Codes and Standards Enhanée@adntfEolréA@GE) Cobdeti ative 20

J——

P

Noresi dedYA@QI Control s

202NRHVACE Nonresi den|tSieplt e 2NOAR® FI NEASE REPORT
Preparkrde rbyy

Pl ease

A STATEWIDE UTILITY PROGRAM

CALIFORNIA 71

ENERGY o+

CODES & STANDARDS Co
Ga
Mu n i
and

Neit her

Paci fic

SahdtRehdsCar Anal ytics
send cacionnfroe@ttist l1te24st akehol ders. com

report was prepared by the Californi
E) Program trhartt ,i sbyf uGQalleidf,orimi a utpi ¢
he California Public Utilities Commis
r22aci fi c Gas and Electric Company,
& El ectric Company, Los Ange)] eandefat
cipal Utidhtty rDésdrmrved, Addepti that t
di stributed without modification.
Gas and El ectric Company, Southern Califor

Depart ment of Water toondMumdwedarp,alSdidridameny| Oy se¢s i mdko®s amy Wil

or i mpl

i nformati on,

i ed; or

pri v-aweky rights

ook

assumes any | egal l'iability or responsi bil

met hod, procucti ,n gdliiscyloaxcrumemdage g witiefpaleasse nit 1
including, but not | imited to, patents, t
Pacif’-c Gas aﬂd SOUTHERN ln\llHII('\lJ\‘ SDGE‘ LA LoS Angeles = .
Electric Company EDISON — DWP)] a‘r?afig:tg'sg‘tmgt ‘@ SMUD

Energy for What's Ahead" 0 g’Sempm Energy utiny


mailto:info@title24stakeholders.com

Document |l nf or mati on
Category: Codes and Standards

Keywords: St at evadlees and St aredmeermnds (EnRSED (
Cal i fSotrantieawti idled d ¢s and St acdded
and Standards ;EABR@nC€Camehbsni a
202121 t I, e Paégftf i6GcH\EAC)y economi zer
ventilation; exhaust; out oirde.i
Syst ems; HRe/c o LERIVed syst ems.

Aut hor s: Tim Minezaki, E$hao M&sn eWagryg ,Sol u
Nei | Bul ger (Red Car Analytics

Prime Con Energy Solutions

Project Californi dtsCadegsvi ded St arPdar d

Managemen Gas and Electric Company, Sout
Diego Gas & Electric Company,
and Pow®acramento Muni.cipal Ut |

2022 Titl &i D@BASEP aRd R @2NRHV A CH| 2



Tabl e of Contents
llntroduction 26
2Variable Air Volume Deadband Airflow 29
2. Measure De.S.Cld Pl i Qe 29
2. ar Ket AN al .y S S 33
2. BN er gy SaNal.dld S e 42
2.@o0st and Cost..Ef.f.ect.li.v.enes.S. . 51
2.Bi fYetar St at ewi.de..l.mpacil. .S, 57
2. Broposed Revisions..t.o..Code..lLang.ua.geb6?2
3 Expand Economizer_ Requirements 71
3. Measure Des.Colid Pl Qe 71
. Mar Ket  Ana.l.y. S S 76
3. BN er gy SaNaldli.S i 88
3.@o0st and Cost..Ef.f.ec.t.l.v.enes.S .. 95
3. Bi fYetar St anpavit.Be....liiiiii 107
3.Broposed Revisions..t.o...Co.de...Languagell
4 Dedicated Outdoor Air Systems (DOAS) 117
4. Measure De.s.Colid Pl Q. 117
4. lar Ket Ana.l.y S S 127
4. BN Eer gV Sa.Noldhg S i 145
4. @ost and Cost..Ef.f.ec.tl.l.v.enes.S .. 161
4. Bi fYyetar St at ewld.de..l.mpacil. S . 166
4. Broposed Revdosdieo nLsa.ntg.U.a.g.€....cccccerrerrrrniiiieeeeneeeennns 171
5 Exhaust Air Heat Recovery (EAHR) 177
5. Measure DesS.Cri.pl .0 . e, 177
5. ar ket Anal .y .S S e 181
5. BNner gy SaNal.dg. S e 193
5.@o0st and Cost..Ef.f.ec.t.i.v.enes.s .. 208
5. Bi fYyetar St at ewl.de..l.mpa.cit.S ... 217
5.Broposed Revisions..t.o..Code...Lang.ua.ge 23
6 Bi bliography 229
Appendi x A Statewide Savings Met hod®I3agy
Appendi x B Embedded Electricity in Watler Me
Appendi x C Environment al | mpacts Met2lbcddol og
Appendi x D : California Building Energy Code
Speci ficati on 256

2022

Titl &i 2@BASEPaRd R G2NRHV A CH| 3



Appendi x E :CdmplaicamscefProcess on Mar k287 Act or
Appendi x F Summary of Stakehol der EmRgid83ge men
Appendi x G DOAS Per Building Energy 2l7fepact
Appendi x H DOAS Manufacturers Techni2darl Cap
Ampendix | : DOAS Incremental Cost Ref2B88nces
Appendi x J DOAS Heat Recovery Venti I3a&0tli on D
Appendix K : DOAS Energy Modeling Analysis fo
Reference DOAS 303
Appendix L : Suppl ement al Report of DOAS Ener
Systems with Airside Economi zers 304
Appendi x M : Exhaust-SAipmpl|l Benetint Rdc Swerfddéd Pl ot
Appendi x N : Suppl ement al Nomi nal TDV 38avi ngs
List of Tables

Table 1: Scope of Code...Change..RPr.ap.as.al22

Tabl e XeaFi ISstat ewi de En.e.r.g.y...and..l.mpac.tx3

Tabl e XeaFi Sstatewi de GHG..Emi.s.s.i.a.ns....l.mpaLt s
Tabl e AeaFi Wat ebe ddhaeld EEnl ect r.i.c..t.y..l.mpa2ds

Tabl ealb5i:f Crnia Construction I ndustry, .BHtabl i s

Table 6: Specific Subsectors of the Californi
Proposed Change..1.0..C00e€ e, 35

Table 7: California Building Des.i.gner..d3nd Ene
Table 8: Employment in Californiha Boaitidtde nggnd G

I T o = o G o T S PP 38
Table 9: Net Domestic Private | nv.est.mesat and
Table 10: PrototympeEmBdiedndinngs Cdseé¢d famd Enviro

I mMpact s An.al .y S S 43

Tabl e 11: Modi fications Made to Standard Desi
Poposed Code..Chamng.e. e, 45

Table 12: Nonresidenti al Buil ding Ty.pe47and A
Tabl e IBearFiEmrsdrgy | mpactiapBet mSgu.di.ghRBR&8st
Tabl e IMearFiEmsdr gy | mpacti©f PeceSqugre..BOot
Tabl e 1¥%edrRergy | mpact s Pe@frf iSgaMea.cki.lEm.o4 9

2022 Titl &i D@BASEP aRd R @2NRHV A CH| 4



Tabl e IYearFiEmsdrgy | mpacti©f PeceS®qdauelLBOot
Tabl e 1YearFiEmsdrgy | mpactiScReonl| Seguandabdot

Table 18: 2023 PV TDV EneYreay @egti o3a Mefm ghsn ad wes
SquareiFeowtConstruction & -Apaet asneind MsSSR2ARI is i

Table 19: 2023 PV TDV EneYreay @egti o3a Mefm gdsn ad wes
SquareiFeowtConstruction & -OfFfeceaeliaogey3Addit.i

Table 2BV ZD¥Y¥3Energy CostYeSav iPegs oQ@v Befr 1Asnal y s
SquareiFeoowtConstruction & -Of fecaMednsSMAddi t i

Table 21: 2023 PV TDV Ene€Yreqpye r@®oosdt 03I & RAenmag sy sO vse
SquareiFeowtConstr ectaitom n& /-Alidfdil ¢ ¢ Ma d&.i...uSnbL a b

Table 22: 2023 PV TDV EneYreay @egti o3a Mefm gdsn ad wes
Squar ei NeovotConstructi on & -Slctheorod tSieccrmosnbd@ad dyi t i

Table 23: Statewide Ener gMNewn@GoEme.r.ggt&EdBst | m
Table 24: Statewide Ener gmaddndi &Gnerggd&€Bbktet a

Table 25: Statewide Ener gMewn@GoEkEsterggtiCostf AMm
AN A Ad At d D .S e 61

Tabl e 2¥earFi3tsdt ewi de GHG..Emi.s.s.i.ans...mpdct s

Table 27: Economizer Requirement.s..f.r.om7¥ariou
Table 28: AHRI Da4 aSticmmemt zv¥ol @ds (2016 U. S.
Technical Suppor.t..Do.cume.nt.at.i.on)....... 78

Table 29: Californira , Cidssigrragbnitcd ,i obBmp Inaymé®nt , ai

Table 30: Specific Subsectors of the Californ
byroposed Chang.e..t.0..Code. . 80

Table 31: California Building Des..gner.8and En

Table 32: Employment in California State and
I TR o T o S o T PPN 8 2

Table 33: Estimated I mpact that Adoption of t
California Commerci al...Cons.t.r.u.c.t.i.on..S8dt or

Tabl3 4: Esti mated I mpact that Adoption of the |
California Building Designer.s...and..En&ddgy Cor

Tabl e 35: Esti mated | mpaced tMeaas UArdeo pwa wind ohfa e
California Bui.l.di.ng..l.nspecl.orS. ... 85

Tabl e 36: Net Domestic Private l.nv.es.t.ngét and

2022 Titl &i D@BASEP aRd R @2NRHV ACH|5



Tl e 37: Prototype Buildings Used for Energy,
I mpacts An.al .y .S S 89

Tabl e 38: Modi fications Made to Standard Desi
Proposed Code..Chang. B e 90

Tabl e 39: Nonlrdeisnigd eThytppeasl aBud Associ.at.e®2Prot ot

Tabl e 4YearFiEmsdr gy | mpactigExpPpandSguanemkiFaert
RequireiMRenttaur ant Fas.t.E.o.a.d. . .(.1..0f..4.).... 93

Tabl e 4MearFiEmsdr gy | mpactigExpandSguanemkFaet
RequireimRentads | Mi xed.Us.e....(.2....0. 0.4 )i 914

Tabl e 4RVearFiEmsdr gy | mpactigExpPpandSguanemkFaet
Requi reimerntad | SBr D p.MAD L.l 94

Tabl e 4BearFiErsdrgyPémpigti&exe almadotEconomi zer
Requi reirPerntmaryScho.al...... [ Y o Y SR S F N 95

Table 44: 2023 PV TDV EneYreayr @egti oRa wifn gAsn ad wes
Squar e FooitExAman dy sbzceorn oReiq u il Re meaanutsFa st Food
(D o T S S 96

Table 45: 2023 PV TDV EneYreay @egti o3a wifn gAsn ad wes
Squar e FooitExAman d/s shcsonomi z eirReReagi Wil exmed 2t © f

Table 46: 2023 PV TDV EneYreay @egti 08 wiPregdsn ad wes
Square FooitExAman d/s seEcsonomi z eirReReagiuli StermepnMasl | [

Table 47: 2023 PV TDWvVEnmreraghy @Cegti oRlawifngdsnal ys
Squar e FooitExAman d/f skcsonomi z eirP rRengauri yr Secnheonatls (4

Tabl e -MeBar Bbsecti veness SummarEx pRerd Egwaroeni R
Requi r eimersttsaaur ant Fas.t.E.o.0.d..(.1..0.1f..4.)...102

Tabl e -MO0aCrosHf f ecti veness SumoaEx pReard Egwaroeni z

Requireimentas | Mi xed.Us.e...(.2....0.5.....4.) . 103
Tabl e -$@ar Bfofsecti veness SummarEx pRerd Egwaroeni
Requireimentas | St r i p.Mal.l.... (.3ofd) 104
Tabl e -$dar Bfofsecti veness SummarEx pRerd Egwaroeni
RequireirantmaryScho.al..(.4..0f  4) .. 105
Tabl e m2tr Lot i on Area Wei-gffoesd Rae¢i aigSubename fyi t
Expand Economi zeur. .. .Reqgui.r.eement.S ... 106

2022 Titl &i D@BASEP aRd R @2NRHV A CH|6



Table SBatewide Energy afndle@n€pggti Eapbnmpact .

Economi z&r mMBEAIS. I 108
Table 54: Statewirddgy Emnesrntgiimpecatnens & Addi t i
Expand Economi ze.r..Re.qg.u.i.r.eement. s ... 109

Table Stbatewide Ener gympaicestn €opggt Casti on, Al
and AddiExxipamsl Economi ze.r..Reg.u.i.r.eme.n.tlsO 9

Tabl e 5YearFi$tsat ebvmidses iGAHIGs | mpact emfaer Expand
RE QUI I MBI S e 110

Tabl e 5YearFi3tsdt ewi de | mpa.ct.s..o.n..Mat.erlilal Use
Tabl e 58: DOAS Requir ement.s..i.n..Qt.her..Addes
Table 59: DOAS Fi el.d..Si.t.e...Qb.s.e.r.v.a.t.i.onsl 21
Table 60: Potential..Baur.r.i.er.s...and..Sa.l.utlid3dns

Table 61: California Construction Industry, E

Table 62: Specific Subsectors of the Californ
by PseegdoChange. ..t.o. .. Co.de . iiiiiiieeeeneeenanns 137

Table 63: California Building Des..gnerl38nd En

Table 64: Empl oy mdaret ainmd @Gaolviefrmrnreing SAtgeenci es w
I TR o I o S o T PP 140

Table 65: [ mptaicmat ddt Adoption of the Proposed
California Commerci al....Co.n.s.t.r.u.c.t.i.o.n..Sled&l or

Tabl e 66: Esctti mahtaeed Aldnopat i on of t he Proposed N
California Building Designer.s..and..Enle4dlgy Cor

Table BSti mated | mpact that Adoption of the P
California Bui.l.di.ng..l.n.s.p.e.c.l.O.r.S ... 142

Table 68: NevabDemkesvestment and .Co.ur.p.arladt3e Pr o
Table 69: Prototype Buildings Used for Energy

I MPptasT AN Al ). S S 148
Tabl e 70: DOASu Cofnefriegnucrea tDeosnisgnf oSy sRkeem and Pr
.............................................................................................................................. 149
Table 71: Modi fications Made to Standard Desi
Proposed Code..Chang. e 151

Table 72: Nonresidenti al Buil ding Ty.pds3and A

2022 Titl &i D@BASEP aRd R @2NRHV ACH|7



Table 7BearFiEmsdrgy | mpact per Square foot per
Desii€Comnstiromet ghted Aver ag.e..Al.l..PRr.a.t.olt5ydp e

Tabl e 7MearFiEmrsdrgy Equivalency per Square foot
ECOonNoOomi Z e . . De Sl 156

Table 75: Present Value TDW&arriBegr CoditofSakmn al
TotiaNlew Construction (DOAS matr.ket. .. .perléent age

Table 76: Present ValviewgBED\WVvdéearre rlihg r iCodit o fSaAn al
TotidAll t erations (DOAS mar ket..peirl.cent.dpes app

Table 77: DOAS I ncrement.al...Cos.t..by..BuilléedBi ng T

Tabl e -Y8ar LiBbfofsermée s vy eSummatigNlew Construction Per
Foot (DOAS mar ket p.etr.cent.a.g.e.s..a.p.p.l.l.eldg5

Tabl e -Y®ar Ltibfofsecti vemasyg TBdtt&lrati ons (DOAS mal
percent age.s..app.l.l. e d ) 166

Tabl e 80: DOAS Statewide EnéNgyoarsd ruteérBpy Co
Tabd E: DOAS Statewide Energyi AdrncerBnernglyy 9Cost |

Tabl e 82: DOAS Statewide EnéNgw €ondsEnecgyo@o
Al terations,.... and.  Addi. Lt .0nsS. . 169

Tabl e 8BearFi3tsdt ewi de GHG..Emi.s.s.i.a.ns...l.np7a0ct s
Tabl e 84: I|MasriksetofAnfaHRI Directory..0of..Eh&4 gy REe
Table 85: California Const rEunptliogymelnrtd u satnrdy ,P aly

.............................................................................................................................. 185
Table 86: Specific Subsectors dfndtulse r@all imparcn
by Pr oposetdo COBMAI.Coiiiiiii i 185

Table 87: California Building Des..gnerl8&dnd En

Tabl emp8oylment in California State and Govern
I TR o I o S o T PP 188

Table 89: Estimated I mpact that Adoption of t
California Conomeiraccn ad.e.cCtoarS. Lol Ui 189

Tabl e 90: Esti mated | mpact that Adoption of t
California Building Designer.s...and..Enle8&Qyy Cor

Tabl e 91: Esti mated | mpact that Adoption of t
California Bui.l.di.ng..l.nspect.ar.S. ... 190

Tabl e 92: Net Domestic Prriateet ePrlonfvi.asst,. meéltS.and

2022 Titl &i D@BASEP aRd R @2NRHV A CH|8



Tabl e 93. ExbgpuRecAver EnRequirements for Vent
Operating Less than 8000 H?»018 Tpebl &ear5(ASt

Tl e 94. Exhaust Air Energy Recovery Requirem
Operating Greater than or Equal #£2®1800&GDbHe@uUTr
G T - IO R 195

Table 95: Applicability of California Climate

Table 96: Title 24 Proposed Requirements for
RequirefmoerntVsent i | ati on Systems Operating Les

Table 97: Title 24 Proposed Requirements for
Requirements for Ventil atn otnh@&mnadrmBeqg &peéeoat i
o IO T I T o I = S - T SO PP 201

Table 98: Prototype Building Models Used for
Environmental IlL.mpac.t. .. . Anal.y.S.l.S ... 202

Tabl e 99: Modi fications Made to Standard Desi
Proposed Code..Chang. B, 203

Table 100: Nonresidential Building TypRéOd$s and
Tabl e l&karFiEmstr gy | mpactQ@f fpiece.lSqpu@e.e.2B6o0t
Tabl e l&zarFiEmstrgy | mpact ©f pMedBgmar.e2bBdot
Tabl e l1l&arFggnsitrmpacts pe-Re$Squadlargeot207
Tabl e l&f&karFiEmstr gy | mpacttScipeo!l Squan.c®rmBy8 o

Table 105: 2023 PV TDV Engyeagy Eesto&peftngsally
Square-NeowtConstructi e@f f&i dAd.lL.ear.gd..i.a.n. 09

Table 106: 2023 PV TDV Engyeagy Eestio&pefngsaly

Squar e-NeowtConstiiObctiedMadi.um. .. ..viiiiiiiinnnnnnnnn. 210
Table 107: 2023Ce®Y¥t THD¥VvVEMpeag®veerilibdpetr Analy
Squar e-NowtConstrurcat elRae ®a iAll.lt.ar..g.e............. 210

Table 108: 2023 PV TDV Engeagy Resto&pefnfgsaly.
Squar e-Neow tCoatsitomu & AlStdmoatl Serm.©.n.dar.y211

Tabl e 109: |l ncr ement al Cost..f.ar..Heat..RedQovery
Taéel 110Y.ealr5-Efosecti veness SummaNgwPE€onSguacei b
(@ N S I o - T U= T o I = TN 214

2022 Titl &i D@BASEP aRd R @2NRHV A CH|9



Tabl e 1ylelaixr EJofsecti veness SummaNgwPEoDnSguacei b

(@ 3 O S T o =T Y=o I U R o RPN 215

Tabl e 1yle2air EJofsecti veness SummaNgwPEbDnSguacei b
=T A= U T O O~ T o T 216

Tabl e 1Yle3a:r EjofsecssvE8aunmmary Per-NS8gwu&oesFoaoattio
SChoOl Se C. 0N A Al e eeanns 217

Table 114: Statewide EnerigNye wanQo nEsnterrugcy2 1®&ons t |
Tabl eSLabewi de Energy and-AEnemr@y.i.Cast.2ll@pact s
Table 116: Statewide EnerigNye wanQo nEntertrugaytaitCions,m sAl I

AN A A A Dl S 219
Tabl e l1ikarFiStatt ewi de GHG..Emi.s.s.i.ons...l.thg8cts
Tabl e 1i&&:arFiWadte rOfl mp@all.a&.L.0.€.ceevvvevevriiiiiiiiinneenn. 221
Tabl e 1i&X®arFiWadterSdmhmpalcSesc.ond.ar.y ... 222

Table 120: | mpacts on Water Use..and..EfdRedded
Tabl e lz¥karFiStsatt ewi de | mpa.ct.s..o.n..Mat.elPRa3al Us e

Table 122: Esti mated New Nonresidenti al Const
Change in 2023, bpBuClidmage TY¥pree (MhWMAVY on Squ:
Deadband .. A L L 0 e 238

Table 123: Estimated Existing Nonresidenti al
Change in 2023 (AlteratBwinlsdi,ndyTgpwanadliel IZioo

FeeitVJAV Deadband. . Ail.rf.l.owW. . .. 239
Table 124: Estimated New Nonresidenti al Const

Change 3i,n b2y02Cl i mat e Zone |ldn dnBLwiqlidirmreg Fleyp e

Expanded Economi z.er.. . Re.qu.i.r.eme.nt.s...... 240

Tabl e 125:Exisdtiimmag edonresi dential Floorspace |
Change in 2023 (Alterationsd, ThpeCl Mmht eoHdoct
FeeitExpanded Economi z.er...Regu.i.r.ement.s.241

Table 126: Estimated New Nonresidenti al Const
Change in 2023, by CIl iympaet e( Miolnlei cann BOgEWBaA rl ed | Fnec
.............................................................................................................................. 242

Table 127: Esti mated Existing Nonresidenti al
Change in 2023 (Alterations), by Clairmate Zor
F @ @TED) QA S 243

2022 Titl &i DXBASPaRdR @®2NRHVACH|10



Table 128: Estimated New Nonresidential Const
Change in 2023, by ClimaetéMZbheoan&qgBarlkdiFee
Exhaust AiwveHgat...ReC.O e 244

Table 129: Estimated Existing NonresCdadeeati al
Change in 2023 (Alterations), by Climate Zor

FeeltExhaust ReC O HEBRY...coooooiiiiiiie e 245
Table 130: Example of Redistr+4200Rt3i dlewof Mi sce

Construction in..Cl.i.mat.e..Zone..lo............ 246
Tabl ePéBtent of I mpacted Floorspace .byY4Bui | di

Table 132: Percent ofBuimpdaict @ dT ¥p ®.af.AlPdeOea tbiyo |
Table 133: Percent of Floorspace | mpacctheédd by

Table 134: Embedded Electricity in Water by C
Hydr ol ggiom R& Wh Per Ac.tr.e..Eo.at.. . (.AE.).).252

Table 135: St at-Weviiglet e pAVvantagpea Embedd2esd3 EI ect
Table 13®l1 uBnémgpwt Variables Rel ev.ant.26d@ VAV
Table 137: EnergyPlus I ngutdeV&rcioamlme.«.8BdOl evan

Tdl e 138. RRrqupasenmtents for EAHR for Ventil atioc
than 8000 Howurl.S...pel. . Y.eAl e, 264

Table 139. Proposed ReogruiVWeemteinltast ifoor SEyAsHRe ms (
Greataroth&qual to 800.0.. .Haur.s..p.e.r..Y.e2a6 4

Table 140. Modi fi catbDiesnsgnMa de Stianul.taa.red®&rddH R
Table 141: RAIlceaonroef i Marntket Propos.e.d..CoBp8 i ance
Tabl e l4&zzarFiEmstrgy | mpacts Per ..Sg.uar.e2F6ot, O

Table 148L NDYwi Bnergy Cost Savings Qwer 15 Ye
SquareiFeowtConstructi on.,..Qf.f.i.ce..Smal.R77

Table 144: 2023 PV TDV Energy Cost Sa&awirngs Ov
Squar eiNFeowtConstructi on.,..Qf.f.i.c.e..Smal.R78

Tabl e 1Yde5a:r KJofsecti veness SummdNgwP€onSguarceib
Of f 0 Ce.Sima . e 279

Tabl 146 :YeRirr £ther gy | mpacts Per Sg.wuar.e2B0ot, O

Table 147: Nominal TDV Energy Co&anabgRemsgs Ove
Squar ei FoowtConot,r WOItfii ac.e....Me.d.i.um.................... 281

2022 Titl &i DXBASPaRdR ®2NRHVACH|11



Table 148: 2023 TDV Energy Cost ISm¥isrgs Over
SquareiFeowtConstructi on.,..Qf.f.i.c.e..Me.d.i.gdgl

Tabl e 1Yde9:r KIJofsecti veness SummdmNg wPrE€sot rSwautairen F
(@ 1 N S I ol ST |V 7= o O U 0 ¢ o N 282

Tabl e 15@®:arFiEmstrgy | mpacts Per ..Sg.uar.e2B8ot, O

Table 151: Nominal TDV Energy Cost SaRengs Ove
Squar eiFeowtConstructi on.,..Qf.f.i.c.e..Lar.g.2883

Table 1»2TDWVORnergy Cost Savings Ovéeerl5 Year
Squar eiFOoWtConstructi on.,..Qf.f.i.c.e..lLar.g.884

Tabl e 1Yse3air KJofsecti veness SummdNgwP€onSquarcei b
TOFf f i Cen a8 285

Tabl e 15<%4arFiEmstrgy | mpacts Per Squar.e2B6ot, R

Table 155: Nominal @m0¥Y EBunergy5C¥ear WPe®eri od of
Squar eiFeowtConstruction, ..Ret.ai.l..St.and8B8I one

Table 156: 2023 TDV Energy Cost SawvkPeigs Over
Squar ei FeOow NCsot r ucti on, Re.t.a.l.l...St.and..A28o/n e

Tabl e 1yse7air KJofsecti veness SummdNgwP€onSguarceihb
Ret ai | St.an.d Al Qi e 288

Tabl e 15&:arFiEmstrgy | mpacts Per Sg.wuar.e2B8ot, S

Table 159: Nominal TDV EnerrgyPeCGoisotd Sd\eirAnngasl yGvi
SquareiFeowtConstrualt i Bmi,ma&BrCyn.0. . cceeeeeeeeeennnnnn, 289

Table 160: 2023 TDV EnerygyarCdetr i alvioeirg An@Qv grs i
Squar eiFeowtConstructi on...School..Pri.mapg?g9

Tabl e 11Yéelair HJofsecti veness WBammdMNeoP€onSgr ucti o
S C N0 O] Pl ddlA L Y 291

Tabl e lézarFiEmstrgy | mpacts Per Squa.r.e2bB@ot, S

Table 163: Nominal TDV Energy Cost S&#®eirngs Ov
Squar eiFOowtConstruction, ...Sc.h.ool...Seco@@8ary

Tabl e 1260423 TDV Energy Cost SavingsiP@wer 15 Ye
SquareiNFeowtConstruction, ..School..Sec.oB88ry

Tabl e 11Y¥eehar Hiofsecti veness SummdNgwP€ounS8tuane F
SChoOol Se COnd Al Y 294

Tabl e lé&karFiEmstrgy | mpacts Per Home / Dwell in
ST 1 1= T O RPN 295

2022 Titl &i DXBASKPaRd R @2NRHV ACH|1 2



Tabl eNa6irnal TDV Energy Cost SavingsP@ver 15

SquareiFowtConstructi.on.,..Hat.el..Smal.l.295
Table 168: 2023 TDV Energy Cost SawvkPegs Over
Squar eiFeowtConstructi.on.,..Hat.el..Smal.l.296
Tabl e 1Y6eQa:r Hiofsecti veness SummadaNgwP€onSguarcei b
Hot el Sma.llo e 296
Table 170: Comparison of site electrical savi
Of fice & Medi.um. Of f . .CB.)iiiiiie e, 323
Table 171: Comparison of siteeecemfgiygsmat ngs

(Primary School and..Se.c.ondaur.y...>Sc.ho.al324

Tabl eCampari son of site gas savings relative

Of fice & Medi.um. . Of f.l.CB)iiiieeeieiaann, 325
Table 173: Comparison of site gas savings rel
School s and Sec.anda.r.y...Sc.hool.s) ... 326
Tabl eCampari son ofy ssoawicreg senreglgati ve t o basel.
( Smal | Of fice a.nd..Medi.um.Of.f.l.Ce) .. 327
Table 175: Comparison of source energy saving
(Primary School Schaodl.Sk.c.onda.ry. ... 328

Table 176: Nominal TDV En¥eagry RKersito ddoefirnAgrsa lOw:
SquareiFeowtConstruction & -Aptetameind H8 GARI sk

Table 177: Nominal TDV En¥eagry REeorsito ddoefirnArsa lOw:
SquareiFeoowtConstruction & -Offeceaeliaog®@BBdditi

Tdl e 178: Nomi nal TDV EneYegayr CRoesrti oSda Yoefn ghsn advyes
SquareiNFeoBBbONstruction & Al-Ofefriac ¢ Ma.d.i.3\&& i t i on

Table 179: Nominal TDOv E&En¥Yadagyry Kersito ddoefirnhrsal vy
SquareiFeoowtConstruction & -OfFfecaMedn8MARadi t i

Table 180: Nominal TDV En¥Yeagry Kersito ddosfi nArsa IOw:
Squar eiFowtConstruction & -ScheodSecnd®B8Adgi ti

Tabl e 181: Noemr gpl CAOV GaVYeagsPOvieodilPasefr Anal y
Squar ei BFxoppand Econamr eeaeReRsstgqaur ant Fast Food (.

Tabl e 182: Nomi nal TDV Endeagry RKersito d doefirnArsa IOw:
Squar ei BFxoppand Economi zeirReRteagiuli Miexnmeednli.s8e9 O( 2 o f

2022 Titl &i DXBASKPaRd R ®2NRHV ACH|1 3



Table 183: Nominal TDV Enteagry RKersito ddoefirnArsa lOw:
Squar ei BFxoppand Economi zeirReRteagiuli StermepM.a8I9l1l ( 3 o

Table 184: Nominal TDV En¥eagry RKersito ddoefirnArsa lOw:
Squar ei Bxopand Economi z eirPrRengauri yr Scnheandt.I8 9(24 of .

Tabl e diSnalN TDV Energy Cid¥sbhr SRer ngdiTO@Oft @aAnaby:
iNew Construction (DOAS mair.ket..perced®@ages a

Table 186: Nominal TDV En¥eagry RKersdlbwydiwd afrs Ov
iAlterations (DOAS mar k.e.t..peitr.cent.aged39applie

Table 187: Nominal TDV Eneegary RKersitodpei nAgrsa lOw:
Squar e-NeowtConstructi e@f f& cAlelltaerrgaet..i.,.a.n.895

Table 188: Nominal TDV Eneegary RKersitod®dpei nAgrsa lOw:
Squar e-NeowtConstiObtt ceMedium. ........coeeeeeennnnnnn, 396

Table 189: Nominal TDV Enegary RKersitodpei nAgrsa lOw:
Squar e-NeowtConstructi eRe t&a iAll.ll..ar.qad..i.an.s897

Table 190: Nominal @m0V wneegarySFKersitodEpeii Anal y:
Squar e-NeowtConstruetattBoBkBedl Sec.a.ndar.y8398

List of Figures

Figure 1: Smal/l nonr eistdideertct &y HVACedysuénmhowr
.............................................................................................................................. 120
Figure 2: California online database od a sam

for key terms to determi ndSal.l..ptrl.oj.elc3®G and
Figure 3: Market historical ..dat.a..of...DQA8BI pr o]

Figure 4: HVAC system confi queerratzieoarm wsned giyn ba

Figure 5: DOAS Venn diagram of energy savings
I T o N o o SRR 146

Figure ebnerigbV and site energy resul t.s.,,1M2di um
Figure 7: TDV energy and site energy..rléel8ul t s,
Figure 8: TDV energy anmdasny eSemeolg yClrlicoaitl ¢ sZ c
Figure 9: TDV energy and site energy .rfléQul t s,
Figure 10: TDV energy and site ener.gy.1l6dsul t s
Figure 11: TDV energy and siteeeZomgy.4mdsul t s

2022 Titl &i DXBASPaRdR ®2NRHV ACH|1 4



Figuz2z.e ASHRAE / | ECC c.l.i.mat.e...z.o.ne.. map.196

Figure 13: Cost effectiveness of BAHRpiemnacCl om

.............................................................................................................................. 198
Figure 14 Cost effectiveness of EAHR in Clim
.............................................................................................................................. 199
Figure 15: e@Qests offf &€&AtHIRv i n Cli mate Zone 12 wi
(o =T - T PO o T o SRR 199

Figure 16: Cost effectiveness of EAHR in Clim
(o = - T PO o T o RPN 200

Figure 17: EnergyPlus obj.ecuit..Bas.eMAVB®S7Tr ml U
Figure 18: EnergyPl us-2a.bj.ect..Bas.eSy.s.7.26R0Ct |

Fige 19: Comparison of DOASu capa.bi.l.i.t2i9e88s and
Figure 20: AHRI data on vent.l.at.i.on..ai3r01lt o ai
Figure 21: Effectiveness to fl ow..r.at.i.®80®f sup

Figure 22: Diggwéarmiowl DO&Sr.a.6.h.e.ms................ 310
Figure 23: Diagr-amowl mugedags.i.egnswo.r.k..310
Figure 24: Comparison of TDV costs .f.r.d8r72019
Figure 25: Comparison of €eDoOAIS mg tehn eVrRgFy aanndd VIA
PaCKAQg @0l do e 317
Figure 26: System comparisons of regulated TD
Cli mathe 422 for Medi.um...Of.f.i.Ce .. 329
Figure 27: System oampaidD¥osBi bk EHWAE€CgyYy for CI
Climate Zone 12 f.o.ur..Medi.um..Of.f.i.c.e..... 330

Figure 28: System oampaidD¥osBi bk EHWAE€CgyYy for CI
Climate Zone 12 f or...Se.c.ondadtr.y..S.cho.al3>31

Figure 29: System oompaidD¥Vgygi td®BrlXA€ mate Zone
Climate Zone 12..f.o.r...Sma.l.l... Qf.f.i.ces......332

Figure 30: I nternal |l oad profile comparison f
(Me di um Of . f L. 8. )i 333

Figure 34nl|l WHVA@€&ad profile comparison for syst.
(Me di um Of . f L. 8. )i 334

Figure 32: TDV site energystoms ipmoCliil matce mdpai
Week 37 (Medi.um. . Of.f.0.C8S )i, 335

2022 Titl &i DXBASKPaRdR ®2NRHV ACH|15



Figure 33: Source energy | oad profile compar.i

37 (Medi Um. O .S ) e 336
Figd8de Carbon emissions profile comparison fo
37 (Medi Um. . Of 0 .S ) e 337
Figure 35: I nternal | oad pQlofmaltee cZoomnmpea r4di,s oWe efk
(Medi Um O . f . S e eeanns 338
Figure 36: TDV site energy |l oad profile compa
Week 6 (Medi.um. . Of fl.Co.S )i, 33
Figure 37: Source energy | oad profile compard.i
6 ((Medi UM . Of il S )i 340
Figure 38: Carbon emissions praftel 2onempar Wee
(Medi Um Of .S, 341
Figure 39: Monthly comparison of energy end u
(O N N T o T USSP 342
Figure 40 Monthly comparison of energy end us
S B N 00 e 343
Figure 41: Cost effectiveness of EAHR.3i7M CZ1
Figure 42: Cost effectiveness of EAHR.3i7M CZ2
Figure 43: Cost effectid,ethdesds shodr £ AHR. 7 rCaZtdi ¢
Figure 44: Cost effectiveness of EAHR.3i7R CZ9
Figure 45: Cost effectivehesdshodr € AdR.307pBe rIC&ZtLiO ¢
Figure 46: Cost effectiveness of EAHR.3i7 CZ11
Fi guft:e @Gosteredssecafi vVEAHR i n CZ12 wit.h..837844 ho
Figure 48: Cost effectivenesrss odf EAMHRHAAM CrZ.1 3
Figure 49: Cost effectiveness of EAHR.3i7b CZ14
Figure 50: Cost effectiveness of EAHR.3i7 CZ15
Figure 51: Cost effectiveness of EAHR.3i76 CZ16
FiguZ:e Gost effectiveness of EAHR i.n..C¥76 with
Figure 53: Cost effectivenesss ooff ODARR.ATY oZ 2
Figure 54: Cost effectivebekBosuns E&EAH&KPEe/rvatCiZo B
Figure 55: Cost effectiveness of EAHR.3i7B CZ 4
Figure 56: Cesstotf EAEERIi ven€Z 5 wit h..8.,37680 hou

2022 Titl &i DXBASPaRd R ®2NRHV ACH|16



Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi

gur
gur
gur
gur
gur
ge

gur
gur

gur

‘e Gost

e 58: Cost eff
e 59: Cost eff
e 60: Cost eff
e 61: Cost eff
6 2 Cost effec
e 63: Cost eff
e 64: Cost eff
e 65:v€mesds ed ff

ectivenesss ooff BOAKR.ATM oz

ect
ect
ect
tiv
ect

ect

eEAHR in CZ 16 wi.t.h3883 760

2022

i
i
i
e
i

veness of EAHR.3i8M0
veness of EAHR.3i80
veness of EAHR.3i8r

ness of EAHR..L.mB8QZ
v ¢7r6eds sh oaufr s AH.R.Bipre r@Z i 1o

veness of EAHR.3i8®

Titl &i 2D@BASP aRd R ®2NRHV ACH|1 7

Ccz

CZz

13

Ccz

effectiveness of EAHR i.n...C¥7 8B wi tfh

9
1
1
1

1



Executi ve Summary

This document presents recommended code chang

Commi ssion will be conslidéfi ygguf btasvadrop mmen i
suggestions prior to thteo@atdoptedast pkebskdema
Comments will not be released for public revi

| ntroducti on

Theodes and Shhadaenhentni(tCiA&StE)ve presents reco
t o s utplp@arlti fEonrenrigay Co insginegiggyn Copmesbsopbphnhs to up
the CalifoCmdeal i EfeP&gwit 6) to include new requ
exi segogremenoss foeclmaorie€€gi esoridMia | nvestor O\
(Il OwPpcific Gas and El ectric Compaann8yo,utShaenr nDi e
Cal i fornniiasntdBvdiuddm cl y Owisleods UAnigleiltes Depart ment
andwkRand Sacr aimeinctiopaM UthdrreeiyreDiredr tevi ale t he
CASE Twlaenn including )JiepoRaSEedut hbs effort.
goal i's to prepare awdauitsdisbunli tt-e fpfreocptossvael s t hat
enhancemepteveoenenmgy a&rfdienergy performance i
buildings. This report and the code change pr
effort to devel opf tecthinveméeés anidnfcosmati on for
on buil dienfgf iecnieernghiyc diece gnampd technol ogi es.

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

Commi ssion will evaluate propdsS&l Feambmindt e@d h
stakeholders. ThenEmaywgyeCosmi ®si reject propo
Commi ssionds 2022 Title 24 website for inform

how to participatepsn/ thewpeoeesgagn-dca. gov/ prog
topi cs/ progamsedhfuiicsitieanncdya r ¢bsi1/i 2-@A dhrgpdVf | Ci ency

Theverall dgaoalcASPE Réeapesrt i s to presseadt faorcode
nonr es iHWAQ iCGolnlthreeelpsort cont ai ns parptpiordretngi nf
code change.

Measure Description
Background I nformati on

VAV Deadband Airflow

The proposed codmodhfaypygesi sszoiuhg prescriptive |
spdgyi airfl ow rates when variable air vol ume (

2022 Titl &i DXBASKPaRd R ®2NRHV ACH|1 8


mailto:info@title24stakeholders.com
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency

Deadband operation is defined as a temperatur
and air conditioninegtheYACR!|I $ymgetlomrmscool ing
Calnifay the maxi mum all owabl e zone airfl ow dul
of 20 percent of peak primary airflow or the
etermined in accorddfcé 3wi Thi Sepriopows®@d0chan
omplybyi el i mi negungembeaet to consider 20 perce
irfl ow. The maxiumu mga idrefaldd avrordial tale e ri eagfplliaggn b e

he dmsnigmwmdoor aDeplemgiomteccupansy wbupeds,

esult in a decrease in aifrofrl onwo sdtu roifn gt hdee apdrboat
uil di ngs andascl|2Omaper @emte sprriiawy i e€eat ¢y

han desi gn mianirnfruand Boset doeovns woul db uaiplpdiyngso a
hat use VAV systems for new comBetcrawctei @, tddak
ower airflow rate and |l ess fan heat during d
onsumptions will decreaasenpbubonheatingnenenagyg

o

O ——" o = ~ 2 0

Expand Economizer Requirements

This measure would modify the existing prescr
including economizers on smaller capacity uni
fault detection.dEzgmosmt izees( mPRsar pron Calif
save energy by taking advantage of the mild C
of free cooling. The proposed code changes wo
requireerct $s oinn 1401t &@oap elsii VArCt ieglui g ment .

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

usage in nonresidenti al buil di-emlgesc tamidc ab wi lad ist
They a@&rde ins a majorntg oéniCasidenti al net zero
DOAS are become increasingly popular in Calif
more flexibility for desi gneP@drotensod bcwirlrcinntd yo
havae cl ear definition or prescriptive requiren
changes woul d-egdmreeartatvee cesetr gy savings, help p

support state goals to move Tthoewaprrdosp ecsaerdb ocno dn e
changes waupdesddi ptSeetlisdelr tdi csmpetca fically for
nonresidenti al DOAS

1Section 100.1(b) of Title 24, Part 6 inclDdes the foll
temperature range within which the HVAC system is neit|
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Exhaust Air Heat Recovery

Thi s mevaoudne@ | ement new requirements for exhau
syst ems tchrattodmeaceatt d o orn,aicrl ifnragsetgin oakb@ewdand
hours of operation. The requirements are desi
Section 6.5.6 of ASHRARE )Stwhnidcahr dh @9sO .ilncl uded r
Exhaust Air Heat Redboeeemgmisacpa®@DbHBbhgaaldi gn
90. 1 but wpdat delren appCalciafodrenim@ahdst he state c
t he mar ket

Proposed Code Change

VAV Deadband Airflow

This measure would amend the existihgwprates:i
i ®ect i400n. 44( d) by specifying that the primary a
design ventilation airflow, which would align
90.1 (2019). This measure would i mpgaawttildatzke n
vari alvloé uamer HVAC syst ems.

Expand Economizer Requirements

This measure would incorporate two changes to
for econocSmctrenos 1A40.4 (e). This would i mpact
maj or alterations anmdewdHdVAC owmrsi twhies i nstall ec
would include the foll owing:

1. Reduce economizing threshold from current

2.Modi fy wording w tthoi nalTiagbnl ewilt4hO .pdr oposed <ch
90. 1

3.l ncor pogxadeptainon t o e x eencpotn osnyi szteermsr efqruoim e me
area meets the new dedicated outside air s

Dedicated Outdoor Air Systems (DOAS)
Thi s mevoukhmde prescriptitvieOASNan rieseechtay t he p

sour cveenafil ati denimahobuesidi ngs to include a n
criteria and control capabiliThes wodl|l dni mpae
primarily new construction thougéanadadultd oalss o

when a new HVAC isnyssttadm ewda of this type i n exis

ADOASNn this context isysdefm whdchpdated¥rCs 100
ventilation air separately from any heating a

Thiwouadppl yDOABa&INlg used as a buainlsdionfg sv epnrtiinhaartyi
any size in a nonrkla defnftii@ile rm@py | arciatta roina i ncl
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1. Providing each space with either:
a.A separate cooling system with an econo

b.ADOAS unmi nwmtum | evednerfgyyemed dwernya nrdat i
conol vemwthiednmovenl, 00@i chmbypass capabil

ventilation economizing
2.DOAS wunit fan systems shall haveptihmamibliy if
bal ancing and reduci.ng operation fan power
3.Zone terminal fhaensst ifrog mwsotl icnygc lor t o of f i f
4 Ventilation suppl ydiariectslhyaltlo ba sdpea ciev eore dd C

termi n@adoluinng or heating coil

5.DXDOAS or DOAS with act invaex icnouonh irnegh emauts tl ihnai\
wheinn cooleing mod

6.A total system fan power in |ine with pres

Exhaust Air Heat Recovery

Thi s mevouhmdeewr escri ptive requirements for ex
requiremefcfChsi foequiar emdet s are based on si mil
ASHRAE Standard 90.1 which take into account
percent of outdoopewmatiomanbuhoare oilbedi fi ed f o
climate zdnes an d& ewntsii bl e r e aewerhya erpaptvieor yr artahte
ag he performance metri dheepdegadapt dreessleateesd |
exempt i otntseSTHROAAMEN & ad o0 8RQ h & wisen e rrggoyo v, &8¢ ¢yt i on
6.5.6.1

ScopeCoodfe Change Proposal

Tablssummari zes the scope of the proposed chanc
standamReés erence Appendices, MAl h(eAdOM)t | Rveef eCael nccuel
Manuahd compl i anctehadbaudwemenotdsads ea result of t he

change
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Tabl:e Scogedef Change Proposal
MeasurelType of|Modi fiModi fiWoul d Mo dii ed
Na me RequirelSecti qTitl,e |CompliaCompl i an

of TitPart €SoftwarDocumga}

Part @AppencModi fi e

es

VAV Prescri|(l140. 4(No Yes NRCMICHE
Deadban changg NRC®RHE
Airflow
Expand |[Mandatof120. 2(JA6. 3 |Yes NRC®ICHE
Economi|Prescri|FDD NRC®RFHE
Require 140. 4
Dedicat|Prescri|140(p)No Yes NR MECH
Outdoor (new changse Acceptan
Syst ems secti Test
( DAS) modi f isc &
Exhaust/{Prescri|l140(p4 NA7.5.|Yes NRC®ICHE
Heat (new NRC®RFE
Recover secti (¢
Mar ket Aamad yRBRegul atory Assessment
This propedalktl|l ep@dtcrPiaptti v6e pmrecui r emeinth s

four
reseamd
use of

severmanufacturers.

stakeho

Th¥ A\Me adb aindfrheoavs ume or poe ae ertgechamophed| by est
Exprmomdiegein r etmeand brue | ds
requirememnteaxtaermdd ntad
c ap.ach@®hsSausruirtes dperveeslicerpi spetqg wi $ esnyesnt e ms
al readyarby eyneiantgh elmp eetlof man me

ver siOSHRPRMSE an POr. d .

upon
|l ower
t hat

pr

have

h i

| der

evi ous

groups t

economi zer

Exhaadn¢ arecovmegsur e

heat
Standar.
CosHf f e
The

it [

d 90.1

cti

recaa we rhyanidn er s

veness

2022

(0]

whi ch

a

have

psreodp oc 0 d eswehrtemgre d ctoefbfeect i ve
prboepaoxgdiitredtac B/ ICadnied
costbvithg st heoveeos¥ymmperi od

co

separ aae® ouwolbbiodme smeasturkesecendustry
nNcproporeat ener gy
bui |l ckisngvhtiedhhmaoleoguii del vy
| mpl ement ati on
i mpl ement

s.Avhien g opeosxadr ek qui r

vail abl e

o fe xtilsd 3§ @ gme a
and

known

d e v e |-soppeecdi glwi matoe ot $ 1 | z e
heare AUSSHRAEz e d

for al |

nbpeanr eedsi ttsh e
ofPramalsyedihsan g dat
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have/&atiooofgrlaasdkeef f ecti ve. HBheatl iaoc,getrhd hfeas
the measure pays foasavisred B/ @& toeme sfecera gtgihr e
vary signifheactli maSecesaEwin/5l.fdrt he met hodol og
assump,faindng esutosetfbdectheeness anal ysi s

Statewide EneEgegr,Wapamds &enhous(eGHER s
Emi ssilonpsact s

Tab2presehesesti maaredi ckceireapgayct s of t he propose
c hantgheat wi |l |l be realtihze f 2notedthiesavi dehe u2 022 Tit
Parteq@mimement cthirreetam efdtewi de energy i mpact
byw he fométoomwilegtriciitny gsiagvawagsst per vy e@aerak( GWh/ vy
el ectrical deimanne graenwdaytct ¢i wnEW) gami shvongshenms
peyeaMMT(hefY s )t i mependahttTiD&@mer gy s&viongs

British tper mgbakbt(uSg Spctd . Bn/b./H5.f50r more det a
on thgebhrrstatewiadecuilnmptaecdt sby t he SSeactteiwvaonde CA
2 .IB.IB./IB.Boatdet aitlhse -apneirt ener gy savings cal cul &
St atewi de CASE Team.
Tab2€i rYeta$t at emndyegnthpact s
Measur e El ect | Pea Natur a TD
Savil El ect Savi Ener
( GWh / DemanMMTher| Savi
ReducHt Y ( TD
( MW kBt u
VAV Deadband A 4 . 0. 0. 184
New Constructi |{ 1. 0. 0. 54.
Additions and | 3. 0. 0. 129
II:EQXpa.nd Economi 21 1 (0. 476
equi rements
Newonstruction 6 . 0. (0. 140
Additions and | 15. 0. (0. 329
Dedi cated Out di
Systems (DOAS) 39! 4 . 0. 1,12
New Constructi |{ 2 4 2. (001 703
Additions and |, 147 1. 0. 422
Exhaust ARierc ohe (0. 0. 0. 145
New G€omucti on (0. 0. 0. 39.
Addi tions and | (0. 0. 0. 105
Tab3presents the e GiHIGMAIt £3a sasvaociidactda@ wir oipo s ed
code chandgéhset hgeat anderfde&acédi edeidn GHG emi ssi on

2022
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measurmat ninc tomsdiod xice peeqguiivcaQteeMisss umpti ons
used in developing the GHG®esnadeitxhpGs @mbBpoptovid
monetakyevof avoided GHG emissions is include
includeasdhf ¢ beianvaelnylsdiss -feasti mpacts of these
are expectded et GHG e iB58BNMedns cbyfonsi oghl €EOR eq
accounti nmgettary av @lddiel lowido sbHo wn aibn et lIbe |l ow.

TabB€&i rYsetar St aGHEGmmdesi ons | mpact s

Measur e Avoi ded Monetary
Emi ssi Avoi ded

(Mtric Emi ssi

CO2e/ ($20

VAV Deadband Airfl oy 2,6 $279,
Expand Economi zer Re 4,1 $4 41,
Dedi cated Outdoor Ai 9, 5 $1, 012
Exhaust Air Heat Reg 2,2 $ 2 3995,
Tot al 18,5 8 $19,739

Water and@QuWaterny | mpact s

Tabd4pr esents tdfd ressitaiyneaatresavi ngs resulting fro
Heat Recollheaysavings resulingfdomdradudcde cool i
systems that -caoolkcdhdél ed watT@érreseyatembed eap

be significant water iIimpacts from any other m

Tab#4€i rYsetar Water anBl Embeddetly | mpact s

| mpact OnSit e Onsit e Embedd
| ndoor |OQutdoor |El ectr
Savings/Water SgSaviahg

(gall on(gall ons( kWh/y

Exhaust Air Hea 0 938, 3,3
a. Assumes embedded ener gy nfiddtioorn ogfal3d ,h ones5 okf(\WbWwPapt@err2 Ofldbr) .out d

Compliance and Enforcement

Overview of Compliance Process

Thé&tat ewAIE Twamked hwst akehol ders to devel op
compliance and enforcement process wonud dt o i de

havevami ous maimTket caempdbi ance pr otcde srse d pse ddteiswe
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Submeasectef onsmaadumpacthastthe proposevdburheadasur e
have on mar ket actor s2./s/d3esPkaodppededi m Secti on

Fi eMedri fi caAcoamptaamndce Testing

Foex pagcdonomiegern r eemelnQAsS ex haanaishie are covery measur e
there would be modifications to existing acce
would simply add small er teapgadiotry HVRAICt S ytsd etms

DOAS wunits, this would add a newsesepeodbfcrite
acceptance Fodataismeggrecovery, new criteria for ¢
design airflow will need t ohabnedlaedden Itlo riemaduiicr

device and the economizer functiesal thestbiypas
functions.
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1l ntroducti on

This document presents recommended code chang

Commi ssion wi ||l be no2@2défi yguf bavadopmment s
suggestions prior to thteo@atdoptedast pkebskdema
Comments will not be released for public revi

The Cadhes St andards Enhancement (CASE) initiat
t o sutplp@arlti fEonrgnyi aCo mmd Eneoyy CogmesBODNhsS to up
t h@al i fEonrenrigay (Co d,é eP32rdd i6ncl ude new requirement
exi stingmeegsifor varilhruatecbnoi agiegesfTor O\
(Il OwW”Ppci fic Gas and El ectric Compaann8yo,utShaenr nDi e
Cal i fornniantEw@usbodn cl y ©Owisleods UAnigleiltes Depart men
Water andnBo®wacramento Munidiepa&l nUtrielfietry edi ¢ to
StatewiBeTe&€aArS8 when incl udi hgp drmeo rGeANdf B iAiug hor )
program goal i's to prepawaeutaehsdu Istuebfnfi e c tpertoep o s a
enhancemempeesmn®r gy edridceraercyy p&raflof mamdea

buil dings. d htilse reqpdbea tclaannge pr oapes plarpr esen the
effort to devel opf tecthinvemes anidnfcommalti iremefndrs
on buil dienigt ieenretr gdyesi gn practices and technol c

The Statewide CASE Team submits code change p
the state agency that has authority to adopt

Commi ssion will evaluataepSotposwi desCBAREt Tedm
st akledheor s. The Energy Commi ssion may revise or
Commi ssionds 2022 Title 24 website for inform

how to participatepsn/ thewpeoeesgagn-dca. gov/ prog
topi cs/ progamsedhfuiicsitlieanncdya r ¢bsi1/i 2-@@A dhredVf | Ci ency

ThiRianCASE Reporshotfpurni gwelkange pr orpomsrads ifdeant i al
heating, ventilation, and.aiThecsesotmemesragd (H
the sections of the repoanprionviwlhe dc hb etlhoew: ar e

1T Sectdio/AV Deadband Airfl ow

1 Sect3iExpand Economizer Requirements

T Sectdiddadi cated Outdoor Air Systems (DOAS)
1 SectSi&Exhaust Air Heat Recovery

The foll owing i s a br ioekfushemmd mhBe ontf 2 ad thher ocuognht e
4 ofr d@pheoer t

T Measure Dessestr FphCASIE Repowtial desafritphe on
measame i ts bacTkhgrsoadngmoe $ emtdset ai | ed descri
how tbdcehange i s accomplished doaeneme svari ou
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The

|l

il

t hat make upPatriSet @Tnidtalred s2 4

|l n addt hMarnk dto Atnhail sy ssesct iaom eivin elwuddnstt he cu
mar ket sS$urbuscetcttri®o/®./2. Rescri be the feasibilit
associated withinbéudodeg wheindheaes uurhee propo
overl apxn bwvii th o tiloenrs (odritt dieng ,su ahfdaged s

sei smic, sanfdtot sehrad dawh e sh erc otmpd h mincal,, or
enforceabil ietxy schall enges

Energy Srmhnesemgtsgwhhe pner gyeydcodie nrmanndd ener gy
cost savings associated with the proposed
describes the hmdE@hadewiodgy QASSE Te samiemat e
unemner gy, rdeednuactdi b ne cedrsgyw i ngs .

Cost anHf fCeocsttiprersaesi®eat eri als and | abor reqglt
i mpl ement t headgnueaarstaiitrfieio mena@f ncr e mMethsaal cost .
i fawdes estiinmateeme ndfal ma, nitt@aeua,pame ncodtid et i |
various cpernisodissoci ated with replacement a
period of analysis

Fi fyetat aBewmgdapgnt esstehrsdt at eewniedregy aadi ngs

envi r onimepnatcatl sp roofp ocshedde c hanget fyoera tthhaef tfeirr s

202c20 dtea geef f.&8bt s i ncl ude senehreghyatmohieh ts aovfed

by California buil damdg iompnaecrtss a(nidn ctreenaasnetss C
omat ewitah emphasis placed on any man eri al s
the state o3t aGeelwiifdoer nWiaa er ¢ ocamrseu mgtgioo n eidmp anc
thsesction

PropoReevdi si oondscahgu &€geacltddepoett wonb speci fi
recommendodatsihendele)r i amder (addidl angaage
for Sthed&efeyrAppendAlctearveat c ulMatt ih@AC M)
Reference NMampadl anapdMgnuaoncement s

foll owing appendices providetaahail tyisersal i

AppendprxesAent s the methodol ogy and assumpt.
statewide energy I mpacts.

AppendEmbe8Bd&ée@ctricity in MMeeentMetthlme ol og)
met hodol ogy ands adcsaulooput Bneoltnesc termbceidtdya d
water(esge., electricity usedantheshrearvwg,y mov e,
savimgsul t irreg ufcreadm wat er use.

AppendprxeLents tbgi emegtdondoassumpti ons used
i mpaciGHGOmMI ssi ons uared qwat et y

AppendprxedDent s detail ed s ntfoo rtnhaet | @Wanl iofno runpida
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gy Code Compliance (CBECC) Software.

ndgrxe E@ows t he recommended compliance pt
tmafrikedr sact o

ndd axc Fme mees f matdeo eeagrado!l | alwort &t enar ket
rs and experts

ndpxes$ent s a tshuemntaornypl et eDOASukhsergi®y th
ct per building.

ndp rxendtless uammary of DOAS manufacturer tec

n:pir>e sI®BOAS i ncrementas$. cost reference
ndpirxovli des a DsQAnsmahreyatofr ecovery ventil a
ndprxowi des a sDOA& oyl edfl hglsa s a

ndprxoviei des a sumenaerygyy ne dWIABal ence with
omi zers in mixed air systems.

ndi »rMivin diewsi dual surface plots showing
climate zone

Appendi x Nadpi bdviph@as ot ype model resul ts in
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2Vari abl e MWeradValndmei r f | ow

2. Measure Description

2. 1Mdasure ®@vervie

The proposed code changes would modify existi
specify airfl ow raotlsmelzeEhle\sh rairaeb lien aieradband

Deadband operation is defined as a temperatur
and air conditioning (HVAC) systerml ms neither
California, the maxfimdwr aligdheall e pmsorad eaihrar ge

of 20 percent of peak primary airfl oas or the
det erdminneaccordance withhSecpropodeorélflapge wo
compl byiltiymi nate qqui rntédaceemdi deor c28t pof peak pri me
airfThewmaxi mum a@iurfiingwdreatdd avod $ @ e f egg ulaan

the dmisnigmwmdoor abDeplodi ngt en ockiupaweyl d ype
result in a decrease i n aifrofrl covio sgithitporey deadba
buil di ngs andmocslti nsaitbaes azPobOnoepsd r peeratkmeair ryfi Iso w
typigaédtyede sihgam mi ni mumfrdawtBdse@o m e v iuslido nasp pw oy
to all buil dings that use VAVonmssystaemds olotre rnaetw
Because ofaitrhfel dawhivvcdteea Hdematdergdbamar afanhoand
cooling energwideoséemieabnng energwilclonsumpt i
i ncr efehee.revi sions to the compliadcetswbtuivdr be
negligible cost to i mplement. Energy savings
reduced f.d@dmisenergogypyosed code change would alig
American Society of Heating, Refr i ABHRAEI on an
Standar20 1999 SHRAE, Standard 90.1 2019)

2. 1M&asure History

Requirem¥VAVszdoreshave been subject to B8Bode cha
and 20CIABSE: Reduce &Rredeawtlel2 KInlo)wn i.mMmhéehe i ndus:H
proposed code changes have already been adopt
exi saamtgrol s i nfrastructure adnemtted hiirs 2@ uar
no cost.

Title 24, Part 6 intilodesfowoaprésowi durvegog
The required ventilation airflow calcul ated i

2Section 100.21(b) of Title 24, Part 6 includes the foll
temperature range within twherc hc dlhlei Hy/ AfCors ylsd @&tm ng areicc
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20 percent of the pemaeka spurriemawoyu ladi rrfelnocowf e Tthhies 2
peak pri mampy iairrdielodnb andwial di beawted by i ndoor
requirements alone. This recommendation is ba
ASHRAEOGs r esearlhhl 5p miehleerand RPr Quality Accept
t hat Reduce Engr My nbynuke ducihow f r(ocASHRAHE,head
RR1515 20«wh) chf wadedoby the California Energy
Commi ssion) PIER program. The research projec
comfort arnd saitri sguwealtiiton of reduced airfl ows u
investigastadi prgerggsul tdiemg blamamml ewt senhgoints
10 perdesti gof xioroflicmy and found that | ower f 1l o\
occutpatnher mal comfort and I mBubwsed uaint ¢ualdite
found s$mi(iASSHRA&E JourFnanldi2n0yls9l)bd édmr BRul ted i n
approval of Addendum2®U6t owRiISHIRAEe @@dc ddr f he wd e
requirements. As a result, this nmaashurAeS HRRAEp o
Standar2l0 90 .and simplify the existing code rec

2. 1S8mmary of Proposed Changes to Code Doc

The sections bbBbwWwes g mhaRafaareesnce Appendices, /
Cal cul ation Method (ACM) mied fi admecmcnesviiMatnel al s, a
modi fied by the propo8edt tihangeporSteef Grecdetoai |
revisions to code | anguage.

Fot hppot entisaloni fiohruheal thcare facilities, the
t hineasure shoul d hbadnlcoansa MtaiMaIglafAGry st e ms .

2.1.3.1 Summary of Changes to the Standards

This proposal would moditfhy tChad iffolrindvai rEqn es got
shown bel ow. 2 S6cef2 Sehcitsi ornep-optcbdbde mangedge.

SECTI ONOT. MRESCRI PTI VE REQUI REMENTS FOR SPACE C
SYSTEMS

Section 140cdH(nhdl) tSmamce g Zlome PLwrmnmpgaswod saf t his
tomeand existingi mphgitgageanaxu lmalm o waesbalaéb a n d
airfl ow forbdxemifnarl DMA aslyismiemat i agn ¢ ithdke m ez2d
percent of peak Tphiigmacgodeanadfelsoglee xalt ygasadwi t h
ASHRAE Stan@ABHRAEB, 1Standavhd 190 .mMai2nx1a9)ni ng mi
outdoairflow ¢(€quli e eé n(tPaaatti n 21021M.) 1

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

2022 Titl &i DXBASKPaRd R @2NRHV ACH|30



2.1.3.3 Summary of Changes to the Nonresidential ACM Reference Manual

This proposalSewaulodh nmo bi.feyol NaEr s rAEMWM b wa l
Ref erenckTMena aounsionfg 20 percent of the peak s
zone will be removed from standard for Dual M
deadb&mrd. Sex.t@odh t hi s report for the dettail ed
of the ACM Reference Manual

2.1.3.4 Summary of Changes to the Nonresidential Compliance Manual

ChaptierMedchani caf Sdamdsindseonnipilailad eaduheed
to be tevieedrpor aSeec tdihodn @e Prtescri pti ve Requi

Se&ectd.olnoF. 4 hi s r eeptoaritl efdorprtohpeosded r evi si ons
Compliance Manual s.

2.1.3.5 Summary of Changes to Compliance Documents

The proposed code change would modify the com
Exampl es of the revised docuZ2netn.tés are present e

T 20X RCMBICHE-Secbn K: Termi nwbuBdedCbotbel s
amended to i ndweaha Itdmgern htkeeg e20 percent zc
requirement .

2. 1Rédguloay Cont ext

2.1.4.1 Existing Requirements in the California Energy Code

Currently VAV air fnlomw ersa lojueintdimegs safe®ersubj ect
di stinct sections of (thietlCal24 oc65Ramti EOE2 Qo6 )Co
and Section 140.4 (d). Section 120.1(c) provi

ventil ati @en.e,Fdmr emXamoms, | obby, and office s
ventilation corrections based-AoMi sqmame f oot a
Vent ation Rates in Title 24, Part 6 for more

prescriptive requi rbeomerctontfrwrd st stmitnang t hat d
not exceed the greater ofoRtOh e emarddat qreya kr epq u in
airfl ow.

2.1.4.2 Relationship to Requirements in Other Parts of the California Building

Code
VAWIi ni mumfrlegwi remepasalbieetyse under the Califo
Mechanicalli Cbde24, ukPrdet €hapuoueé) 4d4ecVemmni 4HBI. @
andubseqgswebnstecti ons which reference ASHRAE 62.
However, a%crnadtdodd a3, emediul atsopsr saseeed by the C
Energy Code.
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2.1.4.3 Relationship to Local, State, or Federal Laws
There aeeamo telkal, stat e, or feder al | aws .

2.1.4.4 Relationship to Industry Standards

Both ASHRAE Standard 90.1 and the Internation
contain sectionslhdam zomdep roodpeter@godl ds . ahl itghne w2iltl 9
ver si APSHRA St anda(rASHRAEL, Standard 90.1 2019)

For | ECC, t hecr20al8 dv ear snieomnc ® € ¢sipireacti dtiocc\MAVY ons f ¢
zone airflow but d@iguinda mamertt RAEB AAWE taed dehn d um

which remOemertchent mi mapmud@kcBG@r.2 0TéhBe)r e wer e
nproposal s2G2axthaltEC@commending aligning with £
the 20 percent anp mn oghaeenhefrlggwiEdtfe ci ent .Codes Co

2. 1Codbmpliance and Enforcement
When developing this proposal, the Statewide
streamline the compliance and enforcement pro

mar ket actors who ar e idnvboel vneid iignattehde oprr orceedsusc
section doews ctro bceassmpnl y with the proposed code c
compliance ver iApipceantdbiox@sEpmios elsew the proposed
i mpact variowss mar ket actor

The activities that need to occur during each

1T Design Phaseg the design phasewouhd mecha
need to makecastmadns moaditfheir existing VAV
for thecakecttoa@wiwogsidmpl i fy the code by ba
airffloowt he deadlmand nep esrad tuieon nwoebd of tw
make it incrementaldryd easastaead fsarb ciband ir arcd ro
order to accommodat e sthhoeallcdhalnlg ¢dgiustd e hiagmer
in the sequence of operations and other s
ensure controls subcontractors are aware

checkamsnete clarity for future compli ance
T Permit ApplichAhtt hos Phade,c kpelrasn wi th the au
having | woiusndliedt tonensure that the new f|
fl ow setpoint iIis called out ioetbf& mechan

operations to ensur e t hlihs si st adngpel cesnheonutledd b
incrementally easUprdefothcesdgMCalEEe | c NRCE

SSe&ection C403.6.1: Variabdtegsatemyvol ume and multiple

2022 Titl &i DXBASEP aRd R @2NRHV ACH|3 2



Certificate wofuv@amgdlyi arhaeg t he zonal <contr
for each ziomge tihse nreeeqqui r ement s .

T Constructi &dndPBPhas f,i st hpehatseen s u b evomutl dact or
i mpl ement the fl owrate setwhiiaoh tilhoe ddret rdec
subcontractor is already doing.

T Inspectiodnddrmastthi s phase,t e@armmse aree htaens tcead
part of acceptance testgind.atThuerM@HININR CAh a
A, step 7,woiumEepactor yerify that the deadhb
adheres to tlhoewrpartodploeseeedn of necessary change
compl idomcawenemtnd t he proposed change wil |l ¢
processaube the inspector would not need t
deter mi ned2 ®aperdceomt of peak primary airf]l
miinmum out doorasaitrhifd oowp triactcre t o use 20 perc
airflow option would be removed.

As oed | a moiveee,a stathoehave | i mited chawnWges ghoamnhle
constrpurcdadasESt at ewi de CASE Teamptieemmsenhati exp el
this measure to add substaaodtceowms | dgeraoogpess .t o t h

2. Mar ket Anal ysi s

2. 2Malr ket Structur e

The Statewide CASE Team performed a mar ket an
current technol ogyr cadvuadtl asbvidiiltayhi IciuTriree nandg mar
St atewi de QASeEn Tceoanns i dered how the ptogosed st

mar ket in gener al as wel |l as individual mar k e
the incremental cost oédcowmempsyreg Bstihmahes po
and measure applicability were identified thr
sdadkehol der sutiindltwdipmrggram staff, Energy Commi
of industry actors. I n adeidt ioonrtachondbhet ISt @
Team di scussed the current mar ket strhuceteur e a
public stakeholder meetings that the Statewid

(Statewide CASE TeamandVAQG?2 @H0OSLt 4241t e2d dx) CASE
Team: HVAC CousPtrrecslemtZad@d@es, meeting notes, an

code changealnamguagesnd in the resources secti
Primary mar Ketr dadticer measure include VAV box m
designers, controls contractoufacaondecsmmusbkd
boxes compiling the various components such a

andBVAC designersddet@&womknéaybet that connect
to the air handler and speciftyaccheoeresqpir pme atm

2022 Titl &i DXBASEP aRd R ®2NRHV ACH|3 3



VAV boxes to adhere to the requirements of th
the buil ding aut omastsiioonnisnygs taegneentGonwer i fy that
i mpl emented properly adhering to the owneros

Thet &t ewi de CASHofeamtdaepate significant cha
complying with mhinsomeagesewodthewi th HVAC desi
which would have to adjust their mechanical d
deadbarnfd oaw r e qiwilrle mearmtes mar ket actors woul d
way .

2. 2T&€chnical AVeaa skielt i [Aivtainlda Ciulrir kegntti cPe s

As noted in the Measure Description section,

code changes i n0DbBditthl BA0AaBnGla nadr e2 we |l | Known in
Thproposed cohdaes cahlarneggedy been adopted amd o ASFH
this measure would simplify compliance by req
to be subject onhymumst heqgairéetdowaA ehrthef Ta
California EmhergyarcCedeo known techniclailt f easi |

barriers.

Currently, the maxi mum all owable zone airfl ow
of 20 percemitmarfy paiarkf | ow or the desilgoan mi ni mt
most QaDsesercent of padaask | pmrrigrede wmihganrnfilinoewn

outdoor ailtfliewcoammen practice t o pseeatk tahier faliorv
even thoughdebi snsoperooutside air than is requi

2. 2M&8r ket | mpacts and Economic Assessments

2.2.3.1 Impact on Builders

Buil ders of r eserdceinatli aslt rauncdt ucroensm ar e directly
measures proposed by the Statewide CASEsTwamh
t he nor mal practicesdplusthébei budbuneésdsseg poaa
buil ding codesr.y,Whbeuni Indeecress seangage i n continuin
in order to remain compliract i wieis H ala lshagn gceosd etsa

Californiads construction industry is compris
and 860,000 emmpbbelers2b&®e tot al payroll was ¢
17, 000 establ3shmMedMG semmldoyees focus on the co

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

Construction Sect|Establis|{Empl oyn Annu
Payr
(bil i
Commerci al 17, 2 3481 $27
Commer ci al Buil di 4,5 75, 5 $6.
Foundati on, Str ugd 2,1 53, 5 $3.
Exterior
Building Equi pmen 6, 0 128, $10
Building Finishin 4 5 85, 6 $6.
Sour(cstate of California, Empl oyment Devel opment Depart
The proposedombandgtvAGht wolud d | i kely affect ¢

bui l@dedenresidenti al electrical ,biHVA€ouladdn @t L
signi f ipcaacntt loyt hiesm b uiTlhei red ftecadedsn t he commer ¢
industry would not be felt by all firms and w
specific i nduBabéysehsouwbss e chteo risammeli migalsubsect or s
St atewide CASE Team expects to be impacted by
as they are related directly rél dva@ tqut pbeenp

Tab6:e Specific Subsleicftormri aoafCdrmhme rCai al Buil din
| mpacted by Proposed Change to Code

Construction Subs| Establis|{Empl oyn Annu
Payr
(bil i

CommerRuialldi ng Col 4,5 75, 5 $ 67

Nonresidenti al E I

Contractors 3,1 66, 9 $ 56

Nonresidenti al p |

contractors 2, 3 52,9 $ 45

Ot her Nonresident

contractors 50 8, 8 $09

Sour(c®ttate of California, Empl oyment Devel opment Depart

2.2.3.2 Impact on Building Designers and Energy Consultants

Adjusting design practices to comply with cha
the nor mal practices of building designers. B
Energy Code) are typixadd yr eywidseit aoh do b ua | tdh mge
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deseges and energy consultants engage in conti

to remain compliant with changes.to design pr
Businesses that focus on residentilalb,uiclodmmmegr c
designnaaened within the Ar dNloirtteic tAnmreali cRenr Mind
Classificab%4bdaT@pEeeml| i fornia Building Design
Consul tanghd®dwexsttores number , ofe mpsg tpaymmdeintdtmaint &n n u
payroll for Buildi nDhpfArecpo s edctauocmaeulStkanvgese s .

potentially impact all firms within the Archi
Team ant i ciinppaatcetd® mefeicerd ent i al o HY0A Ca fCfoencttr f i r ms t
focusoanesidential construction.

There is not a North American | hodade rsyp eCd iafsisd
energy consultants. |l nstead, belksanedstse bhialk di
ener gy efrfei cioemmay ned in the Building I nspectdi
541350), which is comprised of firmsoprimari/|
residential and nohtesisdemoti @loslsiuibl @i hngsdeter
establishmant fewiBtui | di ng | nspectidomn eSreervgyc e s

efficiencyh@€omnsat@lor i magTambm?psrhoovwnd eisn an upper bol
indication of the size of this sector in Cal:i
SNAI'CS is the standard used by Feder al statistical agen
the purpose of collecting, analyzing, and publishing s

NAI CS was devel opment jmdicntCllyasksy ftilcematW.oh. PBddrog Commit
Canada, and Mexico's bhbdbBsttoaoyN&eognafide Estall ow f ol
comparability in business stati stNAIsCSa moenpg atcheed Nohret hStAa
l mstrial Classification (SIC) system in 1997.

SEstabl i shméhis s eatsdrneismselsl goa é mpagledat inng a buil di ngods
and component systems and includes energy efficiency i
servides.selch or does not include establishments primar.i

pests,dohuaszawvast es or ot her ennoidrocensmerntt aln cdoundtea nsitnaattee sa,n
government entities that focupl iomhderdendd mtg ofr bewmielrgiyn o
regul ations.
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Tabv7:e Cali fornia Building Designer and Energy

Sector Establi s/ EmploynAnnual F

(bil 11 o1
Architectu®al S 3,7 29, 6 $ 9
Building I nspfec 8 2. 3,1 $0 2
Sour(c®ttate of California, Employment Devel opment Depart

a. Architectur al Services p(rNASaicd &4 18dt0gblilciosnpme stes pr i m
in planning and designing residential , buinisdiingd i @ama l
structures;

b.Building Inspection Services -gJeNcAtl CrS &At1BIBI0IYys cmenmptrs spe
engaged in provi dingnobnuielsd)dnégmtyipaelstiidemtdsarlvi&ces enco
aspects of the buwiolnbiomge nstt rswesttuermes ,andncl uding energy
services.

2.2.3.3 Impact on Occupational Safety and Health

The proposed code change does not alter any e
regul ations pertaining to safeby fahd Bahbhl fbrn
Division of Occupational Safety and Health (C
rudwout démain in place. Complying with the prop
anticipated to have adverse i mpacttshoosne t he s a

involved with the constructi on, commi ssioning

2.2.3.4 Impact on Building Owners and Occupants

Commerci al Buil dings

The commerci al building sector includes a wid
restaur dmntdg i amgd r e tuasiel ,e satnadb Imisxhende nt s, and war
(including (rKefnmiegye ”2EOMe&Odgygy use by occupants of
buil dings also varies considerably with el ect
cooling and conditioning, and refrigeration.

wat ed famr space heating. According to infor mat
Energy Efficiency Action Plan, thermenci anor e

floor space in California and consumes 19 per
useKenney. Theld) versity of building and busine
creates a challenge foondessemynandnwatit af oemé
solutions, as does the variawndrig yand tstoghi st
relationships between building owners and occ
Esitmati ng | mpact s

Building owner ssoabdnetcupanom | owlars carsesregly i mi
Sectd.om,wheln buil ding occupants save on energy
el sewhere in the economy thereby creating job
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economy. The StTetaewiddbee sSCADE expect the propos
the 2022 codwaacytclbaittdi ng owners or occupants

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

The Statewide CASE Team dorets inmpganatwgp E@arct angr si
and distributors of these product s.

2.2.3.6 Impact on Building Inspectors

Tab8shows empl oyment and payroll information f
agencies in which gsnadgnmidnxlpeamteosrcs adf brue | di ngs
empl oyed. Building inspectors participate 1in
aspects of building regul ati &dnsa,t eiwn adllea &MBSE e n
therefore, anticipatwouhtalvreo pirmpacte do c heampleo y me
building inspectors or the scope of their rol
Tab8e Empl oyment in California State and Gover
| nspector s
Sector Govti Esbai shmEmpl oyn Annu
Payr
(mi ||
Admi ni strati|St at 17 28 $29
Progriams Locd 36 2,8 $205
Urban and Ru|[St at 35 55 $48
Devel opmeht |Loc3 52 2, 4 $186
Sour(c®tate of California, Employment Devel opment Depart

a. Administration of
pri manghged in th
and stahdasdsauth

b.Urban and Rur al D
establishments pr
and raurealsl ncl uded

Housing Programs (NAICS 925110) <co
e administration and planning of ho
orities, and housing programs, plan
e
i

vel opment Administration (NAICS 92
amdmi hysengtaged andtpkeanning of the
in this industry are government zo

2.2.3.7 Impact on Statewide Employment

As deesdcriim S2e.cZ.ido.nBli.g2, 3t 6e SCAFEwTdam does no
anticipate significant employment or financi a
California economy. This is nwotuhbdo bBayet mates
i mpacts on employment 2i.mt@eal ISt at mriwa del CAS&C (Tie
estidiadctehe proposedAbabhwelLé&tlf ect estat ewi d

empl oyment and economic output directly and i
designers and ener gy concstudrtsa.ntlisnh eadnfdi &biue w i ddi en
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CASE Tesatm ddadve ener gy savings associated with
Nomsi dential HWoAUD dColnetardoltso modest ongoing fir

California residents, which aoaridc tdaetni biet iaevsa.
2. 2Eddlonomi ¢c | mpact s

For the 2022 code cycle, the Statewidee, CASE T
along with economic information from publishe

devel oped estimates of tkrae ec¢cdmomac hi ppaptos ea
chandgWwmi.l e this is the first code cycle in whi

estimates of economic i mpacts wusing | MPLAN, i
i mpacts developed for thiareepastdaoa o6nimyt eds
some extent speculative information. I n addi't
relealty vsi mpl e representation of the Californi e
CASE Team is confident that diofctheneanidmape
economic i mpacts are reasonable, it is iIimport
i's a isdganpilardf of extremely complex actions and
businesses, and other organizatiord facitmey r
codes. Il n all aspect of this economic anal ysi
assumptiansgredaer | i kely economic benefits ass
change.

Adoptitcdhn sofcodprepaaglkedsul t I modebateeehypmic

i mpacts through the adtdhbsenah tdheecommpendah
i ndustarychi tects, energy consudhta®mtat eandeb CAIS
Team dwmds anticipate that money sawead oktyheaomme
organizations affected by the pooapesedt20d2 c
additi odaingspbg those businesses.

As noted 2n4S2bei &n at ewi de CASE Team does not
equi pmente,nameaien or | abor ceAddai tfioonadlhliy, stutbene
CASE Team does notde aklparcdf | tohwe pViAb o@immhe t o
consumiasgs to the exietibgi réespgnsnbdpéctoes o
Thus, wtohudbrdeo economi c I mpacts ekpeactedchedebyot
following threweuéxpeeasnceseconomic I mpacts.

“ MPLAN (I mpact Anal ysis f opoudtl pantninmogd e |s ou stenda rteo iess tainma
effects of proposed MPILIAN iiess tahned nporsotj eccotnemonl y used eco
dueite easa&nexXt amsseive detailed information on output, e
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2.2.4.1 Creation or Elimination of Jobs

The Statewide CASGE daepbmcidmpedseuptrédcaptof sbendet h e
2022 codegueulyaoiedrad t o t hewtyepafsijombsosfomet he

el i mineii gty mdgs of | obs. I n other words, the .
proposedwobhdgeresult in economic disruption
economy. R astth enta,t etsheofe economi Seicmd .@2ntodu | dli scus
|l ead to modest changes in employment of exi st

2.2.4.2 Creation or Elimination of Businesses in California

As s taabtoevdetSh et ewi de CASE Teamwoupoopoesd!| ¢chamg
economic disruption to any sector of the Cali
represents a me¥as€t Cowhngbshdt excessively bul
competgtsadvant aigee KCwudiime@wcmelsd neiclegslaead to a
competitive advantage for CtaHe f3trantiawibdies i QASE
doensot foresee any new busipBesSbatbwidg CASE&t e
Teatmhi nk any exi svtoiubegl eéluisminrestseeds dueod® t he pr
charmsge

2.2.4.3 Competitive Advantages or Disadvantages for Businesses in California

Thpr opocsoedde c¢ hwaonugleds apply t o naxlolr phpuaCeéEs $esni a
regardless of wheithmeor pihmsetbadst i neassi ife of the
Ther ef otrhe St atewi denBGASBnTéamppoepodad t hese
measuwewshave an adverse effect on the competit
busi nelsiskeeswi se, the Statewide CASE Team does n
|l ocated outside ef aBGabntagedaowodidaldvantaged

2.2.4.4 Increase or Decrease of Investments in the State of California

The Statewi deankASYEz eTdeanmat i onal data on corpor a
invest ment by businesseaptthal skpahkdi(waetfeer méd
domestic investAsEabdshoovbesNPiele)maBA 8120 NPDI as a
percentage of corporate pr ofwittsh raaan ggégvtke rfargeem o
percent. While only an apporucssxiinmeesosmenuosédther pl
capital itnhvee sStneetnetwi ddeChsPEepeami des a reasons:

8Gov CoAdlel,346.3(c)(1)(C), 11346.3(a)(2); 1 CCR A 2003(a)
di sadvantabethud pirmeCcsses curr enttlhye dsotiantge busi ness i n

°Net private domesshtei ct oitnhavlé savmeosutintme wiE pi t asli nkeys st skeeckwr t h
is used to expand rtalbteéneadapgihtaanl maticmakai n oQGo rrpeoprl aaticee pdrucef itt
t he moneefytad ed g atpiagyrs it s expenses.
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estimate of the proportion of proprietor inco
owners into expanding their capital stock.

Tabo:d&et Do mersitvMlaatveest ment and Corporate Profit

Yeal Net Domest. CorporateRati o of N
l nvest ment by After ] l nvestm
Billions Billions Corporate
2011 6089 1,748 359
20 1¢ 45 . 1,739 269
2017 508 1818 289
201 ¢ 618 1843 3409
201¢ 589 18 7 . 329
5Year Av 319

Sour(ckederal Reserve Economic Data n.d.)

The Statewide CASE Team doesonoti ant mpapaseats
withprntdposed wrewlsebarde t o shgnpéi cantrease or de
investment in any directly or indirectly affe

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

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

government funds.

2.2.45.1 Cost to the State

St ate government talfroera dcyo dhea sd ebvued gopep ment , educ a
compliance enforcement woWhidl el sbatae¢i ggversoanmn
update the T$Sttarmda2®Mdds Pairmcléudi ng updating educ
madr i als and respondi ng tdr egquuei srteinmoennst sa b otuhte steh e
are already covered by existing state budgets
when compared to the overall costs savings an
cde change 9ir magplels as ish me as um esh divanc etsdf dbeec t i v e

the Statewide CASE Team does notthexpeéateany a

2.2.4.5.2 Cost to Local Governments

Alplroposed codd@ithengds Part 6 would result in
determinations. Lodahegoviewinlhkeiartgs dwomahr tt hent s
revised Ti tSteanadd,r dBar #Wh@ai i hbi Bsran expense t
governments, idtiasssomci a2 @mak2wietolc htalmege cycl e.
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buil ding code i s upidsa,t eadndnl acalr iganwearaln meémtss |

retraining every time the code is updated. Th
|l ocal governmemps i tamceuppa@aimnioa@ that can helop
retraining, includiesgutrcels prb®@B8odeeasbdbyndde

Standards(puolgrasm EnerAy Cotd@pAcE) xhe Statewi
CASE Team consideredoldewctmaeg ger o pnopsaed v ari ous
actors involved in the coenpd iamd eaiamad etnd omicrei
negative i mpacts an | ocal governments

2.2.4.6 Impacts on Specific Persons

Whil e the obj ecStiavtee woifd ea nCyA SoEf Ttehaem s oprod peo Eanle |
effictiretencyt,atewi de eCASHE hBeeamher e ihsatt hae pot en
proposed comaey crheasnuget i n uni ntTéred Sd ad @ews e@u €RAE
Team has not found any siprefcof mawapebrdsmmawi ed t h
by this.proposal

2. Energy Savings

2. 3Kdy Assumptions for Energy Savings Anal

The emeangd cost analysis presentedthattars r erg
consistent with the TDV factors presented dur

2020 workshop on compliance metrics. (Califor
el ectriciotrys T\ | fuadeet t he 15 percent retail add
fators include the i mpact of methane | eakage
factors used in the energy savings analyses w
Environmentals, Edacam ( E3), the contractor that
faomrs for the Energy Commi ssion, i n-1ab sppcrteads
Retail Ad] Scaled by Avoided Costs. x|l sxo. The
energy savi wegs eamdltyasened via email from E3 in
n2022 PDYicy_ Compliant CH4Leak_ FlatRtl Add_201
demand factors used in the energy savings ana

a spreadsheet titheddFaRO@RRs .TOIVsOD@.maThe final

Energy Commil ®sais@emd i n Juyneear2 0g2 00 buasle w2alr mi ng pot
(GWP) values inpeaeaadGCGWP 'dleudd Ot hat were used
TDV factowyzearTGaVP2 & al uteltse i MRV efassetdor s sl i ght |
the TDV ener gsyensteewdi ngns tphries report are | ower t
expected i f the tyienaarl GWPV vtahlaute suswe r2e0 used i n
proposed code changes @&ilbs$i bhg tnhoe er evisseadfTBY.
savings presented¢ iamekWhotarmd fteltered by TDV or
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2. 3ERer gy SMet mgdol ogy

2.3.2.1 Energy Savings Methodology per Prototypical Building

The Energy Commi ssion directed the &neartgewi de
i mpacts using speciimodepsotbhayprepreblBentditygi

geometries for different types of buildings.

CASE Team used in the nalmallyes iTh earSa apgreevs eret eCAA S
Team considered any nonresidenti al buil ding p
systems that had variable air volumeVAVWNtrol s
systems, those systems were not modified.

Tabl@ Proto
| mpacts Ana

—_ —

pe Buildings Used for Energy, De
S i

ProtoNgme [Numb¢ FI| ojDescription

of Ar €

Stor (squ

f eceg
Apartment#HH 10 93,610 sapawnyt ment b wialsdceinmeg
(Col | @egenid and el evator penthouse
and other common spaceée
of fice, mul ti purpose r

| aundry, and storage

Of ficelLarg 13 49B8(12 story + 1 basement
zones and a cenleaghpt
Wi nd-bavaiRlat W&/R{0 . 40

Of fi ceMedi 3 53%2|3 story office buil din
ceiling plenum o@. 83ach
Of ficeMadi 3 53,63 story office buildin
ceiling plenum o@. 83cHh

School Seco 2 210, |High school with WWR @

a. ThBonresifpatt ambentdpirphRityei cal modebl | segasddr mbt oo o e
which ac@6#fnobfidoblHedbgueisl di ng type based on square foot

Th8teawi de CASE Team estimated energy and demai
proposed code change using the-Qo0n22 Research

CBEGCGComgenerates two models based on user inpu
Proposed Design. Thepféesabdhgdomdmesrygnof the de
buil der would |Iike to build and inserts a def

budgett ntisna ncaolmpyl i a1 9wiTiht | e 24, Par.t 6 code
Featur es uSsteadh diar diaDgeessicggn bed Nont édei R2@M0OI al

ReferenceTihVMeanRradposed Dediiegrs ameprgeenett $ yt as t
Standard Design, but it assumes t hdee secrseirbgey f e
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wi ubBer iTnop udtesv.el op savi mgs pedtppiomadtde £ ofd@r cthange
St atewide CASE Team created a St afnodraredacDhesi gn
prototypiclTahlerbeuiilsdiamg.exi sting Title 24, Part

building system in question oawmn danadp palliteesr atto obnos
Standard Design is minimally d@amgduiamdingevitt . t
indicated i n SSpcademdiltdiorti(rdg 2Zone Control s, t
air in the deadband shaléroent eateedetpeakapg
or the design zone outdoor iainr fl2®dw 1ln(axt)e8.as sp

The Statewide CASE Team di scowerveed otpheadt ftrioem St
CBEGComntil i zpeesr caein2t0 mum f | ow fordeapirtye zowmal
critfdrei &t atewi de CASE Team modi fied the Stand
code requirements wusrieafgerae d peokruggmd ratbd el it htaed i
120. 1Tkkg 3Proposed DesignmwdsBSidadaidgabDe®oath
ways except for the revisions that rMmaprdesent
llpresents precisely which parameters were mod
the Standard Design and P,r otphoes epdr oDpecssi egdh . ¢ oSnpdeict
assutmee design zone outdoor airfliomwstreaae ofs tuk
| ar gerpeafcpeeék r f [tdhdesiogn door aiirn felaccvwh rcdtiemat e
zones as specified by Section 120.1(c) 3.

Compari ngrgtyh el nephabcet sStoafndar doDebe Proposed Des
the i mpacts of the proposed code change rel at
compliant with the 2019 Title 24, Part 6 requ
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Tabl&Modi ficati oftsamMaalred tDesPgontobhypBacho Si mul
Proposed Code Change

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

Val ue

Apartment H Al I |[Fl ow Larger of 2design
(Col l ege d Mi ni mujpeak primaryoutdoor
design zonejairfl ov

airflow rat

Of ficelLarg Al I |[Fl ow Larger of 2design
Mi ni mupeak primarjoutdoor
design zonejai r fatoev
airflow rat

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

airflow rat

CBEGComal cul atlewi Iwhionge energy consumption for
measdrien owawur s per year (kWhhiera)y dndetrmasr ms )p
applies the 2022 time dependent wvalwuation (TD
in kilo British thekrBhhauldrya@aminual ppeakeat eCTDYci
reuctions measured i n-Coinl cagleshote sai{ & W) TDCBERCETr g
savings values measured in 208B. present value

The energy 1Iimpacts of the proposébdec8tatetwvadg
CASE Team simubggtedpbbeésener gvary anldi mpplied

cl i nzaotnee speci fic TDV factors when cal.culating
Peunit energy i mpacts for nonresidenti al buil
foot. Annual ener gynparcd spd aokpeamdanlkpdiongptwer e
translated into Iimpacts per square foot by di
building. This step allows for an easier comp
types and enabl est eawicchd cud witmegpmsibdiumsdg atome f or e
that i1 s published in terms of floor area by b
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2.3.2.2 Statewide Energy Savings Methodology

The -preirt energy i mpacts were extrapolated to
St atewide Construwitded FyyrCocami scdhaghw f or ni a
Energy Commisi Bloem 20&2t0gwi de Construction For ec¢

construcwduwobndctuhrati n 2023, the first year that

requiremenestaréeti esebhessi mat of the total ex
2023 that the Statewide CASE Team used to app
alterations. The construction forecast provid
exi sting buwiyl diund ddtedcikmape a@amde. The buil ding
construction forecast, Building Type | D, are

types avail a®om so CB&CEnergy Commi ssion prov
which protoggptoalskeuiflobdi egchyBe I D when cal c

energy iTempAéresents the prototypical buil ding
the Energy Commi ssion requested the Statewide
Typye I D in the Statewide Construction Forecast

Foal terations shadewaiddestpwowgrse cal cul ated usi ng
met hodol ogypwheéd ht hese savings to theé existing
per coeefntappbuichdtdl egsweroemptaypleids assumes t hat th
le fof VAV equipment is 20 yeensiand tloat Sepery

VAV systems would be replaced in an alteratio
AppendoiesseAts additional information about the
used to calculate statewide energy i mpacts.
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Tabll@Nonr esi Bantlidalng Types and Associated Pr of

Building Type I|Building ProWeighting F
Statewdanst rCucti|Energy Model Statewi de
Foecast Anal vy
Smal | Oof fice Of fi ceSmall 100
Large Office Of ficeMedi un 5009
Of ficelLarge 5009
Restaur ant Restaur ant Fa 100
Ret ail Retail StandA 1009
Retail Large 7 %%
Retail Striph 5 %
Retail Mi xedU 1009
Grocery Store Grocery 100
Noi#iRefrigerated | Warehouse 100
Refrigerated WaRefrigWareho N/
School s School Pri mar 6 09
School Second 409
Col |l eges Of fi ceSmall 5 %
Of fi ceMedi un 1509
Of i ceMedi uml 2009
Publ i cAssemb 5 %
School Second 30%9
Apart ment Hi g 2559
Hospitals Hospital 100
Hot el / Mot el s Hot el Smal | 100

2. 3P8Unit Energy I mpacts Resul ts

Energy savings anrdupceakomdseé ppaeme plracbdeé&nt ed i n
t hrough

Tabl?&The -preirt energy savings figures do not ac
mar ket adoption or -wmintp |l s awmicreg s aftcers .t lPeerf i r st
range fOoeom @k Wh7ifnt el ectr i c®0l. 0sOabv itnog sO .80n0d9 t h e 1
gas savings depending upon c|NMomatt éoefz caaerieagad p
aresaifl tf anedgesttemcdhesavamgst wo I mpacts on nat
consumption; decreased gas consumpteiidrmebea@aaus
increase orgascaecmswemptni on bec &Nasarafl Igass ufsar
reduicedoldongi nated(cboimangs!|l oachdinegr e¢iad ec ed)

headgdomi nat ed( béamangs!|l oad The imagteapreannounced
ofeduced cooling | oad r es wlgtsiefgga i ent @ rneclr ecaasse d
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savilhgosause
Cli madreg Ar cat,whi €A) showed a 0. 8hle koBrteu/afltl] pe
i mpacbn gas

heating

i s priosvitdheed Oofyf iac eglaasr gsey sstie

consumption depend on climate zon

n salmMul at ed apnrdo tcoltiynpaetsec ezpd n dtsow a,| (T ener gy s
S poshatiivns ,alT but
i ncreased natural gast hesgeffrouwmrt

I
i
out wei gh
simul ated

Statew

i nstances
i ncreasing energy
waao r é

(code

The tabl es

t he
resul t s,

fowerld egcitmulcattiyosa,vithiges fr or

t ot al elnde regnye rugsye owoosutl sd. i Tnhce

i de OMWSIH Theeanmwor ki ng with the Energy Con

and

det er mvinlel ac prasihdémnrtwhae di mplait c a
use i n soneec ompl dxngy withh
bempl ex

with exceptions for build

belgwashopwert peototype i mpacts. Any

val ues ar er ewintont e(d )i nin the tables bel ow.
Tabl®Fi rYsetar Energy | mpact $§APart BgnaHegRBDEE
Clim El ect Pak EI ec Natur a TDV En
Zone Savinn Demand Red Savi i Savi i
( k Wiy ( k MR therrmd| (TDV kB
1 0.0 0.0 (0.0 0.6
2 0.0 0.0 (0.0 0. 6
3 0.0 0.0 (0.0 0.5
4 0.0 0.0 (0.0 0. 4
5 0.0 0.0 (000 0. 4
6 0.0 0.0 0.0 0. 2
7 0.0 0.0 0.0 0. 2
8 0.0 0.0 0.0 0. 3
9 0.0 0.0 (0.0 0. 4
10 0.0 0.0 0.0 0. 3
11 0.0 0.0 (0.0 0.6
12 0.0 0.0 (0.0 0.6
13 0.0 0.0 (000 0.5
14 0.0 0.0 (0.0 0. 4
15 0.0 0.0 (0.0 0. 2
16 0.0 0.0 (0.0 0. 3
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Tablé4¢ FdiYesbhnerigmpacts Per bBOubBk®edoot

Climig EI ect | Peak EI e Nat ur a TDV En
Zone Savin Demand Red Savi Savi i
( k Wy ( k M) (ther md| (TDV kB

1 0.0 0.0 (0.0 (0. 8

2 0.0 0.0 (0.0 0.8

3 0.0 0.0 0.0 1.6

4 0.0 0.0 0.0 1. 4

5 0.0 0.0 0.0 0. 8

6 0.0 0.0 0.0 2.9

7 0.0 0.0 0.0 3.3

8 0.0 0.0 0.0 2.6

9 0.0 0.0 0.0 1.9

10 0.0 0.0 0.0 1.7

11 0.0 0.0 0.0 0. 8

12 0.0 0.0 0.0 1. 3

13 0.0 0.0 0.0 0. 8

14 0.0 0.0 0.0 0.5

15 0.0 0.0 0.0 1. 4

16 0.0 0.0 (0.0 0. 4

Tabl® FiYesBnergy | mpacte PFie®ftfSigcueaMe di um

Cl i mg El ect i Peak EI e Nat ur a TDV En
Zone Savil Demand Red] Savi | Savi i
( k Wiy ( k MR ther 3| (TDV kB

1 0.0 0.0 (0.0 (0. 2

2 0.0 0.0 (0.0 (0. 3

3 0.0 000 ¢ (0.0 0.5

4 0.0 0.0 (0.0 0.3

5 0.0 0.0 (0.0 0. 4

6 0.0 0.0 0.0 1.7

7 0.0 0.0 0.0 2.1

8 0.0 0.0 0.0 1.3

9 0.0 0.0 (0.0 0.5

10 0.0 0.0 (0.0 0.5

11 0.0 0 .000 (0.0 0.3

12 0.0 0.0 (0.0 0. 2

13 0.0 0.0 (0.0 0.1

14 0.0 0.0 (0.0 (0. 3

15 0.0 0.0 0.0 0. 8

16 0.0 0.0 (0.0 0.0
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Tablé FdiYesdBnergy | mpact s oPtieOf fSigcueaMeed iFuomL a b

Cl i mg El ect i Peak EI e Nat ur a TDV En
Zone Savil Demand Red] Savi | Savi i
( k WY ( k M\ thermd, (TDV kB

1 0.0 0.0 (0.0 0.1

2 0.0 0.0 0.0 0.5

3 0.0 0.0 0.0 0.7

4 0.0 0.0 0.0 0. 8

5 0.0 0.0 0.0 0.6

6 0.0 0.0 0.0 1.6

7 0.0 0.0 0.0 1.6

8 0.0 0.0 0.0 1.5

9 0.0 0.0 0.0 1.2

10 0.0 0.0 0.0 1. 2

11 0.0 0.0 0.0 0.9

12 0.0 0.0 0.0 0. 8

13 0.0 0.0 0.0 0. 8

14 0.0 0.0 0.0 0. 8

15 0.0 0.0 0.0 1. 2

16 0.0 0.0 0.0 0. 8
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Tabl® FdiYesbnergy | mpact s PieSc hSoqoulaBSecrofyo ot

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

1 0.0 0.0 (0.0 0.0

2 0.0 0.0 (0.0 0. 2

3 0.0 0.0 (0.0 0. 4

4 0.0 0.0 0.0 0. 3

5 0.0 0.0 (0.0 0. 2

6 0.0 0.0 0.0 0.5

7 0.0 0.0 0.0 0.5

8 0.0 0.0 0.0 0. 4

9 0.0 0.0 0.0 0.3

10 0.0 0.0 0.0 0.3

11 0.0 0.0 (0.0 0. 2

12 0.0 0.0 (0.0 0. 2

13 0.0 0.0 0.0 0. 2

14 0.0 0.0 (0.0 0.1

15 0.0 0.0 0.0 0.3

16 0.0 0.0 (0.0 0. 4

2. £ost and Cost Ef fecti veness

2. 4dEler gy Cost Savings Methodol ogy

Energy cost savidgsy weppel yiang utlhaee eTDV ener gy ¢
enersgwi ngs estimates that were derived susing
a nor mmet gedcalenelragyetavitnlpgstccount s for the var
of electricityr aenadc nmahtouuralo fgatshef oyear, al ong v
expected to change over thetperpedi od ahabwywal:
is 15 years. The TDV cosdamiinmglacdosl laarres paneds einnt
val ue dol | ar sh e nedn aregpy ecsesntt stavings realized c

This measure also applies to alterations and
measure are assumed to be theosame as that fo

2. 4ER2er gy Cost Savings Results

Pewunit energy rcosewlspavecongst fowocted buil dings art
realized g9gear plkei b8 of anapyessentarwalpude sehVY)e
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do!l | drapli@nhr oluggh?2 Zse eAppendiioxi Mi | ar tables in no
t erms)

The TDV met hodol ogy all ows peak electricity s
savingsnapueakigperi ods.

This mdavur eedpect mpact ¢eakddemanmaj ority of

shouledul teflvoemd fan energy duri Hgwevtehde, weat he
mo d el i nedadteamaendd pshbwgbhcaesase within t(hoen pr ot
t he orld®rAngf i nstmengeaetsi wd veanlouteescewdirneh d( ) i n th
tables bel ow.

Tabl&2023 TPV Energy Cost 1S8yaevarnghPse rGQvoedr Tof Anal vy
PeBquareiRewt Const&uAltti emati ons/ Addi tions
Apart ment Hi ghRi s e

ClimglsYear TDVciE{l15ear TDV Totla8Year
Zme Cost Sa Gas Cost Energy Cost
(2023 %5 (2023 %5 (2023 $H

1 $0. ($0. $0.
2 $0. ($0. $0.
3 $0. ($0. $0.
4 $0. ($0. $0.
5 $00 ($0. $0.
6 $0. ($0. $0.
7 $0. $0. $0.
8 $0. ($0. $0.
9 $0. ($0. $0.
10 $0. ($0. $0.
11 $0. ($0. $0.
12 $0. ($0. $0.
13 $0. ($0. $0.
14 $0. ($0. $0.
15 $ 0.3 ($0. $0.
16 $0. ($0. $0.
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Table2023 TPV Energy

Cost 18Yaevairn ghse rGvoedr 1o f
PeBquareiRewt Const&ualtt emati on®f Addetaogs

Climéisyear TDV ¥|15Year TDV TotlaGYear
Zone Cost Sa Gas Cost Energy Cost
(2023 %4H (2023 %4H (2023 %H
1 $0 ($0. ($0.
2 $0 ($0. $0.
3 $0 $0. $0.
4 $0 $0. $0.
5 $0. ($0. $0.
6 $ 0L.0 $0. $0.
/ $0 $0. $0.
8 $0 $0. $0.
9 $0 $0. $0.
10 $0 $0. $0.
11 $0 $0. $0.
12 $0 $0. $0.
13 $0 $0. $0.
14 $0 ($0. $0.
15 $0 $0. $0.
16 $0 ($m3 $0.

2022
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Tab2@2023 TPV Energy

Cost 18Yaevairn ghse rGvoedr 1o f

Analy

PeBquareiRewt Const&uAaltti emati on®f AddeMedhnam

Climgisyear TDV E|15Yema TDV N Totl8Year
Zone Cost Sa Gas Cost Energy Cost
(2023 %H (2023 %H 2023 %H

1 $0 ($0. ($0.
2 $0 ($0. ($0.
3 $0 ($0. $0.
4 $0 ($0. $0.
5 $0 ($0. $0.
6 $0 $0. $0.
7 $0 $00 $0.
8 $0 $0. $0.
9 $0 ($0. $0.
10 $0 ($0. $0.
11 $0 ($0. $0.
12 $0 ($0. $0.
13 $0 ($0. $0.
14 $0 ($0. ($0.
15 $0 $0. $0.
16 $0 ($0. $0.

2022
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Tab282023 TPV Energy Cos
PeBquareiRewt Const&uAalti emati on®f AddeMednemLab

t 1 SYaevai rn ghFse rGvoedr 10 f

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

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

2022
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Tab222023 TP¥Energy Cost Sh%®iemmgs P@veaerod 1of Analy
PeBquareiRewt Const&uAaltti emati onStAdd|l Beonadary

Climgisyear TDV E|l15ear TDV Totla8Y e alrD\

Zone Cost Sa Gas Cost Energy Cost
2023 %5H 2023 %5H 2023 %$h

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

2. 4. Bcrement al First Cost

|l ncremental first cod$t mos et lked fiimiiteinal egqas p men

practices when compared to the cost of an equ
i mportant that the Statewide CASE Team consid
measure cost effecticeséssarkenbasesmdnbal dAtast
and can change over time as markets evolve an
newcheol ogy and building practices.

The Statewi deex(QlexErsDeamcr emehi 8l scbise assir e

simpl e cmiamigmumodamper paonsd tciaonn bsee tipnopilnetment ed
the existing caretqrud Irs dc aupkddedr(l dSteicetmacde t i oni ng

Zone Cowhirconh shawveqberesd®8 n a poithe dOcti olger 15,
2019 stakehiomghey ometey of partiagirptegmdats (fi ve o
i mpl emepobawswincebedThe Statewi dtee@AIErhdaerd t hi
qguestiont akehdleder meetimagr i nuAtplmed de&t ai2l0.201 r
of sla9 d | mpgliemerctost s woul denmei aeosel | ed sai d
they did(soatkwode CASE Team:. HVAC Control s 2
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2. 4l.ddlcr ement al Mai ntenance and Repl acement

| ncr emeantnalenmndeée ec 0 nntc riegnearetpd lacd gt tdhfe equi pm
parts of the equipment, as well as periodic m
opengtrelative toowar rtgleearpract odesf anal ysi s
val uequwifpmanhbht enance c¢ostasl c(uslaavtiendd sPpeseemmags nac

di scount, whateh(d)s consistent with the discoun
202 TDW.pr eswaltufe mai ntenance costyenhat soccurs
calcul ated as foll ows:

-
"ENHAHATITI™BH T HD BT HEFE'HI T 71 "HT"A‘FrlT"l“FH"H—,,H

This measure has zebreoc aunsctr eumeerd ad x icotsitrsg cont 1
infrastructure to I mplement hheadeéasuorabnaoea
the equi pment

2. 4Chst Ef fectiveness

Thi s meaLowproses a prescriptive requirement. As
tdemonstrate that the measuwyearspeosbdebfeani
However, costts tthoi si nmpel aescuerne are assumed to be
simple setpoint control and able to be i mplem
i nfraetr Act waar r es ul tt hoef Dbtehoe® fxzitetr roa tcios ti, s i nfini
t herefore meeatrs tththeerséghoui red by t heAsEnergy Com
di scussed above, in four of the simulations t
woul d i ncr eualste oafs tahirsesproposed code change. T
wi || be reviewing these irsesiudn sanmnd tde ttehremiEmiernc
forward that considers the complexity of the
use in a smalelwipdoer tcioonns torfu csttiaotn .

2. 51l rYsetar St atewide | mpact s

2. 55tlat ewi de Energy and Energy Cost Saving

The Statelvi Jeaa@lAcSul at eyde atrh es tfaitreswitiodde nseaw i ng s

const r,ucatdidamd oal skey amuloni pl-ymnintg ¢ d&ei pgs, whi c|
presented 2i.m.Swescstuinopnt i ons about the peadentage
and existing buildings thpaotsedulhlatbact e wrpdaec t needv
constructi on Jiosr epcraessté mipaend dE2istn2ah e t he St at ewi de
Teamds assumptions aboutnsttditeu prevotalbatt agmpaof ede
by the proposal (by climate zone and building
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The Statewi deasGASTENEH &AM It er mi naud s ibtolkee sl aarrgee r
value between 20 percent air f,| otwhoanglh Sthaet evweind e
CASEeams e skfi mgd b atctki © na s sTih epcttioobner wWHi-1 0§ 9
sponsstakehol demr omadtpiond @ etstiea amabser

inconclusive with only four respPph@8daenewi @l it
CASE Teamsh®doff eeidnb atchke Draft CASE Report and
stakehol der comments on this issue

The -yeastener gy | mpactysearre parnensueant stalme afgitse str o n

buil dings that were cyenpil ed¢cmoebrtg ys a2l h§.st ikee r less
energy cost saving®aoveaematlysiantpiere o5 The st
estimates do not take natwurally occurring mar
accollab2dm;®ntdab24rseent theasdt atetwwi de energy and ¢
savilmyscl i matreewloyn ec drogt r uacntde da doduiitlidoinnsgda nd al f
summary of I mpactTab@&Anyei iotuancesn of negati ve
denoitedwi th ( ) in the tables bel ow.
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Tab2® Statewi daedvdErEaregyy

CadNewl @Gpast suction

Clim| Statewi d Fi r| Fi rYseta Fi rYseta 15Yea
Zone Constru Ye & Peal  Natur a Pres
|l mpact ¢EIl ect EIl ect Savi Val u
Propo Savin DemanMMThern| Energy
Change i ( Gwh Reduct Savi i
(mil | isqmu a ( MW mi I 1io
fee PV$
1 0. 0. C 0. C (0. ($0.
2 1. 0. C 0. C (0. $0.
3 6 . 0.1 0. C 0. C $0.
4 3. 0. C 0. C 0. ( $0.
5 0. 0. C 0. C (0. $0.
6 4 . 0.1 0. C 0. C $0.
7 2 . 0. C 0. C 0. ( $0.
8 6 . 0. 2 0. ( 0. C $0.
9 11. 0. 2 0. ( 0. C $1.
10 3. 0. C 0. ( 0. C $0.
11 0. 0. C 0. ( 0. C $0.
12 5. 0.1 0. ( 0. C $0.
13 1. 0. C 0. C 0. ( $0.
14 0. 0. C 0. C (0. $0.
15 0. 0. C 0. ( 0. ( $0.
16 0. 0. C 0. ( (0. $0.
TOTA 47 . 1. 7 0.1 0. C $4.
a. Fiseyear savings froopl &ltledb sitla8liemwgsecin 202

2022
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Tab?4St at ewi de Energy and EAcdigtyi CrostanddpAlctter

Clim  Statewid Fi r| Fi rYseta Fi rYseta 15Yea
Zone Constru Ye & Peal Natur a Pres
| mpact ¢EIl ectt EIl ect Savif Val u

Propo Samgy DemarnMMThen Energy

Changé ( Gwh Reduct Savi i

202 ( MW (milliog

(mi | Isiqgouna PV$

fee

1 0. 0. C 0. (C (0. ($0.
2 2. 0. C 0. (C (0. $0
3 14. 0. 3 0. (C 0 $1
4 7. 0.1 0. (C 0. C $0
5 1. 0. C 0. (C (0. $0
6 10. 0. 3 0. (C 0. (C $1
7 6 . 0. 2 0. (C 0. (C $1
8 14. 0. 4 0. ( 0. C $2
9 25. 0. € 0. (C 0. C $2
10 8 . 0.1 0. (C 0. C $0
11 1. 0. ( 0. (C 0. C $0
12 12. 0. 2 0. (C 0. C $0
13 3. 0. C 0. (C 0. (C $0
14 2. 0. C 0. (C (0 $0
15 0. 0. C 0. (C 0. ( $0
16 0. 0. C 0. (C (0. $0.
TOTA 114 2. ¢ 0. 2 0. 2 $11.
a. Firsetar savings f rcoompdlelt eadl tsedraateiwamdse i n 2023.
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Tab2® Statewi daedmdEEaregygy

CadNewl @pastsuction,

Al terations, and Additions
Construction |Fi rYsetal Fi rYseta Fi r-¥é¢ a 15Yea
El ect i Peal Natur a Pr es
Savinl El ect Savi i Val u
( GWh Deman(MMTher| Ener gy
Reduct Savi i
( MW (PV$ mi
New Construct 1. 72 0.1 0. ( $4 .
Addi ti ons angd¢ 2. ¢ 0. 2 0. 2 $1 1.
TOTA 4 . 2 0. 3 0. 3 $1 6.
2. 5S”2atewi de Greenhouse GResd{GtHHGIQN E£EmMi ssi on
The Statewi dec&ASElI Feadh avoi ded GHG

emi ssions

emi ssions factoUsi spdcbBtatdsi BEnvheonmeSht al Pr
EPPMEMIi ssions & Generation Resource Wepsegrated
El ecitry Coor di rmCatliid WE@ELCWICAIMIX) subregion. Avoi
emi ssions from natuahbhlegfhe saurogsscaeatlheeir buhbhan
el ectrical power generation are calcal ated us
EPAG6s CompiofatAii r Pol |l ut antd4d Zgrea &pp emdiioFaCt or s
additional details on the methoddhoghbused to
analysis assumes an average electrCOReypemiss
GWh based on the average emission factors for
Tab83®resents t he-yesatri mavtoa d efdi rGHtG e mi ssi ons of
code changefipepGH@ mi ssi d2né@adtfrme ofo car bon
di oxi de eqetitvaleORmgsul d be. avoi ded
Tab2é& FdiYymgt Statewide GHG Emi ssions | mpacts
Measur|El ect |[Reduced Na tr & Reduc Tot
Savih Emi ssi Ga ¢ GHC Re duc
(GW vy frg Savih Emi ssi C Qe
El ect (MMTh(from N¢g Emi s s PP
Savi t ms/ y|Gas Sa¥% (Mtric
(®tric (®Mtric C Qe
C Qe ) C Qe
VAV
Deadba 4 . 1 1,0 0. 1 1,6 2,6
Airflo
TOTAL 4 . 1 1,0 0. ] 1, 6 2,6
a. Fi rysetar s aovm naglsl fbrui | di ngs compl eted statewide 202

b. Assumes

2022

whegfemi es2doMTE@0ORefr 6WH, 4AMBCOMMT her ms
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2. 5513atewi de Water Use | mpacts

The proposed wooudhedtc hreeasgy ts iigonh & n ceaatite® a g e
as the emewaddr mostly save ener gyd dwirlilnghawey n

extremely |l imited impact on any chilled water
2. 5St4dat emMader i al | mpact s
The proposed wooudhedtc hreersgud t i n st ataeswitdhee mat er i

measure utilciones oexi smifm@astructure.

2. 50t5her -EM@migmpact s

The proposed wiode Icihkaenlgye i ncr easet hdédeffimadi ©@nf
the ASHRAEASHRABFBLSREYP 2015)

2. roposed Revisions to Code Language

2. 6GUui de nlbumMaLanguage

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

wi t humeig@milmew | angusa&gekxea(hdleoluegthisons) .
2. 6S2andar ds

SECTI ON3PREBESCRI PTI VE REQUI REMENTS FOR SPACE C
SYSTEMS

A building complies with this section by bein
instal l-ednadi sipacieng system that meets the appl
throggh (o

( Sectmianse do

(d9pacendi ti oni ng EAcmhme-c@Pamadtet obsi ng zone shalll
designed in accordance with 1 or 2:

lEach -cpmadieti oning zone shall have control s
A.Reheating; and
B.Recooling; and

C. Simundous provisions of heasiuoly asmdmicoiot
or simultaneous supply of air that has
air that has been previously cooled eit
systems,; or

2022 Titl &i DXBASEP aRd R @2NRHV ACH|6 2



2.Zonesved by -wolrunaeb | sey satieems tchoantt reorl d edde stiog mre
to a minimum, the volume of reheated, reco
controls meet al/l of the following require

A.For each zone wrohsd(bB€}):digital cont

i .The volume of pri marcyoodierd tolhratmiixse dr eah ea
exceed the | arger of:

a.50 percent of the peak primary airfl ow
b.The design zone outdoor airflow rate a
i iThe voFumeimary air in t-héeedreghedrband sha
a—20—perecent—oft——the peak primary airfl ow
b-—Ffthelesi gn zone outdoor airflow rate as

i iTihhe first stage of heatingaconsempseratu
setpoint up to a mahiamum@s5dEt pwhihte mdehia
mai nt ai deada daftd cotwder at e .

i vLhe second stage of heating consists of
band fupwtoatbe Hmmedtl iowg rmdr»>i. mu

B.For each zone wit hpruitmaDyC,aitrh etchoaotl aidsg roef h
mi xed air supply shal/l not exceed the | ar

i .30 percent of the peak primary airfl ow;
iThe design zone oetdboeredabyf BSBewtranelada®. dpc
EXCEPTI ON 1 t d ( ocnteisonwilt4dh0.speci al pressuri z

cresosntamination contr ol needs.
EXCEPTI ON 2 t o eocnteiso ns elrdvdeodd dlidy) isopma cnggy sy st enm
at | east t7hbe peerrecregnyt fodr r eheat i ngg,s yosrt epnmso,v iids

provi ded -rfercoonv ear -esdiltaer eneegy source.

EXCEPTI ON 3 t o eocnteison nl moh.idc(hd)s:peci fic humi
satisfy exempt procesmsl oadswt hompptaces wher
from |I'T equi pment may not wuse this exception.

EXCEPTI ON 4 t o eocnteiso nwi lt4h0-aa#h (pdepauka nstuiptpyl yof 30
| ess.

EXCEPTI ON 5 t o SSeycsttieonms 1s4eOr.v4(ndg)i heast hcare f

2. 6R8f erence Appendices
There ar e nmges otpo stelde chheaf er ence Appendi ces.
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2. 6A@M Reference Manual

5.6.%Lone Level Air FIl ow

5.6.8AY Air Flow

This group of building descriypttems adap@Rlti ees;artyo

vol unmei rofat the zone | evel The building descr

design systems 5 and 6.

(sections omitted)

Ter mi nal Mi ni mum St op

Applicab/Systems that vary the volume o

Definiti|The minimum airtelowetbkdt bwi bBI t
before reheating occurs

Uni t s Unitless fraction of airflow (

| nput Input must be greater tharendrn e

Restrict|rate

Standard For systemspllagandl WAV umipt sV Ad/n

Design handl i ngetuntthe ,mi ni mumgaeaftow
perecent—of the peak —supplmianim
outside air ventilation rate.
Fo | aboratories, the miniendmat
val ue equtivealgemaatteor of the pr
exXxhaust requirements or the mi

Standard

Design

Existing

Buil ding

Ter mi nal Heating Contr ol Type

Applicab VAV boxes with reheat

Definiti|The contrradlegy for the heating
Single Maxi mum
I n the single maximum control
mi ni mum constant value in both
This airflbouw dasn tweriycal |y 30 t
This contrwyeli cmddeg has a higher
mi ni mum used in the dual maxi m
frequent reheat.
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Fi g@9r eS

i ngle Maxi mum VAV |

N
\

Minimum-

\
\\— Reheat-valve position

Maximum-airflow
set point

Airflow
set point

airflow
set point

Heating-PI signal

|
Deadband Cooling-PI signal

Dual Ma x i

Rai s e s utplpd y
heating, and
of heating.

1. The first
supply ai
no | ar geA
dead band

.The secon
airflow r
maxi mum f

Figdbe Dual
de

mu m:

Sourcdayl or Engineering

air SR mpetidasurfest(ag
i ncreases the air-r

stage of heating
r temper artawri enusre tspe
fvlh ihlaem ©OBe aairmé d wat
fl ow rate.

stage
from
rat e

d
at e
| ow

of heating
the dead
(69 patrek

Maxi mum Cwintthh olbon\8a
adband (amended)

20
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Cooling Maximum
Airflow

Max
DAT

Heating
Max
Airflow

Discharge Air
Temperature

/ Setpoint

. Cooling Active Airflow
Heating Minimum Setpoint, Vspt

Minimum i
Minimum

DAT = AHU SAT

Heating Loop Signal Deadband Cooling Loop Signal

< ° °
° L 4 >

Max Cooling
CANTE T === Auflow Setpe

50% or vent. =)

Airflow Setpomt

20%, orvent. =

(shaced area = reheat)

/ ) Heating Loop . Tesd Cooling Loop\
Band TN

Seureer—Faytor Engineering

Uni ts Li:st

T Single maxi mum

1 Dual maxi mum
|l nput Fi xed ngtlax i mucomnit syslt yme idsi rrbactd i
RestrictilcontDD@cohtrolzonke vteh e
Standar d Duama x iuim
Design For healthcare facilities, sam
Standard
Design
Exi sting
Buil ding
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2. 6Codompliance Manual s

Chapd4cefr Ndhrer esi @empgliiadnceowoMheedl to be revised.
Sshould be made to 4.5.2.1aP€endrtponvegREZqunoer
Controls to indicate the removal of the 20 pe
example calcul aBibomsi weEXxampl ¢ htehgraAAWilwox ndi
control s:

4. 5 .SPhalkkendi ti oning Zone Control s

|A140.4(d) |

Each ecpoancdi ti oning zone shall have controls tFh

1T Reheating of air that has been previously
equi pment or an economizer.

1T Recoolingtohaai beeh previously heated. Thi
returned froem . heated spac

T Simultaneous heating and cooling in the sa
t hat has been previously mechanically heat
cool edr, by trhechanical <cooling or by economi

Zones served by &¥AY degsitemsdtamd controll ed t
reheated, recooled or mixed air to a mini mum.
foll owing:

a.For each zone with DDC:

1. Theol ume of ©primary a&iorolteldat oirs mi eleaa tae d,
shall edt taecéarger of 50 percent of the
design zone outdoor airflow rate, per Sec

2. The volume of primary air dtnhehleardgeeard boafn d

perecent—of —the petatke pdesnagry zazadomé wowadeor
per Section 4. 3.

i iThe first stage of heating consists of
temperature set point up to a maxi mum s
degrees F while the airflow is maintain

i iThe second asttiangge coofn shies ttsh eo fa inrofdlud va t ri antge
the deadband flow rate up to the heatin

i vEor each zone without DDC, t he vol ume o
cooled, or mixed air supply shaflthmhet e
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peak
4. 3.

For systems with DDC to
di fferent -eagi emamb for
Fi gublel ow. I n
control The di
in the heating
typically ssett
space in the
mi ni mum rate |
mimuam rate the
velocity pressure sensor
convert the velocity
d al ma Xx i mum
design cold deck temperatu
if more heat is required,
point, whiehviasuehassamat
airflow set point. Using t
whil e maintaining better v
controll edattawraottédhmpge mi z e

This control requires a di
controller. The discharge
system prebkeamif

fference i
mo d e . Wi t h
rtaot et hael |loawegde
deadband and
s the | owest

S

press

Figubaadaxi mum VAV Box
(amended)

2022

pri mar yt lae rd ¢ iwg

t he
heat.
comomtiioalg,s¢che me i

ccoamt rboel ss esty sttoenf whi ch i
amplification

centsr a@alhef idi stc hrae g e

zone outdoor air

t he
ng.

zone | evel,
ng and cool i
similar to
what occurs in
traditionas VAV
by code. This ai
heating modes. Wi
all owed by code (e
a func
factor
a digital
air temperatur
re up to 85 or 90 d
it increasesetairfl o
traditional contr ol
his control can sayv
entil ataiom esfectiv
stratification.

c
T
a
t he
con
rfl
t h

S

S

ure into

scharge air
air sensor i

sensor
s very

t heelyy ausee ch oftoracaamnt r ol
Cvo nlLtrorwo# o nDee a g b a m d
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Max
DA

Heating

Discharge Air

Cooling Maximum

Airflow

Max Temperature
Airflow Setpoint
. Cooling Active Airflow
Heating Minimum Setpoint, Vspt
Minimum iis
Minimum
DAT = AHU SAT
Heating Loop Signal Deadband Cooling Loop Signal
<+ 9 ® >
For systems without DDC to the zone (such as
airflow that isorahmatxiemdumsofteant ttle&lr tB6 penk |
airflow or the minimum airflow requitreed to ve
A.Certain exceptions exist for space conditioned
1.Speci al pressuriszatri emorseal ztoind abnh m@gdd D N«
(l aboratories are an example of spaces th
2.Sitecoveregoloar senergy providing at | east
for reheatiggwamom @iroviwgimi Xi ng sSystems
3.Spechdmicdi ty r equiisrfeymneenxtesmptto psracdccess need:
rooms are explicitly not covered by this
4 .Zones with a peak supply air quantity of
5.Systems with healthcare facilities
Ex amg-RBé
Question
What are the | imitations on VAV bsgamenf omnatm a
of fice having a design supply of 1,100 cfm
Answer
For a zone with pnedrma&t ime nti mummaegtmatcannot exc

2022
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a. 1, 10300 cppemr cxent = 330 cfm; or
b . The minimum ventilation rate which is the

1) 1,000 ft] x 0.15 cfm/ft]

150 cf m; and

2) 8 people x 15 cfm/person = 120 cfm

Thus the minimum airflow set point can be no

For awkbobheDDEC ztoonet,h t he mini mum cfm in the dea
la+rger of:

a— 1100 —e¢efm x—20-percent = 220 cf m,; or

b——mMh@i mum ventilation rate which is the | arg
1) 1,000 ft] x 0.15 cfm/ft] = 150 cfm; and
2) 8 people x 1® offrim/ person = 12

Thus mimé mum airfl ow set point in 2AhE5dafelmdband
And this can rise to 1100 cfm X 50 percent

For either control system, based on ventilat:.i
airflpw stetmusitedet al50 cfm, or transfer ai.
amount .

2. 6Co&mpl i Bacement

Compliance 20BH9RCEACHEwWouheded t o be Sreevii ved K.
Terminal Box Controls shoul d vboeu haomel nodnegde2r® o i n
percent zonal airflow requi 5eméelhdh.ple(rd)ref er en
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SExpand Economizer Requiremi

3. Measure Description

3. 1Mdasure Overview

An -aied economi zean i e winc eadfdor HVAC systems t ha

adjusts thetasmokentteiegxifmgi | di ng when mil d weat he
detected. This reduces the overall amount of

Economi zeprsovaemre ener gy savings measure and hawv
energy codes throdghd AGHRAEsSiShae at | east 198!
especially effective for mostsiode Cadordominaz @r0s
consist of a dempdrow demonewlna a return air duc
an actuator to medltheaenidaanpley ,omerdatsever al temp
a controller to determine t-hemeoweatheopeonati:
Sever al code didmgneesnobemgaers have occurred o
have included addiengme cnhtaengircaali ocno oMiitrhg ttho pr o v
even when mechanical cooling is needed, dampe
reliability requireanetndmagt ead df anolstt d EERkcEeh)t il yn ¢

This measure would updanteqeixi sme mtgs prerscec @ o |
ways. First, it would require economizers on
threshold requiring @&nBewdmomioze8d83, 00OMBY 4/ 0O .

uni ntended I mpacytyar ioab It é efrlgdrw iWgseRgammtt segment a
other | arge i ndooirs umrndpgs ad ienxctelpd imeaentguage t
newedi cated out si deprae gicvséytteegru i(rDeOMeSn)t s as de s
Sectdionn order rnne amte a.emend ered, this measure i |
code wlpedmnguage frR2?ofTaABIHRt ansatd 90.1 which
the efficiency | mpfroorv edmefnfte rpeenrtc.eenfithaigsei pnop o mat

incorporates thevalsatsadtmidna&fdt twhitdhhlekl ASHRAE St
me c h armiudbalo mmi tt ee. CIAWSEE eStinentceowepdbetahti s | anguage
ATabl eeD14Bcdnomi-Qfefr TMTalmlde f or Cooling Systemscq
Section 140.4(e) (1) amanwgielsl tmomil t gm amnd happmle
|l anguage that gets adopted.

The combined i mpactoof dthesel measuheghwr vent
buil dings while simultaneously decreasing the

3. 1Masure History

Pr escrriepgtuiivree me-asitdse feocronacimmi zer s being addresse
were | ast updated under tSW0 esfefpoarrtast,e F2aOnl 3C oTnittr
Econom(ZAS&: Fan Contr ol aanndd HciognhotmiCoemme2rOcli la)l
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HVACCASE: Light Comme.r cihad s dJna tamrge 2 0vielr)e ado g
2012t hat ,tthirreee main changes were made:

1. The existing capacity requirement for econc
75,000 Btu/h to 54,000 Btu/ h.

2. Mi ni mwompressor displ ack)meWwhi c(hT arbel geu i1r4e0d. 4p a c
units to haveamdl! ini pi mu st digesgauli arceemeeontrtsl er t o
take advantage of free cooling

3. Fault Detection and Diagnostics (FDD) <capat
reqdi ae@t omatic detectroonpefapdbon eoohommr beE e
and performance.

The fimesquitrwoments have not been upddeastped esi nc e
significant acdovnapnrceesnseonrt st ceitcehch od yo gtyheen tt woh as e s
(2018 andf eder8gli ct endaddanceameane mosecyl asses of
atcrool ed air conditioningUam®sd DO&t Fpuonmp &Kqliep

Il n addition, economizers havrral sabiclointynued
i mproveanendsgsstryfpoamcbbtésmanuf acthurveer s and i
i mpr oawedd t he i ncorporatihams dfmphk DI eaa preal inltietniang
awareness

3.1S8mmary of Proposed Changes to Code Doc

The sectiosmmmdbbibeiwWwset andarRlescer A&ppendi ces, ACM
Ref erence Manual sdo caunndeviactobred | moadnicfei ed by t he pr
change. Se3 ®¥Pcdtsi oreport for densaitledc pdeplosred

3.1.3.1 Summary of Changes to the Standards

This pmwopteal fy the s@ealtiifoorsniod shHhtoeavng yb eCloadve.
See SeX.t@odnh t hi s nraeg kepto dfemmguage.

Secti oni RIRQQUI2RED CONTROL S -G@ONRD ISTPIACNE NTGE MS

Subsection BE2Q®&n&@ri zer Fault DetectiTdhre and Di
purpose of thisamedeaerhangerg threcebhloildgl ev
capacity room 54,000 Btu/h to 33,000 Btu/h

Sectioni PIRBOSGRI PTI VE REQUI REAMERN TGO FMIRT IS®NI NG
SYSTEMS

Subsection 140. 4 (Teh)e BEpcuornpoonsiez eorfs .t hamendde ch
exi sting retgwwa)yQmeehyt sl oowtelmminng mum capacity
requirement for systems requiring an econo
Bt/uh Thi s wolhuamdg® be accompaniaed elxy s¢ hamgges
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exceptiowouwtdermptectome miezqeuri r ement s i f a sys
a decoupled system that meets tThwo, DOtAISe pr e
measure woul d i ncoeurpp olraantgeu acgoed efi-Dcrl eTaanb | e 140
Economi zeQf fT rTaadbel e -Fyosrt eGwso | i ng

3.1.3.2 Summary of Changes to the Reference Appendices

This pmwopeoal fy t he sRecftarofnpsg eonfdiitckheastbiefl ioevd
Se&ectli.obo.f5 tbpert for the detailed proposed r
ref eeg emppendi ces.

Joint Appendix (JA) 6.3 EconomizeA ®mamltr Det
change would be made to the existing JA 6.
capacidt yi nsitthee text from 54t ® 0O@atBd hu/thha& oc IB&
being fowgbhection 120. 2((i)

3.1.3.3 Summary of Changes to the Nonresidential ACM Reference Manual

This proposal would modify the following sect
Mantuaas shown Skeeltd we.fSadaehi s rdebatl édrptbposed
revisions to the text of the ACM Reference Ma

Mi nor ch8egesoho5. 7.4 Outside Ai rwoQuhngterdoltso an
bemade to address the capacity requirement cha

Section 5de. AiTT Quwtngir ol s : Maxi mum Outside Ai
Section 5.7.4.2 Air Side Economi zer: Ec onomi
Section 5.7.4.2 Air SideegGranbmnzkeeveEconomi

3.1.3.4 Summary of Changes to the Nonresidential Compliance Manual

The proposkdngedwoul d modi f ysotfh et hfeo INoonwiensg dseen
CompliancleSeMact 8 060.f5 t hifsor eplhegdepaséaddrevi si
to the tcempl D@aartwbeel s .

M Section 4.5.1.1.1.13 Economi zer Fault Det e
T Sectd.omn.1.1.1.18 Economizers
T Seotni 4. 9.1.1.1.3 MaAdditorgndleasdr At eratio

T Section 10.4.3.1 Economi zer s

3.1.3.5 Summary of Changes to Compliance Documents

The proposed code change would modify the com
Examples of the revisedddioo Bw&athsoar e presen
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For the Expand Economi zer cReglui aementdscmeastr
NRCBMICHEwouheded to beemsewreesefli tati on of the HV/
sectwidn verify economizers on the smaller uni

3. 1Rédgul atorty Cont ex

3.1.4.1 Existing Requirements in the California Energy Code

Applicablegudaogsktamamnt i mpact ctami Pbemda@dsumde i n t he (
Energy (Codée 24,:SRarti 20@. 2 0Sleec)tdidon. AA( e) handl i ng
systemmewhahicalecod®b4, @0 oBtu/ h shalpeinclude
Sectlid 4(e) amdpeIeccltdi@®@én. R{i gomfort cooling sy
a cooling efficiency that meets or exceeds th
presentTaidl e AOHXAD . Mot mMmewal @am economi zer

3.1.4.2 Relationship to Requirements in Other Parts of the California Building

Code
Prescriptive requirements for economizers are
Cod(eTitl e 24, aPapbArptp eenfdli) sE ai nabl e Practices.
t herseequirements are not mandaher Cabhnfloaneas&p:é
Cod(eTitle 24,. Part 6 2019)

3.1.4.3 Relationship to Local, State, or Federal Laws

Most HVAC equi pment effected by this code cha
cetification, and testiSng freadguladt ech eag yp Protl i @
(EPCA 20H&Wwever, economizers are not inclusiv:
requirements.

3.1.4.4 Relationship to Industry Standards
Existingyisdasdards for economparetiscalr&@r s8tai

90. 1. These standards are adopted into model
which publish both the International Energy C
l nternati omatr@GeceéeewmnC&€ode (1 gCC). A rsaamamatrsy o
by each code or standards body is presented I
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Tab2@Economi zer Requirements fromsVarious | ndt

Rel evant Titleg (ASHRAI(IT EC(I gCC Title
Requiremern Part|{Standar| 201§/ ASHR Part
(20)1 2019) 189. 1j(Propo

Capacity t54,0[ 54,000 (54,0033, 000 33,00
to requirg¢g Btul/ Bt u Bt u/ |
economi zet

3. 1Cdmpliance and Enforcement
When developing this proposal, the Statewide
streamline the compliance and enforcement pro

mar ket actors whoproeessvoowled ©ba didileisgat ed o1
sectdiessncr i btesommplwy with the progds ead swo de schra
compliance ver iApipceantdpioxea sEpm b€ els e w tahneg epsr ocpoausl edd
i mpact marketusactor s.

Thactivities that nepdaetbhecpupjdotiagereedebcr

1T Design Phhaseg the design phase, the mechan
tensure that s meolull dhelwe cdhrawmidtl he rescoar nlainwiez er s
the appropriate exception and as well as t

T Permit Appl i cAtt itomi P hpehdaescek,erpsl ammi t h t he aut
having jurisdiction would need tspeendurea t
with an econodmd,zkG0O0 dbtwm/thri ze the appropri
Under this gMCaHE eCe NRCfCi cate of Compliance
filled out and verified that the specified
requirements.

T Caastructi oburPihrmg et: Hihse mpreaasxsa,al /i nstalling c
compl ete -MOGK INRICdér m to decl are that equi pm
properly and meE¥VAE€ oereqekoemdnmeing ed in the N
Under t hiasyphlds&deonemi zers woul d dhawe t o b
incorporated if they are not included in t

T Inspectiodnddrastethias plhaeetance testing tec
t o conapclceetpet ance t esttitneg NMRCHMABAdTf.Dr ml out
Econioazrker s are put t hricmwgh nfcd udti ingn d&lautlas de
di agnostics.

As outl i ndadealsamose,h d@tvhe | i mited chawnges ghoatnlle
constrpurcdadeoans r @ah o rethattheewi de CASE Team does not
i mpl emeonnt aotf t hi s measwe echadan@aes tsaddédane xi sti
compl ipamace ss.
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3. Mar ket Anal ysi s

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

current technol ogy avaiillabiilliitty, auwurdrreratr kerto d
considered how the proposed standard may i mpa
individual mar ket actors. l nformati on was gat

complying with the proposedsinzeea saunrde .meEasstuirneat e

applicabidentyi weee@ t hrough research and outr e
utility program staff, Energy Commi ssion staf
addition to conducting persois&l Tead dutscesclked
currentstmaudkteur e and potenti al mar ket barrier:

meetings that the Statewi de CASYEStTaetaenwihdeel dC AE
Team: HVAC PandApeRi RO0AE)t at ewi de CASE Team: HV A
202.Pyesentation slides, meeting notes, and su
can be found in the resources section of this

The primary mar ket acH&AEYyT dmeamt thfi asc tmeraesrusy ea md
desi ggn nerrhesmailrn si mp @®kmb wehr capaci tnye aescuorneo mi z i n
woul d HWVeACt od e sd g9 ntelriss woul d require ewhinoomi zi n
woumddi fy current desicgnr pgec pfb ena tumeinttiso ® e r

t o exwadrlitoor comply with the economiaer require
decoupled systems to utilize. thrieay ebwe epxacretpitciuol
i nprt anmaddirtiaons and as$wleirmdty loinmiersateadreti i n

| i-kdri kepl aciemmetnhd awi itdinho return ducting system
bespacenstraineds.e@dh®t aoe@meImBam i s aware of thi
pot entssarkdl so paomode ftiG&eacttiioonn 1E4xOc.edp(tei)oln, 6 whi
woul d exemmi zecor equi r enpernetssc riiémtiihveee DOASs ar e
for the siameotsagpeascter i ke an appropriate bal ance
and desi gnelrhef [Setxaitbeiwiidtew aCIA® Ea @ @freeemcd baatcek f r om
designers adidpg & ¢ wimelr gihi s exception.

HVAC sysatharmhamturers would face | i mmoed i mpact
existing product | inesnialersadynd mcer pot atex pec
significant chhRhegtismi Hgpwedveelr hwau Ipd ocoi nci de wi
requirements from the California Air Resource
(low GWP) refrigerants and new federal ey ficien
requirements all whwl hwobhual kde apl|sava a vefaedctPtdoR 8 r s

make revisions to product offerings.
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Secondary mar keb uialcdpoenrgaathodrosdiedenf or cement
professid®ohal main i mpact thabusmapbgnbper wit bl s

nowequi re esddmdmifzEDd3t uaviel | need to be aware of
t h enian natnecne spltan i ncor por atTdhet masen d¢mpmgdes t o p
checkebdd Iteoar n tcloeremew rements and | ook for th
speci fiinatliuadnisd@tvaag smaller units will featur

Contrawitldr sneedf uac ttoeosdtmiegit @t ed t o esmalolmerzer s
sized Fomi tumni ts th@att lae eewd modfmhizoderbt teea che w

exception fqrl ph'GA S hwerciktesr s and designers wil|l
new | anguage which will/l no | onger feature a p

3.2T&@€chnFeasi bility, Mar ket eAvaPlabtl cegy,

3.2.2.1 Technical Feasibility

Ai-sri de economi zer s, feaeattauanepaan dd aampceofnhter ol | er .
controldetal meseisnf ortmamp eorna tf u roao pseernastoer sant oact ua
open orudlsoge air damg ¢ metdwrcre aihre need for mec
cooling. Thi s -uinsd eardsmibotocheo!| wgy | t hatashaparbeord |
ASHRAE <i0ncle at .Eceoansatmilz9ehsemavequi red on s mal
the technol ogan ch assr enad fufreemmend bys mas tomtaawaf act ul
to 33,000 Btu/ h.

Some stakeholpderssemawenecxrns about the persis
economi zers because of historic reports that

for Il ong periods ofre ilmest aonrd e nheer gsya vui sneg si nac r €
economi zer sy tedinhse aSrtea tneowliedien @APE Cct s t he savi
from this submeasure to persist so | owhg laes t h
economi zers have been around for d¢edaedes, sev
changes to TitlienQdelaPhet obmahaervedsenfttme 20
code cycle, economizers are required to come

t e sgtdanmpleaa ktagei i agd F DDMaudkeshtange warddanced

di gital e C 0 nosmiaznedrb gcsoandiita o bt € r ( roaltdseery | £ h a o d

l i nkadhgaeaxe) al so i mproared pellAfdadb imaimtmw | | 'y, t hi s n
i ncl uedreBbnedsure which wil/l I mprove measure pe
operational costs.

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

of building typesdene€ahomozaeairsa.adjust the ra:
and air returning from a buildingetnmourngduwde e
mechani cal cooling required. They can be ship
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economizer or retrofitmaerdketn Am@ddbteDdpawr t men
Energy®0OE) rul emarkaildig dmr ge, ommear paickaalggl laar ge ¢
condi ti omed&d gmpwtdi IdiazteadtfhreomAi r Condi ti oning, He
Refrigerat AIRwhnshi foued( mar ket penetration o
manuf agdthsnteand |l ed economi zers to be frognO per
the equi pment capacity.

Tab2 AHRI Data Economizer 2014 G$hdDPEBehRt n¥bl ume

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

Smal | Commer ci al Pac iCogpd O A ( 60 %

. . 0
65,000 Btu/h and <135,000 Btu/h Cooling Capacity
Small Commercial PackKagpdalA ( 67 9%
135,000 Btu/h and <240,000 ’
Small Commercial PackKagpdalA ( —_
24000 BtulZb,0@ad@ Bt ug hCaLmad iitn °
Similar data on economizer marmloent Ofn ed miattd on
bel ow 65, 008t8Blha/ Bt at ewi de CAMIEt i eAmHRIwotrdk obt &
additional data on the marAkHRI paenwdad etnedke aorf e
aowmny minaenduf act urteor csou rleeecytb edhaatlaf of t he Statewi
Team. AHRI contacted 34 manufactur.erBsasaendd orne c

their AHRdwsay stahtd4e® per creintts adfapud diitsyerangel d
wi t h oar-iynadtal | ed ienc ocCmad niifrzodrirncnaariknegt r eadi ness an

feasibility for economOrermanwmf ddt sr €erapacmmen t
these numbers may be somdenrssttaaltleedr sb entaayu sper e f er |
i nst alfloart iionysefnlteox i bi | i ty.

Economi zers are especially impactful i n Calif
yearound which can utili oelaeangndmiazdernt fhrtoa grheodu
The market is well devel oped swilidhem Liadniffoirmar
growth in alternative system types such as VR

unit with airside economi zreartsi orne mani nGCsa |tihfeo rpnriia
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3. 2M8r ket | mpacts and Economic Assessments

3.2.3.1 Impact on Builders

Buil dere®nofi al esaindl commerci al structures are d
measures proposed by the Statewide CASEsTwamh
the nor mal practicesdplusthéebei bubunésseg poaasa
buil disg Woede necessary, builders engage i n c:
in order to remain compliract i wietsh aolabges$ di og

Californiads construction industry is compris
and 860mpd ™0y eccFalfzs®d n 2018, total payNealdl was
17, 000 establishments and 344,000 employees foc

Tab2@ aCi f €omisaruction I ndustEmpl &gmabt j samdnt
Payrol |

Construction SeclEstablis| Empl oyn Annu
Payr
il 1

Commer ci al 17, 2 343, $27

Commerci al Bui | ¢ 4,5 75, 5 $6.

Construction

Foundati on, Str | 2,1 53, 5 $3.

Exterior

Budilng Equi pment 6,0 128, $10

Building Finishi 4,5 85, 6 $6.

Sour(cgtate of Californi a, Empl oyment Devel opment Depart

The proposed mhandegamttia| NHVACk E€oynt abt ecwwoadohme
buila@med snonresi dential electricalbyt HVAKL| d amat |
significantly i mpactTld hefrf datid domgt he ademmer ¢
i ndustry would not be felt bogulad |bd iaarsc emtdr amt
speciifmdustryTabdbdb&bdotwsr $ he commerci al buil din
Statewide CASE Team expects to be impacted by
as theyralated dihecgdrychaedatendd tiongt al l ati on

Average tot al mont hly empl oymentn;i n hQalciofnosrtnriuac tii no n2 0 1In
represented 4.5 percent of 2018 empl oyment .
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TabB8@ Specific Subsectors of the California C
| mpacted by Prop&esed Change to

Construction Subl Establis| Empl oyn Annu
Payr
(bidd i

Commer ci al Buil d 4 5 75, 5 $ @

Nonresidenti al E

Contractors 3,1 66, 9 $ %5

Nonresidenti al [

HVAC contractors 2,3 52,9 $ 46

Ot her Nonresi den

contractors 50 8, 8 $09

Sour(c®etate of California, Employment Devel opment Depart

3.2.3.2 Impact on Building Designers and Energy Consultants
Adjusting design practices to comply with cha

the nor mal pracdgsicemserod. bRuillddinmg dcoidas (i ncl t
Energy Code) are typiyxadd yr aipidaiterd oyclae tdanmcae el
designers and energy consultants engage in co
to remain compliangnwprhcthaegeantdobdesdi ng c
Busi nestsefsod¢ihh®a on residential, commercial, in:¢
design are contained within Nohea hArAmteirti eeatnu rl anld
Classifica%4b3aT@prIBddmdmws t he number of establi
empl oymadttotal annual payroll fdhpBwiplodieng A
code chwonugleds potentially i1 mpact all firms with

The Sviatee CASBnTeampates thresichpactialf siVABoOROT
affect firmoaonhaetsi deants adbnconstructi on.

There is not a North American | Hdodergp€tabdsrte
for energy consultants. omsteoeadul busignesesas et
energy efficiency are contained in the Buil di
541350), which is comprised of fiinrspseccfriiomar i |

UINAI CS is the standard used by Federad esdtadblilsits tmeéntagef
the purpose of collecting, anarlelzatnegd tao dt hpeu bU.i S.hibhugs isn
NAI CS was development jointly by the U.S. Economic CIl a:
Canada, and iMext @« oNa&cil mrsdl de Estadistica y Geografia,
compar abisliinteyssi rsthat i stics among NAé CSortepl Amedi ¢ hre So a
I ndustrial Classification (SIC) system in 1997.
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residential and nothirte siisd enottil &lot buidlediemgs ne wh
establishments within the Buil diedgn Ienrs@regy i on
efficiencyh@€onst@ibtrimagTa@m3 Idshowndens an upper bo
indication ofsetchersii me Cafl itfhoirsni a.

Tab8® California Building Designer and Energy

Sector Eg ablish Employn Annual F

i llioa
Architectut al 3,7 29, 6 $ 0
Building I nsp
b 8 2, 3,1 $0 2
Sour(cstate of California, Empl oyment Devel opment Depart

a.Architectural Services (NAIZE€St ®dbd 184dt0ablciosnpme stes Pri m
in planning and desi gnli,ngl eiessurdee,ntcioanhme ricnisali,t uan do nian
structures;

b.Building Inspection Seornvpirciesse s eNoAtliocGrs tbeAtlaBBI0i)s hment s p
engagedoivih ding buil diomg e(sn)a ®imdsépreticitailon& ser vices enco
aspects of the building structure and component syst
services.

3.2.3.3 Impact on Occupational Safety and Health

The proposed code change does not alter any e
regul ations medryt aindi rhg attld hsafi ncluding rules e
Division of OccupationaHA)SafAaltly aexids tHiemd t lne 4 ICt
rulwosut dmain in place. Complying with the prop
anticipated to hawnetaedverndetiymmpactheal th of oc
involved with the constructi omnf tcloenmb wisli dinnagq.g

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

Commerci al Buil dings
The commea l buil ding sector includes a wide ar
restaurants wadl ] ocodwiderge xteadb| i shments, and war

(i ncluding (rKefnmiegeErb®@tie@dy) us e byc comnceurpcainals o f

PEstabli shmeéeht s | ssdatsdrneismrsces pr i mawvallwateinnggagee dbuinl di ngo
and component systems and includes energy efficiency i
services. This sector does not include esitamd ifsdhment s |
pests, hazardobhsrwasvesoomeaoanadoednittami malt ede state an:

government entities that focmupl|l ioaandel/i ¢ dfi mrgc ®eme reth eo fg yb (i
regul ations.
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buil dings also varies considerably with elect

coolidhgcoanndi ti oning, and refrigeration. Natur s
water and for space heating. Acec ar0dlion gCatla fiomnrfn
Energy Efficiency Action Plan, there is more
fbo space in California and consumes 19 perce
useKenney. 2T0hle9 )df veusi dyng and business types
creates a challenge for disamrediwatte mge fi fnif @ir anma
solutions, as does the variability in sophist

relationships between pawitlsdi ng owners and occ

Estimating Impacts

Building owner ssoabdnetcupanom | owlars caiisesregly b
Sect3d.ocn,wtheln buil ding occupants save on energy
el sewhere in the erceoatoimyg tjhebeband economic gr
economy. The Statewide CASE Team does not exp
the 2022 codwacyclbaittadi ng owners or occupants

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

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

3.2.3.6 Impact on Building Inspectors
Tab3 2 hows ogmeInt and payr osltlatien faonrdma toicaan fgoorv e |

agencies in which many inspectors of resident
employed. Building inspectors participate 1in
aspects of baoans diingcl ediuh @ tTehnSet ragt ye wei fdfleie @OmMeSnEc y .
therefore, anticipatwouhtdve moop mpeadtclangenpl o
building inspectors or the scope of their rol
Tab82 Empl oyment i nt eCaanidf oGonviear nSteant Agenci es
l nspectors
Sector Govt Establ i s|Empl oyn Annu
Payr
(mi | |
Admini strati|St at 17 28 $29
Progriams Locd 36 2, 8 $205
Urban and Ru|[St at 35 55 $48
Devel opmeht [ oc4 52 2, 4 $186
Sour(c®etate of California, Employment Devel opment Depart
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a. Admini stration of Housing Programs e(sNAaIbCS shxatelnlt®BG) co
primarily engaged in thegadimihossiragi pnogname) anncl u
and standards, housing authorities, and housing prog

b.Urban and Rur al Devel opment Admpni sesagioover imAhCS 92
establishments primainigtengagaedand phanadng of the
and rural areas. Included in this industry are gover

3.2.3.7 Impact on Statewide Employment

The StatewilTdamCABEs not anticipate significant
i macts to any particular sector of the Califo
proposedwobhdgehave modest I mpacts on empl oy m
Sect3d.o2t e Statewi desCAGBh&Eemmopoagedi ah
economi zer rwoquwditfeentetn tsst at ewi de empl oyment and
directly and indir ectbluy |tdrerrosu g d eisti g niempa atn do e
and building inspkhetB8tatewnded@M@iBaowegmmer
savings associated wi tehc otnhoemipzreorp orseeqduli drheameegnet si
modest ongoing f i naonrcniiaal rseasviidnegnst sf,orwhQGaclhi fwo ul
for other economic activities,.

3. 2Edonomic I mpacts

Adoptitcdhn sofc odm ocphomsoaglkeedsul t i n relatively mode
i mpacts through the adtdhbseenah dheecbgompendah
i ndustarychi tects, energy consdhta®tat eavndeb CIAIS
Team dwmds anti ci pastaev etdh abty ncoonmenye r ci al buil ding
organizations affected by the pooapeseaedt20d2 c
aditional spending by those businesses.
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Tab88& Estimated | mpact that Adoptwioan dothatvlee P

on the California Commerci al Construction Sec
Type of Economi Empl oyr Lab Tot al Outp
(jo Il nco Adde( mil |
(mi 11 (mil $

Direct Effects
spending by Com
Buil der s) 4 € $ 3. $ 3. $6.
Il ndirect Effect
spending by fir
Commercial Buil 1C $0. $1. $2.
|l nduced Effect
empl oyees of fi

Adirectodo or #fAin 2 C $1. $2. $3.
Total Economic 7€ $4.8 & $7.13 $1 D 7
Source: Analysis by Evergreen Economics of data from t|

Tab84 Esti mated I mpact that Adoption of the P

on the California Building DessiSencetrosr sand Ener
Type of Economi Empl oyr Lab Tot al Outp
(jo Il nco Adde( mil I
(mi Lo (mil @i $
Direct Effects 17 $1. $1.7 7 $3.

spending by Bui

& Energy Consul

| ndi r e otA ditidtle oot 11 $07 4 $1. $1.
spending by fir

Bl dg. Designers

Consult.)

|l nduced Effect 14 $07 € $1. $2.
empl oyees of fi
ifndirecto or Ain
Tot al Economic 42 $3. $ 4. $6.

SourAkral ysis by Evergreen Economics of data from the | N
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Tab8®% Estimated | mpact that Adoption of the P

on California Building Inspectors
TypeEodnomic | mEmpl oyr Lab Tot al Outp
(jo | nco Adde( mil |
(mi b i (milli $)
Direct Effects 3 $0. $0. $0.

spending by Bui
|l nspectors)

|l ndirect Effect 0 $0. $0. $0.
spendi ngshyppbit
Building I nspec
|l nduced Effect 2 $0. $0. $0.

empl oyees of Bu
|l nspection Bure
Departments)

Total Economic 5 $0. $0. $0.
Source: MHKRyE@IryskEseonnswmidata from the | MPLAN V3.1 modeling

3.2.4.1 Creation or Elimination of Jobs

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

elimat iexn st imeggs of jobs. I n otherewmbds, the .
proposedwobhdgeresult in economic disruption
economy. Rather, the estimates of 3ecwadlwolmd ¢ i m

l ead to modest changes aoms.empl oyment of exi st

3.2.4.2 Creation or Elimination of Businesses in California

As s taabtogvdet he St atewide CASE Twoaumh@s precspud sed nc
economic disruption to any sector of the Cali
represents a moe¥VasCt CowBngduhbhdt excessively bul
competgisadvant age Cal imowonuiad bnuedcilenspesdareasd t o a
competitive advantage for CtaHe f®tratiawibdies i QASE
doensot foresee any nemwe dtusd pesd®dreaddwi dg CASE

Teatmhi nk any exi svoiubgl lebls Mmhesases dwe dteo t he p
charmsge
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3.2.4.3 Competitive Advantage or Disadvantages for Businesses in California

Thpr opocsoedde ¢ hwaonugleds appl y t o naplolr abwesdCaés $esni a
regardless of wheitheor pihresibeie i mre ssutisSi de of tF
Thereg ot he Statewi denBGASBnTeampadaoest hat these
proposed20f22r ctohdeee gcuylealdel hoshv e an adverskheeffect
competitiveness of LCiakeawioseni at hbeu sStnaetsesveisde CASS
not antici padeatbhad i metssiede lof Cal i fornia woul c
di sadvant aged.

3.2.4.4 Increase or Decrease of Investments in the State of California

The Stat@wbHEH arealmyzed national data on corpora
investment by businescapi ttdlatstex@landr ef drn mend st
domestic inves¥Ymsmtb3d Gohro wsRDMb)e.ba B 8 1R OPNDI as

a percentage of corporate prafiitths amamlyled afgreo

percent. While only an approximaomenusédther pl
capital itnhvee sStreetnetwi ddeChsEepeami deg a reasons:
estimate of the proportion of proprietor inco
owners into expanding their capital stock.

TabB8@&Net Do mersitvlatvweest ment and Corporate Profi

Yeal Net Domestifl Corporate Ratio of N
I nvexnttmedy Bus After ] l nvestm
Billions Billions Corporate
201" 609 1,748 3509
201 ¢ 45 . 1,739 269
2017 508 1818 289
201¢ 618 1843 3409
201¢ 589 18720 329
5-Year Av 319

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

3Gov. @oldle3,46. 3(t)84p(8Ja)(2); 1 @ERtAtR063AdyaB)agfGes o
di sadvantabethbhudpirmeCcsses currently doing business in the

“Net private doniesshtel ct oitnavlé savneosuinme wHE pi t al by the busine
i s useaxpgand t he, cragptalhearmatsthobakn or r epl .LCoe pbuatitso pdedr d
t he moneefytad erfgorpatyisonts expenses.
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The Statewide CASE Team does not anticipate t
wit hprntdeosed wreuwlseuarde t o shgngti Canttmrease )on nde
investment in any directly or indirectly affe

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

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

government funds.

Cost to the State

State government already has budget for code
compliance enforcement woWhidl al gpaescomocersn men
update the T$Sttarmda2Mdds Pairmcléudi ng updating educ
madr i als and respondi ng t or egquueisrteinmoennst sa b otuhte steh e
are already covered by existing naneatte alrued geartad
when compared to the overall costs savings an
cde change Prmpesalls.submeasures have been sh
the Statewide CASE Team does nott heexegéat any a

Cost to Local Governments

Alplr oposed codd@i thangds Part 6 would result in
determinations. Local govbewinindeinngs dwopmahrdtt rmeenetd s
revised Ti tSteandda,yr dBar tWhahg it &ianrexpense to |

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

Standards(puolgrasm EnerAy Cotdh@dp Aoxe )Et he St at ewi
CASE Team consideredoldewctmaeg ger o pnopsaed v ari ous
actors involved in the compliance and enforce
negative i mpacts an | ocal governments

3.2.4.6 Impacts on Specific Persons

Whi | eobtjheect i ve 8f aaewi dé CASE Taaom@ps opmod o eale |
effictilteencyt,atewi de eCASE hBeeamhere i s the poten
proposed comaey crheasnuget i n uni ntTéedSd ad @ws e@u €RAE
Team has moty i mdmd mati on showing t hatctsepeci fi
by this proposal
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3. Energy Savings

3Kdy Assumipdn olBrser gy Savings Anal ysi s

e energy and cost analysis presented in thi
nsistent with phesé@gbvVetladupbping the Energy C
20 workshop on compliance metrics. (Califor
ectricity TDV factors include the 15 percen
ctors include t haekagwaacrnt tofe medihlachiend esi t e.
cst oursed i n the energy savfimgm Bmad yys esndver e
vironment al Economics, Il nc. (E3), the contr
ctors for the Ener gy CQointnliesd ifiobl, e c-thbiap cTpD \ksa
tAdj Scaled by Avoided Costs. x|l sxo0o. The nat
nergy savings anaflyemsE¥eirem @dabs@miaaedisheet tif
2022 TDV_Policy_ Compliant CH4Leakl é&dtartiReil tAy d
emand facttohes arserdgy nsavings amalmy €83si weme ol
preadsheet titled 2022 TDV Demand Factors. X
nergy Commission releaysedr il dluale WwaOr2Mi nug ep @t
GWP)l ueas i nsteadkdacf GWPe vlalues t hat were used
DV factoryearTlGaVNP2 ¥ al ues i ncreased the TDV f a
he TDV energy savings presented in this repo
expectdode ifinal IT®Watrha&&tWPusveal ues were used in
proposed code changes wil/l be more cost effec
savings presented in kWh and therms are not a

®® 9 S 9 9 — OO0 T

" 4~ Mo SO »g+TM™—™"D0NO 4 W

The Statewi deusCADSEEnTeeragny Bcitstthe eoredgy savi ngs
change proposal s. Energy modeCesmapreotsotuy mwieda If
building models and are modified to include t
stand@ahdspr ontoodteytpselai zsei zed air handler attribu
automatically scal e tnoe cneesesta rtyh et ddiemea ¢ginc tchrai rtieat
for each of the reference cities reprAsseanting
result of the varnmpeoinfsi odtitdhhres eqtulih@ mempact e
by both climate giomee amle pcroittoeryipa for requir.i
on henit capacity.

3. 3ERer gy gawen hodoProgtyoipgmi | di ng

The Energy Commi ssi oingl dG A Sk t Teeda dtehteot Sitea teenve r g y
i mpact sspuwescpngtcot ypi enald etlh ari € pdri ebsgeind a | buil ding
geometries tfyoprdodb dif Edem@gs ot ot ype buil dings th;
CASE Team used in the aiabd8Enseragrye npordeesl ei nntge dw ai
conductpeadton ypical buid dHi me cmo ceexlpsa ntsh aotn H & X)
obetw88n0O0OOaBdubh, 000 Bhe/ mofdelr i naeéestigating
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handl|l eOBBEGUoO mr ot otgpleshymo St at ewi de CAS&Er Team f
building types thahotwe et Hoti eetl iSmmd dt gadacst ot ype
excluded in this iammpdgdi anbesausethbeonly ser
would Ilikely be ser viedt lbrye DEOPASS wenrid snatn Itihkee |l y
representativenod uansead peernr floownal oadi ng and hi ¢

AsS notSedct3ioin, Be¢S2 at ewi de OCVOSE eTdA&WIt ht o obt ai n
addi tmaornkael tt mnagdla a manuf aBaseedrosutthay data, A
esti mahteesCal i forpradwmat Eeinfoht ¢ goweemd cirt yt hraaan g
5000ns. t

Tab8® Prototype Buildings Used for Energy, De
|l macts Anal ysi s

Prot oNgme [Numbg¢FIl oor |[Description
o f (squa
Stor f eet
Restaurant 1 2,50]Fast food restaurart
kitchen and dining
Pitched roof with e
Ret ai |l Mi xe 1 9, 37!'Ret aiiill dbb ng wiOt%. VRA
adi abatic
Retail Stri 1 9, 37!Stri ppuMaldli ng -wD #oh
School Prin 1 24, 410El ementary school

Th&8t atewide CASE Team estimated energy and de
proposed gedeschgnthe 2022 R&BELGLoMm Ver sion o

CBECComener atneosd etlwso based on user i ngpnutdlke t he
ProposedThesiSgandard Detshe@gnge®empetersyendfs t he de:
buil der would |lieatodebiunéd setd ohseeatures t|
budget mtimatwcaoldpyl i anx1 9wiTtiht | e 24, Par.t 6 code r
Featur es uSsteadh diawr dialDgeessicgn bed Nont dei RAAMOI al
Reference Manual

The ProposedrRPesdiagrsame geometry as the Standa
assumes the energy featdessgswibied ert hidnoswtfd . war e
devel op savings estimates for the proposed co
created a Standarmdelde Diegn gamad hPpopt dthyepiecals b

an existing Title 24, Part 6 requirement that
applies to both new construction and alterat:i
compliant wieh2dhem@@A®. i Tndilcated in Section
Economi zers, each cooling air handler with a
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include an air economizer capable of modul ati
supply 100 per cewngplafu adgnira td/e-saisgrout si de
The Proposed Design was identical to the
revisions that represent t hlea b ®orpeosseeidi ccthanges
parameters wedewhmatdi Yakdeanwere used in
Proposed Design. SpecificallyadittHerpmdpade drg
economi zer .
Comparing the energy i mpactthse oFfr otphoes eSdt alnhedsairgdn
the I mpactssed dddee paclogpproge réhati ve monambul
compliant with the 2019 . Title 24, Part
Tab8&Modi fications Made to Standar &i ek agae
Proposed Code Change
PrototypCli maAoeePar amel]St andard Propobedi
Na me Parameternpar amet er
Restaur aAl | EcononmNoEconomiDi fferent
Food Contro
Contro
Met hod
Retai |l Mi|Al | exceEcononNoEconomiDi fferent
Climate |[Contro
15 Contro
Me t dh o
Retai |l St|AIl | exceEconomNoEconomiDi fferent
Climate |[Contro
6,710, anContro
a Met hod
Pri marySAI I exceEconomNoEconomiDi fferent
Climate |[ContossoO
89101 113,/Contro
141 % nd62lMet hod
a.Note: The design coolingsbapadi oy Dheacstewmandl roseva
cli mate zonespir otr owteyneeaspaprhe.cabl e
CBEGCGComal cuwhda-lesi | ding en¢igogn comnsempry
measurled onimwtur s per year (kWh/yr) and ther ms
applies the 2022 time dependent wval uaytiuosne ( TD

i hbhousandpernfy 8aknBt(udDyd n mu
reuctions
v al

savings

ues

measur ed
measured i

2022

peak

n

electricity
i n-Ckoiml ocaw astot sg e(nkeW)a.t eGB ET(MC/
208 2.

present
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Theeegy i mpacts of the proposed code change v

CASE Team simulated the energy i mpacts in eve
cl i nzaotnee speci fic TDV factors when calculating
Peunit enactgy fionp nonresidenti al buil dings ar ¢
foonnu&l energy and peak demand i mpacts for e
translated into Iimpacts per square foot by di
building. | dlwssfe®trepmnalkasi er comparison of sav
typesemanldl es a cal cul ation of statewide saving
that i s published in terms of floor area by b

3. 3St3atewi de Energy Savings Methodol ogy

The -preirt energy i mpacts were extrapolated to
Statew€Cadnstruction Forecasts that the Energy
Construction Forecasts estimate new construct
year thatTittHe 2022 Part 6 requirements are in
ofhet total existing building stock in 2023 tha
approxi mate savings from building alterations
constructtdmsnt r(incetwi on and existing building stoc
zonehe buil ding types used Bwiltdieng ohypge ulch,i oa
identical to the prototypicaCormusad dtimeg Eryeregy
Commi ssi oend pgruoivdiadhce on which prototypical bui
Typewhdamal cul ating stateWabh¥®eprpsegysi mpacpsot oo
buil di wgs ghndng factors that the Energy Commi
CASE Team use for each Buil di ng THopreeclaDsti.n t h

Appendoirxskents additional information about th
used to calcul ate statewide energy impacts.
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r

Tab8@Nonresi Bantlidaing Types and Assotiaged Pr of
BuildingDTypem St|Buil dPirrog of ggWei ghting
Construction ForeEnergy Model for Sta
| mpacts A
Small Office Of fi ceSmal |l 100
Large Office Of fi ceMedi un 5009
Of ficeLarge 5009
Restaur ant Restaur and Fa 100
Ret ail Retail StandA 109
Retail Large 7559
Retail Striph 5 %
Retail Mi xedU 109
Grocery Store Grocery 100
Noi#iRefrigerated WaWarehouse 100
Refrigerated Ware RefrigWareho N/
School s School Pri mar 6 09
School Second 4009
Col |l eges Of fi ceSmal |l 5 %
Of fi ceMedi un 159
Of fi ceMedi un 2009
Publ i cAssemb 5 %
School Second 3009
Apartment Hi g 2559
Hospitals Hospital 100
Hot el / Mot el s Hot el Smal | 100
3.3P&Unit Ener gyRelsmpdcsct s
Energy savings apdupéteabndemaddapd @ he onluglhl e n
43whi ch summari zes ener ghiemmpa@ptngds .t gAhArey t s fro
instances of negati vieemivdlhuds )arn ea dAdsre mntoeide diers nb

Tab3&@®bove, the design cooling |l oasszefl basedi
on the <cl,whattdh Zompeact ed otf hd hap plriopalsidlidi ttdyo d e
omir handlcerrd awint lpitrdi oggpanbduicl i matet pones.

sizfiwmmgcti onll c aus eunacahdol aeetisa abbeo v e
capacitfyromntglei €3 3p,r0o0p00 sBatlu/ h
n o twalsen dti edtke vsauidii Na/ nAdO .

change woul d
The -prirt energy
adoption or
for

2022

savings
compl i ance
theafirstexpect edd2800 Ir.alnbgbgtrkiVdlo dh thar gi nal |

ot heel mpacted

)t toh & 4p rOd@PosBee u/ h

C
\

figuresrrdiovaghbét account

e latt eissca Ay, gssh pweo o segluaw ,e
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i ncr eiamseatsur als agaes 0000 m 0. 016 -ytrh edrenpse/nfdtijng upon
climateandompeot ot ypeSawiingdsi nignctryepdes.mi h@ared ool i n

climates as tlhHheosedsomenmnihaean cafl c¢oddriinmgg wmitlhd f r
condi Theemsare negativé omeantois@lgiohaiwsiedseatkl
simul at ed apnrdo tcoltiynpaetse zones, the total TDV ene
Demand r edurcdlgi i dmilladr ec| i mat e zones.

Tab4@Fi rYsetar Energy I mpact $ERpanB8qgEabnbpaomonper
RequiremRemdtsaur ant Ha$) Food

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

16 0. 6 0.0 (0. 0)] 13. 4
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Tabd eFi

RequiremkRe 18 |

FYseta r

Energy

| mpact $SERparn8qgiEanpeaomboer
Mi x(Z2odfd) s e

Clim El ect 1 PeakKl ect | Natur a TDV En
Zone Savin Demand Red Savi i Sain
( k Wh/ ( k W/ (therm (TDV kB
1 0. 2 0.0 (0.0 4 . 4
2 0. 3 0.0 (0.0 7.5
3 0.5 0.0 (0.0 12. 5
4 0. 4 0.0 (0.0 9.0
5 0.5 0.0 (0.0 13. 8
6 0. 6 0.0 (0.0 14. 4
7 0.7 0.0 0.0 17. 5
8 0. 4 0.0 (0.0 10. 8
9 0. 4 0.0 (0.0 9.5
10 0. 3 0.0 (0.0 7. 8
11 0. 2 0.0 (0.0 4. 6
12 0. 3 0.0 (0.0 6.5
13 0. 2 0.0 (0.0 5. 3
14 0. 3 0.0 (0.0 5.9
15 N/ | N/ N/ N/
16 0. 2 0.0 (0.0 6. 1
Tab42Fi rYsetar Energy I mpact $ERpanB8gEabnbpaomonper
RequiremRkRentas | St (BioMal |
Climg EIl ect | Peak EI e Natur a TDV En
Zone Savifn Demand Red Savi | Savi i
( kWh/ ( kw/ (therm (TDV ukB
1 0.1 0.0 (0.0 1.7
2 0. 2 0.0 (0.0 4.9
3 0. 4 0.0 (0.0 9.0
4 0. 3 0.0 (0.0 8. 2
5 0. 4 0.0 (0.0 9. 8
6 N/ | N/ N/ N/
7 N/ | N/ N/ N/
8 0. 3 0.0 (0.0 6.5
9 0. 3 0.0 (0.0 6. 8
10 N/ | N/ N/ N/
11 0.1 (0. 0)( (0.0 2.5
12 0. 2 0.0 (0.0 4.6
13 0. 2 0.0 (0.0 3.8
14 0. 2 0.0 (0.0 3.8
15 N/ | N/ N/ N/
16 0. 2 0.0 (0.0 4 . 8
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Tabd28Fi

FYseta r

Energy

Requirememitmar y J4ohid o |

| mpacbob8ERpARNB8gEanbaombDzer

Climg EIl ect | PeakKkl ect Natur a TDV En
Zone Savin Demand Red Savi i Savi
( kK Wh/ ( k W/ (therm (TDV kB

1 0.0 0.0 (0.0 0.3

2 0.0 0 .00 (0.0 0.9

3 0.0 0.0 (0.0 1. 4

4 0.0 0.0 (0.0 1.1

5 0.0 0.0 (0.0 1.5

6 0.0 (0. 0)(¢ (0.0 1.1

7 0.0 0.0 (0.0 2.0

8 N/ | N/ N/ N/

9 N/ | N/ N/ N/

10 N/ | N/ N/ N/

11 N/ | N/ N/ N/

12 0.0 0.0 (0.0 0.9

13 N/ | N/ N/ N/

14 N/ | N/ N/ N/

15 N/ | N/ N/ N/

16 N/ | N/ N/ N/
3. £Lost CaonsHf f ecti veness
3. 4EMnergy Cost Savings Methodol ogy
Energy cost savings were calculated by applyi
ener gy ssatviimmagtsese t hat were derived using the n
3.3.2D¥ a nommbatoeedlenelragyetvitnlgsstcount s for t
vari adt eofcoel ectrgastlhacdn dhomnatrywrfall oeagyeath ho
costs aread d@wpedtange over (B6 pemredfof apal de

measures and nonresidenti al
nonresidentilan tmeiasucasg, t he

envel ope measures
peyieadmsef TAVIal y

cost impacts iare@moprieasmadntdeod | ars and in 2023 pr
represent the energy ddbdsdarsavings realized ov
3. 4ER2er gy Cost Savings Resul ts

Pewunit energyfooshewhyingeasandbkct edadtuoarsld ngs

realoverdl yleear peri od of analPVy2s0i2s3 adiod |Ipalress ent e
foll owi g &pgplelnedidsoxr Nsi mi | ar tabl es.Tihne nToDW n al (
2022 Titl &i DXBASK aRd R ®2RHV ACH|95



met hodobwgypahk

duringea&nperiods

Tab44202P3VI DV Energy

Sqguar e ARadb iEixpand

Cost

el ectrivalugdsamoiregs$ htao

etéectr

SYaevai rn ghse rGQvoedr ,PES Anal y

Eco@mm mRequi Resneawsant Fast Fo

(1o f4)
Climgls5ear TDV E| 15 ear TDV Tot adYyedah

Zone Cost Sa Gas Cost Energy Cost
2023%) 2023%) 2023%)

1 $1. ($0. $0.
2 $1. ($0. $1.
3 $2. ($0. $1.
4 $1. ($0. $1.
5 $2. ($0. $2.
6 $2. ($0. $2.
/ $2. ($0. $2.
8 $2. ($0. $1.
9 $1. ($0. $1.
10 $1. ($0. $1.
11 $1. ($0. $0.
12 $1. ($.02 $1.
13 $1. ($0. $1.
14 $1. ($0. $1.
15 $1. ($0. $1.
16 $1. ($0. $1.
2022 Titl &i DXBASK aRd R @2NRHV ACH|9 6



Tab#®82 023 TPV Energy Cost SyaevarnghPe rQvoed olf5 Anal y
SqguarmetF AndExepiaead Economi zeri Retqgauii Ir Minteend s e (
4)

ClimglsYear TIR&EtHE|15%ear TDV Tot adYyedh
Zone Cost Sa Gas Cost Energy Cost
2023%) 2023%) 2023%)

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

2022 Titl &i DXBASEP aRd R @2NRHV ACH|9 7



Tab#46e2023 TPV Ener gy

Cost

SYaeva rn gse rQvoedr olf5 Anal y

Sqguar e Footi EXmalnyds iEsconomi zeri Retqauii Ir ti@eihpg Ma | |

4)

Climglis5ear TDV E| 15 ear TDV Tot adYyedh
Zone Cost §a Gas Cost Energy Cost

2023%) 2023%) 2023%)

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

2022
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Tab#482023 TPV Energy Cost SyaevarnghPe rGvoedd olf5 Anal y
Squar e Footi EXmalnyds iEsconomi z er 1 FRreigma rr yeSwehha sl (
4)

Climglis5ear TDV E| 15 ear TDV Tot adYyedh
Zone Cost Sa Gas Cost Energy Cost
2023%) (20 2 3 $B 2023%)

1 $0. (8. 0 $0.
2 $0. (8. 0 $0.
3 $0. (8. 0 $0.
4 $0. (8.0 $0.
5 $0. (8.0 $0.
6 $0. (8. 0 $0.
7 $0. (8. 0 $0.
8 N/ | N/ N/
9 N/ | N/ A N/
10 N/ | N/ N/
11 N/ | N/ N/
12 $0. (8. 0 $0.
13 N/ | N/ N/
14 N/ | N/ N/
15 N/ | N/ N/
16 N/ | N/ N/

3. 41 Bcr e mEeinitCsols t

|l ncremental first cost is the initial cost to
practiceemwheed to the cost of an equival ent
i mportant that the Statewide CASE Team consid

measure cost effectiveness. I ncremental first
and caneocwheang i me as mar kets evolve and profes
new technology and building practices.

l ncremental first cost was determined by comp

with a similar capacity model geepiasémiisngatlk
economi zer for Bnsmasét ec acshgasnfgeetsh easree expect ed
with the manufacturer .@Pmieomathafeaaguiup me ntc odnanlein
fi@alcedessory insbammbationssame asosbalkluer s nghi o
t his mamr ktthe pgurposes of cal culeatSitmg eiwn adree nCeAnSt
Team ex@i®Per cefntt he costs to occ@orwibiohht h & em:
cost of the econonmkRQPRAM tenmd rtelaastedvoeggtasd udf t o

manufacturers on, | mma tuwmie acraalq weeossttesd f or i nf orn
be coldmreacnynbyslityhwe trade association AHRI

2022 Titl &i DXBASKP aRd R @2NRHV ACH|9 9



|l duly and August of 2020, the Statewide CASE
surveyttaa n iancrceomsenti nf or mat i oMi e o8dtt heefi r mer
manufacturer responded to thedaswavieydwecathedofs|

costwere higher than our initiwhi cdhMQ tfirloinz eech e
RSMeans and to adjuem gdgatwai obt AL A® &r teddauldtiMLCs
has been increased to reflect this finding.

The Statewide CASE Team understands that econ
changes pwvevnbhe yeatrhsetwhe@ASIE Team coslel ect ed
coswist h many manufactur er sddampwirng otreentdr iugh @ ro nq L
advanced digital coapp e®aahs v e OWh n toene &nsaendyt aicio st tss
CASE team altshom sex gehatngges wi | | reduce failure
mai nt enatnscred croscommend future studies to verif
efforts have reduced maintenance needs

3. 4L dcr emiBait al e manmdc eRe p | aCoesntesn t

| ncr emeantnalenmndeéeienos & nteossttalof repl acimg t he e«
parts afi ptmaestenwgel | as periodic maintenance reqg
oper ateilnagg i ve t o owrerr dbtleepre aicd d ces Bhmal yrse sent
val uequwifpmanht enance costs (savindapeeereand cal c
di scouat (dvihi ch i s consi stentd wwhtehn tdheev edli ospci onugn
2@ 2ZTDVLL.hpr e swealtaufe mai ntenance costyenhat soccurs
calcul ated as foll ows:

k4

ENCHIAHHTITI™AHD T 7 HTARTIHEH T 7 "HT"AIHT"I“I’-H"H—,,H

|l ncrement al Mai ntenance and Replreacve mairst CASBEL s
Report on Light Comnwehriccihd |udshen ePtGRRIEgOHWVWA C,Car e P
mai ntenance progr afmitlourdee treartnei noef tpheeooemt zer s
over -yaealr5 usef ul l i fe of the equi pmentcefnMai nt e
the cost at the halfway point off the useful I

8

~

ACHL T 1 1 W SITHTH H AT "FHea) b oA

8

However noaSec tidnon, 2etonomi zers have been stead
gual ity which woulide rr efdasicleurt enh er aetcebmmdé&m rt hew s
FDD measureceisem Z@pawid hetxipeesct ednhmsaehred cee cost
by $30/ kW which weeé@ulypdbsdrrcteatt®hleWyor $16 per
of cqgolriepgesenting$ddcodosbIF@&@hiengsni o . bdihng co
costavings rreesdudded roewr vi ceptastagdoertain typ:e
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prevenmaitntvewahbeaut omat edAfaet tisldeelt ceawgtisonusi n
RS Mehnstoriaadoshao®@®d®pendi ng on twasunit caj
determined

I n combinihemgchetls of a replacement aeaocaanbmizer
cost savings from maintenance savings from FD
sawismver tylkkarlmnaoyg $idd Oppreiks yreatred in the pre
secthenstatewide CASE Team is currently worki
data on the increment alwoudsites tdhhfated on vrail 2 @lrag e
thesamptions within this report.

3.4CaBtEffectiveness

Thi s meayroepe £ s& rriepgtuiiredsnesich, a cost anal ysi|
to demonstrate thaeftodet mebyewer ipehe oslt of ana

The Energy Commi ssion establisbtbesttéakef pcbcedn
The Statewide CASE Team coll aborated with Ene
the methodology in this report 1 s consistent

were included in the analysnereimaert ahcmameneéan
costs olvsgeat hpdr iaomdal ysi s were i ncl usdaevdi.nglshe T
fremectricity saanwiwegaseuradlsogasancluded in the ev
Desn gcosts were not included norcwepkiaheeincr
verification.

According to the Energy Commi ssionds definiti

c
bendgfeiotst (B/ C) ratio i s greadlecultdiaemd dbywg The
cost benefitsSreamalsi bgdhchweneot all icosts, which
mai nt enanc & Srceoasrtss. CfTonrat B6 was cal cul ated using
cost savings. Raesulettdscft itvleerepesr adal yses for
Economi zer Reque gemetdbsd @ah reoTpagthd B

The prdpmesaesure saves nyoenaenyalogveirsadc er ell5ati ve t
exi sting Amaldy diiloonsd.r t h@&pacity econofnoiuzri ng me a
i mpacted protothyigoenbmoael ®nanodf proltiomatpee zaZnmordes:
whil&adir handl ers i mpacQGfteds Ibryot écil @ pnead ees wroen e

scenarios i mpacted(,4 omdiyadnm) B/nG tlamlkces bel ow

Retail Stri pMadlli npatoed (cEogympek £) i aantd d1(RedeBIl uf f)

Pesqudadrebsts and savings farld iamr eraelodt itdhre tpa ott
whi ch havemowamtys ngf the buil diccguated oirmpaet &
di fferences betwesmhprasct dthyep @r manchellsSicchhoohadyr o
only oneaeirsmadrddéedrarh enpaicghe zobnen runs analyzed
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Tab4#4d@& -YBar
Economi zer

-EbSectiveness

ReghRe gteanemd&mtolda $4)

SummariyeE xPearndSquar e

Benefits Cost s

TDV Energy Tot al

Savings Hlncremen
Ot her PV 2Sa Cosht s BenetfdCbst

Climate (2023 PVS$ (2023 P Rati o

1 $0. $ 8.2 2.1
2 $1. $ 8.2 42 4
3 $1. $ 8.2 5. 7
4 $1. $ B.2 4. 9
5 $ 2.7 $ ®B.2 6. 8
6 $2. $ ®B.2 7. 3
7 $2. $ 3.2 7 . §
8 $1. $ ®B.2 6. (
9 $1. $ ®B.2 5. 5
10 $1. $ 8.2 503
11 $0. $ 8.2 309
12 $1. $ ®8B.2 405
13 $1. $ 8.2 324
14 $1. $ 8.2 3. 4
15 $1. $ 3.2 3. 4
16 $1. $ ®B.2 3. 71
2022 Titl &i 2@BASEP aRd 2 ®2NRHV ACH|10 2
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Tab#4e -YBar -EbSectiveness SummariyeExPerndSquar e

Economi zer ReQRetraimeMit(®e d)Us e

Cl i ma Benef Cost Benetfo
Zone TDV Energy Cos Totatrément Cost F

Ot her PV al Cosht
(2023 (2023

1 $0. $ ®@.5 158
2 $0. $ ®@.5 2. €
3 $1. $ ®@.5 4 . 4
4 $0. $ ®@.5 319
5 $1. $®@.5 4 . €
6 $1. $®@.5 510
7 $1. $®@.5 6. 1
8 $0. $®@.5 3. &
9 $0. $®@.5 3.36
10 $0. $ ®@.5 2.7
11 $0. $@®.5 164
12 $0. $ ®@.5 232
13 $0. $ ®@.5 1. €
14 $0. $ ®@.5 208
15 N/ . N/ N/ .
16 $0. $ ®@.5 216

2022
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Tabbe

Economi zer

YBar -EbSectiveness
Regke tr &imet3oifg) Ma | |

SummariyExRead Square

Cl i ma Benef Cost Benetfo
Zone TDV Energy Cos Total Incre Cost F
Ot her PV 2! Cosh
(2023 (2023
1 $0. $ ®@.5 06 2
2 $0. $ ®.5 1. 7
3 $0. $®@5 320
4 $0. $ ®@.5 2.6
5 $0. $ ®@.5 3. 4
6 N/ . N/ N/
7 N/ . N/ N/
8 $0. $ ®@.5 230
9 $0. $ ®@.5 240
10 N/ | N/ N/
11 $0. $ ®.5 0. ¢
12 $0. $ ®.5 16 2
13 $0. $ ®.5 136
14 $0. $ ®@.5 136
15 N/ . N/ N/
16 $0. $ ®@.5 170

2022
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Tabbe -YBar -Ebfectiveness SummariyExPearndSquar e F
Economi zer RenQRmn ir rmanrey 40hf4) o |

Cli ma Benef Cost Benetfo
Zone| TDV Energy Cos Total Incre Cost F
Ot her PV a¢ Cosh
(2023 (2023
1 $0. $0. 101
2 $0. $0. 24 8
3 $0. $0. 3. ¢
4 $0. $0. 327
5 $0. $0. 417
6 $0. $0. 322
7 $0. $0. 5.5
8 N/ . N/ N/ .
9 N/ . N/ N/ .
10 N/ . N/ N/ .
11 N/ . N/ N/ .
12 $0. $0. 2. €
13 N/ . N/ N/ .
14 N/ . N/ N/ .
15 N/ . N/ N/ .
16 N/ . N/ N/ .

a.Benefits: TDV Energy Cost SBenepfsts OnbéeuvudBVTDB¥VENGgS
savings over the( breerigpw +ofEmwmiarlyrsmesnt &t hEcosami ags2@

di scounted atianfkati énpmt hakte percent ratel Other P
fi-cest savings i f proposed first ce&¥maiirst dreasrscd hams tc
savings if PV of proposed maintenance costs is | ess
b.Costs: Total I ncrement aCofPresiemeclréddened| Cegtus pment ,
repl acement, and maintenance .c Cotss sovaare tdh e cpairnitced a
(infdadjuenhed) three percent rate and if PV of propos
of current mai nt emeantcael croasitnst.e nlafn cienccroest i s negati ve,
benefit. dd ttdteale iamer emobrinalfcid®d/attiostiss itmeinite.
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Tabb2Construct WengAAedr 8gametf@Cbst Batmmail y
Expand Economi zer Requirements

Cli ma Statewi d .
Zone Construct Copstructlc
Forecast Wei ghted A\

(Mi | i Squi a Feegt Cenetf&ost R

1 0. ( 1. ¢
2 0. 14 3. 2
3 1. ¢ 4 . &
4 0. ¢ 4 . C
5 0. 2 5. E
6 1. 3 6. 3
7 1. C 7. (C
8 1. & 4 ., C
9 2. & 4 . €
10 2. 3 4. 4
11 0. 14 2. 32
12 2.1 3.C
13 1. C 2. &5
14 0. § 290
15 0. Z 3.1
16 0.1 3.1

2022 Titl &i 2BASP aRd 2 ®2NRHV ACH|1 0 6



3. b5l rFYsetat abewimpact s

3. 5Stlat ewnaregyEEner gy Cost Savings

The Statewi dec adAcSUH aTteepdmatrh es tfaitresvtiodde nseaw i ng s
construytmwint i pl-ymintg ¢ &wi Pesr,e svemi$etd 3 nnb. y4
assumptions about the percentage of newly con
i mpacted by t he psrtoaptoesweidd ec ondeew cTohnest Bueseti on f O
presenAppendisx aA e the Statewide CASE Teamdés a
percentage of new construction that would be
zone and building type). Savings Dypeanl terat.i
|l ifecyVYVAE packbdge aequapmemep!| adament rate to -t
buil ding stock of applicable building types.

Thei-yseadr ener gy | mpactysearre parnensueant stahlva nfgisr sftr on
t hat were compl d®Byeedari ne n2@r2g3ya wiomg s er epeeggnt t
cost savings losyear taealkwnsiseperiod. The state:
do not take naturally occurring markéd&@abaeéopti
53resent syadire dtiatsewi daeeggrgpgpsandavings from
constructed buil dIEm@gs glyy anldi matse szemeli ngs for
additions calmblheé found in
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Tabb® Statewi ;aeddEEaregyy

Ca dNte vommpsatcrtusc t i on

Expand Economi zer Requirements
Statewid Fis| Fi rYseta Fi rYseta 15Yea
Constru Ye & Pea Natur a Pres
| mpacteEl ect1 El ect Savin Val u

Cl i mq Propo Savin DemarnMMTher Ener

Zone Change i ( Gwh Reduct Cos
(million ( MW Savif

f ek ( mi |

2023

1 0. 0. C 0. C (0 $0.
2 0. 0.1 0. C (0 $0.
3 1. 0. & 0. C (0 $1.
4 1. 0. 3 0. C (0 $0.
5 0. 0. C 0. C (0 $0.
6 1. 0. 7 0. C (0 $14
7 1. 0. & 0. C (0 $1.
8 1. 0. & 0. C (0. $1.
9 2. 1. 3 0. C (0. $ 6.2
10 2. 0. 7 0. C (0 $1.
11 0. 0. C 0. C (0 $0L.4
12 2. 0. & 0. C (0 $10.4
13 1. 0.1 0. C (0 $0.
14 0. 0.1 0. C (0 $0.
15 0. 0. C 0. C (0 $0.
16 0. 0. C 0. C (0. $0.
TOTA 17. 6. € 034 (05 $13.
a. Fisyear savings faowompladtle dudtl &ti ewgisde i n 202

2022
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Tabb4¢ Statewi ;aeddEEaregyy

Expand

Economi zer

Requirements

Caaal t lempsaAdodsnsh $

Cl i me
Zone

Proposed C

Statewi d
Constru
| mpact ¢

202

El ect1
Savir

Fi r
Ye &

( GWh

Fi rYseta
Pea
EIl ect
De mar

Reduct

Fi rYseta
Natur a
Savit

(MMT h e r)n

(milsqgoar e

( MW

15 ea
Pres
Val u
Ener
Cos
Savir
( mi |
2023

$0.

$0.

$3.

$1.

$0.

$3.

$2.

$3.

O 0N OB WIN|F-

$5.

[ERN
o

$3.

[EY
=

$0.

$2.

$0.

$0.

A
ajbh wiN

$0.

16

O O/RL NOIHFRPOINOINWOIN|~ KO
AINWOTO|R|RPIOOOTOTADN MO

OO 0O 0O/rIONINPFIFPIFPOO|k, O|Oo
Bl NNl misailen|nN e

OO0 0000000000 OO0 O

$0.

TOTA

N .
ol

[ERN
8.
N

Loloooaolaoalobsalalbs ool lole
OO0/ |Oo|O|O|O|O|O|O|O|O|O|O

0

~ |~ ~|~|~|~|~|~|~|~|~|~|~|~N|~|~|~

$295

a. Fistyear

savings

from all

bui

Tabb® Statewi caeddEEaregyyy

| 8i ngs

compl et ed

statewi c

Cadewl Gpastsuction,

Al terations, Tabwxdp aAnddd i BEcioomnosmi zer Requirements
Construct Fi rYsetd Fi rYsetar || Fi r-$éa 157ea
Type El ect El ect Natur a Pres:
Savi De mar SavirnVal ued E
( GWh Reduct(MMTher) Cost Sa
( MW (PV$ mi
New Const 7 0. 3 (0. 13.
Addi tions i
Alteratio 15 0. (0. 2 RB.
TOTAL 22 1. ¢C (0. 4 24,
a. Fi fyetar savi nag st efrracbnmpahnlsit ed st 8t ewi de in 202

2022
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3. 5S5S2atewide Greenhouse Gas f(iGHG Emi ssi on

The Statewi dec& ASEl deadh avoi ded GHG emi ssions
emi ssions factolUsi spdcbtatdsi Envheonmedt al Pr

EPAEMEsi ons & Generation Resource | dtMeesdgreatned D
El ectQoocridtiynat i @anl iCfodMENGCi lCAMX) subregion. Avoi
emi ssions from natural gas savingsscaatliteri butab

electricaérpowen gea@ calcul ated using emissi o
EPAG6s CompAilratR oinl wtfant Emd2Pedmpp ehafcaxorCs ( AP
additional tdet anelt hoadol ogy used tbncathleiud at e G
analysis assumes an average electricipgr emiss
GWh based on the average emission factors for

Tabb@®el pwesent s t he-yesatri matoa d efdi rGHIG e mi ssi ons
proposed code c hfainygeeaAGH Beunnii snsgi 4t nhkeb @tf roins to f
carbon dioxi deetergud Qtzaawesnt ¢ lfe. avoi ded

Tabbe FiY¥esatr Statewide GHG Emirs fixpandl mrantogni z
Requirement s

Measure El ectf] Reduced Nat u Reduc Tot

Y Emi ssi on Ga ¢ GHC Reduc

Savitn El ecittt Savitn Emi ssi C Qe

(GW vy Savih (MMTh(from N:Emi ss i

(Mt ric ms/ y Gas Sa¥ (Mi |1

C Qe ) Mi Il Metric

Metric C Qe

C Qe )

TOTAL 21, 5,0 ( @). (1,0 4 ,51¢

a. Fi ryetar gssavfirnom al | buildings completed statewide in

b. Assumes whegfemi esi2dl. 8&ctMFICO2e/ GWh andUMTdhbSedr.ms2 MTCC

3. 5St3atewader Use | mpacts
Thproposed cowoeuhoodhbtamgegesult i.n water savings

3. 5St4at e Madrei al | mpact s

Thi s mewouwirckcr ease the amount okconeeli zeesdod
the appr @xi0f®&t eany ts that woul dli moor dergutio ec &lc

statewide i mpacts, the Statewide CASE Team de
uni tpsacitnred for each prototype and &é&Ildibmsatwaszone
usetdo estimate the amount of steel that woul d
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TabbeFi rYsetar St atewide | mpacts on Materi al Use

| mpact tcemr iNd Use (p
. | mpact _ .
Materi al Cl D o f Per-Unit Impacts First Year®
' ' (Ibs/ft2) Statewide Impacts
(pounds)
Steel I 0.002241 190,746
a. Materi al | Dneccrreeaassee ((ID),, or No Change (NC) compared t

b. Fi ryetar savings from atltlewildei ngs 20@®pl eted s

3. 50bhNofEnerigmpact s

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

3. PropoRevi si omd eatnog uGa g e

3.6GUui de tolLMaglhapge

The proposedt ashtamegearRdesf er ence Appendices, and
Ref erencd sManmwe provided bel9dwcuBGleangesartomahé

wi tBdnder l(inewnd angusa&gekxea(hdeoluegthisons) .

3. 6S2andards

SECTI ONTREQUPRPRE CONTROLS -CFONDISIHAOONEH NG SYSTEMS
()Economi zer Fault DetFxONLdn naemd yDiiangsntcasl tliecds a(i
mechani c ahb peagrodartnegr 24003 3Bt WOarBd udan i nstall ec

economi zer s haalllonien alraudd efFteeudsttaalredt ect i on and Di
systamcondance wit h) ISutblsrecy o nls2 @W.220(. 2 (

SECTI ONTPRESEZRI PTI VE REQUI REMENTS FOR SPACE C
SYSTEMS

A building complies with this snescdtriuccnt ebdy aedi n
i nst eslplacoen &di ti oning system that meets the appl
through (0).

(sections omitted)

(e) Economizers.

1. Each cooling air handler that has a design total mechanical cooling capaciBs @\
5430 Btu/hr, or chilledwater cooling systems without a fan or that use induced airflow
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that has a cooling capacity greater than the systems listed in TableCl40al include
either:

A. An air economizer capable of modulating outsaiteand returrair dampers to supply
100 percent of the design supply air quantity as outsig®r

B. A water economizer capable of providing 100 percent of the expected systimgy co
load, at outside air temperatures of 50°Finjb and 45°F webulb and below.

EXCEPTION 1 to Section 140.4(e)MVhere special outside air filtration and treatment,
for the reduction and treatment of unusual outdoor contaminants, makes compliance
infeasible.

EXCEPTION 2 to Section 140.4(e)1Where the use of outdoor air for cooling will
affect other systems, such as humidification, dehumidification, or supermarket
refrigeration systems, so as to increase overall building TDV energy use.

EXCEPTION 3 to Section 140.4(e)1Systems serving highse residential living
quarters and hotel/motel gst rooms.

EXCEPTION 4 to Section 140.4(e)1Where comfort cooling systems have the cooling
efficiency that meets or exceeds the cooling efficiency improvemeumteatents in
TABLE 140.4D.

EXCEPTION 5 to Section 140.4(e)1Fan systems primarily servingmputer rooms.
See Section 140.9(a) for computer room economizer requirements.

EXCEPTION 6 to Section 140.4(e)1Systemsproviding cooling and heating decoupled
from ventilation and that utilize a dedicated outdoor air system for ventilation in

accordancevith 140.4(p) B.-design-to-operate-at 100-percentoutside-aiatal-times.

TABLE140.4C CHILLED WATER SYSTEM COOLING CAPACITY

Total Building Chilled Water System Capacity, Minus Capaq
of the Cooling units with Air Economizers

Climate Zones Air-Cooled Chilled Water

Building WaterCooled I ;
Chilled Water System Systems oDistrict Chilled
Water Systems

15 O 960,000 Bt| © 1,250, 000 EH
1-14 0720, 000 Btu 0940, 000 Btu
16 01,320,000 Bt O1, 720 /h(05KWB
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TABLE 140.4D ECONOMIZER TRAD®FF TABLE FOR COOLING SYSTEMS

Climate Zone Efficiency
Improvement @

1 70%

2 65%

3 65%

4 65%

5 70%

6 30%

7 30%

8 30%

9 30%
10 30%
11 30%
12 30%
13 30%
14 30%
15 30%
16 70%

Al f a unit amsnualtieaeodnid
met FPEV—F+EER DheSEER
t he r eguiroeedc oa b mintehre,
apptiaxzmamlael i zddadrni me
cooling effHMA®NCY mib
increased by the HpeAC
unit is only r at esdd-ewi
| T EER or COP cooling,

be i ncr ehaes eceenrb m g & T s h
determine the ef ficie€
economi zer , egyhepmehe
i s rated wiinrputandievnied
out put metric, t he me
to COP prior t oefmiuih ¢y
impr ovement percent agq
back to the rated met

3. 6R8f erence

Appendi ces

Appendi xHVAByem Fault Detection and Diagnost.i

JA 6.3 Ec

onomi zer

Requirements

Faul t Detection and

Di agnos

Title 24, Part rée,quSeagcetsi drhal2 ®.co(hiomi zer FDD fu
atcrool ed unitamg asaysteomsdwiitdnian air handl er n
capaci B¥, BBer-B@ u/ hr cool i wgtbapaeiapility to
specified in Section 120.2(i1i). Each air condi
supplier, or FDDteouppeplriterfywitdslatnt heir FDD ana
requiremeent24  ofPalritt 16, may do so in a written
|l etter be sent to the California Energy Commi
Title 24, i Part126, 26e¢t The decl aration at the
t o miutb to the California Energy Commi ssi on.

(secti ons

omi tted)
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3. 6A@M Reference Manual

5. 7.QGqutdoor Air Controls and Economi zers

5. 7.CGutlside Air Control s

Maxi mOmt si det Aor Ra

Applicabi|All systems with modul ating o¢U

DefinitioThe descriptor is used to | i mi
air that a systeomercaemt@rgeviode
supply air. 't i s used Wwhecteted
capacity.

Uni t s Rati o

|l nput Res|l1.0 for all 383y dBOEmMBG@bbveool i
0.9 for other systems.

Standard (1.0 for all 33y BBt dive ool i
0.9 for other systems

StamdaDes

Existing

(tables with no changes have been omitted)
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5.7.4.2 Air Side Economizers
Economi zer Control Type
ApplicaAll systemsiwiet ecamoaniizer
Definitf]An -ai de economizer increasensg out
peri odsywhem koads ngan be reduce
outside air flow. The control ty
T No economi zer
T Fi xedoudrbyy The economizer is
temperature of the outside ai
temperatute@eof nxeMfesg. , 75
T Differemulil@l TOheg economizer i
temperature of the outside ai
temperatur e.
T Di fferenti ad eecnarhoanhipzyer Tihs en
ent hal py of the outesirdeet varinr ai
T Differemulil@lamndd yent hal py. The
percent outside air or the ma
to maintain theicaol iwhg nSATh-es
bul b 1 s |l ess thémltbhtéhNeDed wtr ;i
ent hal py is |l ess than the ret
requires additional sensors.
Uni t s List (see above)
|l nput As designed
Restric
StandarlFor healthcare facilities, same
Design |The control should beshandaodomg
cooling 8apeGektB </ h and when th
cooling sBgatceoomput er nrddadmagaiurniha
Ot her,whsteandar & hdaddi gars s ume dad fien
drtyul b economi zer.
An exception is t maobtewaden e #errs
servi nrgi e grhesi denti al or hotel/
Standar
Design:
Existin
Buil din
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Economi zer I ntegration Level

ApplicabilAisn de economi zers

DefinitidThis input specifies whether o
with mechanical cooling. It 1s
transl ate thspecnfbcsbhpwhaseto

The input coulng twa&leugadhie foll o

T No#m nt eg+Tehteedsystem runs the e
stage of cooling. When the e
|l oad, the ecromdntilzeroutedi de g
mi ni mum position and the com
st agfe cool i ng.

T I'nt eg4Téhteedsystem can operate
open to outside air and mech
running) simultaneously, eve

Uni t s List (see above)

|l nput ResLimotA nt egbbratiegr at ed

St amdla DegFor healthcare facilities, sam
ot hanrtseegr ated for sys3&th&aDHBRvVUe
at -Qddanmditioning, Heating, and |
conditions

St andar d

Existing

(tables with no a@rhiatntgeed) have been

3.6Cd&mpliance Manual s
ChaptieMecdhamifc2lhEHBonr esi @emp

be revised

Section 4.5.2.2 Economi zers
the change i n economizem 54
the begiSrercitdgio. 2.
3.6Co&mpl i Bacement

Changes t+MCHERCQb@ needed to

requirementheasr eMledtle d sDQAS

2022

liladncewoMbaweadl t o

woul d mstedt @ or dfel ¢
Bl buld e tme NBBtBuh GO @ s h o |

[
exception

ncorporate both
(exceptioc
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4 Dedicated HOustdems ADOAS)

4. Measure Description

4. 1Mdasure Overview

The proposed codes changes would add a prescr
al | nonrcesdideatt edhéoai unPOABE® require:

1. A minimum |l evel of vewnwtwilw@ohibypaaserQgfyreeco
capabilitiecGse¢efdaflf DOABUdnf2itnh iS#crkaspmot )
have these capabilities,re¢deirhavatull g baen dn
coolsiynsggem to include an economi zer.

2.DOASu fan speed control capabilities.
3.Heating amdy sctoeon itreg mi nal fans that cycle o

4 Requiring ventilation air bdeo whisrte atalyry osfup p
terminal cooling or heating coil

5.A maximum reheat | imit DOASestwithi aaot suep:
such absOAXBX

6. Total system fan power requirements in syn
proposed in amekiafsfuegrceedtin( @APEBN fans both ab

The proposal would also expand current accept
proposal would require enhancements to the AC
changes to the code conpomancPOASft ware CBECC

Thproposal would ensure the efficiency of all
making appropriate allowances to accommodat e
configurationlshei rsa@alnigfsoramida cost e fcfaenctti venes
wit hsttahewi de savi ngs40&¥vhii medi e d thhysewprdop os e d

prescripmeasecmoadlldso hel p foreemathecbdessand i nc
programs to continue increasing efficiency th

4. 1M@asur e yHi stor

DOAS8ave high potential to reduce HVAC energy
and are also a -ekegcspi@es bohhdyrarad lused i n a

California nonresidenti al net zero energy pro
i ncr elaysipnogpul ar in California and nationwide «L
designers and buil di ng ownerress. e alrhceh Sftoautnedwitdhea t
mar ket share of DOAS projects in California b
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per ctemmpledreidor new const rtuhcrteieo np éarinodes nftpf eormc e n t

alter@€Coowasruct Connec.t HRewewerc,h TPi0t2l10g 24, Part
currently have a definition or presdricptdieve r
changes woul d-egdmreeartatvee censetr gy savings, help p
support state goals ttatmave btuowanaagscarbon n

DOAS refers to supplying only outdoor air, as
abl end off amantdda eturn air. I n this proposal, <c
material swoaD®&ASU Ot o the unidr saiprp,] ya mdy tthe toe
ADOAS swotuée®der to the DOASuU plus the space h
(heating asdstem)i hgat provides comfort contro
the building.

DOASub6s can be designed sto supply outdoor air
T Filtered only

T Tempered as needed by recovering dry sensi
recovery ventilators)

1T Tempeedr as needed by recovering dry and moi s
(energy recovery ventilators)

e
T Actively dehumidi { D®EOASndrcondt omoDOAS) .

The primary energy savings comdéefatomgl )antdhe oa

systemen not needed while still wventilating a
recoverpoedition vefdthiel agicoomoaiolg t he above ty
understood. In a survey of 35 pperrccjeencct sdedt h D
veh@aiti on heat recpeecalntdcOfhad otsheg &26i | ity to |
recovery equipment when t hneotouneseddet caibre tcehnmgoneg
(known as fAfree coolingdo.) Based on the analy
climate ASBwietsh Dkhe recommendedapresducpt soe@r CE

ener gy pbky cted p3eldr cveintth t he same ore nleorwgeyra soopsetrsat i
ami xed ai.r system

DOAS is already recognized as a key strategy
several other edeabf® codes. See
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Tabb@DOAS Regneint s in Other Codes

Energy Co¢qSummary of DOAS Requirements
Outsi de C¢g
WashingtonSets DOAS as thei pei matrlyway efsar
Energy Codbuil dings with detai lhedatd rnigt earnig
system control s.

| ECC 2018 [Includes DOAS as an enhanced en
Code additiomaly efatkaiges t o ddke sxtliex
what type of DOASu and control s
ASHRAE 90 /I ncludes equi pmen tD OAfBfai cckiaegnecdi ees(
2019 Sets efficiency criteria on com
DOAS aasprescriptive section expl
|l ncl udkenseraalg fan power requiremg
| ncl uudpepsl ys air reset control s f
|l ncl ledeus rrement s on exhaust air

California code enhancement ot eaadidsr ehsasv eD QAeS oignn
24 Pasritncee 2016. Below is a summary of studi es
groundwor k:

1T PG&E Code Readiness field efforts to monit
advanced | ow eneirognygoDAgS .(2016

T Northwest EngrédgVy|l EAhcei eNEWAY yPIiHI gth £iftf e < i
(VHE) DOAS.

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

4. 1T8&Schni cal Description

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

Only vendiflialtteeranair (unit ventilators)

Recover dry sensible heat only (heat recove
Recover dry and moi st heat (energy recover )
T Actively dehumidify andOA®Mdictuisam nv eDIOtAISI)at i

DXDOAS, whiec maacntuufr e d whiodhicitrsc | wedkepsa nas i doinr e ct
refrigerant system for just the ventilation a
climahesonjuncti on wiTthhe sVeR Fp rhoedaut cbtpss eagrseo nr attheedi
moi sture removaluseifnfg ctiheen c AHRIMRIE2O st andar d.

= =4 =

When installed in Cali faatniivae ovdn ciht iiesnirred adfi
air wi-DDA8 DK cusubddseanbODO®A$ o arbeuptaé $enthe install
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of DOAS observed in a sadmpkemmer 85bapnmndaqrettdsng
30, 00t0ersd ,t owards HRV or EMPDOAS wvwentukaobmowh\
suggest active comdekpenshnygeuanftfseocatligvreg eisnt e
applications.

Many ERV and HRV proedubD®©ASraerceoweesrée d | as i oh ener
California. They use various types of energy
nonresidenti al buildings thageumdootrurae rand dari
recover sensible heat (HRV).

I n s omenosnmaehsiibdadi | di ngs outdoor air heabrogght
and coolsitregn, such asaamdhenaxegt awp telanciht zone.
For whitdh do mrmmmnt ercoqwimmeer, the outdoor duct
onliWh.i | ei st ha srat i oralli | dti maytse gvy tihn fceawn tbhee rsntaall ez
to neuoned buwiiltdhi ndhe headefd melati pumps or what
known as Vfarmii el &@ntReF|l ows( MRMonskE s @mad.real i n

f—
Exhaust Fan O<)

1 ﬁ _ 2| g

BC CONTROLLERF————
QUTSIDE L Plenum Relief u ( ] OUTSIDE

i=
s 1r

ZONE IN COOLING ZONE IN COOLING ZONE VENTILATING ONLY

Fi gurSmal | nonresidentiali HYACI woywtidedmemviaihr dt o
fan coil s
Whidwecti ng each isnodmeotri nfeasn tchoei Il oiwse st cost, su

more enkagya cRBEradpd ally in regions with r
t emper amthuircensnadiamt ai n vemp etdea ti inare peemdheenattliyn gof t
and coolsitregnsal | ow zcoyncenafnadinfo Tthoe proposed code
enhancement-i woartikh @i sseh odesiugns in new constr

4.1.3.2 Code Readiness Data Findings

I n field studies ooared WReetacd algys eRaG®& HEorsonC 2016 an
ongoing, sever al systems were monitored with
demonstration piriogieencyfHRVhsygstem. All sites
separate heating amesteepso loivin glesly sat ellat ai | ed set
information on how DOAS configurations are de
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sever al DtOYAlens tosf nafndyucd@dhe ofnisndi ngs fr omf i
t he siwhiiseehi | | aosngoofi2zngg2z & ec ommends s ®tOtAISNn g
fan and < womppclaglaabiialnidteif @ 1 ng av ednetcioluaptlieodn

configurations

a level of ef.fKieyi ¢ rtat ap ensa ltoubdseeasbd &d |
TabbP@ DOAS Field Site Observations
Observation from Study | mpac6tanhewi d
CASEemProposa
Half tmensibesed used once |The proposal
with -BOADAX and no ventilatilaccommodate b
the other half used centrgconfiguration
recovery. basafs t he exc
i ncl bdeldled to
Sites with a form of venti/Provi deederae nrc ¢
to reduce their operationgfor opeafastiBui
afternoon peak demand by r
mil d cli maC€leisma tue3Znadse s
I n sites where DOASu fans |[Provided a re
speed capabilities, fans vyfor modul atin
airflow rate by increasingcapabilities
reducing the airflow fronmfi mproves oper
desi gn. Thiins erxecseuslst elddOA S u
units selected at sizes my
I n si theesatwintgh asgdysteml| ffaog |Pr owliad & e f erodan
space condi faosi wgrmostet tfor energy us
constant volume or at a mijopreati ons of
capacity. This resulted infnconfiguration
hours of occupancy even if
was being requested.
I n one Oo0OAS esiDXes, supply/Provided a re
not properly configured dyfor i mportanc
system was operati hgaagagrni nspection at
coolsiynsgg em for oveilnd s@omemte Currently DOA
Criteriianosmeatnidan and suppnortequired to
have caught this situationinspected for
fuwnionalitie;q
I n a tshtae twigh efficiency |Proviadedange
cooling controls the opergsavi mgenpi al
33% from an equivalent wvarexishkuinlgdi ngs
sol utCloinmamnd 2Zaome Davi s, CAusing DOAS.
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4. 1Sdmmary of Proposed Changes to Code Doc
Proposed Changes to Code Document s

Thi s mevaouhrdae prescriptifvorOA 8 g uins ennoenrtessi dent i e

buil dings tmi mwmnolluadwela aofi ef ficiency criteria
exceptrieoquiiroeeiceemnomi i addi ti onal DOAS efficien
incl.udedDOAS in this contexstdmcietlehedens &aO0¢
per cweenrtt i | adp aormatadlry sfrom any heating and cool
to be required for a DOAS are summarized belo
Gener al reguivicamept y to all DOAS systems bein
pri mary means of wventilati omploifcamiyorsi ze i n a

The sections bbbwwessmamadiaz € s , Reference Appe
Ref erence Manual sdo caunndevictiodneb d it iafniced by t he pr o}
change. Sede ®¥Pcdtsi areport for vdestiainlsed oprcopmces d &

4.1.4.1 Summary of Changes to the Standards

This propdsaodwéy the following sections of t
shown bel ow. 4 SéBfe tSkeics iromp-optcbdbde mangedge.

Subsecti ohhdOPurnposcedefchamndyd ef § afi dxixa n
DOAS SCQO&Pnd | SMRB e s eo ndse fairnei & wmecn utdhdudeiy har e
norteferencedi el skeewhpreposedncadeéi capgtuaga c
Energy Commdiopsi ®@@APXemhfcly st andarDdOsE nmaantdc hi n
ASHRAE -1 49

Subsection ThZz0 .puo(lh)slei s codensbhaegéhinst SGSect i
120.2 (f)fos akeQubDOABuUu, including wuonrits wi
heating.

Subsection Th4&0 pdar(po)sie of t lmidsd caodddei tcihoannagle i
pressure credits f onrg soyrs tceonosl i wigt hcoourtp omeeanttis
HRV/ ERWs t,e matoiud dduce the fan power all owanc
ASHRAE ADté&rnativel y, t hcer efdairtapaonktEd ECASES U |
measureumarysasde this recommendati on.

Subsection Th4Oppeusrd e9gf: thi s cddeaddangenias$ to
l anguage to the exception for DOAS systems
reference tSeetdridt ¢ pivhhi @eth woul d choedeadded t

Subsecti on Th40 .pdir(pp)s:e of et h bdsdt oao dnee we hsaencgt i o n
prescriptive criteria to be applied to any
means of vCanttielratai onmn.cl ude:

1. Aseparate cooling systabDONBtbnath wcbhoai z
mi ni mum | evel of vegnyt irleactoivoenr ys ewnistihb |bey peanse
for free lcowdri ntghreshol ds for demand cont
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increase in the desygtioon 160 Gietey2l)afw & h e

2.DOAS wunit fan systems shal/l haverthe abil
Systbearth ancifnugt varned .f | exi bi | 1ty

3.Zone terminal fans for cooling or heating
conditioning.

4 Decoupkedil ati omup altolowayaifron o each space
5.DXDOAS or DOAS with active cooling must h
60F when in cooling mode.

6.A total system fan power in |Iine with pre

4.1.4.2 Summary of Changes to the Reference Appendices
JONT APPENDI CI ES
The definitions iwoubd ypdatedppencatceb t he s

DOAS anbOm®AXonresidential acceptance tests wou
DOAS sunand control sequences.

4.1.4.3 Summary of Changes to the Nonresidential ACM Reference Manual

This proposal would modi fNohhesiAI®GMbDReafheggr esrecd
Manual as shown bl 6owW4d tShees Seecptoiran for the det
revisions to the textMarfudlhe ACM Referen

4.1.4.4 Summary of Changes to the Nonresidential Compliance Manual
The proposed code c heanfgd |wow Indg Ngoedritdisyo it ehnft i tah e
Compliance Manual

An example problem for DOAS pwesbei devebopedt
to demonstrate when the criteria ofSeech is re
Sectd.o6o.f5 this report for the odethai Iteedk tp roofp a shee
Compliance Manual s.

4.1.4.5 Summary of Changes to Compliance Documents

The proposed code changanweulddcmmeinty t heteam
Examples of the revised documéntes are present

Document 1 NRAOMoMCHy2 t he outdoor haiilri ttyestto t «

valdate a DOAS wunit. Minor modifications to
Document 2 NROMAdJIJMCHOX omponent to the economi
vali date bypass or free cooling capabilitdi
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recover ynenfEandest hperocedure is very simila
test only for those units.

NRCBMCHEwWouheded to be revised to document new
specific. to DOAS

Compliance documents fwouper modmned softwht e
inputs of a DOAS wunit. Current compliance vVvi a

4. 1Rdbgul atory Context

4.1.5.1 Existing Requirements in the California Energy Code

CurrentluwarebODASreferenced in an existing exce
code effatesvehsgtuwitthsee | DOAMDes not need an econ
10per coenttdadiorr and does not modulTahties reextcuerpnt iaoinr

not i n reVyasephacraatbienag asyYystemland is purely fo
ventil atiedh .uni t it

OQutside of this dDOASU thef enengyg aladdehesrdi r ec
heating asdystemsiwhich traditionally are inst
D QS I n 140.4 (e) for economheatrsngtaedecos!| ia
systems with higher installed efficiencies wh
fl ow or mini split systems which do not have
Criteria iGaliinfcdrundiead eéemmner gy code for fan power
systemamypeées utilized to set minimum efficien
which is installed above the 5 hp | imit.

Ot her mentions of a DAAtSe ra@ aetuiil vadtlé tolsf@AdC M)n atsh e
a system type and is now aameoptlienetf oanada sgfkt
CBEGComlhe current definitions in the software
the unit provides full spacetsidmstiibolne condi ti

There are other code change pr opdosfaalns ptohwaetr o v
l i mits being proposed in the 2022 code cycl e.
t he DOAS measure would be adjusted tohiencorpo
prescriptive sections of,tbtodewbeidghptopbsaeaede
outcome of the measur e.

4.1.5.2 Relationship to Requirements in Other Parts of the California Building

Code
The primary Toverbh&p ,Wwi oh t he mecehanigcaaldibiui | d
ventilation rates and equi pmenptr ieofrf itco eanncyi e s
addi tional criteria for DOAS for alll space ty
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4.1.5.3 Relationship to Local, State, or Federal Laws

There are no Ildeacall, |satwst evhiarh fdd rect set mini
efficiency cr iFtedreiralf drawa iBOMAMA.r ki ng to devel o
the moisture removal efufiitcsiedrfcy fofana svhemni ftihe
includes DX cooligmngpmEmMitsespeci ency rating wo
any proposedngddetoommentdeBato Bitle 24

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

4.1.5.4 Relationship to Industry Standards

I n I ECC, there are requirements for additiona
one of those optironerilanatki stcpde ated for a |
and control

Il n ASHRAE %@tk 20I9 ciency criteria on compone
fan power requirement, DOASuUu suppuwidificasenD
DOASuUu i n sadleesctwoalllidmr equire exhaust air heat

Il n ASHRAE 189.1 there isDOASexplicate referen

Il n Washington State energy code, there is a m
exceptions fornayddrtiitoerail a etihdi ixbedd ei ani crl usdyesdt ei nm. ¢
information is provided in the background sec

This meaoudreddéd y on the AHRI 1060 test procedure
recovery component portion of a DOASu.

4. 1Cé&mpl i anEafandement
When develppomgsalh,i st he Statewide CASE Team c

streamline the compliance and enforcement pro
mar ket actors who are involved in the process
secnidescri bes howetpropmpéeg wodbd thange. It &
compliance ver iApipceantdpiox@sEpmos elsew t he proposed

i mpact various mar ket actors.

Thectai viti es durfi ntghe apcrho jpehcats earoe descri bed be
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T Design Pkrasg@gneasnsawmldt ants who select this
system would have to check the DOAS unit
document this on the NRCC boicludiemgs. fAr Do/
unit ohtaseren required to be document previ
This would be a minor change in document a:
of effort required for documenting other

T Permit Appli cRItdameaic tPenms ewoul d hya vsep etcoi fciheedc
DOAS unit meets minimum criteria using th

design documentation. This is in line wit
now be required for the DOAS wunits.
T Constructi €onPhaséwoul d be irestpalnisiiihdg ea f DY

S

as speand,i eodn someddprtajoencatls,contamd s conf i

setuptwobl completed by .fThe scomst opealcaircomtg

already i f and wheni ntshtiasinldeydpjlee orie w yrsd gguni i e
I

woul caterea standard set of sequences to co
T I nspedcthiasTehhe acceptance technician woul d
the NPCIluments or Certificates of I nstalla
Certificate otumenepthocet deeDOABAGNI t | i |
systems. This acceptance process would be
mi xed air rooftop unit or air handling un
The el ements to inspect woublbdebéesaandritt
adapted to the DOAS un
The current process for specifwisgprimatal lin
responsibility of each project team and not d
document ati on pudooceess sp.vw eAa tDdCAaSt i on t o innognsr esi de
and design documents today must convey this i

DOAsSwi t h fans that exceed 5hp for the system r
fan power ,faPrtNDG .olvie@didolhatsgeomemeaebéesi des fans
havset andard permit documentation processes.

The meavwt @qua rmeinmar eased effort by mechanica

contractors to specify, install, and configur
prescri ptiiave Tdriist @ nc | udiegsn ear nteocnhsaind ecrailn gd enso w
is ducted to any zone ter minal cooling and he
woubperate to be able to turn terminal fans o°
some bgikdnfiguratioonss mhgy HDumitngheptype of
be installed. The code is written to allow an
options to DOAS which complete separate suppl
andotong air. 1t iofthdhirseacemmernddtoi madd addit
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requirements in the NRCC documemtsheé oodmpent e
Title 24 206Gliannaclugarent enefr gay DsGAaSnud aprrdosvi di ng
vehtation Iis requirebdRtocthenpd 0 @wnmmen tj adsdteiogm

docunmelnan. séehsreviewing sevaeamoaslt des ingpn doocwnmer
unit mad ®déMme ause other forms for other infor m:
adding a cl ear ttahbel eef fiotr ti st ob edloiceuvneednt key att
reduced by making this system clearly defined

I n téetsitrmge, t hwo cktheh nngiessor atnhde riengsutiarlel i ng con
technt @¢iiamsnpde ctocumemnuwaa bDOASabpedi fied and me
mi ni mum set of control capabilities. Il n sever
and mi xeldamdirn@iuni ts are test eai rands uppslpye cftaen
control, demand contr ol veantuirleatcioonnt,r odnd Esxu pspt
woubed enhanced to capture a DOASu and provide
these revised Acceptance Tests hadimesens start
Programmnesaerl ect demonstr-2a0R2 0 nwhpsr o hrepbraosv eidn i 2n0i 1
|l anguage and been able to be followed by init
Subject Matter Experts have Pregfpard of the
acecptance test DOAS process.

4. Mar ket Anal ysi s

Th&8tat ewi de QPeSHedlaenramar ket t an a degusrirsefnyt t ec hnol
availability, current prodBot enimpaltatbe | i ty, a
mar k egte nier al as wel |Ikeats awadiresvdlalbf madmaanaoni
about the incrcementnactecwakEsgbhmheesdof mar ket
measure apwdriedabtlifigd through trmdsa&kaerhoh denmrd o
incl wdiing Epesgaf Comnfifs,siaomd sa awi de r angqe of i1
addition to condedtowngr paclsontahe Statewide CA:
current markeposémuwicalurmamaket barriers during
meeting that the St at eQwitdoeb eOA SIES , T e2a0nl Sh ewidt ho nma
publicly availabl e.

4 . 2Mdr ket Structur e

Buil der s

This measure would create more opportunities
prescriptively. Projects currently wusing this
m ni mum set of criteria. These new wefQeiremeni

i mpl emented by the product manufacturer and s
unit which meets these minimum criteria.
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Buil ding Designers and Energy Consultants

This measwsoul d require buil dingvidesimgmarmum o s
efficyi emmponents and Thampadbdtubdpmibn dincaen ye s .
standar d hmpnvteldaw cgrsescri bed controls features.

| mpact on Occupational Safety and Health
Whil e this wooulhedtc hraengguej r et DWA S| d promote DOAS
Haivng ventilati oqrerceemgaddoopmaildfDO0i s generally pc¢
| mpact on Buil ding Owners and Occupants

Addi ti onal do ciunnsepnetcattiioonns uaorfdveolofb d®OBE required
before the buil di ngwoadardl db ev eorcyc unpineod. i Thpiasct s a
primarily the smallest part of the overall HV
documentation and inspection.

Bui lgdiComponent (IiReft adMamg $ act urDessrapadt or s

DOASwouhdw be abftetenbeatded by California bui
meeting some, all, or none of the criteria re
use i n @anldi fWarsnhiiangt on St ate markets for DOAS

Bui |l dinsgectors

Thwouaddd addiuiippment etgo be i nspected on DOAS
currently notwouwke etcheedsamerilsevel of effort ac
with a mixleedr aoirr rhoaonfdd op unit. Overall, this s
i nspections mor ealclonmajsarengquinpmemtt i s i nspect

4. 2T&chni cal AVeaa skielt i [Aivtainlda Ciulrirteyn t Practi c

4.2.2.1 Current Practices

I n California, DOASoconortsimeads itad duowdimgs an
choiceelienctarlilc buil dithlges D®ingr dundt .eBerody ca
reported by PG&E usedDsameahdr muo iPribQPRes20 1 8)

exampclietsene t @appendices of this report througho

were gathered, e amuwiilndyi fTgso,m loddaorcatories, and
various forms of DOAS in both coastal and inl
projects surheyedefeubdi ng deployed as a mean:
savings, simplicitnyatiin nconft radlls ,gaasnd neflriamnit r uc
costs.

Il n net zero buil pée mngosfn atsh eo fp r200j le6ec,t s64doui |t or i
radi ant sy®POABsstwemht @ addr ess( NewmtBdUialtdiomg ¢ e «
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stitutdn2®OAE)9, the same team at New Buil din
e secondin & Hgetheed tf , afmadket t echnol ogi es applie
ergy (ZE) abbdielrdihre@Ne wtuBnpisl di ngs ITrhet istywstt e m2
nti nues to be a top selection foe Ire@Ch cod
d I ECC structureDamded i GOV 02009t i ons

QO d® T+ —
5 O 5 T S

I n current practice there aogrnimangnerognpld ade el
insdat¢tdupil edcondi ti.onHerge sayrsd etmsr ek ierx aorpd eers , 0
energy efficiency:

l1.Configurations with no DOASuUu or economizer.

from the outside andchoalviengouwnmri the awii nly @aapa
54,000 Btu to avoid the economioaverstr emuwitr,er
they are al so Cbemdenasvte reyf fsincaildntb.ui | di ngs
functitdreagl lay e being used i n Iliacragteiuoknb uafl di n
headreaedf ri gerant heat pumps.

2.Systems whO®AS aumiXt but n oore neecrognyo miiezceorv.e rTyh e :
avoid the economizer by either using zone F
capacities under 54,000 Btu,dof€OPBPyofntheasi
conditioning system to use other economi zer

3.High efficiencensobuirzedsventhl ation air ar

ventilation energy recovery. These often us
t o demonsheaattien gohagsmdgs tem meet s or exceeds t
building energy | evel
Based on the curreat Sphad cVABEsTedbmepvoposal ali
encourage designs with ventilation energy rec
economi zer .n Twas fsoumud itoo meet or exceed oper :
a TDV metric) in DOPdrdi5gst awrnidees arbd ,i0s t he ¢
used in several | ow energy buildings today. H

desiagpmr oaches.

4.2.2.2 Global Trends

The gl obal DOAS mar ket i s epdriocetmedutna k@e ngrad
gr ohwtr at e forecasted f(fMar ROt19 drmd oMajithkee tG s& $200r 1t
summary sites increasends,adiomtriefnerodn éDdd AtSce sryisr
products, for the energy savings potential th

The gteaidtes key product developments announce:
sever al years including:

T I'n March 2019, Greenheck Famu(CWS) iinretr ddec
companyo6s product -Inio(d ed sdl SRAVHEVI B &®R&paci ti e
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18, 00®, cup to 70 tons of pMEBH agedefciorodgdansg
heating. The companyodos DOAS wunits meet the
dehumitdiidn,caand ventilation requirements.

T I'n February 2018, Nortek (US) Iwawmcshted hRanh
efficiency dedicated outdoor air system (D
requirements for educational, heammdarcair &l,

spaces.
T I'n January 2018, |l nger sol | Rand (lreland)
(@S Cool Energy). The acquired business is

Trane business and provides products to cu
builhds across Europe.

4.2.2.3 California Trends

Th&8t at e?wWASIfeeaanal yzed an online database of co
ConstructConnect I nsight which suggests DOAS
increasipgr tiemn2 ®W1 pet cie@®PBO0 and pferrockecnpt&§r cent

in alteratiion ¢gatoglrades . walh seabDOADNKDOASNg t he
ERVHRYEimMmer gy Recover \yaeveondpil [&htiolre" t hi s databas

reflect all of constructitonsainip|ldeo eosf pprroovjiedcet sa
peri od.
CA New Construction Projects CA NC Percentage
510 > s08 2
5 . 50 450 -
447 483 451 416 E
= 40 o
) 2 s (es| 72 e | o4 ST 7 z
All Projects
CA Alteration Projects DOAS Projects CA Alt Percentages
esez 730 =0 oo .
5K 5107 >°%
4433 4413

Alt Total

Avg. Alt Percent

FigwrGal i fornia online database or a sample se
searched for key terms to determine al/l proj e
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This data was usedzéd oe gptriomwa tdees nfaark etewiand al t
Californname d&atta set provided a breakdown of |
These project types were used to further esti
as office and schooiln ({The sapm@aemdii>x ofmctl wide dr e |

4.2.2.4 Market Forecast of DX-DOAS in U.S.

DXDOAS wunits, which are one of the many DOAS
i mportant component of commercial ventilation
construction i ndulsetdr ys ytsotwedmsd. oelsne @ ap from onl
dat abcaosmep | et e dalbiyf la®huves aaggr egated i nformation :
construction PBrojpfestesarich floe Projects with th
Afdedi cated outside aianrT® avrasideodiduat edl @umtdd yo
shown Fihng8he

ConstructConnect Insight DOAS Projects by Year

5.000
4.500
i 4,000
3 3.500
2 3,000
S 2.500
8 2.000
2 1.500
Z 1,000
500
0

2012% 2013 2014 2015 2016 2017 2018  2019*

Year

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

Fi gwBreMar ket historical data of DOAS projects

FigBhas an estinmaberofft lopernosjtlenculmstnisotntr uct Connec
It has oonf biefmatdhi s trheep reermsteinrtes i ndustry, thoug
2012 to 2@lelimmxarwesase in the number of DOAS pr

4.2.2.5 Design and Construction Ongoing Survey

A survey of @abkipkecihi@arsysaned design consul tan
currently to gauge the frequency of a DOAS <co
nonr esibdueinltdiianilgs. The survey aims to convey th
these systems inThey buwirlveiyng st ypeassned to be
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with results collected by April 2020. The sur
oftesytshem i s considered as well as how often

4.2.2.6 Net Zero and High Performance Building System Trends

Nat Vent
8%

DOAS, GSHP
46%

DOAS, VRF
11%

Fi guldr eHVAC system configuration used in a sam|
buil di ngs.

From a si mpl6e bsuuirpvdeoym gosfe 2 by New WBhli ¢ldi wgrsel ns
designed to Net Zpearoc(dntte regcyd so)v eurs e7d3 some f or m
asetiprimary meanBigédskews il maeifomaction of pro
ventilation dsstPrbybod8nwy sbevmfriegudet f er eht

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

Oof 23 buildings reviewed from the ASHRAE High
l15ub of 23 projects IIDDAISuded some form of a

Astrat egy osmeee MNeitn Zearnad HBEmaa rkgMOAtSy phiucdgdldi ngs i s
increase the ventilation iancr édoawdratre, gpalivi
provide more hoursbot iAess gpraomi zoifn g°o Ge&aEpdas Code R
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DOAS Fi el d Mon,ftiorei rogmagsdd jrofcsttwhi ch wer e commer
o uni ver sihtaydnlsu iall Died@nt i d wd ti em cwvaiptalcida y was
bet ween 1M6%famdde mi niamdimmmv ¢ mei b Thd dbuwigl duisreg
sampl e repregamnt,ectdwoi xamdgeti ng net zero ener (
mi xspécific tenants orThsipse csuulgagteisvtes otfhfaitc ea nu sien
ventilation ciapacefitfye cetmevie®@A Sef fi ci ency strate
future fd ewertiillidtyi dmo needs.

4.2.2.7 Technical Feasibility and Market Availability

Technical feasibility of energy efficiency <co
proven in both y iteggsdobifamtdhé¢ abomaaement s i n the s
many DOAS sit eg oevxiidset hwhgihchref f i ci ency exampl es
efficiencyheaampigesasgbstemsi ng

HRVY and ERV technology has beemednaumse®foraye

energy codes. Modul ating controls and capabil
for many years and were referenced in several
Th&8tat ewASIE Team reviewed 24 mgmuwfea CAtpipreensd i oxf HI
anflouhdtt al l have a product which would meet

requirements proposed by the code change prop
products that would also meet the requirement
bypass f olri nfgr.ee coo

Mast -DAAS products wWentniohted inemeucdorevery and only

heat the air using DX, a heat pump, and or a
most packB@QARAE DX include an option forisgsentil:
nomiwer sal across all manufacturers. Some onl
recoviemoy .pat hways are included in the recommen
specifically address this

Il n energy recovery ventil at ® ryatasth dw ehreea te vrael cuoavt
the types of control capabilities and | evels
capable. For energy recovery, product data wa
packaged equipment in the aonmip écoeat reqeicpmennty
air to air recovery section. This data review
products available on the market today.

4. 2P8&8r si stence of Energy Savings Measures

A lySear measure |ife is rtess obmasalkl angi basedhent
|l ife span of DGCGASceampbaendba.i s separate from
faults or degradation of performance can be m
instance, ventilation is cednttrhalilmpord gt rodl! |j aud
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unit being on or off is all that I s needed.
the heating or cooling needwoulbeh ealilhe rtmm sit chd rst
exactly whibbapang abfdameiod ivmar ki ng.

The | argest barrier is the ongoing maintenanc
in any HVAC system. DOAS with ventilation ene
andousdil | mai ntain a | eveleofhgnetéwaogpy ngf f iThiee |
solution to degraded performance is to have a
monitoring as well as a way for occupants to
heating asdysteml|ling

4 . 2Mdar ket Barriers and Solutions

Tabb@E@aptueedni cal andamar pbeot emaiales®| uti ons
submeasure as identified by the Statewide CAS
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Tabte tPenti al Barriers and Solutions

Potenti al B/lSol uti ons

Lack obOAbBe Develop a code definit.i
definition |energy standard includi
and cooling components

Not al lunDb®A{Set criterlation wemat recov
configuratijan exception |inledetcdt ac b
ventil ationrecovery able to maintain ef
recovery avail abi lcttsy toofd apyr.odu

Not all DOA/Set frleengcaaond bypass contro
have free c|traadfefs with other mechanica
bypass cont|{equi valency.

Some DOAS Devel op a DOAS configurati of
configurati|ter mi salt of amt have to run f
terminapefaland add an equivalent except
to ventil at

Designer ed|Sti
DOAS controjdif
i mited

ul atfd ilcd ssincye control s a
erentiate DOAS uni tedwhi

First Cost l denti fy the common DOAS cor
perception |marginal first cost differer
tdemonstrate the savings fr
today which el i mi natvee kceoys tc.q
Code compli|New 2022 Ti me Dependent Val
metrics hislhave made caingnichanges to th
favor gas oland electric. This change df¢
energy consjunits which meet the ventil g
meet or exceed an alternate
4. 2M&dr ket | mpacts and Economic Assessments
4.2.5.1 Impact on Builders
Buil ders of residential and commerci atlhestruct

measures proposed by the Statewide CASEsTwamh
the nor mal practicesdpluisthéebdei bubunésseyg poaasa
building codes. When necessary, builadeirisngenga
in order to remain compliract i wietsh aolabges$ di og
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Cali forniads const riuscetdi oonf ianbdouustt r8y0 ,i0sO Oc obnupsri n e
and 860,000 em@mlb6é eles I Gegaytrtot bl was $80 bil li
17, 000 establ i shmenltosy eaensd f304cd4u,sO 0oOn etnhpe c ommer c

Tab6et aCi f €&omisaruction I ndustry, Establ i shment
Payrol |l
Construction Sect Establ i s| Empoly me Annu
Payr
(bil i
Commerci al 17, 2 343, $27
Commercial Buil d| 4,5 75, 5 $6.
Foundation, Str u| 2,1 53, 5 $ 3.
Exterior
Buil ding Equi pme| 6, 0 128, $10
Buil di nmgg FCaon tsrha ¢ 4,5 85, 6 $6.
Sour(c®tate of California, Empl oyment Devel opment Depart
The proposedombksandgaeatitcaht HUAE woul d | i kely aff

bui la@med snonr esi dentAiCal aelde otl ruindabnygt Hwonutl rda cntoot r
significantly i mpactTle hefrf datid domgt he ademmer ¢
industry would not be felt by all firms and w
speciifmdustryTabbXsbdotwsr $ he commerci al buil din
St atewide CASE Team expects to be impacted by
as theyraelated directly related to the purcha

BAverage tot al mont hly empl oyment in California in 201
represented 4.5 peymemt. of 2018 empl
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Tab62 Specific Subsectors of the California C
| mpacted by Prop&esed Change to

Construction Subs|  Establis Enmpl oym Annu
Payr
(bil i

Commer ci al Buil di 4 5 75, 5 $ @

Nongiedent i al EIl ec

Contractors 3,1 66, 9 $ 56

Nonresidenti al p |

contractors 2, 3 52,9 $ 46

Ot her Nonresident

contractors 50 8, 8 $09

Sour(c®etate of California, Employment Devel opment Depart

4.2.5.2 Impact on Building Designers and Energy Consultants

Adjusting design practices t o pcroancptliyc ewsi tihs cwhiat
the normal practices of building designers. B
Energy Codge) caléy updyaetaerd roenviasitohm eceycl e and |
designers and energy consultants reinmg@ gien i or cer
to remain compliant with changes.to design pr

Businesses thati &abcusoommeresaldentnstitutional
design are contained within Nohda hA rAoned ti sctatny rl a |
Classifica%4b3aT@pbdBdmws the number of establi
empl oymadttotal annual payroll fdhpBwiplodieng A
code chwaonugleds potentially 1 mpactr all |Serivintse swi steh
The Statewide CASE Team antrasciidoeanteisalt hHV A GnpQuocr
af ffeictms t hanto nfroecsuisd eonnt i al construction.

There is not a North American | W¥daodergp€tabdsrte

for gneobgsultants. |l nstead, businesses that f
energy efficiemcy haer 6Buddmrdtianigndd sipecti on Ser vi
541350), which is comprised of firmsopri mari/l

BNAI CS is the standard used by Federal statistical age!

the purpose of collecting, analyzing, and publishing si
NAI CS was devel oprierst jecxiomtolmy cbyCltatsesi fi cati on Policy C
Canada, and Mexico's Instituto Nacional de Estadistica
comparability in business rsitcatni sctdldchsCiSa necenpgl tataheatl aM ahret hS A |

I ndustrial Classification (SIC) system in 1997.
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resialendand nonresildletntiialndbdtuipads nighsl.e to deter

establishmentsnwithspetheoBubédvweidcersesecgpr a
efficiencyh@€onst@ibtrimagT@amé 3howndens an upper bo
indication of the size of this sector in Cal.i

Tab6® Cali fuod diiamgB Designer and Energy Consul't

Sector Establis Employn Annual H

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

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

b.Building I nspection Seompriese$ bt iCBattad i d8b6D) shments p
engaged in providingnobnuielsd)idnegmtyigaelcstiidemtsarlvikces enco
aspects of the building structguremmeamngd edrmhp acnemtcys )y ts
services.

4.2.5.3 Impact on Occupational Safety and Health

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

Di viefi o@Qccupational SafelAy. aAdl Heal shi 6Gahgebt
rulwosut dmain in place. Complying with the prop
anticipated to have adverse impacts on the sa
invol ved mwdttrhudthieorr,o commi ssi ohi hbe hAodl changt ¢

4.2.5.4 Impact on Building Owners and Occupants

Commercial Buildings

The commerci al building sector includes a wid
restaurants and | odupieng,stradtl aislhhmean & , miaxnald war
(inolgudiefr il kenmatg.dpEONeOr)gy use by occupants of
buil dings also varies considerably with elect
"Establi shméehts s eatsdrneismscelsu dea i mawa ll wa teinngga gee db uinl di ng o
and component systems and iecactliudre ss emwirges edrfd cheme yi g
services. This sector does not include establishments p
pests, hazardous wastes or ondhmoeenivi riommendal staneé aamn

governmentatntocuesomnhbuil coimpd iocarn ceeneerngyo rccoedree nt of bui
regul ations.
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cooling and mondetiiogemagti an. Nmad ruir lay fgars Reat:
water and for space heating. According to inf
Energy Efficiency Action Plan, there is more
fl oor spaceiian a@Qal icfonsumes aBspéotahnht aohu@dal ke
useKenney. 2M0hle9 )di versity of building and busin

creates a challenge for disseminatnoyg infor ma
solutions, as doseosp htihset ivcaartiiaobni loift youiinl di ng own
relationships between building owners and occ

Estimating Impacts

Building owner ssoabdnetcupanom | owlars carsesregly i mi
Sectd.on,wheln buil ding occupants save on energy
el sewhere in the economy thereby creating job
economy. The St at ewindoet CeAxSpke cTte atnh ed opgyso pfocsre d ¢ C
the 2022 code cycle to impact building owners

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

The Statewide CASE Team does not expect any s
and di sofi bhesesproduct s.

4.2.5.6 Impact on Building Inspectors

Tabé4a hows oggmeInt and payrol | information for s
agencies in which many inspectors of resident
empl oyed. n8B8pettdong participate in continuing
aspects of boans diingclrediuh @t é nSetragtye wei fdfleie @mMeSnEc y .
therefore, anticipatwouhtdve moop mpeadtclangenpl o
buil di ng orn stpheec tsocrospe of their role conducting
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Tab64¢ Empl oyment in California State and Gove
|l nspectors

Sector Govt Establ i s/ Empl oyn Annu

Payr

(mi I 11

Admi itration|St at 17 28 $29

Progriams Loc: 36 2,8 $205

Urban and Ru|St at 35 55 $48

Devel opmeht |Loc: 5 2 2, 4 $186
Sour(c®ttate of California, Empl oyment Devel opment Depart

a. Admi st ration of Housing Programs ( NeAsltCaSb |19i2s5hlniednt sc o mp
primarily engaged in the administration and planning
and standards, housing authorities,| apoehbusing prog

b.Ur ban and Rural Development Admpnistesagover iAahCS 92
establishments primarily engaged in the administrat:i
and rural areas. Included in thiandndaosmmiygshaoersgover

4.2.5.7 Impact on Statewide Employment

The StatewilTdamCABEs not anticipate significant
i mpacts to any particular sector of the Calif
proposedwobhdgehave pnodteston mempl oyment in Cal
Sectd.o2t lbe Statewi desCA@Bhé&Eemmoposed change in
economi zer r equaifrfeentetn tsst awoemlidde empl oyment and
directly and i ndiatencdbluy |tdrerrcsu g d eistisgniempa and e
and building inspbhetBtatewnded@A@&Boweamer gy
savings associated wi tehc otnhoemipzreorp orseeqdul i drheameegnet si
modest ongoing f i maonmrdniiaal rseasviidnegnst sf,orwhG ch woul
for other economic activities.,

4. 2E®6onomi c | mpacts

Adoptitcdhn sofcodeprephawaglkedsult in relatively mode
i mpacts through the adtdhbosenah dheuedtdmempge o d i h
i ndustarychi tects, energy consUhea®tat eavndeb CIAIS
Team dcmomds antici pate t haternmnonaely bsua vliedd nbgy ocwonnen ¢
organizations affected by the mpwooapesadt2o22 c
additional spending by those businesses.
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Tab6® Estimated | mpact that Adoption of the P
ont he California Commerci al Construction Secto
Type of Economi | Empl oy Lab|Tot al Outp

(jo |l nco Addeg( mil I

(mi IS} mi |1

Direct Effects 57 $ 37 5 $5 . $&
spending by Com
Buil der s)
Il ndirect Effect 12 $0 . ¢ $14 $ B
spending by fir
Commer ci al Bui |
| nduced Ef f ebcyt 25 $ 13 ¢ $5 $4
empl oyees of fi
Adirecto or AinN
Tot al Economic 94 $ 04 $ & $1.6
Source: Analysis by Evergreen Economics of data from t|
Tab6tée Esmated | mpact that Adoption of the Prop
on the California Buil diCobghshd diaqinesr SexndorBner
Type of Economi | Empl oy Lab| Tot al Out p

(jo Il nco Adde( mil

(mi L1} (mil 1
$

DirEttects (Addi 3 $0 . $0 . ! $0 53
spending by Bui
& Energy Consul
| ndibfefcetct ( Addi 2 $01 2 $0 .71 $0 2 ¢
spending by fir
Bl dg. Designers
Consul t.)
|l nduced Effect 2 $0 . $0 23 $0 37
empl oyees xpferfiie
Adirecto or AinN
Total Economic 7 $0 . ¢ $0 69 $ 116
Source: Analysis by Evergreen Economics of data from t

2022
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Tab6® Esti mat ed |amptaican tohfatt hAed Pr oposed Measur

on California Building Inspectors
Type of Ecwopaomi | Empl oy Lab|{Tot al Outp

(jo Il nco Addg (mi |l |

(mi L1 (mi @I
$

Direct Effects 3 $0 28 $0 33 $0 3 ¢
spending by Bui
Il ndirect Effect 0 $0 . ( $0 . ( $0 .6(
spending by fir
Builldnsgector s)
|l nduced Effect 2 $0 . ( $01 € $0 2 6
empl oyees of Bu
Bureaus and Dep
Total Economic 5 $0 39 $05 2 $07 1
Source: Analysis by Evergreen Economics of data from t|

4.2.6.1 Creation or Elimination of Jobs

The Statewide CAGE daepbmcidpaeseuptrédaaptofsbendet h e
2022 codreegecuylorldei loehad et cr elanewypoef§ j obs or the
el i minexi cttyymédgs of | obs. I n other words, the .
proposedwobhdgeresult in economic disruption
economy. Rat her, the ests maiteicnu 99 edbt@watwolmd ¢ i m
|l ead to modest changes in employment of exi st

4.2.6.2 Creation or Elimination of Businesses in California

As s taabtogvdet he St aEeWedmoE€ARPr opwosuehddtc hraensgued t i n
ecomioc disruption to any sector of the Califor
represents a me¥as€t Cowhngbshdt excessively bul
competgisadvant age Cal imowonuiad bnuesciensessasreisl y | e a

c o mp e taidtviawmd age f or Cal i f or nihae Busitmrevd sddes .C ATSHe
doensot foresee any new busipBesSbatbwidg CASE&t e
Teatmhi nk any exi svtoiubg kb s diuees st ®sl t he ogpiroposed
charmsge
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4.2.6.3 Competitive Advantages or Disadvantages for Businesses in California

Thpr opocsoedde ¢ hwaonugleds apply t o naxlolr phpuaCeéEs $esni a
regardless of wheitheor pihmesibeie i mre ssutisi de of tF
Ther ef otrree St atewideenBASBnTeampate that these
proposed20f22r ctohdeee gcuylealdel hoshv e an adverse effect
competitiveness of LCiakeawioseni at hbeu sStnaetsesveisde CASS
not anticipate businessas woadat eéece @utvaind ea geefd
di sadvant aged.

4.2.6.4 Increase or Decrease of Investments in the State of California

Th&tatewi de GASH yTzeeadm nati onal data on corpora
invest ment by businesses that expanmeta pgnirmatsse
domestic inves¥msemtbs &Gohro wsRDMb)e.ma B B 1R 0 NPDI as

a percentage of corporate prafiitths amamlyled afgreo

percent. While only anoratpiporno xoi fmabtui soinn eosfs tihnec opn
capiltinvetshtemeSitta,t ewi ddbeCAhsbepeami des a reasonsz
estimate of the proportion of proprietor inco
owners into expanding their capital stock.

Tab6@&Net Do mersitvlamteest ment and Corporate Profit:

Yeal Net Domestifl Corporate Ratio of N
l nvest ment by After ] l nvestm
Billions Billions Corporate
201" 609 1,748 3509
201 ¢ 45 . 1,739 269
2017 508 1,818 289
201¢ 618 1,843 3409
201¢ 589 1,8 7 . 329
5-Year Av 319

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

BGov. Coldle3,46.3(c)(1)(C), 11346.3(a)(2); 1 CCR A 2003(a

di sadvantabethud pirmeCcsses curr enttlhye dsotiantge busi ness i n
®Net privat & ecdd mebshitel ct oitnali navreosuinme wdE pi t al by the busine
is used to expand rtalbteéneadapgihtaanl maticmakai n oQGo rrpeoprl aaticee pdrucef itt
t he moneefytad ed g atpiagyrs it s expenses.
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The Statewi de CASE Taetaem tdhoaets tnhoet eacnotniocmipc | mp a
wit hprntdeosed wrewlseuarde t o shgngti ¢antrease or de
investment in any directly or indirectly affe

4.2.6.5 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.

Cost to the State

State goverywmbas hudgetd for code devel opment,
compliance enforcement woWhidl al sbatae¢i ggversmanmn
update the T$Sttarmda2Mdds Pairmcléudi ng updating educ
materials and respontthagréeéeeiggaeademeons, abbets e
are already covered by exiostsitnagt estgadvee rbnundegrett sa
when compared to the overall costs savings an
code changeSpnopoalal sesubmeasbeen shown to be
the Statewide CASE Team does nettlexpeéateany a

Cost to Local Governments

Alplr oposed codd@i thangds Part 6 would result in
determinati omane nlt sc avlo ud alvbewe ¢ il i tha tdregoiam tt rhent s
revised Ti tSteanda,r dBhri SVheaé Bri Ng i s an expense t

governments, it is not aZ2hzxwdeoshaageociyal ed
building code isnnpdhtedsiosn, aand | ocal govern
retraining every timere har eomdemesowpdrae eaur dd
|l ocal governments to support compliance train

retraining, Tachud@gesgnuntdcelss probOCadees bygnd he
Standards(puolgrasm EnerAy tieaddepAae) xhE Statewi
CASE Team considered how tmheghgr opppaed vade owls
actors involved in tcleeneand mplriocxrecses amd anfmerd t
negative i mpacts an | ocal governments

4.2.6.6 Impacts on Specific Persons

Whil e the obj ecStiavtee woifd ea nCyA SoEf Ttehaerhfs pp roood xa le |
effictilttencyt,atewi de eCASHE hBeamhe@moée¢ eing i alhet hat a
proposed comaey crheasnuget i n uni ntTéedSd ad @ws e@u €RAE
Teamsh not found any information showing that
by this proposal
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4. Energy Savings

4. 3Kdy Assumptions for Energy Savings Anal

The energy and cost anal ysi s2@&2T2DsVe nftaecd oirns .t hlih
electricity TDV factors include the 15 percen
factors include the i mpact of methaneDV eakage
factors used in the energy fsgawm Eqeragryalayngdes w
Environment al Economi cs, |l nc. (E3) , the contr
factors for the Energy Commi ssion, +hb dpsprea
Retail Ad] Scaled by Avoided Cost ausxldsx ao. t hlee

energy savings analyses were obtained from ES3
A2022 TDV_Policy Compliant CH4Leak _ Fl atRtI|l Add
demand factbesenseedyisavings analysis were ob
spreadslhedetin 200222 TDV Demand Factors. x|l sxo. The
Energy Commi ssion releapedr iql dluaale WwaOr2Mi nug ep @t
(GWP) values inpea@aeradGCWRe & dateh dtOOwer e used to dce
TDV factofyxrarPGaANa2@es increased the TDV facto
the TDV energy savings presented in this repo
expected i f the #fyienaarl GRWUPW etshavmerwesearsz2z2d i n t he
proposed codeubdnomgegesost effective using the
savings presented in kWh and therms are not a

Energy savings is calcul at é0dASb assyesd eam cg nma rgkue
based on field researeWwi awdofh $yseemtinstall a;
systemsranel wot defi 26 dNietxlpear2td 6L yand a propo
DOAS system configuration asposaWwo nmar ket t he
standard systema Werad royyeoveonveeadkcr gy recovery ve
without bygpBDSCsASarmsdystem without ae meerugy arle csauvpeprl
air temper aDeautreaei lceochtirmdut sTadbiif&eEpe ege nte emipami so
are also provided for DOAS compared to .mixed
This comparison was dondemner g@gyatomasempthieore qart
measures with standaridernsi xaendd au nd ewisttha nedc otnhoem e
and source energy use.
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Energy Savings Equivalent

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

gwbrlkeOAS Venn diagram of energy savings cal cu
cl

St at ewied@gye savings are very sensitive to mark
these systems are i nsApapdnrdi xbyA biunc ldu dnegs tnyaorek e
i nst alelsattiinbagtsebsui | diomg nteywpadnudi lad itiem a€Ca lcamisdo r ni a

iased to establish perctkheatdgtafeseicmates beaet w
percent and 18 percent ofalctoenrsattriuocntsi o2n% itso DBOA
Building types used in the energy analysis in
hotel, however it i s common itno osteheegrt hbgupiel sdsiyns t
such as medi cali noftfhiec éh eladitlhcciamges sect or .
The energgndavompartihsean kwitt st anadmd ¢gr ibDgoASe d
prescriptive rapuiomeméopbsiomm@pygnassumpti ons abi
system i s cdonofpiegruarteedd :a n
l1.Heat recovery or energy recovery ventilati
al one sysitearts cachngmosnt a h |-B@AAS uinni tGal.i f or ni a
2.Zone tadrminint fans are commonlgusiengto oper
occupi edncd odua snoat tzuornhee mpér whenes are withi
ther mdeadbandwhen ther mdewnatb@ahhiave snoften
case in systems wherel athes veme i z@aneée otne pmait i
t he fan cafwnohonttterrgr uoptnitni | at i on.

3.Most heat recovery or energy recovery vent
economi zer obypmese coaltrogs specific to th
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4. 3ERerQayvi ngs Met hodol ogy

4.3.2.1 Energy Savings Methodology per Prototypical Building

The Enemmiys Lioon directed the Statewide CASE Te
i mpacts using specific prototypical buil ding

geometries tfyopre sdiofff ebeueipltdoitnogtsy.peThbui | di ngs t ha
CASE Team uanadl yai shar eTappb&s ent ed in

As DOAS HVAC i snenosty staheeyntbbaes eplriot ot ypes, i ndi vi
prototypes were moStdncar dHbOWWAGypItmec €t hehe ode

enhancem®DAS and dhemdn atge and codhieng eseemsmw
defined based on reseamncibOAfS boammdmn ngrsatcbidayg
20119 t |, e Paketquei r e ment s for equi pment nominal e
These are refPr epdXetsdisgastatnimle meet s the criterdi
code enhdancemoemme.nrdéatt o toyngpe model s of nonresid
were modi fied to create the DOAS adsssehowe bni
Tabét®For pr owlhedeppletsi pl e DOAS sysweme coavelgap ad
the resesuétseviewed individually for each conf
configurations f orarae giowen nbkeuwi Ilbd/i magr etryapd ng t h
ue to creanef arcsnge| @ONAS BadabT@®e®r more det ai
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Tab6®e Prototype Buildings Used for Energy, De
| mpacts Analysis
Numb i FI o
Z;%gOt of Ar eDescription
Stor f3
Three models were created to
HVAC configurations found mo:s
Oof fice 1 5,5 1T DOAS HRV with Mini Split
1 DOAS with RTU
T DOAS with VRF
Three models were created to
_ HVACon§gurations found most of
a‘;g:ﬁfn 3 53, ¢ 1 DXDOAS with furnace and VRA
T DXDOAS with heat pump an \
T HRWOAS with VRF
School Mode!s cregted to account o
Pri mar 1 24,zconf|gurat.|ons:
1T DXDOAS with furnace and VRHE
Model s created to account f of
School configurations:
Second 2 2186 1T DXDOAS with furnace and VRHE
T HRWOAS with FPFC
Three models were created 0]
HVAC conf i gurmotsitormnd tfemund
gte;ﬁ:jlé\ 1 24,597 DXDOAS hwifturnace and VRF
T DXDOAS with heat pump an \
T HRWOAS with VRF
Three models were created to
HVAC configurations found mo g
Hot el S 4 93,47 DXDOAS with furnace and VRH
T DXDOAS with haatvVRFump an
T HRWOAS with VRF
Three models were created to
HVAC configurations found mo:s
Ret ail 1 240,| T DXDOAS with furnace and VRH
T DXDOAS with heat pump and \
T HRWOAS with VRF
The sameprsoettorioyfigeelhat wer e omoedaReifeedd ence Design

DOAS
i nst al

| ed

ener gy ,tchoed etswo

configurations
todawi nSan®@atkesen DODAASdi rect |l y

based

on

mar ket

research

regul a

RDeefsergenn cceonf i gur at iaend owe mavsde v

20

22
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Tab7Y@DOASQ@Qonfi gur aRebasehoe Desangdh PSryosptoesne d
Designs

Configurat|Description

Referencel [DOAS without venti Zaheohnheammg
fans that run continuousl!l wid
cooling reheat air when in ¢
ReferbPp0®AB82 [ DOAS with ventil atti &0 % ed tf, ere
bypaasrsd with zondé astheéhramiinn a&lo nu 1
duroogupied hour s.

Proposed-1D[DOAS wi t houthevwadntrielcatviearny. Zo
fans cycle on and off to mai
coolcionrgeshheat air only to 60F

Proposed-2D|DOAS with ventohaetryosibkedt an
150% of the code mini mum ven
set to 60% effectiveness and

l'i mits. Zone ter minal uni t f
t her most ami.t hD@éo®illisn gremleyatt @
when in cooling mode.

Resul ts frefoewr eracen desi gn werdeo®ravsvercag@ed ot dgatnlde
2 to create a single energy use reference poi
configurationgedr eogksbeavskeplacremdregynese pr o|

poilnndi vi dual DOAS configurations were revi ewe
consistent performance and a | evelnotfhencageg

where a prototype igoetadednsmuodt i pd PO ABadtnidn ¢ ez
cooling systems all Reference and Proposed si

accor dionglryduce téenner gyanmeaviimgpad cal cul ati on.

For theRe(®pAlSHEer gy savings from these prototype
savings pfeogots ghomgsriesf | ect savings from addition
existing.Tlhei Bdpngscri ptive criteria would be
t he whol we sbgesitnegm r ep | aced.

Assumptions for DOAS Reference Model s

Thé&tatewi dea@A&SEt Tmated energy and demand i mp:
proposed code chang9. O0usli nwgi tEhn etrhgey Polausse i nput f
from the 2022 ReseCarlcihf oenrisai oBhuiolfditnhge Ener gy C
(CBECC) softwar & ufidrdi oamsdhamBiELCIC

Ther ecoamponent redduiciemeryt s i n Tvedtet r2idh utPeaas to-
the DOASBugh the whole system and cohheol ffeat
Statewide CASE Team modifoedehlboesoStcaonndnond Des
cur rDeOAtS s ydsetseinrgn practice, or industry standa
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Th&8&tandard Design models weuandosleparat ¢ ohdatyi
and cool isnngg \8eyhsathemng and coogpaliwengse sygyismeimat ed
dependingeonfthbebspl ding type.

Themodi fied Standard Desiga matdkeptOBSIas now in
henceforth referred to as etnteengRedles etnltaet DOASu
i ncorporat e&satrlee h@ASRU ort h referred Tthaesas t he
Reference Design models with the Reference DO
evaltung energy and demand i mpacts of the prop

System Sizing

Alclapacity and fmoaw | flnieesled Saeittnh otdmimzle t he sSsystem

capacigyfactzons were setobbibhgfoo hedteng shd
modelsiireg ng practices. The DOAS was sized for

reflects how tHesegmgetoenmsesdardeegihi al sbai hdg f ac
wastséor the draft report to avoid DOASu from
adidti on to heating Movdedsolwemg ca&paciwteideds o en:
requirements wietrhei ns aat insefai seddr en oo fg rreead ®an t han 3
y era.

Changes between Proposed and Reference DOAS M

The Proposed DecsailgnReviasrd@asegn in all ways exc
revisions that represent t hlea b rBporpeosseendt sc hparnegceiss
whipgar ameters were modified anBefwbaPegsiagmes wi
and Proposed Design. Specifi calfloyahatnhgee sp rtoop a sh

enermpydel s:

1. Enabling zone terminal fans for heating or
call for active conditioning.

2.1 f the DOAS wunit has headi li¢gover pyptasisnteh
recover yadewiuwedoor air teumpmliryywtuempamnat ur e
contrreslet based .on outdoor airtr

3.1 f the DOAS wunitithaiss he&lago r&asowmed t he unit

and increases the ventilation to 150% of c
4 DOAS uynistus h-DOASDEr-DOAMA®M,Ii t h a@ocbli veg are only
to reheat air to 60F when the uni't i's I n c

Comparhiengenter gy | RepdetrPesefeginhé o the Proposed L
the i mpacts of the proposed fclhhate fchhlaingws rieth G
typical practices.
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Tab7V&Modi fications Made to SProdatryp®etso gdi munl
Proposaede Change
ProtoltRefereClimParamete Mar ket TPropose
| D Case Zone|Name Design Design
Par amet e par amet
Val ue Val ue
Al l ReferegAll Ventil at|{No sensi|No sens
1 & Recoverylheat reclheatcov
Propos Ventil at |None None
Recovery
Bypass C
Ventilat|100% T24100% T2
Zone Fan|On Conti|Cycl e w
Control Ther mos
Al Refer Al l Ventil at |[DXDOAS: DXDOAS:
2 & Recovery|send®l e h60% sen
Propos recoveryheat re
HRWOAS: HRWOAS:
50% sens|60% sen
heat reclheat re
Ventil at|None Control
Recovery Supply
Bypass C Temper a
Ventilat|100% T24150% T2
Z o nFean On Conti|Cycl e w
Control Ther mos
Ener gyRllwsul at-lewi Iwhiong energy consumption for
measurled onmtur s per year (kWh/yr) anfdhet her ms p
St at eA SIlee atmh e pdtihé022 ti me dependent valwuat.i
calcul ate annual energy use in KkBltadygdi)ti sh t
annual peak tgl eddétmatnidom®e measured iSht aktidwiwdae t s

CASEeaal so

present

Thenergy

mpact s

of

(2023

PV

calcul atedotshe sADV ngsewv@ay ues
val ue $lo.d | ar s

me as u

thedpropnoy ey coldiemathange@n

Statewide CASE Team si mul atreyd ctlhi emaetnee rzgoyn ei napnad

the ciziomat e pedDWV factors when calculating ene

Pewunit energy i mpacts for nonresidenti al bui I

foot. Annual energy and ppepaat deypedbuimpadichg Wi

transl ated irntsogquiampeacftosotpeby dividing by the f

building. This step allows for an easier comp
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types and enabl es a cal cuilmg itohne ocfo nssttartuecwiidoen
t hat i s ptuebrlmss hoefd filnoor area by building type.

4. 3St3at ewi de Energy Savings Methodol ogy

The -preirt energy i mpacts were extrapolated to
Statewide Construction Fornecaotins ptCladt titelden i Bn e
Energy Commisi Bloem 20&2t0¢gwi de Construction For et
construction that would occur in 2023, the fi
requirements aretimaeéseche $itzalsesb €8k tot al
2023 that the Statewide CASE Team used to app

alterations. The construction forecast provid
existing buildinge samd kgl ibmatbawi daa@nen.g Tlhyew bui | ¢
construction forecast, Building Type I D, are

types avail a®dorma, t he CBE€ICgy Commi ssi on provi de
which prototypicalacbhuiBudilndg sn gt ol yupsee IfDorwhee n c a
enregy i mpalc3tsr esents the prototypical buil di ng
the Energy Commibei Bharegwuest EASE Team use ff o

Type I D in the Statewide Construction Forecas
Appendirx sfents additional i nf or matsiuanmp ta boonwst t h
used to calcul ate statewide energy impacts.
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TabV2 Nonresidenti al Buil ding Types and Associated Prototype
Buil din T . . . We i htin New Const Al ter a
Satewidg CZEEgL"éL‘Q?g;’r g'oﬁagt'eRdeF fgor Stga DOAS Ma| DOAS Ma
Forecast | mpacts A Shari Shar
Smal | Of fice|lOf fi ceSmall Yes 100 14% 3 %
LaegOffice Of ficeMedi Yes 5009 14% 3 %
Of ficelLar ge N/ A 50%9 14% 3 %
Restaurant Restaur ant H N/ A 100 N/ N/ A
Retail St ang Yes 10¢9 1459 4 %
. Retail Lar ge No 759 1459 4 %
Ret ai l : :
Retail Strig N o 5 % 1459 4 %
Retai |l Mi xed N o 10¢9 14%9 4 %
Gr oc etroyr eS Grocery N/ A 100 N/ A N/ A
No#Ref ri erat
Warehouge Warehouse A 100 N/ A N/ A
Refrigerated RefrigWar efh N/ A N/ N/ A N/ A
School s School Pri mg Yes 6 09 18%9 6 %
School Secon Yes 4009 18%9 6 %
Of fi ceSmal l Yes 5 % 14% 3 %
Of fi ceMedi Yes 159 14% 3 %
Colleges Of ficeMedi u N o 2009 169 9 %
Publ i cAssen No 5 % 129 2 %
School Secorn Yes 30%9 18& 6%
Apart ment Hi N/ A 2559 N/ N/ A
Hospitals Hospital N/ A 100 N/ N/ A
Hot el / Mot el s|Hot el Smal | Yes 100 17 % 6%
Mar keesttaitre s pef c@&wmear al | for alterations was assumed first with
statewide savings and mar ket size percentages is included in

2022

We

t he
Ap
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4. 3Pe&tUni t Energy | mpacRef Resnmt¢éeé sDesi gn
A summBrtemer gy savings and peauknidie naarneda raerdeu c t
presented in the following table for the prot
each climate zone for eAgpermdi>xdéngyaresauhtsu
comparison between market typical DOAS and th
enhancements. The peak demand is estimated to
i ncreased slfi gthnhtel ypriont ootnyepeos f or pri mary schoo
t at energy cost savings for each buil didng per
Tab? &Fi rYsetar Ener gy | mpact per Squase foot per
Ref eree De siiCpom s ttririmce i ght ed Average Al Prototyp
Electheak EIl e Nat u EnTeDr\
. De mar Ga s .
(Skav\(”:z)/r Reduct Savir Sa(leDr
2
(kW) (t her?nm KBt d)
Of fi ceSmal
New Constr 1. 7 0.1 (0. 4 3.
Al teration 1. 7 0.1 (0. 4 3
Of fi ceMedi
New Constr 2. 5 0. 4 0. (C 71.
Al terati on 2.5 0. 2 0. (C 71.
Retail St an
New Constr 115 0. ( 0. (C 26 .
Al teration 115 0. ( 0. C 25.
Retail Larg
Newonstr ug( 115 0. ( 0. C 38.
Al tersaatio 115 0. ( 0. C 38.
School Prim
New Constr 035 009 00 2 17.
Al teration 035 009 00 2 17.
School Seco
New Constr 1. 7 0. 4 0. (C 51.
Al teration 1.7 0. 2 0. C 51.
Of ficelLarg
New Constr 2. 1 0. 3 0.9 7 2.
Al teration 2.7 0. § ©o.Dp 72.
Hot el Smal |
New Constr 074 008 0. C 18.
Al terati on 07 4 008 0. ( 18.
These protorgpessdatndohe entire market potent
which may be wutilized to evaluate energy i mpa
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T Ret ai l Mi xed Use
1 Ret ai l Strip Mal/|l
T Medium Of fice Lab

4. 3PédWUnit Energy | mpsMd txsAdR e sSuylsttseAms swidteh
Economi zer s

Patr of the DOAS proposal i's ancomarmiuziimgq ioff a
building system utilizes a DOASu with -ventil a
diligence process of this recommendation ener

i mpadt ¢sPhoosposedf Desegui val ency or afnctrleiassed pe
system aymexied system witheb@dnrreednomi asrfhe Ai
EcononbDezseirgn

I n California, a DOAS HVAC comfaiig@ys®ti on can

1 . DOA®oludave on heating energy fromrveedhti | at
to mixed air s-yeshemselweah, mal DPOAS HVAC con:
al so eliminating space cobD@ASiom, nmi miermieait

system rehe®dDtOABIL. t h a DX
2.DOAS saves cooling peak demand byitrlkeducing

ventilation heat recovery. Compzaoned t o a m
reheat, a DOAS HVAC configuration provides
reduce peak coomi ngt l-coogadisivibgy ocefl spaces duri
ti mes.
Il n | arge, bDOA&Ii wgth zone cooling can utilize
around a chilled water plant and hydronic sol
coolwionug dse the abil ity htooweatidrres)yi dga ietrcyotnto@ni alei; |
ut il iszieblseemonly cooling which can have a great
system which must adpoededhamprdadsyi.omMudrtivari at
flow systems wutilizing active refgurmges aand con
t empteuraes t o best match thermal | Madsiahe r ed:t
cool i ng wseyiset eenstwigtant eRIOAS, including air cool e

refrigerant flow, and recirculating rooftop wu

The makseydst ems wimti lz ee c o twefrreopir wtthoetoydEed rs
enhantcedi ncl ude iefc otnhoenyi zweerrsasndotaddnti odad func
to represent airflow control and fan pressure

The analysis found D@ASSsc emfe iigpyrtaeta sornnss yteod e ms
with airside €Ebenamalpwsss tfoolbrd-diruesy otrems xwid
air source caalcilugdisnwstsemsgy,l e zone-zpaeddaDPEd un
variable air BDOAS mai sl sebpunemm was found to be
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efficient -dihmnsystmemewli t h a c¢ hThlel each awatsars odad dl
include water cooled configurations of DOAS a
exception for airushdde aeambahsaecbd ed mtgt b2 4 HVAC

systems map of buildingasitbeahdmnumbwénoh d¢e

a system would generally selactr a@dochiclelded owa i
The -yeastenergy saviomgs bpedRresgqubelseDgOAS and

t hi rsi de EDesniogm zaerre i ncluded to document t he
meet or exceed the | evel of performance compl

Tab?v7 Fi rYsetar Energy Eg&Sguarentypyopeper Building
Airside Echensoingrz er

Pea

El ecti ElectirNatur a TD; En |
. . avir
Savit De mar Savir (TD
(kwkYy Reduct (ther?dn KBt @/
(_k WA)
Of fi ceSmall
Nevwonstr ugd 0.1 0. 4 0. ( 137
Al terati on 0.1 0. 2 0. ( 13.
Of fi ceMedi u
New Constr 0. C 0. 7 0. ( 5.
Al terati on 0. ( 0. 2 0. ( 4,
Retail St and
New Constr N/ | N/ N/ | N/
Al terati on N/ | N/ N/ | N/
Retail Large
New Constr N/ | N/ A N/ | N/
Al terati on N/ | N/ N/ | N/
School Pri ma
New Constr 0. ( 0. ( 0. ( 12.
Al terati on 0. ( 0. ( 0. ( 12.
School Secon
New Constr 0. 4 0. 7 0. ( 2 7.
Al terati on 0. 4 0. € 0. ( 2 7.
Hot el Smal |
Newof@struc N/ | N/ N/ | N/
Al terati on N/ | N/ N/ | N/
The following is a sample of energy results p
results arAppeolbdugded in
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Prototype Summary of Energy | mpacts

For Medium Of fi cwersgt imud g i @fl ea cD@AS gwer e si mul &
mo scto mmonltyy ueins. Four types of DOAS were sin
code changes

.DXDOA®i th a andrinacSs5darcabl e RefVYRBerant FIl o
.DXDOAS with a hAmrt PpUHEpcand

.HRV with Four Pipe Kiam Coelresd 6ERIFIBDPIi | er

4 HRV wAitrh SUYRFce

WN -

Thesceonf i guweartei osnismu Raf edewnoc&hti ons hasaslerve as
for energbhesawis@iagmatiddf donenly one DOABbi nati o
Four Pipe Fan O®AIS, S iFIPFTM)\¢ swsintelr g yR etfhearne nt chee
Desi@aompl ete tables for each prototype and DO/
Appen@i x

OfficeMedium | CZ9 | Site Energy Use Intensity TDV 2022 Energy Intensity

Economizer Equivalency Economizer Equivalency Proposed | Reference

350

posed Refi
337
316
300
273
262
249 253

250
200
150
100

50

0

40

w

303

Energy Use Intensity (kBtu/sf)
N e w
S & =

TDV Energy, 2022 (kBtu-TDV/sf)

15
10
5
0
DX-DOAS VRF MZVAV DX-DOAS VRF HRV VRF DX-DOAS VRF HRV VRF DX-DOAS VRF MZVAV DX-DOASVRF HRVVRF |DX-DOASVRF  HRVVRF
M Heating Gas M ~vg. Cooling M DHW Elec Light M cquipment Gas M oV Gas M Tov Total
[ | Heating Elec M DHW Gas || Equipment Elec M Total M oV Elec

Fi gwr eTDV enesrigtye aenndesruglyd csi,ul Of f maeeCZone 9

The primarysismhhloatl edvawp rt dhp ccsodndd i gme at jaon of DO
more conservative DOAS-DOAT uguitatainan zwinteh ha ab
cooling using VRF. Based on runrmiang omtshert hgrso
of DOAS unit andndypeobifnbeanhi agerage use mor
configurations such as HRV or ERV DOAS units
FPFC or radiant cooling anSt ahedldadisgyise m hies pr i m
sevesriankgberel x-adroof t opnuoompari swaylt eéhd DA Sf an
energy by running a smaller ventilation only
and cooling room fans on only when needed.
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PrimarySchool | CZ12 | Site Energy Use Intensity TDV 2022 Energy Intensity

Economizer Equivalency Proposed Reference Economizer Equivalency Proposed Reference
35
197
30.3 200 194 195 191
0 28.6 294 171 175
27.1
e 255 25.9 g
E 3 150
@ g1
= F]
z g
E &
F} = 100
2 15 g
>
g &
>
& o
¥ 10 =
50
5
4] 0
DX-DOASVRF  HRVVRF SZVAY DX-DOASVRF  HRVVRF | DX-DOASVRF HRVVRF DX-DOAS  HRVVRF SIVAV DX-DOAS  HRVVRF | DX-DOAS  HRVVRF
VRF VRE VRF
W Avg. Cooling T.. [ Heating Elec [l Fan W DHW Gas W Equipment Elec [l Pumps M 1oV Gas W oV Total
[ | Heating Gas [ ] Cooling W oHW Elec [ | Light [ | Equipment Gas M Total B oV Elec

Fi gur ®&V ener gy tan crneesruglyt s , Pr iGhamayt eS &ZBoonoel

The secondary school protot yRed ew®OASI Mmool at ed
represent the nbbGAS cceomasreirov aftatvreenhbeggeuaeadary
schoolSt andar di Deeesnitgrnal air handl i ng uunme wi th
control and a centr al pl ant i mlam ednizdottoererd i mat e
Fi g@8r eTDV ensi gy @amedudgy s,y Sec hlniadma tCe3 Then e
ReferbP®AS configuration increases the cooling
decreasing other end uses such as pumps and h
energy cost is reduced

SecondarySchool | CZ3 | Site Energy Use Intensity TDV 2022 Energy Intensity
Economizer Equivalency Proposed Reference Economizer Equivalency Proposed Reference
221
30
26.8 200
176
25
228 -
=
E 20.0 . = H 143 142
19.8 - 2 150
B o 5 138 135 139
z g
2 3
£ ]
e 15 o
B & 100
> ]
& &
>
& 10 e
50
5
0 0
DX-DOASVRF  HRVFPFC MZVAV  |DX-DOASVRF HRVFPFC DX-DOASVRF HRVFPFC DX-DOAS  HRVFPFC  MZVAV DX-DOAS HRVFPFC | DX-DDAS  HRVFPFC
WSE WSE WSE VRF WSE VRF WSE VRF WSE
W cooling Tower [ HeatingElec [l Fan W DHW Gas W Equipment Elec [l Pumps M oV Gas W Tov Total
[ | Heating Gas | ] Cooling B OHW Elec [ ] Light [ | Equipment Gas B Total M Tov Elec
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Fi gwBr eTDV enesrigtye aenndesruglyt s, yS eSccohnbdbdma € e3 Zone

The standal one retail prototype waprepmsédt ed
DOAS with avYRERYcamdi t.i oirhieng esul tds warteh cdnrepar
Ref erence DOASStanmddZersd gnt me x ed aitrh scyosntpeam.i slom
t hper opobsCAdS configuration reduces energy use a

prot oggwiengs are primarily driven by saving he
eergy hitbopher both the StanRdrdebeei @r@dA&ndotdIeé
decreased economizer capabilities from ventil

consumption.

RetailStandAlone | CZ3 | Site Energy Use Intensity TDV 2022 Energy Intensity

Proposed Reference Proposed
250
30
26.2
- .
100

50
] 4]

Reference

= b o
a =} wn

Energy Use Intensity (kBtu/sf)

-
5]

TDV Energy, 2022 (kBtu-TDV/sf)

w

HRV VRF HRV VRF HRV VRF HRV VRF
Avg. Cooling T.. [l HeatingElec [l Fan DHW Gas M Equipment Elec [l Pumps M Tov Gas M 1DV Total
. Heating Gas . Cooling . DHW Elec Light . Equipmen it Gas . Total . TDV Elec

Fi gwr eTDV enesrigtye aenndesruglyt s, Ret aiCll i $ntad 3l .ZAIn@n e

The small office prottohnRpee ewdDASBo sfcieqqame o swit to
represent typical instal |Rédafiernesnoond sEOaRkeds yi snt er
HRV with mini splitdgwoHRYewidt RTrUesgi racnnuwl aHtRe/d wii
three DOAS scenarios overdl lasemserugy ei £ nreg gyc e
and 2 are included for two of the scenarios a
ReferbPOA®& ther 1 andi &hxonfigurat
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OfficeSmall | CZ4 | Site Energy Use Intensity TDV 2022 Energy Intensity

Economizer Equivalency Proposed Reference Economizer Equivalency Proposed Reference

353 300
35
321 319
250 239 239 237
- 223
- = 211 208 208
% z
2 25 o 200
@ L
= 2
z ]
g - & 150
E &
2 =
S 15 =4
l 2
H Y 100
c
v o
10 =
50
5
4] 0
48 EZ 2 2 48 EZ 2 48 £ 2 4 fZ 2 Z |48 E£ 2 48 E2 2
S > =5 o = S > = o S = =& o Sg> 38 & = S>> =5 o [SE=-— o
2 z 2 s |2 z z | 2 z Z Sz z % 2 9z z 2z z
8 £ z ] ES H ] g z a8 g z 8 £ z |8 S T
W Avg. Cooling T.. M HeatingElec [ Fan W DHW Gas W Equipment Elec [l Pumps M oV Gas W oV Total
[ | Heating Gas [ ] Cooling W oHW Elec [ | Light [ | Equipment Gas M Total B oV Elec

Fi gurde TDV enesrigtye aenndesruglyt s, Smlail maOé4dZxaee C

DOASesults of each prototype are included in
prototype cohhBguwroasteido  DsOAS r edacesmearee d ywiut h
Referb0OAS.

HotelSmall | CZ4 | Site Energy Use Intensity TDV 2022 Energy Intensity
Proposed Reference Proposed Reference
295 249
20 28.7 . 250
274 238 233
25
< < 200
3 =
2 a
2 z
>
E g 150
5 8
E 15 8
=
3 g
>
g‘ 2 100
>
g 10 3
50
5
0 0
DX-DOAS VRF HRV VRF DX-DOAS VRF HRV VRF DX-DOAS VRF HRV VRF DX-DOAS VRF HRV VRF
M Avg. Cooling T.. Il HeatingElec Ml Fan W DHW Gas M Equipment Elec [ll Pumps M oV Gas W oV Total
. Heating Gas . Cooling . DHW Elec . Light . Equipment Gas . Total . TDV Elec

Fi gurie TDV enesrigtyeranndes ul t s, SmnailnatHoitZedne C
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Tables of Energy | mpact per Square Foot pe

This measure reduces tlobt gle recreenrtg yd eyseen db yn gl 0o nt
and cl i matSawiomngess are conseraraits ®ef dfasede on a
DOAS with the proposed DOAS enhancement s.

4 . £ost and Cost Ef fecti veness

4. 4dEder gy Cost Savings Methodol ogy

Energy cost savi nbgys aweprley icnagl ctunleatTeDdY ener gy co
energy savings estimates mbahodelteggedesedi be
4. 3. 2DY¥ a nommict bz edlenwlragyst vitnlgpsst count s f or t

vari adPtlt eofcoel ectrgas tefacdhndh ovat wrfalt he year, al
costs are toapelramge over t(h3e0 pyeerairosd foofr arneasliydsei
measures and nonresidential envelope measures
nonresidentilan tmeiasucaeseg, the pkyieadbef TOWvVal y:
cost i mpacts narneo npirneasle ndtoeldl air s aa nude idno |2 0a2r3s parne
represent the energy ddsdarsa.vings realized ov

This code c¢chaogdappdplt gpdtoalal terati ons and/ or ad
whol e HVAC system is repl acedquiarnadmeamtssg.al | ed t

4. 4dER2er gy S@eosmhgs Resul ts

Pewunit energy cost savings for newly construc!
reali zedlsyear fplkei od of analPVy2s0i2s3 adtod d parressent e
foll owi magdt abldé $ i onaolt ytpaeb | aerse biyma @lg@wdaehddxi n t he
include data on both nominal dollars and PV 2

The TDV met hodol ogy all ows peak electricity s
savings dmpealkgp.eroinods
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TabvsePr est

Anal yisosiaNew Construction

VEDW eEn er gSya vG onsgts

( DOAS mar ket

Year P®eriod

of

percent

ClimglsYear TDV E|15ear TDV Tot adYyedah
Zone Cost Sa Gas Cost Energy Cost
a3Mi |l | P¥ns (202Mi | | PW¥n| (202Mi | | P®¥n s

1 $ @.5 (800) $ @.5

2 $ 15.5 (800) $15.4

3 $ 8.0 (801) $ 8.8

4 $ 4.1 (80 2) $3.99

5 $ 07.9 (800) $ 07.9

6 $ 5.2 $ .1 $ 5.3

7 $3.94 $ 0.3 $3.97

8 $ /5.4 (80 2) $ /5.2

9 $13.46 (81 3) $13. 33
10 $4.96 $ (0.1 $4.97
11 $ 11.3 $ 0. $ 11.3

12 $ 7.7 (810) $ 0.7

13 $ 2.1 $ 0.0 $ 2.1

14 $ 13.8 (80 2) $ 13.6

15 $ 06.7 $ 0.0 $ 6.8

16 $ .7 (801) $ 4.6
Tab7@é@Present TUV¥hee gy Cost Sawierags P@varodl of
Anal yisosiaAl t erati omar kDPOABercentages applied)
ClimglbsYear TDV E|l15ear TDV Tot advyedh
Zone Cost Sa Gas Cost Energy Cost

02M8i | | P¥M)s| 202Mi | | P¥d)| (202M8i | | P ¥H)s

1 $0. 15 $ 0.0 $ 0L.5

2 $0. 92 $ (0.1 $ .3

3 $ 46.9 $ 0.6 $4.75

4 $ 2.9 $ (0.2 $ 2.0

5 $0. 47 $ 00.0 $ 4.7

6 $ R.5 $ 0.4 $ 3.9

7 $24.9 $ 0.3 $ 5.2

8 $ 4.0 $ 0.4 $ 4.4

9 $ /.4 (800) $ /B4

10 $3A.4 $ 0.4 $ 3A.8

11 $07.1 $ 0.1 $07.1

12 $41.1 (80 2) $ 40.9

13 $ 12.8 $ 0.1 $12.9

14 $ 1.0 (800) $ 8.9

15 $ 4.5 $ 00.0 $ .5

16 $ .1 (800) $ 8.0

2022
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4 . 4. Bcrement al First Cost

| ncrement alt hfei risnti tcioaslt mimssd d fof iacdiogpnt equi pmen
practices when compared to the cost of an equ
i mportant that the Statewide CASE Team consid
measure cosaesefféontremensahbrtei based on data a
and can change over time as markets evolve an

new technology and building practices.

l ncremental costs were estimated fnemttshe Thr sp

included:

T laremental costs for including bypass or f
recovery DOAS units.

T I'ncrement al cost for DOAS units with modul
T I'ncremental cost for additionardalhlluett eromikn &

uni ttbahave separate supply pathways for t

There is assumed to be no inclrieamemdaealt ltiosti & or
alreadyusétdiing codes for fan systems.

Reheat requiremeinttss wint hD Gaac® duvmies coomnd s indger ed a
configuration which can be done as part of a
cost of a system.

Appendi x J includes documentation on assumpt:i
for eacbsttsemer € eesadmmapreadt dtoyrpe bui l di ng base

Tab?7® DOAS I ncrement al Cost by Building Type

Free CoModuIa Ad e ( T oat |
Buil ding/Vent il / EneFan s Du c Il ncrem
Prototyp cf m/ Recov Cost FE Wo r Cost

Cost | [ $/|Buil din
Smal | Of 0.1 $0. $0.1 $07.0 $0.
Medi um O 0.1 $0. $00.1 $07.0 $0.
Lar@fefic 0.1 $0. $0.1 $07.0 $0.
Retail S
Al one 0. 4 $ 0L.7 $0.1 $07.0 $ (8.8
Secondar
School 0. 3 $ 0L.7 $0.1 $070 $ 8.8
Primary 0. 3 $ 0L.7 $0.1 $07.0 $0.
This estimate or any modification to enhance
first costs for an addition ocompbaeeat-sonreor
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O O Qo 4 9 C
nw O Cc T S w

IN

O N < OT —
QO T T 9 S

ed, the increimtnbalt teo s4 &Rmdveb @taw elgOnA S
d RrhceposedDODASI gn

e additional duct work was ohcte®wsefd diost reipl
ct work to be a cboheenvatssargstdumbiegof Thi
sltsf$ from $0.18/sf in the draft report to $(
ti mated by a factor of 2 and was chosen to

L dcr ement al Mai ntenance and Repl acement

4

cremeantnalenmndeéeecaontcciesmeéenodl repl acing the ec
rts of the equipment, as well as periodic m
erating relative tbegkbBreperpodcthiheapabyger s

| uegwifpmanht enance 0¢oaas (csad wiurt ;qaspeedr cuesnitn g a

scount, mwhteh(d)s consistent with the discoun
22 TDBWr eswaltwfe mai ntenance costfyennhat soccurs
| cul ated as foll ows:

"ENCHI HHTITTERHD T 7 "HUART T HEHD T 71 "HT'A‘P?IT“I“I’-H"H—,,H

rr-a DOAS system, mai ntenance once a year to
pected useful lif-@a50fyeahenbgmggmeetr i ng B&pe
i nstahéamaiomsenance cost 1| & oas sau nReed etrce nlres
signS DeEOWAd Proposed Design DOAfSomandp evaast naeam®n
sumed

4ChsBf fecti veness

I S measur eprpesocproigpetisirvmewe nsuch, a cost anal ysi
demonstrate thaeftodetvmebBylreae qpeercfosanal ysi

e Energy Commi ssipomncesuaklsi lhesfcthh@ a.hatsng

e Statewide CASH Twaann cEolelragbyo rCootnemi ssi on st a
e methodology in this reportludi cgnwhis¢lkento:
re included in the anal ysiimscr e@hent alcr manemtt et
sts ovegeeat hpefintaddy safs were included. The TDV
om electricity and natural @eaasl satvioags wer e

sign costs waeoe mwerei nhhbleudedr emental costs
I fication.

cortdo ntghe En ersgdadmeCfoimmii ta ommesa s ue fef a st ictobsd
ndgfeioorst (B/ C) ratio is grieateal ¢ hlaant d Oby Tdie
st benefits realized over 15 years by the t
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mai nt enance5 cyedrss.f ofthel B/ C

cost saving

S .

Results a@ohitee bpentsi vaenmd sy s e s

79 or new camgst rau d teir an i

ons,

rat.

o

wa s

c al

cul

a rTea bplr@ersteankt leed |

respectivel y.

TabV7@l5eaCosBf fecti venesBT &GtiuaNmavr YConstPe@mrcti on

Sqguare(boOédar ket percentages applied)
Cl i ma Benefits Cost s Benetfo t
Zone|l TDV Energy Cost Tot al ncyn Cost Rg

Ot her PV 2Sav PV Cdst s

(2023 PV$) (2023 PV
1 $3.9 $0. 9 4. 4
2 $ 4. $0. 9 4.5
3 $ M. $0. 9 51
4 $ 2. $0. 9 48
5 $ 43. $0. 9 49
6 $ 45. $0. 9 52
7 $ 2. $0. 9 47
8 $ M. $0. 9 5.0
9 $ 47. $0. 9 53
10 $ 3. $09 41
11 $ 3B. $09 41
12 $3.9 $0. 9 44
13 $ . $09 36
14 $ 4. $0. 9 47
15 $ B. $09 4.0
16 $ 43. $09 49

a.Benefits:

savings over

di scounted

TDV Energy

Cost

atianfeati 6npmt hake

mai nt emeann cael

i f

f

c
d
h

ree

fi-cest savings
savings if PV o
b.Costs: Tot al I n
repl acement an
(infdadfjfuened) t

of current
benefit. arfe thibet ot al

proposed
proposed

percent

increment al

2022

rat e
cmoasi tnst .e nlafn cien ccroes t i
cost s,

S8enpfsts
t he( preeri oy +o f Ermawiarl ogyrsmesnt &t hEcosami ags2a
percent
firstudePs¥Ymaiirst dreasrsc & hams tc
mai ntenance

rement aCo®resiemecirédiened| Cegus pment ,
mai nt enancdeyscioss.t sCooswvtesr

at

n

OhbéeudPVTB&¥viEngs

and

PV

cost s

rat el

i f PV

S

i s

of

neg
t he
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Tab?7@e@ -YBar -Ebfectiveness S$SAmmerpntTonal
( DOAS maekeentages applied)

Cli ma Benefits Cost s Benetfo t
Zone TDV Energy Cost Total I ncr Cost Re
Ot her PV 23Sav| PV Cdst s
(2023 PV$) (2023 PV
1 $3. 7 $009 42
2 $3. 8 $009 43
3 $ 42. $009 48
4 $ 4. $009 45
5 $ 4. $009 47
6 $ 4. $09 47
7 $3.9 $09 45
8 $3.9 $09 45
9 $ 4. $09 47
10 $ A. $09 39
11 $ A. $09 39
12 $ 3H6. $009 41
13 $ 0. $009 34
14 $ 3. $009 42
15 $ 3B. $009 38
16 $ 4. $009 45

4.

4 .

.Benefits: TDVSEBmengygy €oOt heBeRW¥W¥f BEhwi hgslude TDV ener

savings over the( Bbrearipw 4o fEmwmiarlyrsmesnt &t hEcosami ags?2a
di scounted atianfkeati éndbmtheakbe pavicegs ratkbudOt hecr @

fi-cest savings i f proposed ticestce¥mailmtdeersasrrsc € hams tc
savings if PV of proposed maintenance costs is | ess
Cost s Tot al I ncrement aCo®Presient!| Yaéuiedc Cemeénstal equ
replacement, and maintenadcefcastas yesver Chetp are di
(infdadfuseshed) three percent rate amnd it BYeatepr ohas
of current mai ntenance costs. I f increment al mai nt en
berdet I f there are no thetnalf@dsrtartdé mentsali nFY ndd st s, t
i rYsetar St atewide | mpacts

5Stlat ewmndegy and Energy Cost Savings

The Statewi decadASUH aTteepadmatrh es tfaitreswtiodde nseaw i ng s

const rhy tnpuwlygtiing -utnh & ppervi ngosr,e svemitcehd Armgb. e ct i 0 |
assumptions about the percentagevoabednewly con
i mpacted by t he psrtoaptoesweidd ec ondeew cTohnest rBisct i on f O
presenAppendisx aA e the Statewide CASE Teamds a
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Tab8@DOASt at ewi dearkEd eEmger gy

Cadewl Gpast s ucti on

S(t':srzsetwrll:j _ Fi rYseta _ 15/-8@®a

. ImpacteF'r'Yseta Pea Fi rYseta Pr esi
Cl i mg Propo Elec_tlEIect Natur_a Val ued E
ZoneChange i Savir Demar SaV|rCo§t Sa
(million ( GWh Reduct(MMTher) (millio

fe e ( MW PV$

1 0. 0. 0. 0. $ ®.5
2 0. 06 0. 0. $15.4
3 18 31 0. 0 .) $ 8.8
4 0. ¢ 16 0. 0 .) $3.
5 0. 0. 0. 0. $ 07.9
6 1. 21 0. 0 .) $ 4.3
7 1. 15 0. 0. $3.
8 17 30 0. 0 .) $ /.2
9 2. 54 06 0 .) $13.
10 1. 20 0. 0. $4.
11 0. 04 0. 0 .) $ 1.3
12 18 2. ¢ 0. 0 .) $ 1.7
13 0. 08 0. 0. $ 2.1
14 0. 05 0. 0 .) $ 13.6
15 0. 0. 0. 0. $ 6.8
16 0. 0. 0. 0 .) $ .6
Tot a 14. 2 4. 2. (00) $62.

a. Fistyear

savings

from adtlatbeuwil dd nigns ZX0W2np!l et ed

2022
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Tab8® DOR3tSat ewi de Ener gy and EAletrgryatCiosns | mp a

State) Fi rYseta
Al terar: vea Pela Fi rYseta 15/-80a
Clim ImpaCt€ElectlEIect Natur a Present
Zone Propo Savir Demar Savit Er]ergy
Change Savi (ogs |
2 0 2(3mi | ( GWh Reduct(MMTher 5023 |
sqguar e ( MW
1 0. 0. 0. 0. $ 0.5
2 0. 0. 0. 0. $ 0.3
3 1. 18 0. 0. $4.
4 0. 0. ¢ 0. 0. $ 230
5 0. 0. 0. 0. $ .7
6 0. 1. 0. 0. $ 3.9
7 0. 1. 0. 0. $ 5.2
8 1. 17 0. 0. $ 4.4
9 1. 30 03 0. $ /.4
10 1. 13 02 0. $ 4.8
11 0. 0 0. 0. $07.1
12 1. 16 02 0. $ 40.9
13 0. 05 01 0. $12.9
14 0. 03 0 0. $ 8.9
15 0. 0. 0. 0. $ ®.5
16 0. 0. 0. (0 )¢ $ 8.0
Tot ¢ 9. 147 16 00 $37.
a. Fisyear savings from all buil i ngs completed statewic

Tab82DOASt at ewiedegayEch Ener gy CdaddNewl @past sucti on

Al terations, and Additions
Construction Fi rYseta Fi rYseta Fi r-$é¢ a 15Yea
El ect i Pea Natur a Pr es:i
Savir El ect Savir Val u
( GWh Demarn(MMTher) Ener gyt
Reduct Savit
( MW (PV
mi | |
New Construc 25 267 -001 6 2.
Addi ti ons an 15 160 001 37.
TOTAL 40 4 . 2 001 100

a. Fi fyetar savi nag st efrracbnmpahnlsit ed st 8t ewi de in 202
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from adtlatbeuwil dd nigns ZX02mp.l et ed

whegfeml s i2d® MI&Q?20er/sGWH4 Bh. M2 OMMT her ms

4. 5St3atewi de Water Use | mpacts

The proposed wooudhedtc reersqud t i n water savings.
4. 5S4at eMa ke i al | mpact s

The proposed coadgdinlganhgkei $ oswilti ke equi pment
system component or conworudblels ncoo mpopraecntt si.n  Tsht eart
materi al use.

4. 506bher -EN@migmpact s

The proposed wooudheddnlcareqaesed control capabiliti
wolud mprove the persistence of indoor air qual’

2022
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4. Proposed Revisions to Code Language

4. 6GUui de to Markup Language

The proposed changes to the standards, Refere
Reference Manuals are p@gmotihkde? OL&S| adw.cuean ge |

withumedar I(inewnd angsa&gexea(hdeoluegthisons) .

4. 6St2andar ds

SECTI ONTDEBI NINSI AND RULES OF CONSTRUCTI ON
DXDedi cated Outdoor -BOASSyattewmpeooni esa( D¥Water
cooloed wadwrrce factory assembled product t hat (

|l ow dew point and pianbclleu doefs croenhteradlulltithnadt e thigse rcsad [
of the dehumidified air to tchoenddddiomreald ouud gpmwlo

then delivered directly or indirectly to the
contmagnan enthal py wheel |, sensi bl e wheel, des
or other heatpporr amaisss transfer a

|l ntegrated Seasonal CoefJAcseamasomdl| Pefrffioc mamc)
i s a combined oriwlea blaisetded ni m hAHRI Standard ¢
for the heat i-Dh@QA S euansiotn waft earp DoXrp ,a ierx psroeusrsceed h ena
|l nt egrated Seasonal Moi st uAes Ramounmal efficien
t hat i s aueolmds emcde dowatthe formula |Iisted in AHI
dehumidification moi stur er acunorvel O Ae% rfuinziXtesn c y
expressed in | b. of moi sture/ kWh.

ANSAHRI i9220t-Rendi ti oning, Heati ng, and Refrige
fiPer for mance-DRat icmdg edf ODRY9 D220 INEE KAHRI Stand
920PX2020

ANSI / AHRiIls 1t0B&nAi t i oni ng, Heati ng, and Refrig:t
fiPer for mance-tRari Eqgchfanfiers for EBEeuigpm®etcover
2018 (ANSI/ AHRIPSAB&H)Ward 106

(These definigvemst mawgh ntcHay eir@powete dr efoelre nc
| anghbhapbienw ant i ¢ ihgeraetri goyn @dAmMdmips sDh@ASD X f ¢irict enic &
mat ching DOE a#86818SHRAE 90. 1

SECTI ONTREQULREMENTS FOR VENTILATION AND | NDO
QUALI TY

(hWentil ati on Oyl syt EMbeScCh aShyisctaeimecivahhoat cool in
mechanical heating s hSelcltimégédl 2t0he requir ement

2022 Titl &i 2BASPaRdp2 ®2NRHVACH|17 1



SECTI ONTPRESEZRI PTI VE REQUI REMENTS FOR SPACE C
SYSTEMS

(The foll owinigt fadhdipoowems cwewdl d not bedigec¢c!l ude
CASE report criteria is adopted)

(c) Fan Power Limitations.

TABLE -Ba®Pam®m Power Limitation Pressure Drop

Devi ce Adjustment Credits

Return or exhaustdesy0.5 in. of water

accreditation standsag

systems required to

di fferentials bet wege

Return and/ or exhaus0.5 in. of water

Exhaust filtersexhaaoagThe presstuhdeevidrcepasffoa

treat ment system desd gn conditi ¢

Particulate FiltratilPressure drop calcul at

greater drop wstémndesisgn cong

and electronically &€

Carbon anphasédeai gagClean filter pressure
conds tion

Bi osafety cabinet Pressure drop of devi ¢
condstion

Energy recovery devijlFor each airstream [ ( 2

runaround EffectiW.e;lesisp. of wat

l oop

Coi l runaround | oop |0.6 in. of water for g

Exhaust systems serv0.35 in. of water

Devi ce Adjust ment Deductions

Systems wimbdolhmanicealki0O. 6 in. of water

devi ce

Systems without centiO. 30fi nwater

devi ce

Systems with centralli0. 2 in. of water

(e) Economizers.

1. Each cooling air handl ed tcloatl i mays caphaesitgn
Btu/ hr, -wat echicloloéegd ng systems without a fan
a cooling capacity greater-Ct hamatl huael es yes tt ehra

b.An air economizer udeajaael anaifr eda@mmarnr $ ngo os u
percent of the designaisru;ppdry air quantity a

2022 Titl &i 2BASP aRd 2 ®B2NRHV ACH|17 2



c.A water economizer capable of providing 100
at outside air t-leumpkran dbruelSA Baf wdstobAeA odw .y

EXCEPTION 1 to SWkerinensgdddoi @l egdtside air il

reduction and treatment of wunusual outdoor <co
EXCEPTI ON 2 to SWkernont id O d&ien i ontdool i ng wi
systems, such as humidification, dehumidifica
increase overall buil ding TDV energy use.

EXCEPTI ON 3n tlo4 S84 (¢d )@Ins s-erse nge diguwarttiearls | arnd
hotel/ motel guest rooms.

EXCEPTI ON 4 to SWkerineoncdhdfordt eddol i ng systems
efficiency that meets or exceedsttshe nc dAIBILEg
140D.4

EXCEPTI ON 5 to SeEmtsyntdm® . griemdrily serving
Section 140.9(a) for computer room economi zer

e at
t+mes .
EXCEPTI ON 6 to Sgyvsti emsdipghiovk o) 1:ng and heatin
ventil adthiaan wdenddi ica¢ eal out dfooorr vad mrt islyasttieom uinn ta

140.4 (p)1B.

(p) Dedicated Out dodrorAiHB AEyesntse nwshai (cBh® Austtialtiezde

out dootemi fDe&NNdittad on, 1T E@Onmemety t dooafpiaritastre fr o1
| ocal or -cemdi tail o 3ipA @ essyasrtee mMsp asceer vsihmd It mee e t t
criteri a:

1.Proeciach space with eithems of the following

A.ADOASi tinand iandepeampdgot di t i omwhn o hs yneted s
t heeconomeger rsepneecnitfsi ed by aSiedc teixohna uls4tO .adi (re
recovery requirementp. specified in Sect.i

B.ADOAS unit which meets ora exnde e&ad s etplag aftc
cooling system:

i DOAS unbéeesdamilr fl ow rat d500plkeeent he
sumt hoBut door airflow rate to each zon
120.1(c) 3.

iiVentilation sensi bl e empeercogmtrencervgey vy
recovery ratio adfuldcddawigoh@sp@gmoanesnt
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and

heating .design condition

i i Ener

gy recovery bypass control capabi

vent

il ation ainempserdd mun sewdtpcaa T ABILIE

14 CE.

i vDOAS

4

units with airflow ranei batdij 600

cont

r ol reguirements in accordance wi

EXCEPTI ON

1 to SBg¢ystemsléddDstdéab)léd for sol e

makeupeahmaufoi ng

t oxi c, fl ammabl e materi al

drverstex hamw

commerci al kitchen hoods used f

vapors and

.Ventifohat s®

smoke.

Btems shal/l be capable of modul at

.He at idn o¢c oaonr

I ng equipment fans, heatirmgnand

uni t f ans

shall cyvcle off and ter mi nal uni t

i s no calll

for heating or cooling in the zc¢

EXCEPTI ON

0O BFansed 160. #1épl i ng and cool

0.12 watts

r cfm may operate when space t

deadband t

rovide destratification and ai

.The DOAS s

l' v air shakcbubpbe phelei waer ald waisrt ¢

the ter min

heating/or cooling coil s.

EXCEPTI ON

0o B8Active GHDlL KNEPg)beam syst ems

EXCEPTI ON

0O B88ehnhsohl d46nHUyYyptooling ter mi

i ndependen

greater of

ari dbedes ali ir hil toiwn g etgluéd aDOAF s up
tent |l oad or minimum ventilat:i

EXCEPTI ON

o B8Btet mbnall4bBbed{phg/ or cool i ng

with the

ow fan power all owanke®D(Bequiremer

.DOAS wi th

mecbaovcdi ngoogknbhgl ation to mul ti

conjunctio

n with zone heating and cooling ¢

to warm su

p pFwh ean rr eapbroevsee r6t0a toiuvi e ou v | di ng |

temperatur

e indicate that.the majority of z

.DOA®I t h a

t ot al fan system power |l ess t han

power of .1

DOAW/ ewi mh f an power grmaétde t han

r eceurieroSe® ct i

on 140.4 (c).

2022 Titl &i 2BASP aRd 2 ®2NRHV ACH|17 4



4. 6R&8f erence Appendices

Current enhancements are represenlitheed in the ¢
acceptance test for outdoor air as specified
wi || be referenced bylthe DOAS section as we

4. 6A@ Reference Manual

A draft | ist ofi ptrlvevi deeadt iwhres eb eclhmwmges are ant
Reference Manual. The primary areas are in de
including the DOAS wunit, DOAS uwmittr od ssnt ramlds ,
system integration between them.

1T 5.7 HVAEG€n&ary Systems
See sections bel ow.
1T 5.7.2 System Control s

Definitions of Supply Air Temperat-ure cont
DOAS.

M 5. 7.4 Outdoor Air Controls and Economi zer s

Descriptbgpaet Bahd venti Fanconhoeabnomesi hg
uni t .

1T 5.7.5.2 Direct Expansion
Description of the supply air tDeOWpSeroart ur e

ot her DOAS wunit with active cooling is uti

4. 6Codmpl i ance Manual s

A new sdeecstciroinbi ng t he DiOA&woipad els dreivetd opwedcr Thi
wouldclude at | east one example problem of ho
specific critEhewealb@ irmquired.

Chap4:®Mechanical Systems
Section 4.2

1
1
1T Section 4.3
1T Secon 4.6

1

4. 1. 1PLe&cbiptive Compliance Approach

2022 Titl &i 2BASP aRd 2 ®B2NRHV ACH|1 75



4. 6Codmpl i ance Document s

Document 1 NROMoMCHy2 t he outdoor air test to
validate a DOAS wunit. Mi nor modi fications to

Document 2 NROMAJIMCHOX ompdhree retc otnmmi zer contr ol
vali date bypass or free cooling capabilities
Fundamentally the test procedure is very si mi
those units.

NRCMCHE wouldd tnoe eb e roecvuinseendt tnoewd prescriptive I
specific. to DOAS
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5Exhaust Air KH&EAHRRecovery

5. MeasWrescri ption

5. 1Mdasure Overview

Thi s mevaoukhmdael requirementlsedtoec oy¢eEAMNRE t Tiatilre 24
PartCuB.rentel areheon rsegecileagn@&tagov e rgye nferrcam
exhadesgpite the bemweiflitdyspiggse r tCaad mtfeoirnnmaat e
zondhis measure propaseewt@Priescotli poi ateerequir
exhaust air iHhenmaetd ¥ Breooyieirryée MEMHIRAE -DO1IXL ct i on

6. 5. &ith significant ®@mediuhi gati onn sd ibfeft & rGiark g¢ 5 0
finamet aTheces proposed@womkeedguree heat ftoome recov
exhaustpreaeicrondi tngnouwmdfooari si tuations that have
becost effective

The Statewi deasGAeSsEsh&eamer gy s aavnidn g sn chreenmeefnittasl
cosdafs ex hawesattecasdivrer yt devecmisne wibhiuch ds megcitfyipes
and cli mawelbeBortoesf f,eatnidvd heref ore, where the
should be applied

There are two mai nengmp@g odfevgxteasust air

T Units whichemsd¢dbVenkbhwawnsas heat r(eHROWse)ry d
T Units which rneacidedekrin odwny aasndener gy (rEeRWsv)er y

Sensiebleegyovery i s meabswlrbe daibry tidnmesedmatconver ed
Tot al ener gne arsauachselrdyr yai r t emper aturel stohat i s
includes moi 2tDwreceCtarlt clodireya yc | mmat esonresi dent i g
buil d€viommthselve outdoor air omnyyens e@um® redcaecvhe rtyh aits
needed. The pr oappopsleideesmetaos ainedil t e wh i odsd ac
HVAC systems in cluimgltiey pbascoeagtfechedt bve.

The pr opos ewlo udedads uarsea € wi Toint Iteo 2&p,r ePsacrrti pbt i v e
requirement theameldotomedfhequi r e MeSTHIRSASEf amdhar d n
90which utilizesowt cadoonb i apiarci feaneadtedneds i g n
systaegmfl awd hoursThe ompawathidpohny to both new
constructionascemarti @ saTaci d aedosidireEnwsi.r e a

OMoi ®t urecovery is also known as | atent heat recovery.

released or absorbed when water is condensed from wat e
gas respectionelewxt , 1 h at rind doe acta prteucroivnegr yt hree feenresr gty t hat

water vapor is condensed.

2022 Titl &i 2BASP aRdpR2 ®2NRHV ACH|17 7



mi ni mams ihkeemggcoveroyo @atceoent forhatlolut st e ms t
exhaust air headts orcelcuedgear yempdtoeondmrzan bypass

5. 1M@asure History

Three arcaernmeemtui rement ® 2@d, Part 6 foranhdeat r ec
there are no concernsas crimeadve@aunkeElgpr eempkhanst
heat recovery devices which are noA ai marar of
measure was proposed in the 2019%o0Ti taldeo p24e,d.Pa

At t hat Ethiemg,y tCloeanmi s sicomcssuxuprriensgs eedhe 2019 code
that exhaast r avnamwer wfofsecti ve enoughmightal | cl
actuiarndmeasr gy use under TchedrOtladi np rooghogsiadp p h & e d
tel i mate zones thatt iadidl®iic pededaltnber of

totbal | dihwgs|l d haaetd®eae to the | i mited number
buil dingsomaer hnhheover c¢ dset Eefefrgot iCwemme sss,i otnh ¢
tadopawevtieme Energy &ompi edgmominrement in Title

CALGreen. The | anguage wadsoepatiebdg nitniteoa gCuAELgCer eiem
t h20 1®ASE Rtepor

For sthutsh®t at ewi de CAOSIE] uTcetaend much mor et extensi
determine whibthssméemanpes aetifeabtveroposing i
without positive ther3gl b eantelda plsipnilbtteydboe model
we rtehpper i maaeayschre ener ggr e dwatntdsctomtbef fecti ve

5. 1S8mmary of Proposed D®bhcaunngeenst st o Code

5.1.3.1 Summary of Changes to the Standards

SectisOi.RiIrescriptive Requirements forTBpace Co
proposed changreewouddieaxdird dm 140. 4 for exhaust
recovery. Wbhubdseaotl onehéeht egbavuetyarequirem
modeloesdi mi | ar requirementhrSHRRAIE e%0c.elp td eocntsi of r obn
but adagakdfbbuoinlida md $ man &l tzomewl.d aligdeirncl ude
stringeercygy recovery requStremeartadntdhGs.mpleASHRAE
requirements oenermrgeyoveensitbobhteahle re ntehragnge r ecov e
requirements would also requir esiudsee eocfo rao nbiyzpear
operation.

Regardhegpotenti al i ncl usitohne fSaratheena Idteh cCaArSeE T
believes this measurfeoH¥YiACulsyg sh € mso a-thiaid e isea lv e
arelmaswinded mordecguierdtemenheal th care consider at.
i miting exhawpteraxemtfesag agpaat wpes or fully
el i minating | eatlaagpa ndi <loi Wwist h wr ap
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5.1.3.2 Summary of Changes to the Reference Appendices

NA7. BAidr Economi z:€lrheCpmrntorpolsed changequwioué e mtd
to veredgncecohomhzecobyfp@aiyst emsh exhaust air
recovery khastbéeahnhofbsel d oand atchtaotr ymacnad fi abcrtaut reedr
and testing proceduMés shave |l dedr appleideds a n
to NA7.5.4. 1.

5.1.3.3 Summary of Changes to the Nonresidential ACM Reference Manual

Section 5.7.6r¢THeapr Reecoswveubpdage the existir
section of the ACMORdflamenddeMarouweall itha al gor i
heat r ecoveSpyecsiyfsitcearisl.y, the proposerde measur e
requirement for heawoukdquier g-CoBECO@CedHeampdat e
all ow heat recovery for systems with | ess tha
CBEGCom does not include requirements for heal
andaherecovery devices ther oepbyemhepaddedt when
air system.

5.1.3.4 Summary of Changes to the Nonresidential Compliance Manual

The pr ocphoasnegdieuddd a new sé&doniresi @empglhiadnc e
Manual under PPectcromtd4 ve. Reiqsu i mewwasngicd.d lound e
an explanation of the new requirement. based o

5.1.3.5 Summary of Changes to Compliance Documents
The pr ocphoasnegdeu mad dyi ft he f ol |l owing compliance doc

NRCM™MCHE

NRC®RHE

NRC-MCHO 5A

These compl i anwoeubdeo cuupniteasttesch c |l ude provi si ons f
ventilators and economizer bypass control s.

5. 1Rdgul atory Cont ext

5.1.4.1 Relationship to Requirements in Other Parts of the California Building

Code
Thproposed wrewiseugruree a by pass dfeorectome maizrer , so
not 1 nteagxXiesdad aowgotnh zer operations. The heat re
operations should be |Iinked to the economizer
theidcdevis not enbeaomeeengowethtions. There 1is

measure change to other parts of Title 24 bey
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Portionmeasutdiexistexlhauptirai of beecatti ornecovery

A5.203.1.1.5 with AhGTietelhe The Peadn g unhthoe GCAdLOGrte €
was nearly identical to |l anguage in the 2019

6.5.6.1 of ASHRAMAH tStaadmndparedd 90.r1 Cal i fornia clii
provision requi rpeesr coyndtde@ms fwiatcht i8on$ | amwd osuppl
200 c¢cfm or greater require a heat recovery sy
(2, 9, 10, 11, TITRis l1Bwopdealendi 18)je the remov
| anguage from CALGreemvaes tahevirdequisgempemtdd ddu
systems.

5.1.4.2 Relationship to Local, State, or Federal Laws

There are no other state or feder al |l aws t hat

5.1.4.3 Relationship to Industry Standards

The measwbe i ncorporati®2@AASHIRAE BMOIScl6 . Ber e
leat updat edviem siHome 26060, gener alexlaguwstr eanermntilse d
recovery have beéeén amidtaridn 9ASHRAE nce the 2004
requar p@&r ceemar gy r ecoverfyore fsfyesctfleomse nwagteh0 0 f
CFM or greater and a mini mpwemcemttdoleat 28 10 fr ac
tabl e was ddweloaped attleadt requi remepescleased on
mi ni mum outdoor air frlanct2i0dm,, ansdpdcilttiamdndeowzacsn
separate tables based on hours of operation o
basitshefcurrent standard

The Statewide KASIEMFosamoinges dllatngaitadgSeHR A E
Stan®abr(d019). This steamdarmpd eidde 2048 twlee si on
2018 I nternational Energgs Canmaendat ooenc tdears u
C403.7.4 Energy recovVysananwe sttialt ateieca twihdsey st e ms
prvo siimmei renewmy. codes

AHRI St afndartiec6a certificati-onadetenthaudtfanrrf
recoveryCdeveaoeckeyr,t itfhiicsat i on stserdsirkdl e uabrnd slha
effectiveneoss hreaattii mgys satnadn dcaorodliiznegd arwantd nrge Icyond
omengineers to caltuéeneeregyheeequevaCemmaemt as n
received from the Draft ABRStEa ReEHr6Dt i s ntdransed
to a certifiedstarftiwvag ei wir®@2 é@tminshti aoradar di ze d

ratings as cur rDeenstpliyt ec otnhsitsr,u cttheed .St at etwhiadte CA S
t henergy recwvMdr yaasrrastihea pr i massye srveeitirg ce X hoau sat
heat recovebyitddveagesSBids uppor tcetd tbhya ttehteh Ef yar

updat ed ASHRAE, 8MMet hod-t & rTHeathEnRIrgy Exchal
addaeddefinition for energy recovery ratio. AS
test that is refeTlerceefdorbeg, AtHRd St0éEHewiodé i GASI
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that the energy recovemyashbsenméebratpwobpbspeé
with the curirnenASH RAE) OdEg. el

5. 1Cdmpliance and Enforcement

This code change proposal affects btotoboldings t
compl iLvaintchee key steps and changes to the compl
bel ow.

T Design Ehasges to the existing design pha

buil dings anwoochewhyeseggbhante heat recover:
design tédamamatsitee onfew code changes and prc
design, and contrwouitder saysd etmse sTithaze of t
handling units, so coordination with the
and structural engineers for |l oads is ant

T Per mit Applni Pdhlaessechanges to the NRBGPI i ance
MCHEr efl ect the code change regquiuhement s.
t o kinfowa particwbaft eaquamr eeared lpgyde vyao e
check if the buildistgemnms coenpil gainecg whe hai
codbeased on the hours of(bpedateomilpé whet
t he buialldisngabove or olmeplegwarhéeh8z06061 d or
buil di ngowal hoan gpedvele k t hreshol domanadnqualif
excep,timlni)mat eclezaomagt earnidst i c sPerff drhmamde h
compliance applications t hvadué&lhsooo sree eédo tucs
have the system design checked.

T Constr ukchtaisdéne proposed changes require mec
sucdbontractors to be able to properly insta
operate as required by code.

T I'nspecti ohhé&@hiasepector m®muéiaudieeadekcroivie rtyh e
devimeet smitrhiemwmweahlele gy recovery ratio for

eergycovery. During the acceptance testin
sure t heovheerayt vreenct i | ator i s working proper
make sure the heat reoweeemy wenthi ltdhteor cion
contr owsulitdheade heating or cooling energy.

5. Mar ket Anal ysi s

The Statewide CASE Team proposed si mianadr r equ
has built off 2r0el€0A 8 EcC ReThedttrattehvei de CASE Team
confirmed it is stilleaaacduraatde swiatklke haod dietri orua
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The Statewide CASE Team performed a mar ket an

current technology availabil iaryketcutrrremds .prTohde
St atewi de CASEs iTdeearmred how t hemapyr oipnopsaecdt stt haen dnaar
in gener al and individual mar ket actors. The
i nformation about the incremental cost of com
Estima of market size and measur e aprpdh carbd | i
outreach with stakeholders including utility
a wide range of industry playersspwphoms weeed i nv

stakehol der meettioroges helAp P2 9 1(4Sntda2t0e200 de CASE
Team: HVAC Controls 2020)

5. 2Mdr ket Structur e

Principal manufacturers of heat recovery vent
Gr eleeckr,aneQN,AAand Carrier offerahean optciovrergr
packagedesns. The products are distributed thr

or directly from the manuf ®&cttwambdn s.heTlsed egrhadu
there haveemeeabnrAeHIRAE 90. 1 since the 2004 ve
Producteadrky available from multiple manuf ac

5. 2M&r ket Actors
Building Design€onsahd aBher gy

This measure would reqsepeei byi bdi prgedegyi grepns
undeertain bBaeadudo-sly meg, -zbheaastygsed ca.palhey
primary impact in the devoiud@l and ocemuulptmemg p
representatives who ar e clioasteilnyg ccoanpneebcitleidt iteos
and know whaanpmeduct ese n@we rrealglua owehud rit rsp
be mismorc e maaaruyf acdlurready contain these feature

| mpact on Building Owners and Occupants

Thi s mevaoudner ease outdwrooon tpd ratrdaweat her condi
whiwhdupdoviinddcoor wi lbe gfechiloictic Aglalntts onal documen:

and inspecenengyof et bwoecuhydw ebvei crdeugruiinrgedper mi t t
and const égdhet cbanmiersorariempawdwsbersan hadsd on f ea
to an already ekrsenhdggdoeumewhatcihona and inspe

Controls Contr acMamrugd axcrndir eV 5C

Controls pwoghamohi hg beoupudaant eedeer gy recovery
into the |l ogic. This should also be incorpora
bypass is operating paompereatlogr a nwhhars | ietmipi@asc nrod ti .
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woubée minor sa nsciemplhaf ©crh agnognet r o lasn dc oanl trreaacdtyo resx i
for national manufacturers to icromptlyemirndqgiAGH:

Equi pment Representatives

New requifroemeemtesr gwoule@aneeqguy pment repbesentat.i
abloadithf f er ent iogtta odisf ffeorremnctl ibenbaseFeneegampeec
devices save ener gwo wbte tahner bepxptorteymetso, diotwnsi z e
capaciiniesrtain sitwaul @&ars. h®awsilgneosrs equi pmen
ungr st andnng ofpabilities.

Buil ding lawsdogeRItaor sCheckers

Thiwouaddmi nor ¢ h@dnng ec hf eocrk ewosu Vvweriiafty ptrhescr i pti v
uni ts musqgtu aulteiklhiezdes ta ai r dheevagdh @& elcd vielrey ai r han
systems mee-bfoplee alhooms cr ittheer ical ianh@aaireg awimtera i r
and design CFMDueguongremepesti swouheedheandl i ng
ver idfuiretdogensure they meet this requirement.

5. 2T8c hali cFeasMabriklett yAv,ainlda Ciulrirteyn t Practi c

Exhaust air heat recovery units are avtahiel abl e
St atewi de CASE hlagtdin emapedtacttur er st ackendbmgyi a
because i taloinsgtaalnrdeeandgyi r e ment St an ADHBWAE |.ECC

I n addition, with the increased familiarity w
the Californi a nngarnkoerte ifsanmbielcioam wi th ener gy an

The Statewi decoOMSE tTeedlaank et oa rcalnyfsiran tmar ket ave
of the higher energyThecANRIr yDirregati areynemft sCer t
Performance | i dtog tad d¢ mwebrrggyg th deglyacweasi | abl e i n
mar ket maHdRel bpyar t i ci pat iTrag8 dsahnouwfsa ctthuer ebrrse.a k d o w
products that woul @0 bperaberéenoegneicth & egadneer y r at
fodnt hatSpeweprefnat he current mar ket canwinehet t h
al most alylmewheteHe | ar ge -tnyapjeo rhietayt oefx cphlaantgee r s
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devi

of En

C €

Tab84 Mar ket Analysis of AHRI Directory

Number Product s Product s

Produc 6 0 %%e nsi 6 0 %Se nsi

AHR| Cool iRegov{Heat Rngo Vv ¢

DevigpeT Dat ab Rat i Rat i

Heat Pipe 23 0 0

Pl attyep e 71 4 2 | 4 6

Whel¢ ype 177 170 1767

Technical feasibihiboy fbe hemptemenbateryp
consi derceddedciomg mi zer bypass, Iintoeasedgf amesi 2

and

1 Secti on.

T Secti &n 361
T Exception 6
exhaust

and

For project

recodewnvywsedp acnk a g ewouunhidted
p awcokuasgdez eu ntihtes by pass
recovery
| anguagea al gaoitrmeEylgpuadsesf ccranotdrudtlast et o
outdoor

but most
through
proposed
achieve a

5. 2Mda&r ket

exhaust.

t he

supply

The ASHRAE 90.1 standard address
Hd br &sdes economi zer bypass
addresses fan power increase
to Section 6.5.botabdddgeshbhesin
airstreams.
s with heat recovery dteivieses, Ha date s

heat

air

t o i
vent

setpoint.

ncl
opening to

or

ude an

econor

mat c h

il atemThdhis is

| mpERaocdamso minad Assessment s

5.2.4.1 Impact on Builders

air

Buil ders of residential and commemanylofsttriuet
measures proposed by the Statewide CASEs Twhamh
the nor mal practicesdplusthébei bbudbunéeésdsiely poaa
building codes. When necessary, bubahdetsaéenga
in order to remain compliract i wietsh aolabges di og
Californiads construction industry is ndesmpri s
and 860,000 em@mlbd llers  Gkteot al payroll was $80
17, 000 establishments and 344,000 employees fc
2lAverage tot al mont hly empl oyment in California in 201
represented 4.5 percent of 2018 empl oyment .
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Tab8® aC i f €&omisaruction I ndustry, Establ i shment
Payrol |l

Construction Sect Establns|Empl oyn Annu

Payr

(bill

Commerci al 17, 2 343, $27
Commer ci al Buil d| 4,5 75, 5 $6.
Foundati on, Stru. 2,1 53, 5 $3.
Exterior
Building Equi pme| 6, 0 128, $10
Bui |l Eimigshing Col 4,5 85, 6 $6.
Sour(cstate of California, Empl oyment Devel opment Depart
The proposedombksandgeatticaaht HUAE woul d | i kely aff

bui la@med snonresideat j aHVACegcand pbumbwogl|l domort ¢
significantly i mpactTle hefrf datid domgt he ademmer ¢
industry would not be felt by all firms and w
specific induBab3y&Gbatwsethersommerci al buil din
St atewide CASE Team expects to be impacted by
as they are related directly rél dva@ tqut pbeenp

Tab8@& Specific Subsectors of the California C
| mpacted by Prop&e®ed Change to

Construction SubgEstablis  Empl oyn Annu
Payr
(bil I
Commerci al Buirludi 4,5 75, 5 $ @
Nonresidenti al E I
Contractors 3,1 66, 9 $ %
Nonresidenti al p |
contractors 2, 3 52,9 $ 48
Ot her Nonresident
contractors 50 8, 8 $09
Sour(c®ttate of California, Empl oyment Devel opment Depart

5.2.4.2 Impact on Building Designers and Energy Consultants

Adjusting design practices to comply with cha
the nor mal p riancgt idceessi gonfe rbsu.i IBdui | di ng codes (i n
Energy)Cad e typicall yyeuaprd arteevdi soino na ctyhcrleee and |
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designers and energy consultants engage in co
to remain compl i artsiwinttpraltkanges. tammd buil di ng

Businesses tatdefndawd ,omcomaener ci al, institutio
design are contained within Nohea hArAoteirti eeatnu rl anld
Classificab%4bdaT@pdBddmws t he number of establi
emplmeydand total annual payroll fdhpBwiplobdieng A
code chwonugleds potentially 1 mpactr all |Serivintse swi steh
The Statewide CASE Team antresciidoeantteisalt hHV A GnpQGuocr
af fect fir msnarhrags ifderutsi aln constructi on.

There is not a North American | #dadergp€tadstc

for gneogsultants. I nstead, businesses that f
energy efficipadyiareheoBual ding I nspection S
541350), which is comprised of firmsoprimari/|
resialenand nonresi@dletntiialndtuipas niglsl.e t o deter
establ i shmenBtusi Iwdiitnhgi nl ntshpeect i on &eérmviemes gyect o
efficiencyh@€Eomnsat@ibtrimagTo@am8 ®howndes an upper bo
indication of the size of this sector in Cal:i

Tab8® Calniifao Bui |l ding Designer and Energy Cons

Sector Establis| Empl oynAnnual H

(i I'1'i g
Architectutal | 3,7 29, 6 $ 29
Building I nsph: 8 2 3,1 $0 2
Sour(c®gtate of California, Empl oyment Devel opment Depart

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

2ZNAI CS is the standatdtustedcaly &edechés in classifying

the purpose of collecting, analyzing, and publishing s
NAI CS was devel opment jmdicntCllyasksy ftilceat U .oBC PRED),d rcByt aG o nsnbiitc
Canada, and Mexico's Instituto Nacional de Estadistica
comparability in business stati stNAIsCSa moenpg atcheed Nohret hStAa
l ust rial Cl assi fincalt9i9 v/ (SI C) system i

ZXEstabli shmehis s eatsdrneismselsu dea i mawall wa teinngga gae db uinl di ng o6
and component systems and includes energy efficiency i
servides.selch or does not include establishments primar.i
pests, hazardobhsrwasvesoomeaoanadoednittami malt ede state an:

government entities that focupl iomhderdendd mtg ofr bewmielrgiyn o
regul ations.
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b.Building Inspection Seornvpirciesse 5 eNoAtliocGrsa tbeAtlaBBI0i)s hment s p
engaged in provi dingnobnuielsd)dnegmtyipaelstiidemtdarlvi&ces enco
aspects of the building stralcudirreg aemrde rcgoympeofnfeindi erycsyt

services.

5.2.4.3 Impact on Occupational Safety and Health

The proposed code change does not alter any e
regul ations pertaining to safety and health,
Dvision of Occupational HSpnfeAll aeaxli HHleiah g hhé &£lat

rulwosut dmain in place. Complying with the prop
anticipated to have adverse impacts on the sa
invol vedewcbhstruction, commiacfsitome nlgyi ladidn gna

5.2.4.4 Impact on Building Owners and Occupants

Commercial Buildings

The commerci al building sector includes a wid
restaurants and lioxdegd en ge s traellaiid h meamtds , m and war
(inolgudiefriigatatedni a Energy Eocoemggsuse.bpy0d4as
of commerci al buil dings also varies considera
lightie@egcoslpiamg and conditiathuamal, @ad acerfgumged
primarily for heating water and for space hea
the 2019 California Energy Efficiency Action

feet mmercoal floor space 1 h9Cpé¢icdeoemnni af aGal icfo
total annua( Cealniefrgryniuss eEner gy TUWievneirsssiitoyn.o f2 Oblus
and business types within t hiisss esneicntaotri ncgr el antfeosr
on ener gy aincdi ewactye rs oelfult i ons, as does the var.i
building owners and the relationshsps between

Estimating Impacts
Building owner ssoabdnetnt tlpopbwietrs enedigycbs $éd . i MAs

SectS.on,vbheln buil ding occupants save on energy
el sewhere in the ereoatoimyg tjhebeband economic gr
economy. Tihceke SCASEWIeam does not expect the pr
the 2022 code cycle to impact building owners

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

The Statewide CASE Teamgahods crmantt exmpactt sarmy 9
and distributors of these products.
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5.2.4.6 Impact on Building Inspectors

Tab83& hows empl oyment and payroll i nformati on
agencies in which manal iaarsd eccammer wifalr ebsu idleditr
empl oyed. Buil diircg plansepa nt cwrontparuti ng training
aspects of building regul ati &dnsa,t eiwn adllea &MBSE e n
therefore, anticipatwouhtdve moop mpadtclangenpl o

building inspectorkeibor tbkescopeuoting. energy

Tab8& Empl oyment in California State and Gove
|l nspectors
Sector Govti Est abmeinst Empl oyn Annual H

(mi |1
Admini strat/St at 17 28 $29
Housing PrdpLoca 36 2,8 $205
Urban and HSt at 35 55 $48
Devel opmeRt|oc: 52 2, 4 $1886
Sour(c®tate of California, Employment Devel opment Depart

a. Administration of Housing Programs (NAICS 925110) <co
primarily engaged in the administration and planning
and standar d&ig hohousiersg and housidgd oewelgapmesnt .pl annir

b.Urban and Rur al Devel opment Administration (NAICS 92
establishments primarily engaged in the administrati
and rurall mdedsi.n Itntci s i ndust royaradrse agnodv ecronnmmei nsts izoonnsi.n

5.2.4.7 Impact on Statewide Employment

The Statewide CASE Team does not anticipate si
i mpacts to any particular sector aoyf tthhaet QGahlei f
proposedwobhdgehaest mbdhpacts on employment in
Secth.o2t be Statewi desCA@Bhé&emmoposed change in
economi zer r equaifrfeentetn tsst awooguwhiedthe e@mplc ecohp ut
directly and indirectly through its impact on
and building inspkhetB8tatewndedd@h@ieaoeamer gy
savings associated wi tehc otnhamipzr @egpuwisveamaemthe gd i
modest ongoing financial savings for Californ
for other economic activities,

5. 2EGonomi c | mpact s

Adoptitcdhn sofcodprepawseglkesult in relatively mode
i mpacts t hriotuigdhndlhediabgldhto sepemditrhgg commer ci al
i ndustarychi tects, energy consudhtan®mtaat eandeb CAIS
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Team dwds anticipate t haterntoinaely bsua vleddi nbgy ocwonnenm ¢
organizationspabpesedd2b2t bedawoayebal teguol at
additional spending by those businesses.
Tab8@® Estimated | mpact that Adoption of the P
ont he California Commerci al Construction Secto
Type ofmEcohmpe Empl oyr Lab Tot al Outp

(jo Il nco Adde( mil |

(mi L (mil 1 $

Direct Effects
spending by Cor
Buil der s) 55 $ 63 $ 481 $ME
|l ndirect Effect
spending by fir
CommetciBail der 1z $0 87 $ 13 € $ 67
|l nduced Effect 24 $ 134 $24C
empl oyees of fi
experiencing fAc
Aindirecto effe $ 303
Total Economic 91 $ 584 $HEC $18/4
Source: Analysis by Evergreen NeEcVo3n olmintosd eol fi ndga tsao fftrwamm et.|
Tabdo@ Esti mated | mpact that Adoption of the P
on the California Buil diCbhqhshd diagqinesr SeaxndrBner
Type of Economi Empl oyr Lab: Tot Outop

(jo Il nco Val (mil |

( mi Isli Adde $ )
(mi I 1

Direct Effects
spending by Bui
Designers & Ence
Consultants) 0 $0 . ( $0 . ( $0 . (
l ndirect Effect
spending by fir
Bl dg. Designer ¢
Consult.) 0 $0 . 1( $0 . ( $0 . (
|l nduced Effect
empl oyees of fi
experiencing Nnc
Aindirecto effe 0 $0 . ( $0 . ( $0 . (
Total Economic 0 $0 . ( $0 . ( $0 . (
Source: Analysis by Evergreen Economics of.data from t|

2022
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Tab®® Estimated | mpact that Adoption of the P

on California Building Inspectors
TypeEodnomic | EmployrLabor | Tot Outop
(Jo (milli Val (mil |
Adde $)

(mi I I

Direct Effects
spending by Bu
|l nspectors) 0 $0 . ( $0 . ( $0 . (
I ndirect Effec
spendi ngshyppbi
Building Inspe 0 $0 . ( $0 . ( $0 . (
|l nduced Effect
empl oyees of B
|l nspection Bur

Depart ment s) 0 $0 . ( $0 . ( $0 . (
Total Economic 0 $0 . ( $0 . ( $0 . (
Source: Analysis by Evergreen Economics of data from t|

5.2.5.1 Creation or Elimination of Jobs

The Statewide CAGE daepbmcidpeseapirhoaptofsbendet h e
2022 codreegcuylorldeiloehad t o t heewypafsijombsofor the

el i minexi csttyymédgs of | obs. I n other words, the .
proposedwobhdgeresult in economicthe sCallpitfi@mni
economy. Rat her, the esti mat eisn oSekxetdooto mi ¢ i m
woul dad to modest changes in employment of ex

5.2.5.2 Creation or Elimination of Businesses in California

As s taabtogvdet St at eEdEe &Mds proposdadtchasgét in
economic disruption to any sector of the Cali
represents a moe¥as€t Cowhngbshdt excessively bul
competgisadvantramgica Clalss h messled necessarily | ea
competitive advantage for CtaHe f3tratiawibdes i QASE
doensot foresee any new busieesbSbaetbwidg CASEt e
Teatmhi nk any exi svoiubgl lebls mihesses dwe dteo t he p
charmsge
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5.2.5.3 Competitive Advantages or Disadvantages for Businesses in California

Thpr opocsoedde ¢ hwaonugleds apply t o naxlolr phpuaCeéEs $esni a
regardl esBeonftwdebusi neos iowutlsd daet*dde it ehteo be at
the Statewi de CnACStE alretainc idpetse t hat these meas:t
2022 <codree gcuyloeldeihoedhv e an adverse effect on the
Cali fornieassLbuewneses the St adtoeewsi dneo tC AaSnEt iTceiapna t ¢
businesses | ocated outside of California woul

5.2.5.4 Increase or Decrease of Investments in the State of California

The Statewi deanGASYEz eTdeannat i onal data on corpora
i nvest nbeunsti nbeysses t hat expand a firmbés capital
domestic inves®melmtbd Bohro wWsRDMb)e.mha BB 1R 0 NPDI as

a percentage of corporate pr ofiitthseamagadyleaf f r om

percent. While only an approximation of the p
capital itnhée aatt mevii td,e (bAeS EHskeTveeapmmn ovi des a reasons:
estimate of the proportion of proprieé®s 1inco
owners into expanding their capital stock.

Tab92Net Do mersitvlatwest ment and Corporate Profi

Yea Net Domestif Corporate Ratio of N
l nvest ment by After ] l nvestm
Billions Billi ®dos$ | Corporate
201 6089 1,748 359
201 45 . 1,739 269
201 5089 1,818 2859
201 618 1,843 3459
201 5889 1.8 7 . 3259
5-Year Av 319

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

The Statewide CASE Team does not anticipate t
withprtdposed wrewlsebarde t o shgnpgéi ¢cantrease or de
investment in any directly oratedeceoabmy. affe

2Gov. @oldle3,46.3(c)(1)(C), 11346.3Mmpe(RY)ive &8CRaAt 3068 ( a
di sadvantabethbhudpirmeCcsses currently doing business in the

Net private domesshtei ct oitnavlé savmeosuinme wE pi t al by the busine
is used to expand rtaltadneamgiiihttadi s torc kr e pl . LCoe pbuatitaso pd edr d
t he moneefytad erfgorpatyisonts expenses.
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5.2.5.5 Effects on the State General Fund, State Special Funds, and Local

Governments
The Statewi dedeCAASBE @rpeict t he pr owoousheddv ec cade ¢
measurable I mpact on the Californiads Gener al

government funds.

5.2.5.5.1 Cost to the State

State government already has budget for code
compliance enforcement woWhidl al $sobatae¢i ggversoaen
update the TStdrda&rdds Pairncloudinn@nup cdatmpng aed e
materials and responding rteqquesemeons, abbet et
are already covered by exi ssttiantge sgtoavteer nbruedhg e tasr
when compared to the overall ococtiaatsesaviwigda drmh
code changeSpno@oalal ssubmeasures have been sh
the Statewide CASE Team does notohexpeéateany a

5.2.55.2 Cost to Local Governments

Alplr oposed codé@i thangds mwagul t6 iwoudhanges to c
determinations. Local govbewinindeinngs dwopmahrdtt nmeenetd s
revised Ti tSlteanadd,r dPairsttWinGel i hg i s an expense t
governments, it is not a2ZWhzxwdeoshaageociyal ed
building code is updated on a triennial basis
retraining every ti meg et hmha ec mduameir o usp d aetseodi.r clets
|l ocal governments to suppanthebmpmi angaetéeraha
retraining, includiesgutrcels prob®@Bodeeasdhyndde
Standards(puolgrasm EnerAy edbtdepARhod) xhE Statewi
CASE Team considered how tmhehpgrto prpesreido wcso drea rckhe
actors involved in the compliance and enforce
negative i mpacts an |l ocal governments

5.2.5.6 Impacts on Specific Persons

Whil e the obj ecStiavtee woifd ea nCyA SoEf Ttehaerh@s pproapod xa le |
effecclye StatewideeCASE hBeamhere i s the poten
proposed comdaey crheasnugiet i n uni ntTéred &Sd ac @nws € gu €RACE
Team has not found any information showing th
by this proposal
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5. Energy Savings

5. 3Kdy Assumptions for Energy Savings Anal

Ener gy scaaviicnugsati ons performed iestiimpomutsi mfy t
CBEGCom probhwi ypoechegT lse basel rapr me dRtt asn d ahred

DesiEgrer gy Pl wse mneotdeed b yCECBEICIC accordance with t
Nonresi demiReif 2ar e ACMT Ma npurad p o siepdr ontloudcgeldno di f yi ng
the basehoodredor porate exhaust air heat recovel

The foll owing are the key assumptiyens:used in

1T Energy recovery i s avawhleanb|teh eo noluyt sdiudrei nagi rp
i s not i nouotpseirdaet iaoinr aft cevrigAEr Samur d@€.1 ow 55AF

T Heating and cooling energy in the é&€xbkbabhsatli

supplifi xpddat e heate pwicthpendgewd ampbdypass

T Energy recboempnpe i spascsemedsansédl e ener
recoverTlyhirsatper.f ormance is conspgst efsdrewt t h
ventil atiomBbQGASt ems

T The addead sptreessur ebtaseedihrastt rsepeerEné&€r gy f or i
recovery device, otheo tbhadtbeildsiFanhBround
Power Limitations Presshie DiopeARd4yustPaaent
140 ASGHRASH and®ar.dd S@éch usmels an equ)valent ta

2.2 1T WEner gy HRfefceoovteiryebe $ 83WC, per airstrea
1)

(I & ands for inches of water col umn,

o0 Ener gy Pl ush advoee st hneodt® h a mi acdgglsttgat i ¢ spressur e
based damewheai rstreams are bypAsssai mestuhd
t his siamsuduuwmesma paert s uraed |dursotqfe nl2WC
throughout the simust aefopambtsedf am drop t

o Theren iastdjant effort by the Statewide CASE
credits and pseynsatletmse.s T hoer of vaetr ad rl o g argpaalc t
woul d repduees t taed jdursofpmemt 1. 2 | WCT hteo 1. 0 |
Statewide CGA&BtTe aamlee meormte stulpeedr op for t
anal.ysi s
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5. 3ERergy Savings Methodol ogy

Initial Analysis: Cost Effectiveness of ASHRAE Requirements

The Energy Commi ssion direct edtti heenePtgayt ewi de

i mpacts using specific protottyptiycpailc abluibludiilndgi n
geometries and space functiofnbetfdBtrewliidd eCAIE

Team | ooked to develop a similar format of re
Section 6.5.6.1.2 of( ASHRAE, SSfnaddaddbh®g8&él 20
regmenés are depeéemaeenizzamensdtdi thasedi an desi gn
supply fan,pairrcfelndva greatod out door, ainrd atnndieadi gn
operati nfgab®dundabd94ae how t he specific ASHRAE r1 e
|l ocated in SecHiigginzsebo®ws 1la2mapdof the cli mat e

(in this map, most of California eing edtolvber ed b
Pasoexasnd San Fralnicfimaecsop,eyq. i v el
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Tab®98Exhaust Air Energy Recovery Requirements for Ventilation Sy
(ASHRAE-29Q091 Tablel)e. 5.6. 1.2

ASHRAE %Out dooat AFul | Design Airfl ow

Clitma Zon10and|020and]|030and|O040and|O050and | O060&nd |O70&nd | 080 %
< 2% <30% <40 % <50 % <60 % <70% <80 %
Design Supply Fan Airfl ow Rate, c¢cfm
3B, 3C, |[NR N R N R N R N R N R N R N R
4C, 5B
OB, 1B, [NR N R N R N R 026, 00/012,00({05, 000|004, 000
6 B 028, 00(026,50|011,00|05,500|04,500/03,500|02,500|01, 500
OA, 1A, |02,600|016,00|05,500|04,500|03,500/02,000|01,000/|0120
4A, B5A,
7, 8 O4,500|04,000|02,500|01,000|0140 0120 0100 080

Tab94Exhaust Air Energy ®&etosveoy Renguikami oGr Sytsk senig u@ @p8elrt0adt i Hogu r
per Year (ASHRMAE Talm.l1e2)6.5.6. 1. 2

ASHRAE %Outdooat AFul | Design Airfl ow

Climate |510% alO20% alO030% alO040% alO50% alO60%dal|O70% a| O80 %
<20% <30% < 4% <50% <6 0% <7% <80 %
Design Supply Fan Airflow Rat e, cfm

3C N R N R N R N R N R N R N R N R

0B, 1B, 2/ NR 019,50009, 000 |O5, 000 |04, 000 |O03,000 [O1,500 |O0120

4C 5C¢C

0OA, 1A, 202,500 (02,000 |O1,000 |[O500 0140 0120 0100 080

4B, 5B

4A, 5A, 60200 0130 0100 080 070 060 050 040

8
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Marine (C) Dry (B) Moist (A)

Warm-Humid
below white line

All of Alaska is in Zone 7 except for
the following boroughs in Zone 8:

Bethel, Northwest Arctic, Dellingham,

Southeast Fairbanks, Fairbanks N. Star, Zone 1includes Hawaii,
Wade Hampton, Nome, Yukon-Koyukuk, Guam, Puerto Rico, and
North Slope the Virgin Islands

Fi gur2e ASHRAE cl/i mmd&Q®ma p

The St aGASMEaamonduct endmadaellainmmd gsi she criteria
t he two t abol ecsonafbiorvne t hat t he eASeHRAOES tr eegfufiercetme
Cali fpenanadtysthis22016 California Entemgy Commi s
ASHRAE/ |l ECCC€aotnéorQliiandasareé&€al i fornia Energy Co
201.6Men Of fi ce Ar ea (00psepna cpe afawsnodiasseadneh)e basi s of
analysis because it represents moderate inter
function (imagstedmsbwifl diomg area) included i n
st at ewoindset r 1 oriedhsp.atenczomen was then modified
applisadhnenihe t ablhly sibiviereg equti 0 efmetntshemcr i t e
Tabl e 6-l15aBalil. & 6-2506. $t dandar d .IG.bY Woefl oAMMSHRAE
summar i ZCead itfloe ni a cli mate zone mappamdg to the
which climates were impacted.

2022 Titl &i 2BASP aRd 2 ®2NRHV ACH|1 9 6



Tab®®BAppl i cabdalliitfyoronfi a Cl i mate Zones to ASHRA
Zones

Calif(ReferenclASHRAE /| | 90L.Tabl e 90:Tabl e
Cl i ma Zone 6 . ®1-1 6. 5:26. 1
Zone (Referencel(below 8 (abowe 0190
1 Arcat a 4 Seattl e) N o Yes

2 Santa Rol3c (San Fr N o N o

3 Oakl and [3¢c (San Fr N o N o

4 San Josel3c (San Fr N o N o

5 Santa Mal3c a(nS Fr ang N o N o

6 Torrance/3c (San Fr N o N o

7 San Dieg/l3b P&$O0) N o Yes

8 Fullerto3b (EI Pas N o Yes

9 Bur b-ank |3b ( EI Pas N o Yes

Gl endal e

10 Riversid3b (EI Pas N o Yes
11 Red Bl uf|{3b (EI Pas N o Yes
12 Sacramen/3b (Ed) Pas N o Yes
13 Fresno 40 Al buquer N o Yes
14 Pal mdal e{4b Al buquer N o Yes
15 Palm Spri2b Tucson) Yes Yes
16 Bl ue Canld4b/ 5b/ 6b Yeb Yes
a.Only for >50% Outdoor Air at Full Design Airfl ow Rat

b. OnlIASHRAE/ cEC@Gate zone k@BIsrtecuirr ehseat recovery.

The model isnhgo wteddABIHIRAE O & eqQu.i r e me nt esf fweea ted wed s t
applfioerd 11 of 16 CanthHheseaiwmwesdlipmmdxesnt ed i n th
2020akehol deSemeetni ngf t hen tsecde nsahroilkoesg hp-rbeesnee f i t
t@eost ratio indicatiogett hasagvggsfcoahtdl pemac
wi th highe.Dusitnrgstnegieentcoyl dea majed i intgy of st akeho
reponded positively to the tSitrmad eavd dliet ICABEl Tea\
throughtmomgent requwisl e memtdASHRABR 9d0. 1.

5.3.2.1.1 Final Analysis: California-Specific EAHR Requirements

TheSt at e@ABBeaamssessed avida tth eognuail r enmg n b €
appr omrnidatasssesanea@migyequtmdst iaom:i ven space type,
combi nathioaHo 9o pefr ad e ingn CFM and OA percoennt age
an ai r bhea mdglefecroesctt i vef i hhea@&ali imfadsniza ne

The St aGASEadaemgasal ethitifiea EAOpen pPbpacef fice
funcds onhe basibeocodustentygpmedsemadndeer nal |l oads a
the single | ar g(eisnt tseprancse o fu nfcatri eocmacsltuedde do uiin dti hr
Energy ComBtasewndses ConstThie tdmal Y irse ciarsvol vec
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zone size and venti bathorhehsaelmshi®@mpeaet eemmtf a g
the air handler spanned t heTabldimredoldd 40A perce
Coteffectivenegssnot eEAmB®0ctBe atwiaict tBeG) det er mi
frdarme air hanCGQAMaSsddesi goasperneesnetndble dt Si.ovn
Resuilgasch climate zone svepasattpaesepitedssatsr at e
t he t hsats hwhidch ERHReits., @e@sSCTWo 19ets of these
were genkrnratetlfi creepaurtdidngrgcont i n(uda® hhepersat ic
per yaemarg(n2)of fi cep druaatlcicdogirgg t o t he 6ASHRAE 90. 1
scheduwldddour s perTsyweadra)ce pl ot sBb@l mavt isdhoavt t dief
combi natdieesngnoffl ow and destighh® buGdber Zane Pper
(Santa R&€$amaaed(ZDacer allkent o)

CZ02 (Santa Rosa)

21300
18900
16600
14200
— 1\ _ 11800

- 9500

Design CFM

7100
- 4700

+ 2400
10% 20% 30% 40% 50% 60% 70% 80%

Design OA %
g/c 00.00-1.00 [I1.00-2.00

Fiugr E3Cosetf fecti venes €l iofha EAHRotdeb hdbur s of
opat i.on
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CZ02 (Santa Rosa)

\ 19600
17500

15300
13100
10900

8700

Design CFM

b e 6500
u .
A - 4400
N

~ - 2200
10% 20% 30% 40% 50% 60% 70% 80%

Design OA %

B/C 00.00-1.00 01.00-2.00 [12.00-3.00 [13.00-4.00

Fi gurd€osetf fecti venessl iofmatd HRotmhm 8 760 hours o
operati on

CZ12 (Sacramento)
. 20900
|
18600
16500
1 + 13900 s
W LL
- 11600 ©
Y =
s - 9300 2
N @
T~ 7000
"-a.__\___\-.
<1 4600
e 2300
10% 20% 30% 40% 50% 60% 70% 80%
Design OA %
B/C 00.00-1.00 001.00-2.00

Fi gurs€osaeffectivenessl! iofmaEdl2Roma hC 4, 644 hour s
oper ati on
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CZ12 (Sacramento)
19300

+ 17100
15000
13100

+ 10700

8600

Design CFM

= T ; 6400

— ——1 4300

L 2100
10% 20% 30% 40% 50% 60% 70% 80%

Design OA %
B/C 00.00-1.00 O01.00-2.00 [02.00-3.00 [13.00-4.00 O4.00-5.00

Fi gur6€osetf fecti venessl iofma EARRowBdg TE®OuUr s of
oper ati on

Surface pltatisy B3 mr bRaigg i Beer e devel oped for eac
zonAppendcioxmpM | es all the appilfiaad opldett @®mant @ ez
t htehreshol ds at whiftbheBAWRr eat esopSeadl ii f dtoanh lae s
above and bel csw ngt,lot0dOdd ADBRSEB dartdabOlOesl present e
abowdhich targets buildings with.Badh aofi neh e s2ed
surface plots wabewtsiulriemgad) rteaneaniTeadd @G untndd |

Tab9®del ow.
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Tab9eTi

t 1l e

2 4

Proposed ERbduisteRemt €nfeomgy

Rec o)

Rec o\

prototype
anal ysis

Requirements for Venti |l dteissn 89hwaét ¢lomsir Oppreat iYe
%Out dooat AFul | Design Airfl ow
Climatoy 090620%|[030%[040%|050% |060%|070% | 080
Zone |and |land and and and and and
<20%<30% ([<40% |<50%|<60% |<70% |<80%
Design Supply Fan Airflow Rate, c¢fm
1 NR [015, (013, (010, 69, 0| 07, 0] 06, 5,04, 5
2 NR 020, (015, (012, (010, 07,5| 07, 0/ 06, 5
3, 5, N R N R N R N R NR N R NR N R
4 NR N R N R NR [018, 1016, {015, (014,
9 N R N R N R N R NR | 020, (017, (015,
10 N R N R N R 022,(017, (015, (014, (013,
1116 NR [018, 1015, (010, ( 68, 0| 07, 0| 65, 0/02, 0
Tabo@eTitle 24 ProposedERdQuwisterRremt €nfeomgy
Requirements for Ventilation SystemsOOPeratin
Hours per Year
% Outrdomdir at Full Design Airfl ow
Climateg; 09|020%|030%|040%|050%|060%|070%]| 080 %
Zone |and |and |and |and |and |and J|and
<S20%|<30%|<40%|<50%|<60%|<70%|<80%
Design Supply Fan Airflow Rate, c¢cfm
1 010, 02,0/ 02,0/ 02,0/ 02,0/ 02,0/ 02,0/ 02,0
2 010, 05, 0| 63,00 62, 0] 62, 0/ 02, 0/ 02,0/ 02,0
3 NR |013, (010, ( 08, 0/ 07, 0| 06, 0| O6, 0| 06, O
4, 5 NR | 69, 0l 06, 5| 06, 0| O6, 0| O6, 0| O5, 0| O5, 0
6, N R N R N R N R N R N R N R N R
8 NR N R NR NR |020, (018, (015, (012,
9 NR NR |015, (012, (ODQO( O9, 0| 08, 0| O7, 0
10, 110640, (015,07, 5 06, 0| O5, 0| 04, 0| 63, 0| 03,0
12 020, 05, 0] 63, 0] 62, 0] 62, 0/ 02, 0| 02,0 02,0
1316 010, (05, 0/ 63, 0] 62, 0| 62, 0] 62, 0] 62, 0| 02, 0
The Statewide CASE eTeanuappelmeend -€tohhgor ott hoet y(oBeE C C
buil dinmgde that in several cases, n o
requirements) altAiesnp mupéreot ooify epdsi n t he
presentTahld& nSt atewide savings emrst reasadli imart ed f
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Al t erfalt@aooma f orecasts for the building types
bel ow.

Tab®@Pr ot oBwyipledMomdge Usse d HBnermr dPg mando,st , and
En wvrion me intpaalAbh al ysi s

Prototy|NumbgFIl oor [Description
Na me of (squ
Stor f ece

Of ficel 12 498,12 story + 1 basement
zones and a ceiling
WWRO0 . 40

Of f i ce My 3 53, qOf f i ce  Dbiutihh d5 nzgome s a
pl enum on each. 383o0o0r .

RetailL 1 240, Bi-gox type Retail -buil

School S¢ 2 210, |Hi gh swihtoholaudi tori um

ary kitchen, |ibraryWWRd
0. 35

Th&8tat e@WAIIE Team esti mated energy and demand i
proposed code change using the 2022 Research
nonr esibddeichit nga$ -CEGBECOThe prototype model s, sum
98 wemnsi mul at ed€oimn fOGBE@@ch <cl i mat€omone. When
simulates a modet hei batelrshegandrpteposed inp
Ener gyPlha sunmdcadiefr iggidhlpwstr efpirleessent i ng t he St and:
generated -BgmCBELCtehea baselines for each builc
regarding the Standar d DOels9 gNwo narrees iddeesnctriiable dA G N

Reference Manual. The prapopkdtdesxihgausefaiect
deviicrest al |empliin@igthleeaBeld 2use t he dequatemgnts
appl i cfaobri Itihtiys me a s ufroeu ra rsei nbualsteadndeeasuiegfnc rc ool i n ¢
airflow, <c¢climate zone,angerhoamntsa o h eofpcea oabt id moant,i
of i mpacted air hansdlvearrsy asnidgad Bfioncaatset hzyo.ma eci s
whi ch parameters were changed i n e¢hRradbstanaiard
heat r eapwariyni ttihes Pr opmoeckdlodDeailgdncases i n whi

handl etrhemeftour cri tTeahBb @& nsdet t hrough

Tab9?2 Comparing the energy impacts of the St a
Design reveals the iIimpacts of the ptrloptosed co
mini mally compliant with the. 2019 Title 24, P
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Tab9@eModi f
Proposed

i cat.i
Code

ons
Change

Ma d e

to St a

ndard Des

i gn i n

Cl
Zone

Proto

m

Objects
Modi fi e

Par ame
Names

St amda
Design
Par ame
Val ue

Proposed
Parameter

AirLoop
Outdoor
tem: Equ
tList

Compon
Obj ect

N/ A ( af

Heat Excha
ToAir: Sen
Latent

AirLoop

Compon
Obj ect

Energy Re

Wh e e |

Heat Exc
r: AirTo
si bl eAn

New Ob|

Energy Re

Wh e e |

Se
be

NodelLi s

Node N

ER Supply
Node

Se
be

OQutdoor
XxXer

Ou door
Stream
Na me

ERSupply
Node

- D
=

be

[

Fan: Var
ol ume

Pressu
Ri s e

Vari es
model

Per TablBe
2.2 1T WEne
Recovery
EffectiiDe
I WC, per
(Equaldi on

*On | four

y

Tab9®2 Offic

The
out si de
every cli
ener gl

Peurnti ener
f oot . Ann
transl at e

enabl
t er ms

and
i n

prototype

eLarge,

energypfi mphaust
ai.TheoBStatewnde

mat e

gy |
ual
d i

es
of

mpact s
energy
nt o

buil dhinsgg.alTl ows f or
cal cul ati on

fl oor

model s

Of ficeMedi um,

air

for
and
mpact s
easi

ar ea

2022

weTabd@mpact ed

Ret

heat

base

aillLarge,

si mul

nonresidenti al

peak

per
er

of

by bui l

demand

sqguaretbogpeby
compari son
statewi de

0]

ding

mpact s

savi
type.

d on the

School Se

recovediyfearnwgby
CASE Team
zoaep ram@rDi¥pthbdac e o r shawildrV cal cul a
cmgact s.

ated t

bui |l di
f
di
savi
ngs

f r
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5. 3St3atewide Energy S@awings Methodol o

The -preirergpm I mpacts presented in this section
potentiwalbtédbdatexhaaomt air heathsntead hwear y nbei ng
nonresi dentiypteespue shelyh ntghde pr ot suypnmer mbak@ll & n

133 Theanddr energy i mpacts were extrapolated t
Statewide Construction Forecasts that the Ene
ConstructasnhsFesei mate newudacwstiruc2023, tthlae |
year that the 2022 Title 24, Part 6 requireme
of the total existing building stock in 2023

approxi mantges dawm buil di ng adn efroarte coansst. plrhoev icdo
construction (new construction and existing b
zone. The building types used in the construc

i dent ihealprtod ott ypi cal bui |l BEC&@® mt yspoe st haev aEinlearbglye
Commi ssion provided guidance on which prototy
Type I D when calculating statewide energy 1 mp
and weifgahcttionrgs t hat the Ener g Commiesvsiden CASGuU
Team use for each Building Type I D in the Sta

Appendoirxskents additional information about th
used to calcul ate statewide energy impacts.
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Tabl@WNonresi dent digipg@s Asmsdci BrtoetdotWepag ht i ng

BuildingDTypemBui |l d®Pirmog ofgpg Wei ghting F

St atewi de Cons/Energy Model St atewi de
Forecast Analy
Smal | Of fice Of fi ceSmall 100
Large Office Of ficeMedi um 5009

o Of ficelLarge 509
Restaur ant Restaurant Fa 100

Ret ail Retail StandA 1009

o Retail Large 7559

o Retail Stri pM 5 %

o Retai |l Mi xedU 1009
Grocery Store |[Grocery 100
Noi#iRefrigeratedWar eheous 100
Refrigerated WRefrigWareho N/
School s School Pri mar 6 09

" School Second 4009

Col |l eges Of fi ceSmall 5 %

o Of fi ceMedi um 159

o Of fi ceMedi um 2009

o Publ i cAssemb 5 %

o School Second 309

o Apart ment Hi g 2559
Hopi t al s Hospital 100
Hot/eMot el s Hot el Smal | 100

5. 3P&4Unit Energy | mpacts Resul ts

Energy savings per squlaalel @tldatoTuaght @4 rTehsee npteerd
unit energy savi cpunfti gwmresnadaw rradtl pyioacc uarr i ng
complianceunatesavPags for the firsnD0§&ar are

t her msO.ylrtOtea ndse/pyern d ibrug ladn ngcltiymat.@dhadaone

di fference Iin energyosatvtypgsmbdeiveenst tdaepto
heating and ,¢ceonltihgtioadand tot al eaichf mowerd e @
climat.dhzmis e aneleesc tarhidc idteyonea m @ latr iee £ a utsheed by
increased fan static @aresshreuglquh.¢ eldlsdmeeno v |

cases, electrical savings is positive due to
condi Rowsest hat have been grayed out were not
requirements.
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Tableel F{iYe aslner gwpact sSquearFeotOf fi celLar ge

Clim|EI ect | Peak EI e Natur a TDV En
Zone Savin Demand Red Savi i Savi i
( k Wh/ ( kW (ther ms (TDV kB
1 (0.0 6. 6-Q H 0.0 0.9
2 (0.0 2. 406 0.0 0. 8
3 N/ N/ N/ N/
4 N/ N/ N/ N/
5 N/ N/ N/ N/
6 N/ N/ N/ N/
7 N/ N/ N/ N/
8 N/ N/ N/ N/
9 N/ N/ N/ N/
10 N/ N/ N/ N/
11 (0.0 3. 366 0.0 0.9
12 (0.0 3. 006§ 0.0 0. 7
13 (0.0 7. 5-Q6 0.0 0.9
14 000 5. 8-@ 6§ 0.0 0.9
15 0.0 2. 266 0.0 0. 6
16 (0.0 8. 0-6 g 0.0 1.1

2022 Titl &i 2BASEP aRd 2 ®2NRHV ACH|2 0 6



Tabl@e2 FiYeaslEner gnpact sSquarFeoit Of f Mede um

ClimEI ect | Peak EI e Natur a TDV En
Zong Savin Demand Red:jg Savif Savi i
( k Wh/ ( kW (ther ms (TDV kB
1 N/ N/ N/ N/
2 N/ N/ N/ N/
3 N/ N/ N/ N/
4 N/ N/ N/ N/
5 N/ N/ N/ N/
6 N/ N/ N/ N/
7 N/ N/ N/ N/
8 N/ N/ N/ N/
9 N/ N/ N/ N/
10 N/ N/ N/ N/
11 0.0 1. 2685 0.0 14. 7
12 N/ N/ N/ N/
13 N/ N/ N/ N/
14 N/ N/ N/ N/
15 N/ N/ N/ N/
16 (0.1 (3. 0P 0.0 14. 1
Tabl@e3 FiYesatr Energy | mpact sReteai ISlqarag e
Clima Electyr Peak EI e Natur a TDV En
Zone Savi i De mar Savi f Savi i
( kK Wh/ Reduct (ther ms (TDV kB
( kW
1 (0.0 (1. O%| 0.0 2.9
2 N/ N/ | N/ N/
3 N/ N/ | N/ N/
4 N/ N/ | N/ N/
5 N/ N/ | N/ N/
6 N/ N/ A N/ N/
7 N/ N/ | N/ N/
8 N/ N/ | N/ N/
9 N/ N/ | N/ N/
10 N/ N/ | N/ N/
11 N/ N/ | N/ N/
12 N/ N/ | N/ N/
13 N/ N/ | N/ N/
14 N/ N/ | N/ N/
15 N/ N/ | N/ N/
16 N/ N/ | N/ N/
2022 Titl &i 2@BASEP aRd R ®B2NRHV ACH|20 7
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Tabl@e4 FiYeasHEn e gimpact sSquarFeeotSchool Secondary

Climg EIl ect Peak EI e Natur a TDV En
Zone Savi i De mar Savi | Savi
( kK Wh/ Reduct (ther ms (TDV kB
(kW

1 (0.1 (1. 96 0.0 17. 6

2 (0.1 (9. O® 0.0 13.8

3 N/ | N/ N/ N/

4 N/ | N/ N/ N/

5 N/ | N/ N/ N/

6 N/ | N/ N/ N/

7 N/ | N/ N/ N/

8 N/ | N/ N/ N/

9 N/ | N/ N/ N/

10 N/ | N/ N/ N/

11 0.0 2. 0-@6 0.0 16. 6

12 (0.0 (3. 95 0.0 13. 3

13 0.0 5. 7-@6 0.0 15. 4

14 (0.0 (2. DB 0.0 14. 5

15 0.2 2. 0-@5% 0.0 13. 1

16 (0.1 (1. G 0.1 23. 4
5. Lost and Cost Effectiveness
5. 4EMlnergy Cost Savings Methodol ogy
Energy cost savingapmleyieng atl taes | BD¥ deegyr gy ¢ 0 st
energy savings estimates that were derived us
5.3.2D¥ a nommbatoeedlenelragyet vitnlgsstcount s for t
vari adt eofcoel ectr gas teh@ohamd umratodr alhe year, al o
costs are expected to chanM@gd ogwarr st Hfeorpeaereisad e
meassirand nonresidential envelope measures an:
nonresidentilan tmeiasucaseg, theepklyradbef TDWVal y:
cost Iimpacts are presented in 2023 present va
savingsedr ela®ealfbe proposed measure applies on
buildings and does not apply to additions or
5. 4ERer gy Cost Savings Results
Pewunit energy cost savings for newly construcH
l5 eaeripod of anal ysP¥ 23 |daoTemshd b é d oTuagkhl e

2022 Titl &i 2BASP aRd 2 ®2NRHV ACH|20 8



108s &A@ pendioxr
savingstfonsaddd aakgeraal ens
| di

bui

The
savi

ngs

NS i

ngs .

mil ar

TDV met loowdso lpegk @a@lllectricity
dpuealkgp.earoinods

to the savi

savings

Table®02mRVIDV En€ogy Savid@gseadveReriod -of
pefquaFeotNew Const&uAltt em®f f o wgeelL ar

Clim/l5%ear TDV E| 15 ear TDV Totla8vear
Zone Cost Sa Gas Cost Energy SG@os 1
2023 ) 2023 (2023
1 ($®3 $0.1 $ 00.9
2 ($0. $ (0.8 $ 00.7
3 N/ N/ N/
4 N/ N/ N/
5 N/ N/ N/
6 N/ N/ N/
7 N/ N/ N/
8 N/ N/ N/
9 N/ N/ N/
10 N/ N/ N/
11 $ 0.2 $ 0.6 $ 00.9
12 $0. $ 0.6 $ 0.7
13 $ 0.3 $ 0.5 $ 00.8
14 $ 0.2 $ 0.6 $ 00.8
15 $ 0.5 $0. $ 00.6
16 ($0. $0.1 $ 0L.0
2022 Titl &i 2@BASP aRd R ®2NRHV ACH|20 9
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Table®02PRVI DV En€ogly Savi dseadveReriod -of

pe¥fquaFeotNew Constir@fcftiimerMe di u

Climigls5%ear TDV E| 15%fear TDV TotlaSYear
Zone Cost Sa Gas Cost Ener@ogst Sa
2023 | (2023 (2023

1 N/ | N/ N/
2 N/ | N/ N/
3 N/ | N/ N/
4 N/ | N/ N/
5 N/ | N/ N/
6 N/ | N/ N/
7 N/ | N/ N/
8 N/ | N/ N/
9 N/ | N/ N/
10 N/ | N/ N/
11 $ 4.6 $0 . § $ 13.1
12 N/ | N/ N/
13 N/ | N/ N/
14 N/ | N/ N/
15 N/ | N/ N/
16 ($29 $1 . § $ 12.6

Tabl@R202RVIDV En€ogy Savid@gseadveReriod-of

pebguaFeotNew Constructi onR&t Allbanggeons

Climiglsear TDV E| 15 ear TDV Tot adfYedah

Zone Cost Sa Gas Cost Ener gy Cosst
2023 )l (2023 (2023

1 ($ 0.3 $@.9 $ @2.6
2 N/ | N/ N/
3 N/ | N/ N/
4 N/ | N/ N/
5 N/ | N/ N/
6 N/ | N/ N/
7 N/ | N/ N/
8 N/ | N/ N/
9 N/ | N/ N/
10 N/ | N/ N/
11 N/ | N/ N/
12 N/ | N/ N/
13 N/ | N/ N/
14 N/ | N/ N/
15 N/ | N/ N/
16 N/ | N/ N/

2022 Titl &i 2@BASP aRd R ®2NRHVACH|2 10
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Table®@O02mRVIDV En€ogy Savid@gseadveReriod -of

Anal

per SquafrNewodanstructi on S& hAlSteeoatdiaog 1ys

ClimdlbYear TDV E| 15¥ear TDV Tot adYedah

Zone Cost Sa Gas Cost Energy Cost

2023 | (2023 (2023 )F

1 ($D2 $1 . 8 $1 . &
2 $ 0.6 $ 1.7 $12.4
3 N/ | N/ N/
4 N/ | N/ N/
5 N/ | N/ N/
6 N/ | N/ N/
7 N/ | N/ N/
8 N/ | N/ N/
9 N/ | N/ N/
10 N/ | N/ N/
11 $ .2 $ 10.6 $1 . 4
12 $0L.7 $ 10.2 $11.9
13 $ .2 $0 . ¢ $ 13.8
14 $ ®B.1 $0 . ¢ $ 12.9
15 $ 10.5 $ 0.1 $ 1.7
16 ($DY $2 . 4 $ 2.9

5. 4. 8B8crementadt First Co

|l ncremental first cost ied ftilkca einni teiqauli paneatt too

practices when compared to the cost of an

equ

faivras tl
evolve an

i mportant that the Statewide CASEoVeaml|l tonsid
measure cost effectiveneses balsedr eme mtad la

and can change over time as markets

new technology and building practices.

5.4.3.1 New Construction

l ncrement adr ftilhestprcopads deds tmendast derdee wW2adsl 9
RepdaProposal s Based -201(6CABREAE Co0d.els and
EnhancemenThi2®1li7rncil ndreeme meal
deviwe ¢ h bdyapmapsesr s
ri eehtzti msgy stweans al so i ncluded in the fi
costs of heating and cooling equipment
|l oad reducermnnewdsfdem each cli mateds
buil dingbs outdoor air percentage and
cost $23;7 -opeol @ddncehrid leegtsi mat ed

2022
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cool ed chisl Ilwermr esyesttéemat ed thecbbestald7dédstpeirntlo
material and | abor cost of amdtaféi gbwacihnpi
10bel.ow

Tabl@9d ncrem€@ostl for HeadAtiHRedbeesy

l ncr ement
Air Han (MaterialBase Co:j¢
Size (c Contr FI ow (9
1,000 $6, 7 $6.
2,000 $7,9 $ 3.
4,000 $9, 1 $2.
6,000 $10, $1.
8,000 $11, $1.
10,000 $14, $1.
20,000 $25, $1.
25,000 $31, $1.
30,000 $34, $1.
40,000 $48, $1.
50,000 $56, $1.

5.4.3.2 Additions and Alterations

The Statewi d&sCASErEmamundehestameaimg 4ddditthiadn
i ncremenf aln caodsdtisti ons or alterations scenario
construction scenari o.

5.4l dcr ement al Mai ntenancesand Repl acement
|l ncrement al mai ntenance cost iIis the oncrement
parts of the equipment, as well as periodic ma

operating relative to yemareper podlchhd cexxpasboytea ds
usefudte fl at plate hed3tyearcodyvewlyi whdei éf xeeceyecd se
per iNoadddi tmadinnatlenarpect sdequwi bed during .the |

5. 4Chdst Ef fecti veness

The Energy Commi ssion establishes the procedu
The Statewide CASE Team Comil saboomatetdafvi ttho Eae!
the methodology in this report is consistent

were included in the analysis. The i ncrementa
costs olvspeat hperiod of |l adebdysiThew&@bD¥ EBnergy ¢
from natural gas savings were also included i
nor the incremental costs of code compliance

2022 Titl &i 2BASP aRd 2 ®2NRHV ACH|21 2



According tommheskEmerdgy d@d i nist icorsd,

bendgfeiotst (B/ C) ratio

cost benefit$5reamalsi oegd tdhhweent ot al Il ncrement al
B/x@u lraatteido uwsaisng 2023

mai nt enancré S/ceoasrtss. fToh e
cost savings.

S greater than 1.

The proposed measure was found to be cost
being required i npludati |lamalnys itsh ed essuarfiabcesd

Tabl®0Ohr oughhl I he B/ C

bel,owenefits defdi ceodks tass afreel | ows:

1T Benefits: TDV Energy Cost SBenefsts Onbbkuoud
TDV energy cost savings (dEwmerr gtyh et Eenrvii ad nafe
ngs ar e dalsicrofulnateido m)t
Ot her P\ ossavismg/d nigrsc li U
s |l ess than current

Economics QtOR®Ar) savi

three percent rate.
prpoosed first cost

savingsefi prBYosed maintenance costs i

mai nt enance cost s.

T Costs: Tot al l ncrement aCo®Presieme!| Vadé uiemnc Co
equi pment, replacement, and maintenance
Costs are di sc(oiunftiealj taah ead )r etaHr ee per cent
proposed maintenance costs is greater
i ncrement al mai ntenance cost is negative,

there are no total hen®8f €menatab PY

2022

Titl &i 2BASP aRd 2 ®2NRHV ACH|2 1 3

ed freecd 9 wree

above
corroemdg ng design aiaifr|l 6waandoost ®fde@articul ar
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Tabl®&0 -Y®BaGosEf fecti venesPerSudmgmaarhee Wwo ot
Constru®©fifoecelLarge

Cli ma Benef Cost Benetfa
Zone TDV Energy Cos Total 1Inc Cost H
Ot herSaPwW 1 PVCo st
(2023 (@23 P
1 $0. $0. 1. 2
2 $0. $0. 1.1
3 N/ N/ N/
4 N/ N/ N/
5 N/ N/ N/
6 N/ N/ N/
7 N/ N/ N/
8 N/ N/ N/
9 N/ N/ N/
10 N/ N/ N/
11 $0. $0. 1. 3
12 $0. $0. 1. C
13 $0. $0. 1. 2
14 $0. $0. 1. 2
15 $0. $0. 0. ¢
16 $0. $0. 1. 4

2022 Titl &i 2BASP aRd 2 ®2NRHV ACH|21 4



Tablg&l -Y®aGosHf fectiveness Summar-WelWer Square
ConstruOfifoceMedi um

ClimatBenefits Cost s Benetfo t
Zone TDV Energy Cos|Total Incr(Cost Rat

Ot her PV 3Savin(PV Cdsts
(2023 )P (2023 PVS$)

1 N/ N/ N/
2 N/ N/ N/
3 N/ N/ N/
4 N/ N/ N/
5 N/ N/ N/
6 N/ N/ N/
7 N/ N/ N/
8 N/ N/ N/
9 N/ N/ N/
10 N/ N/ N/
11 $1. $11.66 1.1
12 N/ A N/ N/
13 N/ N/ N/
14 N/ N/ N/
15 N/ N/ N/
16 $1. $11. 6 10 8

2022 Titl &i 2BASP aRd 2 ®2NRHV ACH|215
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Tabl®2 -YBar -Ebfectivenagys PRummsaguldew Foot
Constru®ketanl!| Lar ge

ClimatiBenefits Cost s Benetfo t
Zone TDV Energy Cos|Total Incr|Cost Rat
Ot hB¥Savi ngs PVCost s
(2023 PVS$) (2023 PV$)

1 $ 2.6 $ 0 .0190 2.7
2 N/ N/ N/
3 N/ N/ N/
4 N/ N/ N/
5 N/ N/ N/
6 N/ N/ N/
7 N/ N/ N/
8 N/ N/ N/
9 N/ N/ N/
10 N/ N/ N/
11 N/ N/ N/
12 N/ N/ N/
13 N/ N/ N/
14 N/ N/ N/
15 N/ N/ N/
16 N/ N/ N/

2022 Titl &i 2BASP aRdpR2 ®2NRHV ACH|2 16



Tabl®3 -YBar -Ebfectiveness Summar-Weler Square F
Constr uicStcihmm!| Secondary

Cli majBenefits Cost s Benetfo t
Zone |TDV Energy Cost|Total Incr|{Cost Rat
Ot herSaPWi ngs PVCost s
(2023 PVS$) (2023 PVS$)

1 $1. $0. 2.1
2 $1. $0. 1.1
3 N/ N/ N/
4 N/ N/ N/
5 N/ N/ N/
6 N/ N/ N/
7 N/ N/ N/
8 N/ N/ N/
9 N/ N/ N/
10 N/ N/ N/ £
11 $1. $0. 2. (
12 $1. $0. 1. 6
13 $1. $0. 1. ¢
114 $1. $0. 1.7
15 $1. $0. 1. 6
16 $2. $0. 2. &

5. Fi rYsetar St atewide | mpact s

5. 5St1lat ewide Energy andsEnergy Cost Saving

The Stat SWi decaathAcul at egyde atrhwsitdagtresi or nge w
constrhuctmuwint i pl-ymintg ¢ dawi mpgsr,e svemitcehd Sirng.Slect i o
byawssumptions about the percentageoabednewly co
i mpacted by the psribspwiseée mcewecodstr udits on f or
presenAppendisxr A the Statewide CASE Teamds ass
percentage of newooabest mpatied bhathe proposa
zone and building type).

The -yeastenarcgy irrmpr egemrmtr tameufailr stavi ngs fron
t hatecwenrpl et ed Iihy2@23 enEBlhgy cost savings repr
cost savings losyear taeaknsiseperiod. The state:
do not takeumratiwnrgalmay keeda adoption or compli an

Tablkdntdablepresent-ytelae fsitrastewi daeeggrgpsand
savings from newly acnodn sabdndui cthie a Ibtyerricd tdimmg®e 2z one

2022 Titl &i 2BASP aRdp2 ®2NRHV ACH|217



(climate zones that did not have prototype mo
requirements.were omitted)

Table&dstatewi deanBBnd&mgy gy CoisNe w ntpoancsttsr uct i on

Clim Stat ewiNdg Fi r| Fi rYseta Fi rYseta 15Yea
Zone Constru Ye & Peal Natur a Pres
|l mpact ¢ El ecti EIl ect Savi Val u
Propo Savin DemarnMMThern| Energy
Change i ( Gwh Reduct Savi i
(mi Il 1ion ( MW (mi hl 20
fee PV$
1 0. 2 (0. (0. 0. C $0.
2 0. € (0. (0. 0. C $0.
3 N/ | N/ N/ N/ N/
4 N/ | N/ N/ N/ N/
5 N/ | N/ N/ N/ N/
6 N/ | N/ N/ N/ N/
7 N/ | N/ N/ N/ N/
8 N/ | N/ | N/ N/ N/
9 N/ | N/ N/ N/ N/
10 N/ | N/ N/ N/ N/
11 0. € 0. C 0. ( 0. C $0.
12 2. ¢ (0 0. ( 0. ( $1.
13 0. 7 0 0. ( 0. ( $0.
14 0. & 0 0. ( 0. ( $0.
15 0. 2 0 0. ( 0. ( $0.
16 0. Z (0. (0. 0. C $0.
TOTA 6 . (0. 0. ( 0. 1 $3.
a. Fistyera savings from all buil diB3ngs compl eted statewide

2022 Titl &i 2BASP aRd 2 ®2NRHV ACH|21 8



Tabl &t at ewi d

e

Ebreargyyy aQas t-All mpraatisons

Clim| Statewi dFi rYsetd| Fi rYseta Fi rYseta 15ea
Zoneg Constru EIl ect | Peal Natur a Pres
|l mpacte¢g Savin El ect Savi Val u
Propo ( GWHh DemanMMThern|Energy
Change i Reduct Savi
(mi Il 1ion ( MW ( mi |
f ee 2023
1 0. 4 (0. (0. 0. ( $0.
2 1. 8§ (0. (0. 0. ( $0.
3 N/ N A N/ N/ N/
4 N/ N/ N/ N/ N/
5 N/ N/ N/ N/ N/
6 N/ N/ N/ N/ N/
7 N/ N/ N/ N/ N/
8 N/ N/ | N/ N/ N/
9 N/ N/ | N/ N/ N/
10 N/ N/ | N/ N/ N/
11 1. €6 0. ( 0. ( 0. ( $1.
12 6. ¢ (0 0. ( 0.1 $3.
13 1. ¢ 0 0. ( 0. ( $1.
14 1. 3 0 0. ( 0. ( $0.
15 0. § 0 0. ( 0. ( $0.
16 0. ¢ (0. (0. 0. ( $0.
TOTA 15. (0 0. ( 0. 3 $9.
a. Fiseyear savings from all buil8ings completed statewic

TablEkpresenysafi sshtewide naavd i t i

alterations.

cawvs mmpgwc tf ir @m,

Tabl#&6 Statewi devdEEaregyyy CadNewl @Gpastsuction,

Al terations, and Additions
Construction|Fi rYsetg Fi rYsetda Fi r-¥é a 15Yeaq
El ect |Peak EIl gNatur alPresent
Savi | De ma Savi Energy
( GWH Reduan{(MMTher Savi |
( MW )] (PV$ mi
New Construc (0. 0. 0. $ 3.
Addi tions an (0. 00 3 0. $9.
TOTAL (0. 0. ( 0. 4 $12.
a. Fi fyetar savi naglst efrracbnmpanlslt ed st 8t ewi de in 202
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5. 5St2at ewi

Th e

emi ssionsetatitedei apd h8t at es

EPAEMI ssi ons
El ectricity

emi ssi ons

de

Greenhouse
Statewi dec&ASElIl Feadh avoi ded

& Generation
Co€Cndi hnWEGCRaCEMMXhcsubregi on.

Gas

Resourc

fromimagtsuradlt rgadutadl e

( GHG)
GHG

E mi

tsase@eurces
ated

el ectrical power generation are cal cl
EPAG6s Compilation of Air Po62Ppaee aAppe&Emdisxsi O©nfsol
additional det aiglys uosne dt hteo neeatl hcoud dalt oes tGaHGE e mi s s
analysis assumes an average electricity
GWh based on the average emission factors
TablEe@resents t he-yestri mavtoa d efdi rGsHtG
code changefipepGH@ mi ssi D2 n3médtfri ¢ tons
di oxi de eaqeti wwent€eOr2tengo u(l d be. avoi ded
Tabl®&Fi rYseta St at ewi de GHG Emi ssions
Measul El ect iReduced Natu Reduc Tot
Savit Emi ssi Ga s GHG Reduc
(GW vy fro Savi®n Emi ssi COze
Electl (MMThqg from NgEmi ss g
Savitn ms/y Gas Saf’/(Mtric
(Edtric (Edtric CQ@e)
CQ@e) CQe)
Ex hau
Air H (0. (71 0. 4 2,3 2,2
Recov
a. Fifrsetar savings from all buil dings completed

b. Assumes

5. 5St3ateWatder

Us e

t i nnywsatteems stahva trd gesmnien actoaod ei ansgel r v e d
Heowvaapacereayt i o n

| mpact s

EAHRan resul
by wabeted chusémedycedl i ng tower
saviangocun!|l y BAKMR achieves net

energy savings are
energy penalty i
School Secondary

téh EAHR

The -preirt and statewi

de

achieved
ncurred
prototype

water

onl yt
buil di

savi

bui |l disnugmnaarrel Tl B8&n dabl ENegati ve

2022

ng

c oddti ngo elniemr gy
twéh ecno @loion g ng
duéd et Ofifncredas gae
model s
requnremmpt sl amat arzosesced!| bydr swat &t e
associ at ¢
savi

ngs
water
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emi ssions
E nwinr cAArgrddrSctya |(
e Wesegrated

emi ss

emi ssions
of

| mpacts

Sstat ewi
whegfemi ess2dOVMBE@ORefr 6WhH, 4AMRBCOMMT her ms



a ndpiat ed

Of ficeLarmet,

Tabl &&i

r-se¢ ar

n Climat e

Zdryeeki iCdm dad tdh6 Zld woiel di ng

dae@l it mgs spoecn aaltteide swi t h

Wat er-OfhpaetLar ge

Cli maWat &avi gy St atewi d
Zone Square Savi i
(g affldy r (g a)l

1 (0.0 (27
2 0.0 2, 2
3 N/ N/
4 N/ N/
5 N/ N/
6 N/ N/
7 N/ N/
8 N/ N/
9 N/ N/
10 N/ N/
11 0.0 4,5
12 0.0 17,0
13 0.0 7,1
14 0.0 9, 8
15 0.0 6, 4
16 (0.0 (60

2022 Titl &i 2BASP aRdp2 ®2NRHVACH|22 1
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Tabl &Fi rYsetar Wantpeare3cshool Secondary

Cli maWat &avi Pgy St atewi d
Zone Square Savist
(g afldty r (g a)l

1 (0.0 (70
2 0.1 24,7
3 N/ N/
4 N/ N/
5 N/ N/
6 N/ N/
7 N/ N/
8 N/ N/
9 N/ N/
10 N/ N/
11 0.5 117,
12 0. 2 239,
13 0.5 242,
14 0.6 115,
15 1.4 152,
16 0.0 37

Embedidel ectriassgcbatesdigee tva toenr es pviesgnt ed i
Tabl20hembedded eflaeccttorri cwiatsy3d@é& Wmeé chi &t i on gal |l
of wataantd water sadoomgsl hec eunrb eaidteyd ed teichatie w
derived from a 2015 CPUC study that quantifie
| OU programs that save both watgppeaemdi enBrgy
additional i némombencdeédneloacthiecity savings est.]

Tabl20 | mpacts on Water Use and Embedded EI ect

| mpact onSi t Onsi { Embedd
l ndoor OQutdd EIl ect i
Savi nWater S & Savih

(gall o (gall o (Wh/y

Fi fyetd3t at ewi de 0 938, 334

a. Assumes embedfdedt &nce\Vighy per mil |l i on gatil dwswesCPoSC wat er
20135

b. Fi fyetar savings from al/ buil 8ings completed statewic
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5.5St4at eMader i al | mpact s

Thi meawoukdcrease the maenmeded td pteeilde exhau
recovernynalt e zones ianmpdacdesdi orys t hi s measur e. I r
statewide I mpacts, t hdetSdramierwa di et HCeA SrEu nikeearm o f
uni tactfengir each prcdti ontayt e zaome combi natason. A
usedafwhtyepe heat asmmxdchhehmgerwei ght was added to

Tabl2Fi rYsetar St atewide | mpacts on Materi al Us ¢

_ | mpact |l mpact on Materi al
Materi al (| D.a (PeUnit | rp bst/ d Fi r stPSYadre wi

! ! Il mpacts (pou

St eel i 0. 006 144,
a.Materi al I ncrease (l), Decrease (D), or No Change (N
b. Fi ryetar sawmiags buol dings completed statewide in 202:
5. 505her -EM@em gy | mpact s
This mevouhm@Aee a positive I mpbettcaawmsei ndheorxdiamu
air heatwo wilcborerayse va@ntriilngt ivem yaihrot and very
whiwoduil chprove indoor air quality

5. ropoRevdi sions to Code Language

5. 6Glui de to Markup Language

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

withumedi Oneyw | angusagexeradeluet i ons) .

5. 6S22andar ds
SECTI ONTD&61 NI TI ONS AND RULES OF CONSTRUCTI ON
(biDefinitions
SENSIBLE ENERGY RECGWEmMY)g eRADN [Gbh & ednpye r at ur e of

outdoor air supplybeiweerdt hg ochttddord f@renard
dryul b temperature, expressed as a percentage.

SECTI ONTPRESZRI PTI VE REQUI REMENTS FOR SPACE C
SYSTEMS

A building complies with this sectiaomd by bein
install-ednadi spagcieng system that meets the appl

t hr dugd)
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(sections omitted)

(MiExhaust Air Heat Recovery.

l. Fagss dmsi gned

tbeoper atei hol i sGeerd Tanblee t he

140Hs4h al | include an exhawndtt heralbhke@athy etco v
out doorexéiarusendantrol the energy recovery
economi zer operation as required by Sectio
2. Heat recovery ys wshtiesmss ercea g winr esch ad | resul t i
ratio of at | east &0 cwmarkceamin fcaomdbdti lonise at
TABLE -GA4A0EMERGY RECOVERY REQUI REMENTS (VENTI I

OPERATI NG LESSSB8O0OUTHARNURS PER YEAR)

%0Out doan Aiurl | Design Airfl ow
Clima o110 020% O30% 040 % 050% 060% O70% O80 %
Zone |and |and |and |and |and |and |and
<20%|<30%|<40%<50%|<60%|<70%<80%
Design Supply Fan Airfl ow Rat e, cfm
NR 015,d013,d010, 09,0407, 0006, 5004, 5¢
2 NR 020, d015,d012,d010,d07,5007, 000606
3 5, |NR N R N R NR N R N R N R NR
4 NR NR NR NR 018, 5016, 5015, (014, C
9 NR NR NR NR NR 020,017, 015, (
10 NR NR NR 022,0q017, (0015, 0014, 013, C
1116 [NR 018, 5015, (010, d08, 0007, 0405, 0302, 0¢
TABLEO-H4 ENERGY RECOVERY REQUI REMENTS (VENTI I

OPERATGREATER §HAN HOURS OR MORE PER YEA

%Out do@mn Aiurdl I Design Airfl ow
Climatigg 09 020% 030% 040% O50% 060% 070% 080 %
Zone and |and |and |and |and |and |and

<20% <30%<40%<50% <609% <70%l<80%

Design Supply Fan Airfl ow Rat e, cfm
1 010, (02,0002, 0002, 0002, 0002, 0002, 00q02, 0¢
2 010, (05, 0003, 0002, 0002, 0(002,0(002,0002, 0f¢
3 N R 013, (6010, (08,0007, 0006, 0006, 0006, 0
4, N R 09, 0(006,5006, 0006, 0006, 0005, 0005, 0¢
6, N R N R NR NR N R N R N R N R
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8 N R N R N R N R 020, (018, (015, (012, (
9 N R N R 015, (012, (010, (09,0008, 0007, 0¢(
10, 11|{040, (015, (007,5(006, 0005, 0004, 0(03, 0003, 0¢
12 020, (05,0003, 00020 (02,0002, 0002, 0002, 0¢
1316 010, (05,0003, 0002,0002,0002,0(002, 0002, 0¢

EXCEPTI Obd $ectpan Slyssd.edns meeting Section 140.
Requirements for lLaboratory and Factory Exhau

EXCEPTI Odl Zedcdti0paednl Systems serving spaces that
heated to |l ess than 60AF.

EXCEPNI Bo Sectpan Whed.e4d(more than 60 percent 0
enerqy i s prroevd odvedr €d oemerigye i1 n Climate Zone 1

EXCEPTI O 8ectpdErnkdé@&deyenr gquiartachmeanttisng desi gn
condiatrieoresx e @pt emdt E®Zone

EXCEPTI Obd Sectpdrnkdé&deyer g uiataecmeontisng desi gn

conditions are ex®mpted for Climate Zone
EXCEPTI6®ONM Sectmpmaon Whed.e4d(t he sum of the airfl ow
within 20 feet of each other i s less than 75
exhaust air t hat i's either:

l.used for anothert eemergy recovery sy

2.not all owed by California Mechanical Code (
systems with | eakage potential, or

3.0f Class 4 as specified in Section 120.1(g
EXCEPTI7ZTON Sectmpan Slydsd.edns expect ehdo utros eopprerr at e

5. 6R8f erence Appendices
NA7. 5Mechani cal Systems Acceptance Tests

NA7. 5Ai4r Economi zendCérbhrabs Air Heat Recover

NA7.51 €onstruction I nspection
Prior to Functional Testing, verify and docum

(aBconpeaefiohreat recovadighbypmss) shutoff contro
Tabl e -BE 400f. 4Secti onl40. 4(e) 2.

( bl)f t hlei riitghcont rboull bi sorf ifxiexde dd reymu Ihka,] piyt +s H a
have an adjustable setpoint.
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(cBBcononficzrerheat r eclokeuty oopbsel) sensor is |
prevent false readings.

(dSensor performance curve is pr(ovi dedtby fa
recoveryvi bgpresedhi on materi al

(eSensor output value measured during sensor
perf or mance c

(fEPcononficzrerheat r echamper bmopvaess )f reel y witho

1. I ndicate if bypass control i s achieved

rotation speed modul ation as means other
(g9cononficzrerheatby pamagonyt r ol systemst,agecl ud
or electronic thermostats, that ¢(@yclhe adomp
recoverycangppseyide partial cooling.

(hBBcononfioczrerheat r ecroevleirayb iblyiptays sf)leat ur eés ar e
by StradnsdaSeocn 140. 4(e) 2D.

llndicate N/ A for heat recovery bypass.

(iBconomizer inlet damper is designed to mod
return air damper to 100pmpessemitzich@stlle hvl

llndicat e aN/ A efhdaynp elrses .

(jPor systems with DDC controls | ockout sens
field calibrated.

(khor systemBDWid¢dhntnoml s, manufacturero6s st at
procedures have been applied.

(IMHMhe economi zer hatshdoeceEe@Gomgy $ $sfomrdas ospeci f |
Section 140.4(e)2Di i

llndicate N/ A for heat recovery bypass.
NA7. 5FWn@tional Testing

StepDisable demand control ventilation system

StepE2aable the economizer and simuua@h et @ dcroiou
system into full econoéomiezercoadmiir®g opede
Verify and document the foll owing:

(aBconomiozrerheat r echamper biysp alsG0 pregtcwernt aipre
damper is 100 percent <cl osed.

1] f bypassvied achrough heat/ enerqgy recove
modul ation, wheel speed is fully stopped.
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(bAlI'l applicable fans and dampers operate as
pressur e.

(chhe wunig ihssadiisnabl ed (i f unit has heating c

St epDBasbl e the economizer and simulate a cool i

the foll owing:
(dBfconomi zer damper closes to its minimum po
(eAl'l applicable fans and dampiemr sb wiplediang as

pressur e.
(fHhe wunit heati nghaiss hdeiastaibnlge dc a(piafb iuniitty ) .

(gdndi cate N/ A for this step for heat recove

Stepl f4:unit has heating capability, simulate &
economi zer so thatatiitngi s ic ap abalca uoafl oopuetrd oo
are belowetpokau). Verify the foll owing:

For economi zer systems

(hHMhe economizer is at minimum position.
(iReturn air damper opens.

For HRV/ ERV or DOAS systems:

(jHeat recovery bypadypasst dampmodwhaeeés spee
to temperature setpoint.

Stép Turn off the wunit. Verify and document t

(kBconomi zer damper closes completely.

(IDndicate N/A for this step for heat recove

St epRebsst ore demmedtcbatroh systems (i f applica
system over rdudreisn g ntihte atteesdt .

5. 6A@M Reference Manual

Specific redline clwanbhemadieoe diehiSpaonglae s
Desi g8®ctaf.om. 6. 5 He atf Rédeo Neohy A€EMdBRet emence
Manual, including the following subsections:

T Recovery Type

1 Exdust Air Sensible Heat Recovery Effectiwv
T Exhaust Air -ISeaxck i bfl fee dPtairmeness
1

Exhaust Air Latent Heat Recovery Effective
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T Economi zer Enabled during Heat Recovery

5. 6Codmpliance Manual s

Anddi &8 osewotuihodred Baddbd to Sctifonm h£&. Nonresi de
Compliance dddarmudl tthe new additiomps omladBi fIr® m2
Part 6 related to ExhauatdAtrobBeag® umabibiecy

needed to Section 4.5.2.2 of tahe tfNonmkre easaidd ednet |

economi zecobypalks.

5. 6Cé&émpliance Document s

Changes to compliance docume mosummarde f g/ t-iNIRICCi n
MCHE and -NRGE&®M5.
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Append3txatAe wi d eMeS ahwidmd so g vy

To cal cujedre Stiatsawi de savings, the Statewide
unit savings by statewide construct iwomulaesti ma
be in efflelha pr2djkeBdptreshewe nst raurcdlitoenr ed

noesi denti att hawub el iinngpsaetaeptr obopposed code change
i's presbBahblezl hirnoTughtl 29

The Energy Gammids siigo &ft faindea rpdrso vi ideanttihal nonr e
constructi,onwhHiawmciasasbl e for public review on t
webshteps://www. energy.ca.qgov/title24/ partici

The constructeeernteréeoaat ploorspace of newly
2023 by building type danmdg ctlyipmneast @ nzcd nued.e dT hhen It
Commi ssionso0 forechytmaa luadd habd ZTadd @

anfiabd&@TlkRsealbhkeso i dentpirfoit®s ytpph c al buil dings t
model the energy use of .t hlenipr amapypda ch gc ovches o heq
becauskuitlheisngt tey pener gy Commi ssion defined in
are not identical to eshet hpatottohtey pH ncearlg yb uG d nainins
requested that the Statewide CASE Team use to
consistent with et hEen emagpyp iChognnti hsadtii otrehl u 4 eng aicrn st h

P

Anal ysis for t h(eCal0ilf9o rcrmidee Emnyeerlgegy Commi ssi on 2

The Energy Commi ssionb6s forecast allocated 19
new construdtoi drhei mizsk23 | aneous building type
space types that do not fit wel/ ithteo Taintolt éh e2 4
Part 6 requirements apply to the miosudedl | aneou
real rpendthis floorspace. The new construction

information to distribute the mwoisstc ellilkaenl eyo ubsu isl
type, so the Statewide CASE Team redistribute

t hreemaining building types so that the percent
climate zone, net of the woiusdocdanadiamset®arrst .squar e
Tabl2Doar sammlleceuf ati oerdg stthrea bmitscnel | aneous squ

among the other building types.

After tlhleameeswse fl oorspace was redistributed,
assumpti ongealcewntt atglree of newly constructed fl o
i mpacted by tode prhéapmagseedt ¢ on e d hper enveiaosuusrleys,

proposed have vaorsysi ntgh e nudpiafcftesr eanctr space types
a result, individual i mpact tables were devel

Tabl2andabl 2r esae nssummarhye @mésdumer cent age of f1
that would be i mpacted by the prlofpoas epdr ocpoodsee dc
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https://www.energy.ca.gov/title24/participation.html

code change pdygeds on@at speci fic building type, i
of ftlheor space would be i mpacted by the -propos:
zero, but |l ess than 100 percent, It 1 s an ind
constructedwosubtdewiedi mpact 8edv ebrya It hoef ptrhoep ocsoad e.
proplossahad crsimalditaneaksingdcsesad ban c!| iFnmaat e 2z on
exampexlkauwashte arecovery had criteria based on out

airfl ow Fiamateandne. Based on the combinati on
CASE Team determined which air handlers among
climate zones wWAUIsd mmeerayonpdrod &@xdur eds assumpt i«
found in the notes bel ow.

Tabl2Bresents pdr cddmtoagsepace assumed to be I mp
change by climate zone.

VAV DeadbandSAatétwpoptheapol ati on Assumptions

Anal gsbsamedmomagtnbheesipdreonttoitaylpe model s, any H
defi nedAMypa syst eemsi mpoaucltde do b yFitvhei sp rnoe aost wyrpee.
modeilnscl uded at hdhet wnehaarVREROfHVAELay gtem
Of ficeMedi um, OfficeMedi umLab, Schodh8econdar
extrapbobast anewi e | ssdlA¥d3h gbsavk e B i iInmp & @ti e d
handusesthe highenrcdoaistitghne aZéqgfulioc ement and t he
mi ni mum fl ow requi raegne nd e tf oirn etalteh @Eromteot ype mc

Expand Economi zeri Rteagtua @xethmeanposl ati on Assum

Anal ggamined all pamomd o¢clyipmatmededne combinati ol
nonsriede HVAG|l sybeemsen 33,000 Bt u/Amyamd&/AxZ4, 000
systems iwddhteisfei awder eer nfeolru dtehde. Tdhnresd aicsti esd a
total ofypeuméd®Resbaurant Fast Food, Retail Mi xe
Retail StripMall , dma e&xthroabgpdlsa méa e w)i che | uawisn qad |
i mpacted air handlers do not contain an econo
model s.

Exhaust Air eH&8t aRe@otieapol ation Assumptio

Analysis examined all prototype models and cl
nonr esiHWAQ isaylwhembh met the design air flow, o
operating hours, @a&ng ¢tMAQatbgesdt &methedentcrit er.
were included for the analysis. This impacted

%Not e: Ho treolt ®malple pmodel was excluded from this analysi
i mpacted served caremitdaoi $-hpmared 0Adns i s
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(Of ficeLarge, OfficeMedi um, R)e.t aT H el ae xgter, amall &Stc
statewi densdadkegs mpacted air hlaetadIreecsoy do not
capabialsi iiseset in the applicable prototype mo
Dedicated OutdodriStAaitrwsyYWet €&ms rapol ati on ASs
The percentage of fl oorspace for DOAS was est
tracking buildingSptwhoj grcamsulaamiotsys ft he each st
CASE Team analyzed an online database of cons
ConstructConnect Insight for projects in Cal.i
2012 for the first 4 moent dnsglaeatse eyxetarra peoslta tneadt e
dat abase was searched wusing t HOASg!| IERWI, n gH RVe y
Energy Recovery Ventilator, Heat Recovery Ven
The database was filtered to only include pro
refr edcen Section 23 of specifications, referr
was also filter for all/l projects greater than
buil ding projects or whole system renovations
The database pr ofvimmeds abwiulmbeeaoh year. The d:
new construction and alterations to align wit
buil dings. Each dataset provided a count of p
building types, fear dmhée22pder9i)o d Tohfe stei nper o5 ect t
rel assified based on reviewing the building t
estimating specific market size for specific
New Construction Dat a
Project T Project| DOA&EournProt ot y(plea sksei f i
ClVIL 1,1 10{O0f f&cAssembl y
COMMERCI A 58 l11({Office
COMMUNI TY 30 6 2Assembly
EDUCATI ON 1,1 21{School s
GOVERNMEN 59 10{0ffice
| NDUSTRI A 23 30NoRefrigerated
MEDI CAL 25 410fficeMadi um
MI LI TARY 49 150ffice
RESI DENTI 77 12{Hot el Smal |
RETAI L 1, 8 25|Ret ail
Al t er altaitoan s
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Project Typ Cour gooﬁ‘: Prot ot y(plea sRsei f i
Cl VI L 249 53 Of f&cAssembl
COMMERCI AL 157 9 3 Of fice
COMMUNI TY 155 6 5 Assembly
EDUCA ONAL 981 57 School s
GOVERNMENT 530 29 Of fice
| NDUSTRI AL 34| 18 No#Refrigerated
MEDI CAL 124 11 Of ficeMedi un
MI LI TARY 9 | 4 6 Of fice
RESI DENTI AL 7 | 5 4 Hot el Smal |
RETAI L 699 26 Ret ai |
Project | DOAS Percent of Project | DOAS Percent
Count | Count N.ew Count | Count of Nlew
Construction Alteration
ApartmentHighRise N/A N/A N/A N/A N/A N/A
Assembly 1430 166 12% 26496 603 2%
Grocery N/A N/A N/A N/A N/A N/A
Hospital N/A N/A N/A N/A N/A N/A
HotelSmall 774 128 17% 878 54 6%
OfficeLarge 2352 333 14% 32410 967 3%
OfficeMedium 2352 333 14% 32410 967 3%
OfficeMediumLab 259 41 16% 1241 114 9%
OfficeSmall 2352 333 14% 32410 967 3%
RestaurantFastFood N/A N/A N/A N/A N/A N/A
RetailLarge 1820 251 14% 6995 263 4%
RetailMixedUse 1820 251 14% 6995 263 4%
RetailStandAlone 1820 251 14% 6995 263 4%
RetailStripMall 1820 251 14% 6995 263 4%
SchoolPrimary 1181 210 18% 9816 579 6%
SchoolSecondary 1181 210 18% 9816 579 6%
Warehouse N/A N/A N/A N/A N/A N/A
Tothailst ori cal trendls twersdoal s dher enaorkeee gr owt h
included in the report as historical refere
percentages were used in estimating the state
For alterations wad Ppeplcieaad tvagl tubhwi loddiemqpal dt cexk
estimate the annual renovations. The amount
applied by each building prototype. For examp
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assumed to be négodapedcand ofmptilRmeeatwaulIDDAISH
system.
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Tabl2Zsti mated New Nonresidenti al Construction 3 mmpyctCéd may ePrZom
Building Type (MiTVAYNDSagdlaared FAiet )| ow

ClimAparAse GrOCHOSpHOteOfinff?Off?OffiReStRetaR.etaRetaRetaSchoScho
e Zomgntmblyry t al SmalLargMedlMed|SmaIuranLargM|xeStanStrilPrilSeCWareTota
Hi g h m mL a b Fast Use Al onMal iIlr ndarouseNR
i se ood y
1 0. 0. 00 0. 0. 0. 01 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
2 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 1.
3 0. 0. 0. 0. 0. 2. 2. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 6 .
4 0. 0. 0. 0. 0. 1. 1. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 3.
5 0. 0. 0. 0. 0. 0. 02 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
6 0. 0. 0. 0. 0. 1. 1. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 4.
7 0. 0. 0. 0. 0. 0. 10 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 2.
8 0. 0. 0. 0. 0. 2. 2. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 6 .
9 0. 0. 0. 0. 0. 4. 4 . 0. 0. 0. 0. 0. 0. 0. 0. 1. 0. 11
10 0. 0. 0. 0. 0. 1. 1. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 3.
11 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
12 0. 0. 0. 0. 0. 2. 2. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 5.
13 0. 0. 0. ( 0. 0. 0. I 0. 4 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 1.
14 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
15 0. 0. 0. 0. 0. ¢ 0. 01 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
16 0. 0. 0. 0. 0. 0. 01 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
TOTA 1. 0. 0. 0. 0. 18, 19 1. 0. 0. 0. 0. 0. 0. 0. 6 . 0. 47 .
L
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Tabl2Fsti meakedting Nonresidenti al FI oor space | mp3acAtl etde rhbaytyi Pornosp o, s
Climate Zone and Buil di ng iTWApVe DeMidl blainodn ASqgrufalroew Feet )

Cli rrAparAsseGrocHospHoteOffiOff_iOff_iOffiRestRetaRetaRetaRetaSChOsCho
e Zomgntmblyry t al SmalLargMed|Med|SmaIuranLargM|xeStanStrilPrilSecWareTota
Hi g h m mL a b Fast Use ous gNR
i s e 00d Al onMal ljry ndar

1 0. 0. 0. 0. 0. 0 0. 0 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
2 0. 0. 0. 0. 0. 1 1. 0 0. 0. 0. 0. 0. 0. 0. 0. 0. 2.
3 0. 0. 0. 0. 0. 5 6 . 0 0. 0. 0. 0. 0. 0. 0. 2. 0. 14.
4 0. 0. 0. 0. 0. 2 3. 0 0. 0. 0. 0. 0. 0. 0. 1. 0. 7.
5 0. 0. 0. 0. 0. 0 0. 0 0. 0. 0. 0. 0. 0. 0. 0. 0. 1.
6 0. 0. 0. 0. 0. 3 4. 0 0. 0. 0. 0. 0. 0. 0. 1. 0. 10.
7 0. 0. 0. 0. 0. 2 2. 0 0. 0. 0. 0. 0. 0. 0. 1. 0. 6 .
8 0. 0. 0. 0. 0. 5 6 . 0 0. 0. 0. 0. 0. 0. 00 2. 0. 14.
9 0. 0. 0. 0. 0. 9 10. 0 0. 0. 0. 0. 0. 0. 0. 3. 0. 25
10 0. 0. 0. 0. 0. 2 2. 0 0. 0. 0. 0. 0. 0. 0. 2. 0. 8 .
11 0. 0. 0. 0. 0. 0 0. 0 0. 0. 0. 0. 0. 0. 0. 0. 0. 1.
12 0. 0. 0. 0. 0. 4 4. 0 0. 0. 0. 0. 0. 0. 0. 2. 0. 12.
13 0. 0. 0. 0. 0. 0 0. 0 0. 0. 0. 0. 0. 0. 0. 1. 0. 3.
14 0. 0. 0. 0. 0. 0 0. 0 0. 0. 0. 0. 0. 0. 0. 0. 0. 2.
15 0. 0. 0. 0. 0. 0 0. 0 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
16 0. 0. 0. 0. 0. 0 0. 0 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
TOTA 4. 0. 0. 0. 0. 41 4 4. 3 0. 0. 0. 0. 0. 0. 0. 20. 0.l 114
L
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Tabl?24 Esti mated dNemwt  NwInr@esnstruction I mpacted by Etompmased ZCoee a
Building Type (MilTExpand®&gdaEeofremitzer Requirements

Cli mAparlAss gGr ocHospHoteOfinffiOffiOffiRes:tRetaRetaRetaRetaSChoSChO
e Zomentmbl yry tal |SmallLar gMediiMeddySmaljlur anLar gMi x € War gTot g

) StanStrill Pri|ll Secg
:—Hsgh m mL a Qi Eszt Us e Al ofdMal I|ry ndarouseNR

o

O IN|O|O || W|IN|F

=
o

=
=

[EnN
N

[EnN
w

H
N

=
(6}

OQ|O|O(FRP|IN|IOININ|FP|P[PIO|FRP|P|O|O

=
(ep]

=

~N.

©

i b b b b b i b b b b B B B B Bl s
i b b b b b i b b b B B B B B Bl
i b b b b b i b b b B B B B B Bl
bt bt bt bl bl b b B B B B B B B B
O|0O|0O|O|0O|0O|0O|O|O|O|O|O|O|O|OC|O|O0O
O|0O|0O|0O|0O|0O|O0O|O|O|O|lO|O|O|O|OC|O|O0O
i b b b b b b i b B B B B B B Bl
i b b b b b b i b b B B B B B Bl
i b b b b i i i b B B B B B B Bl
b b b b b b B B B B B B e s
it b b b b b b i b B B B B B B el
bbbt bl b b b b b B B B Bl s
i bbb B e B B B s
ahibb NN RN

~elelelelrlelelelelololo o o o)
bt bt bl b b b b b B B B B Bl
it b b b b b i b b b B B B B B el s

TOTA
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Tabl25 Esti mated EXxisting Nonresidenti aCodd oOhrasmpe Al epGZI edsbhy
Climate Zone and Buil di ng iTEyxppea n(dMidl |E coonn oSmi uzaerre RFeegeuti)r e ment s

CIirrAparAsseGrocHospHoteOfinfinff?OffiRestRetaRgtaRetaRetaSChoSChO
e Zomentmbl yry tal |SmallLar gMedi|MedilSmaljurnat |Lar gMi x € ; ) War gTot g
Hi gHh m mL a b Fast Us e StanStrIIPrllseCouseNR
i s e 00d Al onMal ljry ndar

1 0 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
2 0 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 06 0. 0. 1.
3 0 0. 0. 0. 2. 0. 0. 0. 0. 0. 0. 0. 0. 0. 2. 0. 0. 7.
4 0 0. 0. 0. 1. 0. 0. 0. 0. 0. 0. 0. 0. 0. 1. 0. 0. 3.
5 0 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
6 0 0. 0. 00 1. 0. 0. 0. 0. 1. 0. 0. 0. 0. 1. 0. 0. 5.
7 0. 0. 0. 0. 2. 0. 0. 0. 0. 0. 0. 0. 0. 0. 1. 0. 0. 4.
8 0. 0. 0. 0. 2. 0. 0. 0. 0. 1. 0. 0. 0. 0. 2. 0. 0. 7.
9 00 0. 0. 0. 4. ( 0. 0. 00 0. 2. 0. 1. 0. 07 3. 0. 0. 11.
10 00 0. 0. 0. 2. 0. 0. 00 0. 2. 0. 1. 0. 05 2. 0. 0. 84
11 00 0. 0. 0. 04 00 00 00 0. 02 0. 02 0. 01 06 00 0. 15
12 00 0. 0. 0. 2 0. 0 00 0. 1. 0. 09 0. 04 2. 0. 0. 7. ¢
13 00 0. 0. 0. 08 00 00 00 0. 05 0. 04 0. 02 1. 0 0. 33
14 00 0. 0. 0. 05 00 00 00 0. 04 0. 02 0. 01 06 00 0. 1.
15 0 0. 0. 0. 03 00 00 0 0. 02 0. 01 0. 01 04 00 0. 1.
16 0. 0. 0. 0. 01 00 00 0 0. 01 0. 01 0. 0 02 00 0. 06
TOTA 0. 0. 0. 0. 22 0. 0 0 0. 11 0. 7. 0. 3 21 0 0. 67
L
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Tabl26 Esti mated New NonresidentiRBitofossdrGade o@Gh & mpianca teed 2D 18Be
Building Type (MiIDOAS Square Feet)
Cli mAparlAss gGr OCHOSPHOteOfinff.iOff.iOffiREStREtaR.EtaRetaRetaSchoScho
e Zomentmbl yry tal |SmallLar gMedi|MedilSmallur anLar gMi x € ; ) War gTot g
Hi gHh m mL a b Fast Us e StanStrIIPrllsecouseNR
i s e 00d Al onMd | |ry ndar
1 N/ 0. N/ N/ 0. 0. 0. 0. 0. N/ 0. 0. 0. 0. 0. 0. N/ 01
2 N/ 0. N/ N/ 0. 01 01 0. 0. N/ 0. 0. 0. 0. 0. 0. N/ 04
3 N/ 0. N/ N/ 0. 03 04 0. 0. N/ 0. 01 0. 0. 0. 0. N/ 19
4 N/ 0. N/ N/ 0. 02 02 0. 0. N/ 0. 0. 0. 0. 0. 0. N/ 10
5 N/ 0. N/ N/ 0. 0. 0. 0. 0. N / 0. 0. 0. 0. 0. 0. N/ 02
6 N/ 0. N/ N/ 0. 02 02 0. 0. N / 0. 0. 0. 0. 0. 0. N/ 1.
7 N/ 0. N/ N/ 0. 01 01 0. 0. N / 0. 0. 0. 0. 0. 0. N/ 10
8 N/ 0. N/ N/ 0. 04 04 0. 0. N / 0. 01 0. 0. 0. 0. N/ 18
9 N/ 0. N/ N/ 0. 07 07 0. 0. N / 0. 01 0. 0. 0. 0. N/ 3.
10 N/ 0. N/ N/ 0. 01 01 0. 0. N/ A 0. 0 0. 0. 0. 0. N/ 15
11 N/ 0. N/ N/ 0. 0. 0. 0. 00 N/ 0. 0. 0. 0. 0. 0. N/ 0.
12 N/ 0. N/ N/ 0. 03 03 0. 02 N/ 0. 01 0. 0. 0. 0. N/ 19
13 N/ 0. N/ N/ 0. 0. 01 0. 0. N/ 0. 0. 0. 0. 0. 0. N/ 4 07
14 N/ 0. N/ N/ 0. 0. 0. 0. 0. N/ 0. 0. 0. 0. 0. 0. N/ 04
15 N/ 0. N/ N/ 0. 0. 0. 0. 0. N/ 0. 0. 0. 0. 0. 0. N/ 0.
16 N/ 0. N/ N/ 0. 0. 0. 0. 0. N / 0. 0. 0. 0. 0. 0. N/ 0.
[OTA 00| o.| o.] oo 1. 2. 2. o2 15| o.] 3. o4 o.| 02/ 1.| 1.] 0. 15.
2022 Titl &i2@ASEPaRd @ G2NVRHV ACR{2 42
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Tabl27 Estimated Existing Nonresidenti al FIl oorspa¢dl tmpatiedsby

Climate Zone and Building "TTMDORAS&SE (Mil |l ion Square Feet)
CIirrAparAsseGrocHos:pHoteOfinff.iOff.iOffiRes:tRetaR-etaRetaRetaSChGSChO
e Zomgntmblyry t al SmalLargMedlMed|SmaIuranLargM|xeStanStrilPrilSeCWareTot
Hi gHh m mL a b Fast Us e ous gl N
i s e 00d Al onMal Il|ry ndar
1 N/ 0. N/ N/ 0 0. 0 0. 0 N/ 0. 0. 0 0. 0. 0. N/ 0.
2 N/ 0. N/ N/ 0 0. 0 0. 0 N/ 0. 0. 0 0. 0. 0. N/ 03
3 N/ 0. N/ N/ 0 02 0 0. 0 N/ 0. 0. 0 0. 0. 0. N/ 12
4 N/ 0. N/ N/ 0 01 0 0. 0 N/ 0. 0. 0 0. 0. 0. N/ 06
5 N/ 0. N/ N/ 0 0. 0 0. 0 N/ 0. 0. 0 0. 0. 0. N/ 0.
6 N/ 0. N/ N/ 0 01 0 0. 0 N/ 0. 0. 0 0. 0. 0. N/ 09
7 N/ 0. N/ N/ 0 01 0 0. 0 N/ 0. 0. 0 0. 0. 01 N/ 07
8 N/ 0. N/ N/ 0 02 0 0. 0 N/ 0. 0. 0 0. 0. 0. N/ 12
9 N/ 0. N/ N/ 0 03 0 01 0 N/ 0. 01 0 0. 0. 0. N/ 2.
10 N/ 0. N/ N/ 0 01 0 0. 0 N/ 0. 0. 0 0. 0. 0. N/ 11
11 N/ 0. N/ N/ 0 0. 0 0. 0 N/ 0. 0. 0 0. 0. 0. N/ 0.
12 N/ 0. N/ N/ 0 01 0 0. 0 N/ 0. 0. 0 0. 0. 0. N/ 12
13 N/ 0. N/ N/ 0 0. 0 0. 0 N/ 0. 0. 0 0. 0. 0. N/ 05
14 N/ 0. N/ N/ 0 0. 0 0. 0 N/ 0. 0. 0 0. 0. 0. N/ 03
15 N/ 0. N/ N/ 0 0. 0 0. 0 N/ 0. 0. 0 0. 0. 0. N/ 0.
16 N/ 0. N/ N/ 0 0. 0 0. 0 N/ 0. 0. 0 0. 0. 0. N/ 0.
-LrOTA 00 0. 0 0 1. 1 1 03 0 0. 2. 03 0 01 1 1. 0 10.
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Tabl28 Esti mated New Nonresidenti al Construction | @Gpamatted Hogn®r a
Building Type (MilTExbhausStguAire Heat ) Recovery

Cl i ApaAssGro_HosHotOffOffOffOffResRetRef[Ret Sch

t e t meimbl|ey |ita/SmalelL aje Me|le MeleSmaur |l Laj|l Mi Ret|Sch Wa r

Zon |t Hi I ge |iumiumlal |l |nt Fle dUslStIStoIPOIShouTOt

Ri s ab stF d Al Mal [mar |2 e NR
od ne ary

1 N/ N/ N/ N/ N/ | O. (¢ N/ N/ N/ N/ | 0.1 N/ N/ N/ N/| 0. ¢ N/| O. %
2 N/ N/ N/ N/ N/ | 0. 4 N/ N/ N/ N/ N/ N/ N/ N/ N/ | 0.7 N/ | O. ¢
3 N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ | 0. (
4 N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ | 0. (
5 N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ | 0. (
6 N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ | 0. (
7 N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ | 0. (
8 N/ N/ N/ N/ N/ N/ N/ 4 N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ | 0. (
9 N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ | 0. (
10 N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ | 0. (
11 N/ N/ N/ N/ N/ | 0.7 0.7 N/ N/ N/ N/ N/ N/ 4 N/ N/ | 0.7 N/ | O. ¢
12 N/ N/ N/ N/ N/ | 1. ¢ N/ N/ N/ N/ N/ N/ N/ N/ N/ | 0. ¢ N/ | 2. ¢
13 N/ N/ N/ N/ N/ | 0. 7 N/ N/ N/ N/ N/ N/ N/ N/ N/| 0.4 N/| O. ]
14 N/ N/ N/ N/ N/ | O. N/ N/ N/ N/ N/ N/ N/ N/ N/ | O. N/ | O. ¢
15 N/ N/ N/ N/ N/ | O. 7 N/ N/ N/ N/ N/ N/ N/ N/ N/ | O. N/ | 0. %
16 N/ N/ N/ N/ N/ | O. ( N/ N/ N/ N/ N/ N/ N/ N/ N/ | 0. ¢ N/| O. 1

TOT 0. 0. 0. 0. 0. 3. 0. 0. 0. 0. 0. 0. 0. 0. 0. 2. 0. 6 .

L
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Tabl?29 Estimated Existing Nolnmpepasdtdedhtby | PrFd posesdp aCede Change i

Climate Zone and Buil di ng Ti1TEyxphea u(sMi |Aiiro nHeSaqgtu aReec oFveeerty)

Cl i ApaAssGro_HosHotOffOffOffOffResRetRef[Ret Sch

te |[tmembljeryl|lital|SmajelLajeMeleMeleSmaur|l La|l Mi Ret|Sch Wa r
Zon |t Hi I ge |iumiumlal |l |nt Fle dUslStIStoIPOIShouTOt

Ri s ab stF d Al Mal [mar |2 e NR
od ne ary
1 N/ N/ N/ N/ N/ | O. N/ N/ N/ N/ | O. 7 N/ N/ 4 N/ N/ | O. ¢ N/| O. 4
2 N/ N/ N/ N/ N/ | 1. (¢ N/ N/ N/ N/ N/ N/ N/ N/ N/ | O. % N/| 1.1
3 N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ | 0. (
4 N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ | 0. (
5 N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ | 0. (
6 N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ | 0. (
7 N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ | 0. (
8 N/ N/ N/ N/ N/ N/ NA| N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ | 0. (
9 N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ | 0. (
10 N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ N/ | 0. (
11 N/ N/ N/ N/ N/| 0.4 0. 9% N/ N/ N/ N/ N/ NA| N/ N/ | O. % N/ | 1. ¢
12 N/ N/ N/ N/ N/ | 4.4 N/ N/ N/ N/ N/ N/ N/ N/ N/ | 2.4 N/| 6.
13 N/ N/ N/ N/ N/ | O. N/ N/ N/ N/ N/ N/ N/ N/ N/ | 1.7 N/| 1.
14 N/ N/ N/ N/ N/ | O. N/ N/ N/ N/ N/ N/ N/ N/ N/ | O. % N/| 1.
15 N/ N/ N/ N/ N/ | 0. 5 N/ N/ N/ N/ N/ N/ N/ N/ N/ | O. N/ | O. ¢
16 N/ N/ N/ N/ N/ | 0.4 0.7 N/ N/ N/ N/ N/ N/ N/ N/ | O. N/ | O. ¢
TOT 0. 0. 0. 0. 0. 8. 0. 0. 0. 0. 0. 0. 0. 0. 0. 5. 0.| 1
L
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Tabl®0 Example of Redistribution2©@3®NeMi scell ane

Construction in Climate Zone 1
Buil ding 202 Di stri Redi stri Revi s
Forec Excl ud¢ of 202
(Mil|Miscellag Miscellz Forec
Square Categ Categ ( Mi |
[ A [ Bl (MillionSquare
Fee [E] = A
[ C] 4H DB
0.41%
Smal | Of 0.0 7 % 0.0 0.0
Large Of 0.1 219 0.0 0.1
Restaur a 0.0 3 % 0.0 0.0
Ret ai | 0.1 2009 0.0 0.1
Grocery 0.0 5 % 0.0 0.0
NoNn 0.0 1509 0.0 0.1
Refriger
War ehous
Refriger 0.0 1 % 0.0 0.0
War ehous
School s 0.0 9 % 0.0 0.0
Col l eges 0.0 5 % 0.0 0.0
Hospital 0.0 7 % 0.0 0.0
Hot el / Mo 0.0 8 % 0.0 0.0
Mi scedus 0.1 N/ 0.0 0.1
[ D]
TOTAL 0.6 100 0.1 0. 83
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Tabl®1l Percent

oFfl olompsépgatc&d i | di(MNe wlTyYCmenstruction)

Building Type Prototypdg Composi:t Percentage of I mpacted Area by
i j- Buil din
puthdrmepe Subtsh] peadbd Economi EAMS DOAS
Smal | Oof fice Oof fice N/ 0 % 0% 0 % 159
Large Offices N/ A N/ 100 0% 100 N/ )
Lar@fefice Of ficeM 5009 100 0 % 100 159
Large Office of fige 5009 100 0 % 100 0 %
Restaurant Restaur ant N/ 0 % 100 0 % 0 %
Ret ai l RETA N/ 0 % 159 759 1%
Ret ail Ret ail St ¢ 1009 0 % 0% 0 % 149
Ret ail Ret ai l 759 0% 0 % 100 149
Ret ail Retail S 5% 0 % 100 0 % (not incl ucd
Ret ail Ret ai |l Mi 109 0% 100 0% (not incluc
Grocery FOOL N/ A 0 % 0% 0 % 0 %
NoRefrigerated Wal NWHS | N/ A 0 % 0 % 0 % (not includ
Refrigdaatdduse RWHS I N/ A 0% 0% 0% (not incluc
School s SCHOO N/ 4009 609 4009 189
School School P 6009 0 % 100 0 % 189
School School Se¢d 4009 100 0 % 100 189
Col l ege COLLEC( 909 0 % 4509 139
Col |l ege Oof fice 5% 0% 0 % 0% 159
Coll ege Oof ficeM 159 100 0 % 100 159
Col l ege Of fi ceMec 2009 100 0% 0% (notl vuidred f
Col |l ege Publ i cAs 5% 0 % 0% 0 % (not incl uc
Col |l ege School Se¢d 3009 100 0% 100 189
Coll ege Apartment | 2509 100 0 % 0 % (not incluc
Hospital HOSF 0% 0 % 0% 0 %
Hot el / mot el Hot el § 0 % 0 % 0 % 17 %
a.Presents the assumed composition of the mai n2 @B2CAISE Mg ptoyrpe casstsaugroerdy thhye tshae

bui |l di

ng

subtypes.

2022
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b.When the buildingftyrud tiisplceo mspudsteyrdren,t tatgkee heowrer 8ui | di ng category was calcu
of each subtype.

c.Percent of exi stwiorug éf lad dreg ppalc a@ utr h a2t 2t laen dfairrdst ayear nt led f ect .
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Tabl&Percentmpafct edpddeooby Bui IAditreg 9Ty me s(

Building Type Prototyp{ Composi't Percentage of I mpacted Ar‘ea by
Buil ditngpeub Buil ding VAV Dead Expa EAH DOA|
Subt y*p Econom

SmaODffice Of f i ce 0 % 0 % 0 % 0 % 3 %
Large Offices N/ 4 5 % 0 % 5 % 5 % 2 %
Large Office Of ficeN 5 % 0 % 5 % 5 % 3 %
Large Office Of fice 5 % 0 % 5 % 5 % 0 %
Restaur ant Restaur ant 0 % 5 % 0 % 0 % 0 %
Ret ai l RETA 0 % 1% 4 % 0 % 0. 4
Ret ail Retail St 0 % 0 % 0 % 09 4 %
Retail Re ai |l | 0 % 0 % 5 % 0 % 4 %
Ret ail Retail S 0 % 5 % 0 % 09 (not incl uj
Ret ail Ret ai |l Mi 0 % 5 % 0 % 0 % (not incl uj
Grocery FOOI 0 % 0 % 0 % 0 % 0 %
NofRefrigerated NWH S 0 % 0 % 0 % 09 (not incl uj
Ref r itgeedr avar eh o RWH S 0 % 0 % 0 % 0 % 0 %
School s SCHOQ( 2 % 3 % 2 % 2 9% 6 %
School School P 0 % 5 % 0 % 0 % 6 %
School School Se| 5 % 0 % 5 % 5 % 6 %
Coll ege COLLE 5 % 0 % 2 % 5 % 4 %
Coll ege Of fi ce 0 % 0 % 0 % 0 % 3 %
Coll ege Oof ficeN 5 % 0 % 5 % 5 % 3 %
Col l ege Of fi ceMe| 5 % 0 % 0 % 5 % (not incl uj
Coll ege Publ icAg 0 % 0 % 0 % 0 % (not incl uj
Col l ege School Se | 5 % 0 % 5 % 5 % 6 %
College Apart ment 5 o 0 % 0 % 5 % (nbbcluded

Hospital HOS| 0 % 0 % 0 % 0 % 0 %
Hot edt/am Hot el | 0 % 0 % 0 % 0 % 6 %
a.Presents the assumed composition of the main BBCASE e ptoyrpe caastseugmerdy tbhye
building subtypes.

b.When the building type is ttlhemposedalolf meaddcempt @gsubory ptelse main buil ding
of each subtype.

2022
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c. Percent o@ff lexadrsdwanched tahlatter ed dur i n @ 2t taer dfairrdst ayear nt red f 2@t .

Tabl&3 PerckElnaomdlpmprcaect ed by PropobgdCMematieeZone

Cli mgPercent of Square Foot{Percent of Square Foo
Zone|( Ne@onstruction) (Alterations & Additi
VAV Expand VAV Expand

DeadbeEcgnom EAHRIDOAS DeadrbctEcgnom EAHRIDOAS

1 29 % 11% 31% 100% 1. 6% 0.6%| 1.69 5%
2 29 % 11% 16 % 100% 1. 6% 0.6%| 0.99 5%
3 33 % 10% 0 % 100% 1.8% 0.5%| 0.09 5%
4 33 % 10% 0 % 100% 1.8% 0.5%| 0.09 5%
5 31% 11% 0 % 100% 1. 7% 0.5%| 0.09 5%
6 32% 10% 0 % 100% 1. 6% 0.6%| 0.09 5%
7 27 % 11% 0 % 100% 1.5% 0.5%| 0.09 5%
8 33 % 10% 0 % 100% 1. 6% 0.6%| 0.09 5%
9 36 % 9 % 0 % 100% 1. 7% 0.5%| 0.09 5%
10 18 % 13 % 0 % 100% 1. 0% 0. 7%| 0.09 5%
11 19 % 12% 17 % 100% 1. 0% 0.6%| 0.99 5%
12 26 % 10% 14 % 100% 1. 4% 0.6%| 0.89 5%
13 17 % 14 % 10% 100% 0. 9% 0.% 0.69 5%
14 23 % 13 % 12% 100% 1.1% 0. 7%| 0.69 5%
15 14 % 12% 9 % 100% 0. 7% 0.6%| 0.49 5%
16 20 % 13 % 19% 100% 1. 0% 0. 7%| 0.99 5%
TOTAI 29 % 11% 4 % 100% 1.5% 0.6%| 0.29 5%
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AppendimbeBd&éectricity 1 n Wa
Met hodol ogy

The foll owingsmsepledaddl|EdrdEop otsoeddeh a nbgeec ause 1t i
the only measure with water savings.

The Statewide CASE Team assumed the foll owing
val wes8:48 kWh/ million gallons of watnmeirl Ifioorn i nd
gal Ifoorrs doouor waEtnebre dudseed.t el ci tnfddows e wlfadreri use i nc

el ectusedtfyor water exttrreecattinobempto t a b,V ewaqtuearei t vy
di stribution, wasaewawaetsit €athbmemdtddoend el ectri ci
out doaremw usealelmelugsgeess upstream of the cust ome]
i nclude wastewat avia sdtterlwdaatermme mtin. The embedded el
do not i-sctedenengy uses for wateers,itseuch as w
pumpiOngi emeer gy 1| mpact sf amr ei mctcloaindreelr gy savi ng
presen$edtSi.aBf this report.

These embedded electricity valuesfwer EPUEri ve
Rul emagk-L2 1.1 The CPWC metdudqguwanti fy the embedded
saviamgsoci ated wi tphr olgO W nmse stewatttissaiey i ngs, and th
findingsthepmotsdatugp research by the CPUC on e
wattehhr oug@houf(oGanliiaf orni a Public UtQalliitfioersniGo mm
Public Utilities CommhesCRPWC (LRPAUICY s i20 1wBdy | i mi
eval uateimmbge didneed eilne cwanickeidiooyt i ncl udeaéembadded
gas i n waeotrears btnflsi 3 eCASE Report does not includ
embedded natural gas savings ,aBeoghatkd &mbaéad
electricity values can be assumed to have the
gr-ddmanded electricity in general

ThepecCGAHUQ embedded el ectricity valuesnused ir
i Mmabl2®24 These values represent the average ene
whcih are based on the historiegalr dd epsl y f miwh of
t he el ectsrupcpltiye d-ll @b pmpdend edf)ri dihtty CPUC cal cul

the energy intensity of marginal supply but r
no-hOU energy intensity to esesmbmddedtetaektsial
water use in California.

2022 Titl &i 2BASP aRdp2 ®2NRHVACH|25 1



Tabl&&mbedded Electricity in Water by Califor
Resources Hydrologic Region (kWh Per Acre FooO

. Extraction, - Wastev?ater Outdoor Indoor (Al
Region Conl\_reyance. and Distribution Collection + (Upstream of Components)
reatment Treatment Customer)
NC 235 183 418 398 816
SF 375 318 418 693 1,111
cC 513 163 418 671 1,095
SC 1,774 163 418 1,937 2,355
SR 238 18 418 255 674
SJ 279 18 418 297 115
TL 381 18 418 399 817
NL 285 18 418 303 121
SL 837 163 418 1,000 1,418
CR 278 18 418 296 14

Hydrologic Region Abbreviations:
NC = North Coast, SF = San Francisco Bay, CC = Central Coast, SC = South Coast, SR = Sacramento River,
S] = San Joaguin River, TL = Tulare Lake, NL = North Lahontan, SL = South Lahontan, CR = Colorado River
Source: Navigant teant analysis

Sour(ce@alifornia Public Utilities Commission (CPUC) 2015

The Statewide CASE Team used CPUCO6s indoor an
estimates by hydrol ogaloé 3)%= ginadn p(oprud sae¢ n toend diart a
hydrol ogic regionsfBonmdJatbe WCe®dsuGemBuueau, Pop
Di vi si otnho 2d0all4qul at e t h e -wsetiagthetweidd ea vpeorpauglea tiinodno o
outdoor embedded electricity valsues t&lkeet wer e
135. The energy intendSiabhg 3Wwailceoems eprtede ftreodn kW
acre foot to kWh per million gallons to har mo
analysis. There &eet3p?7 million gallons.
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Talbd 3.5 St atewi de-WPopultadi dmer age Eimbietdydeidn EI e c
Wat er

Hydr ol ogi ¢c Regi on | ndoor OutdoorPercen
Water Water LCalifo
(kWh/ mi(kWh/ miPopul a

n gag)l «n gag)l ¢n

North Coast 2,504 1,22 2. 1%
San Francisco 3,410 2,127 18. 2%
Centr al Coast 3,360 2,078 3.8%
South Coast 7,227 5,944 44, 8%
Sacramento River 2,068 783 8. 1%
San Joaquin River 2,194 911 4. 7%
Tul are Lake 2,507 1,224 6. 3%
North Lahont an 2,213 930 0. 1%
South Lahontan 4,352 3,069 5. 5%
Col orado River 2,191 908 6. 5%
Statewi de PMep wlhateido! 4, 848 3,565

Average

Sour ¢ &Js :S. Census Bureau, Paomptud altii fomr rDii av i d panr t2relmt) o f
Resources 2016)
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Appendi En€i ronmekNMéetahodompagy

Greenhoudqde&H®@Ns ssions Factors

As directed by EnerGHG EGonmmmiedirgemtsn ummalaiemlg use
ot heever amies sfi mastsprec i fi ed di rBttah e sUrEintve r onment a
Protecti olhS.EB PEnciys s(i onsat& oGenReesource I ntegrat
(eGRf PDhe tWestern Electricity Coordination Court
subre@uUnited States Environment &lhiBr ethesatriecn /
consistency betwadnestatmatamdasf edempotential e
The el ectrisdiatcyg ok mufcrad mdt he e GRI Dnedatia itonx40.
CO2e @GWhNTh8ummary Table fr omsaeGraiveer2a@Ek6 eme s S i ¢
of 529.9 pounds CO2e/ MWh for the WECC CAMX su
t met rtoincs / GWh

Avoi ded GHG emi ssions fartdmirbauttarbd le ¢ as ssoaivwicreg
ut i-ddalye el ectrical cpolwleat geénes ahgceapieseilord

i Chapter WMU.&H.ofEPRANMsSs | ati on of Air Pol l-442)@ant En
(United States EnvironmenTh#WtSEPAbDeceBbONMAYgeBnc
GHG ponlttshaa are emitted during combustion of

natural gas are: LXeCaobiboyioddds poi0@8ONDEITr bdus

Oxi de) and 2CH3( Mtolugmmse od mi ssi opO vaaslsuwemefdo rt hNa t

NOurseare used in accordance with California
The carbon equi valeaethdiwevraech besal at et by multiply
gl obal warmi ng phaeGalhiaflosr (iGWPAi r uRedotinces hBo
20020 16HGemi ssi on ,i mhe rcthoray e colnGlea®WhRs$ hewit t h t
t hliet ergovePamelntadn Cl i matd TChatmihd assessment |
(AR h&6WPf ocbOan@GHar2z298nd5 r espedstiingelay .nomi nal v
of 1, OP&raBddtar d cubic foot of natural gas, the
factor for natural gmstcopeMBpbBeomsi s 5, 454. 4

GHCGEMmMI ssions Monetization Methodol ogy

The 2022 TDV energy cost cfoagfft fog st iusemes 9 a1 & rhael
include the monetary value of avoided GHG e mi

costs (not soci al costs). To demonstrate the
the Statewide CASE Team di saggrengatseaodntshérwal
otheonemic iIimpacts. The authors used the same

the TDVIifa0Rdr pteri cd@Ot2@n
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Water Use and Water Quality | mpacts Met
Of the four measures optlge&E&xmtaiursg IAn oY éHeyart e Rerct

meaumasi gniifmpants onFwat BINACsmeasures, water
obtained when reduci ng -ccoooolleidn gs ydsetneaomsd. flonrd ewa tt
Air Heat Recovery Measure, only the OfficelLar

modehlasd BBotgmi fi cant coohutigl ir z2€ d oW tda sDyuseh & ms .
t o ¢lhiemapeacci ficity of this measure, only eight
i mpacted.

The Statewide CASE TE@am wuti putze dit MeBEECew anli n e
redudtmaoner usage on tbe eaohi nmpaowed cl i mate
normali zed those savasngshdvenbiijpade f oot age

Tabl®9 I n oerxdeerndt @ hi s t o tsihsatveaMiudee wanrsp ancutlst,i p |
est i neatteetdeiwvmpdaect ed square footage.

Tocal cul ate the emhgddethen&8tgyewade CASE Tean
ASt atewi de-WPophtatdi adfelbdaljtead d@snt i ma tye stahve negnse r ¢
resulting from this water reduction.
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AppendCaxl IDf ornia Buil ding En
Compliance (CBECC) Software

| ntroducti on

The purpose of this appendix is tbommresgnt pr
with thtisgppocument atei &metrlgyg Commi ssi on staf:
support cwotimeéed otre approve and i mpl efnteent t he
software changes are organized by measur e

Appendi AWI1Deadband Airfl ow

Technical Shafssiwve fChrange

VAV deadlamfl ow control is a mature technol og
addresSedtd.onThe current Standlae dl &@2e03eé gnofkpec
percent of peak primary airflow or Tnheew desi gn
prescriptive criteria for VAV Red&bdbmndatesfthb
requirement to consider 20ampelrcpreici 6f egeak pwo
tohe demsmigmwmdoor a,i rabnud Wi naseother key vari a
smul ate the performance of these systems in er

Description of Software Change

Background Information for Software Change

This report tdlees cdamibeigmuumd door acakhe oiwmplagment e
in CBE&CE orAV demd bai.r f | ow

Existing CBECC-Com Modeling Capabilities

CBEGCom current hg BbdatarAdv Dleesaidgprand tahea f | ow t
| arger of 20 percent of peak primary raa.tref |l ow

Summary of Proposed Revisions to CBECC-Com

The proposedschaibgeSazxstnidetnudi ng primary buil di
types, climate zones, or systems that are pre
CBEGCComvalmdeed to be amgpdisfti ¢dhet &t aneéadd abelsi gn
airflbewetqat dale tdemsnmnigmwrmdoor a.irflow rate
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User I nputs-Com CBECC

No changes to user inputs are needed to suppo

Si mulation Engine I nputs

EnergyPlus/California Simulation Engine Inputs

Tabl2ummari zes EmermgelRepustntvari abl e and corre

variabl e nanrteom nl CBENCCG gy Rlaus abitle i s | ocated

BaseVAVBoXx oTbrj nHdUWond(fk e

Tabl®6 EnergyPlus I nput WaAM adbchardth Ried felvaw t
Target EnergyRiusecCimiassal =Singl eDuct: VAV

EnergyPlus Fi e CBEGCom user Uni tNot es
i nput/ speci fied
(i fplapcabl e)

Name Na me

Constant MinimMin. Primary FI Non
Fraction

I-  =========== ALL OBJECTS IN CLASS: AIRTERMINAL:SINGLEDUCT:VAV:REHEAT ===========

AirTerminal:SingleDuct:VAV:Reheat,

BaseVAVBox TrmlUnit, I'- Name

Always On, I'- Availability Schedule MName

BaseVAVBox TrmlUnit Damper Outlet, !- Damper Air Outlet Node Name
BaseAirSyst Zone Splitter Outlet Mode 1, !- Air Inlet Node Name
autosize, I- Maximum Air Flow Rate {m3/s}

Constant, - Zone Minimum Air Flow Input Method

8.2, I'- Constant Minimum Air Flow Fraction

. !- Fixed Minimum Air Flow Rate {m3/s}

3 I'- Minimum Air Flow Fraction Schedule Name
Coil:Heating:Water, !'- Reheat Coil Object Type

BaseVAVBox CoilHtg, I- Reheat Coil Name

autosize, I- Maximum Hot Water or Steam Flow Rate {m3/s}
8.0, !- Minimum Hot Water or Steam Flow Rate {m3/s}
BaseVAVBox TrmlUnit Outlet Node, !- Air Outlet Node Name

g.ee01, !'- Convergence Tolerance

Reverse, I'- Damper Heating Action

autosize, !- Maximum Flow per Zone Floor Area During Reheat {m3/s-m2}
8.5, I'- Maximum Flow Fraction During Reheat

35.8; !- Maximum Reheat Air Temperature {C}

Fi gur7e Ener goyoRldests e VAVBox Trml Uni t
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Simul ation Engine Output Variabl es

CBEGCCom generates hourliyorEnreegwlPtlust i @V afti | e
analysis. These hourly simulation ra shuditlsdicnag
energy model . Variimtbedreesstofi np atrhtiisc ucdaasre woul d i

1T Zone Air Ter minal VAV -HavmpCe rAerea[ddigt i on, hour
T Zone Air Ter minal Mi ni muaHVAA G ARvleorwa gFer afc]jt i o
T Zone Air Terminal Outdoor -AVACVAIvema gkl ow

[ M3/ s]
The existing algorithms for calculations, fiXx
propdbsmeasure. No changes are needed.
Compliance Report
No change neddsfboo bbemaompliance report for
Compliance Verification
The existing compliance reports are sufficien

are needed.

Testamdg Confir mi-Gogm CMBOEICed i ng

The existing testioncge sasn da rceo nsfuifrfmactiieonnt pfror t he
No changes are needed.

Description of Changes to ACM Reference Ma
This information i2s.6avail able in Section
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AppendZEx@®and Economi zer Requirements

Techni cal SBafstiwsarfeorChange

An -aide economizer is a matur e t eacdhdrroelsosgeyd iimn
Sectdi.olmhe current Stpeddarmi Degiegrhol dtof 54, 00
requiresiamre &@iconomizer for .ealthhe crmeow i pirge sad rri phtai
f oarisri d e e c oensotnai bzleirs he 8. rBend Bielcet itolthr € s loonl 54, 000
Btu/h t&t8BBh®Md outlines other key variables
performance of these systems in energy model i

Description of Software Change

Background Information for Software Change

This report tdldesoomeirb ecso ol ocwa g i orgpd eeanetnyt ed- i n CBE
Conmhoarmmi rsi de economizer

Existing CBECC-Com Modeling Capabilities

CBECCom current h$t anoddaerl &a H3ré slieg®e conomi zer with
tot al mechanical cool iungh cfaopra ceiatcyh ocvoeorl i514g, 0al O

Summary of Proposed Revisions to CBECC-Com

The proposed change i3si3debudi bgdmgnm8@mpesbonl d
space types, ,cbrmaysetemeeshat are predominant
CBECComvouheded to beamodisti ¢dhet &t anniddhe d Desi gn
economizer threshold to be 33,000 Btu/h

User I nputs-Com CBECC
Nochanges to user inputs are needed to support
Simul ation Engine I nputs

EnergyPlus/California Simulation Engine Inputs

Tabl23ummari zes tEMm@yrPdillepvuatntvari abl e and corre
variabl e nanrteom nl CBENCG gy Rlaus abitle Bask8gatved i
OACtwlbj &d tg a(J.e
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Tabl®7 EnergyPlus | nput VAW alkel € oRe®lmevzaenmt t o
Target Energye€onsr €l bes: Butdoor Ai r

EnergyPlus Fi e CBEGCom user Uni tNot es

i nput/ specified
(i f applicabl e)

Name Name

Economi zer Con Control Met hod Non

=========== ALL OBJECTS IN CLASS: CONTROLLER:OUTDOORAIR ===========

Controller:0utdoorfir,

BaseSys7 0ACtrl, - MName

BaseSys7 0ACtrl OA System Relief Node, !- Relief Air Outlet MNode NName
BaseAirSys7 Supply Side (Return Air) Inlet Node, !- Return Air MNode Mame
BaseSys7 OACtrl OA System Mixed Air Node, - Mixed Air MNode MName

BaseSys7 0ACtrl OA System OA Node, !- Actuator Node Name

autosize, I- Minimum Outdoor Air Flow Rate {m3/s}

autosize, I- Maximum Outdoor Air Flow Rate {m3/s}
DifferentialDryBulb, I- Economizer Control Type

ModulateFlow, !'- Economizer Control Action Type

3 !- Economizer Maximum Limit Dry-Bulb Temperature {C}
64000.8, !- Economizer Maximum Limit Enthalpy {J/kg}

» !- Economizer Maximum Limit Dewpoint Temperature {C}
s !- Electronic Enthalpy Limit Curwve Name

. !- Economizer Minimum Limit Dry-Bulb Temperature {C}
NolLockout, I- Lockout Type

FixedMinimum, - Minimum Limit Type

BaseSys7 0ACtrl Schedule,!- Minimum Outdoor Air Schedule Name
I~ Minimum Fraction of Outdoor Air Schedule Name

2

BaseSys7 0ACtrl Max 0A Schedule, !- Maximum Fraction of Outdoor Air Schedule Name
BaseSys7 0ACtrl Mech Vent Controller, !- Mechanical Ventilation Controller Name

s I- Time of Day Economizer Control Schedule Name

No, !'- High Humidity Control

» !'- Humidistat Control Zone Name

s !'- High Humidity Outdoor Air Flow Ratio

Yes, I'- Control High Indoor Humidity Based on Outdoor Humidity Ratio
BypassWhenOAFlowGreaterThanMinimum; - Heat Recovery Bypass Control Type

Fi gur8e Ener oy ldests e Sy s 7 -20ACt r |

Simul ation Engine Output Variabl es
CBEGCom generates hourly EnergyPlus simulat:.
analysi ouThgsesi mul ation results can be wused
energy model . Variimtbereess tofi np atrhtiisc ucaasre woul d
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T Air System Outdoor Air -HVACo MivzeeragX®t qtjus, h
T Air System OutdooruAiyasVRECoWNv ETragei ph,



T Air System Outdoor Air Mi-HVMALM AKNIeova gker act i

The existing algorithms for calculations, fiXx
proposed measure. No changes are needed.
Compliance Report

No cleaeg@gds to be made for the compliance repo
Compliance Verification

The existing compliance reports are sufficien

are needed.

Testing and ConfCGormmiMogd eGB Eh@C

The existingomnfist matgi amdprocess are sufficien:
No changes are needed.

Description of Changes to ACM Reference Ma
This information i3s.6avail able in Section
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Appendi x D3: Dedi cated OA%si de Air Syst

Technical Basis for Software Change
Currfenntct i onal FQoym idno eGBEXQG st for DOAS wunit an
cooling component configurations. Additional

currently dbDbrndfttedCASE ARdphaect t st of the i1 tems i :
conteawnodube further deFienaolpeGQASB T rRetphoert :

1 .Heat recovery default effectiveness values
2.Bypass control capabilities and defaults

3.HRV/ ERV supply @aonttemptoaa uchendsutl aendd rvaoarl uteo
based on outdoor air reset.

4 DXDOAS control defaults for the supply air
from the unit i1itself.

5.Space conditioning fan control defaults. Pr
the software md whrmrncyohe bhased on a design
confriagu on.

6 .Mul tiple speed zone fan controls for fan cc

Many ofenhhaenscecewmenti@d based on the control funct
Appendindolubed descri bed heFienaln Gpedrati Re i n t he

2022 Titl &i 2BASP aRd 2 ®2NRHV ACH|2 6 2



Appendd xlEust Air Heat Recovery

Techni cal SBafstiwsarfeorChange
Exhaust air (heeAHIRgr emadwearey t echnol ogy used to c

cooling energy by tempering incoming outside
The measure propo.sfdeod |idn aSledc tpireerscr i ptive requi
air handling systems meeting specific criteri

cost effective.

Description dwfangeftware C

Background Information for Software Change

Exhaust air heat recovery i€oml asadycompl emen
option for the proposed design. This proposal
handling systems to indlude EAHR where requir

Existing CBECC-Com Modeling Capabilities

CBECComl|l ready supports EAHR systems as a comp
design. model

Summary of Proposed Revisions to CBECC-Com

The proposedschaibgeS dxst ddaic | wdhranmgd | er cri teri a
climate zones where EAHR woul.d CBECGEOwWpuéslcri pt
need mmpl ement EAHR in Standard Desigthheair hanc
Tabl2&8ndabll&bBel ow (copi ed5f3oIn Section
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Tabl&8 PropRoesgeud rements for EAHR for Ventil ati
Less than 8000 Hours per Year
ASHRAE%Out dooat AFul | Design Airfl ow
Climaty109%020%030% 040 % 050% 060%0O70% O80 %
Zone \ang and |and |and |and |and |and
<20%|<30%|<40%|(<50%|<60%|<70%<80%
Design Supply Fan Airfl ow Rate, cfm
01 N R 615, (613, (610, (69, 0({07, 0(06, 5(04, 5
02 N R 620, {015, (012, (010, {O7,5(07, 0(06GBO
03, 5/NR N R N R N R N R N R N R N R
8
04 N R N R N R N R 618, |016, |O15, (014,
09 N R NR NR NR N R 620, (017, (015,
10 N R N R N R 622, (617, (015, (014, {013,
1116 N R 618, |015, (610, (08, 0({07, 0(05, 0(02, 0

Tabll889 Proposed

Requirements

for

EQYpHR aftoirngvent

Greater than or Equal to 8000 Hours per Year
Califo|% Outdoor Air at Full Design Airf]I
Climat 09020 %030%040%0O50%060%O70% O80 ¢
Zone and |and |and |and |and |and |and

<20 %/ <30%<40%<50%<60%|<70%<80%

Design SupplyR&taae, Acf inl ow
01 010, |02, 0[(02,0(02,0/02,0[(02,0(02,0/(02,0
02 010, |05, 0{03, 0({02, 0/02, 0(02,0(02,0(02, 0
03 N R ©13,|610, |08, 0(07, 0{06, 0/06, 0|06, O
04, 5 |NR 09, 0|06, 5/06, 0(/06, 0|06, 0/0O5, 0|05, O
06, 7 |NR N R NR N R N R NR N R N R
08 N R N R N R N R 620,|018, |015, |[012,
09 N R N R 015,012,010, |09, 0[08, 0|07, 0
10, 11/0640,|015,|07,5|06, 0{05, 0/040,0003, 0/03, 0
12 020, |05, 0{03, 0{02, 0|02, 0[02,0(02,0/02, 0
1316 010, |05, 0{03, 0{02, 0|02, 0(02,0(02, 0(02, 0
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User I nputs-Com CBECC
No changes to user inputs are needed to suppo

Simul ation Esgine I npu

EnergyPlus Inputs

The following bullets describe the changes to
the prescriptive rTeagodie®e menatr i zers EMeRgglPéwant
i nput variabl es neeidnedt hteo Sstiamud aartde DEeASHR) n .

1 Energy recovery is available only during p
i s not in operation (outside air temperatu

T Heating and cool ihmgisedaeredy eifn ati heeséhx Bar ansf
supply via fixed plate heat exchanger equi

T Energy recovery performance is assumed at
recovery ratio. This perfor mancier @mse rcto nfsdrs
ventilation sydttamDudrsd dRediiac Systems.

T The added static prbeasssoudr leat osmpeEmsé&mrgewmm or i
recovery device, otheo tbhaatediilnFaallreubd4d
Power Li Rrtestsiuomes Drop Adjustmenti wnthin Ti
140 AGHRASE and®ar.dd Sectiusmes6am. 2qgli val ent ta

2.2 1T WEner gy Rfefceoovteirye be s VWC, per airstrea
1)

(I & ands for inches of water col umn,

o EnergyPlus HDaee thbe ability to dynamicall
based on whether airstreams are bypassing
this smmadsadtmes a constant pressure drop
throughout the simulation based on this e

o There is an adjacent effort by the Statew
credits and penalties for fan systems. Th
would reduce the pressure drop adjust ment
Statewide CASE Team ha dl cowdr i pnrpd snemnd dr o
anal ysi s.
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Tabl40 Modifications Made to Standard Design
Object siParamei|Standa|Proposed Design Par ame
Modedi Names Design

Par ame

Val ue
AirLooplCompon(N/ A (a(Heat Exchanger: AirToAir
OQutdoos|Obj ect
tem: Equ
tList
AirLoop/Compon(N/ A (al(fEnergy Recovery Wheel

Obj ect
Heat Exc/|[New Ob|N/ A (a(fEnergy Recovery Wheel
r:AirTo
si bl eAn
Node&t Node N{N/ A (a(ER Supply Outl et Node
OQutdoor/|Outdoo|Outsi d(ER Suppl No@etl et
Xxer Stream|lnl et
Na me
Fan: Var|PressulVaries|Per TablBe2.1240t. WENner gy
ol ume Ri se mo d e | Effectiiebes ®WC, per ai
(Equali on
Si muileat Engine Output Variabl es
No change needs to be made for the compliance
Compliance Report
No change needs to be madfeorf otrhitheCASEIprhe aanCrec
Compliance Verification
The existing compliance reports are sufficien
are needed.
Testing and ContCGormmiMogd eGB EhW@C
The existhggabhdsconfirmati on porroocpeossse da rnee asswfrfe
No changes are needed.
Description of Changes to ACM Reference
This information i5s.6available in Section
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Appendimpac€Cemplfi ancenProces
Mar ket Actor s

Thiappemndisx utsswe st dieo mmenamrem | ancce pwhd acens i s
descr ideddti.ald .5¥4..515..61c duilmdpaa@atr i ous mamTlhét eactor
141 deindgtshfe macrtkoertswawhnpoday a role in complying w
change, the t aswkosubfdeswpwbnshbltédeytheir objecti
the tasks, how the proposed c odworckhfalnagmeed coul d
way negative i mpactsSheouhfdobmammi dTmdpddeikslanned I
summarkyefyefedback the St at ewi dwh eCnA SskEp eTeekaimn g etcoe |
mar ket actors about the compliancegeismplicatio
Appendcgiuxmnmiari zes the stakehol der engagement th
conducted wheanderveefliomiimg t he code change pr oy
information on the compliance process.

Bel ow i s af spmonaoyed changes to the current co
process as a result of the measures presented

T VAV Deadband Airflow requires different in
mechanical drawings rel aHewe vtehrifsh ec hdaenagdeb a n
wout dt within the curr emmoudcampll ieaardc &€ owamkf |
changes or. new tasks

T Expand Economi z e ulRagatnhdexmernti ng economi zer
compl ifamaonewnt & a small er capawbtufpdramgdeé.inT
the current c¢omplwoaunhcoe wWoerakdf I[toow samgdni fi cant
Howeyechanges to an existing exception may

T DOA®ouddprescriptive requyisrteemedhhiss foha DA S
wout dt wi t hi nomphle acnucrerweivibth kck | gwi fi cast modi
DOAS syshemswowbeed expanded to include more
ventil ati on.

T Exhaust Air Hweoaut eRjeuciorvee reyx:haust aisgs theat re
be installed under seecifhicwecwihdtn gwiotnhsi. n Htol
current compli awcehavtorlkdddwt angdi gni ficant
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Tabl41l Rol

es of

Ma thlelert o Acd ®d sCompl i ance

Process

Objecsg) vieff

Opportunities

Mar ket|Task(s) 1 n Cc¢ . How Proposed Coc¢ .

Compl eting Co Negative | mpa

Actor Process Could I mpact Wori .

Tasks Compliance Re

HVAC 1T VAWDWeadbiand |f VAWDWDeadb:andHas|T VAWDeadb:anAlowk readALL:

Desi gn Ensuring th identify the deadbaindf | ow cly Training to
vol ume of p airfl ow Wout make sure to u CBEGCom Mode
does not ex ut i sainee mechanical sch soft whmages.
requirement documentatio sequence of op|qg Need to unde

f Epyand Econo previous cod other related changes to t
Requirement|Yf Expand EconofY Expand Eeonomi f or:ms
Coordinate Requi r efa@styos Requiremeknacwl o NRC-MC HO2
supplier to I denctoinfpyl | an new capacity r o NRCMCHO 5
economi zer wo ull 8l ea nee economizers, m 5 NRCMCHOG
|nstallat|o docu.menasitllo |nd|'cate how n o NRC®ICHE
with contro previous wod mg in design.

: . T o NRC®RHE
fo FDD mi nor mod.i filf DOAE.nsusrpeeci fi
7T DOAS: N/ A T DOAEnsur e DOASystsmeet s t
f EAHR N/ A ventil ati on newriteria.
are met 1T EAHMENS 1 s ymsdeetl
T EAHMENSsur e hé new r eduiWoeunhedn
recovery req need to cwiotrhdi
armeand opti controls team
heat recover bypass control
cooling and
capacity reqg
reduce costs
2022 Titl &i 2@BASP aRd R ®2NRHV ACH|2 6 8




Objecsgs) vietf

Opportunities

Mar ket|Task(s) 1 n Cc¢ . How Proposed Coc¢ .
Compl eting Co Negative | mpa
Actor Process Could I mpact Wor .
Tasks Compliance Re
HVAC T VADeadbMad Y VAV DeadbandY VAV DeadMearmdani|fT VAV De a ddlaenad
Contr o mi ni mum air and _easily d schedwd emseded t ¢ define_d airf
c . pl ans requirements changed mechanical s
on f Expand Econ design docunq ExpédnEconomi ze DOAS Changes
RequireBbmesanu | Expand Econo Requirekead st o scope from p
Ec onontiozretrr ¢ Requi remenyts aware of prejtes are cl
are i mpl eme and easily df DOAEnsuring he outlined to
T DOASN/ A requirements recovery bypas subcontracto
f EAHR:/ A scope configured. En EAHR: Bypass
T DOAN/ A supply air con controls or
9 EAHR:/ A mi ni mum criter wheel contro
|l ess with acti clearly out|
1 EAHR: Ensure e cotnrol s subc
bypass @ortr ol
i ncorpprapedl| vy
Accept T VAV Deadban|f VAV Deadbandf Expand Economi|ALL:
Test 1T Expand Econ|f Expand Econo Requirements: |1 ATT Training
Techni Requirement Requirements AT Tests, noti changes to N
Econontioznetrr ( compl ete con €economi zreemaretqy document s
( MCH) 1 DOAS: N/ A document s 1 DOAS: Perform
9 EAHR: N/ A 9 DOAS: Qui ckl Test, noting n
compliance d requil rements
1 EAHR: N/ A 1 EAHR: Perform
Tests, noting

requirements f

Recovery

2022
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Objecsgs) vietf Opportunities

Mar ket|Task(s) 1 n Cc¢ . How Proposed Coc¢ .
Compl eting Co Negative | mpa
Actor Process Could I mpact Wor .
Tasks Compliance Re
Pl ans |ALL: ALL: T VAV De ad\Vbeaendds: t{ALL:
Examin T ldentify ref Quickly and revi_ew VAV Box|f Caonpl i ance dc¢
requirement determine re confirm | ower coul dvaut by
¢ Confirm dat based on sco found for i mpl compliant wi
documents 97 Quickly and |1 Expand Economi standar ds.
compl i ant determine if Regemenieeds t | Record compl
T Confirm pla document s me review Mechani documents in
specificati requirements t o confirm pr e easily compa
data on docl|Y Quicakndy easi economi zer pl ans.
f Provide cor determine if|T DOAS: Neredwsi @w
comments if mat ch docume Me c h arSicchaeldul e

f Quickly and confDOAE syster

provide corr criteria
comamt s wolhad Y EAHR:eedg etvo ew

resolve issu Mechani cal Sch
confcierm i fi ed K
devi ce nealail d

[
fan systems. N
controls capab
bypass damper
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Mar ket|Task(s) 1In C(Objec:t)ylem How Proposed CO(Oppor.tunltles
Compl eting Co Negative | mpa
Actor Process Could I mpact Wor .
Tasks Compliance Re
Cx Age VAV Deadban|ALL: VAV De adWMoaunindg:e ¢ ALL:
Aiow:!l Verif]T Quickly and to be aware of|T Attending tI
operation validate req deadbarnfd oaw code change:
Expand Econ|f Quickly and Expand Economi|q Work with pi
Requirement determine ifl RequireWewheed Cx orgs to
Ec ononGoznetrr ¢ document s me verify operat.i sheets on c
and FDD reui rements economi zers on changes
DOAS: Verif|qf Quickly and DOASouheéeded to
ventil ation determine |if proper SATomand
requirement mat ch docume DOAS and VWwWAHRI:
EAHR: N/ A ! Quickly and need to verify
provide corr proper control
comments tha damper or reco
res oilsvseu e controls into K
9 Quickly and testing and Fa
observe veri| and Diagnostic
control s
Energy N/ A N/ A N/ A ALL:
Commi s T Need to i nco/q
chang €8 ECE
Com Model i ng{
T Need to coni/
CBEGCComofst wa
traiupdiagt e s .
T Create sel e/
for compl i ail
T Need to coni
i ndustry tri
T Needmdloe chgeg

t © hreel evant

2022
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Objecsgs) vietf

Opportunities

Mar ket|Task(s) 1 n Cc¢ . How Proposed Coc¢ .
Compl eting Co Negative | mpa
Actor Process Could I mpact Wor .
Tasks Compliance Re
MF r T VAV Deadban|Yy VAV DeadbandY VAV DeadbanderAlY VAV Deadband
E . Airflow: Sp Provide easi that eqwo pimeeitt modi fy sales
gui pm ) oo .
eqgumepnt oper specificatio new | owealre afdlb@aw |§ Expand Econo
reps/ ranges equi pment requi t emen Requirements
vendor T Expalbadonomi |]f Expand Ezeornof Expand Economi and train sa
Requireme&rrt Requirefreatis Requirement s: representat.i
t hat HVAC u easi éppeci fi equi pment can product sele
mini mum r eq sheets on .eq with an econom sof tware wit
1T DOAS: Speci|Yf DOAS: I ndust capacity units threshol drec
equi pment p requirements/f DOAS: Need to criteria
ventil ation equi pment se reqguirements t|Y DOAS: Create
requirement|q EAHRProvi de ¢ product s, mar k gui de for co
9 EAHR/ A reascpecificatt and product ssp equi pment
on equi pment|YYf EAHR: Ensure t|f EAHR: l ncorp
wodbe able to mar keting | i
EAHR requireme Notify distr
sales reps i

zonesitmp a dty/(

measur e. Tr a
staff on how
EAHR to redu

capacity.

2022
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Append3SumniFar y

Coll aborat:i
critical
to worKk

proposed
this Final

eedback on
ncluding: cost effe
nf orcement challeng
me stakehol ders al
alyses.

i's appendi X
nducted when

ng with s
aspect of t

with interes
code change

CASE Repo

f draft an
[

e

So

an

Th
co

summar
devel

Ut St ak

Ut

| Spownwsor ed
i-4dparysor ed
St atewi de CASE Teamb
change proposals tha
The goal of
enough to ensure the
few outstanding i ssu
CASE Team is conside
St atewide CASE Team

st aitkreghso | pdrea v intee

St akehol

takehol ders that might be
he Statewide CASE Teamoé6s
ted Baueseassocidéeptdi Wyt a
S so that the proposals p
rt are generally supporte
alyses dmdeleltp adeompti foyn
ctiveness; mar ket barrier
es; or potenti al i mpact s
SO provide dat a ptphoartt t he

of der

t he
and

i zes
oping

stakehol der enga
refining the re

Me et |

an opportunity to
in the advocacy ef
Statewide CASE Team

ehol der ngs

s rol e
t t he

stakeholcden npeaet iomgpriopotsal solf r om

proposals and the suppor
es as possible. To provid
rip@l fsgr duodegcharege preet
asks for feedback on:

Proposed code changes

Draft code | anguage

Draft assumptions and results for analyses

Data to support assumptions

Compliance and enforcement, and

Technical faeaas imairkiety
Tk Statewi de CAStEh rFetemwemod ded HWALt iICogd afod rs
webinar. Please see below for dates and | inks
Title24Stakehol ders. com. Materials from each
proposal ssumnarngodgel aand meeting notes, are
bi bliography section of this report.
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Meet

ng Name Meeting CEvent Page fro
Title24stakeho

First Momumasi denTuesdeey,olhttps:/ /[ title?
HVAC Part 1: Boil5 2019 m/ event / norAraees
Center Efficienc ut irdpanys-et all e h
Out side AiandyWsA meeting/

Mi ni mum WAtiirlfil toyw
Sponsored Staket

First Momumaesi denTuesday, httplseZ24dtidkeh

HVAC and Envel ofNovember m/ event/ noprhrveast
Distribution, Ai2019 abdri striclmumt-ir @ ¢
Room Cont Reldsic e redu-cefli |-uttigltii

I nf il tr aStpioonns oUtei sponssetaklehol d
Stakehol der Meet meeting/

Second Romwmeési d Tuesdigy,i lhttps://title?2
HVAC and Envelo0o;2020 m/ event/ norrveast
Reduced I nfiltreé an-dnyve lpaiPa e d u-c

Cont Uol-Sparysor ed I nfil-ihwaad n o-aio

St a k e hMd eteirn g e f f i edioeansc/y

The first Frsopuonnds sarfa Kuethiollidteyr meeti ngs occurred
November 2019 and were important for providin

stakehol der v atck @fnf enme afsaugdes being pursued by

Team. The objectiveakefhotl derf imesett i ngsndveafe g to
the scope of the 2022 code cycle proposals; r
approaches, asmsmempodohsgi asdf or the- energy im
effectiveness anal yses;clmidcalndaendtmaardk eotot ear
Statewide CASE Team also presented initial dr
revi ew.

The second r-epoarsed utakehogl der meetings occul
Apr il 2020 and provi dec du pxdatee & hdaentgeeisl.s Tchre psre
of meetings introduced -ebhfbgtresness, odandneng
analyses, and sofFretined fleafibackden!| anguage.

Uti-dparysored stakehol der meet i negasc hwesrtea koepheon dtec
meeting, two promotional emails were distribu
One email was sent to thetesrtrivre t Dittalle n24 oStea
individual s, and a second emailalwaonsdrhte tla s&
depending on their subscription preferences.

i's amnopervice and i nntlaudweisd e nvdairviiedtuya losf firnod u s
including manufacturer s, aednvto,c aacnyd gbruoiulpdsi,n gl oacn
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https://title24stakeholders.com/event/nonresidential-hvac-utility-sponsored-stakeholder-meeting/
https://title24stakeholders.com/event/nonresidential-hvac-utility-sponsored-stakeholder-meeting/
https://title24stakeholders.com/event/nonresidential-hvac-utility-sponsored-stakeholder-meeting/
https://title24stakeholders.com/event/nonresidential-hvac-utility-sponsored-stakeholder-meeting/
https://title24stakeholders.com/event/nonresidential-hvac-air-distribution-controls-reduced-infiltration-utility-sponsored-stakeholder-meeting/
https://title24stakeholders.com/event/nonresidential-hvac-air-distribution-controls-reduced-infiltration-utility-sponsored-stakeholder-meeting/
https://title24stakeholders.com/event/nonresidential-hvac-air-distribution-controls-reduced-infiltration-utility-sponsored-stakeholder-meeting/
https://title24stakeholders.com/event/nonresidential-hvac-air-distribution-controls-reduced-infiltration-utility-sponsored-stakeholder-meeting/
https://title24stakeholders.com/event/nonresidential-hvac-air-distribution-controls-reduced-infiltration-utility-sponsored-stakeholder-meeting/
https://title24stakeholders.com/event/nonresidential-hvac-air-distribution-controls-reduced-infiltration-utility-sponsored-stakeholder-meeting/
https://title24stakeholders.com/event/nonresidential-hvac-and-envelope-part-2-reduced-infiltration-hvac-controls-air-efficiency-doas/
https://title24stakeholders.com/event/nonresidential-hvac-and-envelope-part-2-reduced-infiltration-hvac-controls-air-efficiency-doas/
https://title24stakeholders.com/event/nonresidential-hvac-and-envelope-part-2-reduced-infiltration-hvac-controls-air-efficiency-doas/
https://title24stakeholders.com/event/nonresidential-hvac-and-envelope-part-2-reduced-infiltration-hvac-controls-air-efficiency-doas/
https://title24stakeholders.com/event/nonresidential-hvac-and-envelope-part-2-reduced-infiltration-hvac-controls-air-efficiency-doas/

professional s. Each meeting was posted on the
(and prometed on the Energy Commi ssion Linked

meeting to reach out t o i ndanvdi dcuhaalnsn eal nsd ol uatrsgi ed
|l i stserv. The Statewide CASE Team conducted e
stakehsl ddentified in initial work plans who
Exported webinar meeting data captduoveld abdbmmad
and recorded outcomes of I|ive attendee poll s

support

Statewide CASE Team Communi cati ons

The Statewide CASE Team hel d pejrpshoonnaela nado mrabn i
based comfigmemauwse st akehol ders wheS8otevef opi ng
the stakeholtdderdateen g age@ds bredtowan tehxihsauvist i ve |
keyhol ders engaged

Ai-tGondi ti oni ng, Heating, and Refrigeration
New Buildings Institute (NBI)

TRANE

Aaon

Johnson Control s
Dai kin

Carrier
GreenHeck

NRDC

Mi t subi shi
Samsung

Emer son

EBTr on

= =/ =2 A2 4 A4 -4 -4 -5 -4 -4 A5 A -

MorriPsomuct s

’Title 24 Stakeholdersd Linkedln page can be-2#8ound her
st akehasl/d
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AppendbDQA®er Building Ener gy
Compl ete Resul ts

This appendihxe ienncelrugdyessavi ngs results of the M
buil di nug acdcamfnisg aposende code enhancement DOAS f
buil ding types:

Small OffiOfef,i Me di Rmi mary School, Secondary St
Stand Al one.

The results arfei yeercgdminzsed ni:nthd s appendi x

1.Fi fYetar Enémgacts Per Square Foot

2.Nomi mBV Energy Cost -Baal nger iOw airPoeflr 5 ARqaul ayrs i s
Foot

3.2023 PV TDV Energy C¥sesar SBeringdi P@reAnabysi s
Square Foot

4 . 15 ear -£€fofsecti veness SummdmNgwP €0 niSajmarceé¢ Foo

Ot her appendices include adDdOAS otnoala erneefregrye necge
prototypes with airside economi zers.

Of fice Small

TabléZFi rYsetar Energy | mpacts Per Square Foot, (
Cli ma Elec_:tl Peak EI e Natur_a TD\_/ En
Zone Sain Demand Red:] Savir Savings

( k wrey ( kW) (t her?n k Bt d)/
1 12 4. 0.0 (00 0)¢ 29.
2 160 0.0 (00 0)6 39.
3 166 0.0 (00 0)5 4 3.
4 167 0.0 (00 0)4 420
5 156 0.0 (00 0)5 41 .
6 181 0.0 (00 0)2 48.
7 181 0.0 (00 0)2 49.
8 177 0.0 (00 0)3 46 .
9 179 0.0 (00 0)3 44 .
10 177 0.0 (00 0)3 44 (
11 165 0.0 (00 0)6 41 .
12 161 0.0 (00 0)5 39.
13 160 0.0 (00 0)5 37.
14 175 0.0 (00 0)5 42 .
15 177 0.0 (0. 0)C 47 .
16 181 0.0 (00 1)C 4 3.
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Of ficec8B8mal hued

Tablé&Nominal TDV Energy Co¥darSaRe miged Oufer AmMabl
Per SquaiNewWootstryctOifdmce Small

Cl i ma 15 Ye_ar15 Year TD Tot al 15
7 o@ E.Iectrllc Gas Cos.t Energy C.ost
Savi n\gosmi (r$9 (Nomi $3 (Nomi 1$3

1 $4 5. (4.2 $4 0.
2 $5 6 . ($42 $5 4 .
3 $6 3 . (3. 8 $6 0 .
4 $6 0 . (%42 $5 9.
5 $6 0 . (3. B $5 7.
6 $6 9 . (. ¥ $6 7 .
7 $6 9 . $000 $6 9 .
8 $6 4 . $000 $6 4 .
9 $6 3 . ($%. ¥ $6 2 .
10 $6 3 . ($%. ¥ $6 2 .
11 $5 9 . ( $42 $5 7 .
12 $5 7. (3. 8 $5 4 .
13 $5 4 . (3. 8 $5 2.
14 $6 2 4 (3. 8 $5 9.
15 $6 6 . $00 0 $6 6 .
16 $6 4 . (4.2 $6 0 .
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Tablé¢4 202BDWVEner gy Cost SYaevairn gPse rQvoedr iolf5 Anal
Per SquaiNewWootstryctOifdmce Small

Cli ma 15.Ye.ar15 Year TD Tot al 15
Zone E_IeC|ttry| C! Gas Cost Energy Cost
Savi n2g0s2P3y$ ) (2 0 2P3V$ ) (2 0 2P3V$ )
1 $ 8.5 ($DY $ 5.8
2 $3 . E ($®9 $3 . 4
3 $4 . C ($D8 $3 . €
4 $3 . & ($®9 $3 . 7
5 $ B.3 ($DY $3 . €
6 $4 . ¢ ($mY $4 . 2
7 $4 . < $000 $4 . ¢
8 $4 . C $00 0 $4 . C
9 $4 . C ($®9 $3 . €
10 $4 . C ($®9 $3 . €
11 $3 . 7 ($mY $3 . €
12 $3. € ($DY $3 . 4
13 $3 . <4 ($DY $3 . 2
14 $3. € ($D9 $3 . 7
15 $4 .1 $00 0O $4 . 1
16 $4. 0 ($DJ $3 . €
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TabléS 5ear -€bsectiveness SummariWNeRver Square F
Constru®Ofifdsmall

_ Benefits Costs _
Climate | 2023 I_3V$ Energy Cost Total Incremental PV Ber!eflt-to-Cost
Zone Savings + Other PV Ratio
Savings per ft2 Costs

1 $ 5.8 $ (8.8 2. ¢
2 $3 . 4 $ (8.8 396
3 $3 . € $ (8.8 437
4 $3 . 7 $ (8.8 4 . 2
5 $3 . € $ (8.8 4 . 1
6 $4 . 2 $ (8.8 48 8
7 $4 . ¢ $ (8.8 49 8
8 $4 . C $ (8.8 4 . €
9 $3. ¢ $ (8.8 4 . 4
10 $3. ¢ $ (8.8 4 . 4
11 $3 . € $ (8.8 4 .1
12 $3. 4 $ (8.8 396
13 $3 . 2 $ (8.8 3. 1
14 $3 . 7 $ 8.8 4 . 2
15 $4 . 1 $ (8.8 4 . 7
16 $3. & $ (8.8 437
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Of f Medi um

Tablé6Gi rYsetar Energy | mpacts O©Okfi Squieei Fmot

El ectr Peak El ec/ Natur al TDV Eneil
Savgs Demand Saving Savin
(kwry f Reductionrps (ther?ns kBt d
0.0 000
000

Cl i me
Zone

1

t

N—r

NN N NN NN NN N NN NN NN
© oo oo ulolol A oA RN

00\1\1\103\1\1\1\1\1\18\107@@\@
WO WO OWARMNNW T FPOOON-—-®

2
3
4
5
6
7
8
9
1
1
1
1
1
1
1

OO 00000000000 0o
OO 000000000000 o

o 01 WN KL O
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Tabl4¢7NomiThaM Ener gy

Cost

SYaevai rn gPse rQvoedr 101f5

Tot adYedah

Energy SG@os tr

Per SquaifrMewWoOGonst,r u@ftfiiocne Medi
Ccl i 15 ear TD_V_ E 18%ear TDV
Zone ost Savi ngs Gas Cos;
$) ( Nomi n
1 $8 7. 42 $ 0.0
2 $95. 88 $ 00.0
3 $97. 29 $ 0.0
4 $100. 11 $ 0.0
5 $95. 88 $ 00.0
6 $102. 93 $00 0
7 $101.52 $000
8 $101.52 $00 0
9 $104. 34 $ 00.0
10 $104. 34 $ 00.0
11 $102. 93 $ 0.0
12 $97. 29 $ 00.0
13 $98. 70 $ 0.0
14 $109. 98 $ 00.0
15 $111. 39 $ 0.0
16 $117.03 $ 00.0
Tabl4®0213DV Energy Cost

Sqguarei Rewt Const,r u@ftfiiocne

15 Year
El ectric
Savi n2g0s2$3)
$5.

Cli

Zone

1

2
3
4
5
6
7
8
9
1
1
1
1
1
1
1

oOUAWNEFO

(o3}

&R F B FH PR ER R B R R R B R
N~ oo

DO OO OO O OO

( Nomi n

8
o -

pqb 4N TN FIN TN NN
= N == X=N= =T o)
NIB AR RN

LeZAR - akess
R R e
~N R~ ©-

Anal y

SYaevairn gPse rQvoedr TAf&rAnal y s

Me d i

15 YeamlNaTD

Gas

2022

Cost

,\
N
o
N
OO@

(ollelleole]e) o

8°88888222228°288

&P BB PR B R P B R PR R BB P
o

um

Tot al
Ener gy

15
Cost
(2 02%)

6B B B AR h P PP PP PR PR
~N N O OO OO OO OO OO O Ul
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Tabl4&dsYar

Cefsftecti veness

Constru®©ffoeceMedi um

Summa riyNeRve r Squar e

Benefits 2023
PV $ Ener Costs Total ,
Climate Zone Cost$Savin§sy+ Incremental PV g:{}gf't'to’COSt
Other PV Costs
Savings per ft2

$5. ¢ $ 08.8 6. 3
2 $6 . C $ 08.8 6. ¢
3 $6 . 1 $ 8.8 7. C
4 $6 . G $ 8.8 7. 2
5 $6 . C $ (8.8 6. ¢
6 $6 . E $ 08.8 7. ¢
! $6 . ¢ $ 08.8 7.3
8 $6 . 4 $ (8.8 7.3
9 $6 . & $ 08.8 7. &
10 $6 . ¢ $ 08.8 7. ¢
11 $6 . ¢ $ 08.8 7. 4
12 $6 . 1 $ 08.8 7. C
13 $6 . 2 $ 08.8 7.1
14 $6 . ¢ $ 8.8 7. ¢
15 $7 . C $ 8.8 8. C
16 $7 . ¢ $ (8.8 8. ¢
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Tabl®202T3DV Ener gy Cost SYaevairn gPse rQvoedr i®fdbrAnal y s
Squarei Newt Const,OfitiLiae g e

Cl i ma: 15 Ye.ar 15 YeaNaTD Tot al 15
Zone EIe_ctrlc Gas Cost Energy Cost
Savi n2g0s2$3 (2 0 2%$3) (2 0 2%$3)

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

-Efofsetct i veness

Construditfifadnae g e

Summar yNdéwr

Square

Benefits Costs
2023 PV $ .
Climate Zone Egergy Cost Total Incremental Benegt-t_o-Cost
avings + PV Costs atio
Other PV
Savings per ft2

3 $6 . 1 $0. 7. C
4 $6. $0. 7. ¢
> $6. $0. 7.3
6 $6. $0. 7. 4
! $6. $0. 7. ¢
8 $6. $0. 7.4
9 $6. $0. 7.6
10 $6. $0. 7. ¢
11 $6. $0. 7.8
12 $6. $0. 7.2
13 $6. $0. 7. ¢
14 $7. $ 8.8 8. C

2022
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Ret ai | Stand Al one

Tabl®&4&i rYsetar Energy I mpacts RetaShQu8tren&oAl one

Cli ma Elec.tl Peak EI e Natur.a TD\( En
Zone SavirDemand Red:] Savir Savings
( k wry ( k WA (t her?n k Bt d)/

1 114 0.0 0.0 29.

2 117 0.0 0.0 26 .

3 138 0.0 0.0 35 (

4 119 0.0 0.0 25.

5 132 0.0 0.0 36.

6 131 0.0 0.0 32.

7 135 0.0 0.0 36.

8 111 0.0 0.0 2 4.

9 116 0.0 0.0 25.

10 104 0.0 0.0 22.

11 100 0.0 0.0 2 3.

12 103 0.0 0.0 21.

13 0. ¢ 0.0 0.0 17.

14 108 0.0 0.0 2 4.

15 0. ¢ 0.0 0.0 19.

16 124 0.0 0.0 32

Tabl®Nomi nal TDV Energy Co¥darSaRe miged Owvfer Amnadl
Per SquaifrlMewoOGdnst,r uRettiaoinl Stand Al one

15 Year 15 Year TD Tot &1 Yk ar

Czlolnmea El ectric Gas Cost Energy Cost
Savings (N ( Nomi n ( Nomi n

1 $4 0 $0 . C $4 0.
2 $3 6 . $0 . C $3 6 .
3 $4 9. $0 . C $4 9.
4 $3 5 $0 . C $3 5.
5 $5 0 $0 . C $5 0 .
6 $4 5. $0. $4 5.
7 $5 0 . $0. $5 0 .
8 $3 3. $0 . C $3 3.
9 $35. 2 $0 . C $3 5.
10 $3 1. $0 . C $3 1.
11 $3 2. $0 . C $3 2.
12 $2 9. $0. $2 9.
13 $2 3. $0 . C $2 3.
14 $3 3. $0 . C $3 3.
15 $2 6 . $0. $2 6 .
16 $4 5. $0 . C $4 5.

2022 Titl &i 2BASEP aRd 2 ®2NRHV ACH|2 8 6



Tabl®6 20DY Egeg Cost SaviYreasyr @Pweari oldsidPferAnal y s
Sqguarei Rewt Const,r uRettiaoinl Stand Al one

15 Year 15 Year TD Tot al 15

Czlolnmea El ectric Gas Cost Energy Cost
Savi n2g0s2$3] (2 0 2%$3) (202
1 $2 . F $0 . C $2 . E
2 $2 . & $0 . C $2 . &
3 $3 . 1 $0 . C $3. 1
4 $2 . 2 $0 . C $2 . 2
5 $3 . 2 $0 . C $3. 2
6 $2 . & $0. $2 . €
7 $ R.0 $0. $ R.0
8 $2 . 1 $0 . C $2 .1
9 $2 . = $0 . C $2 . 2
10 $1. € $0 . C $1. ¢
11 $2 . C $0. O $2 . C
12 $1. & $0. $1 . &
13 $1. & $0 . C $1. E
14 $2 . 1 $0 . C $2 . 1
15 $1. € $0. $1. €
16 $2 . & $0 . C $2 . &

2022 Titl &i 2BASP aRd 2 ®2NRHV ACH|28 7



Tabl®7W5%ear -€bsectiveness SummariWNeRver Square F
ConstrukRketan!| StoaredA

Benefits Costs
2023 PV $ _
Climate Zone Egergy Cost Total Incremental Benegt—t_o—Cost
avings + PV Costs atio
Other PV
Savings per ft2

1 $2 . & $ (8.8 2 . C
2 $2 . G $ (8.8 2 €
5 $3 . 2 $ 8.8 3. €
6 $2 . ¢ $ 8.8 3. 7
3 $2 . 1 $ 8.8 2/
9 $2 . 2 $ 8.8 2  E
10 $1. ¢ $ (8.8 2 7
11 $2 . C $ 8.8 5 =
12 $1 . € $ 8.8 2 1
13 $1 . E $ (8.8 1 7
15 $1 . € $ (8.8 1. ¢
16 $2 . € $ (8.8 3. 7

2022 Titl &i 2BASEP aRd 2 ®2NRHV ACH|2 8 8



School mBry

Tabl®&i rYsetar Ener gy | mpacts 8ehoShuBriem&oypt

. El ect Peak EIl e Natur a TDV En:
Cl i me . . .
Zone Savir D_emar Savir Savings

(kWY Reductionrms (ther?n k Bt d)/

1 0.6 4 0.0 004 33 (

2 050 0.0 00 2 24.

3 052 0.0 00 3« 2 7.

4 039 0.0 00 2. 19.

5 049 0.0 00 3! 24.

6 027 0.0 001! 17.

7 028 0.0 002 . 16.

8 022 0.0 0017 13.

9 030 0.0 001 14.
10 030 0.0 001 15.
11 038 0.0 00 2 | 19.
12 039 0.0 002! 18.
13 031 0.0 001 15.
14 041 0.0 001 18.
15 022 0.0 000! 10.
16 061 0.0 00 2. 2 7.

Tabl®Nomi nal TDV Energy CbH¥darSaRe miggd ODsfer Ariall
Per SquaiNMewoOGdnst,r uScth ooonl Pri mary

15 Year 15 Year TD Tot al 15

Czlolnmea El ectric Gas Cost Energy Cost
Savi nNgosmi (1$3 (Nomi 1$9 (Nomi $3

1 $3 1. $15. $4 6 .
2 $2 2. $11. $3 3.
3 $2 3. $1 4. $3 8.
4 $1 6 . $9 . ¢ $2 6 .
5 $2 2. $11. $3 3.
6 $15. $8 . & $2 4.
7 $1 4. $8 . & $2 2.
8 $11. $7 . 1 $1 8.
9 $1 2. $7 . 1 $19.
10 $1 4. $7 . 1 $2 1.
11 $1 8. $8 . & $2 6 .
12 $1 6 . $8 . & $2 5.
13 $14. $7 . 1 $2 1.
14 $1 8. $7. 1 $2 5.
15 $128 $2 . € $1 4.2
16 $2 8. $9 . € $3 8.4

2022 Titl &i 2BASP aRd 2 ®2NRHV ACH|2 89



TabléO 20DY¥ Energy Cost SYaevairn gPserQvoedr i2ferAnal y s
SqguareiRewt Gdmucgt iSarmhool Pri mary

Cl i ms 15 Ye.ar 15 Year TD Tot al 15
Zone EIe_ctrlc Gas Cost Energy Cost
Savi n2g0s2$3] (2 0 2%$3) (2 0 2%$3)
1 $1. ¢ $ .8 $2 . ¢
2 $14.2 $07.1 $2 .1
3 $15.1 $ 8.9 $2 . 4
4 $107 $ 06.2 $16.9
5 $1. 4 $07.1 $2 .1
6 $0 . ¢ $ .3 $15.1
7 $0 . & $ 6.3 $14.2
8 $07.1 $ ®.5 $1. 1
9 $ 8.0 $ .5 $ 12.5
10 $ 8.9 $ ®.5 $ 13.4
11 $1. 1 $ 6.3 $1. €
12 $1. C $ 6.3 $1. €
13 $ 8.9 $ ®.5 $1 . &
14 $1. 1 $ .5 $1. €
15 $07.1 $01.8 $ (8.9
16 $1. 7 $ 06.2 $2 . 4

2022 Titl &i 2BASP aRd 2 ®2NRHV ACH|[290



Tableél -YBar -€bsectiveness

ConstruSthool

Pri mary

SummariyeRve r

Squar e

Benefits Costs
2023 PV $ _
Climate Zone Egergy Cost Total Incremental Benegt-t_o-Cost
avings + PV Costs atio
Other PV
Savings per ft2
1 $2 . ¢ $0 . € 3. =
2 $2 .1 $0 . € 2 /
3 $2 . 4 $0 . € 2 7
4 $16.9 $0 . € 1. C
5 $2 . 1 $0 . € 2/
6 $15.1 $0 . € 1. 7
7 $ 14.2 $0 . € 1 ¢
3 $1. 1 $0 . € 1. =
9 $ 12.5 $0 . € 1. 4
11 $1. € $0 . € 1. ¢
12 $1 . € $0 . € 1. €
13 $1 . Z $0 . € 1. E
14 $1 . ¢ $0 . € 1. €
15 $ 8.9 $0 . € 1. C
16 $2 . 4 $0 . € 2 7
2022 Titl &i2BASPaRdp GENRRHV ACGR|2091
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School Secondary

TableéZFi rYsetar Ener gy | mpact sSckheoro | S gSueacroen dFaor oyt

El ect Peak El e Natura TDV En:
Savi Demar Savir Savings
(kWY Reductionrms (ther?n k Bt d)/
1 1. . 0 000 - 49 .

Cli ma
Zone

0 -
M~~~ 1t~ I |~~~ 1mn W canmn m

ollelleollelelleleolleoleolloleololelolole)

2
3
4
5
6
7
8
9
1
1
1
1
1
1
1

R RRRRRRRRRRRRRR
oo ocooooooocooooo
INGES AN NN NGYS B NOTS, BES RE S, S, HES BES BE S, IS, IS
NN NooONN R OoOWNDWO®N

oA WNEO

Tablé&Nomi nal TDV Energy Co¥darSaRe miged Owvfer Amnadl
Per SquaiNMewoOGdnst,r uScth ooonl Secondary

Cli ma 15Year_ 15 Year TD Tot al 15
Zone E.Iectrllc Gas Cos.t Energy C.ost
Savi nNgosmi (1$ (Nomi 1$ (Nomi $3

1 $6 9 . $0 . C $6.90
2 $7 1. $1. 4 $7 3.
3 $7 7 . $4 . 2 $8 1.
4 $7 1. $2 . & $7 4.
5 $7 3 3 $2 . € $7 6 .
6 $7 0 . $2 . € $7 3.
7 $7 1. $2 . & $7 4.
8 $6 7 . $2 . € $7 0.
9 $7 0. $1. 4 $7 1.
10 $7 1. $1. 4 $7 3.
11 $6 7 . ($19: $6 6 .
12 $7 0. $0 . C $7 0.
13 $6 6 . ($1. $6 4 .
14 $6 7 . ($1. $66 . 2
15 $7 1. $1. 4 $7 3.
16 $7 0. ($4. $6 6 .
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Tabléd4 20DY Energy Cost Svaevairn gPse rQvoedr i®f&brAnal y s
Squar ei Newt Const,r uScth ooonl Secondary

Cli ma 15 Ye.ar 15 Year TD Tot al 15
Zone El_ectrlc Gas Cost Energy Cost
Saivn gx0 %3 (2 0 2%3) (2 0 2%3
1 $4 . G $ 0.0 $4 . 3
2 $4 . ¢ $ 0.9 $4. 6
3 $4 . € $@.7 $5 . 1
4 $4 . ¢ $ 0L.8 $4 . 7
5 $4 . € $ 0.8 $4 . &
6 $4 . 4 $ 0.8 $4 . €
7 $4. 5 $ 0L.8 $4 . 7
8 $4 . 2 $01.8 $4 . 4
9 $4 . 4 $ 0.9 $4 . E
10 $4 . & $ 0.9 $4 . €
11 $4 . 2 (%09 $4 . 1
12 $4 . 4 $ 0.0 $4 . 4
13 $4 . 1 (809 $4 . C
14 $4 . 2 (809 $4 . 1
15 $4 . & $ 0.9 $4 . €
16 $4 . 4 (827 $4 . 1

2022 Titl &i 2BASEP aRd 2 ®2NRHV ACH|2 9 3



Tableéb5 -YBar

-€Ebsectiveness
Constru&Scthownl|l Secondary

SummariyeRve r

Squar e

Benefits Costs
2023 PV $ _
Climate Zone Egergy Cost Total Incremental Benegt-t_o-Cost
avings + PV Costs atio
Other PV
Savings per ft2
1 $436 $0 . € 4 c
2 $4. 6 $0 . € 5. 2
4 $4 . 7 $0 . € 5. =z
5 $4 . € $0 . € 5 . /
6 $4 . € $0 . € 5. 2
7 $4 . 7 $0 . € 5.
3 $4 . 4 $0 . € 5. (
9 $4 . & $0 . € 5. 1
10 $4 . € $0 . € 5
11 $4 .1 $0 . € 4 . 7
12 $4 . 4 $0 . € 5. (
13 $4 . C $0 . € 4 €
14 $4 . 1 $0 . € 4 7
15 $4 . € $0 . € 5. 2
16 $4 . 1 $0 . € 4 . 7
2022 Titl &i2@ASPaRd R G2RRHV AGR|2 9 4
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Hot @rmal

Dwel |

r

TabledirYsetar Energy | mpacts Per Home |,/
Hot el Smal |
. El ect Peak EI e Natur a TDV En:q
Cl i me . . :
Zone Savir D.emar Savir Savings
( kWKRY Reducti on®s (t her?n k Bt d)/
1 054 0.0 ( @.0)7 13.
2 067 0.0 (@0 17.
3 070 0.0 ( @0)3 18.
4 071 0.0 ( @0)3 18.
5 067 0.0 ( @0)3 18.
6 077 0.0 (0.0 21.
7 076 0.0 (0.0 20 (
8 078 0.0 (0.0 21«
9 078 0.0 ( @.0)Z 20.
10 076 0.0 (00 0)z 18.
11 073 0.0 (00 0)4 18.
12 06 8 0.0 (00 0)4 16.
13 072 0.0 (00 0)4 17
14 080 0.0 (00 0)4 19.
15 081 0.0 (0. 0)( 22.
16 079 0.0 (00 0)7 20.
Tablé@&MNominal TDV Energy Co¥darSaRe migesd Oufer A&l
Per SquaifrMewoOGdonst,r utottieoln Smal |
Cli ma 15 Ye_ar15 Year TD Tot al 15
Zone E_Iectr_lc Gas Cos_t Energy C_ost
Savi n\Ngosmi (1$3 (Nomi $9 (Nomi $3
1 $2 1. (3. B $1 8.
2 $2 5. ($. ¥ $2 3.
3 $2 6 . (%. % $2 5.
4 $2 6 . ($. ¥ $2 5.
5 $2 6 . (%. % $2 5.
6 $2 9. $00 0O $2 9.
7 $2 9 . ($.» $2 8.
8 $2 9. $000 $2 9.
9 $2 9 . ($.» $2 8.
10 $2 6 . ($. ¥n $2 5.
11 $2 6 . ($.» $2 5.
12 $2 5 . (%. B $224
13 $2 5. ($. ¥n $2 3.
14 $2 9 . (%. B $2 6 .
15 $3 1. $000 $3 1.
16 $3 1. (%. B $2 8.
2022 Titl &i 2@BASEP aRd R ®2NRHV ACH|2 95



Tablé8 20DY¥ Energy Cost SvYaevairn gPse rQvoedr i®f&brAnal y s
Sqguarei Rewt Const,r uotieoln Smal |

15 ear 15 Year TD Tot al 15
El ectric Gas sGo Sav Energy Cos
Savi n2g0s2$3] (2 0 2%$3) (2
1 $ 13.4 ($D8
.0 ($®9Y
.9 ($®Y
.9 ($®9Y
.9 ($®Y
i $000
7 ($®9Y
i $000
7 ($m9Y
.9
.9
.0
.0
i
.6
.6
c

Cl i me
Zone

N
8

($@9
($@9
($D8§
($@9
($D8§
$000
($D8§

tiveness SummariyNeRver

&R B PP R R R B R R R R BB PO
n NBHEHEBEENENEEEEHE
O OO R NOOWNO®ONOOORKFO®

2
3
4
5
6
7
8
9
1
1
1
1
1
1
1

B h B DB P D DB D BB D BB
o bbb EEEES

o0~ WNEF O

Tabl@é9 -YB& aOo setf f
ConstrudHoitehSmal l

uar e

Benefits Costs
. 2023 PV $ Energy Cost Total Benefit-to-
Climate Zone Savings + Other PV Savings | Incremental PV = Cost Ratio
per ft2 Costs
1 $ 11.6 $ (8.8 132
2 $15.1 $ (8.8 173
3 $ 16.0 $ (8.8 1. &
4 $16.0 $ (8.8 1. ¢
5 $16.0 $ (8.8 183
6 $ 18.7 $ (8.8 213
7 $ 17.8 $ (8.8 203
8 $ 18.7 $ (8.8 213
9 $ 17.8 $ (8.8 20 3
10 $16.0 $ (8.8 1. &
11 $16.0 $ (8.8 1. ¢
12 $14.2 $ (8.8 163
13 $15.1 $ (8.8 1.7
14 $ 16.9 $ (8.8 1. ¢
15 $ 19.6 $ (8.8 22 4
16 $ 17.8 $ (8.8 20 3
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AppendDGAManuf acturers

Techni

cal Capabi

24 manufacturers products were reviewed to understand trremcyrodu
component som@ér thal units reviewed, al/l 24 mereuf ddhteume ni maidn pr e
requirements proposed by the code change proposal 13 of the 24
requirements of sitemvEknwitmltiegpahmheat recovery banld thiyepsass or fre
DOAS Types |[DOAS Criteria for Code Proposal
HRVERVDX Free Co(Meet or EModuIatMe_ets MinMee_ts Cr
DOAS|or BypasHeat RecdFan OptlCriteria |(fp item
Manufact UYes Yes Yes Yes Yes Yes
Manufact yYes|Yes|Yes Opti onalYes OptiongYes Yes
Manufact UYes|Yes Yes Yes Yes Yes Yes
Manufact yYes|Yes N o Yes Opti onaYes N o
Manufact yYes|Yes |Yes Yes Yes Yes Yes Yes
Manufact uYes OptionalYes Opti onaYes Yes
Manuf act U Yes Yes Yes Yes Yes Yes
Manuf act yYes N o Yes Opti onaYes N o
Manufact Yes |Yes N o Yes Opti ongYes N o
Manuf act ( Yes Yes Yes Yes Yes Yes
Manufact yYes |Yes N o Yes OptiongYes N o
Manufact yYes N o Yes OptiongYes N o
Manufact uyYes|Yes N o Yes OptiongYes N o
Manufact uyYes|Yes N o Yes OptiongYes N o
Manuf act U Yes n/ a N o Yes Yes N o
Manuf act ( Yes OptionalOptional |[Opti onaYes Yes
Manuf act U Yes n/ a N o Yes Yes N o
Manufact ( Yes OptionalOptional |[Opti onaYes Yes
Manufact ( Yes OptionalOptional |[Opti onaYes Yes
Manufact ( Yes OptionalOptional |[Opti onaYes Yes
Man wftaur e|Yes Yes OptionalYes Opti onaYes Yes
Manufact ( Yes n/ a N o Yes Yes N o
Manufact UYes|Yes|Yes OptionalYes Opti onaYes Yes
Manufact ( Yes n/ a N o Yes Yes N o
2022 Titl &i 2@BASP aRd R ®B2NRHV ACH|29 7



AppendOASI | ncremental Cost

l ncrement al stosnas edeferet he proposed DOAS eff
included:

T I'ncremental costs for item 1, including by
energy recovery DOAS wunits.

T I'ncrementalm Q2QosDOA&r uini ¢ s with modul ating
T I'nceemal cost for i1 tem 4, additional duct
terminal wunit fans to have separate supply

cycle off.

ltem 3 stipul actedi mgetihegfan e@wever requiremen
f oarder systems and now for smaller fan syster
i ncremental <cost.

ltem 5 sets reheat requirements on DOAS units
controfgsravoindém which can be donoen aasn dp arott of a
increase the cost of a system.

Cost Sour ces

I tem 1

For estimating the incremental cost for item
from equi pment represenhativesi on g£aboj éotrsiaf
buil dingse f€osmal weed to a cost per Gasirfl ow (
nomi nal airflow rating.

Unit Costs From Sample of Products and Projects

25.0

227
E
5 200
v,
g 15.0 13.6 13.3
£
< 9.2
10.0 8.4
“.g 7.5 6.7 6.5
] 4.5
> ]
N
DX DOAS HRV High Eff DX DOAS DOAS HRV DOAS, DOAS, DOAS HRV DOAS, DOAS, DOAS HRV
High Eff ERV ~ Core ERV Wheel  Wheel ERV, Custom Mid Custom  Wheel ERV, Basic
1 CHW HW, CHW HW 2
HRV
Fi gur9e Compari son of DOASu capabilities and re

Two pr owkucect selected with higher edtfiicnelncdiedo
the incremental cost estimate. The magmrity o

2022 Titl &i 2BASP aRd 2 ®2NRHV ACH|2 9 8



energy or heat recovery device. To estimate t
contrel& prhoduct costs were avermigaed asngdumed ac
to be a conservative assumption for the cost

an average ahd$ilslappfmed as a flat cost assu
$0. 1li7rairsdment al cost s.

l tem 2

l tem 2 was est i maetnetda If rcoons tanstiundcyr eof ECM vs cc
fans Exrcéeemer gy. This data estimated an increme.l
$918 or $184/hp. On |l argaeri cidedr sysede.msTad hins|
conservative assumpumedcn &Hd4d8udhd phiwgilse matsscost. r
converted to airflow based on using an assump
6percfeemnt ef ficiency. This r esmulwhe dc hi ne gau afteers st
i ncrement al cost of a0t 029/ @afppmpl | BhWi ¢ ocesatc hwpr
based on the ventilation per building floor a

l tem 4

The duct work for DOAS and terminal amnit supp
itemi zedn médi ce with DOAS and VRF withld a mi x

wal | mounted cassettes. The cost of the DOAS

cooling duct work was normalized using the pr
ventil atikonbediuncgg $00.r70/ sf and the zone distridtkt
esti mate the incremental cost of requiring ter
active call for heating and cooling the cost

of t hte nhgeaand cooling was assumed to be the pr
Thdi stridbbeti wor k was assumed to rlegerincentan in

Because this would only apply to some project
already havet seprafriag er aituconens drevabisvte.

VentilationrGknly Duct W $0. $/ St
Zone Distribution Duct Work $7. $/ SF
Site Cost for Duct Work $7. $/ SF

Addi tional Duct i A@% Rdoduntei nOgi,s tarsisbuunt $07.0$/ SF

2022 Titl &i 2BASP aRd 2 ®2NRHV ACH|29 9



Combi hnedr ement al Cost s

The increment al costs of edehiondmpomdemdat wWermndé o

buildings to estimate the total incremental c
Tot
I t e I t en I t e Il ncrem
Buil ding|Vent il Cos Cos Cos Cost
Prototypg cf mét [ $4 [ 34 [ $A | Bui | difAlg
Of fi ceSmg 0.1 $0. $ 0.1 $ 07.0 $ 8.7
Of ficelLart 0.1 $0. $ 0.1 $ 07.0 $ 8.7
Of f i ce Me( 0.1 $0. $0. $0. $0. 8
Ret ail St g 0. 2 $ 0L.7 $ 0.1 $ 07.0 $ 8.7
Retai |l Larf 0. 2 $0. $0. $0. $0. 8
School Pri 0. 3 $ 0L.7 $ 00.1 $ 07.0 $ (8.8
School Saerg 0. ¢ $0L.7 $ .1 $07.0 $ 8.8
Hot el Smal 0.1 $0. $0. $0. $0. 8
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Append XA S]] Heat Recovery Ven

Sour ce

Venti |l at
duct data from AHRI test 1060 provides bot

Pro

compone

rec
S
I

> S D® S5 D o

n
\"
t

\Y
(0]
a

o~ a —

Bas
or

6 erceernthi

overy
si bl e
el s of
o thre
i ces,
ugh t
racte
ed on
hi gher

| e cBuergy

nts, sensillml eCadnd olrantieant t he pri mary be
considered focus on dry hedthedue to
data was reviewed to assess the numb

seresiolvleed yenddre@qyt recovery ventilatio
types of systems i n t hes)marvkheete!l co

e
and heat pipes. Wheels tend to be se
n

d o0 mogdeai vel ocities and have dif
stics than core energy recovery com

evi ewitngvhteleil s ech@trgy mesoveeycemnoduc
net sensible energyoneactgetendPlkate
gher in 2/3 of products. Exact coun

are shown bel ow:
. . . Heat Pipe . .
Products by Net Sensible Cooling 100% g piate Products by Net Sensible Heating 100%
Product Type AHRI Certifi. B Whee Product Type AHRI Certifi..
Heat Pipe : 41 Heat Pipe 0 B Heat Pipe
B Bz = '.14 M Piate
20 1 =0 24 I Wheel
- b a0 - e
= - 50 W 25
Plate o 1 Pla El
10 Plate 30
20 40 mas
30 50 I 155
40 W4z &0 I 253
50 I 70 . 112
E0 I 245 50 2
;:E -7z Wheel 20
e i 2 120
50 | -
&0 R 554 &0 I 1S
70 I €S 1 70 I 574
80 | 80 I 155
0 200 400 800 800 1000 4] 200 400 600 800 1000
Count of AHRI Certified Reference Number Count of AHRI Certified Reference Number
Component by Net Sensible Cooling 100% Component by Net Sensible Heating 100%
Product Type AHRI Certifi.. Product Type AHRI Certifi
Plate 20 c Plate 40 E3
40 130 50 M sz
50 I 103 50 . 225
60 —_E 70 s
70 043 Whee €0 I 1,554
Mihes 80 I 1ss4 70 o
70 I 404 80 I a0
20 g 40
o] 500 1000 1500
0 500 1000 1500 o
Count of AHRI Certified Reference Number Count of AHRI Certified Reference Number
Fi gW®r0e AHIRt a vomt | |atriadmrecov eamiyt s
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40 =

Il n DOAS units, the apparntuerntyggependseony thi
| evel and on the airstreams of incoming air a
unbanced due to, for example bathroom exhaust
overall amount osMoudrdeumgweldrascsovbdeye is | ess ai
energy from. ASHRAE fundamentals developed th
unequwas$ od6hooverall system effectiveeresesnt Hi ghl
unbal anced flow. A unit pecceretfafldcyt iavheveaidi ® moew o
the equi vpkeopefnfodc téiPee ciemit@8l0anced.
This informati obabWwashusaethtresbdsl d for product
effectiveness |l evel s.
100
90 —— gnnn
80 //’,,,_— —
_7°</K\
iso L [ X
¢ S e
g s0 — h N
E \\\ N \gm.n
z

30

20

1 09 08 07 06 05
Flow Ratio (Cpin/Cinax)

Impact of Unequal Flows on Effectiveness

Fi g®rie Ef f eecstsi teon f Il ow rati o of supply and ret.
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AppendDCGAEner gy Modeling Ana
DOABropoveedes Mar ket Refere

The foll owing energy modedeéewegl oppr otchees se nwearsg yu tu sl
di fferences between thei DOASnNnB®ropeshdr kenf Rgt
DOAS configuratRepaeamticThue eGATBre detail as to
referenceoansniuisgdr afThi s appendtiaxk edl ctuamemu isl d he
model . A separate set of analyersewasptoone fao
included i n a dlihfef rodntowa pnpge rkceiyx .ener gy model i
model ed fousahy BPOASgYPlus 9. 0. 1:

1.Ventilation was provided by separate air te
variabl e air dvotlouneo ncsotnatnrtolvioel ume depending
2.Ventilation was configured to pfovstde dhyss

a configwuirtaiem oEmer gy Pl us to ensure the ther
captured.

3.AI'l VRF, Fan ,h Cwirl RTMi rsiy s$elmst used in combir
were configured to not directlyl trfiammg alnl oa
system types | i-eem.t his in CBECC

4 DOAS fans were controlled to be constant vo
5.Zone ter mi neael dfraomp pmaess sswert t o the fan coil f
for all VRF fan coils and four pipe fan coli
6 .All vemtialtarieeamvery was aspeamesderi olpeer at e

ener gy r ecopveerrcgeinatf | DOearncdeendtS i bl e emegr gyt r ec
75 er cfelnaw. Only sensible energy recovery wa
conservative estimates.

7.1l n -DAAS wutnhiet ssupply air was set to a reset [
temperatur e.

8.In HROWAS the supply air setpoint was fixed.
9.1 n all DOASSs wd d mt mhglpsa t he supply air setpoi
as the only means of contr altl irred |telcda sb yhpavs &
woubperate with real | oads.

l10Ducted ter minal unit fasngeaoeérfamss muh as elde ovi
systsemnd some with constant volume fans. Th
mu tstpieed fans whi ch c¢antlionmeou svloyl uveenst iblaasteed
surveyed.

11A1 | DOAS were sized to ventil &€toimbormarcaenlsy .z ele

for fultoeknsgbbed over ventilate, over co0oO0

12Fran pressure drops were entctuihatedetdansedl| ba
a deduction for any HRV without heating or
DOAS with a leattirleadawerr wni t .
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AppendSuxppll ement al Report of
Equi val ency with Mixed Air
Economi zers

Do cne nt Summary and | ntent

This document i s a snompcersti dieadca mitd mhdHAVSATiI t he 24
Par?20B2 Codesdamndls SEmmancement (CASE) Report.
covers several HVAC enhancements, B8wetefmswhic
( DOAS) .

The CASE Report on DOAS provides statewide co
as a hew prescri pt4i vPrearste et aod twhafTi mli ai mum en
efficiency criteriaCAsSbeadddr tb epriinmdruidleyd . e vlahleu a't
of adding regulation to any DOAS installation
installed today. Threecempmneéovdat coadadchandescapt |
specific DOAS configurations to not require a
expanding the prescriptive HVAC options the m
of fers a means for mof é swdhnmdemietctiil d idz ingg ttriaee

performance pathway in project costs and proj
particularly in small nonresidential construc
which operational ener gw edao satmpdi isfiimas ntttae neadmmpl
documentation hurtle necessary. Further, this
access for small nonrelsd adteqeitnde a Ig ybwo ipled ian g ® ntad
HVAC with many DOAS conf i ¢gur-edtiglmincs hoesd thign ga vsad L
This document provides suppl ement al i nformat i
energy cost equivalency with minimally code ¢
economi zers. The report pr overdgeys mondieblesmamet onc
for statewide energy cost compliance and sour
anal ysi s

Separate energy analysis was done for statewi
proposed code enhancements vs tHaymamhket bwoypi
those energy models and results are included
Code | anguage enhancements for DOAS are inclu

document aneéliomea metmond f requested.
Basis of DOAS Energy & Carbon Savings

DOAPr adei a means to reduce building carbon emi
|l evel of operational cost equ-aval BEWAEsswst Bms
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mild and dry climates such as California, DOA
recovertyi lvaen on (HRV) perform the best by relyi
moi st uruep.buwhiidi e there are many configurations
exi st for how to make all configurations mini

1. aslm Ilywsi, | MIOMS f ans with modul ating fan sg
anced even i f operating in a constant v
t by adjusting the fan speed verses inc
tical whean DASscshinmt ed airfl ow capacity

I
[
[
signs specified airfl ow.

o 0O Cc T —
® =~ 5 9 5

2.ln |l arger buildings, controlling the DOAS
ivalent signal for demand control wvent:.
e iys tao wavku@eé | fan energy in the systet

o o
o QO
n T o C

3.Se
Sy
4 Ve
r e

5.Ventilation inlet bypass control to stop e
conditions provides a |l evel of wventilation

arate ventilation pathway to supply eac
tem to allow a cooling and heating fan

tilation energy recoveryerumemmsa wheel
uce ventilation peak demand in winter a

o 5

5

6.An increased | evel vefn weahetnatogpdi at a&ulbkfl dWwp
occupied hours, can provide an increased |
as well as provide future flexibility for

Il n California, a DOAS HVACy ciomfys®mmurwd i on can

3.DOA®%ousdve on heating energy from ventil at
to mixed air s-yeshemselweah, mal DOAS HVAC con:
al so eliminating space cobDh@ASiom, nmgi miermieait

system wiethhe &0 ACBX

4 DOAS saves cooling peak demand by reducing
ventilation heat recovery. Compzaoneed rteoh eaatm
a DOAS HVAC configuration provides zone | e
peakl cag blyo aedlsi mi nadalnign @ vefr spaces during

Fundamentally, the | argest chall engaasr fsoyrs tOA
is driven by two criteria:

l1.Maintaining a | evel of fan ener gyanwi tohf f an
Sspcae ter minal units and
2.How ventilation supply and bhewpeéehtmreiiisc

managed
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Il n |l arge buildings, DOAS with zone cooling ca

around a chilled watedari om.aHtheessmduhlydrogs¢c BDOA
cool imghkeoabil ity tobadgasdnhckce adoddndmi Zzanluyt i | i z
cooling which can have greater ther mal ef fici

al so dehumspgeég. cHMmpn eicablvearrefrigerant fl ow s
active refrigerant controls can adjust refrig
match thermal | oads and reduce compressor pow
selected and desi geneldow mad nebvadagrs tpemwemdat ures
power . Secondarily, DOAS with zone systems ar
pumps for heating, I ncreasipreg ctemaepbeemal ef f
compared with a natumriad aisl drurnace or el ect

While the | ack of full airside economizing 1is
di fference in terms of source energy and carhb
energy when a mixed air system nvoiud et tvoatthtd rdwi s
day, when renewabl e energy is peaking. Based
represented by the Time Dependent Value metr.i
morning and | ate afternoon periods.

Based on the e&mhemgiymatsds noefd,common DOAS config
equi val eaitr ms x€#edem with an economi zer were eV;

climate to assess the overall energy use diff
using -thel i 6bper meéti onvaesl adpeesdt and mai nt ained by
Commi ssion knbevpem&aftume ( TDV) which are in d
Source energy was also included and is being
Energy Cormmirs inem gy Ilcomgp |WVatnicAeeTsaect i on on metr
included with additional detail

Common Definition of DOAS
This definition is repeated from the CASE Rep

Dedi cated Outdoor Air Systems (DOAS) as it re
systaennd not just individual products or compon
devel oped as part of the CASE 2022 HVAC contr

Dedicated AOut dgsrnt e msAnl DDASE system which use
equi pment to confdilttieorn ,altle mpheer ,ouctrdoor air br
ventilation and delivers it to each space, e
central HY/AArCv iumg ttshose same spaces used to m

Based on thiBOA®fumiitiweoyl &@ include products s
ventilators (ERV), heat recovery ADOMRALSI luatidrss
etc. ASHRAE pOrOovlii,de2s0 1a8 ,de-DOAStumint ods af ®IXI ows:
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DxDedi cat ed Out door BXDOASS sutheintsu)p ectosd|(ead ,r
wat-edgol ed, -soorurwaet efract ory assembled product t
percent outdoor air t oesa rleohwe adte w hpaoti nits acnadp ait

controlling-btulhe stuveprpleyr adruyr ed odi t hteo dtethes md &g if
supply air temperature. This conditioned out
indirectly to the conditionddospatcesbyl tomag
enthalpy wheel, sensible wheedngersikeantpiwh
or other heat or mass transfer apparatus.

The intent of the proposed code enhancement w
criteria wheeh bygubtdl bBPOAS configurations thr
bud Int control sooatrattdandoonahfcgurations in des
Parameters of DOAS I ncluded in Anal ysi s
As par tStaft e@AFEeamds Ti t 120 224 HURALrtol6s measur e
sever al parameters of DOAS were consi cared in
code | anguage. Below is a |ist of the paramet

for each:

DOAS Paramet ¢Basi sPafroamet er Speci fied
DOAS Unit FanSystem pressure determined
CASE 2022 Fan Power taabsl do
adjusting the TSP based on
components. Same tabl es ru sT¢
f osrystem compari son.

DOAS Unit FanFor wunits above 1,000 c¢f m,
Control mi ni mum based on zomwmetaionof
DCV or occu@faihhciys shequired.

Zone Cooling|Title 24 Alternmnatual Campluimp
Power i nches (317 PA) assumed f o
unit fans.
Zone Cooling|Cyclingafifang efroni nal uni t s,
Control activated with thermostat
System sequernfnVentilation set to provide
coolingtand IRequired to ensure all the
ti mestep. Pcovatdeswawnw B0 a/
ventilation economizing if
Ventilation 4Ventil atednsdphiaee from he
Zone Use of variable volume cont
occupanoyf fshwtse of ofuitxdeodo ra
all othe zones.
DOAS Supply 4Fi xed SAT setpoi nstysitne ntbkRV S
Temperature (in DOAS with active coolin

DOAS Heat Re{(Minimum sensible energy re
Efficiency coiohg.
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DOAS Paramet ¢Basi sParoaamet er Specified
DOAS Heat Re¢(Bypass control based on OA
bypass contrdand upmetsland based on su
Both controls necessary on
represent how systems oper
morger adual verses simulated
changes.
DOAS Heat Re(Uppemilt set based on econo
economizer |lijdry bulb. Lower | imit incl
how DOAS are configured of
DOAS Relhiemitt Supply air temperature res:¢
DXDOAS di scharge tempeataitrug ec ainld a
temperature. This all owed |
the unit was in cooling mo
Cooling and KITitle 24 rated mini mum effi
Equi pment Effequi pment, removing f arCO&n
number for proper inclusio
. Zones with DCV oofbcrcegahnc:t
Zone Ventil at.
i ncluded arsthedul mefof usq
Control : :
ventilation airflow to mat
Zone VentilatgVentilation was increased
Quantities DOAS configurations for ea
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Phil osophy of Energy Modeling for This

Thi sl msiias uses energy modeling to represent t|
designed addi frsnpsetidadl lor variable speed airfl ow
economi zing was required with the Iimits of ¢

20119t | ,e RamttanedaPdot otypes were used to be rep
medi um dbauittadimapture s-zogkesyoehnemer bkt model s
are assumed to be relative examples of obuil di
area or resulting system thermal capacity. 1In
weag model ed -swietehd niualntsi and airside economizers
capacity calculated by the ener Byluimuoidte.la Dleii :19i

di fferent approach than traditional prototype
prototype result in the selection and | imits
Energy Modeling and Analysis Process

Energy model s wer e emwirlgty tus ee satnidmastaey itntlges f r om
standard DOAS to the proposeandt amaddelds cwelre c
compared with t-hier catraredar edni desli gn system for
evaluate the economi zer exception option.

Comparisomiwnfg BuiSlyst ems Process
1.Sel ected representative prototypessalready

2.Gat hered mar ket iIintelHVAQ@ein ec ®m tfciltogmwnodddD ArBoi snt
California nonresidenti al buil di ngs.

3.Devel op multiple copurnatgi amsl wWietah i DQA S otnd i d
conservative configuration frnomonenaenrdgy use w

potentially, worst case scenari os.
Energy Model Creation Process
DOAS Models
This diagram i sf hawex8metef worbdetaaidnd oMHVAQ@CcH
system followed similar steps.
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Prototype Models New HVAC for Configuration Annual Energy

Use

DOAS Enhancements

ACBECC-Com

Amultiple DOAS
types

Amultiple

cooling/heating

zone system

ACBECC-Com ATDV metric
ASource metric

rates ACarbon metric
AVentilation

control
AAutosizing
ATSP updated
ASAT control

AEnergyPlus
AVentilation

Fi gWwr2e Diagram il l-bbowaBPAGemsr k

Mixed-Air Models

This diagram i sf hawex8meptef wor#detail for each
system followed similar steps

Modified HVAC

Prototype
Models

Configuration
Enhancements

Annual Energy

to Economize Use

ACBECC- AEnergyPlus ATDV metric
Com Aventilation ASource
ACAV => Sz control metric
two speed AAutosizing Acarbon
fans ATSP updated metric
AAdded AAutosizing
economizer

Fi gwr3a®i agr amrialtling | ewwixladsy st e ms

The method used to evaluate this comparison i
Energy Commi sdhieoare i s no for mal met hod for thi
excemtito the economizer requedemebnhedi Sut doomm
Systems (DOAS) that meet the following criter

l1.Ventilation heat recovery with bypass capa

2.l ncreased desi gnp erecodfn titahtei srunt o fl5C®ntil ati
needs for the space(s) served.

To evaluaty uUude, ethewo gsystem types were appliec
energy model s:

1 .Mi xed air system with economizers.

2 .DOAS with separate heating and cooling sys

I n additi-weonnt rdeelmMaendd venti |l ati-basé DOV Enavred eoc c L
applied to models that contain spaces where t
Each prototype was modified to include a syst
mat ched the buildihgr sizet amde sctahe smal l of f i
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SXZAV with modul ating fans and economizers as
were included on all SZVAV, regardless of siz
compare mixed air syseremsowDOASewonhbmut econo

Each modelf iwags edomwi th several types of DOAS a
heating and cooling systems. Both items were
case and, where possibl e, ondliygurrepri eosnen tt oh intakk
compari son.

The f ol [dewisnghawvoe been developed for this c¢comg
included in the next table for primary system
in the appendi x.

. . Ret |

: Of f i1 Of fif Scho| Schocd¢ Hot
AVaE ol gl Sma|Medi|Pri mSecon i}i:Sma
Mi x-Adr Econo
SZPU RTU wit
Economi zer s X X
SZPU HP with
Economi zer s X
VAV Reheat,
Economi zer s X X X
VAV Reheat,
Ecmomi zer s X
Reduced Equi
Reheat, DX, X
DOAS Systems
HRWOAS with X X X
DXDOAS with \ x X X X X
HRDOAS with \ X X X
HRWOAS with
Splits X
HRWOAS with X
HRWOAS with X
Reduced Equt
DOAS with VR X
These configurations of DOAS were assumed to
of DOAS and separate space heating anidncool in
construction throughout CA. Other types using
t houghrpdiymin medium offices and | arger buil d
coil configuration was built and fousndofto be
DOAS compared with other configurations. Base

DOAS mosdewer e not assessed.
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Energy Modeling Key I nputs and Assumpt.

Bel ow are the system configurations for major
systemshanbBOAS systems. Additional i nformati ol
including f ameataitregl gprodveadqol ing nominal effi ci
i nformation.

Where DCV or occupancy based sensors are requ
bothhe tDOAS and mi xed air systems as this woul d
primary HVAC configuration.
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HVAC . : Venti |l at|{Zme F
System ol ¢ foType |Control Amount|Set poin/RECOVEryAirfIc
Compone System Contr c
Heat [Coo|
s|Mi xed|VAV wi t Dx |variPCV & SAT Res
_|[EconolReheat |n/ a CoiISpee(Pressur Code Mbased o/lnone n/ a
—ler DX Cool Set pRes Zone, 5
; HRVDQAS Constan|Sensi bl e
wi th FH VariaDCV & Setpoi nf[Recovery|Cycl e
@ Chillernone non1spee(Pressur 1.5 x 60% at 1|0On/ Of f
o Set pRéeasn fl ow Ther md
—_ 65% at 7
= HRV ( D( Constan|Sensi bl e
6 with Ai VariaDCV & Setpoi nf[Recovery|Cycl e
Source [none non'Sp@d Pressur|l. 5 x 60% at 1(On/ Of f
= Set pRéean flow Ther mc
S DOAS 65% at 7
—|Desi gIDXDOAS DXDOAS |Sensi bl e
3 with Ai ox |variPCV & SAT Res|Recovery|Cycle
s Source FurneCoilSpee:Pressur 1.5 x |[Cooling|60% at 1|/On/ Of f
Set pRéean Reheat |[fl ow Ther mca
65% at 7
DXDOAS DXDOAS |Sensi bl e
heat pu . I DCV & SAT Res|Recovery|Cycl e
wi t h Aigﬁﬁf g§i|ga;L:Pressur 1.5 x |[Coolingl60% at 1|On/ Of f
Sour ce P b Set pRéeas Reheat flow Ther mc
65% at 7
Two Spe Ther mos Single
—|Mi xed|Singl e D % Two 50% FIl o Reset t
—|Econo/PackageFur n: . ISpee(3% PowelCodMi n|{Ther mos|none n/ a
@ . Coi |
cler De|Uni ts Fans |[Ful | FI
%) FuPobwer

2022

Titl &i 2@BASPaRd R ®2NRHV ACH|3 1 3



AWt Ventil at/Fan Vent i Su I Yews Ll et jzoe
System Condi ti oT Contr ol AmountSer0¥ RecoveryAirflg
Compone yp P System Cont r
Heat |[Cool
;Wo Fpe Ther mos g'ngiet
Hln? E’Heat px |LWo [50% Flo Tﬁse
Ue?t uPum Coi@pee(B% PowelCode M €rmosSinone n/ a
ni S P Fans |[Ful | Fl
Ful I Po
HR/( DOA] Constan
' - ' i Sensi bl e
gLIPtZ“ Const / 1. 5 SetpOInRecovery gyfgff
hone non'Volurn a : X 60% at J_Tﬂ
fF1ow er md
65% at 7
HRV ( D( Constan
wi th RT Setpoin|Sensi bl e
Const / 1. 5 Recovery gyfgff
none non1V0|u'n a ) X 60% at ]'TE
fF1ow er md
DOAS 65% at 7
Desi g HRV ( DC Constan .
with Ai s.etpoinSenSIbleCycle
Source Const Recovery
none non1VO|urn/a 1.5 x 60% at ]_gﬂ/Off
fF1ow er md
65% at 7
DXDOAS Const an _
with Ai SetpoinSenS|bIeCycle
Source /DX |Const Recovery
Furn‘CoilVqurn/a 1.5 x 60% at ]'$E/Off
F1ow er md
65% at 7
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HVAC . : Ventil at|Zme F
System eelyi i oType|Cont rol Amount|SetpolnRECOVeryAinflc
Compone System Contr c
Heat [Coo|
© Tw®dpeeq Ther mos Single
<IMi xed|Singl e D X Two 50% FIl o Reset t
;Ecorn)Pa@@ed FurneCoi|Spee(30% PowCode MTher mosinone n/ a
er De/Unit s Fans [Ful | F
- Full Po
— DXDOAS Ther mos DXDOAS |Sensi bl e
o with Ai 150% FIl o SAT Res|Recovery|Cycl e
EBS??gSource Furnzgfixg[L;SO% Row/l.5 x [Coolingl60% at 1|0On/ Of f
— Ful I F Reheat flow Ther mc
o Ful | Po 65% at 7
, VAV wit SAT Res
_MlxedReheat CHWVairabDCV & based o
oEcono n/ a Pressur|Code M none n/ a
oler DeCHW Coo PIaNOlu'SetpRéa Zone, 5
Coi l
<
o HRV ( D( Constan|Sensi bl e
mDOAS with Ai VariPCV & SetpoinlRecovery|Cycle
. Source |[none |noni IPressur|l.5 x 60% adt% 1|On/ Of f
>~Desig Vol ur )
_ Set pRes flow Ther mg
© 65% at 7
© DXDOAS SAT Res|Sensi bl e
< with Ai . I DCV & Cool ing/lRecovery|Cycl e
382??980urce DXCoiEgrxi{L;Pressurl.S X |[SAT Res|60% at 1|0On/ Of f
o Set pRéeasn Fan/ Re|fl ow Ther mca
0 65% 7bt% f

2022
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Metrics for Eval uation of DOAS Economi z

For California code compliance, end uses for

compared from a standard model to a proposed

Dependent Values (TDVs) for each fuel type an
cyccloest of energy for the building type (nonr e
type. While there are many factorsanhatipgated
cost of enwoggxpeneence over the | iffoer eocfa stthse

of the energy sector.

A second metric which Esneb@giyn & ochairsi2denrted by
compliance though has not yegey. bseunr aedopherdgy s

mul tipliers for each climate zonéaekand glyuel tvy
Commi samdnpubl i shed irmEnardrya fCto mfeo rcminchhdeer i ng
adopting both metrics, requiring buicledi ngs to
Energy |l imit. Source energy, while not a dire
does track very closely with greenmaud®ee byas e
t hener gy Commirs ssrigometri c workshops. A separat:
ben devel oped by climate zone and fuel type a
currently planned to be used. Sinceardsi getribe
carbon buildings all metrics were i pokededfin

the potential differencai rbeHWeEn DOAS and mi X

Annual TDV for 2022

For the 2022 Title 24 code cycle talse energy ¢
underwent a significant upgrade to reflect th

foocaests of changing energy costs. The weather
updated to capture more recent weather patter
arelime with forecasted trends of temperature
metridahe overall cost of electricity per unit
unit increased. As an example, average Time D
pul l ed from Climate Zone 12 to demonstrate the

2022d ainn gas, from 2016 to 2019 to 2022.
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Time Dependent Value Approximates for Comparison

55.0
42.0
220 25.0

kBtu/kw kBtu/kw kBtu/kW kBtu/kW kBtu/kW kBtu/kW kBtu/kW kBtu/kW
2016, Gas 2019, Gas 2022, Gas, Mid 2022, Gas, 2022, Elec Mid 2019, Elec Mid 2022, Elec Peak 2019, Elec Peak
IEPR Policy Day Day

Fi g&®rde Compari son of TDV costs from 2019 and 2

Il n the el echt rMmdalyr amels t heotpeak demand cost met
25 to -2y mand f42 mtS5peak. Il n the gas metric,
forecasted in the TDV metric went up signific
from 6.8 to TIl.ml 2i0ril 9ant ot RO22f. The final metri
completed and theisl pédtamineidt y omdter if Wdatyher r ed

periods to reflect the true costs of | ower re
This change in the fyomedcasttedicect | gf i enparcg s
effectiveness of DOAS veerns eesvaa umaitxiendg atihre seycsotn
exception. As an example of this metric, when
energy results a majoridooloifng hen eri gy aaglei genc owi
|l ow costs for electricity.

DOAS DX-DOAS HP VRF MixAir VAV ReheatMeter cs limete Zone Number

Cooling Loads Op 1 Cooling Loads Qp 2 oz

03

[dea F] OADB (bin) [dea F] OADE (bin) 84

i
=

.
S
=
.
=

06

5
10K 07
08
5K 03
_. .- OK —_— .- -
0K
c w o w e w .o w o we w o w o9 e w @ » & @m o w o w o w o w o
B % 8§ % 8B 8 8 B R KB 8 R & 8 B % 8§ % 8B 8 8 8 R 288 R 4 8

Fi g®r5e Comparison of cool i ngD@AaSErwiyt a n\dR A Davn b f
packaged wuni't

kWh Cooling
0
=

kWh Cooling

o
=
5}

TDV Cooling
b
=1 =}
o S S
= = =
TDV Cooling
o o
[SI=1
= =
[
T Bt

Mull
Mull

Reviewing the cooling only results fdedm,t ®o p
DXDOAS with VRF on the I eft shows the sum of ¢
out daoidrr y .buTllhbe same cooling energy is shown fc
unit system on the right. The top graph shows
téh two cases. The DOAS uses significantly mor
mi xed taem. sWsen the TDV factor is applied as I
value of energy use in the outdoor air bins o

2022 Titl &i 2BASP aRd 2 ®2NRHV ACH|3 17



Ths increase in cooling energy stildl exists t

enerdgyectly for comparison. When this energy
demand reduction from ventilation heat recove
ovemra&lslult is a | ower or equivalent energy use

Source Energy Metrics

Souad cenergy factors convert the fuel types of
consumed at a power plant to produce it. Each
soruce multipliers and were utilized to evaluat

Carbon Emissions Metrics

Hour |l y carolsaver e@emiad sio d e veenleorpgeyd Choyhmdirhseeiaa@
climate zone for nonresidenti al buil dings and
require cceenweretrigryg toi tsource and then applying
energy to tengsiohleatbofkor this

Parameters for Evaluating Resul ts

Equivalency was evaluated for any DOAS config
savi ngmer>cweintthe economi zer standard system. Th
consistent resuffdrs a@lcirmastse moared s.

Addi tional Analysis with Alternate Equli

Due to initial results of different DOAS conf
miexdai r systems, some higher, some | ower by a
analysisewas demonstrate the i mpacts on HVAC
system sizing and sensitivity to internal | oa
i mpact tee@eeogegralle i n a buiwlodithgnhgfeew hgar amet
incremental ener@Qycamsfei gdr anieomVtAo anot her HV;

much as internal | oads, Isnp eASHRAE IR eys eraerccehp tParco
1742 found thatramndgesef eqmi @m&atWwW sf for off i

docking stations tesktbp Wompufer hbheavyTdHis r
resulted in a reduction in the internal | oads
Handbook Fundampenmnmtt@d $3ed cfedn@m t he 2009 wversion
net zero energy buil dinnuggd, spluugel mddg eadueta on
many office buildings now operate close to 0.
Il n the prototype buil di ngs,s rreecperpetsaecnites |oonaed so f
most obvious discrepancies bet weeon ohpoew abtuei |adnid
how they do today. This prototype assumes off
|l oads. This amount of i nter gyl ae quwiigme retc osmfofma
and contributes to heating a bulid dbuwigl dinngvd nt
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without this source -aifr isnytsetrenna |l e fhfeeactt,i vae Inyi xneede

|l ess and provide additional heating during co
The medium office prototype was modi fied for
standg&tdof models to evaluate this impact on
receptacle |l oads of 0.75 W sf. This was appli
operational schedule for weekdays.
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Energy Result Findings
Bel ow are results eh Mhaeedi afer eiINAE benwegurations and DOAS for
DOAS, and eacal ioffoltinneatle6 zOneswolilhespel aesdlits the detailed secti
this findings section.
SmaOffice Medi um Office
Percent TDV Savings of PercentSavbwgs of DOAS verses
with -mpkeed fans and e|
Clim D % D % HRV HRV HRYV ClinAIlt Recg¢€ D % HR HRV HRV
e Zo DOA{ DOAS wi't wi t| wit e Zo Loads-| DOAY DOAY wi't wi t
wi tft DCV w4 Mi n Reci V RF DOAS w wit wi tf FPF V RF
VRF VRH Spl i RTU VRHE VRH V RF
Z01 11. ¢ 39.220.74 26.¢23. ] Z0 13.¢ 7.6 4.6/ 5.6 4. 2
Z02 4.9 22.(11.9 14.7312.( Z0 8.4 3.6 2.4 5.0 7.8
Z03 3.0 19.(12.4 12.9 8.6 Z0 7.6/ 1.1 (0. 49 3.4 1.9
Z04 0.6 16. ¢ 9.6/ 10. 7 7.6 Z 0 4 5.3 1.1 0.0 3.4 4. 3
Z05 6.7 17.112.71 13.7 7.5 Z0 5.8 (0. 2 1.9 1.2 (0.1
Z06 @az1.yyr 6.5 4.5 4.1 2.5 Z0 1.0 (2.9 3.9 4.0 6.6
Z07 @a5.23 5.9 3.4 2.7, (0.8 Z0 3.4/ (2. 3.2 2.3 1.9
Z08 3.9 10.4 5.0 5.2 3.4 Z0 2.0 (1.1 2.0 3.9 6.7
Z09 (0. 3 11.¢ 7.0 7.2 4.5 Z0 2.5 0.0 (©.9 3.2 6. 2
Z10 2.0 13.¢ 8.1 8.6/ 6.2 Z1 3.5 13% 0.4 4.2 6. 4
Z11 11. ¢ 23.913.¢ 15.514. ¢ Z1 9.0/ 6.4 5.6/ 7.9 11. 3
Z12 6. 4 21.711.¢ 13.311. 4 Z1 8.5 4.9 4.0 5.7 7.9
Z13 9.0 19.¢11.3 13.7111.°% Z1 7.2 3.5 2.7 4.3 7.2
Z14 10. ¢ 21.7112.(¢ 14.512. ¢ Z 1y 8.0 5.1 4.4 6.2 10. ¢
Z15 10. ¢ 15.411.7 11.311.°% Z1 4.9 3.4 2.7, 3.0 10. 1
Z16 14 .7 35.% 7.1 25.(0Q20. 4 Z1 14. 84§ 4. 8 2.7 9.1 6.9
*Based on | imitation<DOAS EmserntdqyePlpus maryl,coD@X i ng isoynsithnegm shyesft cerne  t/
cooling DOAS show an energiympleinfail ¢ gt damres toe gquwidree d ngt t his ti me.
be far greater than HRV DOAS for mid climates 6 and 7.
2022 Titl &i 2@BASP aRd R ®B2NRHV ACH|3 20



Primary School s Secondary School s
Percent TDWfS&WA |Percent TD\W CEXDWOIASg A
ver svess VAV Rva ht da tl VRFerses vs VAV

Cli mate |DXDOAS wi t Climate DXDOAS wi t#

vs Package
Z01 16. | Z01 14.
Z02 8.1 Z02 13.
Z03 9. 4 Z0 3 12.
Z04 9. 2 Z04 13.
Z05 4. 8 Z05 11.
Z06 0.5 Z06 12.
Z07 0.9 Z07 11.
Z08 3.2 Z08 14.
Z09 8.5 Z09 13.
Z10 10. | Z10 14.
Z11 18. | Z11 14.
Z12 11. | Z12 15.
Z13 12. | Z13 14.
Z14 18. | Z14 13%
Z15 19. | Z15 12.
Z16 10. | Z16 12.

The resuthes fShlolwowi ng:

3. The DOAS configurations with HRV only and
provide cooling achieVfThi sheohbwgstaehengys
cl i mat es miuled twi ntheer condi timbohdakowmenefr eez|
humi dity, typically hot and dry.

4.1l n DOAS configurations with actis8e cooling
percoefntany mi xed aisrousyxst emowiitnlg,aisruch as
5.1ln the seconRD@AS camfoiogwsr,ati ons verses a mi
water cbolkedd water plant e&peea®&dd st he t hr
finding set the upper Iimit all owance for

fl oors, ttimen ewoawd@ be all owed for.

6 . A medium office with peegqruceephote&yst ahoadsergl 8a

in all climate zones with a DOAS configur a
compared to a mixed air system with econom
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The f ol |l owi nagt iroencso ninoern dan ccyo deex ceecpuiivoanl ear e as f

1 .DOAS with the economizer exception must be

per ciemcdreased ventilation and or exhaust r €
2.Systems achievingeacsmens mbime oénéigoy anedcov e
include bryplassf @aonftree cooling based on a
economizer | imits table and | ower | imit of
3.DOAS with economhoeil deR@€paumddnoccupancy ba:
ventilation controls if an econbmrzer woul

Ssystem30 1¢fm or greater.

4 At his time, the applications of DOAS with
found to be equi vallhentanadl gesimseed nTDVde wat
configurations ofh®OAI® mesuahis witne regar d:
di fference are anticipated to reflect the
so far.

Detailed Energy Result Findings

The foll owi nrggyl erteas uletds eanree i ncl uded to unpack
di fferent configuratAistvaaCobsybOABIsand Mi xed

1. Total ESaerBysMeSirtie Hneercgyri c, Gas, Source
2.Energy by FueAi Myprd MOA®d Annual Energy

a.Reprretsative building, medium office, cli
3.Endlse Ener gyAiorf awhm &k eRIOAS, Annual Energy
a.Representative building, medium office,

4 . Typi cal Summer Week, Energy Use of Represe
a.Representativeumuoftiiog, mkdmate zone 4
5.Typical Wi nter Week, Energy Use of Represe
a.Representatmedi bmi b8fnge, climate zone

6.Seasonal Energy Shifting, Representative C
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Tot al Energy by Metric

Site Electric Savings

DOAS shows al | increased electrical use and decreased gas in sit
Tabl@&0 Compari solnecotfr isciatle seavi ngs relative to baseline configura
SMALL OFFI CE MEDI UM OFFI CE
Site kBlte¢dtsfi cal Savings- V Site kBtu/sf Electrical Saving
speed fans and econol ecombzers.
D % HRV HRV Al't -1 DX HR
| DOAS| with with TRV . DoAs| bpoAas| poas| HRV | HRV
Climate : S : with Climate : : : with witdH
with Mini|] Reci VRE wi th with with EPEC VRE
VRF Spli RTU VRF VRF VRF
Z01 (3. (3. (0. (3. Z01 (2. (2. (3. (2. (2.
ZQ (2. (2. (0. (2. Z02 (1. (1. (2. (1. (1.
Z03 (2. (1. (0. (2. Z03 (2. (2. (2. (1. (2.
Z04 (1. (1. (0. (1. Z04 (1. (1. (1. (1. (1.
Z05 (2. (1. (0. (2. Z05 (1. (1. (2. (1. (1.
Z® (2. (0. (0. (1. Z06 (1. (1. (1. (0. (1.
Z07 (2. (0. (0. (1. Z07 (1. (1. (1. (0. (1.
Z08 (1. (0. (0. (0. Z08 (0. (1. (1. (0. (0.
Z09 (1. (0. (0. (1. Z09 (0. (1. (1. (0. (0.
ZD (1. (0. 0. (1. Z10 (0. (1. (1. (0. (0.
Z11 (1. (1. 0. (1. Z11 (1. (1. (1. (0. (1.
Z12 (1. (1. (0. (1. Z12 (1. (1. (1. (0. (1.
Z13 (0. (1. 0. (1. Z13 (1. (1. (1. (0. (1.
Z14 (0. | (1. 0. (1. Z14 (1. (1. (1. (0. (1.
Z15 1 1 1. 1. Z15 (0. (0. (0. 0. (0.
Z16 (2 (4 0. (3. Z16 (2. (2. (3. (1. (2.
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Tabl&Xomparison of site ereng@y baswilngePcolmét gubabhooh &nd )Second

Primary School [Secondary S
Site kBtu/sf| |Site kBtuls
Savings vs VA Savings Vs
Wwith DX and e, Rehe_at -DBAB

with VRF

Clim DX-DOAS w Climg Packaid
Zone V RF Zone D X
Z01 (0. Z01 (0.
Z02 (0. Z02 0.
Z03 (0. Z03 0.
Z04 (0. Z04 1.
Z05 (0. Z05 0.
Z06 (0. Z06 1.
Z07 (0. Z07 1.
Z08 0. Z08 2 .
Z09 0. Z09 2 .
Z10 0. Z10 2 .
Z11 1. ¢ Z11 1.
Z12 0. Z12 1.
Z13 1. Z13 2 .
Z14 1. Z14 1.
Z15 3. Z15 3.
Z16 (0. Z16 (1.

2022 Titl &i 2BASP aRd 2 ®2NRHV ACH|3 2 4



Site Gas Savings

Tabl&ZZompari somacfavdintges rel ative to baseline confOfdgurcat)i on ( Sma
SMALL OFFI CE MEDI UM OFFI CE
Site kBtu/sf Gas w3avhi rmyase ey Site kBtu/sf Gas Savings vs V
fans and economizer economi zer s.
D % HRYV HRV Al t - D % HR
| DOAS wit| wit HRVY . DOAY DOAY DOAY MRV HRV
Climate ; . . wit [Climate : ; ; wi t wi t
wi t Mi al Reci VRE wi t wi t wi t EPE VRE
VRE Splii RTU V RH V RH V RF
Z01 18. 2 0. 13. 20. Z01 11. 7. 8 . 6 . 8 .
Z02 10. 11. 7. 11. Z02 7. 4 . 5. 4 . 5.
Z03 8 . 9. 6 . 9. Z03 6 . 4 . 4 . 3. 4 .
Z04 6 . 7. 5. 7. Z04 4 . 3. 3. 2. 3.
Z05 7. 8 . 6 . 8. Z05 5. 3. 3. 3. 3.
Z06 3. 3. 2. 3. Z06 3. 2. 2. 1. 2.
Z07 2. 2. 2. 2. Z07 2. 1. 1. 1. 1.
Z08 3. 3. 2. 3. Z08 3. 2. 2. 1. 2.
Z09 3. 4 . 3. 4 . Z09 3. 2. 2. 1. 2.
Z10 4 . 5. 3. 5. Z10 3. 2. 2. 2. 2.
Z11 9. 10. 6 . 10. Z11 6 . 4 . 4 . 4 . 4 .
Z12 9. 10. 6 . 10. Z12 6 . 4 . 4 . 3. 4 .
Z13 7. 8 . 5. 8 . Z13 5. 3. 3. 3. 3.
Z14 8 . 10. 6 . 10. Z14 5. 3. 3. 2. 3.
Z15 2. 2. 1. 2. Z15 1. 1. 1. 1. 1.
Z16 17. 21 12. 21 Z16 10. 7. 8 . 5. 8 .
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Table&Xompari somacfavdintgess r el ati ve t o WPaganairrye Sacdrofoil gu raantdi Ydre c(o n d

Primary Sch [SeconydaScho
Site kBt ul Site kBtu/
Savings V4 Savings Vs
Reheat wit Reheat -DPAE
economi ze with VRF
Cli mgDXDOAS |ClimgPackag
Zonel with Zone D X
Z01 4 . Z01 9.
Z02 2. Z02 6 .
Z03 1. Z03 4 .
Z04 1. Z04 4 .
Z05 1. Z05 3.
Z06 0. Z06 2.
Z07 0. Z07 2.
Z08 0. Z08 2.
Z09 0. Z09 2.
Z10 0. Z10 2.
Z11 2 . Z11 6 .
Z12 2. Z12 5.
Z13 2. Z13 5.
Z14 2 . Z14 5.
Z15 0. Z15 1.
Z16 7. Z16 11

Source Energy

Source dandregyendce i sombowatfonsabf DOAS simul at ed. I n all combin
Most DOAS configurations incDhDoOd&d gasnbéeadi wgtonkhei workde FDKnac
of ficAS aob®i gur atheant img hu ssippmgcegas was included; the FPFC with
cycling on and off respectfully.
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Tabl@&fLompari sonurafe emaei gys rel ative t oolbangdlli rOd fa cref i©hdn ate di u

SMALL OFFI CE MEDI UM OFFI CE

Percent Source Energy Savimgesd ([Percent Source Energy Savings

fans and economi zers. economi zer s.

Clim D X Clim Al t - D X HR HRV WHRV w
Zzond P* | poas|HRY WHRV Wyupy W | zZond DOAS| DOAS| DOAS| FPFC VRF

DOAS . Mi ni| Reci ; . ;
: DCWvi t . VRF wi th |with |[with
wi t h VRE Spl i RTU

Z01 4 3 % 67 % 6 3% 4 8 % 6 6 % Z01 57 % 50 % 51 % 45 % 51 %
Z0?2 29 % 55 % 4 8 % 39% 49 % Z02 45 % 36 % 36 % 33% 37 %
Z03 23 % 50 % 4 8 % 38 % 47 % Z03 4 3 % 35 % 34 % 32 % 35 %
Z04 19 % 42 % 39 % 31% 38 % Z04 35 % 27 % 26 % 25 % 27 %
Z05 21 % 4 8 % 46 % 38% 45 % Z05 39 % 30% 29 % 28 % 31%
Z06 (3% 23 % 25 % 21 % 19% Z06 25 % 18 % 17 % 19 % 21 %
Z07 6 % 21 % 22 % 18 % 16 % 207 26 % 17 % 16 % 18 % 18 %
Z08 3 % 25 % 23 % 19 % 20 % Z08 25 % 18 % 17 % 19 % 19 %
Z09 8 % 27 % 27 % 22 % 23 % Z09 26 % 18 % 17 % 17 % 18 %
Z10 13 % 31% 28 % 24 % 26 % Z10 26 % 19 % 18 % 18 % 19 %
Z11 30 % 50 % 41 % 33 % 4 3 % Z11 38 % 31% 31% 29 % 33 %
Z12 28 % 50% 4 2 % 34 % 4 3 % Z12 40 % 32% 32% 29 % 33 %
Z13 25 % 4 4 % 36 % 29 % 37 % Z13 34 % 25 % 26 % 24 % 26 %
Z14 29 % 47 % 39 % 33% 41 % Z14 33 % 24 % 24 % 22 % 26 %
Z15 11% 19% 19 % 17 % 16 % Z15 13 % 7 % 6 % 9 % 10%
Z16 46 % 6 9 % 53 % 42 % 6 1% Z16 52 % 4 2 % 4 4 % 35 % 46 %
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Tablé&Xompari sonuracfe s@emgys relative to baseline configuration (I

Primary Sch [Secondary Sc
Percent SOF Percent Sour
Energy Savi Savings vs V
VAV Reheat | |50 moas witl
and economi
Cl am(DXDOA § Clim Package
Zonel with Zone
Z01 2 89 Z01 499
202 199 202 399
Z03 169 Z03 379
Z04 139 Z04 3309
Z05 139 Z05 329
Z06 6 % Z06 26 9
207 5 % 207 2509
Z08 9 % Z08 279
Z09 129 Z09 279
Z10 129 Z10 279
Z11 2279 Z11 3709
Z12 199 Z12 379
Z13 1979 Z13 3409
Z14 209 Z14 339
Z15 159 Z15 2009
Z16 2779 Z16 4779
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Energy by Fuel Type, Mixed-Air and DOAS, Annual Energy

The site enfTeDWypern bkuBitludi ng fl oor area are s hroemr ¢ e tamthMieda oanle © f
Climate Zone 6 which represents a coast al mild condition and CI
I n Climate Zone 6, TDV is reduced for two of t he fwiutrh DOAWLN cPing ¢
Coils served from air-r cooled chillers and a pleoictelnrtt h@hst a#thardt
energy use for this climate zone. Based on t hei qahdldii g hDARAG, wXa |l VI
and the Standard Mi xed Air system, the sensitivity of equwiapiment
column for each climate zone.
Site Energy, kBtu-TDV | E_OffM
Ca Climate Zone & CA Climate Zone 12
Reduced Equipment Reduced Equipment
Proposed Standard Load Proposed Standard Load
1o s 11082 12097 125.13 o
op 11841 115 i 115.62  —=- 118.03 ;¢ e
: 109.329 e — 110.24
— 104.82
%‘133
ESS
:%43

[ ]

DX-DOAS DX-DOAS Heat Heat Packaged
Furnace HeatPump Recovery HRecovery VAVR
[with VRF] [with VRF] Ventilatar Ventilator
[with Air [with VRF]
Source
FPFC]

Measure .. . Gas Regulated kBtu TOV/sf

Fi gwRr68y st eoompcar sebnr egiD¥tida e

M Eleciric Regulated kBtu TDV/sT

DX-DOAS Packaged | DX-DOAS DX-DOAS Heat Heat Packaged | DX-DOAS Packagesd
Furnace VAVR Furnace HeatPump Recovery HRecovery VAVR Furnace VAVR
[with VRF] [with VRF] [with VRF] Ventilator Ventilator [with VRF]

[with Air [with VRF]

Source

FFFC]

Ml Total Regulated kBtu TDV/sf
efno€l gynate Zone 6 and WNMMeEdmameOZbnee
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Endse Energy-Aofr Minde d®OAS, Annual Energy
Energy use with TDV factors applied is shown in kBtu/sf ffoaor aHVA

medi um affdcegb I n DOAS configurations with ventilation cooling
DOAS configuration with HRVs and VRF used the | east ambpatfah e
serdvef rom an air cooled chiller and boiler

Site TDV Energy, HVAC Only | E_OffM

CA Climate Zone 6 CA Climate Zone 12

Reduced Equipment Probosed Standard Reduced Equipment
Load Load

Proposed Standard

a0
82 83 82

80

70

60

40

30

HVAC Energy Only [TDV kBtu/sf]
(W]
(]

20

10
0
DX-DOAS DX-DOAS Heat Heat Packaged DX-DOAS Packaged DX-DOAS DX-DOAS Heat Heat Packaged DX-DOAS Packaged
Furnace Heat Pump Recovery Recovery | VAVR Furnace VAVR Furnace Heat Pump Recovery Recovery @ VAVR Furnace VAVR
[with VRF] [with VRF] Ventilator Ventilator [with VRF] [with VRF] [with VRF] Ventilator Ventilator [with VRF]
[with Air [with VRF] [with Air [with VRF]
Source Source
FPFC] FPFC]
M Heat g M HeatE Pumps M Fans M Cooling Towers [ Total

Figwrr7i&S&ystem compbdVA®ohTyDo0Mi eaergy for Climate Zone 6 and ClLi mate
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I n the secondary schools pa otwitlydiéeng whiZh@e,rG@mesewd cl i mate -zone:
DOAS configuration with VRF uses more energy than the mi xoeudhtaiorf
cooling energy as wedneraggy .anWhenmcoce@amspa rkeadl f ainr syst etoswwh é©rXe ceoad h
coil, the DOAS configuration uses |l ess energy overal/l

Site TDV Energy, HVAC Only | E_SchS
CA Climate Zone 6 CA Climate Zone 12

Proposed Standard Proposed Standard

100
%
=

& 80
-_
=
a
=
=

£ 60
o
=
2
@

= 40
(]
<L
>
T

20

0

DX-DOAS Furnace [with MA-VAVE_CHW Packaged VAVR DX-DOAS Furnace [with MA-VAVE_CHW Packaged VAVR
VRF] VRF]
M Heat g M Heat E Pumps M Fans M Cooling Towers M Total

FigwRB8&ystem compbdVA®ohTYyOdi eaergy for Climate Zme el Zo efzoorch d@lhipradbtse
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I n the small office, all DOAS configurations used | ess iemevaglyume
rooftop packaged units with furnaces. Ao®dnfoipg wr anip @nalse fatl ssiprugsl ien
for reference and shown for completeness.

Site TDV Energy, HVAC Only | E_OffS

25
G
=
=
C 20
=
a
=
= 15

=
)
=
2 10
e
L
(W]
s 5
T
0]
M Heatg

CA Climate Zone 04 CA Climate Zone 12

Proposed Standard With DCV Proposed Standard With DCV

DX-DOAS Heal Rec Heat Rec Heat Rec| SZCAV DX-DOAS SZCAV |DX-DOASHeat RecHeal Rec Heat Rec| SZCAV |DX-DOAS SZCAV

Furnace overy.. OVery. Oovery.. with | Furnace with |Furnace overy.. overy.. overy.. | with |Furnace with
[with Furnace | [with Furnace| [with Furnace | [with Furnace
VRF] VRF] VRF] VRF]

M HeatE Pumps M Fans H Cooling Towers M Total

Fi gwRr98ystem compari ®oh yofTDNVACte energy for Climat@&m&ZlolneOf6f anas
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Typical Summer Weekof ERepgg€asetativ

To demonstrate the hourly results found, the foll owingi ¢ciatby ean a
gas. All site gas is | abeled as kWh _equincdluartd ((tedyhue gprmienstt)ich e i
the week.

Site Energy: Medium Office Climate Zone 4, Week 37 | September

The chart below is of internal | oads only to provisdenudIladreidicyh atr @
bel ow showsi gtuwoatciooons of DDMAOASwiatnld VARFHR&/,DXdand one configuratior

Internal Loads, Week Energy Review, kWh

System Typ.. Sund Monday Tuesday ‘Wednesday Thursday Friday Saturday
100
@ on 7575 3
o 7 <
= o
'9' &0 .——/\ .__//L\_ _—/_\_/—\.__’/“\‘.’—/\ &
o o £
o =
£ o g
@ 31 &
< 20 7]
=
0 0 w
100 —
@ a0 7575 3
= =
= c P
2. &0 ,_A ._A _/‘\-—/\—/-\,n——/\ 5
o Y u
=
g, ® s
M, 4 =
g 31 5
a 20 o
c
m n w
100 —
o an 7575 3
o 7 <
= - =
= .__/.;D\ f\ _/\_/\d/\‘,f/\ s
oo u
Packaged @ 5 =
VAVR I 40 =
g 31 &
a 20 7]
=4
0 0 w

1 4 71013161922/1 4 7 10131619221 4 7 1013161922|1 4 7 1013161522|/1 4 7 10131619221 4 7 10131619221 4 7 1013 1619 22
_kWh Equipment _kWh Lighting

Fi gwBrotnt erlncadd poaompdref esoynst enGsl iimat e, ZWeekM8di um Of fi ces)
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Looking at Ityhe HWVAtCheonhottest day, Monday, the mixed air
Tuesday through Friday, the DOAS configurations usetdoor ool
temper atur e.
Week Energy Review, k\Wh
System Typ.. Sunday Monday Tuesday Wednesday Thursday Friday Saturday
o 80 IS5 %2 70 72 71 780 71 5 E
g .——ﬁ\ - /\J\—/\ -
o o0 i _ 40w
DX-DOAS o 56 56 25 23 57 28 55 28 5454 z
Furnace = 40 =
[with VRF] ) 20 3
2 2 . s
=
o 80 575 % 70 72 71 7E0 71 e E
g —ﬁ\ . ——/\—/\'_/\ 2
Heat T 0 55 = w0
ea = 56 56 55 454 =
Recovery ﬁ. 40 24 25 25 24 =
Ventilator g‘ is 20 3
[withyre] < 20 g
o] ol |\ AU, AN, USSR, USRS, MU o -
@ =0 1575 22 70 72 71 780 71 503
o 80 w0
Packaged g 56 55 56 = 57 28 55 5454 =
VAVR I 40 4 =
; 20 =z
2 2 17 , g
0 ;_‘ o G
AN |
14 71013161922/1 4 7 1013161922(1 4 7 10131619 22|1 4 7 1012161922|1 4 7 1013161922|1 4 7 10131619 22|1 4 7 10 13 16 19 22
_kWh Cooling . _kWh Fans . _k\Whe Heat gas . _kWh Heating

Fi gwrie HVACIIyo ad

profile

Ccymp a&mislsioma tfeorZone

2022

4,

We e k
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TDV Site Energy: Medium Office Climate Zone 4, Week 37 | September

The same week f orattihoenst hirse es hcoownf iwiuteld .t Hewn TDV smetrraipdha g gheeo li immpa cd
increase the overall cooling energy in both DOAS configuMarndays
compared to theatDOASt e mompact ofn tthhee smea jsoyrs tdeini fteyrpeensc.e |

Week Energy Review TDV

System Typ.. Sunday I'\c"londay Tuesday Wednesday Thursday Friday Saturday

@ 1500

=) =

o .f\ _/\ 1000 3
DX-DOAS g o
Furnace = ‘-;'
[withvRF] @ soo &

i = @

: _hemfh .
1500

@

= =

= ,__/_"\ _/-\__,/\___/\ 1000 &
Heat o o

] c
Recovery & '-:
Ventilator g‘ 500 31
[withvrF) < 20

o
1500

@

=) =

2 =

o .—/-\ _/_‘\—I/\._—/\ 1000 ;
Packaged g E
VAVR = L

5 500 g

) \ A _ADal

1 4 7 1013161522|1 4 7 1013161922|1 4 7 1013161922|1 4 7 1013161922|1 4 7 1013161%22|1 4 7 10131615221 4 7 1013 16 15 22
I TDV Heatingele [ TDV Heatinggas [ TDV Cooling I TDV Fans

Fi gwBr28 DV site empendylleoadmppsi swubsl ifmeart e Zone 4, Week 37 (Medium
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Source Energy: Medium Office Climate Zone 4, Week 37 | September

Looking at sour edeaye reenregyg,y tulsee mifd al most all systems drops to ze
increase dramatically. This reflects how carbon is currently fo

Week Energy Review Source

System Typ.. Sunday Monday Tuesszday Wednesday Thursday Friday Saturday
200
@ g 7575 g2 .
g 75 150 =
= 60 c
DX-DOAS g  s6 55 100 '®
Furnace =, 40 £
[withWRF] @ A
A A A
N \ L oA Lo \ 0
200
g2
| 30
S GU .—/—\ _/\——/‘\.——/\ 5
Heat 2 100 <
Recovery = 49 §
Ventilator gﬁ 2
[withwrr] < 20
0 A A\ N A A \ A o
200
m 80 7575 92 70 72 71 780 71 -
3 75 150 &
o 60 ‘E
Packsged g 56 53 56 57 55 5454 100 o
VAVR 3, 40 <
= A
i 20 =0
0 LA ~ A A .

1 4 71013161522/1 4 7 10131619 22|1 4 7 1013161922|1 4 7 10131615221 4 7 1W013161522/1 4 7 10131615221 4 7 10131619 22

¥ Source kBtu Cosling Source kBtu Fan Source kBtu Heatgas [ Source kBtu Heatinge

Fi gwBra&our ce eneprgoyfcitlogaar i ssoyns tfeonfsl iimat e Zone 4, Week 37 (Medium
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Carbon Emissions: Medium Office Climate Zone 4, Week 37 | September

The same data iIis presented in psund@bisesfmetgui ¢ dtoe a thies eSwdmeaar. YN0 @

Week Energy Review Carbon

System Typ.. Sunday Monday Tuesday Wednesday Thursday Friday Saturday
20
7575 92
é 80 )
. ﬂ ._/‘A\ —/h\._/\_/.\.__/\ =
DXDOAS g s &
Furnace = 49 =
[with VRF] @ ~
= . A \ A.g F N A A
0 b& /\ L\
@ =0 7575 92
8 ___/\ /\ _/_\_/\ :
o o0 ——d/-\ :.
Heat 2 E
Recovery = 40 =
Ventilator o ~
[withver] < 20
o oA A N A A _,\_/‘\_
7575 92
é 80 )
'9' 60 ﬂ ._/‘A\ —/h\-—/\_/.\.__/\ 2
[V -
Packaged 2 56 59 _§
VAVR =, 40 S
& o
g 20
: L Al A A | A
1 4 71013161922|1 4 7 10131619 22|1 4 7 1013161922/1 4 7 10123161922|1 4 7 1013161922|1 4 7 1013161922|1 4 7 1013 16 19 22
Carbon Lbs Heat g . Carbon Lbs Heat e . Carbon Lbs Cooling Carbon Lbs Fans
Fi gwBrd€ar bon empseefbhse comparison for systems in Climate Zone

2022
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Typical Wi nter Week, Energy Use of Representative Case

Site Energy: Medium Office Climate Zone 4, Week 6| January

Energy for each component of HVACCIlismZotimez W dfadsrd oatv $t ey pmicxae d wa inrt esry
utilizing more heating energy during morning warmup than the DO

Week Energy Review, kWh

System Typ.. Sunday Monday Tuesday ‘Wednesday Thursday Friday Saturday
150 —
o 57 57 5
& 65 56 3
g _/\\/\ : \/6?\ E
< o
= 100 2
o u
CX-DOAS o §

o
Furnace ich =
[with VRF] 9 z
< o
=4
w
s
[#4] o
2 e
=] a
™ o
Heat o §
Recovery f=h =
Ventilator 9 5
[withVRF] < g
w
5
[#4] o
2 e
o A
™ o
Packaged @ §
VAVR et =
o S
z g
c
w
1 4 7 1013181922|1 4 7 1013161922|1 4 7 1013161922|/1 4 7 1013161522|1 4 7 1013161922/1 4 7 1013161922|1 4 7 10131519 22
_kWh Ceoling _kWh Fans _kWhe Heat gas . _kWh Heating
Fi gu3® nternal | oad profile comparison 66 Mbisymt@fmsi dens)Cl i mate Zo
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TDV Site Energy: Medium Office Climate Zone 4, Week 6| January
The same week for the three confriiggcuragptpildaresd.i s shown with the TD

Week Energy Review TDV

System Typ.. Sunday Monday Tuesday Wednesday Thursday Friday Saturday
57 57
@ 50 65 o> 56 1500
=} \/—'\ _/\ &0 =
= —-—._’-'—"'\.N a
S =
o a0 48 46 a1 1000 &
DX-DDAS a o
Furnace = %
[with VRF] E‘ 20 500 E
0 0
57 57
o 0 65 o> 56 1500
=] \/—\ —/\ 60 =
Ed —_— g
a =
w40 48 46 2 1000 &
Heat o 35 25 o
Recovery h=h 54 %
Ventilator g‘ 20 500 nFq
[withVRF] <
0 0
w 60 57 57 1500
=] 60 =
= =1
S =
— 40 48 aa 1000 &
Packaged @ g
VAVR = %
@ 20 500 =
q’: W
0 0
1 4 7 1013161922|/1 4 7 1013161922|1 4 7 1012161522|1 4 7 1013161922|1 4 7 1012 161922|1 4 7 101316195 22|1 4 7 1013 16 15 22

. TDV Heating ele . TDV Heating gas . TDV Cooling . TDV Fans

FigwBr6d DV sitel eag@rgiyofile comparison for syg§Memhs umnOC€CFi mas¢ Zon
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Source Energy: Medium Office Climate Zone 4, Week 6| January

The

same wee

Week Energy Review Source

System Typ..

DX-DOAS
Furnace
[with VRF]

Heat
Recovery
Ventilator
[with VRF]

Packaged
VAVR

Avg.[deg F] DADB

Avg. [deg F] OADB

Avg.[deg F] DADB

40

20

[=]

60

40

20

=1

60

4

(=]

2

o

=1

. Source kBtu Cooling

Sunday

k with souede

Monday Tuesday

il a2k,

energy
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metric appl

Thursday

7

Friday Saturday

A . A ) &. L:k Reeed | kZﬁk R\_\.JL’ZL kf_Jg;L&

A A-\_MR_LL:J Ao A A ..

200

Source Energy

Source Energy

Source Energy

1 4 7 1013161922|1 4 7 10131619221 4 7 1013161922|1 4 7 1013161522|1 4 7 10131619221 4 7 10131561922|1 4 7 1013 1619 22

Source kBtu Fan

Fi gwBri&our ce

Source kBtu Heat gas . Source kBtu Heating e

¢ meardgiy reofc ompar

S

on

f

or

systems6(

2022
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Carbon Emissions: Medium Office Climate Zone 4, Week 6| January

The swaenaks presented Iin paumbdyn efmiescguiomnsl.eMthi By met heclbdmu@w Edatv e
Week Energy Review Carbon
System Typ.. Sunday Menday Tuesday Wednesday Thursday Friday Saturday
[0 57 57
@ 0 _/BN\/E\ 52 =
g ___’—-P’"-q_\\/.\ 40 o
T 40 48 46 an -
DX-DOAS Fi 39 33 28 g
Furnace .E M 20 5
[withVRF] @ 20 k
<
omAAkALLU‘ﬂ k kk.‘ﬂ A
o 60 ca 65 52 56 57 57
g —/\\/‘\—_—’—/\\/\\/\_/\\-/;}\ 0
48 -
Heat Lg" 0 EL] “ 39 “ 238 _§
Recovery .'E. 20 5
Ventilator é‘ 20 A A A
[with VRF]
oA\ A\ \ A—J — k \ \ A Mh o
56 57 57
= _/5-4\ 65 5z = .
g ___’.._.J-\_\ E‘a‘
T 40 48 46 a4 -
Packaged i _§
VAVR hl =
g‘ - 20 K]
I
. A Ad| 4 4 A .

. Carbon LbsHeat g

Fi g WBr8e

1 4 7 10 13 16 15 22

. Carbon Lbs Heate

Car bon

1 4 7 10 13 16 15 22

. Carbon Lbs Cocling

epmiosfsiiloenscompari son f

1 4 7 101316 15 22

1 4 7 1013 16 15 22

Carbon Lbs Fans

or

1 4 7 1013 16 1% 22

2022

1 4 7 1013 16 15 22

1 4 7 1013 16 15 22

systemdedinurml Ofmfait e £)o n e
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Seasonal Energy Shifting, Representative Case

HVAC Energy Use, TDV-kBtu | Monthly | Medium Office | Climate Zone 4

System Typ..
5 1000K
=
M
a0
o
_ ol
Cx-DOAS 5]
Furnace ;21 500K
[with VRF] 5
=4
w
5
0K
5 1000K
=]
@
B
Heat o 160,112
Recovery 2
Ventilator = =
500K
[with Air 2
Source FPFC] &
=
_ I I
© 0K & |
5 1000K 0 "
& 211,182
a2
o
S
Packaged N
VAVR & S00K
o
=4
w
g
[= e
0K - E e =
January February IMarch April May June August September October November December
M TOV Heating gas |l TDV Heatingele [ TDV Fans TOW Pumps Il TDV Cooling
System Typ.. January February March April May June July August  September October November December
DX-DOAS TDV Heating gas 4452 3,071 304 767 o] o] /] o V] o] 1,785 5,176
Furnace TDV Heating ele 36,329 14,063 4,196 3,717 705 48 97 37 480 1,667 7,587 33,711
[withVRF]  TDV Fans 73,456 64,227 67,214 £0,500 61,116 151,934 84,3200 168,856 81,669 91,117 65,040 83971
TDV Pumps 0 0 o 0 0 0 0 o 0 0 0 0
TDV Cooling 40,722 50,257 103,867 76,132 140,173 810,686 262,953 739,327 218,386 246,018 88,854 62,340
Heat TDV Heating gas 33,550 10,848 1,733 1,928 167 0 0 o 5 301 4,478 16,498
Recovery  TDV Hestingele 4 1 0 0 0 0 ] 0 0 0 1 4
Ventilater  TDV Fans E5,671 £1,520 70,645 €0,702 62,614 203,629 88,451 180,112 82,722 93,221 68,813 78472
[with Air TOV Pumps 13,744 11624 12,706 11,791 14186 35,343 20,307 37,441 15,473 20,432 12,241 14518
Source FPFC] TDV Cacling 41572 45172 24745 64,335 114,933 764,753 208,084 640,762 177,056 159,444 70,847 56,218
Packaged TDV Heating gas l4g212 89,255 35,518 24735 11,829 2,865 4,085 2,563 8,367 16,628 55,799 115,839
VAVR TDV Heating ele 4z 24 10 10 Z 1 1 1 B 5 15 46
TDV Fans 57,393 45573 50,606 43,550 50,480 211,182 75,8659 169,682 70,848 76,875 51,844 63,427
TDV Pumips 179 88 48 45 25 17 22 20 25 11 66 166
TDV Caaling 6,368 17,471 85,145 48,357 131,543 803,089 252,421 717,088 208,709 236,387 60,320 12,249

Fi gwBr9dont bloynpari son of energyCknthauseegZoher4. (Medium Offices)
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Seasonal

Yy

t he

DOAS

capabil Thisesenergy i

configurations

ncreasti

0o

HVAC Energy Use, TDV-kBtu | Monthly | Primary School | Climate Zone 4

System Typ..
600K
=
<
o 400K
_ ol
DX-DOAS <
Furnace s:‘
[with VRF] o
=4
w o
200K
8
=
600K
3
=
<
o 200K
ol
SZVAVwith &
Furance 52‘
(seh)
w A
200K
a8
[

0K

January

February

. TDV Heating gas . TDV Heating ele . TDV Fans

System Typ..
DX-DOAS TDV Heating gas
Furnace _
[with VRF] TDVW Heating ele
TDV Fans
TDV Pumps
TDV Cooling
SZVAV with TDV Heating gas
Furance _
(sch) TDV Heating ele
TDV Fans
TDV Pumps
TDV Cooling

Fi gur0dont hl vy

January

258,683
110,944
210,337
0

9,999
89,299
0
78,589
0

1,105

April May June July August
TDV Pumps Il TOV Cocling

February March April May June July August
213,525 117,147 111,340 71,692 70,011 65,653 66,230
70,201 33,910 37,017 12,985 2,561 5417 2,278
176,132 166,475 152,567 135,582 361,662 185,336 311,549
0 0 0 0 (o] 0 0
20,524 54,248 56,614 145,607 542 472 252,646 711,774
64,520 43,428 40,383 34,209 34,582 34,760 33,103
0 V] o] V] o V] V]
58,063 45,772 41,432 45,771 176,149 76,719 153,510
0 o W] o o o o
3,143 15,635 8,091 37,718 338,883 86,762 225,588

comparison of energy

uses

mor e

September October Movember
September October MNovember
66,633 71,701 131,262
11,113 16,916 46,647
181,524 224,763 171,824
0 0 0
226,602 255,713 68,855
32,553 33,578 47,160
V] V] V]
69,177 83,293 48,655
o o o
65,549 75,459 12,823

cool

December

December

259,450
133,088
250,025
0
20,342
80,983
0
82,108
0

2,513

eRdi maeyg )Bohooh

2022

i ng
bal awmicledi wg tihheat reg ucas
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energy d
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mat e
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Titl &i ZBASKP aRd R B2NRHV ACGH|3 4 3

u
S |

Vi



Il n the primdel, stheomi med air systngrmei ¢ oanec prafcikqaugreat iuon tesf wi t h

economi zer s. Both systems are configured to modul ate the fdan sp
occupancy shus.offThec®pPalBi i stabl e toy pconwtidel tby hmedulf atni reqretrhe |
needs while cycling zone fans on and off to meet space conditio
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DOAS Modeling Approach for Prototypes

Prototypical energysmesel| BONS r eXeusS egann dHa AdC .

Prototype model s werCo mmotdoi fcireedatien DOABAESCG onf i gu
separate heating and cooling systems and then
configure the DOAS airflow pathways and contr

This amprasasumes éeéhmogelbs otgpresent the prescr
each building type. While this is generally t
controls such as DCV and occupancy controls a
prototypenmodéekd OpQ@oM@BEAAddi ti onal advanced me
prototype was created for this reason and to

di screte space types and use. This model i's d
Appendi x C of this report.

Theajmor changes nwermhe smadaer for each prototyp
created:

In CBECC-Com

1.A CBECECm prototype model was used as the ba
schedules, and constructions.

2.A CBECECm model with the basiccaD@AS componen
3.A separ atge amaelatciool i ng system was built and
primary space heating or cooling system. Th

RTUs, and Mini Splits.
a.VRF assumed one compressor system for ea
b.Four Rinp&€ok | s assamedoanlceoeonéendd cahiirl | er .
c.RTUs with gas furnaces were configured a
d.Single zone HP packaged units were confi
4 . The model s wer e s iCourl atoe driond uCBE GC wiolrek.i ng E

In EnergyPlus
1. The HVAC system objects were isolated in th

constructions, and space definitions were p
2.DOAS system components were set tusealutosi ze
acrss all climate zones. The Iist of i1tems i

a.DOAS airfl ows

b.Ter mi nal unit airfl ows

c.Cooling system capacities

d . Heating system capacities

e.Fan airfl ows
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3.DOAS systems were set to size fopercentil ati
outside air.

4 .Zonheeatamdg cooling fans were set to cycle on
their run schedul es.

5.Specified the ventilation heat recovery eff

6 . Removed all zone HVAC direct outdoor air co

providedt hoen I DOAIMese objects are default on
CBEGCom, for exampl e.

7.Specified all ter minal units for ventilatio

components to ensure proper modeling method
8.Specified termetnmdinluend ttso toutdoor air requi
space. By default, spaces assume ventilatio
schedule at the outdoor air object. This 1is
sensor controls ar-eomodel ed in CBECC

9.Specd ftiheose zones which require DCV to follc«

OSpeci fied any DOAS which serves zones with
ventilation controls and variable speed fan

[ERN
(@)

[ERN

1Speci fied correct fan power aaoadokfahngsc.i enci e

12Specified DOAS fan power to match the maxim
depending on the type of DOAS; vabQAS|l e spe
with different coil s.

13Specified the cooling abDOAIe abdzhog ea thfeiactii enngc
and cooling systems to the correct COPs. Us

system efficiency to only compressor effici

14Added system sizing factors of 1.25 for hea
per AUCMeRee Manual 2.5. 2.

Fan Power I nputs

System fan power was set based on the recomme
addi tional pressure credits by system sizes p
This measure provides stagtieeanspraasls coempaoinfene se
structure was used to set static pressures of
systems in both models. This provided a more
exampl e, smal/l mi xed air pack®@pdéd 2umiot anwe maa@
DOAS of 3.40.
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Cooling System Efficiency I nputs

All cooling system efficiencies and perfor man
ACM and performance softwar-€odtefault curves f

HRV/ ERV SAT Controls, Proposed
Whi |l e AfTchfe &n HRV or ERV was not explicitly set

| anguage, industry standard setpoints were as
assumed a constant setpoint at a temperature
inputs fyBimu&nare included to demonstrate how
Schedul e: Day: I nterval,
Schedul e Day HRWSanePT, !
Temperatur e, I-Schedule Type Limits Name
No, -l nterpol ate to Timestep
24 : 00, I-Ti me 1 {hh: mm}
18.3333333338984pue Until Time 1

Setpoint Manager: Schedul ed,
Setpoint Manager!-Nsachmeedul ed 1,
Temperatur e, I-Control Variabl e
Schedul e Day HRVISSchPeldul e Name
BaseSys6 Fan OutlSeat pNooidnet; Node or NodelLi st

DXDOAS SAT Control s, Proposed

A sample set of inputs from EnergyPlus are in
i mpl emented.

Setpoint Manager: Outdoor Ai r Reset,

DX DOASRSA I-Name

Temperatur e, I-Control Variabl e

18. 3, -Set point at Outdoor Low Temg
7. 2, I-Qut door Low Temperature {C}
15. 56, -Set poi ntdoatr Hu gh Temper atur
15. 56, -Qut door High Temperature {

Bott omVAV Suppl yFahaetOuail ett MNode;or NodelLi st
Setpoint Manager: Outdoor Ai r Reset,
DX DOAS Cooling Coil-Name

Temperat ur I-Control Vari abl e
18. 3, I-Set point at Outdoor Low Temg
7. 2, I-Out door Low Temperature {C}
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12. 77, -Set point at Outdoor High Ter
12. 77, I-Qut door High Temperature {
Bottom VAV Coil Cool-BagpO@unteNodleder NodelLi st

DXDOAS SAT Control s, Mar ket Ref erence

A sample set of inputs from EnergyPlus are 1in
i ml ement ed.

Septoi nt Manager : Outdoor Ai r Reset,

DX DOAS SATR, I-Name

Temperatur e, I-Control Variable

18. 3, I-Setpoint at Outdoor Low Temg
7. 2, -OQutwadr LowaTammper C}

18. 3, -Setpoint at Outdoor High Ter
15. 56, -Qut door High Temperature {

Bott omVAV SupplyFaletOuai rett MNodie;or NodelLi st
Setpoint Manadenr Restdoo
DX DOAS Cooling Coil-Name

Temperatur e, I-Control Variable

18. 3, I-Setpoint at Outdoor Low Temg
7. 2, -Qut doofMempwr ature {C}

12. 77, -Setpoint at Outdoor High T
12. 77, -Qut door High Temperature {

Bottom VAV Coil Cool-BagpO@unht eNodleder NodelLi st

Ter mi nal Fan Q@oanttr Clysc | i ng
For VRF termisahedonil s folh:

I-Supply Air Fan Operating Mode Schedul e Name

Was set to O, which enabled the fan to cycle
Zone Demand Control Ventilati on

To evaluate the Iimpaset i of bDCVW dmheeMexgyl Wir a
configurations, the zones which required DCV
schedule to adjust the airflow quantity.

This schedule may reduce ventilation | ower th
this mirndrs ermrloy for aesewthowmr $oamd mosieps. Th
an acceptable parameter to not specify furthe
Bel ow is an example of the outdoor air object
ventilation,awvmd a ncocleededel ofwas applied:

2022 Titl &i 2BASEP aRd 2 ®2NRHV ACH|3 4 8



DesigniSpaci 6n: OQutdoor Ai r,

Corner _Class_1 Pod_2 FF_Zn Desi gmWNa$gmgeci ficat

Ma x i mum, I-Out door Air Metho

#eval| 1.5 * 0.007079211648 JQu door Air FIl ow
Per son

#evdg 1.5 * 0.000762 ], -Qutdoor Air Flow
Zone Floor Area

0.0, -Out door Air Flow p
Zone

0,

School Occupancy;

Economi zer Controls of DOAS

|l n DOAfSi gowmati ons witbcoveaty]|] athenobedbor air
was set to economizer controls with an upper
these properties is as foll ows:

Controll er: Qutdoor Ai r ,
BaseSys6 OAQ\arnie, !
BaseSys6 OACtr|l GAre®ut ©Omt Riedtli idNdofd eAi r '0Out | et
Na me
DOAS System 1 Supply SideRéRetnrAi Ai NddénNaimn
BaseSys6 OACtrl OA SysMemeiMi Aed KNode Ndbdme !
BaseSys6 OACtr|l OA -Axstuamd®ANAmd e, !
Aut osi z-edi ni mum Oultdoor Air Flow Rate { / s}
Autosi z-eaxi mum Oult door Air Flow Rate {m3/ s}
Fi xedDrybBEtbpnomi zer Control Type

Modul at eFl ewconomi zer Contlrol Action Type
23.89!I-Economi zer MaxiiBhuunp LTienmpte rDartyur e { C}
64000, -Economi zer Maximum Limit Enthalpy {

, -Economi zer Maxi mum Limit Dewpoint Te

, -El ectEmtnhael py Li milt Curve Name

15. 56!1-EcononMizrneirmum LBudikh TDemper ature {C}

NoLockout ,-Lockout Type !

Proportional-Mini mum, Limit! Type

Al ways On,-Mini mum Outdoor!meir Schedul e Na

, -Mi ni mum FradooonAbf ©Sahedul e Name

BaseSys6 OACtr|l MaMaOiAmbmhEdadti,on!of Outdoo
Name

BaseSys6 OACtrTr | Me c-tMe¥dmami Cant Velnlted atilon Co
, -Ti me of Day Ecdndhoihzdamnul|l @o MNtame

No, -High Humidity Control

, -Humi di stat Controll Zone Name

, -High Humidity Ouobdoor Air Fl ow Rati

2022 Titl &i 2BASEP aRd 2 ®2NRHV ACH|3 49



Yes, -Control Hi ghiltryd dars eddumin Out door Hu
BypassWhenWithinEconRrldenatzeRedconersy Bypass Con:

Ventil ation heat Recovery Il nputs

For DOAS configurations, dthreatfeod |hbow nega celx asmpd t
confi gurwdar iicnudg.hmOmrdley ssensi bl e energy recovery
including a relationship pé¢r dchracsreeda soend reefvfi eecwtiin
sever al product selectiomper cdkthatsmil owmumaimndc¢it e
A sample sétromf Enepgly®l us are included to dem
i mpl ement ed.

Heat Exchanger: Ai r ToOAir: Sensi bl eAndLatent

Heat Recover-Wame !
Al ways On Dissvcaieltaebi | ity Schedul e Name

Aut osi z-Nomi nal SulpRlay eA{ mM3FIsd w

0. 6, -Sensi ble EffectibVMeness at 100% Heati
, -Latent Effectiveness at 100% Heating |
0.65, -Sensi bl e Ef f7ebc% iHeeanteisnsg aAi r Fl ow { di

-Latent Effectiveness at 75% Heating AI
-Sensi ble Effectibeness atnsloh%eGasgl i
, -Lat&&hfectiveneds at 100% Cooling Air |
0. 65, -Sensi ble Effectiveness at 75% Cool i
, -Latent EffectiwovkhegsAat FbewCHPdi mensi
BaseSy<Le-20MA System-0AppbdgeAir! I nlet Node Na
Heat Recovery 2 OA St3we@mp YOuAilret OWNtoldeet, Ndde N
BaseSys6-2006Bt System Rel i ef SBxheaaurs tGuA N ped & nNoed
Na me

BaseSys6-2006t Sly sltieeni RNEOxlegust! Air Outl et Node

o -
(o]

0, -Nomi nal El ectric Power { W}

Yes, -Supply Air Outlet! Temperature Contr
Pl at e, -Hed&txchanger Type!

None, -Frost Control Tybe

1.7, -Threshold Temperalture {C}

, -lni ti al Defrost Tilme Fraction {di men
, -Rat e of DeHrraocstti ofn! Mencr ease {1/ K}
Yes; IlEconomi zer Lockout
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Ful | | nput Tables of Efficiencies
Note 1: for all space types where dynamic ventilati on oceomtcrcaulp am
schedulor the same spgaonesitdepe.d Bhiconwaes vati ve estimate of contr
occupancy amper afeant em®@89t hours of the day with a ramp i nCotnhe mor i
propesydid not enahlblid atthiosmm Iceowmelr odf awmen di d not actually modul at
Note 2: fan poaelscswiret emhsf are each case based on the CASE 2022 prc
pessure credits bm ampenemrt andTlBiystgrovided a method of equal ¢
buil ding type.
Medi um Offices
Medium Office Building
Mi xed A
Parameter |Units Economi DOAS Design Configuration
Design
HRV ( DOAS | DXDOAS he
VAV with| FPFC, Ch HAF?_\S/BO(U??'QS A[\)i)-éSF)OOL'IA\I’SC(;NI pump wi-t
and OxXol i Boil er Source
One DOAS] One DOAS] One DOAS One DOAS
Syst ems One per buil di buil di buinlgdi buil di i
Ventil at|
Source n/ a none none Ga&sur nad He at Pu
Ventil at/
Source DXxCoi | none none DxCoi | DxCoi |
Fan Syste
Fan Type Variabl el Variabl e| Variable| Vari abl e| Vaabl e S
Fan Airf]l DCV & Pr| DCV & Pr¢DCV & Pr¢DCV & Pr¢DCV & Pr ¢
Control Set pReséel Set pReste| Set pBRese| Set pRese| Set pReste
1.5 x Ve| 1. %exntat] 1.5 x Ve| 1.5 x Ve
Primary F Sensi bl Requiren Requiren Requiren Requirern
Primary F
Pressure |PA 126¢ 102¢( 102( 1264 129/
i nches 5. ] 4. ] 4. ] 5.1 5. 1
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Medium Office Building
Mi xed A
Parameter |Units Economi DOAS Design Configuration
Design
HRVY ( DOAS | DXDOAS he
VAV with| FPFC, Ch HA'T_\éo(u?gAeS Eiﬁ?oolfrsce\m pump wi-t
and OXol i Boil er Source \
Primary F
Effici nc|% 6 0 ¢ 6 0 ¢ 6 0 ¢ 6 0 ¢ 6 0 ¢
Primary F
Efficienc|% 9 %% 9 3¢ 9 3¢ 9 3¢ 9 3¢
Zone Fan PA n/ 31 31 31 31
i ncheg n/ 1. 1 1. 1 1. 1 1. 7
Zone Fan
Efficienc|% n/ 42 .7 42 .7 42 .7 42 .7
Zone Fan
Efficienc|% n/ 85. 5 85. 5 85. 5 85. 5
. Mu tStpieed, [Mu tStpieed, [Mu lStpieed,
Zone Fan CVTCh'eer m(?)'”st’ on/ Of f on/ Of f on/ Of f
Control n/ Ther mos Ther mos Ther mos
Central A
Temper atu
Control
Supply A SAReset Cost ant Constantl DXDOAS Sy DXDOAS S
Temperatu on Zone, Set poin Setpoin Reset, C| Reset, C
Control and Reh and Reh
Cooling Cool Vvapg: a
45F OA/ 5/45F OA/ 5
. 55F to 55F OA. 55F OA
Supply Al Cool in 60 F 60 F Reheatat?Reheat: 7
45F OA/ 5/45F OA/ 5
60F OA. 60F OA.
Ai rside Ventil a Ventil a Ventil a Ventil a
Economi ze Economi zi Economi 7 Economi 7 Economi 7 Economi 7
Economi ze DifferentFi xedbhr wdFi xedDrybFi xedDrybhFi xedDryb
Control b 55F mi ni 55F mi ni 55F mi ni 55F mi ni
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Medium Office Building
Mi xed A
ameter |Units Economi DOAS Design Configuration
Design
HRV ( DOAS | DXDOAS he
VAV with| FPFC, Ch HAF?_\E/,DO(U?S'ZS ADi)-észDoOuArchVI pump wi-t
and OxXol i Boil er Source \
Sensi bl Sensi bl Sensi bl ¢ Sensi bl
_ _ none Recover Recover Recover Recover
til ati 60% at 1060% at 1060% at 1060% at 10
overy 65% atfl7d 65% at 7565% at 75 65% at 71
til ati SAT I ntel SATntegr, SAT I ntel SAT I nte
overy n/ a Bypass C| Bypass C| Bypass C| BypsasCont
e Term
t ems
e Term VAV with VAV No R| VAV No R| VAV No R| VAV No R
e for Vent| for Vent| foventi |l for Vent
L mum A 20% ot w(20% or v{20% or v{20% or v
trol s 20 %
e Heat n/ a Four Pipe Refriger| Refriger| Refriger
|l ing U Uni t Coi |l Un Coi |l Un Coi |l Un
I-:ewamtig;tng n/ a Cycle On| Cycle On|f Cycle On}] Cycle On
ntrol TRr most Ther mos Ther mos Ther mos
mary C
ating S
ling S DXCA?I_"LBS’ Air Cool g Ai-Sour ce Ai-Sour ce Ai-Sour ce
ting S Cemtr al Boil er| Ai-Source Ai-Sour ce Ai-Sour ce
I ci enc Title 24 Title 24 Title 24 Title 24 Titl20 12%
| ing E|EER 10, n/ 10, 10, 10,
ting C|% or
Il cienc|COP47
HSPF 8 0 ¢ n/ 330 330 330
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Medium Office Building
Mi xed A
Parameter |Units Economi DOAS Design Configuration
Design
HRV ( DOAS | DXDOAS hgeg
VAV with| FPFC, Ch HA'T_\éo(u?gAeS Eiﬁ?oolfrsce\m pump wi-t
and OxXol i Boil er Source \
Heating C
Efficienc|Unit Perc Perc COP4 COP4 COP/4
Rated Cap
Efficienc|Btu/ hr 1000 n/ 1000 1000 1000
Cooling M
Ef f COP 3. 2. 3. 3. 3. ¢
Heating M
Ef f COP 8 0¢ 82. 2 3.1 3.1 3.1
Refearignt |
Recovery n/ n/ y e y e y e
DOAS Vent
Cooling H
Coil s
Cooling S n/ non non DXxCo DxCoi |
Heating S n/ non non Gasurn Heat Pu
Efficienc n/ n/ n/ Title Title 24
Cooling E|EER n/ n/ n/ 11 11
Heating C|% or
Efficienc|COP47
HSPF n/ n/ n/ 8 0 ¢ COP4
Heating C
Efficienc|Uni't n/ n/ n/ Perc 3.
Rated Cap
Efficienc|Btu/ hr n/ n/ n/ 650 650
Cooling M
Ef f COP n/ n/ n/ 3. ] 3. 7
Heating M
Ef f COP n/ n/ n/ 8 0 ¢ 354
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Smal | Of fices
Small Office Building
Par amel Uni { Mi xed Air Econom DOAS Design
Two Spe/q Two Spe(HRV ( D( HRV (DO :
Single 2Single Zo wi tMh niHWﬁVt h( DR(with-SAUrDXg(?ﬁ‘rSCZVIf/
Packaged Pump Uni Split VRF
Twoépeed §Two SpeedHRV ( D( HRVY (DO ,
Zone Pac|Zone Heat With'I\HV\I;{in h( DFgwithSOAljerXg()C)f‘rSC;v"\tl
Syst ems Uni t's Uni t s Split V R
Vent i | g
Heat i ng( One DOl One DO One DOAY One DOAS
Source One per One per f oorui l d for bu buil di buil din
Vent i | 4
Cool i ng
Source Fur nac e Heat Pu none none none Gafurnac
Fans$e,| DxCoi | DXxCoi | none none none DxCoi |
Constg Const g Const a
Fan Ty Tw&gpeed Tw&epeed Vol um Vol um Vol ume|] Constant
ThermostédTher most ¢
Fan Aif FI ow at FIl caw 30 n/ a n/ a n/ a n/ a
Control Power , FuPower , Fu
Ful | Po Ful | Po
1.5 X 1.5 X
Pri mar .y Sensi bl Sensiblfl Ventil| Ventil|l1.5 x Ve 1.5 x Ver
Sizing PA Requir¢Requir¢ Require Requirenm
Pri mar .y
Pressuin inc 796 796 647 647 647 846
% 3. ] 3. | 2 . 2 . 2. | 3. 4
Pri mary
Ef ficid % 56 ¢ 56§ 56§ 56§ 56§ 56 ¢
Pri mary
Mot or
Efficid PA 86. 5 86. 5 86. 5 86. 5 86. 5 86. 5
Zone Fig
Pressuninc n/ n/ 31 31 31 31
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Smal | Of fice Building
Par amel Uni { Mi xed Air Econom DOAS Desighn
Two Spe: Two Spe(HRV ( D( HRV (DO :
Single 42Single Zo wi tMh niHWRinh(DR(With-SAUrng(?ﬁ‘rscgwf/
Packaged Pump Uni Spl it VRF
% n/ n/ 1. ] 1. ] 1. ] 1.
Zone Fié
Ef fici e % n/ n/ 42 .7 42 .7 42 .7 42 .7
Zone Fié
Mot or
Effici g n/ n/ 85. 5 85. 5 85. 5 85. 5
Zone F{ Cycle (Cycl e ( MultStpieed Mu FStpie e d,
Airfl oy wi t h wi t h Cycle O On/ Of f v
Contr ol n/ n/| Ther mo| Ther mojwith The Ther most
Centr al
Temper ¢
Contr ol
Supply Single ZoSingle ZoConstanConstan ConstAm{ Constant
Temper g to Thern to Thern Setpoi Setpoli Setpoi Setpoin
Control
Supply n/a n/a 65 F 65 F 65 F 65 F
Set po|
Econom Airsid Airsid/Ventil gventil gventil at|Ventil ati ¢
Type Economi 2 Economi 2zZFree CdEconomilEconomi z[Economi zirn
Fi xedDrlFi xedDrlFi xedDry
Economi Di fferent|Di fferentiwith 53with 58with 55F|Fi xedDrybl
Cotnr ol Mi ni munmi ni munmi ni mum |[55F mi ni m(
Sensi i Sensi
Recove Recove Sensi b
Vent il none none 60% at |[60% at Recover
Heat fl ow flow| 60% at Sensi bl e
Recove 65% 7bt% 65 % at flow 60% at 10
Syste fl ow flow|65% at 7| 65% at 75
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