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Executi ve Summary

Th
co
re
co
an
Co
i n
F a
1.

I's i s a draft report. The Statewide CASE Te
mments on the proposed code changeaesafand t he
port. When possible, provide supporting dat
mme 1541 g eds treevi si ons wi | | be considered when
alyses. The Final CASE Report wildl be submi
mmi sish loe ofadl210 . For this report, the Statewi
put on the foll owing:

n P®Bwearget submeasur e

The St at ewledhan GARKs feedback on the proposa
to cover all fan systems above 1 kW input p
currently)

The St at ewledhan GARK s feedback on t hsec oppreop os a
to include fan systems moving unconditioned
conditioned air).

The St at ewledhan GARKks feedback on the proposa
and exhaust/ return/ relief systemanwhen ca
power budget requirements.

. The Statewledhan GASKs f dedpaolkposedt addi ti on
transmi ssi ont heef ffiacni epnocwwe rt dbudget (kWmax) anct
el ectrical input power (kW), dlrlacmveimm g sfi orn sc
(such as direct drives).

The St at ewledhan GARKks feedbackresstihe tabéeen
assumptions

The St at ewledhan GARK s f e evdabraicoku so nmetthheods o f

determination of the fan power  bcutdrgiecta |( ki Winpal

power (kWw).

a.Additionally, whilDeahotRepBobpos ed ei nSttahties
CASEeam is seeking feedback as to whet hel
require users to use the performance pat

such tahserief are additional pressure all ow:
credit for higher effi ciTeme yp urrpmnsseni cfs itol
approach would be to vastly simplify the

calculation compl exityr g bonlimpo)v.i nHjo we v & ro,
|l ead to more designers having to demonst
performance path. In other words, i f a u
power budget wusing the prescriptive path
def aupowénanbudugpeti nl oporkoposeAdd Table 140. 4
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FEI submeasur e

7. The St at ewledhan GARK s feedback on the scope o
which deviates slightly from ASHRAE 90.1 FE

8. The St at ewledhan GARK s feedbackeovr|l proppeedfFE
requiring an FEtopée fLafAisf asatbmpared to AS
all ows a | ower FEI of 0.95 for VAV systems)

9. The St at ewledhean GARKs feedback on making an F
measur e.

Duct Leakage submeasur e

100. TheatSéewi deTe@ASESEeeks feedback on the basel]
| eakage rates for ductwawaorksgbtempply and ex
11. The Stat ewledhan GASRKs feedback on the increl
ductwork, specifically theoco€tsoofA. going f
122 The Statewide CASE team seeks feedback on
for the proposed sections of ductwork that

Email comments andfsugigdedti2Zdsdgykaegust 14
2020omments will not be released for public re

| ntroducti on

The Codes and Standard&amiBnhhanoemegnte se@ASE) eco
t o s utplp@arlti fEonrenrigay Co insginegsiggyn Copmesbsophs to up
t he Cal i f ogfnfiiac iEenreay yBui(ITdithn gP&tdan@artde i ncl ud
requirements or to upgradeaekossitigceéeqluogtekaeas
California I nvestoriP@Qwndd cUtGalsi taineds E(l le@UWs)i ¢ C
Diego Gas aanmB8d&utelteanmrn cCal ThodwBwab IEidé IsynOwned

Uti eisStacr ament o Muni ci palosUtAmdget e Da rstt ma rctt , o0 fan
and Powerreifrerred teawiae tCIASEBESMtEamtamncl udi ng t he

Aut hisrponsored this effort. The program goal [
t hat wil | -efefseucltti vien ecnrohsatncemeref $ i coeinmypr ane e
performance in California buildings. This rep

presented herein are a part of -ehkteefifvehess
information for proposed r-efgfuiidreesmiedgnnt sp roanc thi uciels
technol ogi es.

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

Commi ssion will evaluate agtreowiodeal GASR bTm arm ean ¢
stakeholders. The Energy Commi ssion may revis
Commi ssionds 2022 Title 24 website for inform
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mailto:info@title24stakeholders.com

how to participatepsn/ thewpeoeesgagn-dca. gov/ pr og
topics/ progreamsedhfuiicsitieanncdyar cbsu/i 2-@a hredf | ci ency

The ovelk abtiDrepfAASE Reporetsemdscbdepchange propos:
three air distribution sulfmeasswunreasy:y fiard epcgwaern
|l eakdpe. report contai nsuperottihreermgto dien fchiramatei. o n

Measure Description

Backgnd I nformation

Air di sitmarbrud 9 ibdueinitdiianlgs consumes a significan
accounting pemrcofmptttod al. mati onal( Dermperrdgynemdn sou
Energy . RWill7di ng codegs Ti,Ppeti2Bi clhddesti amgar ds t
encourage better and more efficimenhonessigde of |
buil dings but no individaoanl bfaadeféguoi eemgnt s
sealBegause evearmnd baiirl ddingt ri buttihteni $ystihgmcios e
regul ati odsanc ploawhé sg obeenal syructured to give
designers fl exi Bdiilmittyy nvgi teh tshteandwartdss, fan nan
or fanHRmBa&Kg as a f unlchtiiso nalolfo wasiordfelssveg.meir &1 | vy
reduce pressutrler omghluce woek ducbeteer,pfii ttang:
c hosi nag mor e edmbicneaetnitonc oft bameebrt met oode.

On January 1, 2020, wifthheh@Oil®pheame¢ et tgi, c®de

the fan power | imatCafweme at manslead didemer i can
Society of HeatidgAQCoRdaflirnti geai agiSHR HEM-2BL 1L 6
Most significantly, t htihsr ecsohdoel dc hoaf n gf ea nl oswesrt eedms

standard from 25 fan motor nlamepl ¢ emiddtPed ot be
24, PSratnd@ar ds f rcobmfeetfAiwatrt sniomet ¢ oC @hE)Y e

there is a |imit on BHP or nameplate HP as a
whet her the system is variable volume or cons
chosenhere are alsonal npmbssupé addHi bwanceso
components such as eneanlyi gle ceofvfeirgyi esvremyt i g art toir ¢
HEPA i |l ters, which all ow amosrtei Iflanc opmopweyr. t o be

The effect of the existinBafbasSpmevedtatiimy e natt i
requir emanfgaenf osry st ems but relatively easy to n
systems. The keédyer aanden |liys ntghdtan power | i mit
assumptions about what compemeard haovw mwnc ke aprhe
t hypresent tFort leex afwepnt .e@aibdl evpopVAWhEN s yyatyeimave

| i 4+ mloe duct weg&rdbess of size (essbBhgiwpéhyhe
credit ftohrrierceiesagof wawgaf gtaautgel (pressure in t
Famystemsl garveen credit fowhbohaetgbfFenddr in t
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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

Cal i f,oransi awe leldids®ed ol ongacoil, regardl efshe i f th
Statewi diea@ASE knoavs edmetsi on st haroeu gnhaoduet t he bui
codrut the B6A8&8EeWlkelm eves these assumptions ar
exami newhi oohulweé a@® energy savings

Addi ti onalsltyi,ngt feamdosvedo !l noni taccount for tra
efficiency, meaning the buildinglépdeckntgely
efficient tir.agngwicgasvyieons aphrshn esaliiothnys, n mouwit!| diamg
uskbedtdti veansmi sJihotslseh aesf f ect dfheurmpdevrest ati ng

consumption of f an pseyscteeansd gV é oturgahn sgrbiBsusti on s
95 er cefnfti.ciTehretr e i s also no air density correc
di fferences of a fant esysne nbuwiulitl tatathisghaerl ee/lee

Finally, the exi dgthireg hawhnld nee dloamtee HFhan t he 25
threshold which erdsbéd20bhPpopughitheexcludes m
coeff fective energy sasiumchs asouhdohbeiteadhniede d e
systems, commonly fBwumtdhe nmwae ehbhisees.i s al so
select more efficientlIlmosoammaangd famampenies s i og
I i mi t aptgileosn sa fsoreep-t ealsl 06 apprgadfaat agorwer

bui |l gwhnigesh |termees utiaosbme mg easfyort omaneye &bt s

Dr aOASRep@mtoposes a new fan power budget presc
replace the fannpowern viei mintatgiyos@avangs in all
systems.

The curretarTi t6|l e efildbrr emaentsi dahtsiondt brue d Wii rneg
any specificfaraquiviemaihitcd fmgsy st.dhs s CASE
Repprtopasesi ¢ é ntaime eatmi ni rhuwmn e ri qyd(exE | )

requi retmebetsicomdi.Then&EI i s an efficiency metr
Movement and Control Association (AMCA), an o
commercial and industrial air movement equipm

standards t o addwelso ph arvieeld biere nc @lulrsludmat iedn wi t
St aDepart ment (U f®.Egenrdgyener gy efficiency advoc

started durefnfgooratdeeeéoal commer ci al and i ndust
standar ds. FEI addresses a droingisrn g nfdd mge fpfriodil e
fandbs peak efficiency is often poorly correla
operating conditions. The FEI metric is an ea
designers to make fan selectdynswitdroes etrhe ohiag!l
FEI, the | ess emRergayirndigcodsamedamal i 9 ke@aer gy

ef fiwsgiemdg sFElesi gned to compl ement the propose
requirements for fan systems.

A f i nal ciommppoorntdanntg leormheomr@ae r di stri bution system
air generated by fan systemsinstidel bvereéedngow
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mi ni mal | eakage or Thoes sperso paol soendg ctohdee wahyange t o
ducts to be sealed &Accbhghegtt defeale GClfaseal.i
2 4, Parrte pu iwri e ASHRAEI 0. 1 and is a common sen:
mi ni mize duct | eakage. The proposed code chan
through | eakage | i mitso anred iduwctl elackaakgaeg e atteesst ia

CurrlggnTitl e 24, Part 6 includes a prescriptiyv
di stribution system in nonresidenti al buil din
l ess thaoobdiO00 bthreadt alreevae a signi ficant portic
conditioned or outdoor space be tested to c
rcent of nominal air handler airflow. This
akage of all componehtasad|lencl udi hget base of
stems that meet the above criteria, the ent
percent. As a prescriptive requirement, de
proach can choosengotebaapgper suemi ashivevified
sts to comply with Title 24, Part 6.

OnJanuary tlhe 28f2f0ect i 2®1CA 4t ¢ ooMmi tah Me(chMh iocral C
Title 24d,ucRarlttedibfge and tdeusctti nlge arkdaguueikrdaeerhe nt s
fooronresi denti al ai.Madcdi snueni niut t ®@ch elgs ik 2gnee nt s
and testing to Venrdagylse amagaexnlmadde@ddcti on

603. bd. 1 heThCeMCmandatory | eakage | imits in the
i mprovemehe, CMCt | ackswhipetidectitgn®nof duct wor
test ed,aewtecute the testing, aeedwlkat oddemomast
compl i Tamec epr op o s endo ucshdaprptolrst exi sting requiremer
be incorporated into eitheThe hehZLMferwduld eal
the existing prescriptiveéi duet2d4mpaRamgtcoBygaoir
requiremenwist t ot r@dMcCxynl 9

T Y B 0 — T C
O T o< ® ® S

Proposed Code Change

This code c¢hatnhgreeiepr dp essuelsnbeuatdi borand s modi fy exi st
sections or creatiefmintelwe cd#jer Beptraces csfiapnt i v e
powe budget rweoquitierpelnecnet t he exi sting fan. power
Second, mandatwegwyi rveanebned a d dreedq wierre ai n tfoan type
be selecFE@ htFanal hddr ¢eakahgemmwndatory
requmiemneo ut € geunierw  d ukcttbweo rs e a%eea@l @ s A samddar ds
the existing preslcirmiptts vend ucuctl elackkaakgeege t est i
woul d be moved to mandatory r equiNroemmensti sd etnd i a
Appendi x 7 (NA7) wouldrafygyothe sphptddgt oequi
|l eakage testing that i1 s required by the 2019
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All three of tweséapdpupP measoewwsiidlheset rfuacnt ipoonwe r

budg@eatd duct seal iwmauéiesgup Iragedndeiotti san ¢ e a rkd 1

t heexi sftamgpower ilni nmidtda ttii oomss ,aadnddi tailotnearl a tpiroensss ur
all owancesrgneahyddfferent air filtersiyf This p
the additions|l amguade eardad i ®inmpl y grant additi
wWhiatheki rectly propor)tifoonraladtdoi tfiaonn sp cawnedr al t er a
t hereharld enges in meeting fan power requireme

| mportanhéyscbpepowenr hlkudget ssobmergbsongesuch t1
threshold for fan systems to Ipeopwdsge®ct t o th
el ectrical 1kWuthipdwadr rsn afmeiplhd,tyec bHiPpar el t o
namepHRBtther eshol d tfiorg tflaen exiwkhrissl b nme dalisi@ n s

prospeossepasatpely fan systems from return/relie
systems, such that each fan system mustotmeet
combined as is currewefryl domnéawi bhsthe fan po

Finally, the Statewide CASE Team is also prop
the healthcare facutreneby wherememphefyrom th
i mitationsknbwWwedgri ngetqlue ruwenkieqmiess heal t hcar e

facilities air distribution systems (such as
Team has plreospso ssetdr i ngerftorr @ diteisree fveamtl sy st e ms

requit hieppgnp!l y fvaint lpoaver budget .

Scope of Codeogbsalge P

Tablssummari zes the scope of the proposed chanc
Stand®ederence Appendi ces, MAl h(eAdM)t | Rreef eCael nccuel

Manuand compl i ancteh adbaudwEemenotds fi ed as a result
chano9
Tabl:e Scope of Code Change Proposal
Modi f i e Woul d L
Measur Type ofSecti(MOd'f'eCompIiMOd'f!e(
. .24 Part Compl i ai
Name Requireof T|tA endiSoftwa Documes )
Part ¢ PP Be Mod
Ye, s .. 73
Fan POPrescri140 4 Nonresi Fan an NRC®MCHE,
Budget ' AppenNdAiDuct NRC®RFE
System
Fan En 120. 1¢
Mandato(new N/ A N o NRC®ICHE
I ndex sectic

2Q2ZTi tl e 2Br aOASEt R& 20 2NNRHV ACGR2|1 6



120,. 4 N R C®C HE,
Duct MandatolZO.S,NonresiNo NRCAWCH
Leakag 140. 4, AppendT™ 04H NRCA

14.10 MCHO 4
SourStecatde wCASE Team 2020

Mar ket AamadyRegul atory Assessment
Nonresiaiemtdiadtri bution systems are designed [

must take various considerations into account
f amqui pment. This includes but is not | imited
ef ficiency requirements, architectural and aes
requirements based on building occupancy. The
installed according to plan by mechanical con

Aspreviotuatl ¢gdxi sphreengc rfiamt ipwewver alriemheatinod h y
fl ediamé ehamndiesalgndeccananse the pressaereombeof an
make tbBgstneome efficient at oveorrcldmoittntigi & hree gare

the fan power budgetgnerscmnl|l apeasfyg | ower pr
systems or higher ekffamcs enmygt @eqai @gmemntanfs mi ssi
fan power budget. However, for the purposes o

t ht at ewi de TASHI sTeddureixvel y on meeting the fan
through | ower pressure duct wowdkyhdto rsehendv ttc alte
changedmpd yt ihpirtelsgtrrievgeui r ement . TheTe@tmat ewi de

| everpmrgefde smd wwmandi cal desisgtniemnast carnsd tcoo ssth oew t h
effective and techneixcpalaliy efde aai Wreedwdch i s

anAppendTx IGe,ac ldeeasri gnes pe anofrgel =df fainsi,emtot or s
transmi s sviho eahf tneany b e enfofreec tciovsee t han maki ng cha
duct woouwtwopiuthdt be tequomply withudbpetfan power

As with the existingddianngoweressumetfatomnduyct
specifying momwe ue¢ & meccoimsednrt a tf eagnise s  fiotrh ctohnep | y i nc
propofsaend powe.r oive g geddtte s i gwmoeubdsddave two new
opportwht hiast helmged e trtlogp of saend plouwkege mor e
efficient motor sl ranadt herarmgarissciuatrteenrt 'y no cr e
i ncenunidveer) the fan powespécmiyahgoasmore effic
NEMA preari umgre effi cie.nd. t-cdr@ainwsanitsrsi osnmi{s si on
proposed wmrewtseucroegann &z ecredit these energy effic
The St at ewleaaemsC ApSEotploes i fngn power budget submea
pr escrmepatsiuvee , meaningofift icmant hbeppetlidegmawce

constrarcd i @lnt.erHhccweowesr wi e OZkQRénise al so tpwoposin
compl i ment ary manidna tbahraQsAA e aR ellfph@stmand at or y
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measuiseRBble subme asworua evwhuiiaoble mini mally efficie
for certaie.maxnt Ity pfessns erdo te qgiun ppe@k g cand i s

regmeneé to seabeal | Cldax€lepbi ance with Seal C
requires sealing all transverse joints, longi
has been mandatory i n AlSeH RAtEa t9eDw ilTdeen inbARE 28060 1 0 .
proposingpaddf ngatcioonpd y wliutchh ttheestnenvg requirer
Cal i forni a Metchhhabnoikc aelf fGocdte JTamsaryddi, t i2®ORD . ar e
necessatgndardi ze testing across projects and
documenamad i obmeulidncor porated in either the CMC

Al'l three of these submeasures are either ado
2010) or pcroonpnoistetde el n( f an power bModrgee ts)p eicni fA ScRah
the fan power budget mirrors a pending proposa
effect as pad9d-2022 ASHRAE

CosBf fecti veness

All phopesuechdneasufesndrcwoefbfeecti ve for all cl i
whet bevwpwubd requiredtacogd@/iCadmnied c o nbpearreadsi ttsh e
costbvitng st he veeaslthseear per i o dP roof p casnead hyesa gse s
thhavaed/&L€ati oorofgrlaadeexetd f ecti ve. HBheatliaoc,getrhd he
faster the measur e payoss @fvoirmgist.sienlcfr efnreonn ael n ecrogs
fan powe s urbauadsglerte owma e r viae ti evrerhiyn$0d Bftant b e

B/ C matraged 6.8 across all buildingheypes mo
i ncr ementtoale vcaolskttBt es o Ihwiemn stulree | ar ge wafsf i ce pr o
determinedO®&plben $mh fraent,u rann dr attdivee rBBgeSs6 acr os s

al | c loin@thee 2 ncr ement al cost for the duct sea
det er mi neOd Gfdob es $pply air systems and $0. 30/
andhR/ C mnatiragdesBcromss al l building types mode

zoneseeSectd.o0dfoRhe methodol ogwphdasesmpbsons t he
effectiveness analysis

INote that the incrememptil @hnhuecosttaff n$fIad08 spepecific to
plenum return fan to achieve an FEI of 1.0 on one fl oo
Secti.on. 1T he svwdipgnetnead cosbompodi aamt! fmaems to comply with F
of this measure is s(igtnatfewiade | GA SE sTse aamt 2$011989).
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St amiede Ener gyEnempdgadtesnd Gr eenhqusHEG Gas
Emi ssilonpsact s

Tab2preseéehesesti maadred dckereapgayct s of the propose
chamgbawdbubd realized stthd diinadsetthhsani ndhe 2022 T
24, Part 6 requiercdmesmtdrs atra&t ewi ¢¢d ener gy i mpa
represkeynhedf oiné orwilaeeg t ri ciitny gsiavawagsst per year
(GWh/wyeadk el ectricali demagdwatbthaoaf MWWhgas savit
million themimstk iper myenr dépamd athit @eTiD&mh er gy
saviinigisl o Br i ti spmert h@gddkaBlt(ubmgistesc tGfoonr mor e

det @ainl ¢ hgerbigtsdat ewi dal ecmpatced by the Statewide
Sectdcoommt denail s -anithenpegy savings calcul ate
CASE Team.

Tab2€&i rYeta®t at emndyegntmpact s

El ectt Eltla:.cE:}ta Natura) TDV Enj

Measur e Savir De mar Savir Savi
( GWh / Reduct ( mi h (mi | |ITi DoV

( MW t her ms kBt ul/

(F;".gtzf’;"’er Bu 1109 35°¢ 07) 3,31
New Construc 34. 10. (02) 951
Addi tainadn sAl t 85. 25. (05) 2,36
FEI (Total) 0. 0. (0. 14.
New Construc 0. 0. (0. 14.
Additions an N/ . N/ . N/ . N/ .
Duct Le@katga 50. 9. 07 1562
New Construc 18. 3. 0. 589
Additions an 31. 6. ¢ 04 972

Tab2sehows the projected significant savings fr
These saeregmodel ed frEmengyyel Cepmidsd Dihegmp e

buil ddinmlgeare a function aodfuel) ore¢edhecé&anf owpowd
standard methodol ogy, and 2) an expansion of

HP to 1 kWl ed@dheol aigei fi cant savings as there
1 kW andpbaneamdP which were previously not sul
Il i mt&teonhavechgyg eper fan system in the CEC pr
ranged peonite@Percgernteadipnegr cteedne€2 r i ciptey savi ngs
buil ding. However, natural gas usage IS expec

2Q2ZTi tl e 2Br aOASEt R& 2 0 2NRHV AGR2|1 9



mot or heTahte gsaaivni.n gs nferaosnu rteh el sFElodeembdeshe sc
of the measure.

The projected enerdguyts d wiarkgng elsuales ¢ heui t e

significant, at approximately half the saving
projected savings are fromtmhmnedwscad rHWAEG da mgr ¢
circulated on both the supply and exhaust sid

Tab3presents the e GHiIGMEAIt 94 sasvaociidactda@ wir olpo s e d
code chandgéhset hgeat andar déAvail e eidnnGetGfieocnts ar e
measurmatininc tons of car@en rdCO02aeNIses uengputii voanlse n t
used in developing the GHG §6a&naAdpmpe mdoiéxhpGovi d
repdht. monetary value of avoided GHG emission
and is thus c¢omsef 6idetiarvalnyediss .

TabB8e FiYeatr St aGHEmMdesi ons | mpacts

: Monetary Val uce
Measur e Avoided GHG I GHG Emi s

(Me t r i cC Orz2oen/

(%20
Fan Power 24,7 $743,
Fan Energy 11. $3, 4
Duct Leaka 156z $468,
Tot al 4 97,9 $1 ,943, 8
Water and Water Quality I mpacts
The proposed measure is not expected to have
guality, excluding impacts that occur at powe
Overview of Compliance Process
Thé&tat ewASIE Twamked with stakeholders to devel
compliance and enforcement process woonud dt o i de
havevami ous mamTket caempdbi ance process2.ibs descr
Imp actthsaehe proposevduthala®ume mar ket actors i s d

Sect3i.aBnmndAppendlilke Ekey i ssues related to compl i
summari zed bel ow:

1T The foawerp buadmelti ancewopltdcgeby mirror the exi
for determining compliance with the fan powe

T A kegmp!l iissmmeub e f or pl ansdeetxearrminneer swhteot her t
designer calcul ated tdéte \«foodrmw eecac hf atna meoswges t ebno
by the ohslerhow propasfeudndctoi e ©Yysteamd ypea
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components.

T The sumaofiiahesegseemmipaudl power i s required t
t hat fodn tphewer budmedy dtoegm.eaRlhavbaabe&x ami ner s
required to verify that the fan input power

met hodsthe code. Thi s sho-MCHE bfeornnost.ed 1 n t he

f Desi gweuiseded t oOkknW wsrcecope faamre being selected
points witlhO@&mlnFrEd exvwaomihngeerds t o verify this ¢
sets anaMCMRCCCor ms.

1T Designers alreadmaxhamwen tpek esayxkeaqyiefdy and seal cl

be met by mechamindal |domgr aswners or their r e
already need to select sectiTons pfogdasawor k
mandad esi ngl e seal <c¢cl ass f omotalil mphaoatkiwtolr & , w

t he desahdgneipeestiefar paframethiedriscct wor be ,tested
whiwbuhel p standardize the procedur e.

T Additi onalcecdopmuimnamonibe r equbeeidilosees not exi st
current ICWMOfequitthement s

Field Ver i fAiccceetpitaamcaendlest i ng

The exfisn ipgwer st amddoathoonftiequdreeri fication
acceptance woeewlthhen gf,annoproovre rF bludgleit me asade.
compl iworudbel det er mi ned dumDiudde apkdargeitrtie mygeivri eesw .
adding an acicgpptoxreaadteésel d verification to T
supporetxitsttestgi ng requireeat SeZx.tiSorh aenoCMC.

i nformation.
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1l ntroducti on

This is a draft report. The Statewide CASE Te
comments on the proposed code changeaesafand t he
report. When possible, provide supporting dat
commeirst ggedstreevi si ons wi | | be considered when
analyses. The Final CASE Report wildl be submi
Commi sistiloea f2a0I2o0f t hi s report, the Statewide
i nput on the foll owing:

Fan P®Bwearget submeasure

1. The Stat ewledhan CGASRKs feedbpokabntbhenprease
scope to cover all fan syssemempboweg 1LokW
nameptateently

2. The St at ewledhan GARKk s feedbaokiahnrt e pt he
scopentbude fan systems nfocvuirnrge nutn csotnadnidtairodns
apply to conditioned air).

3. The St at ewledhen GARK s f eedbactko osne p ehrea tpea opws
and exhaust/ return/ relief snyg twintsh whheen fce
power budget .requirements

4. The St at ewledhen GARKks f bdedlpaoposedt addi ti on
transmi ssi ont heef ffiacni epnocwwe rt dbudget ( kWmax) an
el ectrical i nput power (kW), alrlacveim ¢ sfiorns
(such as direct drives).

5. The St at ewledhen CGARKs feedbackresstthe tabéeees
assumptions

6. The Stat ewledhen GARK s f e evdabraicakut dJoord $ he f
determination of the fan power  bcutdrgiectal( k Wm
i nput power (kW)

a.Addi tiwmialld ynot prvrmGa8Repaqtrfteni St at ewi de

CASEeam i s seeking feedback as to whet he
require users to usktot hmoperéddvaamaoced pPa
Syst emg ,hi tfahser edarn e i onal pressgqu,ercardl owa
to seek kirgehdaert dfofri ci ency tsrTahnes npi usrspi oosnes
of this approach would be to vastly sim
appendi xt icoanl ccwolnapl exi ty (by moving it to
However, this may | ead to more designer
compliance using the peéehktor mandse, pafha
to comply with the f amr epsoomeirp thiywey ept a tubs,i
woubudly be abldeftaaul us & atnh e euwpem budget |
propoabeddDAA
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FEI submeasur e

7. The St at ewlecdhan GARK s f e esdcbhoapcek tohne tFhEel me as ul
which devi dtresm AISHRMEI YW0O0o. 1 FEI scope

8. The St at ewlehaneCeAKSSE f eedback on proposed FEI
requiring dnrFBtopenilafls (asSHRPAHPadedht oh
all ows a 100.webr fFoEI VoAV systems)

9. The St at ewledhen GARK s f exkibragEkd maas ma mandat o
measur e

Duct Leakage submeasur e

10. The Stat ewledhen GARKk s f eedb a tskenaelni ntgh ea nbd
| eakagd odriad tewd r s aph@EIxyh aaist syst ems

11. The St at ewledhen GASK s f eembraecrke mtnalt h@ost of
duct woprekc,i f i cal Igyoitnhge fcroosm sSeoafl . Cl ass B or

12. The St at ewledhen GASKks feeddbdatkoos tbeSactio
f oorhe prepoaséeéeadns dfhaduomowdrdk need to be tes:

Email cominesia gg@sitnfoon@t ittol e 2 4 s thaykwediws td ek. 4, c20n2
Comments will not be released for public revi
stakehol der s.

The Codes and Standards Enhancement (CASE) 1in

t o s utplp@arlti fEonrenrigay Co insginegsiggyn Copmessopbhs to up
Cal i f &mrirEfdfsi ci ency Bui(ITd it h P &itdda ni@lraac ldisde new

requirements or to upgrade existingreequireme
California I nvestoriP@Qwndd cUtGalsi taineds E(l le@UWs)i ¢ C
Diego Gas aanmB8d&utelteanmrn cCal ThodwBwab IEIdé IsynOwned

Uti eisStacr ament o Munici palosUtAinlgiet ysDiDeprird¢ tmean d
and Powerein referred to as the Statewide CAS

Aut hissrpjonsorefdf Ghhd spr ogram goal is to prepare
t hat wiilnl ededeucltti ve enhmprcememdgy ¢doridcermaearcyy
perf orim@aktefbouinlida ngs. This report and the cod

present earahepraeritn of t he effort ted fdeecvtée lvoepn etsesc h
informat i omedegui peome bus | dienfgf iecnieerngty desi gn pr
technol ogi es.

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

Commi ssion will evalwuate proposals submitted
st akledheor s. The Energy Commi ssion may revise or
Commi ssionbds 2022 Title 24 website for inform
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mailto:info@title24stakeholders.com

how to participatepsn/ thewpeoeesgagn-dca. gov/ pr og
topics/ progreamsedhfuiicsitieanncdyar cbsu/i 2-@a hredf | ci ency

The overal IDrgpgdAS EeodRo rttipreisseattaca ode change propos:
high performance duwhiscdanndaifnasn pseyrsttienmesnt | nf or
Y
e

suppothengode change.

When devel oping the code change proposal and
presented in thisCASEoTeamt wer 8eadt ewwit hea numb
stakehol demanuhmalcimdéickegsi cal,choegir @itid¢trolses ,2 4
energy analysts, and others invdhpeopiosatlthe <c
i ncorporates f eedback traekceehiovledde rd uwoirnkgs hao pp ut bhlait
CASE Team Nwoevlednbgemr 2(0Slt9at ewi de CA Sé&n Meaeraoty 21021 9)
202(0St at ewi de CASE Team 2020)

The following is a brief summary of the conte

1T SectdicMe as Drees cr ot iIPORCASE Repoewd da descriptic
t he meamsdriet s b acTkhg rsoaugngmoteisceamdet ai l ed descr i
how tbdcehange is accompl isefted oins maeme sdabiad us
make up t hRarTStt@ ned.a2r4d s

T SectBidm addi tMamk dto Arbalty vinsg t hi s section in
of the curr®edtdsalesct ubes t he desaacdibatlied ywiits
the codei nbbhoudeng whet her the prcoopnofsheidc hme as u
ot hern omer tof t he busucdhfrnagsest asred srmdasf,etaynd ot h
standandswhet her teaclni mal endompgleia®n Bt ty che:

1T Sectdiccner gy Savesgawesummit ener gye,d ude naaonad
energy cost savings associated with the prop
describes thde hmdE@hatdewiode QASSE Te amiemat e
ener gy, rdeeduacrtda c ne rceorsgaw i ng s .

T Secthiodmis section includes a discussion and
and Irabgouri red t o i mpl e maeoqua ntthitefi ionde aicfua ree menrdt a |
cosdltt. sao i ncludes nesteimmat eas onfa, nite@eua,pene& nt ost s

|l ifetime and various periodic costs associ at
during the period of analysis

1 Sect@idn f¥Yetat aSeiwmpagrntes ¢ heetsat eewniedcegy aadi ngs
envi r onimepnatcatl sp roofp ocsdeed c hange f or tthh&OR2r st vy
codteagef f.&8bt s i ncl udesenehtedghyatmoliehts aoafed by
California buildi mpdowmeprastand ithemamtses or I
mat ewiiah emphasis pl acedarcecen caomys i ndestredrdi est losx i tch
st ate of .Cd&ltiafterwnida wat er ¢ on sruenppotritobnd siimnmp a c t
section
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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

Sect7@did®m opoRseevdi si oondseahQu &€@@é c | tuddreespwir t h
specific recowimmend@debeasi ond¢r fadddt i ons)
| anguageStfaonrd Kenflee r AppendAlcteagrv@eat c u IMathiuan
(ACReference ampal anaedohgpnualncement s

Sect8idBn bl i ograpdiynt as @ itrelteets t he St atewi de CAS
used when developing this report.

AppendStxatAewi de Savi npgrse sMeentthso dtohleo gnyet hodol o g\
assumptions used to calculate statewide ener

AppendEmbe8d &eé @& ctirnn cWattyer Mpt bedotegyhe met ho
and assuunp e dcaan seed Iheek e ¢ termbceidtdya d wat (eag. gi.s,e
electricity weedotrotamalwewambtsamw Jrnegsul ting fro
reduced water use.

Appendi En@i ronment al | mpastenat Met hedmkbobgpdol c
assumptions usiemdp &8 oiGH @Gdno wslsa toen' s uasned awadt er
guality

AppendCxl iDfBourinlidai ng Energy Code Compliance ((

Speci fpraseshegvant pngeesstd tha compliance s
any) .
Appendlimpe&EcC€Cesmplii ance nPrMacrekseppr dsdowst he
recommended compliancei pegmntmafsikec oattdor mpact
AppendSwmmary of Stakehadalodamebndedsa gnatieat
engaagndol | alwort &t enar ket actors and experts

Appendi XHEGy gSavings ELaésehtas i @acdhdi ti onal det e
energy savings weeFe&lc sludbuleaatsaud ef.or t h

Appendi Duldt CospiregemdDes aglt e«dt eerosddtnagi Imedih od:
for the Fan Power Budget submeasure.

Appendi HGy gSavings Catd¢lcudatadadi ti onal savir
buil ding prototypes model |l ed.

AppendiDudt LeakagdoWsl eonelt atoidonh ogy for <cal cu
baseline and pr opo sleeda kcaagsee ss ufbome at shuer ed.u c t

AppendSuxp pJl e ntenretragly Savi ngs plrmepenttss Taakdligs on:
energy savings | mpacautisl dsianvgi mpg so tfoary poetsh emrod e |

AppendS xp KI e ntenretrégbyst S adwaibmpgse sent s additional
savings for other building prototypes model |

Appendi WNovhi nal Energwi BaAvpngsemabltése energy
nomi nal dol |l ars by building type and cl i mate

2Q@2Zritl e 2@r aCAIBSEt R& 2 0 2MRHV ACI2|2 5



on

use a seingemrigfyi cant

2 MeasDescript.i
2. Measure Overview
Air di sstyrstbeurhs morne s ibdueinltdiianig s

Accor dti mgnittoed DRtpatrd ament Uo f®.EReamgtyi I(at iiom syst
commer ci al buil di quaduddid dedmay i lga3a4ds )
primary energygatcioosaimby ) per caefode indant gwb .de
(includi ng thrad nggaesd rut saat g €D, @ peatrctc.mMent of Energy 2

All Consumption (17.83 Quads/yr.)

HVAC Only (5.35 Quads/yr.)

Space Cooling,

Other Uses, 6.46 1.49

HVAC,
5.35
Office Equipment
(non-PC), 0.69
Space Heating, [Ve tilation,
Office Equipment 4 2:92 . nll;lon
(PC),1.02 N -----C '

Refrigeration, 1.91 Water Heating, 0.36
Lighting, 1.48 Cooking, 0.56

FigureU. S. commerci al primary energy

Sour(c@epart ment of Energy 2017)

At fandameavall, ahktew weaegplasfcdep el ect r i dal
buil ding aisrysdiastssihloivouditgi on
El ectrical Power

Equatli offran l nput

OaET T Qi i 61
¢©o0TD O— O—

. x Q
0N R a Qw oReERupedd Qi

of

ThiDs aOASRe p @rrtop ashesee
Tooeduce fan el ectfranc

1. Reduceprtches hree f an

2. Impr ov €dr Jnnnot @ot)ea N d

2Q2Zritl e

subimeasgeeseach
asly sitnepnru tmupsotwe r a

mu s(tF aonv eProcwoermmne Budget)
tran@mhefsfiiosiFedPmwe r

2@r, aCiASIEt R& 2 0 2NNRHV AC2|2 6

consumpt |

nput

Equation

t hese



Budget/ Fan Energy I ndex)
3. Minimi té¢Whet Leakage)

Tkse proposed submeasures, their applioabilit
Tab4aend explained in further.detail in the fol

Tab#4:&ubenmasure Summary

Measure TypeCoode New AdditiorAlterat.i

ComponerChange Construc

FaRower .

Budget Prescri X X X
Fan EnerMandatorx

Il ndex

Duct Le&eéMandatorX X X

2. 1Fdn Power Budget

The fan power buw@uelt ddaithenerarsaimrte met hodol ogy u:¢
al cplretse rfiapt ipweve rsfldiranm t oy $ t®@mbs me dweu led

xpand thealdcdmaOtsq sakndlmsncl ude fan syst-ems whi
onditiomeai mitro i ndirec.t|Tyh ec osnudoivr eiladosherald es p ac e ¢
el ear definitions forerf amundoguehtdepiny s e ptahat fead
upply fan systems anflahosy’dtaecms fraaWcgliséd &xnh a u
| | oc d amadwear budget (kW) as functiopanodf t he ai
omponents in The fam pegweembwmeagsupgel v to new
onstruction, altesati pnesandpwddkediqeinsear e
hanges to the Alternative Calculation Method
ompl i ancel tsodhowvalrdh.ebree niost eap sts anli Iplmeoipnppgse d f or
consi darsatanomddAmeauimcam Society of Heating, R
Conditioni nt & EmMmBDHDEOAS HRAE2D ).t t he time the
CASE Report was posttda groop puall iics rleeviiregv,dits c L
ASHRAE mMechani cal subcommittee

(@]

O 0O 0 0 9 u S5 O o

2. 1F@2n Ener gy I ndex

Fan Ener giyE)lil snsdieerxai(ghmé or wardo encourage mechan
to make fan selections c |l odhdiegh e Ealt i et nhées | peesask
powes conaumadgi ver{ adutfy opvoianF|l pir® sa threaf)i. o of
i nput povedrerbedhnceeand t he actual f.a@mn dte atrme moa m

2The supply/return sidefhas system20n9odTreheeddas one
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aboutseethiei r Movement and ConAMMAMeppales omi &tEI on
herhet:t ps: / / www. amc a. oceafgf/iadiveorCagred beqwdte g ¥

ThEEsubmeasur e avomd ndd aatdadr y r ecoeu it rae mme sbtea ntsh a t
sel ect edElalto®anor, hsignmiebrldRAE e X@M1Whiicmc| BEHES
requirements in SectioflThisdme3aslwBe I(dFame Ef f i ci
mandataodg!| yl mppaw coros,t rraudctit e r at i addi tAidadm s i onal |
as a mandatory s ubaoreeaguwirree, cihta mgdesif dt roende ACM
Manuaand the compliance software.

2. 1DBct Leakage

This submeasure proposes threr Ichakhages itmadu ov
align requirements in the California Energy C
(CMC or Tit]eagd,r Papmmdh d ma tsiu@rponmatn doaft otrhye

duct | eakage t esttihreg ZZ0ELPLIi rse menntlcsd rilpw r at ed i n
CMC or TitlEkeacd, pPPrapasé&d change is described |

1. Addmandatory requi rworekmt at hathoallesddent i al
compl ySewailt Cl aheghAest degrae odf ismad myg)t he
Met al iandCoAhditioning Contr aBBMARAHVANGt i onal
Duct ConstruciMenalSt and aAMIbBd ¥ iSbMAeC NTAh i250 0 6 )

would require sealing of all transverse | oi
penetirodhlse proposal would align duct seal i ng
6 with requirements that have been in ASHR/
2. Move existing prescriptive duct | eakage t ec

5, ofettOo hmandasecyThlhins code change aligns req
24, Parrma radt wrirdychu i r € mdeunctts | eak add [t esting
nonresidentiimlt bai2 @i Ng8MC

3. Clawhigh sections of ductwork need to be t
testing, and whiade addbed mecmtdchd momswrahe compl

exi smamdggat ory duct | eakage tesQMQCd arraduwi r emn
wi ekRi smamdggat ory duestl pgkaogqui r eGiQGlTthse i n t h
proposal would clarify and standardize whi c

t esteedcsiuntghat representative portions of all/l
testTeked. foll owing duct woriWbel dnabke muensi ead k ¢
rates defineadd nMmitthea@®BMCndtardax deeded

SThe FEI requirements approved in ASHROAIES .a sT hAed dreengduuint eano
are published in the 2019 version of ASHRAE 90. 1.

2Q@2Zritl e 2@r aCAIBSEt R& 2 0 2NMRHV ACI2|2 8


https://www.amca.org/advocate/energy-efficiency/about-fan-energy-index/

T All ductwork that would become inaccess
mitigation costs if the system fails. T
shafts andalaldudtoworzlonabove hard ceil i ng

T Suppliy systems upstream and doMmnstr eam
examplVeAV isystems 10 percent of the duct
valves and 10 percent of the ductwork d

T Exhaust systems, and when there are mul
t wo would. be tested

T The Statewide CASE Teameptsamece®pbessing th
Technicians (&AITdge)tawhiobBasgtei ng, Adj usti ng
Bal anci ng sbetcheniAKssamci at ed AiAABRalha@ance (
Nati owalr oEment al BaNBB)Bitolge BUe taiund,
Adjusting and BaABByiog &srPaat Air Leal
Technshkcyy atnhe I nternational p€eformichei or
testing.

Supportdwmagt tlhheakage testing requirement in t he
coordinatiolni fwonrmi @ hBuiCladi ng & d npatrarst iColmmyi sa
state agenthest ifnfeA StEh iRe pldrrda was publisihed for
not certain i f thdersegvingi areg utig eaneartisf y nt Hen e
appear i nenNonarle sApdNAT@ i ki 71 e 24, Part 6 or as
| anguage in SeantitdhreT@@MIpPrlodd®dsed changes to Ti.t
presented in this report can be modified to p
CMC.

2. Measursd oHiy

2. 2Fdn Power Budget

2.2.1.1 Fan Power Budget History and Context

Fan power &l Jwmawvatnscheesf en) i n ttrdoidtulcee d2i4d 9 ®azanrdt 6
serdmes t he primary mechanism t o enacnodurhaiggeh | ow

efficiefbgséamegqguisra@applied to fan systems wit
hor seplddever 25 HP. Il n 1998 the fan power adj
allow filters and other air treatimentwglevi ces

pressure drop to be used without the penalty
changes were mhdeyeoeaets,r daud 21T tilne PZkeotd eb

cycwkich took effecGalldiafooprdnaiyaed , f 200 2Power requi
based h&eSHRAE -D®1f%B n power | i mitaot iaons ,f awh iscyhs tae
(i ncludi nfVALc eguyewh mehn ta) cnoonthoiameedp | at e over 5 |

2Q@2ZTitl e 2@r aCABSEt R& 2 0 2MRHV ACI2|2 9



The exis({i20d9cddel ki hdtbs Rkleeplro@wyeBHPOr t he mot or
namepHBafe fan ,syasst eamsf uncdat onhefdasirdheecwendi t i
are diffdamwgaontl | miit,adq.u @anhdepshdi ng on whether th
variabl e ¥AWorvood rusteeavnptl u@aYsystlefm.a desi gner ch
to compl B HWne thh st ehveefdg lu s tameendairtes avaol abl ew

filteatshearndair treat meamigpdesisuee advemp odme be U
the penalty of adddeme vsetrat iicf prhees smorteo.r ,namepl a
no additional pressure adjustment credits are

The fan patwieappliyasepygr to each fdrRrnnpgyseémm, whe
consobtfsds®hat must funct i ocnontdo gt@itomeematce aeldi v
back to the source, or tsoucehx haasu sat sauiprp | tyo atnhde e
Some buil di ngs nh asvyes tneunist,ia pal ngo Wwahre alpiprhiyt a toi cemasc h
fan system

t has been widely acknowledged that the desig
somewhtati ngent on, | bougel esfyposrm&imbegemadm syst ems
assumpatbioout t he pressure drop a fan must oweocC
t hfean power elgiumitCwtm emtslnyd,ertl lyed alg st ati c pressit
assumption in the ifsanb .p3oswagA V¥lainmistyssttieBiss .and 3.
wgf 0OAVYystems, woddeaer dlasms $ y ©Dmeommpaoinre nTthsi s has t h
effect of mamkedentg tihe esatssyndeaor d for small er buil
witbwer pressasecadmpared to | arger more compl
dutc r{umisgher pressure drop)

FigaaeBHi g@bel ®wow t he assumed pressurfeordrop i
VAV L£RAdsyst dhese componentasdesvmepw@mensns er &y
the ASHRAE fan powemnswdstibytdgiy$S bea gpwmhaennd

devel opDbmafAtSIRe potrot propose adopti r2g0 1f9%aer ASHRAE
poweratiampgroach for t hé&he&9e 9acoHRpeic @ = d

in dafoawmllt staassumppesedsien the 20l8&@ndetl e 214
soft wd&tatewide CASEhdeABHRABE7Wankpagegroup al
assumed fan effi piewcfeonrt walull df ®@dre H¥HBst ems, for t
fan power Natme ttht g onesf drel iolwl mgter at meanput pose
il lTustrate a geanepraicck aagiend shHaymdd e r
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Cooling Caoil Filters Air Blender
Heating Coil 0.6 in. wg 0.5in. wg 0.2in. wg
0.3in. wg \

\l-—

Entrance Losses
0.5in. wg
Exit loss
0.25in. wz [
Supply ESP
ZUSDV T~ ——— G
ol 1.0 in. wg

FigWwreTi tpt esd@rleowanceAs\Eyyetems: wg.. 35 i n.

Sour®tecat ewi de CASE Team

Cooling Coil Air Blender
0.6 in. wg 0.2in. wg

Heating Coil
0.3in. wg

\ Entrance Losses
0.5in. wg
Exit loss
0.25in. we [
) ly ESP
fgpv T T ELE
e 0.5in. wg

Fi gwBreTi tpt esgd@rleowanc@hs\Wyfsotrems: 3.85 in. wg

Sour ce: Statewide CASE Team

As can be&igeaeamBi g@mpe essure all owance is accou
provided for each component in the diysttmme whe
reabr |l d f an Fsoyrs teexparnepslseu,r e al 2 oiwmgfnocre aonf fOai r

bl endbudl t dsngwmpthiearher fan agsaiemsbhawder or

2Q@2Zritl e 2@r aCABSEt R& 2 0 2MRHV AC2|3 1



Based on conversati oanisr wiltehm dset r@sk ieahroeC @ leir fsSor ni a
typically only useerdy d¢amlddl.t irkzonwee % ewijdteh Rtahit s 6

pressure ag¢gt amwbenglaer disess. aFsrtglme f macraen,t al | owal
for the supply and return/,eiofrfaasheekdevee diag st
significant prfeosrs utrhee adel codwaatonacke. n Jinhe s halwoave i s
i mab3keel otwi gbt hghpressure assumptions stemming
inl et/ outlet transi bt bas HWIALChemtai su dha nald ea r(c
packagedhantidt)al pressure all owance from the
outlet transitions) is 3.75 i n.CAWgysftoermsV.AV sy

Tabbe Under |l yi nAis Pumptdicarres2019 Title 24, Part ¢
(iLwg)

Assumed Basic Compo Pressur e Pressur
Assumpdg-i of Ass umptri

Vari abl e Ai Constan

System Vol usest ¢
(i n. w g (iwg)
Return/ Exhauwusntal St 4 1 0.5
AiBl ender 0. 2 0. 2
I nl et/ Mi xed Air Sec 0.5 0.5
Pr-ei |l ter 0.5 0.5
Heating coil 0.3 0.3
Cooling coil 0.6 0.6
QutTeansition 0. 25 0. 25

Supply External St a 2 1

Tot al P 5. 35 3.85

Tot al External S 3.75 2.25

Duct wor k/ I n

Sour(c®tatewi de CASEi Tkam220RPda)t 6 (2019)

Theset al pressur e m sksinugniipateiBd s asetebw under |l yi ng
pressur & hwaalmbe ned wet beefaftiéed, e an dfnsh 63t &

t hat ycehdtianhtahrer ent f an power Floirmietxatmpdr,st a
EquatsboWwesw BHP is foal aulfathed

Equat2 offanedualPt i on
00 € @'QA00 1 Qi | "ad) @

Ow 6 0v 001D
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Equatdbehow VAVYVwsot al pressuoeab8&@s Braptianoch wg)
a 65 percent nefoki BHPNnEegqlUanIi on.

Equat3dDintl e 2FapBaetr 6ieguat(ivoAnw) t h assumpti on

s e v OO € @ QAU UQE) Q
Owg € 0 VIQG QOO® Qg ¢
potpuL b

Fi nanhlegnol wedl si mpHda friedleeut rfeasnt power | imitatio
equatifom VAV systems usisbowie uBipP ombt bbd) as
mat ches theTIll®&nguageatrtoal)4d0Nsbte this does n
added adjaucsttomme nftr ofrp reddiutrieomd Il owances.

EquatdDintl e 2FanPaowe6 | i mitation equation (Vi
"O0OR € 0 BIQE QO ® 80Q¢ 200 ¢ ® QAW T p O

Equatdanbovepreshat BHP fnoert hWAIV Thet embBetro opti on
comply with the fiasnh ep cgwfeatnelmi miott a trH Rnrasreetph cad .e
Here, instead BHPRPdompmer ifragh tslyest d m nii ¢ atah edo afean
can simply sum the f an omoctoontp | nya nnei ptlha ttaht ev af haune sp
The mot or namemalkaetse angestummopd i ons aboutotmoemnr ef
underlying assumpifThenus reame e Ppad@®WEer | i mitatdi
Title 2dqgddé&aarnte 6s hovwarbb.leel ow i n

Tab6:€urrent SiTaarbd aer #lsd®Pa Power Limitations

Li mit Constant V(Variabl e
Option 1: |[All owabl ehp O cfms |hp O cf ms
system motnamepl at e
namepl at e
Option 2: |All owabl elbhp O cfms/bhp O cf ms:
system bhgsystem bh/0. 00094 + (0.0013 +
lcfms = maximum design supply airflow r
system in cmbnet & eet per
hp = maxi mum combined motor namepl ate h
bhp = maxi mum -troanbe ntear Samower for all
A = um of (PD x c¢cfmD/ 4131)
PD = each applicable pressure i@t adamrcackejsu
wat er
cfmD = the design airflow through ié&gch |
cubic feet per minute

Sour(c@al i fornia Energy Commission 2019)
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As nonedmpartant difference etewdean et hmee t BRI sa
that that wvarious additional pressure all owan
in Tabl-B il1f40t. Me BHP method is used. These pres
common components such as enerfgyl receosveng mys.

These pressure all owances have the effect of

power . I n general, based on conversations wit
si mgloe stnmael InNNamepl ate HP met hod iHP onfettehno du siesd ,
usedofoemofercomplex systemsTawbktéd devices | i s

TabV7:€urrent SiTaarbd eer sAPam®M PoweonlLPmessatuie Drop
Adj ust ment

Devi ce Adjustment Credits
Return or exhaust s|0.5 in. of water
code or accreditati
ducted, or systems
air pressure differ
adjacen rooms
Return and/or exhau|0.5 in. of water
devices
Exhaust filters, sc|The pressure drop o
exhaust treat ment fan system design ¢
Particulate Filtrat|Pressure drop cal cu
greater andl gl eathram|(fi |l ter pressure dro
condition
Carbon andpbaberaga|/Clean filter pressu
design condition
Bi osafety cabinet Pressure dropanfsde
design condition
Energy recovery dev|For each airstream
runaround | oop Recovery Efif@echb]j vien
water
Coi l runaround | oop|0O.6 in. of water fo
Exhaust systemBoeeés 0. 35 in. of water
Sour(ce@alifornia Energy Commission 2019)
The current structure of the fan power | imita
deisgner s, manufacturers and ¢ onmpsl itahrecye /hearvfeo rbcee
exi stence ar ot odanyheyearusn.b elhedriga saraend dr awbac
currseamtndard, which are summarized bel ow
Benefits of current fan power | imitation appr

T SimplThke tegquatsitamd gahrtddoe waralr e onltyo four o
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Dr a

l

T

Bas
an
The
Af a
on
pr e
res
s el
( GI
t he
gr e
fro

determine dempphdangeon ifvaheabbeoreghbtumen i

constant volume and if the nameplate HP or
Familiafiany powlkee alriemiftaamielchesrnitcamal designer
manuf arcserud ecompl i ance officials

Fl exibility: There is inherent hfelmgpadobviel i t vy
fan system or ducdwsiketdofaohpewertheét i s

prescriptive how fan power should be reduc

Enforcdé@mémans examisperctor caeaertbyalytadasi |y
namepHRafe the fans in tvheetfherl dt Heo fdeen esyrs tr
comp|]ies the nameplate method is used.

wbadkgsurrent fan power | imitation approach

Li mietneedr gy saVhegsurrentexsi sfuacm gproeweorf Itihnei t e
essenpraVvVhgeéesgrogvebudgaestgissaeasm | arge fwant hsyst e
significanftt.Bbheasndr 8. 85 in. wgtosahtsicgnif

pressurefamnystnomdspecially considering 3.75
respectively, are estimat g@iheéoeibkeetetkater nal
power | ianmmweartyi enasmg edt md lamedr medi uann si z e

systems.

Transmission efficiency: I n theetectembobreo
efficient transmissi-dorni vsey saveenr shueclht adsr idvierne
axoniffanr alMRor mot or HRamemwlnastieder ed

Definitions: The curr emndto deftligmiine@daen swhaarte ivs
fan sygst dmwharmepower slhionuil tda taipgn sy .

Air ddmei texi sting approach does notasaccoun
a functeivoant ioofn .e |

ed on the reasons | iCAiS&Ed Tamtmee mi nhed Sherew
opportunitybwteof camien@ ntelmgyexi ststnagndamdpow:
reforBr, aCiAlS Rtelpips t he St at Ewaicher CAGEI mgw

n powerre pwidrgeeehdn g ned t o repl ace (tfloec ufsamgpov
the opportunity hioghllay eefefniec iyl tb wieammu ghy st e
ssuwrsey st.emisniseasumpart isaplilrye d OAAAFHRAE 6 1

ear c hwipirdd neocntst r ebtea d etrh adtantd desitgmr omponent
e cctaimcend lsoyes tpermessure and | ead to significant
azerTRDelbgn power budgbui mdshagdohoghe fr am
exi sti hgmf samlmditpnocw eard B 8 mbkeey hoafn g e € atl 0 z e

ater energy savings from .dlhlesdey kelsarmqaes si z
m t he Ifiami tpeotwetrasf tbw dppawee rl i st ed bel ow
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T Chaetghmet f r o mBHRomr mbBlPtod fan el ectrical i npu
capture transmission and motor efficiency
el ectrical I npuwo phodvas edabnoui2DBISARNMNMAEA
2018)

T Creamtew def i oviatriimoruss f an systems and clari fy
calculation must be per,farnmddidfionrg each f an

o Supply fan systems
o Exharwgtue hVi ef fan systems
o Transfer fan systems

T Each Afan syst efmamoiwse ra lbluodcgaette dl kaw) as a f un

(cfm), system type, with additional all owa
T Expand the scope of fan systemsepclodieer ed by
to 1 kW fan elettrical input power

T I'ndegu ansmi ssion and motor efficiency to in

transmissian selections

1T Remove etalhed hit are exempan ony shtmsmdstihmoar e f aci |
woubée subjexawdBwddgeatgui rements for the firsi
certfasmmstemsebed all owed additional fan powet

T Apptly ablystemmbvwentidiat, omegardl ess i f mov
heating or cooling source oOor not.

The methods to determine fan power budget and
summari zedt bal bwgor |eeavcel OhW sa sftaem power budg
cal cubatetddhtaanl sfystem i nput power must be | ess
to comptlt gakbkfotde | anguage can 7Me2 found in Sect.i

2.2.1.2 Determining Fan Power Budget

Three eatpwoe s c raipptriovaec hes t o deter mi 0 EWkfheer f an p
each fan #®Awystcembed bel ow:

1T Approalcdheukp: t a kkiIWes.cfooolomon f an systems with st
component s.

0 A desi gneranceohd-adlp ut @ebe e o p ofsaebd e -Ali4n0 . 4

Sect/i.pthd et ertmhenemaxi mum all owabl e fan sy
“Note a fan with 1 kW electrical i nputmepnotwears csama |ble afso u
tons, depending on pressure.
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power kWputbasmredsystem typeée aediginrfl ow
comdi.ons

0 Assumpthohbe JgrnbpesAHAdidi. dhskWaed dclsude
standard pr es sfuore dau dhosvaarnkcnegs ocooliilnag c oi |
MERM 3 fil-dreinfabmelUd ®OE mini mally complia
mot or s.

o Thi s apwoawlackhelyethei n a maj owiitthy sotfa nbduairl
packaged eogruioptnheenrt si mpl e fan systems.

o0 Regardless of system type presomppbhemnes
met hiod, woul d be witoe ste@ fiif r $riapnicys gvsikt ehms
the first approach before wutilizing App

T Appr oaManRal callkWdfadri omomgd!l ex or very simp

o A designer could al 20 culk Wdxeeia gs enta naufa |l |
equat i ornesf earpednecses ur € nteaw Ihpersopetedence
appendiAXxppgesreecinCaNaAul ati on of Budget Fan
Power mal k Wn Se)B8ti on

o Theweubd anwanttaogeusi ng thos &ppregshems
when wgiemg um ef fi ci esruacyhd casdpibne nt s
transmicisi gmsef fi ciwhreeyw enmbagtyderfsi,oul d be
realized within tde performance met ho

Al ternabrvéebhnp, systems with,uinglgue compo
efficiency (P&PHKIiduleatse a&ierat recovery, e
neeadddi tional pr e, stulries ad @ whvwddaacke st he wuse
additional pressure (or. power all owance

Thperformancevoag@lcadmate the fan power budget
based on the Aapproach 20 mbassdveinh € dasaebloeveet. Th
the type of Whncamporeenntamdar e parftoroft htehd afnan
power budget t ol hbesl edsestreirbnedn eidn. Seetwd.edn det ai |

2.2.1.3 Determining Fan System Input Power

Th8tat eWASIIE Teprampashéasb met hbes al t owddt er mine f a
i npupofwerr each [ aandnutdhtatml e met hods coul d be
fan system if needed

1.Calcul ated wusi ng TdeflaeulBH{(4Rv. alpoé&kidg nappr oach

would rely on a | ookup table that provides
based on fan motor nameplate HP. This woul
of ficial to simply sum the motor namepl ate

2Q@2Zritl e 2@r aCAIBSEt R& 2 0 2MRHV ACI2|3 7



det er mianle ftaon el ectri cal i nput power . The S
the |l ookup table assuming motor efficienci
mot or efficiency #dedquwier dmamtsani arsd ome letf f i c i
met hod is simpkenserwvsaéej viet Bs credit for
and transmidsieaos deige) is not possible.
option (1 or 2 above) may yield a |l ower el
the fan system isgclibeefao powecompldgien .

2.Provided by manufacturemThatbdeadgn EYAGI t N
is moving towards providing faSi nminlpaurt tpoo wheo
fan manufactBHBrsopdesifgerrisse¢ oidmycal cul at.
compdnce with the fan power | imitations, f &
twards providing fan electricahibsnpatipowal
resumanwfact ur erpsubdtiasrht iFrEg MiC& | 2d@r8d ptelre A
expected aAMIMPHABD OMIHY code setting bodies
coun$e@ect7@d.dd3or mowmeéel de

3.Calcul ated accordingibo BmeBhotsANSBI SAMCA 2
design cofddisi omes hod i s the adseaistt rleadckueilrye st
manual c abl yc lidkeastii gonavie vieliie St aCtASVEI diee a m
recognizes the methods in Section 5.3 of A
accurate methods to demndr mrgevéadfusbhpyt po
recogni zed procedur es tfroarn sensitsismaotni negf fmoctioern

4 Mar krea@t onaxi mum el echputhBlipiowemedlhoa umsli kel y
to beobseprhhwti des faodrme € hmidni ng i nput power
mot,orshoul d other met.Rodsmonbobbrbewavhi makl e
el ectrical I nput powert hmasr kveddlewen scealne b ame p
woul dkely be higher trardsat owmwael etdo umadwrt e sing
conditions.

The StaCAaBEd&ra@amommends users be awhewed t o mi
det er niiamil e@g ti mipawd | fpporwear f an system wiFoh more t |

exampglma,gi ne st mbasayesmwvhet bBeupplayw i a from
manufacthptevidaeasel ecput dpgbawreei r sel ecgt iban soft
t hreettuam i snoftrimem wiaf a¢thedboes not provide fan el e

powerom their Innoftthwamee las giecsd lgge@e er mi ni ng code
compliance woulnd meipiHEltgeaps enet hed et damt bat
coudgde the more accur atmaniunfputiotuks mpymll.yu d hdins o m

SAHRI 430, the rating method for central station air ha
BHP.

2Q@2Zritl e 2@r aCAIBSEt R& 2 0 2NMRHV ACI2|3 8



would have the benefit dfanprsgwitecimng mghumoepe® waea
allowing flexibility.

2. 2F&n Energy | ndex

Thissmeaspreposes to I mglfamdrethcy meewri c in the
code | anguage by requiring certain fans meet
FEI addresses a longstanding problem in chara
efficiency is oftems @medmulay edrfnel &@thedg wint h yipt
conditions. The FEI metric is an easy met hod
make fan selections closer to a fands peak ef
ener gy i s Moornes uenfefdi.cieemat | yamavgem | arger compl
range than | ess effi cFilegndir ef ans as shown bel ow
To | earn more about FEI, instrucornomatlowvaldeos

webpahgtet:ps: / / www. amc a. oafgf/iadiveort@g red keqnwdie g ¥

High Efficiency Fan Low Efficiency Fan

Peak Efficiency Peak Efficiency

Maximum speed in
which FEI = 1.0 at
best efficiency point

Static Pressure
Static Pressure

Airflow Airflow

Fi gureHi gh and | ow ef fircaiteinincgys f ans with FEI

Sour(CAMCA 2016)

Thissmeasuidaripswmlsyed on the recentag oa AGHIRAE Add
Standar2d0 1960 .whiaFlElsetfs 1. 0 f or moembddhaded giemer
packaged eqguinp md mEeEWwowgndd snapptlguppl y, return,
exhaust fhbaurgsemembsesptackaged equi pment such as roc
ASHRAE 90.1 al sdEd!l lodw9.® 5| dwé u mea Adidaebrddeu ma i r
aovas obaffig adopted i n20 10hatneA 8HEEIHtI T .al

| anguage anaosptael dd oitnertrhaet i on al Ener gyEQ&o0n2s2e r v at
mo d e | bui ITdhien gStca@ de&vE dleg maonp o sleasr giebloypt t hi s

|l anguage whtohh dgasfeefw vy n o tTehdel rbaefltow ode | anguage
found i n7.Rection
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l

Removes the | ower FEI requi remetnd tfhohe NRAIV
requirement at 1.0 across all fan types re
constant volume applications

Adds rai fcilmaati on and new definition to cl ar.i
conditions

Removes fAexenopttihoben FEANO st anda20diwhnc ASHRAE 9
exempmbedded ff atnrsefeqar ement bemarctey ta ft feidr d
seal feneaigy @erformance ofaThe Stqaiti puwedcd

CASEeamdetermnnexempti oseladased dair or ener
perforonammde create a | oophol e efxermprmartithfed at
equi pment from FEI requi roenmetnhtes .S tFautretwhi edremoC
Teamnal,ysiim pr aotuuihade et hhe effect of coverin
air hatnhdalterasr e currently exempt43de to bein
Performance Rating -ldndcleinng allniSt ABRmI| VAi Far
201,4)wher-ef fcostti ve savings are possible

Adds | anguage -gar tryequemnrtei ftihadatdi on of FEI vz
selection software

Si mplotfheesre mpti ooke#wetdesi gner s aonfdf iecnifaolrsc e

FEIls an efficiency mettancocgeaeatezdt bgnt hleatA MECAL
commercial and industrial air movement equipm
standards to dewerpeop sbEd 1 aticodg$B.b®OBEBtnidon wi t
energy efficiency advocaGAsH eayomcl udi ng t he St

| n

2019, a proposal was put forward by AMCA t

(FEG) metric, with the ,FHIEImentarsi cul tiitmmaASHRAH e

be

a superior metric for(bdavengCahrefagdonptae dhan

the FEGi iIheé 024,t hPoaurgth 66t was briefly considere
cycASSHRAE Addaeondwhm ch replaced FEG with FEI , \
|l a2@19,i maar piomtad e A SHRAELXP.0. 1

2 .

2DBct Leakage

2.2.3.1 Seal Class Requirements

Section 603.10 of the 2019 CMC states that o
wt S MABRA HVAC Duct ConstirMecttalonaSa amldexidbsl e
(ANSI / SMACNAwROeOf@3neeal i ng cl asssAs $sommawicted i |

Tab8ehe seal cl asses vjaoiyntdse paemdd i snega nosn tthhaet ar
the design pressuSreel oCQl atdhtseeod ticsswor kgent seal.i
requiring that all transverse jpenetskhel omgi t u
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sealTae@. SMACNA construecommensdanda@ald Cl ass A f.
oper atd ewgtor dandg htelir® QMC requires compliance w
constructi olnhprtapmadsaed scode a@hidguag e e Welyl Part 6
requiremeéent ASHRAE 90.1 in requiring Seal CIl as
design prsees ASHRAR090. Be &bt.i40 4. 2. 1

Tab8&eal ClandAspepsl i cabl ef ®ressdoerfrDbuct wor k
SMACNHAV AODOucGQonstructi oni Meettaanld aarndds FI| exi bl e

Seal Cl C B A
All traitAll transyv
Seal ir Transverse i j oiaantds | ongi tudir
Applic J l ongi tu and duct
seams o penetrat
2i nwg; any val
Applic volume syster
Pressu i n. wg and 3i nwv.g 4i wg and
Class construction
upstream of t
Propos
Applic N A N A Al
Pressu
Cl ass

Sour(cANSI / SMACNA 2006)

ASHRAE 90. 1 hawve liB€CCuded requirementsi ndeat al
the 1999 and 2000 ver s2i000n0s ,S ercetsipoenc t5i0v3e. 13y..3 .14E

l ongitudinal and transverse j-pi@assurseamgpland:
return ducts shall be securely fastahnedl asd s
B, JFabéd3(lnternational CodeALHRARODA.uUBMe20DO0ON

6.4.4.2.1 has analogous | anguage: ADuct wor k a

accordance with TaTbabdfe®dr 4t &he2 A&bAcSSHIRPAIE .t2201014¢€)
Duct seefungements wer eA SsHRAEN-@POR én ewl8 efcotri o n
6.4.6.4.2.1 required, ADuctwork and all pl enu
constructed to Sealwdcllad sv Ai.d Breadu antg Itihsatti ng:
neither is sealindgASHRAEpRIOdAd®W3IULoekcbaamsratin
the static pressure that ductwork is able to
speedftiemper at yalel. megtpalcadd gyt work in an air di
pressure class rating.

Tab9dable 6.4.4.2A fTR20MM4ASHRAE 90. 1
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Duct LocSlppIo? l1Supply :Exhaust Return

w g wg .

OQutdoor A A C A
UncondltB A c B
Spaces

CondltlcC B B C
Spaces

Sour(cASHRAE 2004)

2.2.3.2 Duct Leakage Limits and Duct Leakage Testing

ASHRMMBED ahd | ECC both include maxi mdensi gakdgeol
operatt ehiegls uplecov(e 3.0 in. wg and equal to or a
respec,tiavred yr)equire testing to verify the maxi
exceeded. The maxi mum | eak2a0gle9n d a t-ZEE®X1@G8r e ASHRAE
defined inB&ghamodalejjamaeddsested ductwork to no
| eakage fcoluars scffamfid A OO0 surface &ré8li peirs (i me wg)

maxi mum | eakage class for rectanguda@®ahblluect wor
10The SMAAXONA Duct LeagkiamgeguMamlaehcesealbetcWwasses
andaka®ge icelsassesnti ally the maxi mum amount that

sealiemd accordance with sTehnds e |leapwi walqgaun aiearse na rs
Tabl@

Equath oMaxi mum Per miitn eASHRAKGADEE. 1
0 0
Sour(cASHRAE 2016)

Wher e
Lmax= maxi mum per mictftme p elfe ill0dDg €t sur face area

C.=fouruct | eak@fde pl&sH OdDudtt s)preffanc.e oafr e a
wat)e f>

P =test pressure, which shall be equdgiln.t ooft he
wat)er
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Tabl@ Maxi mum Leakage ClassSMACNEaEHYAGeAilr CDha
Leakage MANBAI SMACNA 2012)

Sela Cl ass C B A

L eakalgaes st efcotrangul ar/ oval 2)du16 3

per wgi?np.>

Leakalges s f arucrtomomr k 8 4 5
(cfm/Ppo@ént Tifh. wg.)

Duct | eakage testing reqraiirntdme 49 r wealne ©BOoOdod

cycleredwnier ememit sh have not been mneguitrea tsh atc e
the entire air dniosntrreishi bdteinbtdviiagl gns médmsgibm u me
systseemsvliensgs 5t, DPDdndi taircardealt have cangi gpmirti on
ductwork in uncondi th e nteddsotoecdbootit dmot hapateaka
exceseidk pemoaeann tn ddafn aa ierrfTThoows i s for simple syst
i nclubdes!| eaaklalgecooniponent @, ri malntdhdee mcga steheof al t
existing duct systems that meetmutshhe nalto vwe ccereid
| eakage of 15 percent.

The maxi mum duct | eakage and duct | eakage tes
are presoridpsigeaer st ot ceotmpdhyoausseée ng t he per forn
not have to pursue the duct | eakage testing r
CMC includes a mandatory requirementitmat all
maxi mum | eakage ratestwifTbh aldgottheakageée {es

requirements in Title 24, Part 6 and the CMC,
move the existing prteos ardimdtaiswe yri eoqqu iorfe marntlse 2

Theaererowequirsemebot h tMeclWanifoalm THDUESNdAdMC

the 201®%eC€CMCon )6 O0tdhpaptOy 111t ononr esi dentequi bai |l d
t eisntgr egr esent atofv edtusmdtcastl it camgs not | ess than 10
install ed owuctch Eaekamihtatsssinot e t hat this is a |
|l eakage requirement t hanthin ASHRAENNING.mMpy oorrt alng
threshold for the amount of mawxdtmmonr lpetrimatt t mus
| eaktalgree salcalods s al | ductdaves kg m e gTaretsind teasrsn aotfi on a l
Association of Plumbindeahdi Math@dMowotkitregef i ci
bodystated in a restpwhlsOe pteor cceonnimeonft si nst al | ed
tested shept ds ésea mpolibelddu c t woergka,r ddess gaf pressur
(I APMO .ZB19)is i mportant to emphasize given t
ASHRAE @%@. 1 ELC hawet  otciursge dh i gchl ears sp raensds uoruet d o o
duct wor k.

2Q@2Zritl e 2@r aCASEt R& 2 0 2NMRHV ACI2| 4 3



The CMC sSeactteisoonsi shall be selected by the buli
represemft atthewebui |l ding owner. 0 While the State
i mpor t @arhaee bafi | diengrgovwsmeri sfied with the perfor
di stribution system, fromidanienaldgy $apiomgsanp
be standardi zed sacrtatbdt alabtepmejeectt e same st a

Thpr opocsoedde ¢ hwaonughedso vi de speciwfhii@gaériten®fas$ hieo
ductwork system wil |l need to Wave rkekergsesahtat
ensuring that representative portiwhmisl eoef al l
provifdiexgsbitla twhen t heThesBStagewcdeaer EASE Team
proposifngr t\hAM systemsheldupéewoekt upstream of
and 10 percent of t hehalulct weor tkie stttcarihicsethree a m
pregusly mentilingh poessudPmudiue s wbamMeaver age
of 10 percent | eakAgebaoevsvatrwiatthmoamf of <cl ose t
percenfhuppehe need to al so t es(tMoldoew Wrray saim ek
DickerhaoTlk 30484 pwide CASE Tetamei oplFrowbesgndut
be tested:

T Aldluct womwlubl@abb me | nagttec easlsadrbglee pot enti al
mi tigation cost sThiifs tihec|suydsetse malrdlaivlesr t i c a
shafts and all horizontal ductwork above

T Suppliy systems upstream and downstream o

T Exhaust ,anslt emen there are multiple exha
woul d be tested

2. S3ummary of ProposedDOkRamgaes st o Code

The sectiomwmmbhibavdvet andarRdesf er ence AAg e mdit¢c ¥,
Cal culMet ih®d®@yYRef er ence Manual sd o caunndevictiobneb | i anc e
modi fied by the propo%etihchkangpor S8etofBfedet anl
revisions to code | anguage.

2. 3Sdmmary of Changesds$o the Standa

This pmwopbmeal fy the fol Towileg2dsgcfmows 6bél ow.
See Setrt.tdfont hi s nraeg kepto diedomguage.

Section b)Dd® i hi tReocnosmmends new or revised defin
foll owing ter ms:

fee ad as g Adosctalrienqui t edn@anl j oints, seams, and p
duct wor k.
ffan sydd Gemer al definitienaof awhatys¢eemstitute

2Q2Zritl e 2@r aCABSEt R& 2 0 2NMRHV ACI2| 4 4



Adn syswuemi|/Npoessary dloearelnotwehat i s a fan supp
Adn syetxxbdmusodi/Neeleissefary to denote clearly what
system.

Agdn syseemNoodessary to denofenchreaulry wlat eims
Agdn systramglNecressary to denote clearly what is
Agdn system desdai leceonan t itonfsdesespipee att h en g
condifforonwhifeah power woiuniptpd tyi.ons

Adn syishgmt poovbdlecd kaNgreys cttohbesum of the fan el

i nput power in kilosabftecobftaltihé amanthawvermarlei
system.

fan, emi&ddedal definitions for fans that are
ff an airNeagssarnyotteo cdleear |l y what i s a fan array

f an namepl ate el eicNerciesadlariynp ot deovweprau t c Ipeoanvrelry |
denoted on the equipment namepl at e

f an energyoiiGedexafkFBI Xi on of the. metric to be
Adn system desd Paf icrotinddiidieisocrogp breatiheg condi ti on:
be expected to occur dur.ing normal system ope
Aseal dlAasssichAoseal ing requirememendtor asteiadng 00
duct wor k.

Section 120.4(b) Ductiamids Ppreopoms MMh awd doladysa dd

and fiabrdcated duct systems shall bTehisseal ed t
wouéuadsure the performance of all pressure rat
requirements that have beedhis WSHRAEa®pPl ¥ s
construction, as well as additions and altera

Section gh)RiOr. 4Di st r i butuican LSyasktaegieT hSesa Ipirnogp o s a |
would move the prescriptive testing requireme
in order to be consistent with the mandatory

Section 1UR&qwi(ragd Nonresi denfSysateMeAbGdapsance

proposal would add | anguage regarding the duc
California Mechanical Code ahmhdS.tdki sel evaatep
to emphasize that testing ishmameédteormantbyprtolte
can be found in Title 24, Part 6. This would

additions and alterations.

SectioniFaa. E@er giyNelwrndeaxndat ory requirements f
types to be installedicatnewscahstar cehitannapf
requi rveanednptpl y to all fans with an tehloeucgthr i c al
numer ous exemptions anpspltyh atMoasrte neohhbatbd dyed fi n r
equi pmeanth as packagade rexdmptp, uas tan &i & hl f art
ot her equwiitphmeantf an el edtersisc d |h ainn pglu tH opnddwderar, 5 |
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cer taarigne le mbed dweidt f asn f an el ectricalsumnlpuas pow
t hofseund iumr é qu lg@tredhandl ers would be subject

Sect i400n dl)F an P BweargieRep| acesxitshhe ng fan power |
sectwioammew fan powémanbadgwhsercd ieoanch fAfan syste

allocated a power budget (kW) as a function o
additionalawadil bawmin@asi ousOtbaeyokdedmratng.es includ
creating newh adiegitghrei tmedmrs,c fHPom malktod rfakre

el ectrical Il nput powearmnuotod ocapptfdn eNemalyk hioskses
fan powewobadadgetexpand the scope of fan syste
mot or nakhRtpol alt ek W rfiacna l e liencptunto uphgowd ry amd al | f an
systems that move air, regardless if moving a

Sectils0.i4Ailr) Distribution Systeint Dustséetbkamge
woul dtbawmck from the remeandrsi ptni Secrtegpwn 140. 4 &
mandatory requirk@n(tgs) .i n Secti on

Sect i40l bl) 2Mew or Repl ac eCwenrdti tIpancieng Systems o
Componeéemtl s gns with the requi rfeomme nftasn ipno wSeerc tbiuoc
wi addi ti onaalll opwoawnecres f or s uppltyo aancdc oeuxnhta ufsotr sty
chall enges of retrofitting ductwor k.

Sectisoh. O(RAY2Bred DucitThSyss tseemest i modwboéd be
ref erpernocreer secbhorcthabmagdedt o 1,20d5 140. 4 (1) .

2. 3S2mmary of Ch aRegfeesr eénmoc & hfeppendi ces

The proposed c¢odmakoehangme nwaNioimde eiss idemtti @al Appe
by updating t hd orceafte rodnn coef Lktehack hge t estni idrer eq
standards,dwlhhe cmowed | from the prescriptive to
standar d.

The proposed wooudred ddNfeynrgees | Alppemeaxi7daiy addi ng a t es
procedure for duct | eakage testlhmtg €dowyersystem
the CMC testinWhirleguihemé@ME€Eshas testtheg requi |
addegeciifn cTiittyl ei 24nesdodhetdes6t i ng i s consistent

project and the proper cdAdmpltihande meBSEIis sambDe aff
Report was posted for public review, it was u
duct | eakage testing requirements would appea
24, Part 6 or as revisioisetpr bpbeslktdon gThiatglgee s n
24, Prarreas eé6nt ed icnant hbies mmoedpiofrited t o provide the
within the CMC.

The Statewide CASE Team i s proposing that Acc
are al soasceTrastfiiregd, Adj usti ngasthayhABBal MEBRBB ,n go rl
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TABB) or as Duct AistbyLdadkadetee nlartiiminan Cer ti
perform the testing.

Finahd yprdposed woudled chhchoirgees i denti,alasApmeanli «f
t he fAapproach 20 ocpampolni anocre dweittehr mihne nfgan powe
proposed to be | ocated there, as it is a long
for more compl $eef Sac.sfest dsms. report for the d
revi sions t oNdrhree giekdantoifalt hefRppendi ces.

2. 3SBmmary of ChaMNogrerse stiolhe&€ridteiR®If er ence Manu

This pmwopdaoal fy the foll oMommge sie@Mtwihalr ehcéehe
Manual as shown be@elobdbfw.t hSiese rSeepcaritonf or t he det s
rei sions to the text of the ACM Reference Man

T The fan poweut dgdigeé¢ modSddtdadAiF-@ns and
Duct Systems

o The most signwddulceh ntthe haalgeul ati on of
the Standard Design.(kWweubdncpbwel abad
for fachswstemdi ng nmeot htohdeo Inbegsy as a f u
fan system typean ddoenspi ognne nattrsige f h ®@w, f an
power bubdgdol(mgipr o.ach 2)

0O Ther opoXxeesdifgor f anwesybéeemediof iaecdcount f
transmi s s,jadne llto sdsreisven fans are assume
baselTirmen.s milsed Perss are not currently ac
ACM or CBECC

T For theam&mdat ory submeasur e,wotuntegquRtiandar
the Proposed Design.

f Foduct sealsimg mandat h&tyamearsdrBesi gn woul
the Proposed Design.

2. 3Sdmmary of Cthhhemgdenite®€ohpht Mabeal

The proposed wooudmreddd fayngehe f ol | dNwinmege ss a@cetnitora |l o
Compliance Manual

T Sectd.oth. 2. 3 Fan Powéhi €osseomponons al most €
wri ttpemvtiiadde gusdaschotwoto calcul ate fan po
detmine FEI values, in |ine WNumérohe propo
exampl es arien prhawvsi dseedct i on.

T SectionRdgdi dethents for Air Distribution S
Thi s swocuhieoend t o reflect the mandlktoboy requ
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meet Seal CQleatsatidAdacd | eakage testing requ
as well as the rel@&vant procedures in NA

See Set.tdfort hifsor eplbetdet ail ed proposed revisi
compl i ancse. manual

2. 3Sbmmary of C@GammgleisBdaoement s
The proposed wooudmeddd fayngeh e docmpniéimastceed bel ow.
Examples ofdbobbemertes pee@sent §d.6in Section

1T 20X RCMMCHET The fan power budget wabtdl ation
repl ace ntthef acndripppgsvemodo hodgter miniog compl i
the foAdditionally, t hseecrainodhé&d omg diokeiasedr es

all ow users to denote where on the plan sh
val ues for eacSecftanonubleé dctad ele updated wi l
|l eakage testing requirements in the CMC an
Cl ass A.

T NRCMMCHO4H Duct Leawawled Treesed t o be updated
testing requirements in the CMC and the du

T NRCMCHO4A Air DistribuwioahedPdctolLéeakagdated
the | eakage testiemgCME@qqaind etmeentdcdudtn Itdhak age
procedur7e i n NA

2. Regul atorty Cont ex

2. 4EXi siRiemgi rements in the California Ener

Title 24, Prmuar duagnuclruédoeesn f &« n Tshyes tfeams .power bu
submeawautedplfaacne power (ISiencitti aotni plmdaOn.d4 (tch)el )f an
energy indexwocwlenea staenvd at eguyi rfeamme nftan (sael ect i c
proposed SecBbbh ©20théye measures apply to t
fan selection atHodvesiegn dlhediet saovresysttem requi
which neither of wtohid e as tvoma alsnarn eas i n pl ace.

Thexi sting Tiftalne s2y4s,t ePrarrtegbwoukohenbe wmwmbdchi ed

altered due to this proposal are briefly summ
T Section 120.4 Requirements for Air Distrib
Explicitly mandates compliance with releva
sealing andnbeakggeremsnt s. I't also sets f
be used for the purpose of sealing.

T Section 140.4(c)ZhVAVisyatemguirement for
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| ocagandnsetpoint feseWVAVoBeygst emBS

T Section 140. 4iIA G rmotacent s oamrad g O & npslneediehsi s
mi ni mum motor efficiency requirements and
for motors between 1/12 and 1 HP.

T Section 140.4(1) Air Distribution System D
is for seatimg a@amdts of small single zone
ductwork in outdoor or unconditioned space

1T Section Ed4d0.@8¢mhsecti dhi sets requirements |
schemes depending on( 22X od garlgi cshyi sltl eend twapeer
evapontahatweent eqlul s etewdo or-spat dadbdrter ol

dependnngertain factors including system s

f Section 140.9 Prescriptive Requirements fo
numerous fan powerobndeffjanrements for var.i
that are exempt from this CASE proposal in
rooms, commercial kitchens, and | aborator.i

2. 4RIl at i onksehgiupi rteomOnh®arns of the Califori
Code

Theaee no relevant requirements in otberfpart.
systems, however ther eCMI & orcseegduliicrinregneannt ds |i ena kt ahg
t esgt i Bect i oonf 6tOh3e. 12004 Qu jCM€«€st s and seams for du
compwiyt h the SMACNA HVAC DuctiMédrmst ramat iFdre x$the
( ANSI / SMACNAwADOGGB) requires different seal <cl a
design pressur eTab®feosr rnactrien gd e(tsaeiel on t he seal

Section 603201109 1CMG (tThietalles @y i rPeas td W4t | eakag
to confirm .l eldrkdhgre trlreedees new requirements, whi
1, 2020, the CMC establishes a maximum per mit
requires testiamge tTadteeed M yr elgeuai res | eak testin
with the SMACNA HVAC Air DucAtN SU e aSkveAgCeNAT a2s0t1i2n) g
specifies repcteisemgs aafi veuSpwor ki baltgstedn pei

totalstall ed duct artéhae mweant plkea cteendt eod. tlefst ed d
test, then 40 percent of the duct area must b
area fails, then 100 percenThefmdhiemamical laocw a

|l eakagedetaegremised using the sadtet eganalhao wanb It eh at
|l eakage rate f-p01ASHRAE BQuwditmgna 51) e @Wape cl as
siixnstead of four.

Whil e the CMC cites the Sheet Met al and Air C
Association (SMACNA) Ai r (DAUCSt /LSeveAkCaMgier 2Taellsd) Ma
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testing procedure, there is a nkeendeed tcd abre f vy
tested, who should execute thieregedded ntggo and w
demonstrate compliance.

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

Théan powerbbuimdtagi oode wbhgohr bBmert song been
90. 1 Tdred 24 ,S fatrlitdo06 4h(acv)el ap p hnedytshbeetncsl ude
HVAEqui pmkbnadhfeeder al |,y scwwlerasus ptackeag edf

equi prHemwt.wver, asRdpmadmtm@CASEr ates, there are nu
pat hwacysmp loyt hyeir tolp of saend pbouwkgetqui r ement s, includ
through i mproveuwctdusaindidrédg,t § m n g ss uscenl e chtaitonf ans
HVAC equi pment do nlont snuenendafrayn, ptbhheee gebudget
prescriptive requir e meretp opatwhpabts erde giuni rteh i csh anhAgSe
HVAC equt pmenteder allTbydbepemoed. efffedentlfgns
coveamrd -hederall MWAGveqedpmenhteo wdoymipt h t he
fan power budget requirement | (ea2clpldeéyardr & i n
140. 4 (chuleottrequbredeATfilee adnesi gned thi s meas
avoprde e mmtnidars de momotrreatedd i cH\WAGq diammeordtr i s n
needed to compl y.

TheEmetric and subsequent stahdardesmmerdeaé!l a
i ndust rwearienif @iralellyYyoped aDe pmaat meatf | efle gmteir gtyi on
andul empkioc@Bespart ment of Boweyggr 20dabalfsé drf f or
DOE published a Noti cien olfatDeDe2pfalder mehabofi Eperl
201.6pl |l owing the nati@ralfiogacwaasi deacnhigviany ap
stand&draough Title 20 for counsmenrgc itahle aFnEd irmedt ursi
current!l yr dlne mahkei paep l&me.z 2017)

2. 4Ré&l ati onship to Industry Standards

All three submeasuDreafSfAIfRe p dmevck isn gtnhifs cant al
with exodcddiorg proposed code changes i n ASHRAE

Theaolmi tl,rard 6 codwehicchhangoeosk ef fedtaryaehyary 1,
al i gnietdl e 2fAan Payst é&m mwe d hREEBRAB0I2016 f an
power | icroidteeatguwarget hi s code cycl eTeaddse Statewi
propofsaend powe s urhauadsgiedse bei ng proposed aASHRAEane
for consfidred@itA0RR? cbdprpgeAdMao®Rb20e ftehn power
budgeatoposal i's currently B8PEg90etti Mweldabiycalb
Subcommi ttee

The $FEbmMmeaishiaregeli yneASHRAR-DM1la6ddendomhi ¢ h
wasncorporASHRAE AAML 94 fmrlthef 2019.
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TheSt at ewi dlee &mMbSaEs it mger op oSseead Cl ass A requireme.]
ASHRAE ®Wctl sealing rwhgucihr esmeernet si nAEO®d dced i n
2019ect@.0n. 4. 2.1 of-2B059HRAEQqQAODIrés ductwork and
pressure class ratings to be construed to Sea

Fi naSelcyt,i on 6A8HRE29Qlreefgui res ductwork that i
operate at st at.i0cn.pmrmags sad rl e tdiuacs rwo® kI octad ed out

undergo duct gheakagéirenstihe maxi mum all owabl e
exceeded. ASHRAE eSh®MICNAVAC Air Duct Leakage
Manual (Sections 3, 5, and 6) as the test met
Representatovenetectesasbphanh?2S pdectctwodarkdi s to
not exceed duct | eakage class four.

2. Eompliance and Enforcement

When developing this proposal, the Statewide
streamline the compliance and enforcement pro
mar ket actors who are involved in the process

section describes how to compilgr weakimed daeumpe op
It also describes the coAnpddamdicxe skeat sf howtt e
proposed changes could i mpact various market

2. 5Fdn Power Budget

Thactivities that nepdaetbhecpunpjdoti ageedebecr
for compliance with the fAnapdhwgrh Dedgdet <hlem
budgetmpl i ancewoptdcgseby mirror the existing co
fan power | imitations.

T Design RMeadanesiagndusi ng theatphefseri ptive |
compl imunscte ,f i rdsett ecrineianrel ywh isam ef am SsSyotpem
meanideger mi ni ndewheatn®ésrykswWeamd not an exemp
Next, the desti ggeacimenstsystem asexhdlthstr sup
rel i efararnestfklormm e ach ftame sdyesstiegnhenmo onku sutp or
calcul ate the fan power budget fbe each f a

col | ecatni vsey ssfpppeotwe r at desilgn tchoen diatni osnysst e m
power is |l ess than the fan powerTilhadget K t
desi gwoet yypi cally be responsi b-ME@HE ofrorpmopul a
denoting compliance wifhtbhkekeppréscmaptevea
the compliawoegdpéttwteed an power butdymped bas
of HVAC asnwydsteearmponents selected within the
T Permit Appliclahdexi Prhears ed-esi gnated consul ta

responsi bl e for pM@HEl dtoirmg atcltedoer dR@Q@ Il y f or
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systteomdemonstratTfec @i@linis aveoxust ndlivn eerw t h e

NRCMBICHE f or ms t oprdeestcerciapntpieveance wi th the f:
budget for ealthhe fmlnamsy seéxami ner can cross r
equi pmesmchedul es on the plan sets to verify
system airflow, fan system input-cphpbewkr val
t he NRCKE form has bdperno pceornipyl éiffe tnheee d e d .

perf or mance pactohmpilsisaunscesdaoruey dreer at e compl i at
for,msas is currently done with the fan powe

Constructi &orPhbadseeprescriptive fan power b
measur emegchlaei cal woobdrbhdtohe swpstdem to pl a
compl ete thenNRCMi ftao mif laes léaminsptoiwiegr . | i mi t at

|l nspecti oDuPihmag eii n hpee ptriesrc,r i ptive fan powe
compomwemnutll drgely follow theatixonstpieogp fan po
proceslshe inspector shall deteamdnaithabwal
mat ches the egNR@Imefndr man. t he

Thicompl ipamacess represents somecocmphigascérom t
procestsowemeehani cal desi gameli ¢ aré aft 2mit hiodmampl
power requilTi e nen#&ptriPtarft a®updgtiede compl i ance
procesismiilsar t o Itihmei tfEtmivepwemertabree a few key dif
highlighted bel ow.

T

Il n many ncdeas, oiheddiamgsystem wbwee obal bul a
supplyeamdmd/useshered combi ned fantéystemasur
woutlt @dquirepdwer flamdget tsoe baer fcoad Icpual caht e d
systemmaybkgssiormneeddi teifofooarltdkeei ginen @idsd

al mayengt hen -MEBBE NFRICrCm t o show compliance.

Al | mar kwdutme&ead rtso undearsd afnaln wbydbtdems
subject powehebb@dget trheagnu iarreemecnutrsr ent |y sub
exi sfanngower llitmiitsatiinoprosr t aamrtk etto aarcettoe st hat

curraumflugti ngsctoop er eccheanntges t o t heMofraen power
speci fiprildody to 2020gr eoantleyr foarimedgyusat! e nso
namepHBwer e subjfeaxanr pgowdrh.elh em ,t adltaanratairnyg

1, 20R0htl e 2201%Pattakibng effect, this thres:c
such that aldedtaeir stylsa e mS HhpPmeare msaunhg pelcat & h
fan power .| Timawsapoweapgr bpawgahdai n | ower the
threshold to 1 kWdfomapgdny $abwegsSldeen now
apply -¢@nadiotni onfedr splaeefsi rst ti me

Al l mar kwduthe€eadrtso undér staawaymbtom using
naepl aBédRoor det er mine whet her fan systems a
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whet her and how fan syst eWMmevebwepulyaws t h t h
the greatest iIimpact on desilgmemeddadanaf fan m
namepl 8Hémeotrhodeddéoer mining compliance, 1in

ondiwo wineéc o men etkheey ma&hiweat eéqui re designers
alcul ate the base&dMewhdodbruagetBHP or motor
s commomptoodayht sde ciwaopdsnhanf acturers of
ans to providate dehei gmpaudn&iWti ons to desi gr
i sted on submihitladSstahee dvi pdlea@aadmaSSE account ed
or cases where the manuhpet uk@y idbeissnexp
s functionasturehi shseubfin 9 thbhme dRewprbag t CASE
FEI bei ngO0iadn dIM.rloader i,ndwptuty ktiw eandsesi gr
condiwablescome commonpl ace iinn tthhee cfoammi nign dyues

® —h— = — O 0O

The existing fan power | imitations |l argely re
requiremerweuta@amaitn for the fan power budget.
of ficials ar e tneomt pmeeasssuurriengorsyasi rfl ow with ins
feasi bolre necessaryl.i Mhteanfdaointsgo weroposed fan po\
submearseqei red mechanical designers to make c:¢
ultimately | eaNd tionscodmprioirarnc¢ el dvomdas uregme nmteds
as a result ofThihs scempimeawwue @mnas nairedt o be

document ed o-MCHthef dNYfRCELC f or pl ans examiners to

2. 5F&n Energy I ndex
The activities thapteaceedphasecaxfurt deurprnoj ect &

1T Design Hhasesubwmeabkdgei re thaskesaaigner to
manuf asdts of ewaradd ag cer ttihfipraddteyryt i dpir coagtriaam
(such AMCAh@erti fi ed )Ratta ndpst FdHrimigwham maki n
fanel ect AMOA 2Bi2t0her of these sources$ oshoul
properly caAMGCAaR®YylEBiEcdal |l y when designing &
systems and making fan sel wouldafsam mechan
manuf agdgserecti on isngpfudtrwvalr ok @up at & lepoogi untty
and then make a fan selectilceppr basaeadd adi agn
costsi ze, f asmt atyipce/,t BtidaPlE Edf fiisciadmreceya,dy anot |
var i abrmanmahnautf a ca rusmuedrosmat i cailnegn dc dli @igl aty

fan setett wasmnewss sFRog®d)yrTehi s subweabkdr e
requireisbcapethease | edd eidgwietris @On 1F Bl at
design cdrmcei tdieeang.ner should denoaedthlkeass
actfaal el ectri ca&lEPtupiwth peocawcehr tfllaen pl an set s,
with including desi gnRBNds BvthR & heldesadgwy f | o
typically included on the plan sets.
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T

As i
f an
ven
ma n
or

Permit Applic@uriiomg Phersmi:t tdemsp Igineat iiesn
responsi bl e for pMQ@HElIl dtoirmg atnldle dBMROGE i ng i n
measugecti on wheakbuéebeaF&l,Wbhatat phd@amop.et)

To determine compliance of the mandatory F
woutkdHck the twml arerasdty FEI val s paer & alniss taend
that they are O 1.0 ahedeshgeataeppttnenssns
examicmoeurl d requsbéeetbe ftupically exported

soft wahriec)h would show,ameée FElowyalpuessuTkre p
examiner could almsmancal bhwlsaice retqguat FBIns usi

information f,r otmhdtuugh ptl mins sies | ess | i kely.
Constructi dme Pmhaecleani cal cohtfaosomatshall i
pressure, flow and RPM according to the pl
or equal to one. | f faasn isulcotmemnt,g oears aheul
ask the contractor fowvia tdaei SadsBBétecdl ouwm
as part of the submittal process.

|l nspecti ohhé&hiasepector shall determine thati

and airflows matches the equi pment on the

de frnioomfaearstaaised in bewered pgsbceadeentdual
efficiencVitlegqu2f4ickrmumaetida s paoei @n dirt i

tidd&xEl epresents a newnrde d thiurse meomipg hi ance pr
datory rveauwtieggeumernet desil gseonpPpanse at adn FEI c
greater and providing the proper document a

Al mar ket actors, but especially mechanic
wouheded to understand the scope of the FEI
Practical Iny asagd é/a kpidcgd& d€ui pmernémps from t he

requirementhe scope i s sl i gwhotulhyed emdorteo rbuwea rac
basic understandi nog oofvavwshiideaht dfraoms tshree O 1 k
t hr estThtnd dcompl i awced shainsutal wi t h determining

Compliance with the mamwdbathdisy FEQuiegui ham
manuf acdrurtelrisemr viren B EPct (iar ©n putackcVWr di ng
to AMCA 208 ocAnnmdexs i @Qnebess iwprudimsgn st t hese
val o@est he p3ewmemsmaitud .asdrue ealpreowavdydi ng FEI va
per AMCA 208 Anmexdh@iandahave gsofamnmdarseel ect
certifiedAGBGegr ttiRket ABVOsg r(aAMCA 2Th29t)at ewi de
CASEeaenx petchhisrd partyfaar ciatt ia¢ @atgisomnaf sel e«
softwar become coonymo2dRl2&cEd i s adopted natio
inclusion I n2@ABHREMEOIRQR1I1Inati onal model <cod
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2. 5DBct Leakage

The
1

Sea
Par

activities that need to occur during each

Design Hhaseesvsogh®plicitheg gonhsomucti on do
t hat al Ishdblelt wvealked t o meet SedaulctGMoa sks mAu satl
meet the maxi muni hlee adkeasgoey hl@inmirtisbut e to t he
Certificate of Compliance docuwmewmktd, by | a
aciheve the above requirements, both for the

Permit Applic@Ruriiomg Phersmei:t t appdesagnen i s
responsi ble for pMQHElI dtoirmg atcltoer dR@Q@ 1 y and
the mandatory measuresi semé¢eewoinndpowheé heeguiol

meet Seal Class A and perform duct | eakage
examiwoeunt dvi ew t he proj e-MCHEfloatnrs @mmf INR®EGCt h
the necessary documentation i s prmodadtderdy t o

requirements for ductwor k.

Constructi dhePbaséding owner or building o
designer, contractor woamadetdestoi dg@gtperomi @aes w
sections oMoubwelcttwsesrnled tdudcemaklayewittelst i ng

requir éeémeat ssay that fits the consbuldtion

need t o iAnlflohrerm tthhee r el evant sections of du
testing and the wewsitdead tpa oFJce socsn nintad t o t e s
seicons .wolullidsk el vy ahapepast f bwo saiiprmesgy st ems wi
t er mi nal obnobxeensutplseg ream ductwork is install.
when the dé@ngtreamt of ductwor k tihse i nst al
downstream duat. Wwerdk eiholidres s told the State
that this second test can |TAEIhYTHAvw ud aodhedu
al so test alwo ududcctowroer ki ntabcectle stseisbtl epart s of
exhaust .Tshyes tteens t i ngwpuind é sso mphé€CAMAGH e NR

044 Duct Leakage -NM@HOt4dA aAidr NRICAt ri buti on Duc
verify that duct | eakage was carried out a

|l nspecti ohh®hweahded to compl-MCHKO4A hkRi NRCA
Di stirdmuRDuct Leakage to demomestl ang, cobmpkiae
antdestriemgai rementssl 204 &SedTbe@bbil ding inspe
woutedview the form to verify cwonphleieadn cteo. T|
ensure that Seelt Olhasad A dmwads wor k, that the
chosen according to the&eaexdli eogd nld2rdmeaie qtuh @ e m
| eakage class requirements

l ing and testing requirements fDirtldac24or k

ifThe Statewide CASE Team does not expect th
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the compli ancmeompadae®rcefser all ductwork to meet
alacky specific sealing requirements, plans exeé
construction documents, and contractors are ¢
duct wor k.

Mar ket actors are already familiamd Wiyt h heduct

2019 &MQueviteri,s not clear from the requirement
testing, what document aankbonw nseeecdtsi anos bree epdr otva
selected. The StatreecadmmE&€MNGEngeiamcorspor ating |

whi cuhctdvor k it easkddtetciton RET.eF eanrcce NAtpoern dti ke
CMC nteosol ve this and has worked closely with i
recommendaiThenSt atewi de CASE Team is also pro
the comel manual and compliance documents to f
|l eakage testing r eqhkiimaineySttsdatierwitdhee CANBE. Team
proposing that ATTsawhdeatéengl|l sédgasti hgedand
Techns(b yAaAmB C, NEBABBBror as Duct AistbyLdalkage T
l nternational Cerpeffoami oneBoasdi ¢ CB)

The main challenge f or cwompble acnocoer dai nnda tei nnfgo rtchee
construction, testing, and inspecnummerschfedwull :
Proj ectwotuehaemgdo nst dleest wawwnwitidhze burden to them
and to avoid hol dAsngl ounpg caosn stthreurcet iiosn.cl ear con
the i nsdaardtlragadtommr s and t estcilregauriplriod € sefi owhée s
woubdcuwouhtdt i mpact construction schedul es.
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3 Mar ket Anal ysi s

3. Market Structure
Thé&tatewi de QAeSHeolmenramar ket analysis with the g

current technology availability, culrtr etnhtenpr od
consedioew t he pr opormsaggydmpsatcatn dtabreglemearrlkadt aisn wel |
i ndi vidual .maf kbenmawacsbograst hered about the incre

complying with t heEsprimpadseesd onmie ansaurkee.t si ze and
appliocnwebriel entyi fi ed through research naddidouwmtgr e
utility pEogrgm €boafinf s1di @an wstdaef range of i ndus
addition to conducting personalized outreach,
current mar ket structure antdwpwhleing i atl a kmahlm &led
me e tsitrhqa t Sttahtee wi d e (hAeSdaN veearhbSe,r 2(0Slt9at ewi de CASE
Team 284a®Mar ch2@ZQSt atewi de CASE Team 2020)

Nonresidenti al air distribution systems are d
must take varratoiuosnscoinnstiodeaccount when devel opi
and specifying parts and equipment. This incl
constraints, minimum equipment efficiency req
requirements, gondremenhitbabaerdren building oc
di stribution systems must then be installed a
and eedet ductt ol eneekdaegaetklae e s isnp etchief ineedc hani cal d
Once instal |l etdy piscyasitleymsc oamnnei ssi oned

3. 1Fdn Power Budget

Based on conversations with many mar ket actor
fan manufacturfears,pdwer cl@diimiéted t2j40, 8 ePdadiGo Wb( c )
are genetaldkpf meeldtehegmi ngnmesthdueinitdiianlg s .
Howeverur tfleent power dloi mietnadt itcoonsiki ck i no for |
l onger ductquuiumsnreg gmorddl siycsite@emtd/ or f an sel ecti

It should alts,o Ilbigk anprmhaem embat s t o ,t hdebbwi lidi ng
ample good design in the market with many mec
t hei rsylsucetmd sel ecting fans for optimum effici
change amamse@u@alodt yluctandde sfiagnn s el e cetnieorng,y such |
efficient air disommbupaicaromesbdy st é msgfaraglple ssi z e s

not ljaurbguei | di ngs wit.h I ong duct runs

It should be emphasized that t htehe aXi@sltiamy a
fan power .Dagnigmdri o ndas impp ec ieffdfuid daiyeonutt s, use

| argers gpaditefty er eftict.t itrogd ,ower pressure, or red
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reqdi te overcome t hantorper eesfsfume temtis o eagbs ,
transmi@mooasdetailed I ist and discussion of
i's di scussed JiTnhiSsecptrioopnosed measure is no diff
numer ous pathways to cbmplgetwiftol tthehfdmanpewe
casas more efmobtoearitrofthaam,dbdrt he neeatshioeds tt o

c onpy. However, for the purposes of this analy
CASE Texanmi ned how the fan poewdariwbecdygpeer cdutd
| aydesign, sizing and fittindgsensotnreglger eword

chaeg t o /tehgeu ifmrmedret aif r t hiest ri.buti on system

The StatewlheasemsGASEat es t hpaetr coebnutgk Wy n® 85 r esi dent
buil d€viondpel | mplayxtteldi s measure based on state b
(California Energgn@€bB@miid gi aatyqpp2G1Mghvaect hl ea st

one fan $kWTrane Ohani caconineudigthy ai r di stributi o
arwefywmiliar with thethanetphoeweSt altiemiié¢daan i COANSSE

expects the mar ket to be able to eamsdly adjus
tightening of 't he Tehxei sotnilnyg wikairekhedt maagcstnoered t o m
changesestments in processeaesniud afcaaurtelreyequi p
woubed expected ntpautprkoW iade desagncompdredohnhs BH
has been the traditoomadharitcéalor pgendngrugeesar s

As described. 2 nl1 888etoptni on for mechanical desi
fan input rpeawenvei & htteoval ue from fanl iaknal yequi p
hrough their faBaseldeonhi conyeftswaiens with s

t
industry is in the process dtfo nmBoHPwogl htdos i nput
require manefsasetmtia@ad ¢ yta@add on motor antdo trans
t hesiel ec¢toiodimbaddi ti oNnASHRMOBE2Dt109s a lmoevaidnyg t he

i nduist rtyhi s Adguiecitmngnt he f aamt sdesdiegn i o@md i tkiwo n

manufacturers is not requiaeddesacrithhedei ar $e 0!
2.2, 1hihte St at ewWiechdmeCA 8k ewso uthhee rmnear ket pressur e
t hme c harmiesdalgn community to provide thkies infor

with the fan power budget.

3. 1F&2n Energy I ndex

The FEI s uvwaneiadspuarcet ashehlee ptriocms &ey &oti vity
mechani cal designers in deditgmi rhg gHe glieglinedrt rai b
woutldt er mianea ftlhoew meededheéoventil ati oaf heating
design candi deerstmhieneexpeeseaedreeed to be overc
deliver tritghraoudh odvuct work) to the building
airfl owawmal mddi hgadevwsuil den selatctt hai sf achesi gn
conditionfdutyheoiwnwpe of.Tfthan siysstogdm eme eddoende u s
manuf agt seéecti ¢oprsafftfwareatal og) which provi
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fans to select fr om doefstiegm ,A achogsstin @ ndntahk .ef iaane

selection and incl ude t hsec hseediuahcettsiheen pd rant lseteq
some f an sscefltecaomwosxnéxiport equi pment schfeadrul es
desi gtheeresasiilryh@iatst gl Tahne sneetcshani cawbutbebhractor

purchaseqgqui peerdti acdt @adtda npyl ansquiOp memt substitu
arreeeded, where wiochugd eld ecttr actdo ffleirgghmttifybr and ba
I n thestheadesishhmesl d ask the cont ruacattoironf or a
out put as part of.the submittal process

3. 1DBct Leakage

Ductwork perfor manace er édyu iembecnmeamnti sc adr eengi neer s

includes the degree of sealing Tahred Sttlad emd xdiemu
CASE TrRamtmad ifmput mechanical contractors that

concerned with overall systemepmetbamaoalk, can
to ensure that each piece of ductwork meets t
contractors have informed (elspeStiatlewyi dorCAIEL
fabricated ductwork, it iIs amglanr isnigmgladrmr itcatsd
than vary sealing depéaidhi mdlopanmneqesehemarst s

installingathse rdeugcutiwoerdk f or Seal Classi A. Cont
oftenti mes easier and not comgdwatrikv anleye t md rhee
high standard, rather than having to ensure t

ot hers meet a | ower S MACNsSReaptreeds etnot atthiev eSst aotfe wi
Team that they support the requsrdemeatd opd&ean
the SMACNA HVAC Duct Construction Standards t
duct wihrikl.e it may be the case that Seal Cl ass
al | ductwork for certain mechaniheéasl beomtracto
consistent requirement throughout the market.

leakage testing i s anmempaniamt uonaiityaoaodtre
di stributiemadgmmemsi aln buil dings that met t he
Section 140 .eqg(li)l dwdroe b eHolweavkearg,e rteegsutierde. ment s
bal ancing the vemdbeénti ond Bgc€ Bt hlaealsdni2dA4dlo .
contr antdonsesting tprldf dshei SGnaltsewi dbeCABSE Team
systtehne dukéeawbtaggetoictgir s i s typmiyc dlhley megdainfi icead
designer to confirm t heanmndertfhoaatmaintc ei so fu stuhael Isyy
pressureairsugppdtywor k Thattegest wogtgpedal |y seal
any small | eakscantdraatormiththerel eakagkarge
i ssue. The Statewide CASEwbe&méelproposnal etqai
for | eakagoe Steecsttiionng els2t0i.nbg apnrdo Ciemus @egp ® ot NAf t |
CMC testing weugjuuo\simpeeectif a < att o owmhat duct wor k n
tested to ensure proper gquality control and t

2Q2Zritl e 2@r aCAIBSEt R& 2 0 2NMRHV ACI2|5 9



designers and testymigCapHF B¢ lesisccrioabusest LA akage
Techni.tThanStatewi de CASE TAdmMwhe dprepadlss mgc ¢ mt
asTABechnicians (by AABC, NEBB, or TABB) or as
the I nternational Certi fi catTihoins Bcooaoredd (allGBo) p
incorporated directly into the CMC.

3. 2Zechni cal Ma a gAevhaiilliatbyid iGwr rent Pr act i

3. 2Fdn Power Budget

Thi s mevaoudrdguire meediaginerad t o consider duct
duct figatrnganthbafrf ideisenmedfyfri cainednctyr ansmi ssi on
ef fi cwheemncydesi gni n.g Tfoa nmeseyts ttehmes proposed fan p
each fanmeyglsareimsawodkdifgresxi bility in how to m
Asmenti oned, many designers already detshatn ver
exceed the efficiehmhey2029Quiaempowser offi mi t ati ol

Prinmapgpealst aoafdal one f amsn,d apiarc khaageedqlu eHpvaAeCa t

|l i stedhbebbowthis | ist is not exhaustive

T Greenltmacnkuf act@ali nfJoi mi a

T Energy Labs | nsc.an(dh emaadnquuf@aacktieuroirmg a

T Alliance Air Prodcatsflpheadquarters in

T Nortek Air Solutions

T Twin City Fans

T New York Bl ower

T Loren Cook

T Tane

T Carrier

T Yor k

T Dai ki n

T ACME Fans

Ductwork and fittiklhysa aver imatnw fafctawuocmepani es, i
Shemet al shops thatdufcd birmirkaltoec aclu satnodm r egi on al
Duwbrikmonr esibdueinitdiianilgs i s commonly,K madeée eaf bygal
custsohneet met alOt ieopw=sadckcriimliduct work include
clean room type applications), stainless stee
moi sture), (cianrdbuosnt rsitaclelappl i cations) or even ¢

exhaust) .

Thissimbeasure deguimet new tanc hanpop roogaytens btygpn t ahred
selection ofdaeqamwg meoamp onsewmnppsortthagner gy effici
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being commdédmabylravmemdh&ebt at ewi de CASE Team was
demostrate that all of the energy savings coul
pr ot otthyrppeu gh duapriweosrskur e r educdtuidoint twi it gns dpaEnd er
duct wiohrblar Oé f pce®t ot ype was chosen to deter mine
fan power budget submeasure as, of the CEC pr
code change proposals, it is Ilikely ithe proto
l ongest duct extner)nalansdt &bhiuss psesesphkained furt
4and Sebc.t3 on

While there are many patwlhbwaystetroggmeseatyv itnhges ffano

measure ar e expfeocrt endu nheor opuesr sriesaas on s . First, if
desi gned i nmaannn eerf,f iicti esnthtoul d not change over t
moving parts. Similarly, if more efficient fa
these savings are |ikely to persist as well

budgeet ,t Hei kexi sti ng foarl yp cavppH a@ letbmatoghi onndi t i ¢
system control strategies have a tgirmetaenrd |arke

covered by oltihdre Raor,Wishtaa ftt hée excepti omand air
pressure drop as they becomesdi dtaynt lseyfsotreem b e i
components which i mpacsthotuhled fnaont pcohwaenrg leb uodvgeert t
appr omroiranedi nt enance

3.2F&@n Energy I ndex

The FEI submeasure iandt eachiucalsl yarfee astiadlleabl e
meet t he.lpr ofpoestal]li kel y any f amwsibebuxrprieinctiltyl yus e c
removed fromnt hCea |enafrokrenivat he adopti on BEI t his
i's a unigue metriact ian sdpbeaclyi fpioci ns @b6br atgngen f
motor, drive aombitrmaet ieAAmMp st éwaar yt sashofme ef f i
fl ow and pressur e, cbhamnty pmarae ieyfcfeiéauite nat wi adnesr
array of . #uvubyw podessgner 6 s woeurbsep eac tniewe ,v atl luee R
consider when making fan wellfé@édquiome .it4Tdti se sawlb
scopan or fan array with a&aPgombhi pe dt hhepb @& mwam
a combined fan namepl ate el ectricabe isneludc tpedv
and i natnalHEId o.rOthi gher .

For exampl e, aGrf eaenn maatkafsa catl vureeard)y i ncor por ated
e CAP(Go mp u Aied &ell eicBrnogrfaan) sel ect{ Gnesohéewhkhr knc.
2020)As sthkowmbieh ow, when searching for an exhs
5,000 c¢cfm at 0.75 in. wg there are numerous f
an FEI at 1.0 or highseirgonedud el eics e@xagmplfe,t hteh &
except -2heke &B it has an FEI of 0.98 at this dt
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add the compliant selection to their equi pmen
compliant ®FEI wvalue.

Modal Name _:: | :E"T'-::“E___ Ehp FE 9
GB-220 (+) 5,000 0.750 1.29 1.33
GB-200 (+) 5,000 0.750 1.75 0.98
GB-240 (+] 5,000 0.750 1.29 1.33
CUBE-220 (+] 5,000 0.750 1.46 1.18
GB-220HP (+) 5,000 0.750 1.62 1.06

Fi gwr eFElI i n Gr ee3fhaenc ks'esl eecQAPon soft war e

Sour(c@reenheck I nc. 2020)

Due to eSf.T®0H,s ASHRAEnN D Ot. e | ECC, manufacturer
preparing and adding FEI tnod tfhaeni rc aftaan osgesl.e cFtuir
the AMCA Certified Ratings Program i6s activel
software and catal ogs are accurately represen
The Statewlheaaemx@lescE s mor e manurhiarcd uyearss itho t e
to this program to ensur e -2c00lmp |ai nadh(cl2R CM@8 s hm cArSeH
states adopt these codes.

Il n s ummiak Bp,r op wo ah dlti kreelgyunierwe products to be de
on the market, thowowaghaige mhy kbeocadlopymeme¢ of n
fans. Furthermore, for odensew neermrgsi naenedr icnogn torra ccte
woubd requsreambtus edrve to require designers to
efficient tamtsekeecttitbdes mdormam EBE eki $§ting
standard fan sédhecgreatmpoaudb@mpacmanufacturers

Note, the A?0 by the FEI is to allow the user of the s
in Greenheckds eCAPs tool .
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sure their produacotds ttateEEEilpr eaesrnlly rdatsed ay ed
signers to make compliant selections.

2DBct Leakage

ct sealing to a required standard and testi
actices niafaloinfaldilggh earndpr essur e dudtywdrelke nha$
cus of sealtriemguianndmeause a | eak ®fulhtdhvee saa me
rger energy impahats. bdewesdrown that | ow pres
wnstream of VAV boxes can |l eak significantl
nsumpModera, Wray and Dickerhoff 2014)

i's proposal seeks to align with ASHRAE 90. 1

troduceads iwe 210 1&®p e d vtiokat ihen LMC duct | eakag
gui rsemde¢hanical contractors are comfortabl
ve informed the Statewomet Elh&E&adigameehateth
for all ductwork. The motivation for this p
| drukc trweogar dl ess of project or pseadbsasse cl as
udalkdso increase the |likelihood that ductworKk
rmitted | eakage when it is tested.

oject teams, particularly pdediegmnsooshalws nt r a
be made aware of the updates to the compl.
|l ection cri tSercita offors 2thec®t iing ciomresponds to

guirement rath@&rthtédadh@ulRdwheo@eEr oviding the
pport for the testing irmepaaritraemtenttg communiicse
anges before the effective date so that pro
iteria andadsdéehctbosvc hefd ndaoymgt ructi on and test
spewdwdaldso need to be in communication with
st time for site visiasdaHowsekecthbhencceiat e
atewide CASE Teaml ehobdnkmorttehatgiut ar and pred
heduling from one project to another.

Mar ket I mpacts and Economic Assessmen

3. mpact on Builders

il ders of residenti al and commerci al struct
asures proposed bE TdamStat ewhee2 CASI csodve t &

the nor mal practicesdpluisthéebdei bubunésseyg poaasa
building codes. When necessary, builders enga

order to remaamge® mpdpircaadiiguietsh aald buil ding
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Californiads construction industry is compris
and 860,000 em@mlbt¥deas 2(0sleBe t ot al payroll was
17,000 establishments and 344,000 employees f

Tabl#&zalifornia Construction I ndustry, Establ i
Payrol |

Annu
Construction Sectors Estab Empl Payr

me nt me n .

(dil)
Commerci al 17,2343, $27
Commercial Building Col 4,5 75, E $6.
Foundation, Structure, 2,1 53, ¢ $3.
Buil ding Equi pment Cont 6,0 128, $10
Building Finishing Cont 4,5 85, € $6.
Sour(c®etate of California, Employment Devel opment Depart

The proposstdaicrh achigsstoruil bdikteil gcnoanfmfee cti al Dhel der s
effects on the commevoawihakt bei Fei bgbiyndustfyrm
but rwaotuhbeek concentrated i n s p.elfaibfl @sch oiwssd utshter y s
commer ci al bui ltdhiendtadlrwe dtexPpstS&E bHeammpact ed
the changes propcCheckficpntthhiactroe gy A®qui powents o
and duawtowd rdk be | mpactsed .ISyl hteleiws dpr €CASE Teambs
estimates of the magnitude of 3t.Mese i mpacts a

Tabl2 Specific Subsecthoras Cofmmehe i @dl iBuo |l di ng
| mpacted by Proposed Change to Code/ Standard

Annu

Construction Subsect Estab Empl Payr
me nt me n i

(9il)
Commercial Building 4,5 75, 5 $ 05
Nonresidenti al pl umb
contractors 2,3 52,9 $ 45
Sour(c®ettate of California, Employment Devel opment Depart
"TAverageal mont hly employment in California in 2018 was

represented 4.5 percent of 2018 empl oyment .
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3. 3l.Bpact on Bui | dinndg EheesriggygneGosnsul t ant s
Adjusting design practices to compily wi tHimha

the nor mal practices of buildingTdestegldr sPaB
are typically wppdhataeckvarsiant lcryed e and buil din
consul tants engage in continuongemducatompl| aa
with changes to design practices and building
Businesses that focus on residential, commerc
design are contained within Nohda hArAareirti eecatnu rl anld
Cl assafi on568y3T@)ml s hows the number of establi
empl oymedttotal annual payroll fdhpBoiplodiendg A
code cdfaonrget he 20 2wo wpoodtee nctyicallel y 1 mpact al |l fi
Architectural. Ther Bit@ae £ ws e@let cCrA S Et hTee aimmhipaancttisc i p a
this measufrier m® tal éntoniftroecsui sdoepnsttiraulct i on.

There is AmeracBorimhdustry CIl asbciofdiec astpieocni f3ycs
energy consultants. I nstead, businesses that

energy efficiency are contained in the Buil di
541350), whriicshedi sofc ofmpr ms primarily engaged in
residential and nohtesisdeamti @loslsuibl ¢i ng@gs deter

establishments within the Buil dierdgn |lenrseregy i on
efficiencgh@€EomnsfiorimatT@aml®howndens an upper bo
indication of the size of this sector in Cali

Tabl® CalifornieasiBgunielrdianngd DEner gy Consul tant S

. Annual F
Sector Establis Empl oyn bil I$i)
Architectutal 3,7 29, 6 $ 9
Building I nsph: 8 2. 3,1 $0 .
SNAI'CS is the standard used by Federal statistical agen
the purpoésecofi ng, analyzing, and publishing statistica
NAI CS was development jointly by the U.S. Economic CIl a:
Canada, and Mexico's Institutadi dacitonall | dev Eotracdi itiigha
comparability in business stati stNAIsCSa moenpg atcheed Nohret hStAa
I ndustrial Classification (SIC) system in 1997.
Establ i shméhis s eatsdrneismscelsu da i neawa |l wa teinngga gee db uinl di ng 6 s
and component systems and includes energy efficiency i
services. This sector does not include estabbdbi shments |
pests, hazardous wastes or ondhmoeenivi riommendal staneé aamn

government entities that focmupl|l ioaandel/i ¢ dfi mrgc ®eme reth eo fg yb (i
regul ations.
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Sour(cetate of E@Gpl oy memi aDevel opment Department n.d.)

3.

Th
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® O - »nw —>S 9 0 cCc T o

o nw
— o C
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ectur al Services (NA3E€St ®bd 18dt0gbliciosnpme stes Pri m
nning and designing residential, institutional

g I nspect

n [ Sceornvpir ci esse 5 eNoAtl icGrSa tbeAt1aBIBI0i)s hment s p
d in provid

s u

e

g building (residential & nonresi
qi

o}
i
i ing structure and component syst

n
n
of the b I

3mpact on Occupational Safety and Health

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

vision of OccupationaHA)SafAltly aexids tHiemad t ine 4 ICt
Iweosut démain in place. Complying with the prop
ticipated to have adverse impacts on the sa
volved with the constructi omnf tcloenmb sisli dinn gv.g

I proposed woawudae pdlyangpesdheal thcare facilities

l mpact on Buil ding Owners and Occupants

3
e commerci al building sector includes a wid
staurants and | ®dlgs en ge s traehlaiid h memtds ,mi &aknd war
ncl udi ng (rKefnmiegye ”EDnleOgdgy use by occupants of
il dings also varies considerably with el ect
oling and, comdlinnefomiiggr ati on. Natural gas cc¢
ter and for space heating. According to inf
ergy Efficiency Action Plan, there is more
oor splaicfeorinni aCaand consumes 19 percent of Ca
eKenney. 2T0hled )di versity of building and busin
eates a challenge for disseminatiemgyi nf or ma
|l uti ons, as does the variability in sophist
|l ati onships between building owners and occ

il ding owner ssoabdnetcupédndom | ower energy bi
ct3.oyn. When buil ding occupants save on ener g
sewhere in the economy thereby creating job
onomye. STatewi de CASE Teamropesedotodrepebtng

i mpact Dbuilding owners or occupants adversely

2Q@2Zritl e 2@r aCAIBSEt R& 2 0 2NMRHV ACI2| 6 6



3. 3lLdpacBubhding Ckepan(lhet s dMamauf act ur er s
an® striputors

The Statewide CASE Twiadespesadothangpestto the
technol ogy mar ket s3. 2st metteedlchmolSegite o nt hat m
proposed requirement spoarrtei omatoufr et haen dmaornkl eyt awo U
due to the respective capacity threshol ds.

3. 3l.pacBuiolndinsgect or s
Tabl4asahows employment and otagitreoldnd nif maoganatgdg owe

agencies in which many inspectors of resident
employed. Building inspectors participate 1in
aspects of building regul atTihd®n sa,t eiwn adllea &MBSE e n
therefore, anticipatwouhtdve moop ompeadtclangenpl o
building inspectors or the scope of their rol
Tabl4¢ Empl oyment i neCahdfGoweéman@emt Agencies
l nspectors
Sector Govt Establis EmploynAnnu.al ¥
(mi | 1$)
Admi ni stratStat 17 28 $29
Housing PrcLoca 36 2,8 $205
Urban and FStat 35 55 $48
DevelopmehtLoca 52 2, 4 $186
Sour(c®tate of California, Empl oyment Devel opment Depart

a. Administration of Housing Programs (NAICS 925110) <co
primarily eadmgerdstnathen and planning of housing pr
and standar ds, housing authorities, and housing prog

b.Urban and Rural Development Administration (NAICS 92
establismmenty pngaged in the administration and pl a
and rural areas. Included in this industry are gover
| mpact on Statewide Empl oyment

As described. i3tnhiSewcgh othts8 . 8t £EASHWI deam does not
anticipate significant employment or financi a
California economy. This i s nwotuihtdo shaay et hreotd ets
i mpacts on employment 3i.nt.Wal 6farewadel GASEcTe.
esti mattehse tphraotp o svealu &cthfaencgte st at ewi de empl oy men
output directly and indirectlrnyerntshramnud hendrsgy m
consul tants, and buil diitreg tsiinhkapecénesgyl|l sawdddg
associated witchatnhespr dd sg adl beuatdi cam wmoouwdledst 0 n ¢

2Q@2Zritl e 2@r aCAIBSEt R& 2 0 2NMRHV ACI2|6 7



financial savings for Californniaadlree Siode mttsh,erw
economicsactivitie

3. 3l.MMipact on Statewide Empl oyment

As described in Sections 3.3.1 through 3.3. 6,
anticipate significant employment or financi a

Cal i feocronnioamy . Thi s i s not to wayhtdhahavéempdesy
i mpacts on empl oyment i n h®alSitfadreni ad.e ICnPA SEe clteia
estidtantee proposedai rc hdingter iiabiuteican swouledvi de e mpl
and econondicr eocuttlppjutand i ndirectly through its

and energy consultants, andthei Sdatngwi dspEAFE
estidiaadve energy savings associataedrwdthbtthbupt

would | ead toogmoadgs financial savings for Cali
then be available for other economic activiti
3. £conomic | mpacts

For the 2022 SodeewAlam tused the | MPLAN mode
along with economicshetlosmatces, fand pubfessi
devel oped estimates of the economic impacts a
chanédédebile this is the fi3tsdt eGwAdEamc! e i n wh
develdoepti mates of economictimgacmpousiamg K WPID.
economic impacts developed for this report ar
and to some extent speculative information. I
relatively simple represeompat aond,hef St ing re@a Idief
CASE Teaonfiisdent that direction and approxi mai

economic i mpacts are reasonable, it is iIimport
is a simplification of exrtacetmednys coofmpil nedxi vaicd u s
businesses, and other organizations as they r
codes. I n all aspect of tRusheco®snoeiy a@amactgiss
assumptions regarding the | iweth thenpmbpobed
change. By following this approach, the econo
|l ower bound estimates of the actual i mpacts a
change.

O MPLAN (I mpact Anal gef 56 wh o eo uPtbpauatn inmogdpeult used t o esti ma
economic effects of proposed policies and projects. I M
i mpact model due to its ease of use ,andmpglxdymesntv,e ared av
ifnor mati on.
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Adoptitcdhn sofcodpr ehawsegikesult | gy metastveconomic
i mpacts through the addhbosenah dh/eecoonrmmpendah
resi dlewitli dilng iamawsttrexts, energy consdhtant s,
St atewi de CASBEofTeamtdoepate that cmareyusdwdaddg
owners or other organizations affected by the
woutedsult in additional spending by those bus:
Tabl® Estimated | mpact that Adoption of the P
ont he California Commerci al Construction Secto

Lab: Tot
T (e , Empl oyr I nco Val Outp(
ype o conomi t (per's ¢ Adde (¢

. .oomi |

mil 1l ($ mi
Fan Power Budget
| mpact s 707 $45. $67. $113
Direct (RAfdfde d¢ti o n
spending by Comi 428 $28. $37. $62.
Buil der s)
|l ndirect Effect
spending by fir: 93. $6. $10. $20.
Commer ci al Bui | «
|l nduced Effect |
empl oyees of fi. 186 $10. $18. $30.
Adireichodi oecfio ¢
FEI Economic | mj 2. $0. $0. $0.
Direct Effects |
spending by Comi 1. $0. $0. $0.
Buil der s)
Il ndirect Effect
spending by fir: 0. $0. $0. $0.
Commer ci al Bui | «
|l nduced Effect |
empl oyees of fi. 0. $0. $0. $0.
Adirecto or Ai N
Duct Leakage Ec:¢
| mpact s 91. $5. $8. $14.
Direct (RAfdfde ¢ti © n
spending by Comi 55. $3. $4. $8.
Buil der s)
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l ndirect Ef fect

spending by fir: 12. $0. $1. $2.
Commer ci al Bui | «

|l nduced Effect |

empl oyees of fi. 2 4. $1. $2. $3.

Adir efcitndd iorrect o

Total Economic | 801 $51. $76. $128
Source: Analysis by Evergreen Economics of data from t|
3.4Crleation or Elimination of Jobs

The Statewide CAGE daerbmpi pewosoeddh adhangesadwoul c
to the cretaypewa joofbsneow tlexiasltymgaaodi onpnobs. I n
words, the Statewide CASWoladmdésepubposadechba
di sruption to any sector of the California ec

i mpacts di scu8swdauli eha Betcd hmandgeesst i empl oy ment
existing jobs.

3.4CrRR2eation or Elimination of Businesses i
Thpr op ocsoedde ¢ hfaonrg etsh e 2 0 2w2o wlodd ea pepylcyl et o al | b u s
incorporated in California, regardless of whe

out si de ol Thtehree fsotrdetee St at ewi de n6ASBnTéeampahoes t
these measures pPOBRPoesedeefgovylcaldi bloshv e an adverse
effect on the competitivenekseswilosde Etadt ¢ wirche aCAMh:!
Teame :mnot anticipate businesses | ocated outsid
or disadvantaged.

3.4C8mpetitive Advantages or Disadvantages
Cali fornia

Thpr opocsoedde ¢ hwaonugleds apply t o naxlolr phbenaCees $esni a

reghess of whetherntbepomsi@e ssr icutSide of tt

Ther ef otrree Statewi denGASEBNTeé @aihpaddgpesehsedes
wouhave an adverse effect on the competitiven:

1Gov. Code, AA 11346.3(c)(1)(C), 11346.3(a)(2); 1 CCR

di sadvantabethbhdpirmeCcsses currently doing business in the
2Gov. Code, AA 11346.3(c)(1)(C), 1¢t846i8%€eap@d2pntag€€Ro.
di sadvantabethbhudpirmeCcsses currently doing business in the
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Li kewi se, the Statewide CASE Team does not an

California would be advantaged or disadvantag
3.4l.dcrease or Decrease of |I|Qaleisftamremitas 1 n
The Statewi deanGASYEz eTdeannat i onal data on corpora

i nvest ment by businesses that expand a firmos
domestic inves®¥msmtbl Gohro wsRDMb)le.ma B A 1R 0 NPDI as
a percentage of corporate prafiitths amamlyled afgreo

percent. While only an approximati emdd dfort metp
capital itnhvee sStneetnetwi ddeChsPEepeami des a reasons:
estimate of the proportion of proprietor inco
owners into expanding their capital stock.

Tablé@&Net BaemtHrci vianvwest ment and Corporate Profi
Net Domesti CorporateRatio of N

Year Il nvest ment by After ° l nvestm
Billions Billions Corporate

2015 $6 0 9 $1, 74 359
2016 $4 5 . $1, 73 269
2017 $5089 $1, 84 289
2018 $6 18 $1, 84 349
2019 $5 89 $1, 82 329
5Year Av 319

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

The Statewide CASE Team does not anticipate t
wit hprtdposed wrewlsebarde t o shgnpgéi cantrease or de

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

| ncome estTiand ®ebdo vien by 31 percent .

BNet private doniesshtel ct oitnavlé savneosuinme wHE pi t al by the busine
is used to expand rtahitehnmaapgthtaenh st ockpl ac€odper abhesdpipo kit
t he moneefytad erfgorpatyisonts expenses.
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3. 4Ef5f ects on the State Gener adndulhagalSt at
Government s

The Statewi dedeCAASE @rpect the proposed code ¢
measurablteonmpade Cali forniabs Gener al Fund, a
government funds.

3.45.1 Cost of Enforcement

Cost to the State

State government already has budget for code
compliance enforcement woWhiedl aosbai@eggoesonmee
update the TSttamdaKdds Pairmcléudi ng updating educ
materials and responding requesemeons, abbet et
are already covered by existtismggoevantmemeénutdgarn s

when compared to the overall costs savings an
code changeThbroesppsapesal may increase costs t.
such as | arge officesh5.,2batl asubBmewalfaestSereéi o

Cost to Local Governments

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

governments, idtiassswmceci a2 @ma2wwietolc htalmege cycl e.
building code is updated on a triennial basi s
retraining every time the code is updated. Th
|l ocal governmemps i tamceuppa@aimnioa@g that can helop
retraining, including tools, L©Badhexngamdhd res

Standards (pucdr am EnerAy CotdedAxz.eBndBmppendi x

E, the Statewide CASE Team consi deni gththowmptale
var inausk et actors involved in the compliance a
to minimize negative Iimpacts on | ocal governm

3. 4. @pacts on Specific Persons

Whil e the obj ecStiavtee woifd ea nCyA SoEf Ttehaerhfs pp roaod xa le |
efficieerned yh,s tplot ent i al that a proposed wupdate
result in unintefmfdedStaeahswgdenCASE Team does
woubded negative i mpacts towards one any speci f]
change proposal
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4 Emrgy Savings

4~ Mmoo aoa=o 3y —~m=="0o N0 4 I

(‘Df—f'

©

S

® NS O S5 999 T OO0 I

n

Key Assunfpari othmser gy Savings Anal ysi s

e energy and cost analysis presented in thi
nsistent with the TDV factors presented dur
20 wor kesohmoppl icamnceCanleit rocsi a Ener gy Thoemmi ssi o
ectricity TDV factors include the 15 percen
ctors include the impact of methan@DMeakage
ctors used in the energy savings analyses w
vironment al Economics, Il nc. (E3), the contr
ctors for the Energy Commi ssion, rhpatsprea
tail Adj Scaled by Avoided Costs.xlsxo0o. The

ergy savings analyses were obtained via ema
022 _TDV_Policy_Compliant CH4Leak_ FlatRtl Add
mandrfaased in the energy savings analysis
spreadsheet titled A2022 TDV Demand Factors
ergy Commi ssion rel eaysedr iql duanle aOr2mMi rug ep Rt

GWP) wvalue$ t hpe #a@GWP values that were used
DV factoryearTlGaVNP2 ¥ al ues i ncreased the TDV f a

h
X
r

a

e TDV energy savings presented in this repo
pected ifV tthattyiewm®l LONP val ues were used 1in
oposed code changes wil/l be more cost effec
vings presented in kWh and therms are not a

The Statewide CASEr Ttehaen nned d | icatnesd elreer gy savi |
oeff fectiveness analyses using the final TDV
presented in the Final CASE Report.

c

The Energy Commi ssion has not provided guidan

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

The Stat Wi dea@Baketlornia Building Energy Cod
for commercial £oim)di acogedygEBECKe energy savin
change prEonpeosgayl smodel s atr le@BsEoQLroaperdo tf atoymp i ¢ al
building modetdsf aed Bwoei nclude the proposed c|
standar ds.
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4. 1Fdn Power Budget

The measure was ewvdlat ®tde dned hiodBgpLtblygihe energy
savings caonnaplayrseiss prescri ptaoweormpdiomge sweaah tdlees i gn
powbudgtd st he current nonr e sEinckeamgtyi asla vs tnagrsd awed
model eduandtifea etlot el Smal Of f iOd ¢ MecdiLam,geOQf f i ce Me
Ret ai | Reatrggiel, Mi xed Us e, Retail Standal one, Ret ai |l
School Secondary, and Widrdeldbhee pgroompotnemes. of
conditions abemianssnammdd tcomply with the 2019 T
Standar ds.

4. 1F2n Energy I ndex

Ths measure was evdlat ®@tde dneuw hion @4 oHye i enn eSreqgcyt i 0
savings caonmp aprsemssndapooposedwihdersa gtnhe néwr FEI =
a modified(if.an tBpstsgmt em wi tihn at reetluarng & af)f i
prot ottoy gehrer ent nonr esi derltairgle LOtf & n cEem errgbyd it g/ o
savings were not quantified oyr midiamaaeudd ¢f olv e an
most other building prot otTyhpeerseflssee emaeailgagesd ve
are conserva®ivVveothenatomponents of the exi st
t oemi ni ncaolnmipgwit t h the 2019 Title 24, Part 6 St a

4. 1DBct klaga

An energy and cost analysis is not required t
|l eakage testing requirements from the prescri
measure was already shown to be cost effectiyv

The Statewide CASE Team ifsr @qm bivicsghbaicmif ntgoad n yo ns

tohe duct | eakage testihmg oibnpecche vEMOTfbaedhaupe o
i mprove compliance with the code. However, th
itthexplicit ductwork selection requirements pr

t estoiveg current practices.

This measure was esuValtwat ek tuseidnd .ophfehenener gy
savings caonnap ayrsess otplomsaendd at egui r e ®Pealt Cloass A wi
a basel smfe Saxmlef GrasspBl y 2sby spteerntse nathndl eakage f
exhaust isbyassteednson SeBdbl0 aees Ct he associated L
Class fB8eaka€fhass B was!| cmesde itm thtoe h al i gn th
Duct Construction Standards and the CMC requi
6 .

The Statewide CASE Team is using the same duc
| eakage submeasure and fb5and.plowhkee Dtuadtgewi & eCA S
used the VAV propdsgdrckesi gme i esguopapt! dy¢ cati r
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|l eakage for the baselibral agfttapsopBoaad &asaksCl
respecof vie¢gLarge and OfficeMedium protypes h:;
St atewide CASE Team modified the perxdhtaoutsytpes b
syst(eemvo tpoeirl €hlls®o ISt at e wii edeemsCeAdS E2 5 epxehracuesntt d u ¢t
|l eakage haheedi amd aitSuMACNA HVAC Duct Construct.i
TMetal andwhEeeri bkbhBaust systtoe mse ear €S eiagkgeuCi|raesds
Tab2 & M. P. Mo dElrias 2@édr7fgent | eak a@ef wasLappéj e
Of ficeMedi um, andprOdtf etceMe dti a mLeatber mi ne t he di
HVAE€ner gy c onlsnunepac honcl th mavteer azgeen e,y p afifti ngs
among these t hwereecaprcodmd gppgeisgbed hon0r2 3
forecaswedonstr gettghtaf farced ag@ge r € a wietihgeh ento s t
because it has the |l argest f.Odhecaséradgeoanserg)
saviwmgreextrapol ated tpo ottlod yrpemdiundl mYytmgse wi de C
team believes tshiimcda st hagapadiooptroboay pesbfinmd v z e d
have supply airfl ow aofmpgersoxidmditf enloy.e alrhkea r at i o
Statewide CASEcdleauwml at es awitn @Ef ude Smal | ,
Restaur antGracd &y @& h ¢ u sReedt a i lalsa rt ghee yn ow o wled

siighi cantly i mpacted bwetlkeigreposhalr sShneaclduwseé w
amounts of tdhuecstewoprrkotiont ype buil ding model s

4. Energy Savings Methodol ogy

4. 2Elder gy gSawlentr hodoPmoagtyotpgpingoi

The Energy Commission direct am dtel e t Shtea teenveir dgey
i mpact sspuwescpngtcot ypi enald ethh ari € pdri ebsgeind a | buil ding
geometries tfyopreodfi fbfuBihledniprrgost.ot ype bui l dings t h;
CASE Team used in the admallysitshoamgdaapd edbeant @d n
were used for every tneea shubEle weosanrdeya mmplne,i der e
the Large Office prototype. Additionally, for
cost was only cal cul,atbeudt feoxt rtahpo ILaatt egde et®I fd tchee
This is expl 8amtebdo& urt her in
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Tabl® PrototypesBdi fdrngsaergy, Demand, Cost,
| mpacts Analysis

Numb e I;\Io
re . .
Prot oNg me of Description
Stor (saqu
fee
4 story Hotel with 7
Hot el Smal 4 4B5 Window/ waWWR -ndwb o (
12 story + 1 basemer
Of ficelLar 13 498B8'5 zones and a ceilir
fl oor .-4 WWR
Of ficeMeo 3 53, 3 story office builc
ceiling plenum on3 36c¢
Of fi ceMeod 3 53, 65 story office builc
ceiling plenum o8B 3% ¢
. Bi-lgox Repail buil din
Retail Lar 1 24,00'120/0 and0 SRR%
Retail Mi x 1 9’?,Retall _t)UlId-l(Dngj:. WR®O &
adi abatic
Similar to a Target
Retail St a 1 24, 5WWR on the front f a-
sides. SRR of 2. 1%.
Retail Str 1 9,3 Strip Mall Dbu#llOd% ng
School Pr i 1 24, 4El ement ary scho308% wi
School Se c 2 210, Hi slchool with WWR o
1.4%
Single story high <ce
War ehouse 1 4 A9 I ncludes one of-Di% e
SR %

Th&8t atewide CASE Team estimated energy and de
proposed code change usi ngoft hGGB-2@®.2 Resear ch

CBEGComenerates two model st hbasftdaondauvud eRes ngan
Proposed“”Dhei §handard Detshe@gngeempetessgingfs t hat

the builder would I|i ke dget bafi Itfdeadtnudredssud @r tisn a
ener gy budngieni ncablaipyl i ah@ 1TOwvit § e 2cdlgddamreqgbi r e men

“CBECRes creates a third model, the Reference Design, t
Proposed Design, buwtd wiqtuuh panemgst mpwac taimen ea s t hat are min
2006 | ECC. The Statewide CASE Team did not wuse the Ref
evaluations.
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Featur est hSsteadh diar da rOfeessicgni bed i n the A2OM9 Nonr
ReferenceTihVMeanRradposed Dediiegrs ameprgeenett s yt as t
Standard Desi gnt henuetr giyt faesast tumeesss a flot@wsacrsei bues e r

wi ubBer iTnop udtesv.e/li g ss & $ oirmathes propasgdtsite® de

St atewi de GASEtTeedama St andard Design and Propo
prototypicTahlerbeuiilsdiammg exi sting Title 24, Part

building system inoghetshi noewaodnapplucesoh and
Standard Design is minimally compliant with t

4.2.1.1 Fan Power Budget

Curreinit |Sect. iddfa)il 49y at eiesi gn conditions shall
all owabl e ppawersypstemti on 1 or 2 -As Ismpectifared
wordse Standard Design is a fan system which
| i miito@esmparing the energy i mpacftasn opfo wehre St an
i mitaoi ohe) PropOOfspaweedre shrgahgeead 1) s t he i mpacts o

proposed code change relative to a building t
Title 24, Par.t 6 requirements
The Proposed Design was identical tfoort hteheSt an

revisions that represent t hlea bd ®orpeosseendt sc hwahni gcehs
par ameiterGBE&CWw™er e modi fied and what values wer
Design and Pr oThasreodp oDseesd agine. ssihgam power mat ches
proposed fan power budget.

Al t hough the faddpessesbiudgepower soff hevaemer gy
does notusheary@ttad toal fsayms tpaorwer measured i n kW.
ener gy itmpacStta,t ewi des@dASHBeTdamear r dlodtailonshi
fan poweatsdlapdiecs ammde adj ust adriecoy@ald @es i-n CBECC
Como represent the modrFofri ceaxta @pnime b @ acepbwer
reducti on( kive)t pdeveir gn tchoen ditotapladecs s ur e i nput can
be reducpdr bigmPOBE&CMAheSt at ewS&Ee T&AOMmduat ed
spreadshecettdatnal ymieid e ctthre calf arm ptuhe pRPweagdsed D
design c,onudsitngnkan PApemroaBldegepti mai 8edt i on
2.2,1akdd detoaiel ddanignuagre.)3 nwiecéi bohkeeat Fbwabl e
input kpbwWweas@l cufi at eelach fan system, asyat émnc

componenatnsd fan systuepmltyype eita.rgn, relief, or
purposdsa,n teHectri cal i nput power was set to e
tot &l aprieasrse. Mgiyrar i wdd et hen adjusted innhe Prop
CBEGCommatch the electrical i nput power from

Foexampl®ne ffoaleairgpe of fi ce prhtebcsthiape cbpirledismg
was changbed36f2r oomm .t hweg St antdda2r6d7 nDe sniggmhe Propose
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Desiton i Il lustrate pbegbiaangpbwem B830p82 kW under
Design to 23.44 kW under the Pr opPorsoepdo sDeedsi gn .

Desiigsh expeavediotal psesaagurce at that | evel, but
has a |l inear r el atHPRo wistaidp uwibte khaft & m photwakkid n p ut
in the Proposed Design. This example is shown
dozenfsamsciope (namely all fans wiktW ifroputeagdw
prototype buiHRaori ntgh emopduerlpeods.es of this anal ysi s
was i1 gndreadsmassion efficiencfomsawoul dumnoeént
i mpactnetrhgey esavings as the Standard Design and
both assumeddtrovkbavatbéeéehte same efficiency | ev

Tabl@ExampMoedi fi cati odtsamMaalred tDesiLamge Of fice
ProtoByppl yt &da%i mul at eCoPdreo p®Ohsaendg e

PrototCIimParameter Standard PropobBedi
I D Zone Parameter Parameter
Of ficeAll Tot al St at 5.3 4 .67
Oof ficeAll FamotBEflIf i ci 6579 659
Oof ficeAll Mot or Ef fi 94 . ! 94 . !

4.2.1.2 Fan Energy Index

As stated above, in Section 140.4(c) Fan Syst
the all owable fan system power of -AoThtei on 1 or
Standard Densisgynstiesm avhfiach exactly meets the fa

To model the energy savings from FEI, changes
Large Office prototgpe systmamefi ¢ mhahié wourr eni
system. As backgrtoeunmsd ,i nmolsar gfea Ab asnylssly, sgemar e t
having a suppl yf aana.n Honwle vae rrCottuhr2nO EBERLCot ot y pe

buil dings model f asysty,asm®inkselays foonre nioadne | i ng s
genetrhils sufffoirciesnti maftainngs yosvieerma ldonsumpti on, L
makes it challenging to quantifyndoweduaobns$éam

whet BFeEl metri c applpreev.i,cAushidye sierf albié d haees sumpt |
|l arge office prototypae {iama easlyls t\VeAV wsiytsht eSms3)5
total static peesefaftieciaenmhiat®dbequal s the maxi |
power consumption at tHwoewefvaenr ,p owheern |sivmatimcahti inogn
system, the STetmad deanCh&Edrhe separate effici
supply and return f alhe aciohnes uSttactde wwidieh GCGAXPE T t s
understand the comand paaisme bd elsa fegnec i oefsf i c e

configandt how f anf osreldeattwicowsst ledn be conducted i
real ,weepidng power demand at design conditi on:
t hfean powers.Thimd taagpromach yielded a representa
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