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Cost Effectiveness Analysis: Multifamily New Construction 

Legal Notice 

This report was prepared by Pacific Gas and Electric Company and 
funded by the California utility customers under the auspices of the 
California Public Utilities Commission. 

Copyright 2022, Pacific Gas and Electric Company. All rights 
reserved, except that this document may be used, copied, and 
distributed without modification. 

Neither PG&E nor any of its employees makes any warranty, 
express or implied; or assumes any legal liability or responsibility for 
the accuracy, completeness or usefulness of any data, information, 
method, product, policy or process disclosed in this document; or 
represents that its use will not infringe any privately-owned rights 
including, but not limited to, patents, trademarks or copyrights. 

Acronym List 

2023 PV$ � Present value costs in 2023 

ACH50 � Air Changes per Hour at 50 pascals pressure differential 

ACM � Alternative Calculation Method 

ADU � Accessory Dwelling Unit 

AFUE � Annual Fuel Utilization Efficiency 

B/C � Lifecycle Benefit-to-Cost Ratio 

BEopt � Building Energy Optimization Tool 

BSC � Building Standards Commission 

CA IOUs � California Investor-Owned Utilities 

CASE � Codes and Standards Enhancement 

CBECC-Res � Computer program developed by the California Energy 
Commission for use in demonstrating compliance with the 
California Residential Building Energy Efficiency Standards 

CFI � California Flexible Installation 

CFM � Cubic Feet per Minute 

CO2 � Carbon Dioxide 

CPAU � City of Palo Alto Utilities 

CPUC � California Public Utilities Commission 

CZ � California Climate Zone 

DHW � Domestic Hot Water 

DOE � Department of Energy 

DWHR � Drain Water Heat Recovery 

EDR � Energy Design Rating 

EER � Energy Efficiency Ratio 

EF � Energy Factor 

GHG � Greenhouse Gas 
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7 Appendices 

7.1 Map of California Climate Zones 

Climate zone geographical boundaries are depicted in Figure 3. The map in Figure 3 along with a zip-code search 
directory is available at: https://ww2.energy.ca.gov/maps/renewable/building_climate_zones.html 

Figure 3. Map of California climate zones. 
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Building Climate Zones 
California, 2017 

L] Building Climate Zones 

cJ County Boundary 

Soutca: CaWomla Energy Commlalon 

ISO 100 

https://localenergycodes.com
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7.2 Utility Rate Schedules 

The Reach Codes Team used the CA IOU and POU rate tariffs detailed below to determine the On-Bill savings for 
each package. The California Climate Credit was applied for both electricity and natural gas service for the IOUs using 
the 2022 credits shows below.9 The credits were applied to reduce the total calculated annual bill, including any fixed 
fees or minimum bill amounts. 

Electricity rates reflect the most recent approved tariffs. Monthly gas rates were estimated based on the latest available 
gas rate (December 2022) and a curve to reflect how natural gas prices fluctuate with seasonal supply and demand. 
The seasonal curve was estimated from monthly residential tariffs between 2012 and 2022 (between 2020 and 2022 
for CPAU). 12-month curves were created from monthly gas rates for each of the eleven years (three years for CPAU). 
These annual curves were then averaged to arrive at an average normalized annual curve. This was conducted 
separately for baseline and excess energy rates. Costs used in this analysis were then derived by establishing the 
most recent baseline and excess rate from the latest tariff as a reference point (December 2022), and then using the 
normalized curve to estimate the cost for the remaining months relative to the reference point rate. 

9 https://www.cpuc.ca.gov/industries-and-topics/natural-gas/greenhouse-gas-cap-and-trade-program/california-climate-
credit 
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2022 Electric California Climate Credit Schedule 

PG&E 

SCE 

SDG&E 

April 

$39.30 

$59.00 

May June July Aug Sept 

$64.17 $64.17 

Residential Natural Gas California Climate Credit 
The 2022 Natural Gas California Climate Credit is distributed in April. 

201st 2019 2020 2021 2022 Total Value Received Per Household 2018-2022 

PG&E $30 $25 $27 $25 $47.83 $154 

SOG&E $34 $21 $18 $43.06 $116 

Southwest Gas $22 $25 $27 $28 $49.44 $150 

SoCalGas $50 $26 $22 $44.17 $142 

Oct 

$39.30 

$59.00 

https://localenergycodes.com
https://www.cpuc.ca.gov/industries-and-topics/natural-gas/greenhouse-gas-cap-and-trade-program/california-climate
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7.2.1 Pacific Gas & Electric 

The following pages provide details on the PG&E electricity and natural gas tariffs applied in this study. Error! 
Reference source not found. describes the baseline territories that were assumed for each climate zone. A net 
surplus compensation rate of $0.0474/ kWh was applied to any net annual electricity generation based on a one-year 
average of the rates between November 2021 and October 2022. 

Table 23. PG&E Baseline Territory by Climate Zone 

Climate 
Zone 

CZ01 
CZ02 
CZ03 
CZ04 
CZ05 
CZ11 
CZ12 
CZ13 
CZ16 

Baseline 
Territory 

V 
X 
T 
X 
T 
R 
S 
R 
Y 

The PG&E monthly gas rate in $/therm was applied on a monthly basis according to the rates shown in Error! 
Reference source not found.. These are applied to both the G-1 and GM rates. These rates are based on applying a 
normalization curve to the December 2022 tariff based on eleven years of historical gas data. See the beginning of 
Section Error! Reference source not found. Error! Reference source not found. for further details. The 
corresponding CARE rates are shown in Error! Reference source not found. and reflect the 20 percent discount per 
the GL-1 tariff. The GM master metered wather heating baseline quantity of 0.43 therms per dwelling unit per day in all 
baseline territories and in both seasons was applied to the centrally metered gas water heating. 

Table 24. PG&E Monthly Gas Rate ($/therm) 

Month 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Total Charge 
Baseline 
$2.20579 
$2.24291 
$2.11750 
$2.08101 
$2.08062 
$2.09104 
$2.10404 
$2.15162 
$2.18718 
$2.23153 
$2.32121 
$2.34123 

Excess 
$2.66008 
$2.69637 
$2.58278 
$2.55500 
$2.55844 
$2.56928 
$2.58189 
$2.63251 
$2.67910 
$2.71934 
$2.79158 
$2.80922 
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Table 25. PG&E Monthly CARE (GL-1) Gas Rate ($/therm) 

Month 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Baseline 
$1.76463 
$1.79433 
$1.69400 
$1.66480 
$1.66449 
$1.67283 
$1.68323 
$1.72129 
$1.74974 
$1.78523 
$1.85697 
$1.87298 

Total CARE Charge 
Excess 

$2.12806 
$2.15710 
$2.06622 
$2.04400 
$2.04675 
$2.05543 
$2.06551 
$2.10601 
$2.14328 
$2.17547 
$2.23327 
$2.24738 
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Residential 
GAS 

Baseline Territories and Quantities 11 

Effective April 1, 2022 - Present 

BASELINE QUANTITIES (fherms Per Day Per Dwelling Unit) 

lndividuall:i Metered 
Baseline Summer Winter Off-Peak 

Territories (April-October) (Nov, Feb, Mar) 
EJfective Apr. 1, 2022 Effective Nov. 1, 2022 

p 0-39 1-88 
Q 0.56 1.48 
R 0.36 1-24 
s 0.39 1.38 
T 0.56 1.31 
V 0.59 1.51 
w 0.39 1.14 
X 0.49 1.48 
y 0.72 2.22 

Master Metered 
Baseline Summer 

Territories (April-October) 
Effective Apr. 1, 2022 

p 0.29 
Q 0.56 
R 0.33 
s 0.29 
T 0.56 
V 0.59 
w 0.26 
X 0.33 
y 0.52 

Summer Season: Apr-Oct 
Winter Off-Peak: Nov, Feb, Mar 
Winter On-Peak: Dec, Jan 

Advice Letter: 4589-G 
Decision 21-11-016 
GRC 2020 Ph II [Application 19-11-019] 
Filed: Nov 22, 2019 

Winter Off-Peak 
(Nov, Feb, Mar) 

Effective Nov. 1, 2022 
1.01 
0.67 
0.87 
0.61 
1.01 
1-28 
0_71 
0.67 
1.01 

Winter On-Peak 
(Dec,Jan) 

Effective Dec. 1, 2022 
2.19 
2.00 
1.81 
1.94 
1.68 
1-71 
1.68 
2.00 
2.58 

Winter On-Peak 
(Dec,Jan) 

Effective Dec. 1, 2022 
1.13 
0.77 
1.16 
0.65 
1.10 
1.32 
0.87 
0.77 
1.13 

https://localenergycodes.com
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Pacific Gas and 
Electric Company· 

Rev,sed 
Cancelling Revised 

Cat. P.U.C. Shut No. 
Cal. P.U.C. She&t No. 

Sl472-E 
52702-E 

u 39 San Francisoo. ca/ifomia 

ElECT,RIC SCHEDULE E-TOU-C Sheet 2 
RESIDENTIAL TIME-OF-USE {PEAK P,RICLNG 4 - 9 p.m. EVE.RY DAY} 

RATES: 
(Confd.) 

:E-TOU•C TOTAL BUNDLED RATES 

Tat.al Ene.rgy Rates (S per kWh) 
summer 

Total Usage 
Baseline Cmdil {Appied lo !Basellne Usage Only} 

IMIIJet 
Total Usage 
Baseline Cmdil {Appied to 'Baseline Usage Only) 

Delivery Minfmum BID Amount($ per meter per day) 

Caliromra aimate Credit (per household. per 5emi
emual peyment ooourring in the April and October bm 
cycles) 

PEAi< 

S0.A8002 (I) 
{$0.09054) (R) 

S0.39193 (I) 
($0.09054) (R) 

$0.34B10 

lS:39.30} 

OFF.PEAK 

S0.4256B (I) 
($0.09054} (R.) 

S0.37460 (lj 
($0.0905'$} (R) 

Total bundled servioa charges shown on cuslomer's bills are unbundfed according to the ~onenl 
rates shown below. Where Iha delive1ly mlnfmum bm amount applies, the customer's bill will equal the 
sum or (1) the de6very mini1T1Um biJI amount plus l2) for bundled seivice. the generation rale lrme:s the 
oomblli' of kWh u'Sed_ For revenue accounting purposes, Iha revenues from the delivery minimwn biiil 
amount 'NII be ass!gned lo lhs Transmission. Transmission Rate Adf\Jslmenls, Reliability Services. 
PtJblic Purpose Programs. 'Nuclear Oeoommissiooing, Compelffion Transruon Charges. Energy Cost 
Rec:Ollery Amount, 'Wjldfiro Fund Chatge. and New System Generation Charges based on kWh 
usage limes 1he, •COfTespondin91 unl>undled rale component per kWh, wi1h any re&idual revenue 
BSSIQned 1o Dislribulill'l'l. 

rn 

(Conllnued) 

MviC8 
D8Ci:sion 

61603-E-A (S$!ied by 
Rabelt s. Ke11ney 

WCI!! Pre:siri"rtt, R'tlgu/alory Affair$ 

Submitted 
Efmdive 
Resolution 

May 31. 2022 
June 1. 2022 

https://localenergycodes.com
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Pacific Gas and 
Electric Campany" 

Revised 
Ca/'J~lng R9Vised 

Cal. P.U.C. SheM NO. 
Cal. P.U.C. Sh@t;t No. 

53474-E 
5017!Hc 

u 39 san Ff'andsCQ. Galifomia 

SPECIAL 
CONDmONS: 

ELECTRIC SCHEDULE :E-TOll--C Sheet 4 
RESIDENTIAi.. TIME-OF-USE (PEAK PRICING 4 -8 p.m. EVBRY DAY) 

1. BASaJNEJ!lER 1) QUANTITIES: The (Ollowlng quentities ol Eileclr1cil.y ara to 
be used to efina usage eftgibla ror ihEI baseline eraall: 

BASELINE QUANTITIES ~Wh PER DAY! 

CodEt 8 - Ba6Jc Quantities Gode H - AJI..Eledric 
Quantities 

8!15aline Summar Winter Summer Winter 
Tesracr,.• T1e11 Tier I Tier 1 Tier 1 

p 13.5 (R) 11.0 (R) 1S.2 (A) 26.0 (R~ 
Q 9.8 (R) 11.0 !R) a.s (R) 26.0 (R 
R 17.'7 (RI 10.A, R) 19.9 (R) 28.7 (R> 
s 15.0 (R) 10.2 (R) 17.8 (A) 2:l.7 [R) 
T 6.S (R) 7.5 (R) 7.1 (A) 12.9 (R) 
V 7.1 (R) 8.1 !R) 10A (R) 19.1 (I) 
w 19.2 (R) 9.8 R) 22.4 (R) 19.0 (R) 
X 8.S !~ 9.7 (R) 8.5 (A) 14.6 (R) 
y 10.5 , 1.1 (R) 12.0 (A) 24.0 (R) 
z 5.9 (R) 7.8 (R) 61 (Al ,s.1 (R) 

2. TIME PERIODS FOR E-TOU-C: Tunes or the year and llmss of the day are 
defined as tolklws: 

Summer (service from .rune 1 lhrough September 30): 

Peale 

Off-Peak: 

4:00 p.m. to 9:00 p.n,. 

All other limes, 

Al days 

Winter (seIVlce rrom October 1 through May 31): 

Peak: 

Off-Pea.I<.: 

4:00 p.n1. to 9:00 p.m. 

All o!h!t, bm~-

Aldays 

• The applicable baselfne tertlloty' Is descnbed In Patt A or the Preliminary Statement 

Advi:-e 6603-E-A 
Det#;iOn 

/$Stn!d by 
Robett S. Kem11!y 

Vice Preskll!nt. ffflgu/atofy Affair:. 

Submitted 
~t)vs 

~$0/u!KJfl 

(Conlinuad) 

May 31, 2022 
Jurne 1. 2022 

https://localenergycodes.com
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Pacific Gas and' 
Elecmt Company· 

Rew.ed 
Cancel/Ing R&'Vi-i.ed 

Cal P.U.C. SM.et No. 
C-al. P.U.C. Sh9.et No. 

u 39 San t=randsco. Callfomia 

EL!E.CT1RIC SC,HEDUI.E D-CARE Sheet 1 
UNE-IT6M DISCOUNT FOR CAUFORNIA ALTERNATE RATES FOR ENERGY !CARE) 

CUSTOMERS 

Al-"t-'I..K,;AHILJ I Y: 1 niS scnea ure 15 apprc.atile ID s:ing!El'-pnase ana pa1ypitmse te61Dentiial service 11'i 
si:ng.1&-family dwell~ and in Rats alld apa:rtme.nl5 :seperalafy metered by PG&E 
and domesliic sul>metered tenants resiiding In multifamily a.ccommodalions. 
rnot:nlehome pa1kS enc11 lo qualifying recreational vehfcle parlkS and marinas and to 
larm 58lYiCe on lhe· prnfriises operated by !he [fmf50n whose tesidooca is supplied 
ihlOUQh the i.ame meter. where U,e :applicant qualifis5 for Califorria Altemal.8 
Rates, ror EnBfgy (CARE) under the eligibility and certilicaHon a-itMla set forth in 
Eledlrlc RUie 19.1. CARE seMCB lsavaltable on Sohedules E-1, E-6, E-TOU-8, 
E-TOU-C, E-TOU-D. EV2. l:M. ES. ESR, ET and EM-TOU. 

TERRITORY: This rate schedule applles everywhere PG&E provides 1elecirlc sel'\!lca. 

RATES: Customers la'kJing sBfVice on this ralo scbedu,e wlll recei'l/6 a pe,r1centa9e discount 
rA" below) 10n 'lhelr lOlal bundled c:hargason lheilr o!hervme appUcable ra1B 
s.ctiodukt (emtpl fot !he Calif.ortlia Clima.!B Credit. Wliidh will not be discounted). 

53424-E 
52653,-E 

In addilio11, custorneM; Will receive a p,ercenlage d1SCOU.nl ("8" below) on the 
def.lvety minimum bill amounl. if appl(ei!Dle. Thi! CARE discount wlll be caJculale,d 
kx direct access and cornmuruty ChoilOB 9:9g1139alfon customer& baEed 011 the lotal 
cliBf!lm; a5 Ir thay Mre subject lo bundled serviee rates. D16Cal.lnt:s will be applied 
as a residual recludi,on to di:stnblition charges, aner D-CARE rus1orners am 

SPECIAL 
CONDITIONS: 

BXBfflPle<l from the WIidfire Ftlnd Charge, ReCO\/ery l:lond Charga, Reoovel)l Bond (T) 
Credit, and l'.he CARE surc;ha~e portion of I.he public purpose program chalge (Tl 
usm to tuna the GARE dlsGCltlm. Ttte!ie c;oooilio~ also appl~ to rna!iler-mstared 
customer5 and to qua£ified sub-rnetm'ed lenarll:s where IJile, rnaster-meler cu51omer 
ts join'Uy served unde1 PG&Es Raia, Schedule D-CARE and eilher Schedute EM. 
ES, ESR ET, or EM-TOU. 

For master-metered' tuslomers whe.re one or more of !he &ibrnetered lenanlli 
qualifies fat CARE mte5 under lhe eligll>lllly and certlficatloti crlMia set fortn in 
Rule 19.1. 19.2, or 19.3, Iha CARE discount is equal lo .a percentage ("C" balm") 
oP loo tolal bundled charges, mulllphed by the number of CARE Ullll.'S dh.ridecl by 
lh.e lolaJ number or units. l.n edd11iion, masl&1-mele1ed ,customsr5 eligible for 
D-CAAE will raoeive a parcentaga discount r□• bmow) on the delivery minimum 
bill amounl, ii' applicable. 

IL is lhe responslblllly or l'he mesl.81-mal.eled c:u.s.fumer lo advise PG&E wllhln 15 
dny,, l'otlowlng An)' eli11nga in Uii!I nll:mboi' of dwaling unita and/or i!iti)" dec:.-ea:kl in 
lhe number or qualifymg CARE aJ>Phcan:ls thal results when such appfic.an ls move 
oul of their submelelecf,or non-sut>malerecl dwe01119 u.nil,, Of .st1l>melele<l 
pennenenl-n!sk!Mce :RV 01 permanent-resiclenea boat. 

A.. D-CARE Dlscoont 
B. Delli'lery Minirnutn 1:1111 Dis_eount: 
C. t.tasblr-t.teterD-CARE Discount 
D. Master-f.teter OerlV8,Y Minimum 

em DiscounL 

34.947 % (Petce:nl) (II 
50.000 % (Percent} 
34.947 % (Parcanl) (I) 
50.000 '% !Percent) 

1. OTHERWISE APP1UCABLE SCHEDULE: Tba Special CondjUOns or the 
Customer's oltlerwlse applicabte rate schedule wm apply to Ill.is sci'ledUle. 

(Conllnuecl) 

AtMce 
DftGiSion 

660l-E-A ISSl.lfl'd by 
Robe.rt. S. Kenney 

Submiltsd 
El~.cti119 
Resolution 

May31.2022 
Jllll9 1.2022 

vu Pm.slditrml, R&gulatt!ly Mairs 

https://localenergycodes.com
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7.2.2 Southern California Edison 

The following pages provide details on are the SCE electricity tariffs applied in this study. Error! Reference source 
not found. describes the baseline territories that were assumed for each climate zone. A net surplus compensation 
rate of $ 0.04361/ kWh was applied to any net annual electricity generation based on a one-year average of the rates 
between November 2021 and October 2022 

Table 26: SCE Baseline Territory by Climate Zone 

Climate 
Zone 

Baseline 
Territory 

CZ06 6 
CZ08 8 
CZ09 9 
CZ10 10 
CZ14 14 
CZ15 15 
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Summer Daily Allocations (June through Sept0mb0r) 

Baseline Region Number 

5 

6 

8 

g 

1C 

13 

14 

15 

16 

SPECIAL CONDITIONS 

All-
Daily kWh Electric 
Allocation Allocation 

17 2 17.9 

11.4 8.8 

12 6 9.8 

16.5 12.~ 

18.9 15.8 

22 0 24-.6 

18.7 18.3 

46.4 24.1 

H~ 13.5 

Sciiedule TOU-O 
TIME-OF-USE 

DOMESTIC 
(Continued) 

1. Applicable rate lime periods are defined as follows: 

Option 4-9 PM, Option 4-9 PM-CPP, Option PRIME, Option PRIME-CPP : 

Wimer Daily Allocations (October through May) 

All-
Daily kWh Electric 

Baseline Region Number Allocation Allocation 

5 18.7 29.1 

6 11.3 13.0 

3 10.5 12.7 

q 1? 3 14 3 

10 12.5 17.0 

13 12.5 24.3 

14 12.0 21.3 

15 99 18 2 

16 12.6 23.1 

Sheet 12 (T) 

(T) 

TOU Period 
Weekdays Weekends and Holidays 

Summer Winter Summer Winter 

On-Peak 4 p.m.• 9 p.m. NIA NIA NIA 

Mid-Peak NIA 4p.m. -9p.m. 4 p.m.-9p.m. 4 p.m.-9p.m. 

Off-Peak All other hours 9 p.m. -6a.m. All other hours 9 p.m. -6a.m. 

Super-Off-Peak NIA aa.m.-4 p.m. NIA 6a.m. -4 p.m. 
CPP Event 

4 p.m. - 9 p.m. 4 p.m. - 9p.m. NIA NIA Period 
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rm·soN 
.1111'.•.:,,.!ln •r!:'9. .... t_. (->u 

Southern California Edison 
Rosemea<f, Ca~fomia (U 33S-E) 

RATES 

Cancelling 

Schedule TOU-D 
TIME-OF-USE 

DOMESTIC 
(Continued) 

Revised 
Revised 

Cal. PUC Sheet No. 
Cal. PUC Sheet No_ 

Sheet 2 

74502-E 
73968-E 

Cus1omers receiving service under this Schedule will be charged the applicable rates under Option 4-9 PM 
Option 4-9 PM-CPP Option 5-S PM, Opfion 5-a PM-CPP, Option PRilv1E, Option PRIME-CPP Option A, 
Option A-CPP, Option B, or Option B•GP.P, as listed below. CPP Event Charges vlill apply lo all energy 
usage during GPP Event Energy Charge periods and' CPP Non-Event Energy Cr•edils will apply .as a 
reduction on CPP Hon-Event Energy Credi! Periods during Summer Season days, 4:00 p_m. to 9:00 p.m., as 
described in Special Conditions 1 and 3, below: 

.QlaJl!ill. •.r. FM ! QJ:11911.9 f!f:Cfp 
e.nercr,- Ch~rge • s '3:Wt' 

~L--rr .. m!!:i' ~eiso:.:i - Or.Pe.::LII'.: 0.29t20 {R) 
Mlll!-:?e-3-.: 0.29&20 ~R) 
Of'"'.--="e:el: 0.2SC71 (I) 

Wlf'lte,. 0-eas.c.'1 - V'hS-Pe:,~ 0.2S.S20 {R) 
Of'., 0 e,'< 0,2:5il71 (I) 

E<l:,c,..01"...?e:~ O . .:?S07 (I) 

("0,05'CIS~) (I) 

0.l:>0111'(1) 

e..:is~ c,-11: r.~e • s 'dey 
-EIIJ'lgle_,_=amlly ~es.tder:ce o.o:: 1 

Mu1~µ_=,m,.1y ~e:s.tderce 0.02~ 
Mlrff'um Cta~e'""- - S.-1d-.3y 

:tl~g-~e: -=amny Ci.eskfer.ce O.J.J-6 
Mu:l!l-i.='5mll'Y ff_i~s.M:~1:e- 0.3415 

Ml~ff.urn Cf"_,srg!:• (Ml!dfC..!I E!se-Ule,)- - $.!@ly 
Sit g:re ,= ,mny F..e:s.lder ce 0. 1 :71: 

Mu!_':k=ama,y -=i.~\:fer:ce 0.173 
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i:i5is'.o'N 
Soulhem California Edison Revised Cal. PUC Sheet No, 74493-E 
Rosemead, California (U 33S-E) Cancelling Revised Cal. PUC Sheet No. 73964-E 

Schedule D-CARE 
CALIFORNIA.ALTERNATE RATES FOR ENERGY 

DOMESTIC SERVICE 

Sheet 1 

APPLICABILITY 

Applicahte lo domestic servfoe to CARE households reskfrng in a permanent Single-Family 
Accommodation or Multifamily Accommodation where the customer meets all the Special Conditions or 
this Sdhedufe. CtJstomers enrolled in the CARE program are not eligible ror 1tle Family Electric Rate 
Assistance (FERA) program. 

Purs-uanl lo Special Condition 12 heretn, customers receiving servfce under ttits Schedule are eligible lo 
receive tile Callfomia Climate Credit as shown in lhe Rates seclion below. 

TERRITORY 

1/1/ilhin the entire lerrilory served. 

~ 

The app[JCable charges set forth in Sche<lule D shall apply lo OJstomers seJVed under this Schedule. 

CARE Discount: 

A 28.9 percent discount is, applied lo a CARE Customer's bill prior lo lhe a;pp[icatton of the Public Ulililfes (R) 
Commission Reimbursement Fee (PUCRF) and any applicable user fees, taxes, and late payment 
charges. CARE Customers are require<! to pay the PUCRF and a11y applicable user fees, taxes, and 
late paymefll charges in full. In addition, CARE Customers are exempt from paying ttle CARE 
.Surcharge of S0.00931 per klNh and the Wildffre Fund Noo-Byp,assable Charge of S0.00652 per k\J\lll. (I) 
The 28.9 percent dlscount. in addition lo lhese exemplions result in an average effective CARE mscounl (R) 
or 32. 5 percent 

(To be inserted by ulility) 
Advice 4864-E 
Decision -22=-=---=-08-0=-=-=-o..,.1 ____ _ 

{Continued) 

Issued by 
Michael Backstrom 

Vice Presidenl 

(To be inserted by Cal. PUC) 
Date Submitted Sep 1 s, 2022 
Effective Oct 1 2022 
Resolution 
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7.2.3 Southern California Gas 

Following are the SoCalGas natural gas tariffs applied in this study. Error! Reference source not found. describes 
the baseline territories that were assumed for each climate zone. 

Table 27. SoCalGas Baseline Territory by Climate Zone 

Climate 
Zone 

Baseline 
Territory 

1 
1 
1 
2 
1 

The SoCalGas monthly gas rate in $/therm was applied on a monthly basis according to the rates shown in Error! 
Reference source not found.. These rates are based on applying a normalization curve to the December 2022 tariff 
based on eleven years of historical gas data. See the beginning of Section Error! Reference source not found. 
Error! Reference source not found. for further details. Long-term historical natural gas rate data was only available 
for SoCalGas� procurement charges.10 The baseline and excess transmission charges were found to be consistent 
over the course of a year and applied for the entire year based on 2022 rates. CARE rates reflect the 20 percent 
discount per the GR tariff. 

CZ05 
CZ06 
CZ08 
CZ09 
CZ10 
CZ14 
CZ15 

2 
1 

Table 28. SoCalGas Monthly Gas Rate ($/therm) 

Month 
Procurement 

Charge 
Transportation Charge 

Baseline Excess 
Total Charge 

Baseline Excess 
January $0.90581 $0.82487 $1.23877 $1.73068 $2.14458 
February $0.83669 $0.82487 $1.23877 $1.66156 $1.84967 
March $0.80596 $0.82487 $1.23877 $1.63083 $1.82938 
April $0.71941 $0.82487 $1.23877 $1.54428 $1.75890 
May $0.77049 $0.82487 $1.23877 $1.59536 $1.78548 
June $0.86253 $0.82487 $1.23877 $1.68740 $1.83337 
July $0.87687 $0.82487 $1.23877 $1.70174 $1.86833 
August $0.95391 $0.82487 $1.23877 $1.77878 $1.91089 
September $0.85896 $0.82487 $1.23877 $1.68383 $1.83611 
October $0.84147 $0.82487 $1.23877 $1.66634 $1.84936 
November $0.89018 $0.82487 $1.23877 $1.71505 $1.88836 
December $1.05329 $0.82487 $1.23877 $1.87816 $1.98294 

10 The SoCalGas procurement and transmission charges were obtained from the following site: 
https://www.socalgas.com/for-your-business/energy-market-services/gas-prices 
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Schedule No. GM 
MULTI-FAMILY SERVICE 

Sheet 2 

(lndudc:s GM-E. GM-C. GM-EC. GM-CC. GT-ME, GT-MC and all GMB Rates) 

(Continued) 

APPLICABILITY (Continued) 

Multi-family Accommodations built prior lo December 15, 1981 and currently served under I.his 
schedule may also be clib,-jblc for service under Schedule No. GS. Lf an clib,-ible Mul11-family 
Accommodation served under this schedule converts to an applicable submelercd tariff, the tenant rental 
charges shall be revised for the duralion of the lc:-.ise to reflect removal of the energy related charges. 

Eligibility for service hereunder is subject to verification by lhe Utility. 

TERRITORY 

Applicable lhroughout the service territory. 

RATES 
GM/GT-M 

Customer Charge. per meter, per day: .......................... 16.4381' 
GMB/GT-MB 

$19.792 

For "Space Heating Only" customers. a daily 
Customer Charge applies during the winter period 
from November l through April 30': .......................... 33.149¢ 

GM-E GM-EC'V 
Baseline Rate, per therm (baseline usage defined per Special Conditions 3 and 4): 

Procurement Charge:' . ···-··--·-····--·-· ________________________ l 10.870¢ I I0.870¢ 
Transmission Charge: ............................................. 90.256¢ 90.256, 
Total Baseline Charge (all usage}: ....................... 201.126¢ 201.1261'-

Non-Baseline Rate, per therm (usage in excess of baseline usage): 
Procurement Charge:' .......... _ ............................... l 10_870¢ 
Transmission Charge: ........................................... 135.367¢ 
Total Non Baseline Charge (all usage): ................ 246.237¢ 

110.870¢ 
135.367, 
246.237.i: 

GT-ME 

NIA 
90.256~ 
90.256¢ 

NIA 
135.367¢ 
135.367¢ 

3. Baseline Usage: The following usage is to be billed at the Baseline rate for Multi-family 
Accommodation units. Usage in excess of applicable Baseline allowances will be billed at the on
Basel inc rate. 

Per Residence 

Summer (May 1- Oct.31) 
Winter On-Peak (Dec .. Jan., and Feb.) 
Winter Off-Peak ( ov., Mar., and Apr.) 

Daily Thenn Allowance 
fo~ Climate Zones• 

I 2 .3 - - -
0.424 0.424 0.424 
1.600 1.867 2.600 
0.874 0.923 l.714 
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7.2.4 San Diego Gas & Electric 

Following are the SDG&E electricity and natural gas tariffs applied in this study. Error! Reference source not found. 
describes the baseline territories that were assumed for each climate zone. A net surplus compensation rate of 
$0.04174 / kWh was applied to any net annual electricity generation based on a one-year average of the rates between 
January 2022 and December 2022. 

Table 29. SDG&E Baseline Territory by Climate Zone 

Climate Baseline 
Zone Territory 
CZ07 Coastal 
CZ10 Inland 
CZ14 Mountain 

The SDG&E monthly gas rate in $/therm was applied on a monthly basis according to the rates shown in Error! 
Reference source not found.. These rates are based on applying a normalization curve to the December 2022 tariff 
based on eleven years of historical gas data. See the beginning of Section Error! Reference source not found. 
Error! Reference source not found. for further details. CARE rates reflect the 20 percent discount per the G-CARE 
tariff. 

Table 30. SDG&E Monthly Gas Rate ($/therm) 

Month 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Total Charge 
Baseline 
$2.33762 
$2.26751 
$2.25119 
$2.20192 
$2.24252 
$2.31819 
$2.32406 
$2.37527 
$2.33542 
$2.30366 
$2.31722 
$2.45653 

Excess 
$2.34748 
$2.28440 
$2.27016 
$2.22744 
$2.26403 
$2.33060 
$2.33630 
$2.38090 
$2.34971 
$2.32151 
$2.33381 
$2.73517 
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Baseline Usage: The following quantities of gas used in individually metered residences are to be 
billed at the baseline rates: 

All Customers: 

Summer (May to Oct) 
Winter On-Peak (Dec, Jan & Feb) 
Winter Off-Peak (Nov, Mar, & Apr) 

Daily Therm 
Allowance 

0.359 
1.233 
0.692 

https://localenergycodes.com


Cost Effectiveness Analysis: Single Family New Construction 49 
Appendices 

localenergycodes.com California Energy Codes & Standards | A statewide utility program 2023-06-20 
179 

SCHEDULE GM 
MULTI-FAMILY NATURAL GAS SERVICE 

[Includes Rates for GM. GM-C and GTCIGlCAI 

RATES 
GM 

Baseline Rale, per therm (baseline usage deflned In Speclal Condltioo 4) 

Procurement Cnarge• ............................. . S1.05454 

Transmission Charge·························-······-· S1.40199 
Total Baseline Charge .......................... ··- $2.45653 

Non-Base-line Raia (usage In aitc:ess or baseline usage\ 
Proc:urament Charge2 ..................................... . $1.05454 
Transmission Cnar99 ..................................... . 
Total Non-Sasal,ne Chaige ........• ·-···-·················-· 

$1.68063 
S2.73517 

Minimum B~L {)@r aay' 
Non-CARE costomers .................................... . S0.13151 
CAAE customers ..................................... . S0.10521 

Franchise Fee Differential: 

GM-C 

$1.42421 
$1.40199 
$2.82620 

$1.42421 
$1.68063 
$3.10484 

$0.13151 
$0.10521 

Sheet 2 

GTC/GlCA' 

N/A 
$1.40201 
$1.40201 

N/A 
$1.68065 
51.68065 

50.13151 
$0.10521 

A Franchise Fee Differential of 1.03% will be applied to the monthly billings calculated under this schedule for 
an customers within the corporate limits of lhe City of San Diego. Sucll Franchise Fee Differential shall be so 
indicated and added as a separate item to bills rendered to such customers. 

Additional Charges 
Rates may be adjusted to reflect any applicable laxes, franchise fees or other fees, regulatory surcharges, 
and interstate or intrastate pipeline charges lhal may ooour. 

SPECIAL CONDITIONS 

1. Definitions. The definitions of principal terms used in this schedule are found either herein or in Rule 
1, Definitions. 

2. Number of Therms. The number of thefms lo be billed shail be determined in accordance wilh Rule 
2. The daily therm allowance in the Baseline Usage. shown in Special Condition 4, shall be multiplied by the 
number of qualified residential un~s. It is the responsibility of the customer lo advise the Utility within 15 days 
following any change in the su:bmetering arrangements or the number of dwelling units or Mobilehome Park 
spaces provided gas service. The number of qualifying units is subject to verification by the utmfy. 

3. Exclusions. Gas service for non-domestic enterprises such as rooming houses. boarding houses, 
dormitories, rest homes, military barracks, transient trailer parks, stores. restaurants. service stations. and 
olher sim□ar establishments will be separately met.ered and billed under the applicable schedules. 

1 Tho rates for cota transpottailon-oiily customets, 111ilh ll'le excepllon of cuslOrMts taking ;,en,ie,, uMer Scliedula GT
NGV. include any FERC Settlement Proceeds Memorandwn Account (FSPMA) ae1lll adjustmants. 
> This charge is ap~tlcable to UU&ty Procurement Custom111s and Includes Iha GPC and GPC-A Procurement Charges 
shown In ScMdlJle GPC Which are suhj,ect to cl\ange monthly as sel forth 1n Spoeiat Condlllon 7. 
• Elfodive swtlng May 1, 2020, Iha minimum blU is calculated as tha minimum tlill charge of S0.13151 per day Umes lh,e 
number of days 1n !he billlllg cycie (aJ>Proxlmaiety $4 pet monlh) wllh a 20% discount app1Inc for CARE custonw 
resulting l.n a mlnlmlMTI bill charge or S0.10521 per day (approlUrnalely S-3.20 per monlh). 

Conllnued) 
'1H1 Issued by 

Advice Llr. No. 3145-G 

Submllled 

Effective 

Dac9, 2022 

Dae 10, 2022 
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sos/' ~'E 
San Diego Gas & Electric Company 

San Diego, Calkfomla 

RATES 

Total Rates: 

Description - TOU DR1 

Summer: 
On-Peak 
Off.,Peak 
Sllpel" Off-Peak 

Winter: 
On-Peak 
Oft.Peak 
Supe,r Off.Peak 

Summer Base.llna Adjustment Credit up to 
130% of Baseline 
Wanter Baseline Adjustment Credit up 10 
130% of Baseline 

Minimum em ($/day) 

Nole: 

Revised Cal. P.U.C. Sheet No. 

Canceling RevEsed Ca.I. P.U.C. Sheet No. 

SCHEDULE TOU-DR1 
RESIDENTIAL TIME-OF-USE 

UOC Total Rate 
OWRBC+ EECC Rate+ 
WF-HBC DWRCredlt 

0.26467 [ 0.00309 R 0.42232 
0.26467 I 0.00309 R 0.19003 
0.26467 I 0.00309 R 0.06802 

0.39848 I 0.00309 R 0.14268 
0.39848 I 0.00309 R 0.08004 
0.39848 I 0.00309 R 0.06187 

(0.10182) R 

(0.10182) R 

0.350 

R 
R 
R 

R 
R 
R 

36337-E 

35747-E 

Sheet2 

Total 
Rate 

0.69008 R 
0.45779 l 
0.3.3578 I 

0.54425 R 
0.48161 I 
0.46344 I. 

(0.10182) R 

(0.10182) R 

0.350 

(1) Total Rates consist or UOC, Schttdule DWR.SC (Department at Water R:esouroes Bond Charge), Schedule WF-NBC {CA Wildfire 
Fund charge) and SchedlAe EECC {Electric Enerw Commodity Cost) rates, with the EECC rates reflec1ing a DWR OredJt. EECC rates 
are appllcable lo bundled customers only. Seo Special Condi!lon 16 for PCIA (Power Charge lndifferel108 Adjustment) reccvery. 

(2) Total Rales presented are for aistornors that recelve o:mmodity supply and delivery se-rvlce lrom Ulfllty. 
(3) DWR-BC and WF-NBC charges do not apply 10 CARE customers. 
(4) As idenufled in the rates tabl&s. customer bills wm also include One-item summer and winter credits for usage up to 130% of 

baselme to provide lhe rate capping benefits adopted by Assembly B~l 1X and Senat8 Bill 695. 
(5) WF-NBC rate is 0.00652 + DWR-BC Bond Charge is (0.00343). 

Contlnued 
2C1() Issued by Submitted Ma~ 16, 2022 

Ad"vice llf. No. 4004-E Dan Skopec Effective Jun 1, 2022 
Vice President 

Decision No. 22-03-003 Regulatory Affairs Resolution No. 

R 

https://localenergycodes.com


Cost Effectiveness Analysis: Single Family New Construction 51 
Appendices 

localenergycodes.com California Energy Codes & Standards | A statewide utility program 2023-06-20 
181 

Time Periods 

All time periods listed are applicable to local time. The definition of time will be based upon the date service 
is rendered. 

TOU Periods - Weekdays 

On-Peak 
Off-Peak 

Super Off-Peak 

TOU Period - Weekends and 
Holidays 

On-Peak 
Off-Peak 

Super Off-Peak 

Seasons: Summer 
Winter 

Summer 
4:00 p_m_ - 9:00 pm. 
6:00 a.m. - 4:00 p.m.; 
9:00 p.m. - midnight 

Midnight - 6:00 a.m. 

Summer 

4:00 o.m. - 9:00 o.m. 
2:00 pm. - 4:00 p.m.; 
9:00 p_m_ - midniqht 
Midni<1ht - 2:00 p.m. 

June 1 - October 31 
November 1 - May 31 

Winier 
4:00 p_m_ - 9:00 p_m_ 
6:00 a.m. - 4:00 p.m. 

Excluding 10:00 a.m. - 2:00 p.m. in March and April; 
9:00 p.m. - midnight 
Midnight - 6:00 a.m. 

10:00 a.m. - 2:00 P.m. in March and Aoril 

Winter 

4:00 o.m. - 9:00 o.m. 
2:00 p.m. - 4:00 p.m.; 
9:00 p m. - midniQhl 
Midniqht - 2:00 o.m. 

15. Baselln-e Usag,e: The following quantities of electricity are used to calculate the baselln-e adjustment 
credit. 

Basellne Allowance For Climatic Zones* 
Coastal Inland Mountain Desert 

Basic Allowance 
Summer (June 1 to October 31) 9.0 10.4 13.6 15.9 
Winter (November 1 to May 31) 9.2 9.6 12.9 10.9 

A:11 Elecmc---
Summer (June 1 to October 31) 6.0 8.7 15,2 17.0 
Winter (November 1 to May 31) 8.8 12.2 22.1 17.1 

Climabc Zones are shown on the Tenitory Served, Map No. 1. .... All E.leciric allowances are available upon appllcaUon lo those customers who have pennanenlly Installed 
spaoe heating ot who have electric water heating and receive no energy from another source. 

(1) Total Rates conslst of UDC, Schedule DWR-BC (Department of Water Resources Bond Charge), and Schedule EECC (Electric 
Energy Commodity Cost] rates, with ttle EECC rates reflecting a DWR Credit of $0.00000 that customers receive on their monthly 
bilts. 

(2) Total Rates presented are for customers that receive commodity supply and delivery service from Utility. Differences in total rates paid 
by Direct Access (DA) and Community Choice Aggregation (CCAJ customers are identified in SchedUle DA-CRS and CCA-CRS, 
respectively. 

(3) OWR-BC charges do not apply to CARE or Medlcal Baseline customers. 
(4) Total Effective CARE Rate is presented for illustrative purposes only, and renects the average effective CARE discount CARE 

customers receive which consists of {a) exemptions from paying the CARE Surcharge, OWR-BC, California Solar Initiative (CSI) 
and Vehicle-Grid Integration (VGI) Cosls; (b) a 50% minimum bill relalive to Non-CARE; and (c) a separate line-item bill discount 
for au qualified residential CARE customers. 

(SI Current DWR-BC as presented is now used for collecting the Galifomia Wildfire Fund Charge effective Oct 1, 2020 (See 
Schedule WF - NBC). DWR BC will be renamed at implementation of SOG&E's new customer information system. 
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soa• ....,,'E Revised Cal. P.U.C. Sheet No. 
San Diego Gas & Electrlc Company 

San Diego, Carifomia Canceling Revised Cal. P.U.C. Sheet No. 

APPLICABILITY 

SCHEDULE E-CARE 
CALIFORNIA ALTERNATE RATES FOR ENERGY 

35718-E 

32576-E 

Sheet 1 

This schedule provides a California Allemate Rates for Energy (CARE) discount to each of the 
following types of customers listed below that meet the requirements for CARE ellglbflity as defined 
in Rule 1, Definitions, and herein, and is taken in conjunction with the customer's otherwise 
applicable service schedule. 

1) customers residing In a permanent single-Family accommodation, separately metered by 
the Utility. 

2) Multi-family dwelling units and mobile home parks supplied through one meter on a single 
premises where the lndrvidual unit is submetered. 

3} Non-profit group living facilities. 

4} Agricultural employee housing faclliUes. 

TERRITORY 

Within the enllre territory served by the Utility. 

DISCOUNT 

1) Residential CARE: Qualified residential CARE customers wlll receive a total effective 
discount according to the following: 

2015 2016 2017 2018 2019 2020 and 
beyond 

t:.nect1ve 40% 39% 38% 38% 36%R 35% Discount 

tCS 

Pursuant lo Commission Decision (D.) 15-07-001, the average effective CARE discount for 
residential customers will decrease 1% each year untfl an average effective discount or 
35% Is reached In 2020. 

The average effective CARE discount consists of: (a) exemptions from paying the CARE 
Surcharge, Department of Water Resources Bond Charge (OWR-BC), Vehicle-Grid 
Integration (VGI} costs, and Callrornla Solar Initiative (CSI); (b) a 50% minimum bill relative 
to Non-CARE; (c) the California Wildfire Fund Charge (WF-NBC) and (d) a separate line- T 
item bill discounl for all qualified residential CARE customers with the exclusion of CARE 
Medical Baseline customers taking service on tiered rates schedules. 0.15-07-001 
retained the rate subsidies in Non-CARE Medical Baseline tiered rates and thereby a 
separate line-Item discount Is provided for these CARE Medical Baseline customers 

Continued 
Dec 30, 2021 

Advice ltr. No. 3928-E 

Issued by 
Dan Skopec 

Submitted 

Effective Jan 1, 2022 
\Ii~ Pr..cirl11nt 

https://localenergycodes.com
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7.2.5 City of Palo Alto Utilities 

Following are the CPAU electricity and natural gas tariffs applied in this study. The CPAU monthly gas rate in 
$/therm was applied on a monthly basis according to the rates shown in Error! Reference source not found.. These 
rates are based on applying a normalization curve to the December 2022 tariff based on three years of historical gas 
data. See the beginning of Section Error! Reference source not found. Error! Reference source not found. for 
further details. The monthly service charge applied was $106.90 per month per the December 2022 G-2 tariff. 

Table 31. CPAU Monthly Gas Rate ($/therm) 

Month G2 
Volumetric 

Totals 
January $1.80964 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

$1.67009 
$1.68480 
$1.68698 
$1.78478 
$1.88288 
$1.88355 
$2.06943 
$2.06798 
$2.08553 
$2.09681 
$2.45700 
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A. APPLICABILJTY: 

RESlDENTIAL ELECTRIC SERVICE 

UTILITY RA TE SCHEDULE E-1 

This Rate Schedule applies to separately metered single-family residential dwellings receiving 
Electric Service from the City of Palo Alto Utilities. 

B. TERRITORY: 

This rate schedule applies everywhere the City of Palo Alto provides Electric Service. 

C. UNBUNDLED RATES: 

Per kilowatt-hour (kWh) Commodity 

Tier l usage 

Tier 2 usage 
Any usage over Tier l 

Minimum Bill ($/day) 

$0.08547 

0.11858 

Distribution Public Benefits 

$0.05429 $0.00469 

0.08008 0.00469 

Total 

$0.14445 

0.20335 

0.3447 
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RESIDE TlAL MASTER~METERED AND SMALL NON-RESID~NTJAL ELECTRIC 
SERVICE 

UTILITY RA TE SCHEDULE E-2 

A. APPLICABILITY: 

This Rate Schedule applies lo the foUowing Customers receiving Electric Service from the City 
of Palo Alto Utilities: 

l. Small non•r,esidential Customers recei\ring Non•Demand Metered Electric Service; and 
2. Customers with Accounts at Master-Metered multi-family facilities. 

B. TERRITORY: 

c. 
This rate schedule applies everywhere the City of Palo Aho provides Ele.ctric Service. 

UNBUNDLED RATES: 

Per kilowan-hour (kWh) Commodity 

Summer Period $0. J 215 J 

Winter Period 0.08715 

Minimum Bill ($/da:r} 

A. APPLICABILITY: 

D1stribution Public Benefits Total 

$0.09276 $0.00469 S0.21896 

0.06171 0.00469 0.15355 

0.8777 

EXPORT ELECTRICITY COMPENSATION 

UTILITY RATE SCHEDULE E-EEC-1 

This Rate Schedule applies in conjunction with the otherwise applicable Rate Schedules for each 
Customer class. This Rate Schedule may not apply in conjunction with any time-of-use Rate 
Schedule. This Rate Schedule applies to Customer-Generators as defined in Rule and Regulation 2 
who are either not eligible for Net Energy Metering or who are eligible for Net Energy metering but 
elect to take Service under this Rate Schedule. 

B. TERRITORY: 
Applies to locations within the service area of the City of Palo Alto. 

C. RATE: 
The following buyback rate shall apply to all electricity exported to the grid. 

Per kWh 

Export electricity compensation rate $0.1045 
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7.2.6 Sacramento Municipal Utilities District (Electric Only) 

Following are the SMUD electricity tariffs applied in this study. The rates effective January 2023 were used. 

localenergycodes.com California Energy Codes & Standards | A statewide utility program 2023-06-20 
185 

II. Firm Service Rates 

A. Time-of-Day (5-8 p.m.) Rate 

Time-of-Day (5-8 p.m.) Rate (RT02) 

='ion-Summer Season (October - May) 

Residential Time-of-Day Service 
Rate Schedule R-TOD 

Effective as of Effective as of Effecth-e as of 

October 1, 2021 March 1, 2022 Jannary 1, 2023 

System lnfrnstmcture Fixed Charge per 111011th per meter 

Electlicity Usage Charge 

$22.70 $23.05 S23.50 

Peak SlkW11 

Off-Peak $/kWh 

Summer Seaso11 (June - September) 

System Infrastructure Fixed Charge per 111011th per meter 

Electlicity Usage Charge 

Peak S/kW11 

Mid-Peak $/kWh 

Off-Peak $/kWh 

A. Time-of-Day (S-8 p.m.) Rate (rate rategory RTOl) 

S0.1494 

S0.1082 

n/a 

n/a 

n/a 

n/a 

S0.1516 

S0.1098 

$23.05 

S0.3215 

S0.1827 

S0.1323 

S0.1547 

S0.1120 

$23.50 

S0.3279 

S0.1864 

S0.1350 

I. The TOD (S-8 p.m.) Ra1e 1s me smrtdard raie ror SMUD's residential customers. Eligible cus101ners can elect Ille Fixed 
Rate UJ1der RAte SdtedUII! Ras an a:It1:matiw rall!~ 

2. The TOD (5~ p.m.) Rate is an optional .race for customers who have an eligible renewable electrical g,meralion facility 
und~-r R111e Schedule NEM I tha1 was 11pprovoo for cnsta.lfatron by SMUD prior 1.0 Ja1mary I. 2018. 

3. This ru1e bas five kilowacr-hour (kWh) prices, depending on the time-of-day and season as shown below. Hol1dl'.l.ys a.re 
dctoiled in Seclion V. Conditicms uf&rvite. 

Peak Weekdays between 5:00 p..111. wid S:00 p.m_ 

ummrr 
M..id-Peuk 

Weekdays betWl!en uoon and midmgbc except during lhe 

(Jun l - Sept 30} Peak hours. 

OfT-rrs.k All otller hours, including weekends Wld hDlidays1• 

on-Summer Peak Weekdays between 5:00 p.m_ and S:00 p.m. 

(Ort I - May 31} oru•rs.k All otlt<!'r hours. including weekends and holiday,. 1. 

1 See S.Xlion V. Cond1110ns ofSetv1ce 
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C. Ma'iter-MetN'NI Multifamily Accommodation. and Mobile Home Pari:. Billing (R11te Cslegory RSMM) Closed 

Elre;cllw u or Flrcrti\-c as of m1:cthe as of 

O«obn I, 2021 March J, 2022 Januan- I, 1023 

M11,tt"r ,\11:'h:ITLI \lultifamii~ :tncl :\lobili· llomt" 1')1ri. Billin:,: (CIU'!.ru) 

Non-Su,mmi;r Season (October-- May) 

System tofhHlrueture fh:ed Charge per monlh per meti!T S22..70 S13.05 S23.SO 

Eectrlcity Us11ge Cl1_argt 

AU kWh u~ per month SA<Wli $0.1279 $0.1198 $0.1324 

Summer Season (June -S...pu::mbcr) 

System [11rras1:ructure Fixed Cluu-ge per monlh per meti!T nfa $23.05 $23.50 

Eh:ctrlcity Us11ge Ch:u·g~ 

AU kWh u~ per month SA<Wli nfa $0.1486 $0.1516 
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7.2.7 Fuel Escalation Assumptions 

The average annual escalation rates in Error! Reference source not found. were used in this study. These are based 
on assumptions from the CPUC 2021 En Banc hearings on utility costs through 2030 (California Public Utilities 
Commission, 2021a). Escalation rates through the remainder of the 30-year evaluation period are based on the 
escalation rate assumptions within the 2022 TDV factors. No data was available to estimate electricity escalation rates 
for CPAU and SMUD, therefore electricity escalation rates for PG&E and statewide natural gas escalation rates were 
applied. 

Table 32: Real Utility Rate Escalation Rate Assumptions 

Statewide Natural 
Gas Residential 
Average Rate 
(%/year, real) PG&E 

2023 4.6% 1.8% 
2024 4.6% 1.8% 
2025 4.6% 1.8% 
2026 4.6% 1.8% 
2027 4.6% 1.8% 
2028 4.6% 1.8% 
2029 4.6% 1.8% 
2030 4.6% 1.8% 
2031 2.0% 0.6% 
2032 2.4% 0.6% 
2033 2.1% 0.6% 
2034 1.9% 0.6% 
2035 1.9% 0.6% 
2036 1.8% 0.6% 
2037 1.7% 0.6% 
2038 1.6% 0.6% 
2039 2.1% 0.6% 
2040 1.6% 0.6% 
2041 2.2% 0.6% 
2042 2.2% 0.6% 
2043 2.3% 0.6% 
2044 2.4% 0.6% 
2045 2.5% 0.6% 
2046 1.5% 0.6% 
2047 1.3% 0.6% 
2048 1.6% 0.6% 
2049 1.3% 0.6% 
2050 1.5% 0.6% 
2051 1.8% 0.6% 
2052 1.8% 0.6% 

Electric Residential Average Rate 
(%/year, real) 

SCE 
1.6% 
1.6% 
1.6% 
1.6% 
1.6% 
1.6% 
1.6% 
1.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 

SDG&E 
2.8% 
2.8% 
2.8% 
2.8% 
2.8% 
2.8% 
2.8% 
2.8% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
0.6% 
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7.3 Cost Details 

Table 33 presents additional detail on the first cost assumptions for the central water heating systems. For the 5-story 
prototype costs are provided both for a CO2 refrigerant Sanden-based and R-134a refrigerant Colmac-based heat 
pump water heater designs. The results presented in the main body of this report are based on the Sanden design. A 
sensitivity analysis was also conducted for a Colmac design (see Appendix 7.5 Central Heat Pump Water Heater 
Comparison) and the cost comparison is presented here. All costs are based on data from the 2022 Multifamily All-
Electric CASE Report (Statewide CASE Team, 2020c). 

Table 33. Heat Pump Water Heater First Costs per Building (Present Value (2023$)) 

3-Story (36-units) 5-Story (88-units) 

Gas Gas Heat Heat 
Item Gas Boiler Heat Gas Boiler 

Boiler Boiler Pump Pump 
(CZs 10-16) Pump (CZs 10-16) 

(CZs 1-9) (CZs 1-9) (Sanden) (Colmac) 

Total $173,772 $182,810 

Table 34 presents additional detail on the first cost assumptions for the space hating systems. 

Table 34. Heat Pump Space Heater First Costs per Dwelling Unit (Present Value (2023$) 

$211,531 $279,163 $300,883 $343,920 $439,218 

Water Heating 
$87,602 $87,602 $140,907 $135,146 $135,146 $244,742 $319,485 

Equipment 

Solar Thermal 
$39,800 $46,888 n/a $74,740 $91,776 n/a n/a 

Collector 

Gas Piping $8,890 $8,890 n/a $9,065 $9,065 n/a n/a 

Electrical Circuits n/a n/a $25,000 n/a n/a $25,000 $25,000 

Overhead & Markup $37,480 $39,430 $45,624 $60,212 $64,896 $74,179 $94,733 

Total 

Incremental Cost 

$20,667 $16,776 

($3,891) 

$21,245 $16,597 

($4,647) 
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3-Story 5-Story 

Item Furnace + Heat Source & Notes 

Split AC 
Heat Furnace + 

Pump Split HP Pump 

Gas system costs based on 2022 
Multifamily All-Electric CASE Report. 
Heat pump costs based on online 

$5,651 $5,460 $6,109 $5,460 
equipment research indicating a 2-ton 
HP is $191 less than a furnace/AC of 

Dwelling Unit HVAC the same size. 

Refrigerant Piping $563 $563 $423 $423 
2022 Multifamily All-Electric CASE 

Gas Piping $92 $0 $227 $0 
Report. 

Electrical Circuits $0 $150 $0 $150 

Based on the 2022 Multifamily All-
Electric CASE Report with 

$9,904 $6,985 $9,904 $6,985 
adjustments to align with updated 

Labor equipment costs. 

Overhead & Markup $4,457 $3,618 $4,582 $3,579 Based on a 27% markup 



Janice Berman
Pacific Gas and Director -Grid Edge
Electric Company· Pacific Gas and Electric Company 

Mail Code B9F 
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San Francisco, CA 94177-00001 

December 5, 2019 

Energy Commission Staff: 

On March 2, 2018, PG&E provided gas extension cost estimates for residential existing and new 
subdivisions (see attached memo). We have recently updated our estimates and are therefore 
providing an updated memo. 

In addition to mainline and service extension costs, we are also providing estimates of the cost of 
gas meters for different building types including both residential and commercial customers. 
These estimates are based on PG&E historical jobs. 

Developing gas extension cost estimates is complex and the actual costs are project dependent. 
Costs vary widely with location, terrain, distance to the nearest main, joint trenching, materials, 
number of dwellings per development, and several other site and job-specific conditions. For 
these reasons, it is not practical to come up with estimates that represent every case. Instead we 
are including estimates based on historical averages taken from projects within PG&E's territory. 
It is not recommended to compare specific project costs to these estimates as any number of 

factors could lead to higher or lower costs than these averages are representing. 

We are also including estimates for in-house gas infrastructure costs and specific plan review 
costs. These estimates are from external sources, and are not based on PG&E data, but have 
been provided for the sake of completeness and for use in energy efficiency analysis. 

To fmiher anchor the estimates, several assumptions have been made: 

1. It is assumed that during new construction, gas infrastructure will likely be joint trenched 

with electric infrastructure. As a result, the incremental cost of trenching associated with 

the gas infrastructure alone is minimal. Therefore, all mainline cost estimates exclude 

trench costs. Service extension cost estimates include both estimates with and without 

trench costs. In the case where new construction would require overhead electric and 

underground gas infrastructure, the estimates with trench costs included for service 

extensions should be utilized. 

2. It is assumed that new construction in an existing subdivision would not generally require 

a mainline extension. In cases where a mainline extension would be required to an 

existing subdivision, the costs are highly dependent on the location, terrain, and distance 

to the nearest main. 

m 



Janice BermanPacific Gas and 
Director - Grid Edge

Electric Company Pacific Gas and Electric Company 

Mail Code B9F 

P O Box 770000 

San Francisco, CA 94177-00001 

3. These estimates are for total costs. The cost estimates have not been reduced to account 
for the portion of the costs paid by all customers due to application of Rule 15 1 and Rule 
162 allowances. Hence, costs to the specific customer may be lower than the estimates 
below, as the specific customer benefits from the Rule 15 and Rule 16 allowances. 

Table 1: PG&E Gas Infrastructure Cost Estimates 
New Greenfield Existing 

Subdivision/Development Subdivision/Development 
Mainline Extension Single-Family 

$17/ft4 

N/A3 

Multi-Family 
$11/ft4 

Service Extension $6750 per service/building4 $1300 per service/building4 

(Typically 1" pipe ( excludes trench costs) (includes mainline extension costs 
from mainline to within the subdivision; excludes 

the meter) trench costs) 
(includes trench costs) 

$9200 per service/building4 

$1850 per service/building4 

(includes mainline extension costs 
within the subdivision; includes 

trench costs) 

Meter Residential Single Family Residential Single Family 
$300 per meters $300 per meters 

Residential Multi-Family Residential Multi-Family 
$300 per meter+ $300 per meter $300 per meter+ $300 per meter 

manifold outlets manifold outlets 

Small/Medium Commercial Small/Medium Commercial 
$3600 per meter6 $3600 per meter6 

1 https ://www .pge.com/ta riffs/tm2/pdf /E LEC _RU LES_ 15. pdf 
2 https://www .pge.com/tariffs/tm2/pdf /ELEC_RULES_16.pdf 
3 It is assumed that new construction in an existing subdivision would not require a main extension. 
4 Estimates based on PG&E jobs from Jan 2016 - Dec 2017 from PG&E's Service Planning team. 
5 Estimates from PG&E's Dedicated Estimating Team. For Multi-Family units, the costs of $300 per meter and $300 
per meter manifold outlet should be combined for a total of $600 per meter. 
6 PG&E Marginal Customer Access Cost Estimates presented in the 2018 Gas Cost Allocation Proceedings (GCAP), 

A.17-09-006, Exhibit PG&E-2, Appendix A, Section A, Table A-1. The Average Connection Cost per Customer values 

were included in the MCAC workpaper that accompanied the GCAP testimony 
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Large Commercial Large Commercial 
$32,000 per meter6 $32,000 per meter6 

Note: Service extension cost estimates for New Greenfield Subdivisions include mainline 
extension costs as well. Therefore, mainline cost estimates can be ignored for the purpose of 
estimating total project costs. 

Table 2: Gas Infrastructure Cost Estimates from Other Sources 

In-House 
Infrastructure 

Existing Subdivision/Development 

Single-Family 
$8007 

. 

New Greenfield 
Subdivision/Development 

Single-Family 
$8007 

Multi-Famil:y 
$600 per unit7 

Multi-Family 
$600 per unit7 

Medium Office 
$600-45007

•
8 

Medium Office 
$600-45 00 7•

8 

Medium Retail 
$10,0008 

Medium Retail 
$10,0008 

Plan Review 
(Will vary by city 

and often not a 
fixed fee) 

Residential 
Palo Alto - $8509 

Nonresidential 
Palo Alto - $23169 

Residential 
Palo Alto - $8509 

Nonresidential 
Palo Alto - $23169 

Please let us know if there are any follow-up questions or clarifications. 

Best regards, 

7 Frontier Energy, Inc., Misti Bruceri & Associates, LLC. 2019. "2019 Cost-effectiveness Study: Low Rise Residential 
New Construction." Available at: https://localenergycodes.com/content/performance-ordinances 
8 TRC, EnergySoft. 2019. "2019 Nonresidential New Construction Reach Code ·cost Effectiveness Study." Available 
at: https://localenergycodes.com/ content/performa nce-ord in a nces 
9 TRC. 2018. "City of Palo Alto 2019 Title 24 Energy Reach Code Cost Effectiveness Analysis Draft." Available at: 
http://cityofpaloalto.org/civicax/filebank/documents/66742 

I 
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7.6 Summary of Measures by Package 

Table 36 provides the details of the measures in each of the efficiency package by climate zone. The measures are the 
same for the 3-story and 5-story prototypes. Table 37 presents the PV capacities per dwelling unit in the upgrade 
packages. In Climate Zone 6 for the mixed fuel case in the 5-story prototype there is no upgrade to the PV system 
capacity as the prescriptive PV system already offset all of the estimated electricity use. 

Table 36. Mixed Fuel Efficiency Package Measures 

Climate 
Zone 

0.70 Roof 
Solar 

Reflectance 

0.24 U-Factor 
Windows 

0.35 
W/cfm 

Verified Low 
Leakage Ducts in 

Conditioned 
Space 

1 X X 
2 X 
3 X 
4 X 
5 X 
6 X 
7 X 
8 X 
9 X X 

10 X X X 
11 X X X 
12 X X X 
13 X X X 
14 X X X 
15 X X X 
16 X X X 
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Table 37. Upgrade Package PV Capacities (kW-DC) 

Climate 
Zone 

CZ01 

CZ02 

CZ03 

CZ04 

CZ05 

CZ06 

CZ07 

CZ08 

CZ09 

CZ10 

CZ11 

CZ12 

CZ13 

CZ14 

CZ15 

CZ16 

3-Story 

4.41 
3.56 

3.31 

3.21 

3.04 

2.91 

3.09 

3.18 

3.04 

3.20 

3.90 

3.53 

3.77 

3.20 

3.93 

3.79 

All-Electric + PV 

5-Story 

4.35 
3.58 

3.29 

3.27 

3.08 

3.04 

3.21 

3.30 

3.16 

3.30 

3.95 

3.60 

3.84 

3.23 

3.94 

3.76 

Mixed Fuel + PV 

3-Story 

3.69 
3.02 

2.80 

2.73 

2.57 

2.49 

2.64 

2.76 

2.63 

2.79 

3.42 

3.05 

3.32 

2.79 

3.58 

2.60 

5-Story 

3.43 
2.98 

2.72 

2.75 

2.55 

2.68 

2.74 

2.86 

2.73 

2.86 

3.43 

3.08 

3.36 

2.79 

3.58 

2.90 
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Get In Touch 

The adoption of reach codes can differentiate jurisdictions as efficiency leaders and help accelerate the 
adoption of new equipment, technologies, code compliance, and energy savings strategies. 

As part of the Statewide Codes & Standards Program, the Reach Codes Subprogram is a resource available to 
any local jurisdiction located throughout the state of California. 

Our experts develop robust toolkits as well as provide specific technical assistance to local jurisdictions (cities 
and counties) considering adopting energy reach codes. These include cost-effectiveness research and 
analysis, model ordinance language and other code development and implementation tools, and specific 
technical assistance throughout the code adoption process. 

If you are interested in finding out more about local energy reach codes, the Reach Codes Team stands ready 
to assist jurisdictions at any stage of a reach code project. 

Visit LocalEnergyCodes.com to Contact info@localenergycodes.com Follow us on Twitter 
access our resources and sign up 
for newsletters 

for no-charge assistance from expert 
Reach Code advisors 
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	Executive Summary 
	The California Codes and Standards (C&S) Reach Codes program provides technical support to local governments considering adopting a local ordinance (reach code) intended to support meeting local and/or statewide energy efficiency and greenhouse gas (GHG) reduction goals. The program facilitates adoption and implementation of the code when requested by local jurisdictions by providing resources such as cost-effectiveness studies, model language, sample findings, and other supporting documentation. 
	This report documents cost-effective combinations of measures that exceed the minimum state requirements, the 2022 Building Energy Efficiency Standards (Title 24, Part 6 or Energy Code), effective January 1, 2023, for newly constructed multifamily buildings. The analysis considers low-rise and mid-rise multifamily building types and evaluates mixed fuel and all-electric package options in all sixteen California climate zones (CZs) Packages include a code compliant electrification package and a mixed fuel ef
	This analysis used two different metrics to assess the cost-effectiveness of the proposed upgrades. Both methodologies require estimating and quantifying the incremental costs and energy savings associated with each energy efficiency measure over a 30-year analysis period. On-Bill cost-effectiveness is a customer-based lifecycle cost 
	(LCC) approach that values energy based upon estimated site energy usage and customer utility bill savings using today•s electricity and natural gas utility tariffs. Time Dependent Valuation (TDV) is the California Energy Commission•s LCC methodology, which is intended to capture the long-term projected cost of energy including costs for providing energy during peak periods of demand, carbon emissions, grid transmission and distribution impacts. This is the methodology used by the Energy Commission in evalu
	Two multifamily prototypes were evaluated in this study. A 3-story loaded corridor and a 5-story mixed use prototype, which combined are estimated to represent 91 percent of new multifamily construction in California. 
	The following summarizes key results from the study: 
	The Reach Codes Team found all-electric new construction to be feasible and cost-effective based on the California Energy Commission•s Time Dependent Valuation (TDV) metric in all cases. In many cases all-electric prescriptive code construction results in an increase in utility costs and is not cost-effective On-Bill. Some exceptions include the SMUD and CPAU territories where lower electricity rates relative to gas rates result in lower overall utility bills. 
	Figure

	All-electric packages have lower GHG emissions than mixed fuel packages in all cases, due to the clean power sources currently available from California•s power providers. 
	Figure

	L
	LI
	Figure
	The 
	2022 Energy Code•s new source energy metric combined with the heat pump space heating baseline in most climate zones encourages all-electric construction. While the code does not include an electric baseline for water heating, the penalty for central electric water heating observed in the performance approach in past code cycles has been removed and a credit is provided for well-designed central heat pump water heaters in most cases. 

	LI
	Figure
	Electrification 
	combined with increased PV capacity results in utility cost savings and was found to be On-Bill cost-effective in all cases. 

	LI
	Figure
	The 
	results in this study are based on today•s net energy metering (NEM 2.0) rules and do not account for recently approved changes to the NEM tariff (referred to as the net billing tariff). The net billing tariff decreases the value of PV to the consumer as compared to NEM 2.0. As a result, the cost-effectiveness of the packages that include above-code PV capacity is expected to be less under the net billing tariff. Conversely, the net 
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	billing tariff is expected to increase On-Bill cost-effectiveness of the all-electric prescriptive code scenario. An all-electric home has better on-site utilization of generated electricity from PV than a mixed fuel home with a similar sized PV system, and as a result exports less electricity to the grid. Since the net-billing tariff values exports less than under NEM 2.0, the relative impact on annual utility costs to the mixed fuel baseline is greater. 
	This analysis does justify a modest reach based on either efficiency TDV or source energy for all-electric buildings. However, this may be challenging for some projects given the recent changes to which the industry must adapt, including the efficiency updates and multifamily restructuring in the 2022 Title 24, Part 6 code. refrigerant heat pump water heating system are high, the Reach Code Team found lower compliance margins using other heat pump water heater system designs. Focusing on supporting projects
	Figure
	While project compliance margins using a CO
	2 

	L
	LI
	Figure
	For 
	jurisdictions interested in a reach code that allows for mixed fuel buildings, a mixed fuel efficiency and PV package (and battery for the 3-story prototype) was found to be cost-effective based on TDV in all cases and cost-effective On-Bill in most climate zones. This path, referred to as •Electric-Preferred•, allows for mixed fuel buildings but requires a higher building performance than for all-electric buildings. The efficiency measures evaluated in this study did not provide significant compliance bene

	LI
	Figure
	Jurisdictions 
	interested in increasing affordable multifamily housing should know that applying the CARE rates has the overall impact of increasing utility cost savings for an all-electric building in most climate zones compared to a code compliant mixed fuel building, improving On-Bill cost-effectiveness. 


	Table ES-1 summarizes results for each prototype and depicts the efficiency TDV compliance margins achieved for each climate zone and package. All results presented in the table have a positive compliance margin (greater than zero percent). Cells highlighted in green depict cases with a positive compliance margin cost-effective results using On-Bill and TDV approaches. Cells highlighted in yellow depict cases with a positive compliance margin cost-effective results using the On-Bill or TDV approach. Cells n
	and 
	both 
	and 
	either 
	either 
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	Table ES-1. Summary of Efficiency TDV Compliance Margins and Cost-Effectiveness 
	Local jurisdictions may also adopt ordinances that amend different Parts of the California Building Standards Code or may elect to amend other state or municipal codes. The decision regarding which code to amend will determine the specific requirements that must be followed for an ordinance to be legally enforceable. Reach codes that amend Part 6 of the CA Building Code and require energy performance (including PV and storage) beyond state code minimums must demonstrate that the proposed changes are cost-ef
	Model ordinance language and other resources are posted on the C&S Reach Codes Program website at . Local jurisdictions that are considering adopting an ordinance may contact the program for further technical support at 
	LocalEnergyCodes.com
	LocalEnergyCodes.com

	info@localenergycodes.com. 
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	1 Introduction 
	This report documents cost-effective combinations of measures that exceed the minimum state requirements, the 2022 Building Energy Efficiency Standards, effective January 1, 2023, for newly constructed multifamily buildings. This report was developed in coordination with the California Statewide Investor-Owned Utilities (CA IOUs) Codes and Standards Program, key consultants, and engaged cities•collectively known as the Reach Codes Team. The CA IOU Codes and Standards Program is comprised of IOUs representat
	Municipal Utility District (SMUD) and City of Palo Alto Utilities (CPAU), 
	The analysis considers low-rise and mid-rise multifamily building types and evaluates mixed fuel and all-electric package options in all sixteen California climate zones (CZs)Packages include combinations of efficiency measures, on-site renewable energy, and battery energy storage. 
	1 

	The California Building Energy Efficiency Standards Title 24, Part 6 (Energy Code) (California Energy Commission, 2022a) is maintained and updated every three years by two state agencies: the California Energy Commission (Energy Commission) and 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•that exceed the minimum standards defined by Title 24 (as established by Public Resources Cod
	The Department of Energy (DOE) sets minimum efficiency standards for equipment and appliances that are federally regulated under the National Appliance Energy Conservation Act, including heating, cooling, and water heating equipment (E-CFR, 2020). Since state and local governments are prohibited from adopting higher minimum efficiencies than the federal standards require, the focus of this study is to identify and evaluate cost-effective packages that do not include high efficiency heating, cooling, and wat
	See Appendix 7.1 Map of California Climate Zones for a graphical depiction of climate zone locations. 
	1 
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	2 Methodology and Assumptions 
	2.1 Analysis for Reach Codes 
	This section describes the approach to calculating cost-effectiveness including benefits, costs, metrics, and utility rate selection. 
	2.1.1 Modeling 
	The Reach Codes Team performed energy simulations using software approved for 2022 Title 24 Code compliance analysis, CBECC 2022.2.0. 
	Using the 2022 baseline as the starting point, prospective energy efficiency measures were identified and modeled to determine the projected site energy (therm and kWh) and compliance impacts. Annual utility costs were calculated using hourly data output from CBECC, and electricity and natural gas tariffs for each of the investor-owned utilities (IOUs). 
	This analysis focused on residential apartments only (a prior study and report analyzed the cost-effectiveness of above code packages for nonresidential buildings (Statewide Reach Codes Team, 2022b). The Statewide Reach Codes Team selected measures for evaluation based on the single family 2022 reach code analysis (Statewide Reach Codes Team, 2022a) and the multifamily 2019 reach code analysis [ (Statewide Reach Codes Team, 2020), (Statewide Reach Codes Team, 2021)] as well as experience with and outreach t
	2.1.2 Cost-Effectiveness 
	2.1.2.1 Benefits 
	This analysis used two different metrics to assess the cost-effectiveness of the proposed upgrades. Both methodologies require estimating and quantifying the incremental costs and energy savings associated with each energy efficiency measure. 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: 
	: This customer-based lifecycle cost (LCC) approach values energy based upon estimated site energy usage and customer utility bill savings using the latest electricity and natural gas utility tariffs available at the time of writing this report. Total savings are estimated over a 30-year duration and include discounting of future utility costs and energy cost inflation. 
	Utility Bill Impacts (On-Bill)

	: This reflects the Energy Commission•s current LCC methodology, which is intended to capture the total value or cost of energy use over 30 years. This method accounts for long-term projected costs, such as the cost of providing energy during peak periods of demand, costs for carbon emissions, and grid transmission and distribution impacts. This metric values energy use differently depending on the fuel source (natural gas, electricity, and propane), time of day, and season. Electricity used (or saved) duri
	Time Dependent Valuation (TDV)

	2.1.2.2 Costs 
	The Reach Codes Team assessed the incremental costs of the measures and packages over a 30-year lifecycle. Incremental costs represent the equipment, installation, replacements, and maintenance costs of the proposed measure relative to the 2022 Energy Code minimum requirements or standard industry practices. Present value of replacement cost is included for measures with lifetimes less than the evaluation period. 
	2.1.2.3 Metrics 
	Cost-effectiveness is presented using net present value (NPV) and benefit-to-cost (B/C) ratio metrics. 
	: The lifetime NPV is reported as a cost-effectiveness metric, Equation 1 demonstrates how this is calculated. If the NPV of a measure or package is positive, it is considered cost-effective. A negative values represent net costs. 
	NPV
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	: This is the ratio of the present value (PV) of all benefits to the present value of all costs over 30 years (PV benefits divided by PV costs). The criteria benchmark for cost-effectiveness is a B/C ratio greater than one. A value of one indicates the NPV of the savings over the life of the measure is equivalent to the NPV of the lifetime incremental cost of that measure. A value greater than one represents a positive return on investment. The B/C ratio is calculated according to Equation 2. 
	B/C Ratio

	Equation 1 
	Equation 2 
	= 
	Improving the efficiency of a project often requires an initial incremental investment. In most cases the benefit is represented by annual On-Bill utility or TDV savings, and the cost is represented by incremental first cost and replacement costs. Some packages result in initial construction cost savings (negative incremental cost), and either energy cost savings (positive benefits), or increased energy costs (negative benefits). In cases where both construction costs and energy-related savings are negative
	The lifetime costs or benefits are calculated according to Equation 3. 
	Equation 3 
	Where: 
	n = analysis term in years r = discount rate 
	The following summarizes the assumptions applied in this analysis to both methodologies. 
	Analysis term of 30 years Real discount rate of three percent 
	TDV is a normalized monetary format and there is a unique procedure for calculating the present value benefit of TDV energy savings. The present value of the energy cost savings in dollars is calculated by multiplying the TDV savings (reported by the CBECC simulation software) by a NPV factor developed by the Energy Commission (see E3•s 2022 TDV report for details (Energy + Environmental Economics, 2020)). The 30-year residential NPV factor is $0.173/kTDV for the 2022 Energy Code. 
	Equation 4 
	2.1.3 Utility Rates 
	In coordination with the CA IOU rate team (comprised of representatives from PG&E, SCE, SDG&E, SMUD, and CPAU), the Reach Codes Team determined appropriate utility rates for each climate zone in order to calculate utility costs and determine On-Bill cost-effectiveness for the proposed measures and packages. The utility tariffs, summarized in Table 1, were determined based on the most prevalent active rate in each territory. Utility rates were applied to each climate zone based on the predominant IOU serving
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	SCE for electricity and Southern California Gas Company (SoCalGas) for gas and SDG&E tariffs for both electricity and gas since each utility has customers within these climate zones. Climate Zone 5 is evaluated under both PG&E and SoCalGas natural gas rates. Two POU or municipal utility rates were also evaluated: SMUD in Climate Zone 12 and CPAU in Climate Zone 4. 
	For the IOUs in-unit gas was evaluated under the G1 rate and central gas for water heating was evaluated under the relevant master metered gas tariff, GM. Electricity use for central water heating was evaluated using the residential TOU rates. The water heating utility bill was calculated separately from the in-unit electricity bill. Photovoltaic (PV) and battery energy storage benefits were applied according to virtual net energy metering (VNEM) rules.PV was first assigned to the central water heating mete
	2 

	The multifamily prototypes used in this analysis include common area spaces that serve the residents (lobby, leasing office, corridors, etc.). Most of the energy use for these spaces could not be separated from that for the dwelling units within the CBECC model. As a result, average per dwelling unit hourly energy use was calculated to include both the dwelling unit and common space energy use. 
	First-year utility costs were calculated using hourly electricity and natural gas output from CBECC and applying the utility tariffs summarized in Table 1. Annual costs were also estimated for customers eligible for the CARE tariff discounts on both electricity and natural gas bills. The CARE tariff was only applied to the in-unit apartment meters. Appendix 7.2 Utility Rate Schedules includes details of each utility tariff. 
	For cases with PV generation, the approved NEM 2.0 tariffs were applied along with minimum daily use billing and mandatory non-bypassable charges. In December the California Public Utilities Commission (CPUC) issued a decision adopting a net billing tariff (NBT) as a successor to NEM 2.0 that will go into effect April of 2023 Given the recent timing of this decision there was not time to incorporate these changes into this analysis. The Reach Codes Team conducted a limited sensitivity analysis on the impact
	3 

	PG&E: SDG&E: SCE: 
	2 
	https://www.pge.com/tariffs/assets/pdf/tariffbook/ELEC_SCHEDS_NEM2V.pdf 
	https://www.pge.com/tariffs/assets/pdf/tariffbook/ELEC_SCHEDS_NEM2V.pdf 

	https://tariff.sdge.com/tm2/pdf/tariffs/ELEC_ELEC-SCHEDS_NEM-V-ST.pdf 
	https://tariff.sdge.com/tm2/pdf/tariffs/ELEC_ELEC-SCHEDS_NEM-V-ST.pdf 
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	Table 1. Utility Tariffs Used Based on Climate Zone 
	G1 (in-unit) & GM 
	1-5,11-13,16 PG&E / PG&E E-TOU Option C 
	(central water heating)
	1 

	5 PG&E / SoCalGas E-TOU Option C GM 
	6, 8-10, 14, 15 SCE / SoCalGas TOU-D Option 4-9 GM 
	7, 10, 14 SDG&E / SDG&E TOU-DR-1 GM 
	G1 rate applied to gas use within the apartment units, which only occurs in Climate Zones 1 and 16, see Section 3 for details. GM rate applied to gas use for central water heating. 
	1

	Utility rates are assumed to escalate over time according to the assumptions from the CPUC 2021 En Banc hearings on utility costs through 2030 (California Public Utilities Commission, 2021a). Escalation rates through the remainder of the 30-year evaluation period are based on the escalation rate assumptions within the 2022 TDV factors. See Appendix 7.2.7 Fuel Escalation Assumptions for details. 
	2.2 2022 T24 Compliance Metrics 
	2022 Title 24, Part 6 Section 170.1 defines the energy budget of the building based on source energy and TDV energy for space-conditioning, indoor lighting, mechanical ventilation, PV and battery storage systems, service water heating and covered process loads. In 2022, the Energy Commission introduced the new compliance metric of source energy, which differs by fuel source (as does TDV) and is a reasonable proxy for greenhouse gas emissions. Additionally, for multifamily buildings four habitable stories an
	L
	LI
	Figure
	Efficiency 
	TDV. Efficiency TDV accounts for all regulated end-uses but does not include the impacts of PV and battery storage. 

	LI
	Figure
	Total 
	TDV. Total TDV includes regulated end-uses and accounts for PV and battery storage contributions. 

	LI
	Figure
	Source 
	Energy. Source energy is based on fuel used for power generation and distribution. 


	2.3 Greenhouse Gas Emissions 
	The analysis reports the greenhouse gas (GHG) emission estimates based on assumptions within CBECC. There are 8,760 hourly multipliers accounting for time dependent energy use and carbon based on source emissions, including renewable portfolio standard projections. There are two series of multipliers•one for Northern California climate zones, and another for Southern California climate zones.GHG emissions are reported as average annual metric tons equivalent over the 30-year building lifetime. 
	4 
	of CO
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	3 Prototypes, Measure Packages, and Costs 
	This section describes the prototypes, measures, costs, and the scope of analysis drawing from previous reach code research where appropriate. 
	3.1 Prototype Characteristics 
	The Energy Commission defines building prototypes which it uses to evaluate the cost-effectiveness of proposed changes to Title 24 requirements. There are 4 multifamily prototypes used in code development: a 2-story garden style, a 3-story loaded corridor, a 5-story mixed use and a 10-story mixed use. Based on work completed for the 2022 Title 24 code development, the 3-story and the 5-story represent 33 percent and 58 percent, respectively, of new multifamily construction in California. As a result, these 
	Table 2 describes the basic characteristics of each prototype. 
	Table 2. Prototype Characteristics 
	The methodology used in the analyses for each of the prototypical building types begins with a design that precisely meets the minimum 2022 prescriptive requirements.Table 170.2-A and 170.2-B in the 2022 Standards (California Energy Commission, 2022a) list the prescriptive measures that determine the baseline design in each climate zone. Other features are designed to meet, but not exceed, the minimum requirements and are consistent with the Standard Design in the ACM Reference Manual (California Energy Com
	5 

	Table 3 describes characteristics as they were applied to the base case energy model in this analysis. In a shift from the 2019 Standards, the 2022 Standards define a prescriptive fuel source for space heating establishing an electric 
	Due to planned software updates to how the prescriptive requirements are applied in the Standard Design and challenges for certain space types with sizing heating and cooling equipment the same in the Proposed Design as in the Standards, the results compliance margins for the base case models were not exactly zero percent.. 
	5
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	heat pump baseline in all climate zones except 16 for multifamily buildings three habitable stories and fewer and 1 and 16 for multifamily buildings four habitable stories and greater. 
	Table 3. Base Case Characteristics of the Prototypes 
	Equipment efficiencies are equal to minimum federal appliance efficiency standards. Table 4 summarizes the PV capacities for the base case packages. 
	1 

	Table 4. Base Package PV Capacities (kW-DC) 
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	3.2 Measure Definitions and Costs 
	Measures evaluated in this study fall into two categories: those associated with general efficiency, onsite generation, and demand flexibility and those associated with building electrification. The Reach Codes Team selected measures based on cost-effectiveness as well as decades of experience with residential architects, builders, and engineers along with general knowledge of the relative consumer acceptance of many measures. This analysis focused on measures that impacted the residential dwelling units on
	The following sections describe the details and incremental cost assumptions for each of the measures. Incremental costs represent the equipment, installation, replacement, and maintenance costs of the proposed measures relative to the base case. Replacement costs are applied for roofs, mechanical equipment, PV inverters and battery systems over the 30-year evaluation period. Incremental maintenance costs are estimated for PV systems, but not any other measures. Costs were estimated to reflect costs to the 
	The Reach Codes Team obtained measure costs from distributors, contractors, literature review, and online sources such as Home Depot and RS Means. Contractor markups are incorporated. These are the Reach Codes Team best estimate of average costs statewide. Regional variation in costs is not accounted for, although it's recognized that local costs may differ. Cost increases due to recent high inflation rates and supply chain delays are not included. 
	3.2.1 Efficiency, Solar PV, and Batteries 
	The following are descriptions of each of the efficiency, PV, and battery measures evaluated under this analysis and applied in at least one of the packages presented in this report. Table 5 summarizes the incremental cost assumptions for each of these measures. These measures were evaluated for all climate zones but were ultimately adopted in a subset of climate zones based on cost-effectiveness outcomes. 
	: Reduce window U-factor to 0.24. The prescriptive U-factor is 0.30 in all climate zones except Climate Zones 7 and 8 where it is 0.34. This measure is included in Climate Zone 16 only. 
	Lower U-Factor Fenestration

	: Install a roofing product that•s rated by the Cool Roof Rating Council to have an aged solar reflectance (ASR) equal to or greater than 0.70. Low-sloped roofs were assumed in all cases. The 2022 Title 24 specifies a prescriptive ASR of 0.63 for Climate Zones 9 through 11 and 13 through 15. This measure is included in Climate Zones 9 through 15. 
	Cool Roof

	: Upgrade the duct distribution system to reduce external static pressure and meet a maximum fan efficacy of 0.35 Watts per cfm. This may involve upsizing ductwork, reducing the total effective length of ducts, and/or selecting low pressure drop components such as filters. Fan watt draw must be verified by a HERS rater according to the procedures outlined in the 2022 Reference Appendices RA3.3 (California Energy Commission, 2022b). This measure is included in Climate Zones 1 and 10 through 16. 
	Low Pressure Drop Ducts

	: Seal the ducts to achieve a measured leakage no greater than 25 cfm leakage to outside. This may be verified using a guarded blower door test to isolate leakage to outside. Alternatively, this can also be satisfied by demonstrating that total leakage is not greater than 25 cfm. Ducts are assumed to already be located in conditioned space in the baseline. This measure is included in all climate zones. 
	Verified Low Leakage Ducts in Conditioned Space

	: Installation of on-site PV is required in the 2022 residential code unless an exception is met. The PV sizing methodology in each package was developed to offset annual building electricity use and avoid oversizing which would violate net energy metering (NEM) rules.In all cases, PV is evaluated in CBECC according to the California Flexible Installation (CFI) assumptions. This measure is included in all climate zones. 
	Solar PV
	6 

	: A battery system was evaluated in CBECC-Res with control type set to •Time-of-Use• and with default efficiencies of 95% for both charging and discharging. This control option assumes the battery system will 
	Battery Energy Storage
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	charge or discharge based on a utility tariff time-of use signal. To qualify, the battery system must meet the requirements outlined in the 2022 Reference Appendices JA12.2.3.2 (California Energy Commission, 2022b). This measure is included in all climate zones but only for the 3-story prototype. A 100kWh battery was applied following the battery sizing requirements for multifamily buildings more than three habitable stories per Equation 170.2-E of the 2022 Energy Code. 
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	Table 5. Incremental Cost Assumptions 
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	As part of the Inflation Reduction Act in August 2022 the Section 25D Investment Tax Credit was extended and raised to 30% through 2032 with a step-down to 26% in 2033 and 22% in 2034. It•s assumed that the ITC is not renewed and is 0% starting in 2035. . 
	1
	https://www.irs.gov/pub/taxpros/fs-2022-40.pdf
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	3.2.2 All-Electric 
	This analysis compared a code compliant mixed fuel prototype, which uses natural gas for water heating only in most climate zones, with a code compliant all-electric prototype. In these cases, the relative costs between natural gas and electric appliances and natural gas infrastructure and the associated infrastructure costs for not providing natural gas to the building were included. 
	To estimate costs the Reach Codes Team leveraged costs from the 2022 Multifamily All-Electric CASE Report (Statewide CASE Team, 2020c) and the 2019 reach code multifamily cost-effectiveness studies ( (Statewide Reach Codes Team, 2020), (Statewide Reach Codes Team, 2021)), and online equipment research. Present value replacement costs are included in the total lifetime incremental costs. 
	3.2.2.1 Water Heating 
	Federal regulations establish minimum efficiency requirements for heat pump water heaters with rated storage volume less than 120 gallons. While some heat pump water heaters falling into this regulated category can be used in a central water heater design, they are not required and therefore this measure does not trigger federal preemption and heat pump equipment of any efficiency level may be used for this analysis to justify the basis of a reach code. 
	For the central heat pump water heating system in the 3-story prototype the system design was based on the 2022 All-refrigerant based heat pump water heaters (four Sanden GS3-45HPA-US units), 525 gallons of storage, and a 250 gallon electric resistance swing tank. The 2022 CASE work based the 5-story system design on Colmac R-134a refrigerant heat pump water heaters. While this is an acceptable design, R-134a or R-410a refrigerant heat pump water heaters were found to be less cost-effective for the prototyp
	Electric Multifamily CASE Report (Statewide CASE Team, 2020c) and used CO
	2 
	relative to CO
	2 
	2 
	-
	are being reexamined using CO
	2 

	Table 6 reports costs for the central heat pump water heating systems relative to a gas boiler system with solar thermal that meets the prescriptive requirements of 20% solar fraction in Climate Zones 1 through 9 and 35% solar fraction in Climate Zones 10 through 16. Costs include equipment and labor, gas piping within the building for the boiler system, and additional electrical service necessary for the heat pump system. Replacement costs are based on an effective useful life of 15 years for the water hea
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	Table 6. Heat Pump Water Heater Incremental System Costs (Present Value (2023$)) 
	3.2.2.2 Space Heating 
	Table 7 presents the costs for heat pump space heater conversion from gas equipment. In most climate zones the baseline per the 2022 Energy Code is a heat pump space heater, so these costs are only applied in a couple of instances. For the 3-story prototype the baseline in Climate Zone 16 is a gas furnace and air conditioner. For the 5story prototype the baseline in Climate Zones 1 and 16 is a dual fuel heat pump with a gas furnace as backup. Costs include equipment and labor, gas piping within the building
	-

	Table 7. Heat Pump Space Heater Costs per Dwelling Unit (Present Value (2023$) 
	Residual Value ($1,591) $0 $0 $0 
	Total $27,135 $24,102 $30,296 $23,924 
	Incremental Cost ($3,032) ($6,373) 
	Equipment lifetimes applied in this analysis for the space conditioning measures are summarized in Table 8. The lifetime for the heat pump, furnace, and air conditioner are based on the Database for Energy Efficient Resources (DEER) (California Public Utilities Commission, 2021b). In DEER, heat pump and air conditioner measures are assigned an effective useful lifetime (EUL) of 15 years and a furnace an EUL of 20 years. The heating and cooling system components are typically replaced at the same time when o
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	it. Therefore, it is assumed that both the furnace and air conditioner are replaced at the same time at year 17.5, halfway between 15 and 20 years. For HVAC system costing, air-conditioning is included in all cases in both the base case and proposed models. 
	Table 8. Lifetime of Water Heating & Space Conditioning Equipment Measures 
	3.2.2.3 Natural Gas Infrastructure 
	Eliminating natural gas to a building saves costs associated with connecting a service line from the street main to the building, piping distribution within the building, and monthly meter customer charges from the utility. This section focuses on the first item, not connecting gas service to the building. The latter two are captured in the appliance costs and the utility bill analysis. Cost savings for removing natural gas infrastructure to a multifamily building in IOU territory are presented in Table 9 a
	These costs are project dependent and may be significantly impacted by such factors as utility territory, site characteristics, distance to the nearest natural gas main and main location, joint trenching, whether work is conducted by the utility or a private contractor, and number of dwelling units per development. All gas utilities participating in this study were solicited for cost information. 
	Service Extension: Service extension costs to the building were taken from a PG&E memo dated December 5, 2019 to Energy Commission staff (see Appendix 7.4 PG&E Gas Infrastructure Cost Memo for a copy of the memo). The estimated cost of $6,750 excludes costs for trenching and assumes nonresidential new construction within a developed area. For the 5-story building the cost is apportioned between the residential and nonresidential spaces in the building based on associated conditioned floor areas where 84 per
	Today, total costs are reduced to account for deductions per the Utility Gas Main Extensions rules.These rules categorize distribution line extensions as •refundable• costs, which are offset or subsidized by all other ratepayers. The CPUC issued a Decision in September 2022 that eliminates the subsidies effective July 1, 2023 (California Public Utilities Commission, 2022). Since most of the development that will occur during the three-year 2022 code cycle (2023-2025) will not be subject to these deduction a
	7 

	Meter: Cost per meter provided by PG&E of $3,600 for a commercial meter to serve the central water heating and $600 per multifamily dwelling unit. The $600 dwelling unit meter is only applied in Climate Zone 16 for the 3-story prototype and Climate Zones 1 and 16 for the 5-story prototypes where gas is used either for primary or backup space heating. Two scenarios are presented in the tables. One is the case with electric space heating, no in-unit gas and the only residential gas use is to serve the central
	PG&E Rule 15: . SoCalGas Rule 20: . SDG&E Rule 15: . 
	7 
	https://www.pge.com/tariffs/assets/pdf/tariffbook/GAS_RULES_15.pdf
	https://www.pge.com/tariffs/assets/pdf/tariffbook/GAS_RULES_15.pdf

	https://www.socalgas.com/regulatory/tariffs/tm2/pdf/20.pdf
	https://www.socalgas.com/regulatory/tariffs/tm2/pdf/20.pdf

	https://tariff.sdge.com/tm2/pdf/GAS_GAS-RULES_GRULE15.pdf
	https://tariff.sdge.com/tm2/pdf/GAS_GAS-RULES_GRULE15.pdf
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	Natural Gas Plan Review: Total costs are based on TRC•s 2019 reach code analysis for Palo Alto (TRC, 2018 ). The cost for the 5-story prototype is apportioned between the residential and nonresidential spaces in the building in the same way as was done for the service extension costs. 
	Table 9. IOU Natural Gas Infrastructure Cost Savings for All-Electric Building 
	Total 
	Per Dwelling 
	Prototype 
	Scenario 
	Building 
	Unit 
	No In-Unit Gas 
	$12,666 
	$352 
	3-Story 
	In-Unit Gas 
	$34,266 
	$952 
	No In-Unit Gas 
	$11,248 
	$128 
	5-Story 
	In-Unit Gas 
	$64,048 
	$728 
	CPAU provides gas service to its customers and therefore separate costs were evaluated based on CPAU gas service connection fees.Table 11 presents the breakdown of gas infrastructure costs used in this analysis for CPAU. The same approach to apportioning the total building costs to the residential spaces as described in the IOU section was applied here for the service extension and plan review costs for the 5-story prototype. Meter costs were based on $1,772 for an 800 cubic foot per hour commercial meter f
	8 

	Table 11. Multifamily CPAU Total Natural Gas Infrastructure Costs 
	3.3 Measure Packages 
	The Reach Codes Team evaluated three packages for mixed fuel homes and five packages for all-electric homes for each prototype and climate zone, as described below. 
	1. 
	1. 
	1. 
	All-Electric Prescriptive Code: This package meets all the prescriptive requirements of the 2022 Energy Code. 

	2. 
	2. 
	All-Electric Prescriptive Code + PV: Using the code minimum package as a starting point, PV capacity was added to offset 100 percent of the estimated annual electricity use. 

	3. 
	3. 
	Mixed Fuel Efficiency Only: This package uses only efficiency measures that do not trigger federal preemption including envelope and duct distribution efficiency measures. 


	CPAU Schedule G-5 effective 09-01-2019: 
	8 
	engineering/general-specifications/gas-service-connection-fees.pdf 
	https://www.cityofpaloalto.org/files/assets/public/utilities/utilities
	-
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	4. 
	4. 
	4. 
	Mixed Fuel Efficiency + PV + Battery: Using the Efficiency Package as a starting point, PV capacity was added to offset 100 percent of the estimated annual electricity use. A battery system was also added. This package only applies to the 3-story prototype. The 5-story prototype includes a battery system in the baseline per the 2022 prescriptive requirements. 

	5. 
	5. 
	Mixed Fuel Efficiency + PV: Using the Efficiency Package as a starting point, PV capacity was added to offset 100 percent of the estimated annual electricity use. This package only applies to the 5-story prototype. 
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	4 Results 
	Cost-effectiveness results are presented per prototype and measure packages described in Section 3.3. The TDV and On-Bill based cost-effectiveness results are presented in terms of B/C ratio and NPV. Energy savings, compliance margin, utility bill savings, and incremental costs are also shown. 
	In the following figures, green highlighting indicates that the case is cost-effective with a B/C ratio greater than or equal to 1 and a NPV greater than or equal to 0. Red highlighting indicates the case is not cost-effective. 
	Compliance margins are presented as percentages both for the efficiency TDV and the source energy metrics. A compliance margin that is equal to or greater than 0 indicates the case is code compliant. 
	4.1 All-Electric Prescriptive Code 
	Table 12 and Table 13 shows results for the multifamily all-electric prescriptive code case compared to the 2022 baseline. For both prototypes this scenario is cost-effective based on TDV in all climate zones. This scenario is only On-Bill cost-effective in a few climate zones. The 3-story all-electric case is cost-effective On-Bill in Climate Zones 1 through 3, 4 in CPAU territory, 12 in SMUD territory, and 16. The 5-story all-electric case is cost-effective On-Bill in Climate Zones 1, 4, 12 in SMUD territ
	In most cases there is a small net increase in utility cost in the first year. 
	There is an incremental cost for the central heat pump water heater ranging from $361 to $697 per dwelling unit. 
	The all-electric packages applied to the 3-story prototype in Climate Zone 16 and the 5-story prototype in Climate Zones 1 and 16 incorporate both gas to electric water heating and gas to electric space heating measures. In these cases, there are significant cost savings due to the avoided first costs of installing a gas furnace as compared to a heat pump. As a result, these cases are On-Bill cost-effective. 
	refrigerant based central heat pump water heating system. The 5-story prototype was also evaluated with a R-134a refrigerant based central heat pump water heater and these results are shown in Appendix 
	These results reflect a CO
	2 

	7.5 Central Heat Pump Water Heater Comparison. 
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	4.2 All-Electric Plus PV 
	Table 14. 3-Story Cost-Effectiveness Results per Dwelling Unit: All-Electric 100% PV 
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	4.3 Mixed Fuel Efficiency 
	A summary of measures included in each package is provided in Appendix 7.6 Summary of Measures by Package. 
	Table 16. 3-Story Cost-Effectiveness Results per Dwelling Unit: Mixed Fuel Efficiency 
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	4.4 Mixed Fuel Plus PV (Plus Battery for the 3-Story Prototype) 
	Table 18 presents the Mixed Fuel Efficiency + PV + Battery package for the 3-story prototype. The battery system is a 100kWh battery. This scenario is cost-effective for all climate zones and under both metrics except for On-Bill in Climate Zone 4 in CPAU territory. Table 19 presents the Mixed Fuel Efficiency + PV package for the 5-story prototype. This package is cost-effective under TDV in all climate zones and cost-effective On-Bill everywhere except in Climate Zones 6 and 7. In the cases where it is not
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	4.5 CARE Rate Comparison 
	Table 20 presents a comparison of On-Bill cost-effectiveness results for CARE tariffs relative to standard tariffs for the all-electric prescriptive code case. The CARE rates apply to the apartment meters only and don•t impact the central water heating utility costs. Applying the CARE rates lowers both electric and gas utility bills for the consumer and the net impact for an all-electric building in most climate zones is lower overall bills and improved cost-effectiveness relative to the standard tariffs. A
	Table 20. On-Bill IOU Cost-Effectiveness Comparison with CARE Tariffs, Results per Dwelling Unit: All-Electric Prescriptive Code 
	Error! Not a valid bookmark self-reference. presents the comparison for the mixed fuel efficiency and PV packages. Generally, the opposite trend occurs here for the mixed fuel packages where the CARE rate lowers utility cost savings and the benefit-to-cost ratios decline. 
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	4.6 Greenhouse Gas Reductions 
	Figure 1 and Figure 2 compare greenhouse gas reductions across all the packages for the multifamily 3-story and 5story prototypes, respectively. Savings represent average annual savings per dwelling unit over the 30-year lifetime of the analysis. Electrification of gas uses represents the greatest greenhouse gas reductions, followed by PV. Greenhouse gas reductions are greatest for the all-electric + PV package. 
	-
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	Figure 1. 3-Story greenhouse gas reductions (metric tons) per dwelling unit 
	Figure 2. 5-Story greenhouse gas savings (metric tons) per dwelling unit 
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	5 Summary 
	The Reach Codes Team identified packages of electrification and energy efficiency measures as well as packages combining these measures with solar PV generation and battery storage, simulated them using building modeling software, and gathered costs to determine the cost-effectiveness of multiple scenarios. The Reach Codes Team coordinated with multiple utilities, cities, and building community experts to develop a set of assumptions considered reasonable in the current market. Changing assumptions, such as
	Table 22 summarizes results for each prototype and depicts the efficiency TDV compliance margins achieved for each climate zone and package. Because local reach codes must both exceed the Energy Commission performance budget (i.e., have a positive compliance margin) and be cost-effective, the Reach Codes Team highlighted cells meeting these two requirements to help clarify the upper boundary for potential reach code policies. All results presented in this study have a positive compliance margin. 
	L
	LI
	Figure
	Cells 
	highlighted in green depict cases with a positive compliance margin cost-effective results using On-Bill and TDV approaches. 
	and 
	both 


	LI
	Figure
	Cells 
	highlighted in yellow depict cases with a positive compliance margin cost-effective results using the On-Bill or TDV approach. 
	and 
	either 


	LI
	Figure
	Cells 
	not highlighted depict cases with a positive compliance margin but that were not cost-effective using the On-Bill or TDV approach. 
	either 



	Following are key takeaways and recommendations from the analysis. 
	The Reach Codes Team found all-electric new construction to be feasible and cost-effective based on the California Energy Commission•s Time Dependent Valuation (TDV) metric in all cases. In many cases all-electric prescriptive code construction results in an increase in utility costs and is not cost-effective On-Bill. Some exceptions include the SMUD and CPAU territories where lower electricity rates relative to gas rates result in lower overall utility bills. 
	Figure

	All-electric packages have lower GHG emissions than mixed fuel packages in all cases, due to the clean power sources currently available from California•s power providers. 
	Figure

	L
	LI
	Figure
	The 
	2022 Energy Code•s new source energy metric combined with the heat pump space heating baseline in most climate zones encourages all-electric construction. While the code does not include an electric baseline for water heating, the penalty for central electric water heating observed in the performance approach in past code cycles has been removed and a credit is provided for well-designed central heat pump water heaters in most cases. 

	LI
	Figure
	Electrification 
	combined with increased PV capacity results in utility cost savings and was found to be On-Bill cost-effective in all cases. 

	LI
	Figure
	The 
	results in this study are based on today•s net energy metering (NEM 2.0) rules and do not account for recently approved changes to the NEM tariff (referred to as the net billing tariff). The net billing tariff decreases the value of PV to the consumer as compared to NEM 2.0. As a result, the cost-effectiveness of the packages that include above-code PV capacity is expected to be less under the net billing tariff. Conversely, the net billing tariff is expected to increase On-Bill cost-effectiveness of the al

	LI
	Figure
	This 
	analysis does justify requiring a modest reach based on either efficiency TDV or source energy for all-electric buildings. However, this may be challenging for some projects given the recent changes to which the industry must adapt, including the efficiency updates and multifamily restructuring in the 2022 Title 24, Part 6 refrigerant heat pump water heating system are high, the Reach Code Team found lower compliance margins using other heat pump water heater system designs. 
	code. While project compliance margins using a CO
	2 
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	Focusing on supporting projects to electrify water heating is expected to support the market shift towards more central heat pump water heaters. 
	For jurisdictions interested in a reach code that allows for mixed fuel buildings, a mixed fuel efficiency and PV package (and battery for the 3-story prototype) was found to be cost-effective based on TDV in all cases and cost-effective On-Bill in most climate zones. This path, referred to as •Electric-Preferred•, allows for mixed fuel buildings but requires a higher building performance than for all-electric buildings. The efficiency measures evaluated in this study did not provide significant compliance 
	Figure

	Jurisdictions interested in increasing affordable multifamily housing should know that applying the CARE rates has the overall impact of increasing utility cost savings for an all-electric building in most climate zones compared to a code compliant mixed fuel building, improving On-Bill cost-effectiveness. 
	Figure

	Local jurisdictions may also adopt ordinances that amend different parts of the California Building Standards Code or may elect to amend other state or municipal codes. The decision regarding which code to amend will determine the specific requirements that must be followed for an ordinance to be legally enforceable. Reach codes that amend Part 6 of the California Building Code and require energy performance beyond state code minimums must demonstrate the proposed changes are cost-effective and obtain appro
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	7 Appendices 
	7.1 Map of California Climate Zones 
	Climate zone geographical boundaries are depicted in Figure 3. The map in Figure 3 along with a zip-code search directory is available at: 
	https://ww2.energy.ca.gov/maps/renewable/building_climate_zones.html 
	https://ww2.energy.ca.gov/maps/renewable/building_climate_zones.html 


	Figure 3. Map of California climate zones. 
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	7.2 Utility Rate Schedules 
	The Reach Codes Team used the CA IOU and POU rate tariffs detailed below to determine the On-Bill savings for each package. The California Climate Credit was applied for both electricity and natural gas service for the IOUs using the 2022 credits shows below.The credits were applied to reduce the total calculated annual bill, including any fixed fees or minimum bill amounts. 
	9 

	Electricity rates reflect the most recent approved tariffs. Monthly gas rates were estimated based on the latest available gas rate (December 2022) and a curve to reflect how natural gas prices fluctuate with seasonal supply and demand. The seasonal curve was estimated from monthly residential tariffs between 2012 and 2022 (between 2020 and 2022 for CPAU). 12-month curves were created from monthly gas rates for each of the eleven years (three years for CPAU). These annual curves were then averaged to arrive
	9 
	9 
	credit 
	https://www.cpuc.ca.gov/industries-and-topics/natural-gas/greenhouse-gas-cap-and-trade-program/california-climate
	-
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	Table 25. PG&E Monthly CARE (GL-1) Gas Rate ($/therm) 
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	7.2.2 
	7.2.2 
	Southern California Edison 

	The following pages provide details on are the SCE electricity tariffs applied in this study. Error! Reference source not found. describes the baseline territories that were assumed for each climate zone. A net surplus compensation rate of $ 0.04361/ kWh was applied to any net annual electricity generation based on a one-year average of the rates between November 2021 and October 2022 
	The following pages provide details on are the SCE electricity tariffs applied in this study. Error! Reference source not found. describes the baseline territories that were assumed for each climate zone. A net surplus compensation rate of $ 0.04361/ kWh was applied to any net annual electricity generation based on a one-year average of the rates between November 2021 and October 2022 
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	%2FPublic%2FTM2%2FShared%20Documents%2FPublic%2FRegulatory%2FTariff%2DSCE%20Tariff%20Books%2F Electric%2FSchedules%2FOther%20Rates%2FELECTRIC%5FSCHEDULES%5FNEM%2DV%2DST%2Epdf&parent= %2Fteams%2FPublic%2FTM2%2FShared%20Documents%2FPublic%2FRegulatory%2FTariff%2DSCE%20Tariff%20 Books%2FElectric%2FSchedules%2FOther%20Rates 
	%2FPublic%2FTM2%2FShared%20Documents%2FPublic%2FRegulatory%2FTariff%2DSCE%20Tariff%20Books%2F Electric%2FSchedules%2FOther%20Rates%2FELECTRIC%5FSCHEDULES%5FNEM%2DV%2DST%2Epdf&parent= %2Fteams%2FPublic%2FTM2%2FShared%20Documents%2FPublic%2FRegulatory%2FTariff%2DSCE%20Tariff%20 Books%2FElectric%2FSchedules%2FOther%20Rates 
	%2FPublic%2FTM2%2FShared%20Documents%2FPublic%2FRegulatory%2FTariff%2DSCE%20Tariff%20Books%2F Electric%2FSchedules%2FOther%20Rates%2FELECTRIC%5FSCHEDULES%5FNEM%2DV%2DST%2Epdf&parent= %2Fteams%2FPublic%2FTM2%2FShared%20Documents%2FPublic%2FRegulatory%2FTariff%2DSCE%20Tariff%20 Books%2FElectric%2FSchedules%2FOther%20Rates 
	https://edisonintl.sharepoint.com/teams/Public/TM2/Shared%20Documents/Forms/AllItems.aspx?ga=1&id=%2Fteams 

	3 
	https://www.cpuc.ca.gov/nemrevisit 
	https://www.cpuc.ca.gov/nemrevisit 



	CBECC multipliers are the same for CZs 1-5 and 11-13 (Northern California), while there is another set of multipliers for CZs 6-10 and 14-16 (Southern California). 
	CBECC multipliers are the same for CZs 1-5 and 11-13 (Northern California), while there is another set of multipliers for CZs 6-10 and 14-16 (Southern California). 
	4 


	NEM rules apply to the IOU territories only. 
	NEM rules apply to the IOU territories only. 
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	Cost Effectiveness Analysis: Multifamily New Construction 
	Cost Effectiveness Analysis: Multifamily New Construction 
	Figure
	Cost Effectiveness Analysis: Multifamily New Construction Executive Summary 1 
	Cost Effectiveness Analysis: Multifamily New Construction Executive Summary 2 
	Cost Effectiveness Analysis: Multifamily New Construction Executive Summary 3 
	3-Story 5-Story Climate Electric Zone /Gas Utility CZ01 PGE CZ02 PGE CZ03 PGE CZ04 PGE CZ04 CPAU CZ05 PGE CZ05 PGE/SCG CZ06 SCE/SCG CZ07 SDGE CZ08 SCE/SCG CZ09 SCE CZ10 SCE/SCG CZ10 SDGE CZ11 PGE CZ12 PGE CZ12 SMUD/PGE CZ13 PGE CZ14 SCE/SCG CZ14 SDGE CZ15 SCE/SCG CZ16 PG&E All-Electric Prescriptive Code 26% 26% 1% 1% 14% 14% 20% 20% 1% 1% 9% 9% 21% 21% 18% 18% 1% 1% 9% 9% 1% 1% 23% 23% 1% 12% 12% 0% 23% 23% 1% 12% 12% 0% 18% 18% 1% 9% 9% 0% 20% 20% 0% 11% 11% 0% 13% 13% 1% 1% 8% 8% 1% 1% 13% 13% 1% 1% 7% 7%
	Cost Effectiveness Analysis: Multifamily New Construction Introduction 4 
	Cost Effectiveness Analysis: Multifamily New Construction Methodology and Assumptions 5 
	Cost Effectiveness Analysis: Multifamily New Construction Methodology and Assumptions 6 
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	Figure
	Cost Effectiveness Analysis: Multifamily New Construction Methodology and Assumptions 7 
	Cost Effectiveness Analysis: Multifamily New Construction Methodology and Assumptions 8 
	Climate Zones 
	Climate Zones 
	Climate Zones 
	Electric / Gas Utility 
	Electricity 
	Natural Gas 

	TR
	IOUs 


	Table
	TR
	POUs 

	4 
	4 
	CPAU / CPAU 
	E-1 (in-unit) & E-2 (central water heating) 
	G-2 

	12 
	12 
	SMUD / PG&E 
	R-TOD, RT02 (in-unit) & RSMM (central water heating) 
	GM 
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	Characteristic Conditioned Floor Area 
	Characteristic Conditioned Floor Area 
	Characteristic Conditioned Floor Area 
	3-Story Loaded Corridor 39,372 ft2 
	5-Story Mixed Use 113,100 ft2 total: 33,660 ft2 nonresidential 79,440 ft2 residential 

	Num. of Stories 
	Num. of Stories 
	3 
	6 Stories total: 1 story parking garage (below grade) 1 story of nonresidential space 4 stories of residential space 

	Num. of Bedrooms 
	Num. of Bedrooms 
	(6) Studio (12) 1-bed (12) 2-bed (6) 3-bed 
	(8) studios (40) 1-bed units (32) 2-bed units (8) 3-bed units 

	Window-to-Wall Area Ratio 
	Window-to-Wall Area Ratio 
	25% 
	25% 

	Wall Type 
	Wall Type 
	Wood framed 
	Wood frame over a first-floor concrete podium 

	Roof Type 
	Roof Type 
	Flat roof 
	Flat roof 

	Foundation 
	Foundation 
	Slab-on-grade 
	Concrete podium with underground parking 
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	Characteristic 
	Characteristic 
	Characteristic 
	3-Story Loaded Corridor 
	5-story Mixed Use 

	Space Heating/Cooling1 Ventilation 
	Space Heating/Cooling1 Ventilation 
	Individual split systems with ducts in conditioned space CZ 1-15: Heat pump CZ 16: Natural gas furnace with air conditioner Individual balanced fans, continuously operating 
	Individual split systems with ducts in conditioned space CZ2-15: Heat pump CZ1, 16: Dual-fuel heat pump with natural gas backup Individual balanced fans, continuously operating 

	Water Heater1 
	Water Heater1 
	Natural gas central boiler with solar thermal sized to meet the prescriptive requirements by climate zone. 
	Natural gas central boiler with solar thermal sized to meet the prescriptive requirements by climate zone. 

	Hot Water Distribution 
	Hot Water Distribution 
	Central recirculation 
	Central recirculation 

	Cooking 
	Cooking 
	Electric 
	Electric 

	Clothes Drying 
	Clothes Drying 
	Electric (central) 
	Electric (in-unit) 

	PV System 
	PV System 
	Sized according to the prescriptive requirements in Equation 170.2-C of the 2022 Title 24 Standards. Size differs by climate zone ranging from 1.60 kW to 2.90 kW per dwelling unit, see Table 4. 
	Sized according to the prescriptive requirements in Equation 170.2-D of the 2022 Title 24 Standards. Size differs by climate zone ranging from 2.26 kW to 3.34 kW per dwelling unit, see Table 4. 

	Battery System 
	Battery System 
	None 
	None 


	Climate Zone CZ01 CZ02 CZ03 CZ04 CZ05 CZ06 CZ07 CZ08 CZ09 CZ10 CZ11 CZ12 CZ13 CZ14 CZ15 CZ16 Base Package 3-Story 5-Story 2.00 1.79 1.70 1.75 1.60 1.77 1.67 1.91 1.92 1.98 2.21 1.96 2.33 1.94 2.90 1.76 2.26 2.68 2.26 2.68 2.26 2.68 2.68 2.68 2.68 2.68 2.68 2.68 2.68 2.68 3.34 2.26 
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	Cost Effectiveness Analysis: Multifamily New Construction Prototypes, Measure Packages, and Costs 12 
	Cost Effectiveness Analysis: Multifamily New Construction Prototypes, Measure Packages, and Costs 13 
	Incremental Cost per Dwelling Unit Performance (2023 PV$) Measure Level 3-Story 5-Story Source & Notes Non-Preempted Measures $4.23/ft2 of window area based on analysis conducted for the 2019 and 2022 Title 24 cycles Window U-factor 0.24 vs 0.30 $536 $489 (Statewide CASE Team, 2018). Low-Sloped Cool Roof Aged Solar Reflectance $0.525/ft2 of roof area first incremental cost based on the 2022 Residential Additions and 0.63 vs 0.10 $314 $222 Alterations CASE Report (Statewide CASE Team, 2020b).Total costs assu
	Cost Effectiveness Analysis: Multifamily New Construction Prototypes, Measure Packages, and Costs 14 Performance Measure Level First cost Battery Replacement cost Incremental Cost per Dwelling Unit (2023 PV$) 3-Story $700/kWh $564/kWh 5-Story n/a n/a Source & Notes First cost of $1,000/kWh from LBNL•s Tracking the Sun 2022 costs (Barbose, Darghouth, O'Shaughnessy, & Forrester, 2022) for residential systems > 30kWh. The report derived costs from California•s Self-Generation Incentive Program (SGIP) residenti
	Cost Effectiveness Analysis: Single Family New Construction 15 Prototypes, Measure Packages, and Costs 
	Cost Effectiveness Analysis: Single Family New Construction 16 Prototypes, Measure Packages, and Costs 
	Item First Cost Replacement Cost Total Incremental Cost Incremental Cost per Dwelling Unit CZs 1-9 CZs 10-16 CZs 1-9 CZs 10-16 CZs 1-9 CZs 10-16 CZs 1-9 CZs 10-16 3-Story Central Gas Boiler $173,772 $182,810 $32,297 $36,943 n/a Central Heat Pump $211,531 $44,263 $49,725 $36,041 $1,381 $1,001 5-Story Central Gas Boiler $279,163 $300,883 $59,930 $69,361 n/a Central Heat Pump $343,920 $110,659 $115,486 $84,335 $1,312 $958 Source & Notes 3-story costs directly from 2022 Multifamily All-Electric CASE Report. 5-s
	Item First Cost Replacement Cost 3-Story Furnace + Split AC $20,667 $8,059 Heat Pump $16,776 $7,326 5-Story Furnace + Split HP $21,245 $9,052 Heat Pump $16,597 $7,326 Source & Notes Costs largely based on the 2022 Multifamily All-Electric CASE Report with some updates to reflect online equipment cost research and labor cost alignments. See lifetimes referenced in Table 8. Residual value at the end of the 30-year analysis period was accounted for to represent the remaining life of any equipment. 
	Cost Effectiveness Analysis: Single Family New Construction 17 Prototypes, Measure Packages, and Costs 
	Measure Lifetime Gas Furnace 17.5 Air Conditioner 17.5 Heat Pump 15 Dual Fuel Heat Pump 15 
	Cost Effectiveness Analysis: Single Family New Construction 18 Prototypes, Measure Packages, and Costs 
	Item 
	Item 
	Item 
	3-Story 
	5-Story 

	Service Extension 
	Service Extension 
	$6,750 
	$5,695 

	Meter 
	Meter 
	No In-Unit Gas (Gas DHW only) 
	$3,600 
	$3,600 

	In-Unit Gas 
	In-Unit Gas 
	$25,200 
	$56,400 

	Plan Review 
	Plan Review 
	$2,316 
	$1,954 

	Table 10. Multifamily IOU Total Natural Gas Infrastructure Costs 
	Table 10. Multifamily IOU Total Natural Gas Infrastructure Costs 


	Figure
	Item 
	Item 
	Item 
	3-Story 
	5-Story 

	Service Extension 
	Service Extension 
	$5,892 
	$4,971 

	Meter 
	Meter 
	$1,772 
	$1,772 

	Plan Review 
	Plan Review 
	$2,557 
	$2,157 
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	Cost Effectiveness Analysis: Single Family New Construction 20 Results 
	Cost Effectiveness Analysis: Single Family New Construction 21 Results 
	Efficiency Annual Annual Utility Cost Savings Incremental Cost On-Bill TDV Source Climate Electric TDV Elec Gas Comp First Lifecycle First Lifecycle B/C B/C Zone /Gas Utility Comp Savings Savings NPV NPV Margin Year (2022$) Year (2022$) Ratio Ratio Margin (kWh) (therms) CZ01 PGE 26% 15% -904 135 ($19) $1,676 $97 $429 3.9 $1,247 >1 $4,158 CZ02 PGE 20% 11% -801 115 ($30) $1,061 $697 $1,029 1.0 $32 9.9 $2,998 CZ03 PGE 21% 10% -789 115 ($26) $1,148 $697 $1,029 1.1 $119 9.9 $2,990 CZ04 PGE 18% 9% -759 109 ($31) 
	Table 12. 3-Story Cost-Effectiveness Results per Dwelling Unit: All-Electric Prescriptive Code 
	Table 12. 3-Story Cost-Effectiveness Results per Dwelling Unit: All-Electric Prescriptive Code 


	Cost Effectiveness Analysis: Single Family New Construction 22 Results 
	Utility Cost Efficiency Annual Annual Incremental Cost On-Bill TDV Source Savings Climate Electric TDV Elec Gas Comp Zone /Gas Utility Comp Savings Savings First Lifecycle First Lifecycle B/C B/C Margin NPV NPV Margin (kWh) (therms) Year (2022$) Year (2022$) Ratio Ratio CZ01 PGE 14% 9% -1,146 147 ($49) $1,209 ($4,639) ($5,788) >1 $6,998 >1 $9,816 CZ02 PGE 9% 6% -888 120 ($45) $809 $608 $1,185 0.7 ($375) 0.7 ($407) 3.0 $2,270 CZ03 PGE 11% 7% -874 120 ($46) $778 $608 $1,185 3.1 $2,421 CZ04 PGE 9% 6% -824 113 
	Table 13. 5-Story Cost-Effectiveness Results per Dwelling Unit: All-Electric Prescriptive Code 
	Table 13. 5-Story Cost-Effectiveness Results per Dwelling Unit: All-Electric Prescriptive Code 


	Cost Effectiveness Analysis: Single Family New Construction 23 Results 
	Climate Electric Zone /Gas Utility CZ01 PGE CZ02 PGE CZ03 PGE CZ04 PGE CZ04 CPAU CZ05 PGE CZ05 PGE/SCG CZ06 SCE/SCG CZ07 SDGE CZ08 SCE/SCG CZ09 SCE CZ10 SCE/SCG CZ10 SDGE CZ11 PGE CZ12 PGE CZ12 SMUD/PGE CZ13 PGE CZ14 SCE/SCG CZ14 SDGE CZ15 SCE/SCG CZ16 PG&E Efficiency TDV Comp Margin 26% 20% 21% 18% 18% 23% 23% 18% 20% 13% 13% 14% 14% 14% 17% 17% 13% 13% 13% 5% 24% Source Comp Margin 24% 20% 20% 18% 18% 20% 20% 17% 21% 17% 15% 18% 18% 19% 19% 19% 17% 18% 18% 11% 38% Annual Elec Savings (kWh) 2,127 1,835 1,7
	Table 14 and Table 15 present cost-effectiveness results for the all-electric plus PV packages for the 3-story and 5-story prototypes, respectively. All cases are cost-effective both On-Bill and based on TDV. 
	Table 14 and Table 15 present cost-effectiveness results for the all-electric plus PV packages for the 3-story and 5-story prototypes, respectively. All cases are cost-effective both On-Bill and based on TDV. 


	Cost Effectiveness Analysis: Single Family New Construction 24 Results 
	Climate Electric Zone /Gas Utility CZ01 PGE CZ02 PGE CZ03 PGE CZ04 PGE CZ04 CPAU CZ05 PGE CZ05 PGE/SCG CZ06 SCE/SCG CZ07 SDGE CZ08 SCE/SCG CZ09 SCE CZ10 SCE/SCG CZ10 SDGE CZ11 PGE CZ12 PGE CZ12 SMUD/PGE CZ13 PGE CZ14 SCE/SCG CZ14 SDGE CZ15 SCE/SCG CZ16 PG&E Efficiency TDV Comp Margin 14% 9% 11% 9% 9% 12% 12% 9% 11% 8% 7% 7% 7% 8% 9% 9% 7% 6% 6% 3% 9% Source Comp Margin 21% 14% 16% 13% 13% 16% 16% 12% 15% 14% 12% 13% 13% 17% 16% 16% 17% 11% 11% 10% 23% Annual Elec Savings (kWh) 1,437 428 682 92 92 451 451 -1
	Table 15. 5-Story Cost-Effectiveness Results per Dwelling Unit: All-Electric 100% PV 
	Table 15. 5-Story Cost-Effectiveness Results per Dwelling Unit: All-Electric 100% PV 
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	Climate Electric Zone /Gas Utility CZ01 PGE CZ02 PGE CZ03 PGE CZ04 PGE CZ04 CPAU CZ05 PGE CZ05 PGE/SCG CZ06 SCE/SCG CZ07 SDGE CZ08 SCE/SCG CZ09 SCE CZ10 SCE/SCG CZ10 SDGE CZ11 PGE CZ12 PGE CZ12 SMUD/PGE CZ13 PGE CZ14 SCE/SCG CZ14 SDGE CZ15 SCE/SCG CZ16 PG&E Efficiency TDV Comp Margin 1% 1% 1% 1% 1% 1% 1% 1% 0% 1% 1% 3% 3% 3% 2% 2% 4% 3% 3% 5% 5% Source Comp Margin 1% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 1% 1% 0% 0% 1% 1% 1% 2% 4% Annual Elec Savings (kWh) 41 24 17 21 21 19 19 9 7 20 28 65 65 91 98 98 99 88 88 1
	Table 16 and Table 17 show results for the Mixed Fuel Efficiency packages. The packages are cost-effective based on at least one of the two metrics in Climate Zones 1, 2, 4, and 8 through 16 for the 3-story prototype and in Climate Zones 2, 4, 6, and 8 through 15 for the 5-story prototype. In all cases the NPV values, whether negative or positive, are small. The compliance impacts are also small. 
	Table 16 and Table 17 show results for the Mixed Fuel Efficiency packages. The packages are cost-effective based on at least one of the two metrics in Climate Zones 1, 2, 4, and 8 through 16 for the 3-story prototype and in Climate Zones 2, 4, 6, and 8 through 15 for the 5-story prototype. In all cases the NPV values, whether negative or positive, are small. The compliance impacts are also small. 


	Cost Effectiveness Analysis: Single Family New Construction 26 Results 
	Climate Electric Zone /Gas Utility CZ01 PGE CZ02 PGE CZ03 PGE CZ04 PGE CZ04 CPAU CZ05 PGE CZ05 PGE/SCG CZ06 SCE/SCG CZ07 SDGE CZ08 SCE/SCG CZ09 SCE CZ10 SCE/SCG CZ10 SDGE CZ11 PGE CZ12 PGE CZ12 SMUD/PGE CZ13 PGE CZ14 SCE/SCG CZ14 SDGE CZ15 SCE/SCG CZ16 PG&E Efficiency TDV Comp Margin 0% 1% 0% 1% 1% 0% 0% 0% 0% 1% 1% 2% 2% 2% 2% 2% 2% 2% 2% 3% 2% Source Comp Margin 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 1% 1% 0% 0% 1% 1% 1% 2% 2% Annual Elec Savings (kWh) 5 11 7 12 12 6 6 12 10 24 28 66 66 83 84 84 95 75 75 172
	Table 17. 5-Story Cost-Effectiveness Results per Dwelling Unit: Mixed Fuel Efficiency 
	Table 17. 5-Story Cost-Effectiveness Results per Dwelling Unit: Mixed Fuel Efficiency 


	Cost Effectiveness Analysis: Single Family New Construction 27 Results 
	Climate Electric Zone /Gas Utility CZ01 PGE CZ02 PGE CZ03 PGE CZ04 PGE CZ04 CPAU CZ05 PGE CZ05 PGE/SCG CZ06 SCE/SCG CZ07 SDGE CZ08 SCE/SCG CZ09 SCE CZ10 SCE/SCG CZ10 SDGE CZ11 PGE CZ12 PGE CZ12 SMUD/PGE CZ13 PGE CZ14 SCE/SCG CZ14 SDGE CZ15 SCE/SCG CZ16 PG&E Efficiency TDV Comp Margin 1% 1% 1% 1% 1% 1% 1% 1% 0% 1% 1% 3% 3% 3% 2% 2% 4% 3% 3% 5% 5% Source Comp Margin 16% 16% 17% 17% 17% 18% 18% 18% 20% 18% 17% 19% 19% 17% 17% 17% 17% 19% 19% 19% 17% Annual Elec Savings (kWh) 2,068 1,757 1,624 1,476 1,476 1,520
	Table 18. 3-Story Cost-Effectiveness Results per Dwelling Unit: Mixed Fuel Efficiency + PV + Battery 
	Table 18. 3-Story Cost-Effectiveness Results per Dwelling Unit: Mixed Fuel Efficiency + PV + Battery 


	Cost Effectiveness Analysis: Single Family New Construction 28 Results 
	Climate Electric Zone /Gas Utility CZ01 PGE CZ02 PGE CZ03 PGE CZ04 PGE CZ04 CPAU CZ05 PGE CZ05 PGE/SCG CZ06 SCE/SCG CZ07 SDGE CZ08 SCE/SCG CZ09 SCE CZ10 SCE/SCG CZ10 SDGE CZ11 PGE CZ12 PGE CZ12 SMUD/PGE CZ13 PGE CZ14 SCE/SCG CZ14 SDGE CZ15 SCE/SCG CZ16 PG&E Efficiency TDV Comp Margin 0% 1% 0% 1% 1% 0% 0% 0% 0% 1% 1% 2% 2% 2% 2% 2% 2% 2% 2% 3% 2% Source Comp Margin 5% 2% 4% 1% 1% 3% 3% 0% 1% 3% 1% 3% 3% 7% 4% 4% 7% 2% 2% 5% 6% Annual Elec Savings (kWh) 1,446 444 693 112 112 464 464 12 95 299 99 364 364 1,178
	Table 19. 5-Story Cost-Effectiveness Results per Dwelling Unit: Mixed Fuel Efficiency + PV 
	Table 19. 5-Story Cost-Effectiveness Results per Dwelling Unit: Mixed Fuel Efficiency + PV 


	Cost Effectiveness Analysis: Single Family New Construction 29 Results 
	Climate Electric Zone /Gas Utility CZ01 PGE 3-Story Standard B/C Ratio NPV 3.9 $1,247 CARE B/C Ratio 9.5 NPV $3,637 5-Story Standard CARE B/C Ratio NPV B/C Ratio NPV >1 $6,998 >1 $10,045 CZ02 PGE CZ03 PGE CZ04 PGE CZ05 PGE CZ05 PGE/SCG CZ06 SCE/SCG CZ07 SDGE CZ08 SCE/SCG CZ09 SCE CZ10 SCE/SCG CZ10 SDGE CZ11 PGE CZ12 PGE CZ13 PGE CZ14 SCE/SCG CZ14 SDGE CZ15 SCE/SCG CZ16 PG&E 1.0 $32 1.1 $119 2.8 $1,917 0.9 0.98 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ($108) ($21) ($1,545) ($1,255) ($1,456) ($1,33
	Cost Effectiveness Analysis: Single Family New Construction 30 Results 
	3-Story (Efficiency + PV + Battery) Climate Electric Zone /Gas Utility CZ01 PGE CZ02 PGE CZ03 PGE CZ04 PGE CZ05 PGE CZ05 PGE/SCG CZ06 SCE/SCG CZ07 SDGE CZ08 SCE/SCG CZ09 SCE CZ10 SCE/SCG CZ10 SDGE CZ11 PGE CZ12 PGE CZ13 PGE CZ14 SCE/SCG CZ14 SDGE CZ15 SCE/SCG CZ16 PG&E B/C Ratio Standard NPV CARE B/C Ratio 0.9 0.99 0.97 ($162) NPV $1,113 $907 $579 $259 $414 $414 ($515) $4,106 $446 ($26) $577 $4,180 $1,435 $517 $883 $1,395 $2,292 $887 5-Story (Efficiency + PV) Standard B/C Ratio 3.3 1.8 2.8 1.3 1.9 1.9 0.4 (
	Table 21. On-Bill IOU Cost-Effectiveness Comparison with CARE Tariffs, Results per Dwelling Unit: Mixed Fuel Packages 
	Table 21. On-Bill IOU Cost-Effectiveness Comparison with CARE Tariffs, Results per Dwelling Unit: Mixed Fuel Packages 
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	0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 + PV + All-Electric Code Minimum All-Electric + PV CZ01 CZ02 CZ03 CZ04 CZ05 CZ06 CZ07 CZ08 CZ09 CZ10 CZ11 CZ12 CZ13 CZ14 CZ15 CZ16 
	0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 + PV All-Electric Code Minimum All-Electric + PV CZ01 CZ02 CZ03 CZ04 CZ05 CZ06 CZ07 CZ08 CZ09 CZ10 CZ11 CZ12 CZ13 CZ14 CZ15 CZ16 
	Cost Effectiveness Analysis: Single Family New Construction 32 Summary 
	Cost Effectiveness Analysis: Single Family New Construction 33 Summary 
	Climate Electric Zone /Gas Utility CZ01 PGE CZ02 PGE CZ03 PGE CZ04 PGE CZ04 CPAU CZ05 PGE CZ05 PGE/SCG CZ06 SCE/SCG CZ07 SDGE CZ08 SCE/SCG CZ09 SCE CZ10 SCE/SCG CZ10 SDGE CZ11 PGE CZ12 PGE CZ12 SMUD/PGE CZ13 PGE CZ14 SCE/SCG CZ14 SDGE CZ15 SCE/SCG CZ16 PG&E 3-Story All-Electric Prescriptive Code 26% 26% 1% 1% 14% 14% 20% 20% 1% 1% 9% 9% 21% 21% 1% 1% 11% 11% 18% 18% 18% 18% 23% 23% 23% 23% 18% 18% 20% 20% 0% 11% 11% 0% 13% 13% 1% 1% 8% 8% 1% 1% 13% 13% 1% 1% 7% 7% 1% 1% 14% 14% 3% 3% 7% 7% 2% 2% 14% 14% 3% 
	Table 22. Summary of Efficiency TDV Compliance Margins and Cost-Effectiveness 
	Table 22. Summary of Efficiency TDV Compliance Margins and Cost-Effectiveness 
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	Figure
	Cost Effectiveness Analysis: Single Family New Construction 38 Appendices 
	7.2.1 Pacific Gas & Electric The following pages provide details on the PG&E electricity and natural gas tariffs applied in this study. Error! Reference source not found. describes the baseline territories that were assumed for each climate zone. A net surplus compensation rate of $0.0474/ kWh was applied to any net annual electricity generation based on a one-year average of the rates between November 2021 and October 2022. Table 23. PG&E Baseline Territory by Climate Zone Climate Zone CZ01 CZ02 CZ03 CZ04 
	Month January February March April May June July August September October November December Total Charge Baseline $2.20579 $2.24291 $2.11750 $2.08101 $2.08062 $2.09104 $2.10404 $2.15162 $2.18718 $2.23153 $2.32121 $2.34123 Excess $2.66008 $2.69637 $2.58278 $2.55500 $2.55844 $2.56928 $2.58189 $2.63251 $2.67910 $2.71934 $2.79158 $2.80922 
	Cost Effectiveness Analysis: Single Family New Construction 39 Appendices 
	Month January February March April May June July August September October November December Baseline $1.76463 $1.79433 $1.69400 $1.66480 $1.66449 $1.67283 $1.68323 $1.72129 $1.74974 $1.78523 $1.85697 $1.87298 Total CARE Charge Excess $2.12806 $2.15710 $2.06622 $2.04400 $2.04675 $2.05543 $2.06551 $2.10601 $2.14328 $2.17547 $2.23327 $2.24738 
	Cost Effectiveness Analysis: Single Family New Construction 40 Appendices 
	Figure
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	Climate Zone Baseline Territory 
	Table 26
	Table 26
	Table 26
	: SCE Baseline Territory by Climate Zone 
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	7.2.3 Southern California Gas 
	Following are the SoCalGas natural gas tariffs applied in this study. Error! Reference source not found. describes the baseline territories that were assumed for each climate zone. 
	Climate Zone Baseline Territory 
	1 1 1 2 1 The SoCalGas monthly gas rate in $/therm was applied on a monthly basis according to the rates shown in Error! Reference source not found.. These rates are based on applying a normalization curve to the December 2022 tariff based on eleven years of historical gas data. See the beginning of Section Error! Reference source not found. Error! Reference source not found. for further details. Long-term historical natural gas rate data was only available for SoCalGas• procurement charges.10 The baseline 
	Table 27. SoCalGas Baseline Territory by Climate Zone 
	Table 27. SoCalGas Baseline Territory by Climate Zone 


	CZ05 CZ06 CZ08 CZ09 CZ10 CZ14 CZ15 2 1 
	Table 28. SoCalGas Monthly Gas Rate ($/therm) Month Procurement Charge Transportation Charge Baseline Excess Total Charge Baseline Excess January $0.90581 $0.82487 $1.23877 $1.73068 $2.14458 February $0.83669 $0.82487 $1.23877 $1.66156 $1.84967 March $0.80596 $0.82487 $1.23877 $1.63083 $1.82938 April $0.71941 $0.82487 $1.23877 $1.54428 $1.75890 May $0.77049 $0.82487 $1.23877 $1.59536 $1.78548 June $0.86253 $0.82487 $1.23877 $1.68740 $1.83337 July $0.87687 $0.82487 $1.23877 $1.70174 $1.86833 August $0.95391 
	The SoCalGas procurement and transmission charges were obtained from the following site: 
	10 

	California Energy Codes & Standards | A statewide utility program 2023-06-20 
	https://www.socalgas.com/for-your-business/energy-market-services/gas-prices 
	https://www.socalgas.com/for-your-business/energy-market-services/gas-prices 
	localenergycodes.com 
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	7.2.4 San Diego Gas & Electric 
	Following are the SDG&E electricity and natural gas tariffs applied in this study. Error! Reference source not found. describes the baseline territories that were assumed for each climate zone. A net surplus compensation rate of $0.04174 / kWh was applied to any net annual electricity generation based on a one-year average of the rates between January 2022 and December 2022. 
	Table 29. SDG&E Baseline Territory by Climate Zone 
	Table 29. SDG&E Baseline Territory by Climate Zone 
	Table 29. SDG&E Baseline Territory by Climate Zone 

	Climate 
	Climate 
	Baseline 

	Zone 
	Zone 
	Territory 

	CZ07 
	CZ07 
	Coastal 

	CZ10 
	CZ10 
	Inland 

	CZ14 
	CZ14 
	Mountain 


	The SDG&E monthly gas rate in $/therm was applied on a monthly basis according to the rates shown in Error! Reference source not found.. These rates are based on applying a normalization curve to the December 2022 tariff based on eleven years of historical gas data. See the beginning of Section Error! Reference source not found. Error! Reference source not found. for further details. CARE rates reflect the 20 percent discount per the G-CARE tariff. 
	Month January February March April May June July August September October November December Total Charge Baseline $2.33762 $2.26751 $2.25119 $2.20192 $2.24252 $2.31819 $2.32406 $2.37527 $2.33542 $2.30366 $2.31722 $2.45653 Excess $2.34748 $2.28440 $2.27016 $2.22744 $2.26403 $2.33060 $2.33630 $2.38090 $2.34971 $2.32151 $2.33381 $2.73517 
	Table 30. SDG&E Monthly Gas Rate ($/therm) 
	Table 30. SDG&E Monthly Gas Rate ($/therm) 
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	7.2.5 City of Palo Alto Utilities 
	Following are the CPAU electricity and natural gas tariffs applied in this study. The CPAU monthly gas rate in $/therm was applied on a monthly basis according to the rates shown in Error! Reference source not found.. These rates are based on applying a normalization curve to the December 2022 tariff based on three years of historical gas data. See the beginning of Section Error! Reference source not found. Error! Reference source not found. for further details. The monthly service charge applied was $106.9
	Table 31. CPAU Monthly Gas Rate ($/therm) 
	Month 
	G2 Volumetric Totals 
	January $1.80964 
	February March April May June July August September October November December 
	February March April May June July August September October November December 
	$1.67009 $1.68480 $1.68698 $1.78478 $1.88288 $1.88355 $2.06943 $2.06798 $2.08553 $2.09681 $2.45700 

	Figure
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	7.2.6 Sacramento Municipal Utilities District (Electric Only) 
	Following are the SMUD electricity tariffs applied in this study. The rates effective January 2023 were used. 
	Figure
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	7.2.7 Fuel Escalation Assumptions 
	The average annual escalation rates in Error! Reference source not found. were used in this study. These are based on assumptions from the CPUC 2021 En Banc hearings on utility costs through 2030 (California Public Utilities Commission, 2021a). Escalation rates through the remainder of the 30-year evaluation period are based on the escalation rate assumptions within the 2022 TDV factors. No data was available to estimate electricity escalation rates for CPAU and SMUD, therefore electricity escalation rates 
	Statewide Natural Gas Residential Average Rate (%/year, real) PG&E 2023 4.6% 1.8% 2024 4.6% 1.8% 2025 4.6% 1.8% 2026 4.6% 1.8% 2027 4.6% 1.8% 2028 4.6% 1.8% 2029 4.6% 1.8% 2030 4.6% 1.8% 2031 2.0% 0.6% 2032 2.4% 0.6% 2033 2.1% 0.6% 2034 1.9% 0.6% 2035 1.9% 0.6% 2036 1.8% 0.6% 2037 1.7% 0.6% 2038 1.6% 0.6% 2039 2.1% 0.6% 2040 1.6% 0.6% 2041 2.2% 0.6% 2042 2.2% 0.6% 2043 2.3% 0.6% 2044 2.4% 0.6% 2045 2.5% 0.6% 2046 1.5% 0.6% 2047 1.3% 0.6% 2048 1.6% 0.6% 2049 1.3% 0.6% 2050 1.5% 0.6% 2051 1.8% 0.6% 2052 1.8% 
	Table 32: Real Utility Rate Escalation Rate Assumptions 
	Table 32: Real Utility Rate Escalation Rate Assumptions 
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	7.3 Cost Details 
	Table 33 presents additional detail on the first cost assumptions for the central water heating systems. For the 5-story refrigerant Sanden-based and R-134a refrigerant Colmac-based heat pump water heater designs. The results presented in the main body of this report are based on the Sanden design. A sensitivity analysis was also conducted for a Colmac design (see Appendix 7.5 Central Heat Pump Water Heater Comparison) and the cost comparison is presented here. All costs are based on data from the 2022 Mult
	prototype costs are provided both for a CO
	2 

	Table 33. Heat Pump Water Heater First Costs per Building (Present Value (2023$)) 
	3-Story (36-units) 5-Story (88-units) 
	Gas 
	Gas 
	Heat 
	Heat 
	Item 
	Gas Boiler 
	Heat 
	Gas Boiler 
	Boiler 
	Boiler 
	Pump 
	Pump 
	(CZs 10-16) 
	Pump 
	(CZs 10-16) 
	(CZs 1-9) 
	(CZs 1-9) 
	(Sanden) 
	(Colmac) 
	Total $173,772 $182,810 Table 34 presents additional detail on the first cost assumptions for the space hating systems. Table 34. Heat Pump Space Heater First Costs per Dwelling Unit (Present Value (2023$) $211,531 $279,163 $300,883 $343,920 $439,218 
	Water Heating 
	$87,602 $87,602 $140,907 $135,146 $135,146 $244,742 $319,485 
	Equipment 
	Solar Thermal 
	$39,800 $46,888 n/a $74,740 $91,776 n/a n/a 
	Collector 
	Gas Piping $8,890 $8,890 n/a $9,065 $9,065 n/a n/a 
	Electrical Circuits n/a n/a $25,000 n/a n/a $25,000 $25,000 
	Overhead & Markup $37,480 $39,430 $45,624 $60,212 $64,896 $74,179 $94,733 
	Total Incremental Cost $20,667 $16,776 ($3,891) $21,245 $16,597 ($4,647) localenergycodes.com California Energy Codes & Standards | A statewide utility program 2023-06-20 188 
	3-Story 5-Story Item Furnace + 
	Heat Source & Notes Split AC 
	Heat Source & Notes Split AC 
	Heat Furnace + 

	Pump Split HP 
	Pump Split HP 
	Pump 

	Gas system costs based on 2022 Multifamily All-Electric CASE Report. Heat pump costs based on online 
	Gas system costs based on 2022 Multifamily All-Electric CASE Report. Heat pump costs based on online 
	$5,651 $5,460 $6,109 $5,460 

	equipment research indicating a 2-ton HP is $191 less than a furnace/AC of Dwelling Unit HVAC the same size. 
	Refrigerant Piping $563 $563 $423 $423 
	2022 Multifamily All-Electric CASE 
	Gas Piping $92 $0 $227 $0 
	Report. 
	Electrical Circuits $0 $150 $0 $150 
	Based on the 2022 Multifamily All-Electric CASE Report with 
	$9,904 $6,985 $9,904 $6,985 
	adjustments to align with updated Labor equipment costs. 
	Overhead & Markup $4,457 $3,618 $4,582 $3,579 Based on a 27% markup 
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	7.4 PG&E Gas Infrastructure Cost Memo 
	Figure
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	7.5 Central Heat Pump Water Heater Comparison 
	Table 35. 5-Story Cost-Effectiveness: All-Electric Prescriptive Code with R-134a Heat Pump Water Heater 
	Utility Cost Efficiency Annual Annual Incremental Cost On-Bill TDV Source Savings Climate Electric TDV Elec Gas Comp Zone /Gas Utility Comp Savings Savings First Lifecycle First Lifecycle B/C B/C Margin NPV NPV Margin (kWh) (therms) Year (2022$) Year (2022$) Ratio Ratio CZ01 PGE 6% 6% -1,496 147 ($155) ($1,240) ($3,556) ($4,223) CZ02 PGE 4% 2% -1,197 120 ($145) ($1,513) $1,691 $2,749 CZ03 PGE 6% 3% -1,166 120 ($138) ($1,360) $1,691 $2,749 CZ04 PGE 4% 2% -1,116 113 ($76) ($49) $1,691 $2,749 CZ04 CPAU 4% 2% -
	Table 35 presents energy and cost-effectiveness results for a R-134a refrigerant based system design using a Colmac central heat pump water heater in the 5story prototype. This was only found to be cost-effective based on at least one of the two metrics in Climate Zones 1, 4 in CPAU territory, and 16. 
	Table 35 presents energy and cost-effectiveness results for a R-134a refrigerant based system design using a Colmac central heat pump water heater in the 5story prototype. This was only found to be cost-effective based on at least one of the two metrics in Climate Zones 1, 4 in CPAU territory, and 16. 
	-



	0.0 ($5,765) 0.5 ($1,412) 0.0 ($3,628) 0.6 ($1,013) 0.0 ($5,965) 0.7 ($936) 0.0 ($5,162) 0.7 ($695) 0.0 ($4,612) 0.7 ($738) 0.0 ($7,354) 0.3 ($1,596) 0.0 ($4,882) 0.4 ($1,367) 0.0 ($4,986) 0.3 ($1,667) 0.8 ($407) 0.3 ($1,667) 0.0 ($4,756) 0.4 ($1,452) 0.0 ($6,275) 0.1 ($2,056) 0.0 ($5,770) 0.3 ($1,596) 0.0 ($8,120) 0.1 ($2,056) 0.0 ($5,108) 0.3 ($1,564) 1.1 $435 1.2 $746 
	CZ07 SDGE 5% 2% -996 106 ($183) ($3,216) $1,691 $2,749 
	CZ08 SCE/SCG 3% 1% -948 100 ($156) ($2,413) $1,691 $2,749 
	CZ09 SCE 3% 0% -966 100 ($132) ($1,863) $1,691 $2,749 
	CZ10 SCE/SCG 3% 1% -962 84 ($188) ($3,375) $1,444 $2,395 
	CZ10 SDGE 3% 1% -962 84 ($239) ($4,959) $1,444 $2,395 
	CZ11 PGE 4% 3% -1,029 92 ($165) ($2,487) $1,444 $2,395 
	CZ12 PGE 4% 3% -1,081 96 ($172) ($2,591) $1,444 $2,395 
	CZ12 SMUD/PGE 4% 3% -1,081 96 $26 $1,988 $1,444 $2,395 
	CZ13 PGE 3% 2% -976 88 ($156) ($2,361) $1,444 $2,395 
	CZ14 SCE/SCG 2% -1% -1,045 84 ($210) ($3,880) $1,444 $2,395 
	CZ14 SDGE 2% -1% -1,045 84 ($270) ($5,725) $1,444 $2,395 
	CZ15 SCE/SCG 2% -1% -718 65 ($146) ($2,713) $1,444 $2,395 CZ16 PG&E -5% 6% -1,913 142 ($276) ($4,142) ($3,803) ($4,577) 
	Figure
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	7.6 Summary of Measures by Package 
	Table 36 provides the details of the measures in each of the efficiency package by climate zone. The measures are the same for the 3-story and 5-story prototypes. Table 37 presents the PV capacities per dwelling unit in the upgrade packages. In Climate Zone 6 for the mixed fuel case in the 5-story prototype there is no upgrade to the PV system capacity as the prescriptive PV system already offset all of the estimated electricity use. 
	Table 36. Mixed Fuel Efficiency Package Measures 
	Table 36. Mixed Fuel Efficiency Package Measures 
	Table 36. Mixed Fuel Efficiency Package Measures 

	Climate Zone 
	Climate Zone 
	0.70 Roof Solar Reflectance 
	0.24 U-Factor Windows 
	0.35 W/cfm 
	Verified Low Leakage Ducts in Conditioned Space 

	1 
	1 
	X 
	X 

	2 
	2 
	X 

	3 
	3 
	X 

	4 
	4 
	X 

	5 
	5 
	X 

	6 
	6 
	X 

	7 
	7 
	X 

	8 
	8 
	X 

	9 
	9 
	X 
	X 

	10 
	10 
	X 
	X 
	X 

	11 
	11 
	X 
	X 
	X 

	12 
	12 
	X 
	X 
	X 

	13 
	13 
	X 
	X 
	X 

	14 
	14 
	X 
	X 
	X 

	15 
	15 
	X 
	X 
	X 

	16 
	16 
	X 
	X 
	X 
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	Climate Zone CZ01 CZ02 CZ03 CZ04 CZ05 CZ06 CZ07 CZ08 CZ09 CZ10 CZ11 CZ12 CZ13 CZ14 CZ15 CZ16 3-Story 4.41 3.56 3.31 3.21 3.04 2.91 3.09 3.18 3.04 3.20 3.90 3.53 3.77 3.20 3.93 3.79 All-Electric + PV 5-Story 4.35 3.58 3.29 3.27 3.08 3.04 3.21 3.30 3.16 3.30 3.95 3.60 3.84 3.23 3.94 3.76 Mixed Fuel + PV 3-Story 3.69 3.02 2.80 2.73 2.57 2.49 2.64 2.76 2.63 2.79 3.42 3.05 3.32 2.79 3.58 2.60 5-Story 3.43 2.98 2.72 2.75 2.55 2.68 2.74 2.86 2.73 2.86 3.43 3.08 3.36 2.79 3.58 2.90 
	Table 37. Upgrade Package PV Capacities (kW-DC) 
	Table 37. Upgrade Package PV Capacities (kW-DC) 
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	Get In Touch 
	The adoption of reach codes can differentiate jurisdictions as efficiency leaders and help accelerate the adoption of new equipment, technologies, code compliance, and energy savings strategies. 
	As part of the Statewide Codes & Standards Program, the Reach Codes Subprogram is a resource available to any local jurisdiction located throughout the state of California. 
	Our experts develop robust toolkits as well as provide specific technical assistance to local jurisdictions (cities and counties) considering adopting energy reach codes. These include cost-effectiveness research and analysis, model ordinance language and other code development and implementation tools, and specific technical assistance throughout the code adoption process. 
	If you are interested in finding out more about local energy reach codes, the Reach Codes Team stands ready to assist jurisdictions at any stage of a reach code project. 
	Figure
	Figure
	Figure
	Visit LocalEnergyCodes.com to 
	Visit LocalEnergyCodes.com to 
	Visit LocalEnergyCodes.com to 
	Contact info@localenergycodes.com 
	Follow us on Twitter 

	access our resources and sign up for newsletters 
	access our resources and sign up for newsletters 
	for no-charge assistance from expert Reach Code advisors 
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