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Ex etciuve Summary

This document presents recommended code chang

Commi ssion will be coha@2dHéfi youmbawteasdl opt i on i
suggespgriiomrs to the adaop®ioohl epliensgkebmbider s. cc
Comments will not be released for public revi

| ntroducti on

The Codes and Standard&amiBnhhanoemgnte se@MASE) eco
t o sutplp@arlti f ornia Ener gy Conmmmissssiioonn)d se f(fEonretrsg yt
the Calif oComd(eal i Erd eer @yt , Part 6) to include new
existing requirement sThfroe€a Iviafro ouisa tlecheaotl @rg i @\
(Il OwPpcific Gas and (BPIGKcEtarni cDiGognop aGays and EIl ec
Southern Caliiaodw®P@ablIEide Isy nOwisleods WAnigleilte s

Department of Wataewrd &md rRaneenrt o Mu(hh ern @ian Ut i |
referred taewiae tCHASEBEStEamtamncl|l udi ng )T he CASE Aut

sponsored this effort. The program gwoalll di s to
resul t-ef hecbsve enhancements to I mprove ener g
performance in California buildings. This rep

presemdrealin are a part of the efeffdrictti vedhesvsas!| ¢
information for proposed r-efqfuiicieenetntde oing mdup A ¢
technol ogi 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. The Energy Commi ssion may revi s
Conmi ssionb6s 2022 Title 24 website for infor ma

how to participatepsn/ thewpeoeesgagn-dca. gov/ prog
t opi cs/ progamsedhfuiicsitieanncdya r ¢bsi/i 2-@lA dhrpdVf | Ci ency

The overall goal of dshdast c@WAIRE chemared npirad ptocs ad r
el ectric compliance bpatddwlmegg fe@pomiuldcordtaaningy pe
i nf or matpipmm hengode change.
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Measure Description

Background I nformati on

This RRPBrt pprogpocreispti ve amdpperamcremgddde way s
el ectric mul ttiHatnhiidgyle beufieflidcidmegnsccy appl i ances f o
and -negul atedTénd usesc 2b0ulil dbeodpin dPanmit ptéi ve
requirememntissef aresliodent i al buihdangwampat all o
heat erhse aatmpp pace hienatbhiontgh t he prescriptive app
standard systems i n t hTehep éelrifrof2toshbi®i dodnea 2pis o Pah t
t hateltehcet ri ¢ systedmal abappaoehf bdaseeéi nlee

system mirrodr sc htohecef deolr t he ,ar bpos edndesvi g . 3
proposed electric space heating and water hea

standard building with electric space and wat
uses natural gaessi dmewisltigawaegalgat emal as wel |
Another | i mitatwadnrri ssmaetahas trbge® eelaiyrae tabl e f or
multifamily buildings with individual water h

heating ventindaitt iqehiAgd avoinfelblrdicwe mul ti fami
buil d2iOnlgest | e 24, Padoh o6 & tcdenndtarsadls waftoerr bhoetaht i n
| owi se andsbkigksi de2t0il®ilt Ibasi 2 4,i oRpasrott 6 dalrseoc sd
el ecHWwWA&@nd -negul ated end uses such d&srampldi anc

ri se andskigksidenti al buil di ngs.
Locjadrisdictions and efficiency advocates, 1inc
groupsare ingrepealallge gt rfiacmimuyl thi @iall d if. o gAssi a f

Mar B8 22) ocal jurisdictions have adopted or pr

exceed tThiet 120 1084, Pawitt b6 & tsamedairfdisc goal of pr
decarbonization throu@BuibludilodgnDeeadrelbomi Zattiad!
2020)These reach codes are reacting to the nee

building construction practices with the fact
di stribution, and consumption results in | owe
t han t homesiuxedd buil dings that wuse natural gas

ot her end uses.

Decarbonization is now the statedAspsod mBilyyl go al
3 AB232 -Zmr®si ons bui leksi mgs haemd SsSemwadgeg RIOILI8)
350Cl ean Energy and Poe$Bul3b 0 nrRde @tuhcet i200n1 9Ac t

|l ntegrated Energy (POECc30REBpoehs(t BEEPRPps ewfi ous
| EPR primarily supported Zero Net Energy (ZNE
energy targets, the recent | EPR makes a direc
as the means to meet the statebds overal/l clim
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Seer al | ocal , regional, national, and interna
Resources Def(eMRRBC)bawrecielmbr aced decar bonizat.
through their grassroots and policy advocacy
electrieffoatisomcross the state. Designers and
adopting and supporting buil di ng tehlee cStraitfeiwci adte
CASE Tewawtnmsfimmret her i n this reportds mar ket asse

Duringpéemeconmentd praea@ASReport, many stakehol d
submitted |l etters to-edepgadidc iard ofphltel,ochPZ2Et ath a
codeppendinc | ldiest aof stakehol der s.

A recendompgluadtyed by TRCI|I fiof aRGRE Nashloevte dAnal y s
that heat pumps are the system of choice for
multifamily neEeWRCoaG1I8luction

Proposed Code Change

This RRPBrt ppropocreisptfi oremamaepp e rance fpoart hway (
atell ectric multifamily buildings that- use el ec
regul atedTénd usesthebilll®beolds, Patritaté &Sltlamvd a:
dual baseline stratsmpayrawhde wead atred elcdirlidiandy at
compared to a code smpiardaemd mwhed| aetrcetdr ibcua llldyi ng whe

building with natural gas based systems for h
code mini mumbaaedr aysgams.t @0h1d9i Lt |1 mi Rids | Pmatt 6
t his dual baseline is only available for buil
and only availsa&blma | tt o f lalohivel y2TOblOI € d2 A4 gsPart 6 S
donot @dcdernet r al waftoerr bheetahs elnogan d ski gksi denti al

2019 t |l e 24, oRasrott @ dalredsl¥AGhdc-hegul ated end u:
such as appli ancfeosr -amidle ph-ndgsboghldsi denti al bui

Th8at ewCARE Team idwswesttaibgaet est r at e galeesc tfroirc ,ac h
i ncl wdiemchjeraitc pfWAEy stsdhmat wampegat(HRWH

systeoms | dingi empvehvegmempmltisances and mi sacselwealnleo
as -vinte resmewabl

The Statewide CASE Team anal-gkedttwo p¥AKages
Ssubmeasur e:

1T Package A: Geol nebci tnrei gel @HBMPALCr a | HP WH
1T Package B: CGeolnebcitnreigel aHsMeArCgy ef fi ci ency mea
energy efficiency measures included in th

- Fenestuwufagagtomr and sol ar SHG@@Ngaiwmaddeoaffici
requirements. The ffeaaetsdamr arte i raemde wtad | a rue
a sep&@ASRepqrMul ti family Restructurainndg CAS
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The

base

The
bui

The
The

For

i n
pr
Ph

St
d

pr
di

Pr
roi

corporated into this CASE Rleepotriti ¢or co
oposal

otovoltaic Cleigmat & fMZzaomeé fyor

at ewi de ClASEe dI eddlmecdalvilec HV A d acnogduea gceh a n g e
on cost effectiveness analysis of Packa

oposed measure includes the following c
ngs:

escaliytri evdqus erfel e cstpraicce hfeocart-inmigde a-nd hi gh
se mul ti f amisltya nbguaircldda gneg swo uTlhde i ncl ude t h

HVAE€ysteimndl e zone duSEER mpdauesrgumepf{icier

me
Pr
pr
Fo
zZo

asur es.
escriptipet hidayw rnearnterTanle HRWH.ent4 2019 Ti
escriptipvaet haWatye rinnadtievi du al HPWH wi | | be
r the perf orsmaancdddyhm@y & e g eblee cstirnigel e

ne ductedSEEe)@tomipadiimpe (a-ndsbkbi ghl tifamily I

andtan®ddWd sybdbeem central iiPWHosgst dmsi gn

ce

nterl e&lcwartiecr ORa ttshtregn &AW syst em be an i ndi

HPWH syspreonposfed desdgrmi dsias mMHPIWHy f am

bu

Fo
Mo
i n
e X
ru

pr
pr

il di ngs.

o For HVAC system, regardless of the pro

standa&msdgn shapadckageé udemmghe ngone duct
heat @BEmpRARANd energy efficiencgimgaeur es
zone ductedSEeél@ouduwmmnha(i ni mum efficienc

meeting applicable state and federal aj
For central sDHW dsgyssdt eerm,f uel type i s t he
proposed design. Proposed designs usi n
retai nstaangdaaswber eas proposed designs wi
equi pment would bdracdasmpagedenoral HP WH
equi pment .

rr indHWi dyatemds, retain the current 201
dified appliances and miscell aneous el e
CBECE omi-di se andsbkbighbltifamily dwell i ncgc
i sting requiriementgsibflentdiamwgs in 2019 Ti
|l esets -Rems .CBECC

oposed measure does not apply to altera

oposed code change would modify the fol

DHWrescriptive comphlei agrecap aqpdeawaoalcéd d e

a table to an exiWadarikngh OIPR Beate a new
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For prescriptivpdaadtVeANROMCHEl® , r @move gas space
optfonhrhiigge resi demti inolr wmypidladiesg M@y 1-REB needed
O1 accordingly.

proposewochldan@ggesi re updates to the foll owi
CF2-RLB 1-lonHERG&I ti familyCentral Hot Wat er Syst
CF2-RLBR 1-HER#Mul ti familyCentral Hot Water Systerr

e
1
1
1T CF3-RLR 1-HER®ul ti familyCentral Hot Water Syst em
T NRCPLB2Hi ghRi seRes-Mol el Ma miHIWSGerttermdli st ri but
1

NRCPLER IHERS&8i ghRi seRes-MolL i Mamel yCentr al
HWSystemDistribution

T NRCWYLRBRIHHERSBI ghRi seRes-Mot ei Mamel yCentr al
HWSystemDistribution

Mi nor updates may -PRfEnedd dlRRBEN aCcFcloRr di ngl y.

The proposed wooudhed dc deersgcea i pti ons and data fi el
and visual inspection of central HPWH systems

Examples of thetravesepdedeoadm@nin Section

Scope of Code Change Proposal

Tablssummari zes the scope of the propdseed chanc
Stand®ederence Appendi ces, @It h@adM)t i Rreef eCael nccuel
Manuahd compl i anctehadaudwemenotds fi ed as a result

changg
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Tabl:e Scope of Code Change Proposal

Measure Type ofModi fi edModi fi Woul d Modi fied
Na me RequireSection(Title Complie¢omplianc
Title 24Part 6 SoftwarDocument (
AppendModi fi e
Central PrescriSection New JAYes CF1-RLB
f obrowi seAlternas8 RA 3.6 Wor ksheet
Mi-di se CF1-RCH iE,
Hi gh se perform CF1-RRM iE,
Path BaResident CF2-RLB®1a,
System ACM Sect CF2-RL21a,
2.9.3 Mu CF3-RLB1la,
Dwel ling NRC® R IE,
NRC®L &,
NRCGPL® 2,
NRGPLE2 1,
NRCWYLR21
Electri (PerformNonresi dN/ A Yes CF1-RCH iE,
Heating Path BaACM Sect NRCE NV,
Mi-di se i System 5. 1. 2 NRC®™CHE,
Hi gh se CF 2-RNW1
PrescriSection CF2-RNW 2
Require New Sect
140 .alhd
Tabl e -T4
ApplianiNonresi Nonresi dN/ A Yes NRC®RM IE
Plug Lo/ACM ChaACM
Mi-di se
Hi gh se

Mar ket Aamad yRBRegul atory Assessment

For -and hmiglke residential buildings (four stor
pat hway wunder, 2Patrotd € ulses2 i xed fueled HVAC s
base(CBEE 200%h)e California Empengys€@admmhanigers
current 2019 Tinlobar24) deavi a6eaa&dte foll owing
baseline HVAC systems

T For -rmigde residentital stkewielndisn g i(efsQur t he ba
single zone constant volume(&plt eitthg xpansi
furnace

T For -high residenti al buildings (eight stor
Spl iwi tDk furnace.

2Q2ZTitl e 2F) nBASH ReipROr2MFAERF|19



The Statewi deusCGASSE hleessem pr oposed baseline syst
CASE antbygagmisdd miglkt iniuami | y buil dings respec!

For -rliosme mul t i f a&2mill9y Th uilled i2mgse,Pact r6ccbheat pu
when ptrlogposed sned teewhartiecr alseg/asttwehmgn it serves 1 n
dwel | isngounimteerel ectric heastepu@ptwawebhbhheagt er
unswi th no reciorcupampsag | oops

On De201®he Energy gLoowdsanokxeciutenha¢e Bil il et
centr al HPHW systems ntshatl |lmeetons gecitfeired i n a
ther mal or RMWGqiun srtearlelnatsi dam to®h@wlOomphtil an@d, F
(Cali forni aniEBmdrogyy 2@am )

As Mar eb2dD9 ocal jurisdictions ha(vRuialddbipnged | o«
Decarboni zati ont hCaota |leintcioounr a2g0e2 0Oo)r requi re t he u
heating and water heating in residential and/

The U.S. Depar tufkbD®O.Ephfa sk nfeerdgeyr a(l mi ni mum ef fic
requirements for DHWsprdi HVYAQ equitphmerCtode of
Regul ati®nGFGRRt3Z(Co)de of Federal. REQuUiaieesoay 2
with the equipment c¢class and the equipment ca

Mi ni mum efficiency for heat pump water heater
120 gal spesi &iheed Ciode of Fedel@l CRRg4aI@sd8dDNha) a
Tab3% e While some of the heat pump water heater
(l'ess than 120 gallons) can be used for centr
measure does not rfeaguli rientHP WHsi strhcaptbegbr dpets hano
trigger preemption.

There is no federalcecmimdrcd iébaPlOWksisa ea nddeafridndd rby
CFR 431.102.

The Statewide CASE Team reviewed 103 building
system from data proMositedofbyt B¢ alkeihlodidegs . ( 49 )
single zone dufSizHEBylda®&tm pumpg he residenti al un
systems used include ductless heat pump syste
packaged ter mi nal heat pumps (PTHP), electric
heating, and variabl e r eRirg @selwroamst tfheo WHMA/RF)

systems used as a function of the number of s
heat pump systems are most coémmomdhieer| mecstri af
resi stance heating was found only in affordab
installed because of the mild climate.

2Q2ZTitl e 2F) nBASHE ReipROr2FAERF|[20
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15+

. VRF
PTHP
. . Water Source Heat Pump
Ductless Heat Pump
. Electric Resistance Heating
Ducted Heat Pump

10-
||

Count
o
1

1 2 3 4 5 6 7 =28
Number of Stories

Fi gurkel ectric HVAC system type by number of st

SourRreoj ectDaBaas e d

The StatewlhaaemeGQASXEved t he product availability
PTHPs, and VRF systems relative to federal an
|l evel s. To review product availability of spl

punsp, the St atTewintse dCABE Moderni zed Appliance
System (MAEDbS), which shows appliances compl

systems were not | isted in tTheaaodAERIS e dt WRFSt
system i nf or matfiaccn ufrream weapse rtceesn.tspbotut heat pu
anBTHRboutped @efntVRF systems were at or above f
efficiency |l evels indicating considerabl e mar

i f deBeatreidl.ed pladudti tyvanal ysi sHis provided i

To review current practices of electric DHW s
anal ybazaed dings with electric DHW systems from
st akehbdlhderres .we rsd xe ibguwtl Wh egtsr i ¢ BHW siylsd iemg s

either used a heat pump or electric storage D
systems using a anehectrsness a®icege DHW system i

1Project information was collected using a combination
design drawing review and Title 24 compliance document
Association for Energy Afrfgoyr,dafhedwaoyd (EAnEA)g Yy ,FrEoHDD,e rGakEb
Build it Green, Mi t hun, CMFNHspltegtamn Nbhae t hat hehdnée
was volunteered by project teams and as a result most |
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energy efficient, the hnmeartk eptu mepn aegyssrtsehhesoactu s e d
Fig@sbows distribution types of the heat pump
these projects.

30+
c . Central
201
g . Cluster
O I Individual
101 --. .
1 2 3 4 5 6 7 8 9

Number of stories

Fi g rDeHW di stri bution types of heat pump water

Source: Project Based Dat a.

Based on review of product | iterature, interyv
manufacturers, and individual centr al HPHW pr
Teamas segmented HPWH equi pment into three caf
spliitwaHPer | oop, andigtliagedawo ntehedPnumber of mo
avail alalcdh fodr tdhe categories at various HPWH c
includes HPWH products that are currently ava
products that are currently available interna
manufacturerlsl ttheatawadielyatwlie i n California in t
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Source: Project Based Dat a.

As part of the CASE res@aepnenval thee St whge wh ere Cl
|l oad cal cul ations needed to be further modi f i

appliance technologies. Currently, neither th
met hodol ogi es account for the i mpact of choos
induction ranges and heat pump dryers. Detail s
3 and i n .ApTpheendsitxatl@dewnrthec €mM®B&Nnds no change to
residential ACM bruef ereecrocnrememadnsu alhat t he Nonres
reference manual be updated to match the resi
mul tifamily dwelling unit appliances and plug

CosHBf fecti veness

Thi s meavwproses alternate patthwaey sr etqouierxeinsetnitmnsg
el ectric reaquiepmaenidtam ory or prescfrarptalvie muwelqtuii fr
buil ddosgs anal yeiqubiesdnunste t heoee asaatbeashalnigree
| evel of stringency. The Stanéwrdat CASEabeam
effectiveness of the measure even though the
coeff fectiveness analysis for the measure to b

According to the Energy Commi s sdfofnedcst idwed iinfi ttit
beeftiwtost (B/ C) ratio is greater than 1.0. The
cost benefits realized over 15/ 30 years by th
mai ntenance costs for 15/ 30 years. The B/ C ra
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proj eccotséds and cost savings. HVAC savings are
Centrals&PWkHgs are calcul ated over 30 years.

Se8ectd.0bmMhe medohogy, assumptisamcsdst of t he
effectiveness analysis

Statewide EneEgegrWapamds GreenhdusHEG Gas
Emi ssilonpsact s

The Statewi dec adAcSUH aTteepdmatrh es tfaitresvtiodde nseaw i ngs
constrhuytmwint i pl-ymintg ¢ &wi pPgsr,e svemitceld 4 ISy ct i o
assumptions about the percentageoabednewly con
mpacted by t he psrtoaptoesweidd ec ondeew cTohnest Buesti on f O
presenAppencasgs Are the Statewide CABEG&uTetamds ¢
percentage of newooabest mpatied bhkathe proposa
zone and building type).

The -yeastenergy | mpactysearre parnensueanit stahve nfgisr sftr on
t hat were coBiplTabet-@®@me2@®y¥ cost savings repre
cost savings 1lo5v/esrd atrh ea perrktyisrides The st atewi de s a
estimates do not take natwurally occurring mar
account .

SZHmMmeasursulitncrierms eearn efliercsttriyci ty consumpti o

energy wHmEwhr e dfhfasnnet by decrease in first yea
natural gas TDV energyecgaasEBhire akSpresaeant v sl
energy costs in most <climate zones.

Central mdewWdes ulithcriermse in first year el ectri
electric TDV lawewegr meteltee schaanr of f set by decre
natural gas usage and natwural gas TDV energy
30oyear present valued energy costs in all clin
Combined result of SEH&8n€8ewnt mealaissdiPoditds t hat t her
an overall i ncreasebutn ietl eicg rmar e ntelrgry afsfes et
natur al gas emetr gryeaumssletv et laé | decrease in pres
cost

Combi ned r é&SZWHWt tdf ottther ef f i ci e nfcayc tnoera saunrde s (

SHGC, walclt orhows that there i s an overall i ncl
i' s more etthany afhfes decrease i n naturadngas ener
overall decrease in pgresent value energy cost

Tab2presents the estimated energy and demand i
change that would be realized statewide durin
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24, Part 6 requirememdars atratewi ¢d femwer gyFiirmpa
representfeal Iboywitrhge me tursiec s :n cirheeagsteisd wa sty per

year (GWh/vyr), p e a kn cerleeacsterei gcaaw a t dt esma( nMiW) , natur
savings in million therms per year (million t
(TDV) ener gyl o a®riintgiss h nt tker mal units per year

Tab®e FiYeatr St aEtheewgdyd | mpBews Construction

Measur e El ectt Pea Nat u TDV Eni
Il ncre EIl ect Gas Savir
(GWh/ Demar Savir (TDV k B}

|l ncr e ( mi

( MW t her ms

SZHP 2. € 0. C 035 17, 1171
( Mi dRi seMi xedUs e,
Hi ghRi seMi xedUse

Central HP WH 6. 3 4, ¢ 080 81, 732
(LowRi seGamdedCor

Mi d Ri seMi xedUse,

Hi ghRi seMi xedUse

Combi B&€dHP Centr adl 73 28 1. 90, 4714
(Mi dRi seMi xedUse
Hi ghRi seMi xedUsé

Combi ®&ZdHP Energy 7. 003 13 182, 90

Efficiency Measur

( Mi dRi seMi xedUs e,

Hi ghRi seMi xedUs @&

a.Combi&a2HP Central HPWH measure impact is | ower than
because the combined DHW + Centr alr iHsPeWHa-miesabksiugche onl y
prototypes, while the Central HPWH measure applies t

b. Combi 82dP Energy EfficiencyaMetabarpr packagimesrequi
100 peofcetnhitrei ané@ da-nd sbki oobbui Famndsw!| i fornia will be im

Tab3presents the e GiHIGMAIt £3a sasvaociidaetda@ wir oipo s ed
code chandgéhet hteaaardar ds ar eAvion defdf eGcHG e mi s s i ¢
measurmat i mm$ crmrdiooxi de ( ®&d uTiowa&D2a] .
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TabB88e FiYeatr Statewide GHG Emissions | mpacts

Avoi ded Monetary

Emi ssi of Avoi di¢
Measur e

(Me t rTiom Emi ssi
cCo2el ($20
SZHP 1,2 $133,

(Mi dRi seMHxgedRsege Mi xedUse

Centr al HP WH

(LowRi seGanandedCoMirdiRliosre Mi x e 2, 8 $298,

Hi ghRi seMi xedUse over 30 vy

Combi ®&dHP Centr al HP WH

(Mi dRi seMHxgedRsegeMi xedUsé 3.4 $367,

Combi s&dHP Energy Efficienc

(Mi dRi seMHkgURsseMi xedUs& . 5.2 $561,

a.Combi&a2HP Central HPWH measure impact is | ower than
because the combined DHW + Centr alr iHsPeWHa-miesaksiugche onl y
prototypes, while the Central HPWH measure applies t

b.Combi 82HP Energy Efficiency Measure packraigee asrsd mes
highse mubuwouifdmnds!| i fornia wild.l be i mpacted.

Assumptions used in developing theé.&Hd saving
AppendbokhCs MThpombnetary value of iavaoindcd d dGHG
in TDV cost factors acoddfifsedthianselngstidsuded i n t

Water and Water Quality | mpacts

The proposed measure is not expected to have
guality, excluding I mpacts that occur at powe
Compliance and Enforcement

Overview of Compliance Process

Th8tat ewASIIE Twamked with stakeholders to devel
compliance and enforcement process wonud dt o i de
havevami ous maiSlketd aetscrrddecsompl| i anSectpir@omcess
3. landAppenddes Emplhaetthsaehe proposevdulnédha®u oa

mar ket .Talhce okrerys irsesluat ed to compliance and enfo

1T Specification of space heating systems to
of ducted heat pump systems manatnidrad efdeder ¢
ener gyenefyf i c
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T Speci ficantoal ofvatyet emesat ongetehhe oenexgyed
ef f i coiteennctyr al heat pu(ncpe ntarteellb akhfeWbt)n @ gsy st e
when the proposed system uses electricity

T Field verifidBWBystefm centr al

Field Verification and Diagnostic Testing

Thentral mdBWkMoet dquire field verification anc
Pl ease $edtdrdabo additi onal i nformation.
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1l ntroducti o

This document presents recommended code chang

Commi ssion will be coha@2dHéfi youmbawteasdl opt i on i
suggespgriiomrs to the adamtfiooat,i tdle2alse aekmanioll der s
Comments will not be released for public revi

The Codes and Standards Enhancement (CASE) 1in
s upptor@al i fEonrenrigay Co insginesigoyn Commessoons to upd
Cal i fEonrenrCgayd(eTi t,| ePg&rdd i6ncl ude new requirements
existing requirements f ohr@aalriifooursn itae clhnnvoel sotgoire

UtilitiieRac(ilfQUs )Gas and (BPIG&cEt)$arc RCoenpga@an®as and
El ectric, SoutheiantCwBulfloy nOawniEdisL®tsinlAintgel es

Department of Watagadc aanche PooeoveMuni ci(palr eUtni | ity
referred to as the Statewide CASE iTsepaom swhreerd i
t hefsf bhe . program goal i s tpo gpalewatr ked sawnldt - siurb no a
effective enhmpcememgy e¢drddcermaeicyy peéarf or mance
Cal i fbourinlidai ngs. This report and the @eao@&®e chang

part of the effort t oefdfeeveetsiowpemfeachmatciadn amadr c|
requiremebus | dienfgf iecnieerngty desi gn practices and

The Statewide CASE Team submits code change p
the state agency that has authotri6y Tle adBoet g
Commi ssion will evalwuate proposals submitted
stakeholders. The Energy Commi ssion may revis
Commi ssionds 2022 Title 24 websit ehefdoul e nafnodr m
how to participatepsn/ thewpeoeesgagn-dca. gov/ prog
topi cs/ progamsedhfuiicsitleanncdya r ¢bsi/i 2-@ A hrpdyf € TCy

The overal ICASEaiRootpdssdasta ode changeanptadposal
electric compliance bpat ivlmeg sf @epomiul dcordtaaning pe
i nf or matpipomm hengode change.

When developing thealcoard chasgei ptreogp otsec hni cal

presented in this report, the Statewide CASE
stakeholders incldesnghmabkbef a4t energy anal yst
involved i n the c¢odTeh ecoopnepsiaila n cnec oprrpoocreastse.s f eed
during a public stakeholder workshop that the

SeptenmlerzainMar éeéig 2020.
The following is a brief summary of the conte

1 SectdicMe asur e Deosfd rsihpCtAlISoEhpReoperda descri pti or
the measdriets babkgr eamlnglc onandet ai |l ed
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descripti omr oddeh ehrogwe tihd saccompl i shed in the
doenent s that Tnatklee up4,t hRart 6 Standards

Sectdidm addition to the Market Analysis se
review of the cur.Sectd . olre2setr | dtersd dthwyr € ea s i
i ssasesociated withinhbéudodg whanhder the pr
measur e oweornlsavg £ horotilbenrs pdr tt he busidcdh ng st
adire, seismiad,etayn s tamatdhdeamnm eésher technical,
or enforceabielxiitst chall enges

SectdiEmer gy Pawisrequdesu ntihte epn e r gye,d ud;e naaonad
energy cost savings associated with the pr
al ssescribes thde hmdEhadewiodgy QASSEO Teami mat e
peunéemer gy, rdeedivacmeoch d e rcersgwi ngs.

Sectiidhisectiinocn udes aanmnd spruessaemmt hanal ysi s

mat erials and | abor requi r ead utaattaitrmipad ne noefn t
the increnethsaal i cobtdes nesteimaat @ad ofai nt ena
cost deqgeu.i,pment | ifetime and various periodi

replacement and maintenance during the per

Sect@pones ¢ heetsat eewniedcegy aadi ag s i riompnaecnttsa lo f

t hper opocsoedde change f or tthied 2d2d deskeefyfed@tnt af t er
includes t lee eatqoputnubeb fsaved by Calidrognia ©b
and temadntismpacts (increamdsewdidrmhr edpbdtaiso s )
pl aced on any materi al byt bBthaet ea roef .cQanlsiifdoerrnei
Statewide water consumepoobhbseptnicars are al

Sect7did®Pm opoRseevdi si oondseahQu &€@ @& c | tuddreespwir t h
speciféecommewdahiroiflsdeleti onde¢r @adddt i ons)
| anguageStfaonrd &ehflee y AppendAlctearv@®at cul ati on
Met h(cAICRef erence Kampadl anaedNmepndualn,ce
document s

Sect8idBn bl i ograpdiynt as @ itrelteets t he St at ewi de CA
used wlkeeerel oping this report.

AppendStxatAeSva Wdiengs Mep he s e hmetyh diccol ogy and
assumptions used to calcul ate statewide en

AppendEmbe8d&eé @& ctirnn cWattyer Mpt bedot egyhe

met hodol ogy anus e dcsau oogutlhesdk res termbceidtdya d
water(esge., electricity usedantheshrearvwg,y mov e,
savim@sul t irregl ufcreadmwater use.

AppendEnxviChronment al | mpparcetsse nMest htohdeo Inmoegtyh o d o

2Q2ZTitl Par&j) BGASE ReipROr2FDHWF |2 9



and assumptions iumspac &G Iscsu loantseuasred wat er
anduality

AppendC«xl iDEornia Building Energy Code Compl
Speci fpraseevhevant proposed changes to the

any) .

Appendlimpa&cCsemplfi ance nPrivacreksegpr Asdiowst he
recommended complianceidenbobmks&dtoattdor mpac

AppendSuwmmary of Stakehdadlodamebdsas gatient
to eegyrado!l | alwort &t enar ket ac.tors and experts

AppendBasiGs of Desi-gfinf d otri @ dhree LCosAnal ysi s p
on the systemtidess gused to develop energy
and maintenance cosSsts.

AppenHiHeapu mmpr odawai | aabal ypsryosvyi des anal ysi s o
pump products available in the market and
California appliance standards

Appendi xCentral Heat Pump Water ddsafger Case
strategies, field measured peafoedateandatw
projteatsse centr al h e a(tc epnutnrpa lsvald RWHN)H e at i ng

AppendMaxnulif:tacturer Code Requirement Review
provides survey questions used to solicit
manufasturer

AppenkdNRDC Memo t o Ener gmulCtoimeladmsislicd m i a@n
baseline i nsundmadr iA2ZGM wor k done by the stat
coordinatioanwi s8v aR®IC tsot aokueeHalndkerisssues an
solutio-abetoriifelnmmdlyt cwinmphl i2a0nlc9e H awtitit en6 22

eye towards addressing those issues in 202
Appenxd L: Review and Appliances and Miscell
Buildings provides results dirloenctai dn tfeagrat u
appliances and plug | oassraeégvasnt to el ec
Appendi x M: Nomi nal Savings Tables present
nominall dol l ars by building type and cl i ma
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2Measure Description

2. Measure Overview

This RrRPBrt pprogpocreispti ve amodpp e rafnaremipoart év way (
atell ectric multifamily buildings that- use el ec
regul atedTénd uses he2bOulid dseoB 4t Patritaltél oSw aan d a
dual baseline strategy wher-keeée at ed elcairli ¢diah ¢y a1
compared to a code mini mum-heelaetcetdr ibouai¢lddyianhge at e
nat ur @lasgas sy shteeamsi nfgorand avrac oemp ahreeantdié¢nog

mi ni muam ur @lasgas s.y sTlreensl i mi tt tedduiad n biasp etlihcamte f o r

water hesatoindhy amuali t iatpdml domgs with individual
antdthe dual bas édleiartea ngp tvieont ifl@art i othVAG d air con
a vial adon feplro-wi s e mul t i f alnhiel Y2TObliOl ¢ d2 A gsPaditd 6 St a

not adcdernetsrsal waftoerr bheetahs elnogen d sespgtential bui |l d
HVAGnd -negul atedseoctt aseappliancfeomri-dndepbangdg |
highse residenti al buil di ngs.

Th&8t at e@WAAIIE Team idwsvueisttaibgaet est r at e galeesc tfroirc ,ac h
i ncl wdiechjeraitc pfV MRy sts,dhmat pump wdHRWH heating
systsdm!| ding envel opapplmpa omesneah Hlacnsed vuass wel |
as -vinte renewabl es

Th&8tatewide CASE Team anal yzelde dtwoi o aHt\kAa@es f
submeasur e:

T Package A: Geolnebcitnreidc aHMAC plus Centr al HPV
1T Package B:d @dnebcitnrei c HVAC plus energy effi
energy efficiency measures included in th
o Fenestrfaadtoomr uand sol ar heat gai-n coeff
factor redhier d mertss r atfiacnt oand evgaui Ir eume n
presented IiQOA3Rspgduatef amily Restruct
Report, 282@)i ncorporated into this CASI
of teéealthri cSpmmpopgaval ues are present
7..2
o Photovoltaic Cleignuaitreg 6Zeoonnel ¥ or

The Statewide CASE Tealmedtevied opéACthedal ¢thange
based on cost effectiveness analysis of Packa

The proposed measure includes the following c
buil dings:

T Preptively reqeilretrhe vpPacea ilseatainmdg hfi grh
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rise multifamily buildings. &@hecstbaodHWVAC

system (single zon®ZHR)cltwesd ereertg yp uenfpf i(ci en
measur es.

T Prescriptiveway tfearnadentpragdalh HPWH. The currtr
prescriptive alternate pathway for indivi
T For the performance paydhtwamp besirralcdadr HY A
zonactdhedpumgSZHPR omi-di se a-ndski ghytbé@iamdi ngs

and standard DHW system beraoposretdr alle sh RWH
centr al electric water heating OR the st a
HPWH syspreonposfed desdgrmidsast HPWH in multi
buil di ngs.

o For HVAC rseygsatredii,ess of the proposed sys
standard design shall i nclude a packag
heat @BSEmpP and energy efficiency measur
zone ductedSEelRtwepwimp Have mini mum effi

meeing applicable state and federal ap|
o For centr al DHW system, standard syste
proposed design. Proposed designs usi n
retain a gas standard, whereas propose:

equi pment would be compared to a standa
equi pment .

T For individual DHW systems, retain the cu
Modi fied appliances and miscell aneous el ectri
CBEGCom fomi sne doandsbki qoul ti family dwelling unit
requirementissef areslioddenti al buildings in 2019 T

CBECRKRes.
The proposed measure does not apply to altera

For the DHW prescripthyetbempiropaosedappdeacha
a table to an existing or-PtBgate a new Wor ksh

For prescriptive HVARCOMMCHEge ,r emawae¢ egahespace
option -rfioge hriggshi denti al buil di ngs. MNE8r wupdat

O1 accordingly.

The proposed changes would also require updat
T CF2-RLB 1-AonHERGI t i f ami IWaGeenrtSyasltHomDi st ri buti
1T CF2-RLBR 1-HER®Mul ti familyCentral Hot Water Systenmn
T CF3-RLB 1-BlER®Mul ti familyCentral Hot Water Systen
T NRCGPLB2Hi ghRi seRes-Mol el Ma m#HIWSGerttermdli st ri but
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T NRCPLR IHERS®Ii ghRi seRBe-Mal ei famil yCentr al
HWSystemDistribution

T NRCWYLRB IHHERSBI ghRi seRes-Mot ei Mamel yCentr al
HWSystemDistribution

Mi nor updates may -PREnNnaade ®RE&ELC aCcFcloRr di ngl vy .

The proposed wooudhed dc Mersgea | pt ilochs famrd tdlae af if @ led
and visualofi ncsepretcrtalonHEXWARmMplyesemb. t he revised
presented 7i.6 Secti on

The Nonresi degnrtaitailonGrQ AP anideeeo rHPWH demand f | e
compliance credit that iIs available for resid
approach to comply with code so that a simila
nonresi dentiimdilnpuimMuditngsawii it ly ibomdil di cgasl and c

syst.smeci fic revisions incl uid@ualpidfaitd antgi aJroi nt
Requirements for Heat Pump Water Heating Dema
the |l anguage i s morestiems!|l usistval tedHPWHN®DWNWT esi
The updated | anguage in JA13 would align with
Generation Incentive Program (SGI P), which a
January 2020.14 For ttdhilkbeaxcompl avaaiclea lmlpd i fooar u s
compliance software would need to be updated
energy i mpacts of operating HPWHs with demand

which could include ofpsiemiozitmgafl opewmdtki Ipirt i inig

2. Measure History

Locjadrisdictions andiatfudiaeagchuatdoongtdsescar bc
are increasinegllyecagmrmomgoganungii €klmi flAys béafa c i ngs

2022 ocal jurvedadobpbed b6m proposed | ocal or e
the 201%e 24, Pawitt 6 aStsamedcirfdisc goal of pr omot

through Dbui |l di(nBguielldeicntgr iCfeiccaartbioonni.z althieosne @ oeaalciht
codeddrtlse need to adjust energy policies and
with theesitbheéewbs greenhouse gas and carbon em
Decarbonization is now the stat eidAspsod mBilyyl go al

3 AB232 - Zmr®si ons buildings and sSewmaBielsl of he
350Cl ean Energy and PobBu3b0nmr2@®ed)het 2@l 9Adint e
Ener gyy PRdpcr t( CEICER®MAL®neas the previous iter at
primarily supported Zero Net Energy (ZNE) goa

enernmg@ay gets, thmakeseatdi EPRt connecni Dat it @n b u
as the means to meet the statebs Soeweerraalll |colcian
regional,andatinteahnati omalc|l aodgamgi 2 &htei Nmag ur al R
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Defense ,Kavecemhreraaedoni zati on st reatregi es and
grassroots and policy advocacy work have supp
across teesisgmeares and engineers are increasing
building electrificataidome i it antud wiideaunCA yBE éTLe d
further in this reportés mar keMul & § Maankmdegnt se
Anal xoimpl eted by TRC for PG&E showed that hea
system of choice for space heatiosgnanduwaien
(TRC 2018)

For the 2Q1%®Pacfotddoed MBher gy Commi ssi on made sSi ¢
progress t owtahde caarhh cergiozadgt iboyn i ncreasing energ
requirements, | evedld -sfgoechaelilpl ayngygeseamily an
mul tibaml dihmgendi wiadtuearl heating systems

Unf ortunately, there ar e-rsitsiel Ir ehsurddeloasi arl e nbauii n
buil dings with central Thheeathmpampi wlaseclardfeanet
prescriptive pathway for ctelmgorngll ihaenactea ppnip waar

the ACMPef erB®Wacegealwhi ch are critical component
of dthendalhds 201 ReAEG@Menceabhanwathb t he -ABHRAE 9
baseline system mapping for DHW and heating,

whi ch nag eggassl systems. The use of the 2019 TDV
makes it difficult for eftfriicci esnyts tbeurisl dion gcso nwil
201 andaPrrdess.ent at bgn€Enmadeg Commi ssion staff at
during the 2019 -TultémakRidng Pamd mwGulpemaki ng everl
el ectricwdowldndernagtse | ess over-Aukl chubodi nigan n
However reltehcet railcl buil dings use more TDV energy
wayDV values electricity use higher than natu
Thus, the @geddlextdfvemests (using TDV) and overa
currentl yevienn cwintfhl itchte i mpr ov e mieanrtts & hne tEee r2g0yl
Conmi s s i opmr ohpaoasl etde r naantdimype 0 v e me MRt02 2t a« otdlee comp | i
metgtioc addr ess fTheasat&twiCh&Esamas | everaged t hes
ef fortesvatlauartee t he frieelcatiiveenecssstand carbon red.:
el ectriifamdlyt Tbhue | @a Inigfsor ni a Ener gy Coentmi afsi on
TDWal ues foTi ttlhe 2d®@Rde ac twhéiec h -enhaekcet railcl bui | di
more feasi bl e20 K@V ummedterri ct.h e

I n the fotéowitmegs Stlat ewWiechegmr @EA8HE measure hi st
and background for each of thRepéektecsubmeasu
HVAC, el ecdand celbeddtiriiacnces and miscell aneous |

2Q2Titl Par&j BGASE ReipRAr2FDHWF |3 4



2. 2EllecHYAGy st ems

2019 T, tParrtd4badacldt er nat i ve -glad dhtwraiyc fHHOVA@Idy st e
| oowi sesi deuwti lisdtihnrgeteor i esi mrbdtels stthe prescriptiyv
perfor manceTlpathmwarygy Comniilcsw i ce cramngenti al |
baselines such thatuetthe ylpselsi ndesyatmemafs t he
fuel Ftoype.ui l dings with electric space heating
heat pump system.

The 2019, TR aplete feb4 maselkaneentral fudinmaeet with
expansip®Rt ©Or -rmmisde b (fioludri ntgbsl saendhopr pe fan coi
( FPFsCy)s tfeonn -rhii geh b (eiilgdhitogiss and more) regardl es
for the pr ophloss epda rbt20d fel i thiige P aprotzaddbopt i on process
Energy Commiog kiiommje wartihoni zati on advocates to
of this baeleddtnrei © nb wilclloda rndgibnya tReRIDPCudwnwd support
several desmgineesrs and cmoeamhdottsh®t at ewctadi ng
CASE Telowed t hapti ptehe afnowroi | system in partic
chall enegd efcarrial Imult ASsame€®gbdhaiulsd nghgeaat pump
systiemen those that are theirnmeossul tefifn csiiegwinti fiin
penalstiinee they are comp&PéEL sSgsaemaselri me gof
buil dhonrgsmide mul ti family buildinhgss usiag a h
complianceheenadmyar e dg &®i rae ch adtmusipredXdbeud t hi s

penalty i s much s marlilseer nunhlatni ftahmaitl yf.or hi gh

Tab#4dB8ackground Analysis ddeati Pudnpl HeSHh o wmign @an
TotTaDV Penalties Compared to 2019 Tugilmeg24, P e
2019 vVdDVues

TDV Difference from Standar
%using 2019 Title 24 T

cz cz Ccz cz : cz

mi-ldi_Sfe Heat i 2% 5% 0% -1 % 7 %
u | an

Tot 1% 4% 2% -1 % 7 %

;i Igfthi_Sfe Heat i 119 9% 3% 9% 209
u | an

(14 SEER Tot 169 149 9% 209 -319

Hi Iﬁif[‘i_sfe Heat i 119 9% 3% 9% 209
u | an

(14.5 SE Tot 159 139 8% 199 299

'\H/Ii I.Cﬂr?i_sfe Heat i 119 9% 3% 9% 209
u | an

(16 SEER Tot 129 109 4% -159 269
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ThE&ner gy Cormaiss ir@moo scehda n g er itshee bhi egehligihini@o r s

and above to be tfhoeurs atntel sdesvpgtinh @t DfXorf or -cool i n
fired furna.ceThiosrRelpemaktiilndgs on this proposed r €
basebhhndet he analysis presented ismsUmdlsers sect i
proposed change to thersgaltteimbbdmlsttymgpe for hi

2. 2C@ntHRWHSY st ems

CentralsH®PWHms use electricity to produce hot
from onet ywiua aleol ypoatiaabl e water. This process ¢
more energy effigaise rotr -tedl seicsttaaicos swat er heat i ni
HPWH aillsso a key technology to decarbonize dome
uses electricity instead of fossil fuel

CentralsH®PWHmMs are DHW systems with recircul al
hot water produced by HPWH egui pmenhd mubmi pl e

users. Several successful central HPWH design
operational in Cal iHoowenviear ,a nedn eWagsyh i pnegrtfoonr ma n c €
is highly dependent on design and rneotti agrusar ant
reported from several field studies include:
1T Heat pump water heaters require | ow enteri
incoming air temperature to operate at hig
1T Design variables critical to syshteem perfor
di stribution system, hot water usage by oc
throughout a multifamily building.

T Stratification strategies such as tank si z
HPWHs operating at desirable conditions.

T Multiple amodales béater can operate in par.
capacity, and each heat pump water heater
characteristics.

I n the 20ParTiWMdwe24esi denti al DHWPMWHs el i ne i
when the preonpoisse da shyesaat pump sesyseémcserci ngsi S
i ndi vi dualnidwelrvliinngg mul ti pl e dwelling unit wit
prescriptive pathway all ows ei tfheedrerhad dty puengpu |
efficiencnyg |weivted sswmdmporti ng measures such as c
drain water heat recovery or a Northwebkst Ener
rated heat pump wat-lelrl hreatt ed . e NEIEPAMdnterr epr e s ¢
efficient hehaetatpeunsp awaatielrabl e i n the mar ket th
out door cfoonudnidtoilian <1 i mate | ocations. The perfo
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feder al mi ni mum efficiency heat pump water he
measur es.

Under 201%PaTitt |16e cd4rei,s et hree shiidgehnt i al DHW basel
same rul ad ses rleswdent i al buildings. The 2016
was gas water heater regardless of the propos

2019 T, tParrtdAda dael taetripveer f or mpprcead A WH®rat
serve mor entdhpan ooree ght wunits without the use

pumps. This option is often called a O6cluster
Part 6, the <cl ust eereedd aapnparloocagcohu si st oc otnhsel di ndi vi
water heater approach and does not incur any

Under the 2019a3i weperl wiso ulPsarco,tbd eirgeer at i ons

prescriptive or perf omHmaciet hp attehtwiaopesuf of danua
2020entHPaNMKRvi t h recircul at i oinn ctahnen ootf fbiec inaold ecl oend
softwaCerrent prescriptive and performance | i1
designero6s ability to regliacad avademrmv cdiretaitemali n
recirculation with a central heapgr puorwpe wtag eo f
centrWwWH dHePshgwmwe t o resort to reconfiguring the
for -rhiiggeh mul ti family HWRWHDt hgse¢ireul ateahbhrsaeér
entire building) to compérwyemwgy hcmde heompinisa m @«
Someocal jurisdictions have allowed modeling
mi ni mal ly ef f ibcoiidbetirtsraedhjiwssailmegmatost uni versal ly &
nor is it endorsed or supported by the Energy

On De,2011®he Enemngys s@ooonv i deexde caunt i ve Director
DeterminatitonSPuot soacttbat laltdws central HPHW
meet speesifgredanadédl | atiinonadecdriittieon at phodloamm| t e
PVY sysegmirgmemnsthsowi amwmm@b 19 T, tParnleér t he
prescri p(tCGalei fpoartrhi a Ener gyyh@ommiexssifoed2@E2%) gn
under this excpptbsoBybBbtem wi hgla specific con
wat eat des, storage tanks, valves and other <col
devel oping modeling capabilities within the <c
performance of this specified system with an
2020.

Ths measure imomoddecuat Bleydotmmbdel eddes, such
l nternational Energy Conservation Code (I ECC)
Refriger atdonngdiatnido nAinrgr Engi neers (ASHRAE) St an
ratingssysuem as Leadership in Energy and Env
ENERGY S&TAR

2Q2ZTitl Par&j BGASE ReipROr2FDHWF |37



2. 2E13ecAppki anmcck sMil somelous Load
The Residential ACM ReferenceeMmanualfamplycab

or |l ess) containscsalacmleathiodg!| agyl f@mces and mi
accounts for the specific appliances included
the dwelling unit and number of bedrooms. Thi
used both to taloaldsat éornsenoneae conditioning a
consumption for the whole building energy use
compliance approach. However, the Nonresident
to kiigghe mul ti famidry Midroa)r dmtraiens a fixed pl
WKFtwd th no accounting for the specific appliar
the dwelling unit, ThreStnatmdOeAr3ie & ph@e@gmcd ma.t

dwel | i ng urniisted ernehsiibli gbui | dianmgds dal cuwslea tviad ru emse t

frdarhhe ResA@®BINnRéeBérence Manual

2. 2EMder gy Efficiency Measures

The fenestratfiacn oand ewaulilr eunent s and rel ated n
presented |IiOQASRspgdubatef amily Restruct.uring C
Summary values are pr2sented in Section

2. Summary of Proposed Changes to Code D

The sectiommmbhibavdyer oposed changeé hwtoahdamaobsli f
Reference ApPhOMerdiecesnce Manual sd o caunmde nctosmp | Seaen c
Sect7ootnhi s report for detailed proposed revisi

The Energy Commi ssion i s comissdeancdadgkicpmsol i d
multifamily requirements under a new multifam
Restrmumntgst amedards for multifamily building may
Reference Appendices, ACM Reference Manual s,

compliance document s. Location and section nu
supporting documelnyt sb ufiolrdimugl st idfeapend on t he En
approach to and acceptance of a wunified multi
Repadretmonsttrhppet epocsheadnges i n terms of the 2019 s
|l anguage.

2.3Sdmmary of Changessto the Standard

This pmwopbeal fy the fol Towileg?2dscfmows 6bél ow.
See Setrt.tdfont hi s nraeg kepto diedomguage.

SECTI ON 150.1 PERFORMANCE AND PRESCRIPTIVE CO
APPROACHES F@GR SIEOWRES| DBEEINTUDALNGS

2Q72ZTitl Par&j BGASE ReipRdr2FDHW |3 8



(c) Prescriptive Standards/ Components Package
8. Domest-HeaWahgr Syst ems.
B For system serving multiple dwelling units

T The pr opdoes ecdhacoog&edd an alternative prescrinp
heat pump water heater system serving mult
sol ar water heating system requirement whe
isitall ed

Section 140.4 PRESCRI PSS I NER RERACEREGENII TI ONI NC
SYSTEMS

1T The proposed coda ecstcan gda isvoeal ¢yel rceognudiirtel oni n
systteombe seiepgl diucdreaed h 22 HRP y snfeocanlhli g h
ri se resiupamtrseag arodclcess of .number of fl oor s

(NeWwSECTI ON 140.10 PRESCRIPTI VEP HHOEFQ@@QWICRETMENT S F
SYSTEM

T The proposed code change would addipreescri
andighse multifam@hi ymwacbneei 11d6i.ngs i n

T The combehedtnanit and ener gycédfufdiecsi drenye sgaa
propeandealsi acteo®qui remangsopdhaed in the mul't
restruct uansiwgmmerpoziaaw

Section 140.3 PRESCRI P INER REWULU RIENMENENVEL OPE §
Table -@40. 3

T The proposali dabegaandesewal |l assembly reqg
aligns fenestration requiBefment sesidmnCodc¢e
Tabl e -Q4f00r3 nonresidenti al

2. 3S2mmary of Ch aRegfeesr eénmoc & hfeppendi ces

This proposal would modi fReft beehotbtl| Ampagdmxcees
measures assOentant &ld MIPeWH SedBt i ohi s report for
proposed revisions to the text of the referen

T JA14 Qualification Requirements for Centra
Sywtemhe proposed wooudhed dc mamgev Joi nt Appendi
t estaind@si gn documegoni atiments for ceéemtr al HP
multifamily and nonresidenti al buil dings

T Tabl e-1RA2mmary of Measures Requiring Field
Di agnost i cThTee sptridonpgo&eent r al ve#PWHIi cati on requ
wouadd an entry to the summary tabl e under
Measures heading.

2Q2ZTitl Par&j) BGASE ReipROr2FDHWF |39



T New RA Ri.e8fex i fi ed Centr al Heat Pump Water
Mul ti pl e DweTlhe npgr oo stesd weaolddd dc haa mgeev s ect i

to the Reference Appendix to include field
systems. The verwbutdtiodepvecefilucati on of
specifications, minimum system capabilitie

ingdtation requirements.

2. 3SBmmary of ChaRegseisd etnot itahle/ NAG@GMesi denti al
Reference Manual

This pmwopdoal fy the foll oRve snigd amdNioabasi dént he
ACMeferencesaMashawn bel ow. odd6eehbBecteport for
proposed revisions to the text of the ACM Ref

NONRESI DENTI AL RAGN ER BVFABNBLEACLT | ONBUI L DI NG
DESCRI PSSCRREFERENCE

1T 5.1.2 HVAC Syt emoMMomiapdathee st andard desig
residenti al bwordiewerwitbosevas wel | as e
above ganede ctri c heraetgianrgd ksbyssstpeonb p o Sauck lde s i |
t yplehhet andarsdvpmu |l d sibregpaeduct ed heRZazHR ump (
systkeablwvwo bl di pdeat ed to reflect the new star
1T 533ReceptaciThel @a dspuogsgaehs tc hadmge dwel | i ng uni |
highse residentiabal bes!| tr agisRAlppe nldeeaxd £ and
Lighting Model iRegs ifddeomt itahle AI0t1e9r nat i ve Cal c
Reference Manual

RESI DENTI AL ACM REFERENCE 2MBOINRST ISECHOTONWAT ER
( DHW)

T 293Mul ti pl e DweTlhea npgr oJno stesd weooudhed dc haa rsgeec t 1 o n
describing the standard dewidrm frerciacwudmttn
| ooopvouadadso clarify standard design rfsor i nd
serving multiple dwelling units without re

2. 3Sdymmary of Changes to the Reosmpde ntnicael / N
Manual

The proposed code yYhtamgeNwomue i dcn@mt iflalt cCompl i :
include prescriptive rhemui rpasmgpne & ofre sniidgkhatt al
ocucpanci es.

The proposed wooudmedddHayngere f ol | Rweisngl emnddtailon o
Compliance Manual

2Q2ZTitl Par&j) BGASE ReipRAOr2FDHWF |40



T Section 5. I1aOdeovieewi ew of newCeeguak ement

HP WH
1T Secti oResSi.d2enti al Waguwirp Addmditt daegcri ptions on
centr al HPWH equi pment, design, plumbing c

requirements.

1 Section 5.4 Prescriptive RegqAdidr enmeen tCso dfeo ro f
Feder al Regul atnicen f (a@F\®)hereesfheorled f or t he #dr
el ectric storageo water heater designation
HPWHO for code requirement perspective.

T SectiaofPr.s4criptive Requiremefnors Mulrt iWaltee r
Dwel l ingTheiprsoposwduagaddngenew section t o e
intent and reasonings for the central HP WH
best practices for designing and sizing ce

T Section 5.5.3 Performance Aprprkeaathi Cpo mpl i a
Systems Serving Multiple Dwelling Units

The proposed code change would modify the fol
Compliance Manual

T Sect408.3 Prescriptive Requi rreinseen t RBe sAipdod n tci:
T Section 13 Ac cReepqtua nrceemeTnetsst

See Set.tddfon his report for the detailed propos
Compliance Manual s.

2. 3Sbmmary of CGampleisBdaoement s

The proposed code change would modify the fol
Examples of the revisedSect@d.m@ént are presente

For the prescriptive compliancewapdpddaa ht alhlee
to an existing Certificate of Compliance or ¢
(CF1-RLBNnd NRCE&E) .

Updat & RC®MECHEt 0 remgas spaaes leasttiamgfaod -lsiygh em

rise residenti al buil dings

For the performance complianceoapgEguacke t he p
updates to the following compliance for ms:

T CF2-RLB 1-AAonHERG&GI|I ti fami|lyCentral Hot Wat er Syst
1T CF2-RLBR 1-HER®Mul ti familyCentral Hot Water Systenmn
T CF3-RLB 1-BlER®Mul ti familyCentral Hot Water Systen
T NRGPLB2Hi ghRi seRes-Mol el Ma m#HIWSG et tetrmmddlibsut i o n

2Q2Titl Par&j BGASE ReipRAOr2FDHWF |4 1



T NRCPLR HHERS®iIi ghRi seRes-Mol ei Mamel yCentr al
HWSystemDistribution

T NRCWYLRB IHHERSBI ghRi seRes-Mot ei Mamel yCentr al
HWSystemDistribution

The proposed wooudhed dc deersgcea i pti ons and data fiel
ad visual i nspection of central HPWH systems.
2. Regul atorty Cont ex

2. 4EXi stRiemgi rements in the California Ener
This topi beb2il®beold4t Patrtaté &Sltlammvd aa ddsu al b a s
strategy whersep anaeed ewhharatcead Ibyui | di ngs ar e ¢ omg
mi ni mum elspataa dc awaldyetred bui |l di ng, -bwheedkas nat
systems for heating and waternheami ngtaral cgm
based systems. The | imitatpitormni § orhewiatteheyhedwad
avail abdlet iffoeml Hyngs wi th i ndindihdcku aluawa tbears el @ ¢
opti ohneaftorng ventil ati olhVAG d aveointf egldeitse ni ng
mul ti familTyhebu2lOl19 s g884, Paditd 6n dStt @andldthr edéss wat e
heatfionrg bertihs el cawnd ski gk si de mHtViA&l,n do uni e gdui | nagtse, d
end usswecsh as appliancfessri dimmdepbhndsboglHsi denti al
buil di ngs.

Under 2019 Title 24t i Partedi dedei, at hBPHWiIi gasel

same rul ad saes rlecw de R2t0i1®1 Th u P kpdridddiesdael t er nat i ve
performance lPpWHtdEc hs efrore mor e t han one and up

Wi

de
an
co

Fo

thout the use of recirculation | oops or pum
sign or approach. Under 2019 Title 24, Part
alogous to thempndaveduhéabhentapproach and
mpliance penalties.

rr -mmnd Miiglke residenti al buil dings (four stor

pat hway under 2019 Title 24, Part 6 code wuses
base(CEE€E 200T%N)e California Energy Commission h

cu

rrent 2019 Title 24, Part 6 code nonresiden

baseline HVAC systems:

1T For -rmigde residenti al buielsdiingdhe( bawsrelt mes e\
single zone constant volume direct expansi
furnace

T For -high residenti al buildings (eight stor
Split Dx with furnace.

2Q72ZTitl Par&|) BGASE ReipROr2FDHWF |4 2



The Statewi de CASEp rTemars euds elsa s enhleisree syst ems as
CASE Rapardtysi gifser amidasbi gobl ti family buil di ngs

On De01®he Energy gLgoowmi 8edoan Eixwehwtti ad | Diwrse
centr al HPHW systems ntshatl |lmeaetonsgedcitfeired i n a
t hermal or RMWqiun srtearelnatsi am to®h@w lOomMphit #n&d

(California Energ¥iQaemmi asiscmeM@1 9 of the sy

e e e e e e s s Draws

g il Hot Water ! mam
’ Ll Supply to I ———ly
-prasenty + Cold Loop
| Inlet ;
Primary
Hot Loop !
Outlet Tank
Outlet
= o Cold 1
i _1 F Inlet
m Mixing Valve |
Single Pass | | i
Heat Pump Piloary
3 Loop 1
torage Tank
Tank ok
Heat I
bl Source
H:agt:’u:\s: = 7 Hot Water
L’ = Q‘ —@_ {{:lt):rn from

FigurGentral dBBWHNn schematic that complies wit
by executive director.

Sour(c@EC 2019)

2. 4Rl at i onksehgupi rteom®©n h®arnhs of the Califorr
Code

There are no relevant requirements i.n other p

2. 4R8| ati dros lLiogt aalb,dFeder al Laws

U. . Ohlas fendernanlum ef ficiency requirements for
equi pmpeaetified in t hRegldddal®dnCGF&dd qalolz( b)f
Feder al Regul aEfi foma iregsi0 € 9e) d thiep sk aasnsd e chwei p ment
capadiatbpendabbge aesummar yedéraheredduici emeryt s

U.S. D[DhaG. Ea f edersatlanedfafridc ifeorc yHPWHs wi th rated
than 120 gallons specified inlGGh@FRKod4l0.0532 (Fed
(Code of Federal. REgetatiosnso200¢r al efficiel
with | arger storage volume. While many of the

2Q2ZTitl Par&j) BGASE ReipRAr2FDHWF |4 3
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http://www.ecfr.gov/cgi-bin/text-idx?SID=80dfa785ea350ebeee184bb0ae03e7f0&mc=true&node=se10.3.430_132&rgn=div8

category (less than 120ntgradll omat)e rc ame atee ru sceals i
proposed measure does not require efficiency
does not trigger preemption.

There is no federalcacermimdrcd iébaPldWbssisa ea nddeafrddn g d rby
CR 431..102

As March ,292@al jurisdictions ha(vRuialddipigd | o
Decarboni zati ont hCaota leintcioounr a2g0e2 Oo)r requi re t he u

heating in residential and/or hererer ®sidd emticals ,
such as Berkel ey, Mor gan Hil I, and Cupertino,
AException: Natural Gas Infrastructure may b
Building if the Applicant establtehssrubatth
building without Natur al Gas I nfrastructure.
Aphysically feasibled to consdlreicttr itch ep rbeus d rdi
compliance approach is available fothtehe bui
building is able to achieve the performance

Code using commercially available technology
(City of Berkeley 2019)

Di scussion witBocitayestabhsahdaass indicate t
specifically wHRWHvebhwrehbhiceotatal on in mind.

intend to ea@lcoutrrmageidedhieroposal despite broadel

chall &mges thle 2DCligyimhiatl e 24, Part 6, there i:
performance model i ngHPaNHpirtola crhe diomc wleattiran. Whi

for central water heaters distributed through
dwel | i ng auntirtusm kwiatnd branch system, to current
performance method, the clustered design is a

for -rhiiggeh mul ti family.

Tabb:&eder al Mi ni mum EfficomersydBRaguialeiWanhes H
(Partial)

Produc(Rated stor amgred vio Draw pat Uniform ener

cl ass rati(ng§g applic
Elect1 O2@al laonnds 851 o/ Very Sn 0.8808 1 ()0
Stor ag Low 0.9254 1 ()0
WZ‘LFL. Medium 0.9307 1 ()0
Hi gh 0.9349 1 ()0
>5§al laonnds @la20 o Very Sn 1.9236 1 ()0
Low 2.0440 1 ()0
Medium 2.1171 1 ()0
Hi gh 2.2418 1 ()0
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*M she Rated Storage Volume (in gallons), as determined

Tabbsummart ifeesd er al mi ni mum eff HVIA€EnGcYy st eqsi. r e
The proposed measure does not require HVAC sy
federal standards,prtehaumptdioers not trigger
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at
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r
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Mi ni mum Ef fici
Sub Heating Ty

c atgor
Spl i
Spli
Spl i
Spli

Packa

Packa
Spl i

Spl i

Spl i

Spl i
Packa
Packa

Spl i

ency Requirements for HVAC Systems
Duct s CapacEfficiency Dat e
Duct e <45, 00014 SEER; 12. January tlo,
January 1,
Duct e <65,00014 SEER,; 8. 2January 1,
January 1,
Duct | « <45, 00014 SEER; 12. January 1,
January 1,
Duct | « <65, 00014 SEER; 8. 2January 1,
January 1,
<65,00014 SEER; 11. January 1,
January 1,
<65,00014 SEER; 8. 0Janua2@gli,
January 1,
Ducte >=45, 00C14 SEER; 11 January 1,
<65,000 January 1,
Ductl ¢ >=45, 00C14 SEER; 11 January 1,
<65, 000 January 1,
Duct e <45, 00014. 3 SEERZ2; January 1,
(i f SEER2 < onwards
EER2 (i f SEE
Duct e <65,00014. 3 SEERZ2; January 1,
onwards
Duct | « <45, 00014. 3 SEERZ2; January 1,
(i f SEER2 < 'onwards
EER2 (i f SEE
Duct | « <65,00014. 3 SEERZ2; January 1,
onwards
<65,00013.4 SEERZ2; January 1,
onwards
<65,00013.4 SEERZ2; January 1,
onwards
Ducte >=45,00C13.8 SEER2; January 1,
<65,000(1i f SEER2 < onwar ds
EER2 (i f SEE
2Q2Ti t|l Par#&j BGASE ReipRAOr2FDHW- |4 6



Product

Centr al air

VRF Mapltiit Al
Condi ti €€Croorl e
VRF M3pltiit H
Pump -CAolred)
VRF M3pltiit H
Pump -CAolred)
VRF M3pltiit H
Pump -CAolred)
VRF Mlpltiit H
Pump -CAolred)
VRF Mlpltiit H
PumpACool ed)
VRF Mapltiit Al
Conditi «€Croorl e
VRF Mapltiit Al
Conditi €Croorl e
VRF Mapltiit Ai

Conditi €€Coorl e

VRF Mapltiit Ai
Conditi €€Coorl e

Sub
c aetgor
Spl i

He

Al

Al

N o
E
He
Al
He
N o
E
He
Al
He
N o
E
He
Al
He
N o
E
He
Al
He

ating

| He at
| He at

Heat i
ectric
ating
I Ot he
ating

Heat i
ectric
ating
I Ot he
ating

Heat i
ectric
ating
I Ot he
ating

Heat i
ectric
ating
I Ot he
ating

Ty

T

pal(eo]

mal(o]

T

Duct s CapacEfficiency
Ductl ¢ >=45,00C13.8 SEERZ2,;
<65,000(i f SEER2 <
EER2 (i f SEE

<65,00013. 0 SEER
<65,00013.0 SEER, 7
>=65,00C11.0 EER, 3.
<135, 00!

> 5,00C10.8 EER, 3.
< 5, 00!

> = 5,0010. 6 EER; 3.
< 0, 00!

> = 5,0010.4 EER; 3.
< 0, 00!

> 5,00C11. 2 EER

< 5,00

> 5,00C11. 0 EER

< 5, 00!

> = 5,0011.0 EER

< 0, 00!

> = 5,0010.8 EER

< 0, 00!
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January
onwar ds
June 16
onwar ds
June 16
onwar ds
January
onwar ds
January
onwar ds
January
onwar ds
January
onwar ds
January
onwar ds
January
onwar ds
January
onwar ds
January
onwar ds



2. 4Rél ationship to Industry Standards

ASHRAE 90.1 Energy Cost Budget Method Figure
baseline based on propelk.ddyyh®aiidng @apagpt 6. 1
system andditutéereppksy

There are no r el £oCemtt rrad q udiPiWddne mntnsa | model cod
| ECC, ASHRAE 90. 1, and ASHRAE 189. 1. There ar
HPWH testing procedure:

T Residential water heaters, with a namepl ate
containing more than one gallon of water per
rated according to Code of Federal Regul atio

Partoudm®iofnro Test Met hod for Measuring the Ener
Heaters.

T Commerci al HPWHs, having a rated el(d®tric po
CFR A431. 10X ah0>®) rated according to Code o
Appendi x E to Subpaif oGmoffTeBar MedBdbd for the
Energy Efficiency of Commer(cCRR HE®Ea43 Punpb p\a
2020)

T Commerci al HPWHs can al so be raamtdead daclc3drldi ng
Performance Rating of Commerci al Heat Pump V

However, most of the HPWH manufactur®Beaminter
suggested that there is no clear Code of Fede
HPWH productrelmowsant to this proposal, and mos
product -hwsuisreg pirmcedure that is not publicly a

The Statewide CASE Team proposed to establish
presented in the newnéwi hesAppegndiexhdd. rEhere
Appendi x E to Subpart G of Part 431 for test
requires testiagienccolnudd eed oinns tthheatPG&IEr AT ISI §y albe it
conducted angl aunedebyrisd eStCatl e Wiode | OUs descH
Sectd.on 2

The performance curves developed for individu
conducted by NEEA,tomayome aemptl i ad bsTghset ePnG&Er 0 d |
ATS | ab testing and welugaroivpiédmef demahoe ment ves |

centr al HPWH product .
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2 .
Wh

Eompliance and Enforcement
en developing this proposal, the Statewide

steamline the compliance andt e@nrhiotricganedutc e@r o cC ¢

ne
de
co
co

Co
ev

Co
1

gative impacts on mar ket actdhsswbkecareninv
scri btesommwmlwy with the pr.ogddsed swo de sachra rbee
mpl i ancenvpr bAbpepseantdip x e Eent s how the proposed
uld i mpact various mar ket actors.

mpl i ance andwoEnfdomrad eemd mtal-é6 e mBEYAGeSssgn
en though the chowcél ot hsbiZgd®y&smweadesi gn

mpl i ance acti vi teing # R¥Vslrsecacsivanteeldu dvei t h c

Design Pkerasgn engineers (generally plumbing
pump water heater equipment and recircul at]i
prca i ces guide and manuf acwouursedre cg uiyd eslpiancees .
footprint and clearance and structural supp
i's similar to current -fpirraecd iwat drorheathevrengy
design drawowgaddi ti onal design features an
reqguirements and condensate pipe. Design en
the central HPWH system in the compliance s
designs and feat ue ecsf oGo mphlei aCnecret i 0o ccuame nt s .
designers would perform are as foll ows:

o Estimate recirculation | oop | oss to assis:
heating capacity. Although plumbing engi n
analyses whanglhisgeedgDHWr system, this step
gabired systems and therefore is often ov

o Size and specify storage tanks. The | argei
central systems is configured as standal o
sarage tank must be separatefyreidzegst €imis:c
where many | arge water heaters (with suff]
avail able, which are easily specified and
engineering work.

ol ncreasecalleptanel s to support additional
o Communi cactoempwiitahn c e mo d etloi npgr ocvoindseu ldteasnitg n

Permit Appl i cadiogn Phmgieneer s and energy co
together to model the centr al HPWH ds yngt em v

of fiwauplesr f orm plan check reviews as wusual ¢
recirculation system design, and verify tha
performance budget or is designed according

2Q2Titl Par&j) BGASE ReipRAOr2FDHWF |4 9



T Constructi @humbanagr awdwirkst all the central |

system including the heat pump, storage tan
specialties including mixiarsg dweasliwyense darmd dc @re
manufacturer instructions. Wgiteeeiinsgat ¢éami

member or a contwauwpteerdf otrhm rnde cpeasrstayr y c o mmi S ¢
testing to ensure the system and controls a

T I'nspectiohll|l Pinaiseg cwauproapcutloats® L&EKER NRCI
form and ssheduVerpophicati onswo HIERSf ®Rrarh ears o
site verification to ensure that the equipm
and controls are in alignmendquiwndnmkeERBO.Mi tt e
Raters woufidbmit/ CRGR/ NRRGVMMs accordingly.

The compliance process for central HPWH syste
engineer and energy consultant coordination d
adherencehe design details during installatio

engineers throughout and after -fnsedl bgst em,

|l ncorporating the proposed codewalmphagwisd & otrh e

mi ni memuirements to ensure safety, reliabilit
heating systems. The Statewide CASE Team deve
| atest available body of knowledge gained fro

fromretxpdeesi gner s.
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3 Mar ket Anal ysi s

The Statewi dehaCASE alcecheemd out to stakebol ders t
the state anduc hhadetlteecntigeessc gonfs i n mul ti family bu
Cali fApmermdi x F stuankneahrei hzdeasg esme n.tSt eatkfednotd dler
interviews revealed that theambhentdrcvdesi far
include:

T Environmeadtns maaye¢e he excrtojowner cdenei gnto t
process with theliectteendce ofnt goredquaél GHG em
achizem®et energy

T Reduloerer al | construction cost achieved thr
infrastructure on sitenstrdutctomnc @dr diesatgi
without gas system,

T Benefoiftosnver operation and maintenance costs

indoor air quality.

1 Resi |l i eneclye cotfr iacl Ibui | di ngs, especially with

storage
Al-¢l ectric abient¢ demagpingl vy and as more | ocal juri
decarbonization initiatives,al-élleemaiwidliInglse i i
st afTlkee St aCAeMiaem collldbeetedia projeagt informat
i ntes,viseust vdgsi gn dr,awdn@udReret efvypl i ance docume
revi ew. Dasaitmc Iddodugaccei ati on for Energy Affordabi
Energy, Redwood Energy, EHDD, GaleidhEner gy, B
CMFNH pamgcol l ectively referriend tehs si.RIrocjuametn t B ¢
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Hi stogram of system types by number of storie

Source: Project Based Dat a.

Note that t hi s-sckdteacgdtonh as ass ssdlnfce t he Statew

recedaeéeéd from those stakeholders willing to s
are in Northerdo€sal ndohamet aot Tdi sareas of the
see@ similar trends.

As seEBEngbnrepj ecthsaveeatyher an el ectric HVAC or I
necessarily both. The Statewidbh €EASBEtTeamHWVAC
and DHW systems from data provided by stakeho
practices. Out of 136 buildings with an el ect
both an electric HVAC and DHW systemm, &nd h3a3d
had only an el eclthrei S 7DHWW o9 yecttesm.t hat had both
DHW system droe tlicecsattendat cover a wide range of
Climate2,Zopead?

Figbcempares characteristics of buildings wit
electric DHW system only and both an el ectric
el ectric HseAGi sstylsatem srnppd | b winlddilmgs, buil di ngs
DHW sygatnddmi | di ngs with both el ecarre co fHd/sanC and
t han -¢ thioeese 2a0n,dfg¢ 0 wi th 10 to 20 dwelling units.
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3. Electri & HiVA@s

3. 1Mdr ket Structur e

Th&8tat ewi de QPeSHeolreramar ket t ana&linysify current t e
availability, current prodarcd taw adddasritthhietey, a
proposed maympgactd t hgemamnrlkdt aisn wel |l as indiuvi
act.orhe Statewiadm &L£LAS& Ja&t heradd uitnftdhhrematnico re men
cost of complying wi tTh &thaet ewiode sEAIS tnd&méesaim e .

mar ket size and measure applicability through
incl wdiingty pEogrCgoymnsitsasfifon staff, and a wide
actors. I n addition to conducting personali ze

di scussed the current market structure and po
stakehol der mSeai agi tTheasdltHeHh e miPe 2, BInMar c h
17 2020.

Thel-édl ectric space heating technology mar ket a

owners/ dedesogmerreonsulctoanitr atceaoms, equi pment m

energy consultants. Desket pactomr ofele@awh type

T ArchitiAdctbitects are part of the project d
include architects, mechanical, plumbing,
Architects design the buildings and plan f
pl bmng equi pment are installed. Decisions
|l ocation of mechanical/ plumbing areas, as
ayout, can significantly impact the feasi

ariabl e relWRFsgyestaenms .f [lFoowr exampl e, there &
imitations on refrigerant piping for VRF
he outdoor unit of a heat pump system can
nit which is instavlilnegd A cthhiet escptasc en eietd itso
o accommodate the outdoor wunits for the h

T Building ownerisQwaheves| amar sievel openrask earrse t h
on the type of systems Thépatojgeati motwm etrh eiame
t hktesipgmcess with theliecttaatcntobrgested ahl z
net energy firmany hef othlse vpreawjeedc by t he CASE
t hat wusledl Ot hic HVAC and DHW systems

T Mechanical eMegihrmemaercsal aergireseroansi bl e for d
HVAC systems. They are responsible for det
used in the buwuihdi hbeaddsegeusatisfy al/l
of each equipment such that the HVAC syste
involves coordination with artchidrecur/eatgpac
requirement, stt@®taueadbl soppoviews reveal e
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project consultant team can have a strong
i n decihsei any poef otf HVAC and plumbing system
Design consokedntotlkranowl & dea-dlodrcitch edHVAC
technol ogy and ability to cobmmuhdicag eowmaé
and devdlno ppedrds .t Maom@ R @2s9d @e¢al jurisdictions
adopted | ocalBuarldiimancDescar bonitzlaati on Coal i
encourage oOor requigpahkedeaet iumge. ofhede cprrdfces s
tédoldeach code rwhewi rdeemda dtisng wWhiestl heorr aa l i x
el e cstyrsitteons.e

T Manufact ggwirpment manufacturers devel op, me
equi pment . Manppact udessgn engiquee@emenhby pr
selection safgigeanre ngndgoopmept. They al so
equi pment i nssutparltledsypiroog@gdiai ni ng to contracHt
buil Mansfacturerds reps provide | ocal desi
commi ssioning assistance for equipment man
Details on manufacturers and.pr®dW®ct avail

T Contrachthosneschani cal usaattgciastalls,the HV/
with some coordination by a general contra
extensive experience in installing heat pu

T Energy conisknketrggtsonsultants both compl ete
compliance modedeésniggmantde amdy i s | mproved de:
These profwossidedalt ® | earn how t heamdlelsi gn a
el ectric HVACdIysfteenpbat eiINA€msg&@sns so that t
can appropriately advise design teams and
codceompl i ance.

3.1T&chni cal MVeaa khelta il i adymd i Cyrrent Practi ci

3.1.2.1 Technical Feasibility

Th&8tatewASIE Team nO@Buewdvd edhst ri c HVAC system

i nst.Molsatdhlkeui | didggadndi vsiidnugalled uxzdmreael heat pumps

SZHBystsem dwel Unin@tsher HVACusgdtiems|l ude duct | e
pump systems, waterPBHRIeetheat bpempeard heat
resi stanced\VhRBYysBgmM an

Figésbowse HVAC systems used as a funbeéeion of

buil 8ZAystems are nbetctcommomsi stance heatin
in affordable housing projects wherbaidaalnigrog
| ocaitmiolnd clFiomattel | er Dbuil di ngs, areeoetn atshough
commonSZaHsH n exi st itniygeaproorjietcyt so,f tthhee s taakteehwoil ddee
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CASEeamnterviewed mentioned VRF system being 1
rise muboaifadamngy.

157
Ii
I VRF
-I PTHP
5 6 7

Count

. Electric Resistance Heating
. Ducted Heat Pump
>38

101
. Water Source Heat Pump
5_ I
. -II
1 2 3 4

. Ductless Heat Pump
Number of Stories

Fi gwrkel ectric HVAC system type by number of st

Source: Project Based Dat a.

Th8tat ewASIFEeam al so reviewed system efficienci
FigudaepBHi g8skoeM fi cienciesshpyisydtyemhteyg®de cyc
24 Pafrotr 6whi ch the pr ASe@abnpul Eedrgyp&f mi ti enc
(SEER®f 13 was required for the 2008 and part c
The SEER r eiqrudrreamsecend OtlBod 4t he 2013 and 2016 cc
most of the air ussceudn cer ibhEe@EER uvpbs@aeadt! t he Ti t |
24 Pamitniémum requiremMentn¢BSEERI d) nwmlear of pr
heat pumps with a higherov®HEER hrdatywienag st, h an hri g
SEERompar edTittol, et P2edetq u6i r edi S EE&®t nreecseusistariin ya

hi gher space coolingscogestiiamget marigi gher ef f |
wassetdo make up for RRiIgkeRwhrergy nusdgee buil ding
syst.ems
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Federal Minimum . Air Source Heat Pump . PTHP
Federal Minimum as of 1/1/2015

Fi gwrEER hefat pump Isy sTietmse 24 code cycl e

Source: Project Based Dat a.

Theleating Seasonal PHS H)lo € gna imcte no&fa catiar s(our ce h
pumps for WPbawase 67247 during the 2008 code cycl e
cycle (until 2015). After 2015, for the 2013
requirement, fPeawatgi68 | @ Rdr packaged s&medns8 a2 f o
to the heat pump siBrEEjRe wtad uckwsr,i mg ctyhcelwe2s0el 3 and
exacttl t he, TPactroedreBA i mSiPFequi rfeorenstpl it Hs yhtee ms
HSPF values than required did not necessarily
compliance margin.
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. PTHP Federal Minimum Packaged
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Fi g BrHeSPF of electricbhgedithgeg 2¥stemse cycl e

Sour ce: Project Based Dat a.

3.1.2.2 Market Availability

The tSetwa de TEABMEViI e mpdoduct avail abilsjty of spl
PTHRPasnd VRF sedstaemye to federal and state req!
| ev.dlosreview product availability of split he
pumptsh®t at d@ASEeamsed the Moderni zed Appliance
System (MAEDOB®B) shows appliances Sé¢onmgl iVvRiFt und
systems were not | i sStealt eA StecacdAERIES e dt WRF
system infomaaufaat dr eAtb ometp 83 Toelspg!| it heat pumg
anBTH&nd abpetr c®&®tVRF systems were at or above
efficiency |l evels indicating considerabl e mar
i f desired.

Detai ledtpawvwdi |l ability anal gdins siusmnparrov.i ded i

T Air s@uride hehthte pSutmp e wl edeemeCGA SBEpeldi t heat pump
that were added to the MAEDRWS 50n tdre 4dfatser u
the federal mi ni mum ef fici eTfhceyr ef dw@& rsep!|l i t h
manufacturer s26mmadelas tionm at hefCalifornia mat
manuf act urcdtrhse tnmoastt| hnewaeedear r i por gorhor t e
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Gl obal MWreG GCrdalpesmtnr ol s | REt@ndaRhenral
Manuf acCGaumpaddyl split heat pumps had a cool
65,000 Btu/h, which has a federal mi ni mum
14.0 and HSIPhReattedopPperkbenmodewesrijeasti | abl e
meeting feder al mi 2 iJpreurncoedrftft ihei enmdye | samadve
16. 2 and HSPF 8.5 or better.

T PTHHhe StatewlhaaemeGASEved PTHPs added to t he
after Odt @9dratftshe ulpdated to the federal n
PTHPs). Themanwfeaet urers of thhe fsiubeset of
manuf act urdtrhse tnmoastt hnao dw & €GraeCa mf &b de a
Gr oupGE Appliances,amthaClpi Gcoldppé¢ © BANicvees .

per coefntt he modewesr awaitl anelee¢i ng feder al mi ni
andess otntearmp eorfc etnite mdhodea lhs EIEER amperC@mtl5
hi gher than federal mi ni mum efficiency req

T VRF: The Statewide CASE Team reviewed VRF
by either heat reco8taleWASlibecadmo opkudnapveetT h e
manuf acitQarrerriser Cor poratioh¢caDbBLE] nMNbsuhi &
El ectric Trane HVAC US LLC, JammeaomxContro
Il nternationaEi ghtop@geadh pd.mp niondoe |pseorcnedn t
heat recovaevygi lm®aldjletsst meeting feder al mi ni n
andi x pefcéoth heat pump anthadesdh EERoOwaaedy
COP QAé&r ckreingher than feder al mi ni mum efficie

3. 1M8r ket | mpacts and Economic Assessments

For the 2022 code cycle, the Statewi d€var @€ASE T
along with economic information from publishe
devel op estimates of the economic I mpacts ass
chandgWwmi.l e this is the first code cycle in whi
deveedepepti mates of economic i mpacts using | MPL.
economic impacts developed for this report ar
and to some extent speculative informati on. I
relaely simple representation of the Californ
CASE Team is ¢ bdifrneemniton hand approxi mate magni
economic I mpacts are reasonable, it is 1import
i sianpd i fication of extremely complex actions

2]l MPLANmMp aatl yAis for Planni o)t pudf tmnwalred ius ean tion gwstt i ma
effects of proposed MPILIAN iiess tahned nporsotj eccotnemonl y used eco
due to itsamréwstenmndi wsedetail ed i dfoymeatti,ormnan wawgteputn,f oe
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businesses, and other organizations as they r
codes. In all aspect of this economic anal ysi
assumptegasding the | ikely economic benefits
change. By following this approach, the State
i mpacts presented below represent | ower bound
associ at edr owiotshe d hciosdep change.

Adoptitcdhn sofcodeprepaaglkesult in relatively mode
i mpacts through the addhosenah Hdheecesspgentdina
remodel ing asndwesltlryas indirectly as residents
saved through I ower wutilityTlhedd smay dltherbec:
nonresidential customers that ar e;hiomvpaectred by
t he Stat ewiedhan @GARE antsiucihpatmpacts to be mater |
to the building owner and would have measurahb

3.1.3.1 Impact on Builders

Buil ders of residential and commercial struct
measur es py otploes et &bt ewi de CASE Teamlftor st hwa t
t he nor mal practicesdplusthébei budbuneésdsseg poaa
building codes. When necessary, builders enga
in ordem tcaompdemaint withpcaanhgesstandebuighdi ng

Californiads construction industry is compris
and 860,000 emmbdglers2s&e tot al payroll was ¢
60, 000 of these business establishments and 4
residential building sector.
TabV:eaC i f €omisa rucusbny| nBEst abl i shment s, Empl o
Payrol |l
Construction Sectors Establis Empl oyr Annu
Payr
(bil i
Residenti al 59, 2 420, $23
Residenti al Buil ding 22, € 115, $7.
FoundaStirouc,t ur e, & Bui 6, 6 75, 2 $3.
Building Equi pment Co 14, 4 105, $6.
Building Finishing Co 15, E 123, $6.
Sour(c®ttate of California, Empl oyment Devel opment Depart
SAverage tot al mont hly empl oyment in California in 2018

represented 4.5 percent of 2018 empl oyment .
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The proposeelekccange HMPOQ Iddkaetl feyeessi diewmit i hér s

buwouhdt 1 mpact firms that focus on construct.i
utility systems, public infrastrutcsuome,tloe ot
residenti al bvoiulhalit nd ei mewgst by all fiwomd dand w
be concentrated in speéelaibBsebowsdubéryesutterci a

Ssubsectors the Statewide CASE Team expects to
proposed i nThtehiSst arteepwirdie. eGASEaTeasamdds t he magni
these i mpacti $eartd.o%hcdonnno mi ¢ | mpact s.

Tab8e Size of the California Residenti al Buil d

Residenti al Buildir Establis Employr Annu
Payr
(b iilolrby

New mul tifamily ger 40 5, 3 $0 .

Residenti al El ectri 6, 0 37, ¢ $2

Residenti al pl umbi r 8,0 66, 1 $3¢

contractors

Ot her Residential E 26 1,3 $01

Contractors

Sour(cstate of California, Empl oyment Devel opment Depart

3.1.3.2 Impact on Building Designers and Energy Consultants

Adjusting design practices to comply with cha
courdarsi nelswi Hdordesi gners. BuiTidtiihg 24 daRBaiti n

typically updyaetaerd roenviasitohmr eceycl e and buil ding
consul tants engagationcantdi huangiaducn order
with changescttd cieessiagyd prui | di ng codes

Businesses that focus on residential, commerc

design are contained within Nohea hArAoteirti eeatnu rl anld
Classificad4b3aT@pPpEeem!| i fornia Building Design
Consul tanghd®dwesttores number of estamdithimeintann e
payroll for Buildi nDhArgrhopgesdd reddEEdcachvarcegess
potentially i mpact all firms wlihtehiSt attheewi Adrec hQ A
Team antilkbeéepampactes ectrict dVACIf dgpst Emsms on
mul ti Etamstyucti on
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There is not a North American | fodoaudkse rsyp eCd iafsisd

energy consultants. |l nstead, businesses that
energy efficiency atdiogntaspedtiont SerBuces
541350), which is comprised of firms primari/
residential and nohtesisdemoti ploslsuibl @i ngsdeter

establishments withkitmoinh&eBuwi Ice&iemsgnrelilcetrogr gayr e f
efficiencyh@€omnsat@ilor i magTam9psrhoovwnd eisn an upper bol
i ndication afs tsteetoirze nofCatth forni a.

Tab®e California Building Designer and Energy

Sector Establis Empl oyn Annual F

(i I'l'i o
Architectuf al Se 3,7 29, 6 $ 21
Buil di ng Serswfecea 82 3,1 $02 2
Sour(c®state of California, Empl oyment Devel opment Depart

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

b.Building Inspection Seornvpirciesse s eNoAtliocGrsa tbeAtlaBIB6I0i)s hment s p
engaged in providingnobnuielsd)idnegmtyigaelcstiidemtsarlvikces enco
aspects of the building structure and component syst
services.

3.1.3.3 Impact on Occupational Safety and Health

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

Division of OccupationaHA)SafAaltly axids tHiemd t lne 4 ICt
rulwosut dmain in place. Complying with the prop

“NAI CS is the standard used by Fedemalssstatiadli shlmeag an
the purpose of collecting, analyzing, and publishing s
NAI CS was development jointly by the U.S. Economic CIl a:
Canada, andnsMextiuctoo' sNalci on al de Estadistica y Geografia
comparability in business stati stNAIsCSa moenpg atcheed Nohret hStAa
I ndustrial Classification (SIC) system in 1997.

and component systems and includes energy efficiency
services. This sector does not include eescttabolniss hfnoernt s
pests, hazardous wastes or ondhmoeenivi riommendal staneé aamn
government entities that focmupl|l ioaandel/i ¢ dfi mrgc ®eme reth eo fg yb (i
regul ations.

SEstabli shméhi Bneslkbautseérnesses pri neaawallwateinnggagee dbuinl di ngo s
i
|
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anticipated to have adverse impacts on the sa
involved with the constructi omnf, tcloenmb wisli dinn agq.g

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

According to data from the U.S. Census, Amer.i
were nearly 14.3 million Bowsidngewnmiltys 1i3n 1Canli
occupi elda blggkee Most housing units (-hamrly 9.2 n
homes (either detached or attached), while ab

containing two to nine nnrhivdlstiibgdbBi bdmhbl cont
more units. The U.S. Censtdsanridporatnedd 5t0h a7t0 05 9mu

homes were constructed in 2019.
Tabl@e California Housing Characteristics
Housing Measur e Estinm

To al housing ur 14,277

Occupied housi 13,072

Vacant housi ncg 1,205

Homeowner vacan 1.2

Rental vacancy 4.0

Units in Struct Estinm

l-uni t, detached 8,177

l-uni t, attached 1,014

2 units 358,

3 or 4 units 783, "

5 to 9 units 874,

10 to 19 wunits 742,

20 or more uni-t 1,787

Mobil e home, RV 538,

Sour(c2018 American Community Survey n.d.)

TablBhows the distribution oAb€ati itbrpeacdaome

California homes were built in 2000 or | ater
ad 1999. The majority of Californiad8s9exi stin
percent of the total) were built between 1950
economic growth in California. Final byil about
before 1950. According to Kenney et al, 2019,
multifamily buildings (those with five or mor

there no building ené Kgwne&fQfli9gi ency standards
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Tabl@&Distribution of California Housing by Vir
Home Vi ntage Uni Perc¢ Cumul a

Per c
Bui It 2014 or 343, . 2.4 2.4
Bui It 2010 to 248, 1.7 4.1
Built 2000 to 1,553 10. ¢ 15. (
Built 1990 to 1,561 10. ¢ 26. (
Built 1980 to 2,118 14. ¢ 40. ¢
Bui It 1970 to 2,512 17. ¢ 58. ¢
Bui It 1960 to 1,925 13. ¢ 71. ¢
Built 1950 to 1,896 13. ¢ 85. ¢
Built 1940 to 817, | 5.7 90. ¢
Bui It 1939 or 1,299 9.1 100.
Tot al housing 14,277 100
Sour(c2018 American Community Survey n.d.)
TablZZhows the di st aindutriemrt epfi edwme®musi ng by ho
i nco@weerall , about 55 percent-ootugaéedfandi ahaéc
of owmewmwpancy germrarsals|l wiitm househodcdc u pnacnocnye .
rate for households with income below $50, 000
occupancy rate is 72 percent for househol ds e
Tabl?2 Owmeard ReOctcewpi ed Housing Units in Calif
Household I ncom Tot Owner Occ Renter Oc
Less than $5, 00 391, 129, 262,
$5, 000 to $9, 99 279, . 86, 3 193,
$10,000 to $14, 515, . 143, 372,
$15,000 to $19, 456, 156, 299,
$20, 000 to $24, 520, 187, 332,
$25,000 to $34, 943, 370, 572,
$35, 000 to $49, 1,362 590, 772,
$50, 000 to $74, 2,044 1,018 1,026
$75, 000 to $99, 1,601 922, 679,
$100, 000 to $14 2,176 1,429 746,
$150, 000 or mor 2,780 2,131 649,
Tot al Housing U 13,072 7,165 5,906
Medi an househol $75, $99, $52,
Sour(c2018 American Community Survey n.d.)
Understanding the distribution of California
household income is critical for developing m
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i mpacts asspropodteedwecodthe changes affecting re:
code changes speciffainddlyl yort amug eti fsaiimdlye resi de
counts of housing unit3aby@boivli diesgthegpensloowm
necessary to quantify the magnitude of potent
for owners and renters, by home vintage, and
provi dadlimmdabl2

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

The Statewide CASE Team ant iwoiufnatves nohenapreopa
i mpact on Cal infomrritaai d empone

3.1.3.6 Impact on Building Inspectors

abl®hows employment and payroll i nformati on
gencies in wkicte¢lhmwlatmybamisdyngs are employed.
nspectors participate in continuing training
egulations, includi®tgateawir djigre aemk,$ Et chieernecfyo.r eT, h e
nticipates t hewpulogpwe emdo cihmmaget on empl oyment
nspectors or the scope of their role conduct

- -~ o

Tabl® Employment in California State and Gove
l nspectors
Sector Govt Establis Empl oyn Annual F

(mi |1
Admini strat St at 17 28 $29
Housing Pro Locs 36 2,8 $205
Urban and R Stat 35 55 $48
Developmeht |oca 52 2, 4 $186
Sour(c®tate of California, Employment Devel opment Depart

a. Administration of Housing Programs (NAICS 925110) <co
primarily engaged in the administrathngnbanddphanoobdg
and standar ds, housing authorities, and housing prog

b.Urban and Rur al Devel opment Administration (NAICS 92
establishments primarily engaged idrevteH @ panemitniodt rua tbie
and rural areas. I ncluded in this industry are gover

3.1.3.7 Impact on Statewide Employment

As descri bed. ilnthSrdodrt.glhg B84 6e St atewi de CASE Tea
anticipate significant employment or financi a
Californi d8hesomnemymot to say twoauthdtth e aprreo pnoded
i mpacts on empl oyment 3i.nt@&@eal ISt at eriwa del CAS&cC (Tie

2Q2ZTitl Par&j) BGASE ReipROr2FDHWF |6 4



estidtanitee proposedl edqtamige HWAC ad f etcea ms tvad telwd d e
empl oyment and economic output directly and i
deigners and energy consultants,t hendSthauielwd idreg
CASE Tesatmi diadvw ener gy savings associated with
el ectric HMWOQ Isdy slteecamls t o modest ongoing financ
resi demitecsh would then be available for other e

3. 1Edlonomi c | mpact s

3.1.4.1 Creation or Elimination of Jobs

The Statewide CAGE daepbmcidpaeseuptrédaaptofsbendet h e
2022 codreegcuylorldeiloehad t o t he ¢tyeaftijomnbsformetwhe

el i minexi csttyymédgs of | obs. I n other words, the .
proposedwobhdgeresult in economic disruption
economy. Rat her, the estimates ofn3edwaolmd ¢ i m
|l ead to modest changes in employment of exi st

3.1.4.2 Creation or Elimination of Businesses in California

As stated3id,)l8¢edhtei &nh at ewi de CASE Tweoaunhdst pr opo
result in economic disruption to any sector o
change r e mroedseesntt st bdd/mAdCe sy svthe msh, wotul elx cessi vely
burden or competitively di siandovra nwoaugled Qatl infeocrens
|l dlato a competitive advantage foiSt@alkwideni a
CASE Teamodod®oresee any new busiepesstshbse being
Statewide QGASE 1 kTeaamny exi wtoiuth@g keelsimhnesases due t
pr op ocsoeddeh arsg e

3.1.4.3 Competitive Advantages or Disadvantages for Businesses in California

Thpr opocsoedde c¢ hwaonugleds apply t o nalolr phbenaCeeEs $esni a
regardless of whether the busi nesS8Thies elfoocraet ed
t he Statewi de CnACStE alretainc idpetse t hat these meas:t
2022 <codree gcuyloeldeihoedhv e an adverse effect on the
CalifornialLbuswneseseshe Statewide CASE Team d
busi nesasteesd loouwct si de of Cali fornia would be adyv

6Gov. Code, AAC)134a336c¢cB(a)(2); 1 CCR A 2003(a)(3) Cor
di sadvantabetbd wirmeCcsses currently doing business in the

2Q2ZTitl Par&j) BGASE ReipRAOr2FDHWF |65



3.1.4.4 Increase or Decrease of Investments in the State of California

The Statewi deanGASYEz eTdeanmat i onal data on corpor a
i nvest ment by businesspgistdlhadt exlpahmdefaerfn e andts
domestic investAstabl4asbowEPDbermaB 1R 0NPDI as

a percentage of corporate prafiitths amamlyled afgreo

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

TabléNet Do mRersitvlastveest ment and Corporate Profi

Year Net Domest. Corporate Ratio of N
| nvtensent by Bu After Taxe: l nvestm
Billions of Do Corporate

201E 609 1,740 359
201E€ 45 . 1,739 269
2017 509 1818 289
201E€ 618 1,843 349
201¢ 589 187 . 329
5Year Av 319

Sour(cederal Reserve Economic Data n.d.)

The Statewide CASE Team does not anticipate t
withprntdposed measur e wo uclhda nlgeea d( itnoc rsei agsnei foirc adnet
investment in any directly or indirectly affe

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

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

government funds.

3.1.4.6 Impacts on Specific Persons

Whil e the obj ecStiavtee woifd ea nCyA SoEf Ttehaerhs pp roood xa le |
effictilteencyt,atewi de eCASE hBeeamhere i s the poten
proposed comdaey crheasnuget i n unintended consequenc

“"Net private domesshtei ct oitnhavlé savneosuinime wiE pi t al by the busi nes:s
i s daisteo expand t,her atatpant atlhan om&i nt ai n o0Qo rrpeoprl aaticee pdrucef itt
t he moneefytad erfgorpatyisonts expenses.
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3.

3.

El ectr i 8 shOHWhs

2Mdr ket Structur e

Th&8tat ewi de PeSHeolieramar ket t amal govers both res

S i

ze HPWH products that can be used for clust

units for centimabesyspempdwaitgn. heating mar ke

currently in a state of rapid growth and deve
architects, building owners/ developers, contr
engineers, and energy consul tants.

T AchitéeAtseshitects design the buildings and
centr al HPWH systems are installed. Deci si
and | ocation of mechanical/ plumbing areas,
| ayout, can nspagenti ftihceanftelaysi bi Il ity of centr s
example, insufficient space for central HP
system would need more heat pumps, increas
water system on the roof yverresquusi roen itnhcer egarsoe
structur al requirements to support | arge s

T Building ownerisQwlneevresl oapnedr sctevel opers are th

deci-makars on the type of systems that go
emer giencghnoli a@y c e mHsryaslttethiPMWe c ome wi del 'y adop
owners and developers must become acquaint

the systems wil/| perform in order to make

Design engiDeesargsn engineers (generally plum
responsdédsiegmiomg plumbing systems, includi
December 2019, 24 Il ocal jurisdictions have
encourage or require the use of electric w
nonresidential applicatneoedf oTheswerpranohess
requiremaonubsdaddt o | e aref fhiooM eemeefrfageydt icvo e t

design of central HPWH systemsfididdeDHWfro
syst ems.

Manufacti&Egar pment manufactur er sl deeeretl rogl, m
HPWH equi pment . For centr al HPHW to be wid
wouheed to increase production, California

HPWH equi pment .

ManufacturieMarsufregptsurer s reps provide | oce
and commi ssioning assistance for equi pment
California. Tweskdedmpanimesrease their f ami
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particular consideratioonssoppoent waldeHPWHDO
these systems.

T ContratctCemtsr aled®PWpment i s usually installe
contractor, with some coordination by a ge
depending on the type of woehktramhi HPWHance
equi pment may need to be performed by an H
professional |l i censedondoawaor kgwcompoeent ge

T Ener gy conisEinletragnyt sconsul tants both compl ete
compliance model i ng nesn do nad vmpsreo vieeds idgerns itgena a
These profwossniededalt® | earn how the design a
HPWH systems i s ebiafsfeedr eDiHW fsrycsm egress s o t hat
appropriately advise design teams dend accu
compl iMmntcee .t hat there are current | oeal reec
el ectric consetnrercgtyi ocro nasrud tsasmt s are | i kely
compliance options for electric systems.

I n addition to traedc¢ d ucseend Ir arha rHPaMH a st @ar g,r olwi
state and | ocal government bodies and agenci
activities play an important role in the dir
HPWHG6s adoption. These mar ket saetdobsel awd t he

T I nvesotwmred wutTihe tSteast:ewi deanltial nidtayr dCo dTeesa m i
fundingt ebei hgbof centr al HPWH equi pment t
Commi ssion develop performance curves and

perfor manaée ¢HfP WHe mtqui pment . | OUs al so prov
at venues such as the PG&E Pacific Energy
SCE Energy Education Center in Irwindale.
online educat iwonudld césowrcaasuring all mark

access to training on best practices and a

T Program i mpl eGemmenisty choice aggregators

muni ci pal ut ihhaviel ebse gnMusnoinse) of t he earl i est
i renntives and programs to assist developers
HPWH systems. Examples of these organizat.i
assist with central HPWH are East Bay Comm
Sacrament o Muniisctirpiadt UtSNMURD)y. D OUs and Regi
Net works (RENs), tandetfifenceatepagefor cen
projects that involve fuel substitution, S

Commi ssionds (CPUC6s) FuehtBubesjteucbnadfe
Area Air Quality Management District (BAAQ
Management District (SCAQMD) acFrreatcerpeaayteirng
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funded incentives for replacing gas equipm
incl weeinng al HPWH, to reduce | ocal air poll

T Resear chhesesarch groups are studying the des
aspects of central HPWH systems and are he
standards and best practices for. design an
Examples of such groups are the Northwest
and some Energfufcdedthi Ebeotric Program I nve
(EPI'C) research program, such as that wunde
158308, |l ed by Bwdyidnd tdeGagieem,amd i mpl ement a
HPWH systems in affordable multifamily bui

T State regul atdrygt eagreeguleat ory agencies | i ke
Commi ssion and CPUC create and maintain th
and i ncfeart i cveerst r al HPWH systems. New and uf
agencies, such as thd hCR¢€Hg Tesisiontbé F
Substitution Test, have the potential to h

energy ef-tachemnt siykeetwecnesn tir a |l HP WH.

1T Local goveltmenegintgovernments in jurisdictiol

Berkeley, San Luis Obispo, ahdvGarhgbadahbhh
codes and/ or gas bans woouwh cdiceew ecroantset rtuhcet iaodno
cent PWH Bystems. Some | ocal governments ar
awareness and industry education campaigns
more aware of and comfortabl eelwadthriceentr al
technol ogi es.

3.2T&chni cal FeasAbaill alyi, | May keand Current

3.2.2.1 Current Practice

ACentral SHBRMPWHS i um hel d at Sacramento Municipal
December 2018 developed group consensus on th

T Centrald#®PWiHn i s not si mpl e, iagnnd gtuhi edraen cies oi
the market. Energy savings are possible wh
but not guaranteed.

1T Several field installations and monitoring
Bright Power, Build it Green, a(nAlEA)s.s oBd satt
practices are currently being identified b

T At the time of the symposium, there was no
HPWH with a recirculation | oop other than
Ener gymiGosm on Executive Director approval
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often used to demonstrat eCesnatvrian esHiP&ddH t i mp
the Prescriptive/ Standard Design, so that
performance compliommcsesspen BEwowét gupar€@ suppor
gui dance.

Centrali #ilP&WHr el atively new design approach wil
the 8dmdeno standardized design guidelines exi
The Statewi de CASE T eoann ngga tihnefroerdnatthi-goonf afr om v a
research efforts, described in more detail | a

T HPWH model selection and sizing in differ:
f Tank sizing and piping configurations that
T Control tnoetreid,st ai n supply water temperatu

resi stance usage when present, reduce cycl
T Location within the building and distribut
heating and cooling | oads.
Mul tiple, ongoing efforts are underway to sup
centr al HPWH pathway in Title 24, Part 6. The
integrated the | atest findingsrepaodtresults fr
T Recirculation :l oonp Jnaonduealriyng2019, a r-esearch
Res was released that | HEWHdJdesd emsd e [Homweg vefr
these systems were only allowed to be mode
pumps (i .e., sufpl Vyeptpesonbya step forwar
heat pump water heaters, i1t does not addre
mar ket that installs central DHW with reci

Energy Commi ssion Soft warteh DOenvpeultosp naenndt cToenat
from the St atoewniedde Utnivieisttyor(l OU) Codes and

program, rele®seedvar€BB6Cthat has incorpor
|l oops. This release has the capability to
DHWystem, and able to incorporate primary
tank.

T Performance testing of cehhe a3t aHtPeNH de mp@WL
program is conducting | ab testing of centr
Technology Servicey. (ANnS) Stasewi aei CASE Te
the PG&E ATS | aboratory to ensure that | ab
necessary for code integration, including
multifamily building si zestaatnido nd roafw hporuorfliyl
i mpacts to be translated into TDV or ti me

8Statewide CASE Teambs professional judgement based on
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be released in time for incorporation in t

T Best practices: desi@anpagualdlesl effort to thi
St atewdd dé&3 Oprogram i s developing a best pr

centr al HPWH. This remains a |iving docume
outcomes of the performance testing. A bes
centr al HPWH becausecaann riendpurcoep ehre adte spiugmp e f
i ncrease energy consumption unnecessarily.
The Statewide CASE Team coll ected data on des
existing projects in California and Washingto
heati ngwe NtorEner gy Ef ficiency Alliance (NEEA)
pump water heaters and developed tiered speci
relative performance of these water heaters.
body oftdgeowihd methods to inform code devel op
systems.
Il n December 2019, discussions between the Ene

ed the Energy Commission to provide a critic
02(0Cal i fornia Ener gy TChoinemisscli wtni @2 101)1 ows f or

Commi ssion Executive Director determination f

comply prescriptively, meaning there $sano cr
compliance pathway as of January 1, 2020. Thi
design i mpedi ment and enables easier i mpl emen
i mpl emenetliencgt railcl reach codes. For the | onger t
cl ecoormpl i ance pathway for central HPWH with re
designers to exercise design choices accordin
constraints rather than modelling constraints
I n the | ast five year sgj escctveerhdv en eum icloinzseg d uccdr
systems that serve as wusef ul case studies. | n
there have been HPWH system installations in
Low I ncome Weat heri zat itoinf @miolgy aBru iflodi ngas,g ea dw
California Community Services Division. These
of central HPWH, even in challenging retrofit

The Statewide CASE Team is aware ofatli3 npmrloper

c
\Y
S

entr al HPWH systems, as dfablZnwath mmapgg aore
arious stages of design and construation to
ources include projects from AEA, Frontier E

Ener gy, Build it Green, and Mithun.
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Tabl® Examples of Multifamily ®amtprealt i HBWHvi t h
Syst ems

Propert Dwell New Constr System #Cent HP WH
Locatio Uns Retrofit HPWEManuf ¢
Pl ar rer
Davi s 10 New Constr unknow 9 unkno
Davi s 59 New Constr unknow 5 unkno
Davi s 9C New Constr unknow 6 unkno
Fresno 9 ¢ Retrofil Sin®lass 12 Sande
Napa 5C New Constr MulPtais s 1 Col ma
Oakl ey 214 Retrofitl Sin®lass 1 Col ma
Ri chmon 32 Retrofiit Sin®lss 2€ Sande
Rodeo 5¢C Retrofit Sin®lss 1 Col ma
Sunnyva 6€ New Constr Sin®lss 1 Sande
Sacr ame 3 € Retrofit Sin®lss 1 Sande
San 33 New Constr MulPtais s 1 Nyl e

Franci s

San 41 Retrofiit Sin®lss 1 Sande
Franci s

Wal nut 4€¢ New Constr Sinf®lass 2 Sande
Centrali #"APMHI | | relatively uncommon in Calif ol
rapidly. Several factors contributed to the I
California. These include:

T Title 24 Code Compl Uahcé PRPabtbhbwaysken et wa e n
compliance pathway for central HPWH. Since
transitioned Title 24, Part 6 code compliar
CBECRes and -CB8mCICn 2016, it has not been po
HPWHK yst ems f onrc epecrofnprimaance. Lack of model i
prevented central HPWH fr-lomanséedcadlmde®n i n pe
i ncentive programs and meant that any proj e
would need to use an alternati e byompmlei dmce
jurisdiction.

T Product Avail abi |l iTthye raen dh aAswalriesntecsrsi cal |y be
availability and awareness of cMunlttriapll eHP WH
intervi ewntRIWHeattati oners expressed a desir
desiagmri st anc e -ammrfdd /agyr cwlndg gur ati ons with he
reduce engineering burden and potenti al i N s

T CPUC TH#reeg SJiesce the 1990s, the CPUC has r

rat epfauynedred project thatom mnwel vedusawittedhif ueg
another (such as gas to elect-Piendg yTeotr. vi
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Whil e t BPe olhlhgr efTeest made sense at the ti me i
severely |l imited fuel substitutieomgyproject s
efficiency programs over the | ast two decac
the efficiency of heat pump technology and
reduction goal s.

I n Augusit hoef CPOUIICO voted unani mouBrogng oT e tp |
(di scussed in Section 3.2.1.4) with the Fue
effectively opens up Califor-huadedoatfbcl er
programs to fuedumsedstWhiulte omhenesapeci fics o
still being worked out, i1t is extremely I 1ik
i nstallations of central-f HP&M wytsere msedtoi mg
rat epfauynedred ef fi ciency progr ams
T Lowo€t of NatGarsalhaGad$een widely availabl e 1
devel opers across most regions of Californi
heating in many ar eas eefnetrhgey sctoanttee.n tWhbialse sc
cheaper than <tl eeternywhegrealimo the state, he
significantly higher ef #fiicrieedn cwa ttehra nh etahtaitn gc
particularly when renewabl e systems are inc
1T Gener al Resi st akwv ewittoh Céhvaanigleabl e equi pment ,
patéhyws, knowl edge of environmental benefits
of design strategies, there is still genereé
devel opment, design, and construction i ndus
the practytimnenrswi ¢ wed, have had many discu
design and construction teams who, when assfk
heat pump water heating, replied that it we
Despite central HPWH bei hgrai agewthppteabhol ag
are not new. Heat pumps have been installed f
decades, and hot water tanks and pumps are no
HP WH. From an install erds pew sipnescttail v ea,t itome rtee c
required for central HPWH that are not alread
water heating, or HVAC heat pumps, though for
and installers must follow manufacturersoé gui
Theraes hbeen an increasing movement in the buil
industry toward decarbonization, or the direc
from buildings, rather than the traditional f
2019 samw murisdictions in California begin to
Policies |ike these are senelegtaist nemwg cmarsk
is a priority for California citiesquiTphmesntl| e
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manufacturers confidence that there wil/l be s
products in California to justify investing t
products to the California market.

3.2.2.2 Technical Feasibility

To review ccturcreesntdfdVWsay et emBt at éa@A S am
revi eoewed di ngs with elfgotnr itcdhh eDHPW o extteBsieae d De
stakeh®l der s

Ther e ewerhdbyui | di ngs wi t h an.Beulielcdtirnigcs DeHW hseyrs tu
heat pump or electric stora@@O0pPH¥ysysme muswi ho
heat @®Bummg.e electric storage DHW system is | es
anal ysidor oltausste pump wat eFri gh@esabtoedrs sstyrsitbeumisi.on t
of the heat pump wansetralhleead eirn styhsetseemspr oj ect s

30+

. Central
. Cluster
Individual

Count

o ]

0 -—— I

1 2 3 4 5 6 7 8 9
Number of stories

Fi g®rDeHW di stribution types of $eatemamp wat er

Sour ce: Project Based Dat a.
Stakehol der interviews suggested that project
storage, building size, technical feasibility

main determining f acytpperss of DHW system

°Project infwolmaddtoend wasing a combination of the follow
design drawing review and Title 24 compliance document
Association for Energy Affordability DAEGabeFrBnéeieey, E

Build it Green, Mit hun, CMFNH progr am. Note that this
Northern California.
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|l ndi vi dual HPWH systemsrase ImostdcogsmonCompaéano
and clustered daedimgnkapprsesambes, mature for th

terms of f amil i aarnidtoyd eb yr etalfdee nienpdsugsstereyi ,ptat hway
in 2019, Tk afdoe &4 cht od esshiogwsn ¢ AHopMeivaenmrce .i ndi vi dua
HPWH systems, | i ke individual gas hot water s
buil dings due to increased installaated, oper
with indivi@luadt sryesd ednsfso-gmowiatt elru dhesat er s ser v
mul ti pwetbwhoutsusing recirculation | oop.
Central system design is the preferred approa

by the DHW sys@hean fimlclrcevaisregd .secti ons descri be
and best practices associated with the design
syst ems.

3.2.2.2.1 Design and Sizing of Central HPWH Systems

Central sHPWHM desi gners and consuelwiadnet SCASHE er
Team report that sizing a hot water system i s

on sizing guidelines from the American Soci et
American Society of Heating, RefrigeRAE) pn, a
which are based on hot water usage data coll e

field surveys of hot water usage patterns cou

designers avoid oversefzfiangt i venpe oy i mfg h dite watse
broadl y.
Larger capacity HPWHgparewnéedrtwealtbngkpbepar a
pump. With few exceptions, the | arger HPWH eq
in central HPWH systems is configuragdtas tsatna&kn
sized and specified by the design engineer. M
reps) can assist a design team in specifying
solutions for central H RfWHr. e dI hD KWW lss¢ 19 éne maonnyt r a
commercial and multifamily sized water heater
and systems can be easily specified and desig
wor k.
One fundamental difference betweenwatpagrn mal ly
heating systifeamsedamdatgas heating systems is tha
have a much | arger rgti doa® stexroage ycax@mpaicti t vy
Heat pump water heating systems benefit from
several reasons:
T A central HPWH system with a | arge storage
usually have a | ower first cost, because t
pumps. Smaller heat pump capacity also red
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infrastructure requirements -dwgt ai mhmpadtds .ng

T SIlightly | arger tanks and heat pumps coul d
sufficient storage to disable the heat pum
pricing. [Taegel ilgddat ypumps could recharge 1
dur i npge aokf fperi ods.

T The opti malo extoovreagye rati o for a centr al HP W
project to project and i s stadolptaertso piTch uosf,
t he St & tAeSvEi dTeeam i s not offering a specific

1T Buildings that wuse ce#dtirmreld HWRAWH ri mstad ead so fw
someti mes require a | arger electrical serv
subpanel s, and transforimeirgat ddilsy i dn@sicdnict
system with | arger storage volumes and s ma

To i mprove storage volume more effectively, m
tanks set to 140AF or higher and rdeogwun rteo a mi
120AF before distribution to the building.
0
S

Since there Iis no combustion in electric heat
have no combustion afety testing requirement
Depending on | ocalménte, i abpmchati ngqaoombust.
a building may also eliminate other requireme

3.2.2.2.2 Refrigerants

Centraled®PWhment wutilizes a range of refriger:
properties, advant ag@ent raanldr eédf \Withgdevraanntita gt ype de

A

the equipmentds operatiwvan.ersuaempas aitmuecemi Oq ec

metrics used to differentiate refrigerants 1is
measures the environmenpall deanhtr ypycasveakssger .
pollutants. California Air Resources Board (C
contribution to global warming resulting from
to one unit of tHhe whededgiageted ga(sCalCilOé oohi a0 Ai 1
Resources B®RefdigéiLapts with very high greenh
are getting phased out and will not be all owe
on how quitklggappbessshn relation to technol og
with | ow GWPt riesf raguwelrdanitmpact centr al HPWH pr c
Refrigerants have different thermodynamic pro
pressure, their efficiency to mdve hefati, gaman
can dictate whether electric resistance backu
given refrigerant can achieve a certain heat

the heat transfer rate is insufficient wunder
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draw periods (e.g., high total hotupwahteeart iunsga g
becomes necessary. The refrigerant | ikewise m
a higher pressure, negating the need for back
pressure may not be achievable i n rntdperetqiue P mef
the refrigerant play a big prargtddensplhayem des
common refrigerant types for HPWH keequi pment ,

characteristics.

Refrigerandd RB84H0¢(6O0Ot he benchmark of the GWP

refrigerant used in HPWHs. Due to R74406s high
utilizing R744 genefxalnltywimawng xoblnmpmeafeat gedart
inside the heat pump, whereas units with refr
may have a refrigerant | oop between the heat

Tabl@ Environment al |l mpacts Potenti al by Refr
Reframte Ot her Name Gl obal WKey Characteri st

Potenti a

R32 Di fl uor ome 67!Similar propeirt.
|l i kely successor
applications
R1 34 Tetrafluor 1, 4
R407C N/ A 1,7 Bl end of mul ti pl
repl acement-otfitorR
R410A Pur on 2,0 Widely used in H
R417A N/ A 2,3 Replacement -ofuar R
R744 cQo 1 High operating p
COP (4+); [l ow -mi
15AF) ; high mini
temperature i ft
Sour(ceal i fornia Air Resouces Board 2019)
3.2.2.2.3 Single-Pass vs. Multi-Pass
A key design feature of a central HPWHKH ssy st em
or nmudsts.
I n a pasgl BPWH system, t hehrcoaulgch wahtee rh epaas speusmp
time and is heated to the intended storage te
pump draws cold water from the bottom of the
top of the storage tamk)jfiesulttainkg HPWH kRigghl
R744 must be congaguredi mcse sRh4g4 erequires a | ¢
temperature increase through the heat pump. S
be configurpalssa.s singl e
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n a -pasglmysrntecircul ation return water (whict

I

returned to the middle or bottom of the stora
to be closest to the same temperature. Some d
recirculatiohr wamteheepti maty heating | oop, re:
a separate tank that is heated with either a
pass operation) or an electric resistance coi
main pbad$ wa&rm incoming water to the main he

efficiency, particularly for R744 systems. Th
anBl13haeat phimp&ehows t he basic pipingascsenfigu
HPWH system. For simplicity, the multiple pos
are omitted.

4

Hot Water
To Building

HOT UP HERE

A Highly-
Stratified
Storage
Tank
Single-Pass Cold Water
HEWH LESS HOT DOWN HERE Makeup

Fi guro&c hemati c depi eptaisosn HPfWHs isnygsitee m.

SourECeCOTOPE

|l n a-prawist i HPWH system, the cold water passes t
ti mes, each t-10nAF gtaempemgataurfe i ncrease, until
intended storage tepmpsesraysgtem,| nhlhav meohtdi vamhes
from the bottom third of the storage tank and
drawn. This piping configuration can stil/ pr
sinpaes configuration. HPWH Bl gpamedtr ¢ hiat g @iIs:
ot her than R744 can -pbaes sc, o nsfiingcuer etdh eays cnaunl thia n d |
temperature | ift thr oRilg3hhatcheRAhle@®A Pwanpe msSoanen
configured apasebthpamal hgl e

I n a-pmawistisyst eémsm, not necessary to separate the
main tank, since the heat pumps will frequent
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