tabl@e8 ncrem€@ostl for Heat rRedamwd reyr s

l ncr ement
Air Han (MaterialBase Co:j
Size (c Contr FIl ows/ c
1,000 $6, 7 $6.
2,000 $7,9 $ 3.
4,000 $9, 1 $2.
6,000 $10, $1.
8,000 $11, $1.
10,000 $14, $1.
20,000 $25, $1.
25,000 $31, $1.
30,000 $34, $1.
40,000 $48, $1.
50,000 $56, $1.

5.4.3.2 Additions and Alterations

Th
i n

e Statewi d®sCASSErEemdamundehetandragnosaddnti
crement an caodsdtist i ons or alterations scenario

construction scenari o.

5.
I n

4. ddcr ement al Mai ntenancesand Repl acement
crement al mai ntenance cost i s the increment

parts of the equi pmemta, na®nwealcle aequenrieaddit o Kk
operating relative to yemareper podlchhd cexxpasboytea ds

us

efFudffe fl at plate hed&@tyeaxrcdvewlyi deveéxeeeds t h

per iNodddi tmaoinnatleen airgpect ede quwi bed during .the |

5. 4Chbst Effectiveness

The Energy Commi ssion establishes the procedu
The Statewide CASE Team coll aborated with Ene
t he meltohgoydoi n this report is consistent with t
were included in the analysis. The incrementa
costs olvsgeat hperiod of analysis were included
froamt wmral gas savings were also included in t|
nor the incremental costs of code compliance
According to the Energy Commi ssionds definitdi

bendgfeiotrst (B/ C) ratio is greater than 1.0. The
cost benefits5reaalsi degd tdweert ot al I Naurdeemsent al C
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mai nt enanc & 5ceoasrtss. fTonre B/aC cudtat@edwasi ng 2023 F
cost savings.

The proposed measure was found to be cost eff
being required i npludti lamalnys itdeed edsma rfagpopetdy ianbgo vt
corresponding design airflow and outside air-r
prototypeesmoldtesl seufn rttheet bpsecrt i veness analyses ar
Tabl@O®hr ougghhl 22 The B/ C ratdli @& 8®ges from

Tabl@e9 -YBaGosBf fecti venesPerSuSmgnaa riee W o o't
Constru®©fifoecelLarge

Cli ma Benef Cost Benetfa
Zone TDV Energy Cos Total |Inc Cost H
Ot her PV 2§ PV CO0Os
(2023 (2023
1 $0. $0. 1. 2
2 $0. $0. 1.1
3 N/ N/ N/
4 N/ N/ N/
5 N/ N/ N/
6 N/ N/ N/
7 N/ N/ N/
8 N/ N/ N/
9 N/ N/ N/
10 N/ N/ N/
11 $0. $0. 1. 3
12 $0. $0. 1. ¢
13 $0. $0. 1. 2
14 $0. $0. 1. 2
15 $0. $0. 0. ¢
16 $0. $0. 1. 4
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Tabl®&0 -Yéar -EbsSectiveness Summar-Weler Square
ConstruOfifoceMedi um
ClimatBenefits Cost s Benetfo t
Zone TDV Energy Cos|Total Incr(Cost Rat

Ot her PV 3Savin(PV Cdsts

(2023 PVS$) (2023 PVS$)
1 N/ N/ N/
2 N/ N/ N/
3 N/ N/ N/
4 N/ N/ N/
5 N/ N/ N/
6 N/ N/ N/
7 N/ N/ N/
8 N/ N/ N/
9 N/ N/ N/
10 N/ N/ N/
11 $1. $11.66 1.1
12 N/ N/ N/
13 N/ N/ N/
14 N/ N/ N/
15 N/ N/ N/
16 $1. $11. 6 10 8
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Tabl#&l -YBar -Ebfectiveness Summar-Weler Square F
Constru®ketanl!| Lar ge

ClimatBenefits Cost s Benetfo t
Zone TDV Energy Cos|Total Incr(Cost Rat
Ot her PV 3Savin(PV Cdsts
(2023 PV$) (2023 PV$)
1 $®@.6 $ 0.0190 2 . 71
2 N/ N/ N/
3 N/ N/ N/
4 N/ N/ N/
5 N/ N/ N/
6 N/ N/ N/
7 N/ N/ N/
8 N/ N/ N/
9 N/ N/ N/
10 N/ N/ N/
11 N/ N/ N/
12 N/ N/ N/
13 N/ N/ N/
14 N/ N/ N/
15 N/ N/ N/
16 N/ N/ N/
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Tabl#®2 -YBar -Ebfectiveness Summar-Weler Square F
Constr uicStcihmm!| Secondary

Clima|Benefits Cost s Benetfo t
Zone |TDV Energy Cost|Totladncr eme|COst Rat
Ot her PV 23Saving|PV Cdst s
(2023 PVS$) (2023 PV$)
1 $1. $0. 2.1
2 $1. $0. 1. 7
3 N/ N/ N/
4 N/ N/ N/
5 N/ N/ N/
6 N/ N/ N/
7 N/ N/ N/
8 N/ N/ N/
9 N/ N/ N/
10 N/ N/ N/
11 $1. $0. 2. (
12 $1. $0. 1. €
13 $1. $0. 1. ¢
14 $1. $0. 1. 7
15 $1. $0. 1. €
16 $2. $0. 2. §

a)Benefits: TDV Energy Cost S8enpfsts ObhbeéudBVTH&VERN
savings over the( Bbrearigpw +ofEmwmiarlyrsment-23) Odc hedmi ¢cs
savings are discounitiend |aatt iaonr)e alh r(erco pieraclent r at e.

idawde incr emoesntt asavipogsdi fi psd cost is | ess than ¢
|l ncl P¥measi nt enance cost savings i f PV of proposed m
current maintenance costs.

b)Costs: Tot al I ncremdnCa€o®resient!| Yaéuincremental e
replacement, and maintenance costs over the period
(infdadfusesnhed) three percent rate and i f PV of prop
PV of cunreemmtncrmaicrost s. I f increment al mai ntenance
positive benefit. If there are no total incrementa

5. Fi rYsetar St atewide | mpacts

5. 5St1lat ewide Energy andsEnergy Cost Saving

The Stat &Wi decaathAc ul at eyce atrh es tfaitresvtiode nseaw i ngs

constriuytmwlint i pl-ymnintg ¢ dei mpgsr,e svemitcehd Arng.Slect i 0
byassumpti ons about the percentageoabenewl y co
i mpacted by t he psrtoaptoesweidd ec ondeew cTohnest Buesti on f O
presenAgpendisx aA e the Statewide CASE Teamds a
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per cent ang ec oonfs tnreuvea u boeh itnhpaatct ed by the proposa
zone and building type).

The -yeastener gy | mpactysearre parnensueanit stahve nfgisr sftr on
t hat cwenpd et ed Iihy2@23 enEmM@y cost saerggs repr
cost savings losyear taealknsiseperiod. The state:
do not take natwurally occurring mar ket adopt.i

TablEk&8ndablExpresent-ytelae fsitragstewi de ener gy and e
savings from newl y acnodn satdrdui ctti eqdrdsly U ic ladl imeedgrsa t 2 con e
(climate zones that did not have prototype mo
requirements.were omitted)

Tabl&XStatewi dearEchebEmeyr gy CddNewl @pastsuction

Clim| Statewi dFi rYset&8| Fi rYseta] Fi rYseta 15Yea
Zone Construl El ect i Pea Nat u Pres
| mpactg¢g Savirn EIl ect Ga g Val u
Propo ( Gwh Demar Savinn Energy
Change i Reduct ( mi | Savi i
(mi I lion ( MW ther | (millio
fee PV$
1 0. 2 ( 0. (0. 0. ( $0.
2 0. € (0. (0. 0. ( $0.
3 N/ | N/ | N/ | N/ N/
4 N/ | N/ | N/ | N/ N/
5 N/ | N/ | N/ | N/ N/
6 N/ | N/ | N/ | N/ N/
7 N/ | N/ | N/ | N/ N/
8 N/ | N/ | N/ | N/ N/
9 N/ | N/ | N/ | N/ N/
10 N/ | N/ | N/ | N/ N/
11 0. ¢ 0. ( 0. ( 0. ( $0.
12 2. ¢ (0. 0. ( 0. C $1.
13 0. 1 0. ( 0. ( 0. C $0.
14 0. & 0. 0. ( 0. C $0.
15 0. 2 0. ( 0. ( 0. C $0.
16 0. 2 (0. (0. 0. ( $0.
TOTA 6 . (0. 0. ( 0.1 $3.
a. Fiseyear savings from all buil 8ings completed statewic
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Tabl#&d4d Statewi de EBrengyy CosdAl mpraatisons

Clim| Statewi d Fi rYset& Fi rYseta Fi rYseta 15ea
Zone Constru El ect Pea Nat u Pres
| mpact ¢ Savi i El ect Ga g Val u
Propo ( GWH Demarn SavinEnergy
Change i Reduct ( mil Savi i
(mil¢$qguoa (MW ther((millig
f eeg PV$
1 0. 4 (0. (0. 0. ( $0.
2 1. 8§ (0. (0. 0. ( $0.
3 N/ | N/ N/ N/ N/
4 N/ | N/ N/ N/ N/
5 N/ | N/ N/ N/ N/
6 N/ | N/ N/ N/ N/
7 N/ | N/ N/ N/ N/
8 N/ | N/ N/ N/ N/
9 N/ | N/ N/ N/ N/
10 N/ | N/ N/ N/ N/
11 1. € 0. ( 0. ( 0. C $1.
12 6. ¢ (0. 0. ( 0. 1 $3.
13 1. ¢ 0. 0. ( 0. ( $1.
14 1. 3 0. C 0. ( 0. ( $0.
15 0. ¢ 0. 0. ( 0. ( $0.
16 0. € (0. (0. 0. ( $0.
TOTA 15. (0. 0. ( 0. 3 $9.
a. Fiseyear savings from adtlatbeuwil ®d nigis X2np!l et ed
TablEkpresenysafi ssbtewide savings from new

alterations.

Tablg&55 Statewi de@ndEEaregyy

Al t eoat, and Additions
Construction|Fi rYsetg Fi rYsetda Fi r-¥é a 15Yeaq
El ect |Peak EIl gNatur alPresent
Savi | De ma Savi Energy
( GWH Re du mi (mi 1 | Savi |
(MW ther| (PV$ mi
Newonstruct.i (0. 0. ( 0. $ 3.
Addi tions an (0. 0. ( 0. $9.
TOTAL (0. 0. ( 0. 4 $12.
a. Fi fyetar savi naglst efrracbnmpanlslt ed st 8t ewi de in 202

2022

Title

24,

c

CadNewl @Gpastsucti on,

(0]
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5. 5St2at

TheSt at e wi
emi ssi ons

EPRAEmMI s s

El ectricionw Co@€mdi hWEGBC aCAMX)

e wi
de

i ons

de

& Gener

Greenhouse

CcAad Ec uTl eaatne d
factolUsi spdcBftatdsi BEnvheonméeSt al

ation

avoided

Gas

Resourc

( GHG)
GHG

subregi on.

Emi ssi on

emi ssions
Pr
Wesegrated
AV O

e

emi ssions from natural gas savingsscaatlteri butab
el ectrical power generation are calcll ated wus
EPAGs Compi | attiaonnt oEfmi Asisri oRs2 PFeeec tAgrpse n(dAB C f ot
additional details on the methoddhoghbused to
analysis assumes an average electricity emiss
GWh based on the fawetrarge feomi stshe@ nCACX EGRI D s
TablEkpresents t he-yestri mavtod d efdi rGHG e mi ssi ons o
code changefipatGH@ mi ssi 2 n3médtfri ¢ tons of car.l
di oxide eqetvatC@da)s(Md be. avoi ded
Tabl&@irYsetar Statewide GHG Emissions | mpacts
Measul El ect iReduced Natu Reduc Tot
Savih Emi ssi Gag GHG Reduc
(GW vy fro Savi®n Emi ssi C Qe
Electd millI|from NgEmi ss g
Savifthersmy|Gas Sa¥ (Mtric
(Edtric (Edtric CQ@e)
CQ@e) CQe)
Exhau
Air H (0. (71 0. 4 2,3 2,2
Recov

a. Fi ryetar

b. Assumes

savings

from all

buil dings

compl et ed
whegfemi ss2dOVMBE@OR el &GWhH, 4AMBCO2ne 1 Ithi eornms .

statewi c

Heowvaapacereayt i o n

5. 5St3atewi de Water Use | mpacts
EAHRan result i nnmwsstteems salwva idigsmien at ade asédr ved
by wabeted chusémedycedl i ng tower
saviagocunl y BEAMR achieves net cool

energy savings are
energy penalty i
School Secondary

the EAHR

The -preirt and statewi

de

duéd et Ofifncredas gae
ng
requi semendclsiamat earzoses-¢edl bcynhiwateerrs .
wat er

buil di

savi

bui |l disnugmnaarrel Taldl B@n dabl eENegati ve

2022

Title

24,

achi eved sonelxyc enehde nt hceo ocl oi onl gi
ncurred
prototype

ing energy s
fa a
model s hav

associ at e
savi ng:

ngs
water
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a ndpiat ed

Of ficeLarmet,

Tabl®&7 FiYeat

n

Climate
dael itmg

penal ties

Wat er-OfmpaetLar ge

Cli maWat &avi gy St atewi d
Zone Square Savi i
(g affldy r (g a)l

1 (0.0 (27
2 0.0 2, 2
3 N/ N/
4 N/ N/
5 N/ N/
6 N/ N/
7 N/ N/
8 N/ N/
9 N/ N/
10 N/ N/
11 0.0 4,5
12 0.0 17,0
13 0.0 7,1
14 0.0 9, 8
15 0.0 6, 4
16 (0.0 (60

2022

Title 24,

Zdryeeki iCdm dad tdh6 Zld woiel di ng

associmaesed witl
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Tabl&8 FiYeat Water-Scmpatc¢tSecondary

Cli maWat &avi Pgy St atewi d
Zone Square Savi i
(g afldty r (g a)l

1 (0.0 (70
2 0.1 24,7
3 N/ N/
4 N/ N/
5 N/ N/
6 N/ N/
7 N/ N/
8 N/ N/
9 N/ N/
10 N/ N/
11 0.5 117,
12 0. 2 239,
13 0.5 242,
14 0.6 115,
15 1.4 152,
16 0.0 37

Embedded el ectarsisoicti yat ®dlivtiwa dwa toar es pviesgnt ed i
Tablkd9hembedded eflaeccttorri cwiatsy3d@é& Wmeé dhi &t i on gal |l
of wataantd water sadoomgsl hec eurb eadted el ectricit
derived from a 2badt gedctsfudg the embedded e
| OU programs that save both watgppeaemdi enBrgy
addit ifomranatiimmn on the embedded electricity sa

Tabl®&9 | mpacts on Water Use and Embedded EI ect

| mpact onSi t Onsi { Embedd
l ndoor OQutdd EIl ect i
Savi nWater S & Savih

(gall o (gall o ( kK Wh/

Fi fyetd3t at ewi de 0 938, 334

a. Assumes embedfdedt &nce\Vighy per mil |l i on gatil dwswesCPoSC wat er
20135

b. Fi fyetar savings from al/ buil 8ings completed statewic
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5.5St4at eMader i al | mpact s

This mevoudner ease the maeneded tod pteeilde exhau
recoverycl i mat e =z oinnepsa catnedd dbeys itghniss measur e. I r
statewide I mpacts, t hdetSdramierwa di et HCeA SrEu nikeearm o f
uni ts ifmpracda&adh prcdti oantayt e zaome combi natason. A
usedafwhtyepe heat asmmxdchhehmgerwei ght was added to

Tabl2@®i rYsetart 8wade | mpacts on Materi al Us e

| mpact on Materi al

: | mpact

Materi al (|p D.2 (Pebnit ImpactsFirst’SYadrewi

! ! Il mpacts (pou
St eel i 0. 006 144,
a. Materi al I ncrease (1), Decompsaeed D)o basdloc&bangkbséN
b. Fi ryetar savings from all buildings completed statewic
5. 50ther -EM@m gy | mpact s
This mevouhm@Aee a positive I mpbettcaawmsei ndheorxdiamu
air heatwo wilcborerayse va@ntriilngt ivem yaihrot and very
whiwoduil chprove indoor air quality

5. roposed Revisions to Code Language

5. 6Glui de to Markup Language

The proposed changes rtem cteh eA pspteandd acrecss,, alReaf & h e
Reference Manuals are provided bel ow. Changes

withumedar I((inewnd angsa&gekxea(hdeoluegthisons) .

5. 6St2andar ds

SECTI ON TIDEGC.IINI TI ONS AND RULES OF CONSTRUCTI ON
(b)i Definitions
AHRI 1®6200 1i8 t e nAiin i oni ng, Heati ng, and Refr

documentPetriftolrenmdanice -RAtrngxohaAgers for Energy
Vent i |l aitpmeantEqau 2018 ( AH®RNB20SIt8)n.dard 1060

SENS|I EINERGY RECOVERY¥Yh aRAAdgTd O:nb utlhbe tdernyper at ure o
outdoor air supply divided by the difference
exhaust-balihb OUemperature, expressed as a perce.
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SECTI ON TIPRE.SLRI PTI VE REQUI RENMENTSONDRTBONI NG

SYSTEMS

(ol )Exhaust

Ai r

He at

l. Systemsi gned

td heperaterta | i

Recovery.

st-eEX]lnoeithe

Table 140.4[ X] 2 shall i ncl ude aannd etxhhea uasbti
to bypass or control the enerqy recovery
operation as required by Section 140. 4(e).
2. Heatconwery systems required by this secti
energy recovery ratio of at |l east 60
using AHRO8oIr06M®IMWENnd certif.ied by AHRI

TABLE 440. 4Ener gy

Re c ovtesr y( VReenqtuiilraetmenngl essysst e ms

perce

t h@8n0dhh®urs per year)

%Out dooat AFul | Design Airfl ow
Climalg109%|(020%|[030%[040%|050%|060%|070%| 080 %
Zone |and |and |and |and |and |and |and

<20%[<30%|<40%|<50%(<60%|<70%|<80%

Design SupAplry |®avn Rat e, cfm
01 N R o015, 00013, 9010, 0O9, 00O7, 0006, 5004, 50
02 N R 020, 00015, 00012, 0010, 007, 5007, 0006, 50
03, 5,/NR N R N R N R N R N R N R N R
84 N R NR NR N R 018, 5016, 5015, 00014, 0
09 N R NR NR N R N R 020, 00017, 0015, 0
10 N R NR NR 022, 0017, 0015, 00014, 00013, 0
1116 |[NR 018, 5015, 00010, 0008, 0007, 0005, 0002, 00
TABLE 440.24 Energy Recovery Requirements (ven
greate8 Ot0armours or more per year)

%Outdooat AFul Design Airfl ow
Climating 0uw020%O30% 040 % O50%O60%O70%| 080 %
Zone and |and |and |and |and |and |and

<20%|<30%[<40%|<50%[(<60%|<70%|<80%

Design Supply Fan Airflow Rat e, cfm
01 010, 02, 0002, 0002, 0002, 002, 0002, 0002, 00
02 010, 005, 0003, 0002, 0002, 0002, 0002, 0002, 00
03 N R 013, 00610, d68, 0007, 00066, 0006, 006, 00
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04, 5 N R 09,0006, 5006, 0006, 0006, 0dO05, 0905, 0Q

06, 7 N R NR N R N R N R N R N R N R

08 N R N R N R N R 020, 0018, d015, 0012, 0Q

09 N R N R 015, 0012, d610, 009, 0008, 0d07, 00

10, 11040, 0015, dO07, 5006, 005, 0904, 0003, 0003, 00

12 020, 005, 0003, 0002, 0002, 0002, 0002, 0002, 00
1316 010, 005, 0003, 0002, 0002, 0002, 0002, 0002, 00
EXCEPTI O8ettl o0n. Sys)ltems meeting Section 140. 9
Requirements f or L abbxolraau sotr ySyasntdenkrsact or y
EXCEPTION 8ection 140.4(0): Systems serving s|
t hat are heated to | ess than 60AF.

EXCEPTBON Sectiodgn Wher4( more than 60 percent
heati ng ener gy sigdg egopoeiredaddei®kto mat.e Zone 16
EXCEPTHION Sectiodgn Wher4€(the sum of the airfl o
relieved within 20 feet of each other i's | ess
rat e, excluding eexrhaust ailr t hat i's eith
l.used for another energy recovery system,
2.not al | @awleidf ddryni a Mechanicafofodse(iThnt EpeRe¢

recovery systems with | eakage potential, o

3.0f Claspedi®B®Bredi on .120. 1(49g)

EXCEPTBON Sectiokn SlydsOt.ednfs expected to operate
per week.

5. 6R8f erence Appendices

NA7. 5Mechani cal Systems Acceptance Tests

NA7. 5Aidr Economi zendCéBrbhraks Air Heat Recover\
NA7 .51 €onstruction I nspection

Prior to Funwoteirordgl ahaestdiocmg,ment the foll owing
(aBconomi zer high I imit shutofifE ®@dntrol <comp

Sectionl40. 4(e) 2.

( bl)f t hlei riitghcont rboull bi sorf ifxiexde dd reymu Ihka,] piyt +s H a

have an adjustable setpoint.
(cBBconomi zer |l ockout control sensor is | ocat
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(d9ensor pe
materi al

(eS9ensor ou
perf or man

rformance curve i s provided by fa

t put value measured during sensor
ce curve.

(fBPconioazrer damper moves freely without bindir
(gconomi zer has controbktagetemselentrodinogt
that cycle compressors off when economizer
(hBconomi zer reliability featameéasr &ds eSPctisem
140. 4(e) 2D.

(iBconomi zer inlet damper i s designed to mod
return air damper to 100pmpesscemitzichgstlde vl

(jPor systems with DDC controls | bclkhaoetd ®ens
field calibrated.

(kHor systemBDWiddnthroml s, manufacturerdés st al
procedures have been applied.

(I HMThe economizer has been certified to the E
Section 140.4(e)2Dii.

(mMmor systa&mse weaebaneg WS tteome et requi Seménbs for
140. w{b) include the ability to bypass or
to permit air economizer operations.

Functional Testing

StepDisable demand controdppleinddatdladg)i.on system

StepEDable the economizer and simulate a cool
the economizer fully open. Verify and doc

(aBconomi zer damper is 100 percent open and
cl osed.

( bAI'l  appalnisc aabnlde dfamper s operate as intended
pressure.

(chhe wunit heating is disabled (i f unit has

StepDB8sable the economizer and simulate a coo
the foll owing:

(dBconomi zer dampsrmicrdiomwem @gosiiti on.
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(eAl'l applicable fans and dampers operate as
pressur e.

(fHhe unit heating is disabled (if wunit has

(gQool ing recovery is enabled (either wheel

Stepl f4:unit has heating capability, simulate &
economi zer so that i1t is capable of operat
are below |l ockout setpoint). Verify the fo
(hHhe economizer is at minimum position.

(iIRet wmrim damper opens.

(jHeating recoveryrescsowheyl eds (enablked or by
i s cl osed)

Step 5: Turn off the wunit. Verify and documen
(kconomi zer damper closes completely.

St epResst ore demand conetrmso | ( ivfe natpipllaitciaobnl es)y satn d
system overrides initiated during the test.

5. 6A@M Reference Manual

Specific redline clwanbhemadicone diehfiSpRanglae s
Desi g8ectwaf.om. 6. 5 Heatf RdeoWemy esi dential ACM F
Manual, including the following subsections:

1T Recovery Type
T Exhaust Air Sensible Heat Recovery Effecti
T Exhaust Air -ISeadck i bfl fee ;Ptairkeness

T Exhaust Air Latent Heat Recovery Effective
1T Economi zer Enabled during Heat Recovery

5.6ChbmpliancésManua

Anddi ai osewnotuihodred waddbd to Section 4.5.2 of th
Compliance dddarmudl tthe@ new additions made from
Part 6 related to ExhauatddAtronmMeaduBmableclkan
needed to Section 4.5.2.2 of the fNonner easaidd ednet i
economi zecobypalks.
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5. 6Cé&mpliance Document s

Changes to compliance docume mosumarde f g/ t-iNIRICCi n
MCHE and -NRGE&®M5.
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Append3StxatAfewi de Savings Meth

To cal cujedre Stiatsawi de savings, the Statewide
unit savings by statewide construct iwomulaesti ma
be in efflelhca pr2djkeBptreshewe nst raurcd i alnt er ed
noesi denti att hawub el iinngpsaetaeptr obopposed code change
i's presEBahlezt hirnoTugtl 28

The Energy Gammids siigo &ft fainddearpmrsovi ded t he nonr e
constructi,onwhHiawmciasasbl e for public review on t
webshteps://www. energy.ca.qgov/title24/ partici

The construction forecast presents total fl oo
2023 by building type and clieatienzome. ETdegyp
Commi ssionso0 forechytmaa luadd habld EZTadod &

andabd ZTesealakeso identifies the prototypical
model the energy use of .t hlenipr amapypda ch gc ovches o heq
becaustkuitlheei ng typemmithei Emedgfyi €o®d i n the con
are not identical to the prototypical buil din
requested that the Statewide CASE Team use to
consistent with the mappmpsiimgn tulksaRd rtidre tiIBmgea gtys C

P

Anal ysis for t h(eCal0ilf9o rcrmidee Emnyeerlgegy Commi ssi on 2

The Energy Commi ssionb6s forecast allocated 19
new construction iame?»@33 buo |l dheagmitypel, | whi ch
space types that do not fit wel/ into another
Part 6 requirements apply to the miosudedl | aneou
real i zed f rpamet.hiTshef Ineowr construction forecast
information to distribute the miscell aneous s
type, so the Statewide CASE Team redistribute
the remadnnggt ppeé so that the percentage of |
climate zone, net of the wwoiusocdaraliann e®@ms tsaqmuar e
Tabl2Boar sammlleuf ati oedi stributing the miscell
among the other building types.

After the miscell aneous fl oorspace was redi st
assumptiongealtentt atgheeonfst maiwityed f |l oor space t haea
i mpacted by the prédposmedt ¢ od e dchpea engeecaosuusrleys,

proposed have varying i mpacts across the diff
a result, individual i mpact tables were devel

Tabl2@ndablpr esae nssummarhye a@ésdumer cefmlt agres pdc e
that would be i mpacted by the prlofpoas epdr ocpoodsee dc
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https://www.energy.ca.gov/title24/participation.html

code change does not apply to a specific buil
of the floorspace would be i mpactaetdabeg -t Benpn
zero, but |l ess than 100 percent, It 1 s an ind
constructed statewide woul 8e wer dImpafc ttelde bcyo d e
proposals hadi mul t @2imeaokdthpdcs sad bant e | 2 lEnvae

exampexlkauwashte arecovery had criteria based on out

airflow rate, and climate zone. Based on the
CASE Team determined which air hadheal ®randmong
climate zones wWAUIsd mmeerayonpdrod &@xdur eds assumpt i«
found in the notes bel ow.

Tabl2@resents percentage of fl oorspace assume
change by climate zone.

VAV DeadbandSAatétwpoptheapol ati on Assumptions

Anal gssamedamomgtnohesi demttiodalype model s, any H
defi neAMypa systems would be iFmpacpedtobyypéai
modeilnscl uded at | east one air lOhdlieelLargle,a V
Of ficeMedi um, Offi ceMedi udnLAambar tSeehrotdHi8gehcRinsde)r.
extrapbobast anewi cdhe | saddAi¥NIh gbsavi ¢ $ iinmptahceti e d
handusesthe highercdoaistitghne a20 fl ow requirement
mi ni mum fl ow requi raegme nd e tf otirmteyfatceh meaodneel s .

Expand Economi zeri Rteagtua @xethmeanposl ati on Assum

Anal ggamined all pamomd o¢clyipmatmededne combinati ol
nonr esiHWANQ isaylbeemsen 33, 000 Bt u/Amyamd&/ ATZ4, 000
systems iwddhteisfei awder eer nfeolru dtehde. Tdhnresd aicsti esd a
total of four®pResbavpanmbdet Bood, Retail Mi xe
Retail StripMall , dma e&xthroabgpdlsa méa e w)i che | uawisn qad |
i npcted air handlers do not contain an economi
model s.

Exhaust Air Hé&8t aRe®@otieapol ati on Assumptio

Analysis examined all prototype models and cl
nonresiHWAQ isadevhech met the design air flow, o
operating hours, @&ng ¢tMAQasgstreme identified
were included for the analysis. This impacted

%Note: Hotel Small prototgmet mosednahgsieschaedadsé t he H)
i mpacted served corridors-tmpree umonsi stent with a DOAS
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Of ficeLarge, OffieebMadi 6mhoBE.6BaTihbeh deaxgtyr apol at
statewi densdadkegs mpacted air hhmedat errec awe rny t
capabialsi iiseset in the applicable prototype mo

Dedicated OutdodiStAtrwsSyWet €Emd rapol ati on ASs
The percentage of fl oorspace for DOAS was est

tracking building projects across the US with
CASE Team analyzed an online database of cons
Constructt@enmgéedt for projects in California be

2012 for the first 4 months was extrapol ated
dat abase was searched wusing t HOASg!| IERWI, n gH RVe y

Energy RecoveMgatVveRdd dwdroy ,Ventil ator, Decoupl
The database was filtered to only include pro
referenced in Section 23 of specifications, r
was also filter for allipnojeacbsegabkhtensthan
buil ding projects or whole system renovations
The database provided a number of projects bu
new construction and alterations to align wit
budilngs. Each dataset provided a count of proj
building types, for the-2p0€elr9i)o d Tohfe stei nper osj eeacrtc ht
rel assified based on reviewing the building t
estimag specific market size for specific bui
Project T Project| DOAS CqgProt ot y(plea sksei f i

Cl VI L 1,1 10{0ffice

COMMERCI A 58 l11({Office

COMMUNI TY 30 6 220ffice

EDUCATI ON 1,1 21{School s

GOVERNMEN 59 10{0ffice

| NDUSTRI A 23 30NoRefrigerated

MEDI CAL 25 410ffice

MI LI TARY 49 150ffice

RESI DENTI 77 12{Apart ment Hi ghRi
RETAI L 1, 8 25|Ret ai l
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Prototype Re Proj DOAY Percent

Classificati Cour Courn Constru

Of fice 291 4 3 159

School s 118 21 189
NoiRefrigerat |

War ehouse 23 30 139

Apart ment Hi gl 77 12 179

Ret ail 182 25 1459

Project Typ Cour ggﬁ Prot ot y(plea sRsei f i

Cl VIL 249 4 53 Of fice

COMMERCI AL 157 93 Of fice

COMMUNI TY 155 6 5 Of fice

EDUCATI ONAL 981 57 School s
GOVERNMENT 530 29 Of fice

| NDUSTRI AL 34| 18 No#Refrigerated

MEDI CAL 124 11 Of fice

MI LI TARY 59| 4 6 Of fice

RESI DENTI AL 8 7 | S 4 Apart ment Hi g

RETAI L 699 26 Ret ail

Prototype R Proj DOAY Percer

Classificat Cour Coun Altera

Of fice 352 114 3 %

School s 981 57 6 %

No#Refrigera

War ehouse 34 18 5 %

Apart ment Hi 87 5 4 6 %

Ret ail 699 26 4 %

Tot al hi storical trends were also recorded to
included in the report as a historical refere
percentages were used in estimating the state
For alteratitomnwsalaie5 wuaesr cagprpl i ed t o the overall
estimate the annual renovations. The amount o
applied by each building prototype. For examp
assumed to beend emnmolvyat3edpercent of those woul d

system.

2022 Tit

l e 24,

Parit2 G2NIRHY ACBHQARSIE Report



3, mpayctCéd may ePrZom

al Construction

(MiTYAYNDSgdlaard FRIet )1 ow

New Nonresident.

mat ed
Type

Tabl2Esti

ng

di

Bui

- ; ; ; T 17 .17 -7 1 T.
—
o o o N mlolw|«dlololo|™
— <t
=2
(9
u - - - «| =«  «| |  «|  «| «| | =
8 o o o o o|o|o|o|o|o|o|o|o
S co
O_ o0 . |O o o —|o|lo|lo|o|jo|o|o|w©
o owo
Qo - . . . . . . . . . . .
O _ @ o o o o|lo|lo|lo|o|lo|o|o|o
n o E
- ; ; ; T 0011
o o o o o|lo|o|lo|o|lo|o|o|o
x_=
— e ; ; ; 1 . - - -7 -1-1.
on< o |O o o o|lo|lo|lo|o|lo|o|o|o
X _ o c
=D o o o o|lo|o|o|lo|o|o|o|o
XX _ o
ta - - - - - - - - - - - -
O o o o o|lo|o|o|o|o|o|o|o
X __ o
n « LL LL - . .
= o = o o o|lo|o|lo|o|jo|o|o|o
¥ @« cwn o
— & . . ]
“ 0 o o o o|lo|lo|lo|o|lo|o|o|o
Oow
w S s oo o o o o|lo|lo|lo|lo|o|o|o|d
Oov._®
— O E — N o T ;L1&
— =35 o o — A410q400nu01
Oow._
— 1 O o o o A410n400nu01
Oowvo
ta - - - - - - - - - . - -
o € o o o o|lo|o|o|o|o|o|o|o
v _
Sa . . . . . . . . . . . .
o = o o o o|lo|o|o|o|lo|o|o|o
I _
Oy 0 - . . . . . . . . . .
o o o o o o|o|o|o|o|jo|o|o|o
O o
@ — . . } IR
= o o o o|o|o|o|o|o|o|o|o
< £
C O .- n . . . A T I N I I I A
o ET _ o o o o|lo|lo|lo|lo|o|o|o|d
AttR
— c o|ld|N|m| <t |wn|wo|F
— O O — o ~ O gl eA| A | A| || O

Pari2 G2NIRHY ACBIQARSE Re

Title 24,

2022



Tabl2Zsti meakedting Nonresidenti al FI oor space | mp3acAtl etde rhbaytyi Pornosp o, s
Climate Zone and Buil di ng TTWApVe DeMidl blailncw ASAqruar e Feet)
Cli|ApalAss Gro_Hos Hot |Of f|Of f|Of f Of f Res|Ret ReF Ret Sch
te |[tmembljeryl|lital|SmajelLajeMeleMeleSmaur|l La|l Mi Ret|Sch Wa r
Zon |t Hi I ge |iumiumlal |l |nt Fle dUslStIStoIPOIShouTOt

Ri s ab st F dAl Mal lmar|S9"e NR

od ne ary
1 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
2 0. 0. 0. 0. 0. 1. 1. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 2.
3 0. 0. 0. 0. 0. 5. 6 . 0. 0. 0. 0. 0. 0. 0. 0. 2. 0. 14,
4 0. 0. 0. 0. 0. 2. 3. 0. 0. 0. 0. 0. 0. 0. 0. 1. 0. 7.
5 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 1.
6 0. 0. 0. 0. 0. 3. 4 . 0. 0. 0. 0. 0. 0. 0. 0. 1. 0./ 10|
7 0. 0. 0. 0. 0. 2. 2. 0. 0. 0. 0. 0. 0. 0. 0. 1. 0. 6 .
8 0. 0. 0. 0. 0. 5. 6 . 0. 0. 0. 0. 0. 0. 0. 0. 2. 0. 14,
9 0. 0. 0. 0. 0. 9./ 10) O. 0. 0. 0. 0. 0. 0. 0. 3. 0.| 25
10 0. 0. 0. 0. 0. 2. 2. 0. 0. 0. 0. 0. 0. 0. 0. 2. 0. 8.
11 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 1.
12 0. 0. 0. 0. 0. 4 . 4 . 0. 0. 0. 0. 0. 0. 0. 0. 2. 0.] 12,
13 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 1. 0. 3.
14 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 2.
15 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
16 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
TOT 4 . 0. 0. 0. 0. 41| 44, 3. 0. 0. 0. 0. 0. 0. 0. 20) 0.|114
L
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Tabl?24 Esti mated Existing Nonresidenti al FI oorspace I mpacted by
Climate Zone and Buil di ng iTEyxppea n(dMidl |E coRw g uzaernee nRese t )
Cl i ApaAssGro_HosHotOffOffOffOffResRetReFRet Sch
te |[tmembljeryl|lital|SmajelLajeMeleMeleSmaur|l La|l Mi Ret|Sch Wa r
Zon |t Hi I ge |iumiumlal |l |nt Fle dUslStIStoIPOIShouTOt

Ri s ab st F dAl Mal lmar|S9"e NR

od ne ary
1 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
2 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 1.
3 0. 0. 0. 0. 2. 0. 0. 0. 0. 0. 0. 0. 0. 0. 2. 0. 0. 7.
4 0. 0. 0. 0. 1. 0. 0. 0. 0. 0. 0. 0. 0. 0. 1. 0. 0. 3.
5 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
6 0. 0. 0. 0. 1. 0. 0. 0. 0. 1. 0. 0. 0. 0. 1. 0. 0. 5.
7 0. 0. 0. 0. 2. 0. 0. 0. 0. 0. 0. 0. 0. 0. 1. 0. 0. 4 .
8 0. 0. 0. 0. 2. 0. 0. 0. 0. 1. 0. 0. 0. 0. 2. 0. 0. 7.
9 00| O. 0. 0. 4. 0. 0. 00| O. 2. 0. 1. 0. 07| 3. 0. 0.] 11
10 00| O. 0. 0. 2. 0. 0. 00| O. 2. 0. 1. 0. 05| 2. 0. 0. 84
11 00| O. 0. 0. 04/ 00| 00| O0O| O. 02| O. 02| O. 01f 06| 00| O. 15
12 00| O. 0. 0. 2. 0. 0. 00| O. 1. 0. 09| O. 04| 2. 0. 0. 7.
13 00| O. 0. 0. 08/ 00| 00| 00| O. 05| O. 04| O. 02 1 0. 0. 33
14 00| O. 0. 0. 05/ 00| 00| 00| O. 04| O. 02| O. 01f 06| 00| O. 1.
15 0. 0. 0. 0. 03] 00| 00| O. 0. 02| O. 01| O. 01| 04| 00| O. 1.
16 0. 0. 0. 0. 01| 00| 00| O. 0. 01| O. 01| O. 0. 02| 00| O. 06
TOT 0. 0. 0. 0./ 22, 0. 0. 0. 0.] 11 0. 7. 0. 3.1 21) O 0.| 67
L
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Tabl26 Esti mated Existing Nonresidenti al FI oorspace I mpacted by
Climate Zone and Buil ding iTDyAeS (Mil Il i on Square Feet)
Cli|ApalAss Gro_Hos Hot |Of f|Of f|Of f Of f Res|Ret ReF Ret Sch
t e tm_emblery|taSmaeLafaMe.eMeeSmaurILaIM|lStRetScthWarTOt
Zon |t Hi I ge |iumiumlal |l |nt Fle dUs | Stjol P hou

Ri s ab st F dAl Mal lmar|S9"e NR

od ne ary
1 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
2 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
3 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 1.
4 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
5 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
6 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
7 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
8 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 1.
9 01 O. 0. 0. 02| O. 0. 00| 01| O. 04| O. 01 O. 02| O. 0. 1.
10 00| O. 0. 0. 01| O. 0. 00| 01| O. 03| O. 0. 0. 02| O. 0. 1.
11 00| O. 0. 0. 0. 00| 00| O0O0O| O. 0. 0. 0. 0. 0. 0. 00| O. 0.
12 00| O. 0. 0. 01| O. 0. 00| 01| O. 03| O. 0. 0. 02| O. 0. 1.
13 00| O. 0. 0. 0. 00| 00| 00| 01| O. 01| O. 0. 0. 01 01| O. 0.
14 00| O. 0. 0. 0. 00| 00| 00| O. 0. 01| O. 0. 0. 0. 00| O. 02
15 0. 0. 0. 0. 0. 00| 00| O. 0. 0. 0. 0. 0. 0. 0. 00| O. 01
16 0. 0. 0. 0. 0. 00| 00| O. 0. 0. 0. 0. 0. 0. 0. 00| O. 01
TOT 0. 0. 0. 0. 1. 0. 1. 0. 07| O. 2. 0. 03] O. 1. 1. 0. 8 .
L
2022 Title 24, Part2 G2NIRH¥ ACBIICRBIDE Re



Tabl27 Esti mated New Nonresidenti al Construction | mpacted by Proc
Building Type (MilTExbhausStguAire Heat ) Recovery

Cli|ApalAss Gro_Hos Hot |Of f|Of f|Of f Of f Res|Ret ReF Ret Sch
te |[tmembljeryl|lital|SmajelLajeMeleMeleSmaur|l La|l Mi Ret|Sch Wa r
Zon |t Hi I ge |iumiumlal |l |nt Fle dUslStIStoIPOIShouTOt
Ri s ab stF d Al Mal [mar |2 e NR
od ne ary
1 0. 0. 0. ( 0. 7
2 0. 4 0. 1 0. ¢
3 0. (
4 0. (
5 0. (
6 0. (
7 0. (
8 0. (
9 0. (
10 0. (
11 0.7 0. 1 0. 1 0. ¢
12 1. ¢ 0. ¢ 2. ¢
13 0. 0. ¢ 0.
14 0. 0. 0. !
15 0. 0. ] 0.
16 0. (¢ 0. ( 0. ( 0.
TOT 0. 0. 0. 0. 0. 3. 0. 0. 0. 0. 0. 0. 0. 0. 0. 2. 0. 6 .
L
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Tabl28 Estimated Existing Nonresidenti al FI oorspace I mpacted by
Climate Zone and Buil di ng Ti1TEyxphea u(sMi |Aiiro nHeSaqgtu aReec oFveeerty)

Cl i ApaAssGro_HosHotOffOffOffOffResRetRef[Ret Sch

te |[tmembljeryl|lital|SmajelLajeMeleMeleSmaur|l La|l Mi Ret|Sch Wa r

Zon |t Hi I ge |iumiumlal |l |nt Fle dUslStIStoIPOIShouTOt

Ri s ab stF d Al Mal [mar |2 e NR
od ne ary

1 N/ N/ N/ N/ N/ | 0. 7 N/ N/ N/ N/ | 0.7 N/ N/ N/ N/ | 0. ¢ N/ | 0. 4
2 N/ N/ N/ N/ N/ | 1. (¢ N/ N/ N/ N/ N/ N/ N/ N/ N/ | O. % N/| 1.1
3 N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ | 0. (
4 N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ | 0. (
5 N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ | 0. (
6 N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ | 0. (
7 N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ | 0. (
8 N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ | 0. (
9 N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ | 0. (
10 N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ | 0. (
11 N/ N/ N/ N/ N/| 0.4 0. % N/ N/ N/ N/ N/ N/ N/ N/ | O. % N/ | 1. ¢
12 N/ N/ N/ N/ N/ | 4. % N/ N/ N/ N/ N/ N/ N/ N/ N/ | 2.4 N/ | 6.
13 N/ N/ N/ N/ N/ | O. 7 N/ N/ N/ N/ N/ N/ N/ N/ N/ | 1.7 N/| 1. ¢
14 N/ N/ N/ N/ N/ | O. N/ N/ N/ N/ N/ N/ N/ N/ N/ | O. % N/| 1.
15 N/ N/ N/ N/ N/ | 0. 5 N/ N/ N/ N/ N/ N/ N/ N/ N/ | O. N/ | O. ¢
16 N/ N/ N/ N/ N/ | 0.4 0.7 N/ N/ N/ N/ N/ N/ N/ N/ | 0O. 1 N/ | O. ¢

TOT 0. 0. 0. 0. 0. 8. 0. 0. 0. 0. 0. 0. 0. 0. 0. 5. 0.] 15|

L
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Tabl29 Example of Redistribution2©@3®NeMi scell ane

Construction in Climate Zone 1
Buil ding 202 Di stri Redi stri Revi s
Forec Excl ud¢ of 202
(Mil|Miscellag Miscellz Forec
Square Categ Categ ( Mi |
[ A [ Bl (MillionSquare
Fee [E] = A
[ C] 4H DB
0.41%
Smal | Of 0.0 7 % 0.0 0.0
Lar@fefic 0.1 219 0.0 0.1
Restaur a 0.0 3 % 0.0 0.0
Ret ai | 0.1 2009 0.0 0.1
Grocery 0.0 5 % 0.0 0.0
NoNn 0.0 1509 0.0 0.1
Refriger
War ehous
Refriger 0.0 1 % 0.0 0.0
War ehous
School s 0.0 9 % 0.0 0.0
Col l eges 0.0 5 % 0.0 0.0
Hospital 0.0 7 % 0.0 0.0
Hot el / Mo 0.0 8 % 0.0 0.0
Mi scel | a 0.1 N/ 0.0 0.1
[ D]
TOTAL 0.6 100 0.1 0. 83

2022 Title 24, Pari2 G2NIRH¥Y ACBIIQBSE Report



Tabl80 Percent

oFfl olompsépgatc&d i | di(MNe wlTyYCmenstruction)

Buil dieg Typ Prototyp¢g Compos.i Perceqdf | mpAceébayd Proposed M
i j- of Bui
Buil di-nygpesub Type ) VA\f Expa E AT 5OA
Subt y¥p! eadbgEconom
Small Office Of fice N/ 0 % 0 % 0 % 159
Large Offices N/ A N/ 100 0% 100
Large Office Of ficeMlM 509 100 0% 100 159
Large Office Of fice 5009 100 0% 100 0 %
Restaurant Restaurant N/ 0 % 100 0 % 0 %
Ret ai | RETA N/ 0 % 159 7559 1 %
Ret ail Retail St i 109 0 % 0 % 0 % 149
Ret ai l Ret ai l 759 0 % 0% 100 149
Ret ail Retail S 5 % 0 % 100 0% (not incl uf
Ret ail Ret ai | Mi 1009 0 % 100 0% (not incl uf
Grocery FOOI N/ A 0 % 0 % 0 % 0 %
NofRefrigerated NWHS | N/ A 0 % 0 % 0% (not incl uf
RefrigéMaaedouse RWHS | N/ A 0 % 0 % 0% (not incl uf
School s SCHOQG N/ 4009 6009 4009 189
School School P 609 0 % 100 0 % 189
School School Sec 4009 100 0% 100 189
Col |l ege COLLES(¢ 90¢ 0 % 4559 139
Col |l ege Oof fice 5 % 0 % 0 % 0 % 1509
Coll ege Of ficeMl 159 100 0% 100 159
Col l ege Of fi ceMe( 2009 100 0 % 0 % (not 1 ncl uq
Col l ege Publ i cAs 5 % 0 % 0 % 0 % (not 1 ncl uq
Col l ege School Se( 3009 100 0% 100 189
Col l ege Apart ment 259 100 0 % 0 % (not 1 ncl uq
Hospital HOS | 0 % 0 % 0 % 0 %
2022 Title 24, Part2 G2NIRH¥ ACBIICRBSIE Re



Hotel / mot el Hot el ¢ | 0 % 0 % 0 % 179
a.Presents the assumed composition of the mai n2 @BCAISE rRge ptoyrpge caasstsaugrerdy thhye tshae
building subtypes.

b.When the buildingftymud tiisplcecomudsteydbes, trhai mvieuialldi mercaetnd agrey fwas tdha&l cul a
of each subtype.

c.Percent of exi stwiorud éf lad dreg ppalc e utr h a2t 2t laen dfairrdsst ayear nt led f ect .

2022 Title 24, Pari2 G2NIRHY ACRIICBSE Re



Tabl&Percent

of

I mp a cbtye dB uF || odoi rhasgp @lcyeptei d n s

Buil dieg Typ Prototyp| Compos.i Percegqdf | mpArceébayd Proposed Me
Buil di-ngpesub of Bui VA Expal EAH DOA
Type Deadb Econom
Subt y¥

Small Office Of fi ce 09 09 09 09 3 %
Large Offices N/ 59 09 59 59 2 %
Large Office Oof fi ceN 59 09 59 59 3 %
Large Office Of fi ceg 59 09 59 59 0 %
Restaur ant Restaur ant 09 59 09 09 0 %
Ret ail RETA 09 19 49 09 0. 4
Ret ai |l Ret ai |l St 09 09 09 09 4 Y
Ret ai |l Ret ai l 09 09 59 09 4 Y
Ret ail Retail § 09 59 09 09 (not i1nclu
Ret ail Ret ai | Mi 09 59 09 09 (not i1nclu
Grocery FOO 09 09 09 09 0 %
NoRefrigerate (not inclu

War ehouse NWHS 09 09 09 09
Refrigerated RWHS 09 09 09 09 0 %
School s SCHOC 29 39 29 29 6 %
School School P 09 59 09 09 6 %
School School Se 59 09 59 59 6 %
Coll ege COLLE 59 09 29 59 4 Y
Coll ege Of fi cg 09 09 09 09 3 %
Coll ege Oof fi ceN 59 09 59 59 3 %
Col l ege Of fi ceMe 59 09 09 59 (not i1 nclu
Col l ege Publ i cAs 09 09 09 09 (not i1 nclu
Col l ege School Se 59 09 59 59 6 ¥
Col l ege Apart ment 59 09 09 59 (nonhcluded
2022 Title 24, Part2 G2NIRH¥ ACBIICRBBE Re



Hospital HOS 09 09 09 09 0 %

Hot el / mot el Hot el 009 009 009 009 6 ¥

a.

Presents the assumed composition of the main BBIASE mMRge ptoyrpge casstseugroerdy thhye tshae
building subtypes.

.When the building type is composed of multiple subtypes, btyheveadwéri aalgl tpher «e¢

of each subtype.

.Percent off lexdrsdwiached tahlatter ed dur i n@ 2t laer dfairrdst ayear nt red f2Q@Ct .

2022 Title 24, Pari2 G2NIRH¥Y ACBII@BTIE Re



Tabl®&2 PerckElnaomdlpmprcaect ed by PropobgdCMematieeZone
Cli mgPercent of Square Foot{Percent of Square Foo
Zone|l( Ne@wnstruction) (Alterations & Additi

VAV Expand VAV Expand
DeadbeEcgnomEAHR DOAS DeadszcgnomEAHR DOAS
1 29 % 11% 31% 100% 1. 6% 0.6%| 1.69 5%
2 29 % 11% 16 % 100% 1. 6% 0.6%| 0.99 5%
3 33 % 10% 0 % 100% 1.8% 0.5%| 0.09% 5%
4 33 % 10% 0 % 100% 1.8% 0.5%| 0.09% 5%
5 31 % 11% 0 % 100% 1. 7% 0.5%| 0.09% 5%
6 32 % 10% 0 % 100% 1.6% 0.6%| 0.09% 5%
7 27 % 11% 0 % 100% 1.5% 0.5%| 0.09% 5%
8 33% 10% 0 % 100% 1. 6% 0.6%| 0.09 5%
9 36 % 9 % 0 % 100% 1. 7% 0.5%| 0.09 5%
10 18% 13% 0 % 100% 1. 0% 0.7%| 0.09 5%
11 19 % 12 % 17 % 100% 1. 0% 0.6%| 0.99 5%
12 26 % 10% 14 % 100% 1. 4% 0.6%| 0.89% 5%
13 17 % 14 % 10% 100% 0. 9% 0. 7%| 0.69%9 5%
14 23 % 13% 12 % 100% 1.1% 0. 7%| 0.69% 5%
15 14 % 12 % 9 % 100% 0. 7% 0.6%| 0.49 5%
16 20% 13% 19% 100% 1.0% 0. 7%| 0.99% 5%
TOTAI 29 % 11% 4 % 100% 1.5% 0.6%| 0.29% 5%

2022 Title 24,
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AppendimbeBd&éectricity 1 n Wa
Met hodol ogy

The foll owingsmepladdl emryoop otsbeddehEBAbj®c ause 1t i
the only measure with water savings.

The Statewide CASE Team assumed the foll owing
val wes8:48 kWh/ million gallons of watnmeirl Ifioorn i nd
gal Ifoors out dooEmiwvetdedusbkecihdiooirt watee UuGe i noc

el ectusedtfyor water exttrreecattinobempto t a b,V ewaqtuearei t vy
di stribution, wasaewawaetsit €athbmemdtddoend el ectri ci
out door water alesneerignyc luussceess upstream of the cust

i nclude wastewat avia sdtterlwdaatermme mtin. The embedded el
do not i-sctedenengy uses for wateers,itseuch as w
pumpiOmgi te energy i mpacts are accounted for i

presen$edtSi.aBf this report.

These embedded electricitgsealobhstaoapdePtd€di ve
Rul emak-iL 8gl.11 3 he CPWC metdudy quantify the embed
saviamgsoci ated wi tphr olgO W nmse stewatttissaiey i ngs, and th
findingsthepmotsdatugpp research émbeteeCP&Cengy |
wattehhrr oughout( Qalliiffoorrmiiaa Publ i c Utilities Comm
Public Utilities CommhesCRPWC (LRPAUICY s i20 1wBdy | i mi
eval uateimmbge didneed eilmeacttenrideidiooyt i ncl udeaémbadded
gas i n wetrert htilsi 3 e@A®B, Report does not includ
embedded natural gas savings ,aBeoghatkd &mbaéad
electricity values can hesacss amed tomilBasventshde
gr-ddmanded electricity in general

ThepecCGAHUQ embedded el ectricity valuesnused ir
i Mmabl2®3 These values represent the average ene
which are based on the historical supply mix
the el ectsrupcpbnydd-hh@duppkl ed))ri dihty CPUC cal cul
the energy intensity of marginal supply but r
no-hOU energy intensity to estimate total stat
water use in California.

2022 Title 24, Pari2 G2NIRHY ACBIHIQRBIE Report



Tabl&FEmbedded Electricity in Water by Califor
Resources Hydrologic Region (kWh Per Acre FooO

Extraction, Wastewater Outdoor

Region Con;reyance. and Distribution Collection + (Upstream of C:;lrﬁ;g;gﬁllls)
reatment Treatment Customer)
NC 235 163 418 398 816
SF 375 318 418 693 111
cC 513 163 418 677 1,095
SC 1,774 163 418 1,937 2,355
SR 238 18 418 255 674
SJ 279 18 418 297 115
TL 381 18 418 399 817
NL 285 18 418 303 21
SL 837 163 418 1,000 1,418
CR 278 18 418 296 114

Hydrologic Region Abbreviations:
NC = North Coast, SF = San Francisco Bay, CC = Central Coast, SC = South Coast, SR = Sacramento River,
S] = San Joaguin River, TL = Tulare Lake, NL = North Lahontan, SL = South Lahontan, CR = Colorado River
Source: Navigant teant analysis

Sour(ce@alifornia Public Utilities Commission (CPUC) 2015

The Statewlhasem CASS&Ed CPUCO6s indoor and outdoor
estimates by hydrol ogabl 34 qinadn p(oprud saeg n toend diart a
hydrol ogic regCensusoBWt BaulCedhsus Bureau, Pop
Di vi si otnho 2d0all4qul at e t h e -wsetiagthetweidd ea vpeorpauglea tiinodno o
outdoor embedded electricity valuesTahhe were
13)4. The energy intenSJiaby2val @ecopvestadefdr om
acre foot to kWh per million gallons to har mo
analysis. There &eet3p?7 million gallons.

Tabl®&4 Statewi de-WPopultadi dmerage Embedded EI ec
Wat er

|l ndoor OutdoorPercen
Hydr ol ogi ¢ Regi on Wat er {wat er (Califo
y g g (KWh/ mi(KWh/ miPopul a
n

gag$)l ¢<n gag)l ¢n

North Coast 2,504 1,221 2. 1%
SakRrancisco 3,410 2,127 18. 2%
Centr al Coast 3,360 2,078 3.8%
South Coast 7,227 5,944 44. 8%
Sacramento River 2,068 783 8. 1%
San Joaquin River 2,194 911 4. 7%
Tul are Lake 2,507 1,224 6. 3%

2022 Title 24, Pari2 G2NIRHY ACBHQADE Report



Nort h
South
Col

Stat ewi
Average

Lahont an
Lahont an
orado River
de PMep uglhatteido |

Census
2016)

Sour ddJsS.
Resour ce.s

Bur eau,

2022

2,213 930 0. 1%
4, 352 3,069 5. 5%
2,191 908 6. 5%
4,848 3,565

Paom(uC altii foonr mMii av i Ba panr t2relmt) o f

Title 24, Parit2 G2NRHY ACBHQASE Report



Appendi En€i ronment al | mpact:

Greenhoudqde&H®@Ns ssions Factors

As directed by EnerGHG EGonmmmiedirgemtsn ummalaiemlg use
ot hever amiessfiaatspreci fied in the United States
Protecti olwS.BEB PEciyss(i ons & Generation Resource
(eGRf PDhe tWestern Electricity Coordination Court
subre@uUnited States Environment &lhiBr ethesatriecn /
consistency between state and federal esti mat
The el ectrisdiatcyg ok mufcrad mdt he e GRI Dnedatia itonx40.
COz2 p&WhTh&8ummary Table fromaamGraivera@Ek6 eme sah (i
of 529.9 pounds CO2e/ MWh for the WECC CAMX su
t met rtoincs / GWh

Avoi ded GHG emi ssions fartdmirbauttarbd le ¢ as ssoaivwicreg
ut i-sddalye el ectri cal cpaolweuwl agteende ruadtia msge eanti esf si i eodn

i Chapter WMU.&H.ofEPRANMsSs | ati on of Air Pol l-442)@ant En
(United States EnvironmenTh#WtSEPAbDeceBbONMAYgeBnc
GHG pollutants that are emitted during combus
natural gas are: LXeCaobibapiPubdspoi0@O&NDIT Bdus

Oxi de) and 2CH3( Mtolugmmse od mi ssi opO vaaslsuwemefdo rt hNa t

NOx burners are used in accordance with Calif
The carbon equi valeaethdiwevraech besal at et by multiply
gl obal warmi ng phaeGalhiaflosr (iGWPAi r uRedotinces hBo
200200 1&@HG mMi ssi on ,i mhe rcthoray e colnGlea®WhRs$ hewit t h t
t hlet ergovepPamelntand Cl i matidn Glhaemgd assessment |
(AR h&6WPf ocbOan@GHar2z298nd5 r espedstiingelay .nomi nal v
of 1,000 Btu per standard cubic foot of natur
factor for natural gmsetcopeouomiildn oinsthesdnd. 4

GHGEMI ssions Moneti zation Met hodol ogy

The 220D nercepy accstu seidn t he | i-dfefceggctlievemesds anal
include the monetary value of avoided GHG e mi
costs (not .Socafalt teoshrsgft CASE Reportds date
Commi ssion has not released the fiwaul 4DV f ac
showmometary value of avoided GHG emissions u
those used for the 2022 TDV factors.

2022 Title 24, Parit2 G2NIRHY ACBHQARE Report



Water Use and Water Quality | mpacts Met
Of the four measures opt lge&E&mtaiursg I1An rt He ant e Rercto

measwrasgni fi mpatts onFwat BINACsemeasures, water
obtained when reduci ng -ccoooolleidn gs ydsetneaomsd. flonrd ewa tt
Air Heat Recovery Measure, only the OfficelLar

model s had boctoholsiingnirfeidcuatniti o 2 € daoniva td e sDyuset e ms .
t o ¢lhiemapeacci ficity of this measure, only eight
i mpacted.

The Statewide CASE TE@am wuti putze dit MeBEECew anli n e

reductwaotnsragee on t he fcwrolaeagh tiomepacted cl i mat e
normali zed those savasngshdvenbiipiadeb® B2d tl ang e
ordeextteend this to tshiag ewaldee iwvnpacmwsl, ti plied b

stat eiwnpdaect ed square footage.

I n order to calculate the embedded energy sav
the fAStatewi-Wei Plhotpaud aATdnbPecd eéxnt i mat e t he ene
saings resulting from this water reduction.

2022 Title 24, Parit2 G2NIRHY ACBHQASE Report



AppendCaxl IDf ornia Buil ding En
Compliance (CBECC) Software

| ntroducti on

The purpose of this appendix is tbommresgnt pr
with the supporting documentation that the En
support cwotimeéed otre approve and i mpl efnteent t he
software changes are organized by measur e

Appendi AWI1Deadband Airfl ow

Telkni cal Basfitswdroe Change

VAV deadband airflow control i s a mature tech
addresSedtd.onThe current Standlae dl dDegeégnofkp2e
percent of peak primary airflow or The dewi gn
prescriptive criteria floirs VAd e 8ildathidamesft b
requirement to consider 20ampelrcpreici 6f egeak pwo
tohe demsmigmwmdoor a,i randow wutalti nes other key v
simul ate the performance of these systems in

Description of Software Change

Background Information for Software Change

This report tdlees camidbeigmuim door acanhl|l lobev r@mpl e me n |
in CBE&CE orAV deadband airfl ow

Existing CBECC-Com Modeling Capabilities

CBEGCom current hg BbdatarAdv Dleesaidgprand tahea f | ow t
|l arger of 20 percent of peak paoutmhoogr aa.irrf fl loovw

Summary of Proposed Revisions to CBECC-Com

The proposedschaibgeSazxstnidetnudi ng primary buil di
types, zowolniemat eor systems that are predominant |
CBEGComvouhded to beamgpdisti ¢dhet &t andard Design
airflbewetqat dale tdemsnmnigmwrmdoor a.irflow rate

2022 Title 24, Pari2 ®G2NRHY ACBHQAISIE Report



User I nputs-Com CBECC

No changesnpotssare needed to support this me

Si mulation Engine I nputs

EnergyPlus/California Simulation Engine Inputs

Tabl25ummari zes EmMergelRepustntvari able and corre
variabl e nanrteom nl CBENCG gy Rlaus abitle is | ocated i
BaseVAVBoXx oTbrj nHdUWond(fk e

Tabl®5 EnergyPlus I nput WaAM adbel aedsb aRed eAviarnftl otwo
Target EnergyRiusecCimassal =Singl eDuct: VAV

CBEGCCom wuser
EnergyPlus Fieinput/specified Uni tNot es
(i f applicabl e)

Name Name

Constant Mi ni

m.,,. ,
Eraction Mi n . Primary FI Non

|- =sss======= ALL OBIECTS IN CLAS5: AIRTERMINAL:SINGLEDUCT:VAV:REHEAT ===ss======

AirTerminal:5ingleDuct:VAV:Reheat,

BaseViVBox TrmlUnit, I'- Name

Always On, - Availability S5chedule Name

BaseVAVBox TrmlUnit Damper Outlet, !- Damper Air Outlet Node Name
BaseAirSyst Zone Splitter Outlet MNode 1, !'- Air Inlet Node Name
autosize, I- Maximum Air Flow Rate {m3/s}

Constant, I'- Yone Minimum Air Flow Input Method

8.2, !'- Constant Minimum Air Flow Fraction

. !'- Fixed Minimum Air Flow Rate {m3/s}

) '- Minimum Air Flow Fraction Schedule Name
Coil:Heating:lWater, I'- Reheat Coil Object Type

BaseVAVBox CoilHtg, !'- Reheat Coil Name

autosize, I- Maximum Hot Water or Steam Flow Rate {m3/s}
8.8, !- Minimum Hot Water or Steam Flow Rate {m3/s}
BaseVAVBox TrmlUnit Outlet Node, !- Air Outlet Node Name

g.8e1, I'- Convergence Tolerance

Reverse, !'- Damper Heating Action

autosize, !- Maximum Flow per Zone Floor Area During Reheat {m3/s-m2}
8.5, I'- Maximum Flow Fraction During Reheat

35.8; I- Maximum Reheat Air Temperature {C}

Fi gur7ie Ener goyoRldBests e VAVBox Tr ml Uni t

2022 Title 24, Parit2 G2NIRHY ACBHQASE Report



Simul ation Engine Output Variabl es

CBECGCCom generates hourly EnergyPlus simulati ol
analysis. These hourly simulation results can
energy modalbl e ofntpparetsitculnan his case woul d i

T Zone Air Terminal VAV -MHavVmMLe rAvRasigtei dn, hour
T Zone Air Ter minal Mi ni muaHVAA G ARvleorwa gFer afc]jt i o
T Zone Air Terminal Outdoor -AWC VoOMeairmnege | ow

[ M3/ s]
The existing algorithms for calculations, fiXx
proposed measure. No changes are needed.
Compliance Report
No change needs to be made for the compliance
Compliance Verification
The existing compliance reports are sufficien

are needed.

Testing and ContCGormmiMogd eGB Eh@C

The existhggabhdsconfirmation process are suff
No changes are needed.

Description of Changes to ACM Reference Ma
This information i2s.6avail able in Section

2022 Title 24, Parit2 G2NIRHY ACBHQASE Report



AppendZEx@®and Economi zer Requirements

Techni cal SBafstiwsarfeorChange

An -aide economizer is a matur e t eacdhdrroelsosgeyd iimn
Sect3.B2nror! Reference Bharcer mont f9umeldarfr debes
he threshold of 54,080 dBt eclontoonizequifrne @m@acdi
handl efrhe new prescaisptdiev e c oensottiadntlieead fioB . Bect i o1
redutctes t hreshold from 54, 0000 dBtow/th itnoe s3 30,t0ChCelr
variables needed to simul ate nt heen epregyf omonthenicien ¢
software.

Description of Software Change

Background Information for Software Change

This report tdldesoowmeirbecsoolocwvag bapampt gmented in
Conhoarmmi rsi de economizer

Existing CBECC-Com Modeling Capabilities

CBECCom current h$t anoddaerl ca H3ré slieg®e conomi zer with
tot al mechanical cooling capacity over 54,000

Summary of Proposed Revisions to CBECC-Com

The proposed changeaetiBniBdebuodi bgdprnm&ry build
space types, ,cbrmaysetemeeshat are predominant
CBECComvouheded to beamodisti ¢dhet &t anniddhe d Desi gn
economizer threshold to be 33,000 Btu/h

2022 Title 24, Parit2 G2NIRHY ACBHQASE Report



User I nputs-Com CBECC
No changes to user inpussmamsesuneeded to suppo

Si mulation Engine I nputs

EnergyPlus/California Simulation Engine Inputs

Tabl2ummari zes EmermgelRepustntvari abl e and corre
variabl e nanrteom nl CBENCG gy Rlaus abitle Bask8gabved i
OACHmwlbj d&adtg a(f.e

Tabl®6 EnergyPlus I nput VAW adlkel € oRe®lmewvamt t o

Target Energyeonmsr €l bes: Butdoor Ai r

CBEGCCom wuser
EnergyPlus Fieinput/specified Uni tNot es
(i f applicabl e)

Name Name

Economi zer Con Contr ol Met hod Non

2022 Title 24, Parit2 G2NIRHY ACBHQASBE Report



l-  =========== ALL OBJECTS IN CLASS: CONTROLLER:OUTDOORAIR ===========

Controller:0utdoorfir,

BaseSys7 0ACtrl, - MName

BaseSys7 0ACtrl OA System Relief Node, !- Relief Air Outlet Node Name
BaseAirSys7 Supply Side (Return Air) Inlet Node, !- Return Air MNode Hame
BaseSys7 0OACtrl OA System Mixed Air Node, !- Mixed Air MNode MName

BaseSys7 0ACtrl OA System OA Node, !- Actuator Node Name

autosize, I- Minimum Outdoor Air Flow Rate {m3/s}

autosize, I- Maximum Outdoor Air Flow Rate {m3/s}
DifferentialDryBulb, !- Economizer Control Type

ModulateFlow, !- Economizer Control Action Type

3 !- Economizer Maximum Limit Dry-Bulb Temperature {C}
641000.0, !- Economizer Maximum Limit Enthalpy {J/kg}

» !- Economizer Maximum Limit Dewpoint Temperature {C}
3 !- Electronic Enthalpy Limit Curwve Name

. !- Economizer Minimum Limit Dry-Bulb Temperature {C}
Nolockout, !'- Lockout Type

FixedMinimum, - Minimum Limit Type

BaseSys7 0ACtrl Schedule,!- Minimum Outdoor Air Schedule Name
I~ Minimum Fraction of Outdoor Air Schedule Name

»

BaseSys7 0ACtrl Max 0A Schedule, !- Maximum Fraction of Outdoor Air Schedule Name
BaseSys7 0ACtrl Mech Vent Controller, !- Mechanical Ventilation Controller Name

3 !- Time of Day Economizer Control Schedule Name

No, !'- High Humidity Control

» !'- Humidistat Control Zone Name

s !'- High Humidity Outdoor Air Flow Ratio

Yes, !'- Control High Indoor Humidity Based on Outdoor Humidity Ratio
BypassWhenOAFlowGreaterThanMinimum; - Heat Recovery Bypass Control Type

Fi gur8e Ener goyoHldests e Sy s 7 -20ACt r |

Simul ati on EnWarnieabQuetsp ut

CBECCom generates hourly EnergyPlus simulati ol
analysis. These hourly simulation results can
energy model . Variintbereesstofi np atrhtiisc ucdaasre woul d i

T Air System Outdoor Air -HcoACo Mivzearag®t dtjus, h
T Air System Outdoor Ai-HVEACoWwvEragei ph, hourl

T Air System Outdoor Air Mi-HVMALM AKrIeova gker act i
The existing algorithms afnar |dari duwltatoinesn sa,r ef isxu

proposed measure. No changes are needed.
Compliance Report

No change needs to be made for the compliance
Compliance Verification

The existing compliance reposted meassutfi dlben

are needed.

2022 Title 24, Parit2 G2NIRHY ACBHQADE Report



Testing and ContCGormmiMogd eGB Ehn@C

The existing testing and confirmation process
No changes are needed.

Description of Changes to ACM Reference Ma
Thi s i nnf oirsmaatviaoi | ad.l& i n Section

2022 Title 24, Pari2 G2NIRHY ACBHIQADE Report



Appendi x D3: Dedi cated Outside Air Syst

Technical Basis for Software Change
Currfenntct i onal FQoym idno eGBEXQG st for DOAS wunit an
cooling component configurations. Additional
currently dbDbradfttedCASE ARdphaorrtt | i st of the i tem

conteawnodube further deFienaolpeGQASB T rRetphoert :
1 .Heat recovery default effectiveness values
2.Bypass control capabilities and defaults

3.HRV/ ERV supply @adonttempeoabaducenstanéror to
based on outdoor air reset.

4 DXDOAS control defaults for the supply air
from the unit i1itself.

5.Space conditioning fan control defaults. Pr

-

the software of when zone fans can cycl e be
confriagu on.

6 .Mul tiple speed zone fan controls for fan cc

Many ofenhhaenscecewmenti@d based on the control funct
Appendindolubed descri bed heKFienaln QASBIiReportt he

2022 Title 24, Pari2 G2NIRH¥Y ACBHQASE Report



Appendd xlE®ust ARecHeaty

Techni cal SBafstiwsarfeorChange
Exhaust air (heeAHIRgr emadwearey t echnol ogy used to c

cooling energy by tempering incoming outside
The measure propoded]| dna&dcpresacriptive requi
air handling systems meeting specific criteri

cost effective.

Descriptifamwaafe £dange

Background Information for Software Change

Exhaust air heat recovery i€oml asadycompl emen
option for the proposed design. This proposal
handling systems t or dquwilruedle. EAHR wher e

Existing CBECC-Com Modeling Capabilities

CBECComl|l ready supports EAHR systems as a comp
design. model

Summary of Proposed Revisions to CBECC-Com

The proposedschaibgeSdxstddamic | mdirndhandl er criter
climate zones where EAHR woul.d CBECGEOwWpuéslcri pt
need mmpl ement EAHR in Standard Design air hanc
Tabl2andabl®Bel ow (copied.fJr@&2m Secti on

2022 Title 24, Pari2 G2NIRH¥Y ACBIHQARE Report



Tabl®&7 Proposed Requirements for EAHR for
Less tOh0aOnh HBour s per Year
ASHRAE%Out dooat AFul | Design Airfl ow
Climate109%020 % 0309% 040 % O50% 060 % O70%| 080 %
Zone 13nd |and |land |and |and |and |and
<20%|<30%|<40%|<50%[<60%|<70%|<80%
Design Supply Fan Airfl ow Rate, cfm
01 N R 615, (013, {610, (69, 0|07, 0(06, 5(04, 5
02 N R 620, (015, {612, (610, (O7, 5(07, 0(06, 5
03, 5,NR N R N R N R N R N R N R N R
8
04 N R N R N R N R 018, 016, (015, (014,
09 NR N R NR N R NR 620, (017, (015,
10 N R N R N R 622, (017, (015, (014, (013,
1116 |NR 618, |015, {610, (068, 0|07, 0({05, 0(02, 0
Tabl®8 Proposed Requirements for EAHR f or
Greater than or Equal to 8000 Hours per Y
Califo|% Outdoor Air at Full Design Airf]I
Climatigioowo20%030%040%050%060%070% 080 ¢
Zone and |and |and |and |and |and |and
<20 % <30%<40%[<50%<60%<70%<80%
Design Supply Fan Airfl ow Rate, cf
01 010, |02, 0[(02,0(02,0/02,0[(02,0(02,0/(02,0
02 010, |05, 0{03, 0({02, 0/02, 0(02,0(02,0(02, 0
03 N R ©13,|610, |08, 0(07, 0{06, 0/06, 0|06, O
04, 5 |NR 09, 0|06, 5/06, 0(/06, 0|06, 0/0O5, 0|05, O
06, 7 |NR N R N R N R N R N R N R N R
08 N R N R N R N R 620,|018, |015, |[012,
09 N R N R 015,012,010, |09, 0[08, 0|07, 0
10, 11/0640,|015,|07,5|06, 0{05, 004, 0{03, 0{03, 0
12 020, |05, 0{03, 0{02, 0|02, 0[02,0(02,0/02, 0
1316 010, |05, 0{03, 0{02, 0|02, 0(02,0(02, 0(02, 0
2022 Title 24, Parit2®G2NIRH& ACBHRASE
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User I nputs-Com CBECC
N o

Si

changes to user inputs are needed to suppo

mul ati on Engine | nputs

EnergyPlus Inputs

The following bullets describe the changes to
the prescriptive rTeagodiZOemenatr i zers EMeRgglPéwant
nput variables needed to simulate EAHR in th

T

Energy recovery is available only during p
i s not in operation (outside air temperatu

Heating and cool hmgsedaeredy eifn atthhe isex transf
supply via fixed plate heat exchanger equi

Energy recovery performance is assumed at
recovery ratio. This perfor mancier @mse rcto nfsdrs
ventilation systems and Dedicated Outsi de

The added static prbeassseudr leatt ospeEmsé&re@mm or |
recovery device, otheo tbhaatediilnFaallreubd4d
Power LimitatioAd] Psesment ewDrlopn Title 24,
140 AGHRASE and®ar.dd Sectiusmes6am. 2qgli val ent ta

2.2 1T WEnergy RedOvéeryWRat per aitlt)stream (E
(I & ands for inches of water col umn,

o EnergyPlus does not have the ability to d
based on whether airstreams are bypassing
this simulatimat astsupmressaurce® drop adj ust m
throughout the simulation based on this e

o There is an adjacent effort by the Statew
credits and penalties for fan systems. Th
woul d ntédekcupe essure drop adjustment from
Statewide CASE Team did not i mplement the
anal ysi s.

2022 Title 24, Parit2 G2NIRHY ACBHQASIE Report



Tabl&9 Modifications Made to Standard Design
Object siParamei|Standa|Proposed Design Par ame
Modi fi el[Names Design

Par ame

Val ue
AirLooplCompon(N/ A (a(Heat Exchanger: AirToAir
OQutdoor|Object
tem: Equ
tList
AirLoop/Compon(N/ A (al(fEnergy Recovery Wheel

Obj ect
Heat Exc/|[New Ob|N/ A (a(fEnergy Recovery Wheel
r:AirTo
si bl eAn
NodelLi sINode NN/ A (a(ER Supply Outl et Node
OQutdoor/|Outdoo|Outsi d(ER Suppl No@etl et
Xxer Stream|lnl et
Na me
Fan: Var|PressulVaries|Per TablBe2.1240t. WENner gy
ol ume Ri se mo d e | Ratii0to. 5 | WC, per ait)st
Si muileat Engine Output Variabl es
No change needs to be made for the compliance
Compliance Report
No change needs to be made for the compliance
Compliance Verification
The existing compliance reports are sufficien
are needed.
Testing and ContCGormmiMogd eGB EhW@C
The existhggabhdsconfirmation process are suff
No changes are needed.
Description of Changes to ACM Reference
This information i5s.6available in Section
2022 Title 24, Part2G2NIRH¥ ACBIICASE Report
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Appendimpac€Cemplfi ancenProces
Mar ket Actor s

Thiappemndisx utssvwe st dieommended compl i whtehpreces
descr ideddti.ald .5¥4..515..61c duilmdpaa@atr i ous mamTlhét eactor
140deingtshfe mar ket waoapblay whoole in complying w

change, the t aswkosubfdeswpwbnshbltédeytheir objecti
the tasks, omew tchhpedeprchhppnge coulwdrikehp @aevd t heir
ways negative i mpacfihe cionufl adr rmheet indirh bdgdafi seadane d |
s u mma rkye fyefe dkb atche St at ewi de CWBEnTepmakéengi ved
mar ket actors about the compliance implicatio
Appendcgiuxmnmiari zes the stakehol der engagement th
conducted wheanderveefliomiimg t he code change pr oy
information on the compliance process.

Bel ow is a summary of proposed amhda regd s rtce nemea
process as a result of the measures presented

T VAV Deadband Airflow requires different in
mechanical drawings rel aHewe vtehrifsh ec hdaenagdeb a n
wout dt wi trhrienntt hceo cpul i anweu iwatr kifd adv tacn dany
changes or. new tasks

T Expand Economi z e ulRagatnhdexmernti ng economi zer
compl ifamaonewnt & a small er capawbtufydr awigehi i@
the current c¢ompdwoaunhcoet wWoerakdf I[toow samgni fi cant
Howeyechanges to an existing exception may

T DOA®ouddprescriptive requiremehhiss foha MDA S
woutdt within the cur rweinth csoingpnliifa hcoasmstw onrokdfi |
DOAS syshemswowbeed expanded to include more
ventil ati on.

T Exhaust Air Hweoaut eRjeuciorvee reyx:haust air heat re
be installed under specifi cwauwindti twiotnhsi.n Htol
cur rceomtpl i ance wworukhfdltow eaardd t o signi ficant ¢

2022 Title 24, Pari2 G2NIRHY ACBIHIQASE Report



Tabl40 Rol

es of

Ma thlelert o Acd ®d sCompl i ance

Process

Mar ket|Task(s) 1In C(ObJeCtIYe(S.) How Proposed CO(Opporf[unltles
Compl eComml i ar Negative | mpa

Actor Process Could I mpact Wor .

Tasks Compliance Re

HVAC T VAWDWeadbiand |f VADeadb:anHkas VAWDeadb:anAlckno|ALL:

Desi gn Ensuring th I denti fy the deadbaindf | ow clyY Training to
vol ume of p airfl ow Wout make sure to u CBEGCom Mode
does not ex ut i gainmee mechanical sch soft whmaeges.
requirement documentati o sequence of op|qg Need to unde

f Expand Econ previous cod other related changehetdol
Requirement | Expand Econo Expand Economi f or:ms
Coordinate Requi r efa@siyos Requiremekhnewl { o0 NRC-MCHO2
supplier to I denctoinfpyl | an new capacity r o NRCMCHO 5
economi zer wo ull §l ea nmee economi zer s, M o NRCMCHO 6
install atio documenasatio il ndicate how n o NRC®ICHE
with contro previous wod met in design.

) . . o NRC@®RHE

for FDD mi nor mod.i fi DOA E:n s usrped d ie d
T DOAS: N/ A T DOAEnsur e DOASystsmeet s t
1 EAHR N/ A ventil ati on newriteria.

are met EAHFMEDN g1 s ymsdeet]

T EAHMENsur e he new r eduiWoeuntedn

recovery req need to coordi

armet and op controls team

heat recover bypass control

cooling and

capacity reqg

reduce costs

2022 Title

24,

Pari2 ®G2NRHY ACBICATE



Objective(s)

Opportunities

Mar ket|Task(s) I n Cgq . . How Proposed Coc¢ .
Compl eComml i ar Negative | mpa
Actor Process Could I mpact Wor .
Tasks Compliance Re
HVAC T VAV Deadwaandy VAV Deadband VAV DeadMeamdani|f VAV De a dl aenad
Contr o mi ni mum ai-r and _easily d schedwd emseded t ¢ define_d airf
c . pl ans reqguirements changed mechanical s
on f Expand Econ design docunq Exp&anEconomi ze|] DOAS Changes
RequireBbmesanu | Expand Econo Requirekead st o scope from p
Ec onontioznetrr ( Requirements aware of projects are
are i mpl eme and easily d DOAEnsuring he outlined to
1 DOAN/ A requi rements recovery bypas subcontracto
f EAHR:/ A scope configured. En|Y EAHR: Bypass
T DOAN/ A supply air con controls or
T EAHR:/ A mi ni mum criter wheel contro
l ess with acti clearly out.|
EAHR: Ensure e cotnr ol s subc
bypass @ortr ol
i ncorpprapedl| vy
Accept M VAV Deadban|Yf VAV Deadband Expand Economi |ALL:
Test 1T Expand Econ|f Expand Econo Requirements: |1 ATT Training
Techni Requirement Requirements| AT Tests, noti changes to N
Economi zer complete con economizer r1eq documents
( MCH) 1 DOAS: N/ A document s DOAS: Perform
9 EAHR: N/ A 9 DOAS: Qui ckl Test, noting n
compliance d requl rements
1 EAHR: N/ A EAHR: Perform
Tests, noting
requirements f
Recovery
2022 Title 24, Part2®2NIRH& ACEHQRASBE



Objective(s)

Opportunities

Mar ket|Task(s) I n Cgq . . How Proposed Coc¢ .
Compl eComml i ar Negative | mpa
Actor Process Could I mpact Wor .
Tasks Compliance Re
Pl ans ALL: ALL: T VAV De ad\beaendds: t/ALL:
ExaminlT |l denti fy relf Quickly and revi_ew VAV Box|Yf Compance doc
requirement determine re confirm | ower coul dvaut by
f Confirm dat based on sco found for i mpl compliant wi
documents i|T Quickly and Expand Economi standards.
compliant determine if RequirevMmeads :t | Record compl
f Confirm pl a document s me review Mechani documents in
specificati requi rements t o confirm pr e easily compa
data on doc|Y Quickly and economi zer pl ans.
f Provide cor determine if DOAS: N erealise Wi 0
comments if match docume Me c h arSiccheldul e
9 Quickly and co_nfDOA_rrS Ssystenr
provide corr Criteria
comemt s wolnad EAHMeedgs etvo ew
resolve i ssu Mechani cal Sch
confcieermt i fi ed |
device instal/l
fan systems. N
controls capab
bypass damper
2022 Title 24, Part2 G2NIRH¥ ACBIICAIDE Re



Mar ket|Task(s) In C(Objectlye(s_) How Proposed CO(Oppor_tunltles
Compl eComml i ar Negative | mpa
Actor Process Could I mpact Wor .
Tasks Compliance Re
Cx Age VAV Deadban|ALL: VAV De adWoaunindg:e ¢ AL L :
Airflow: Vel Quickly and to be aware of|T Attending t1
operation vali date reqg deadband airf]l code change:
Expand Econ|f Quickly and Expand Economi|f Work with pil
Requirement determine ifl RequireWewheed Cx orgs to (
Economi zer documents me verify operat.i sheets on c(
anBDD requirements| economizers on changes
DOAS: Verif|f Quickly and DOASouheéeded to
ventilation determine if proper SATomand
requirement mat ch docume DOAS and WwWAHRI:
EAHR: N/ A f Quickly and need to verify
provide corr proper control
comments tha damper or reco
r es oilsvseu e controls into
9 Quickly and testing and Fa
observe veri| and Diagnostic
control s
CEC N/ A N/ A N/ A ALL:
T Need to i ncoq
chang&€8EGE
Com Model i n({
T Need to coni(
CBEGComo &t wa
training upf(
1T Creasted ecti o
for compl i arl
T Need to coniq
industry tr:;
T Needmdloe chg
t © hreel evant

2022

Title 24,

Pari2 G2NIRHY ACBHIQADE Re



Mar ket|Task(s) 1In C(Objectlye(s_) How Proposed CO(Oppor_tunltles
Compl eComml i ar Negative | mpa
Actor Process Could I mpact Wor .
Tasks Compliance Re
MF r T VAV Deadban|Yf VAV Deadband VAV DeadbanderAilY VAV Deadband
E : Airfl ow: Sp Provide easi that eqwo pime@eatt modi fy sal es
gui pm : . .
equi pment o specificatio new | oweeadbamw/ q Expand Econo
reps/ ranges equi pment requi rements Requirements
vendor T Expalbadonomi |]f Expand Econo Expand Economi i and train sa
Requiremerrt RequirefPrentis Requirement s: representat.i
t hat HNACS easil gpeead:i equi pment can product sele
mi ni mum r eq sheets on .eq with an econom software wit
T DOAS: Speci|f DOAS: Indust capacity units threshold ec
equi pment p requirements/f DOAS: Need to criteria
ventilation equi pment se reqguirements t|Yf DOAS Create
requirement|q EAHMRProvi de ¢ product s, mar k guwie f or comj
1 EAHR/ A reasgpeci ficat and product sp equil pment
on equi pment EAHR: Ensure t|Y EAHR: l ncorp
woubehbl e to me mar keting | i
EAHR requireme Notify distr
sales reps i
zoneasittmp a dty¢
measur e. Tr a
staff on how
EAHR to redu
capacity.
2022 Title 24, Part2 G2NIRH¥ ACBIIQAIE Re



Append3uwmnrary of Stakehol der

Coll aborating with stakeholders that might be
critical aspect of the Statewide CASE Teamos
to work with interested paesiassbociatedt wfyha
proposed code changes so that the proposals p
this Draft/ Final CASE Report are generally su

valuable feedback on draft analalsleesngensd thel p
adoption including: cost effectiveness; marke
and enforcement challenges; or potential 1 mpa
Some stakeholders also provide datoa stuhpaptortthe

anal yses.

This appendi x summarizes the stakehol der enga
conducted when developing and refining the re

Ut i Sponwsored Stakehol der Meetings

Uti-dparysor ed snieaekeahmoglsderr ovi de an opportunity

St atewi de CASE Teamdébs role in the advocacy ef
change proposals that the Statewide CASE Team
The goal of stakehwollideirt meregutngsn ipr dpmosal s fr
enough to ensure the proposals and the suppor
few outstanding Iissues as possible. To provid
CASE Team is considemrmiopgsfadrs,cade i algande sg me
Statewide CASE Team asks for feedback on:

T Proposed code changes

T Draft code | anguage

19 Draft assumptions and results for analyses

f Data to support assumptions

T Compliance and enforcement, and

T Technical and mar ket feasibility
The Statewi de CAtSIrsdieadkme hhod dteag dHNMA Lt iICogd afod rs
webinar . Pl ease see below for dates and | inks
Title24Stakehol ders. com. Materials from each
proposal summaries with code | anguage, and me

bi bliographysseepoboh.of th

2022 Title 24, Parit2 G2NIRHY ACBHQASRXE Report



Meeti ng Name

First Momnummeaesi den
HVAC Part 1: Boi
Center Ef ficienc
Out side Air Syst

Mi ni mum WAtiirlfil toyw
Sponsored Staket

First MRonumasi den
HVAC and Envel oy
Distribution, Al
Room Control s, ¢
I nf il tr aStpionmrs oUtei
Stakehol der Meet

Second ‘Roumwmea&si d:
HVAC and Envel oy
Reduced I nfiltre

Cont Uol-8parysor ed
Stakehol der Meet

Meet i

T
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The first rsopuonnds oorfe du tsitlaikteyhol der meetings occu
Novoember 2019 and were important for providing
stakeholders to offer feedback on measures be
Team. The objectives of the first round of st
thepecof the 2022 code cycle proposals; reque
approaches, assumptions, and method-ol ogies fo
effectiveness analyses; and understand potent
St atewide nCASBoTepa esented initial draft code
review.

The second repndsofedtstiaakghol der meetings oc
April 2020 and provided updated details on pr
of meet idnugcse di retarrd vy r e s ud ftfse cotfi veenneersgsy,, amods ti nc
analyses, and solicited feedback on refined d
Utidparysored stakehol der meetings were open t ¢
meeting, two prometdostti emaedt sf wem i nfo@tit]l
One email was sent to the entire Title 24 St a
individuals, and a second email was sent to a
depending on tipeief esemsersi. pfThen Titl e 24 St ake
i s asmnnopervice and includes individuals from
including manufacturers, advocacy groups, |l oc
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https://title24stakeholders.com/event/nonresidential-hvac-utility-sponsored-stakeholder-meeting/
https://title24stakeholders.com/event/nonresidential-hvac-utility-sponsored-stakeholder-meeting/
https://title24stakeholders.com/event/nonresidential-hvac-utility-sponsored-stakeholder-meeting/
https://title24stakeholders.com/event/nonresidential-hvac-utility-sponsored-stakeholder-meeting/
https://title24stakeholders.com/event/nonresidential-hvac-air-distribution-controls-reduced-infiltration-utility-sponsored-stakeholder-meeting/
https://title24stakeholders.com/event/nonresidential-hvac-air-distribution-controls-reduced-infiltration-utility-sponsored-stakeholder-meeting/
https://title24stakeholders.com/event/nonresidential-hvac-air-distribution-controls-reduced-infiltration-utility-sponsored-stakeholder-meeting/
https://title24stakeholders.com/event/nonresidential-hvac-air-distribution-controls-reduced-infiltration-utility-sponsored-stakeholder-meeting/
https://title24stakeholders.com/event/nonresidential-hvac-air-distribution-controls-reduced-infiltration-utility-sponsored-stakeholder-meeting/
https://title24stakeholders.com/event/nonresidential-hvac-air-distribution-controls-reduced-infiltration-utility-sponsored-stakeholder-meeting/
https://title24stakeholders.com/event/nonresidential-hvac-and-envelope-part-2-reduced-infiltration-hvac-controls-air-efficiency-doas/
https://title24stakeholders.com/event/nonresidential-hvac-and-envelope-part-2-reduced-infiltration-hvac-controls-air-efficiency-doas/
https://title24stakeholders.com/event/nonresidential-hvac-and-envelope-part-2-reduced-infiltration-hvac-controls-air-efficiency-doas/
https://title24stakeholders.com/event/nonresidential-hvac-and-envelope-part-2-reduced-infiltration-hvac-controls-air-efficiency-doas/
https://title24stakeholders.com/event/nonresidential-hvac-and-envelope-part-2-reduced-infiltration-hvac-controls-air-efficiency-doas/

professioneltss.ngcawals meost ed on the TitFe 24 St
(and prometed on the Energy Commi ssion Linked

meeting to reach out to individuals and | arge
| i stserv. TS EStTetaenwichbenducted extensive perso
stakehol ders identified in initial work plans

Exported webinar meeting data captured attend
and recorded ouemdenespolfl §itve eavadal uate stakehrq
support.

Statewide CASE Team Communi cati ons

The Statewide CASE Team hel d pejrpshoonnaela nado mrabn i
based comfigmemawaener ous st akehol der sSoumeefn devel
the stakeholtdderdhateangageed bel ow; this is not
keyhol ders engaged

Ai-tGondi ti oni ng, Heating, and Refrigeration
New Buildings Institute (NBI)

TRANE

Aaon

Johnson Control s
Dai kin

Carrier
GreenHeck

NRDC

Mi t subi shi
Samsung

Emer son

EBTr on

= =/ =2 A2 4 A4 -4 -4 -5 -4 -4 A5 A -

Morrison Product s

’Title 24 Stakeholdersd Linkedln page can be-2#8ound her
stakehol der s/ .
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AppendbDQA®er Building Ener gy
Compl ete Resul ts
This appendihxe ienmcelrugdyessavi ngs results of the N

building confPgopasednsote ©ABahoeméhe Dol l ow
buil ding types:

Smal | Oof fice, Medi um Of fice, Primary School ,
Stand Al one.

The results arfei yeercgdminzsed ni:nthd s appendi x

1.Fi f¥Yetar Energy I mpacts Per Square Foot
2.Nomi mBV Ewe€gst Savi-Yigar OFReri d & Poefr Agaul ayrsei s
Foot

3.2023 PV TDV Energy C¥sesar SBeringdi P@reAnabysi s
Square Foot
4 . 15 ear -£€fofsecti veness SummdlNgwPE€onSquarcei Boo:

Ot her appendices ingy ueae@u iaddAS otyoafa erneef er en c e
prototypes with airside economi zers.

Of fice Small

Tabl4Fi rYsetar Energy | mpacts Per Square Foot, (
Cli ma Elec_tl Peakl ect 1 Natur_a TD\_/ En
Zone Savir Demand Red:] Savir Savings

( k wrey ( kW) (t her?n k Bt d)/
1 1.0 0.0 (0. 0)C 2 43.
2 1.2 0.0 (0. 0)( 2 71.
3 1.3 0.0 (0. 0)( 3 2.
4 1.2 0.0 (0. 0)( 2 9.
5 1.2 0.0 (0. 0)( 3 3.
6 1.3 0.0 (0. 0)( 3 45.
7 1.4 0.0 (0. 0)( 3 6.
8 1.2 0.0 (0. 0)( 3 (8.
9 1.2 0.0 (0. 0)( 2 3RB.
10 1.2 0.0 (0. 0)C 29.
11 1.1 0.0 (0. 0)( 2 £9.
12 1.1 0.0 (0. 0)( 2 5.
13 1.0 0.0 (0. 0)( 2 .
14 1.2 0.0 (0. 0)( 2 63.
15 1.0 0.0 (0. 0)C 2 63.
16 1.3 0.0 (0. 0)( 3 3.

2022 Title 24, Pari2 G2NIRHY ACBIHQASE Report



Of ficec8B8mal hued

Tablé&Nominal TDV Energy Co¥darSaRe miged Oufer Amabl
Per SquaiNMewoOGdnst,r u@ftfiiocne Smal |

cli ma 15 YeRAY 15 Year TD Total 15
Zone E.Iectrllc Gas Cos.t Energy C.ost
Savi n\gosmi (r$9 (Nomi $3 (Nomi 1$3

1 $36. ($2. $34.
2 $39. ($1. $38.
3 $47. ($1. $46.
4 $42. ($1. $40.
5 $48. ($1. $47.
6 $49. (859 $48.
7 $52. (860 $51.
8 $43. (875 $42.
9 $42. (876 $42.
10 $41. (®86 $40.
11 $36. ($1. $35.
12 $ 3.75 ($1. $36.
13 $33. ($1. $31.
14 $38. ($1. $37.
15 $ 3.75 (844 $37.
16 $49. ($2. $46.

2022 Title 24, Pari2 G2NIRH¥Y ACBIHQASE Report



Tablé¢3 202BDWVEnergy Cost SYaevairn gPse rQvoedr iolf5 Anal )

Per SquaiNMewoOGdnst,r uftfiiocne Smal |

Cli ma 15 Ye.ar15 Year TD Tot al 15
Zone E_Iectr_lc Gas Cos_t Energy C_ost

Savi nN\Ngosmi (%3 (Nomi 1$3 (Nomi 153

1 $2. ($0. $2.
2 $2. ($0. $2.
3 $3. ($0. $2.
4 $2. ($0. $2.
5 $3. ($0. $2.
6 $3. ($0. $3.
7 $ 3. ($0. $3.
8 $2. ($0. $2.
9 $2. ($0. $2.
10 $2. ($0. $2.
11 $2. ($0. $2.
12 $2. ($0. $2.
13 $2. ($0. $2.
14 $2. ($0. $2.
15 $2. ($0. $2.
16 $3. ($0. $2.

Tabl#é4d55ear

ConstruOfifmal |

-€Ebsectiveness

Summa riyNeRve r

Squar e

Parit2 G2NIRH¥Y ACBIHQASE Report

Benefits Costs
Climate = 2023 PV $ Energy Cost Benefit-to-Cost
Zone Savings + Other PV Total In(C::rengentaI PV Ratio
Savings per ft2 osts
1 $2.17 $0.71 3.04
2 $2.41 $0.71 3.39
3 $2.93 $0.71 411
4 $2.58 $0.71 3.63
5 $2.97 $0.71 4.17
6 $3.07 $0.71 4.31
7 $3.25 $0.71 4.57
8 $2.69 $0.71 3.78
2022 Title 24,

F



9 $2.66 $0.71 3.73

10 $2.58 $0.71 3.62
11 $2.21 $0.71 3.11
12 $2.28 $0.71 3.20
13 $2.01 $0.71 2.83
14 $2.34 $0.71 3.29
15 $2.34 $0.71 3.29
16 $2.95 $0.71 4.14

Of f Medi um

Tablé3i rYsetar Energy Bogpaces FBetice Medi um

Cl i me El ectr Peak EI ec Natu.ral TDV. Enei
Zone Savi ng Dema_nd Saving Savings
(kwry f Reductionrps (ther?ns k Bt d)/ f t

1 1.2 0.0 0.0 34.

2 1.3 0.0 0.0 35.

3 1.3 0.0 0.0 37.

4 1.3 0.0 0.0 36.

5 1.3 0.0 0.0 38.

6 1.3 0.0 (0.0 37.

7 1.3 0.0 (0.0 38.

8 1.3 0.0 (0.0 36.

9 1. 4 0.0 0.0 37.

10 1.3 0.0 0.0 3 @.

11 1. 4 0.0 0.0 3 M.

12 1.3 0.0 0.0 3 %.

13 1.3 0.0 0.0 3 .

14 1. 4 0.0 0.0 4 (4.

15 1. 4 0.0 0.0 3 %.

16 1.6 0.0 0.0 4 3.
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Tablé6NomiThaM Ener gy Cost Svaevairn gPse rQvoedr iolf5 Anal y
Per SquarlewooatstryctOfdmce Medi um

Cli me l5 ear TD_V E l15%ear TDV Tot adYedah
ZoneCOSt Savings Gas Cos; Energy Co_st
$) ( Nomi n ( Nomi n

1 $48. 13 $0. $48.
2 $49. 27 $0. $409.
3 $53.11 $0. $53.
4 $51.03 $0. $51.
5 $53.61 $0. $53.
6 $52. 45 ($0. $52.
7 $54. 18 ($0. $54.
8 $51. 14 ($0. $51.
9 $52. 88 $0. $52.
10 $51. 91 $0. $51.
11 $53. 18 $0. $53.
12 $49. 77 $0. $50.
13 $49. 41 $0. $409.
114 $56. 58 $0. $56.
15 $55. 84 $0. $55.
16 $60. 55 $0. $61.

Tabl420213DV Energy Cost SyaevairngPse rQvoedr idaf&rAnal y s
SqguareiReewtonstryctOfdmce Medi um

Cl i ma 15 Ye_ar 15 Year TD Tot al 15
Zone Ele_ctrlc Gas Cost Energy Cost
Savi n2g0s2$3) (2 0 2%3) (2 0 2%3)

1 $3. $0. $3.
2 $3. $0. $3.
3 $3. $0. $3.
4 $3. $0. $3.
5 $3. $0. $3.
6 $3. $0. $3.
7 $3. $0. $3.
8 $3. $0. $3.
9 $3. $0. $3.
10 $3. $0. $3.
11 $3. $0. $3.
12 $3. $0. $3.
13 $3. $0. $3.
14 $3. $0. $3.
15 $3. $0. $3.
16 $3. $0. $3.
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Tabl#&85ear

-€bsectiveness

Constru®©Of foemeMedi um

Climate Zone

O 00N Oobh WN P

PR R R Rk e
OO0 WIN L O

Benefits

2023 PV $
Energy Cost
Savings +
Other PV
Savings per ft2

$3.06
$3.13
$3.36
$3.23
$3.39
$3.31
$3.42
$3.23
$3.34
$3.28
$3.38
$3.16
$3.14
$3.59
$3.53
$3.88

2022

Costs

Total Incremental

PV Costs

Title

$0.71
$0.71
$0.71
$0.71
$0.71
$0.71
$0.71
$0.71
$0.71
$0.71
$0.71
$0.71
$0.71
$0.71
$0.71
$0.71

24, Parit2 G2NIRHY ACBIHQADE Report

Summa riyNeRve r

Benefit-to-Cost

Ratio

4.30
4.39
4.71
4.53
4.76
4.65
4.80
4.53
4.69
4.61
4.74
4.44
4.40
5.05
4.95
5.45

Squar e

F



Ret ai | Stand Al one

TabléFi rYsetar Energy I mpacts RetraShQu8tren#&oAl one

Cl i ma Elec.tr Peak EI e Natur.a TD\( En
Zone SavirDemand Red:I Savir Savings
( k wry ( kW) (t her?n k Bt d)/

1 1.5 0.0 (0.0 42 .

2 1.5 0.0 (0.0 38.

3 1.7 0.0 (0.0 46 .

4 1.5 0.0 (0.0 37.

5 1.7 0.0 (0.0 46.

6 1.6 0.0 0.0 4 2.

7 1.7 0.0 (0.0 44 .

8 1.5 0.0 (0.0 35.

9 1.5 0.0 (0.0 37.

10 1. 4 0.0 (0. 0)( 3 48.

11 1. 4 0.0 (0. 0)¢( 3 6.

12 1. 4 0.0 0.0 3 4.

13 1. 3 0.0 (0. 0)¢( 3 .

14 1.5 0.0 (0. 0)¢( 3 &.

15 1.3 0.0 0.0 3 .

16 1.6 0.0 (0. 0)( 4 0.

Tabl®MNomi nal TDV Energy Co¥darSaRe miged Owvfer Amnadl
Per SquaiNeWooftstr yctRieami | Stand Al one

Cli ma 15 Ye_ar15 Year TD Tot al 15
Zone E.Iectrlc Gas Cos? Energy Co_st
Savings (N ( Nomi n ( Nomi n

1 $59. ($0. $59.
2 $53. ($0. $53.
3 $64. ($0. $64.
4 $52. ($0. $52.
5 $65. ($0. $65.
6 $59. $0. $59.
7 $63. $0. $63.
8 $50. ($0. $50.
9 $53. ($0. $53.
10 $49. (6. P $49.
11 $51. (6. P $51.
12 $48. $0. $48.
13 $45. (6. P $45.
14 $54. (8. D $54.
15 $49. $0. $49.
16 $62. (8. D $62.

2022 Title 24, Parit2 G2NIRHY¥ ACBHQASE Report



Tabl®l 20DY¥ Energy Cost SvYaevairn gPse rQvoedr i®f&brAnal y s
Squarei Neewtonstr yctRieammi | Stand Al one

Cli ma 15 Ye.ar15 Year TD Tot al 15
Zone Ele_ctrlc Gas Cost Energy Cost
Savi n2g0s2$3 (2 0 2%$3) (2 0 2%$3)

1 $3. ($0. $3.
2 $3. ($0. $3.
3 $4. ($0. $4.
4 $3. ($0. $3.
5 $4. ($0. $4.
6 $3. $0. $3.
7 $3. $0. $3.
8 $3. ($0. $3.
9 $3. ($0. $3.
10 $3. ($0. $3.
11 $3. ($0. $3.
12 $3. $0. $3.
13 $2. ($0. $2.
14 $3. ($0. $3.
15 $3. $0. $3.
16 $3. ($0. $3.

Tabl®&25ear -€Ebsectiveness SummariyNeRer Square F
Constru®ketamnl|l St andAl one

Benefits Costs
2023 PV $ .
Climate Zone Egergy Cost Total Incremental Benegt-t'o-Cost
avings + PV Costs atio
Other PV
Savings per ft2

1 $3.75 $0.90 4.17
2 $3.39 $0.90 3.77
3 $4.10 $0.90 4.56
4 $3.34 $0.90 3.71
5 $4.13 $0.90 4.60
6 $3.79 $0.90 4.9
7 $3.99 $0.90 4.44
8 $3.18 $0.90 3.54
9 $3.35 $0.90 3.73
10 $3.10 $0.90 3.45
11 $3.28 $0.90 365

2022 Title 24, Parit2 G2NIRH¥Y ACBIHQASRE Report



12 $3.03 $0.90 3.37

13 $2.88 $0.90 3.20

14 $3.43 $0.90 3.82

15 $3.15 $0.90 3.51

16 $3.92 $0.90 4.37
School Pri mary

Tabl®3Fi rYsetar Energy | mpacts 8ehoShuBriem&oypt

El ect Peak EIl e Natura TDV En:
Savir Demar Savir Savings
(kWY Reductionrms (ther?n k Bt d)/
10.

Cli me
Zone

1

RRrRRRRRRRRRPR
SREFONNE P MW

T
8 o

OO 000000000000 oo
(o]
[v¢]

WWWWWWWwWwwWwwwwwwwnMN
OO 000000000000 oo
eollellellelleolleleolileololleolololelolole)
OO 000000000000 o0o0o0o
OO 0000000000000 o0o

2
3
4
5
6
7
8
9
1
1
1
1
1
1
1

o 01 WN KL O

H
R

Tabl®Nomi nal TDV Energy CbHh¥darSaRe Aigad Wafes 1
Per SquaiNMewoOGdnst,r uScth ooonl Pri mary

15 Year 15 Year TD Tot al 15

El ectric Gas Cost Energy Cost
Savi nNgosmi (1$3 (Nomi 1$ (Nomi $3
$8.

Cl i me
Zone

0 ~N 0D WNRF
&P B BB R P
I
holowwo o
B BB PR B P
Rk R NN W W o
@B h BB A B R PH
PR R R RNR e
Ulo N oo o N
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Tabl®5 20DPY¥ Energy Cost SYaevairn gPse rQvoedr i2ferAnal y s
SqguaKFeatNew Const,r uXcth ooonl Pri mary

15 Year 15 Year TD Tot al 15

Czlolnmea El ectric Gas Cost Energy Cost
Savi n2g0s2$3) (2 0 2%$3) (2 0 2%$3)

1 $0. $0. $0.
2 $1. $0. $1.
3 $1. $0. $1.
4 $0. $0. $1.
5 $0. $0. $1.
6 $1. $0. $1.
7 $1. $0. $1.
8 $0. $0. $0.
9 $0. $0. $1.
10 $0. $0. $1.
11 $0. $0. $0.
12 $0. $0. $0.
13 $0. $0. $0.
14 $0. $0. $0.
15 $0. $0. $0.
16 $0. $0. $0.

Tabl®6 -YBar -€bsectiveness SummariWNeRver Square F
Constru&chowo!l Pri mary

Benefits Costs
2023 PV $
: Benefit-to-
Climate Zone Egergy Cost | 1otal Incremental eneRl)t tt_o Cost
avings + PV Costs atio
Other PV
Savings per ft2
1 $0.89 $1.17 0.76
2 $1.20 $1.17 1.03
3 $1.28 $1.17 1.10

2022 Title 24, Parit2 G2NIRHY ACBHQASIE Report



4 $1.02 $1.17 0.87
5 $1.02 $1.17 0.88
6 $1.11 $1.17 0.95
7 $1.15 $1.17 0.98
8 $0.97 $1.17 0.83
9 $1.03 $1.17 0.88
10 $1.05 $1.17 0.90
11 $0.93 $1.17 0.79
12 $0.96 $1.17 0.82
13 $0.70 $1.17 0.60
14 $0.97 $1.17 0.83
15 $0.78 $1.17 0.67
16 $0.92 $1.17 0.79
School Secondary

Tabl®Fi rYsetar Energy I mpacts Beho&hQuiSeeoRrodaty

. El ect Peak EIl e Natur a TDV En:
Cl i ma . . .
Zone Savir Qemar Savir Savings

(kwWRY Reductions (ther?3n k Bt @)/

1 0. 4 0.0 0.0 12.

2 0.5 0.0 0.0 18.

3 0.5 0.0 0.0 20.

4 0.5 0.0 0.0 19.

5 0.5 0.0 0.0 19.

6 0.6 0.0 0.0 2 2.

7 0.6 0.0 0.0 2 4.

8 0.6 0.0 0.0 21.

9 0.6 0.0 0.0 20.

10 0.5 0.0 0.0 2 (8.

11 0.5 0.0 0.0 171.

12 0.5 0.0 0.0 177.

13 0.5 0.0 0.0 1 63.

14 0.5 0.0 0.0 176.

15 0.5 0.0 0.0 19%5.

16 0. 4 0.0 0.0 125.

2022 Title 24, Parit2 G2NIRH¥Y ACBIHQASE Report



Tabl®Nomi nal TDV Energy Co¥darSaRe Aigasl Wafes 15
Per SquarfrlMewoOGdnst,r uEcth ooonl Secondary

15 Year 15 Year TD Tot al 15

Czlolnmea E_Iectr_ic Gas Cos_t Energy C_ost
Savi nN\Ngosmi (13 (No mi $ (Nomi $3

1 $13. $4. $17.
2 $19. $6. $25.
3 $23. $6. $29.
4 $20. $6. $27.
5 $21. $6. $27.
6 $23. $7. $31.
7 $26. $7. $33.
8 $22. $7. $30.
9 $21. $7. $28.
10 $21. $7. $28.
11 $17. $6. $24.
12 $18. $6. $24.
13 $16. $6. $23.
14 $18. $6. $24.
15 $19. $7. $27.
16 $13. $3. $17.

Tabl®9 20DY¥Y Energy Cost SvaevairngPse rQvoedr id2af&rAnal y s
Squarei Newt Const,r uScth ooonl Secondary

15 Year 15 Year TD Tot al 15

Czlolnmea El ectric Gas Cost Energy S@os t
Savi n2g0s2$3) (2 0 28$3) (2 0 2%$3)

1 $0. $0. $1.
2 $1. $0. $1.
3 $1. $0. $1.
4 $1. $0. $1.
5 $1. $0. $1.
6 $1. $0. $1.
7 $1. $0. $2.
8 $1. $0. $1.
9 $1. $0. $1.
10 $1. $0. $1.
11 $1. $0. $1.
12 $1. $0. $1.
13 $1. $0. $1.
14 $1. $0. $1.
15 $1. $0. $1.
16 $0. $0. $1.

2022 Title 24, Parit2 G2NIRH¥Y ACBIHQASE Report



TabléO -YBar -€bsectiveness SummariWNeRver Square F
ConstruSchow!| Secondary

Benefits Costs
2023 PV $ _
Climate Zone Energy Cost Total Incremental Beneflt—t_o—Cost
Savings + PV Costs Ratio
Other PV
Savings per ft2
1 $1.11 $1.17 0.95
2 $1.63 $1.17 1.39
3 $1.85 $1.17 1.58
4 $1.75 $1.17 1.49
5 $1.75 $1.17 1.50
6 $1.96 $1.17 1.68
7 $2.14 $1.17 1.83
8 $1.89 $1.17 1.62
9 $1.83 $1.17 1.56
10 $1.80 $1.17 1.54
11 $1.52 $1.17 1.30
12 $1.57 $1.17 1.35
13 $1.45 $1.17 1.24
14 $1.56 $1.17 1.34
15 $1.73 $1.17 1.48
16 $1.12 $1.17 0.95
Hot @hal |
TableéFi rYsetar Energy | mpacts Per Home |/ Dwel | i
Hot el Smal |
. El ect Peak EI e Natur a TDV En:
Cl i me . . :
Zone Savir D_emar Savir Savings
( kW)Y Reducti onrs (t her?n k Bt d)/
1 0. 4 0.0 (0.0 12.
2 0.5 0.0 (0.0 15.
3 0.5 0.0 (0.0 16.
4 0. 6 0.0 (0.0 16.
5 0.5 0.0 (0.0 15.
6 0. 6 0.0 (0.0 18.
7 0. 6 0.0 (0.0 18.
8 0.6 0.0 (0.0 18.

2022 Title 24, Parit2 G2NIRH¥ ACBIHQASE Report



9 0.6 0.0 (0.0 17.
10 0.6 0.0 (0. 0) 1 74.
11 0.6 0.0 (0. 0)¢ 1 68.
12 0.6 0.0 (0. 0)C 1 57.
13 0.6 0.0 (0. 0)¢ 1 6.
14 0.6 0.0 (0. 0)C 1 8.
15 0.7 0.0 (0. 0)¢ 1 8.
16 0.6 0.0 (0. 0)C 1 8L

Tablé&Nominal TDV Energy Co¥darSaRe migesd Ouvfer A&l
Per SquaifrMewWoOGdonst,r utottieoln Smal |

Cl i mas 15 Ye_ar15 Year T.D Tot al 15
Zone E_Iectr_lc Gas CS)as_Vclr Energy C_ost
Savi n\gosmi (13 (Nomi $3 (Nomi 1$3

1 $18. ($0. $17.
2 $22. ($0. $21.
3 $23. ($0. $22.
4 $23. ($0. $23.
5 $22. ($0. $22.
6 $25. ($0. $25.
7 $25. ($0. $25.
8 $25. ($0. $25.
9 $25. ($0. $25.
10 $24. ($0. $24.
11 $24. ($0. $23.
12 $22. ($0. $22.
13 $23. ($0. $22.
14 $26. ($0. $25.
15 $26. ($0. $26.
16 $26. ($0. $25.
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Tablé3 20DY¥ Energy Cost SvYaevairn gPse rQvoedr i®fdbrAnal y s
Sqguarei Rewt Const,r uotieoln Smal |

Cl i me
Zone

1

2
3
4
5
6
7
8
9
1
1
1
1
1
1
1

Tabl é4

o0~ WNEF O

15 Year
El ectric
Savi n2g0s2$3)

$1.

&R R PR PP PP PR R PR P
R RrRRRRRRRRRRRRPR

15 Year TD

Gas COasu

i

(2 0 2$3

&R B PP B RPR B RR B RR B P

YBar -€bsectiveness

Construdoieh Small

Climate Zone

OO NOO O~ WN P

Benefits

2023 PV $ Energy Cost
Savings + Other PV Savings
per ft2

$1.11
$1.37
$1.44
$1.45
$1.40
$1.61
$1.60
$1.60
$1.59
$1.55
$1.50
$1.39
$1.43
$1.62
$1.68
$1.61

2022 Title

OO0 00000000 |O

Tot al 15

Energy

(2

&R B PR PR R R R RR PR PR PO
RRRRRRRRRRRRRRRR

Summa riyNeRve r

Costs

Total
Incremental PV

Costs

24,

$0.71
$0.71
$0.71
$0.71
$0.71
$0.71
$0.71
$0.71
$0.71
$0.71
$0.71
$0.71
$0.71
$0.71
$0.71
$0.71

Parit2 G2NIRHY ACBIHQADE Report

Benefit-to-
Cost Ratio

1.56
1.93
2.03
2.04
1.97
2.27
2.25
2.25
2.23
2.17
2.10
1.96
2.00
2.27
2.36
2.26

- 8

Cost

Square

F



AppendDGA3FH Manufacturers Technical Capa

24dmanufacturers products were reviewed to understand the pyroduct

components. Of the commerci al units reviewed, all 24 manufactur
requenesm proposed by the code change proposal. 13 of the 24 man
requirements of item 1 with regards to ventilation heat recover
DOAS Types |[DOAS Cri tGoade Hrooposal
HRVIERV D % Free Co(Meet or EHModul atMegts ;m nMeetg Cr
DOAS|jor BypagJHeat RecdFan Opt/Criteria |(for item
Manufact UYes Yes Yes Yes Yes Yes
Manufact yYes|Yes|Yes Opti onalYes OptiongYes Yes
Manufact UYes|Yes Yes Yes Yes Yes Yes
Manufact yYes|Yes N o Yes Opti onaYes N o
Manufact yYes|Yes |Yes Yes Yes Yes Yes Yes
Manuf act yYes OptionalYes Opti onaYes Yes
Manuf act U Yes Yes Yes Yes Yes Yes
Manuf act yYes N o Yes Opti onaYes N o
Manufact Yes |Yes N o Yes Opti ongYes N o
Manuf act ( Yes Yes Yes Yes Yes Yes
Manufact yYes|Yes N o Yes OptiongYes N o
Manufact yYes N o Yes OptiongYes N o
Manufact uyYes|Yes N o Yes OptiongYes N o
Manufact uyYes|Yes N o Yes OptiongYes N o
Manuf act U Yes n/ a N o Yes Yes N o
Manuf act ( Yes OptionalOptional |[Opti onaYes Yes
Manuf act U Yes n/ a N o Yes Yes N o
Manufact ( Yes OptionalOptional |[Opti onaYes Yes
Manufact ( Yes OptionalOptional |[Opti onaYes Yes
Manufact ( Yes OptionalOptional |[Opti onaYes Yes
Manufact yYes Yes OptionalYes Opti onaYes Yes
Manufact ( Yes n/ a N o Yes Yes N o
Manufact UYes|Yes|Yes OptionalYes Opti onaYes Yes
Manuf act ( Yes n/ a N o Yes Yes N o
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AppendOASI | ncremental Cost

|l ncrement al costs werop osetdi MaOtASd effdri ctileency co
included:

T I'ncremental costs for item 1, including by
energy recovery DOAS wunits.

T I'ncrement al cost for item 2, DOAS units wi
T I'ncrement ad m cdo,staddoirt iiacnal duct work or duc
terminal wunit fans to have separate supply

cycle off

l tem 3 stipulates meeting or exceeding the fa
for | arger nowsttems sanad | er fan systems and i s
i ncremental <cost

ltem 5 sets reheat requirements on DOAS units
controls configuration which can be done as p
i ncyeat he cost of a system.

Cost Sour ces

I tem 1
For estimating the incremental cost for item
from equi pment representatives in California

buil dings. Costs west per maiifrfZzlkdwt pcasn) using
nomi nal airflow rating.

Unit Costs From Sample of Products and Projects

[}
n
o

E
5 200
w
2 150
=
E, 10.0
z
=] 4.5
: [
o |
DX DOAS HRV High Eff DX DOAS DOAS HRV DOAS, DOAS, DOAS HRV DOAS, DOAS, DOAS HRV
High Eff ERV ~ Core ERV Wheel  Wheel ERV, Custom Mid Custom  Wheel ERV, Basic
1 CHW HW, CHW HW 2

HRV

Two products were selected with higher effici
the incremental cost estimate. The magmrity o
energy rmec hwany device. To estimate the cost ¢
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controls the 8 product costs merr @easy earsasgianke dan
to be a conservative assumption for the cost

an awer of $1.11/cfm incremental costs.

l tem 2

ltem 2 was estimated from an incremental cost
fans Exrcéeemer gy. This data estimated an increme.l

$918 or $184/ hp. Onthiasgeostsizedi sydeemsased.
conservative assumption $184/ hp was assumed a
converted to airflow based on using an assump
6percfeeaamnt efficiency. Thbét AegalFteti mi whacharqgs

i ncrement al cost of $0.039/cfm. This cost was
based on the ventilation per building floor a
l tem 4

The duct work for DOAS and terminal amnit supp
ieemi zed medium office with DOAS and VRF with a

wall mounted cassettes. The cost of the DOAS
cooling duct work was normalized using the pr
v e ntoinl atuict wor k being $0.70/sf and the zone d
estimate the incremental cost of requiring te
active call for heating and cooling the cost
of the heating and cooling was assumed to be
The ventilation duct work was assupreerdcemt requ

Because this would only apply to some project
alreadyphawéeesduct configurations tpheer cceonstt wa
again assuming half the projects would be reqg
projects which this woul d ifmpvae tpodrhotehnety € o & al
syat el ready installed.

Ventilation Only Duct Work $0. $/ St
Zone Distribution Duct Work $7. $/ SF
Site Cost for Duct Work $7. $/ ST
Additional Ducting Routing, assum $0. $/ St¥F
Percent of total duct work cost 5%

Hal f of Projects would require th $0. $/ SF
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Combined I ncrement al Cost s

The increment al costs of each component were
buil dings to estimate tshgeu atroet aflooitn.cr ement al ¢
Tot
I t er I t er It er l ncrem
Buil di ng/Venti |l Cos Cos Cos Cost
Prototyp cf mét [ 3% [ 34 [ $A4| Bui | difAlc
Smal |l Of 0.1 $0. $0.0 $0. $0.
Medi um O 0.1 $0. $0.0 $0. $0.
Retail S
Al one 0. 7 $0. $0.0 $0. $0.
Secondar
School 0. 3 $0. $0.0 $0. $0.
Pri mary 0. 3 $0. $0.0 $0. $0.
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Append XA S]] Heat Recovery Ven
Source
Ventil ation Energy Recovery
Product data fr @ogmoAHRIe st eoott h1G&@0 |l energy reco
components, sensible and | atent. I n Californi
recovery considered focus on dry heat due to
sensi bl e data was hree vwiuenbwed tod gopgvaustts abl e t
|l evel s of sensible energy recovery. Heat reco
into three types of systems in the market, <co
devices, and hetadndgitpee she Wheledst ed as a space
though tend to move air at higher velocities
characteristics than core energy recovery com
Based on reviewing this data, most Opleaeaelendaner
or higher net sensible energy recovery. Pl ate
6ercernthi gher in 2/3 of products. Exact coun
are shown bel ow:
Products by Net Sensible Cooling 100% =;:;P.DE Products by Net Sensible Heating 100%
Product Type AHRI Certifi. B Whee Product Type AHRI Certifi..
Heat Pipe : el Heat Pipe “ B Heat Pipe

B m 26 = '.14 M Piate

Sg 1 o =0 §24 I Wheel
. ;C ? ;E -4599

- R use

30 50 I 155

40 W oaz 60 I 353

50 I 70 . 112

0 I 346 80 2

70 | e Whee 320
Whes ?g 1 ;E : =

& —— 5 &0 R

70 I 51 70 I ©7 4

80 ] 80 . 1E5

Count of AHRI Certified Reference Number

Component by Net Sensible Cooling 100%

Product Type AHRI Certifi..

Count of AHRI Certified Reference Number

Component by Net Sensible Heating 100%

Product Type AHRI Certifi

Plate 30 3 Plate 40 S

40 130 s0 M sz

50 I 103 60 I 248

60 —_E 70 s

e 143 Whee 80 I 1,554
Whes &0 I 1,554 70 —

70 I 404 &0 20

a0 Ba0

[s} 500 1000 1500
0 500 1000 1500

Count of AHRI Certified Reference Number

Count of AHRI Certified Reference Number

Fi gur9e AHI®Rt a vomt i batr aitrec ov a@miyt s
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Il n DOAS units, the actual energy recovery opp
| evel and on the airstreams of incoming air a
unbal anced due to, for example bathroom exhau
ovelrla amount of woebd&yrecdecoecrys there is | ess
energy from. ASHRAE fundamentals developed th
unequal flows on overall system efpercdamnteness
unbal anac.edA fulnoi't nor mal Ipyerackefnétec o i v evmadb@r no W
the equi vpkeopefnfodc téiPee ciemit@8l0anced.
This information was used to establish a thre
effectiveness | evel s.
100
£
90 — min
-
80//’</_ S
70 '/‘//b/\\
S 60 fe=" = X
g T \\\
€ s0 — N
= \\\ \gm.n
:i‘-" 40 <
- \-\ ~
30 ——e
20
10
0

1 09 08 07 06 05
Flow Ratio (Cppin/Cinax)

Impact of Unequal Flows on Effectiveness

Fiugr20 Effectiveness to flow rati.o of supply a
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AppendDCGAEner gy Modeling Ana
DOABropoveedes Mar ket Refere

The foll owing energy modeleivied opr et besenwagyutuis
di fieee bet ween the DOAS Proposed configurati
DOAS configuratRepaeamticThue eGATBre detail as to
reference configurations used.t dakers tap plewidli &k
model . A sefpaanaley ssiest was done for the DOAS ec
included in a different appendi x.
The following key energy modeling el ements we
EnergyPlus 9.0. 1:
1.Ventilation was provided by semdar atod uanier otre
variable air volume controlled to constant
2.Ventilation was configured to provide any s

a configwuirtaiem oEmer gy Pl us to ensure Ityhe t her
captured.

3.Al'l VRF, Fan Coil, Mini Split, or RTU syste
were configured to not directly bring in ou
system types | i-eem.t his in CBECC

4 DOAS fans were contvollumd $pysbemsonstant

5.Zone terminal fan pressure drop was set to
for all VRF fan coils and four pipe fan coli

6.Al'l ventilation heat recovepry cwatssialslse med t
ener gy r ec opveerrcgeifndtto wl G@bed céeBnnsi bl e energy rec
7% er cfelnaw. Only sensible energy recovery wa

conservative estimates.

-DAAS units the supply air was set to a r
emperature.

n HRO/AS t he swpgmploy ndai rwas fi xed.

n

S

=}

all DOAS with bypass controls the supply
the only means of controlling the bypass
woubperate with real | oads.

cted terminal uniwt tfhasnpueletdr eamss muh as elde ct
systems and some with constant volume fans.
mu tstpieed fans which continuously ventil ate &
surveyed.

1A 1 | DOAS were sizebDetaultnbOA &toimo raC et G§ .z e d
for full sensible cooling and over ventil at
2Fran pressure drops were calculated based on
a deduction for any HRV owiltshawmtd heatiinltg ea@ars €

[EEN
o
o
c

H

'_\
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DOAS with a heat recovery ventilation unit
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AppendSuxppll ement al Report of
Equi val ency with Mixed Air
Economi zers

Document Summary and | ntent

This document i s a snompcersti dieadca mitd mhdHAVSATiI t he 24
Par20B2 Codes and Standards Enhancement (CASE
covers several HVAC enhancements, one of whic
( DOAS) .

The SEA Report on DOAS provides statewide conte
as a hew prescript,i vPreazréte et aod twhbhatfTi ml ai hdm en
efficiency criteriaCAsSbeadddr tb epriinmdruidleyd . e vlahleu a't

of addi ngomegwl any DOAS installation verses m
installed today. The report also includes a r
specific DOAS configurations to not require a
expanding tekee HYA€sopit poine the market. While p
of fers a means for moféswhobleelboinlodi cg ©Orfade:i
performance pathway in project costs and proj
particularlydentsmbdl|l conebhrestion. This except
which operational energy cost is maintained o
documentation hurtle necessary. Further, this
access for smadll mwinlreisa gieerHeinoe ragyb woper at i onal
HVAC with many DOAS configuralteonsi behaeaagt ava@i :
This document provides suppl ement al i nformat i
energy cost equmablegencygdei tcommi nant buil dings
economi zers. The report provides information
for statewide energy cost compliance and sour
anal ysi s

Separate ener gdyomen afl oyrs i sst amtaeswi de DOAS energy s
proposed code enhancements vs the mar ket typi
those energy models and results are included

Code | anguage enhancement sCASE BOpSBrareuiscide
document aneéliomea metmond f requested.

Basis of DOAS Energy & Carbon Savings

DOAProvide a means to reduce building carbon
|l evel of operational cost egedval BEWAEsswst Bms
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as wel |l

Cal i for

.DOA®ouUS$

to mixe
al so el
system

.DOAS s a

ventil a
a DOAS
peak <co

dament a
driven

.Mai nt ai

space t

.How ven

managed

ry climates such as California, DOA
entilation (HRV) perform the best b

uwhlidil e there areD@ASY conkti undaimens
how to make all configurations mini
I buil di ngs, DOAS fans with modul at
d even i f operating i n abacloannsctea nat v
adjusting the fan speed verses inc

Il when matching a DOAS units rated
specified airfl ow.

er buildings, controltl isntgattihce pDOQASS u
ent signal for demand control vent:.

a way to reduce overall fan energy
e ventilation pathway to supply eac
t oooadlilnogw aandc heati ng fan unit to cyc
tion energy recovery, using a wheel
ventilation peak demand in winter a
tion inlet bypass control tadrstop e
ons provides a |l evel of ventilation
eased |l evel of ventilation airfl ow,
d hours, can provide an increased

aseprfoweixddiflattyr for building renov
nia, a DOAS HVAC configuration can

dve on heating energy from ventil at
d air s-yeshemselweadah AQakcb@AS gV ati on

I minating space cobdAS$Siom, nmi miemieaitr
rehe®dDtOABiL. t h a DX

ves cooling peak demand by reducing
tion heat recover ye.m Gw npzaomeed trtieoh eaa tm
HVAC configuration provides zone | e

oling | oadgs oy i emlgi mif nstpiarcg sovdeaimr i ng

' 'y, the | argest <chall enegeasr fsoyrs tEOA
by two criteria:

ning a | evel of fan energy with fan
er mi nal units and
tilation supply and hewpeehtumrei isc.
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Il n |l arge buildings, DOAS with zone cooling ca

around a chilled water plant and hydronic sol
cool imghkoabil ity miozead asdnhcce adbddnd y toonluyt i | i z
cooling which can have greater ther mal ef fici

al so dehumspeég. cMmptession or variable refri
active refrigedpostcopetrobpferanman pressures and
match thermal | oads and reduce compressor pow
selected and designed to always provide | ow a
power Secondarily,en»0AMAAS ewiotfht ezno naeb Isey stto ut i | i
pumps for heating, I ncreasipreg ctemaepbeemal ef f
compared with a natur al gas furnace or electr

While the | ack of full airside weroalolmi ziitngi 9 se
di fference in terms of source energy and carhb
energy when a mixed air system would ot-her wi s
day, when renewable energy I s pggalieng.osBagmedr
represented by the Time Dependent Value metr.i
morning and | ate afternoon periods.

Based on the items outlined, energy estimates
equi val eaitr ms xteideanan weconomi zer were evaluated
climate to assess the overall energy use diff
using -thel i bperational <cost metrics develope
Energy Commi ssi onTi( Ee®)e nkfeatvine sas( TDV) whi ch ar
form for 2022. Source energy was also include
secondary metric by the CEC for energy compl:i
metrics is included with additional detai/l

Common ibefti on of DOAS
This definition is repeated from the CASE Rep

Dedi cated Outdoor Air Systems (DOAS) as it re
system and not just individual products or <co
deveped as part of the CASE 2022 HVAC control

Dedi cated Outdoor AT AnSHYAEMSY EDOMSWhi ch use

equipment to condition, temper, or filter al
ventilationt athad eedh vepescd, either directly
centr al HVAC units serving those same spaces
Based on this definition, a DOAS unit woul d i

ventil ator seqE&EWwRe/n)y Vhemtti lIrat ors ( HRD/QAS puanciktasg,e c
etc. ASHRAE 90. 1, 2018, pDrCoAVSI duensi ta adse ffion il toiwosn:
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DXDedi cated Outdoor AiDOASS suthaimtsy)p ectosdf | (eBdXr
wat-eogol ed, -soorurwaet efract edypassdemb t hat dehumi d

percent outdoor air to a | ow dew point and
controlling-btulheb stuvepnmpleyr adruyr e of t he dehumidif
supply air temperature. Thidseldoredietdi adneaed cdadty
indirectly to the conditioned spaces. It may
enthalpy wheel, sensible wheel, desiccant wh
or other heat or mass transfer apparatus.

The intenposédtbedprenhancement would be to s

criteria which could be meet by all DOAS conf

bud Int controls or additional control and confi

Parameters of DOASAnlanl cylsui dse d

As par tStaft e@AFEeamds Ti t 120 224 HURALrtol6s measur e
sever al parameters of DOAS were considered in
code | anguage. Below is a |ist of thenapmpla&r amet
for each:

DOAS Paramet ¢Basis for Parameter Specif
DOAS Unit FanSystem pressure determined
CASE 2022 Fan Power tabl es
adjusting the TSP based on
componentsablSameused taoi rd eTi
for system comparison.
DOAS Unit FanFor wunits above 1,000 cf m,
Control mini mum based on zone airf
DCV or occu@faihhciys shequired.
Zone CoylsitegnTitl e 24 Alternate Compli a
Power i nches (317 PA) assumed f o
unit fans.
Zone Cooling|Cycling fans for all ter mi
Control activated wirtelgutelbsgr.most at
System sequernfnVentilation set to provide
cooling and fIRequired to ensure all the
ti mestep. Provides an accu
ventilation economizing if
Vent ation AifVentilation delivered sepa
Zone Use of variable volume cont
occupanoyf fshwtse of fixed a
al |l ot her zones.
DOAS Supply 4Fi xed SAT setpoint in HRV
Temperature (in DOAS with active coolin
DOAS Heat Re{(Minimum sensible energy re
Efficiency cooling.
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DOAS Paramet ¢Basis for Parameter Speci f
DOAS Heat Re(Bypass controbebweed eoao®ai
bypass contrdand upper | imits and based
Both controls necessary on
represent how systems oper
more gradual verses simul af
changes.
DOAS HeRecovegUpper | imit set based on e
economizer |lijdry bulb. Lower | imit incl
how DOAS are configured of
DOAS Reheat LSupply air temperatur ecoriels (
DXDOAS di scharge temperature and
temperature. This all owed |
the unit was in cooling mo
Cooling and ITitle 24 rated minimum eff
Equi pment Effequi pmeavingeman energy fr(
number for proper inclusio
. Zones with DCV oofbcrcegahnc:t
Zone Ventil at.
i ncluded a schedule for t hg¢
Control : . :
ventil ation accipawcyo mat
Zone VentilatgVentilation was increased
Quantities DOAS configurations for ea
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Phil osophy of Energy Modeling for This

This analysis uses energy modelaisng hteoy rweopurl eds eb
designed and isnpseteadl loerd viafr inaublitei speed airfl ow

economi zing was required with the Iimits of ¢
20119 t |, e Pa%ttanedaPdot ot ypes wee®entsaetdi v® dfe smp
medium buil dings to capdmue esysstngrhe. zDmhe mod anlus
are assumed to be relative examples of buil di

area or resulting systemltdiergmalwictalpascmalyl. 2z or
were model edpeetdhfmauabtand airside economi zers
capacity calculated by the ener Byluimaidte.l ™Dleii $1gi
di fferent approach than ,trvalderte otnlad fpirroittod yagtet

prototype result in the selection and | imits
Energy Modeling and Analysis Process
Energy models were built to estimate the ener

standard RBOAS otpmsteld standard code change DOAS
compared with t-hier catraredar edni desli gn system for
evaluate the economi zer exception option.

Comparison of Building & Systems Process
1.Sel ected represealtragady Ipuiolttotfyresnonr esi de.
2.Gat hered mar ket iIintelHVAQ@ein ec ®m tfciltogmwnodddD ArBoi snt

California nonresidenti al buil di ngs.
3.Devel op multiple cooling and heating config
conservamnif veguration for energy use which re
potentially, worst case scenari os.
Energy Model Creation Process
DOAS Models
This diagram isf haowex&8mptef wor#detail for each
system f ol Isotweepds .si mi | ar

Prototype Models New HVAC for Configuration Annual Energy

Use

DOAS Enhancements

ACBECC-Com

Amultiple DOAS
types

Amultiple

cooling/heating

zone system

ACBECC-Com AEnergyPlus ATDV metric
AVentilation ASource metric
rates ACarbon metric
AVentilation
control
AAutosizing
ATSP updated
ASAT control
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Mixed-Air Models

This diagram i sf hawex8metef wor#detail for each
system followed similar steps.
ACBECC- ACBECC- AEnergyPlus ATDV metric
Com Com AVentilation ASource
ACAV => Sz control metric
two speed AAutosizing Acarbon
fans ATSP updated metric
AAdded AAutosizing

economizer

The method used to evaluate this comparison i

CEC as there etshond ffoorr ntali smtype comparison. A
economi zer requirement is recommended for Ded
t hat meet the following criteria:

1.Ventilation heat recovery with bypass capa
2.l ncreased desi gnperemtfi Itehtei srunt owfl15C®ntil ati

needs for the space(s) served.

To evaluate the energy use, two system types
energy model s:

1.Mi xed air system with economizers.

2.DOAS with separate heatainmg nmaneéconmimiregrsys

I n additigoontdemaed ventil at i-boans e(dD CGcVo)n tarnodl so cwce
applied to models that contain spaces where t
Each prototype was modi fied to inklalde#oa syst
matched the building size and scal e. For inst
SZVAV with modul ating fans and economizers as
were included on all SZVAV, regardl esss toof si z
compare mixed air systems with economizers to
Each model was configured with several types

heating and cooling systems. Both items were

case and,paoheirbl e, only represent higher ener (
compari son.

The following models have been developed for

included in the next table for primary system

in the appendi x.
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| Of f10ffilScho Scho{REet{Hot
AYaE Eoni i gl Sma|Medi|Pri mSecon i}i:Sma
Mi x-Adr Econo
SZPU RTU wit
Economi zer s X X
SZPU HP with
Economi zer s X
VAV Reheat,
Economi zer s X X
VAV Reheat,
Economi zer s
Reduced Equi
Reheat , DX, X
DOAS Systems
HRWOAS with X X X
DXDOAS with \ x X X X
HRDOAS with \ X X
HRWOAS with
Splits X
HRWOAS with X
HRWOAS with X
Reduced Equt
DOAS with VR X
These configurations of DOAS were assumed to
of DOASepmdate space heating and cooling as w
construction throughout CA. Other types using
t hough primarily in medium offices and | arger
coil confwgsrhbhoui bt and found to be one of the
DOAS compared with other configurations. Base
DOAS model s were not assessed.
Energy Modeling Key I nputs and Assumpt.i
Bel ow are ¢bhefisgstt@atmi ons for major features fi
systems and the DOAS systems. Additional I nf o
including fan rated power, heating and cool in
information.
Wher EVDor occupancy based sensors are require
both the DOAS and mixed air systems as this w
primary HVAC configuration.

2022 Title

24,

Pari2 G2NIRH¥Y ACBIHQASE Report



HVAC : : Ventil at|{Zone K
System |l ¢ foType |Control Amount|Set poin/RECOVEryAIirflc
Componeg System Contrd
Heat [Coo|
s|Mi xed|VAV wi t Dx |variPCV & SAT Res
_|[Econo|lReheat |n/ a Coi ISpee Pressur|Code Mbased ojnone n/ a
—ler DX Cool Set pRéean Zone, 5
; HRV (DC Constan|Sensi bl e
with FH Vari'DCV & Setpoi nf[Recovery|Cycl e
o Chillernone non1spee‘Pressur 1.5 x 60% at 1|On/ Of f
o Set pRéeasn fl ow Ther md
—_ 65% at 7
= HRV ( D( Constan|Sensi bl e
6 with Ai VariaDCV & Setpoi nf[Recovery|Cycl e
Source nonenon1speePressur1.5 X 60% at 1(On/ Of f
£ Set pRéean flow Ther mc
S DOAS 65% at 7
—Desi g/ DXDOAS DXDOAS |Sensi bl e
3 with Ai D % Vari'DCV & SAT Res|Recovery|Cycl e
s Source FurnzCoilSpee:Pressur 1.5 x |[Cooling|60% at 1/On/ Of f
Set pRéeas Reheat |[fl ow Ther mca
65% at 7
DXDOAS DXDOAS |Sensi bl e
heat pu . I DCV & SAT Res|Recovery|Cycl e
Wit h Ai;'ﬁf;t ngi'\slagle‘Pressur 1.5 x |Coolingl60% at 1|On/ Of f
Source P b Set pRéeas Reheat |[fl ow Ther mca
65% at 7
Two Spe Ther mos Singl e
—|Mi xed|Singl e D X Two 50% FIl o Reset t
';Ecoru)PackageFurruC0i|Spee 306 PowelCodMi n|Ther mos{none n/ a
cler De|Uni ts Fans |[Ful |l FI
%) Ful | Po
2022 Title 24,
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HVAC . . . Ventil at|Zone F
System | Lo 2 ICant ol |Amount|sor hol n|ReECOVery Al
Compone yp P System Cont r
Heat |[Cool
;Wo Fpe Ther mos g'ngiet
Hln? E’Heat px |LWo [50% Flo Tﬁse
Ue?t uPum Coi@pee(B% PowelCode M €rmosSinone n/ a
ni S P Fans |[Ful | Fl
Ful I Po
HRW DOA|] Constan
' - ' i Sensi bl e
gbrrtg“ Const / 1. 5 SetpOInRecovery gyfgff
hone non'Volurn a : X 60% at J_Tﬂ
fF1ow er md
65% at 7
HRV ( D( Constan
wi t h RT SetpoinSenSibIe
Const / 1. 5 Recovery gyfgff
none non1V0|u'n a ) X 60% at ]'TE
fF1ow er md
DOAS 65% at 7
Desi g HRV ( DC Constan .
with Ai s.etpoinSenSIbleCycle
Source Const Recovery
none non1VO|urn/a 1.5 x 60% at ]_gﬂ/Off
fF1ow er md
65% at 7
DXDOAS Const an _
with Ai SetpoinSenS|bIeCycle
Source /DX |Const Recovery
Furn‘CoilVqurn/a 1.5 x 60% at ]'$E/Off
F1ow er md
65% at 7
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HVAC . . Ventil at|Zone F
System | {00l ioType|Control Amount|set pol n|RECOVETryAirflc
Compone System Cont r ¢
Heat |[Coo
© Tw®dpeeq Ther mos Single
<IMi xed|Singl e D X Two 50% FIl o Reset t
;EconoPackageFurneCOi|Spe (30% PowCode MTher mos/none n/ a
er De/Uni t s Fan Ful | F
- Full Po
— DXDOAS Ther mos DXDOAS Sensi bl e
o with Ai 150% FIl o SAT Res|Recovery|Cycl e
EBS':ngSource Furnzgfuxg[ ;30% Pow/ll.5 x |[Coolingl60% at 1|0On/ Of f
— Ful | F Reheat fl ow Ther mca
o Ful I Po 65% at 7
. VAV wit SAT Res
_MlxedReheat CHW||Var zDCV & based o
©ol[Econo n/ a Pressur|Code M none n/ a
- CHW Coa Pl alVol I , Zone, 5
er DeCoil Set pRes
e
o HRV ( D( Constan|Sensi bl e
mDOAS with Ai VariPCV & SetpoinlRecovery|Cycle
>NDeSigSource none non1V0I rPressur 1.5 x 60% at 1/ On/ Of f
_ Set pRes flow Ther mg
© 65% at 7
© DXDOAS SAT Res|Sensi bl e
< with Ai IDCV & Cool ing/lRecovery|Cycl e
3ggéisgSource DXCoiEgr'xilr ;Pressur 1.5 x |[SAT Res|60% at 1|On/ Of f
o Set pRéeasn Fan/ Re|fl ow Ther mca
%) 65% at 7
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Metrics for Eval uation of DOAS Economi z

For California code compliance, end uses for

compared from a standard model to a proposed

Dependent Values (TDVs) for each fuel type an
cyccloest of energy for the building type (nonr e
type. While there are many factors that go in
cost f enwog¥#xpewneensce over the | iffoer eocfa stthse

of th energy sector.

0
e
A second metric which is being considered by
not yet been adopted is Source Energy. Source
uel type have been dlevehegeidnby dhaef CECO
nsidering adopting both metrics, requiri
Source Energy | imit. Source energy, while not
emi ssions, does track veasy eniossseil oyn swihahs egddr ecem
made by the CEC during metric workshops. A se
devel oped by climate zone and fuel type along
currently planned to be usead.orSiinac e oi tmoivse tthoen
carbon buildings all metrics were included in

the potential differencai rbeHWeGEn DOAS and mi X

and f
i's co

Annual TDV for 2022

For the 2022 Title 24 code edyclte itchd yermerrdg \gac
under went a significant upgrade to reflect th

forecasts of changing energy costs. The weath
updated to capture more recentaiweat hmat pat whr
arelime with forecasted trends of temperature
metrics, the overall cost of electricity per

unit i ncreased. As an exampl eTDVW) evalgwe sT i iner e
pull ed from Climate Zone 12 to demonstrate th

2022 and in gas, from 2016 to 2019 to 2022.
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Time Dependent Value Approximates for Comparison

55.0
42.0
220 25.0

kBtu/kw kBtu/kW kBtu/kW kBtu/kW kBtu/kW kBtu/kW kBtu/kW kBtu/kW
2016, Gas 2019, Gas 2022, Gas, Mid 2022, Gas, 2022, Elec Mid 2019, Elec Mid 2022, Elec Peak 2019, Elec Peak
IEPR Policy Day Day

Il n the electridayr amels t hrotple aki dlemand cost met
25 to -2y mamladm 55 to 42 at peak. I n the gas me
forecasted in the TDV metric went up signific
from 6.8 to 11.1 in another from 2019 to 2022
compl eted andithwemetectris planned tdoaybe furt

periods to reflect the true costs of | ower re
This change in the forecasted cost of energy
effectiveness of DOASyseéeemesshanmiexadvuaiti ng th
exception. As an example of this metric, when

energy results a majority of the air-daye econ
|l ow costs for electricity.

Climate Zone Number

DOAS DX-DOAS HP VRF MixAir VAV ReheatMeter.cs 01
Cooling Loads Op 1 Cooling Loads Op 2 S?
[deg F] OADE (bin) [deg F] OADE (bin) 04

05

=
n
=

1=
[T
=
—
=

.
ISR,
=

06

07
08
08
— . . o ()®
11

12
13

14

15
[ | %
g 8 R £ 88 8 % §

T

kWh Cooling
w
=
kWh Cooling

c oW o W o W o W oo W oo W O W o
m ¥ ¥ B o@m 8 0o~ - @ ® o0 0 S

Reviewinginlgeondy results from two prototype
DXDOAS with VRF on the I eft shows the sum of ¢

o
=

o on
= =

600K
400K

ry
b=3
=1
=
\ E
o o
[=I=1
= =

TDV Cooling
TDV Cooling

o
=
o
=

s o ow oo ouw
7 9 9 B o

Mull
Mull

outdodr yabullhbe same cooling energy is shown fc
unit system entbbegraght shdolws the straight kW
the two cases. The DOAS wuses significantly mo
mi xed air system. When the TDV factor is appl
value of energyousea@aiirnbime ofit 70F or above in
This increase in cooling energy still exists
energy directly for comparison. When this ene
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demand reductliathi dm ohme astentecovery and heating
overall result is a | ower or equivalent energ

Source Energy Metrics

Source energy factors convert the fuel types
consumed at & op@werdugxleantt . Each climate zone
source multipliers and were utilized to evalu

Carbon Emissions Metrics
Hourly car bsaver @emiad sioomlevel oped by the CEC for

nonresidenti al buil di "hpe emdseilaochsfluattoyper e
site energy to source and then applying the m
carbon equivalent. For this

Parameters for Evaluating Resul ts

Equivalency was evalwuated for ladnyr eBsQUAS cionn feinge
savi ngpe r>cweintth t he economi zer standard system.
consistent results across models for <climate

Addi tional Analysis with Alternate Equi

Due to initial resulumrsatifordds flheireag t wiDtOWISn ca ng 1
mi x-adr systems, some higher, some | ower by a
analysis was done to demonstrate the i mpacts
system sizing and sensi thievriet yarteo manntye rfnaaclt ol rosa
i mpact the overall ener gy uwwsoeutidra nag eb uihledi ng,
incremental energy use of one HVAC configurat
much as internal | oads, Isnp eASHR Ak IRIRys Brr e0g eepctta c

1742 found that office equipment ranges from

docking stations to 1.53 W sf for heavy deskt
resulted in a reduction in the IiHRAE nal | oads
Handbook Fundampenmnmtted $p3ed cfedn@m t he 2009 wversion
net zero energy buildings, plug |l oads are a ¢
many office buildings now operate close to 0.
I n the pruotl dtiywmges, receptacle |l oads in office
most obvious discrepancies between how buil di
how they do today. This prototype assumes off
|l oads. Thiofamoutmrer nal equi pment effectively i
and contributes to heating a building in wint
without this source -aifr isnytsetrenna|le fhfeeactt,i vae Inyi xneede
| ess andadpdiotviiodnea | heating during colder condi
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The medium office prototype was modified for

standard set of models to evaluate this i mpac
receptacle | oads ofploi. &® tW stthe The si guasdayp f ot
operational schedule for weekdays.
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Energy Resul t Findings
Bel ow are results of the difference between Mixed air HVaAWC cronf
DOAS, and daehl iddf o€Cinmat e zoneswolbhéespl aesdlits the detailed secti
this findings section.

Small Office Medi um Office

Percent TDV Savings of Percent TDV Savings of DOAS ve

with -mmpked f aencso monndi z €
Clim D % D % HRV HRV HRYV ClinAIlt Recg¢€ D % HR HRV HRV
e Zo DOA{ DOAS wi't wi t| wit e Zo Loads-| DOAY DOAY wi't wi t

wi tft DCV w4 Mi n Reci V RF DOAS w wit wi tf FPF V RF

VRF VRH Spl i RTU VRHE VRH V RF
Z01 11. ¢ 39.220.74 26.¢23. ] Z0 13.¢ 7.6 4.6/ 5.6 4. 2
Z02 4.9 22.(11.9 14.7312.( Z0 8.4 3.6 2.4 5.0 7.8
Z03 3.0 19.(¢(12.4 12.9 8.6 Z0 7.6/ 1.1 -0. 4 3.4 1.9
Z04 0. 6 16. 9 9.6/ 10.7 7.6 Z 0 4 5.3 1.1 0.0 3.4 4. 3
Z05 6. 7 17.112.71 13.7 7.5 Z0 5.8 0.2 1.8 1.2 0.1
Z06 11,7 6.5 4.5 4.1 2.5 Z0 1.0 2.9 3.9 4.0 6.6
Z07 -15. 3 5.9 3.4 2.7 0.5 Z0 3.4 2.1 3.2 2.3 1.9
Z038 -3. 8 10.4 5.0 5.2 3.4 Z0 2.0 1.1 2.0 3.9 6.7
Z09 -0. 3 11.¢ 7.0 7.2 4.5 Z0 2.5 0.0 -0. 9 3.2 6. 2
Z10 2.0 13.¢ 8.1 8.6/ 6.2 Z1 3.5 1.3 0.4 4.2 6. 4
Z11 11. ¢ 23.913.¢ 15.514. ¢ Z1 9.0/ 6.4 5.6/ 7.9 11.:
Z12 6. 4 21.711.¢ 13.311. 4 Z1 8.5 4.9 4.0 5.7 7.9
Z13 9.0 19.¢11.3 13.7111.°% Z1 7.2 3.5 2.7 4.3 7.2
Z14 10. ¢ 21.7112.(¢ 14.512. ¢ Z 1y 8.0 5.1 4.4 6.2 10. ¢
Z15 10. ¢ 15.411.7 11.311.°% Z1 4.9 3.4 2.7, 3.0 10. 1
Z16 14 .7 35.% 7.1 25.(0Q20. 4 Z1 14. 84§ 4. 8 2.7 9.1 6.9
*Based on | imitationDOAS EmserntqyePlpus maryl co@Xing system before t
cooling DOAS show an neondeerlgiyn gp esniamiptlyi fdiuceattioons required at this t
be far greater than HRV DOAS for mid climates 6 and 7.
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Primary School s Secondary School s
Percent TDWfS&WA |Percent TD\W CEXDWOIASg A
ver svess VAV Reheat VRFerses vs VAV

Cli mate |DXDOAS wi t Climate DXDOAS wi t#

vs Package
Z01 16. Z01 14.
Z02 8.1 Z02 13.
Z03 9. 4 Z03 12.
Z04 9. 2 Z04 13.
Z05 4. 8 Z05 11.
Z06 0.5 Z06 12.
Z07 -0. 9 Z07 11.
Z038 3.2 Z08 14.
Z09 8.5 Z09 13.
Z10 10. | Z10 14.
Z11 18. Z11 14.
Z12 11. | Z12 15.
Z13 12. Z13 14.
Z14 18. | Z14 13.
Z15 19. Z15 12.
Z16 10. | Z16 12.

The resuthe fshlolwowi ng:

1. The DOAS configurations with HRV only and
provide cooling achieVfThi sheohbwgstaehengys
climates due to the mild winter condition
humi dity, typically hot and dry.

2.1ln DOAS configurations with acti“e cooling
percoefntany mi xed aisrousyxst emowiitnlg,aisruch as

3.1ln the secondary schools, DOAS configurat:i
water cbolkedd water plant e&peea®&dd st he t hr
finding set the Gppet hlkei mypeal odowdbmcé di ngs
fl oors, the exception would be allowed for

4 . A medium office with peegusephteyst ahoadergfy 8a
in all climate zones with a DOAS configur a
compatreda mi xed air system with economizer.
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The

1.

4

foll owing recommendations for a code equi
DOAS with the economizer exception must be
per ciemcdreased ventilation and or exhaust r €
.Systaméieving a ipiemicsaanms iolh|l &€ Oener gy recove
include bypass controls for free cooling b
economizer | imits table and | ower | imit of

.DOAS with economhoned deR @ paumd no chcauspeadn c y

ventilation controls if an econbmrzer woul
systems 1,000 cfm or greater.

At his time, the applications of DOAS with

found to be equi vallhentanarl yexncsel eddd @T Dt er c O
configurations ofh®OAI® mesuahis witne regar d:
di fference are anticipated to reflect the
so far.

Detailed Energy Result Findings

The
di f
1
2

following déttai laece emed giyderdesw unpack how
ferent configur atAiorn sHWAC DsO/AsSt eammsd. Mi x e d

.Total &SaerBysMeSirtie Hneercgyri c, Gas, Source
.Energy by FueAi Typrd DMOA®d Annual Energy

a.Represebuatdvag, medium office, climate

.Enddse Ener gyAiorf awi &k eRIOAS, Annual Energy

a.Representative building, medium office,

.Typical Summer Week, Energy Use of Represe

a.Representative buweieldichg mamedizomeo f4f i

.Typical Wi nter Week, Energy Use of Represe

a.Representative building, medium office,

.Seasonal Energy Shifting, Representative C
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Tot al

Energy

Site Electric Savings

by

Metr i

c

DOAS showsi nocvreeraasleld el ectri cal use and decreased gas in site ene
SMALL OFFI CE MEDI UM OFFI CE
Site kBtu/sf Electrical -Si Site kBtu/sf Electrical Saving
speed fans and econoil economi zer s.
D Xx HRV HRV Al t -1 D x HR
| DOAS| with with 1RV . poAs| poas| poas| ARV | HRV
Climate . , , : with |Climate : : . wi th with
with Mini| Reci VRE with with with EPECl VRE
VRF Spl i RTU VRF VRF VRF
Z01 (3. (3. (0. (3. Z01 (2. (2. (3. (2. (2.
Z02 (2. (2. (0. (2. Z02 (1. (1. (2. (1. (1.
Z03 (2. (1. (0. (2. Z03 (2. (2. (2. (1. (2.
Z04 (1. (1. (0. (1. Z04 (1. (1. (1. (1. (1.
Z05 (2. (1. (0. (2. Z05 (1. (1. (2. (1. (1.
Z06 (2. (0. (0. (1. Z06 (1. (1. (1. (0. (1.
Z07 (2. (0. (0. (1. Z07 (1. (1. (1. (0. (1.
Z08 (1. (0. (0. (0. Z08 (0. (1. (1. (0. (0.
Z09 (1. (0. (0. (1. Z09 (0. (1. (1. (0. (0.
Z10 (1. (0. 0. (1. Z10 (0. (1. (1. (0. (0.
Z11 (1. (1. 0. (1. Z11 (1. (1. (1. (0. (1.
Z12 (1. (1. (0. (1. Z12 (1. (1. (1. (0. (1.
Z13 (0. (1. 0. (1. Z13 (1. (1. (1. (0. (1.
Z1l4 (0. (1. 0. (1. Z1l4 (1. (1. (1. (0. (1.
Z15 1. 1. 1. 1. Z15 (0. (0. (0. 0. (0.
Z16 (2. (4. 0. (3. Z16 (2. (2. (3. (1. (2.
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Primary School [Secondary S
Site kBtu/sf S'Staevikn%tS“’vss

wSiachI an)\{SA;Nnngegl Rehe.at -DPAB
with VRF

Clim DXDOAS w Climg Packali
Zone V RF Zone D X
Z01 (0. Z01 (0.

Z02 (0. Z02 0.

Z03 (0. Z03 0.

Z04 (0. Z04 1.

Z05 (0. Z05 0.

Z06 (0. Z06 1.
Z07 (0. Z07 1.
Z08 0. Z08 2.
Z09 0. Z09 2.
Z10 0. Z10 2.
Z11 1. Z11 1.
Z12 0. Z12 1.
Z13 1. Z13 2 .
Z14 1. Z14 1.
Z15 3. Z15 3.
Z16 (0. Z16 (1.
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Site Gas Savings

SMALL OFFI CE MEDI UM OFFI CE
Site kBtu/sf Gas Savi mgse e\ Site kBtu/sf Gas Savings vs V
fans and economi zer economi zer s .
D X HRV HRV Al t - D X HR
| DOAY wit wit DRV . DOAY DOAS DOAg HRV HRY
Climat e . . . wit |[Climate . : ; wi t wi t
wi t Mi n Reci VRE wi t wi t wi t EPE VRE
V RH Spl RTU V RF V RH V RF
Z01 18. 20 13. 20. Z01 11. 7 . 8 . 6 8 .
Z02 10. 11. 7 . 11. Z02 7 . 4 . 5. 4 5.
Z03 8. 9. 6 . 9 . Z03 6 . 4, 4 3 4
Z04 6 . 7 . 5. 7 . Z04 4 . 3. 3. 2 3.
Z05 7 . 8. 6 . 8. Z05 5. 3. 3. 3 3.
Z06 3. 3. 2 . 3. Z06 3. 2 . 2 . 1 2 .
207 2 . 2 . 2 . 2 . Z07 2 . 1. 1. 1 1.
Z08 3. 3. 2 . 3. Z08 3. 2 . 2 . 1 2 .
Z09 3. 4, 3. 4, Z09 3. 2. 2. 1 2.
Z10 4 . 5. 3. 5. Z10 3. 2 . 2 . 2 2 .
Z11 9. 10. 6 . 10. Z11 6 . 4 . 4 . 4 4 .
Z12 9. 10. 6 . 10. Z12 6 . 4 . 4 . 3 4 .
Z13 7 . 8. 5. 8. Z13 5. 3. 3. 3 3.
Z14 8 . 10. 6 . 10. Z14 5. 3. 3. 2 3.
Z15 2 . 2 . 1. 2 . Z15 1. 1. 1. 1 1.
Z16 17 21 12 21 Z16 10. 7. 8 . 5 8 .
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Primary Sch [Secondary S
Site kBt ul Site kBtul/
Savings V4 Savings Vs
Reheat wit ReheatbXxDBPAS
economi ze with VRF

Cli mégéDXDOAS |Cli mg Packag
Zone|l with Zone D X
Z01 4 Z01 9 .
Z02 2. Z02 6 .
Z03 1. Z03 4
Z04 1. Z04 4
Z05 1. Z05 3.
Z06 0. Z06 2.
Z07 0. Z07 2.
Z08 0. Z08 2.
Z09 0. Z09 2.
Z10 0. Z10 2 .
Z11 2 . Z11 6 .
Z12 2 . Z12 5.
Z13 2 . Z13 5.
Z14 2 . Z14 5.
Z15 0. Z15 1.
Z16 7 . Z16 11

Source Energy

Sour ce

Mo s t DOAS
a DOAS

of fice,
cycling

energy difference

on

configurations
configuration with
and off respectfully.

i s shown

for all combi
space heating
2022 Title

nations eheD@AS
inchDoOdA&Sd gasnbéeaedi wgtaoank hwei worlde FDKnac
usi ng wiatsh wfawsr n e
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SMALL OFFI CE MEDI UM OFFI CE
Percent Source Energy Savsmpgesd ([Percent Source Energy Savings
fans and economi zers. economi zer s.
Clim D % Clim Al t- D % HPR HRV WHRV w
Zond PX | poas|HRY WHRV Wipyv w | zond DOAS| DOAS| DOAS| FPFC VRF

DOAS Mi ni| Reci . ; ;

; DCV w . VRF with |with [with

wi tVIRE VRE Spl i RTU
Z01 43 % 6 7% 6 3% 48 % 6 6 % Z01 57 % 50 % 51 % 45 % 51 %
Z02 29 % 55 % 48 % 39 % 49 % Z02 45 % 36 % 36 % 33% 37 %
Z03 23 % 50 % 48 % 38 % 47 % Z03 43 % 35% 34 % 32% 35%
Z04 19 % 42 % 39 % 31% 38% Z04 35% 27 % 26 % 25 % 27 %
Z05 21 % 48 % 46 % 38% 45 % Z05 39 % 30 % 29 % 28 % 31%
Z06 -3 % 23 % 25 % 21 % 19 % Z06 25 % 18 % 17 % 19 % 21 %
Z07 -6 % 21 % 22 % 18 % 16 % Z07 26 % 17 % 16 % 18 % 18 %
Z08 3 % 25 % 23 % 19 % 20 % Z08 25 % 18 % 17 % 19 % 19 %
Z09 8 % 27 % 27 % 22 % 23 % Z09 26 % 18 % 17 % 17 % 18 %
Z10 13 % 31% 28 % 24 % 26 % Z10 26 % 19 % 18 % 18 % 19 %
Z11 30% 50 % 41 % 33 % 43 % Z11 38 % 31% 31% 29 % 33 %
Z12 28 % 50 % 42 % 34 % 43 % Z12 40 % 32% 32% 29 % 33 %
Z13 25 % 4 4 % 36 % 29 % 37% Z13 34 % 25 % 26 % 24 % 26 %
Z14 29 % 47 % 39 % 33 % 41 % Z14 33 % 24 % 24 % 22 % 26 %
Z15 11% 19 % 19 % 17 % 16 % Z15 13 % 7 % 6 % 9 % 10 %
Z16 46 % 6 9 % 53 % 42 % 6 1% Z16 52 % 42 % 4 4 % 35% 46 %
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Primary Sch [Secondary Sc
Percent SOF Percent Sour
Energy Savli Savings vs V
VAV Reheat | |5r moaAs witl
and economi
Cli mgDXDOAY |Cl i m Package
Zonel with Z0one
Z01 289 Z01 499
Z02 199 Z02 399
Z03 169 Z03 3759
Z04 139 Z04 339
Z05 139 Z05 329
Z06 6 % Z06 269
Z07 5 % Z07 259
Z08 9 % Z08 2759
Z09 129 Z09 2759
Z10 1209 Z10 2759
Z11 2259 Z11 3759
Z12 1909 Z12 379
Z13 1909 Z13 3459
Z14 2009 Z14 339
Z15 1509 Z15 2009
Z16 2759 Z16 479
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Energy by Fuel Type, Mixed-Air and DOAS, Annual Energy

The site enfTeDWypern bkuBitludi ng fl oor area are shown for a Medi um Of
Climate Zone 6 which represents a coast al mi lad wao md ii thil @am darcad ndli

I n Climate Zone 6, TDV is reduced for two of the four DOAS conf
Coils served from air cooled chillers and aplkecterthdahsgt a#\thardt
energy use for this climate zone. Based on the addit iDORASI want al W
and the Standard Mixed Air system, the serhsiwni vint t hoef Reeqdwicpeme rkEtq
column for each climate zone.

Site Energy, kBtu-TDV | E_OffM

CA Climate Zone & CA Climate Zone 12
Reduced Equipment Reduced Equipment
Proposed Standard Load Proposed Standard Load
_ ) . 12513 U
170 | 11841 11968 . 11982 12057 120.52
109.39 — 110.24
—_ 104.82
:%‘ 100
57
x
=
=) "
t‘ au
=
(=]
T
= -
w ou
=
2
L
240
[T}
o
20
DX-DOAS DX-DOAS Heat Heat Packaged | DX-DOAS Packaged | DX-DOAS DX-DOAS Heat Heat Packaged | DX-DOAS Packagesd
Furnace HeatPump Recovery HRecovery VAVR Furnace VAVR Furnace HeatPump Recovery HRecovery VAVR Furnace VAVR
[with VRF] [with VRF] Ventilatar Ventilator [with VRF] [with VRF] [with VRF] Ventilator Ventilator [with VRF]
[with &ir [with VRF] [with Air [with VRF]
Source Source
FPFC] FFFC]
Measure N.. [l Gas Regulated kBtu TDV/sf B Electric Regulated kBtu TDV/sf B Total Regulated kBtu TDV/sf
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Endse Energy-Aofr Minde d®OAS, Annual Energy
Energy use with TDV factors applied is shown in kBtu/sf froma HVA

mediafmfi ce building. I n DOAS configurations with ventilati dmeco:
DOAS configuration with HRVs and VRF used the | east amountilbs$ e
served from an air cooled chiller and boiler

Site TDV Energy, HVAC Only | E_OffM

CA Climate Zone 6 CA Climate Zone 12
Reduced Equipment Pronosed Standard Reduced Equipment
Load Load

a0 87
g2 83 82

Proposed Standard

80

70

60

40

30

HVAC Energy Only [TDV kBtu/sf]
w
[=]

20

10
0
DX-DOAS Dx-DOAS Heat Heat Packaged | DX-DOAS Packaged | DX-DOAS DX-DOAS Heat Heat Packaged Dx-DOAS Packaged
Furnace HeatPump Recovery Recovery | VAVR Furnace VAVR Furnace Heat Pump Recovery Recovery | VAVR Furnace VAVR
[with VRF] [with VRF] Ventilator Ventilator [with VRF] [with VRF] [with VRF] Ventilator Ventilator [with VRF]
[with Air [with VRF] [with Air [with VRF]
Source Source
FPFC] FPFC]
[ Heat g W Heat £ Pumps M rans H Cooling Towers [ Total
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I n the secondary school prototype, which represents a buibDX¥ing
DOAS configuration with VRF uses molr ea emleirlglyed hvaant @rh ep Ima xte,d pariirr
cooling energy as well as an increase in fan energiytoswwWh®&KX comp a
coil, the DOAS configuration uses |l ess energy overal/l

Site TDV Energy, HVAC Only | E_SchS
CA Climate Zone 6 CA Climate Zone 12

Proposed Standard Proposed Standard

100
%
=

& 80
-
=
=)
=4
S

= 60
o
)
<
[

b 40
()
<L
=
T

20

0

DX-DOAS Furnace [with MA-VAVR_CHW Packaged VAVR DX-DOAS Furnace [with MA-VAVR_CHW Packaged VAVR
VRF] VRF]
W Heat g M HeatE Pumps M rans M Cooling Towers M Total
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I n t hlel sanfaf i ce, al | DOAS configurations used | ess energy than tt
rooftop packaged units with furnaces. A configuration omusidnegl e
for reference and shown for completeness.

Site TDV Energy, HVAC Only | E_OffS
CA Climate Zone 04 CA Climate Zone 12
Proposed Standard With DCV Proposed Standard With DCV

HVAC Energy Only [TDV kBtu/sf]

DX-DOAS Heat Rec Heat Rec Heat Rec| SZCAV |DX-DOAS SZCAV DX-DOASHeat RecHeat Rec Heat Rec| SZCAV |DX-DOAS SZCAV

Furnace overy.. overy.. overy.. | with |Furnace with |Furnace overy.. overy.. overy. | with |Furnace with
[with Furnace | [with Furnace| [with Furnace | [with Furnace
VRF] VRF] VRF] VRF]
[ Heat g W HeatE Pumps M Fans M Cooling Towers [ Total
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Typical Summer

To demonstrate

gas.siAled gas i
the week.

S

We e k , Energy
the hourly resul
| abel ed as

Use of

ts found,

Representative

t he

Case

foll owi ngi ¢iatby ean @

for R €

kWh _ equival ent

Site Energy: Medium Office Climate Zone 4, Week 37 | September

The
bel

chart bel
ow shows

ow i
t wo

s of

i nteynal

( k Whe)

clarity.

hoads$ henbwyitadi mgovisdepelTari chpaf o

configuratDOAS a©rfd DOASHRV it hanwWdRFgna OXnfigurati or

Internal Loads, Week Energy Review, kWh

System Typ..
m g 7575
=]
= 75
=
(48
g 56
I'E. 4
o
> -
a 2
iy~
@ = 7575
a
< 75
= 75
o 60
Heat o 5
3 g 56
ec PR
= o
e g
a 2
@ 3 7575
[
= 75
= &0
(48
ackaged g 56
AVR o, &
o
= -
a 2

_kWh Equipment kWh Lighting

Vonday Tuesday

83 92 a3
59 55

83 92 83
55 56

83 92 a3
55 55

- 83 72 a3 71
57

= 83 72 83 71
57

= 83 72 83 71
57

83
780
55 5454
23
700
55 5454
83
780
55 5454
2022 Title 24,
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n

Looking at the HVAC ominyd,aygn tthlkee nh oxtetde sati rd ssyy,stMm uses more cool
Tuesday through Friday, the DOAS configurations use more cool i
temper atur e.
Week Energy Review, k\Wh
System Typ.. Sunday Monday Tuesday Wednesday Thursday Friday Saturday
@ 80 7575 32 70 72 71 700 71 50 E
= a5 5
DX-DOAS o e '__/?\ s /\J\/\J\A 40 E
- o =1 56 29 57 55
Furnace 2 40 | 28 28 28 5454 i
i h =
[with VRF] E:' . . . . ) 20 g
| A | AN AN AN -
@ g0 7575 %2 70 72 7 700 71 s 3
=1 a5 5
H '“c_-' 50 ﬁ\ [ /\—/\_/\__/\.——/\ 40 E’
eat = 56 56 57
Recovery .'E. 40 24 25 25 > 24 sapt ﬁg_:.
Ventilator 9 20 =2
[withvrF] < 20 A g
o] oem |\ AN, AN, AN AR\ AU S o -
a8 =0 A \/ﬂ?\ 70 72 71 700 71 % g
2 p
'uc_-‘ . ﬁ\ —_/—*\_/\—_/—\_'/\.—_/\ . §
Packaged o 56 55 56 == 57 25 S5 5454 =
VAVR S 40 A =
2 2 17 : | - - - ?
0 -;_A 0o %
14 71013161922|1 4 7 1013161922|1 4 7 1013161922|1 4 7 10131619221 4 7 10131619 22(1 4 7 10131619 22(1 4 7 10 13 16 19 22
_kWh Cooling . _kWh Fans . _kWhe Heat gas . _kWh Heating
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TDV Site Energy: Medium Office Climate Zone 4, Week 37 | September

The same week for the three configurations i s showndawi tchootlhien gT Dd
increase the overall cooling energy inehetpbyD®A8Bnconfiper emt xeds
compared to the DOAS demonstrates the impact of the major diffe

Week Energy Review TDV

System Typ.. Sunday Monday Tuesday Wednesday Thursday Friday

Saturday
1500
@ 50 7575 sz 70 72 71 780 71 .
3 ﬂ =1
s} 75 ._/-aﬁ\ ~
o &0 1000 &
DX-DOAS ] 56 53 56 57 55 5454 E
Furnace 3, 40 %
[with VRF] 2 500 3
=T
o
1500
il
2 3
a =
o 1000 g
Heat g u
Recovery = %
Ventilator g‘ 500 ‘Fq
[withVRF] <
o
1500
m
2 8
S =
- 1000 &
Packaged g E
VAVR = w
2 so0 &
E W
o
1 4 7 1013161522/1 4 7 10123161522|/1 4 7 1013161522|1 4 7 1013161522|1 4 7 101316195 22(1 4 7 101316195 22|1 4 7 1013 16 15 22

. TOV Heating ele . TDV Heating gas . TDV Cooling . TDV Fans
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Source Energy: Medium Office Climate Zone 4, Week 37 | September

Looking at sour edeaye reenregoyd,y atbheee snii dal |l systems drops to zero, wher
increase dramatically. This reflects how carbon is currently fo

Week Energy Review Source

System Typ.. Sunday Monday Tuesday Wednesday Thursday Fricay Saturday
200
@ g0 7575 g2 h
3 75 _/_\ =g
o &0 =
w
DX-DOAS g 56 55 100 'y
Furnace 3, 40 E
withVRF] @ &
SN’ AL A As Ay v
0 A\ \ X A L oa A 0
200
g2
@ 30 F2
: \/\
o 60 -—/\ _/—\__/‘.\.——/\ =
w
Heat @ 100
Recovery =, 40 5
Ventilator g‘ ‘,9,
[withvrr] < 20
0 A A\ N AL A A A A o
200
@ 50 7575 32 20 72 71 7U0 71 =
3 .ﬂ '_/—A\—/h\-_/\ ._/\ 150 g
= 60 &
Packaged g 59 G 57 [=4= 5454 100 o
VAVR Z 40 <
g 2 s 9
: LA A AL A A A |
1 4 710131619221 4 7 1013161922/1 4 7 10131619 22|1 4 7 10131615221 4 7 10131619 22|/1 4 7 101316519 22|1 4 7 10 13 1519 22
. Source kBtu Cooling Source kBtu Fan Source kBtu Heat gas . Source kBtu Heating e
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Carbon Emissions: Medium Office Climate Zone 4, Week 37 | September
The same data is presented in pounds of equi vliayl ce ntth ec a3 dowrna ee ne rsesri

Week Energy Review Carbon

System Typ.. Sunday Monday Tuesday Wednesday Thursday Friday Saturday
20
@ =0 7575 sz 70 72 71 700 7
g 75 s
-uo—_. 60 ._/\ ._/#-\ J\./\J\,__/\ 2
DX-DOAS ] 56 53 56 57 g
Kl
Furnace = 40 =
[with VRF] @ ~
= N A \ A.g F N A A
0 b\ /\ [\
@ 30 %2
8 ___/\ /\ _/_\_/\ :
o o0 —d/-\. :.
Heat 2 E
Recovery = 40 =
Ventilator o ~
[withver] < 20
oA A . A A _,\_f“\_ 0
20
@ =0 7575 sz 70 72 71 700 7
g 75 s
'uo_.' 60 ._/\ ._/#-\ J\-/\J\,__/\ E.
Packaged =01 55 =01 c7 55 5
VAVR 13 40 Saed 10 %
& o
2 20
0 M K\ Aﬂ A_ 0
1 4 71013161922|1 4 7 10131619 22|1 4 7 1013161922/1 4 7 10123161922|1 4 7 1013161922|1 4 7 1013161922|1 4 7 1013 16 19 22
Carbon Lbs Heat g . Carbon Lbs Heat e . Carbon Lbs Cooling Carbon Lbs Fans
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Typical Wi nter Week, Energy Use of Representative Case

Site Energy: Medium Office Climate Zone 4, Week 6| January

Energgacébrcomponent of HVAC i s s h €lwinm3ooee Tah dtayisphi octasl e wminx eed awiere ks y
utilizing more heating energy during morning warmup than the DO

Week Energy Review, kWh

System Typ.. Sunday Monday Tuesday ‘Wednesday Thursday Friday Saturday
150 —
o 57 57 5
60 65 56 3
8 _/\ - 60 2
g ____,—A_\' =
w40 48 00 2
CX-DOAS o L) é
Furnace ich =
[withVRF] @ 20 3
< o
; 2 &

0 R |
o B0 —/\ 65 2
u
= 0 48 v
Heat o 39 §
Recovery ich =
Ventilator g9 20 5
[withVRF] < g
0 o [ ‘ S | W
@ 60 J\ _ &5 2
a [ £
a
T 40 a8 ™~ | 46 ~ o
Packaged =] 9 | | | 39 | =
, 2 | | |
VAVR =t [\ \ | I | \ 34 =
9 20 | ' | - -_— 0%
E | | I | I | 2
< 42 | | i | | | o
0 - B || | | | . 0 &
1 4 7 1013181922|1 4 7 1013161922|1 4 7 1013161922|/1 4 7 1013161522|1 4 7 1013161922/1 4 7 1013161922|1 4 7 10131519 22
_kWh Ceoling _kWh Fans _kWhe Heat gas . _kWh Heating
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TDV Site Energy: Medium Office Climate Zone 4, Week 6| January
The same week for the three configurations is shown with the TD

Week Energy Review TDV

System Typ.. Sunday Monday Tuesday Wednesday Thursday Friday Saturday
57 57
@ 50 65 o> 56 1500
=} \/—'\ _/\ &0 =
= ——-’—,‘\N a
S =
o a0 48 46 a1 1000 &
DX-DDAS a o
Furnace = %
[with VRF] E‘ 20 500 :r;;
0 0
57 57
R _/‘\ s - 56 1500
[=] 60 =
3 -——""""*‘ﬂ.\_/-_\ __/\ 3
a =
w40 48 46 2 1000 &
Heat =] 33 ]
u . =
Recovery =h > %
Ventilator g‘ 20 500 nﬁ
[withVRF] <
0 0
w 60 57 57 1500
=] 60 =
= =1
S =
T 40 48 aa 1000 &
Packaged @ g
VAVR = %
@ 20 500 =
é W
0 0
1 4 7 1013161922|/1 4 7 1013161922|1 4 7 1012161522|1 4 7 1013161922|1 4 7 1012 161922|1 4 7 101316195 22|1 4 7 1013 16 15 22

. TDV Heating ele . TDV Heating gas . TDV Cooling . TDV Fans
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Source Energy: Medium Office Climate Zone 4, Week 6| January

The

same week

Week Energy Review Source

System Typ..

DX-DOAS
Furnace
[with VRF]

Heat
Recovery
Ventilator
[with VRF]

Packaged
VAVR

Avg.[deg F] DADB

Avg. [deg F] OADB

Avg.[deg F] DADB

R AR e N

20

0

60

40

20

0

60

40

20

0

. Source kBtu Cooling

Sunday

N
B

with source

Monday

39

39

Tuesday

energy

Wednesday

| /\ff(\fb(\ 19

metric

Thursday
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7

Friday

A . A ) &. L:k At | kZﬁk RL.JL’ZL kggho

Saturday

Source Energy

200

Source Energy

(8] L
(=] (=]
(=] (=]

Source Energy

=1

1 4 7 1013161922|1 4 7 10131619221 4 7 1013161922|1 4 7 1013161522|1 4 7 10131619221 4 7 10131561922|1 4 7 1013 1619 22

Source kBtu Fan

Source kBtu Heat gas

. Source kBtu Heating e
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Carbon Emissions: Medium Office Climate Zone 4, Week 6| January

The swaenaks presented in pounds of equivalent dd&rbdree BiouusiaenseneT
Week Energy Review Carbon
System Typ.. Sunday Menday Tuesday Wednesday Thursday Friday Saturday
57 57
@ 0 _ﬁ\\-/'s\ 52 56 -
g ___,-—u/"""-n_\\/.\ —_/\ 40 &
T 40 48 46 an -
DX-DOAS Fi 39 33 28 g
Furnace .'E. M 20 S
[withVRF] @ 20 k
<
o/'\_A/‘\kALLU"ﬂ k kk.‘ﬂ A
o 60 ca 65 52 56 57 57
g -/\\/\A\/-\\/\—A\ﬁ\ 40 0
48 -
Heat 'Ig" 0 EL] “ 39 “ 238 _§
Recovery .'E. 20 S
Ventilator E:‘ 20 A A A
[with VRF]
o A A\ \ A—JL‘ﬂk \ \ A Mh o
57 57
= _/54\ 65 5z 56 =
g —__’-l—u/-"-\_\ AQ K
T 40 48 46 a4 -
Packaged g _§
VAVR hl =
g‘ - 20 K]
I
i A Ad| 4 4 A .

. Carbon LbsHeat g

1 4 7 10 13 16 15 22

. Carbon Lbs Heate

1 4 7 10 13 16 15 22

. Carbon Lbs Cocling

1 4 7 101316 15 22

1 4 7 1013 16 15 22

Carbon Lbs Fans

1 4 7 1013 16 1% 22

2022
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Seasonal

Energy

Shi

fting,

HVAC Energy Use, TDV-kBtu | Monthly | Medium Office | Climate Zone 4

igur at.

System Typ..
5 1000K
2
[+2]
=S
o
o
DX-DOAS 5
Furnace a: 500K
[withWRF] &
c
w
g
0K
- 1000K
2
=]
S
Heat o
Recovery Q
Ventilator =
500K
[with Air =
Source FPFC] &
=
a
= T [ T
O —— s [ S——
. 1000K
2
2
o
od
o
Packaged N
VAVR & 500K
@
c
i
8
=
o [ - —_—
January February March May June
.TDV Heating gas . TDV Heating ele . TDV Fans TDV Pumps . TDV Cooling
System Typ.. January February March April May June
DX-DOAS TDV Heating gas 4452 3,071 204 767 o o
Furnace TDV Heating ele 36,329 14,063 4,456 3717 705 43
[withVRF]  TDV Fans 73,456 64,227 67,214 £0,500 61,116 151,334
TOV Pumps 0 0 V] V] V] V]
TDV Coaling 40,722 50,257 103,867 76,132 140,173 810,686
Heat TDV Heating gas 33,550 10,848 1733 1928 167 0
Recovery TDV Heatingele 4 1 "] "] v] v]
Ventilator  TDV Fans 69,671 61,520 70,646 60,702 62,614 203,635
[withAir 7Dy pymps 13,744 11,624 12,706 11,751 14,186 35,943
Source FPFC] Tpy cooling 41,972 49,172 84,746 64,335 114,933 764,753
Packaged TDV Heating gas 148,212 89,255 39,516 34,735 11,829 2.865
VAVR TDV Heating ele 42 24 10 10 3 1
TDV Fans 57,353 45,573 50,606 43,550 50,480 211,182
TDV Pumps 179 88 45 45 25 17
TDV Coaling 6,368 17471 85,145 46,357 131,543 803,069
Seasonally, the DOAS conf
capabilities. This energy

Representative

July

o

57
24,200
0
262,953
0

0
88,451
20,307
208,084
4,085

1
75,869
22
252,421

August

September October
August  September October
0 ] ]
37 480 1,667
168,856 81,669 51,117
0 4] 4]
738,327 218,385 245,018
0 5 301
0 o o
160,112 82,722 93,221
37,441 15,473 20,432
640,762 177,096 159,444
2,563 8,367 16,628
1 3 5
165,682 70,848 76,875
20 29 41
717,088 208,709 236,387
ons uses
i s ba

ncrease

2022

Case

s
.|
November December

November December
1,785 5178
7,587 33,711

65,040 83,571

4] 0
28,854 62,240
4,478 16,458

1 4
68,813 78,472
12,241 14,515
70,847 56,218
55,799 115,885

15 48
51,844 63,427

66 166
60,320 12,245

mor e
l anced
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HVAC Energy Use, TDV-kBtu | Monthly | Primary School | Climate Zone 4

System Typ..
E00K
2
<
o 200K
. ol
DX-DOAS Q
Furnace ;c-a':‘
[with VRF] b
=4
w -
200K
a
=
00K
2
2
oy 400K
ol
SZVAV with 8§
Furance ;c-a':‘
(sch)
w -
200K
a8
=

0K
January February March April May June July August September October Movember
.TDVHeatinggas .TDVHeatingeIe .TDVFans TDV Pumps .TDV[ooIing
System Typ.. January February March April May June July August  September October November
DX-DOAS  TDV Heating gas 258,683 213,525 117,147 111,340 71,652 70,011 69,693 66,230 66,633 71,701 131,262
Furnace
[withVR] DV Heatingele 110,544 70,201 33,510 37,017 12,985 2,561 5,417 2,278 11,113 16,916 46,647
TDV Fans 210,337 176,132 166,475 152,567 139,582 361,662 185,336 311,545 181,524 224,763 171,824
TDV Pumps ] o ] ] V] 0 ] 0 0 v] v]
TDV Cooling 5,955 20,524 54,248 Sg,614 145,607 542472 252,645 711,774 226,602 295,719 68,855
SZVAVwith TDV Heating gas 89,299 64,520 48,428 40,383 34,208 34,982 34,760 33,103 32,553 33,578 47,160
Furance
(sch) TDV Heating ele o o o o o ] o 0 0 o o
TDV Fans 78,589 58,063 45,772 41,432 45,771 176,149 76,719 153,510 69,177 83,293 48,655
TDV Pumps o o o o 0 0 o 0 0 o o
TDV Cooling 1,105 3,143 19,635 8,091 37,718 338,883 86,762 225,988 65,543 75,495 12,823
I n the primary school model , the mixed air
economi zers. Both systems are configured to
occupancy shut off capabilities. The DOAS i
needs while cycling zone fans on and off to

2022

system i s a

December

December

259,430
133,068
250,025
0
20,342
20,983
0
82,108
0

2,513

configur
the fdan sp
pr ovtiiden tdrg
conditio

modul at e
able to
me et space
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DOAS Model i ng Apprtodacyp efsor

Pr
Pr
s e
co

Th
e a
co
pr
pr
di
Ap
Th
cr

ototypical energy models were used to asses
ototype model s werCommotdoi fcireedatien DOCBABSCQG onf i gu
parate heating and cooling systems and then
nfe gture DOAS airflow pathways and control s.

i's approach assumes the prototype model s re
ch building type. While this is generally t
ntrols such as DCV amda rmatc ugpxamlciyc ictolnyt rmd e | e
ototype model s g-€Eomr afhedatgi CB&C&|l advanced
ototype was created for this reason and to
screte space types and usree ddéti ai Imoidrelanct e
pendi x C of this report.

e major changes were made in this order for
eat ed:

In CBECC-Com

1

2
3

4

. A CBECECm prototype model was used as the ba

schedul es, and constructions.

. ACBEGCCom model with the basic DOAS componen
.A . separate heating and cooling system was b

primary space heating or cooling system. Th
RTUs, and Mini Splits.

a.VRF assaumedcompressor system for each bui
b.Four Pipe Fan Coils assummedl ead cemitlrladr .bo
c.RTUs with gas furnaces were configured a
d.Single zone HP packaged units were confi

.The modesbsemwkated-Goom CGBE®GQG oduce a wor king E

In EnergyPlus

1

2

.The HVAC system objects were isolated in th
constructions, and space definitions were p
.DOAS sysmpmnents were set to autosize to al
across all climate zones. The |l ist of 1items

a.DOAS airfl ows

b.Ter mi nal unit airfl ows

c.Cooling system capacities

d . Heating system capacities

e.Fan airfl ows

2022 Title 24, Pari2 G2NIRHY ACBHGBARSE Report



3.DOAS systems were Isati 6w seqei T pmertentti o be
out side air.

4 .Zone heating and cooling fans were set to c
their run schedul es.

5.Specified the ventilation heat recovery eff

6 . Removed all zone HVACrdicoempbnemtdoso all ou

provided only by the DOAS. These objects ar
CBEGCom, for exampl e.

7.Specified all ter minal units for ventilatio
components teremoudree mmomet hod and | oads.
8.Specified terminal wunits to be controlled t
space. By default, spaces assume ventilatio
schedule at the outdoor air obgmedtaccllhgandys
sensor controls ar-eomodel ed in CBECC

9.Speci fied those zones which require DCV to

[ERN

OSpeci fied any DOAS which serves zones with
ventilation controls and variable speed fan

[ERN

1ISpecicfoiredect fan power and efficiencies for

2Speci fied DOAS fan power to match the maxim
depending on the type of DOAS; vabQAS|l e spe
with different coil s.

[ERN

13Specitfhieed ool ing and healD0AY edifliciemdcizenef
and cooling systems to the correct COPs. Us
system efficiency to only compressor effici

14Added system si didgprf aetadn sgofand. 2. 15 for ¢
per ACM Reference Manual 2.5. 2.

Fan Power I nputs

System fan power was set based on the recomme
addi tional pressure credits by sysmeaswgshiaes p
This measure provides static pressure differe
structure was used to set static pressures of
systems in both models. This provided a more
exmpl e, smal l mi xed air packaged units -were seE€
DOAS of 3.40.
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Cooling System Efficiency I nputs

All cooling system efficiencies and perfor man
ACM and performancer sod tfwacf@o@CREG@Q I t cu

HRV/ ERV SAT Controls, Proposed
While the SAT of an HRV or ERV was not explic

| anguage, industry standard setpoints were as
assumed a constant tswerte ojinnstt abltelaow emepuwetrraal of
inputs from EnergyPlus are included to demons
Schedul e: Day: I nterval,
Schedul e Day HRWSanePT, !
Temperatur e, I-Schedule Type Limits Name
No, -l nterpol ate to Timestep
24: 00, I-Ti me 1 {hh: mm}
18.3333333338984pue Until Time 1

Setpoint Manager: Schedul ed,

Setpoint Manager!-Nsachmeedul ed 1,

Temperatur e, I-Control Variabl e

Schedul e Day HRVISSchPeldul e Name

BaseSys6 Fan OutlSeat pNooidnet; Node or NodelLi st

6. 1DADOAS SAT Control s, Proposed

A sample set of inputs from EnergyPlass are in
i mpl ement ed.

SetpointManager: Outdoor Ai r Reset,

DX DOAS SATR, I-Name

Temperatur e, I-Control Variable

18. 3, -Setpoint at Outdoor Low Temg
7. 2, -OQut dowr TEmperature {C}

15. 56, -Setpoint at Outdoor High Ter
15. 56, I-Out door High Temperature {

Bott omVAV Suppl yFa®etOuai et MNodle;,or NodelList
Setpoint Manager: OQutdoor Ai r Reset,
DX DOAS Cooling Coil-Name

Temperatur e, I-Control Variable
18. 3, -Setpoint at Outdoor Low Temg
7. 2, -Qut door Lowumemp€t} a
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12. 77, -Set point at Outdoor High Ter
12. 77, I-Qut door High Temperature {
Bottom VAV Coil Cool-BagpO@unteNodleder NodelLi st

DXDOAS SAT Control s, Mar ket Ref erence

A sample set of inputs from EnergyPlus are 1in
i mpl ement ed.

SetpointManager: Outdoor Ai r Reset,

DX DOAS SATR, I-Name

Temperatur e, I-Control Variable

18. 3, I-Setpoint at Outdoor Low Temg
7. 2, -Qut door Low Temperature {C
18. 3, -Setpoint at Outdoor High Ter
15. 56, -Qut door High Temperature {

BottontwAW !l yFan Ou+SlegtpoNonde ;Node or NodelLi st
SetpointManager: Outdoor Ai r Reset,
DX DOAS Cooling Coil-Name

Temperatur e, I-Control Variable

18. 3, I-Setpoint at  TOmpeoatukbLew{ C}

7. 2, I-Qut door Low Temperature {C
12. 77, -Setpoint at Outdoor High T
12. 77, -Qut door High Temperature {
Bottom VAV Coil Cool-BagpO@unht eNodleder NodelLi st
Ter mi nal Fan Unit Cycling Control s

For VRF terminal units the schedule for:

I-Supply Air Fan Operating Mode Schedul e Name
Was set to O, which enabl ed ctald ffamn d heydlher

Zone Demand Control Ventilation
To evaluate the i mpact of DCV on energy use i
configurations, the zones which required DCV
schedule to adjmusittyhe airfl ow qua
This schedule may reduce ventilation | ower th
this minor error is only for a few hours and

an acceptable parameter to not specify furthe

Bel ow i1 s aonf etxhaempoluet door air object for a DOAS
ventil ation,amd a nccocleacdwelde of contr ol was appl
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DesignSpecification: Outdoor Air

Corner _Class_1 Pod_2 FF_Zn Desi gmWNa$gmgeci ficat

Ma x i mum, I-Out door Air Metho

#eval[] 1.5 * 0.007079211648 13Qutdoor Air FIl o\
Per son

#eval[] 1.5 * 0.000762 ], -Qutdoor Air Flow
Zone Floor Area

0.0, -Out door Air Flow p
Zone

0,

School Occupancy;

Economi zer Controls of DOAS

Il n DOAS configurations with ventilation heat
was set to economizer controls witmphe apper
these properties is as foll ows:
Controll er: Qutdoor Air

BaseSys6 OAQ\arnie, !

BaseSys6 OACtrl OA System RRé¢liiedf SAirrea@u Olue t
Na me

DOAS System 1 Supply SideRéRetnrAi Ai NddénNaimn
BaseSys6 OACtrl OA SysMemeiMi Aed KNode Ndbdme !
BaseSys6 OACtrl OA -A?Axstuamo®A NMaaeke Na me
Autosi z-ei ni mum OuEldowrRa&Atie { m3/ s}

Autosi z-eaxi mum Oult door Air Flow Rate {m3/ s}
Fi xedDrybBEtbpnomi zer Control Type

Modul at eFl ewconomi zer Contlrol Action Type
23.89!-Economi zer Max iBnuunb LTienrmdteCriDartyu r e
64000, -Economi zer Maximum Limit Enthalpy {

, -Economi zer Maxi mum Limit Dewpoint Te
, -El ectronic Enthalpy Limit Curve Name
15. 56!1-Econioazrer Mi ni muBw ILbi mMietmpDerryat ur e { C}
NoLockout ,-Lockout Type !
Proportional-Mini mum, Limit! Type
Al ways On,-Mini mum Outdoor! Air Schedul e Name
, -Mi ni mum Ffr aGut odmom Air Schedul e Name
BaseSys6 OACtr|l MaMaOiAmbmhEdadti,on!of Outdoo
Name

BaseSys6 OACtrTr | Me c-tMe¥dmami Cant Velnlted atilon Co
, -Ti me of Day &obnoii 3ehef@ul e Name

No, -High Humidity Control

, -Humi di stat Controll Zone Name

, -High Humidity Outdoor Air Flow Ratio
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Yes, -Control HHgmi dndgyoBased on OQOutdoor |
BypassWhenWithinEconRrldenatzeRedconersy Bypass Con:

Ventil ation heat Recovery Il nputs

For DOAS configurations, the foll owing exampl
confi gurwdar iicnudg.hmOmrdley ssensi bl e energy recovery
including a relationship pé¢r dchracsreeda soend reefvfi eecwtiin
sever al product selectiomperacdetnat mionilmuwe n nairref
A sample sétromf Enepgly®l us are included to dem
i mpl ement ed.

Heat Exchanger: Ai r ToOAir: Sensi bl eAndLatent

Heat Recover-Wame !
Al ways On Dissvcaieltaebi | ity Schedul e Name

Aut osi z-Nomi nal Sulpply Air Flow Rate {m3/ s}

0. 6, -Sensible EffectiVvVeness at 100% Heat.
, -Latentv&héestat! 100% Heating Air FIl ow
0.65, -Sensi ble Effectiveness at 75% Heati:

-Latent Effectiveness at 75% Heating AI

o -
(o]

I-Sensi ble Effectiveness at 100% Cool i
, -Latent Effectiveness at 100% Cooling
0. 65, -Sensi ble Effectiveness at 75% Cool i1

, -Latent Effectiveness at 75% Cooling A
BaseSys6-2006t System-0AppbdgeAir! I nlet Node Na
Heat Recovery 2 OA St3we@mp YOuAilret OWNtoldeet, Ndde N
BaseSys6-2006t System Relief SHxrheaaus tOuAilre tl nNoed
Na me

BaseSys6-20068t System R&khausNodeyr Outl et Node

0, -Nomi nal El ectric Power { W}

Yes, -Supply lAeitr TGumper alt ure Control

Pl at e, -Heat Exchanger Type

None, -Frost Control Tybe

1.7, -Threshold Temperalture {C}

, -lni ti al Defrost TiMmlmes&yaction {di men
, -Rate of Defrost Time Fraction I ncrea
Yes; -Economi zer Lockout!
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Ful | | nput Tabl es of
Note 1: for all space ty
schedule for the same sp

occupancy

aper afeant em@ Dt

Efficiencies
pes wher e doyuntadm ocr
ace type. This was

veaeinrt id bajtea cotn waosn tcroon f iwe
considered
hour sa aofanphda ndayhewintohr ni ng

ng

prototypes did not enable this |l evel of ventilation cdntreqgqluiaed
Note 2: fan poelscswlret ewhsbhbascsedaoh taseCASE 2022 proposed fan
pressure credits by fan size and system components. This provid
buil ding type.
Medi um Offices
Medium Office Building
Mi xed A
Par ameter |[Units Economi DOAS Design Configuration
Design
HRV ( DOAS | DXDOAS he
VAV with| FPFC, Ch HAF?_\S/BO(U??'QS A[\)i)-éSF)OOL'IA\I’SC(;NI pump wi-t
and DX C Boil er Source
One DOAS One DOAS One DOASH One DOAS
Syst ems One per buil di buil di buil di buil di i
Ventil at|
Source n/ a none none Ga&ur nad Heat Pu
Ventil ati
Source DXCoi | none none DxCoi | DxCoi |
Fan Syste
Fan Type Variabl el Variabl e| Variabl el Vari abl e| Vari abl e
Fan Airf]l DCV & Pr| DCV & Pr¢DCV & Pr¢DCV & Pr¢DCV & Pr ¢
Control Set pReséel Set pReste| Set pBRese| Set pRese| Set pReste
1.5 x Ve| 1.5 x Vel 1.5 x Ve| 1l.5 x Ve
Primary F Sensi bl Requiren Requiren Requiren Requirern
Primary F
Pressure |PA 126¢ 102¢( 102( 1264 129/
i nches 5. ] 4. ] 4. ] 5.1 5. 1
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Medium Office Building

Mi xed A
Par ameter |[Units Economi DOAS Design Configuration
Design
HRVY ( DOAS | DXDOAS he
VAV with| FPFC, Ch HA'T_\éo(u?gAeS Eiﬁ?oolfrsce\m pump wi-t
and DX C Boil er Source \
Primary F
Efficienc|% 6 0 ¢ 6 0 ¢ 6 0 ¢ 6 0 ¢ 6 0 ¢
Primary F
Efficienc|% 9 3¢ 9 3¢ 9 3¢ 9 3¢ 9 3¢
Zone Fan PA n/ 31 31 31 31
i ncheg n/ 1. 1 1. 1 1. 1 1. 7
Zone Fan
Efficienc|% n/ 42 .7 42 .7 42 .7 42 .7
Zone Moatno r
Efficienc|% n/ 85. 5 85. 5 85. 5 85. 5
Mu tStpieed, [Mu tStpieed, [Mu lStpieed,
Zone Fan CVTCh'eer m%”g’ on/ Of f on/ Of f on/ Of f
Control n/ Ther mos Ther mos Ther mos
Central A
Temper atu
Control
Supply Ai SAT Reset Constant| Constant| DXDOAS S4 DXDOAS S
Temperatu on Zone, Set poin Setpoin Reset, C| Reset, C
Control and Reh and Reh
Cooling Cooling:
45F OA/ 5/45F OA/ 5
. 55F to 55F OA 55F OA.
Supply Al Cool in 60 F 60 F Reheat 7/Reheat: 7
45F OA/ 5/45F OA/ 5
60F OA. 60F OA.
Ai rside Ventil a Ventil a Ventil a Ventil a
Economi ze Economi zi Economi 7 Economi 7 Economi 7 Economi 7
Economi ze DifferenttFi xedDrybFi xedDrybFi xedDrybhFixedDryb
Control b 55F mi ni 55F mi ni 55F mi ni 55F mi ni
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Medium Office Building
Mi xed A
Par ameter |[Units Economi DOAS Design Configuration
Design
HRV ( DOAS | DXDOAS he
VAV with| FPFC, Ch HA'T_\éo(u?gAeS Eiﬁ?oolfrsce\m pump wi-t
and DX C Boil er Source \
Sensi bl Sensi bl Sensi bl Sensi bl
_ _ none Recover Recover Recover Recover
Ventil at. 60% at 1060% at 1060% at 1060% at 10
Recovery 65% at 7965% at 7565% at 73565% at 77
Ventil at] SAT I ntel SAT I nte SAT I ntel SAT I nte
Recovery n/ a Bypass C| Bypass C| Bypass C| Bypass C
Zone Term
Syst ems
Zone Term VAV wit h VAV Reheig VAV No R| VAV No R| VAV No R
Type for Vent| for Vent| for Vent|] for Vent
E:A'Op]'t;nglmsp‘ 20 % 20% or v(20% or v{(20% or v{(20% or v
Zone Heat n/ a Fowri pe Fg Refriger| Refriger| Refriger
Cooling U Uni t Coi l un Coi l un Coi l un
Zone H/C n/ a Cycle On| Cycle On| Cycle On|] Cycle On
Control Ther mos Ther mos Ther mos Ther mos
Pri maaoaol i
Heating S
Cooling S DXCA?I_:JS’ Air Cool g Ai-Sour ce Ai-Sour ce Ai-Sour ce
Heating S Centr al Boil er| Ai-Sour ce Ai-Sour ce Ai-Sour ce
Efficienc Titl12012% Title 24 Title 24 Title 24 Title 24
Cooling E|EER 10, n/ 10, 10, 10,
Heating C|% or
Efficienc|COP47
HSPF 8 0 ¢ n/ 330 330 330
Heating C
EfficienclUnit Per c Per c COP4 COP4 COP4
2022 Title 24,
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Medium Office Building
Mi xed A
Par ameter |[Units Economi DOAS Design Configuration
Design
HRV ( DOAS | DXDOAS hgeg
VAV with| FPFC, Ch HA'T_\éo(u?gAeS Eiﬁ?oolfrsce\m pump wi-t
and DX C Boil er Source \
Rat €Edpaci |
Efficienc|Btu/ hi 1000 n/ 1000 1000 1000
Cooling M
Ef f COP 3. ¢ 2 . ¢ 3. ¢ 3. ¢ 3. ¢
Heating M
Ef f COP 8 0¢ 82.2 3.1 3.1 3.1
Refrigera
Recovery n/ n/ y e y e y e
DOAS Vent
Cooling H
Coil s
Cooling S n/ non non D XCo DXCoi |
Heating S n/ non non Gasurn Heat Pu
Efficienc n/ n/ n/ Title Title 24
Cooling E|EER n/ n/ n/ 11 11
Heating C|% or
Efficienc|COP47
HSPF n/ n/ n/ 8 0 ¢ COP4
Heating C
Efficienc|Uni't n/ n/ n/ Perc 3.
Rated Cap
Efficienc|Btu/ hr n/ n/ n/ 650 650
Cooling M
Ef f COP n/ n/ n/ 3. 3.
Heating M
Ef f COP n/ n/ n/ 8 0 ¢ 354
2022 Title 24,
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Smal | Of fices
Small Office Building
Par amel Uni { Mi xed Air Econom DOAS Design
Two Spe/q Two Spe(HRV ( D( HRV (DO -
Single 42Single Zo With-NHWRin h( DR(with-SAUrDXg(?LTrSCZ\A“f/
Packaged Pump Uni Split VRF
Two SpeedTwo SpeedHRV ( D( HRVY (DO ,
Zone Pac|Zone Heat With'I\HV\I;{in h( DFgwithSOAljerXg()C)f‘rSC;v"\tl
Syst ems Uni t's Uni t s Split VRF
Vent i | g
Heat i ng( One DOl One DO One DOAY One DOAS
Source One per One per for bul for bu buil di buil din
Vent i | 4
Cool i ng
Source Fur nac e Heat Pu none none none Gafurnac
Fan Syq DxCoi | DXxCoi | none none none DxCoi |
Constg Const g Const a
Fan Ty Tw&gpeed Tw&epeed Vol um Vol um Vol ume|] Constant
ThermostédTher most ¢
Fan Aif FI ow at FI ow at n/ a n/ a n/ a n/ a
Control Power , FuPower , Fu
Ful | Po Ful | Po
1.5 X 1.5 X
Pri mar .y Sensi bl Sensiblfl Ventil| Ventil|l1.5 x Ve 1.5 x Ver
Sizing PA Requir¢Requir¢ Require Requirenm
Pri mar .y
Pressuin inc 796 796 647 647 647 846
% 3. ] 3. | 2 . 2. | 2. | 3. 4
Pri mary
Ef ficid % 56 ¢ 56§ 56§ 56§ 56§ 56 ¢
Pri mary
Mot or
Efficid PA 86. 5 86. 5 86. 5 86. 5 86. 5 86. 5
Zone Fig
Pressuninc n/ n/ 31 31 31 31
2022 Title 24,

Parit2 G2NIRHY ACRHGBABIE Re



Smal | Of fice Building
Par amel Uni { Mi xed Air Econom DOAS Desighn
Two Spe: Two Spe(HRV ( D( HRV (DO -
Single 42Single Zo With-l\/HWRin h(DR(With-SAiJrDXg(?L'?rSC:A“f/
Packaged Pump Uni Spl it VRF
% n/ n/ 1. ] 1. ] 1. ] 1.
Zone Fié
Ef fici e % n/ n/ 42 .7 42 .7 42 .7 42 .7
Zone Fié
Mot or
Effici g n/ n/ 85. 5 85. 5 85. 5 85. 5
Zone F{ Cycle (Cycl e ( MultStpieed Mu FStpie e d,
Airfl oy wi t h wi t h Cycle O On/ Of f v
Contr ol n/ n/| Ther mo| Ther mojwith The Ther most
Centr al
Temper ¢
Contr ol
Supply Single ZoSingle ZoConstanConstan Constan{ Constant
Temper g to Thern to Thern Setpoi Setpoli Setpoi Setpoin
Control
Supply nia n/a 65 F 65 F 65 F 65 F
Set po|
Econom Airsid Airsid/Ventil gventil gventil at|Ventil ati ¢
Type Economi 2 Economi 2zZFree CdEconomilEconomi z[Economi zirn
Fi xedDrlFi xedDrlFi xedDry
Economi Di fferent|Di fferentiwith 53with 58with 55F|Fi xedDrybl
Contr ol Mi ni munmi ni munmi ni mum |[55F mi ni m(
Sensi i Sensi
Recove Recove Sensi b
Vent il none none 60% at |[60% at Recover
Heat fl ow flow| 60% at Sensi bl e
Recove 65% at |65% at flow 60% at 10
Syste fl ow flow|65% at 7| 65% at 75
2022 Title 24, Part2 G2NIRH¥ ACBIIGRBIBE Re



Smal | Of fice Building
Par amel Uni { Mi xed Air Econom DOAS Desighn
Two Spe: Two Spe(HRV ( D( HRV (DO -
Single 42Single Zo With-l\/HWRin h( DR(With-SAUrDXg(?LTrSCZ\A“f/
Packaged Pump Uni Spl it VRF
Vent il SAT SAT
He at Il ntegr| I ntegr
Recove Bypas Bypas| SAT I ntg SAT I nte
Contr n/ a n/ a Contr Contr({Bypass g Bypass Cg
Zone
Ter mi né
Syst emg
Zone VAV N VAV N
Ter min:i VAV No R| VAV No R| Reheat| Reheat| AV Rehe VAV No Re
) . for Ven Ventil a
Type Ventil|] Venti |l
Mi ni mt
Ai r fl Constg Const a
Contr g 50% 50% 100 % 100% |[Constant] Constant,
zone Hg SZ M$mliSZ RTU |[RefrigerRefrigerart
and Co n/ a n/ a : .
. HP Furnace Coi l U Uni t
Uni t
Cycle (Cycl e (
Zone ¢ nia | Dby |7 by |Cyeie on cyele onf
Unit C Ther mo| Ther mo
Pri mary
Cool i ng
Heat i ng
System
Cool i ng
System DXCoi | DXCoi | DXCoill DXCoi I[Ai-Source| Ai-Source
Heat i ng
System Fur nace Heat Pu| Heat P| Furna(Ai-Source| Ai-Source
Ef fici g
Source EER Title 24 Title 24Title 1Title 1 Title 2 Title 24
2022 Title 24,
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Smal |

Of fi ce

Bui

| di

ng

Par ame

Uni t

Mi xed Ai

r Econom

DOAS Design

Two Spe/q
Singl e 4
Packaged

Two

Singl e

Pump

Spe
Zo
Uni

HRV ( D
with-M
Split

HRV

wi t h

( D
R

HRV (DO
Wit hSaéur
VRF

DXDOAS wWAIi+t
Source V

é COP4

% (

HSP

11|

11

11

11

1]

1]

8 0§

350

330

8 0§

= I R |
- T . NPT

Bt u

Perc

COPA4

COPA4

Perc

HSP

HSP

COH

650

650

650

650

650

650

COH

8 0§

375

35 4

8 0§

374

374

Q|d® S| S5 |7 —
Al e~~~ | —~+

D

n/

n/

n/

n/

Vo WY o WO Y o W 0 1 Y

n/

n/

on

on

DXCoi |

n/

n/

non

non

non

Furnace

EEHF

n/

n/

n/

n/

n/

Title 24

% (

COP/4

n/

n/

n/

n/

n/

11
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Smal | Of fice Building
Par amel Uni f{ Mi xed AiTr Econom DOAS Desighn
Two Spe: Two Spe(HRV ( D( HRV (DO -
Single 42Single Zo With-l\/HWRin h( DR(With-SAUI‘DXSD(?S\rSC:A“f/
Packaged Pump Uni Spl it VRF
0
HSP
Heat i ng
Effici ¢ Un n/ n/ n/ n/ n/ 8 0 {
Heat i ng
Efficig Btu n/ n/ n/ n/ n/ Perc
Rat ed
Capacit
Effici ¢ C OH n/ n/ n/ n/ n/ 650
Cool i ng
Mo del e C OH n/ n/ n/ n/ n/ 3.
Heat i ng
Mo del e
Pri mary and Secondary School s
Pri mary BSwihlodilng Secondary School
Mi xed A Mi xed A
Par amel Uni t Economi 2z DOAS Des Economi z DOAS Des DOAS Desi
Design Design
Two Speedl hynoas wiYAY With | e DOAS) | DXDOAS with
Zone Pack . and CHW C )
. Al-Sour ce . Ai-Sour ce Source VR
Uni t's Coi |
One DOAS One DOAS
Syst ems One per buil din One per buil din One DOAS fo
Ventil &
Heating
Source Fur nace Fur nace n/ a none DxCoi |
Ventil &
Cooling
Source DXCoi | DXCoi | CHW Pl a none Furnace
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Pri mary BSwcihlodilng Secondary School
Mi xed A Mi xed A
Par ame| Uni t Economi z DOAS Des Economi Zz DOAS Des DOAS Desi ¢
Design Design
Two Speed| pynoas wi YAV With iR DOAS) | DXDOAS with
Zone Pack . and CHW C .
: Ai-Sour ce . Ai-8our ce Source VR
Uni ts Coi l
Fan Sys
Fan Typ Tw&e&peed | Variabl e|] Variabl e] Vari abl e Variabl e WV
Thermost g Ther most g
Fan Air FI ow at FI ow at DCV & Pr¢g DCV & PrgbCV & Pressu
Control Power , FulPower , Ful SetpBRese Set pBRest Reset
Ful | Po Ful | Po
Pri_mary Sensibl 1.5 X Ve Sensibl 1.5 X Vel 1.5 X Vent
Si zing Requiren Requi ren Requireme
Pri mar.y
Pressur PA 958 122( 1264 102( 122(
i nc| 3. 4 . 5. 4 . 4 .
Pri mar.y
Efficie % 56 ¢ 6 0 ¢ 6 0 ¢ 6 0 ¢ 6 0 ¢
Pri mar.y
Mot or
Efficie % 86.5 92. 4 92. 4 92. 4 92. 4
Zone Fa
Pressur PA n/ 31 n/ 31 31
i nc| n/ 1. ] n/ 1. ] 1.
Zone Faq
Efficie % n/ 42.7 n/ 42.7 42.7
Zone Faq
Mot or
Efficie % n/ 85. 5 n/ 85. 5 85. 5
Zone Fa
Airfl ow Cycle On/ Cycl e On/ Cycle On/ O
Control n/ Ther mos n/ Ther most Ther most a

2022 Title
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Pri mary BSwcihlodilng Secondary School
Mi xed A Mi xed A
Par ame| Uni t Economi z DOAS Des Economi Zz DOAS Des DOAS Desi ¢
Design Design
Two Speed| pynoas wi YAV With iR DOAS) | DXDOAS with
Zone Pack . and CHW C .
: Ai-Sour ce . Ai-8our ce Source VR
Uni ts Coi l
Centr al
Temper a
Control
Supply Single Zol DXDOAS S4SAT Reset Constant| SAT Reset a
Temper g to Ther mReset, Colon Zone, Setpoin SAT Reset
Control Reheat Reheat
Cooling:
45F OA/ b5 Cooling: 7O0F
Su I 55F OA. 55F at b55F O
SeFBoiyn n/a Reheat: 755F to 60 65 F Reheat: 7O0F
OA/ 55F a 55F68F OA.
OA.
Economi Airsid{(ventil ati|Airside Ventil ati
Type Economi z2Cool i ng Economi zi [Cool ing Ventil ation
Economi : Fi xedDryb|.. Fi xedDrybiFi xedDrybul b
Control leferent55F miniymD'fferentSSF min?/mminimumy
Ventil a
He at none Sensi bl e none Sensi bl e Sensi bl e Rg¢
Recover 60% at 10 60% at 10 60% at 100
System 65% at 7F% 65% at 785 65% 7abt% f | ¢
Ventil a
He at
Recover SAT I nte SAT I nte| SAT I ntegra
Control n/ a Bypass C n/ a Bypass C Control
Zone
Ter mi na
Syst ems
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Pri mary BSwcihlodilng Secondary School
Mi xed A Mi xed A
Par amel Uni t Economi 2z DOAS Des Economi Zz DOAS Des DOAS Desi ¢
Design Design
Two Speed| pynoas wi YAV With iR DOAS) | DXDOAS with
Zone Pack . and CHW C .
: Ai-Sour ce . Ai-Sour ce Source VR
Uni t s Coi |
Zone VAV Rehea|VAV No Re| VAV No Reh:¢
Ter mi nég VAV No R¢{ VAV No R . . . .
Ventil a Ventil a Ventil at.
Type
Mi ni mtu
Air fl
cCont r ( 50 % 20 % 20 % 20 % 20 %
Zone He Refriger Refriger
and Co n/ a . n/ a . Refrigerant
Uni t Coi l un Coi l Un
Zone H n/ a Cycl e On n/ a Cycl e On Cycle On/ C
Unit C Ther mos Ther most Ther most a
Pri mary
Cooling
Heating
System
Cool i Chiller W
Syste DxCoi | Ai-Sour ce |Sourced DXxCoi | Ai-Source V
Heat i
Syste Furnaceg Ai-Sour ce Boil er Boil er Ai-Source V
Ef fici
Sour c Title 24 Title 24 Title 24 Title 24 Title 24
Cool
Effic EE 11 11 n/ 11 11
Heatin %
Effic COP4
o]
HSP 8 0 ¢ 7 . n/ 8 0 ¢ 7 .
Heatin
Ef fic Un Per c HS P n/ Perc HSP
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Pri mary BSwcihlodilng Secondary School
Mi xed A Mi xed A
Par amel Uni t Economi 2z DOAS Des Economi Zz DOAS Des DOAS Desi ¢
Design Design
Two Speed| pynoas wi YAV With iR DOAS) | DXDOAS with
Zone Pack . and CHW C .
: Ai-Sour ce . Ai-Sour ce Source VR
Uni t s Coi |
Rat
Capaci
Ef fic Btu 650 650 n/ 650 650
Cool
Model e COH 3. 3. 5. 3. 3.
He at
Model e COF 8 0 ¢ 3. 80 . 8 0 ¢ 3.
Ref ri(
He &
Rec oV n/ y e n/ n/ y e
DOAS
Ventil a
Cooling
Heating
Cool
Syst n/ DXxCo n/ n/ DXxCoi |
He at
Syst n/ Furn n/ n/ Gasurn
Effic
Sour n/ Titl e n/ n/ Ti t 120 124
Cool
Ef fic EEF n/ 11 n/ n/ 11
Heatin % (
Ef fi c COP4
o]
HSP n/ 8 0 ¢ n/ n/ 8 0 {
Heatin
Effic Un n/ Perc n/ n/ Perc
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Pri mary BSwihlodilng Secondary School
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Medi um Office Enhancements f or DCV

The medium office model was enhanced to have

only one space type blendre@ssingmaéd uodineg. T TiSpl

space options. The blended Open Office space
Zone Name Space Type

1 CORE_BOTTOM THERMAL zdQOffice Area (>

2 CORE_MI D THERMAL ZONE |Corridor

3 CORE_TOP THERMAL ZONE |Of fAcea (>250

4 FI RSTFLOOR_PLENUM THERpI enum

5 MI DFLOOR_PLENUM THERMApPpI enum

6 PERI METER_BOT_ZN_1 THEBreakroom

7 PERI METER_BOT_ZN_2 THEConference

8 PERI METER_BOT_ZN_3 THEOffice ArPdan()O

9 PERI METER_BOT_ZN_4 THEOffice Area (O

10/PERI METER_MID_ZN_1 THEOffice Area (<

11 |PERI METER_MID_ZN_2 THEOffice Area (>

12|PERI METER_MI D_ZN_3 THEOffi cd Ofpresna PI| a

13|PERI METER_MID_ZN_4 THEOffice Area (>

14|/PERI METER_TOP_ZN_1 THEConf erence

15|PERI METER_TOP_ZN_2 THEOffice Area (O

16 | PERI METER_TOP_ZN_3 THECorridor

17|PERI METER_TOP_ZN_4 THEOffice Area (O

18 TOPFLOOR_PLENUM THERMApPI enum

All space types triggered either DCV or occup

To simulate these, all outdoor &abrcoaoampohenbththes

ventilation air to use the occupancy fraction

occupancy schedule defined by Title 24. This

dynamic control for ventilatioh, oecepantynsehu

of f. The schedule never assumes a fsuol Ityhiosf f h

approach was considered to be reasonabl e and

does scale the ventilation, whpiacche iws tde ftihn esd

fractional schedule. This approach may resul't

hours below a DCV space mini mum, however it i

i's onlperadfeatt0 7am and hour s pasitue7sp na,r eotahe rl veiass

per cweintth mostpeboed@thd® simplification is consi

meeting the energy use patterns of these cont

2022 Title 24, Pari2 G2NIRH¥Y ACBHGASIE Report
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