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1 Introduction

The California Building Energy Efficiency Standards Title 24, Part 6 (T({Eee2dyCommission 2018b) is

maintained and updated every three years by twats agencies, the California Energy Commisstmnefgy
Commissiohand the Building Standards Commission (BSC). In addition to enforcing the code, local jurisdictions
have the authority to adopt local energy efficiency ordinances, or reach codes, thedettee minimum

standards defined by Title 24 (as established by Public Resources Code Section 25402.1(h)2 and-$66tion 10
of the Building Energy Efficiency Standards). Local jurisdictions must demonstrate that the requirements of the
proposed ordinanceare costeffectiveand do not result in buildings consuming more energy than is permitted

by Title 24. In addition, the jurisdiction must obtain approval fromBEmergy Commissiaand file the ordinance

with the BSC for the ordinance to be legally enéatale.

This report documents cosfffective combinations of measures that exceed the minimum state requirements
the 2019 Building Energy Efficiency Standare§ective January 1, 202for new single family andbw-rise (one-

to three-story) multifamily residential constructionThe analysisncludes evaluation of both mixed fuel and-all
electrichomes documentingthat the performancerequiremens can be meby either type ofbuildingdesign
Compliance package options and ceffectiveness analysia all sixteen California climate zones§CGite
presented(seeAppendix A California Climate Zone Mdpr a graphical depiction of Climateize locations)

All proposed package options include a combination of efficiency measures agitt sanewable energy.

2 Methodology and Assumptions

This analysis uséwo different mericsto assesgosteffectivenessBoth methodologies require estimatirand
guantifying theincremental costs andnergy savings associated with energy efficiency measures. The main
difference between the methodologies is the manner in which they value energy and thus the cost savings of
reduced or avoided energy use.

9 Utility Bill Impacts On-Bill): QustomerbasedLifecycle CostLCGapproachthat values energy based
upon estimated site energy usage acustomeron-bill savingsisingelectricity and natural gastility
rate schedulesver a30-year durationaccounting foidiscount rate and energgostinflation.

1 Time Dependent Valuation (TDMEnergy CommissidiCC methodologyvhichis intended to capture
the dsocietal@ I  dzS & elergyaisanicléding longierm projected costs such as the cost of
providing energy during peak periods of demaam other societal costs such as projected costs for
carbon emissionsas well as grittansmission and distributioimpacts This metriocvzalues energy use
differently depending on the fuel source (gas, eledlyicand propane), time of day, and season.
Electricity used (or saved) during peak periods has a much higher value than electricity used (or saved)
during offpeak periods (Horii et al2014).Thisis themethodologyused by the Energy Commission in
evaluatingcosteffectivenessfor efficiency measures in Title 24, Part 6.

2.1 Building Prototypes

TheEnergy Commissiatefines building prototypes which it uses to evaluate the @i&ctiveness of proposed
changes to Titl@4 requirementsAt the time that this report was written, therare two single family

prototypes and ondow-rise multifamily prototype Allthree are used in this analysis in development of the
abovecode packaged.ablel describes the basic characteristics of each prototype. Additional details on the
prototypes can be found in thalternative Calculation MethodACM Approval ManualEnergy Commission,
2018a). Theprototypeshaveequal geometry on alalls, windows and rodb be orientation neutral

1 @ 201908-01
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Table 1: Prototype Characteristics
. Single Family Single Family I
Characteristic OneStory Two-Story Multifamily
6,960 ft:
Conditioned Floor Area 2,100 f¢ 2,700 f¢ (4) 780 ft &
(4) 960 ft units
Num. of Stories 1 2 2
(4) Lbed &
Num. of Bedrooms 3 3 (4) 2bed units
Window-to-Floor Area Ratio 20% 20% 15%

Source: 2019 Alternative Calculation Method Approval Maf@alifornia Energy Commission, 2018a)

The Energy Commissi@Qrotocol for single family prototypes is to weight the simulated energy impacts by a
factor that represents the distribution of singory and twastory homes being built statewide, assing 45
percent singlestory and 55 percent twatory. Simulation results in this study are characterized according to this
ratio, which is approximately equivalent to a 2,48quare foot (ff) house!

The methodology used in the analyses for each of tlwegtypical building types begins with a design that
precisely meets the minimum 2019 prescriptive requiremegn&socompliance margin)Table 150.4Ain the

2019 StandardéEnergy Commission, 284) lists the prescriptive measures that determine the baseline design
in each climate zone. Other features are consistent with the Standard DesignACiReference Manual
(Energy Commissio2019, and are designed to meet, but not exceed, the minimuguireements. Each
prototype building has the following features:

1 Slabon-grade foundation.

9 Vented attic.

1 High performance attic in climate zones where prescriptively required (CZ6),\8ith insulation
installedat the ceiling andbelowthe roof deck pe Option B(Refer to Table 150-A inthe 2019
Standardy

1 Ductwork located in the attitor single family and within conditioned space for multifamily

Bothmixed fuel and alélectricprototypesare evaluatedin this study While in past code cycles ati-electric
home wascompared to a home with gas for certain eansgesthe 2019codeincludesseparate prescriptiveand
performancepaths for mixedfuel andall-electric homesThe fuel specific characteristics of the mixed fuel and
all-electric prototypes are defined according to the 2019 ACM Reference Manual and describabl@2.2

12,430 f£ = (45% x 2,1003t+ (55% x 2,700%t

2 Standards Section 150.1(c)8.A.iv.a specifies that contpmavater distribution designand a drain water heat
recovery system or extra PV capacity are required when a heat pump water heater is installed prescriptively. The
efficiency of the distributiomnd the drain water heat recovery systems as well as the location of the water

heater applied in this analysis are based on the Standard Design assumptions ilREBEDCh result in a
zero-compliance margin for the 2019 basecase model.

: O

201908-01
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Table 2: Characteristics of the Mixed Fuel vs All -Electric Prototype
Characteristic Mixed Fuel All-Electric
Gas furnac&0 AFUE Split heat pump 8.2 &PF,
Split A/IC 14 SEER, 11.7 EE 14 SEER, 11.7 EER
50gal HPWHRIEF = 2.0
SElocated in the garage
MFCZ 2,4,6L6:located in living space
MF CZ4,3,5 locatedin exterior closet
Basic compact distribution credit
- (Cz6-8,15)
Hot Water Distribution e nymmgmAll LT Expandedcompact distribution credit
lines insulated
compactness factor 8.6
(CZ1-5,9-14,16)
CZ 1unequalflow to shower=42%
CZ 16: equal flow to shower & watel

Space HeatingZooling

Water Heatef? 3 4 Gas tankless UEF = 0.81

Drain Water Heat

Efeﬁ((::?g:éy None heater = 65%

y None in other CZs
Cooking Gas Electric
ClothesDrying Gas Electric

IEquipment efficiencieare equal tominimum federal appliance efficiency standards.
2Themultifamily prototype is evaluated with individual water heateHPWHSs located in the living
spacedo not have ducting for either inlet @xhaust aif CBEC®es does not have thrmapability to
modelducted HPWHs

SUEF = uniform energy factorPM/H= heat pump water heater.F5= single family. MF =
multifamily.

“CBEC®Res applies 80gal water heatewhen specifying a storage watkeater. Hot water draws
differ between the prototypedvased omumber of bedrooms

2.2 Measure Analysis

TheCalifornia Building Energy Code Compliance simulation tool, GREE€€019.0, was used to evaluate
energy impacts using the 2019 Title [24scriptive standards as the benchmark, and the Z0D¥ valuesIDV

is the energy metric used by tlienergy Commissiaince the 2005 Title 24 energy code to evaluate compliance
with the Title 24 standards.

Using the 202 baseline as the starting point, prospective energy efficiency measures were identified and
modeled in each of the prototypes to determine the projected energy (Therm and kWh) and compliance
impacts A large set of parametric runs were conductedcei@luae various options andeveloppackags of
measures thaexceed minimum code performanceheanalysis utilizes a parametric tool based on Micrépas
automate and manage the generation of CBIR@E input filesThis allows for quick evaluation of various
efficiency measures across multiple climate zones and prototgpdémproves quality control. The batch
process functionality of CBE®Es is utilized to simulate large groups of input files at once. Annual otilitg
were calculatedusing hourly datautput from CBECGRes ancklectricity and natural gas tariffs for each of the
investor owned utilitieg1OUs)

3 Developed by KeNittler of Enercomp, Inc.

3 @ 201908-01
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TheReach Codes Teaselected packages and measures basedostreffectiveness as well as decades
experience witlresidentialarchitects, bilders,andengineersalong withgeneral knowledge of the relative
acceptance of many measures.

2.2.1 Federal Preemption

The Department of Energy (DCGEe}sminimum efficiency standards for equipment and appliances that are
federally regulated under the NatiohAppliance Energy Conservation Act (NAECA), including heating, cooling,
and water heating equipmensince tate and local governments are prohibited from adoptpdicies that
mandatehigher minimum efficiencies than the federal standards require, toei$ of this study is to identify

and evaluate costffective packages that do not include high efficiency equipmfitile this study idimited

by federal preemptionin practicebuilders mayuse any package abmpliantmeasurego achieve the
performance goals, including high efficiency applian€dten, these measures athe simplest and most
affordable measures to increase energy performance.

2.2.2 Energy Design Rating

The 2019 Title 24 codetroduces/ I £ A T DhéddyDesignrating (EDRasthe primary metric to demonstrate
compliance with the energy code. EBRtill based on TDV bitituses &building that is compliant with the006
International Energy Conservation CotleGTas the reference buildingrhe reference building hasn EDR

score of 100while azero-net energy (ZNE) home has an EDR score ofEerrgy Commission, 28d). See
Figurel for a graphical representation of thig/hile the Referece Building is used to determine the rating, the
Proposed Design &ill compared to the Standard Design based on the prescriptive baseline assumptions to
determine compliance.

The EDR zalculated byCBECRes and has twocomponents

1. 'y a9 7FTFA @Qhich edesens hevbildirg energy use without solar generatién.
2. | Tdtal9 5 wé représknis the final energy use of the building based on the combined impact of
efficiency measuredPVgeneration anddlemand flexibility

For a building to comply, two criteria are required:

(1) the proposed Efficiency EDR must be equal tlessthan the Efficiency EDR of teandardDesign, and
(2) the proposedTotalEDR must be equal to or less than ffealEDR of the&Standard Design.

Sinde family prototypes used in this analysis that are minimally compliant with the 2019 Title 24 code achieve a
TotalEDR between 20 and 35 in most climates.

This conceptconsistent with/ | A F @adifdoNIR &vNigh prioritizes energy efficiency aheafirenewable
generation requires projects meet a minimum Efficiency EDR before PV is credited but allows for PV to be
traded off with additional efficiency when meeting thetalEDR.A project maymprove on buildingefficiency
beyond the minimum requéd and subsequentlyeduce the PV generation capacity required to achieve the
requiredTotalEDR butnay not increase the size of the PV systmd trade this off witha reduction of
efficiency measures-igurel graphicallysummarizes how botEfficiency EDR aRlV/ demand flexibility EDR
are used to calculate the Total EDR usethe 2019 code and in this analysis.

4 While there is no compliance credit for solar PV as there is under the 2016 StartHarcigdit for installing
electric storage battery systems that meet minimum qualificatioas beapplied to the Efficiency EDR.
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Figure 1: Graphical description of EDR Scores (courtesy of Energy Code Axe

Resultfrom this analysisre presentecasEDR Margira reduction inthe EDR scoreelative to the Standard
DesignEDRMarginis a better metric to use than absolute EDRhe context of a reach codsecause absolute
valuesvary,based on the home desigind characteristicsuch asize and orientationThisapproachaligns with
how compliance is determined for the 2019 Titlectle, as well astility incentive programssuch aghe
California Advanced Homes Program (CAHP) & California Multifamily New Homes (CMFNH), which require
minimum performance criteria based @m EDRMarginfor low-rise residential projectsTheEDR Maria is
calculated according tBquationl for the two efficiency packages aljuation2 for the Efficiency & PV and
Efficiency & PV/Battery packag@ee Sectior.3).

Equation 1

LYo oe IO+ QoY ¢ n e
Equatlon 2 .

OO0V i QP L gl YO DE Wi ol eeF@OY i ¢ n 0O atdg@Y

2.2.3 Enerqgy Efficiency Measures

AL i
S

00Y &I Qipl 4+ GOV ¢

Fdlowing are descriptions of each of the efficiency measereduated undethis analysisBecause at all of
the measures described below were found todmsteffective and costeffectiveness varied by climate zgne
not all measures are included in all packages sordeof the measuredistedare not includedn any final
packageFor alist of measures includeadh each efficiency packad® climate zongseeAppendixD ¢ Single
FamilyMeasure Summargnd AppendixF¢ Multifamily Measure Summary

Reduced Infiltration (ACH50Reduce infiltration in single family homes from the default infiltration assumption
of five () air changes per hour at 50 Pascals (ACHB040to 60 percentto either 3 ACH5®@r 2 ACH50HERS

5 https://energycodeace.com/

6Whole house leakage tested at a pressure difference of 50 Pascals between indoors and outdoors.
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rater field verification and diagnostic testing of building air leakage according to the procedures outlined in the
2019 Reference Appendices RA3Ehérgy Commissio2018c). This measure was not applied to multifamily
homes becaus€BECResdoes not alloweduced infiltrationcredit for multifamily buildings

Improved FenestrationReduce window #hactor to 0.24. The prescriptivel-factoris 0.30 in alclimates.In
climate zones 1, 3,,%nd 16 where heating loads dominas increase in dar heat gain coefficienSHG{E
from the default assumptiorof 0.35 t00.50was evaluatedn addition to the reduction in dactor.

CoolRooY Lyadrftt F NR2FAY3I LINRPRdIzOG GKIFGQa NIGSR o0& (KS
reflectance(ASRequal to or greater thai®.25. Steepsloped roofs were assumed in all casBie 24 specifies a
prescriptiveASRof 0.20for Climate Zones 10 through Ahdassume®.10in other climate zones.

Exterior Wall InsulationDecrease walU-factorin 2x6wallsto 0.043 from the prescriptive requirement d3.048
by increasing exterior insulatidnom oneinch R5 to 1-1/2 inch R7.5. Thiswas evaluated fosingle family
buildings only in all climate zones excer@@l 7 wherethe prescriptive requiremenis higher (Ufactor of
0.065) andmproving beyondhe prescriptivevalue has little impact

High Performance Attics (HPAIPA with RB8 ceiling insulation and-80 insulation under the roof decln
climates where HPA is already requiraescriptivelythismeasurerequires anincremental increase in roof
insulation from RL9 or R13 to R30. In climates whereHPAis notcurrentlyrequired(Climate Zone4 through
3,and5 through7), this measureaddsroof insulation toan uninsulated rof as well as increasing ceiling
insulation from R30to R38in Aimate Zones 3, 5, 6 and 7.

Slab InsulationinstallR-10 perimeterslab insulatiorat a depth of 1énches. For climate zone Mhereslab
insulation is requiredprescriptively this mease increases that insulation fromRto R10.

Duct Location Ducts in Conditioned SpadeMove the ductwork and equipment from the attic to inside the
conditioned space in one of the three followingys

1. Locateductwork in conditioned space. The air handler may remain in the attic provided Hatear
feet or less of dudis located outsidehe conditioned space includirtge air handler and plenumMeet
the requirements o019 Reference AppendicBi3.1.41.2 (Energy Commission, 28d)

2. All ductworkand equipmentocatedentirely in conditioned spacaeeting the requirements d2019
Reference AppendiceRA3.1.4.1.3(Energy Commission, 28d)

3. All ductworkand equipmeniocatedentirely in conditioned spaceith ductstestedto have less than or
equal to 25 cfm leakage to outsiddeet the requirementf VerifiedLowLeakage Ducts in
Conditioned Spac@/LLDCS) the 2019 Reference AppendicBA3.1.43.8. (Energy Commission, 28d)

Option 1 and 2 abovapply to single family only since tHeasecase for multifamilgssumesluctsare within
conditioned spaceOption3 goplies to both single family and multifamiases.

Reducedistribution System Duct) LeakageReduceductleakagefrom 5%to 2% and install a low leakage air
handler unit (LLAHU). This is only applicable to single family homes sirzastiwase for multifamilgssumes
ductsarewithin conditioned spacand additional duct leakage credit is not available.

Low Pressure Dropucts Upgrade theduct distribution system teeduce external static pressure and meet a
maximumfan efficacy of 0.8 Watts per cfm for gas furnacesnd0.45 Wattsper cfm for heat pumpsoperating

at full speedThis may involve upsizing ductwor&ducingthe total effective length of dusf andor selecting
low pressure drogomponentssuch as filtersFan watt drawmust beverified by a HERS rater according to the
procedures outlined in the 2019 Reference Appendices REB&gy Commission, 28d). New federal
regulations that went into effect July 3, 208équire higher fan efficiency fogasfurnaces than foheat pumps
andair handlers, which is why the recommendsgukcification is different for mixed fuel ardl-electrichomes.
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HERS Verification of Hot Water Pipe Insulatidrne California Plumbing Code (CPC) requipssipsulation on
all hot water linesThis measke provides credit foHERS rater verification of pipe insulation requirements
according to the procedures outlined in the Z0Reference Appendices RA3.6Bnergy Commission, 28d)

CompactHot Water Distribution Two credits for compact hot watelistribution were evaluated.

1. Basic CreditDesign thehot waterdistribution systento meet minimum requirements for the basic
compact hot water distribution credaccording to the procedures outlined in the ZDReference
Appendices RA4.6 (Energy Comrssion, 208c). In many single family homes this may require moving
the water heater from an exteridio an interiorgarage wallMultifamily homeswith individual water
heaters are expected to easily meet this credit with little or no alteration to plumbdesignCBECRes
software assumea 30% reduction in distribution lossks the basic credit

2. Expanded CrediDesign thehot waterdistribution systento meet minimum requirements for the
expandedcompact hot water distribution credit according to tpeocedures outlined in the 2@1
Reference Appendices BA.5(Energy Commission, 28d). In addition to requiringHERS verification
that the minimum requiremerdfor the basic compact distribution credite met this creditalso
imposedimitations onpipe location maximumpipe diameter, and recirculation systemontrols
allowed

Drain Water Heat Recovery (DWHRor multifamily buildings add DWHR that serves the showers in an unequal
flow configuration(pre-heated wateris piped direct to the showeywith 50% efficiency. This upgrade assumes
all apartments are served by a DWHR with one unit serving each apartment indiviBoaldyslakon-grade

building this requires a horizontal unit for the fifbor apartments.

Federally Preemied Measures

The following additionaineasures were evaluateBecause thesmeasuregequire upgradingappliances that
are federally regulatetb high efficiency modeghey cannot baisedto showcosteffectiveness in a local
ordinance The measures and packages are presented toesbow thatthere are several options for builders
to meet the performance targetdleating and cooling capacitiase autosized by CBE@Res in all cases.

High Efficiency Furnac&orthe mixedfuel prototypes, ypgradenaturalgasfurnace toone of twocondensing
furnaceoptionswith an efficiency 092%or 96%AFUE.

High Efficiency Air ConditioneForthe mixedfuel prototypes, pgradethe air conditionerto either singlestage
SEER 16 / EER 13 or tstageSEER8/ EER 4 equipment

High Efficiency Heat Pumgor the alelectric prototypes, upgradeghe heat pump tceither singlestage SEER
16 / EER 1BHSPF @r two-stage SEER 18 / EER HEPF 1@quipment

High EfficiencyanklesdWVater Heater Forthe mixedfuel prototype, ypgrade tankless water heater to a
condensing unit with a ratedniform Energy FactoiUgF) of 0.96.

High EfficiencyHeat Pump Water Heater (HPWHjorthe allelectric prototypes, upgrade thefederal minimum
heat pumpwater heater to aHPWH that meets thdlorthwest Energy Efficiency Allian®¢SEX Tier 3 rating
The evaluated NEEA water heaigeian 80gal uniand is applied to all three building prototypddsing the same

"Based on operational challenges experienced in the past, NEEA established rating testoréesure newly
installed HPWHSs perform adequately, especially in colder climates. The NEEA rating requires an Energy Factor
equal to the ENERGY STAR performance level and includes requirements regarding noise and prioritizing heat
pump use over supplenmeal electric resistance heating.
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water heater provigsconsistency in performance across all fgipment upgrade casesven though hot
water draws differ across the prototypes

2.3 Package Development
Three to bur packagesvere evaluatedor eachprototype andclimate zone, as described below.

1) Efficiencyc Non-Preempted Thispackageusesonly efficiencyY S a dzZNBa G KI G R2y Qi
preemption issueicluding envelopeandwater heating and duct distribution efficiency measures.

2) Efficiencyc¢ Equipment Preempted This package shows an alternative design that applié&C and
water heating equipment that are more efficient than federal standafide. Reach Code Team
considers thisnore reflective othow builders meet above code requirementspinactice

3) Efficiency &V Using the EfficienayNonPreemptedPackageas a starting poirft PVcapacityis added
to offsetmostof the estimated electricity use. This only applies to thestdictriccase since for the
mixed fuelcases100% of theprojectedelectricity use is already being offsat required by2019Title
24, Part 6

4) Efficiency &PV Battery: Using the Efficienc& PVPackageas a starting point?Vcapacityis added as
well asa batterysystem

2.3.1 Solar Photovoltaics (PV)

Installationof onsite PV is required in the 2018sidentialcode.The PV sizing methodologyeach package
was developedo offsetannualbuilding electricity usandavoidoversizingvhichwould violate net energy
metering (NEM) rule$In all casesPV is evaluated in CBERESs according to the California Flexible Installation
(CFhassumptions

The Reach Codram usedwo options within he CBECRes softwardor sizingthe PVsystem described
below. Analysis was conducted to determine the mospegpriate sizingnethod for each packagehichis
described in theesults.

{1 Standard Design R\Mhe same PV capacity as is required for the Standard DesigH case
1 Specify PV System Scalgw PV system sized to offset a specified percentage of the estimat
electricity use of the Proposddesign ase

2.3.2 Energy Storage (Batteries)

A batterysystem was evaluated in CBE€S & ¢ A (1 K O2 yTinebfUsél eHdRiaial8iti (2 a
efficienciesof 95% for both charging and dischargifigk Simeiof Uséoption assumes batteries are charged
anytime PV generation is greater than the house lbaticontrols when he battery storage systemiischarges
During the summer months (JutySeptember) the attery begins to discharge at the beginning of the peak
period ata maximum rate until fully dischargeBuring discharge the battery first serves the house lbaowill

81n cases wheréhere was no coseffective Efficiencyg Non-PreemptedPackage, the most cosffective

i N

efficiency measures for that climate zone were also included in the Efficiency & PV Package in order to provide a

combination of both efficiency and PV beyond code minimum.

9NEM rules apply tthe 10U territories only.

1 The Standard Design PV system is sized to offset the electricity use of the building loads which are typically
electric in a mixed fuel home, whichcindes all loads except space heating, water heating, clothes drying, and

cooking.
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discharge to the electric grid if there is excess energy availBbléng other monlisthe battery discharges

whenever the PV system does not cover the entire house loadlaad not discharge to the electric grithis

control option is considered to be most reflective of the current products on the markés. control option

requiresd Ay Lddzi F2NJ 6KS GCANRG | 2dzNJ 2F GKS {dzYYSNIt SI ¢
hour in CBECGRes which differs by climate zo(ether a 6pm or 7pm start)rhe Self Utilization Credit was

takenwhen the batterysystem was modeled

2.4 Incremental Costs

Table4 below summarizes thimcrementalcost assumptionfor measuresvaluated in this studyincremental

costs represent the equipment, installation, replacement, and maintenance costs of the proposed rseasure
relative to the base casé Replacementcostsare appliedo HVAGind DHWequipment PV inverters, and

battery system®ver the 30year evaluation periodThere is no assumed maintenance on the envelépeAC

or DHW measuresincethere should not be any additional maintenance cost for a more efficient version of the
same system type as the baseli@nsts were estimated to reflecosts to the buildingwner. When costs were
2001 AYSR TNRY | &2 dzNXbbildel dvértieadRid Rrgfi@harkufoNa peReéntwasy Of dzR S
added.All costs argrovided agpresent valuan 2020(2020 P¥). Costs due toariations in furnace, air

conditioner, and heat pump capacity by climate zone were not accounted for in the analysis.

Equipment lifetimesapplied in this analysi®r the water heating and space conditioning measwaes
summarized irrable3.

Table 3: Lifetime of Water Heating & Space Conditioning Equipment Measures

Measure Lifetime
Gas Furnace 20
Air Conditioner 20
Heat Pump 15
Gas Tanklesgv/ater Heater 20
Heat Pump Water Heater 15

SourceCity of Palo Alto 2019 Title 24 Energy Reach Code Co:t
effectiveness Analysis DrgffRC, 2018) whidk based orthe
Database of Energy Efficiency ResourB&sHR!2

1 nterest costs due taifiancing are not included in the incremental costs presented in the Talg dre
accounted for in the lifetime cost analysis. All first costs are assumedfiodreed in a mortgagesee Section
2.5for details

12 http://www.deeresources.com
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Table 4: Incremental Cost Assumptions

Incremental Cos{2020PVY

Multifamily
Performance (PerDwelling
Measure Level Single Family| Unit) Source & Notes
Non-Preempted Measures
Reduced 3.0 vs 5.ACH50 $391 n/a bw9[ Qa . 92LJi O2 a%for 3RNCKS0 & $026 Afdr B ACEIBEON-HpH 0D HERS
Infiltration 2.0 vs 5.(ACH50 $613 n/a rater verification.
Window U $4.23/ft> window area based onnalysis conducted for the 2019 and 2022 Title 24 cycles
factor 0.24vs 0.30 $2,261 $607 (Statewide CASE Team, 2Q18)
Data from CASEeport along with directédedback frontStatewide CASE Team that higher
Window SHGQ  0.50 vs 0.35 $0 $0 SHG@oes not necessarily have any incremental ¢&satewide CASE Team, 201 Applies
to CZ 1,3,5,16.
Cool Roof 0.25 vs 0.20 $237 $58 Costs based on 20XBosteffectiveness Study for Cool Rooégch code analysis for 0.28 sol:
Aged Solar :
Reflectance 0.20 vs 0.10 $0 $0 reflectance product. (Statewide Reach Codes Team, 2017b)
Exerior Wall R7 5 vs K5 4818 na Based onincreasifg E (0 SNA 2 NJ A y ®pzf { & A7 p ZKONBlStakewide CASE
Insulation ' Team, 2017c)Applies to single family oniy all climates except CZ B.
UnderDeck R13vs RO $1,338 $334 Costs for RL3 ($0.64/f8), R-19 ($078/ft 2 and R30 ($161/ft ?) based on dtapresented in the
Roof R19 vs RL3 $282 $70 2019 HPACASHEeport (Statewide CASE Team, 201&long withdata collecteddirectly from
Insulation R-30 vs R19 $1,831 $457 builders during the 2019 CASE procdsse R30 costs include additionébor costs for
(HPA) R 38 vs R30 $585 $146 cabling Costs for B8 fromb w9 [ Q& .databhdé O2 a
Attic Floor
Insulation R38 vs R30 $584 $146 | p o[ 0a . 92 LIGSOBMBINnGarsal o | & S
SlabEdge R10vs RO $553 $121 $4/linear foot ofslab E)erimeter based,on internet researcA‘ssun)esLGin d?th;
Insulation R10vs R7 $157 $21 PMopykf AYSENI F2204 2F aftl o LISNA Ysagphes to Czal
only where R7 slab edge insulation is requir@descriptively Assumed 6in depth.
<12 feet inattic $358 n/a
Ducts in
Cbrg)lggged $658 n/a Costs based on a 2015 repor the Evaluation ofDucts inConditioned Shacefor New
Duct Location — California HomegDavis Energy Group, 201B)ERS verification cost of $100 for Werified
Verified Low : " .
. Low Leakage Ducts in Conditioned Sparedlit.
LeakageDucts in $768 $110
Conditioned
Sace
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Table 4: Incremental Cost Assumptions

Incremental Cos{2020PVY
Multifamily
Performance (PerDwelling

Measure Level Single Family| Unit) Source & Notes
1-hour labor.Labor rate of $96 per hour is from 2019 RSMeans for sheet metal workers a
includes an average City Cost Index for labor for California cities & 10% for overhead an

2% vs 5% $96 n/a . . : . ) -
Distribution profit. Applies to single family only since ducts are assumed to be intaometl space for
System multifamily
y Negligible cost based amview of available productshere are more tha6,000 Energy
Leakage . o o . L .
Low Leakage Air Commission certified unitand the listincludesmanyfurnace and heat pump air handler
$0 n/a . : \ ) o -
Handler product lines from the major manufacturers, including minimum efficiency, low cost prodt
lines

Low Pressure 0.35vs 0.45 $96 $48 Costs assumeneuho_ur labor for single family and haltfour per multifamily 'apartmenﬂ_abor

Drop Ducts rate of 96 per hour is from2019 RSMeans for sheet metal workers and includes an avera

(FanW/cfm) 0.45vs 0.58 $96 $48 City Cost Index for labor for California cities

Hot Water . Cost for HERS verificationly, based on feedback from HERS rat$t€0 per single family

Pipe Insulation HERS verified $110 $83 home and $75 per multifamily unit before markup.

For single familydd 20feet venting at $12/ft to locate water heater on interior garage wall

Compact-ot Basic credit $150 $0 less ZOfeet_ sav_lngs‘o_r I_ess PEAnNd pipe insulation gt $4.8_8/f(?osts from aline retailers.

Water Many multifamily buildingsare expected to meet this credit without any changes to

Distribution distribution design.

. Cost for HERS verification on$75 per multifamily unit before markup. This was only
Expanded credit n/a $83 . .
evaluated formultifamily buildings.
Cost from the 2019 DWHR CA®Rort assuming a-thch DWHR unitThe CASEeport
multifamily costs were based on one unit servindweelling unis with a central water heater.
DrainWater .- Since individual water heaters serve eattelling unitin this analysighe Reach Code Team
50% dficiency n/a $690 ) . :

Heat Recovery used single family costs from the CA®Rort. Costs in the CA&Eport were based on a
46.1% efficient unit, a DWHR device that meets the 50% efficiency assumed in this analy
may cost a little more(Statewide CASE Team, 2017a).

Federall Preempted Measures

9206vs 80% $139 $139 Equipment costs from online re_tallers f(_)HtBtu/h unit. Cost saving for-teet of ventlng at
$26/foot due to lower cost venting requirements for condensing (PVC) v&oodensing

FurnaceAFUE . L
(stainless) furnaces.eRlacementat year 20assumaa 50% reduction in first costalue at

96%vs 80% $244 $244 o e
year 30 based on remaining useful life is included.
élcr)nditioner 16/13 vs 14/11.7 $111 $111 Costs from onlineetailers for 2ton unit. Replacementat year 20assumaa 50% reduction in
SEER/EER 18/14vs 14/11.7 $1,148 $1,148 first cost.Value at year 30 based on remaining useful life is included.
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Table 4: Incremental Cost Assumptions

Incremental Cos{2020PVY

Multifamily
Performance (PerDwelling
Measure Level Single Family| Unit) Source & Notes
16/13/9 vs
gEZtRP/EEE igﬁiq?éBZ $411 $411 fC'tosts frononline retailers for Z2on unit. Replacementat year 15assumaa 50% reduction in
VS irst cost.
IHSPF 14/11.7/8.2 $1,511 $1,511
Tankless Equipment costs from online retailers for-48tu/h unit. Cost saving for-feet of venting at
Water Heater 0.96 vs 0.81 $203 $203 $26/foot due to lower cost venting requirements for condensing (PVC) vwsoodensing
EnergyFactor (stainless) furnaces.eRlacementat year 15assumaa 50% reduction in first cost.
HPWH NEEA Tier 3 vs $204 $204 Equipment costs from online retailersefftacementat year 15assumea 50% reduction in
2.0 EF first cost.
PV + Battery
First costs are frohBNKQ #racking the Sun 2018 co¢Barbose et al 2018) and represent
costs for the first half of 2018 of $3.50ANC for residential system and $2.90/[C for non
residential systemit§00 kWDC These costs were reduced b§%for the solar investment tax
credit, which is the average crediver years 202@022.
System size Inverter replacementost of $0.14/WDC present value includes replacementyedr 11 at
PV System varies $3.72W-DC | 33.17/W-DC $0.15W-DC(nominal) andat year 21at $0.12MW-DC(nominal)per the 2019 PV CA&Eport
(California Energy Commissi 2017).
System maintenance costs of $0.3L present value assume $0.020C (nominal)
annually per the 2019 PV CAS#port (California Energy Commission, 2017).
10% overhead and profit added to all costs
System size ggig;(W?hﬁrst cost basec: optLhBt\r/] Plus B:;\tterytﬁtl:dgport (St?t;;véde Rteach Cc:jdes ;Ij'ian
. - as the average cost of the three systems that were analy cost was reduced by
Battery vanest)t/)zc;undmg $656kwh $656kwh 16%for the solar investment tagredit, which is the average creditver years 2022022

Replacement cost at year 15 of $100/kWh based on target price redudtam, 2018)
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2.5 Cost-effectiveness

Cost-effectiveness was evaluated for all sixteen climate zones aptesentedbased orboth TDV energyusing
GKS 9y SNHe& / mathodolbgyandah OnaBill pproachusingresidentialcustomerutility rates

Both methodologies require estimating agdantifying the value of the energy impact associated with energy
efficiency measures over the life of the measures (30 years) as compared to the prescriptive Title 24
requirements

Results are presenteak a lifecycldenefit-to-cost 8/C) ratio, a net present value (NP\Whetric which

represents the ast-effectiveness ofa measurever a 30year lifetime taking into account discounting of future
savingsand costsaandfinancing of incrementdirst costs. A value of one indicates theV of thesavings over

the life of the measurés equivalent to theNPVof the lifetime incremental cost of that measure. A value greater
than one represents a positive return on investment. Bi€ratio is calculatecccordingo Equation3.

Equation 3 B
S 0E QB S £ IV ¢ OU° 0 ®QNQQ0E W& QQQO
028 08 TR0 25T 6 8 0006 0
In most cases the benefitispresented by annual utility savings TDV savingand the cost by incremental first
cost and replacement costs. However, in some cases a measure may have incremental cost savings but with
increasecenergy relatectosts. In this caséhe benefit is thdower first cost and the cost is the increase in
utility bills. The lifetime costs drenefitsare calculated according t&uation4.

Equation 4

Thr il Hat o mlBia=- - oraMg: mll <>~

Where:

1 n=analysis term
9 r=discount rate

The bllowingsummarizes thassumptions applieth thisanalysigo both methodologies

Analysis term of 3Qears

Realdiscount rate of ercent

Inflation rate of 2percent

First incremental costs are financed into a\&ar mortgage

Mortgageinterest rate of 4.5 percent

Average tax rate of 20 percent (to axmt for tax savings due to loan interest deductions)

2.5.1 On-Bill Customer Lifecycle Cost

Residential utility rates were used to calculate utility costs for all cases and dete@miB2ll customercost-
effectiveness for the proposed packagd$e Reach Coddeamobtained the recommended utility rates from

each IOWased on the assumptiainat the reach codes go into effect January of 20@0nual utility costs were
calculated using hourly electricity and gas output from CBE€Cand applying the utility téis summarized in
Table5. AppendixB ¢ Utility Tariff Detailsncludes the utility rate schedules used for this study. The appéca
residential timeof-use (TOU) rate was applied to all ca¥eAnnual electricity production in excess of annual
electricity consumption is credited to the utility account at the applicable wholesale rate based on the approved

=A =4 =4 =4 -8 =4

BUnder NEM rulings by the CPUG1@01-144, 1/28/16), all new PV customers shall be in an approved TOU
rate structure.https://www.cpuc.ca.gov/General.aspx?id=3800
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NEMZ2 tariffs for that utity. Minimum daily use billing and mandatory rbgpassable charges have been
applied. Future change to the NEM tariffs are likely; however, there is a lot of uncertainty about what those
changes will be and if they will become effective during the 2@ cycle (202@022).
The net surplus compensation rates &achutility are as follows*

1 PG&E: $0.0287 / kWh

1 SCE: $0.0301 / kWh

1 SDG&E: $0.0355/kWh

Utility rates were applied to eacHimate zonebased orthe predominant IOU serving the populatiof each
zoneaccording toTwo SCE tariff options were evaluated: TO49 and TOWD-PRIME. Th&€OUD-PRIME rate

isonly available to customers with heat pumps for either space or water heating, a battery storage system, or an
electric vehicleand thereforewas only evaluated for the adllectric cases and thgfficiency & PV/Battery

packages. The rate which resulted in the lowest annual cost to the customer was used for this analysis, which
was TOLD-4-9 in all cases with the exception of the single faraikelectric cases in Climate Zone 14.

Table5. ClimateZones 10 and 14re evaluated with both SCE/SoCalGas and SDG&E tariffs since each utility has
customers within these climate zonéSlimate Zone 5 is evaluatedider both PG&E and SalGas natural gas
rates.

Two SCE tariff options were evaluated: TDW9 and TOWD-PRIME. Th&OUD-PRIME rate isnly available to
customers with heat pumps for either space or water heating, a battery storage system, or an electric vehicle
and thereforewas only evaluated for the adllectric cases and thefficiency & PV/Battergackages. The rate
which resulted in the lowest annual cost to the customer was used for this analysis, which was4f®id all
cases with the exception of the single fandilifelectric cases in Climate Zone 14.

Table 5: IOU Utility Tariffs Applied Based on Climate Zone

Climate Zones Electr.i(_: / Gas I_Electricity Natural
Utility (Timeof-use) Gas
1-5, 1113, 16 | PG&E ETOU, OptiorB Gl
5 PG&E SoCalGag ETOU, OptioB GR
TOUD-4-9 or
6, 810, 14, 15| SCE / SoCal Gas TOUD-PRIME GR
7,10, 14 SDG&E TOUDR1 GR

Source: Utility websites, SégppendixB ¢ Utility Tariff Detailgor details
on the tariffs applied.

Utility rates are assumed to escalate over tirasing assumptions fromesearch conducted by Energy and
Environmental Economics (E3) in the 281i8dy Residential Building Electrification in Califostiedy (Energy &
Environmental Economics, 2019). Escalation of natural gas rates between 2019 and 2022 is based on the
currently filed General Rate Cases (GRCs) for PG&E, SoCalGas and SDG&E. thromgP02@25, gas rates

are assumed to escalate at 4% per yabove inflation which reflects historical rate increases between 2013

and 2018. Escalation of electricity rates from 2019 through 2025 is assumed to be 2% per year above inflation,
based on kectric utility estimates. After 2025, escalation rates for both natural gas and electric rates are
assumed to drop to a more conservative 1% escalgi@myear above inflatiofor longterm rate trajectories
beginning in 2026hrough2050. Se\ppendixB ¢ Utility Tariff Detaildor additional details.

14 Net surplus compensation rates based opelr average February 20t&8anuary 2019.

14 @

201908-01



2019 Energy Efficiency OrdinancesEeffectivaness Study
2.5.2 TDVLlifecycle Cost

Cost-effectiveness was also assessed usimgEnergy2 Y Y A a arR\2 §afRethodology TDV is a armalized
monetary format developed and used by tBaergy Commissidnr comparing electricity and natural gas

savings, and it considers the cost of electricity and natural gas consumed during different times of the day and
year. The 2019 TDV values aeséd on long term discounted cost30 years for all residential measur@he
CBEC®Ressimulation software outputs are in terms of TDV kBTUs. The present value of the energy cost savings
in dollars is calculated by multiplying the TDV kBTU savingsdtypeesent valueNP\j factor, also developed

by theEnergy CommissioThe NPV factor £0.173TDV kBtuor residential buildings.

Likethe customer B/C ratioa TDV B/C ratigalue of one indicates the savings over the life of the measure are
equivalent to the incremental cost of that measure. A value greater than one represents a positive return on
investment. The ratio is calculateatcording toEquationb.

Equation 5 B
OGO OIS & Y& D ,,O"yo@‘s Qii @ QE I OGO £ |
00 @ "8RG IEQHEE | 0

2.6 Electrification Evaluation

In addition to evaluating upgrades iixed fuel and alélectricbuildingsindependently thado notresult in fuel
switching the Reach Code Team aksoalyzedhe impacton construction costsutility costs and TDWvhen a
builder specifesand instals electricappliancesnstead of the gas appliances typicdtiyndin a mixed fuel
building This analysis compared the code compliant mixed fuel protgtwtéch uses gas for space heating,
water heating, cooking, and clothes dryimgth the code compliant aklectric prototype.lt also compared the
all-electric Efficiency & PV Package with ttode compliance mixed fuel prototype.these caseshe relative
costs betweematural gas and electric appliance#ferences betweern-house electricity and gas
infrastructureandthe associated infrastructure codiar providing gas to the buildgwere alsaincluded.

Avarietyof sources were reviewed when determiniimgremental costsThe sources are listed below.

SMUD AlElectric Homes Electrification Ce&8ridy(EPRI, 2016

City of Palo Alto 2019 Title 24 Energy Reach CadgeffectivenessAnalysis (TRC, 2018)

Building Electrification Market AssessméB8, 2019)

Decarbonization of Heating Energy Use in California Buil{faskins et al 2018)

Analysis of the Role of Gas for a EGarbon California Futu@avigant, 2008

Rulemaking Ndl5-03-010 An Order Instituting Rulemaking to Identify Disadvantaged Communities in
the San Joaquin Valley and Analyze Economically Feasible Options to Increase Access to Affordable
Energy in Those Disadvantages Commun({@adifornia Public Utilities Comission 2016)

1 20102012 WOO017 Ex Ante Measure Cost Study: Final R@port, 2014)

1 Natural gas infrastructureosts provided by utility staff through the Reach Code subprogram

9 Costs obtained from builders, contractors and developers

= =4 =4 =4 -8 =9

Incremental costare presented inTable6. Values in parentheses represent a lower cost or cost reduction in the
electric option relative tonixed fuel Thecosts from theavailablesouresvariedwidely, making it difficultto

develop narrow cost estimates for each compondtuar certain componentsada isprovidedwith alow to high
rangeas well as what were determined to Igical costand ultimately applied in this analysiByo sets of

typical costs are presented, one which is appiiethe On-Bill costeffectiveness methodology and another
applied in the TDV methodology. Details of these differences are explained in the discissiergas
infrastructure costs in the following pages.
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Table 6: Incremental Cost s z All-Electric Code Compliant Home Compared to a Mixed Fuel
Code Compliant Home

Measure

Incremental Cost (2020 PV$)

Single Family

Incremental Cost (2020 PV$)

Multifamily * (Per Dwelling Unit)

. Typical | Typical Low High | Typical | Typical

How | (A (OyrEBiII) (¥FI)D\J ° (OyrfBiII) (¥%\a
HeatPump vsGasFurnace/$lit AC| ($2,770)| $620 ($221)
HeatPump Water Heater vsGas ($1,120)| $1,120 $0
Tankless Same as Single Family
Electric v&GasdothesDryer? ($428) | $820 $0
Electric vsGasQooking? $0 $1,800 $0
ElectricserviceUpgrade $200 $800 $600 $150 | $600 $600
In-HouseGasInfrastructure ($1,670)| ($550) ($800) ($600) | ($150) ($600)
SiteGas Infrastructure ($25,000) ($900) |($5,750) ($11,836)(($16,250) ($310)|($3,140) ($6463)
Total First Cost ($30,788) $3,710 |($6,171) ($12,257)]($20,918) $4,500] ($3,361)| ($6,684)

Present Value of Equipment Replacement Cost

$1,266

$1,266

Cost

Lifetime Cost IncludingReplacement &Hnancing ofFrst

($5,349) ($11,872)

($2,337)| ($5,899)

Low and high costs represetiite potential range of costsind typical representthe costs used in this analysis and
determined to bemostrepresentative othe conditions described in this repowo sets of typical costs are present
one which is applied in the GBill cost effectiveness methodology and another applied in the MBN¥odology
2Typical costs assume electric resistance technology higterange representsigher endinduction cooktops and hea
pump clothes dryerd.ower cost induction cooktops are available.

Typicalincremental cost$or switching from a mixed fuelesign to an aklectricdesignare based on the

following assumptions:

Appliances TheReach Cod&eamdetermined thatthe typicalfirst installed cost for electric appliancesvisry
similar to that fornatural gasappliancesThis was based dnformation provided byHVAC contractors
plumbersand buildersas well as a review of other studigster review of various sources, the Reach Code
Team concluded that the cost difference between gas and electric resistance options for clothes dryers and
stoves is negligible and that the lifetimes of the two technologies are also similar.

HVAC TypicaHVAC incremental costs were based on the City of Palo Alto 2019 Title 24 Energy Reach Code
Costeffectiveness Analysis (TRC, 204Bich assumeapproximately$200first cost savings for the heat

pump relative to the gas furnace and air conditioriBable6 alsoincludesthe present value of the

incremental replacement costs for the heat pump based on-gels lifetime and a 2§ear lifetime for the

gas furnacen the mixed fuel home.

DHW: Typical costs for the water heating system were baseddrivalent installed first costs for the HPWH
and tankless gas water heater. This accounts for slightly higher equipment cost but lower installation labor
due to the eliminatio of the gas fluelncremental replacement costs for the HP\&li¢ based on a 1year
lifetime and a 26year lifetime for the tankless water heater.

For multifamily less data was availabénd therefore a range of low and high costs is not provided. The
typicalfirst cost for multifamily simildy is expected to belose to the same for the mixed fuel and all
electric designd-dowever, there aradditional considerations with multifamily such as greater complexity
for venting of natural gaappliancesas well as folocating the HPWH within the conditioned space (all
climates except Climate Zones 1, 3, and 5,Tsdde?) that may impact the total costs

Electric service upgrad@he study assumesiancremental cost to run 220%€rvice toeach appliancef $200
per appliancdor single family homes and $150 pgrpliance pemultifamily apartmentbased on cost
estimates from builders and contractofBhe Reach Code Team reviewed production builder utility plans
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mixedfuel homesand consulted with contractor® estimatewhich electricity and/or natural gas services are
usuallyprovided tothe dryerand oven Typical practice variedvith somebuildersproviding bothgas and

electricservice to both appliances, others providing both servicesty one of the applianceandsome only

providing gasFor this studythe Reach Code Team determinict for single family homethe typical costis

best qualifiedby the practice of prowdmg 220V service and gas to either the dryer and the oven and onIy gas
servicetotheotherC2 NJ Ydzf GAFF YAf & oO0dzZAf RAy3a AGQa | aadzySR GKI
mixed fuel home.

It isassumed that no upgrades to the electrical panel are requaradithat a 200Amp panel is typically installed
for both mixed fuel and aktlectric new construction home$here are o incremental electrical site
infrastructurerequirements

In-housegas infrastructure (from meter to appliances)nstallation cost to run a gas line from the meter to the
appliance location is $200 per appliance for single faanity $150 per appliance per multifamily apartment
based on cost estimates from builders and contractdise cost estimate includ@roviding gas to the water
heater, furnace dryer and cooktop

Site gas infrastructureThecosteffective analysisomponents with the highest degree of variability are the
costs foron-site gas infrastructure. These costmn beproject dependent and may be significantly impacted by
such factors astility territory, site characteristics, distance to the nearest gas naaithmain location joint
trenching, whether work is conducted by the utility or a private contractor, and numbdwefling unitsper
developmentAll gasutilities participating in thistudywere solicitedfor cost information.The typical
infrastructure osts for single family homgwesentedin Table6 are based on cost data provided by PG&E
reflectthosefor a new subdivision in an undeveloped arequiring theinstallation of natural gas

infrastructure includinga mainline. Infrastructure costs for infill development can also be highly variable and
maybe higher than in an undeveloped ardhe additional costs associated with disruption of existivads,
sidewalks, and other structuresn be significanfTotaltypicalcostsin Table6 assume $0,000 for extension of
a gas main, 3686 for a service lateral, an§i150 for the meter.

Utility Gas Main Extensions rutéspecify that the developer has the option to only pay 50% of the total cost for
a main extensiomfter subtraction of allowancef®r installation ofgas applianced his 50% refund andhe
applianceallowance deductiosare accounted for in the site gas infrastructure costs under theBincost
effectiveness methodology. Theet costs to the utility after partial reimbursement from the developer are
included in utility ratebase and recovered viaggto all customersThe total cost of $5,750 presentedTiable

6 reflects a 50% refund on the $10,000 extension and appliance deductions of $1,086 for a furniace, wa
heater, cooktop, and dryetJnder the OrBill methodology his analysis assumes thisveloperoption will

remain available through 2022 and that the cost savings are passed along to the customer.

The50% refundand appliance deductions wermt applied to the site gas infrastructure costs under the TDV
costeffectiveness methodologyased orinput received from the Energy Commission aggleement from the
Reach Codtechnical advisory team that the approach is appropridiBV cost savings impacts extend beyond
the customer and account for societal impacts of energy Aseounting for the full casof the infrastructure
upgradesvas determined to bgustified when evaluating under the TDV methodology.

15 PG&E Rule 15ttps://www.pge.com/tariffs/tm2/pdf/GAS RLES 15.pdf

SoCalGas Rule 3itps://www.socalgas.com/regulatory/tariffs/tm2/pdf/20.pdf
SDG&E Rule 1bttp://regarchive.sdge.com/tm2/pdf/GAS GABJLES GRULE15.pdf
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Less informationwas available fothe costs associated with gas infrastructure lfmw-rise multifamily
development. Fe typical costn Table6 for the OnBill methodologyh & ol &SR 2y ¢w/ Qa /[ Adeé
Title 24 Energy Reach Code Gafftctiveness Analysis (TRC, 20I8gse costs, provided lige Ciy of Palo
Alto, are approximately $25,100 for an@nit new constructiorbuildingandreflect connection to an existing
mainfor infill development Specific costs include plan review, connection charges, nagigimanifold,
plumbing distribution, and st cut feesWhile these costs are specifically based on infill developrandt
from one municipal utilitythe estimates are less than thopeovided byPG&E reflecting the average cost
differencescharged to the developdretween single family and multifamily in an undeveloped dedter
accounting for deductions per the Gas Main Extensions rlitefonvericosts charged to the developar
account for the full infrastructure upgrade cost (coappliedin the TDVimethodologyanalysi$, a factor of
2.06'°was calculatedbased on thesingle family analysis. This same factor was applied to the multifaostpf
$3,140to arrive at $6,48 (seeTableb).

2.7 Greenhouse Gas Emissions

Equivalent Ceemission savings were calculatiedsed oroutputs from the CBEGRes simulation software.
Electricity emissiongary byregionand by hour of the yealCBECResapplies two distinct hourly profike one
for Climate Zone$ through5 and 11through 13 and another for Climate Zonest6ough 10 and 14hrough
16. For natural gas a fixed factor of 0.(BI metric tons/therm is usedTocompare the mixed fuel and all
electric cases sidby-side, greenhouse gd&HGEmissionsare presentecas C@equivalent emissions per
square foot of conditioned floor area.

3 Results

The primary objective of thevaluationisto identify costeffective non-preemptedperformancetargetsfor

both single family antbw-rise multifamily prototypesunderboth mixed fuel and aklectric casego support

the design ofocal ordinancerequiring new lowrise residential buildings to exceed the minimum state
requirements The packages presented are representative examples of designs and measures that can be used
to meet therequirements In practice, a buildecanuse any combination afon-preempted or preempted

compliant measureto meetthe requirements.

This aalysiscovered all sixteen climate zones aehluaed two efficiency package#ncludinga non
preempted package and a preempted packé#ug includesupgrades to federally regulated equipmeiain
Eficiency& PVPackage for thall-electric scenario onlyandan Eficiency& PV/Battery PackageFor the
efficiencyonly packages, measures werefined toensure that the nopreempted packageascosteffective
based on one of the twmetrics applied in this studyTDV oOn-Bill. The preemptedequipment packagewhich
the Reach Code Tearonsidergo be a packagef upgrades mosteflective of what buildersommonlyapply to
exceed code requirementwas designed to beosteffectivebased on théOn-Bill costeffectivenessapproach.

Results are presented as EMRBrgininstead of compliancenargin EDHs the metric used to determine code
compliancein the 2019 cycleTarget EDRlarginis based ortaking the calculate@DRMarginfor the case and
rounding down to the next habf a whole numberTarget EDarginfor the HficiencyPackageare defined
based on thdower of the EDRViarginof the nonpreempted package and the equipment, preemgipackage.
For exampleif for aparticularcase the coseffectivenon-preempted package hasi&DRMarginof 3 and the
preempted packagereEDRMarginof 4, the Target EDRarginis set at 3

16 This factor includes the elimination of the 50% refund for the main extension and adding back in the appliance
allowarce deductions.
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For a packagé¢o qualify,a minimum EDRIarginof 0.5wasrequired This is to say tha package thabnly
achieved a EDRMarginof 04, for examplewas not consideredAn EDRMarginless thar0.5 generally
corresponds to a compliance mardawer than5% andvas consideredoo small toensure repeatable results.
In certaincasesthe Reach Code Team did not identify a eeff¢ctive packagdhat achievedhe minimum EDR
Marginof 0.5.

Although some of thefficiencymeasures evaluated wemot costeffective and were eliminated, the following
measuresare included in at least ongackage:

Reduced infiltration

Improved fenestration

Improved cool roofs

High performance attics

Slab insulation

Reduced duct leakage

Verified low leakageutts in conditioned space

Low pressurarop distribution system

Compact hot watedistribution systembasic and expanded
High efficiency furnageair conditioner& heat pump preempted
High efficiency tankless water heat&reat pump water heatempfeempted

=4 =4 =4 =8 -8 -8 -8 -8 -8 -8 8

3.1 PVand Battery System Sizing

The approach to determining the size of thedd battery systems varied based on each package and the
source fuelTable7 describes the P¥nd batterysizingapproachesapplied to each of the four packagézr the
Eficiency Non-preemptedand Efficiencyc Equipment Preemptedpackages different method was apmd to
eachthe two fuel scenarios. lall mixed fuelcases the PV was sized to offsed0% ofthe estimated electrical

load and any electricity savings from efficiency measures were traded off with a smaller PV $istem.
downsizinghe PV system afterdaling efficiency measurasins therisk of producing more electricity than is
consumedyeducing coseffectivenessandviolating NEM rules. While the impact of this in most cases is minor,
analysis confirmed thatosteffectiveness improved whereducingthe system sizéo offset 100% of the
electricity usages opposed to keeping the PV system the same size as the Standard Design.

In the all-electric Eficiency casesthe PV system size was left to match SBimndard Design (Std Design ,Rvid
the inclusion of energy efficiency measurgas not traded off with a reduced capacity PV systBatause the
PV system is sized to meet the electricity load of a mixed fuel hibiiseosteffectiveto keep the PV system
the same size and offset a greaterpentage of the electrical load.

For theEfficiency & PV case on the @&lectric home the Reach Code Team evaluated PV system sizing to offset
100%, 90% and 80% of the total calculated electricity use. Of these three, sizing to 90% proved to be the most
costeffectivebased on customer utility bills. This is a result of the impact of the annual minimum bill which is
around $120 across all the utilities. Tésveet spof is a PV system that reduces electricity bills just enough to
match the annual minimunbill; increasing the PV size beyond this adds first cost but does not result in utility bill
savings.
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Table 7: PV & Battery Sizing Details by Package Type

Package Mixed Fuel All-Electric
Efficiency (Envelope & Equipmen| PVScaled @ 100%ectricity Std Design PV
Efficiency & PV n/a PV Scaled @ 909
PV Scaled @ 1008kectricity PV Scaled @00%
Efficiency & PV/Battery 5kWh / SF home 5kWh / SF home
2.75kWh/ MF apt 2.75kWh/ MF apt

A sensitivity analysis was conducted to determine the appropriate battery and PV capacity Edfficrency &
PV/BatteryPackages using the-dtory 2,100 square foot prototype in Climate Zone 12. Results are shown in

Figure2. The current version of CBERESs requires a minimum battery size of 5 kWh to qualify for the self

utilization credit CBECRes allows foPVoversizinguptod /7> 2F GKS o0dzZAf RAy3aQa Saidai
when battery storage systems are installed; however, the Reach Code Team considered this high, potentially
problematic from a grid perspectiyand likely not acceptabl the utilities or customersThe Rach Code

Team compared cosdffectiveness of 5kWh and 7.5kWh battery systems as well as of PV syitechto offset

90%, 100%, or 120% of the estimated electrical load.

Results show that from aon-bill perspective a smaller battery size is mowsteffective. The sensitivity

analysis also showed that increasing the PV capacity from 90% to 120% of the electricity use reduced cost
effectivenessirom the TDV perspective thewas little difference in results across all the scenariath the

larger batery size being marginally mocesteffective. Based ortheseresults the Reach Code Teaapplied to
the Efficiency & PV/Battery Packag®&kWh battery systerfor single family homes with PV sized to offset 100%
of the electricity loadEven though PV ded to 90% was the mosbsteffective, sizing was increased to 100%

to evaluate greategeneration beyond the Efficiency & Package ando achieve zero net electricity. These
results also show that in isolatigthe inclusion of aattery systenreducescosteffectivenesscompared tathe
same size PV system without batteries

For multifamily buildings thbattery capacitywas scaled toeflect the averageatio of battery size to PV system
capacity kwh/kW) for the single family Bffiency & P\Package. This resulted in a 22kWh battery for the
multifamily building, or 2.75kWh per apartment.

Benefit-to-Cost Ratio

No Battery, PV Scaled @ 90% OnBill =1.9 (TDV = 1.84)

5 kwWh Battery, PV Scaled @ 90% On-Bill = 1.49 (TDV = 1.9)

5 kWh Battery, PV Scaled @ 100% On-Bill =1.37 (TDV = 1.88)

7.5 kWh Battery, PV Scaled @ 90% OnBill =1.35 (TDV = 1.91)
7.5 kWh Battery, PV Scaled @ 100% OnBill =1.23 (TDV = 1.9)

5 kWh Battery, PV Scaled @ 120% On-Bill =1.14 (TDV = 1.87)

7.5 kWh Battery, PV Scaled @ 120% On-Bill =1.04 (TDV = 1.88)

Figure 2: B/C ratio comparison for PV and battery sizing
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3.2 Single Family Results

Table8 through Tablel10 containcost effectiveness findings for the single family packagabkle8 summarize
the package cost®f all of the mied fuel and atkelectric efficiency, PV and battery packadgdse mixed fuel
results areevaluatedand presentedelative to a mixed fuel code compliant basecase while theladtric
results are relative to an a#lectric code compliarbasecase.

Table9 and Tablel0 present the B/C ratios for all trengle familypackages according to both tigan-Bill and

TDV methodologiefor the mixed fuel and the a#llectric cases, respectiveResultsare costeffectivebased on
TDWVfor all casegxcept forClimate Zone Where nocosteffective combination ofnon-preemptedefficiency
measuresvasfoundthat met the minimum 0.5 EDRarginthreshold Cases where the B/C ratio is indicated as
o> 1€ refer to instancesvhere thereareincremental cossavingsn addition toannual utility bill savingsn these
casesthere is no cost associated withe upgrade and benefits are realized immediately.

Figure3 presents a comparison dfotalEDRdgor single family buildings arfeigure4 presensthe EDRMargin
results Each graph compares the mixed fuel atieelectriccases as well as tharious package3heEDR
Marginfor the Eficiency Packagefor most climates is betweeh.0 and 55 for mixed fuel cases and slightly
higher, between 1.5 and 6.5, for the-alectric designNo costeffectivemixed fuelor all-electricnon-
preempted Efficiencypackagewas foundClimate Zone .7

For themixed fuel casethe Hficiency & PVBattery Packaye increased the EDNRarginto values betweer7.0
and10.5. Because of the limitations on oversizing PV systems to offset natural gas use it is not feasible to
achieve higher EDRarginsby increasing PV system capacity

For theall-electric casethe Efficiency& PVPackage resulted in EDNRarginsof 11.0to 19.0 for most climates
adding a battery system increasttte EDR Margin bgn additional7 to 13 points. Climate zones 1 and 1&hich
have high heating loagdhave much higher ED¥Rarginsfor the Efficiency& PV packagé6.5-31.0). The

Standard Design PWhich is what is applied in ttal-electricEfficiencyPackage, is not sized to offset any of the
heating load. When the PV systessizel to offset 90% of theotal electridty use the increase is substantial as
a result. Incontrast, indimate Zone 15 the Standard Design PV systemlready sized to cover the cooling
electricity load, whicliepresents 40% of whole building electricity u$@erefore increasing the PV size

offset 90% of the electric load in this climate only resultaddingapproximatelyl20 Watts ofPVcapacity and
subsequently a negligible impact on the EDR.

Additional results details can be foundAppendixC¢ Single FamilipetailedResultsvith summaries of
measures included in each of the package&ppendixD ¢ Single Familileasure SummanA summary of
results by climate zone is presenteddppendixG ¢ Results by Climate Zone
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Table 8: Single Family Package Lifetime Incremental Costs

Mixed Fuel All-Electric

Climatg Equipment- Efficiency & Equipment- - Efficiency &
Zone Non-Preempted queepmpted PV/Batteyry NI, quetfmpted By PV/Battgry
Cz0 +$1,35 +$1,28 +$5,31 +$7,641 +$2,10¢ +$18,19] +$24,77
Cz0 +$1,504 +$724 +$5,39 +$3,94 +$2,10¢ +$12,10¢ +$18,13
Cz0 +$1,55] +$1,44¢ +$5,43 +$1,514 +$2,10¢ +$8,51] +$14,38
Cz0 +$1,55¢ +$754 +$5,43: +$1,514 +$2,10¢ +$8,78( +$14,664
Cz0 +$1,57! +$771 +$5,43 +$1,514 +$2,10¢ +$8,30] +$14,04
Cz0 +$1,001 +$58] +$4,88 +$92¢ +$84¢ +$6,34] +$12,03
Cz0 n/a +$60¢ +$4,02 n/a +$84¢ +$4,43¢ +$9,93(
Cz0 +$58] +$58¢ +$4,46¢ +$92¢ +$417 +$5,37] +$11,01
Cz0 +$917 +$574 +$4,78! +$1,18( +$84¢ +$5,77§ +$11,454
cz1 +$1,64¢ +$593 +$5,52] +$1,771 +$94¢ +$6,404 +$12,12
cz1 +$3,14! +$1,22] +$7,02( +$3,73! +$2,10¢ +$10,82] +$17,07
cz1 +$1,67¢ +$654 +$5,56 +$3,73! +$2,10¢ +$11,52 +$17,58
cz1 +$3,06( +$61] +$6,954 +$4,154 +$2,10¢ +$10,53] +$16,80
Ccz1 +$1,66! +$79¢ +$5,52¢ +$4,154 +$2,10¢ +$10,45 +$16,394
Ccz1 +$2,17¢ -($936 +$6,04 +$4,61 +$2,10¢ +$5,08} +$11,38
Ccz1 +$3,54! +$2,44] +$7,39 +$5,73] +$2,10¢ +$16,58] +$22,83
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Table 9: Single Family Package CostEffectiveness Results for the Mixed Fuel Case 1.2

Efficiency Efficiency & PV/Battery

Non-Preempted Equipment- Preempted Target Target

Effidency OnBill TDV | Efficiency OnBill TDV | Efficiency] Total OnBill TDV Total

EDR B/C BIC EDR B/C B/C EDR EDR B/C B/C EDR

CZ Utility Margin Ratio Ratio | Margin Ratio Ratio | Margin Margin  Ratio Ratio | Margin
01 PG&H 5.3 3.4 2.8 6.9 4.9 4.1 5.0 10.6 0.9 1.6 10.5
02 PG&H &8 1.6 1.7 3.3 3.8 3.6 3.0 10.1 0.5 1.6 10.0
03 PG&H 3.0 1.3 1.3 4.1 1.9 2.0 25 10.0 0.4 14 10.0
04 PG&H 2.5 0.9 1.2 2.7 2.4 2.7 2.5 10.1 0.3 15 10.0
05 PG&H 2.7 11 1.2 2.6 2.3 2.5 2.5 9.4 0.4 1.3 9.0
05| PG&E/SoCalG 2.7 0.9 1.2 2.6 2.0 2.5 2.5 9.4 0.3 1.3 9.0
06| SCE/SoCalG 2.0 0.7 1.2 2.0 1.6 2.0 15 9.8 0.8 1.3 9.5
07 SDG& 0.0 - - 15 15 1.4 0.0 9.2 0.1 1.3 9.0
08| SCE/SoCalG 1.3 0.6 1.4 1.6 1.3 1.8 1.0 8.4 0.9 1.3 8.0
09| SCE/SoCalG 2.6 0.7 2.0 2.9 1.8 3.7 2.5 8.8 1.0 15 8.5
10| SCE/SoCalG 3.2 0.6 1.3 3.2 2.0 3.8 3.0 9.6 1.0 15 9.5
10 SDG& 3.2 0.8 1.3 3.2 2.6 3.8 3.0 9.6 0.6 15 9.5
11 PG&H 4.3 0.8 1.2 5.1 2.5 3.7 4.0 9.2 0.4 15 9.0
12 PG&H 3.5 1.2 1.8 3.4 3.3 4.6 3.0 9.6 0.4 1.7 9.5
13 PG&H 4.6 0.8 1.3 5.8 5.3 8.4 4.5 9.7 0.4 1.6 9.5
14| SCE/SoCalG 5.0 1.6 2.5 5.8 4.0 6.1 4.5 9.0 1.3 1.7 9.0
14 SDG& 5.0 1.9 2.5 5.8 4.9 6.1 4.5 9.0 1.2 1.7 9.0
15| SCE/SoCalG 4.8 1.0 1.6 5.0 >1 >1 4.5 7.1 1.1 15 7.0
16 PG&H 5.4 1.6 1.5 6.2 2.2 2.2 5.0 10.5 0.9 1.4 10.5

thmeé AYRAOFGSA OlFasSa oKSNB GKSNB FINB 020K FANRG O2ali al @
2Information about the measures included for each climate zone are descritfgupendixD ¢ Single FamiliMeasure Summary
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Table 10: Single Family Package CostEffectiveness Results for the All-Electric Casé 2

Efficiency Efficiency & PV Efficiency & PV/Battery
Non-Preempted Equipment- Preempted | Target Target Target
Efficiency On-Bill TDV| Efficiency On-Bill TDV [Efficiency Total OnBill TDV | Total | Total OnBill TDV| Total

EDR B/IC B/IC EDR BIC BC| EDR | EDR B/IC BC | EDR| EDR B/C B/C| EDR
Cz Utility| Margin Ratio Ratio| Margin Ratio Ratio | Margin | Margin Ratio Ratio | Margin| Margin Ratio Ratio | Margin
01 PG&H 152 18 1.7 69 29 27 6.5 314 1.8 15 31.00 41.2 1.4 1.4 410
02 PG&H 49 12 11 51 23 21 45 194 1.8 1.4 19.00 30.1 1.4 1.4/ 30.0
03 PG&H 47 26 24 44 18 16 4.0 185 2.2 1.7} 18.00 29.3 15 1.6/ 29.0
04 PG&H 34 19 1.8 39 15 15 3.00 17.2 2.1 1.6/ 17.00 28.6 15 1.6/ 28.5
05 PG&H 44 26 23 44 19 17 4.0 18.2 2.3 1.8 18.00 28.7 16 1.6/ 285
05 |PG&E/SoCalG 44 26 23 44 19 17 4.0 18.2 2.3 1.8 18.00 28.7 1.6 1.6/ 285
06 | SCE/SoCalG 20 13 14 29 22 23 20 143 1.2 15 140 26.1 1.2 1.4 26.0
07 SDG& 0.0 - - 22 16 17 0.00 11.3 1.9 15 11.00 24.2 1.3 15 24.0
08 | SCE/SoCalG 16 06 1.2 1.8 28 3.0 1.5 10.9 1.0 15 10.5 21.6 1.1 1.4 215
09| SCE/SoCalG 28 08 2.0 33 21 32 25 115 1.1 1.6/ 115 21.3 1.1 15 21.0
10| SCE/SoCalg 31 09 15 34 23 32 3.0 11.1 1.1 15 11.0 21.2 1.1 15 21.0
10 SDG& 3.1 11 1.5 34 26 32 3.0 11.1 1.7 15 11.0 21.2 1.4 15 21.0
11 PG&H 46 12 15 59 30 33 45 14.2 1.8 1.6/ 14.0 23.2 15 1.6/ 23.0
12 PG&H 38 08 1.1 51 20 25 3.5 15.7 1.7 1.4 155 254 1.3 15 25.0
13 PG&H 5.1 11 1.4 60 29 33 50 134 1.7 15 13.00 225 1.4 15 220
14| SCE/SoCalg 56 10 15 60 23 31 55 155 1.2 1.6/ 15.5 239 14 1.6/ 235
14 SDG& 56 13 15 60 29 31 55 155 1.8 1.6/ 15.5 239 1.7 1.6 235
15| SCE/SoCalg 56 1.1 1.6 73 33 45 5.5 6.2 1.1 1.6 6.00 135 1.2 15 13.0
16 PG&H 9.7 1.7 1.7 49 24 23 45 27.0 2.1 1.6/ 26.5 354 1.7 15 35.0

thmeé AYRAOFGSA OF aSa ¢ WngsNaBd atnKabuNBy bill dfingsd 2 1 K FANRG O2ad at
2Information about the measures included for each climate zone are describfgupendixD ¢ Single FamiliMeasure Summary
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Figure 3: Single family Total EDR comparison
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Figure 4: Single family EDR Margin comparison (based on Efficiency EDR Margin for the
Efficiency packages and the Total EDR Margin for the Efficiency & PV and Efficiency &
PV/ Battery packages)
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3.2.1 GHG Emission Reductions

Figureb comparesannualGHG emissions for both mixed fuel andeddictric single family 2019 code compliant
cases with Efficiency, Efficiency & PV and Efficiency & PV/Battery packages. GHG erargdigndimate but

are consistently higher in mixed fuel cases tharelgttric. Standardesign mixed fuel emissions range fror3 1.
(CZ 7)to 3.3 (CZ 16) Ibs CO2e/square foot of floor area, whele@licSandard Design emissions range from
0.7 to1.7 Ibs CO2¢€ft2 Addingefficiency,PV and batteries to the mixed fuebde compliant prototypeeduces

GHG emissions [80% on average to betweehOand 18 Ibs CO2e/ft, with the exception of Climate Zones 1

and 16. Addingfficiency,PV and batteris to the alelectriccode compliant prototypeeducesannualGHG
emissions by5% on average to 8lbs CO2e/ftor less. None of the cases completely eliminate GHG emissions.
Because of the time value of emissions calculation for electricity in CGB&XGere is always some amount of
GHG impacts with using electricity from the grid.
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Figure 5: Single family greenhouse gas emissions comparison

3.3 Multifamily Results

Tablellthrough Tablel3 contain cost effectiveness findings for thrultifamily packagestablel1 summarize
the package costs for all the mixed fuel aneeddictric efficiency, PV and battery packages.

Tablel2 and Tablel3 present the B/C ratios for all the packages according to botfOi&ill and TDV
methodologiedor the mixed fuel and the a#llectric cases, respectivellithe packages areosteffective
based on TD¥xceptClimate Zone Bor the allelectric casesvhere no coseffective combination of non
preempted efficiency measuregasfoundthat met the minimum 0.5 EDR Margin threshalthses where the
B/C ratio is indicated a®1¢ NB FSNJ (2 Ay &rdihcyeDeédtal castis£iNgS in AdditNSB annual
utility bill savings. In theseasesthere is no cost associated with this upde and benefits are realized
immediately.

It is generallymore challenging to achievefjuivalent savings targetosteffectivey for the multifamily case
than for the single family cases. With less exterior surface area per floor area the impact lojperweasures
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is diminished in multifamily buildingPuctsare already assumed to be within conditioned spand therefore
only oneof the duct measures found to lmsteffectivein single family homes can be applied

Figure6 presents a comparison dfotalEDRdor the multifamily caseand Figure?7 presensthe EDRViargin
results Each graph compares the mixed fuel afeklectriccases as well as the various packag@bst-effective
efficiencypackags were found for all mixed fuel case. The Target EDRarginsfor the mixed fuel Eficiency
Packageare 0.5for dimate Zones 3, 5 and7, between 10 and 25 for Aimate Zonesl, 2,4, 6, 8 through 12 and
16,and between3.0 and 4.0n dimate Zones13 through 15For theall-electric casgno costeffective non-
preempted efficiency package were foundin Climate Zone 3he TargetEDRVarginsare between 05and 2.5
for Climate Zoneg&, 4through 10 and12, andbetween 3.0 and 4.0 in Climate Zored.1, and 13 throughl6.

For themixed fuel case, the Efficiency & PV/BattePackageresults in @ EDRVarginof between8.5and 11.5
across all climate zonellost of these packages weret found to becosteffectivebased on utility bill savings
alone, but they all areosteffective based on TDV energy savingsr theall-electric case, the Efficiency & PV
Packageresulted in EDRarginsof 10.5to 17.5for most climates; adding a battery system increateslEDR
Marginby an additionallOto 15 points. Climate zones 1 and 16, whighave high heating loads, have much

higher EDRAarginsfor the Efficiency & PV packadgé9.522.5). The Standard Design PV, which is what is
applied in theEfficiencyPackage is not sized to offset any of the heating load. When the PV system is sized to
offset 90% of the total electricity use, the increase is substantial as a restlitnlte Zone 15 the Standard

Design PV system is already sized to cover the coolingieigctoad, which represent30% of whole building
electricity use. Therefore, increasing the PV size to offset 90% of the electric load in this climate only results in
adding approximatel40 Watts of PV capacityer apartmentand subsequently much sméler impact on the
EDRhan in other climate zone8ecause of the limitations on oversizing PV systems to offset natural gas use it
is not feasible to achieveomparableEDRVarginsfor the mixed fuel case as in the-alkctric case

Additional results dtails can be found iAppendixE¢ Multifamily Detailed Resultsith summaries of measures
included in each of the packagesAppendixF¢ Multifamily Measure SummaryA summary of results by
climate zone is presented ByppendixG ¢ Results by Climate Zone
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Table 11: Multif amily Package Incremental Costs per Dwelling Unit

Mixed Fuel All-Electric
Climate Non- | Equipment- | Efficiency & Non- | Equipment- | Efficiency| Efficiency &
Zone | Preempted| Preempted| PV/Battery| Preempted| Preempted & PV| PV/Battery
Cz01 +$960 +$507 +$3,094 +$949 +$795 +$5,538 +$8,919
Cz02 +$309 +$497 +$2,413 +$361 +$795 +$3,711 +$6,833
Cz03 +$175 +$403 +$2,279 n/a +$795 +$3,272 +$6,344
CZ04 +$329 +$351 +$2,429 +$361 +$795 +$3,158 +$6,201
Cz05 +$180 +$358 +$2,273 +$247 +$795 +$3,293 +$6,314
Cz06 +$190 +$213 +$2,294 +$231 +$361 +$2,580 +$5,590
Czo07 +$90 +$366 +$2,188 +$202 +$361 +$2,261 +$5,203
Cz08 +$250 +$213 +$2,353 +$231 +$361 +$2,240 +$5,249
Cz09 +$136 +$274 +$2,234 +$231 +$361 +$2,232 +$5,236
Cz10 +$278 +$250 +$2,376 +$361 +$361 +$2,371 +$5,395
Ccz11 +$850 +$317 +$2,950 +$1,011 +$795 +$3,601 +$6,759
Cz12 +$291 +$434 +$2,394 +$1,011 +$795 +$3,835 +$6,943
Cz13 +$831 +$290 +$2,936 +$1,011 +$795 +$3,462 +$6,650
Cz14 +$874 +$347 +$2,957 +$1,011 +$795 +$3,356 +$6,380
Cz15 +$510 -($157) +$2,604 +$1,011 +$1,954 +$1,826 +$5,020
Cz16 +$937 +$453 +$3,028 +$843 +$795 +$4,423 +$7,533
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Table 12: Multif amily Package Cost-Effectiveness Results for the Mixed Fuel Casel?

Efficiency Efficiency & PV/Battery

Non-Preempted Equipment- Preempted Target Target

Effidency OnBill TDV | Efficiency OnBill TDV | Efficiency] Total OnBill TDV Total

EDR B/C BIC EDR B/C B/C EDR EDR B/C B/C EDR

CZ Utility Margin Ratio Ratio | Margin Ratio Ratio | Margin Margin  Ratio Ratio | Margin
01 PG&H 3.4 11 1.2 2.3 1.3 14 2.0 11.5 0.4 1.2 115
02 PG&H 1.8 1.0 1.7 2.3 11 15 15 10.9 0.2 1.6 10.5
03 PG&H 0.6 1.0 11 1.6 11 1.2 0.5 10.3 0.1 14 10.0
04 PG&H 1.3 0.8 1.2 1.9 1.1 1.7 1.0 11.2 0.2 1.6 11.0
05 PG&H 0.5 1.0 1.0 15 1.2 1.3 0.5 9.9 0.2 14 9.5
05| PG&E/SoCalG 0.5 0.8 1.0 15 1.1 1.3 0.5 9.9 0.1 14 9.5
06| SCE/SoCalG 1.3 0.6 15 1.3 14 1.7 1.0 10.7 0.6 14 10.5
07 SDG& 0.9 0.7 2.2 2.0 1.1 1.4 0.5 11.0 0.0 14 11.0
08| SCE/SoCalG 1.5 0.7 1.4 1.1 1.4 1.7 1.0 9.9 0.7 1.3 9.5
09| SCE/SoCalG 1.8 15 3.3 2.8 1.7 2.9 15 9.7 0.9 15 9.5
10| SCE/SoCalG 1.7 0.8 1.7 2.9 2.0 3.3 15 10.4 1.0 1.6 10.0
10 SDG& 1.7 11 1.7 2.9 2.6 3.3 15 10.4 0.2 1.6 10.0
11 PG&H 2.9 0.7 1.2 3.2 1.8 3.3 2.5 10.5 0.4 1.6 10.5
12 PG&H 1.9 1.1 2.2 2.8 1.2 2.2 15 10.3 0.3 1.7 10.0
13 PG&H 3.1 0.6 1.3 3.4 2.0 3.8 3.0 10.7 0.4 1.6 10.5
14| SCE/SoCalG 3.1 0.7 1.2 3.3 2.0 3.0 3.0 9.6 1.1 14 9.5
14 SDG& 3.1 0.9 1.2 3.3 2.5 3.0 3.0 9.6 0.5 14 9.5
15| SCE/SoCalG 4.2 1.4 2.3 4.4 >1 >1 4.0 8.8 1.3 1.7 8.5
16 PG&H 2.4 1.1 1.2 2.9 1.8 2.1 2.0 9.9 0.5 1.3 9.5

thmeé AYRAOFGSA OlFasSa oKSNB GKSNB FINB 020K FANRG O2ali al @
2Information about the measures included for each climate zone are descritfgupendixF ¢ Multifamily Measure Summary
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Table 13: Multifamily Package Cost -effectiveness Results for the All -Electric Casel2

Efficiency Efficiency & PV Efficiency & PV/Battery
Non-Preempted Equipment- Preempted

Target Target Target

Efficiency On-Bill TDV |Efficiency TDV |Efficiency Total OnBill TDV| Total | Total OnBill TDV | Total

EDR B/IC B/C| EDR OnBill B/C EDR (| EDR B/C B/C| EDR| EDR B/C B/C | EDR

Cz Utility | Margin Ratio Ratio | Margin B/CRatio Ratio | Margin | Margin Ratio Ratio | Margin| Margin Ratio Ratio | Margin
01 PG&Y 3.6 16 14 3.3 2.4 2.3 3.0 225 20 15| 225 | 345 13 14 | 345
02 PG&H 1.9 1.7 21 3.2 1.6 1.6 15 175 24 18| 175 | 309 14 1.7 | 30.5
03 PG&H 0.0 - - 2.7 1.7 1.6 0.0 161 24 17| 160 [ 295 1.3 1.6 | 295
04 PG&H 1.4 14 15 2.2 1.2 1.1 1.0 150 24 18| 150 ( 289 1.3 1.8 | 285
05 PG&H 0.6 1.1 0.9 3.6 2.1 2.0 0.5 171 25 18| 170 ( 303 14 1.7 | 30.0
05|PG&E/SoCalG| 0.6 1.1 0.9 3.6 2.1 2.0 0.5 171 25 18| 170 ( 303 14 1.7 | 30.0
06/ SCE/SoCal 1.0 0.7 1.3 2.2 1.6 1.9 1.0 138 12 17| 135 | 275 1.2 1.6 | 275
07 SDG&| 0.6 06 1.0 1.9 1.6 1.7 0.5 128 21 18| 125 | 271 1.2 1.6 | 27.0
08| SCE/SoCal 1.2 09 1.7 1.9 1.6 1.8 1.0 116 13 18| 115 | 242 1.2 1.6 | 24.0
09| SCE/SoCal 1.6 1.3 27 15 1.6 1.6 15 113 13 19| 110 | 233 13 1.7 | 23.0
10| SCE/SoCal 1.8 12 20 1.8 1.7 2.0 15 108 13 18| 105 | 233 13 1.7 | 23.0
10 SDG&| 1.8 15 20 1.8 2.0 2.0 15 108 21 18| 105 | 233 14 1.7 | 23.0
11 PG&H 3.5 1.4 16 3.9 2.0 2.3 3.5 134 22 18| 130 | 253 14 1.8 | 25.0
12 PG&H 2.6 09 1.1 2.9 1.6 1.6 2.5 144 21 16| 140 | 266 1.3 1.7 | 26.5
13 PG&H 3.3 13 1.6 3.8 2.0 2.3 3.0 122 21 17| 120 | 239 14 1.7 | 235
14| SCE/SoCald 3.7 12 16 3.8 1.6 2.2 3.5 140 14 19| 140 | 248 14 1.8 | 245
14 SDG&| 3.7 15 16 3.8 2.0 2.2 3.5 140 22 19| 140 | 248 1.7 1.8 | 245
15| SCE/SoCal 4.4 15 23 6.4 1.2 1.7 4.0 7.1 1.4 21 7.0 16,9 1.3 1.8 | 16.5
16 PG&H 4.1 21 21 3.2 1.6 1.7 3.0 196 26 19| 195 | 299 1.6 1.7 | 29.5

Hhmeé AYRAOIFGSA OFasSa oKSNB UKSikDillsaNdgs. 020K FANRG O02aid ar @gay3aa |
2Informationabout the measures included for each climate zone are describ&gpendixF¢ Multifamily Measure Summary
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Figure 7: Multifamily EDR Margin comparison (based on Efficiency EDR Margin for the
Efficiency packages and the Total EDR Margin for the Efficiency & PV and Efficiency &
PV/ Battery packages)
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3.3.1 GHG Emission Reductions

Figure8 comparesannualGHG emissions for both mixed fuel andeddictric multifamily 2019 code compliant

cases with Efficiency, Efficiency & PV and Efficiency & PV/Battery packages. GHG emissions vary by climate but
are consistently higher in mixed fuel cases tharelgttric. Standard design mixed fuel emissions ranga 20

to 3.0 Ibs CO2e/square foot of floor area, whereelictric standard design emissions range froit@.1.7 Ibs

CO2e/ ft. Adding P\batteriesand efficiencyto the mixed fuetode compliant prototypeeducesannualGHG
emissions by 7% onaverage to between X.and 22 Ibs CO2e/ft, exceptClimate Zone 16. Adding Patteries

and efficiencyto the allelectriccode compliant prototypeeducesannualGHG emissions [84% on average to

0.6 Ibs CO2e/ftor less with the exception of Climaterzes 14, 15 and 16. As in the single family case, none of

the cases completely eliminate GHG emissions because of the time value of emissions calculation for electricity
in CBEGRes.
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Figure 8: Multifamily greenhouse gas emissi ons comparison

3.4 Electrification Results

Costeffectiveness results comparing mixed fuel aneedtric cases are summarized below. The tables show
average annual utility bill impacgnd lifetime utility bill impacts, which account for fuel escalation for electricity
and natural gas (see Section 2.5), lifetime equipment cost savings, and b&il @md TDV costffectiveness

(B/C ratio). Positive utility bill values indicate lower tytiiosts for the alelectric home relative to the mixed

fuel case while negative values in red and parenthesis indicate higher utility costs for¢lectlit case.

Lifetime equipment cost savings include savings due to eliminating natural gas indftasgrand replacement

costs for appliances based on equipment life. Positive values for the lifetime equipment cost savings indicate
lower installed costs for the adllectric and negative values indicate higher costs. B/C ratios 1.0 or greater
indicate wsitive costSTF SO A PSy Saad /asSa 6KSNB (GKS . k/ NFradAz A
was incremental cost savings in addition to annual utility bill savings. In these cases, there is no cost associated
with this upgrade and benefits arealized immediately.
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Three scenarios were evaluated:

1. 2019 Code Complian€Compares a 2019 code compliantedéictric home with a 2019 code compliant
mixed fuel home.

2. Efficiency & PV Packagéompares an adllectric home with efficiency and PV sized0% of the
annual electricity use to a 2019 code compliant mixed fuel home. The first cost savings in the code
compliant allelectric house is invested in above code efficiency and PV reflective of the Efficiency & PV
packages described above.

3. Neutral Cat PackageCompares an aéllectric home with P¥eyond code minimum with a 2019 code
compliant mixed fuel home. The PV systimthe allelectric cases sized to result in a zero lifetime
incremental cost relative to a mixed fuel home.

3.4.1 Single Family

Tablel4, Tablel5, Figure9, FigurelO, andFigurell present results of costffectiveness analysis for
electrification of single family buildings, according to both theBilhand TDV methodologies. Based on typical
cost assumptions arrived at for this analysis, the lifetime equipment costs for the fngjlg code compliant
all-electric option are approximately $5,350 less than the mixed fuel code compliant option. Cost savings are
entirely due to the elimination of gas infrastructure, which was assumed to be a savings of $5,750. When
evaluating coseffectiveness based on TDV, thiélity Gas Main Extensions rul&8% refund and appliance
allowance deduction are not applied and therefore the cost savings are twice as much.

Under theEfficiency & PV Packagadthe OnBill analysisthe incremental cosof the efficiency and P
typicallymore than thecost savingseenin the code compliantase whichresults in a net cost increase most
climate zonedor the allelectric caseln climateswith small heating load& and 15)there continues to bean
incremental cossavings for the atlectric homeWith the TD\analysisthere is stillan incremental cost
savingsn all climates except and 16for single family

Utility impacts differ by climate zone and utility, but utility costs for toele compliangll-electric optionare
typically higher than for the compliant mixed fuel design. Tlaeeutility cost savings across all climates zones
and building types for thall-electricEfficiency & PY¥ackage resulting in a more cosdffectiveoption.

The alelectriccode compliart option iscosteffectivebased on théOn-Bill approachfor single family homem
dimate Zonest through 9, 1{SCE/SoCalGas territory onbnd 15. The code compliant option sosteffective
based on the TDmMethodology in all climate zones except 1 andliéhe same costs used for the @ill
approach are also used for the TDV approach (incorporating the Utility Gas Main Extensio8%ulesund
and appliance allowance deduction), theglikctric code ompliant option is coseffective in Climate Zones 6
through 10.The Efficiency & PV dlectric option iscosteffective in all climate zondsased on both the OBill
and TDV methodologies. In many caiés costeffective immediatelyith lowerequipment and utility costs.

The last set of results ihablel4 showsthe neutral cost case where the cost savings for thelelttric code
compliant home is invested inlarger PV system, resulting in a lifetime incremental cost of zero based on the
OnBill approach. This package results in utility cost savings in all cases except Climate Zb(8E€E/SoCalGas
territory only),and 16. For thesthree cases the Reaclo@e Team evaluated how much additional PV would be
required to result in a costffective package. These results are presenteflablel5 and show that an

additional 16kW in Climate Zone 1 results in a B/C ratio of 1.1. For ClimatelZcmed16 addingd.25kW and
1.2kW, respectivelyresults in a B/C ratio of 1.Rleutral cost cases are cesftfective based on the TDV
methodology in all climate zones except 16

3.4.2 Multifamily

Multifamily results are found iffablel6, Tablel7, Figurel2, Figurel3, andFigureld. Lifetime costs for the
multifamily code compliant aklectric option are approximately $2,300 less than the mixed fuel code compliant
option, entirely due to the elimination of gas infrastructure. When evaluating-efiettiveness bsed on TDV,
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the Utility Gas Main Extensions rul&8% refund and appliance allowance deduction are not applied and
therefore the cost savings are approximately @ndes higher.

With the Efficiency & PV Package and theBihanalysisjue tothe addedcost of the efficiency and PMereis
a net cost increastor the allelectric casen all climate zones foexcept7, 8,9, and 15 With the TDV analysis,
there is still an incremental cost savings in all climdtése the single family resultstility costs are typically
higher for the code compliant adllectric option but lowethan thecode compliant nixed fueloption with the
Hficiency & PV Package.

The allelectric code compliant option is cesftfective based on the GBill approach for multifamilin Climate
Zonesb through9, 10and 14 (SCE/SoCalGas territory only), andBHEsed on the TDV methodolqodiie code
compliant gtion for multifamilyis costeffective for all climate zone#.the same costs used for the @ill
approach are also used for the TDV approach (incorporating the Utility Gas Main Extensiof8%ulesund
and appliance allowance deduction), the-@#ctric code compliant option is cesftfective in Climate Zones 8
and 9.Likethe single family casethe Efficiency & PV alectric option is coseffective in all climate zones
based on both the OBill and TDV methodologies.

The last set of resulis Tablel6 show the neutral cost case where the cost savings for theladitric code

compliant home is invested in a larger PV system, resulting in a lifetime incremental cost of zero based on the

OnBIil approach. This package results in utility cost savings in all cases except Climate Zottaslcdserthe
Reach Code Team evaluated how much additional PV would be required to result ireffexiste package.
These results are presentedTiablel7 and show that an addition#l.3kW per apartmentresults in a B/C ratio
of 1.1.Neutral cost cases are cesftfective based on the TDV methodology in all climate zexespt 16.

Table 14: Single Family Electrification Results

On-Bill Costeffectiveness TDVCosteffectiveness
Average Annual Utility Bill Lifetime NPV Lifetime NPV
Savings
Net Equipment On-Bill Equipment TDV
Natural Utility | Utility Bill Cost B/C | TDV Cosi  Cost B/C
CZ Utility |Electricity Gas Savings| Savings Savings Ratio?| Savings Savings Ratio
2019 Code Compliant Home
01 PG&E| -($1,194) +$712 -($482)|-($14,464) +%$5,349 0.4 |-($13,081 +$11,872 0.9
02 PG&E| -($825) +$486 -($340)|-($10,194) +%$5,349 0.5 |-($7,456) +$11,872 1.6
03 PG&E| -($717) +$391 -($326)| -($9,779) +$5,349 0.5 |-($7,766) +$11,872 1.5
04 PG&E| -($710) +%$387 -($322)| -($9,671) +$5,349 0.6 |-($7,447) +$11,872 1.6
05 PG&E| -($738) +$367 -($371)|-($11,128) +$5,349 0.5 |-($8,969) +$11,872 1.3
05| PG&E/SoG&as| -($738) +$370 -($368)(-($11,034) +$5,349 0.5 |-($8,969) +$11,872 1.3
06 SCE/SoCalG{ -($439) +$289 -($149)| -($4,476) +$5,349 1.2 |-($4,826) +$11,872 2.5
07 SDG&H -($414) +%$243 -($171)| -($5,134) +$5,349 1.0 |-($4,678) +$11,872 2.5
08| SCE/SoCalG{ -($347) +$249 -($97) | -($2,921) +$5,349 1.8 |-($3,971) +$11,872 3.0
09) SCE/SoCalG{ -($377) +$271 -($107)| -($3,199) +$5,349 1.7 |-($4,089) +$11,872 2.9
10 SCE/SoCalGi -($403) +%$280 -($123)| -($3,684) +$5,349 1.5 |-($4,458) +$11,872 2.7
10 SDG&H -($496) +$297 -($198)| -($5,950) +%$5,349 0.9 | -($4,458) +$11,872 2.7
11 PG&E| -($810) +$447 -($364)|-($10,917) +$5,349 0.5 |-($7,024) +$11,872 1.7
12 PG&E| -($740) +%$456 -($284)| -($8,533) +$5,349 0.6 |-($6,281) +$11,872 1.9
13 PG&E| -($742) +%$413 -($329)| -($9,870) +$5,349 0.5 |-($6,480) +$11,872 1.8
14/ SCE/SoCa#5| -($661) +$413 -($248)| -($7,454) +$5,349 0.7 | -($7,126) +$11,872 1.7
14 SDG&H -($765) +$469 -($296)| -($8,868) +%$5,349 0.6 |-($7,126) +$11,872 1.7
15| SCE/SoCalG{ -($297) +$194 -($103)| -($3,090) +$5,349 1.7 |-($5,364) +$11,872 2.2
16 PG&E| -($1,287) +$712 -($575)|-($17,250) +%$5,349 0.3 |-($17,391 +$11,872 0.7
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On-Bill Costeffectiveness TDVCosteffectiveness
Average Annual Utility Bill Lifetime NPV Lifetime NPV
Savings
Net Equipment On-Bill Equipment TDV
Natural Utility | Utility Bill Cost B/C | TDV Cosi  Cost B/C
CZ Utility |Electricity Gas Savings| Savings Savings Ratio?| Savings Savings Ratio
Efficiency & PV Package
01 PG&E| -($99) +$712 +$613 | +$18,398 -($12,844) 1.4 |+$13,364 -($6,321) 2.1
02 PG&E| -($89) +$486 +%$397 | +$11,910 -($6,758) 1.8 | +$9,307 -($234) 39.7
03 PG&E| -($87) +$391 +$304 | +$9,119 -($3,169) 2.9 | +$6,516 +$3,355 >1
04 PG&E| -($85) +$387 +$302 | +$9,074 -($3,438) 2.6 | +$6,804 +$3,086 >1
05 PG&E| -($98) +$367 +%$268 | +$8,054 -($2,959) 2.7 | +$5,625 +$3,564 >1
05| PG&E/SoCalGg -($98) +$370 +$272 | +$8,148 -($2,959) 2.8 | +$5,625 +$3,564 >1
06| SCE/SoCalG{ -($188) +$289 +$102 | +$3,049 -($992) 3.1 | +$4,585 +$5,531 >1
07 SDG&E -($137) +$243 +$106 | +$3,174  +%$912 >1 | +$2,176 +$7,436 >1
08 SCE/SoCalG{ -($160) +$249 +$89 | +$2,664 -($25) 107.9| +$3,965 +$6,499 >1
09 SCE/SoCalG{ -($169) +$271 +$102 | +$3,067 -($429) 7.1 | +$5,368 +$6,094 >1
10, SCE/SoCalG{ -($173) +$280 +$107 | +$3,216 -($1,057) 3.0 | +$5,165 +$5,466 >1
10 SDG&E -($137) +$297 +$160 | +$4,805 -($1,057) 4.5 | +$5,165 +$5,466 >1
11 PG&E| -($147) +$447 +3$300 | +$8,988 -($5,478) 1.6 | +$9,776 +$1,045 >1
12 PG&E| -($92) +$456 +$364 | +$10,918 -($6,172) 1.8 | +$9,913 +$352 >1
13 PG&E| -($144) +$413 +$269 | +3$8,077 -($5,184) 1.6 | +$8,960 +$1,339 >1
14/ SCE/SoCalG{ -($241) +$413 +$172 | +$5,164 -($5,111) 1.0 | +$9,850 +$1,412 >1
14 SDG&KH -($139) +$469 +$330 | +$9,910 -($5,111) 1.9 | +$9,850 +$1,412 >1
15| SCE/SoCalGi -($107) +$194 +$87 | +$2,603  +$264 >1 | +$2,598 +$6,787 >1
16 PG&E| -($130) +$712 +$582 | +$17,457 -($11,234) 1.6 | +$9,536 -($4,710) 2.0
Neutral Cost Package
01 PG&E| -($869) +$712 -($157)| -($4,704) +$0 0 |-($6,033) +$6,549 1.1
02 PG&E| -($445) +$486 +$40 | +$1,213 +$0 >1 +$868 +$6,505 >1
03 PG&E| -($335) +$391 +$56 | +$1,671 +3$0 >1 +$483  +$6,520 >1
04 PG&E| -($321) +$387 +$66 | +$1,984 +$0 >1 | +$1,062 +$6,521 >1
05 PG&E| -($335) +$367 +$31 +$938 +$0 >1 | -($163) +%$6,519 40.1
05| PG&E/SoCalGg -($335) +$370 +$34 | +$1,031 +$0 >1 | -($163) +%$6,519 40.1
06/ SCE/SoCalG{ -($227) +$289 +$63 | +$1,886 +$0 >1 | +$3,258 +$6,499 >1
07 SDG&E -($72) +$243 +3$171 | +$5,132 +3$0 >1 | +$3,741 +%$6,519 >1
08 SCE/SoCalG{ -($144) +$249 +$105 | +$3,162 +$0 >1 | +$4,252 +$6,515 >1
09| SCE/SoCalG{ -($170) +$271 +$100 | +$3,014 +3$0 >1 | +$4,271 +%$6,513 >1
10| SCE/SoCalGy -($199) +$280 +$81 | +$2,440 +$0 >1 | +$3,629 +$6,494 >1
10 SDG&E -($155) +$297 +$143 | +%$4,287 +$0 >1 | +$3,629 +$6,494 >1
11 PG&E| -($426) +$447 +%$21 +$630 +$0 >1 | +$1,623 +$6,504 >1
12 PG&E| -($362) +$456 +$94 | +$2,828 +$0 >1 | +$2,196 +$6,525 >1
13 PG&E| -($370) +$413 +%$43 | +$1,280 +$0 >1 | +$1,677 +$6,509 >1
14| SCE/SoCalGi -($416) +$413 -($4) -($107) +$0 0 +$2,198 +$6,520 >1
14 SDG&EH -($391) +$469 +$79 | +$2,356 +$0 >1 | +$2,198 +$6,520 >1
15 SCE/SoCalGiy -($98) +$194 +%$97 | +%$2,900 +$0 >1 | +$2,456 +$6,483 >1
16 PG&E| -($878) +$712 -($166)| -($4,969) +$0 0 |-($8,805) +$6,529 0.7

'Red walues in parentheses indicate an increase in utility bill costn incremental first cost for the

alectric home

266 wmigdicatescases where there are both first cost savings and annual utility bill savings
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Table 15: Comparison of Single Family On-Bill Cost Effectiveness Results with Additional

PV
Neutral Cost Min. Cost Effectiveness
PV Equipment On-Bill Equipment On-Bill
Capacity Utility Bill Cost B/IC PV Capacity Utility Bill Cost B/IC
CZ Utility (kW) Savings Savings Ratio (kW) Savings Savings Ratio
01 PG&E| 4.7 -($4,704) +$0 0 6.3 +$6,898 -($6,372) 1.1
14| SCE/SoCalGy 4.5 -($107) +3$0 0 4.8 +$1,238 -($1,000) 1.2
16 PG&E 4.1 -($4,969) +3$0 0 5.3 +$5,883 -($4,753) 1.2
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Figure 9: B/C ratio results for a s ingle family all-electric code compliant home versus a
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Single Family - Efficiency & PV
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Figure 10: B/C ratio results for the single family Efficiency & PV all -electric home versus a
mixed fuel code compliant home
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Figure 11: B/C ratio results for the single family neutral cost package all -electric home
versus a mixed fuel code compliant home
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Table 16: Multifamily Electrification Results (Per Dwelling Unit)

On-Bill Costeffectiveness

TDV Costffectiveness

Average Annual Utility Bill Lifetime NPV Lifetime NPV
Savings

Net Equipment On-Bill Equipment TDV
Natural Utility | Utility Bill Cost B/C | TDV Cosi Cost B/IC
CZ Utility |Electricity Gas Savings| Savings Savings Ratio?| Savings Savings Ratio

2019 Code Compliant Home
01 PG&E| -($396) +$193 -($203)| -($6,079) +$2,337 0.4 |-($5,838) +$5,899 1.0
02 PG&E| -($310) +$162 -($148)| -($4,450) +%$2,337 0.5 |-($4,144) +$5,899 1.4
03 PG&E| -($277) +$142 -($135)| -($4,041) +%$2,337 0.6 |-($4,035) +$5,899 1.5
04 PG&E| -($264) +$144 -($120)| -($3,595) +%$2,337 0.6 |-($3,329) +$5,899 1.8
05 PG&E| -($297) +$140 -($157)| -($4,703) +%$2,337 0.5 |-($4,604) +%$5,899 1.3
05| PG&E/SoCalGyg -($297) +$178 -($119)| -($3,573) +$2,337 0.7 |-($4,604) +$5,899 1.3
06/ SCE/SoCalG{ -($191) +$161 -($30) | -($902) +$2,337 2.6 |-($2,477) +$5,899 2.4
07 SDG&E -($206) +$136 -($70) | -($2,094) +%$2,337 1.1 |-($2,390) +$5,899 25
08/ SCE/SoCalG{ -($169) +$157 -($12) | -($349) +$2,337 6.7 |-($2,211) +$5,899 2.7
09| SCE/SoCalG{ -($177) +$159 -($18) | -($533) +$2,337 4.4 |-($2,315) +$5,899 2.5
10| SCE/SoCalGy -($183) +$159 -($23) | -($697) +$2,337 3.4 |-($2,495) +$5,899 2.4
10 SDG&H -($245) +$139 -($106)| -($3,192) +%$2,337 0.7 |-($2,495) +$5,899 2.4
11 PG&E| -($291) +$153 -($138)| -($4,149) +%$2,337 0.6 |-($4,420) +$5,899 1.3
12 PG&E| -($277) +$155 -($122)| -($3,665) +%$2,337 0.6 |-($3,557) +$5,899 1.7
13 PG&E| -($270) +$146 -($124)| -($3,707) +%$2,337 0.6 |-($3,821) +%$5,899 1.5
14| SCE/SoCalGy -($255) +$187 -($69) | -($2,062) +$2,337 1.1 |-($3,976) +$5,899 1.5
14 SDG&H -($328) +$175 -($154)| -($4,607) +%$2,337 0.5 |-($3,976) +$5,899 15
15| SCE/SoCalG{ -($154) +$142 -($12) | -($367) +%$2,337 6.4 |-($2,509) +$5,899 2.4
16 PG&E| -($404) +$224 -($180)| -($5,411) +$2,337 0.4 |-($5,719) +$5,899 1.0

Efficiency & PV Package
01 PG&E| -($19) +$193 +$174 | +$5,230 -($3,202) 1.6 | +$2,467 +$361 >1
02 PG&E| -($10) +$162 +$152 | +$4,549 -($1,375) 3.3 | +$2,605 +$2,187 >1
03 PG&El -($12) +$142 +$130 | +$3,910 -($936) 42 | +$1,632 +%$2,626 >1
04 PG&E| -($8) +$144 +$136 | +$4,080 -($822) 5.0 | +$2,381 +$2,740 >1
05 PG&El -($19) +$140 +$121 | +$3,635 -($956) 3.8 | +$1,403 +$2,606 >1
05| PG&E/SoCalGg -($19) +$178 +$159 | +$4,765 -($956) 5.0 | +$1,403 +$2,606 >1
06| SCE/SoCalG{ -($84) +$161 +3$77 | +$2,309 -($243) 9.5 | +$1,940 +$3,319 >1
07 SDG&EF -($49) +$136 +$87 | +$2,611 +$75 >1 | +$1,583 +$3,638 >1
08 SCE/SoCalG{ -($74) +$157 +$83 | +$2,480 +$96 >1 | +$1,772 +$3,658 >1
09 SCE/SoCalG{ -($76) +$159 +$82 | +$2,469  +$104 >1 | +$1,939 +$3,667 >1
10| SCE/SoCalG{ -($79) +$159 +$80 | +$2,411 -($34) 70.9 | +$1,737 +$3,528 >1
10 SDG&E -($77) +$139 +$61 | +$1,842 -($34) 54.2 | +$1,737 +%$3,528 >1
11 PG&E| -($25) +$153 +$128 | +$3,834 -($1,264) 3.0 | +$2,080 +$2,298 >1
12 PG&E| -($11) +$155 +$144 | +$4,316 -($1,498) 2.9 | +$2,759 +$2,064 >1
13 PG&E| -($26) +$146 +$121 | +$3,625 -($1,125) 3.2 | +$2,083 +$2,437 >1
14, SCE/SoCalGi -($99) +$187 +$87 | +$2,616 -($1,019) 2.6 | +$2,422 +$2,543 >1
14 SDG&E -($86) +$175 +$88 | +$2,647 -($1,019) 2.6 | +$2,422 +$2,543 >1
15| SCE/SoCalGy -($67) +$142 +$75 | +$2,247  +$511 >1 | +$1,276 +$4,073 >1
16 PG&E| -($24) +$224 +$200 | +$5,992 -($2,087) 2.9 | +$2,629 +$1,476 >1
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On-Bill Costeffectiveness TDV Costffectiveness
Average Annual Utility Bill Lifetime NPV Lifetime NPV
Savings
Net Equipment On-Bill Equipment TDV
Natural Utility | Utility Bill Cost B/C | TDV Cost  Cost B/C
CZ Utility |Electricity Gas Savings| Savings Savings Ratio?| Savings Savings Ratio
Neutral Cost Package
01 PG&E| -($228) +$193 -($35) | -($1,057) +$0 0 -($2,267) +%$3,564 1.6
02 PG&E| -($115) +$162 +%$47 | +%$1,399 +$0 >1 +$59 +$3,563 >1
03 PG&E| -($81) +%$142 +%$61 | +$1,843 +$0 >1 +$138 +$3,562 >1
04 PG&E| -($64) +$144 +$80 | +%$2,402 +$0 >1 +$983 +$3,563 >1
05 PG&E| -($90) +$140 +%$50 | +$1,490 +$0 >1 -($152) +$3,564 23.4
05| PG&E/SoCalGqd -($90) +$178 +$87 | +$2,620 +3$0 >1 | -($152) +$3,564 23.4
06| SCE/SoCalG{ -($90) +$161 +$71 | +%$2,144 +$0 >1 | +$1,612 +%$3,562 >1
07 SDG&E -($32) +%$136 +$105 | +%$3,135 +$0 >1 | +$1,886 +%$3,560 >1
08) SCE/SoCalG{ -($67) +$157 +$90 | +%$2,705 +$0 >1 | +$1,955 +%$3,564 >1
09) SCE/SoCalG{ -($71) +$159 +%$87 | +%$2,623 +$0 >1 | +$1,924 +%$3,561 >1
10 SCE/SoCalGi -($78) +$159 +$81 | +%$2,431 +$0 >1 | +$1,588 +%$3,561 >1
10 SDG&E -($71) +%$139 +%68 | +%$2,033 +$0 >1 | +$1,588 +%$3,561 >1
11 PG&E -($93) +$153 +3$59 | +$1,783 +$0 >1 -($48)  +$3,562 74.0
12 PG&E| -($82) +%$155 +3$73 | +$2,184 +$0 >1 +$739 +3$3,564 >1
13 PG&E -($79) +%$146 +368 | +$2,034 +$0 >1 +$310 +$3,560 >1
14/ SCE/SoCalGi -($141) +$187 +%$45 | +%$1,359 +$0 >1 +$747  +$3,562 >1
14 SDG&E -($137) +$175 +$38 | +%$1,131 +$0 >1 +$747  +3$3,562 >1
15| SCE/SoCalG{ -($50) +$142 +$92 | +$2,771 +$0 >1 | +$1,738 +%$3,560 >1
16 PG&E| -($194) +%$224 +%$30 +$900 +$0 >1 | -($1,382) +$3,564 2.6

IRed walues in parentheses indicate an increase in utility bill costn incremental first cost for the adlectric home.
266 wmiddicatescasesvhere there are both first cost savings and annual utility bill savings

Table 17: Comparison of Multifamily On-Bill Cost Effectiveness Results with Additional PV

(Per Dwelling Unit)

Neutral Cost Min. CostEffectiveness
PV Equipment PV Equipment
Capacity Utility Bill Cost OnsBill | Capacity Utility Bill Cost OnBill
CZ Utility (kW) Savings Savings B/CRatio| (kW) Savings  Savings B/CRatio
01 PG&E 2.7 -($1,057) +3$0 0 3.0 +$1,198 -($1,052) 1.1
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Multifamily - 2019 Code Compliant
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Figure 12: B/C ratio results for a multi family all -electric code compliant home versus a
mixed fuel code compliant home

Multifamily - Efficiency & PV
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Figure 13: B/C ratio results for the multifamily Efficiency & PV all -electric home versus a
mixed fuel code compliant home
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Multifamily - Neutral Cost Package
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Figure 14: B/C ratio results for the multifamily neutral cost package all  -electric home

versus a mixed fuel code compliant home

4 Conclusions & Summary

This report evaluated the feasibility andst-effective/ S&da 2F dl 02 @S sgeéificaficnghiolRNFF 2 NIV |
the application of efficiency measurd?V, and electric battery storagim all 16 California climate zonekhe
analysidound costeffective packageacross the state for both single family and tage multifamily buildings

For the building types and climate zones wheosteffective packages were identified, the results of this

analysis can be used by local jurisdictido support the adoption of reach codé€3osteffectiveness was
evaluated according to two metricen-Bill customer lifecycle benefib-cost and TDV lifecycle benefii-cost.

While all the above code targetpresentedare based on packages that are ceffective under at least one of
these metrics, they are not all cesftfectiveunderboth metrics Generally, the test for being cosftfective
under the TDV methodology is less challenging than unde®thBill methoddogy. Therefore, all packages
presentedare costeffective based on TD¥nd may or may not be cosfffective based on thé&n-Bill method
It is up to each jurisdiction to determine what metric is most appropriate for their applicaiosummary of
resuts byclimate zone are presented fppendixG ¢ Results by Climate Zone

Above code targets are presented BEsgetEDRMargin, whichhave beerdefinedfor each scenarisvhere a

costeffective package wadentified. ¢ | NAS{G 95w
requirements. Jurisdictions may adopt less stringent requiremeits.the Efficienci?ackage theTarget EDR
Marginwas definecbased on the lower EDRarginof the Efficiencyg NonPreemptedPackage and the
Efficiencyg Equipment, Preempte®ackage For example, if the costffectiveNon-Preempted package hasa
EDRMarginof 3 and thePreemptedpackage a EDRVarginof 4, the Target EDRarginis set at 3

al NHAY a
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The average incremental cost for temgle familyHficiency packageis ~$1,750. TheEfficiency & PV Package
average incremental cost i9#80and for the Efficiency & PV/Battery Package @gproximately$5,600 for the
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mixed fuel cases arll5,100 for the allelectric casesThe incremental costs feach multifamily apartment are
approximately30-40%lower. SeeTable8 and Tablell for a summary of package costs by case.

Tablel8 andTablel9 summarize thenaximumTarget EDRIarginsdeterminedto be cost effectivdor each
packageor single family and multifamily, respective§ases + 6 St SR | & & ifidichtéwhereyho G KS G |
costeffective package was identifiathder either OrBill or TDV methodology.

This analysis also looked at the GHG emissions imphitie various pekages An aHlelectric design reduces
GHG emissions 480% in most cases relative to a comparable mixed fuel design.

There is significant interest throughout California on electrification of new buildings. The Reach Code Team
assembled data on the cosifiérences between a code compliant mixed fuel building and a code compliant all
electric building. Based on lifetime equipment cost savings (the difference in first cost for equipment and
infrastructure combined with incremental replacement costs) of 89,8r an aklelectric single family home this
analysis found that from a customer il perspective, the aklectric code compliant option is cesffective in
Climates Zones 6 through 9, 10 (SCE/SoCalGas territory only), and 15, asftectise inall climate zones

except 1 and 16 based on TDV. For multifamily buildings, based on a cost savings of $2,337 per apartment, the
code compliant option is coffective in Climates Zones 6 through 9, 10 & 14 (SCE/SoCalGas territory only), and
15, and costffective based on TDV.

Adding efficiency and PV to the code compliane#dkttric buildingsncreases the costffectiveness in all

climate zones. Ae Efficiency & PV Package is eaff¢ctive when compared to a mixed fuel code compliant

building in alclimate zones for both single family and multifamily buildings based on both tHgilCand TDV
methodologiesThe Efficiency & PV package adds PV to offset 90% of the electricity use of the home. While this
resultsin higher installed costs, the reducéfittime utility costs are larger ($0 to $6,000 lifetime incremental
equipment costs in many climates for single family homes and an associated $4,500 to $13,500 lifetime utility
cost savings across the same cases), resulting in positive B/C ratioséseall

The Reach Code Team also evaluated a neutral cost electrification scenario where the cost savings-for the all
electric code compliant home is invested in a larger PV system, resulting in a lifetime incremental cost of zero
based on the OBill appoach. This package results in utility cost savings and positibdIds/C ratio in all

cases except Climate Zones 1 and 16 for single family, and Climate Zone Z%riee lowltifamily. Increasing the

PV sizes in those climates by approximately 30%tegkin positive orbill B/C ratios, while still not resulting in
oversizing of PV systems.

Other studies have shown that cestfectiveness of electrification increases with high efficiency space

conditioning and water heating equipment in the-aléctric home. This was not directly evaluated in this

analysis but based on the favorable ceffiectiveness results of the Equipment, Preempted package for the

individual mixed fuelanda t SOGNA O dzLJANI RSa A G Qa SELSOe&riicatioKk I G | LI
analysis would result in increased cestectiveness.

The Reach Code Team found there can be substantial variability in first costs, particularly related to natural gas
infrastructure. Costs are projedependent and will be impacted by ufactors as site characteristics, distance

to the nearest gas main, joint trenching, whether work is conducted by the utility or a private contractor, and
number of homes per development among other things. While the best cost data available to theCGRelach

Team was applied in this analysis, individual projects may experience different costs, either higher or lower than
the estimates presented here.

42 @ 201908-01




































































































































































































































