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BOARD of SUPERVISORS 

City Hall 
Dr. Carlton R Goodlett Place, Room 244 

San Francisco 94102-4689 
Tel. No. 554-5184 
Fax No. 554-5163 

· TDD/TTY No. 554-5227 

MEMORANDUM 
LAND USE AND TRANSPORTATION COMMITTEE 

SAN FRANCISCO BOARD OF SUPERVISORS 

TO: Supervisor Aaron Peskin, Chair, Land Use and Transportation Committee 

FROM: . Erica Major, Assistant Clerk, Land Use and Transportation Committee 

DATE: October 29, 2019 

SUBJECT: COMMITTEE REPORT, BOARD MEETING 
Tuesday, October 29, 2019 

The following file should be presented as a COMMITTEE REPORT at the Board meeting, 
Tuesday, October 29, 2019. This item was acted upon at the Committee Meeting ori 
Monday, October28,'2019, at 1:30 p.m.; by the votesindicated. 

Item No. 31 File No. 190964 

Ordinance repealing the 2016 Green Building Code in its entirety and enacting a 
2019 Green Building Code consisting of the 2019 California Green Building 
Standards Code as amended by San Francisco; adopting environmental findings 
and ·findings of local conditions under the California Health and Safety Code; 
providing for an operative date. of January 1, 2020; and directing the Clerk of the . 
Board of Supervisors to forward the legislation to the California Building 
Standards Commission as required by State law. 

RI;:COMMENOED AS A COMMITTEE REPORT 

Vote: Supervisor Aaron Peskin -Aye 
Supervisor Ahsha Safai - Aye 
Supervi$or Matt Haney -Aye 

c: Board of Supervisors 
Angela Calvillo, Clerk of the Board 
Alisa Somera, Legislative Deputy 
Jon Givner, Deputy City Attorney 
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II FILE NO. 190964 ORDINANCE: Jo. 

1 [Green Building Code- Repeal of Existing 2016 Code and Enactment of 2019 Edition] 

2 

3 Ordinance repealing the 2016 Green Building Code in its entirety and enacting a 2019 

4 Green Building Code consisting of the 2019 California Green Building Standards Code 

5 as amended by San Francisco; adopting environmental findings and findings of local 

6 conditions under the California Health and Safety Code; providing for an operative date 

7 of January 1, 2020; and directing the Clerk of the Board of Supervisors to forward the 

8 legislation to the California Building Standards Commission as required by State law. 

9 

10 

11 

12 

13 

NOTE: Unchanged Code text and uncodified text are in plain Aria! font. 
Additions to Codes are in single-underline italics Times New Roman font. 
Deletions to Codes are in strikethrough italics Times }few Roman font. 
Board amendment additions are in ·double-underlined Aria I font. 
Board amendment deletions are in strll\ethrough !\rial font. 
Asterisks (* * * *) indicate the omission of unchanged Code 
subsections or parts of tables. 

14 Be it ordained by the People of the City and County of San Francisco: 

15 Section 1. Environmental Findings. The Planning Department has determined that the. 

16 actions contemplated in this ordinance comply with the California Environmental Quality Act 

17 (California Public Resources Code Sections 21000 et seq.). Said determination is on file with 

18 the Clerk of the Board of Supervisors in File No. 1 90964 and is incorporated herein by 

19 reference. The Board affirms this determination. 

Section 2. General Findings. 

20 

21 

22 (a) The California Building Standards Code is contained in Title 24 of the California 

23 Code of Regulations. It consists of 12 Parts, which are based upon model codes that are 

24 amended by the State agencies with jurisdiction over the subject matter. The California Green 

25 Building Standards Code is Part 11 of Title 24 of the .California Code of Regulations. 

Building Inspection Commission 
BOARD OF SUPERVISORS 
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1 (b) The State of California adopts a new California Building Standards Code every 

2 three years ("triennial CBSC") with supplemental amendments published in intervening years. 

3 The triennial CBSC goes into effect throughout the State of California 180 days after its 

4 publication by the California Building Standards Commission or at a later date established by 

5 the Commission. The 2019 triennial CBSC will go into effect on January 1, 2020. 

6 (c) Local jurisdictions must enforce the California Building Standards Code but they 

7 may also enact more restrictive building standards that are reasonably necessary ·because of 

8 local climate, geologic, or topographical conditions. Local amendments may be made both to 

9 a triennial CBSC and also to its individual Parts during the intervening years; however, local 

10 amendments previously adopted are not \3-Utomatically applicable to a triennial CBSC. Rather, 

11 they must be re-enacted with the required findings of local climate, geologic, or topographical 

12 conditions, expressly made applicable to the new triennial CBSC, and with an operative date 

13 no earlier than the effective date of the new State Code. 

14 (d) As in past triennial CBSC adoption cycles, by this ordinance the Board of 

15 Supervisors repeals the 2016 San Francisco Green Building Code in its entirety, enacts the 

16 2019 San Francisco Green Building Code, an~ re-enacts the existing local amendments to 

17 make them applicable to the 2019 California Green Building Standards Code. 

18 (e) Pursuant to Charter Section 03.750-5, the Building Inspection Commission 

19 considered and approved San Francisco's amendments to the 2019 California Green Building 

20 Standards Code at a duly noticed public hearing that was held on July 17, 2019. -

21 

Section 3. Findings regarding Local Conditions. 22 

23 (a) California Health and Safety Code Sections 17.958.7 and 18941.5 provide that 

24 before making any changes or modifications to the California Green Building Code and any -

25 other applicable provisions published by the California Building Standards Commission, the 

Building Inspection Commission 
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governing body must make an express finding that each such change or modification is 

reasonably necessary because of specified local conditions. The local amendments together . 

with the required findings must be filed with the California Building Standards Commission 

before the local changes or modifications can go into effect. 

(b) , The City and County of San Francisco is unique among California communities 

with respect to local climate, geologic, topographical, and other conditions. A specific list of 

findings that support San Francisco's modifications to the 2019 California Green Building 

Standards Code, with a section-by-section correlation of each modification with a specific 

numbered findiny, are conlairted in Exhibit AertliUed "$lartdard Findirt[JS for Sart Frartcisco 

Building Standards Code Amendments." 

(c) Pursuant to California Health and Safety Code Sections 17958.7 and 18941.5, 

the Board of Supervisors finds and determines that the local conditions described in Exhibit A 

constitute a general summary of the most significant local conditions giving rise to the need 

for modification of the2019 California Green Building Standards Code provisions published by 

the California Building Standards Commission. The Board of Supervisors further finds and 

determines that the proposed modifications are reasonably necessary based upon the local 

conditions set forth in Exhibit A. 

Section 4. Findings Required by California Public Resources Code and Title 24 of the 

California Code of Regulations. 

(a) Public Resources Code Section 25402.1 (h)(2) and Section 10-106 of the 

California Code of Regulations, Title 24, Part 1, Locally Adopted Energy Standards, authorize 

a local jurisdiction to adopt and enforce more restrictive local energy standards, provided that 

the local jurisdiction makes a determination that the local standards are cost effective and will 

save more energy than the current Statewide standards and provided further that the local 

Building Inspection Commission 
BOARD OF SUPERVISORS 
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1 jurisdiction files an application for approval with the California Energy Commission together 

2 with documentation supporting the cost-effectiveness determination .. Local energy standards 

3 may take effect only after the California Energy Commission has reviewed and formally 

4 approved them. 

5 (b) Local energy standards previously adopted are not automatically applicable to. a 

6 triennial CBSC. Rather, they must be re-enacted with a new cost-effectiveness study and 

7 determination based on the new State standards, and be re-approved by the California 

8. · Energy Commission. 

9 (c) Based upon the findings of a cost-effectiveness study performed on the more 

10 . restrictive local standards contained in the City's proposed 2019 San Francisco Green 

11 Building Code, the Board of Supervisors hereby determines that these local energy standards 

12 are cost effective and will save more energy than the standards contained in the 2019 

13 California Green Building Standards Code. A copy of the cost-effectiveness study is on file 

14 with the Clerk of the Board of Supervisors in File No. 190964. 

15 

16 Section 5. Repeal of 2016 San Francisco Green Building Code and Enactment of the 

17 2019 San Francisco Green Building Code. 

18 (a) The 2016 San Francisco Green Building Code is hereby repealed in its entirety. 

19 The San Francisco Green Building Code being repealed was enacted on November 22, 2016, 

20 by Ordinance No. 229-16, with an operative date of January 1, 2017. It was amended by 

21 Ordinance No. 92-17. These ordinances are available on the Board of Supervisors'website. 

22 (b) The 20:19 San Francisco Green Building Code is hereby enacted. It consists of 

23 the 2019 California Green Building Standards Code and San Francisco's existing local 

24 amendments, which are re-enacted and expressly made applicable to the 2019 California 

25 Green Building Standards Code. Copies of the 2019 California Green Building Standards 

Building Inspection Commission 
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1 Code and the stand-alone San Francisco amendments are declared to be part of Board File 

2 No. 190964 and are incorporated into this ordinance by reference as though fully set forth. 

3 Existing San Francisco amendments that are being made applicable to the 2019 California 

4 Green Building Standards Code are shown in unformatted ("plain") text and may include bold 

5 and/or italicized type; new San Francisco amendments are underlined; and deleted San 

6 Francisco amendments are in strikeout text. 

7 

8 Section 6. Continuance of Actions Under Prior Code. Nothing contained in this 

9 ordinance shall be construed as abating any action now pending under or by virtue of any 

10 ordinance of the City and County of San Francisco hereby repealed, nor shall this ordinance 

11 be construed as discontinuing, abating, modifying or altering any penalties accruing, or to 

12 accrue, or as waiving any right of the City under any such ordinance. 

13 

14 Section 7. Severability. If any section, subsection, sentence, clause, or phrase of this 

15 ordinance is, for any reason, held to be invalid, such decision shall not affect the validity of the 

16 · remaining portions of this ordinance. The Board of Supervisors hereby declares thatjt would 

17 have passed this ordinance, and each section, subsection, sentence, clause, or phrase of this 

18 Ordinance, irrespective of the fact that any orie or more sections, subsections, sentences, 

· 19 clauses, or phrases be declared invalid. 

20 

21 Section 8. Effective and Operative Dates. This ordinance shall become effective 30 

22 days after enactment. Enactment occurs when the Mayor signs the ordinance, the Mayor 

23 returns the ordinance unsigned or does not sign the ordinance within ten days of receiving it, 

24 or the Board of Supervisors overrides the Mayor's veto of the ordinance. This ordinance shall 

25 

Building Inspection Commission 
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1 take effect and be in full force on and after either January 1, 2020 or its effective date if the 

2 effective date is later. 

3 

4 Section 9. Directions to Clerk. Upon final passage of this.ordinance, the Clerk of the 

5 Board of Supervisors is hereby directed to transmit to the California Building Standards 

6 Commission pursuant to the applicable provisions of State law 1) this ordinance, 2) the Exhibit 

7 A attachment, and 3) the San Francisco modifications to the 2019 California Green Building 

8 Standards Code. 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

APPROVED AS TO FORM: 
DENNIS J. HERRERA, City Attorney 

By: 
ROBB KAPLA 
Deputy City Attorney 

· n:\legana\as2019\1900415\01392964.docx 
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FILE NO. 190964 

LEGISLATIVE DIGEST 

[Green Building Code .., Repeal of Existing 2016 Code and Enactment of 2019 Edition] 

Ordinance repealing the 2016 Green Building Code in its entirety and enacting a 2019 
Green Building Code consisting of the 2019 California Green Building Standards Code 
as amended by San Francisco; adopting environmental findings and findings of local 
conditions under the California Health and Safety Code; providing for an operative date 
of January 1, 2020; and directing the Clerk of the Board of Supervisors to forward the 
legislation to the California Building Standards Commission as required by State law. 

Existing Law 

The Green Building Code enhances the design and construction of buildings through the use 
of building concepts having n reduced negative impact or positive environmental impact. The 
Code encourages sustainable construction practices in the categories of: planning and 
design, energy efficiency, water efficiency and conservation, material conservation and 
resource efficiency, and environmental quality. The current San Francisco Green Building 
Code consists of the 2016 California Green Building Standards Code and San Francisco's 
local amendments to the 2016 California Green Building Standards Code ("San Francisco 
Amendments"). 

Amendments to Current Law 

On January 1, 2020, a 2019 California Green Building Standards Code (also known as 
CaiGreen) will go into effect throughout the State. The San Francisco Amendments to the 
2016 California Code must be re-enacted and made applicable to the 2019 California Code. 
Therefore, as in past State Code adoption cycles, San Francisco will repeal its existing Green 
Building Code in its entirety and adopt a new Green Building Code consisting of the 2019 
California Green Building Standards Code and San Francisco's local amendments to the 2016 
California Green Building Standards Code ("San Francisco Amendments"). The San 
Francisco Amendments to the 2016 California Green Building Standards Code will be carried 
forward and made applicable to the 2019 California Green Building Standards Code with no or 
only minor technical changes. 

The San Francisco Amendments are not integrated into the text of the California Codes but 
rather are separately printed in a stand-alone document. Therefore, the user must consult 
both texts in order to determine the complete code requirement. In the San Francisco 
Amendments, unchanged language from the 2019 California Green Building Standards Code 
is shaded gray, San Francisco's additions to the 2019 California Green Building Standards 
Code are shown in unshaded text, new (minor and technical) additions to San Francisco's 
amendments are underlined and deletions are shown with strikethrough. 

BOARD OF SUPERVISORS . Page 1 
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FILE NO. 190964 

Background Information 

The State of California adopts a new California Building Standards Code every three years 
(the "triennial State Code") with supplements published in intervening years. The triennial 
State Code goes into effect throughout the State 180 days ·after its publication by the 
California Building Standards Commission or at a later date established by the Commission. 
In the current triennial State Code adoption cycle, the California Building Standards Code will 
go into effect on January 1, 2017. The California Building Standards Code is contained in Title 
24 of the California Code of Regulations, and consists of several parts that are based upon 
model codes with amendments made by the State. agencies with jurisdiction over the subject 
matter. The California Green Building Standards Code is Part 11 of Title 24 of the California 
Code of Regulations. 

Local jurisdictions must enforce the California Building Standards Code but they may also 
enact more restrictive building standards that are reasonably necessary because of local 
conditions caused by climate, geology, or topography. Local amendments may be made to a 
triennial State Code and also throughout the intervening years. However, local amendments 
previously adopted are not automatically applicable to a new triennial State Code. Rather, 
they must be re-enacted with the required findings of local conditions, expressly made 
applicable to the new triennial State Code, and with ·an operative date no earlier than the 
effective date of the new State Code. 

n:\legana\as2019\1900415\01384340.doc 
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BOARD of SUPERVISORS 

Lisa Gibson 
Environmental Review Officer 
Planning Department 
1650 Mission Street, Ste. 400 
San Francisco, CA 94103 

Dear Ms. Gibson: 

October 8, 2019 

City Hall 
Dr. Carlton B. Goodlett Phice, Room 244 

San Francisco 94102-4689 
Tel. No. 554-5184 
Fax; No. 554-5163 

TDDfTTY No. 554-5227 

File No. 190959-190964 

On October 1, 2019, the Building Inspection Commission submitted the proposed legislation: 

File No. 190959 

Ordinance repealing the 2016 Building Code in its entirety and enacting a 
2019 Building Code consisting of the 2019 California Building Code and the 
2019 California Residential Code, as amended by San Francisco; adopting 
environmental findings and findings of local conditions under the 
California Health and Safety Code; providing ·for. an operative date of 
January 1, 2020; and directing the Clerk of. the Board to forward the 
legislation to the California Building Standards Commission as required by 
State law. 

File No. 190960 · 

Ordinance repealing the 2016 Existing Building Code in its entirety and 
enacting a 2019 Existing Building Code ·consisting of the 2019 California 
Existing Building Code as amended by San Francisco; adopting 
environmental findings imd findings of local conditions under the 
California Health and Safety Code; providfng for an operative date of 
January 1, 2020; and directing the Clerk of the Board to forWard the 
legislation to the California Building Standards Commission as required by 
State law. 

File No. 190961 

Ordinance repealing the 2016 Electrical Code in its entirety and enacting a 
2019 Electrical Code consisting of the 2019 California Electrical Code as 
amended by San Francisco; adopting environmental findings and findings 
of local conditions under the California Health and Safety Code; providing 
an operative date of January 1, 2020; and directing the Clerk of the Boi=trd 
of Supervisors to forw<:trd the legislation to the California Building 
Standards Commission as required by State law. · 
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File No. 190962 

Ordinance repealing the 2016 Mechanical Code in its entirety and enacting 
a 2019 Mechanical Code consisting of the 2019 California Mechanical Code 
as amended by San Francisco; adopting environmental findings and 
findings of local conditions un.der the California Health and Safety' Code; 
providing an operative date of January 1, 2020; and· directing the Clerk of 
the Board of Supervisors to forward the legislation to the California . 
Building Standards Commission as required by State law. 

File No. 190963 

Ordinance repealing the 2016. Plumbing Code in its entirety and enacting a 
2019 Plumbing Code consisting of the 2019 California Plumbing Code as 
amended by s·an Francisco; adopting environmental findings arid findings 
of local conditions under the California Health and Safety Code; providing 
an operative date of January 1, 2020; and directing the Clerk of tile Board 
of Supervisors to forward the legislation to the California Building 
Standards Commission as required by State law. 

File No. 190964 

Ordinance repealing the 2016 Green Builc:Jihg Code in its entirety and 
enacting a 2019 Green Building Code consisting of the 2019 California 
Green Building Standards Code as amended by San Fran~isco; adopting 
environmental· findings and findings of local conditions under the 
California Health and Safety Code; providing for an operative date of 
January 1, ·2020; and directing the Clerk of the Board of Supervisors to 
forward the legislation to the California Building Standards Commission as 
required by State law. 

The above· legislation are being transmitted to you for environmental review. 

Angela Calvillo, Clerk of the Board 

J~~&-~ 
By: _Erica Major, Assistant Clerk 

La~d Use and Transportation Committee 

Attachment 

c: Joy Navarrete, Environmental Planning 
Don Lewis, Environmental Planning 

Not defined as a project under CEQA Guidelines . 
Sections 15378 and 15060(c)(2) because it would not 
result in a direct or indirect physical change in the 
environment. 

Joy Navarrete 10/15/2019 . 
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1 

San Francisco reen uilding Code 

Amendments to the 

2019 California Green Building Standards Code (CALGreen) 

Operative date: January 1, 2020 
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101.4 Revise this section as follows: 

fiQittit~J1!1'~fi~I~~ [Reserved] 
101.6 Revise this section as follows: 

building standards. 
101.10 Revise this section as follows: 
~~~-~l-::C~l 

!J£QJc..o'~,{! Equivalency. Wherever .,.,-t •• .,.,, 
· comparable equivalent rating system may 

GreenPoint Rated or equivalent versions of pe!;tqJ:m::nit:~~;!mJcdEtrds 
LEED v4 for Interior 
LEED v4for 
LEED v4 for .u.v".HV'-' ~--~-~~.'&'' 

its'at~~<1!1;~<f; such references are to LEED v4 BD+C. More 
provided the credits and points achieved are as or 

2. Find the section which covers the established occupancy. . · 
3. Identify the minimum requirements of this code for thet[~i\~Jl~~}&_~~fimlin Sections 4 and 5. 
4. Administrative Bulletin 93, provided by the Department of Building Inspection, summarizes how the 

requirements of San Francisco Green Building Code and relevant local requirements may be met. 
Appendices to Administrative Bulletin 93 include tabular summaries of required measures, and provide 
submittal forms. 

1 61 
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:;;tr;¥~,~~~;;~i~R~:f;;~~iji}thm code, ruJq,.u_~m&ti~¥1 
Grotl_pRan&Js:four-stones:or.gJ,:eat ~-~. ,~__,~,,. ., · 
1.:;' ···'-· ,.:c:~--·--~~_;:,~,....::,_;_;-.•_;_;.._. __ -... :•.::::t~-."-..:c=--.. :..~.-'-'.: ~~·-"...-':.:. . -~~~-, . •' . .•, 

HISTORICAL.Jm:S~o;~l!.fE: A_prg~rty thatriieets tlieterir:ts.offue·iie:finitiotiSin Secti.o1i2.1084il,ofthe-
CEQA Statute (The Calif6"~:.'- ··· ·. vir2~~enbl Quality Act [Ptiblic Resources Code :Section2JQ84,l])and · 
Secti:()iJ; l5064.Softhe CEQ · ·· ,:":.=es,,as {letep'rli:ri;ed, by the.$ap:Ftarta:i~~o Plarwingl)'el'?a~1tri¢;ilt; 

LA.RGE<COYMERCt{L B da1JING; Acol)1J,11et9ial buildin,g ot f!ddltiori, of'di,o-qJ? B., M,:A, J,•ot E; 
occup_ancy thatis 25,000 gross square fe'efot iriote; · · ·· · · · · 

. . . . . ' . . . . 

.. ,LEEJ5.® qi_tdLEFJJ@J CliEdKLIST. _ The Le&dytshlp m'E:nergy ?UdEnvitopm¢ntD~s.igp,rati!lg 13YMe111, 
certfficattonmethod()lo~, ~d checkiist oftheUnit.e&States Green Bmldi11g, CptiJ:icit. (d:SGBC); · · · 

~!J,QW;J)ISI{lfESIDElVTYALB:rfJ_Lj)lly(;: 'i!Q_rtg~_j)Jg-p~§esbfthlscode; ·a 1i¢tdfug~th~ti~;qfiQ2gu_l;)~~9YJ 
~#Qli'J? Iya.t):gj§Jfuee_~!9_d~§J)i'l~S.~ or that is a one or two family dwelling ortownhouse. 

MAJOR ALTERATIONS. Alterations and additions where interior finishes are removed 1Uid signifie;lilt 
3 
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upgrat1es to structural arid mechanical, electrical, and/or pluinbirig syst~ms are ptoposed where a:reas ofs11ch 
construction are 25,000 gross square feet or mo~·e in Group B, M, orR. occupanci~s of e-xisting bpildings, 

NEW LARGE COMMERCIAL INTERIORS. First- time tenant improvements where areas. of such 
construction are over 25,000 gross square feet or more in Gtoup B or M occupancy areas of existing 
buildings. · 

. . . . ... . . ,.. . . . . . . . .. ... . . . . . . . 

~)\[EWLYCQNSl!(fJJl'!'J!:1L(orl'!§W:~(;QlJ§_l'Jl,fJP!JIQJYJ.~.AA~'Y!Y:s:o:ns~'4£tt?.<i-'-'Qw14iJtg .. (ornew.L~----c,~
·coP-stiu:ct1on),;is a buiiding that has ilever before been useci or occupieq for a;llypurposeand 'fige,sp,qtiJl~l.fl_qyJ 
:~c1clitioJ1,SLa:£Nr~tio~s_m:ieP_air~:l ~(~ . 

~=?~:'~--

NONRESIDENTIAL COMPLIANCEMANUAL. . The cios~ht,published by the Cl:lliforrria Energy 
Commission to aid in compliance and enforcement ofthe Title'21f CITll.~ornia Building Energy Standards, fo1~ 
buildings ofnonresidential occupancy and high-rise res; -~'-"·. albuilding~;;;c., '' . 

_..:. --· , ------

PASSENGER VEHICLES. Motor vehicles desigg~ ~primarily for trans:P~lation of persons, with 
capacity of 12 persons or less; "''''''~ · 

·=~~~ -~~~ 

RESIDENI:IAL COMPLIANCE MAN!J!:Afk;-c The docuiififKt1r~blished by the Cali£5f1ua Energy 
Commission to aid in compliance and enfol.:~~lh~lrtc().f the Title"2&~alifornia Building Energy Standards, for· 
low-rise residential buildings. ~':"'':.. - ~§'E~ ""~~~~ 

TRUCKS. Trucks or tru~k-p;:t~_~tWY~hicles wft~l:mth a paj.()Adcapici1Y:,of4,000 pounds or less, an.d a 
gross vellicle weight ratio Qit'f~'76W6~in1nds or Jes,S::CAs 1;t.s'tdilfel~ib~~'tniCi(s" does not include heavy duty 
vehicles, which.are vehicl~~f any tyffe~ith a gr~~itv~lh~fe weigllt'f~tio of more thmt14,000 pourids . 

..-_:-~---'=--~._ ' ~,_;_;;_:~ ~~--~-:r~ ·-~ "_·.-: -.-. _--'l ' . 

-,~~~~~~ _· t~:S:lt~-pter}, . L~~-c~ 
·"'"'~~"-''~?.,. -.,.,.,"';_·~.·Q,RE·.EN. ·.,·BUT,r .. · DIN .. Pl -·~ . __ 2_...;c_ .·- :..:...- .'..:......:.:- :-. L..l::...l \.Jj 

'sECTIQE~3ot' ciENEIMJ['·'·---~~:~~;~cto ____ , __ ~--··
1 

301.1 Revise this':S~ct/rm asfollows: ~~,~~£t, ,-~~fi~"" . . . 
?Oi.l-:-s~6pe:?f3wfcl_ing~ in the c1tTh'~!~5!_Col1i?:fv;JlfSan Francisco ·sJJAllb~designecl to mCludeth~-~-~~g:J 
bui!c1..illg!l_1.ea.S!l:l:~ ~p~ci:fi~d as mffil<:!~t.Qry~undeAhe California Green Building Standards Code (CalGreen). 

Additional green buiTCiTii ;reguireme!ij§ established bythe City and Coun:ty ofSan Francisc:o are mandatory 
for: ot~¥r · 

(1) Newly constructed Gro\tl)'~p~0fpancy buildings, 
(2) N ew1y constructed huildili~j6:fGroup B, M, A, ancl r occupancies that are· 25,000 gross square feet ot 

more, 
(3). New frrst-tilnebuild-outs of COjJ1lllercialint~tiors that ate 25,000 gtQSS sqlJ,[lre feet or more ~n 

buildings ~r( Group B ot M occu.r,ancies, a)id · · 
(4) Major alterations that are25,000 gross square feet or more in existing buildings of GtoupB, M orR 

occupancies, where interior finishes are removed and significant upgrades to strud:utal and mechanical, 
electrical and/or plumbing systems m·e pl'oposed . 

. ~}{QIIQN_3Q~f' 'l\11XE]:) Q'gc;uPANQX:§UffiDlN QS 
302. I Revise this section as follo>P:t: 

;?9_G•1 c: W!til~Q:~~~P~~~Y2!?~i1dhig~~.-· -~Jl:lhc~d 2.sS!iiancy ])iiilgijg~,-2'a'9_li_j)1SiliBliof~ ~b'\Ufc1itik~liA11.1 
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f~9WPLY:W_it~:th~~~~mo;Jii~@mJ~iillills~l~i1~~~~kif~_p~c£tis~-~~~@~~ asr~qllired by California, Code of 
Regulations Titl~ 24 P.r:1rt 1l arid the S~:tn Frand~co Gn~en,BlJ'ildirtg Code, Howi'rver;. t6 fulfill any · 
reqmri:anents ()f San FranCisco dreertB.tiiidfug CodeSedions4JQJ.~hrough 4,105 and.5~103tbrough 5,.105, 
as ipplicablc?; the J?iOj ect Sponsor may apply a Single reqUire a gteert building standard to the entire 'building. 

303,.1Jj Add thefo1lmli.{i1g section: 

'303.1~1.1 .l\1aint~nanc~ 9f requ:ixed feaJures, 
gteen building featu:r~s.tequi:redlierein, or· 
changes .ofuse~ lllll<:!SS s~bJ~cf'tq svl;J$egpeAt<?t 
304 Modify the 10. •uor~vmv: 

4,10 3 Repltrce iMs section asfollows.~ 

SECTION 4.103--" REQUIREMENTS FOR .GROUP R OCCUPANCV 
BUILDINGS 
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4.103.1 1'1c\v lovv-risc residential buildings. 
4.103.1.1 Rating requirements 

New residential buildings must be GreenPoint Rated and applicants must submit documentation 
demonstrating that a minimum of 75 GreenPoints from the GreenPoints Single Family New Construction 
Checklist or the Green-Points Multifamily New Construction Checklist will be achieved. Alternatively, this 
rating requirement maybe met by obtaining LEED Silver certification. 
4.103.1.2 Stormwater management 

Projects subject to this section shall meet the San Francisco Public Utilities Commission stormwater 
management requirements. 
4.103.2 New high-rise residential buildings 
4.103.2.1 Rating requirement _ 

Permit applicants must submit documentation to achieve LEEQ::_.t,jSllver" certification. Alternatively, this 
rating requirement may be met by obtaining the Green-PointR-:'4\~d.''i:{§§ignation and submitting 
documentation demonstrating that a minimum of75 Gree 6ip-'is- froi':h'i[· e GreenPoint Rated Multifamily 
New Construction checklist will be achieved. " -

!:~~~:i:i g:~;;:c~!on debris management. Peffmtapplicants must subniTt@g,cumentation verifying the 
diversion of a minimum 75 percent ofthe projects cox1~t~~~1ion an4, .Jt?.1i1olition cfeJ:ii~§, The waste 
management plan necessary to meet this reqpirement sha11f'"'- · ~as necessary'~'9:-t;§hall be accessible 
during construction for examination by th~~®"- ment of spection. Pennif'applicants must also 

_ meet the requirements of San Francisco E ,--· __ J:],tCode Chlip~r •. 14 and San Francisco Building Code . 
Chapter 13B (Construction and Demolition U~brfi':R':~": ery Progti@_,) 
4.103.2.4 Stormwater management. -Projec bjec .. ·. ) sectiB~i'~hall meet the San Francisco Public 

~~~;~~4~~7.::~:~:~:fg'''~~l;n:~:::;!\i~U:e~1-~fevi~tiJm .. --~;'fn projects, whether greater or 
lesser than one acre, must CiWf~lop and l~Rlement ca":-' Hon act_ivifY''pollution prevention and site run-off 
controls adopted by the San Ftli~~isco P~~}ic Utilities ,,,,, ission. _ 

::~~~:~.1 M;jaor A _. ~j\ii~t:J.·~~ · -"'"F';;'::&';,_ o:clil!!~cy Buildings. 

Permit appliP~lP.J.ts must stilifi¥tc\Q.oc , ~Tht@:tion to ac ,-~~}z.P a LEED® Gold rating. Alternatively, this rating 
requirementlii~~t12e met by ohtiiUmg the1iUli'~~nPoint Rated designation and submitting documentation 
demonstrating th1l~Ei1:plinimum of7~l§JreenP'6'wts from the GreenPoint Rated Multifamily checklist will be 
achieved. Major ilt~i.?otions applyhl]~fQ less thfui080% of the building's gross floor area may alternately 
obtain the GreenPoint"R~t~d Element§'ff,~bigmition and submit documentation demonstrating that 49 points 

, from the Green~ Point Rat~d~Multifa ''\'"?!checklist have been achieved. 
4.103.3.2 Low-EmittingM"'' 

Alterations utilizing LEED m it documentation verifying that low-emitting materials are used, 
subject to on-site verification, mee mg at least the following categories of materials covered under LEED EQ 
Credit Low-Emitting Materials wherever applicable: interior paints and coatings applied on-site, interior 

, sealants and adhesives applied on site, flooring, and composite wood. 
Alterations utilizing GreenPoint Rated must submit documentation to verify the use of low-emitting 

materials meeting the GreenPoint Rated Multifamily New Homes measures forlow-emitting coatings, 
adhesives and sealants, and carpet systems. 

4.103.3.3 Electric Vehicle Charging._ 

Sections 4.106.4 through 4.1 06.4.2.6 of this Chapter shall apply to all newly-constructed buildings and 
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. . . 

associatednewiy-constt'llcte<lpatldng faci1iti¢s fox pa~s.~ngetvehicles and trucks;, ~ndto rrtajot alterations to 
ex{$ting Group R occupancy bmidings. whe~·~ electtic<:tl s.ervice to th.e huildi:qg will 'Qe ;tipgraded,Jn major 
alterations where existing .electricaL serv1oe will not be :upgta:declj the tequiteitients ofS eGti6D.s; 4.106A 
through 4.1 06,4,2,6 :shall apply to the.ma.-x;imum. e_xtet1t that do_es:notteqJiite a111ipgtade to existjng eleptrk<H 
service, 

· 4.:1 04Replace th'fs sec/ion as follows; 
r;::..~~~-:-~~:·--:-:~:-:~~,~:_7'"=?-::.::::_;-:--:":~-~--,cc~:...... ... . ........ . ···:···: ............... ,,... .. ... . ., 

lSE8'tiON:i4:T04';::JmSTORIO PRESERVATION 
!::----'. " -· ,_- __ .:;-._'- .• . _:·- ;:-.:..--.,_ . . ;::· - ·: .-.--··-·--·-·-·· ,_ :· ,:;: .. -. '; ·.·· •' ·' . .. . . . ~' ·.:: ... ... ·... .. . . .. ,- ······.·': •/ .. . . .' 

.. 4.104.1 . On-site retention: of historiCal features~ . ;Forah~intions ot:!-Juii<iihgs deteqn.jMci to pc historic~! 
t·esour<;:es, after denJonstr[l:ting.6o1llp:tiance w~th l'llL appiicaJ)Ie COde.2tw2Iudirig the~ 2() 19' Qaiifotnia 

. Buileiwg•EiJ_ergyEffidenqy Stm1i:la1:ds (Title 24~ Pa:tt6)llil<lfue.· "'"¥-~_,-:~ 19.Cl;l-11foml~ B~sto:ricl:lFBt+ilclip_g 
Code (Titfe 24-;. Pait S); th¢ :oibJiml!m points QT ore.eiits ;tequire:. ~~= ~J-'~s ehapter sh~ii "be l',edii¢ed foi' .. -
retentionandih7situ reuse otrestprati.on ofeertain charact~r'tf¢fmulg1£:::'"" .• l.~es; aS descrih~din Tahle4.l04A. 
RetenV.o:ilincludesthe:rehabilifationandtepai'r of~har~qt~fg<l~fining fea.- :~ thatcorifonrJ;to t4¢ Secteta,ry qf 
the. Interior's Standards for the Treatment offristod " :"';'"""''erties~ ~wlW.~'e:·. · 
TAifLE 4.104.A '0~~ . 

Windows @ prin.9ipaf'fa~tade(s) 
Other windows_ 

Qth~r eX;fer1or_omam.~itw?n(e.g; caitou~~~~l 6orheisfti; ~80% 
quoms, etc.) VISible frm:rt(l:Jght~o:t:~way _ ''-''";" . · 

~::.:;::~. ,._.:.;-; 
·:~c:;;;;,;;;";;:~~..:. 2~ 

AD JUS;. 
TO~"f:;; 
LEED,POINT - • 
REQUIREMENT 

1 

l 

4 

.1 

.ADJIJSTMENT 
TP-~. 
GREEN;-PbiNtS 
REQ'o:iREMEl'IT 

3 
6 

J. 

3 
: ~ .. 

3 

JS. 

3 

~~it~Ic~~ ~~·:;"~ 

4J04;2.. Adjusfme:nt to. Gf~~~_!!."Crl~Jrox Retentjon 9f Historic Fel\fu:i:es. Where the historical~resource 
is ·a portion; o:f'the tofalproj ect;~tl;ta~BED :ot Gtee:tiPoint Rated reqtdre:trient shall be adJusted_ to· equal the · 
percentage of~toss floor atea of t1ffi histodcal ±esotitce. comp£lred fo fue tot::tl ptoject g;to,ss flom ~rea, 

4.liJ5 lieplaoethis sei:ttoi7 as follows-: , 
·1· .............. ' .· ... --:-.;.· .. ·.-·· '·:··l ............ " .... :.· .. ........ , .... .... .. . ' ..•. :_.: .......... ,: ............... :; . :; .. ·.: .... . 

SECTI0N4.-.lo5--~:'1DEMOLITION OF EXISTING STRUCTURES. ~;.. .. -.......... _;"---":·-'-'~~~"-~ ..... ··. ::·: . ....... ·: ................. · ....... ·.· .. -:·.: --·:.:.:·:· . . :·: . .... · ...... ·-- ... :· ...•... · - ... . 

4.105,1. Adjustmentsto RatihgRegtiire:n1entsforBuildingb~m9liH()n ail~D¢nsi.ty. Applicatiqns 
sU.bj ect to. the San Francisco G.tee:n BUilding Code; whereby construction of a new building is proposed 
within ;fi:ve years ofthe derrJ.Olition ofa builcling Oll, fue site, Whe.re Stich demolitior.i OCCUlTed after the , 

.. effective ciate of the Green Building Ordinance ~ N OVti:t;tlbei: '3, 200& - the sustainabili;ty ,requirements for new 
buildings pU(sumltto th.e San Francisco Gree:n Building Code shall be increased as fo1lows~ 
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4.105.1.1 LEED® Projects: For pi·ojects attaining a LEED® certification; . 
(1) .·Where the building demolished was an historical resource, the requited points shall be increased by 10 

poitits. . . 
· (2) Wh~re the building demolished was not an hlstorieal resource, the required points shall be increased 

by 6 additional points. · · 
(3) Where tht; building demolished was not an historical1'esomce and the nWI1ber ofdwellings i.n the 

residential portion ;f the replacement structure are tripled, the Iequired points shall be increased by 5 
additional points. 
4.105.1.2 GreenPoint Rated Projects. Forproj'ects attaining GreenPointRated: 
· (1) Where the buiidmg demolished was an.historical resource, thcJ:~quired points shall be increased by 25 
additional points. · .;T~~-

(2) Where. the buildi:ilg demolished was 110t an hist()rical resq;uJQ~ffue required points shall be increased · 
by 20 additional points. ~!Jt:J'i+t~~"'- · 

(3) Where. the building demolished was .not an historicM}~~:o1lrce·tfli(~:l!Jle number of dwellings in the 
residential portion o:fthe replacement structure are triplt~~}ie required ·pq'iS* shall be ii1creased by 17 
additioJ1al points. ~~~~ ~-- "c~~'~"'' 

(.;::_~ .. oo:-.:- c=.o 

~f~~ ·~¥1:k.~ 

;SECTION ~[106~· S~I...,.-TE~ ..• ~]),.,...E ......... VE-.7 .. ·.~t.,.--bP.MENT: ""'~ --··-... ·-.·::. 

4.'io~6 ~4R~~i~e-;l1i; s;c~f;nt,;j6Jj~~~~~-··· ~-.·-.-o· --~··-·~ -~~~-··::~~;~~J"'~!ff;t ~~;::~ 
. -_ - :· -' . '': . ---c--.------~--_:--·:·--:-:-<---::-·_,.~: ... ·._::-:-:-.... ---:--~-::-~-::----~----'.;.;-...o..;:=.:~:-~? .. . -' --~-(-·:--~ ... ----~---·-· ·-·"":· 

!4.106.4 .. Elidri~ vehicle (l!;Y) ~hll,.rgiug :fo:r :11ew con~tJ'rtctiQwand. major alterations:. New : 
~o~1:fl:ls:!!9lf~dm~]~r-;lt~;.ati~rt~§pa1A C\)mplywith s~·cti9ns4.'i06.4.1~ 4.106.42~.orA.l06.4Jl;i:q provide 
electrical capacity and iilfrastr1.1cture to !a.c:ilit4t.e fu.tl;l:r~Jrlsta1lf1ftogandus~_~oKJ:i:Y~I:t.~·g~.rs, such that the 
projectwill be capable ofproviding-~;EV charging;;syrvices:atilOQ% of'6rt';street :earldng S:[Jaces provided for 
pass~l!g,er vehicles. and trucl¥:~r~1;ch{c:y~hicle stiPplyiguip~~nt.cgy-s.Ej_~hailbeillitalied.lfi-~ccord~~el 
~t:h: t!i~ San Francisco J?uiJcjtftg CoM (rifdJhe Sa11Fran~~co· Electric@ Code, s111:lj ect to the following 

[:j;i~~g~~ns;~l -~~~~~ ,~~ ~~~ - . 
fl .. On apc~se-1J)'-.~asec1!ru>is,wheret~trec ~1i~as qeterfrii.t~V·ghlg and. intmstmZtili~. ~e not feasibl~ 
~asedi~ioWk'#l~~:; ~~':4~4$~~{~~~;;i9)~%;r,'"' . . . . . • n -- • • • • •• • ••• 

;•.·· . · 1.2 \Vllere there is eviu~ncy'substal1ti~tillg t}latnieetmgihe xequireni~nt? will £llt~r thelocaiu4li1:Y J . 
in£ra!)ti.1ictur~ designreq11rrewents on the uJility :side gf]'ll~tn.eJ~l: §O as to),g9f~'!~~ !h~·ll!!Wisi(i~ c9~t tojb.~:j 
!}.()JP;ycr~ll~~ :2r~:tQ.e_ (i_~yeL()p§J;J):VJ:rt9f~ ._th~ $(J.QQ':P~rlr~rking space. In such cases, buil dihgs su hj ed: to Section 
4.106A shall maximize~f@,gumber. o .;;- V Charging Spaces, Up to a utility side cost of a maximum of $400 
per space. Cost shall be dlf;'tWned q" .•• ~viding the increase in local utility in:fi'astructute cpst attributable to 
compliance with this sectim1l)Ytil:lsJ!@f ofparlCing spaces and EV Charging Spaces. 
'fX'h,ccessoiy}Sw~lJiiJ.gUnhi'.(AQtJ).~EuJ.~.·.lu.tli()tAqg~~~PrYI>.~e111ng1JAJ.!~LC~!D~Wiib.~£Idl~iticiri~!·:! 
· . .,,·;kin ·+:a.c•·ili·t•l·e··s··.l ~ 
]?f.hl..,~, ... g".J.L~:·:.c_o:·.O'-'.: . . . . . . . . .· . . 

3: Inmajor alterations~ where there is evidence substantiating that meeting the requirements of this section 
presents an unreasonable hardship or is technically infeasible, the Director may consider .an appeal fi·omthe 
p:rojectspqi1so:r to reduce the nU11lber ofEV Charging Spaces requrreP. or provide for .EV charging elsewhere. 
4. Wh.ere aprojectisundertaken specificallJto meettheCity'sMandatorySeismic RetrofitProgram as 
required under CJJ.apter4A,4B, or 4D ofthe San Francisco Existing Building Code. · 

4,1o63ij~--N~'Yi-..0.11e~~!id~m().,t~mi~y_f!wc~Uiy,g£~)14~·!PWI1JJq_us~s,iY}t!i~ttach~d or adjacent pdyiltel 
gl!:.i~g~Sj For each parkl11g space, install a 40~Amp 208 or 240-volt branch circuit, including tac-eway, 
electrical panel capacity, overprotection devices, wire, and termination point such as a receptacle. The 
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te1mination point shall be in close proximity to the proposed EV charger location. Raceways are required to 
be continuous at enclosed, inaccessible, or concealed areas [;Uld spaces. Raceway for each circuit shall not be 
less than trade size 1 (nominal1:-inch inside diameter). 

4.106. 4 Modify this section as follows and and delete notes I and 2: 

requireili~)its, when an EV charger is installed serving an 
accessible panq;g_g a parking space if the duration of stay is not subject 
to any · ', ,,, to other publicly accessible parking spaces in the 
same parking area.,,, in an space equipped with an EV charger is subject to 
limitations different F.'"''''"''~~J applied to other publicly accessible parking spaces in: the same 

4. Accessible spaces must',..,~~~'~'!#' dimensions specified above, Planning Code Section 154, or other 
applicable accessibility · , whichever would result in the largest space size. 

[£t{l~d:4~~~~fti!fl]lifjf!fi[i[mJ1J! Where a single EV space is required, install a full circuit with a 
minimum of 40-Amp 208 or 240 Volt capacity, including listed raceway, sufficient electrical panel capacity, 
overcurrent protection devices, wire, and termination point such as a receptacle. The termination point shall 
be in close proximity to the proposed EV charger location. The raceway shall not be less than trade size 1 
(nominal l-inch inside diameter). 

~~rJI~~~J~~~~~~lliiif!~¥rmf~l~t\li~Wtffiil~] 
9 
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(a) For a minimum of lO~fv ofEV Spaces and in no case less than tv1o EV Spaces \vhen the total nu._tnber 
ofEV Spaces is two or more, install a full circuit with minimum of 40-Amp 208 or 240 Volt capacity per 
EV Space, including listed raceway, sufficient electrical panel service capacity, overcunent protection 
devices, wire, and suitable listed tennination point such as a receptacle. The tennination point shall be in 
close proximity to the proposed EV charger location. Calculations for the number ofEV Spaces shall be 
rounded up to the nearest whole number. 

(b) Branch circuit panelboard(s) shall be installed at each parking level with service capacity to deliver a 
minimum 40 amperes at 208 or 240 volts multiplied by 20% of the total number ofEV Spaces. The 
panelboard(s) shall have sufficient space to install a minimum of one 40-ampere dedicated branch circuit 

· and overcunent protective device per EV Space up to a minimum ; of the total number ofEV Spaces. 
The circuits and overcunent protective devices shall remain ' · .. usively for EV charging. 

Exception: Circuits and overcunent protective devices · .. · 
· contribute to the requirements of 4.106.4.2.4(b), · ·.· 

not located on the same level may 
't"PC'P'r<TPr1 exclusively for EV 

charging. For example, the circuit serving an EV 
the electrical panelboard of the conesponding 

(1) Either: 

(B) Provide space 
240 Volt capacity branch' · 
with Section 4.1 06.4.2.4.1. 

vVl.l~\lJ,llJlllll.till owner may connect to 

ca11.u.u~o•u of a. 40 ampere 208 or 
Space, or equivalent consistent 

floors, or other partitions will be necessary 
coJmo,onemLs necessan per site conditions for future 

comply with applicable codes, including but not 
the San Francisco Fire Code. 

(d) ... · .. ' . uo. CHVHC>J lllvlct'J.·l.~l/', vllJ'vlUvUl engineering and design related documents, shall 
demonstrate that the · · and electrical system, including any on-site distribution 
transformer(s), can ·· ·· .... ·... of20% of the total number ofEV Spaces simultaneously, at 
the full rated amperage of .· .. minimum of 40 amperes per branch circuit, as modified by Section 
4.106.4.2.4.1 Electric V · Spaces. As appropriate, construction documents shall provide 
information on raceway , wiring schematics, anticipated EV load management system design(s), 
and electrical load calculations. 

NOTES: 

1. Electric vehicle charging infrastructure and housing are critical priorities for the City and County of 
San Francisco. Where provisions of this Section 4.1 06.4.2.4 require the installation of an electrical 
transformer, and such transformer cannot be accommodated on the project site due to the combination of 
project site dimensions, San Francisco Buiiding Code, San Francisco Electrical Code, and applicable utility 
regulations, the Director of Public Works is encouraged to issue a Sidewalk Vault Encroachment Permit, 
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. . . 

provided th~t~h~,JJ:ontip:g prope:rtYowner compHes yvith all requirements governing street o.ccupancy, 
inciucling 1Jutp_ot lit11ited to the San Fi·an.oiSco Pub lit Works Codt:l ®d Dep~rtmerit :qf l?UoliQ Wodcs Otder 
16_5,553, 

2. An EV ·load management syste\m may be;hecessa~·yiii order to ptovide 'EV pharg'lng ~J triore. thah 
20% ofEV Spq,ce:S, -

3. This section does Mt require :EV ch~gets t; be. install eeL 

4,106A;2.4,i El~ctrk VehJd¢ (EV) :fast .chai:g)ng spaces. 

(a) Installation ofone :EV Fast Ch:n·getmay :redt+ce:the numbGr.H~)y Spaces reql!tred litlder Section. 
4;J09A.2,4(a) by up to five EV Spaces, p;r:ovided 't~at the projeo:tW:qlffiies ;:iJ~east one EV Spac~ equipped 

. with ·.r full d:rqvit able to. cteliv¢t40.ci\mp :208 ot240 Volt ca~l_Tf!'_'Q~the EV Space, inclt!Ciing; listed. 
raceway, sufficient electrical. panel capaCity; ovetcurtent prQ~'<ftiorl~d~\-dces, wii'e, and suitable listed 
temlination point such as a receptacle, -· . .<i:iift, ~=.7 

'- i 
The electrical panel- hoatd( s) provjded at eich par~lftevel served by B ,''~ Charg~:~,·s shall have. 

sufficient capadty to·supplyeachEV Fast Charger.,'"'" IlliJ)imun:ipf30 kWt&:((¥t adclii:lonto the capacity 
to setve any ~.emaining EV Spaces ±equi:ted ui1dei' Sectio.n;~4_.l06 .4~~~tl(a) with a ffill1l:tri1ini -of 40 awpe:i:es ]Jet 
circuit at 208 ot:240 volts per EV Space:,~#h~~5~ '"~::-"· ·(fqliF~" · . ·~~~} ' - . . . · · 

+•"-....,-~0~~-:o.:;:;:;-;.,__ 

(b) · After the 1~eg_4irertu~nt~ of4.1Q6;4,i:if-."-~""ic;._.-· ~t~ each pHmbed EV:Fast Charger rnay redni::E! the· 
numbe'{ pf plWUl~cFEV Spaces r~qtlired und · ···- 4(9) by u · tye spaces .. Elecfl.}c~l e11gin~eijng· 
design and constmction documents shall in die • c., ~"'W.e!}y,§Lyteni _ . • ]Jbmt and proposed lotatiorf of 
future EV fast charger (lpace§~@4~M~fast chm·g~, ~lect~icta1f~:p.gine.e:tmg,desigii, ~nd copstructio;tl • 
docllllient~;,shall also proiQ£izlhfu~ti'c1JJ on. amp~~· )-p~~Yfastw.ll.?,-!~g~rs.; raceway method(s)~ wi'ring 
Schematics, and electtical1§.~¥it calcrilatf[~ to veri ~~- -e electiiC'afpariel service capacity and elevtdcal 
systeril has BtffficieJ1t papa,ciij{~~imultab'e'qusly opdta;f.~:!:lU i:o.stall~c1. -~y fast cha).'ket~ ~at th<:i Wllt'\ted 
amperage oftheE · __ ·. chatg~~' ,. --- · ·' · ously~'f~~ye atryien:taining spaces tequited by 

- 4.106.4.2.4(a)ctll.~ ~ chela ,~~s>mponelli§ltlm.t -armed -t.o .b<:; ins:tailed Urid~rgrounci, encXosed,-

~:;~::;,~;:=;p;;~~trn;:2~;:~:~~~~~~~~~,~~~=;;":;~:'Si[~~ntl 
p_tpt~~t:i~~ci~w£~~§p:at?e(~}.re~\1rV'~d fotJt:ltir~ JW slJ:?tJtingpu;fp9s.~s '<tS. "EVSE REfill Y" for full ci~·ctJits and 
·otherwis~(~~SE~:fp.AJ3EE'>h1-~£:~~rSl'CQic~,v;itli'ID~re~forni'aEle_cittioal-Qo'cieJ·rh¢r~cewaytetrnina,tion, 
location or receptacle 81(~1\Je pe1mai];~Jitly and visibly'marked as. "EVSE READY'r fot full ci,tcuits and . 
otherwise «EV.SB CAPABtiE~,; until£$.~ time ·as EVSE are installed. · · 

; ·; ··!· '~~~,£ __ -~~~;:~-;:: 

~iv·i~it.fi'-'4~2' -
' .' , _____ " - . ~~;>_-,::_-' ·<.-~ ~ .. :::.'<:,:,,1_-:"_~:'--~-~~-1 
ENERGYEEE1€IENC.'YJ 

c:::~--:-.c-:~:··'--'::':'":.:,; .. ,:~:-... ,;:_::o-_-.:-·~-----:------'-- ,._ ..• , • -.-····.·c·_,,, ... _._.. . -. - --- ... ,:'-,·-··---"- -~--'--.--"'~] 

SE.GTION -4~201~: GENERAIJ 
•· · · . : .... ·· .·. -- •. : ... :, _,.-.,-...... ·•-·-'-~--:•:-J .... ~.o ••• ;•.C:-•-•.-.c.-:.c ... o,.l 

4. 20 1-Add thefollowing section:· 

4.201.2· Renewable ene:rgy ~nd better: :ro()fs; _ 
{a) Newly con~tructe_d Grcrup R occupancy ppil(Htigs which1:);t"e.4' occupied floors tn' greater, and less tha11 

or equal to.lO or fewer occupied floors and which app1y for a building pennit 01~ q:r after) ahu,ary l, 2017 
shall install solarphotovoltaic systems .and!ot solar thermal systems in the soiar zone n~quj.l'ed by Califo:rnia 
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Code of Regulations (CCR), Title24, Part 6 Section llQ.lu, 
(b) The minimum solat zone area for the project shall be calculated under Title24, Pmt 6, Sectjo:h 

110 J O(b) through (e), as app'licable, and Residential Corpplia1+ce Mmmal Chapter 7 ol' Nomesidential 
.Compliance Manual Chapter 9, as applicable, except as provided below. . 

(T) Fot single family residences, Exceptions 3 and 5 to Title 24, Part6, Section 1 WJQ(b)ll'..:iilay be 
applied :ill the calculatio11 of the minimum solar .zone area . ExcejJtiorts 1, 2, 4, 6, and 7may not be applied in 
the calculation. For single familyTesiciences subject to Plann:j.ng Code Section 14 9, Exception 3 niay be:-
applied in the calculation of the mininiurn solar zone area, and Exccpticnis 1, 2, 4, 5, 6, arid 7 may not be 
applied in the calculation. · 

91 ill For Group R Occupancy buildings other than single farrllicytesidences High Rise Multifainily 
Buildings and Hotel/Motel Occupancies, Exceptions 3 a11dS to X1ti~;24, Pmt 6, Section 11 O.lO(b) lB may be 
applied in the calculation ()f the. minimum solar zone m·e:a. Ex'f]ptf~s_ 1, 2, aJJ.d 41'naynot be applied !JJ. the 
calculation. For Group R (kclipancy buildings athOl'. than,@lfgJe:;,faniifY~idences High Rise Multifamily · 
Buildings and Hotel/Motel Occ1.1pancies subj~ctto Plal]ji}ig~Code Secticnr"'}49,Exception 51naY be applied 
in the calculation of the minimum solm· zone area, an.<i~lt~teptions l, 2, 3, al1iEj,mayn6t be applied in the 
calculation. ""-=''""'""' •·..,;;cd;',;, 

W' . ffi Buildings with a calculated tmnimmu sol:J"i~g~ area o~~l~~s than lstt.!.rr~gguou,s square feet due 
. to limited. solar access under Exception 5 to_;Title 24, PartBf~S~cti9Ji1l'1 0.1 O(b )1Ao?~x.c.epticm3 to Title 24; · 

Pmt 6, Sectio11110.10(b)lB are exemptftifm~t&e.solar energyZ££q~ffen1ents in,this Sectt6n4.20L2. 
(c). The sum of the ru_·eas occupied by so1~'tpltQl.o~Yoltaic coif~gi_s and/or solar thermal collectors must be 

equal to or greater than the solar zone area:. '1J,a~'§b"Iar~Qfle shallWtfl.~~ated on therooforoverhang of the 
build:ing, or on the :roof or overhaug ofanothd'$.fructur&lo¢qt~d witl:iihJ!i?.§ .. .O feet of the building or on c()vered 
parking installed with the buildilillii:iroj_~ct. SolarwJ;otovolf~G>YosJems~Gi· solar them1al systems shall be 
installed in accord with: alJf:TIJplicabi~~_tate code,_-~qujs~lli;ents~i®J'!J.cling ·access; pathway, smoke 

·ventilation,. and spacing reql!i!ements spe-~ified in C~~1'itle 24, pffi:t'c9; all applicabk local code· · · 
requirements; manufacturer; s.i'n'tC£.ificatiQ.P.§; and the :ffi[Qyving performm1ce requirements: 

(1) Solm· photqyc)lt1ic syst;;-i:riS~. '];1{61fQ'~hilflmepliit~_£apacity ofphotovoltaic collectors shall be at least 
10 Wattsnc pe!:c:s.Jfitar~dAfrQ.fJ:oof~<if'f'!:aTio~at~ii~J'9.JJh~· pRQtovoltaic .collectors. . . . · 

(2) Soll£'i!Ji:ei'inal sysiiffi~r~~$ingl~fmm.ly tes1Cf~1i'a1s'Olat domestic water heating systems shall be OG-
300 System G~fiified by eithdlb'etSolatRlftffig and Cettliication Coi'poration (SRCC) or the Internatioi1al 
Assodation ofPlwnbingari.cl. Meli{~calOifJ.ciqls (XAJ;MQ). Solar thermal systems installed in all Group R 
occupancy buildingsfQ.~her than singl~fqmily il~tiences shall. use collectors with OG-:1 00 Collyctor . 
Certification by SRd3tQJ.~IAPN1:0, sh1it"be designed to generate arinually at least 100 kBru per squate foot of 
roof area allocated to tht:;;:{t)lt}r therma~~ollectors. Systems \vith atleast 500 square feet of collector: aTea 
shall include a. :Btu metei' irtsti~P. ~rt!~Jher the tollector·loo:p.or potable Watei' side of the solar thermal. 
systel)l. ~oi~.::·:;;:;:::=..c-,-

( d) .. Apptoval by the Pltmni1lg'lf<fPartrnent of compliance with the J3ettet R:oofrequirements, mcluding the 
Living Roofaltetnative, as pro:vided in Planlling Code Section 149, shall be accepted fol' compliance with 
San Francisco Green Bul.ldiJJ.g Code Section4.201.2.(a) through (c). The requirements ofCCRTitle 24, Part 
6, SectionllO.lO for the solarzo1le sliall.stlll il.J:lPlY- . 

- fch~pter'5: 
NONltESIDENTIAI-rMANriAT.~O~R.-c-... ¥~ .. ··-~ME....-,-... ·~A_~S~U~RE~ .. ·· .. ~g 
··• • ..• ·o·~ ·.~:_,·.:··-- _:·:_:._-_::.:....:._.._:...:_::..::=___:____-:..::.....____--·--·-· -- .. ··. ··"'·"<·~-·~ .··:~.-· . -. -- ___ -_,--.··--•. ·· .. -.... _. __ _:_·-_ 

tll_iyi~jg_y _§.J' 
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·cc;.;.;._ ...... ·.··_-: -·:: ··•·· .• ·; •. ,· · ..•.. :' ·• ........ · . .-._·. :.·'C~: 

PLANNING:~AND--DESIG-:N 
§J~~~lt~§?~~l52J-ot_;·,.......~t_~~QiE~,-: -~-~-----'-"·..::. .... Cc~ -,-·''----.'·----·. ··-·---.-·'"-"'·-""_., __ .c,_ ••• 

5.101.1 Modify tl1e section as /oi!ows: · .. . 

·· ~IIll,~iiA1fllfiW111iilfill~llltl~if©l~r1 
and pl'o!nqt~ the health, safety and welfare of Sanfi-arici()Co resi(fents, • · · 
5.103 Replace this sect;on as follows: . 

=~~iill~~RJliQ:UniEl\1E1NTS]'Q~ ~~~tJPA, B! ~, ~ Md 1Vt 
S;lOil New large cofumerdal buiidhig$! j~~i,~!~ 
5.10:tl.l Rating requirement. Peri:nit applicants must sui[@itdo'Eli.TIA~J1tationto achkve LEIID "Gold" 

·.. ~~{~~~j_~~0%§9orwater use t:E;d!l~tion. ;etniit ~P}~c':'~'" t~ :~sf sub~{~,)krpe11tatimr Vei:ifying that .. 
·project n1eets tna:ltimum prescriptiw fixture flow raW~~il}accotdance.with the~Gll!fotma Plumbmg Cod~; The 
ptoj ecb:rilist also achieve the LEEDWE Prerequisite:lil~q,Q,r Water .Use. Reducti:s-tt~WE.P2) and. a minimum 
30 P.erceirtreduction in the use.ofmdoorpotable watel~·as''~hl£u "" :-omeet the L~~_\VEctedit'!ndoor 
W~ter Ds<:J R.ed,1+ctigrt (WEc2); · %~.s1, ~- · ·~~i" .. 
5.l 03.L? . CQnstructX<m w~sN m~J;~.:igenr~n1'o'~;~ennit applicali :s~;q1ust submit-d.oc4DJ,ertti+ti<:rti verii'yn1g th,-y 
dl've1·simtofa n:Unimum 75 percent of the p1;5j~it;~c;;~~tl2l!uction illf~~.ni.olitiort W!l-Ste, as· oalct1iated to meet .. · 
.LEED MR Preteqtdsit6.Construction -and Deni6l\!ionW~~t¢ .. J\1anagbl[ell,t.'Plffilhingarid IJ1Im · :M:R,. Credit 
Construction arid Demolition.',· : ~-·· . agemeilf.;;pet:tlli ,,):f~J?:ts nilt~J';,~so meetther6qtdrei)ients qf San 
Francisco Erwiro;l1IP.~I1t Co.J}§It[ .. · ~~"'~and Srui:J$~""n~: .• ~7~ uiltl_illg~ode Chapter·U:B (ConstnictiQJ.J and._ 
bewolitio.n De'Qds Reco:vety~Rro-gram;)':\!i~ waste .fu:mili'g~esillent piap;;.iiecessary to. meet Uii$ tequll;ein_ep,t shalL 
be updated as n.ec_essary and'$4g,~e ac ~~ble dl1ifug~~J?-strudi6n: for examination by the bepiniment of 

·. !!:~~;~ii!1!f.!tftt~!~v~::¢~i~tfrr:~~;:n~lio;;~~n~i~f~~rr:· 
cr~dit (EnhaiF~]:"con:unissio~~)~:J,n ad'tiiY9Jl. tb- LEEiffitAJ>rereqtrf$~te: (Fundaih~ntalC91W.nj$siorring) and 
Ver!ficatiohi ~:;"t~: ·· . · . ·. _· -~~~~~):, . "{{i'±~ . . . . . · . . • . ···. · '. . . ' ·. .. .· · . 
5~1 03..1.6 Stormwifl~r managemerffh, Project§;§ubjectto this sectio11 shall meet the San Frartcis<;o ,:Pnblic 
Utilities Golllfiiissio:li-~~t~J1iiwater niart1g~ment r~quire:ti1eJits. AU rt.ew bliUciii::ig proj¢cts ilitist dey~lqp <}l'ld 

· im.plt;).t\ient llli Emsion a1i4T$~diment ~~-~ rol Pla,n or Storm water :Pollutio11 P:reyentiori Pla,n ;md :implement 
site run: off controls adopt?cl:1fy~_}:he S ·"···r<mcisco J?ublicUtllities Cotru:lrissio:r:t_ as applic;abi~; . 
:S.1Q3.l.7 Eti~1·gy perforin~fi · · , erved] · · . · .. 
5.~103,1._8 Tempoxary ventllatiO;!!~·and IAQ numagemenJ chiririg ¢()nsfructipii;. Pe.1itl.it applicants .must 
sub:b:iitdocumentationveri:(yii1g that anindooJ.' Ait.Qtul!ity M8nagement :Plartisprepated_ai1ditnpleniented 
which meets LEED :EQ Credit Construction Indoor AJi Quality Managmuent and Title 24 Patt i i Sections 
5,:?Q4,i. an<l 5.504.3. · , . . ·. .. . 
• 5.103 .• 1.9 Lmv.-Emitting Ma,feri~ls. I'ennit applicants .must sl1bmit clo¢umentation. verif'yip_g that loW"' 
. emitting milteri.als.are.used, .subject to on-site verification, tneeti:hgat least the following categories of 
materials covered undet LEED EQ Credit Low· Emitting Materials wherever applicable: intetior paints ah~ 
coatings applied on~ site, intetior sealants and adhesives applied oh.site, flooring:, and compos{te wood, ... 
5.103,1.10 CA:LGreen, wap.datory measures. The following nieasw:es ate nia:n:d.atory inCalifoqua for 
new nou-residential buildings. Optionally, similar LEED credits can be used as altematiye c,ompliatice paths, 
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as noted below·. 

Title 24Part 11. Section(s) Topic/Requiremt;nt .. Alternate Compliance Option: 
5.106.8 Light pollution reduction Meet LEED SS Credit Light Pollution ReductioR 

Halons not allowed in HVAC, Meet LEED EA Credit Enhance.d Refrigerant 
5.508.1,2 tefi:igeration and fire Management; 9.nd additionally docmilent that all 

suppression equipment. HV AC&R systems do not c.ontain CFCs or halomi.. 

5.103.3 Major alterations to existing non residential buildings. .. 
5.103.3d Rating requirel;llent~ Permit applicants must submit do~y:tllent<ttion to (lchieve LEED ''Gold'' 
certification. · · _b';~;It 

5.103.3.2 Low emitting materials. Petmit applicantsmust SJJ!i®faocumentatiori verifying thatlow
emitting materials are used, subject to i11-site verification, lll~~tffig'~~J~Eist the following categories of' 
materials covered under LEED EQ Credit Low-Emitting Mat~Hals: int¢i'iot paints and coatings applied on-
site; interior sealants and adhesives applied on. site, flc:J?,R~gt"'and compo.sit'tytood, · 

·-----~ 

5.103.3.:3 Electric vehicle ch~rging. Section 5. r"[Q~'.3 ofthis chapter shaW!~£ply to all newly constructed 
buildings and· ·~ssociate9;ne"vv~y-constrD:Cted:p~r)!ing fi~flj_t~~s fOr pq~senger: VGiilqf~~~=-~lld· ttticks? ~-n1:d tO m~Jo·::; 
alterations to existing Group A, B, l, and M occupancy~5'qll(lings.kiwl\ere electrical"S~Jtll~ce to the building will 
be upgrade<i In major alterations where e.iisting ~lectricalse]Yi~~WiU no~ be upgradeCl~ all requirements 
under Section 5.1065 shall apply to the rri.ciiiirgnn ~xtent thaf:~¥~. 

(1) does not require upgrade fo existing ~i~:;f~~~", "f;~~ .. 
~·.:-...:_·~- -~~c:::;::.~l~:..o_ -. ·~-,·.. . . 

(2) · theDirector does notBefe11ti1ne.that com}Jli~ce ~~~~S.~J;i~n sJ:o&:5.3.3 and Title 24 Chapter llB, if 
applicable, is technically ~~s1ble,~lli;.;a..:eJmed in~~jlj.frfmfa~Bullufggc,c=ode Chapter 2, Section 202. 

• • . - -~-o ~--=;-- ~- -~a_ ·-:.....==--'-~~~=:....:~~ - ~=~~,__,.-

·:_-o-~~~ -~~ 

5.103.4 NewJarge commerCralfi.'Qteri!lJJi .. ;o'"'~ ·· ~=··" 
5.1 03.4.1 RatiJlg~[~qij};r,went,. J>ew~appi~~t1>mus[~1J,bm1t docume11tation to achieve LE~D ''G9ld'' 
certification .. . '-.·z~j·~·":·~~;~E.. ~:;:;+ '"~~~-''· ·;;;;¥ · · 

5.1 03.4.2 tf,~~mitting fu~~l.@l.s. P~fillit applic-~~lfn.ust submit doqumentation verifying that low
emitting mate:dal~'::u:e used, St1b]'e'QFtoin-sit~"Ye:rification, meeting at kast thefollowrng categories of 
materials coveted~t1der LEED ml'Gt'~ditLO%.E.D1ittlng Materials: interior palnts and· coatings applied on-
. site, interior sealant~~~4-~dhesives a:PWJed on srt~j flooring, and composite wood,. · 

5,104 Replace this sectioi1 'as16.llows: ;;.-·;o;., 

CPRESERVATION . ~-§ii9tr:§;1_Q~ ~~ 
5,104.1 On-site Retention o ibLFeatu~es. Fotalteratim1s ofbuildings detehninedto be historical 
resources, after demonsttating co:mp iance with all applicaqle codes, incll,lding the~· 2019 C~1iforn:i,a 
Building Energy Effidency St(llldatds (:I'itle 24, Part 6) and the~ 2019 Califomia Historical' Building 
Code {Title 24~ :Pmt 8), the minll:nuni points or credits tequired1llldel'this chapter shall be reduced for 
retention and ;in-situ teuse or testoration of certain characte~· defining fea:ture::;,as desctibed i11 TabJe $.104 A. 
Retention includes the Tehabilitaticiri and. repi1t of charactet-de:fining features that conform to the Sectetaty of 
the Interior's Standards for the Treatment of Historic Properties. 
TABLE5.104.A 

SIGNIFICANT HISTORICAL PERCENT 
ADJUSTMENT ADJUSTMENT 
TO MINii\ruM TO·MINJMUM 

ARCHITECTURAL FEATURES RETAINED* 
LEEDPOINT GREEN-POINTS 
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REQUIREMENT . REQUIREMENT 
Windows @pl'irrdpal favade(s) 100% 4 '15 
Other windows At least 50% · 1 : 3 
Other windows fOOo/o 
Exte:riot~ doors @principal fa9ade(s) . 100%'' 1 ,•3' 

Sid:i:Ug 6r w.all finish @ pdncipaUfi9ade( s) 100% l ' 4 
Trnn & casing @wall openings on pdncipalf!i:<;ade(s) 100% 1' . 3: .. 

Roof cornices :ot decorative eave$ vi$ih1e from ri@.t ~ 
of-w.ay · · · 100% 

Sub-cornices, belt courses1 water tablesi:an:drtuu:iing .. 
irUn visible ftO!Il righirofcway. . . . . 100% 

15 Chata(:ter,~tr~:fin:ir).g (;lements ofsignll;icantin:terlqt < • 1 oo% ~~*I~': 
spaces = . . '!!7 

~OLtl~Je~r~ert~.~cr~io~r~o~m~am~-~en~ta~ti~o~n~(e-.g-;-ca_rt_o_u_~-e-~.-c-or~b~el-~+-8-0~%-o.--~--~ @t . 
quoins; etc,)visibk fromrignt-of~way · .,~, . ., 1 3 

-~- "C:C'' . ·'·.':J.±i".:.c 
-~~~ - ·:.:¥~~=~ 

5~1 04~;4. Adj«st:m,ent to Gr(Jen;CredJt for Reteiltiq!1{~t¥tT~toric·FeatureS'~iWhere the histoJ'i¢<:1.1 tesi.)utce · 
is a portion of the total !JI'ojed, the LEED or Green:P5@,;Rated pomtrequitemtR~~hallbe; adjttstedJ6 equ1,11 
the percentage 6f gross floor ate a. ofthe historical resoillf'~~@rilPat~ItP the totafpi]j~,~t gross floot at ea. 
$.105 Reptirce th{sstt~iiol1 asfollqws: · ,, .. ,,, ... -.... ,,,4 ~~,b 

sE:ctiol\t,s:f.os~uEMoLI· ~N~OFE .·c•sTRtJc'fu.REs .. 
,_. ~··.· __.:_~·_:.:._ .. ~.::-,.::_.:_:_, ... -::..::-;.=."'"'-''·-:-,......:.::,_,_~-. _ .... '. : '-2Ei;:~k:.,_- · . - ... , . . _·, . . ~--. · 

5.105•1 Adjustment~ to tatingrequireme -~t <A:p'Rl.ic.ations suB'j]£! to theS.anFra:b.dscq Gteen Building 
Code, whereby construction ofa new buildinlfJ~~propD[~B,kvy~i1un fiv~y.~ars of the demolhion. ofa biiildii1g. 
onthe sit~, whety ~;u.ch demoJit!£>!l~b"~~plTed aftelr~!JVem 2008, tJli;f]}rt§taimtbility requirement~? :fuf hew 
buildings pursuantto the Sa ,~~,illiY~ts~2!.Qr¢Yn Bmf· g ,~~~ · - ~inci'~ased as. follow~: 
:5.105.1;1 LEEJ)® projec orproJ~&l;§' attainin ·<r~ED®. ~ei Itcation: 

(1) Whete the building de ~.~.J;hed w'"'"~'an historic-~"=. ource~ therequrred points shall be increELsed by 10 
points, whichis lO'f.~:£f.the totci:~l'.~il - , <;tLEEifij}~tihgsystem, absent demolition.. ··.. . . . . . •·• :!j:~::~,~~~lr1fl'~!· ~~~j!Ji!;~1~J~~~:;p:~::~1~dlJ~~::.::;~;,~'eaSW 

(3) Where . .t'!'le{ "uilding demoli'sJK~4Was hQf'-~ histor-ical resoui,oe and-flie number ofdwellings:ln:the · 
residentiaLportio · tereplaceme't"Jl~Fuutui·'g~!~ tdpled, the required pomts shall be increased by 5' . 
addit\bilal points, wlu'Q]};Mi 8% of the Jit~imi.m;l iotab:ecpiire<i pomts 11Jider this. cha)?ter,: abs~nt d~J:Qqlition . 
. S.105,L2 OnenPoinf'fJ!te,{l projec(~~~Eo;r proJe~t9 attaining Green}Join± Rl:lted: 

(~) Where thebwlcUP.g'"Zi~P:J:pli.sh~.<i~M:anlristo:dcal reso\.u:Qe, the teq:uireci ·pohitS shall hf:i lncJ.:t~a$edhy25 
additional points. · ,. · , ·' · · .. · . 

(2) Where the building demo ·s.}~ .was not an historical te<som;c.e., the requlrl:lcl points shall be fuyre~ed: 
by20 additionalpQints; . . . . . . . ·.. · · · .· 

(3) · Whe.t:e the bmlding dem,olished was not aJ.l. histwical Jesource. and the n1J1l1ber qf: dweUi11gs iJ11he 
residential pottiol1, Dfth~ repla:qeme:ot struc'flrre are tripled~ the r~qlJir.ed points: shaH be hwreased'by17 
additional pbints.' . 

SECTIONCS.J]J({ .. SITE.DEVELORMENil 
:..........~---''~____:_....l!.__;~..:......::.._:~· • .!...:..~-~::......_.._,., •. .,1.._l_.,..._;_,. ' _; - -~~..:..~ • ..__. _ ____,_. -·· ..!.._:! 

5,1 06.5.3 Revise thfsc,Sectimt as follqws; 

P~lQ§..5 .. ;3_~ EI¢¢!!i~~Y~!Il£l~ C¥Yt~~~l'J~Jitgi Iri ~1ew construction and major alte:rations, lOOo/oofoff..:street 
parking spaces in buildings and facilities provided fotpassenger vehicles and tmcks shall be EV Spaces 
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capable of supporting future EVSE. Electrical engineering design and construction docun1ents shall indicate 
the location of all proposed EV spaces. When EVSE is installed, it shall be in accordance with the San 
Francisco Building Code .and the San Francisco Electrical Code. 

~~ruf1&~s!l1'11§!fg!~~~'!t~i!itf!~i~:~~1~1lm:ft!'Jfm When a single EV Space is requiTed per Section 
5.106.5.3.3, install a full branch circuit with a minimum of 40-Amp 208 or 240 Volt capacity, including 
listed raceway, electrical panel capacity, overcurrent protection devices, wire, and suitable listed termination 
point such as a receptacle. The termination point shall be in close proximity to the proposed EV charger 
location. The raceway shall not be less than trade size 1 (nominal l-inch inside diameter). The circuit shall 
be installed in accordance with the San Francisco Electrical Code and the San Francisco Building Code . 

.. ·.:; ... 

(a) For a minimum of 10% ofEV Spaces, and in no easel~,§§~ <!Ri11VO EV spaces when the total number 
ofEV Spaces is two or more, install a full circuit with m!wm\lfu of40,t4£nP 208 or 240 Volt capacity per 
EV Space, including listedraceway, sufficient electriq!J~p§hel service c'§::[~fjty, overcurrent protection 
devices, wire, and suitable listed te1mination point. 'We!;' a receptacle. Tli6Jl¥J:rnination point shall be in 
close proximity to the proposed EV charger location:, culations for the nufu~~tofEV Spaces shall be 

'··~')~-:,·~:":, 

·rounded up to the nearest whole number. 

(b) Branch circuit panelboard(s) shall J~~l;iiJ§talled at e~6}if~, "~":' with servi~~ capacity to deliver a 
minimum 40 amperes at 208 or 240 volts''l\2.liJ:t£~1i~9. by 20% 6±'fili\t total number ofEV Spaces. The 
panelboard(s) shall have sufficient space tci'imS,taliii~Jffiipimum off~JtsAO-ampere dedicated branch circuit 
and overcunent protective device per EV Sp~~~{iP.P t(';~t[~jmum 6'£}~Q.o/o of the total number ofEV Spaces. 
The circuits and overcurrent 'ye devices''·;B:all re '";"'1?''eservelf3ft~:c:clusive use by electric vehicle 
charging. ·.·· 

(c) For all EV Spaces not ,. 

(1) Either: 

(A) PJ~~-, e space o~lft!ture ihS,,.§.Jlation o ;"~&;~jti,gn electrical panelboards to support a 40 ampere 

~~!s~;,;:~ j~f<::~~~ ~t:.~~r~i:!:a!!~~~curr~l'Protection device per EV Space, or equivalent 

(B) Provid~ s'J):~,g,y in installed,'~Jyctrical'~;;:~helboard(s) to suppmt installation of a 40 ampere 208 or 
240 volt capacity brartlf'''circuit and d'Y~:rcurrent protection device per EV Space, or equivalent consistent 
with Section 5.106.5.3.2: '''"'"" · 

(2) Install raceway or sl€~&~~1""'c .. ''~re penetrations to walls, floors, or other partitions will be necessm·y 
to install panels, raceways, or r~i~t~d electrical components necessary for future installation of branch 
circuits. All such penetrations must comply with applicable codes, including but not limited to the San 
Francisco Electrical Code and the San Francisco Fire Code. 

(d) Construction documents, including electrical engineering and design related documents, shall 
demonstrate the electrical service capacity of the electrical system, including any on-site distribution 
transformer( s ), can charge EVSE at a minimum of 20% of the total number of EV Spaces simultaneously, at 
the full rated amperage of the EVSE or a minimum of 40 amperes per branch circuit, whichever is greater. 
As appropriate, construction documents shall provide infmmation on raceway method(s), wiring schematics, 
anticipated EV load management system design(s), and electrical load calculations. 
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Exceptions. 

1. Where there is no commercial power supply. 

2. Where there is evidence substantiating that meeting the requirements will alter the local utility 
infrastructure design requirements directly related to the implementation of this Section may increase the 
utility side cost to the developer by more than $400 per parking space. In such cases, buildings subject to 
Section 5.106.5 .3 .2 shall maximize the number of EV .Spaces, up to a maximum utility side cost of $400 per 
space. Cost shall be determined by dividing the increase in local utility infrastructure cost attributable to 

·compliance with this section by the sum of parking spaces and Electric Vehicle Charging Spaces. 

3. In major alterations, where there is evidence substantiating;; c 

section present an unreasonable hardship or is technically infe · 
project sponsor consider an appeal to reduce the numberof · 

Note: This section does not require installation ofE ·· 

eeting the requirements of this 
e Director may upon request from the 
required. 

The intent of sizing electrical service to provide 4.~"'·~··~ res at 208 or 240-"ii.;,{g,lts to at least 20% of spaces 
simultaneously is to provide the option to utilize list~;~~Y Load Management'~''"'"'· ems to provide Level 2 
EV charging at 100% of parking spaces. A listed EV :C6~,c~ana · nt system a es the available 
capacity in a safe manner, such as allocatip.g) 6 amperes 'atF ··· volts to vehic ~.:iJn 20% of the total 
number ofEV Charging Stations simultafi;"'''"w"' .. or allocatings~.'"t?IDPeres to vehicles i'lr 100% of parking 
spaces, or similar. Given the capacity requi . · .~gSection, .Tnf'liyidual EV chargers may be installed in 
up to 20% of parking spaces before an EV lo ., "~'"t· · ~t syst~ii\i)i.~ulecessary. · . 

The electrical paiie 

. i,~~;~:oj ·~:~~:~~;~a~f~~:s~~q~~=te U:q:~~~=~t:~h a 
r 240'v(\lis:~tQ. e EV Space, including listed raceway, sufficient 

. · tion devi~~'§;'iwire, and suitable listed termination point such as a 

sufficient capacity to s ~-]y each Ele""':';-c Vehicle fast charger with a minimum of 3 0 k W A C in addition to 
the capacity to serve any''f'@!R,_W,ning paces with a mininlum of 8-amperes at 208 or 240 volts per EV 
Space simultaneously, with"'liit"''· · · ··of 40 amperes per circuit. 

(b) After the requirements of ·:f06.5.3.2(a) and (b) are met, each planned EV Fast Charger may reduce 
the number of planned EV Spaces required under 5.106.5.3.2(c) by up to 10 spaces. Electrical engineering 
design and constmction documents shall indicate the raceway termination point and proposed location of 
future EV Fast Charger Spaces and EV Fast Chargers. Electrical engineering design and construction 
documents shall also provide information on amperage ofEV Fast Chargers, raceway"method(s), and wiring 
schematics. Electrical engineering design and construction documents shall also provide electrical load 
calculations to verify that the electrical panel service capacity and electr·ical system has sufficient capacity to 
simultaneously operate all installed EV Fast Chargers with the full rated amperage of the EV fast charger(s), 
and simultaneously serve a minimum of 40 amps per branch circuit to any remaining EV spaces required by 
Section 5.106.5.3.2(a). Raceways and related components that are planned to be installed in underground, 
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1 ;J .. .bl" . 1 . • . 1 :1 1. "11 ,.- ~ .I '11 i ") ,-j ,.• :,.:... ~ -~- 1 enc1oseu, maccessr -1e? or ot11etw1se concea1eu areas or spaces, :mau oe m:smueu m me mne or ongmat 
construction. 

5.106.5.3.3 Revise this section as follows:·. 

~;i<[6.~;~:~ EV Space slope, dimensions, and location. Design and construction documents shall indicate 
how many accessible EVCS would be required underTitle24 Chapter 11B Table 11!.3-228.3.2.1; if 
applicable, in order to convert all EV Spaces required u:nder 5.1 06.5.3.2 to EVCS., excluding the exceptions 
in5.1 06.5 .3.2. Design and construction documents shall also demonstrate that'the facility is design,ed so that 
co;mpliance witb. accessibility standards will be feasible for accessibleEV Spaces at the time ofEVCS: 
installation. Surface slope for any area designated. for accessible Ey;;$}?):lces :shall meet slope requirements ill , 
sectimi llB-;812.3 at the tiine oforigu1.al building construction gp;GAv~eiilcal clearan:c:e requirements in i , 

Section 1113~812-4, ifapplicable. "';;;;,';~";, 
. ~,_,: ;=h_ 

Exception: AccessibiJity require1nents of Section 5.1 OQ';s.'3':3 shalliT~E-pply to buildings that are not 
covered under Title 24 Part2 Chapter liB. Iri additi@fg!fapphcable ext~plipns to Chapter 11B shall apply 
to tPis Section 5.106.5.3.3. . ~~il· ·~.~~. ' · 

.·.-¥-·f-~~=~ '~~.:-':'"~ 

Note: Section 5 .106.5..3.3, above, requires that the p]'oje.ct be.prep~red to compJY~with accessibility 
requirenients applicable at the ti+ne•ofEV~:g insta.llation~'S~~£li2WllB~812 of the 26tt;~·20 19 Ca1iforilla 
Building Code requires that a facility proyfq:ihgpV CS .for pubJtq"aild common use also"' provide one or mote 
accessibility· EV CS as specified in Table fll372~~;R~Z.l. Chaptel:i:HB regulates accessibility l.n certain 
buildings and facilities, iii eluding but not 1idi{t~d-t<fC:i:f~e.§2ibility Itr}JJ1)2lic buildings, public 
accomrnodations; coillmercial ~vilciings, and i)@Jiclyr1mdtc111ousingt(~~.e section L9 of Part 2 of the 
Califomia Building Code }<S~·S[<)ii2i~t;J?~812.4 re'"g]ti,res tl}ff~,Wfa)%i}."J:g spa'~es, access aisles an:d vehicular 
routes serving them shall pfQ;YlC!e avern<::al cleara]~~"g_(2.Winches'l£4~~9 mm) minihmrn." Section llB-
812.3 requires that parkirig:S:tJ~c;es and ~~~ss aislesm~~"tinaximum·crfope requirements of 1 unit ve1iical in 
48 units horizontal (2. 083%slqpe) in anYldirection ai"tJleJi;me of new building c.onstruction or renovation .. 

Section.l!B:~~~ifcg}~~~ctf~:~)~~~~~~~¥;~:~!; . 
5.106.5.3.4Rei1i$tYlzf~ sectiqn asfollQ~t,"' '''""""'· 
:··'"·~---~~··----:----::~:::;;_· .--~ ... -.- -- . >:~7~--z-~- ;':~~~~"'" :.· . -· - --- -- _-- -· - . - . ·-- -~~--------:--. --~--~ 
;5.106.5 . .3A Identification; The~ervice panel ()r subpanel(s) cir~uitc1ire.~j:o~tshallJd~1ltifyJhe r~se~~<l-
>ov{;rc~enfprote~.tive devicesp(lce(s)forfutllreE:Vcfarging ~~:~YSE READX~'Jor full cir?.~.*-~51--.. ; 
~therw1se ''EYiSE .GAI}~Ji~ld~ .. :~J!~.Li;i~~Svv?.Yt~lJ]~ q a.flop.J.9~£l..tl<:JP.. ?£. re~ep~~(j~E- ~4aU b~ p~I1JU:llJ~ntlx @cl.: 
N,isiblymarkeda§ "EVSRR,Ef.}DY".forffull ch~cujts and otherwise [~EVSE C~AJ312_E5 until such time as 
EVSE are iristalh~d.' ""~'{ff~ . 

. . .. · . ·PJyisi61l_ s.~.2.:L~---·--"-~~ . 
. . . . lENERGYEFFICIENC1ll 

!sECTION 5'.20 1~ GENE:I{AD 
l .... ;_.':::: .. :. ·-=>··-~:-_· _. ~~~---·~'----"---~--·.::...:......:-- ... •.----.---o...::.: .. ;.c·-··--' 

· 5.201 Add the following sections: 

5.201.1.1 Energy performance. [Reserved] 
5.201.1.2. Renewable energy and better roofs. 

(a) Newlyconstructed buildings of nonresidential occupancywhich are 2000 square feet or greaterin 
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gross floor. ;;u;e11, .are of 10 or fewer ocqupied floo~·s, <lhct apply fot a bui1Qingpermlto11 or after January I,, 
20.17 shall inst~ll s.olarphotQvoltaic s)isteins ·<Uldlo~' solar thetn:igl. systems :ln:the sola!r zone te.quited by 
Califmllia Titl!324,Pmt f? $e¢t1onl1QJ Q, · · . . · · 

(b) The tequi;red sol~t zone at ea. for the ptojectsl:1a.Il he calculated under Ca.iifomia Code: of Regulations 
(CdR), 'Title 24, Pmt 6, Section. 110.1 O(b }through (eY; and Nonresid.entia.l Compliarite Manua,l Chapter. 9·i as 
provided be.low: · · · · ·· ·· ·· · 

(t) B:uiidings subject to Pfa.n)iiug Cod€> Section 149 ti,l!:lY apply Ex¢eption5to.Title 24,. Pmt6,. Section 
110, lO(b)lB, in the crucul..~i:ioti ofthe p1i11i11i1!.11l: s.91a:t zone q:re.i_t !:llJ.cl. way pot 1iPPlJ Exceptipns 1, 2; 3, anci 4 
in the ca:lculatidn. · ··· · · · · · · · · 

(2). Bpi1d1ngs not subJect to· Plaifuiiig Code. Section 149 may a:PPlypxceptioiis 3 and 5 in.the calc'ulatton . 
of the :i:liiblurum sola,r zone are~ ?tict.:iililY not apply E;tc¢_ptio.p.s L 2_,-:a']illlzl. fu tll;e ci:ilcu1~ti<:m,, Sitch, building,s 
with.a. calc-qla.ted ~lim sol::t~,' :z;q11e area. o£l~ss thim J50 cm1.!!gl1iu§ sg_ua:re fvef <l11e tQ linJ.it~Q. soiar apc~ss· 
under Exception 3 at¢ eiemptfi'ontthe sqiarene~gy requi.tetg.m~~fil11i:hl? Section 5.201. 12~ · 

(.c) The sum ofth<'i'ate.as occupied bysola:rpltoto- voh~iy"~i)JI~ctnrs®Q/ot solar thermal coJle.ctors must 
be eq11~1 to ot 'greater tha11 the. sol at :zl:me .ar~a.· · The sollli"Z'Q'he shallbe JTI~il:t~d. on the. toofor overhang ofthe 
buildhig, of ~:ni the to of ot 6Verh8,tig o:fanqtl1et stfqcwT~l6'2a.te4 W.ithirr 25-0ff!~tgfthe lmildjng or oh, covered 
parkb:i.g }p:stalied with. the b:llilding p:roj ect Solar pR~tq~. voltaic 'syste.ms and.1Q:lJi:J~ the~r.tiJ.al systems: shall be 
installediti accol'd viith a1lappll.dtbie §tate and local c'O'd~~'r_t~quirein€\l'lts; manufa(r~~r' s specificati6ns~ an,d 
the :f:hllowing perfonnance;i.'eqcire:rn:e:o.ts: ""'- · · "'"~" .±Sf-¥--; . -,, ., ·. . · · · 

(1) Splat pb,ot<N9ltaiq ,syste.:tlls; the tqW~nflttleplate caJ?a~~ . hotpy()Jt~i¢ colle of$ $hallJ:>e at least 
1 0 Wattspc per squate'foot of roof ?J;ea <1Uo~'~ _ c;t:Q.e photoyd ·--'-"'" 9olleotq;rs; 

'(2). Solar therm:al.;>ystems: Sdlar tlJ.eimal . ·'-· lit~idhstalkdtp s~h,t,~_.ti;On-resid~ntial h1ti1ding Or;cup:'J1l<;:ies 
shall tis.e collectors with. OG" l QO Colkoto:r Cei~1fc!cati e Solar-'R~iwg and Ce1iifica:tiori doipo1·ation 

. (SRCC) qr thY. futematioiml-6\$1i~iilt1qJ;J. ofPiunl'eJhg and ~~~~-0 -~·:¢al offftHals (I.APMO), shall be: design.ec:l 
to geJieii:l.te. a11l:tliaU:Y at lea~~YQO~kBtuiQ1I;;,sq11ate f6liioffqQ.f'~i!ra7~}J~.S(lted to ,the s()lar thet.tnal6o.l16cto:rs, ·· 
and; fat systems with at le~st+~~QQ sq!Jar~lf~et of colietlJ¥'ta'tea, shaii"{ilclude a Btu meterinstalled.. on eithet 
th~ CbllectOl' loop Ot potable {f!'"-~ . de ~;:'"'. (tSOl::lt tJJ.6r;ft_ii~ ~ystyiUr ' 

(dJ Apptoval bY- ·tanning ar ogmpli:iiMf~ .. withth~:B¢tter:Roohctp1iremetits, including til,~' 
Liy'iiig Roofa1,~1ll'!_ •, . (lS~pmyide ' In ~ -' .\i~~,s~~ l49:.- .shall b·e a9cej:Jtecl. :for. ~o:rn:plicm¢e with 
~:~:~t~1~1%\~~;~!~~~~~fi~sh:tr~~fu{~~~i;:~i2!(~Jhtb~gh (c),. The teguitentents.of QCRTitie 24, _Pai± 

5.;20 1.1 .. 3, Re:O:~~ll}JJ~ ene:rgy. J.fep)Jjt appll'Stu1:ts coll!)tmcting n~w l:rgildwgs 'Of 1 i floors or greater ro:u;st 
. subtnitdooument~tfc[rl.~erifying eit. · · ~,~ . .· .·. . . · . .·.· .· . . ... ·. . · · .· ·. ·. 

(l). Acquisition otre:~~~N¢ Di1"si~~netgy (4~m9zy;ttqted yi~ ~A c~·~ei~t:ReJ1.eyvr~9L~ E;ner~y :P:ro4tiction) 
or purchase of green enelig~-~tedits (d~iJionstra.ted via.EA CteditGreen Power 'and Carbon Offsets) OR 

(2) Enhance enetgy effict~®& (d§Uf-:Qfisttated;via. at lea:st 5. tEED points under EA Credit Opt.f:tn~ze . 

·.~~ -~ 

.. . :IQ· ~:PArJ;urrc:A/I)Io:~:y;Q, 
~~· ... • .. · .. . . . .··. --·"-,--,,_J, ~~--~.c_c~~~fi::;!_;c~2IJ:g 
1~ElfTION:·7o1~:~-GENER:A1:J .. · . t:?--·- ·--·-~'o. ~---"-~,:; _ _._....::....~.:.._s...=-·_.:.:_. __ -.:_-;_,_;, __ •• ..:..c:·_:_~-;. __ .:--~<"';:...1 -:,: 

.. ?Ol.IAdd the.followirig:Sectimi~'' · . 

701.1 Thes¢ require:nients apply to jnstallei's and Special inspectors with.regatds to the reqiliteme.tits. Ofthis 
· chapter. · · · · · 
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702Mod!fy thefo1loWii?g s'ection: 

. J02 .. 2 Bpecial inspection~ . , . 
' -2. ·• Cmii:f:ic?-iionhy a statew-. -id_e_' _-en-·, ~-.r-g-:y .-9-()-_llS-. _-ll_-lt-in-cg~ .. -or yeiii!~Sttiorroxg<?Xll?:a,t~t)l}, Sl.Jq}:r as JlE:.Rq, :ratet:s, .. -1 

~i@~g_:p~jptrJ;~;9lic_<: COlJ.tJ:aC:t()I~,f\()_~~J:lergL~lJ.4itor~d and ICC Cetiified CALGreen Inspectors. 
702.3 Add the fo1Towii7gsection: 

702.3 Special inspection. T4e Director of the D~pa.rtment of Building II1spection may require special 
. inspection to verifY compliance with this code or other laws that are eJifotced by the agency. The special 
inspector shall be a qualified person who shall demonstrate competence, to the satisfaction of the Director of 
the Department of Building Inspection, for inspection oftheparticul~type o:fconstruction or operation. 
requiring speciaUnspection. In addition, the speci~l inspectorshqJJ1li~ve a ce1iific~tiou frow arecognizecl 
state, national, or international association, as; determitied by tl;l._~~FlA~Qtor •of tl;J.e Department of Building 
Inspection. The atea of certification shall be closely relatedtplt~"p£1fu,a.rl'job function, as detetmined by the 
localagency; . . ..... _ . __ _ _ _ _ _.. :·=~-- "--
, 5:Eci'IoN-7:7oi-.=vE~:F!~i\TIONS;i:i~ ~~~~-

~7_03J_J;f£/!f! the sec __ ti,--on_· -ccas..::.fi_o,ll_oi_vs_:.,-,_ .---..-----:-c-c-::-.. ---:------.:-:-. 7::'._ ---:------=-····~=----~:-·,.-·-.--.. -:,---:c-_ --,_-------~--..-.. ~-·':.:;"~"-~---.--.-. -.-. --.-.-c,~ _ 
:7, llv~.l'- nu;n.!'ll-lnP'nf~fivnn, T\ -_ -_ .;·+. t• .- - r1 +· :1,'- ._,. - ,_ •.. ~ . ... "+h +h-· .. - rl T 11 ..... 1 rl. h t. . t l 
:. ~ ~ ---......... ~:---~~;- ~A--- JJOCUnt~~L~'-JOll-U$._~~--~o S.tJ.~:rv·~-~IrlP4@C~:!V~~~ uil.S C~u.~'S.J._~L.~G~lJ:~e_ uUl:lS __ JlOt- , 

~~ted to, const:tidion_ d()C~llllentsi_Pl~~'~sp~~ill~~ti~ns_{l2pildei:or ~sglJe~ c;etii:Q,c;~tion, inspection Ieports~] 
or other methods acc~ptable to the.birecto$'Q.'t'Jh.~ Departmelitt~~-Building Inspection!which demonptrate ! 
~ubstantial conformartce: When~p.~ci:fi;-dogumentatio1 m; sp~c;i~~p~_c;tion is-!ie'f~ssary1() -y~l:ify ] 
~m:p_Ji~!JJ,;_~,_!h_<tt:t:nethod ()f C01Jl.Pli8llce wjli b~_sp~~cifi__~g ll;t'Admirti:Strative Blllletin 93, 

~ - . ·.':2?-=-o---~ -~~0~-

,_ - ,-. 
:.:::-----.,_--·-:- n:\legana\as2019\1900415\01392963.docx 
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EXHIBIT A 

STANDARD FINDINGS FOR SAN FRANCISCO 
BUILDING STANDARDS CODE AMENDMENTS 

1. Certain buildings/occupancies in San Francisco are at increased risk for 
earthquake-induced failure and consequent fire due to local hazardous 
microzones, slide areas, and local liquefaction hazards. 
(Geology) · · 

2. C~r.taiil buildings/occupancies in ·San Francisco are at increased risk of 
fire due to high density of buildings .cin. very small lots, with many buildings 
built up to the prop.erty lines. (Topography) 

3. Topography of San Francisco l;las let to development of a high density of 
buildings on small lots, necessitating special provisions for exiting, fire 

-separa~icin, or fire-resistive construction_ (Topography) 

. 4 . .'Many buildings are built on steep hills and narrow streets, Tequiring 
special.safety consideration. (Topography)· 

5. Additional fire, structural and ottier protection is required due.to high 
building density and crowded occupancy. (Topography) . 

6. San Francisco has narrow, crowded sidewalks dueto building and 
population density and unusual topography. (Topography) . · 

. 7. All rain water in San Francisco drains to the building drains and sewer; 
unusual geology, OCC?Sional extremely high local rainfall (3mounts, and 
the configuration of the City as a peninsula restrict the installation .of · 
separate storm water .and sewer systems. (Topography, Climate, 
Geology) · · 

8~ Moist, corrosive atl\lOSphere of salt-laden fog in San Francisco . 
necessitates Clddifional. requireme11ts. (Climate) 

9. Not a building standard; no local f.indings r~quired. 

10. Soil conditions in this region induce adverse reactions with some 
materials, leading to premature failures and subsequent unsanitary 
conditions. (Ciimqte) 

11. The region is subject to fluctuating rainfall due to changes in climatic 
conditions. (Climate) 
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12. San Francisco is a peninsula surrounded on three sides by water at sea 
level; mitigation of climate change impacts, including sea level rise, is 
critical to the long term protection of the local built environment and local 
infrastructure. (Topography) 

13. Climate and potential climate change impacts San Francisco's water 
resources, including reservoirs and distribution facilities. (Climate) 

14. Organic material in San Francisco's waste breaks down into methane gas 
which is a significant contributor to climate change. (Climate) 

·. 15. San Francisco is topographically constrained and its built environment 
occupies most available land, requiring minimization of debris and solid 
waste. (Topography) 

16. Prevailing winds, coastal mountain ranges, and periodic seasonal high 
temperatures contribute to photochemicai reactions that produce srnoy 
and ozone; limiting the emission of smog's chemical precursors - volatile 
organic chemicals and oxides of nitrogen - is necessary to health and 
safety. (Climate, Topography) · 

17. The aquifers underlying San Francisco are small relative to local 
population, necessitating ongoing water imports and special provisions to 
ensure efficient use of water in local buildings. (Geology) 

1 81 

2 



2019 San Francisco Green Building Code Findings 

Section # I Finding# I Section # I Finding # I Section # . I Finding # 

CHAPTER 1 
Section# Finding# Section# Finding# Section# Finding# 
101.1 9 101.4 9 101.10 9 
101.2 9 101.6.1 9 101.11. 9 
101.3 9 101.6.3 9 

. 101.3.1 9 101.7 9 

Section# Section# Section# 
202 

CHAPTER3 
Section# Finding# Section# .Finding# Section# Finding# 
301.1 9 
302.1 9 
303.1.1.1 9 

CHAPTER4 
Section# Finding# Section# Finding# Section# Finding# 
4.101.1 9 4.103.3.2 4,5,17 4.1 06.4.1 12,14,15 
4.103.1 9 4.103.3.3 12,14',15 4.106.4.1.1 12,.14,15 

4.103.1.1 
5,7, 11 ,12, 13, 

12,14,15 12,14,15 14,15,16,17 4.104.1 4.106.4.2 

4.103.1.2 7;11 
TABLE 12,14,15 12,14,15 4.104.A . 4.1 06.4.2.1 

4.103.2 •9 4.104.2 9 4.1 06.4.2.2 12,14,15 
5,7,11,12,13, 

9 12,14,15 
4.103.2.1 14,15,16,17 4.105 4.106.4.2.3 
4.103.2.3 14,15 4.105.1 12,14,15 4.1 06.4.2.4 12, 14,15 
4.103.2.4 7,11 4.105.1.1 12,14,15 4.1 06.4.2.4.1 12,14,15 
4.1 03.2.4.1 7,11 4.105.1.2 12,14,15 4.1 06.4.2.5 12,14,15 
4.103.3 9 4.106 9 4.201.2 12 

5,7,11,12,13, 
12,14,15 

4.103.3.1 14,15,16,17 4.106.4 

CHAPTERS 
Section# Finding# Section# Finding# Section# Finding# 

5.101.1 g. 5.103.3.2 5,8,14,15,16 5.1 06.5:3.2.1 12,14,15 
5.103.1 9 5.103.4 9 5.1 06.5.3.3 12,14,15 
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5, 7,11,12,13, 5,7,11,12,13, 
5.103.1.1 14,15,16,17 5.1 03.4.1 14,15,16,17 5.1 06.5.3.4 12,14,15 
5.103.1.2 11,13,17 5.103.4.2 5,8, 14, 15,16 5.201.1.1 3,5,14 
5.103.1.3 14,15 5.104.1 14,15 5.201.1.2 ~.5,14. 

Table 
5.103.1.4 12 5.104.A 14,15 5.201 .. 1 :3 3,5,14. 
5.103.1.6 7,11 5.104.2 9 

; 

5.103.1.7 9 5.105.1 14,15 
5.103.1.8 5,8,14,15,16 5.105.1.1 14,15 
5.103.1.9 5,8,14,15,16 5.105.1.2 14,15 .. 
5.103.1.10 9 5.106.5.3 12,14,15 
5.103.3 9 5.1 06.5.3.1 12,14,15 

5,7,11,12,13, 
5.103.3.1 .14,15,16,17 5.1 06.5.3.2 12,14,15 

CHAPTER 6 
NO S.F. AMENDMENTS 

CHAPTER 7 
Section# Finding# Section# Finding# Se.ction # Finding# 
701.1 9 702.3 5 703.1 9 
702.2 9 

'· 
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2019 Nonresidential New Construction Reac;h Code Cost Effectiveness Study 

l · Introduction· 
The California Building Energy Efficiency'Standards Title 24, Part 6 (Title 24) (CEC,2019) is maintained and 
updated every three years bytwo state. agencies: the California Energy Commission tthe Energy 
Commission) and the Building Standards Commission (BSC). In addition to enforcing the code1 local 
jurisdictions have the authority to adopt local energy efficiency ordinances-or reachcodes-that exceed 
the minimum standards defined by Title 24 (as established by Public Resources Code Section25402.1(h)2 
and Section 10-106 oft he Building Energy EffiCiencY Standards). Local jurisdictions must demonstrate that 
the requirements ofthe proposed ordinance are cost~effectivearid do not result in buildings consuming 
more energy than is permitted by Title 24. ln addition, the jurisdiction must obtain approval from the 
Energy Commission and file the ordinance with the BSC for the ordinance to be legally enforceable. This 
report was developed in coordination with the California Statewide Investor Owned Utilities (IOUs) Codes 
and Standards Pfogram, key cons~Jtants, and engaged cities-tollectively kn~wn as the Reach Code Team. 

This report documents cost-effective combinations of measures that exceed the minimum state 
requirements for design in newly-constructed nonresidential buildings. Buildings specifically examined 
Include medium office, medium n:tail, and small hptels. Measures inc)ude energy efficiency, solar 
photovoltaics (PV), and battery storage~ In addition, the report includes a comparison between a baseline 
mixed-fuel design and ail-electric designfor each occupancy type .. 

The Reach Code team <malyzed th¢ following seven packages as compared to 2019 code compliant mixed
fuel design baseline: 

· 4 Package lA- Mixed~Fuel +Energy Efficie!']cy (EE): Mixed-fuel design with energy efficiency 

m'easures and federal minimum appliance efficiencies. 

• package lB- Mixed~Fuel+ EE+ PV+Battery (B): Same as Package 1A, plus solar PV and 

batteries. 

i- Package 1C"'"" Mixed-fuel+ High Efficiency (HE):'Baseiine code-minimum buiidingwith high 

efficiency appliances, triggering federal preemption. The intent of this package is to assess the 

standaione contribution that high efficiency appliances would maketow~rd achieving pigh 
performance thresholds; . ' 

·~. Package 2 -All-Electric Federal Code-Minimum Reference: All-electric design with federal code 

m1nimum appliance eff\dency, No solar PV or battery. 

{;. Package 3A -All-Electric+ ~E: Package 2 all-electric design witl:l energy efficiency measures and 

fe~eral minimum appliance effieie[)cies, 

+ Pe~ckage3B -AII~Electric+EE + PV+ 13: S(!me asPackage3A1 plus solar PV 9nd I:JCifteries. 

c+ Padq!ge 3<:;- .AII~EI~cttlc+ HE; All~electrk design With hlgh. effici(m~y appf.iani::es, triggel;ihg 

federal preemption. 

Figure 1 summarizes the baseline and measure packages. Please refer to Section3 for more details on the 
measure descriptions, 
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261:9 NonreskferJtial New (:dn$truction J?eachtbde: Cost lifjective[w>s Study 

I 

Measure 
, I• Cat\!gory 

Energy 
'E.mdency 
Measures 
s:oiatPV+ 

. Battery 
A\FEiectriC . 
Measures. 
Pre~ffiptive 

Appliance 
Measl!res 

Report 
Sectiqrr: 

3.1 

3;3 

•3.4. 

. B'aseline 
FedCoc!~ 
M! n'i n'] Y'rn 

1 Efficiet\i:Y 

~A 18 

I:E+ pi.; 
. + i:t 

iC. 

Hi:.· 

2 

·Fed Code. 
Mln.Itnum 
EffjdehcY 

.............. 

x· 

AI!-Eiectrk 
.3A, 38 

X 

EE+,PV, · 
+[3' 

X 

X 

'3c· 

HE 

The tearnseparateJy d~\feloped C()S~ effectiyeri~s? resti!ts'forPVconly a!)d PY+Battery packages, excluding " 
ariy effid~ricy measures, ~o~these 'p'8ckages/'the PV is. model~d'as a. 1'mihirrial'1 s\z.e (){3 kWand a larger . ·. 
s)ze based ori the availabie roof area 13nd .elechiG lor;~d of ~he bl)ildiilg, PV~izes ar.e cpm!:Jinet! \Nit h. twq 

. sizes of battery ;;to rage for both mixed. fuel Eirid ali ·efectl')'c buildings tof~rm eight dilferent package 
tomhinati(Ji']s as cititl!necl below: ' ' 

.. Mixeq~.fLii~l + 3 ~\Ill pV OtiJy 

~... Mixed~Fuel + ~- j{W PV t 5 kWh Bat~~ry 
. . 

~. lVlix~d~Fuei + P\{bnly~ PVsized petthe' roof,size qftb¢.puiidin&; or to offsetthe anriiJal :eledridty 
COJ]Sljmptipn, \Nbiche)le( is sfu.a.lle.r ' 

. . . 

•• IY!ixe_d~Flu~l + pV + 5Q ~Wh B.att~rv.: PV siiecj.j:iE,ir the r6<?fsiz~ oftbe ~<lil~ing; or to offs.~t tf1e 
annual elechitity tonsurnptlon,_whithever ls~~n:falier1 'along wf.th'sb kWh !Ji'JHery 

: . . .. ' ' ' ' 

AII~Eiectri.c'+3 kW PV dnly 

•• ·· AU" Elect@.+ 3 kVII PV + 5. kWh Battery 

4. AII-Elettric + PV Olllyi PV'si;>:ed per the rciofslze bfthe building; or to offsetthe. annual elettHcity · 
consumption., WhicheiJeris'sriiC1l(er . .. . 

.. . - ·-

• AII-J:I~dr!c ;{pvt Sd kWh Battery: P\f..siz.ed per the roof size qfthe buO'cling, orto offset the 
annli~l. eleotricity c9nsi.Jmf?tiorii which~ver Js·sfu9ller; along witb$9 kWh battery. 

. . 

Each ofth.:t eight pa~kages <'ire ev(lJqatEid .against a b~~t;liM Trjqd~ld~~ign~ci as p'er 201,9 Titl¢ 44 P:art 6 
p~qqirei'rJeri~s, The. $t~ndc(rqs b<Jsei)rie :fo:r !l[l ·pc:¢ilparicle~ In thl~ repbrt is a· ii:i!x~~Hl1el .design, . 

The Depart,ment oHoer15y (DOl:) sets· mJnlmum; effid~ocy. st~ndard~ for equipment anq appliance~ tli<Jt 
are'fed.E;raUy r~gulat~d under the:Natiotial Appllance Ehergyi;:oiise:rvat)oh Act(j\jAECA}; l:n~luding h~ating; 
cooling, and water heating ~quipment. 1 Slric:e:st!lt~ and locai govE;rnro¢nts are P.rohibited fr<?m ~doptJrrg: 

\https:Owww.ecfr:gov/Cgi~ . . . 
bin/ret~ieveECFR?gp=&SID=8de751f141aaaic1c9S33b36lS6fafG7&mi:=true&n=pt10.3.43l&i'=PART&ty=HTML#se10.3.431 197 
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2019 Nonresi~entia!New Construction Reach Code Cost Effectiveness StUdy 

higher minimum efficiencies than the feder.al standards require, the focus of this study is to identify and 
(OValuate cost-effective packages that do not include high efficiency equipment. HoWever, because high 
efficiency appliances are. often the easiest and rrwsta.ffordable measures to increase energy performance; 
this study provides an analysis ofhigh efficiencY appliances for informational purposes. While federal 
preemption would limit a reach code; in practice, builders may install any package ofcompliant measures 
to achieve the performance requirements, indudinghigher efficiency appliaricesthatare federally 
regulated .. 

2 Methodology and Assumptions . 
With input from several stakeholders, the Reach Codes team selected three building types-medium 
office; medium retail, and small hotel-to repn:sent a predominant segment of nonresidential neW 
constructiqn in the state. · 

This analysis used both on-bill and. time dependent valuation of energy (TD\/) based approaches to 
evaluate tostceffectiveness. Both methoqologies require estimating ?nd quantifying the energy savings 
associated with energy efficiency .measures, as well as quantifying the costs associated with the measures. 
The main difference between the• methodologies is the valuation of energy and thus the cost savings of 
reduced or avoided energy use. TDV was developed by the Energy Commission to reflectthe time 
dependent Vq lue of energy lncluding.longcterm projected costs of energy such as the cost of providing 
energy during peak periods ofdemCJ.nd and other societal costs including projected costs for carbon . 
emissions, With theTDV approach, electricity used (or saved} during peak periods has a much. higher 
value than ele~tricity used (or saved) during off-peak periods} 

The Reach Code Team performed energy simulations using EnergyPro 8.0 software for 2019 Title 24 code 
compliance analysis, which uses CBECC-Com 2019.1.0 for the calcuFation engine. The baseline prototype 
models in all climate zones have been designed to have compliance margins as close as possible to 0 to 
reflect i3. prescriptively-built building. 3 ~ 

2.1 Building Prototypes 

·The DOE provides building prototype models which~ when modified to comply with 20i9Title 24 
requirements, can be useq to evaluate 'the cost effectiveness of efficiency rneasures. These prototypes 
have historically heenused by theCalifornia Energy Commission to assess potentia leo de enhancements. 
The Reach Code Team performed analysis on a medium office, a medium retail, and a small hotel 
prototype. 

. . 

· Water heating includes both .service water heating (SWH) for offiCe and retail buildings and domestic hot 
waterfor hotels.)nthisreport, water heating.orSWH is, used to refer to both. The Standard Design HVAC ~ 
and SWH systerns are based on the system inaps included lti the 2,b.i9 Nonresidential Alternate 

2 Hi:irii, B~, 1;. Cutter, N.l<apur, J. Arent, :andP.. Concityarmis. 2.014. "Time Depe!ldentVa!uation ofl:nergy fo(Developing Building 
Energy Efficiency Standards.:' Available at:. htt-p:/lwww :energy.ca.g6v/title24/2D16standards/prerulemakirig/ document5/201il- ·. 
07-09 \1Jorkshoo/2m7 mvdoocunieni:s . . . . . . 
3 EnergySoftand 'me were able to develop mostq<!seHne prototypes to achieve a compllance margin of less than +/-lpercen~ 
except for few mode is that'were at+/- 6 percent. This indiCates these prototypes an.; not exactiy prescriptive according to 
compliance software'calculations. To calculatE> incremental impacts, TRC conservatively compared the package results to that of 
the proposed design of baseline prototypes (not the standard design). 
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. . 

Cali:ulatTon Method Referery¢Ei Mariual,4 TheSt~nd13rd Des1gli is the bcj~elit1e for all nonreslderitlal pr(jjects 
and assurnes<1 mixed-fuel design usTng natural gas asthespaceheatingsourcein ali cases, BaselineHVAC 
arid sWI:i system tharact~risti(:s, ar~ de!;c,rlbed below ,and in Figure 2: 

+ Th~ baseline medium office HVAC design packagE;! in dUdes tWo ~as hot water boilers, three 
packqged rooftop u11its (one for each floor}, <:1nd variable air volume (VAV)tetrninai boxes with 
hat water r@eat ~:ons.Th.~?Wl-i,desigtjjn<;:llJ(Je~ ori¢~:]s_J_<Welectric .resjst~n_ce h<Jtwater beater 
with' 13 :w~gallonstorag~ tank,. 

* The baseline medium retail HVACdeslgn indutles five single zonepackagedrooftop units (iraria'b!e 
floW~hd_constahtJioW dependin~ohthef:one} wtthga,s;furnacesfor ,heating. The SWH'design ' 
Jliclud~sori~&.7SkWelect_rit::re:SistC1ricehotwa'ter.he<ltetwi'tha3CJ.~gafiiln.storag-~;;t;;Jnl\, 

• 

The ~mali bote.l hilS: tWQ.ba~t;line ~qJ:Jipment systems~ qneforthe nonresidentiaL spaces andqne 
forth~ g-~~st rbb!l1s. 

· t The n<:?nres)qentiai HVAC design includes two gas hot water boilers, four packaged rooftop 
unitsarid ~\NehieVAVtermipaipo{<esWM hot Wilt~r rehe<.~t.colis. lhe SWH'design include a 
smallelectric resistci:ncewater heater with 3(j"~_allon s~oragetank. _ . 

:• The res1den't1afHVACdesign includes. one single zone air conditioner (AC) unitwith.gas · 
furtTC}ce for each gl!estroom andthe INater 1-t,eat(ng d13sign ihclu~es one central gas WC!ter. 
h~aterviith a.reclrcul.atloripUmpfotali $11esltooh:ls.·•. 

· J<'igure 2. PrototYpe c:haractetlstics Su'rr:imaiy 
JYJediurri Retail. Small Hotel 

· Conditioned floor}\rea. 24,691 42,552. 
Number ofStories: 
Nurnber of Guest Ri;ioms 

_Eiasel!rie 1:1\iAC:System 

Ba_selineWatet He~tlng. 
systeni' · 

0.33'• 

Packaged bXV/Wwith gas 
. furria~:~s +VAV terminal 

l1nits ~~Vith hot water reheat. 
- . 

C:ehttal ·gas hotwa.ter 
. . .•: 

boilers 

i 
0. 

. 0.07 

Sin&le z.one p.<Jcka~ed -• 
b.Xonit~wlth gas; 
furnaces 

•· 30~g~liph electriC 
?b~ga il on -eiectrl o:ri,1slstance . 

re.sistancEJWater· water hea'tf:w' 
heater 

4 

··o;il 
Nonresidential:, P<'!ckageq .DXYAY 
·with Hotwaterc.oil·'iiVAV 
terminalunitswith.Jlol; water 
reheat. Centn;1l gashqtw.ater 
boilers; 
Residential: Single zoneD X AC 
-unitwith gasJurnaces 
N6hresidentia1:.:30"ga lion• ei eGtr]c 
resistance wate{beate( 
Residenti.al.: Central gas water 

. h!=atepNithredtq.tlatio(llgpp 

4. Nonresidentia(Aitematlve Calculation Method Refere(lte Manual Forthe20:J9 Buiiding Energy Efflclency ,Standards.Availa\lle. 
at: https://www.ehergy.ca:gov /2019publ ications/CEC-400-2019-006/CEC-400~2D19-006-CMF. pdf 
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· 2.2 Cost Effectiveness 

The Reach Code Team analyzed the cost effectiveness of the packages by applying ~hem to building 
prototypes (as ap'plicable) using the life cycle cost methodology, which is approved and used by the 
Energy Commission to establish cost effective Building energy standards (Title 24,Part 6).5 

Per Energy Cominlssion's methodology, the Reach Cqde Team a:Ssessed the inct'emental costs ofi:he 
energy efficiency measure pack<lges andcompared themto the energy cost savings over the measure life 
of 15 y.ears·. Incremental costs represent the equipment; instalfation, replacements, and maintenance 
costsofthe proposed measure relative to the 2019 Title 24 Standards minimum requirements: The 
. energy savings benefits ar.e estimated using both TbV of energy and typical \Jtility rates for each building 
type: 

i> Time Dependent Valuation: TDV is a normalized monetary format developed and used by the 

EnergyCotnmissiorifor c(jmparirig electriCity-and natural ggs savings, an:d it considers the cost of 

electricity and natural gas consumed during different times of the day ;:md year: Simulation 

outputs are translated to TDV savings benefits using 2019 TDV multipliers and 15-year discounted 

costs for i:he nonresidential measure packages. 

t Utility bill impacts (On-bill): Utility energy <;:osts are estimated by applying appropriate IOU rates 

to estimated annual electricity and natural gas consumption. The en!:lrgy bill savings are 

calculated as the difference in utility costs between the baseline and proposed package over a 15- · 

year duration accounting for discount rate and energy costescalation. 

In coordination with the IOU rate team, and rate experts at afeW electric publicly owned utilities (POUs), 
the Reach Code Tearri qsed the current nonresidential utility r;:Ms pubijcly available at the time ofcinaiysis 
to C!nalyze the cost effectiveness for each proposed package. The utility tariffs; summarizeq in Figure 3, 
were determined based on the annual load profile of each prototype; and the most prevalent rate in each 
territory: For some prototypes there are inultipie options for rates because of the varyjng load profiles of 
mixed~fuel buildings versus all-electric buildings.Tariffs were integr(:lted in EnergyPro. softWare to be 
applied to the hourly eleCtricity and gas outputs. The Reach Code Team did not attempt to compare or 
test a vari.ety of tariffs to determine their impact on costeffectiveness. . . . 

The currently available and applicable time"of-:use (TOU) nonresidential. rates are applied to both the 
base and pr9posed cases with PVsystem?. 6 Any annual electricity pr,oduction in excess of annual 
eleCtricity consul1l ption is credited at the applicable wholesale rate based on the approved NEMtariffs for 
that utility. For a more detailed breakdown ofthe rates selected refertoAppendix 6.4 Utility Rate 
Schedules,, Note that most utility time"bf~use r<ltes will be updated in tht:; nearfuture, Which can affect 
cost effect)vene~s reswlt~. For example1 Padfic Gas anc!I:lectric Company (PG&E} will introduce new rates 
for new seN ice connectiQn? in late2019, andexisting accountswili be automatic:a!ly rolied .over tO new 
rates in. November 20.20.. . .. 

5 Afthi~ectl!rai Energy Corporptlop (Jahl,iary 2011} life-Cycle Cost Metf1odology. California Energy Commission. AVailable at: 
http://wwv.t.eiHe:rgy:ca:gov (til:!e24/2013Stanil~ rds/prerulerria!dngf doi:uments/gen<ira t·. c~c · Clocurrients/Z011 ~0 1 ~ • 
14 LCC MethodologY 2013.pdf . . . . . . . . . . 

6 Under NEM rulings by the CPUC (D-16,-01-1.44, 1./28/16), all new PV customers. shall be in an approved TOU rate 
structure. As of March 2016, all new PG&E netenergyrnetering (NEM) customers are enrolled in a time-of-use rate. 
(http://www.pge.com/en/rnyhome/saveenergvmoriey/pians/tou/index:page?). 
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r~riffs U:sed based on Climate zo·ne 

PG&iE /sguthem G~iifqrnie~ Ga~ Cqrnpapy 

. sci: I s6uthern: Ccilifornia Gi:iS Company 

S<Jti Diego G~s and !';l~ctri£CornpaiJy 
(SDG&E) . 

. sacramento Munlcipall)tillty Oistr!c:t 
(SMUb) 

Los)\ng~le~ [iepartrnentofWqter .e~.n:d · 
· Power (LADV\IP) 

·TO V~G,S-i/T:otf.G$7 
2/TOQ-GS~~ 

A-i/A-iO 

G$ . 

A~2.(B) 

·G.7~o ( ctf\J~ . 
1,0} 

·G~i() {GI\J-
10) 

n/a' 

n:/,a. 

. The Reach Co.de TeJlm ob~ain'~d measure costs through Interviews with contractors and California 
distributors <Jr\d re~iew of 6nline ~ourcesi such as Home Depotahd RS IVJeatis. T-axes <Jnd contra.ctor' 

' markiJIJ.swere adcti=dp.s:approprf(lte;JV1aint~f1ancet~stswere not incfudedb.etausethere is nO assumed 
maintenance 9n .the ~nvelbpe measures. For HVACand SWH measure~'the s:tudy'a~suhies there are l}o 

additional ma1ntet)ance cost for a more efficient versioil of the same system type as the. baseline. 
Repi!'Jcernentqostsfor inVeri:ers \Nerefnduded for PV systems, !:Jut the ljseful'life all other eguipment 
exceeds the study period, . ·· 

Tn!=l Read1 CocleTe.am compflred the eiJergy benefits with incremental m!=asure.cost data to determir:ie 
cost·effedivenessfor ea.ch. rt1easur~ p~ckage,; Tbe·c~lc;uJa{ig~ •. is perf()TtJled..fqra rl.~ratio!l .. of:tS vr:oars fqr 
a.li nonresJdr:orrtjal proto'types yvitn a~ perce,ntdlscoun(ri'lte and Nei escalatl.on r.ates based orr the'rnpst · 
recent General Rate Cas~ filingS ai)d nistqric:al escalation. rates. ~C9steffed1venesS: is: presented using rret 
present value and b~r:ieflt.:.to-'cost ratio .mettles, · · . ·· 

~.. :f\Je(P~esent Vaiue (1'\!PV): The Reach Code. Tear:n uses netsavings (NPV betiefits'in/nQS: NP\lcosts) 
as the.tostetfecti,v~mes$ rnetr'k. If the hetsaVrt'lgsofa: rneasureorpackage is posithte~itls . 
considered. cost effed'iVe, N egi'ltive s;:rlii ng~ represgr:i( net cqsts, ·Am. eg:su re that has negC~tilie 
el)ergy cost penefits .((;nergy·cost incteas·~) ct~r:i st.ill be ct;;s~ ~ffective ifthe co,stsJo. implement th~ 
h1easure are morenegative>(te., materialand maintenance costsavlngs). , 

fr. B~nefiHo-C()st ft.tjtio (B/C): R,atici ofthe pres.entvall.le cif all benE::flt!itothe presentY:C!ll)e of: q)l 
c;osts over 15 years (NPV benefits d)vir!edby NPV'cqsts}; The criteria for cost,effedlveness Is a S/C 
greatedhar:i i.O. Avalue of otie iriditates.th~ s~vings oved:he life:oftfie hl~~s.Ur~ i:l}g equiValent , , 
.t~ the ibcre.nientaJ.cost ofthat measure. . 

1 2019 TDV Methodology Report, Califgrnia Energy Cor)lmissio01 Docket m.imber; 16-BSTD0-06 
http5://efl11ng.energy.ca.gov/GetDacunierit.aspx?tn=216062 
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There are several special circumstances to consider when reviewing these results: 

+ Improving the efficiency of a project often requires a I) initial incrementalinvestment, However, 
some packages result in initial construction cost savings {negative incremental cost), and either 
energy cost savings (positive benefits), or increased energy costs (negative benefits). TypiCally, 
utility billsavings are categorized a$ a 'benefit'while incremental construction costs are treated 
as 'i::osts.' In cases where both construction costs are neg(3tive and utility bill savings are negative, 
the construction cost savings are treated as the/benefit' while the utility bill negatiVe savings are 
the 'cost.' 

~ In tC)seswhere a measure package is cost effective. immediately (i.e.1 th~re are upfr,ont Cost 
savings and lifetime energycost savings}, cost effective·nessis represented by">1'1 • . . - ~. 

v The B/C ratios sometimes appear ~ery high even though the cost numbers are not very high (for 
example, an upfrontcost of$1 buton-billsavings of$200over.30years would equate.to a B/C 
ratio of200). NPV is also displayed to clarifythese potentially confusing conclusions~ in the 
example, the NPV would be equal to a modest $199. 

3 Measure Description and Cost 
Using the 2019Tit:le24 code baseline as the starting point, The Reach Code Team identified potential 
measure pC!ckages to determine the projected energy (therm and kWh) and compliance impacts. The 
Reach tode Team developed an initial measure list based on experience withdesigners and corH:ractors 
along with general knowledge of the relative acceptance and preferences of many measures, as we lias 
their increment~! costs. · 

The measures are categorized into energy efficiency, solar PV and battery, all-electric, and preempted 
high efficiency measures in subsections. below. . 

3,1 Energy Efficiency Measures 
. . 

This s.ection describes all the eoergy efficiency measu}es considered for this analysis to develop a hon~ 
preempted, cost-effec:til/e eft'iciencymeasure package. The Reach Code Tt::am.assesseq the cost
effectiveness ofmeasu res for all climate zones individually and found thahhe packages did not need to 
Vary by climate zone, with the' exception of a. solar heat gain coefficient measure in hotels, as described in 
more detail below. The measures were developed based on reviews of proposed 2022 Title 24 codes and 
standards enhancement measures; as well as ASHRAE 90.i and ASH RAE i89.1 Standards. Please refer to 
Appe.ndix Section 6.B6.f for-a list of efficiency measures that were considered but not implemented. 
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Figure 4 provides a suynrilary oftne costofeachmeasUre and the ap~licablllty of each. measureto the 
p.rototyp.e buildings,. 

3;1..i Envelope: 
. . 

.t M()Cfifv $ol.arJlet~.t Gt~i.n Coefficient (SHGS) fepe$tration 

t Offi¢e ant:i Retail- AI! Climt~tE!-:ZoJ1es: r~dutev.;jngowStiGCfrori:\ the prescrip't:ivevalueof0~2s: 
tQ02i 

+ . Rqtel 

~- . Climate 'Zones i, 2; 3; 5, and 16.: lricrease the sHGc for all. nonresiclentiai spates.·frcim the 
' prescriptive:value of 0,25 to O.'f5 in both common and guest room spaces . 

.• · dim;:~te zones 4, and 6~:15~ RedutewindoWSHGCfrbt:nthe prescriptive value of .o.zsto 
p,2~; only for common spa¢:es, 

in·ali cases; the fenestration vislble transmittance and Ue-factor remain at: prescriptive v~rues .. 

~· Fenestration as a function of orientation: Urrilt the amountoffenestratlon area as a function of 
orie'nt<Jtion .. EasHaclnErancl wesHatingyvindows are each litnfi:ed to orie'-half of'toe aver~~e . 

. am.PtJiit of nort!Heicing arid soUth-fa¢irig wit1¢loWs,. 

3.1.2 HVAC'andSWH 

-~. Drain w~terheat recovery (DV\/H.RJ; Add shower drain heat recovery ln hotel gl(est rooms. ~WH R 
ca pturesWt~steheatftom a shower :<frt~Jn Hne and uses itt:o preheat hot W?ter, Not~ that this 
.!'ri~asure !=at1ncit cuttebtiy pe mpdeiec:l cin hqtel/m6tel spac;esj; ahcj the R$ar;:h Cqde T~am 
integrated estimated savlngs uutside ofmodelirigsoftware based on swl-l savings ir'i residential 
s¢ent:rrio~;. Ple~se see Appendix :Section 63for detaiJs on energy ;?\/jQg§ f3halysi~. 

. .. . . . . 

• VAV6ox minimum flow: RedoceVAVbox minimum ?lrflovJs from .the currentT24 pre~cripfive· 
· tequlrementof20 percent of maximum' (design}alrflciWto the 1'24 zo~e v.entilati(inmlrtimums. 

· :~ Ecohomb:erson small capacitysysi:ems:Requlre ecdhomii.ers;and staged fan;cohfro1Jn\in1tswith. 
~o()Jing·C?padty;:; $,3,.0dO Btu/hrand $54,000 Bt~/hr,'whkh rmtc:hes the requir!:'meDt, in th~.20iS: 
lnt~rriatiqnc;il Green ¢onsthJctiq!l tod~ an~·a.dcipts'J.\NSI/ASHRAE/ICC/USG;i3C/IESStarid~ird :tB9.i, 
This measure redytes the.J24 pr~scrfptive threshold on air h<;~ndl)ng units. that are teql{ireq to 
h<'\Y~ ec()noh]li~rsi Which.: is.> 54~qoq BtUJh.r .. · · · · · 

• . Solar th·enn(ll JjotWaterJ For <JIJ·eledrlD' potel qnly, l:ldd so!a.r th~rm"al V\l~terh~ating to _S4f:lpiY t.he 
Jollow.iri.~ portions of the water heatihg load, m~cjsUted in solar savin&s traction (SSF)} · 

t 20 pertentSSF in CZs 2, 31 and 5"9· 

• 2$ percent in q 4 

-t 3~ percentSSF in C:Z:sl and 10ci6. 
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3,1.3 Lighting 

~ Interior lighting reduced lighting power density (LPD): Reduce LPD by 15 percent for Medium 

Office, 10 .percent for Medium Retail and. by 10 percent for: the nonresidential areas oft he Sinaii 

HoteL 

• lnstitutlcinal tuning: Limitthe maximum output or maximum power draw of lighting to 85 percent 

of full light output orfull power draw. 

~ Daylight cllmming plus off: Turn daylighkt6ntrolled lights completely off when the daylight 

available iii the day lit zone is greater than 150 percent of the illuminance receivedfrom the 

general lighting syst~rn at fuilpower. There is no associated cost with this measure, as the 2019 

T24 Standards already require multilevel lighting and daylightsensors iri primaryand secondary 

day lit spaces, This measure is simply a revised control strategy and do~ not Increase the number 

of sensors required orlahor to install and program a sensor; 

• Occupant sensing in open plan offices: In an open plan office area greatE;r than2SO ft~ control 

lighting based on occupant sensing controls. Two workstations per occupancy sensor~ 

Petails on the applicability arid impact of each measureby building type and by space function can ~e 

found in Appendices 6.2. The appendix also includes the resulting LPD that is in ode led as the proposed by 

building type and by space function. 
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....... 
c.o 
00 

r 

~easure· 

Envelope 

Modify 5HGc· Fepestratiori !SHGC. of 0.25 

FenestratiQn as ~ Fuhctioh jlfn:iit on ;ptal~lndoW a rea a rid 
\A.Iest-fac;ll}g Window area as a 
func;tion,ofWaU area. ·· · ··· .. · ofOrlentatiori 

Drain Water Heat Recqv~ry I No h~at recoVery r¢guited 

VAV BoKMinimumfl.ow 

Ecbrioiilizers 0rt sma:Ji 
CapacitY Systems 

10 

20· percent: of maximum 
(design) airflow 

Ecbnom}~et.s n:qufredfot Lin.its 
>. ~4jQOQ Btli/br 

li> 

... 

.II, 

.20J$ Nof1feSiq?ntioJNeW Co(lstructio;n Hf!.ach Cod? Cq~(Effe,c:trv~ne.ss $tqgy 

.. ., .. 

:...;..." 

... $:8.4;1./unk 

:o .$0 ; 

·" H ·$2,8,57/uqit : 

Cost~ from one mal)ufactuiet • 

No acJdltiqrral cost qssq~:;iated 
W\th .the ni.easWe Wbkh (sa 
de.sign tori,?ia.eration h~otan 
eqt.iipmentaqst . 

'Ass.i.lme. :r. S~at r~coifer)i ur).it; · · 

for eVery$ gUe.strooms; t;:q:Sts 
from three manufacturers .. 
No Cldt:ii:tiPnaLcostassociated 
with the measure whkh [sa 
desfg:n cpnsiderafion not ari 
equipmentcqst. 
Costs from ·one· manufacturer's ., ....................... . 

· r¢prE:septative a:nd pne 
'riie~haliical contractor. 
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c..o 
c..o 

Measure 

For central heat pump water 
Solar Thermal HotWater / heaters1 there is no prescriptive 

baseline r~ql!irement. 

Lighting · 

Interior lighting Reduced 
LPD 

Per: Area Categqty Method, 
varies by Prim<Jry Function 
Area .. Office area Q,6Q- 0. 70 .·· 
W/ft1 depending on are<? .of 
space. Hotel fur}ction are<3 0.8$ 
W/ft2• Retafl Merchandise Sales 
i.oo W/ft2 

a http://www;csithermaistats.org/download:html 
. . 

~~t· 
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.. · .. Measure Applicability .. 

... 

"' 
(electric 

only) 

... 

$.3;3/therm~yr 

$0 

I 
I 

Installed costs reported in the 
California Solar Initiative 
Theimai·Prograrr\ Database, 
2015-present. 8 Costs include 
tank ancj \Vere onlyavailable 
forgas backup systems. Costs 
are reduced. by 19 percent per 

··lndustry.report on LED pricing 
analysis sbows that costs.are 
not correlated. with efficacy. 9 

9 .http://calmac;org/publicatiOns/LED Pricing AnalYsis Rebert - Revised i.19.2018 FinaL pdf 
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0 
0 

Measure. 

Institutional Turing 

D.ayl1ght.DimrnJng Pitts O:ff 

Occupant Sensing ir]Open 
Plan Offices 

No requirement, bLit Power 
Adjust111ent F'actor {PAF) creclii 
of0.10 avaijablefodumfhaires •1 ·• 

ih non,-dayDtare~s ahd o:os for ··• 
lurnlnair~sin dayfitareas10 · 

Np; J:.e:quirement, but PAF credit 
ofo.to availabre:. · 

Np requirement b.t;it PAf.credit , 
of0.30 aVailab.le: . . 

. .,. 

..... 
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0 

'. small Hate! ···· ; ~~:t l ;;~;:~~"; 
~.· •· .$0.06/ftl. 

,$0 

$189/sensorj.$74. 
/powered relay; 
$108]secoric!ary 
relay. 

lndt.l$try n;port oh ihstituti0nat 
tuning;il · 

Giv.en theamountoflfghting 
contro[saire.~dyrequirecL this 
mea;w:e.is iw: additional cost.· 
2 wor.ksta±ions per sensor; 
:!,fixture pe~v.Jor]<station; . . . 

4worksta~io1Jsper•.master 
relayj 

·• 120 ft:Yworkstationjn open 
. office .a:rea~ whkhis 53%pf . 
• totaifl?or·ar~a ofthe tnecjiutr:t •· 
• office. 

10 Power Adjus.tment F.actors•allow·ere:S!g}1~r.$tb :tradeoff incr'eC)sEid lightiojfpower densities for IT)Ofe <;f:ficient d~signs, In this stu<jy;:PAF'-r~/ated 01\=asu.res 
assume that the i:n()re e:ffident design islncorpor;3.ted With:otita trat:Jeoff for increas~cl fi,ghtiqg poVo/ef d'ensi't)i. · ·· 

'. 
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3.2 Solar Photovoltaics and Battery Measures 

This section describes the PV:and battery rneasljres considered for this analysis. The Reach Code Team 
estimated the required PV sizes for each building prototype for the effiCiency measure packages and the 
starid a lone PV and batterY options, 

3.2) Solar Photovoltaics 

2019 Title 24 requires nonresidenti<:Jl!Ji.tilcjirigs to reser\ie atleast 15 percent of the roof area as a "solar 
zone," but does notinclude any requirements or compliance credits for the installation of photovoltaic 
systems. The Reach Code Team <;malyzed a range of PV.system sizes to determine cost effectiveness. To 
determine upper end of potentiaiPV :System size, the Reach Code Te~m assumed a PV generation capacity 
ofeither · · · 

~ 15W jftl c:overing SO pE:rceht of the roof area, or 

v Enough to nearly offsetthe annual enerfN consumption. 

The medium office and small hotel prototypes had small roofareas conwared to their annual electricity 
demand, thus the PVsystem capacity at 50 percent oft~e roof :area was less than the estimated annual 
usage."T:he medium office and small hoteih<Jd a 135 kW arid 80 kW array, respectively. The medium retail 
building hasa substantially large roof area that would acceimrr]odate a PV:array that generates more than 
the annual electricity load of the building. The PV array for the medium retail building was sized at 110 kW 
to not exceed the annual electricity consumption of the building when accounting for the minimum 
annual energy deinarid across climate. zones with efficiency packages. 

The modelingsoftware for nonresidential buildings does not allow auto-sizing of PV based on a desired 
percent offset of electricity use. Moreover, the PV size is also constrained by the availability of roof area. 
Hence, a common size of PV is modeled for all the packages including all ele<:tricdesign. FigureS through 
Figure 7 below demonstrate the percent of eleCtricity offset by PVfor both mixed fuel and all electric 
buildings over their respectiye federal minimum de~ign package,. 

Figure 5. _Medium Offic:e -:- An.nual Percent kWh Offsetwith 13 5 kW Array 
r--~--·~-------:-~-. • ------~ .. ~-------"------~-----------.. ~~-----------------~----·---·----~ 
I iOO% _________ 'Yl~_?ci~t'tl-~~!!.~~-=.~J:r~~:rl_tkVIf~_Slffset PV I 
I 90% •-··•-··•---·-··'···---~~-·-·, .. , .. ,.-c, .. ~'·-·-~---•c-c. ~~-.~~- >-•·•·''"·" .... ; ... -_ ... ~c_,.c.~---'--·-•·· ..... -.··-"·-•·----·"" I 

I .so%· --------··------, .... ····---.- --.-.... -.,---·--,....,.,, __ .. _____ . .,.., ........ -,· •. --·--··-·-------------·-------·---·---,,,.,--"' ·1 
i 70% -·----··--·-- ,., .. ,_., ... ' .... ---- _______ .. _,. __ ._.. -··------------- ... ' 

j 6o%· ---- ...... -- -·. -.-...... ,.. .. ·--'.------~---, ·.--····" .... : ----~· -·- -'------.~--~--"· --- ·-"·'- ............ ~. :I 

us ;~~ ~·1=1r~ l ~ 1:1~~~~~~~1111 Hr ll 
0% .1. .... ... . . . . .... ·- ............... ····· . .. . . .. . .. ' 

1 2 3 4 5 6 7 8 9 10 1l 12. 13 14. 15 16 l 

Climate Zone 
liil Mixed-Fuel l'il All-EleCtric 
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l:igure 6. Medium Retail- Anrni~l Percent kWh Offset with 110 kWArray .. r~·--'~-·~·---·-~""---~ ... -. --~"-''.-.. ~.-. .,.~~,.-'·ec.•.·-~----... -.. -. --... . . . ..:. : ...... :. -~-------------·~· 

J . fYlediurn Retail-· PercenfkW~ offse.(by PV 

I U.()b% ;· -~"---'"-=~~,~~'-'-'=~~·-·"·~'~~"'~·~~~~---~""·--·--,'-.--r-~~·-~-""'"'-'-·'<"-'-C-~ 

.. i 

'! 

.90% 
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,70% 
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5()9{, 
40% 

'.2Q%. 
10% .. 

1 T 3 A 5 ~ 1 1 8, W ll ~ ~ M ~ ~ 
climate zone 

iiiMix~d fuel •All ~IE'etric 

Figure 7. Small ijotel ,_ Atgiual J>~rCent.kWh Offs¢t with 8 0 k\1\TAT:ray 
r-~--. ~- . . . . ... . -:_,,.,.., ____ '"" -·~·-·~··---.., . . • . . . . . .. •. . , . . I 
! SmCl!IHote.l"' Percenti<Wb Offset bY PV · i I J~~-~ .;:;.:_,-,::,:_ .. .:.: . ..,...;,,;,.-.;..:.,.~ .. --,;,;c;.,......,; .. ;........,.:;_., __ ,: •• ,..:.,_c"--~~·--,"-'~'-~·~--·· ,.,:.-.;c "'·"·'-'•-:.;..,:. '" ~···- l 
i I 
1 so% 
I 
I 7()%' .. -- ·------- - . .. 

IJQ%· -- : . .:; . . .. .,~: :... .. ,_~. 

50%' ,,. - :....~ ;__~ ----·- -~-- ·--- ..... - -.• :- _,_ 

I~~ =fttitl, r ttl F r 1Jift 
i 1 2 3· .4 . s. s: 7 .. a 9 10 1.1 12 1ir. 14 :~,s iQ' 

1 .. Climate ibne 1 

l ____ -. ----"- ----·-~-·-··- iiMiXeq F~~~~ ~~~-~~c:~-~ ___ , _______ ------ __ .~J 
. . ,,. . ~ . ·. . 

The costs forPV incltjdl:i first cos.f~d p(,irthilse an~ install tht3 systemri~veri:err~pia~~Wieht tci~ts"<md: 
annualmai~tena!ice costs, A slimniary. oft he inedlum office costs and soU.rcesis given ·rn Figure 8. 
u pfrontsoi<1 r PV system costs C1re:r~dl)ced by the f~de.r<;~T inc¢ me tC1xtr:eclit0TC), approXIMately 1$ 
pen::ent du~ to a p1:1as~tl:redUttlon 1n the J:re<:lit:fhrougl) the. year 2022)" . · · · -. . . . . . . . :• . . .. : . ' . ·. 

- . 

.1
2 The federal credit drops t6:26% ln).b20; and22.%Jn 2021 befor~ di:(;Jppingpeimai]eritly 1:() 10%for i::oir)mercialp~ojects <!nd o% 

for residential projetts'iri 2022. More·inf~rmati'on qn fede~allqiJestment TaxCi-edits a~aihible at: · ' · · ·· · 
https:Uwww.seia.org!i'nrl:iai:ives/solar~invesfriienH<i.x~credit~itt 
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p· 1gure 
' 

e mm 8 M d. ICe lp ·ont Offi U fi PVC osts 
Unit Cost Cost Useful Life (yrs.) Source 

Solar PVSystem $2.30/Wdc $310,500 30 
National Renewable EnergyLaboratory 

(NREL) Q12016 13 

Inverter .Replacement $0.15/Wdc $20,250 10 

Maintenance Costs $0.02/Wdc $2,700 1 
E3 Rooftop Solar PV System Report14 

.. 

PV energy output is built into CBECC-Coin and is based.on NREL's PVWatts calculator, which includes long 
term perform~nce degradation estimates.15 . 

322 Battery Storage 

This measure. includes inst:allation ofb<3tteries to ·allow energy generated through PVto be storedand 
· use a later, providing additional energy cost benefits.This report does riot focus on optimizing battery 
sizes or controls for each prototype and climate zone, though the Reach Code Team ran test simulations 
to assess the impact of battery sizes on TDV savings and found diminishing returns asthebattery size 
increased. ' · · 

The team set battery control to theTime or Use Control (TOU) methodi which assumes batteries are: 
, charged anytime" PV generation is greater tha,n the building load but discharges W the electrit;:'grid 
beginning during the highest priced hours ohhe day (the "First Hour of the Summer Peak"). Because 
there is. no default hour available'in CBECC-Com, the teani applied the default hour available in CBECC~Res 
to start discharging (hour 19 in CZs 2, 4, and 8-15j arid. hour 20 iri other CZs).This control option is most 
reflective ofthe current products on the market. While this control strategy is being used in the analysis, 
therewoul.d be no mandate on the control strategy used in· practice. 

The currentsimulation software has approximations of how performance chara.cteristics change with 
environmental conditions; charge/discharge rates, and degradation with age and use. J\llore information is 
on the. software battery control capabilities and associated quaiification requirements are available in the 
Residential Alternative Calculation Method Reference Manual andthe2019Reference Appendices for the 
20i9 Title 24 Standards.is,i7 

The Reach Code Team used ~;:osts of$SE;8 kWh based ori a 2018 IOU Carles anq St<Jndards Prowam report, 
assuming a replacement is hetes'sary in year15.18 Batteries are also eligible forthe lTC if they are installed . 
at the same time as th.e refl,ewable generation soui:ceand at least75 percent of the energy used to charge 

17 Qualification Requirements for:Battery Storage Systems are avallable in JA12 of the 2019 Reference Appendices: 

. ·rr!!Pmww£;en~.c~,gov/2b18oublications/cEc-40D-2D18~021/CEC-400-2D18-021-CMF.pdf 

18.Available at: http://localenergycod~s.com/download/430/file path/fieldlist/PV%2DPius%2ciBattery%20Storage%20Report 
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the battery cqmes from a renewable source, Thus, the Reach Code Team also applied a i9 pertentcost 
tedq~:Uorito battery c;osts,· · 

3.2,3 Pv"only aizd PV+BatteryPdckages 
.. . . . ' •' . . 

The Reach CadeT earn ancllyzed :solar IN and batterystorage .. only, without qtherefficiency.meCisures in 
both rhi){ed,.ft;~el ~J"ld ali~¢1ectric building ~esigJ1s. Two differentsizes of soiar PV and batterystciragewere 
anafyzed. .. 

+ Smali PVSize: 3 .kW, assumedtcr be the mlnirnal PV system tonsldete<:l for insl:all~tibn In~ 
ncinresidentlalbUilding. 

•· L~n~e ?\/Size: PY capacityeqi;mt to 1SW/ft2 over 50 percent of the roof area, otsYtedto nearlY' 
offs~tannual electrkify consum ptiorij as described inSectron 3.2..1. ,, ... 

t ~rnatll3a~i:ery size: s J<Wh, CJssDm¢dto be the r:ni6irnal batte.ry system conslCJer~d forin~taiJatioQ' 
in <t ho~;~residentialbuHding1 and f"epresenta~ive ofsm<:~Tterproqucts currently availab!e~onJhe 
market; 

• • ' I . . 

"~ Large Battery Size: SO kW!i, assUlli\Od to be a :>LJI:lstantially large size for a nonresiqentiCI.Isetti!lg; 
<:;erieraliy; the reach to de te~m found.dirnihlshing on~billandTDV benefits as the battery .size~ . 
in.creas.ed~ 

As described fn Sectiqn 1 a:ndS.e.cticin 4.4; each PV size.w9s run as a standalo.ne measure; When pi;icka·ged 
with.abattery measure, the small PV ·si:zewas paTr.ed with the small battery size; a ndtheJarge PV s1:ze was. 
paired with tbe lar,ge battery si~e. 

3.3 All metttic Measi!,res 

The Ilea!3h.. C:o.qa Ieamin\iest.ig<;ltedthe.:cost and performance impacts and associated infrastructure .costs 
associatecJ Witn changiog the baseline liV ACand water heating sy$tem$ te) all-electric equipment; This 
.indudes heat pumps pace heating; electrkresistance reheat coils, electric water heater with $torage tank, 
· heatpump'W<~terh.eatimt,)ncrea~i!lg.eh:#r:icalc?p<lc:it)i, ~hq'e,HmirrCitlog.riatl1r<"!l gasc:onnediop~tnat · 
wot.ll~ have been pre~ent ih mixed~tuel new construction. The Reach Code Team sele.cted.eiectric !?YStems · 
thatwi:JUid be lnsta(led instead or ga.S-fuel~d system~ in each pl:'ototYpa 

3.3.1 iiiiAC'diid Waterfieating 

. The nonresidential standard~. use a tnixe(;l-ftli:.fbaseline fi:ir the:S.tandiiq:jpeslgo sy~ter;ns, lo ffiqst; 
nonresideptiaf.occupande:s;::the baseliheis''ha,tural gas space heatlng ... Hote;l/m.otels and high"rise . 

, residentialocciJJi<;~hdes also assume natural gas baselinewater heating systems for the guest rooms. and 
dwelling units., In the all~?lectricscenado, gas eql1ipniehts~r\ting: th~se end:'uses i~reph:iGec:IWith~lectdc 
equiprilet)t! as des(:r,ibed lri Figure.$. : · . , · . 
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p· 1gure 9 All El - . HVAC ectnc an dW ater H Ch eatmg · aractenstlcs s ummary~ 
Medium Office Medium Retail Small Hotel '. 

NonRes: Packaged !?X-i- VAV with 
Packaged DX + VAV Single zone HW reheat. Central gas boilers. 

Baseline with HW reheat. packaged DX: with 

HVAC Central gas boilers. gas furnaces Res: Single zone OX AC unit with 

System gas fu fnaces · 

Packaged DX + VAV Single zone 
JIJgo.B_~: Packaged DX + VAV With 

Proposed All" electric .resistance reheat 
Electric 

With electric packaged heat 
resistance r.eheat. pumps 

Res: Single zone heat pumps 

Non Res: ElectriC resistance 

Electric reslst<Jnce Electric resistance 
storage 

Water 
Baseline 

with storage with storage 
Res::Central gas stor;3ge With 

Heating 
recirculation 

System 
Non Res: Electric resistance 

Proposed Aii- J::iectiK resistance tiectn.c resistance 
Electric with storage with storage . 

storage 
Res: Individual heat pumps 

The Reach Code Team received cost data for baseline mixed-fuel equip111entas well as electric equipment 
·from an experienced mechanical contractor in theSan Franci~co Bay Area. The totalconstructio.n cost 
includes equipment and material, labor, subcontractors (for example, HVAC andSHW controlsysteins), 
and contractor overhead. 

3.3~1.1 Medium Office 

The ba.seline HVAC system includes two gas hot water boilers, three packaged rooftop units, and VAV hOt 
water reheat boxes, T(le SHW design i(lcludes one 8.75 .kW electric resistance hot water heaterwith a 30-
.gallon storage tank. 

For the m~dium office all-electric HVAC des)gn, the Reach Code TeCJnl investigCJted several potential all~ 
electric design options, including variable refr'igerantflow1 packaged heat pLimps, .and variable Volume 
and. temperaturesyste,rris; Afi:efse~kirigfee,dback from the. desigri community; the Reach Code Team 
determined that the most feasible all-eledrlc HVACsystem; given the software modeling constraints is a 
VAV sy:st12111 with an electric tesistaili::e reheat instead of hot wateqeheatco!L A parallel ran-powered box 
(PFPB) implelllentation of electric resistanc12 reheat would further imprbve efficiency due to red!.)dng 
ventilation requirements, but an accurate impl12mi:mtation of PFPB:S. is not curretitfy available in 
compliance software. 

Notethatthe actiJal natural gas consumptimiJortheVAV-hotwater reheat baseline may be higher than 
the current sirriulation'results due to a combination of boiler and hot water distributicm losses, A recerit 
research study shows that the total losses can accountfor as high as 80 pen.':entofthe boilerenergy use.l9 

19 Raftery, P., A. Geronazzo, H. Cheng, and G. Paliaga. 2018, Qu;:Jntifying.energy .losses in hotWater reheat systems. Energy and 
Buildings, 179: 183-199 .. November. https:!/doLorg/lO.io'16/j.enb~ild.201S.o9:62o. Retrieved from 
https://escholarship.org/ui:/item/3qs8f8qX · · · 
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If these losses are considered stivlngsforthe electric resistance reheat (whkh has. zero ~sso.ciated 
distribution. loss) may: be. hig,her, 

Theall.celectr1c5HW syi;te.rJ1 reni.airisthe sair)eeJ~ctric resistance:.,YaterQeat~r as the baseline. and has no 
associated fncremetitalcosts. 

C:o.st data form edtu.m otflce designs: are presented }n Figure to. The al r~electr:i~ Hv,ii.t: syStem presents 
cos~ s(lViJ1gs cqr,nparl'lc:! to th.e -hot\i\iater. reheat .svstern ff()ffi eliniin?.t.\o.r:J t:Jfthe.ho.tvv:ater. ~oil {Or and 
associaJed .hot W<:Jter prping ciistripu~i(:Jn. czio alld CZi5 all~electric design i::osts .areislightiy higher 
because th<:Yrequire iarger size roOftop hea:i: pumps tl1an tbeothetclimatezon.es'. 

climate Zone 
Baseline 

Mlx~d. Fuel · lncrem~ntal.«:;ost AHElectriC,sy.stem 
for AII~Eiettric' 

CZOl •'• $(96,106). 
$1,261,531 '. •• $1,173,98:t $(82,548) 

CZ03 $1,205172 
czo4 $1,283,300 . Si,2os,434•· $(7.7;865) 
czos $1,113;989 ' $(93,356). 
tio6 $U3i,37:t $(85;006) 
CZ07 $1,227,Q32 
c;ws: $i,2so;56~ . $1,172,937 
CZ09 $1,268,320 . $(71,955) 

. czio $:(313,.586 $(56,755) 
CZl;L $i,294,145 $1,:221,305 
,CZ12' $1,274;3:17 
CZ13 
.Cii4 $1;212,236 $(74;009) 
CZ:l,5 $:1,311,994 . $(45,629) 

,CZi6 $1,295;766 $1,222.,&17 .. 

3,3.S,2 Medium Retaif, 

The baselineHVACsy:sternlncluges flvepackag¢d single :son€;! roofto,PAC'swithg<.Jsfum\JGes .. Based on fan. 
control reqllirernent~jn section. :14.Q.4(m); units with cooiing capacity ;e; 65,000 Btujhhaite variable air 
volumefans,While smailerunits have c'bnstantVolume fan~. ihe.SHW·design In dudes obe .. B.i$ .. kW 
elet;:tric resistan<;:e hot water heatetwlth .a ?P-~alloh stgrage tan~' 

For the medium retallall~electricHVAC design, the ReachCoqeTearn. assumeq packaged heat pumps 
instead of tbe packageciACs.,Theall~eledricSHWsystem·remainsthe saine electric resistance water 
heate_tas the baseline and has no assoCiated incremeot<ll cpsts" 

Cost data for medium re'tafl designs are presented in Figl!re li. Costs for rooftop l,:liN:bncfitloning systems 
are verysimilarto rooftopheatpumpsystems. · · · .. · 
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Fipire 11. Medium Retail HVAC System Costs 

Climate Zone 
Mixed Fuel 

All Electric Sys~em 
Incremental cost 

Baseline for All-Electric 
CZ01 $3281312 $3331f.91 $4,978 
czoi $37:3;139 $373,702 $563 
CZ03 $322,849 $326,764 $:{915 
CZ04 $329}300 $335,031 $5,131 
czos $359,888 $362;408 $2,520 
CZ06 $335;728 $341,992 $6,265 
CZ07 $345,544 $349,808 $4,265 
CZ08 $3681687 $369,792 $1,104 
CZ09 $415,155 $411/069 $(4,087) 
czio $345/993 $346,748 $755 
CZ11 $418,721 $414,546 $(4,175) 
CZ12 $4o5ji1o $400,632 $(4,477) 
CZ13 C:Cl7c; nn'l (;':n~ R7'J (;(1 0\1\ 

'r'--!L UJV\J..J Y--'! '-'J'-''~'- Y\-'-'-'......._1 

CZ14 $4051381 $406,752 $1,371 
ctis $429,123 $427,606 ${1,517) . 
CZ16 $401,892 $404,147 $2,256 

3.3.1.3 small Hotel 

The small hotel has two·dff;ferent baseline equipment systems, one for the nonresidential spaces and oiie 
for the guest rooms, The nonresidential HVAC system includes two gas hot water boilers, fo!Jr' pac:kaged 
rooftop units and twelveVAV termimil boxes with hot water reheat coil. The SHW design includes asmall 
electricwater heater with storagetank. The residential HVAC design includes one single zone AC unit with 
gas furnace for each guest room and the water heating design indudes one central gas storage water 
heater with a recirculation pw:np for all guest rooms. 

For the small hotel all-electrfcdesign, the Reach Code Team assumed the nonresidential HVAC system to 
be packaged heat pumps With electric resiStance VAY terminal uhits1 and the SHW system toremain a 
small elec;trlc resistancewater heater. 

Forthe guest room all-electric HVAc'system; the analysis used a single zone (packaged terminal) heat 
pump and a central heat pump vvater heaterservingail guest rooms. Central heat pump water heating 
with recirculation serving guest rooms can hot yet be modeled in CBECC-Cohi, and energy impacts were 
modeled by simulating ihdividual heat pump water heater~ ineachguesrroom. The reach code team 
believes this is a conservative assumptionj sil:it:e indlvidualheatpump water heaters will have much 
higher tank standbylosses. The Reach Code Team attained costs for ceqtral heat pump water heating 
installation including storage timks and controls and lisea these costs in the study; 

Cost data for smaiJ hotgl designs are presented hi ~igurel2, The all-electtk design prgsentssubstantiaJ 
cost savings because there ls no hot water plant or piping distribution systemseriiihg the nonresidential 
spaces, as well as the lower cost of packaged terminai heat pumps serving the residential spaces 
comparec1 to split DX/furnace systems with individual flues; 
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Figurei2,S.maliliotei HVACa:nd W3,ter Heating System Costs· 
·Climate Zone 

Miited Fliel 
All Electric system lrihemehtal cost 

Baseline.'. . ' for' AIHiettrit 
czo1 .. $2;337,531 $1,057~178 · $(i,2ao,3s3f 
czoi $2;328,121 $11046,795 • $(1,281,326) 

.. 

CZ03 $2,294,053 $1,010,455. • ${1,283,598) 
CZ04 $2;3m;io8 $1,018~675 $(1,283;433) 
qps $2;298/700 ... $1,015.;2;14 ${:I,i283,486) 
.czo6 . $2.,2!:}5,380 $1,011"753 $(1,283i627) 
czot $4;308,004 $1,026;029 ${1;281/~75) 
CZQ8. $2,333,662 $1,053;717 .... ${1,2791941)) 
CZO!:): $2;312,099 $1;030,355 ${1;,281,744) 
CZ10 $1,354,093 $1,07.5,34ir 

.. 

.•. $(1,278,745) . 
.. 

.. CZH $2,347 ;980'. $1,068A29··. '. ${1,279~554} 
. (;2:12 

• $2;328,654. . $:i:,047,6:6o; • $(~,280;994) ... 
CZ13 $2;348;22.5. $1,068;~58 ... $(1,279,367) . 
CZ1if '.$2,:345,988 $1,066,263 '$(1,179725) 
ci:~,5 .. ·. $2,357,086 $1;079,241 $(1,277,845) ' 
CZ16 $2,364,094 $1,019,973 . $(1,284,i2i) .. 

3~3.2 Infrastructureimpacts 

Eleclrjc:heatlrrg. appli<:~ru::es anci ,equipment often require <~ lflrgerele!::tr'ical oonne.diPn than. an equivalent 
h atli raJ gas app Hance be.ca us.e of the h lghe r vci It<! ge ah d amperage necessary to el ~ctrically gene r<tte h e.at 
Thus, mC)ny puiJdi.ngs may reqtJire.l.arger electrical capadtythan <l cOmparable building \Aiith na(t:Jral gas 
appli~Hlce~. This ind~des:· · ' · ·· · 

+ ElectriC re~lstaliceVAV spate heating i~ the medium offke.and common area spaces ofthe·small 
ho.tel~ t . .. :. 

' • Heat pomp water heating fort be guest room spaces of the small hotet 

~3:.3.2.1' pectriccd Panel ~itihg dTJd Wiring 

Thl.s section details the.additlonal electrical panel sizing and wiring required forall~electric measures', Jn i:th 

· ?JJ~eled:rjc ne,i.:I.C:on.strudio~~en·arfo~heat pumps repi'iic;e·pack<Jged ox ~ilits wnfch are paired with either 
a gas furnace or a. hot water coil (supplied by a gas ~oiler). The electrical requirements of the replacement 
re<Jt t>WillPW()l}lc:i b.e.th.¢s<:twg~as the pa,t~aged DX" ynit it replaces, ast.be electric~ I requJrem_ent~ wo.uld 
be driven byih~ cooling; cap!l!:ify~ v..rbl~hwould r~m.a!n..th.~ saili~ betw.eeh the twp u_r)I~. ·· 

-VAV term ina I units with hot wa.ter reheat coIfs th<Jt are replace:ci with elet::tric res isf<~ nee re he;:1t coils 
·· require additionaLelectricaUnfrastrudute. In the "Case ofelectric resistance cO:iis, the Beach to de T~ani 
~ssufijed thaf oii ~ver;;lge, <:1 VAVterminaj!}nltservesar(JLJn.d 9.0Q ftzofcoqdit(oneq space aridj,as a .. 
heating c~p<n::ity of 5 kW (i5 !<Bt~/hr}ft;l}.Theiiicrerr)enta! elec~rical ii')frqsfrttd~re cost!! Wel"e cretefrnined 
based on RS Means. Calculations for the medium office shown fn Figure· 131nciude the cost to add 
electrical paf1els as·w~li :asth¢cost:to ad~. electricai'li[)El.s t() .eachVJJ,V tepirinalunlt.elettric' resis.~ance coli.·· 
i.n the med!LI rn office prototype. Adc!itionajlyJ ~he Re.ach Code Team subtracted thE! ~ledrical .. 
infrastructure costs associated with hot water pumps required in the mixed fuel baseline, which .are not 
required in the all-electric measures. 
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The Reach Code Team calculated costs to increase eledritalcapacity for heat pump water heaters in the 
small hotel similarly. 

F:tgure 1 M d" 3. e mmO ffi El ICe ectrica llf n rastructure c ·osts f Ail El or - ·o ectnc. es1gn 
A - No. VAV Boxes 60 

B - VAV box heating capacity (watts) 4,7.48 

c - No, hot water pumps 2 

D Hot wate·r pump power (watts) .. 398 
·' 

E - Voltage 208 

F (AxB- CxD)/E Panel ampacity required 1,366 

G F/400 Number of 400-amp panels required 4 

H - Cost per 400camp panel $3,100 

I GxH Total panel.cost $12,400 . 

J - Total electrical lin!:! length required (ft) 4,$20 

K - Cost per linear foot of electrical line . $3,62 

L Jxl< Totalelectricalline cost 
" 

$15,402 

I+L Total electrical infrastructure incremental cost $2'7,802 

3.3.2.2 Natural Gas 

This analysis assumes that in an all-electric new construction scenario natural gas would not be supplied 
to the site. Eliminating natural gas in new construction would save. costs associatedwfth connecting a 
service line.fromth("! street main to the building, piping distributicmw.ithin'the building1 anct monthly 
connection charges by the utility'. . . . •'. . . . . . 

The Reach Code Team determin~d that for a new construction building with natu~al gas piping,there is.a 
service llne (branch c6nnectiori} fromthe natur~l gas. main to the building rhetet .. ln therri~dium office 
prototype; natural gas piping is routed to the boiler. The Reach CodeTeamassumed that the boiler is on 
the first floor, and that 30 feet ofpiping is required from the connectio~ to the main to the boiler. The 

. Reach Code Team asslimedl'' corrugated stainless steel tubing (cSST) rrigtedal is usedfor.the plumbing 
distribution. The Reach Code. Team Included costs for a natural gas plan review, seryice e)\tension; and a 
gas meter, as shown in Figt,lre 14 below. The natural gas plan review cosf is based on Information re·ceived 
frorri the City of Palo Alto Utilities. The meter costs are from PG&E and include both material and labor. 
The service exti:msioncosts are based on guidance from PG&E,who noted thatthe cpstran~e is highly, . 
V(lrled and that there is no "typical" cost, vv:ith costs belnghlghly dependent on length ofextension, 
terrain, whether the buildingJsin a developed orundeveloped area, and number of buildings to be . 
served. While ari actual service extension cost is highly uncertain, the team believes the costs assumed Iri 
this analysis are within a reasonable range based on a sample range of costs provided by PG&E, These 
costs assume development in a previously developed area. . . 
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Figure.:(~, Natural Gas lnfrastructme Cost Sa,vmgsfo:r All·Eiectric Prototypes 
... CostTypg . · · Medium Offic:e fViediumRet~il . Srna!lllot\'!1 . 
J)!atiJra!GasPian R~vie\f\1 ' $2,3:].Ei $2,3~6 $2,316 
$ervic~ Extension $i3,000 :$:l3,0oo $13,000 ·· 
M~ter ··· $3,o.i:io $3,ooo $3,.66o 

Tot<JI Cost ·· . $18,949 $?$,027 $56,0~0 ...... . ....... . 

~;4 Pr:ti};rpptcrl.lli!JhEfficlenCJ'Appilances 
The. R'each Cdde Team developed a packageofhlgh efficiency (HE) space and water heating appliances 
based on commonly av;:iiiabiE:J products for both: the ini~ed-fuel.and:i:lil-celectricscen~rici.<>. This package 
Ci.<;s(:!s.ses thest<~hdaJorif;lC:onhibLd:ion thath1gh effici~ocy tn!:lasure!iW<:>UI<:,imakSltoward achieviog hlgh 
performance thr~shol'ds. The. ReachtbdeT~am :revi~wed th'e Ait.C:O:ndlfionlng, He<!tlng; and.Ref:riger~tion 

· Institute (AtJRI) ·certifiedlir.o~uctdatapase.to estim~te appropriate eft'icien~ies/0 . 
. :. .. '· 

The.Reach CodeTeatn·de.terminedthi:(efficien~yincraa,ses to .. be .appropriate basf!d on..ecjliipJ]'lenttYPe, 
surnrnal'it;E;!d in Fi&ur~ :;15, with t;ost premiums attained frorn a BtiyAre<,:~ rn:echankal tonfrad:or. lhe ran~es 
in effitiencyare hidicati\re ofvaryihgf~deral.standard reqUirements based on equipmentsize: 

F}gQre15,High Efficiency Appliaw;:e Assumptions 
. 

Federai!VIiriimuin Efficiency. Ptee'rnpted Efficit)ncy 

Gas space heating and. 
water heating 
Large pack~gedroof±op 
cooling· 
Sif1i;le zone heafpump · 
space heating 

9.84ZEER 
11k12,9 lEER 

7.7 HSPF 
3.~t'coP 

z .. bU.EF 
. 

3.$ Gte.e.nhopse.Gas.E:mfss}.ons 

.l· 

.1o.s~n EER · 
15~;i5.51EER. 

1bH~P~ 
3.5COP 

· 3.3.HEF 

Cost Premium for 
HEAppiiimce 

10~15% 

None (market·does · 
not¢arry i.i:i 9~F) · 

The ~Jhalysis uses the greenhouse gas (GHGJemissions estimates fr6m Zero Code reports available in . 
CBEcc.::com?J Zero Cqde uses .8760 hourly multipliers a~totint1hgf6rtime dependent energy lise and 
car.bcin eml$si9ns bast;:d ()h. sew ref:! (:!(i}jss'loh,si jnclud!pg .renewr.bl¢ pottfq)ip stahdard. proj~ction$, fifgithte. 

. ~ ' . ' 

20 Avaiiable.at;.htt[)f/IWW'tt:~hridJfectOtY.org/Search/searthHcmie?Rettirriurl=%2f 

zi More inforrilation·availabJe at: titfus:/fiero-code:cirglwp-content/uploacls/201Si11iZ£RO-Code-TSD-Califomia.pdf, 
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emissions are not included. There are two strings of multipliers- one for Northern California climate 
zones, and another forSouther'n Califortiia climate zonesY 

4 Results 
The Reach Code Team evC)luated cost effeCtiveness of the folfowing rneastire packages over a 2019 mixed
fuel code compliant baseline. for all climate zones, as detaiied in Sections 4.1-" 4.3 and reiter'ated in Figure 
16: 

~ Package 1A- Mixed-Fuel+ EE: Mixed-fuel design with energy efficlency measures and federal 

minimum appliance effiCiencies. 

~ Pa~kage lB'""" Mixed-Fuel+ EE + PV + B: Same as Package 1A, plus solar P\f and batteries~ 

. <!> Package lC- Mixed~fuel +HE: Alternative design with high efficiency appliances, triggering 

federal preemption. 

~·· Package2- All-ElectriC Federal Code-Minimum Reference: All-eledric designwith federal code 

minimum appliance efficiency. No solar PVor battery 

~ Package 3A- AII~EI~dric + EE: All~electricdesign with energy efficiency measures and federal 

minimum appliance efficiencies. 

~ Package3B '""'All-Electric+ EE + P\1 + B:Same as Package 3A, plus solar PV and batteries, 

4 Package 3C- AII~Electric +HE: All-electricdesignwith high effiCiency applian<;es; triggering 

federal preemption. 

p· Igure 16 p k . ac.age s ummary 
FueiType Energy 

PV & Battery 
. High Efficiency 

Package 
AllcElectric 

Efficiency 
(PV+ B) 

Appliances 
Mixed. Fuel Measures (HE) 

Mixed-fuel Code Minimum 
X 

Baseline 

1A- Mixed~FUE~I+ EE X X. 

1B- Mixed-Fuel+ EE + PV + B X X X 

1C- Mixed-fuel+ HE X X 

2-AI!-Eiectrk Federal Code~ 
X 

Minimum Reference· 

3A~~Ali-Eiectdc+ EE X X 

3B ~All-Electric+ EE + PV + B X X X 

3C-AII-E:Iectric+ HE X x 
i 

22 CBECC-Co~m documentation does notstate which climate zones fall under which region. CBECC-Res multipliers are the same for 
Cls 1-5 and 11-13 (presumed to be fl!ortherri California), while there is another set of multipliers for CZs tl-10 arid 14-16 (assumed 
to be Southern California). 
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:- ' . 

Secti'on4A presents the r.esults of the PV~ohly aha PV+Battery analysis. 
. '. . . 

· The TDV and ofl"bill based costef:fectlileriess results are pr!:sent:ed, in term,? of B/¢ t<:~tioand NPVirdhis 
section. What ¢onsti1:utes Cl ])erie.@ ora'cost'var!es Withthe?cel)arios !Jecau~e .both ~nergy s~ylngs and 
inc:r'ementai cQnstruction costs may be negal:ive depend.lng .. oh the package. Typlcaily; utility bill savings 

, are categotiled as a ;benefit' While inCremental cons~rut;t\on costs a retreated as''costs/in cases where 
bc)tl:rC:9'risth.idic;ih costs <(re l)egal:iile aQct t.~1:1Uty 6111 savln&s are negatlve1 th.e coristr:l.l¢tjdn cost saVings are 
tre<1ted as the 'benefit! While the ul:!lity bill negative savings are as the/cost? · . ~ . . . ' .... 

QVt;ratching factors t:o keeJ:dn mind when re\iieWingthe resuitsinclode: 
. . . ~ . .:· . '· .. 

4 .• To pass the Ebe:rgy Commission's applic~tion process;, iota!' reach codes must;both be cost 
effecthie and exceed theenergy p¢tforman¢e btu:tget q'singTbV (i.e., havE:J a positive compliance 
ma~gin).To en:)p[lasiiethes~two impoft<mt f<letors, thefigur~s in this S?ction highlight in green 
the rnoQelfngr!Osu]tsthatfiaVe eitper.a. positive i::ompliante margin·or.aretosteffectiVe/fhis wiiJ 
allow readersto identify whether a scenario is fuily ~r partially.suPf)ortive of a reach code~ and 
the opportunities}c;h(lnenges thafthescena~io presents, Conver:Sely,Sec;tion. 4.4 only highlights 
resiflts tljCjt bothhaV~ 9 po,sjfiV~ compJianC€! m~rgin..a:nct qfEl CQ,St effective; to (liJoWreadersto . 
identify reach code"readVs¢enarios, . . . . . 

t Not~; Cqmj:Jif(lh¢e margin repre~8.nts the rroportion of en~rgy l)sqge thC!t.]ssaved comp<lfeq 
to the baseline; measured on C1 TDV l:iasis; . ... . 

• The Ene~gy C:ommissio[] does not turret1tly allo\N compliance credit for either solar PV.or battery 
storag.e. Tbus1 the cotilpliarice n'l<lrf5ihs iri. Pac~ages.iA are the sC!meas 113; and Pac!<age3Ais the · 
sarn~ as 3f3., HoWeVertThe Reathcode Team did. ihcluddheimpact of s(:)lar PVand lJeitteryWheri 
ca!culatihgTDVcost•:eifectlvenes.S,. 

• Wbeilper:foi'ri18h(}~ rnod~iingresideh.tia! .builctlhg~, til~ ~n~!'gy Ccih:Jrpi~sion. C)llow,s tb~'Stahd9r~ 
Designt.obe electrkiffhe PropbsedDesign is .el~ctrit; ·whi'ch fei:no'iiesTOV.-related penal_ties '<Jnd 
pssbd(lted negaH\te corn pUan i::e in anil ns. This esse ntla Hy allows for a com p Hance pathway for ai.l~ 
electri~ residential buildings; Nonresidential ):)ulldlrgs we. not. treated Jn, the ·~9_me way and ap:!! 
corh,Pl3red,t6 a irlix~d;.fuel,standatd desits.ll< 

+. Results do not inclu.de an an<Jiysis and comparison of utility rates, As mentioned in Section 22; 
The Reacb.Code T:eaiJI c:;por¢li'natedwf1:b0tilitJe-?. to sel~c.tlariffs for eachprqtotype giv~l:)l:he 
annt:tal. energy d~rnarid ptqfjle add the ri16stpr~Va!enttates in e,.ach {ltllity terdwry.The Reach 
Code Tec'lm cttd nat compare. a variety. oftariffs to det~rmin~ their impact on costeff~ctiveness .• 
Note that most utility time-of use i"(ltes ate continuously. updated, which can affect cost 
effectiveness results. 

+ . As a pol~:tofc:t:fmparison,.mixed-fueLbaseiine.energy figures are provided in Appendix6.5. 

4: •. 1. ·Cost liffectfvenessJJ,~sults ~ Me.dilnp. Office• 
Figure 17 through Figure :23 :Contain the cost~~ffectiveness findings for the Medium Office packages .. 
Nota.ble f[nciJngs foreach p~ck<~ge include: .. · . 

.f l,A- ivlixed~fuel + EE: Packages ach!eite + 12 to +20 percent compliance margins depending on 
dim at~ zone. Ail packages are cost effective in all climate zones using the T£N approach, Ali 

, pacl~ages are cos'teffectiye using the On~Bill approach except for LADWP territory. 
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+ lB- Mixed-Fuel+ EE + PV + B: All packages are cost effective usitigthe On-Bill and TDV 

appro~ches, except On-Bill in LADWP territoty. When compared to 1A, the B/C ratio changes 

depending on the utility and climate zone (some increase while cit hers decrease)'. However, NPV . 

savings are increased ac;ross the l:Joard, sUggesting that larger investments yield larger returns. 

9 1C _;__Mixed-Fuel+ HE: Pacl<ages achieve +3 to +5 percent compliance margins depending on 

climate zone, but no packages were cost effective: The incremental costs ot a high efficiency 

condensing boiler compared to anon-condensingboiler contributes to. 26-47% of total 

· Incremental cost depending ori boiler size. Benefits of conden,sing boiler efficiency come from 

resetting hotwater retur~temperature as boiler efficiency in~reases at lower hot water 

temperature. However, hot water temperature reset control cannot currently be implemented in 

the software .. In addition, thE; natural gas energy cost cpnstitqtes no more tha·n 5% of total cost 

for 1S climate zones; so improving boiler effici~::ncy has limited contribution to reduction of total 

energy cost 

~ 2 ""'All-Electric Federal Code-IVIinimum Reference: 

t Packages achieve between ~27 percent and +1 percent compliance margins depending on 

climate zone. This. is likely because the.tnodeled system is electriC resistance, and TDV values 

electricity consumption more heavily than natural gas. This ali-electric design without other 

efficiency measures does not comply with the Energy Commission's TDVperformance 'budget. 

1> All incrementa !costs are negative due. to the eiiniihatio.n 'of natural gas infrastructure. 

~ Packages achieve utility costsavings and are cost effective using.the On-.Btrl approach in CZs. 6-

10 and 14-15. Packages do not achieve. savings and are not cost effective using the On-Bill 

approach in most ofPG&Eterritory (CZs.:L,2A,11;13, qnd 16), Packages achieve savings. and 

are cost effective using.TDV in al_l climate zones except CZ16, 

+ 3A- Ali-Electric+ EE: Packages achieve po~itilie compliance margins except -15 percent in CZ16, 

which has a higher space he.,ting ](lad than other climate z:ones. All packages Clre cost effective in· 

all climate zones except CZ16. 

+ 3B- All-Electric+ E.E+PV+ B: Packages achieve .positive compliance rnargiris except ~15 percent 

in.CZ16. All packages are cost-effective from aTDVperspective in all climate zones. All packages 

are cost effective from an On-Bill perspective in all climate zones except in CZ 2'and CZ 16 in 
LADWP territory. 

~ 3<:>-AII-Eiectdc +HE: Packages achieVe between -26 percent and +2 percent compliance margins 

depending on elimate zone; The only packages that are cost effective and with a positive 

compliance margin pre in CZsT-9and 15, As qescribed in Pa!:;kage 1C re~ults, space heating iS a 
relatively low proportion of energy costs in mo~t climate zones, limiting the costs gains for higher 

efficiency equipment, 
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re 17. Cost Effectiveness fo ~ MediU111 Office P acka?;e 1A - MiXed· F:uel +~EE. 
'Eiec. GrfG Reduc, I Cqmp;· I·· - . ·1 tifecyde, ~--_ _. . I. ~/C i'B/C 

Hance lncreniental Utilitv Cost ~TDV 

CZ02 PG&E 40~985 - ~505 

CZ03 PG&E 36,266 .. -463 .. 7:0 I''' ·, c"-L<: $66,649 -$}41,897- $84,05i 
CZ04 PG&E 40,590 cS47 -· _·-· 7~7- $66,649 _ . $162,139 $9SA10 
CZ04~2 CPAU · 40,590- "541. 7:'7 1?<:.•0::L''l.4% -- $56;549 $85,537 .. · . $95,410 
CZOS PG&E .... 38;888 499 7.4 p;;·•;;(i:fic''11S<'o $56;649 $i54)044 $91,115 
CZ05-2 SCG - 38,888 : .. -499 7.4 l':j';j,~i7\Jl~iS% $66,649 '$156,3:15 $91,115 
CZ06 SCE 39,579 ~305 _ 8,7 !T'~iT:};E\3.~:2o% $66,649 ' $86,390 $100,469 
CZ06·2 LADWP - 39,579 "305 - 8.7 l0i:_;<'J'•ii'20%'-- $66,649 $51,S28 $100;469 
CZ07 SDG&E ' 41,817- -6 11.3 i";'~i'')cjt~20%~ $66,649 $204;394 $112,497 
CZ08 SCE 41;637 ,5() 10.8 1;-~:i~~!::ts~;s, $56 649. $89,783 .. _ $113;786 
CZ08-2 LADWP A1,637 -60 10.8 l'c~:~:] •;));i8%~: $66,649 .$54,8'76 $i13;786 

N fczo9 ·SCE 42,539 -210 .10.1 /6;Fr16%;: $66,649 $95,636 $115;647 
:;: I CZ09-2 LADWP 42;539 · -210 10;1 1< :;c-:.J.b/o;~ $66,649 · .$58',168 : · $115j647 

CZ10 SDG&E 41,857 ~216 9.8 !): /f\i{.fi7% --· < - $66~649 $210,303 $108,726 
CZ10~2 SCE _ 41,857 - "216 9.8 .$66,649 $92,736 -. $'108,7.26 
CZ11 PG&E 42,523 ~390. 9,1 1>~;;::;;;)3%? $66,649 $166,951 $ib4;001· 
CZ12 PG&E 41,521 •466 ;3;4 li!i\;t;\;;i:ii~\(oii $66~649 $151;594 $100ii35 
CZ12-2 SMUti 41;s1i "466 . 8;4 ic;:;c,o:;:;;;'T4~ .. . • $66,649 $71;734. $100,13.5 
CZ13 .. -PG&E A2;898 -434· s;o- !>T~';r[·,f;13~ $66,649 $169,107 $99,992 
CZ14 SDG&E 42;224 ~441 8:6 <i!i;%':'/h'll-% $65,649 - $211,529 • $106,913 
CZ14-2 SCE' 42;224• ~441 . 8.6 ~,,-,,;:;:; .. 1 aoJ,. $66,649 .$95,809-- $106,913 

CZ15. SCE 45;723. '-147 11:2 .. :C•C'i'!;·c:'J:2%>' $56,549 $102,114. • $118,034 
CZ16 PG&E 37i7S8 ~736 5;s•• )i;!(fi/14'~ $66,649 · $145;947 .. $7.9;7:55 
CZ16c2 LADWP 37,758 ~736 . 5;8 •;;-J '-i{i'·a:<r%2 - $66,649 $40,115 $79,755 
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F" 18.C Eff1 forMed· Office Pack 1B -Mixed-Fuel+ EE + PV + B 
Elec GHG Camp- · Lifecycl~ B/C B/C . 

Savings Gas savings savings liance Incremental EriergyCost $cTDV ·Ratio Ratio NPV (On- Np\r 
cz Utility (kWh). (therms) (mtons) Margin(%] Package Cost Savirigs Savings {On-bill) (TDV) bill) (TDV) 

.·· Mixed.Fuei.{:PV+E;atter;.···•:>·'···, : . ·· .... ::+·· ·•.;·.·. •. 
. ······ : 

:" . .. . . :· . :· .............. • ':'- •...• : <: · ... ... ··~··· !······.··:: ·:.:· .. · . >• >:_: •.. ·· . 
......•... ·········.····· 

CZ01 PG&E 211;225 . -808 39.9 j:.?: .··:-..:::.:18%: $397;405 $645,010 $454,284 :>· .·1•:·6: ·.···· .• ·1:1 ·.: /. $247,605' .. $56;879 
CZ02 PG&E 255,787 -505 

50.5 ··~ . '17% $397;405 $819,307 $573,033 ·.: ·-:"··:z,i ! i .:iA. •.• $421,902. .$:i75);z8' 

CZ03 PG&E 245A21 -463 . 48.8 • .. •·<.; '.20% $397;405 $777,155 $536,330 '.: : 2;0 . ·:1:·::r . $379;751 .$i38,9i5' 
CZ04 PG&E 267,612 -547 52.7 .. , .. · f4% $397,405 $836,221 $597,471 :.'·.···2.'1-· '} J.5 •.$438,816 $200,066 
CZ04-2 CPAU 267,612 -547 52.7 .: :: i4% $397,405 $621;879 $597,471 , .·· 1.6 ·: /L5 I $2.2.4;474 $200,066 
CZ05 PG&E 264;581 -499 52.5 .· .. '18%i $397,405 $897,216 $578,856 

·· ... . i3 ,·:, ... ·:'1.5 . .·. $499,811 $181,451 
cZ05-2 SCG 264;581 

..... 

-499 52.5 .• :.cis% $397,405 $899,487 $578,856 ·': . :· <•2~3· .·>;'··•·•1:s . i $502,082 $18i;'4sii• 
CZ06 SCE 257,474 ·.· ·-305 52.1 l'f!,<··~20%• . $397;405 $484,229 $594,416 . '.i:i ·.); "ii:s·•· ··· ..... ·. $86,824 '$197,011 
CZOS-2 LA 257;474 -305 52.1 :····· •' 20% $397,405 $282,360 $594;416 0.7 ··.: ...• ·•·.:1;5·. ($115,045) '$197,011 
CZ07 SDG&E 264,530 c6. . 55.7 ...... ~:]Ci~ $397,405 $817,528 $6:10,548 2:1 ·.•.·•···.••r.rs $420;123. <$213,143 

CZ08 SCE 258,348 >60 54.0 ·; ·. ; ::18%' $397;405 $479,073 $625,249 > .... 1.2. '· ; 1.6' I:· >'.$81,"668;· $22.7;844 
CZ08"2 LA 258,348 -60 54.0 1 . ;;c ).i8% $397;405 $275,704 $625,249 0.7 ·.··· ,\ ·.'1.6 ($121;701) :$227,844 
CZ09 SCE 262;085 -210 54.3 l·.·.: .••• :·•.-::••i6%•' $397;405 $480;241 $6.22;528 1·: • 1.2 ·.··, ..•. :1.6 1 $82;836 . $225i123 

N 
--' CZ09-2 · LA 262,085 -210 54.3 < •·:: ·.• /.16%· $397;4Q5. $282,209 $622,528 0.7 : .01.6' ($115,196) 1·:·$22s;n3· 
(.]1 CZ1Q .SDG&E 258,548 -216 53.4 .••.•. ' •. ·:·17% $397,405 $839,931 $5:35,323. .• .. ::····· 2.1'• .·.· ·:1.5.• i$442,526 $197;918. 

CZ10-2 SCE 258,548 ~216 53.4 • . < i?% ' $397,405 $485;523 $5:35,323 : ····1.2 : •. · .. ··.1.5 $88,118 .· $197,918 

CZ11 PG&E· 253,623 <i90 50.9 ·-1·<J.3%. $397;405 $826~076 $5.35,682.:. ··•· 2:i : };5 .• $428,671 ·•Si8B,277 .. 

CZ12. PG&E. 252,868 -466 50.3 :,.~··· .·.; ·'14%'. $397,405 $802,715 $532,866 .·: r 2~0· ::•:::':'\'1;5;' ' I$405,310:· $1.85,461: 
CZ12-2 SMUD 252,868 -466 50.3 i''< : :.: ;; 14% $397;405 S415,597 $582~866 :······ijl.O' 2 •·1.5: $18!192 $i85;46i 
CZ13 PG&E 250,915 -434 50.4 I•C< 1 ,13%· $397,405 . $805;401' $573,606 '" ... ;:.:.·2·:o • [•:''·::·:··•·"<:1A . $408,996. ··'·. $176;201.·:.· 
CZ14 SDG&l: 283,684 :-441 56.4 .· .. · .. ·:::14%•: $397;405 $874,7503 $676,271 ·:·., 2.2 ·~· ·lf .: $47(,348~ $2.78;866' 

.CZ14-2 SCE 283,684 -441 • 55.4 I <\l-4% $397,405 $493,888 $676,271 .·.,.··· 1;2 ··::·~ j.f • $96,4i33 $278,866 . 

CZ15 SCE 274,771 ·-147 56.0 i ...... ~· .. ·•i2% $397,405 $476,327 $640,379 
·•••···.· ·. i:L.2. 

. :::: .. :·: '1.6· ..•.•..• $78,922 $242:;974 
! CZ16 PG&E 266,490 ~736 51.8 • < ; .14% $397;405 $842,205 $575,563 :• .... 2.1·· ······.·.·:·.···:1.4 r····-·· $444,800 :· .. '$178;158 

CZ16-2 LA 256,490 -736 51.8 ................. 14%' $397;405 $260,372 '$57..5,563 0.7 !o"./1.4 ($137,0~ $i:78,i58 .I 
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FigureJ.9,.CostEffective:tiess for.MediumOffice Package 1C -MiXed-Fuel+ HE 
Elec 'I -~- GHG I comp- · -~ · I ufecycle ·· ~- 1· B/c •-1 B/c 
Savings - Gas 1javirtgs .. Reductions ·. iian.ce - · Incremental · Utility Cost $TDV Ratio __ Ratio Nl'V.(Qn- • NPV 

C:z I Utility I (kWh) . (therms). . (mtons) . Margin . Package Cost Savings . savings (On-bill) . (TDV) I bill) I (TDVi 
Packageic:iVIixedFbelt-HE~---_c-:?f'0 / -~<7 ;z;g0S:t, . ?~.·-• " f6l..·; · ;&LL"C---7 ~~~·~•-·.··_·•·.1;-::~: ,·<IF(•·s:I·. 
c:z'01 PG&E 288 . 688 4:1 \gii'::)}([;;3%ci .... $61,253 $18,656 · $12,314 CL3 6:2 ($42,597). ($48,939) 

CZ02 "PG&E . · 3,7-~5 550 " ' 4;3 ~diJi:p;f:(J%;' $68,937 $36,683 • $24,676 o:5• 0;4 ($32,254) [$44,261} 
CZ03 PG&E . . 1;24i 439 2.9 ; -'(•t[i>~o;;,·~%"! $57,529 $20;.1Sb .. $1i)i85 0.4 " · o:i ($37,379) • ($45,644) 
CZ04 PG&E . 5,599 , sis A7 :i'i:f\\£1 it"~is·%-iJ ..... $72;074 $44;915 $"30,928 . 0,6 -0;4 . ($27;158)- ($41~l45) 
CZ04-2. CPAU 5;599 52.9. .. 4.7 ,,_,,,,., >7o'i $7-2;d74 . $2.4,175 $30,928 0.3. 0.4 {$47;8:98) · ($41,145) 
CZ05 PG&E' .3j47Q , 453 .. 3:6 ; .. ;;,;; ?•c)\)i . $60;3SO· $35,072 $i8,232 0:6 0:3 .($25;258) ($42,097) 

c:zos-2 scG 3;4"7o _453 3.6 ~'F!'n:,'tt+%l $60,33o $32,777 $18,232 os .o:3 • ($27;553) ($42.,097) 
CZ06 SCE 3;374 298 .. 2.6 t•;;;;-:,':i'i}:3_ra;,; $55;594 $19,446 $16,131 Q.3 0.3 ($36,148) {$39,462.) 

CZ06"2- t.:ADWP · 3,374 ' 298 2:6 ;~;;:if'-"';":l%:'" $55,594 $13,450 $16,l32. 0.2 0;3 [$42;14:5) [$39,462) 
CZ07 SDG&E 5}257 • 140 .Lal~·:;;;fL:,~hA-9--'o',' $54,111 $41,086 .. $19,903 0.8 0:4 ($13,025). ($34,208) 
CZ08 SCE 5;921 176 . V l}'~'i}~t:'-'~4%_7; · $60,497 $22,ZiD . $24,055 o,4 0,4> ($38,287} . ($3o,442:) 
CZ08~2 LADWP . $,:921 116. ., 2:7 jc\i);;)f;~~.'c,c~fi.%; · $60,497 . $.14,064 $24;0SS. . .. ojz ··. 0.4. [$46,434) · ($36,442.} 

czo9 seE 1;sso z24 3.5 ~I&TIW;~:r~49(~ $61/3u $z8,s7s $3±;835 o:s o.s ($32,735) • _ ($29,4:76) 
N ...... CZ09-2. LADWP• . 7;560 · 224 3.5 ,c~'!'':~~SP4%'': · $61,311 :$18/2.62 $31,8'35 M O.S ($43,049)' ($29,476) 

(j') CZ10 SDG&E 5~786 288 3._2 j{'.li'r;ci;';i4%i • .$62;685 $50,711" . $2.4,62.8. . 0;8 0.4 ($11,968). ($3S,057) 
CZ10-1 SCE 5,786 2.88 3,2 'i~'iV}i}i4if,:~ $6Z;685 · .$24,575 $2(628 OA . 0.4 ($38,110) [$38,057) 

CZ1i PG&E. 8~12.8 441 4.9 ''''''i:Jg9V $71,101 $54,188 $37,849 0.8 0,5: ($'16j912) ($33,252) 
cz12 PG&E. 6;so3 478 4:7 •;;:xrr:x:;~:s·~, $68,329 $47~329 $34-,556 o:1 · o.s 'l$io;s9si .. ($33,773) 

CZ12.-2 SMUD 6;so3 478 4.7 :·py>.)~"Fs~ $68;32.9 $24,003 $34,.556 OA 0,5 ($44,325) • ($33,773) 
CZ13 PG&E 8,3Q8 . 432 . 5.0 i})"; ~!f;c'?~iol $69;474 $51,347 .. $37,Z29 . 0:7 , 0.5 ($iB/Ll8) ($32,245) 

cz14 .soi3&E . 7,927 47o s.o ·;I-'t '::Y;S';s~ $69,463 $62,744 -· $37,133 o.9 o.s ($6,718) . ($32,329) 
CZ14-2. · .SCE 7)92.7 . 470 s:b !1£f:~;):;;;~'~5%;' . $69,463 $32,517 • $37,133 . . 0.5 0~5. .. ($36;.946). . ($32;329) · 
CZ15 SCE · 15;140 219 . · 5:5 •,:;J:''fic:~5:9,5 $66,702 $43,773 · $52,359 . 0.7 0:8 ($22,929) .· ($14,344) . 

CZ16 PG&E 3)1:1,1 912 6;3 \•ff/"/\)5%'' ·· $71,765 . $36,002 $24,914 0.5 0;3 ($35;763) . ($46)l51) 
CZ16-2. · LADWP . . 3,i11 912 ... '5.3 ,~!j;: {/' :5%i $71,765 · $2.3,057 $24,914 . oj . !J.3 "t$48)08) • ($46,851) 
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p· 20.C Effect· forMed' Office Pad 2- All-Eleciric Fed ---ICodeM" . ------- -
Jlec 

Gas Savings GHG . Comp- Incremental Lifecycle 
$TD'I 

B/C B/C 
NPV (On- NPV cz Utl!lty Savings Reductions liance Package Utility .Cost : Ratio Ratio 

(kWh) 
· (therms) 

(mtoris) Margin Cost' Savings 
Savings 

(On-bill) (TDV) 
. bill). (TDV) 

Package2:. AII~Eiechic Federal Code Minimum · . ....... ·.··. · .. 
.:·· .. ··.·.···.··· ........ · . 

CZ01 PG&E c53,657 4967 10.1 .-15% ($87,253) ($98,237) ($S8,420) 0.9 . • <..r:s· ($10,984) ·.·.·•·.···.•··$28,833···• 

CZ02 PG&E -49,684 3868 5.0 -7% ($73,695) ($101,605) ($<ti,429) 0.7 i? t)s . ($27,910) . $32;266 

CZ03 PG&E -35;886 . 3142 5.6 -7% ($82,330) .($57,345) ($29;592) ··•· <;ii4' ')'c2.S. ·. ; '$2.4/986 · · ;$52;738 

CZ04 PG&E -48;829 3759 4.7 -6% ($69,012) ($90;527) ($40,570) 0.8 ······:·.1:7'· ($21,515) .. $18;443 . 

CZ04-2 CPAU -48,829 3759 4.7 -6% ($69,012) ($19,995) ($40;570) ..•...•••.. 3:5• 1.·.· .; :1:7 ...... •.$49,018· . >$28,443' 
CZ05 PG&E -40,531 3240 4.5 -8% ($84,503) ($63,663) ($:l9,997) <·· 1.3. . 2.1 ··· ... · ... $20,840 .· • • $44,506 
tZ06 SCE .-26;174 2117 3.1 -4% ($76;153) $24,908 ($20;571) >1 I•·• :: ·.'•'3.7 i• $101,061' ' $55;581 
CZ06-2 LADWP .~26;174 2117 3.1 -4% ($76,153) $26,366 ($20,571) '', '.>1 . ...... '.3,7:- ·. ·$102)518 . $55;581 
CZ07 SDG&E -12i902 950 ·o.s -2% ($70,325) $46,87.9 ($11,407) '· .... · >1, .·. .> 6.2 ; $117,204•. .'$58,.918• 
CZ08 SCE -15,680 1219 1.5 -2%' ($68,774) $17,859 '($\2;648) ... >f' ...... ···5.4 $86,633 >$56,125. 
CZ08•2 LADWP ci5,680 12l9 1.5 -2% ($68,774) $18,603 ($12;648) . >·: ... >1' .··' ·. 5:4 .$87,376 . . ··. $56;125'·.'. 
CZ09 SCE -19,767 1605 2.4 .2% . ($63,102) $20,92.0 . ($14,462) '•'::•:·:· .•. :,p· .'•·':-:•:.: .. 4.4 .. ' $84,022. ·.·.· $48,640; 

CZ09-2 LADWP -19,767 1605 2.4 -2% ($63,102) $21,929 ($14,462) '0'_\>1: [~i .'•4:4 .•. ' .. $85;030 ·,:'$48,640'' 

CZ10 SDG&E ~27,414 2053 2.2 -4% ($47,902) $38,918 ($23;339) :., ........... >1'; •· ...... : '2::J'.·; 7 '.$86;820'' . $24,562''.;. 

CZ10-2 SCE ~27,414 2053 2.2 -4% ($47;902) $20,765. ($23;339) : >i ... · ·2:1:• .' ::'$68,666' : '$24,562. .· 
CZ11 PG&E ·40,156 3062 3.6 ·4% ($63,987) ($72,791) ($32,837) 0.9 I'·· •1:9 ($8,804) . •. $31:;150 

CZ12 PG&E -43,411 . 3327 '4:1 -5% ($68,343) {$85,856) ($35,463) 0.8. .... i.9'' ($17,512) ...... $32.;880 

CZ12-2 SMUD -43;411 3327 .4.1 .s% ($68;343) ($5,109) ($35,463) '13:4 i :}:;.":, 1~.9; < $63,234 '.$32,880• 
.CZ13 PG&E -39,649. •3063 3:8 -4% ($62,726) ($70,705) ($32,408) 0.9 ·:·• ·r.9 ($7,980) . $30,318 •. 

CZ14 'SDG&E -44,322 3266' 3.4 -5% ($65,156) $6;043 ($38,422) >s>r : ?>L7. . ·$71,199 $26,735[ 
CZ14-2 SCE -44,322 3266 3.4 -5% ($65;156) $4,798 ($38;42.2) · .. :>1. · ... ·· i.7. :$69,954 : •. $26,735 ·' 
CZ15 SCE -19,917 1537 1.8 -2% ($36;176) $12;822 ($15,464) :.'.-..... ·.•'>1: .. (>.2:3 •. .. ···. $48,998 $20;7;J:ll 
CZ16 PG&E 

" 

.-94,062 • ' 6185· 5.6. -27% ($64;096) ($212,158) ($1S0,871) 0.3 0.4 ($148,052) ($86,7751 1 

CZ16-2 LADWP -94,062_ L___~8_i_ 5:6 ~27% J$64,09_§l '-·--·· $1,493 ~150,871) ' .. •:· >1 0.4 • .• <:$65,589~ Q@6,77sJ 1 
-·-·-

"The Incremental Package. \=ostis ~qUal to the sum of the ihcremental HVAC ancJwater heating equipment costs from 

Figure 10, the electrical infrastructUre incremental cost of $271802 (see section 3.?,.2:iL andtbe natural gas. infrastructure incremental co.sts of ${18,949) (see 
section 3.3.2.2,). 
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Figure 21. CQg Effectiv¢ness forMeciiumQifice Package 3A- Aii-E1ect:Ijc + EE 
Lifecyr;:[e B/G . B/C 

. UtilityCost $Ti:>V Ratio Ratio NPV 
CZ Savings Savings [On-bill) (TDV) (TDV) 

Cl02. •1.l,81J. 3868 

CZ03 2,530 3142 
CZ04 -10,839 3759 

1 r..· ·a-:l"c ·-':l-,t::o rt'1' ·'Jc::J' ·"t1n· a on :: .. ;~.:o~~·t-;.··.:r;n"li -:~:~ ::·:::;::;.}::tcn:l'o6:.-"' 14'.li. · . $7o;680 <:.\Y:'$73io43~ :;,:'ii$6ri)83k~ 
·1.;1· ,:;· $85,380 · ~L$103;234·> {;;c$7t5)6sfi.ci 

14.3 ($9,503) $114,962 . $89,921 \;;~$1?4;466:', ':"~i$9.:9Ais\, 
1.4.3 ($9,503) • $82;389 $89,911. ··-· --

13~8 ($3,676) . $256;704 $111,399. 
14.2 ($2;124) $110}144 $111,781 

::.:,:.:::. ::.:.::.::. 14.2: ($2,124) $76;069 $111,78i F:ic:·!'.c~~ 

~-~~-~ . ~~-~ 14.3 $3;547 $119)>24 $108,249 
14.3 $3;547 $83,549 $108,249 
12,6 $18,748 $'230,553 $82,905 . 

. __ ,_ . ---- 12.6 $18;748 . : $105;898 $82,905 
14.5 $2,562 $85;988 $75,030 

"'' ·-- . 14.8 . $68;865 $69,589 
-3,'119 . 14.8 $71,761' $69,589 

14.8. $89;799. $71,307. 

_, ·-- ---- 13.5 $206,840 $69,016 
~rc-• -~-- ... 13.5 $94,143 $69,0i6 

. c-- 13,7 .$114;909 $104;335 

12~7 ($91,477) 
. 12~T ' $71;780 
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p· Lgure 22.C Eff, forMed· Office Pack 3B-AD~EI EE+PV+B 
Lifecycle B/C 

Elec . Gas GHG Energy Ratio B/C 
Savings -Savings savings Compliance Incremental Cost $~TDV {On· Ratio NPV (On· 

cz IOU territory (kWh) {therms) (mtons) Margin(%) Package Cost Savings Savings bill) (TDV) bill) NPV {TDV). 
•)l;llcE!ectrit';i-PV+·s•;: · .• .. ·.· .··• .:.<. · · · .. : . ' · .. : ·.· ... .... ·.:•·.·.• ·'•:;.·.: .. · .. :::··· ... >.' :. < • : 
CZ01 PG&E 157,733 4967 54.9 . •: ·.' :. : ..... 7%·•· $310,152 $518,421 $410,946 ·:···.···:1::7 • : .1.3.' .. ··i•:$208;269•. ,.· •. : $100,794 
CZ02 PG&E 203,026 3868 57.8 .· ................. ·.·· .. · 10%· $3:23,710 $692,336 $532,273 .•·::2.1 :: ' .. ···1:6·· $368,626 · •.•• • .• $208;563. 
CZ03 PG.&E 211;706 .3142 58.0 16% $315;075 $708,235 $520,866 ··:·,· '2..2 '·t7 $393,160 ' .. $205,791 

CZ04 PG&.E 216,204 375.9 59:9 ''; '. :9% $328,393 $741,382 $560,576 1····.•. ' 2.3 T7 $412,989· ' .. $232,183 
CZ04-2 CPAU 216,204 3759 59.9 ·:;,,:.: <•9%· $328,393 $607,074 $500,576 . ' 1:8 ' 1.7 . :$278,681 . •$232,18:> 
CZ05 PG&E 223,399 3240 59.8 ··~· ::· :'\::12% $312,902 $799,992 ,. $546,592 ... 2.6 '', '•l.i' ,$'487,090 · ...• $2.53,690 
CZ06 SCE 233,299 / 2117 57.7 !:'· ,., !:.:;::-- ·•18%. . :. $321,252 $509,969 $583,963 . :.'1!6 :. 1.8' .; $188,716 I··' $262,711 
CZ06·2 LA 233,299 211.7 57:7 • .. ' :· 18%' '$321,252 $311,931 $583,963 1.0 . ·.,·,1.8· ($9,322) $262,711 :·, 
CZ07 SDG&E 256,034 950 .58.3 ··:•,: .• y .. 20% . $327,079 $870,156 $609,498 ·.····:.: ,··2.7 · 1 , •.. · .... 1:9. ' $543,076 $282,419 
CZ08 SCE 246;944 1219 57.4 .· ·•.•:•><.;. ·•: 18% $328,631 $499,506 $623,292 .' .. '•·:'·LS. :>,. ':1.9 $170,874 : $294,661 
CZ08-2 LA 246,Q44 ' 1219 57.4 ·. ''<>:. 18% $328,631 $296,991 $623,292 0.9 ·' ....• ·.·.··•1.9'·· ($31,640) .' $294,661 ': 
CZ09 SCE 243,838 1605 58.5: ................... : 15%'. . $334,303 $504,498 $615,178 · .. · 1.5 .. ·:,:1:8. ·••·· .. $170,195 ' :•' $280,875 ., 
CZ09-2 LA. 243,838 1605 58.5 :·.:.:.> .:-.: ., :15%: .. $334,303 $307,626 $615,178 0.9 1:8" ($26,677) 1···· $280,875 

N CZlO .. SDG&E :2.29,044 2053 56.2 ·:·· '·" .:····13%·'. $349~503 $851,810 $569,549 ' . 2.4- : 1.6 .• <$502,306. ( $220,046 
...... CZl0-2 SCE 229,044 2053 56.2 ·: ;::. : 13% .$349,503 $491,383 $569,549 ,, ,, 1.4 .. .• ·... 1.6 1•:• $141,880 I • · $22o;o46 
CD CZll PG&E 212,047 3062 56.4 · ..•. ····.; •.• : 'lb.%'· $333,418 $743,403 $556,758 I•' ·2.2· ,' ;· ·•1:7 < $409,985 1:. $223;340' 

CZ12 PG&E 207,955 3327 56.7 •••. . ' ;10%. $329,062 $713,054 $552,415 : :2.2 
·•.·•· 1:7. 

:: $383,993 ' ''•$223,.353'/ 
CZ12-2 SMUD 207,955 .3327 56.7 .. : '10%'' $329,062 $414,371 $552,415 ['.•:1.3 ••iC:1;7' ; i $85;310' .···<$.2:23,353··· 
CZ13 PG&E 209,431 3063 56.3 ,, ·• :, ... ,. :-·:·,9%' $334,679 $728;822 $544,969 .. : .: 2.2 ' ' 1;6· . $394,143. .•••.•. $210,289 ' 
CZ14 SDG&E 236,002 3266 61.3 .. ·:··: .:.:: .. ,' '9% $332,249 $865,181 $638,517 ; '2'.15 ,:.·' •.1.9 $532,933. '$306,:269 
CZ14-2 SCE 236,002 3266 61.3 .... :. .. : :: ·.9% $332,249 $488,163 $638,517 •···.1;5·' ! '· .. · 1:9 .·· ... · $155;914 ·· ... · .. : '$306;269 ' 

CZlS SCE 254,426 1537 58.5 .•••. '·10% . $361,229 $487,715 $626,728 :. :1:4 ·,::.:::1:] : $126,486' $265,4991 
CZ16 PG&E 162,915 6185 58.6 -15% $333,309 $580,353 ·$406,746 .......... •.t_7' · · c1.2> :$247,044: ··,·.•.·.··.'·$73,4371 
CZ16·2 LA 162,915 6185 58.6 -15% $333,309 $290,566 $406,746 0.9 ·. : 1.2 ($42,742) •.•. $73,437.1 
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F~e 23: Cost :Effectivenes~ for Medium Office Package3 C-All-Eiectfic +HE 

Elec 
Savings 

cz I Utility I (kWii) 
Package3C!AII?Eiectr]ci+ljE;_J 

~/C 

Savings · Reductions ·· · liartce Jncreme11tal · .Utility Cost $TDv' [On~ · · Ratio NPV {On-
Gas I GHG Compc. Lifecyde 'Ratio I B/G · 

(therms) (mtons) · Margin Package Cost Savihgs . Savings bill) (TD\i} · I bill) · I NPV (TDV) 

czo:r. I PG&E I . ~53,390] 49571 , · io.z:t . ·. '-14% ($43~8_7) I J$93,740) I j$5],752)1_. os I d:s I . ($49,75~) l ($h,755) 

CZ02 I PG&E I ·45;915 I 3868 I 6.11 . -5% I .($22,722) I ($77,2:1.2) I ($26,39"\') I 0.3 I . 0.9 I ' ($5.4,490) I ($3,672) 
CZ03 PG&E ~34,656 3142 1 6.'0>1 "6%. 1 ($38;251) I .. ($45)796JT W25~153) I r$7;535) ['.\:i:••$±3;1'08(l 
CZ04 • PG&E ~43,248 3.759 1 6:3l · -3% I ($15,229) I _r$s5;932J I ($18,996)_[ o3. o.8f ($41,703) 1 f$3,767) 

· CZ04-2 CPAU -43;248 37.59 ··• · 6.3 .-3% ($15;229J {$5,2981 ($18;996) o,8 IN/!'/::$9. ~·a2 ·· ($3,767J I 
CZ05 PG&E· ~37,06B 324o · 5.4 · · · ~6% ·· · ($4DA34) ($38,330) ($29,544) !EfSh~\.i;1!Yii!Ji'''''l.:L'4:~I:i:;;;~~:~i, E94'' ;:;q·s$:fo;s9ti'l 
CZ06 SCE' ·22,805 2ii7 4.o · ~i% ($30;237) • $39,812 · ($9,594) ;,:,:r;:\;;~i'l'',:;;:·s~i~':lj::;,,$io, )soY <;;,:s:to;s.,g/1 
CZ06-2 LADWP ·22,805 '2li1 4:1:1 • -2% ($3Ci,237) :$35,414. ($9,594) ,.;:;~:!t.\'Y~~iii[~g:3:,2~ :>'.:i$6!?;6510: :?t.$:20)64<(~ 
CZ07 SIJG&E c7i646 . 950 2.5 1,, >;;' ••.• fi%'~ ($22,564). $86,1.59 $6,062 1"1;:'•'r'lifi'>';t~· ;.'.''i)!:·;i;,~ii;· ':~.s:~10'8;:722' '•'i].''$28;52;5;' 
CZ08 SCE -9,761 1219 3,2 l'}i[E';;;,-"1%';. .. ($18,443) $37,37.5 '. . ·$8,305 :::A-.\i1~~~:9i!rl·'::ii!f'$~ a'c:,~::.;:;,;;:$.ss;8i8 r~\W,~$26/748 1" 

CZOS-2 LADWP •9,751· 1219 3.2. 't'?i'' '~"%'~ .. · ($1B,443) ' $2.9,973 • $8,305 :il;'.~*~'''''>'l :;oJS~48;416} •t:.~.'.:$:2~)48 
CZ09 SCE ' ·12,211 . 1605 AS 1'/?:Er.>:} •ii%~ · ($:1.0;282) $46;335 •·· .. $13,354 .~;6~j'i!~~:J.i:''l,i~;~c"•·~ >:£' !.c; ,:;>~b,bJ i(jif':$i$'}646'it '· 

I CZ09-2 LADWP -12,211' 16os • 4.5 ·l,,;.,,,u,, ..,~m ($10,282) '$37,030 · $13,364 iJ:D~Wt->f;t I•'Cifi~;;,,~::~i< 3,",51.1~47;{1.3'~ :t:~:I'$23;646:., 

I CZ10 SDG&E ~21;64? 2053· 3;7 ~1% $11;340 · $84,9d1. ($3;818) ~fi\,'.~,?~5~ : -o.3 };i;lS;,~3;56;V ($15;158) 
CZl0-2 SCE C21;642 3.7' •1% $11;340 $40;659 .. ($3,818) ''''}:<;::i~·; · -0.3 ;;'~i'$i§;3i9~: ($15,lsli) 

CZ11 PG&E ~32,0.52 

CZ12 PG.&E -36,926 
·· ·· o% •· · ($8;519) ($z9,oi3J ($3,oo7) · o.3 liLl1Y'"z~8}\ .. ($20,49.5) -~ 

332TT 6:cit -1% t ·. .($15,4431 -1% ; .($15,443) ($48,955') ($9;546) 
CZ12-2 SMUD -36,926 . '-1% ($15;443) $9;916 ' ($9,546) 
CZ13. PG&E -31;253 0.% . ($7;257) ($27,7:82)" ($3,055) 

CZ14 SDG&E "36,402. ~1% (.$10,651) $61,605 ($9;832) 
CZ14-2 SCE •36,402 -1% ($10,651). . $30,625 ($9;832) 

. CZ15 SCE c4;7'75 ~ $28,927 $52,955 $32,790 
CZ16 PG&E ~90,949 "26% I ($8,467) I ($194;11sll f$142,o4il I ·. o.o I · o.1 I ($185,6481 f($133;5741 
CZ16~2 LADWP -90,949' ~t.s% I ($8,467) I $37,127: I ($142;o41l _o.1 I!EFKl~4sf514.'J ($B3;s74l 
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4.2 Cost Effectiveness Results- Medium Retail 

Figure 24 through Figure 30 contain the cost-effectiveness findings for the Medium Retail packages.·. 
Notable findings for each package include: . 

9 lA- Mixed-Fuel + EE: 

~ Packages achieve +9% to +1S% COrn~liance margjos cjepending on. climate zone, and ail 
packages are.cost effective in all climate zones. 

+ Incremental package costs vary across climate zones because of the HVACsystem size in some 
dim ate zones are sma II enoof.:h ( <5~ kBtu/h) to hav~ th~ economizers measure applied. . 

·<~;· 8/Cratios are high compared to other prototypes because the me.asures applied arE; f]rimarily 
low::cost lig~ting.measures, This suggests ·roomfor the inclusion of other energy efficiency 
measures with lower cost-effectiveness to achieve even higher compliance margins for Cj cost 
eff('!ctive package. 

t lB -lVli:X:ed-Fuel + EE+PV+ B: All pCjckages are cost effective using both the On-Bill and TDV 
approach, except On-Biii in LADVvPterritory: Adding PV and battery to the efficiency packages 
reduces the B/C ratio butincreases overail NPV savings. . . 

.;; lC- Mixed-fuel+ HE: Packages achieve +1 to +4% ccimplfance margins depending on climate 
zone, and packages are cost effective in all climate zones exceptCZs 1, 3 .and 5 using the TDV 

approa~li. 

~ 2- All-Electric Federal Code-Minimum Reference: 

~ Packages ach.ieVe between -12% and +1% compliance margins depending ori climate zone. 

<> Packages achieve positive savings using both the On'-Biil 9nd TDV approaches in CZs 6~10 and 
14-15. packages do not achieve On-Bill orTDV savings in most of PG&E territory (CZs 1, 2, 4, 5, 
12-'13, and 16}. ' · . 

~ Packages are .cost effective in all climate zones except CZ16. 

~ · All ir.Jcremental.costs are negative primarily due to elimination of natural gas infrastructure' . 

.;, 3A- All-Eh:!ttric + EE: Packages achieve betweeh.+3% and +WYo compliance margins depending 
on climate zone. All packages.ar~ cost effective in ali cli.mate zones. 

? 3B- All-Electric+ EE +PV+B: All packages are cost effective using both the On-Bill andTDV 
approaches; except On-Bill in LADWP territory. Adding PV and Battery to the efficiency package 
reduces the B/C ratio but increases overall NPVsavings. . . . 

~ . 3C- All-Electric+ HE: Packages achieve between -8% and +S% compliance. margins dependihg on 
climate zoneJ and packages are cost effective using both On-Bill and TDV approaches in aiiC::Zs 
except czs 1 and 16. . . 
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cz 

CZ01 PG&E 
CZ02 ,PG&E 

CZ03 PG&E 
CZ04 I PG&t I 
CZ0~2 I CPAU I 
CZ05 PG&E 
CZOS-2 SCG 
CZ06 SCE 
CZ06-2 LADWP 
CZ07 SDG&E 
CZ08 SCE 
CZOSc2 ··L.AbwP 
CZ09 SCE 

2019 NonresfdentfafNewConstruct!on Reach Code CostEjfettivenessStuciy 

Figg}'?_11;C:()$tEffes!tv_ene_s~fqtMec1tu:rgR'=~Ja:iJPci~k~ge 1A ;_Mixed-Fuel+ kE 
Elec CJl-jG C9mp~ Lifecycle B/C f!,jC 

Utility Cost. $TDV · 

15,1:LO i2o9 $2;712 $ss;358 · $60,189 
18,885 613 $5,569 $76;260 $59,135 

~~,, ' - 462 $5;569 . $55;813 $57,135 18,772 
~~,..,vv 439 $5,569 • ' $75,989 $58;036 \$52)'167.' i9,10ci 

------ 439 $5,569 $51,556 $58;036 :'$52;A6j: 19,100 
17;955 
17,955 
12,375 

12~37.5 

•17,170 
i2,284 

·:t2,284 

13,473 

. 4i5. $5,569 $63,182 .. $55,003 !'•il'/$'57)6i~:.' ~t$49:43'5' 
4i5 $5,569 $61,810 $55,oo3 .?'>'"$56;241;' ;~?S49,4CJ5': 

341 
'136 

283 

283 

5.54- .s2,112 I · $21,667 I $41;4ot 1/J'iiiFXt~i:o.li/F'!fiis• 
5.65 

'5.15 
5.15. 

~02 5.si $32,663 
I CZ09·2- LAD\MD .1':2 111.:2 

" ~vpr ~ 302 5,51 $22,435 
I CZ10. SDG&E 

CZ10-2 SCE 
CZll PG&E 
CZ12 ·~ PG&E 
CZ12-2 5MUD 

CZ13 PG&E 
CZ14 SDG&E 
CZ14~2 SCE 
CZ:L5 SCE 
CZ15 PG&E 
CZ15-2 LADWP 

3.4 

'19,873 

19;873 
21,120 
20,370 

/ 20,370 

22,ii:S 

25,579 
26,327 

26,433 

15;975 
15,975 

26i 6.99 $83;319 
267 6.99 $39;917 
s78 ·1· · · .9.:~.4 l'~;_!@!;.;::r~%::1· __ -___ $5,5§g_[_~&~3_j _ _'_$67;_±s~_l11<7 .':i.i1iis:6?lt~>:;,f:mtw;,f\f$'81;69§:.r:',$'5i;sl6J 
562 

562 

620 
406' L· 

383 
169 

752 
.752 

$5,569 $81,028 
8.85. $5,569 $44,991 

9.98 $2,7i2 $109;484 '$8:>r.LU:; 
. 9.38 $i,712 $116,354 ... $80,055 

$2,712 .. $57;290 $83,065 

8.35 $2,712 $57,i52 $79,.506 
-$2,-712. $72,421 $55,025 

8-)2 -~·,7:12 $~1,906 -~~~5:::t,,~02~5~::J2f:;:£~2'!2:':~%12:~~::.:hC2~~ 
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F" 

CZ IOU territory 

-· rV'Iiked pGer +•.pv t-Bai:l:er{' 

CZ01 PG&E 

CZ02 PG&E· 

CZ03 PG&E 

CZ04 PG&E' 

CZ04-2 CPAU 

czos PG&E 

CZ05-2 SCG 

CZ06 SCE 

CZ06-2 i LA 

CZ07 I SDG&E 

CZ08 I .SCE · 

CZ08-2. ' LA 

CZ09 • $CE 

CZ09-2 ' LA 

CZ10 SDG&E 

CZ10-2 : 5CE 

CZ1I 1 PG&E 

CZ12 -1 PG&E 

CZ12C2 SMUD 

CZ13 PG&E 

CZ14 SDG&E 

CZ14-2 SCE 

CZ15 SCE 

CZ16 PG&E 

CZ16•2 LA 

35 

zs.c - - Eff1 forMed· 

Elec Ggs .GHG 
savings Savings savings Compliance 
(kW\1) (therms) · (tons) Margin(%) 

· .......... ·_ :. ·. __ .... ,.: 
158,584 1209. 40.79 _., ... __ ···: .:_. -18%' 

189/400 613 43.75 .;_;:_;·:.:_· CJj%-

191,016 462 43~52 . _t_;_·_>j6% 
195,cii4 439 44.14 .• .. :: •••. • .. :.14%' 

195,014 439 44.14 ..•. _._. ·> /'i4%' 

196,954 415 44.30 :··--·-·· ''16% 
i96,654 415 44.30 !;•;, ••. •:i6% 

185,903 347 41.61 I •••• .. :J:o% 

185,903 347 41.61 1••·-·L'•Gio% 
197,65o i36 43.24 1: ' •)3% 

187,869 283 41.48 . ·_,_,:.-, •. · 10%.-

187,869 283 41.48 1

; ::r.•·•io%· 

191,399 302 42.32 ·) '' ·· !;>. ciib% · 
191,399 302 42.32 /_.•·:>· io% 

200,033 267 44.01 .- •••• -_-_--· ./.• i2%· 

200,033 267 44.01 
··•••· '•::• :. '"'_ii%~ 

192,846 578 44.07 •: •• _ .. _:- •·.:_:;.13%'' 

191,720 562 . 4~.00 I .-·- , < 13%·. 

191,720 562 43;70 -·· .. ••.-.:>• •. 'i3% 
195,Q3.i 

.. 
620 45;19 .............. · is% 

217,183 406. 47.86 '-; 13% 

217,927 383 47:91 I\.· ,: 14% 

208,662 169 . 44.51 •C'?!,,,:tz%•• 
2.10,242 75_2: 48.76 •' .•• -...... , •. 13%, 
210,242 752 48.76 .:·'· -:-: 13% 

2019 Nonresidential {1/ew .Construction Reach Code Cost Effectiveness Study 

Retail Pack 1B - Mixed-Fuel + EE + PV + B 
B/C 

Life cycle Ratio B/C 
Incremental' Energy Cost $-TDV {On- Ra,iio NPV {One NPV 
Package Cost . Savings Savings bill) (TDV) bill) (TDV) 

. . ::. ... _ . . .. . . -~ .. . ··.: 
. 

_ .......... ··- . 

. ·········-····._ -

:•·····- ....... ·< ... _ ,::: .. ·._ .....•... : 
. $277,383 $509,092 $383,683 :- , i.8 1.4 $23(709 .• .. $106,300 

$280,240 $590,043 $465;474 ··-':_· .. _ ......... ••. 2:1:' • .... -·1.7 .. $309,803 $185,2.34 

$280,240 $578,465 $452,795 ; .. ;2.f . .. '::>'1.6 s:m;2.24 s:i:i2,ss4• 

$280,240 $605,369 $480;989 -_-_-•. · 2:2 . "-·•''i':7 ' .$325,129' ' $200,748' 

$280,240 $451;933 $480,989 ·-··- > 1.6•: /, 1.7 $171;693i '$200,748' 

$280,240 $589,771 $464;749 '< -2.1 I /·•·-1:7 : $309,530 '$l84,509 

$280,240 $588,407 $464,749 '.: :. 2,1' ! i:i • $308,167 $184;509 

$277,383 $322,495 $456,596. ·.::.:·-··· 1.2 ! • 1.6 ··- $45,iii $179,213 

$277,383 $191,428 $456;596 0.7 ._ }....§.. ($85,955) $i79,213 

$280,240 $496,786 $477,582 I <. 1.8 2-•1.-z~ -; $216,545 $197;34'2 

$277,383 $326,810 $478,132 :,...,··.; 1.2 . > 1.'2 -···- $49;427 $200,749 

$277,383 $190,379 $478,132 ·a:7 ••''· .. iT· ($81;004) ••.• $200,749 

$280,240 $334,869 $472,770 •. 1:2 ·•·.:;•.•_:•lj• .' $54,629 .· . $192;530 

$280,240 $201,759 $472,770 0.7 -·· :L:7 ($78,481) $192;530: 

$280,240 $547,741 $472,880 · < . i:o·,_ I> . 1,1 $267,561 $192,640 

.. $280,240 $340,821 $472,880 : 1:2' 1·.·<·. ::1:7'' I .. $6o,ssz · $192;640 

$280,240 $582,969 $490,855 -'::::.2:'1 1······>1.8 i$3o2,ni·· $21o;5i5·· 

$280,240 $586,836 $485,076 1: ii i<: 1.7 '$306,596 . $204)B6 
$280,240 $319,513 $485,076 c 1.1 >>·-rz ' : $39;273 . $204;1336. 

$277,383 $605,608 $486;285 ·:-·-• -•. _ Z:2··· 
-······-······.···1.8. 

' '$328)125 ·. <$208,901 

$277,383 $559,148 $534,915 • .2.0' .• .... i.9 . $281,765 .. $257,5321 

$277,383 .. $354,757 $538,058 ' ' :i:3' . :.·-.;_:•····1.9 ; $77,373 . < $260;674 . 

$277,383 $338,772 $496;107 '-·········:,i.2 ····-••<i.s· :_:; $6113.89 $2isj.24 

$2n,383 $608,779 $490,262 < :z,i •· f-~---l:·s: ... •$331;395:· · $2i2;879 

'$277,383 $207,160 $490,262 0.7 · _•> 1:2· ($70,223) . $212;879' ! 
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CZ02: PG&E 
CZD3 PG&E 
CZ04 . . P..G&E: 
CZ04C2 CPAU. 

CZ05 PG&E: 
CZOS-2 SCG ." 

CZ06 SCE 
CZ06-2 LAD\\IP 
CZ07 SDG&E · 
CZ08 SCE• 
CZ08~2 LADWP 
CZ09 ·· SCI: 
CZ09~2 LADWP 

N I CZ10 SDG&E 
N I .CZ10-2 SCE 
.p. I cz11 PG&E 

CZ12 PG&E 
CZ12-2 SMUD 
CZ13 PG&E 
CZ14 SDG&E 
CZ14-2 S(E 
CZ15 SCE 
CZ16 PG&E 
CZi6-2 lADWP 
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Figure 26. Cost Effectiveness for Medium Reta:ilPackage 1C -Mixed-Fuel+ HE 

2.,288 :22.9 
1,087 ~71 

1,862. .159 
1,862 . 159 
. 664 .. 162'.-

664 i62. 

1.31 _$9,os3 I $6js21 $7,185 I o.7 I · o.2 I ($2,282/ l ($1,8771 
Ms l'ii:;E'0?i~:io'$'%~'1 $9.,oo4· [. $17j891 I $10,878 lt•;;:J~:ie;72!on;:;::;:::;i,Q.J\'"i.:~;·~~:ss1Jliif•<s1,87i!i-; 
1A6 
Li1 
Lil $9;454 $4,558 

2,648 90 -r- ·- 1.24 $8,943 $H;646 
•2;:548; 90 
2376 49 
2,822 72 
?;8"12:. ·12' 
4,206 :88. 

... 
4;206 88 
4j226 i19 
4,226 119 
4,1S8 225 
3;675 214 

·. :3,675 .·:.·.:· .214 
4;818 18o 

< 6,439 1.53 
'6,439 153 
8;802: , .. ,4S' 

2,3i6 .. '390 
2,316; 390. 

L24 $8;943 $7,329 · 
o.95 $9,194 1 $20;io3 1 $9,779 ~;.:;;~;(;:z,z I'\'A~·n·;i:i>l':/,$ll.c5;9ML•If";~y·'$585'i 

· 1:2o · $9,645 I $11;989 I $12)377 i·t;:g;:iW!:L2'··1i.t't}:"i;;3.' l·:};'::;;s2;344:'li!S~~$3/23'a 
i.20 
1:'7,3 
1.73 $10,604 · oc~')s~s;z99i 
'1.88 '$36;412. :~ $9;494! 
1:88 $9,514 '$17,094 ;'j $9~'494c' 
1.55 $10,479 $31,872 : .$1'1;913i 
2:34 $10,409 $29;653 
2;34 $10,409 $12,823' 
:2.46 .. $9,809. . $34,149 $23;623 
2:71 $:12;103. $44,705 $26,348 
2.71 $12,103. -~$22;032 . .$26;348_+=='-=-"4-"-" 
2.76 $12;5341 $2s;7os 1 $31;4oz. 11::: :·~~:;·:·z\t'iiT':f:?:;co;;:2~s'if'l.1;$I3;.17IY:I~C.srs~s680; 
2;97 1<. ~~"'!' '3'% 1 . $11;999. j .. · $22;6631 .$13,888 · P~'.:r>n!f;9; 1 ::·:; :t~2:-lt''i?ib~55.5:;1·"x7':;st:s9o,:, 
2.97 $:!:_1,999 . ___ $11,911J_ $13,888_[ ($78) k '"$1/890': 
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F' 27. c Eff1 forMed· Retail Pack age 2- All-El · Federal CodeM· · 
EJec Gas GHG Comp~ Life cycle B/C B/C 
Sayings Savings Reductions Hance Incremental Utility Cost $TDV Ratio Ratio Nt:>V (On- NPV 

cz Utility (kWh] (therms) [mtons) Margin Package Cost' Savings Savings (Oncbill) (TDV) bill] (TDV) 
Package Z: AllcEiectric Federal Code:IV!Ihimum .. .. · . I·' 
CZ01 PG&E -29;155 .3893 13.85 -4.1% ($23,048) ($8,333) ($13,910) I . 2.8 I .1:7 $14;715 ....•. ·.·•·•. $9,l38 

CZ02 .PG&E c21,786 :2448 
.. 

7.49 -1.0% ($27,464) ($16;476) ($4;483) J ····'·•.6.1 ··•·.·•.·•• 1:7'· .. •• $10,987 :.$22;98:1 

CZ03 PG&E c14,583 1868 6:26 -0.4% ($24,111) $263 ($1;450) .. >:. •: >i: '· 16:6 .••. $24,374 <$22j66i 

CZ04 PG&E •14;186 . 1706 5.30 ·0;1% ($22,896) ($8,753) ($220) 2:.6 104.2. $14,143 $22,676 

CZ04-2 CPAU .. -14,186 1706 5.30 -0.1% ($22;896) . $12;493 ($220) ... · >1 .104.2 .• $35,389 .· ·. $22,676 

CZ05 PG&E -14;334 1746 5.47 ~1.2% {$25,507) ($1,567) ($4,197) .··•·· .16.3 
:::, .. ····6.1.· $23,940 ··.·.·•$21;309 

CZ06 SCE -7;527 '1002 3.32 ·.· .. ··.o.5% {$21,762) $18;590 $1,868 ·:: :· ''>1 :. '.:-:·>1. ····s4o,a51· $23,630 

CZ06-2 LADWP -7,527 1002• 3.32 .::.,:,.,·o.s% {$21,762) . $19;309 $1,868 [-::>: .:• .:'·>·1· •>: . >1 i>$41,071 $23,630 

CZ07 SDG&E ·3,812. s22 1.76 ··/:,;ILl% ($23,762) $54,345 $1,318 : .···.·.·. i>:L_;• .:-.:.,. )j' : :. $78;107' :$15,080. 

CZ08 SCE -5,805 793 2..70' .·.·:•··•··•••.:o.A-%·· ($:26,922) '$16;735 $1,846 ·: ••·: . .>1 ...... :.'>1 <: $43,658 '; $28;768'• 

CZ08-2 LADWP -5;805 
.. 

793 2.70' . .•.::i0.4%: .. ($26,922) $17;130 $1,846 ·<_;:~ 1,,::2>1 • . .:::: $44,0Si' $28i768 

CZ09 SCE ·7,241 970 3.32 ·,•, .. <·•ci:4% ($32,113) $18,582 $1,978 '.·"; '>1; I ·:·'· .. ·>r· '·$50,695'' -< $34,091 
CZ09-2 LADWP .-7,241 970· 3.32 ............... 0.4%• [$32,113) $19,089 $1;978 '·•. ···::,f: .•. , >i ·$5i,2o2' ·.· $3(091 

CZ10 SDG&E -10,336 1262 3.99 ·,:.o.:L%· ($27,272.) $54;453 $505 , .••.. : >1 I .. •:.;1 $81;724 l·$27,777' 
CZ10-2 SCE -10,336 1262 3.99 I' ·••o.r% [$27;272) $20,996 $505 ·······.•'>t .• :}. '>l·- • ·$48,268 · .. $27;777 

CZ11 PG&E -19,251 2415 7.95 1:.-:•> '0:5%. ($32,202) ($7,951) $2.,615 . . '4:1; .>•:·::.:.·····>1 $24,251 I · $34,817 
CZ12 . PG&E -19,471 2309 7:28 -0.1% '{$32,504) [$14,153) • ($461) :. •··. '2.3 .·•. 70.4 .· .. · ... $18,351.· ,cJ· $32;04'2' 
CZ12-2 SMUD ~19,471. 2309 7~28' -0.1% {$32,504) $12,939 ($461) ••.•.•.•. >i' :•.•t70.4'' '>$45,443 I •$32,042 

CZ13 PG&E -16,819 1983 6.i5 
.. 

-0.4% . {$28,158) ($10,575) ($2,022) r··•·•r. :2 .. '7 1
• /.)3.9 • 1>: . $17,58t. . $26;136 

CZ14 SDG&E -13,208 1672 5.44 ( •. : ;. : en%·: ($26,656) $41,117 $4,461 I.·· '••i >1:. I .. • >i· : $67;772. •.•.•. ·. $3i,fi7' 

CZ14-2 SCE -13,208 1672 5.44 . -o:7%·. ($26,656) $18;467 '$4,461 I • '>1 IJ·.LJ:>'r·~ .: •. ·• ~ $45,123 . ···.·:$31;117<, 

CZ15 SCE ~2;463 518 2.14 . ,_.,:: ·0 .. 9%•' [$29,544) $16i796 $5,823 I•······· •·:..:r 1 .. 1(•::·•·.>:1'' . .;'.$46,339 $35,367 

I CZ16 PG&E -41,418 4304 13.23 -12.2% ($25,771) ($49,862) ($52,542) 0.5 0.5 ($24,091) ($26,771) 

CZ16-2 LADWP -4:1',418 4304 13.23 -12.2% ($25,771) $39,319 [$52,542) I•· -. >l.· 0.5 { $65,090 [$26,771) I 
'TheJncremental PackagE: Cost is the ad9ition ofthe incremental HVAC and.w<;~terheatirig eqiJipmentciJstsfrom Figure 11·and the·natural gas infrastructure 
incremental cost savings of $28,027 (see section 3.3.2,2). 
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Fie:ure 28. Cost Effectiveness:for Medium Retail Package 3A- All-Electric,+ EE 
Elec. .. I 
Savings. 

cz I Utility I (kWh) 
Package 3A:· AII~Eiectrii+tE: ·.· 
CZ01 PG&E -5,478. 

CZ02 PG&E' .. 2;843 . 2448 
CZ03 f'G&E 7;791 1868 

CZ04 PG&E 8,572 . 1706 

CZ04-2 CPAU 8;572 .. i706 

czos PG&E 6,973 1746 

CZ06 SCE 7)B1 • 1002 

CZ06-2· LADWP · 7,431 100:2 

(Z07 SDG&E 14;350 . 522 
CZ08 . SCE 8,524 793 

. CZ08-2 LAD'v\IP 8;52£1-. 
.. 

793 
CZ09 SCE sAo3 970 

CZ09-2 LADWP 8;4o:r .. 
910 

I CZ10 SDG&E 11;737 . .. · ....... 1':2'62 

I CZ10-2 SCE 11,737 .1262 

CZ11 PG&E . '5,892 2415 

CZ12 PG&E s;.S48 2309 
CZ1:2-2 SMUD 5,548 2309 
CZ13 · PG&E 10;.184 •• d.983:· 

CZ14 SDG&E · 16,583 1672 
CZi4-2 SCE ·16,583 ·i572 
CZ15 ·· SCE. :23,642 5.18 
CZ16. 'PG&.E ' "18,232 4304 
CZ16-2 lADWP -18,232 4304' 

38. 

I GHG 

:i: Savings 
::;~.; .. '~':.''·>5·.·:.· •..•.•...•. 

($20,336) .. $53,593 

($n,895) $74,997 
($18,542) $S8,968. 

($17;327) $81,957 

($17,327) $63,082 
($19,938) $6;3,677 

($19,050) $47,072 

J$.19;050) $37,078 

. ($i8;193) $127,461 

[$24,210i $43;679 . 

·. ($24;210) $34,038 
($26',545] . $47,8±9'. 

($26,545) $37;934'. 

($21;703) $137;436 
($21;703) •· $58,257 

($26;633) $85;256 

.($i6,93sj • · · $so,G3i 
T$26;9$5) . $59;311 

.·($25,446) .$110,105 
($23,944). $171,200' 
($23,944) ·. $656,178 
($26,832.) $65;573. 

.· ($23;059) 
. ... 

$38,796 
f$23,059} $67;793. 

$TDV 
Savin. 

1:-c).(•.··. 
.'$51,224 

$56~893 
$56;586 

$57;904 

'$57,904 

.$51,949 

$42,;610 

$42,61:0 

$50,828 

$42,258 

$42,258 

$47,356 

$47,356 

$53,761 

$58,761 

$65,&59 

.$63,903 
$63,903 
$80,604 
$88,471 

$159,604 
$76,781 
$14,152 
$14,152. 

'B/C I B/C 

'!f $i:S~1B~P 

!f!'H$8@i15 {•$7i;8~7:{ 
~t"$€;'6,122{ ;.:/~$5ij'66ci:; 

• ~i'~f;;($s6;i28'tl lic'$6'i;66o0' 
\/'$145,6s4\: ';"<:S69;o2:i:'} 

.• '>s'6i;s9o.r '<':$~6;4~{' 
~l·~:~·$ss;'24~' ···::~$6~;468·! 

>'HI'1i:~$7.4J354::, ;:N$7:3·;9oi;~ 

,~7$i9.5;:t4s': •I tsi±2Ais L 

>'$6BO;!L'it {1$183;54Si' 
•\)~i~$92i4D}1J\ ;;$103~512'• 

'~'i· ~~j';.$si;8s5;: ;:::•$;37;211.; 
· .~ts>:sso;ss2'.' ??$3?,2fjJ;. 
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N 
N 
--J 

p· 29. c Eff1 
/ 

· Elec Gas 
Savings Savings 

cz IOU territory (kWh) (therms) 
AII;Eiectrfc:t,PV.+:B .· .::,: ... i ·· ;.:',i,, ,· .... : 

CZ01 PG&E 137,956 3893 
CZ02 PG&E . 173,387 2448 
CZ03 PG&E. 180,055 .1868 

CZ04 PG&E 184,499 1706 
CZ04-2 CPAU 184,499 1706 
CZ05 PG&E 185,690 1746 
CZ06 SCE 18d,968 1002 

CZ06·2 LADWP 180,968 1002 

CZ07 SDG&E 194,837 522 

CZ08 SCE 184,120 793 
CZ08CZ LADWP 184,120 793 
CZ09 SCE 186,346. 970 
CZ09-2 LADWP 186,346 970 
CZ10 SDG&E 191;923 :1.262' 
CLl0-2 SCE · 191;92.3 1262. 
CZll PG&E 177,639 ' 2415 

CZ12 PG&E 1l6i919 . 2309 
CZ12.C2 SMUD 176,919 2309 
CZ13 PG&E · 183;129 .1983 

CZl4· SDG.&E 208,183 '1672 
CZ14~2 SCE 264,589 1672 
CZ15 SCE 205;869 518 
CZ16 PG&E .176,114 4304 
CZ16-2 LADWP 176,114 4304 

39 

forMed· -

GHG 
savings Compliance 
(tons) Margin(%) 

j.·. . ::·: .. :· · ... • ,.::.> 
SO.Sl I ;· ;· 1s%· 

49:87. '::: < 13%. 

48,55 c' : 16% ' 

48.38 •. : :•::'·14% 

48.38 i4% 
48.84 · '.,.:i.···iS%· 

43:91 'i.·')':·i· :1:1.%. 
43.91 ... ·,,: ··.: 11% 

44.97 : _:;,·· .·:: 13% 

4332 : .. : '10% 

43.32 ! 1';:>•·.•.'.10%' 

44.77 •'',• .. to%· 
44.77 . ' :}10% 
47.46 • .. :' ·;:::::· .. 12%· 

47.46 ':• ••·,··t2%'· 

50;26 •··•·• ···, '>'12% 
49.46 , ., .;.r:. ~··,.:·· .. 12% · 

49.46 I · : 12% 

49:48 I .• · 14% 
52.54 ' ~_2' 15%' 
80.97 ;'c . 1'5% 

45;67 • ;:•''•'. ·.''12%!. 

60.13 . <'·'···::s% 
60.13 •' .. • ... : .. ·:.• 

2019.Nonre5Mentfa!New Construction Reach Code Cost Effectiveness Study 

Retail Pack 3B -All·El EE+ PV+ B 
B/C 

Life cycle Ratio B/C 
Incremental Energy Cost HDV (On-·· Ratio NPV (On- NPV 
Package. Cost Savings Savings bill) (TDV) bill) (TDV} 

. • . · .. ·:· •.... < : ........ · . I·•··'· . .:', ·· .. <: [·.':-::·,·· .:·: 1::',': :::-:.· ·•:>:.:· .: .... :.: .. ':.'. · .. :.: 
$254,335 $510;831 $374,432 .: ; :?..o• ··:· ............. ··.:1.5' .· $256)+96 · sno;osT 
$252,777 $590;112 $463;431 :•· .. · ~~·· ' .T8 .·. $337,336 ''$210;654: 

$256,129 $585,861 $452;399 ; ' 2.3' : ·· .. ·,.·.:···.•:·.·· 1.8' $329,732. ,··.•$:1.96;270 

$257,345 $608,814 $481,011 )c:'2.4 '·•• ·<1.9 $351;470 $223,666 
$2.57,345 $465,690 $4in;ou ; . :·.:·. ··1.8 '1.9 $208,345 .. $223,666 

$254,734 $600;933 $461,804 ··.< '204. ···>:·::1.:8: . $346,199 $2p7;oh• 
$255,621 $335,909 $457,959 . : : i.3; '·:::·.1}8'·. I $8o;:Zs8' $2.62,337 

$255,621 $206,021 $457;95.9 0.8 I • 1.8 ($49,601) $2.02.,337 .. 
$256;478 $550;714 $478;637 I·•·~· _:__' 1.9 $294,236 $222,159: 

$250,461 $340,301 $479;406 I '.. 1:4 .. · ··:•.1.9 . $89;840 .· $228,945. 

$250,461 $203,813 $479,406 . 0.8 • •. .., ••.••. 1:9 .. ; ($46,648) '•$2.28;945 
$248,127 . $349,524 $474,176 >i.4 :·;: 1.9': . $101;397 $2.26,049.·· 

$248,127 $216;654 $474,175 0.9 ·>; '1.9 ($31,473) $226,049 
$252,969 $593,514 $473,505 > .•.. 2~:3: •'\.•).i:9; $340;545. $220,635 

$252,969 $356,958 $473,605 · .. ··•· .•.. ···• 1;4 >•····:1:9' $103,989 $22.0,636 
.$248,039 $585,689 $489,317 · .. 2.c4 .... ,·. . . 2..0 . $337;6SO• $24112.78 
$247,736 $591,104 

... 

$484,702 ... 2.•f. .. . 
$343;368' $236,966 2.0 

$247,736 $335,286 $484,702. · .. · .. ;·• .. ;;1.4 .·.····.···2..0 •. ·$87,550 $236,966 
$249,226 $608,560 $483,670 I . 2:4 . • .. i.9 I $359,334 .$234,444 

$250,727 $593;232 $544,079 ID· . • <• 2:4 .·_'{2..2 $342,505 '$29.3,351 
$250,727 $656,178 $580,403 •.· •. ·.• ::2.6.' ':.•2.3 $405;45o' $329)i76 

$247,840 $347,125 $493;339 !i" . i4 .. 2.0 • ; . $99,285 $245,4.99 
$251,612 $567,822 $446;795 ·•<n·.·, ••. ·.·.:,1.8. ... $316,2.10 . $195;183 

$251,612 $2.41,757 $446,795 1.0 S/ 1:8. ($9,856). :$i9s;i83· 
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2019 Npnresidentia!New Cqnstruction.F?~rich··code C:ost ~ffecti\len?ss Study· 

Elec .. GHG. 
$TDV 

CZ I Utility I (kWh) · I [therms) · I (mtons) · I Margin I Package Cost ·Savings · j Savin 
Pai::kage}C:;:\II~ElEictrici:HE· •>: ·,, 2_1':··.·.•·· .•i'''·.TI.; .~;;/ ·,;I·'• ,.;.;,.i ,.;· .. ·~··.;·.;·y.: .·• li•;:-· 

. [$587) .. $369 ($5,757) 

GZ02 PG&E -i6;989 2448 · 8.95' ~ ($4,211) . $12,323 , $11,251 
czo3. · PG&E. ~11;70t •·· 1868 h:S ;•,·:.;. i'""2%< ($2,213) $9,159 $6,944 
CZ04 PG&E -10,675 1706 6.37 ;n;;; J;>~s%{ t$316) $14,317 • $11,383 
CZ04~2 CI'AU -10;675 1706 6.37 ;;··•·; :;73%'~ · . [$316) · $20,599 $11,383 
czcis PG&E - -11,969 1746 5:19 .,z:.·,:.:, ··t%io ($2;298) $5,592 $1,824 
CZ06 SCE -3,919 1002 4;35 ):', ;!;3i{' $1,41& . $29,751 $13;734 
CZOG-2 LADWP c3,919 i002 43.5 ·~~ ;~~r,t $1,418 $25~891 $13,734 
CZ07 SDG&E -955 522 2.59 "":'ci ,;J%).. ($710). $74,518 $11;229 
CZ08 SCE ·2,224 793 . 3.74 i1?i\~ i}4%!.' ($3,719) $28,067 $15,075 
CZ08-2 LADWP -2,224 793 3.74. ;''•F.i'ji{4%i · ($3,719) $23,848 $15,075 
CZ09 SCE -2,089 970 . 4;84 !i;'.iil;•,@;~4}fa!f · .· ($8;268) $34;648 $21,162 
CZ09~2 LADWP ·-2~089 -970 • 4.84 )f>•!':':t;;:o . ($8,268). $28;837 . $21,162 
CZlO, SDG&E . ~4,868 · . 1262 5.58 ·····:::: .. :' ,. ($5~222) $91,136 $20,041 

N [ CZl0-2 SCE -4,868 1262 5.58 (c::,c,;;~:::4%'' ($5,222), $37;200 $201041 
~ 1 czn · PG&E -12,651 ···· 24.15 9.95 ;,c .• ~;;~c;'.::s%:; ($8,217) $29,015 $26,172 

CZ12 PG&E ~13;479. 2309 .9.10 ·;;'f!(\.{:.oi<J:%} ($9,239). $20,839 $21,228, 
CZ12-2 SMUD -13,479 2309 9.10. ~~£'~~r.ro:'. ($9,2:39') $26,507 . $21,228 
CZ13 PG&E ·-9,935 . i9E3 . 8.23 ;.{ 'oj , [$4,975) $301123 · $24,063 
CZ14 SDG&E •5,407 .. 1672 771 ,,,, ,, ->co": $121. $88;669 $31,029 
CZ14-2 SCE •5;407 1672 7;71 !;';~:? !i;;\Bo/c;t · $121 . $40,709 . $31,029 
CZ15 SCE o,'7.82 S18 4;77 \:;; ii'~E)%!' ($2,508) · $42,238 $37,379 
CZ16 · PG&E ~a5;'297 4304 15:03 ~8% $1,102 ($21,384) ($33;754) 
CZ16-2 LADWP -35,297 . 4304 15;03 •8% $i,i02 ... $48,625 ($33~754) [ < ''Aif:l;:J -30,.6 
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2019 Nonresidential New Construction Reach Code Cost Effectiveness Study 

4.3 CostEffectivenessResults -Small Hotel 

The following issues. must be consid.ered when reviewingthe Srnall Hotel results: 

~ The Sm~ll Hotel is a mix ~fresidential and nonresidential space types, which results in different 
occupancy and load profiles than the office and. retail prototypes. 

~ A potential laundry !acid has not been exarrlir11~d for the Small Hotel. The Rea-ch Code Team 
attempted to characterize and apply the energy use intensity of laundry loads inhotels but did 
not find readily av'lilable data for use. Thus, cost effectiveness including laundry systems has not 
been examined. 

• . Contrary tot he office ~ndretail prototypes, the Small Hotel baseline water heater is a central gas 
storage type. Current compliance software cannot model central heat pump water heater 
systems with recirculation serving guest roomsP Jhe only modeling option for hea.t pump water 
heating is individual water heaters at each guest room even though this is a very-uncommon 
configuration, TRC modeled individual heat pump water heaters but as a proxyfor central heat 
pump water heating performance, but inte·grated costs associated with tank and controls for. 
central heat pump water heating intocost effectiveness calculations. 

· ~-- Assuming central heat pump wate,r heating also enabled the inclusion of a solar hot water thermal 
collection system, which was a key efficiency measure to achieving compliance in nearly all 
climate zones. · 

Figure 31 through Figure 37 contain the cost-effectiveness findings forthe Small Hotel packages. Notable 
findings for each package include.: 

~ lA -'Mixed-Fuel+ EE: 

~ P<lckages .achieve +3 to+10% compliance margins depending oh climate zone. 

~ Pacl(ages are cost effective using either the On-Bill orTDV appro(lch in aii.CZs except 12 
(using SMLID rates), i4 (using SCE rates), and 15 (With SCE rates), 

~. The hotel is primarily guest rooms with asrnaller proportion of nonresidential spa~:e. 
Thus, the inexpensive VAV minimum flow measure .and lighting measures that have peen 
applied to the entirety of the MediUm Office and Medium Retail prototypes have a 
relatively small impact in the Small Hotel. 24 

~ lB-Mixeci-Fuel + EE+ PV + B: Packages are c:ost effective using either the .6n~Bill orTDV 
approach in all CZs. Solar PV generally incr.eases cost effectiveness compared to effit:ieocy-only, 
particularly when using an NPV metric. 

<i> lC- Mixed-Fuel+ HE: Packages achieve +2. to +5% compliancemargihs depending on climate 
zone, The package is cost effective using the. On-Bill approach in <l minority of climate zones, arid 
cost effective tlsingTOVapproach only in CZ15, 

23 The IOUs andCEC~re actively working on includin(( central heatpuinpwaterheater modeling with recirculatiOilsystenisln 
early 2020. 

24 Title 24 requires thathotel/motel guest.room lighting design comply with the residentiallightihg standards, which are all 
mandatory and are not awarded compliance credit for improved efficacy, 

41 2019-07-25 
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2019 Nonresidential N.ew Cohstructio/1 Reac:h Co.de ,CostEffec:f!veness Study 

~·· 2 "- Ali-E!e~trib fetferal Code~Mininium R~?ferehce:. ' 

+ This <liH:If¢tric design does not comply w1th i:he Energy Cotnrnissior\'s TDV performance · 
budget, PacKages· achieve between -SO%'and -4% complhmce margin~ depending Pt1 ~lim ate 
zone. This may b,e because the modeled Hw system is constr<1lnedt6 having an artificially low 
efficiency to avoid tr.iggering ft;!<;leral pre.-emptinn, ·and the . .he0t pump spac\:3 heating systr;;ms · .. 
must op~rate overnight when operation lo; less efficient, ·· ·· ·· ··· 

All pac::kflge.? are cost effec~iyeiiJ all ¢]IO?l3te z.one~.· 

~· 3A "" . .1\!l-Electrio+ EE:' Pai;:kag~s :cic:liJeye po,sitiv¢ cbtiipliah¢e rna'i"gjhs iii all cis farigihgfrbm b%to 
+17%; except CZ15 which had a -18% compliance margin. All packages·are·cost effective in all! 
Climate zones, The'i'm'p·rove:d degree of cost effectiveness o.utcomes inPackage 3A compared to 
Pacl~age 1A flp\Je<Jrtob~ que to th~? signifjcantincrell)ental pack9ge cqstsi=~Vlhgs, 

¥ 3B-AfH=:Iectric,+E~ + PVt.B:AIJ package~ ar~ cost effective. Packages inwrove ln B/C r<:~tldwben 
~ornpared: to.3A an~ hi.crease In 11Jf:ignitude of oVera·n NPVsavings. PV appears to be more cost;. 
effective wi~h highec building elec.tric';ity toads. · 

~ 3t- All-Electric+ HE: 

42 

·ot· Packages do not comply with Title 24 i.n. al];C::Zs ex¢eptCZ15 whi~h resulted in a +O.o4% 
Compliancemantin; 

:t. A,l] pac:kages.are. costeffectJ\te1 

2019-07-25 
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0.) _. 

p· 31. c - - Eff1 --

Elec GHG 
Savings Gas Savings Reductions 

cz UtilitY (kWh)' (therms) (mtons) 

··• Pack<)i;Ei;1A:.Mixed.fuel +:EE · , •• .··.· ••• . : ·.,. : 

CZ01 PG&E 3,855 1288 5.65 
CZ02 PG&E 3;802 976 3.91 

CZ03 PG&E 4,153 1046 4.48 
CZ04 PG&E 5,007 395 0.85 
CZ04-2 CPAU 4,916 422 0.98 
CZ05 PG&E 3,530 l018 4:13 
CZOS-2 SCG 3,530 .1018 4.13 
CZ06 SCE 5,137 418 .1.16 
CZ06~2 L,A:DWP 5;137 418. 1.16 . 
CZ07 SDG&E 5/352. 424 1.31 
etas SCE 5,151 419 1.21 
CZ08-2 LADWP 5,151. 419 1.21 
czo9 SCE '5,229 406 

.. 
1.16 

CZ09-2 LADWP 5,229 406 1.16 
CZ10 SDG&E 4,607 342 0.92: 
CZ10-1 SCE 4,607 341 0.92 
CZ11 PG&E 4,801 325 .. 0.87 
CZ12 PG&E 5,276 327 0.90 
CZ12-2 SMUD 5,276 327 0.90 
CZ13 PG&E 4,975 310 . 0.87 

CZ14 SDG&~ 4,884. 370 :0.82 
CZ14-2 SCE 4,884 '370 0.82 
CZ15 SCE 5,187 278 1.23 
CZ15 PG&E 2,992 1197 4.95 
CZ16-2 LADWP 2,992 1197 4.95 
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- forSmallH I Pack 1A- Mixed-F EE 
Comp- Lifecycle B/C B/C 
.fiance Incremental Utility Cost $TDV. .Ratio Ratio NPV (On- NPV 
Margin Package Cosi: Savings Savings (On-bill) (TDV) bill) (TDV) 

··· ........ . . ·: . .. : . 
1.: •• ; •. :··:.:·.··.9% $20,971 ·. $34,339 $36,874 j<.·: 1:6· ·.·:,· • .:...is ·:. $13,368 •·. . $15,903 .. 
I•' :,:::.· ::7% $20,971 $26,312 $29,353 1.' ·1:3 '".'L -i1.4 . > $5,341 ... · •. $8;381 

···•·io% $20,971 $31,172 $35,915 .•:, ····.··:1.5 .... >i.7 $10,20l : •:$14,944 
I.,·.· •· .. 6%.· $21,824 $24,449 $24,270 1•· • ·:.::1.:C ... 1~1 : $2~625 ··. $2,446··. 

.. -.:. ·:.6% $21;824 $18,713 $24,306 0.9 .. :·. ·.'•1.i ($3,111) . $2,483 .. · 

· ... ·. 9% $20,971 $28;782 $34,448 .• :··· >1.'4-:. ''·1:6. ..... < $7,810. .. $13,477. 
:':·: 9% $20,971 $23,028 $34,448 . 1:1 ';·. ·1:6 .. ; .$2,057. $13;477 

·,: ··,··:·.8% $21,82.4 $16;001 $26,934' 0.7 ; : ; ·,· .1.2:· ($5;823) ···: $5;110 .. 

:.• '·•--.8% $21,824 $1:1,706 $26;934 0.5 ;:.:: . ·'·1.i'' ($10,118) .$5,110 
. :•,.•::<·.-·:,8%.·, $21,824 $26;699 $27,975 

···.······-::···· 1:2 
.. :,;>>1:a.·-· ···••·•. $4;816 ·. i$6,152'1 

~) >.+ \1%. $21,824 $15,931 $23,576 0.7 :: '· .. i..r· ($5,893). ···•$1,752. 
c,;7%< $21,824 $11,643 $23,576 0.5 I•.;F/1.1 ($10,180) $1;752 

1: .. ·,. 6% $2:1,824 $15,837 $2.2;365 0.7 1 .:. ... •1;o · ($5,987) •. ···. $541: 
1:<::: .. :"6% $21,8L.4 $11,632 $22,365 0.5. -'·•••>·.•,·:·:1·.o.- ($10,192) . •$541• 
~-c- ........ :.<·•-s% $21,824 $25,.506 $22,219 1.2. ."··::•.:··1.0 ! . : $3,6S3 '-'$3Q6. 
.. ·.· <.:5% $21,824 $13,868 $22,219 0.6 ::•: :.:t,o ($7,956) • : . • ·• $396 
•. ••:·',::. '4% $21,824 $22,936 $19,503 ... /.· -'Ll:. 0.9 ··· >$1;112 ($2,321) 
· ........ ···'.s% $21,824 $22,356 $21;305 . ···: .. 1.0 o:9s .·· .. : : $532 ($519) 1 

.. ·. ;:, •. ·. 5%. $21,824 $15,106 $21,305 0.7 0.98 ($6,717) ($519) 
: ; 4%: $21,824 $23,594. $19,378 ····-·---.'.r:1'·: 0.9 ; : .$1)70' ($2,445) 

-·-:•::·->:4%' $21,824 _.$24,894 . $21,035 ... :·... 1:1. - o:96 . :. ·' $3,070 : ($789) 
·. ·''4% $21,824 $14,351 $21,035 0.7 0.95 ($7A73) ($789) 

>• 3% ·• $21,824 .. $13,645 $18,089 0:6 0.8 ($8,178). ($3,735) 
: ·•''•': 6%' $20,971 $27,813 $30,869 r:.::':· .. 'L3 .• , ••••• :·:t:s • ::"$6i842'' .$9,898 

··:···5%·· $20,971 $19,782 $30,869 0.9 1···· .. ·•.·:·,_1.5' ($1,190) '.$9,898. 
) 
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F!ggre32;CostEffectiv~nessfor Small Hotel Package1B -Mixed~Fuel + EE+ PV+B 

Savings . Savings . Reductions · liahce Incremental · Utility Cost $TDV ·. Ratio. · Ratio· NPV (Cine NPV 
Elec I Gas 1• GH.G ·I Comp~. -~ · ·1 Lifecycl¢ I · >I B/C. ·1 'f>!G 

CZ I Utility I (kWh) (therms) . (mtons) Margin Package Cost ··Savings . ··. Savi~gs . · (Cin-bill) · (TDV) I bill) I ("TDV) 

130;144. 976 ' 

129;107 ' 1046 ' $228;341. ~$430,731 
132,648 I · •·· 39.s I .... 28.46 J:i'~5\'fi1~s\W~I $229,194 I · $355,406 I $338,455 
.132;555 $2297194 $322,698 · 
136,318 $228,341 $452;611 $352,342 
136;318 ··· 1018 32.73 $228,341 $446;858 $352,342 

'i31,05i 418 $229,194 ' $217,728 $336,843 . 
13i,OSi 418 28.47 $229,194 $131i051 $33.6;843 
136,359 424 .29.63 $229;194 $306;.088 $345,378 
132,539 I . 419 I 18.s5 $229,194 I $227,2971 .$ss3,.on I 1.o · ($1)s97l .l(:$i2s;l31,.9i; 
1s2;ss9 1 419 1 28.85 $229;194 I $134,739 I $353,o13 I o.6 ($94,455) 1';$.12'3;8±9;' 
131,422 . $230,791 $343,665 

l31;4ll $136;02:4. $343,665 
134,146' $339;612 $342,574. 

$229,194 $225~244 ($2,949) ;~;$i13;886I[ 
·· $229,194 $3s2,83i - ?17\ijJ!s;:fPF$i23i53i; :'$~1os,or4:r 

· · · ·· · · .:~:Si9s;~·a~,. :''$1os;83£J 
131,226 1 3271 28.o4 'Szzg,l!34 I $213;176 I $338,oz6 I o.9 ($15;018) l!i$io8;8~i .. ' 
127,258 I aiD I 27.33 ' . $229,1941 . $351;244 r $324;217 l':/'i(.':t.t:'JI!s'VJ•igi·:[Ailn$I<(1}b56i,IC''"'·'•'"-'·VL.O 

.147,017 1 37o 1 ·30.96 J't{i;t/':i,~&rc.n $219;194 I . $861;445 I $217;575 o.9 I ~:.s6~2ri:Si)l ($i1,518l 
14.7,017 I 370 I .30.96 v:;:;:;:2;~"4%''.l __ c _$229;1~41. ~$24~_,100 I $381,164 I' j-·.rtr.:l.':",::;::\~:z.lifLi$i4)966'I,:$:LSi;9~o( 
137,180 . 29.12 . $225,054 
1.41;4:78 34.60 $377;465 
141:.478 I 1197 I · 34.60 lf'i't{ii0ff'6%:;j $228,341 I .· $136,553 I $357;241 I o.6 lft\';i,IfKX':5l ($91,778) 1'::$128;8991'. 
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cz Utility (kWh) 
PackageCLC:MixedFuei·+HE 
CZ01 PG&E 10 
CZ02 PG&E ,981 
CZ03 PG&E 81 
CZ04 PG&E 161 
CZ04-2 CPAU 161 
CZ05 pG&E 154 
CZOS-2 SCG i54 
CZ06 SCE 237 
CZ06-2 LADWP L.37 
CZ07 - SDG&E 1;117 
czos SCE 1,302 
CZ08-2 LADWP 1,302 
CZ09 SCE 1,733 
.CZ09-2 LADWP 1;733 
CZ10' SDG&E 3,170 
CZ10-2 SCE 3;170 
CZ11 PG&E 3,343 
CZ12 PG&E 1,724 
CZ12~2 SMUD 1,724 
CZ13 PG&E 3,083 
CZ14 SDG&E 3,714 
CZ14-2 SCE 3;714 
CZ15 SCE 8,684 
CZ16 PG&E 836 
CZ16-2_ LADWP. 336 

----
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F 33.C --- Effecti . ------ for Small Hotel Pack - 1C- Mixed-Fuel+ HE 
GHG ·comp-· Lifecycle B/C B/C 

Gas Savings -Reductions liance Incremental Utility Cost. $TDV Ratio Ratio NPV (On" NPV 
(therms) (mtons) Margin -Package Cost Savings Savings (On-bill) (TDV) bill) (TDV) 

. . . ;: .. . . -: ·. .--·-· ·: __ .,· 

·--··-

:--,".: <'-- :: : 

632 3.76 ,, .. -·:: c:--2% $22,839 $11,015 $10,218 0:5 0.4 ($11,823) ($12;621} 
402 2.69 :_ _.-3%' $23,092 $16,'255 $11,808 0.7 0.::> ($6,837) ($11;284) 
383 2.30 . -:.!2% $20,510 $7,066 $6,850 03 0:3 ($13,444) ($13,660) 
373 2.26 [:-,,,·: ·2%' . $22,164 $8,593 $7,645 0.4 0.3 ($13,571) ($14,519) 
373 2.26 :: \:- !2%. $22,164 $7,097 $7,645 0.3 0.3 ($15;067) . ($14,519) 

361 2.19 :::z% $21,418 $6,897 $6,585 0.3 0.3 ($14,521) ($14,833) 
361 2.19 ... _,,,.:.-2%- $21,418 $4,786 $6,585 0:2 0.3 ($16,632) ($14;833) 
201 1.27 , __ :,_;; .' 2% $20,941 $3;789 $4,832 0,2 0.2 {$17,152) ($16,059) 

. 201 1.27 _,,,,.,_.•:<::2%: $20,941 $3,219 $4,832 0.2 0.2 ($17,722) ($16,059) 
158 1;28 .. ·- ... -.- •. _ .. __ 2% $19,625 $13,771 $7,342 0:7 0.4 ($5,854) ($12,283) 
169 1.39 -:·,,:_ .··-· 2% $20,678 $8,378 $8,591 0.4 0.4 ($12,300) ($12,088) 
169 1.39 ·.' ... :2%' $20,678 $5,802 $8,591 0:3 0.4 ($14,877). ($12,088) 
178 1.56 :.3% $20,052 $10,489 $11,164 0.5 0.6 ($9,563) ($8,888) 
178 1.56 . ·:\· ;--_·'3%' $20,052 $7,307 $11;164 0.4 0.6 ($12,745) ($8,888) 
22_0 2.29 : -/ -_< ;4% . $22,682 $35,195 $19,149 <•>i:6· 0.8 - ·$12,513. ($3,533) 
220 2.29 !, ,•::;:_ :':·:.'4%' $22;682 $16,701• $19,149 0.7 0.8 ($5,981) ($3,533) 

.323 2.96 ··: ,4%: $23,344 $27,633 $20,966 .. :1:2 0.9 : . '$4,288'-··. ($2,379) 
320 2.44 __ ·.--., ·.:_ 4%· $22,302 $11,597 $15,592 0.5 0.7_ ($10,705) ($6,710) 
320 2.44 .. _:: 4%- $22,302 $11,156 $15,592 0.5 . 0.7 ($11,146) ($6,710) 
316 2:81' ':':,•_:' :.;'3% $22,882 $23,950 $17,058 ... 1:0 0.7 :.. $1,068 ($5,814) 
312 2.99. ···. :4% $23,299 $35,30:1. $21,155 I .. 1.5 0.9 .. $.12;002 ($2;144) 

.. 312 2.99 -_ •. ·_:· '4% $23,299 $18,460 $2i,155 0.8 0.9 ($4;839) ($2,144) 
97 3.-21 .,:·:• .. :.:--s% . $20,945 $26,738 $31,600 ·-·--·· -_· __ -_-_-_1.3 .. 1:5 ' ··,·; : $5,792 -.-,·_.--_·.·_ ·$10,655·'·.·. 

700 4.42 1·:· ,.· -· :·:3%-- $24,616 $18,608 $14,494 0.8 0.6 ($6,007) ($10,121) 
700 I __ ___:__ 4.42 i i :: 3% _g4,616 - _i:l._5!237 __ $14,494 0.6 -~ (),_§_ . ($9,378L ($l:CJ,121) 

- ~ ------- -------------- ~--····---------
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. . '• . 

Figure ·34. Cost.Effectivenessfor Small Hotel Packagez,.. All~Electric.federal Code Minimum 
' we 

Elec Gas GHG ' Camp" Lifecyde. Ratio B/C 
Savipgs Savit)gs Reduction~ .Iiao.ce Incremental . Ut!liW Cost · $Tb\/ {On~ ' Ratio. · NPV (t:Jn~. 

cz I Utility I {kWh) {the~ms) [mtons) Margin Package Cost' Savings Savings bill] {TDV) bill) NPV (TDV) 

f'ackage2:Aii~Eiectri~:F.edeh31 c6dedviinrr:num ··.:·. :·:_ ~'i' , '< , ''> l/ ~~-~· ,, ;;; >· , 'h:\ ' ' .,; >: ; . ·:··, . :··.··.:·•·.· . 1''/. +> •,:•: _ :' ' .. '/' J 
CZ01 PG&E -159~802 16917' si92 .-28% ($:1,296;'784) ($582,762) ($i15,161) 5'!'d\lii~· •).'Y1'iit:;; I"::':'•\Sii'~;o22,;;:'•'~!i:TQ:~:623'; 
czo2 PG&E "n8J7:39 i267T 4o.oo ·· -1i2% ., {$1,297;757). ($246,434) ($51;620l );;;;;~;(,5:'3!' '\ L:isii ;;'.si;o5i~'322~ "$1J':t46;i3Tj 
CZ03 PG&E. . -,110;595 . 12322 .. .40,48 -14% .($1;3oo;D29) ($326;633) ($51,166) j~i);F.~:Q 1i ·!~~U!£5:4 ' '~{97·3,3~16;' '!s£2'48;8~3} 
CZ04 PG&E ~113,404 11927 36.59 -,13% ($1,29S,864] {$225;307) ($53;134) [>:e:.•·!:>~tl 1; \."> -24:5' ~j$J!;o~4;s56, ;J$i>i46;ilc3iJSI· 
tzo4-2 cP.Au -'113,404 , u9n ·. 35:s9 -13% ($1,.299,864) [$17,768} ($53,134) IF/!'17::3.2.' ·i:2:~:s: .;$f;2:82,69'6;'·· ::'$1!1'46~736;:; 
CZ0.5 PG&E ~108,60..5·· :11960. 3i:34 -15% ·· ($1,299;917) ($350~585) ($54,685) ic•;+s:J3.:t: ;;;,;;;/z3:s,·l:;:fc;<'l!ti(3'3'2 ;:;Si;245;23t 
czos seE -78,293 : 8912 · 29:3.6 · ~5% {$l,3oo;o5sr ($61~534) ($2s,o4a) li~~';.i~zs;;r::; :},:f[gA.6:M· 'isf;2as·;s2·4: J$'i;':272:;ois:C: 
CZ06c2 LA . •78;293 8912 29:36 . ··5~ ($-i,30b,05B) . $43,200 ($28;043) I' ,:,;';.\;(;'~~ r~.':'\'46!4·; }$iJ3~3\2sil\ )$i)2ii~Ois:; . 
CZ07 SDG,&E C69;819 8188 28.04 .. . ~7%- ($1,298;-406] {$137,638) ($23;199) I\ ;'::'':·.<§>( :;t;J:C~6:()' : $:i;t~6}]6S:' {$i\275;2o7 .. ;·. 
CZ08 SCE ~7i,914 835:{ 28:21 _.:6% [$1,296,376) [$53,524) {$22,820) 1'::. nf2:(2:' f!'i))si;~'8: ~$i;i4i;852.:'f$i;'~}3;s5~::: 
CZ08-2 LA ~71,914 .· 8353 - 28.21 ..... -6% ($1;296;376)- $42,841 ($22,820) l:"}f;)f'~!?~:ff: t~f:i!h;56~8'· ];$ij339;2i'f: /:$1;2'7~;556 1 
CZ09 SCE . c72;262 8402 . 28.38 -6% ($1,298,174) ($44,979) ($21,950) 1-?!';);f~8i9') HcJi)j159i:J;;; :e$i;253/i96 '$~)275;224" . 
CZ09-:L lA . -12;162 8402 2S.38 ~6% ($1,298ji74); •. .. $46,679 ($21,950) !.'il/i'i;);;?'i':[i'[;,t' .. 1,'5_9:if ~~$):;344;~53'; i;$i;.27Ei}z:il+) • 
CZ10 · SDG&E ~80,062 . s418 26,22 - -8% ($1;295,176.) ($172;513). ($36;i79) ~i;"J\;77~'t;{l:;i~!'!3s·:s f•$1;122f663': '$~ij:is~8J9§7i'' 
CZ10·2 SCE :'80,062 .. 8418 26.21 . -8% ($1,295,176) ($63,974) ($36,179) ;,c,;('.'.2(];'2:'1!i<''i;:::'ii:: il: ''·$i;iL3i~:ip2! !'$ili58,99i;' 
czu PG&E -99,484 lci252 ·• 3o:99 ."10% rsr;295;985J ($18'6,037) ($49,387.) l~i,Ci!J)::'i;oik;''i':ii;';?, .. :.;s1!.ib9~948~, ;:$::tJ24'5;s98: 
CZ12 PG&E ,c99;472 10.403 · 31i08 .'-10%' ($1,297j425) ,($340;801) ($45;565) !fi];~if;;3~ , . ,,;28.$'; C!i?$9§'6)5:24{ C51;~5.};8i;o j . 

:2-2 sjVIuo -99;067 ro4o3 . aur ~1o%. ($1,297;425) $5"ni4 · ($44,354) ':i'.<ri'i~J>Hi\•;!0.29:;§:: 6$'i,:3o3;2:r9> '$±hs3;ci7r'j • 
cz:i3 PG&E ~ss;829 · 10o29 ao:6o ······· ~io% ·· '($1;2'9s;797l · ($i84,s32l · · ($50,333) ,•:;;.•,rw,:o.;'[~;ii.Fd.s''Pi/ ·Z::$1;1£~)'46s:c<:$f,i4:5A64 • , 
CZ14 5DG&E · -101,39& 100~6 29:68 .·11% · .($1,296;156) ($325,§28-). ($56,578) 1i~&''i4:d';l ;!';ii;(g' ft.:f:$9701~78'· :$1:)2:39)578: • 
CZH-'2 SCE -101,398. , . 10056 29:68. . ~li% . ($1;296;156) .. ($121,662) ($56N8) : ':i i~b}'i.''r'· \r,z2;:9~ ;:~~.i}i.7J,494';· $i;239;s?8~ : 
cz15 5CE ~49,853 5579 · 18.07 ' ~4% ($1,294;276) · · $209 .. ($2:1,420) 'i>":ii::fS:tJH:.'j 5b~A'j '''$1(294>i'8'5~ iisi;:i7,P}856'' · 
cz16 PG&E -216,708 17599 · 4U9 "50% , ($1,3oo;552J {$645;7o5) ($239,178) i!JJ~\~i:-z;a·'l!i!'~'i''S:!4"- .':f.$~54;8~7·' H$1;o6f).374 • 
CZ16-2. LA ·2i6,708 17599 . 41.89 ~SO% {$136oi552) $30,974 ($239,i'T8) '}.i'';':hi~i1'i)Y'i~·ii·S:4 ;;]!$'1)33i;sz~~, ct$:ti'D61;-':l7.f~:.' 

*The I!Jcremer)taJ Package Cost is. the addition oftbl;'incrern~nt<JLHVACand water heating e;:quiptn_~ntcosts from Figure 12, the electrical infrastruc;tL!re 
incremental cost of $26;800 (seese:CtiorL3.3.2.i),artd the r:ratufat gas lnfrastnjcture lr.~cremental cost'sai,tirygs of $56,020 (seeseciioh 3;3.2.2,). 
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p· 35. c Eff1 for Small Hotel Pack 3A- All-El EE 
Elec GHG Life cycle B/C 
Savings Gas Savings Reductions Comp'-liance Incremental Utility Cost $TDV B/C Ratio Ratio NPV (On-

cz Utility (kWh] (therms)·· (mtons) Margin Package Cost Savings Savings (On~bill) (TDV) bill) NPV{TDV) 
Package 3MAII"Eiectr:IctEE ·.,·;- . ·• . . .... I ·:• . . > . . .. ;· · . ... . . ·-·· 
CZ01 PG&E -113,259 16917 62.38 :·· .• :;:1:3% {$1,251,544} ($200,367} ;;5,460 : : ; ·-·6.2. · .. :· .>1 . $1,051,177 .$1;157;005 

CZ02 PG&E -90,033 12677 45.46 <······ '4%···. ($1,265,064} ($108,075). $15,685 .· .. · .. ·• 11:? •-·· ··>:r $1,156;989 .$1i280; 749 
CZ03 PG&E c83,892 12322 45:93 ··'::' .. · .i .. <6% ($1,267,509} ($198,234) $20,729 6.4 :. >>1 $1,069,274 . $1,288,237 

CZ04 PG&E -91,197 : 11917 40;36 .··'·:.•.• -·o.2Jk; ($1,263,932) ($112,892) $703 ,:: >•···i1:2-· C:>1, $1;15i,o41·· ' $1;264;635 

CZ04-2 CPAU'· -90,981 11927 40.42 ... \ .. · · ·o:i% ($1,263,932} . $32,557 $918 : ... · ·:.>1 .. <.· .. •'>f, $1,296;489 si,264,s5o 

CZ05 PG&E -82,491 1i9so 43.62 1-- •.: · .. ;5%: ($1,267,355) ($221,492) $:~8,488 5:7 ·' . .: >r. ' $1;045,863 .. · $1;235;343 

CZ06 scr; "61,523 8912 .32.45 :';';(>.'\' 1.%. ($1,257,916) ($33,475) $:.5,142 ;':i .37 . .9. I . :>i·· $1;234;441 . $1,283;057 

CZ06-2 LACiWP -61,523. 8912 32.45 I > ··~··;:'!"?%:•.• ($1,267;916} $57,215 $:.5,142 -.. ·• ·: >i .. ,; >f : $1,325;';(30 $1;283;057 

CZ07 SDG&E ~53,308 sis8 31.22 ;;•;). ;)~7% ($1,266,354) . ($81,338) $22,516 
·' ·' -.• : ·-.-·15.6-• : .>f $1;185;o15 ·' $l,288;87.b .. 

CZ08 SCE. -55,452 8353 31.:33 •.-:.-! J•is% ($1,264,408) ($23,893) ;;9,391 ·' ... ' 52.9 
••·· .. ··.· >1 

$1,240,515 $1;Z73i86o • 

CZ08-2 LADWP -55,452 8353 31.33 ••. ·. ,::,;, :3%·. ($1,264,408)- $57;058 ;;9,391 •:•::_· ... · · .. •;>1 li. >1 $i;321,466 $1;2'7§)300 

CZ09 SC:E -55,887 . 8402 31.40 .... · .... ·, .. ,;;.:.•··~·•:i:2% '($1,266,302} ($19,887)· ;;9,110 •· ..... :· 63.7 ·:•- i'•.>F $1;246,415 . $1;275,412 ... 

CZ09-2 LADWP -55;887 84ili 31.40 i ••.. ,,·.:.•2%· ($1,266,302) $60,441 ;;9,110 • .. · .. --:.>r·· . ····•>1' .$:1.;326,743 $1,275,412.·· . 

CZ10 SDG&E· -60,239. 8418 29.96 - 'i 2% ($1,256,002) .. ($126,072} ;;7;365 I'•·· •. 1o.o, .••.••.••.•. ·-.>1 $1,129;930 $1,263,367 
CZ10-2 SCE -60,239 8418 29.96 ·.· ...... ::>\•, •:• '2%.• ($1,256,002) ($33,061) $7,365 ··. • '38:o ,: ''·>1· . $1,222;940 $1,263,367 . 

CZ11 PG&E c77,307 10252 35;12 :';· . ; ' .1%' ($1,256;149) ($80;187) $3;114 .......... 15;7.' ·' '>1 $1,175;962 ·. $1;259;263 . 

CZ12 PG&E -75;098 10403 .36.73 -__:_r •--.{ .. : 2% · ($1,256,824) ($234,275} $9,048 .· .• ·.·.- •. ·.·::::5.4-_ ·•······~j-1 .'$1;022,55o' : $1, 265;872< 

CZ12-2 SMUD -75,098 '10403 36.73 ~~;·, 2% ($1,256,824} $54,941 ;~9,048 ........ ·;''>i ' :•>i $1;311,765 $1;265,872 
CZ13 PG&E •75,052 10029 34:72 .\ .. :·.···. : 0.3% ($1,256,109} ($79,378) ;>1,260 -• .< .. r:s:8 ! >i $1;I76;731 $1;257,369 
CZ14 SDG&E -76,375 10056 34.28 .::_._········· ,·.0.1%- ($1,255;704) [$170,975) $543 .. : 7:3 L ;!:'21 ·$1;084,729 ·. ·$1',256;247 
CZ14~2 SC:E -76,375 10056 3428 > o.i% . ($1,255, 704) ($34,418} $543 ·.·,·-.36:5·· - >>1 $1;221,286 ,· $1!256,247 

CZ15 SCE -33,722 5579 21.43 I ··-~·. 2%. 
($1,257,835) $26,030 $12;262 ~ ~ .. , >1 ··•·.··.· • >11 $1;z83;864 $1;270,097 

CZ16 PG&E ' -139,676 17599 55.25 -14.% ($1,255,364). ($197;174) ($66,650} .· .. · ... 6.4 • • 1s:s .. , $1;o.58;190 ·• $1)88,714' 

CZ16•2. LADWP . •139;676 17599 55.25 -14% ($1,255,364) $165,789 {$66,650} ; . .. ··>i · ····• .•is.sl $1,421;153 $1;18s;ii4< 
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FHmre36. CostEffectivenessforSmallHotel Package 3B -All-Electric+ E.E+PV+B 
B/r; 

• Gqs ,. G8G I.Comp• •j I Lifecycfe I . 
. savings :'Reductions • liance · lricreriientill · Utilitycost $TDV 

CZ (the;ms) 
Package 3B:AII-Eiecttic *EE:+,flV +•s: .. ·· 
CZ01 PG&E '8;900 ': 16917 87.15. (j~J4i~U.%:C . ($.1;044,174) 

CZ02 PG&r 36,491. 12677 73.03. 1'\if.:+:% ($1;.057,694) 
CZ03 PG&E 41,239 1232:2 73.43 C'i.'icti';-ot. ($1,060,139) 
CZ04 PG&E 36;528 11927 69;70 ~·}~;o:f% ($1,0s6;s62) 
CZCJ4-2 CPAU 36;844 1f927 69.76 I ;::>;'i\io;2.o/o;~ ($1,056,S62j $336,813 
CZ05 PG&E 36;Z.65 . ·11960 .73:11 l0'.:,'~);£;~~ri · .. ($1,059,985) $119;173 .. $317;952 
CZ06 SCE' 64,476 8912 60A7 lf,cc•.'~:?;:}:.%~ . ($1,060,545) $156,327 ' $311,730 
CZ06-2 LADWP . G4,4l6 8912 . 60.47I:T1~1Fi:7%' ($1,060,545) $180;648 $311,730 
czo7 SDG&E • 17715 B188 60.45 I''~ Jji%i%~~ (Sl;oss;9s3) $.19.7,711 $.330,458 
CZ08 SCE'. 71,990 8353 59.49 c'••h "''a!: . ($i;OS7 ,03$) $16S,393· $320;814 
CZ08-2 LADWP · 71,990 S353 60.24 h~if~' ('i3'%'!! .. ($1;057,038) $180,3.~7 $443;809 

CZ09 SCE 70,465 8402 59.29. IY1•:i ;i~L:VaJ \$1,058,932) $175,602 $301;459 
N l·czo9~2 LADWP. · 7o;465 .&402 59.29 IC:Yi ~ (]§'~ · ($1;0581932) $183,220 $3b1,459 

g; I CZlO SDG&F ... 69;581 . 84.12 58,04 (•i'!'~ ~2%'~ . ($1,048,632) $161;513 $294;530 
CZ10~2 SCE 691581 - 8418 58.04 '(':;j ii, ($'1,048,632) $104;837 $294,530 
CZ11 PG&E .. 47;'260 ' 10252 61.5.7 i :.'(};:)•~·1:%[/ . ($1;048;779} $253,7.17 . $286,797 
CZ12 PG&E :S1,11S ici4o3· 64.Q7· c}\:C';::}i~i~ · ($1,049,454) $104,523 $3b5A46 :)(7';:i';~•h: ,,,.,.,,/f1! +;;i~J'<;i;1'>'<';977Y i1:$i';3~s4;9or}; ' 
CZ12-2 SMUD 51,115 10403 64.99 '.i,U''j;:2fo'~ ($1,049,454)- $253;197 . $430,977 :c;;;;t::;;ii! •.;:3>1{ l;s-t'~r:>? FiS11.• : S1;4so;43:1~ 
CZ13 PG&E 47,757 10029 60:77 -i_:;i;:'b:s%; ($1;048,739) $251;663' $281,877 ~:r?;:;;~:;;;i~j:<;.;;:,ii:{'iL[i :.:~i;' .~-$~30d;4.ci~:. '•$1~336,~16 
CZ14 SDG&E 66;0&4 10056 ·· 64.54 ·•\fi:.:i:'rr 1i02: · ($1;048;334) $148;510 . $334;938 l'>j~}!,~(!~i) 1 ,::o;:··• c'' ).Ji{;;jj: i/$1;196~84?,:' i$1;383;272: 
cz14-2 seE. 6s;o84 · 1oa56 .. 64,54 ~:·::c~J;fo;i%' ($1,048,334) .$185;bi8 $334;938 :C1i:n!£~i' ~'''i'>J:.\ ;'$1;233)3521 :;s1;~83j'2:ii''' 
CZ15 . SCE 98,755 5579 49.04 ?!!•,i~i:g)%':i ..... {$1,050;465) $233;308 $311,121 ~~'1'i'tc>l,;; ,. i!;1:' \$t)283;i7i;' ;;$l~361;58s\1 . 

CZ16 PG&E "87$ • .17599 84.99 "14% .. ($1,047,994) $191,994 $240,724 ;jc,!}~~:::::,ri"'"!:'~"'~~~f'.i':;:,:;~.':;:~;'"';1'~ }$f;-239)§8?'! ;:,$1t2ssj[i8f. 
cz1s..2 LADWP ~s73 17599 84.99 · •14% ($l,04i994) · $291;279 $240)724 ··ii~i;:.::h.'! ''''i:Jd1<;'.~;.,2':l!' ;'$1;339;2z§' ;~~$1\28s;7is;\ · 
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Elec Gas GHG 
:Savings ?avings Reductions 

cz Utility (kWh) (therms) [mtons) 
Package}C:AII~Eiectdi: +.HE • .• . ·, :·· : ·. 

CZ01 PG&E -154,840 16917 56.24 

Cl02 PG&E -118,284 12677 
.. 

41.18 
CZ03 PG&E -113,413 12322 40;80 

Cl04 PG&t ~115,928 11927 37.09 
CZ04-2 CPAU -115,928 11927. 37.09 
CZ05 PG&E -111,075 11960 38.75 
CZ06. SCE -83,000 8912 29A1 
Cl06-2 LADWP -83,000 8912 29.41 
CZ07 SDG&E -73;823 8188 28.32 
CZ08 seE -75,573 ·.8353 28.56 

CZ08-2 LADWP -75;573 8353 28.56 
CZ09 SCE ·74,790 8402 29.04 
CZ09-2 LADWP -74,790 8402 29.04 

. CZlO SDG&E ~80,248. 8418 27.57 
CZ10-2 SCE -80,248 8418 27.57 
Cl11 ·PG&E -98,041 10252. 32.73 
CZ12 PG&E ·100,080 10403 Z3:24 
CZ12-2 SMUD -1oo;oso · 10403 33.24 
CZ13 PG&E -94,607' •. 10029 32.47 
Cl14 SDG&E ~97,959 10056 31;91 

CZ14-2 SCE -97,959 '10056 31.91 
CZ15 SCE -45,226 5579 20.17 
CZ16 PG&E ·198,840 17.599 47,73 

CZ16-2 LADWP -198,840 ;;17599 47;73 

49. 

· 2019 Nonresidential New Construction Reach Code Cost Effectiveness Study 

for Small Hotel Pack 3C- All-El HE 
B/C 

Comp- Lifecycle Ratio B/C 
liarice. Incremental Utility Cost $TD\i ·[one Ratio NPV (On-
Margin Package Cost Savings Savirgs bill) (TDV) bill) NPV {TDV) 

.. :: .· .. ·· 
. 

•· 
... .. ·_,···. i< : : :: . : ... : .• .. ·~ ..... 

-24% ($1,281,338) {$606,619) ($101,272) .· .. ·2:1' ····· : n:7, /$674)719 $1,18o;o66: 

-11% ($1,283,243) {$395!641) ($44,505) ·•·· ...• :: __ 3:2 > 28~8.! .: . $887,602 $1,2.38;738 

-14% {$1,288, 782) ($522,458) ($51,582) 25 < ..• _.·:·. 25:ci . • .. $766,324 .$1,237,200: 

-13% ($1,287,878). ($383,177) {$53;285) 3.4 24:2 ·:: ... ····.· $904,701 $1,234;593 
•13% ($1,287,878) ($24,170) ($53,285) .. : 53.3 : 2'4:2. . $1,263,708 . $1,234,593.' 

"15% ($1,288,242) ($530;740) ($56,124). .<:2.4 ' ·23.0. . $757,502 $1;232ii19 ··' 
-15% [$1,288,695) ($154,625) ($32,244) ' 

8;j ·;; 40.0 ' $1,134;069 '$1,256,451 
-15% ($1,288,695) ($17,626) ($32,244) I 73.1 ·.·• 40.0 $1,271,068 $1;256,451 ·.· 

-7% ($1,285, 759) ($268,207) ($24,069) .... 4.8: 53.4' '$1;017,552 $1,261,690 
.~6% ($1,281,241) ($157;393) ($21,912) . •8.1 ·. 58.5 $1,123,848 $1,259,:329 

.. 
-6% ($1,281,241) ($18;502) ($21,912) .·.'. ':. 69:2:' : 58.5 .. $1;262,739 $1,259,329' 
-4% ($1,285,139) ($138,746) ($16,992) :._·: '9.3· .::·. <:75.6 $1,146,393 $1,268,147: 
-4%. ($1 285,139) ($6,344) ($16,992) ·. ' .. 202.6• .. c'JS.6 $1,278,794'• ·.· :$1;268,'147 

-5% ($1,278,097) [$235A79) [$24,107) ::. : .... :5:4' (': :53:0.' . $1,042;617: $1,253,990·.· .. 
-~5% ($1,278,097) ($123,371) ($24,107) ' .:10.4 '· s3:o $1,154;726 $1;·2:53,990 
-7% {$1,279,528) ($278,242) ($35,158) ••. ... 4:6 .• . · ..•. 36:4 . $t001,286 $1;2:44,370 
-9% ($1,282,834) ($480,347) ($38,715) :. 2.7 .. ·• 33:1 '.·.· .· $802;487 $1,244,119 
-9% ($1,282,834) ($23,362) {$38,715) 54.9 ·>33j $1,259,472 ·. $1;244,119. 

-7% ($1,279,301) [$276,944) $244,552 .'· .' '4.6 .. ·. :>1 $1,002,357 $1i523;853 1 

-7% ($1,279,893) ($302,123) . ($37,769) I ... ' 4.2 .. ·. •33:9: :o $977,770 $1;242,124 •. 

-7% ($1,279,893) . ($129,082) ($37J69). ·· .. ' '9:9· :.,·.•.33.9" $1,150,811··· -$:1.,242,124' 
, .. 0)04%. ($1,276,847) ($6,533) $227 ·,·· .. ·. 19s;:r . _.)">1' '$1,270,31;+ . . $1,277,074, • 

-39% ($1,288,450) ($605,601) ($185,438) ~~ : ·"'2.1. ·-",:<;6:9 
···••• $682,848: 

$1,103,011 

-39% ($1,288,450) $40,268 ($185,438) •'.·: .. '/>1• I···.········_: 6.9 : $1,328;718 ' . • $1,i03,011 
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4.4 Cost Effectiveo.es_sResults- plf;,only cmd PV+Battery 

ThE! R'each Code Team lclDPCICkciges of pV~only anclPV+Battery measure~, without any additional 
efficiency ineasures1 tq <3SSess cost effectiveness o·ntop of the mixedcf~ei pas~Une buijd)ng anci the <III:" 
electticfederalcode minimum referenc~.(Package 2 ih Sections 4-,1- 4:3). 
Jurisdictions interested in ~dopting PV-only reach to~es sh6·uld referencetbe mixed~fuel cost' 
effec:tiw=ness results because a mixed-ftieJ building is i:he·,basellne for the. nonresidential pr6toty.pes 
analyzed in this study, PV or PV:rBattery pa~:kages ar~ added to C!li-electrlc fec\eralcode•mlnimLJm 
reference Whjth {in maf1y sce~atios)'do ll.ot bave a posftiye, Cqtn"pli<Ji')te· qiargif1 compareq't9 the ,Ji'llxed7 
fuel baseline model; and are :solely provided fqrinform·atlonal purposes,Juri~(jictii:ms lnte('esteq in reach 
code~ requiriog C!H~eJecttic+PV or a!l-elec::tric+PVfpattery shotJIP refer~nce pacl<age$S results io S1=ctio.ns 
'. ..• . ... 25·. . . .. . . -. 
4.1-4.3. 

Each oftl-iefolioWihg eighi:p(lckages W~re el(alu'ated, a!Sa.1nst a rrilXedfuel'baselltje design_e~ a.s pe(2019 
Title 24P'clit 6 requirements,. 

+ Mixed"Fuel'+3 kW PV {)oly; 

~ Mixed~Fuel + 3 k\i\( f>V + 5 kwh battery 

·~-· Mixed.~Fu~l + PVQnly: PV slzed per the, ro.q(si;;e of the b~,-~Hdjng, qr to of\set the apnt.raleledrjc\ty 
cQnsumptiori1 whithe'veri.s smalfer 

• IVJixed:..fuel + PV +:!:io kWh Batb~~y: RV si.zed Pe\ th€l'[oQfs.ize of the; bl,Jildirig, orto•offset.t.he. 
a.nnual. electricity cgnsurnptiQn, whichever i!i sm6Her; <~lpng vvith 50 kWh ,batt:ry 

+ · AU-Electric+? kWPV Only 

~-- AI1"E!E!ctdc +'3 kWPV '1- 5 kWf'! Battery , 
. . 

:~ AU-Eiectflc+P\1 Only: P.Vsried pedhe roof size of the building, or to offsedhe :annual eiectricity -
coqsumption,Whi¢Jleveris $tri<lller; 

:+. Ail-Ele~tri~+ PV.+ ;(j kWh Battery: f>\/sized' per the roofslze oft he building; otto offset the 
•annual elt:!ctriclty tonsumptl.or\,Whichev~r is smaller, along' With So kWh.b<~ttery 

figure38 through Figure 40 summarize the Qncbiii a'rid TPV B/C ratiosfqr eacB pro~qfype f9r'th~ twq pV 
only packages and the two p\1 plus battery packages. compliance margins ate (j percentf6r all mixed-fuel 
packages. For~il~elettricpackages, tomi:)liance margins are equal to those fotind ih Package 2 for each 
prototype i11 .Section~ 4,1 '-; 4,3.'rh~ .co]\lpllcince margins are no011Jpacted by ren.ewabies: anc\battery 
storage me~sures <J.rid h~nc~ qat sbo\llfri in the ta,q!(ls, These. figures are fo(ri\a,tteq 111 the foJJoWirigW~Y:> 

t Ce.Jis highlighted in gteen. have 9 El/c r<)tlo gre,qterthan land are.c(i$.t.ceftec;tht~, The .sbad~of 

- '.' . .. . . . . 

+ Cells not highlighted have a B/C ratio less than. one and are·not cost effective~ 

25 Because tbisstudyshows that th~ additl~n of ga~terygenerally (¢dpc~s cost effectiveness; rer~ovinga battery 
measure would, only increase cos.t effectii!E!ness. Thus, a jurisdiction tan apply the EE+PY+Batfery cost. effectiveness 
findings to support EE+PV reach codes, because EE+PV would· stili remain cost effective without a battery;· 
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Please see Appendix 6.7 for results in full detail. Generally/ for mixed-fuel packages across all prototypes/ 
all climate zones were proven to have cost effectiveoutcomes usingTDV except in CZlwith a 3kW PV +5 
kWh Battery scen-ario. Most Climate tones also had On-Bill cost effectiveness. The addition ofa battery 
slightly reduces cost effectiveness. 

In all-electric packages1 the results for most climate zones were found cost effective using both TDV aod 
. On-Bill approaches with larger PV systems or PV+Battery systems, Most 3 kW PV systems were also found 
to be cost· effective except in sorne scenarios analyzing the Medium Office using the Ori-Bill method. CZ16 
results continue to show challenges being cost effective with all eleCtric buildings/ likely due to the high 
jleating loads in this climate; Jhe addition of a battery slightly reduces the cost effectiveness for all
electric buildings with pV; 
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5 Summary, Conclusions, and Further Considerations 
Tht;! Reach Codes Team developed packages of energy efficiency measwes aswell as packages comb[ning 

· energy efficiency with PV generation and battery storage systems, simulated the in in building modeling 
softwarei and gathered costs to determine the cost effectiveness of multiple scenarios. The Reach Codes 
team coordinated assumptions with multiple utilities, cities, and building community experts to develOp C1 

set of assumptions considered reasonable in the currentmarket. Changing assumptions, such as the 
period of analysis, measure seleCtion, cost assumptions, energy escalation rates, ~r utility tariffs are likely 
to change results .. 

5.1 Swtzmwy 
Figure 41 through Figure 43 summarize results for each prototype and depict the 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 Code Team highlighted cells meeting these two requirements to h~lp clarify the upper boundary 
for potential reach code policies: 

</!. Cells highlighted in green depict a positive compliance margin and cost~effective results using. 

both On-Bill and TDV apprpac:hes. 

~·. Cells highlighted ih yellow depict a positive. compliance and cost-effective results using either the 

On~BIIl orTDV approach. 

9 Cells not highlighted either depict a negative compliance margin or a package that was not cost 

effective using either the One Bill or TDV approach. 

For more detail on the results in the Figures, please refer to Section 4 Results; As described in Section 4.4, 
PV-only and PV+Battery packages in the mixed-fuel building were found to be cost effective across all 
prototypes, climate zones, and packages using the TDV approach, and results are not reiterated inthe 
folloWing figures. 
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5,2 -Condustons and Fzitther Considerations · · 
Fliidings arespedfktcithe scenarios ari'alyzedtinder.this specificmethoi:lo.logy; and.fC!rgely pertC!iitJo 
qffice; r~tai.Vahd f]o~¢1-t\fpe occUpancies~ .. Nqt;iresf~e,ntlal buildings constltut.ea vvidevariety 6~ qq:upan(;;y 
prqfil~? and process l9ac!s~ m.~king findings ch;;lij~ng1n£Sf9 generalize across rnl.!ltiple bui)dingtypes·. 

. . -
Findings irid.icatethe folloWing overall condusioris: 

1.. This study assumecl·that electrifying space heating ali.d serV'ic¢ water beating could>elirninate 
hattir<}l ga? infrcjstrl!cture alo(le., becausethese \N~rethe o,nly gas end"uses i[lcluded the 
protqtyp~s; Avoiding theinst~llatici.o.of,natwral gas infrastructure results ln signjficant cosfsaVings 
and Is a J)flm a ry factortowa rd ccist ~effedfv~ ciutcorri esJn all~ef ectrlc des lgns, e\len With netessa ry 
i11crefjses in electrical capat\ty', · · · 

2. There is ample opport!Jriityforcost eifec:tilte energy efficie,ncy improvements, a~ demonstrated 
bythe compliimce margins achieve,din many of the efficiehcy-ohly a tid effiCiency+ PV packages, 
Though mu.ch ofthe energy savings are attributable to llghting rneasures, effiCiency measures 
selected for these prototypes are confined to the building systerns that cOin. be modeled .. There is 
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likely further opportunity for energy savings through measures that cahnot be currently'. 
demonstrated in compliance software, such as high-performance control sequences or variable 
speed parallel fan powered boxes: 

3. High efficiency appliances triggering federal preemption do not achieve as high compliance 
margins as the other efficiency measures analyzed in this study. Cost effectiveness appears to be 
dependent on the system l:ype and building type. Nonetheless, specifyirig high effiCiency 
equipmentwillalways be a key feature in integrated design.· 

4. Regarding the Small Hotel prototype: 

a. The Small Hotel presents i2l challenging prototype to ccistceffectively exceed t~e state1s 
energy performance budget without efficiency measures. The Reach Code Team is 
uncertain of the precision of the results due to the inability to directly model either drain 
water heat recovery or a central heat pump water heaterwitha recirculation loop. 

b. Hotel.results may be appliCable to high-rise (4 or more stories) multifamily buildings. Both 
hotel ahd multifamily buildings have the same orsimilar mandatory and prescriptive 
compliance options for hotwater systems, fighting, and envelope. Furthermore, the 
Alternate Calculation Method Reference Manual specifies the sim)e baseline HVAC system 
for both building types. 

c. Hotel compliance margins were the lowest among the three building types analyzed, and 
thus the mostcohser.vative performance thresholds applicable to other nonresidential 
buildings not analyzed ill this study. As stated previausly, the varying occupancy and 
energy profiles of nonresidential buildingsmakes challenging to directly apply, these 
results across all buildings, · . 

5. Many all-electric and solar PV packages demonstrated greater GHG reductions than their mixed
fuel counterparts, contrary to TDV-based performance, suggesting a misalignment among the TDV 
metric and California's long-termGHG-reduction goals; The Energy Commission has indicated that 
they are aware of this issue and are seeking to address it, 

6. Changes to the Nonresidential Alternative Calculation Method (Acf\.11} Reference Manual c~n 
drastically impact results. TWoexamples include: 

a. When performance modeling residential bui]gings, the Standard Design Is electric ifthe 
Proposed Design iselectric;w!lichremoves TDV'-related penalties and associated negative 
compliance margins, This essentially allows for a compliance pathway for all-electric 
residential buildings. Jfhonresidentfal buildjngswere treated in the same way; all-electric 
cost effectiveness us[pg the·TDVapproach wmJid improve, 

b. The basellne mixed.::fuel system for a hotel includes a furnace in each guest room, which 
carries substantialplumbing costs arid labor costs for assembly. A change in the baseline 
system Would !eaci to different base case costs and d.ifferent cost effectiveness outcomes. 

7, All-electricfederal code-minimum packages appear to .be cost effective, largely due to avoided. 
natural gas infrastructure, but' in most cases do not ccimp!ywith the Energy Commission's 
minimum performance budget (as described in item 7a above). For most cases it appears that 
adding cost-effective efficlency measures achieves compliance .. AII~electric nonresidential projects 
can leverage the initial cost savings of avoiding natural gas infrastructure by adding energy 
efficiency measures that would not be cost effective independently. 
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6 App~udic;~s 

6~1 · Map of California Climate Zones 

cljrnate zone geographical bcnmcl!'lries are. depicted :In Figure 44, Th~ map. in Figure 44 along Wi'th a zip~ 
~ode search ~irectory is ;:~vail<ib!e ~rt: • . . . . . , . . . . 
hHps:/l,'J\fv2. energy:i:a.golf/niar?s?r~nevvable(h!lirC!iiJ& cH!tiate . l:bri es. fltml 
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6.2 Lighting Efficiency Measures 

Figure 45 details the applicabHity and impact of each lighting efficiency measure by prototype and space 
function and includes the. resulting LPD that is modeled as the proposed by build in~ type and by space 
function. 

Figure4 5 . Impacto f h LigJ. ting Measures on Propose d LPDs b lfSpace Functwn 
Modeled 

Baseiine Impact Proposed 
Interior Occupant 
Lighting '· Daylight Sensing in 

lPD Reduced Institutional Dimming Open Office LPD 
Space Function (W/ftZ) LPD Tuning Plus OFF Plan (W/ft2

} 

MediumDffice·•· .•.. · . ; -.> ;; 1: >- . _ .• :_:..< •· ... :: :'.• •· .. :·-··>•• .. :'.: :'·< ... • .. .-.· .. ·.·• .. · .. ·>>' .... 
Office Area (Open plan offic~} c 

Interior 0.65 15% 10% - 17% 0.429 

Office Area (Open plan office} ~ 
Perimeter 0.65 15% 5% 10% 30% 0.368 

Medium Retail ... _. 

········· . : .. . :· . . . ; :' : . ~-· •. . . . . . . ' ... . . . .- . : •'; ... :. . . . . ·.• .... /::: .. :·· 1: .'. 
Commercial/Industrial Storage 
(Warehouse) 0.45 10% 5% - - ' 0:386 

Main Entry Lobby 0.85 10% 5% - - 0.729 

Retail Sa.les Area (Retail 
Merchandise Sales) 0.95 5% ... 5% - - 0.857 
small Hotel . ;' . ._- ... _._. . .· . . . :• . 

._:·'· - ..... · . . . . 
Commercial/Industrial Storage 
(Warehouse} 0.45 10% 5% " - 0.386 
Convention, Conference, 
Multipurpose, and Meeting 0.85 16% 5% - - 0.729 
Corridor Area 0.60 10% 5% - - 0.514 

Exercise/Fitness Center and 
Gymnasium Areas 0.50 10% -- - - 0.450 

Laundry Area 0045 10% -- . - - 0.405 

Lounge, Breakroom; or Waiting· 
Area 0.65 10% 5% - - 0.557 
Mechanical 0.40 10% - - 0.360 
OffiCe Area (>250 ft2

) 0.65 iO% 5% - - 0.557 
. 

6.3 Drqin Water HeatRecovery Measliteilnillysis 

To support potential DWHR s~vings in the Small Hotel prot~iype; the Reach Code Team modeled the drain 
water heat recovery measure in CBECC-Res 2019in the all-electric and mixed fuel6,960 ft2 prototype 
residential buildings. The Reach Code Team assumed orie heat recovery device for every three showers 

. assuming unequal flow to the. shower; Based on specifications from three different drain water heat 
recovery deviCe manUfacturers for device effectiveness in hotel applications, the tear:n assumed a heat 
rec;overy efficiency of 50 percent. 

The Reach Code Team modeled mixed fuel and all-electric residential prototype buildings both with and 
withoutheat recovery in each climate zone. Basedon these model results, the Reach Code Team 
determined the percentage savings of domestic water heatihg energy ih terms ofgas, electricity, and TDV 
for mixed fuel and all-electric, in each climate zone. ThE;: Reach Code Team then applied the savings 
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l)er¢enta~estoJhe Small H.otel prototype domestiC WaterheatingEihergy'in both the mix~d~fLieJ a tid all,
electricto QE;terrnine energy savings for thedr<=Jin.w~ter heat recovery me<=Jslire lnlhe small Hotf)J.The 
Reach CodeTe~m CIPPiiedvplurnetrk: enetg~ r<~tesJ<;:> ~:;tirnate oo~hill eo~tirnp;:~ctsfwm thi? mea~~re, 

6.4 UtilityRateSchef!ules 

.. Ttie Reach Codes team used the lO.lJ andPOU'r~tes d~pided )n Figure.46tb determine the Oh_:Blllsavings 
fcj( each prototype;· 

Figute 46. Utility'I'ariffs Analyzed Based qri Clima.te.Zon~ ·"'" })etailectView 
dih-iaf:~ Electric/ ····· ··· Electridb/(Time-of-use} Natural Gas 
Z(lnes G~s Utility Medium office( Medium !Mail .SrriaiiHotel All Prototypes 

cZOl PG&E A-10 .· A-1 .A~iorA-10 G~NRl 
CZ02. PG&E A-lCi A-:10 A-1 or A~id G~NRi 

.CZ03 PG&E A-,10 A-1 or A-1Q · .A-l.or Ac10 G~NJ11 

czo4 PG&E. 
.. 

A-10 A-10 A-1 or A-,10 G~NR1 

.:CZ04~2 CPAU/PG&E E~z E~2 E-2 G:..NR1 
· C:zds PG&E A-10 A-1 

... 
. .A~1.or A-io ..•. . (3:..NR1 

.. 
! 

czos~z 
" 

J'G&E/SCG A-10 i'la A~l orA-10 (Ho (GN-io) .. 

CZ05 SCE/SCG TOU-GS~2 TOU-Gs~z . TOU-GS-2 or TOU-GS~3. G~10(GN~iO) 
tzo6 

.. 
J.ADWP/SCG TOU-GS~2 . TOU•GS~i .. · · TOU·GS-2 or TOU~Gs-3' G-10 (GNclD) 

" 
AL-TOV+EECC' AL~TOU+EECC AL~TOU+EECC 

GN~::r 
cZo7 stiG&E;' (AI>TOiJ) (AL~TOU) (AL,JOU) 
.CZ08 

.... 
. SCE/SCG .. TOU-65~2 ToUcG$~2 T:Ol.J-GSc2 or TOU-GS~3 'G·lO (Gf~HO) 

.. CZQ8.,2 " LAbWP/SCG A~2 (B) A~2 (B) A-2 (!3) G-1d(GN~i6) 
CZ09. SCE/SCG TOU-GS-2 TOU.:GS~2 TOU~GS-2 orTOU:..Gs-3 G-,10 (Gf\!clO) 
CZd9~2 lADWP/SCG· A~Z(B) A~2(B) A-2 (B) G-1D(GN~1o)· 
CZ10 SCE/SCG TQUcGS-2 TOU-G$'"2. TOU .. GS-,2 5,.io (GN~1b) 

ALTOUtEECC. ALCTOl)+f=ECc; AL-TOU+f:ECC 
GN:.-3 

CZ1b-2 SDG&E' (Anou) (ALc:TQl)}. (AGTOU) . 
CZ11 PG&E· Ac10 Acid Ac10 'G"NJ:\.1 
·CZ12 .. PG&E .A~lO A~10 ·A"1 orA10 G-NR1 
CZ12~2 .• SMUD/P(;&E . GS GS GS • G-NR1 

.. 
·-··· 

CZ.l$ PG&E 
.. 

A.:JQ A-1o A"lD G·NR1 
CZ14 SCE/SCG TOU-GS:c3 TOU~G$;3 TOU.:!;S-3 G-10 (GN-10) 

Al,-TOI}!-EEJ::O ·AL-TOU+EECC AbTOU+EECC 
GN-3 

czi4~2 .SDG&E (AL'"TOO) (AL-TOU} (AL•TOU) · 
CZ1S SCE/SCG TOU-GS:-3 TOU-G$~2 TOU~GS-2 G~10 (GN-10} 

.. 

tZ15 PG&E 
. 

A-10 A-io A-lor.A-10 (i:..NRl 
. . .. 

A-2fi3) .. , .<:;.:;r.o (GN-.10) cZ16c2 LADWP/SCG Ac2(B) A-2 (B). 
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6.5 Mixed Fue!Baseline Energy Figures 

Figures 47 to 49 show the annual electricity and nat1.1ral gas consumptiOn and cost, compliance TDV, and 
· GHG emissions for each prototype under the mixed fuel desigl) baseline. 

1gure e mm 47 M d" Offi ce- IXe .ue ase uie M" dF IB r 
Electricity Natural Gas GHG 

Climate Consumption ConsUm!Jtion Electricity Natural Compliance Emissions 
Zone Utility (kWh). (The r111s). Cost ' Gas Cost, TDV (lbs). 

M~diomClfficelVli~etiFue\Bas~liAe.·· >, ·.· •. , .. ··•·••·· · 
....... 

: :. ······ ........ · ':: .. ·.·••·•·· ,' ;:i > 
CZ01 PG&E 358,455 4,967 $109,507 $6,506 84 266,893 

CZ02 PG&E 404,865 3;868 $130,575 $5,256 122 282,762 

CZ03 PG&E 370,147 3,142 $116,478. $4,349 88 251,759 

CZ04. PG&E 431,722 3,759 $140,916. $5;144 141 299,993 

CZ04-2 CPAU 431,722 3;759 $75,363 $5;144 141 299,993 

CZ05 PG&E 400,750: 3,240 $B1,277 $4,481 106 269,768 

CZ05-2 SCG 400,750 3,240 $131,277 $3,683 106 269,768 

CZ06 SCE 397,441 2,117 $74,516 $2,718 105 253,571 

CZ06-2 . LA 397,441 2,117 $44,311 $2,718 105 253,571 

C:Z07 SDG&E 422,130 950 $164,991 $4,429. 118 257,324 

CZ08 SCE 431;2o7 1,219 $79,181 $1,820 132 265,179 

CZ08-2 LA 431,207 1,219 $46,750 $1,820 132 265,179 

CZ09 SCE 456,487 1,605 $86,190 $2,196 155 287,269 

i::Z09-2 LA 456,487 1,605 $51,111. $2,196 155 287,269 

CZ10 SDG&E 431,337 .· 2,053 $173,713 $5,390 i30 272,289 

CZ10-2 seE 431,337 2,053 $80,636 $2,603 130 272,289 

CZ11 PG&E 464,676 . 3,062 . $150,520 $4,333 163 310,307. 

CZ12, PG&E 441,720 3,327 $142,902 $4,647 152, 299,824 
. 

CZ12-2 SMUD 441,720 3,327 $65,707 $4,647 152 299,824 

CZ13. PG&E 471,540 3;063 $150,919 $4,345. 161 316,228 

CZ14 SDG&E 467;320 3,266 $185,812 $6,448 165 $14,258 

CZ14-2 SCE 467,320 3,266 $92,071 . $3,579 165 314,258 

CZ15 SCE 559,655 1,537 $105,388 $2,058 211 347,545 

CZ16 PG&E. 405,269 6,185 : $127,201 $8,056 115 3:12,684 .. 
CZ16-2 LA 405,269 6,185 $43,115 $8,056 116 312,684 
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1gure. . e mm e·a1 .- 1Xe ue ase F' 48 M d' R t "1 M" d F . l B li ne 
' .. 

E! e_ctrlcity KlaturalGas GHG 
Climate Consumption Consumption Electricity 1 Natur<JI Coniplia(lce Emissions 
zone Utiihy {kWh) (Therms) . CoSt Gas cost TDV (lbs) 

l •. rYn@.ibnl·B~t~W'Mi~?·a •FJ~·~·;,·.''' 1 "''i~·~ .. :·:·::•·i ·.( en::,·:-··· .·~.r.• ··.:n.::> :•:·•.:· ··-~• .,_··-• .. :. :.·.:. :: •. •·-·::·:·, ·• ,;;<,, .. ,•:,:v·.~:. •:·.· ;:.·,:r::.Vt··-\ ;•-·:··. · ... _:.··· ··•· ,··::.· .•••.. ·: ,._ 
CZ01 PG&E ··•. 184,234 3;893 $43~188 .. $5,2.47 155 156,9'72 

CZ02 'PG&E 214,022 2,448 . $70Aio ·· $3,572. 202 15'7,236 

CZd3 PG&E 199',827 1)368 $47;032 . $2,871 165 140,558. 

c::zo4 'PG.&E' 2.08,704 1;706 $66,980 $2,6'8i .. 187 14:3,966. 

.CZ04.c2 CPAU 208,704. 1,706 $36,037' $2,681 187 i43,966 

ems P.G&E 1Q5;864 1;74~ $45,983 $2;69.7 155. 1.35;84$ 

CZ05c2 SCG 195;864 1,746 $45,983 $2,342' 155 135,849 

CZ06 SCE 211,123. 1,002 $36,585 $1t591 183 •. 135))57 

CZ06-2 LA .. 2:1.1,123 .. 1;002 ' $21,341. . $1,591. 183 .. 1'35;557 

CZ07 SDG&E 211,808•' 522 $75,486 $4,055. 178 130,436 

CZ08. seE. 212;141 793 $36;758 . $1,373 190 .133,999 
.... 

czo8-2 LA. 212,141 793 $21;436 $i,373 190 133,999 
.. .. 

CZ09. SCE 227,340 970 $40,083 $1,560 2;!.8 :l,46;680 
' 

cZ09-2 LA 221,-340 970 $23,487 ·. $1,560 2'18 146,680 

CZlO $4,7oo 
.. 

154,572 SDG&E' 235;465 1,262 $87,730 228 
.. 

CZ:iQ-2 SCE 235,465 .. 1;262 $41,000 . $1,853 228 
.,_, 

154,572 ... 

cZll PG&E ?34;560 2,415 $16;670 $3;547 244 170,232 
.. , 

$3;426 234 CZ12. PG&E 228;958 :t 2,309. $75,084 165;133 

Cz12-2 SMUD 228,953 2,309 $32;300 $3;426 2?4 165,133 
.I 

CZi3 PG&E .242>9:27 1;983 $81,995 .. · .. $3,034 . 258 1-70;345 

cZi4. _SDG&.E 264,589 1,672 $97.;581 $5~059 1.77 17.8;507 

CZ14C2 SCE 264,589. . 1,672 .. $4(),217 ·. $2,::1,72 277. .. 1781507 

CZ15. SCE 
·' 290,060 518 $50j299 $1;083 300 179A23 .. 

CZ16. PG&E _1.12,204 4,304 $67,684 $5,815 197 180;630. I 

CZ16c2,. LA 212,204 4,304. $20,783 $5,815. 197 i8b;630 
.. 
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<Igure4 • ma ote ~ IXe ue ase me F" 9 S ll H l M. d F 1 B r 

Electricity Natural Gas GHG 
Climate Consumption Consumption ElectricitY Natural Cqmplialice Emissions 
Zone Utility {kWh) {Therms) Cost Gas .. Cost TDV (lbs) 

·:srnalllfotel.Mix~il Eu'etBa'seli~e .. :, ... ··• a ::.• , ) .... . .::·. •· . •• ••••••• • ::cc. }: 
CZ01 PG&E 177J34 16,936 40,778 .20,465 ilo 340,491 

CZ02 PG&E 189,319 12,696 53,396 15,664 110 293,056 

CZ03 PG&E 183,772 12,341 42,325 15,210 98 284,217 

CZ04 PG&E 187,482 11,945 52,118 14,806 106 281,851 

CZ04-2 CPAU i87,482 11,945 32,176 14;806 106 281,851 

CZ05 PG&E 187,150 11,979 43,182 14,733 98 281,183 

Cz05-2 SCG 187,150 11,979 43,182 10,869 98 281,183 

CZ06 SCE 191,764 8,931 28,036 8,437 98 244,664 

CZ06-2 LA 191,764 8,931 16,636 H,431 ~8 244,664 

CZ07 SDG&E 189,174 8,207 58,203 10,752 90 233,884 

CZ08 SCE 190,503 8,372 27,823 7,991 94 236,544 

CZ08-2 LA 190;503. 8,372 16,555 7,991 94 236,544 

CZ09 SCE 198,204 8,421 30,262 8,030 103 242,296 

CZ09-2 LA 198,204. 8,421 17,951 8,030 103 242~296 

CZ10 SDG&E 215,364 8,437 71,713 10,926 122 255,622 

CZ10-2 SCE 215;364 8,437 33,736 8,043 122 255,622 

CZ11 PG&E 219,852 10,271 .63,724 12;882 131 282,232 

CZ12. PG&E 199,499 ·10,422 46,245 13,022 115 270,262 

CZ12-2 SMUD 199,499. 10,422 26,872 13,022 115 270,262· 

CZ13. PG&E 226,925 i0,048 65,559 12,629 132 284,007 

CZ14 SDG&E 226,104 10,075 ' 73,621 12,167 134 283,287 

CZ14-2 SCE 226,104 ib,oi5 35,187 9,350 134 283,287 

CZ15 SCE 280,595 5,598 42,852 5;777 152 260,378 

CZ16 PG&E 191,231 '17;618 51,644. 21,581 127. 358,590 

CZ16c2 LA 191,231 17,618 16,029 21,581 1:27 358;590 

6.6 Hotel TDVCost Effectiveness WithPropi.me Baseline 

The Reach Codes Team further analyzed TDV cost effectiveness of the all-electric packages with a mixed
fuel design baseline using propane instead of natural gas. Results for each package are shown ih Figure 
50. through Figure 53. below: · 

All electric models compared to a propane baseline have positive compliance margins in all climate zones 
when compared to results using a natural gas baseline. Compliance margin improvement is roughly 30. 
percent, which also leads to improved cost effectiveness for the all-electric packages. These outcomes are 
likely due to the TDV penalty associated with propane whencompared to natural gas. 
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Across packages, TOV costeffediVeJ!eSS with a·.propane baseline follows simHartrends as the ha.tural gas 
bas.eJLne, Adding efficiency rneasures.inr:reased compliance margins by 3 to 10 percent depending on 
clim,ate ;;:one; while adding high effide(lcy HVAC and SHW equlpmt;:nt alone iricrease.d .compliance tnargins 
by smaller margins of abouf,2. to 4 percent corn pared to the All-Electric p:ackage. . 

Figqr~ 5o~ TPV CostEff<~ctiveness .for SmallHot~l1 l'ropanel3aseline'-< Pacl(age 2A11~ 
Electric Federal Code Minimum · 

Compliant 
e: 

.Climate Margin Incremental 
Zone (%) Package Cost $-TDV Savings NPV{TDV} 

CZ01 ($1,271,869) ($28;346) 

CZ02. . ($1,272,841) $170,263 

Cz03 ($1,275;114) ($16,425) 

CZ04 ($1,274,949) $155,466 

.... CZ05 ($1,275,002). .$1SP09 
CZ06 {$1~275;143) . $126,212 

uw ($1;2:73,49[)) $H7~E?21 
CZOB ($1,271,461) $i22,ci87 

CZ09 ' ($1.,273;259) $123,525 

CZ10 . $1;270;261). .. $109,521 
C:Z11: ($1;271,070) 

.. 
$129,428 

CZ12 ($l,272,510) . ($26,302) 

CZ13 .. {$1,270,882) $12A;357 

'CZ14 ($1,271,241) $117;621 

CZ15 .. . ($1;269,361) ($45,338) 

CZ16 ($1,275,637} ' $68;2-72 
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Figure 51. TDV Cost Effectiveness for Small Hotel, Propane Baseline- Pacl{age 3A (All-
Electric + EE) 

Climate Compliance Incremental B/C Ratio 
Zone Margin(%) Package Cost $-TDV Savings (TDV) NPV (TDV) 

CZ01 • '35%" ($1,250,898) $252,831 }.0,'>1······' $1,:)03;729 

CZOl ·., 34% ($1,251,870) $217,238 <;; >1 ... $1,469,108' 

CZ03 .·•37% ,··. ($1,254,142) $218,642 · .. ··.·•.···• •.. ·.>1···· ··••· ;$1,472,784 
CZ04 !' <31% . {$1,250,769) $191,393 .·.•·•. >1 > ·.<·· /$1,442)62'·.· 

CZ05 .··· .... 36%.; ($1,254,031) $208,773 •; .>1···: '$1,462;804 
CZ06. I ·'25% ......... ($1,250,964) $159,714 ' . .. .. ' . • >1...;.. . $1;410,671' 
CZ07 '32%\ ($1,249,311) $154,111 1···< .... · .. -;:,r:· ,,. '$1;403,422 ' 

CZ08 .•..• · .·29%·.·.· ($1,247;282) $146,536 -.>1 :. 
·$1,393;818 .·• 

CZ09 27% ; ($1,249,080) $146,671 I· >1 .• ... ·, $1,395,751 

~CZ10 2'2%. '. ($1,246,081) $134,477 .. . >1 ~ • $1,380;559 •• 

CZ11 ':23% ($1,246,891) $157)38 '"'' '>l· ·: $1,404,029·. 

CZ12 ··27% 
:·:. ($1,248,330) . $167,945 . • ''>1· ••••••• •.• $1',416;276 ·. 

CZ13 ! ·····'2.2%'·' ($1,246,703) $149,270 ·• >1 .•.•...•.•.•. · $1,395;973 • 
CZ14 •• 21%' •• . ($1,247,061) $145,269 ' ·:>1 ·,• ... ... $1,392,331·· 

CZ15 . ·'. . 14% ($1;245,182) $93,647 ::.>L ' .. 1 .' $1,338;829 
CZ16 ,, 20% ($1,254,665) $154,035 I • .• >r ·.·· .• $1,408]01 

Figure 52. TDV CostEffectiveness for SmallHotel, Propane Baseline ..cPackage 3B'(All-
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Climate 
Zorie. 
CZ01 

CZ04 

CZ05 

CZ06 

C:Z.07 
CZ08 
CZ09 

CZ10 
CZ11 

CZ12 

CZ13 
CZ14 

CZ15 
CZ16 

Compliance 
Margin{%) 

. ' 36%.' 

··'.26%········,·.·.· .• 

Electric + EE + PV) 
Incremental 
Package Cost 
($1,043,528) 

($1,044,500) 
($1,046,772) 

($1,043,399) 

' ' {$1,046,660) 
($1,043,594) 

($1,04U41) 
($l,039,912) 

($1,041,710} 

($1,038;711) 
($1,039,521) 

($1,040,960} 
{$1,039,333) 
.($1,039,691) 

($1,037,811) 
($1,047,295) 

. $-TDV Savings 

$511,688 

$524,460 
$518,485 

$505;579 

$526,668 
$469,623 

$471,513 
$475,973 
$467,971 

$454,832 
$474,844 

$484,667 
$454,108 

$505,39ll 

$423,879 
$480,407 

255 

B/C Ratio (TDV) NPV (TDV) 

• ·.··.··••·. >L < • <$1;565;257 
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Figure 53. tDVCostllffecfivenessforSmallHotel, Propane Baseline'-- Package 3C. (All 
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Clhrmt& •. <;otnpli<1nct) 
. zone Margin (%) 

CZ03 
tzo4 
czos 
CZ06. 

CZ12 

CZ14 
CZ15 
CZ16 

, Electfl¢ +HE • . . ··. 

lricrem~n'tal 
PackageCosf 

... . . . :•· 

($1,256Ai3) 
($1,258,328) 
($1,263,867) ... 

($i/ZG2,96~}c 
($1,263,327) 
($1,263,179) 
($1,260,844} 

($1,260,223) . 
. ($1,253,181). 

($i;25'7,919) 

($1;254,978) 
($1;251,932) 

($1,263~534) 

$194,975 
$1"l7;378 
$164,094 . 
$155,314 

$116,751 
. . : $122,995 

$12i(482 . 

$142,90i,. 
$138,625 .. 

·$96;b87 
$122,011' 
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6.7 PV-on{v andPV+Bdttery-only CostBffectivenessResults Details 

The Reach Code Tea .evaluated cost.effectiveness of installing a PV system and battery storage in six different measurecombinations over a 2019 
code-compliant baseline for all. climate zones.The baseline. for all nonresidential buildings is a mixed~fueldesign. 

All mixed fuel models are compliantwith :2.019 Title24, whereas all electric models canshow negative compliance, The compliance margin is the 
same as that of their respective federal minimum design and is not affected by addition of solar PV or battery. These scenarios<evaluate the cost 
effectiveness of PVand/or battery measure individually. The climate zones where all-electric design is not compliant will have the flexibility to 
·ramp up the efficiency of appliance or add another me~::;ure to be code compliant1 as per package 1B and 3B .in main body ofthereport. The large 
neg9tive life cycle costs in all electric packages are due. to lower (lll-electric HVAC system costs and avoided natural gas infrastructure costs.This is 
commonfy applied across all climate zones e1nd packages overany additional costs for PV and battery, 

6. 7;1 CostEffectivenessResults- Medium Office 

Figure 54 through Figure 61 contall') the cost..:effectiVeness findings for the Medium Office packages. Notable findings for each. package include: 

• 
i> 

~ 

1-

"\~ 

Mixed-Fuel+ 3 kW PV Only: All packages are cost effective using the On-Bili and TDV approaches; 

l\/lixecl~Fuel +3 kW PV+ 5.kWh Battery: The packages are mostly cost eff~ctive on a TDV basis exceptinCZ1. As compared to the 3 kW PV 

only package~ battery reduces cost effectiveness. This package is no.tcost effective for LADWP and SMUD terri.tories using an On~Blll 

approach. 

Mixed-Fuel+ PV ooly:The Pi3Ckagesare less cost effective as compared to 3 kW PV packages I!! most climate zones. In areas served by 

LADWP, the 8/C ratio is narrowly less than 1 and not costeffective. 

Mixed-Fuel+ PV +50 kWh Battery: The packages are cost effective in all climate zones except for in the areas served by LADWP. On-Bill. 

andTDV B/C rptios are slightly lower compared to the. PV only package. 

All-Eiectric + 3'kW PV: Packages are on-bill cost effective in ten ofsixteen climate zones. Climate zo.nes.1,2A12, and 16 were not found to 

·be cost~effectivefrom an on-bill perspective. These zones are within PG&E's service area. Packages are cost effective usingTDV in all 

climate. zones e;><cept CZ16. 

·~ AII-Electric+3 kW PV + 5 kWh Battery~ Packages are slightly more cost~ffective than the previousminimal PV only package. Packages are 

on-bill cost. effective in most climate zones except for1,2 and 16 from an on: bill perspective. These zones are within PG&E1 s service area. 
Packages.are cost effective usingTDV,in all climate zones except CZ16. 

•1- All-Electric+ PV only: All packages are. cost effective and achieve savings·using the On-Bill and TDV approaches. 
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. .,., All-Electric. +PV;t:50 kW[fBattery: AU packages .are cost effective and achie\l~ :savings usingthe On-:Sii.IancJTQV appr.oache.s. On-Blli and 
TDV B/Crati6s ar~ slightly lowercompareclto theP\J only package. . . . . . 
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7Ci 2019~07~2li 



N 
U1 
CD 

CZ I !OUterritory 

J\lifxedJueJ+.~kVI{pv . 
CZ01 I PG&E 
CZ02 I PG&E 
CZ03 I PG&F 
CZ04 I PG&E 
CZ04-2. I CPAU 
C:zos. I PG&E 
CZ06 I SCE 
CZ06-2 I LADWP 
CZ07 I SDG&E 
CZ08 I SCE 
CZ08-2 I LADWP 
CZ09 I SCE 
CZ09•2 I LADWP 
CZ10 I SDG&E 
CZ10-2 I SCE 
CZ11 I PG&E 
CZ12 I PG&E 
CZ12-2 I SMUD 
CZ13 I PG&E 

CZ14 I SDG&E 

CZ14-2 I SeE 
CZ15 I SCE 
CZ16 I PG&E 
CZ16-2 I LADWP 
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F!glire 54. Cost Effectiveness for Medium Office· Mixed Fuel+ 3kW PV 
Elec I .Gas.· I GHG I I Lifecycle I B/C I .B/C 

Savings 

{kWh) 

3,941 
4i785 
4,660 

'5,056 
5;056 
5,027 
4;853 
4,853 
4,960 
4,826 
4)316 
4,889 " 
4,889 
4;826 
:4/826 
4,701 

'4,707 
4;707 
4,633 
5;377 ' 

5,377 

5,099 
5/096 
5,096 

Savings 

(therms) 

0 
0 

0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

··o 
0 

0 

0 
0 

0 

0 

0 

b 
0 

savings 

(tons) 

0.8 
0;9 
0.9 
1.0 
1.0 
1;0 
0.9 
q;9 
1.0 
0.9 
0:9 
1.0 
1;0 

0.9 
0.9 
0~9 

0.9 
0.9 
0~9 

1.0 

1:0 

1.0 
1:0 
1.0 

Incremental 

Package Cost 

$5,566 
$5,566 
$5,566 
$5,566 
$5,566 
$5,566 
$5,566 
$5,566 
$5,566 

'$5,566 
$5,566 
$5,566 

'$5,566 
$5,566 
$5,566 
$5,566 
$5;566 
$5,566 
$5,566 

$5,566 

$5,566 

$5,566 
$5,566 
$5,566 

Energy Cost 

Savings 

i. $15,743 
$20,372 
$20,603 
$20,235 
$11,945 
$23,159 
$10,968 
$6,575 

$17,904 
$10,768 
$6,503 

$10,622 
$6,217 

$21,280 
$11,598 
$19,869 
$19,643 

$8,005 
$19,231 

$18,789 

$10,512 
$10,109 
$21,836 

$6,501 

Lifecycle $- I RatjO I Ratio I NPV I NPV 
TDV Savings {On-bill) (TDV) {On-bill) {TDV) 

I 
~~SA48 I · 2.2 I '.is I $1o;1nl .$2,882 

s1o,soo · i:9 I $14,8o6 I s<934 
~;9,975 $15,037} $4,409 

$11,073 I •· > 3.61> .: 2.o l<f$14,6691 ss,soT 
$11,073 2.0. $6;379/ $5iS07' 
$1o,s34 I I .•• $17,593./ .. $5;268 
$10,93o 1 . i.o · 2.o I ·• <· $5,4o21 ·$5,364 
$10,93o 1 1.2 .l _ __>::_2.or· s1,oo9 .1 $5,364 
sn,o25 1 3.:2 2.o I·. $12/338 I '$5,459 
sn,359 I' 1.9 I 2~o I · $5,2o2 I · ss,793 
$:L1,3s9 I $9371 $5;793 
$11,216 I · 1.9 I > 2.o I' $5,056 I $5,65o 
s:u/216 $65r. I ss,65o 
$lOJ87I•· •. ·.·· ••<3:81'•' <.1:9.1. $15;714Ji$s;ni• 
sw;787 1·· I 1.9 I:· $6,o32/ ss,221 
$10,644 I 3;6 r i.9 'I $14~3o3 1 > $5;078 
$10,644 1 3.s L9/ $14,dn 1 $sms 
sto,644 I 1,.4 F 1.9 . $2,439 I $s,o78 
s1o,262 I• · · .3.sl ·· • 1.8 I $13,665 [$4;696 

$12,6oo 1 < .•. 3.4 I. $13,223./ >$7;o34 

$12;600 I 1.9/ .. 2.3 I i $4,946 f$7,034 
$11,550 1.2 2.1 J ··· $4,543 L $5,984 
$10,882 3:91··.·· ·· ••• ,·. 2.ol $16,2io I $5i316. 
$10,882 $9351. '$5;316 
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Figure 55~ Cost EffectivenessforMedimn Office'"" MiXed Fuel+ 3kWPV + SkWhBattery 
!:lee · I Gfl(; I Litecycle ,_ B/t B/C 

Gas Savings IJicremental .$~TP\f 
CZ IOUterritory (therms) 

NPV 
{TDV~. 

Mixed Fuel +'3k\NgV+skWh.~a;tt~6,(:~;<•·,· .. 
CZ01 I PG&E I . 3,941 I 0 I 0,8 I $9,520 I .$15;7431 $8A48 0.9 l~fiY$6;22~1;1 ($1;072) 
CZ02 
CZ03 
CZ04 
CZ04-2 
CZ05 
CZ06 
CZ06~2 

CZ07 
CZ08 
CZ08·2 
CZ09 

I CZ09-2 
I CZ10 

CZ10-2 
CZll 
CZ12 
CZ12-2 
CZ13 
CZ14 
CZ14-2 
CZ15 
CZ16 
CZ16~2 

72 

PG&E 
PG&E 
PG&E. 
c'PAU 

'PG&E 
SCE o;9 I $9,52o I :$10,968 I· $1o;93o 
LADWP 0;9 I . $9;5.20 I $6,575 I . $10,930 I O) {$2,945) l:~c,:~$1;410 
SDG&E 1.0 I $9,520.1 $17,904<1 . $11,025 , ... ,.,.,.,, ... ,, .. -.•.a_.,~ 

I SCE . $9,520 SC! 
LADWP 
SCE 

LADWP 
SDG&E 
SCE 
PG&E 
PG&E 
.SMUo 
PG&E 
SiiG&E 
SCE 
SCE 
.PG&E 
LADWP' 

5,377 
5)377' 
5,099 
5,096 
5;096. 

. $9,520 
· 1.0 I $9;520 I · $10,6221 $11,216 '~i $1;696 

1 .. o 1 · $9,51o I · $6,217 J .$11,216 ': •. V,$1;;~961 
o;9 1 $9,$1o J . · $21;280 I $1o,7s7 ~~~~I1E;~l2];2~~ 

. o:9 1 . $9;520 1 $19,869 n;~;:${1:23 ' 
D 9. I ·$· 9 520 I $B 643 f':;:$112:3!· 

• 1 . · r' -'·'" 1 .. , ... 

o;g 1 $9,520 1 . $s~Do5l $10&'±1J o.8 1: :?;e\r''f:;i\'1· ($1,515) I±Ql$'1)12!3; 
· o,g 1 $9,52o I $19~231 I 

$9,52o I · $18,789 _I 

$9,520 $10,512 
$9,520 $10,109 
$9,s2o I $21,836 I , s1o,s82 ti:•.:-.-:,L'.:'':.··~'"' 

. $9;520: I; $6,501 I . $10;882 I ($3;019) FT';$i;3g): 

. ·~~-. 
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F' 56.C 

Elec Gas 
Savings Savings 

cz IOU territory (kWh) (therms) 

MixedF.uel+13skWPV · . , ·•·· · ..•. •· .•· .. 
CZ01 · PG&E 177,340 0 
CZ02 PG&E 215,311 

... 
0 

CZ03 I PG&E 209,717 0 
CZ04 .•. PG&E 227;535 0 
CZ04-2 CPAU 227,535 0 
CZ05 PG&.E 226,:'.:95 0 
CZ06 i SGE '218,387 0 
CZ06~2 LADWP 218,387 ··.· 0 

CZ07 SDG&E 223,185 0 
CZ08 SCE 217,171 0 
CZ08-2 LADWP 217,171 0 
CZ09 SCE .220,010 0 

" 

CZ09-2 LADWP 220;010 0 
CZlO .SDG&E 217,148 0 
CZ10-2' SCE 217,148 0 
CZ11 PG&E ' 211,556 0 
CZ12 PG&.E 211;824 0 
CZ12-:2 SMUD :211,824 0 
CZ13 PG&E 208,465 0 
CZ14 SDG&E 241,965 0 

. CZ14-2 SCE 241,965 0 
I CZ15 SCE 219,456 0 

CZ16 PG&.E 229,317 0 

CZ16c2 LADWP 229,317 0 

73 

Effect· 

GHG 
savings 
(tons) 

. : 
34.3 
41.5 
Lj.0.7 
44.0 
44.0 
44.1 
42.3 
42.3. 

43'.3 
42;0 
42.0 
43:2 
43:2 
42.5 
425 
40~9 

40.9 
40.9 
40.5 
46.7 
46:7 
43~9 

44.8 

44.8 

2019 Nonresidential New Construction Reach Code Cost Effectiveness Study 

forMed· O:ffi Mixed Fuel + 13 SkW PV 
B/C 

Lifec;ycle Life cycle Ratio B/C 
Incremental Energ-{Cost TDV (On- ·Ratio NPV (On- NPV 
Package Cost Savings Savings bill) (TDV) bill) (TDV}. 

. .· · . • : :;•· ·:• .... : ·.·· ·· .. , ..... :.::· ..... .:• 
$302;856 $526,352 $380,399 _' ' .. 1:7'. ........... · .. 1:3 · .. ·.$223,497 . $77,544' 
$302,856 $666,050 $47:LJ05 .••.. ; 2.2· I ··.·.··., .• 1;6' $363,194 . $168,849 

. $302,856 $645,010 $449,797 ........ '2.1 ts .· $342,154 •,'$146;942 

$302,856 $686;434 $497,431 ... 2:3 .. · ·· ... 1.6 ' $383,578 $194,575 
$302,856 $537,521 $497;431 1.8 

.····• 1.6 ·. 
$234,665. $194,575 

$302,856 $753,230 $486,596 .. •< • .. ·2:S' : .. 1:6 $450,374. $183,7Lli 
$302,856 $401,645 $492;515 1.3 ••· .. ·1.6 '$98,789. $189,659 
$302,856 $233;909 $492,515 .. 0.8 _j 1;6 ($68,947) $189,659 
$302,856 $623,078 $496,667 '. 2.1 .:·.. ":1:6 $320,223' $193;811 
$302;856 "$389,435 $510,270 I . ·1.3 . ·.· ·: :1:7 $86,579 ·.$207,414 
$302,856 $222;066 $510,270 0.7 .. ·;, 1.7. ($80,790) '$207;41'4 
$302,856 $387,977 $50S,783 .··· ' 1.3 <i 1.7 $85;12.2 . $202,928 
$302,856 $226,515 $5os;783 o:7 I " . ·1:7 ($76,340) $202,928 
$302,856 $532,726 $48~3,451 2'.1 I ·,· ···, 1:6 .••. $329,870 $182,595 
$302,856 $394,884 $48~3,451 . ; 1.3 ' .. 1.6 $92,028 ••$182,595 

. $302,856 $671,691 $47:3,912 I · n • · t6 $368,835 $176;056 
$302,856 $653,242 $47:3,101 •· •.• 2.2/. ·. ••l;Ei . $350,386 . $175,245 
$302,856 $345;255 $473,101 I' ···.· iii ··: ...•••.. t.6 •·•.· $42,399 $175;245 
$302,856 $651,952 $462,732 ,, 1 )2.2· I ,i!s '$349,096 $159,876 
$302,856 $659,487 $555,351 i .. ·• 2:1 l.i ... ).9•' $356,632. $263,496 
$302,856 $401;7i2 $565,351 • ·.· 1.3 • •• • ,: 1;9 '· .· $98,856 $263,496 
$302,856 $378;095 $520,102 ... •1.2 ::······ •. :•1.7. .· .. •. $75,239 . :$217,246 
$302,856 $707,095 $483,508 . 2.3 I· : L6' i $404,23.9 $186,651• 

$302,856 $223,057 $48.3;508 0.7 
·.······.· 

1.6 ($79,799) $186,652 
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Figure 57; Cost Eff~f!!v-~nf!ss for Mediiln1Q_ID_ce .:..l\1~t=d. Fuel+ i3·.SkW PV ±_~~Q_kWh Battery_ 
B/C 

!:lee Gas . GHG · Lifecycle Ufec'{cl.e R.atio B/C 
·savings I· Savings I savings Incremental Energy Cost TDV [On~ Ratio ·r• NPV [bh~ I NPV 

CZ I LOU territory I (kWh) . . {therms) . {td~~) Package Cost Savings . Savings blll) (TDV) . bill) . . · (TDV) 
Mixed Fuei+.1s5kW!>v+os6 I<Wh8atte&:,: ·• · .....•. ; 

CZ03 PG&E .$330,75& 1 $644,17o.l · $451,6111·~·1fi!i•2·f9'i;l;;!:iH;i:;::rt:r4:1Fi$:ti3/4i4;qr::t$f2o;sss!'< 
CZ04 PGR.!O 

.. 
. ~-- $330;756 -~5)i05 

CZ04-2 """ r S33cqs6 $s3&A63 CFr:-u 

czos PG&E · $33Ci}756 ·1 · $753;558< I $487,742 [~i;'}';c!i;2Y{•i''::.c;,;,,p~:~~: l!•~·i$4~2;8o-3.~l;·$1565:$8'6 ·[ 
CZ06 SCE $330;7.56 1 ·· $4oi;356 · $494,042 t'T;$fo:6oi: :!·$'1::§3~2.8£5:: 
CZ06-2 LADWP $3'36;7'56 . ·. $233,673 .· $494,042 ($97,083) ($163,2.86:: .. 
CZ07 SDG&E $330,756 I $.628/383 $.498;147 ;~·iS:i97·,92t:: ::'.$16);'391'·;1 

CZ08 SCE s33o,756 $389,184 '$.51i;511 :;c1.~ .• ~~,: .. $ss;:42s''· ;·Wi8Ql:7s5\ 
N 1 CZ08•2 LADWP $33o,7s5 $221,83.9 · $51:Cs11 ($1o8,917l ¥$t8o)_ss? 
m I CZ09 SCE• 
N 

CZ09-2 LADWP 

S33o,756 1 $387,7.28 1·· $so6,929 l:·n'''··'6f,;:::.-;'·-·~·~3;c~F-:""--"--'-"'"':-'-l~~~~ 
S33o;756 I $226,3D3I · $506,929 

CZlO SDG&E .$330]56 I $638,o4o $486,644 
CZl0-2, SCE $330,756 ·I' $394,633 $486,644 
CZ11 . --- ---;--- - __ ,9 .$330/75p . $670,932 $481,298 PG&E 

CZ12 I PG&E . -~- . ---,--- - --- .$'330;756 · .. · $652,465 $482)l26 
CZ12-2 SMUD . . . . :$330;756 $344,668 $482;826 p;c·: .... _ ••••.. ~. 

·CZ13 PG&E $330;756 1 $651,19.1 $142~52,:4· 
CZ14 SDG&E .$330,756 1- .$672,601 '?i$238)6983 · • ...,.< 

CZ14-2 SCE $330.756 I .$401;45ol $569,454 
CZ15 SCE s33o;756 1 $377;827 1 $521;963 ls,':i:;,\<::;x.::trJ;;:,~:''V'iir.;;iJil'\:·;,:$A7;:o·71'~i''"$i9i'i2o8t 
CZ16 PG&E $3301756 1 .. $706,20.1 I $4961190 I;:~::)~C2i:tq:"g: ;.:.;ti:s;ii$.Hi'$37.S;445\ilii1 $:~~s;4,3:4' 
CZ16-2 LADWP $33o;1s6 1 .$222,802 1 $49s;19o I · o.1 ($io7,953l l';$f6s;43'4:'~ 
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Figure 58. Cost Effectiveness for Medium Office-Ail-Electric + 3kW PV 
B/C 

Elec Gas GHG Life cycle Ratio B/C 
Savings _Savings sayipgs lri crer:nenta I Energy Cost - LifecycleTDV (On- Ratio 

cz IOU territory (kWh) (therms} -• (tons) Patka-ge-Cost Savings ·savings blfl) (TDV) •. NPV {Oncbill) NPV (TDV) 

All-E[ectric_+,3kVVif?V . ' ·.. <' i >· .- '_: <· ' ' ' 
·-·-------- .:. :':'··.'- ... < ,' __ _,_ .. _, 

::. ·: _.: ' ' -;:- ---·-7·:_--•<.,-.:,••:·--,: :- _.-. ,.,: __ -,: .... 
.CZ01 PG&E -49,716 4967 10.9 ($80,523) ($84,765) ($49,972)- 0:9 :-: ___ L6 ($4,242) _ .... $30,551 

CZ02.. PG&E -44)399. 
--

3868 6.0 .($66,965) ($83,115) ($30,928) 0.8 .-. 2.2 ($16,150). .. $36;037 
CZ03 PG&E -31,226 3142 6.5 ($75,600) .($39,441) ($19,61?) -._.:::··1.9' -- ' 3:9· :: '$36,159 ' ,. ;: $55,983 
CZ04. PG&E. -43,772 "3759 5'.7 ($62,282) ($70,999) ($29,496) 0.9 ''-2.1 ($8,717) I . $32,78s 
CZ04-2 CPAU· -43,772 3759 5~7 ($62,282) ($8;050) ($29,496) ',, 7:7.' -- •2:1 : - ·-· : -•·-- $54;232 --·. $32;786 

CZ05 PG&E .;35,504 3240 5.5 ($77,773.) - ($42;559) ' ($29,162) 1.8 "2.7 I::'-'· $35,214 . __ $48,611 

CZ06 SCE -21,321 
.... 

2117 4.0 ($69,422) - ' $35,862 - ($9;64:L) >--.;r ~-- n ' - /$105;284 I -::' $59,781 
CZ06-2 LADWP c21,321 2117 4.0 ($69,422) $32,936 ($9,641) >1 -:. 7:2- -,. .:•-.:__ $10:2.;358 '--· >$59,781 
CZ07 SDG&E ~7;943' 950 J,9 ($63,595) $64,781 ($382) I' >1 166:6 ' - >$128,376 ', > $63,:2.14-
CZ08 SCE -10,854 1219 2.5 ($62,043) $28,651 ($1,289) 7>1 48.1 cr. > .$90,694 1. -•>.·-···---•. $6b,7ss' 
CZ08-2- LADI.NP "10,854 1219' 2.5 ($62,043) $25,122- ($1,289) -- >1 48.1' {/ ' < $87;i65 .. ' ---- $60;755 

CZ09 SCE -14,878 1605 3.3 ($56,372) $31,542 '($3;246) >L ; 17.4 :- -·- ••..••• $87,913 : .·.······$53,126' 

CZ09-2 LADWP -14,878 1605 ·3.3 ($56,372) $28,145 ($3,246) ' ·>1 '···. :17:4 · .... · .• · .· ... ··• $84,517 .. $53,126 

CZ10 SDG&E C22,588 2053 3.1 ($41,171.) $59,752. ($12,553). >1 -<3.3. ' 77 $100,924 1 ·· $28; 61:9 ' 
CZ10-2 SCE -22,588 2053 3.1 ($41,171)' $32,039 ($12,553) ·· ... >1 . '' 3:3. •' $73;211 I • <.·.·.' $28;61.9.·· 
CZ11 PG&E -35;455 3062 4.5 ($57,'2.57) ($53,776) . ($22,1!H) ·1.1 I · 2.6 -:-:-- ·T ·. $3,481 $35;063 
CZ12. PG&E ~38;704 3327 5.0 ($61,613) ($66,808) ($24,819) 0.9 I ><.2.5 ($5,195) .·· ••.. $36,794' 

CZ12-2 SMUD -38,704 3327 5.0 ($61,613) $2;897 ($24,819) .-->'1· ...•. ·. 2.5 . .. '.'··.· ·.. <$64,510. ............... $36,79{ 
CZ13 PG&E 

.. 
~35,016 3063 4.7 ($55,996) ($52,159) ($22;146) I•• :, 1.1- >· .2;5 $3,836 I -·$33,849' 

CZ14 SDG&E -38}i45 3266 4.5 ($.58,426) $24;867 ($25,821) 
•·••• >1 

:-c-:-2:3 ~ < ' -$83;293- -· > $32;605' 
CZ14-2 SCE -38;945 3266 4:5 ($58;426) $15,338 ($25,821) > ·>1 2:3 !·· .......................... $73)64 I. .. $32,605 

I CZ15 SCE ·14,818 1537 2.8. ($29,445) $22,852 ($3,914) ·J·.>1 7.5 $52,298•' . $25,53:2 
CZ16 ·· PG&E -88,966 6185 6.6 ($57,366) ($193,368) ($139,989) 0.3 0.4 ($136,002) ($82,623) 

_CZ16-2 . ~D~f: -88,966 6185 6.6 ($57,366) $36,354 ($139,989) . _<>1 0.4 1···· .. $93,720. ($82,623) 
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Figure 59. Cost Effectiveness for Medium Office- AU-Electric+ 3kWPV+ 5 kWh Battery 

Elet :Gas GHG 
I .I I ~/C. 

Life cycle . . B/C 

$.-TDV Savin~s . Savin~~ savings lntrel11.Bntal ' cliergyCost 
cz !IOU territory ·(kWh) 1 (therms) (tons) · · Package Cost Savings 
AllcElectric,.~-akwpy:'fiskWbBatteryr ':+•:; .·~. ·:'':-~i······:;;;:;;i;? k'·:· ·::· . ••. ,;:io. t·.?) ; .. 1.;.:::>•'\'\~'ic<;=.··• 
GZ01 PG&E -49;715 4967' ·. 10;9 ($78,89'7) {$84,765) ($49,972) I o.9 ($5,868J i'~~i$i$}32~i. 
GZ02 · PG&E -44;899 . '3868 6.0 ..... ($78,897) ($83,115) ($30,928) ($4,218) r:i:0:$§:7,96'Q: 
CZ:03 PG&E .C31,226. 3l42 6.5 ($78,897) · .. ($39A41) . ($i9;sm .:·.;~:.~s~!l';L(56-: :?,i!$~~-;286; 
CZ04 PG&E -43;772 3759 5.7 ·($78,897) ($70,999) ($29,496) ':'\\(::$}589.8; c§~49,W:io:\ 
CZ04-2 CPAU 43;772 3759 5.7 ($78:,897) , {$S;oso) ($29,496) !J.iN.$7_Q;84t.: S':;$49;4Wj 
GZ05 PG&E ...:ss,5o4 3240 5.5 .($78,897) • ($42;559) ($29,162) ,\\Y:::;;i$3~6;ss8i i{'i($-49;z3s¥' 
GZ06 SCE · ·-21,321 2117 4.0. ($78,897) ·$35,862 {$9,641) :,}~\~fi4~-759.· 1.'.,V$69,25'6t. 

· CZ06-2 LADWP -21,321 '2117: 4.0 ($78,897) $32,936 :tU;8·ss';: !;t;f$ 69j256'' 
GZ07 SDG&E -~'7;943 . 950 1.9 ($78,897) $64;781 -- \T"_I ___ l o-·r·-.-

CZ08 I SCE I c,10i854l 1219 2.5 . ($78,897) $28,651 -·- \T".-,-- o-~.r---:- I 

CZ08-2 LADWP.· -10,854• 1219 2,5 ($78,897) $25,122 

N 
CZ09 SCE -14,878 1605 3.3 {$78,897) $31,542 

en I CZ09-2 LADWP . "14,878 .1605. 3.3 ($78,897) $28,145 
($3,246) 
($3,246) 

..j::::. I CZlO SDG&E ~22,588 20s3 3.1 ($78;897) $59,752 .. ($12~ss~Lii;·.;:;;z,,.>1''ifif:~Fi?s~3.\r3:''$i38;6-49\lili<$66;0MF 
CZ10-2 SCE 

.•. 
~22,588 

'· 2053. 3.i ($7~,897) $32,039 
CZ11 PG&E "35;455 . '3062• 4.5 ($78;897) ($53,776) 

($12;553) l•'"·.;::····:.c•.:•-•.-;;;· 
+-"'-,...,=~=~~ 

($22,194) l;;~:(;':,:;,:f:5''~l.i'·)\:'•3·cc•"·'''···•···•··c" 

CZ12. PG&E -38;704 3327 
.. 

5.0 •($7'8;897) . ($66,808) 
CZ12•2 .SMUD -'38,704 -3327 ·· .5.o·· ($78)597) ' $2;897 ($24,819) ~~~~~~~~~~g~2Q 
CZ13 PG&E .-35,016 3063 4.7 . ($78;897) ($52,159) ($22,146) 
CZ14 SDG&E -38;945 3266 4.5 {$78;897) $24,867 .. - 'T•-,--., T-·,--. ($25,821) 
CZ14-2. SCE -38,945 :32.66 4.5 . ($78,897) $15,338 ( $25 ;821) i·::·,.:·:-...·:·:Ric•!>l'· I':<'''"'''' 
CZ15 SCE -14;818 .1537 .. 2.8 . .($78,897) $22,852 ($3,914 J 1::;c:h;c::~1: l.:;;:v:;2o;2.cJ<;:;:,•;$:1oJ:~7,4.9C:L?-/'~ 
CZ16 PG&E -88,966 6185. 6.6. {$78)397) .. ($193,368) ($139,989LJ .. o.4 I o.6 I ($114,412) 1 .. ($'61,o92J 
CZ16-2 LADWP -'88;966 6185 6.6 ($78,897) . .. $36,354 ($139.,989) o.6 Wh~.$~~~~2.~()>\ [$61,0921 
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Elec 
Savings 

cz IOU territory {kWh) 

All-Electric+ 1:35kW PV< · ··. ·•·· .·• .· . 
CZ01 PG&E 123,683 . 
CZ02 PG&E' 165~627 

CZ03 PG&E 173,831 
CZ04 PG&E 178,706 
CZ04-2 CPAU 178,706. 
CZ05 PG&E 185,664 
CZ06 SCE 192;214 
CZ06~2 LADWP 192,214 
CZ07 SDG&E 210,282 
CZ08 SCE 201,491 
czo8~2 LADWP 201,491 
CZ09 SCE 200,242. 
CZ09~2 LADWP 200;242 
CZlO 5DG&E 189;734 
CZ10~2 SCE ·189)34 

.CZ11 PG&E 171,399 
CZ1:2 PG&E 168;413 
CZ12-2 SMUD 168,413 
CZ13 PG&E 168)317 
CZ14 SDG&E 197,643 
CZ14-2 SCE :197;643 
CZ15 SCE 209,539 
CZ16 · PG&:E 135,2.55 

i CZ16~2 LADWP 135,255 
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~=- T ------ -- - - -- --- -·---- - ---- -
60. Cost Effect" forMed· Offi AU-Elect ----- ----·-- ~ 135kWPV - -

B/C I 
Gas GHG Life cycle Life cycle Ratio B/C ! 

Savings· sayings Incremental Energy Cost TDV (On~ Ratio NPV (On" NPV 
(therms) (tons) Package Cost Savings Savings bill)• (TDV} bill) (TDV) 

:' •. '.· ... . . .•·' > < .! • . '.' .... _,:·· •·. 

4967 . 44.5 $163,217 $405,731 $321,979 . •. , '2:5 ••.·•···.. 2.0 i $242,514 •·$158;762 
3868 46.6 $176,775 $562;528 $43C,276 ·• :, /: ... 3.2. 

; ;.:2:4. I •$385,753 $253,501 
3142 46.3 $168,140 $575,864 $42C,205 I·:· .3A·' .·.'·.·.·· i.s $407,725 .$252,066 
3759 48.7 $181,458 $601,431 $456,861 I". 3.3 ': ·:••·2.5· .· $419,973 '$275 ,403. 
3759 48.7 $181,458 $517,526 $456,861 '· .. . ·:··2.9'· <'i'c. 2.5 $30l6,069 •$275,403. -',,,_ 

3240 48.6 $165,967 $664;842 $446,600 !.:··•·.· <; 4.0· ' •.''2,7 •'$498,815 '. '$280,633 
2117 45.3 . $174,317 $423,657 $471,944 .i...· .• :c2A ~····· '2.1 

.$249;340 $297;626 
2117 45.3 $174,317 $259,270 $471,944 1.5 I·· < 0 2~7 '$84;953' $297,626 

950 44.3 $180,145 $669,979 $485,260 ···.·········•.···.3.7' '· .• 2.7 ·: $489,834 $305,115 
1219 43.5 $181,696 $407,277 $497,622 ·.;: 2:2 ··.·· i/'2.7 $22s;s3o $315,925 
1219. 43.5 $181,696 $240,657 $49/;622 • ;. 1;3 ·.: 2.7 $58;950 $315,925 
1605 45.6 $187,368 $408,922 $491,322 .2:2 . ········2.6; .·· $221,554 '$303,953 
1605. 45.6 $187,368 $248,452 $491,322 ; '; ' ·.1~3 . • 2'.6 $61,084 $303,953 ·. 
2053 44.7 $202;568 $567,551 $462.,111 1·.·.··· ... ·.·.··3:3 •. ·•• 2:3 $464,982. $25$;54?. 

. 2053 44.7 $202,568. $412,659 $462.,111 I· :.2.0. <; ·.·• 2.:3 $2.10,091. $259,543'' 
3062 44.5 $186,483 $597,807 $446,074 I < 3.2 '2:4 $4i1,324 $259,592 
3327 45.0 $182,127 $571,758 . $442.,638 I< 3.1 .• i: .'2.4. $389;532 ·$260,511 
3327 45.0 $182,127 $343,502 $442,538 . ·······1:9 :.·:·:.-'•:2:'4 .. $161,475 $250~511 
3063 44.3 $187,744 $581,964 $430,324 •·.:· .. • < 3;·1' •. 2,3 $394;220 . $242;58.0 
3266 5M $185,314 $667,762 $527,930 ·...• .3.6: 1•/ 2:8'· '.·.·.$482)149 .$342,616 
3266 50.1 . $185,314 $408,424 $52/",930 ... ·· 2.2. ·: .:,2.'.8 $223)10 .$342,616 
1537 45.7 $214,294 $390,267 $50L,638 1.8 . >2.4 $175,972. $290,343 
6185 50.4 $186,374 $470,199 $338,637 ·.·· -~ 2.5 • ' 1:8 I $283;825./ $152;263. 
6185 50.4 $186,374 $250,807 $338,637 1.3 .) •·•·•· 1.8 I $64;433 $152;263 

:~:., 
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Figure 61 .. Cost Effectiveness for Medi'um Office- All-.Electrk+ 13.5kW PV+ 50 kWh Battery 
· I I ··1, I J I · I B/C I I 

Elec I , Gas: 
Savings . Savings savings ·.. lntteme:ni:cil. l:nergy ,Cost TIN (On- •' ·• Ratio NPV (On- NPV 

GHG •1 I Lifecyde · •1 Lifecycle: I Ratio •1·· B/C 

cz I IOU territory I {kWh) I [therm~) [tons) Package Cost Savings · Savings bill) · (TDV) I 'bill) (TbV) 

78 

45.4 ·1 $19i,1 i,117 I $404;994 I $323 ,on l;+>:';i'Q,'::tGI'VfW!i'•:ii~·i': I ;·;;$~1$)37'Jil: :$:f:~1f~ sd' 
47;7 l,67s I $5&i,747 I $431,469 1?;\:;i'\'i'i2\'7:J;[:E\lli~Si:l'IX''$'3s7;o7t;l::s226}7ss·' $204,( 
47A $19.6/040 $575;043 $422i019 I :rjY:Jil1:9]:',;t;;ji' '2ii; 'I i;~379!ob~c,·l F$225;9:TQ .. •' 
49.8. $209,358 $600,621. $461,634· .[2g}:'~?2J§YV;:::,i::2:;1'.::J;~r$.3.9rf263"'1\s2s'X,276".' 

'49:8 '$269,358. $5i6,49s $461,634 IW''~;F'"2:5l>l ~(?.l'i;i/I'.;.$30Y}L37,:1 '•'$2521276 
4.9:7. $193,867 $664;046 $447,793 ~;$470.;179!, lt;$zs3 ,92§'.· 
46.5 $202,2:17 $423,369 --;·.-··· ---· ·-·- .,-.---,--. .,_,,--,--- $473,519 
46:5 ... $202,217 $259;033. -.-.-;··-· ___ , ·-·- .,----,.,--.. ,..---,.;-.-- $473,519' 
'45,4. .. $208,045 
44] .$209;596 

.$6751307 
$407~027 

$486,787 
$498,910 

44;'1 $209,596 $2.40,432 
$215,268 $408,676 

I .. :-- I ... -~-, ·-- I $498;916 

~$~49~2~,5~1~5~~88~~~~~~~~~~~~ 46.6 
46.6 $2.1512.68 $248;242 $4'92,515 
45.1 $2.30,468 .. $672,867 $463 ;352 r:? >:;,~2(9,••1:·.··hfrF2io ;I ?.$44'z·;39.97I·~.$23:Z;ss4 · 
45.7 $.230,468 $412,4:12 .. $463;3.52 
45.5 $21LJ)',83 $597,062 -· .,..... ---,.. ·-·- .,. __ .,___ ..---· ,___ ,;'$'~82i68b; :;'si3L1T126; 
46:o $210,027 $571,002 ;:;,~$366!9'75/: .!.$257~38Ai• 
46.0 $210;027 $343,043 --.·,c.-- --,.,. T---·--· .,. .... -,- ·- 'j1$i3s;·of~i: %'$·i3.1i384< 
45,3 $215,644 $581,225 '~%3 65\$86~ "t$22,5i;:tzs:; 
.51:2 $213,214 ·.· $680,893 --·- ..----,--. 'W$'467)579·:; :1.$:~~'1;866,, 
51.2 $213,2.14 
46.6 $242,19.4 
51.4 .. $214,274 
SlA .... $214,274 

. $408,166 
$390;000 
$469,378 
$2.50,580 

~r:SJ:94f9s)'1' t~s3x7,86s?; 
~·$.M7;sos:•: V$264';3osY 
i£\$255}ib};i :: $i27j7b4; 

$341,978 l>4,''':i t-'2'i:l±{;it~;1J),;I?\.1~$3§';3o6''l!e$12i;7,04'.\ 
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6.7.2 Cost Effectiveness Results- Medium Retail 

Figure 62 through Figure 6$ contain the cost-effectiveness findings for the Medium Retail packages. Notable findings for each package inclu.de: 

11> Mixed~Fuel + 3 kW PV: Packages are cost effec~ive and achieve savings for all climate· zones using the ()ri-B ill and IDVapproacbes. 

'4> Mif(ed-Fuel t 3 kW PV+ 5 kWh Battery: The packages are less cost effective as compared to the 3 kWPV only package and not cost 

effective for LADWP and SMU D service area. 

4> Mixed"Fuel + PV only: Packages achieve positive energy cost savings and are cost.effectiveusing the On-Bill approach for all climate}.ones 

exceptfor LAPWP territqry (CZs 6f 8; 9 and 16). Packages achieve positive savings and are. cost effective using the TDV approC!ch for all 

Climate zones. 

~ Mixed Fuel+ PV + 5 kWhBattery: Adding battery slightly reduces On-Bill BjCratios but is still cost effective for all climate zones except 

for LADWP territory. Packages achieve savings 21nd cost effective using the l!DV approach for all climate zones. 

1> All-Electric+ 3 kW PV: packages are cost effective using the On-Bill and IDV approach for all climate zones except for 'cz16 under PG&E 

service. 

<if All-Electric+ 3 kW PV + .5 kWh Battery: Similar to minimalPV only package, adding,batter; is cost effective as well using the On-Bill.and 
. IDV approach for a!! clirnate zones except for CZ16 under PG&E se.rvice. 

<~> All-Electric+ PVohly: Packagesqre costeffectiv~::and achieVe savings in all climate zones forboththeOn-BiJI and IDVapproaches 

·.o- All-Electric+PV +50 kWh Battery: Ac;lding battery slightly reduces B/C ratios for both the On-Bill and IDV approaches. Packages are not 

costeffectlve for ail climate .zones except CZ.5, CZ8 'and CZ9 under LADWP service an:~a. 

79 2019-07-25 
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Figure 62~ Cost Effettivem:!ss for Medium Retail- Mixed,-Fuel+ 3kW PV 
Elec ···· GHG : Lifecycle Lifecycle . B/C . B/C 

. EriergyCost TDV NPV 

· .. o.To.l .;;s,566 I . $12, 
0:91 I $5566[ $ 

0 0!92. 
&E a.·· o.94 $1o,6i4 //$1:2')953;' ;;ss;oM.;• 

CZ03 
CZ04 PG 

4,7~ k'-
a.[ ,,. 4,834 

0!92. ·. $5,566 $15;146 
0.94 '. $5,566 $18;51s•r 

CZ04-2 CPAU 4;834 • 0' 0.94 $5,.566 $1;1,507 i $10 ;614 ft~.5,$4iti; 1'ii($s;o48 · 
__ . -~- .,.,.-~ _ ~·-- .,.-,..,-- ..---,- .,.. sto;548 <t~isio,bt§': !*:S.4i9a:B· CZ05 PG&E 4,910 0 0.95 $5,556 $15i641! 
-- --,.. .,. _"' - -·-- -,--1--~ -,---,-· , . $10;724 t~~§~$;;;?6'8': E$5Ji58; CZ06 .5CE. . 4,76$1 . 0 0.~93 $5~566 $11,374 I 

CZ06"2 LA 4,769 :o 0.93 $5,566 $7,069 .. $10,724 "S.~::$J;,so_p.;,)'$5;i,sif 
CZ01 SDG&E 4,960 0 0~96. $5,566 $22;452 $11,031 · ~ $}5;886;: ?i$5)465 
CZ08 SCE 4,826 ' 0 0;93 $5,566 $11,838. $11,339 '':)'$Ei;212 ii$5;773':1 
CZ08-2 LA 4,826 0 0.93· .. .. $5,566 .. " 

$7,342 $11;339 iT{~i$1;]76;\ ~cii$S~T73 •• .. 
CZ09 seE 4;889 

.. . .. o I· 0.$6" $5,566 $11,187 $11,229 --

~$~ll~,2~2~9~~~~~~~~~ 
-·-· T-r--- T-.-,--- $10,987 

-- ·- ' -·-- _,_,___ ..---,--' $10;987 

CZ09-2 

I CZ10 
I CZ10~7 

LA 
SDGR.I= 

SCE 

~4;889 0 
4,948 0 
4i948 ·. ~o·. 

0.96 ' $5;566 .· $6;728 
o:97 $5,566. ._. __ .$20;999 

• b;gj ... . $5;566 $11,384 
•• ---- .~· k--· A-·-~-· ,A _____ $10,680• 

L$~10~i6~1~4~~~~~~~~~~~~~ 
CZ11 PG&E 4).18 b 0.91. $5i566 '$15,381 
CZ12 · PG&E 4J07 
CZ12~2 SMUD '4;707 
CZ13 . PG&E 4,750 
CZ14. SDG&E 5,258 
CZ14-2 ·seE 5,258 
CZ15 .SCE 4,997 
CZ16 PG&E 5;335 
CZ16"2 LA 5,336 -

80 

.. 
b o:91 $5,566 
0 0.91 $5i565 
D 0-92 $5,566 
0 1.01 $5,566 
0 1:01 $5;566 
0 0.96 $5,566 
D. .l.04 $5,566 
0 1.04 $5,566 

$16;442 
$8;247 

... -- $16,638 
. $19,576 

$10,227 
$10,476 
$20A18. 

$6;987• 

s1o):;14 1.~<<··"1'\";'i:s ,· P>:::·,£:/il9.:l 'Xi'.$2.:.'6 81; 
$10;592 ·[. • c.:{:o[<~i'ii)~eii~.9~:.H.;\$il,o'l'2.'•[ s:s;o2.63 
$12,218 
$12,218 
$111339. 
$i1,36i 
$1'1;361 

2019•07~.2.5 
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l:<l,{: ur,eb.:5.l.OSt .tnrecnveness ror lVleamm Ketau -1vnxea .~.<ue1 + .-5H.:vv .t'V + ::> KVY rr .15an:ery· 
E.lec . GHG Life cycle B/C B/C 

Savings Gas Savings . savings Incremental Energy Cost $-TDV Ratio Ratio . NPV (On- NPV 
cz IOU territory (kWh) (therms) (tons) Package Cost Savings Savings (On~bill) (TDV) bill) (TDV) 
Mixe.dFDel +3kW.PV+:S kWhB.attet:('·.· ··::. : ... . > ..•• :: < .·. : ·.· . ·: . ··.· ... · ·: '.: · . .. : ..... .:· : ••:·.····:, :: .. ' 
CZ01 PG&E 3,941 0 0.76 $9,520 $12,616 $8,460 .•: 1.3 0.9 $3,096 ($1,060) 
CZ02 PG&E 4,685 0 0.91 $9,520 $17;635 $10,262 · ... 1.9 ·•·. u ··. $8,115 : $7"4£ 
CZ03 PG&E . 4:,733 0 0.92 $9,520 $15,146 $10,152 .• 1.6 ···•·:· · L1 .···.·.$5,.626'• ·····.·······$632 

CZ04 PG&E 4,834 0 6.94 . $9,520 $18,519 . $10;614 .. /.1.9 ... : 1.1 . $8,999. ·. $1,094 

CZ04°2 CPAU · 4,834 0 0.94 $9,520 $11,507 $10,614 · .. :···. 1:2 I i< ·. •i.1. i$1;987. .·. '$1;094: 

CZ05 PG&E 4!910 0 0.95 $9,520 $15;641 $10;548 .•. 1.6· < '1;1' : '·$6,120.· •·····. $i;ot8'· 
CZ05~2 SCG 4;910. : 0 0.95. $9,520 $15,641 $10,548 I 2 i:6 1_:· i 101 ··••• $6,120 

... ··>$i,b28 

CZ06 SCE 4,769 0 0.93 $9,520 $11,374 $10,724 .·· . 1.2 .·.• .. '·:· '1j ••.•• $1,854 .•. $1,204 
CZ06-2 LA 4,769 .0 0.93 $9;520 $7,069 $10,724 0.7 '< .' .1.1 ($2,452) .·•· $1,204.: 
CZ07 SDG&E 4,960. 0 0.96 $9;520 $22,452 $11,031 •·•.· •2:4 ··:~ :. 1c2 $12,932 .• $1,511: 

CZ08 SCE 4,826 0 0.93 $9,520 $11,838 $11,339 · ... : .. · .. 1.2 ';';::.: 1.2 i $2;317 . .. ·•· •. •·•·· $1,8i9i 
CZ08-2 LA 4,826 0 0.93 $9,520 $7,342 $11,339 0:8 1.2. ($2,178) · ..••.•.. $1,819 

CZ09 SCE 4,B89 0 0~96 $9;520 $11;187 $11,229 .. ::· .l.T •.. · •::.::1.2· . • < ;.$1,667 $1;709 
CZ09-2 LA 4,889 0 0.96 $9,520 $6;728 $l:L,229 0.7 : 1,2'. ($2)92) $1;709': 

CZ10 SDG&E 4;948 0 0.97 $9,520 $20,999 $10,987 . 2.2 <:••····::r:i. ·$11,479 ·: .. :·$1;467 

CZi0-2 SCE 4,948 . 0 0:97 $9,520 $11,384 $10,987 --~ 1.2 l<_·····i:z ·.·. .$1,863 ••··. $1,467 
CZ11 PG&E 4,718 0 0.91 $9,520 $15,381 $10,680 11.6 ::. 1'.1 ' $5,86i $1,160 ! 

CZ12 PG&E 4,707 0. 0..91 $9,520 $16,442 $10,614 .· ...••. i:T >.1.'1 $.6,922 $1,094 
CZ12-2 SMUD 4,707 0 0.91 $9,520 $8;247 $10,614 0.9 .1.1 . ($1,273) 

•·•·· $1,094 ·CZ13 PG&E 4,750 0 0.92 $9,520. $16;638 $10,592 I:' , 'f7. •:' 1.1 $7,117 $1,072 
CZ14 SDG&E 5,258. 0 1.01 $9,520 $19,576 $12;218 2:1. u $10,056 $2;698· 
CZ14-2 SCE - 5,258 0 1.01 $9,520 . $10,227 $12,218 :..:._ 1:1 .·•. 1:3 $7.07' _$2,698 
CZ15 SCE 4,997 0 0.96 $9,520 $10;476 $11,339. ..• ;· .•• ·:1:1:· :·:.:.,··:·.1.2 ••.. $956 

·.····• $1;819 . 
CZ16 PG&E 51336 0 1.04 $9,520 $20,418 $;1.1,361 : • 2.1' '"'1c2· : $10,898 •:!$1;841···., 

CZ16-2 LA 5,336 0 1.04 $9,520 $6,987 $11,361_ 0.7 j.2 ($2,533) >:_?i;841 
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Fi_gure 64. CpstEffecti:venessfor Mediu:rn Retail- Mixed-Fuel-+ 110kW PV-
Elec · Gas _GHG Ufecycle Lifecycfe B/C B/C 

savings Savings savings Incremental . Eherg'Y•Cost TDV Ratio Ratio. NPV (Oh• . NPV 
CZ :[IOU territory L (kWh) .· {the.rms) ·(tons) Package Cost Savings .Savings (on~bilf) (TbV) bill) (TDV) 

_, Mixed.Ftiel:fllOkWPV) ::.·:·_ .: ;;~;';.: ····.i··"i··)· :: ., :······7/•i?L- ;· :;c?:·;;.~;-•.·•·······~' '2•/.:i;ifi,i;{':}. i•l{?·• ';{i•Ui/>l'i'(/'A•:::~.:::.-<1·-·tU;;·:·c.?{ ,,'\ .. ·. ·•.········· :: c,}';T:.;:•.••-·1 
CZ01 PG&E 144,499 0 .•.. '27.97 '$201,904· . $454,462 $3'o9,935 I••'I';'J:'<:X•C'I~t:hl';sf;i' i'<:7s2}55'8•¥Y;$1_0S;Cl3>fl' 
czo2 PG&E u1,79o ·· o 3.3.31 - $201;9o(i $477;584 $376;3oo :{[2~* ~iE:'' :::;'d'Ci~·~:- ;)$27s•;6s:rw i'$)7:4}396: 
czb~ PG&E 173;$34 6 ~3.ss ·. $201,904 $538;530 $372,146 .,,,LJi. ,'Hi ''!'c).'f)3~]~1 '''$33_6;~zs.c'\' ':si76;243 .,1 
CZ04 PG&E 177,229 0 34.42 $201,904 $489,934 $389,067 ;~~>?.:.1/ :.( ±{£:J:;$•c_Ih' ~~;$2s8;Q30' '$18:7;163<:. 
CZ04-2 · CPAU . 177,229 0 -34A2 $201,904 $418,173 $389;067· ~2Y?2!i•i}i;r ;it~>i]9~''i''VY$£~6;2:$g':y i/$i87ji63>: . 
CZ05 PG&E 180;044 0 34<84 $201,904 $556,787 $386,958 / /.2:8·/';: -'~iji1:9f;{0: :J,>_ps-:+;883~ .~$18S,D54;; 
CZ06 SCE 174;855 0 33;92 $201;904 $288,1.88 $393;198 @Ci:::I;ij:;,),r) .}tL:t9'{;;; :{ii$:ss;2illJS;· !::$19)~295',: ' 
czo&-2 LA ;174;855 o · 33,92 $2oi;9o4 $165;538 $393,198 o.s •···:~~'1'1:i~c("i ($3.6,366) i$i91}i9s 
CZ07 SDG&E 181;854 . .. ·· 0 .. . 35;32 $201,904 .$373,974 $404,713 •c'::J:.;J•.-t,_;:~ f;;f·~:o·: :J'I,;:•:c::17-5"'17D} hi"$20;2;809;i~ 
CZ08 SCE 175;954 0 34.23 :$201,904 .. $284,481 $415,789 ':;:;:!'1:,3, . );j /'i> XcQ-,;,?',ZV'~Jj S:$~i3;88S} 
CZ08-2 LA 176,954 0 · 34.23 $201,904 $16i,366 $415;789 0.8 •lJ;j}iJ:::';i' ($40,538) :('$ii3';8s:;:! 
czo9 .seE 179 267 o 3518 .·$201904 '$289 oso ·$412 097 •<·r:"·~··.'A'-?!:•: .... :.:•::.">•·-';;:"'''"'• :<"'t-'87146:~··:'i ·':':'$216193' J . · _.,, . . 1 . 1 - 1 ·.:~:.··:· .. ;·...i;.'~":i:~i··:.::;·::: (·'~.'::~4-U::·.:;·~~·~:·::~··· ...... ~., .1 ..... ,~ ........ ... .i ..... , 

CZ09-2 LA 179;'267 o . 35.18 . $201;904 . $168;822 . $412,097 0;8 .:,'\T%£(5;\Fd> ($33,082) -· -i;$216;1:9:{;: 
CZ10 SDG&E 181,443 0 · ;35.41 $201;904 $410J310 $402,999 ij•,;;piirr :; '''· u. : .c ~2:68AQ6W ~&$).b)!!(j9stc • 
cz1o-2 .seE · 1sr,443 o · 3sA1 · $2o1;9o4 . $291;236 $402,999 M2r••.ii::-4;<cc ·:; 2:_o'tF i'i!$~9~332i;IT Y'$2o1;o;;is:; · 
CZ11 PG&E 172,983' 0 33.46 $201;904 $464;776 ·$391,550 l/i3'~~;;: '1;!~:9.\• '~·$_2'M;87,2~;5$i89;64§'\c 
CZ12 PG&E . . )72,597 0 . 33.33 .$201,904 $467,870 . . $389,573 :;;~X'fi.3:"i;] l."l:"1,:9 ~\~ :; $265}§'66@ Y$i~l;6fi~': ; 

1 cz12-2 sMuD u2;s97 o s3.33; · · $2.o1,9.o4 $26i,o&s · •. $389,573 ''';.Jii3':_:;.;;;, •. ct,:~·?,.,, ;;;~:~6.shsz\,i :l$1!3.7;6$-9::\: •. 
czrg PG&E 174;151 o 33;81 · · $2o1;9o4 $478;857 ·· ·· $387,968 :<N':2A:•;;r:·+'1 !:iJ1;9 ~B }'$z't6;9.53''' {$~8e;os~ • · 
CZ14 SDG&E 192;789 0 3fj,.97 $201;904 $396,181 $448,268 :1t:.~:·o·,,,.;i.l:' •!2)2; \.'' :j'$1§4)i1,7i '$246;36_4:.:'. 
cz14-2 seE 192,789 o. ·· a6.97 $201,904 · $288J82 .$448,268 i':;ur:C'f:P;:\! It: Jl.2:2:n~> ;;$86·;137s."r :'$248,-364!: · 
CZ15 SCE 183,214 0 . 35.12 . $201,904 $277;867 . $415;789 ;r:,:-1.1/c;• 1:~/;cjiz{i;;l_i; 'hf$7;5;96~:!(•>:,$213~?l{SC' 

CZ16 PG&E 195,665 ·. o· . 37',97 $201;904 ,$522,352 $416,558 ic>.' .. 'L._o:?;.•:.·l\;:c;ii;2\1{t(1 si:$$2:6)+'}8\;• "$2~4;954~ 
CZ16·2 · LA 195,665 ·.· · 0 . 37:97 $201;904 . .$17t802 ' $41(;,558 0.9 , [$30;101) ;$2.14!65:+' 
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p· 65.C Eff 
Elec Gas 

.Savings savings 
cz IOU territory (kWh) (therms) 
Mi?<ed Fuel+ 110kWPV+'5DkWhBattery· · .. 

CZ01 PG&E 143,423 0 
CZ02 PG&E 170,542 0 
CZ03 PG&E 172,266 0 
CZ04 PG&E. 175,940 0 
CZ04-2 CP.AU 175,940 0 
CZ05 PG&E 178;728 0 
CZ06 SCE 173,567 0 
CZ06-2 LA 173,567 0 
CZ07 SDG&E 180,508 -o 
CZQ8 SCE . '175~616 0 
CZ08-2 LA 175,616 0 
CZ09 SCE 177,966 0 
CZ09-2 LA 177,966 0 
CZ10 SDG&E. 180,248 •:: 0 
CZ10-2 SCE 180,248 0 

CZll PG&E 171;779 0 
CZ12 PG&E 171,392 a 
CZ12-2 SMUD 171,392 0 
CZ13 PG&E 173,052 0 
CZ14 'SDG&E 191,703· 0 
CZ14-2 SCE 191,703 0 
CZ15 SCE 182,299 0 
CZ16 PG&E 194,293. 0 

. CZ16-2 LA 194;293 0 
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forMed· Retail- Mixed-Fuel+ 1.10 kW PV +50 kWh B 
GHG Life cycle Life cycle 8/C 8/C 

savings Incremental Ene(gy Cost TDV Ratio Ratio NPV (On~ NPV 
{tons) Package Cost Savings Savings (On-bill) (TDV) bill) (TDV) 

. .. ·.· ... ' .· .. ..... .... _, ..... · ,· . 
29.48 $229,804 $452,119 $324,373 ·•• :•2:0' .-•. .·:·- ;1.4 $222;315 ; $94,569 

35.14 $229;804 $486,704 $398,363 · ... 2.1-'' .. · 1.7 $256,900 :$168,559 

35.66 -· $229,804 $535,974 $39S,374 .. · 2.3 ···•1.7:'.cc· $306,170 1 $165,570. 
3632 $229,804 $52.5,788 $422,579 I 2.3 : 1;8 : ... $295,984 . I, $192,775 

3632 $229;804 $416,019 $422,579 i.8 -·•--·:.· .• "-• 1.8'': $186,216 $192,775 
36.91 $229,804 $554,968 $409,086 .. 2.4 1.8 .. · .$325,164 .. $179,283 

35:99 $229,804 $290,599 $412j690 1.3 '· •••• ·•1.8··· .. ·. ' .$60,795 . $182,886.: 

35:99 $229,804 $169,786 $412,690 0.7 :: ;1_;8 _;·,' ($60,018) .. $182;886 

37.)51. $229;804 $425;793 $427,040 "'1:9'.''" :- :r,_1:9 • .·-·. $195,989 $197;23,6 
36,29 $229,804' $296,318 ' $434,687 . 1.3< , . • :,1:9· :•· $66,514: ,• $204;883. 
'36:29 $229,804 $170,489 $434,687 0.7 ···i.'9" ' ($59,315) $204,883 
36.74 $229,804 $300,540 $421,195 : ·13 ·:· : .. :· 1.8 '·. $70;736···· $191,391 ! 

36.74 $229,804 $178,852 $421,195 0.8 ·,, 1.8': .: ($50,952) $191,391 i 

36.91 $229,804 $459,486 $410,537 ·-···. 2.0 .. 
': 1;8:.' . $229,683 $180,733 

36.91 $229,804 $301,219. $410,537 .: 1.3 ,. . ':L8 ·,: $71,415 $180,733 
34~85' . $229,804 $490,245 $417,679 I· 2.1 • ·-··,,,1.8_.:····-----. $260;442 • . '$187,875: 

34~77 $229;804 $497,363 $41:7;371 I 2:2~ :\i:s··2 $267,559• $187,567 

34:77 $229,804. $273,783 $41:7,371 I ·1;2> . '.1.8 •. ·-· .-. $43,979 $i87;557 
34.97 $229,804 $488,196 $39?,791 :z:1 •·: > .• 1:7 · .. · . $258,392 ·. $167,987 
38,31 $229,804 $420,241 $452,641 •. :"1.8 .·, ·.··• '2:o•J-:. .. $190,437 $222;8.37 
38.31 $229,804 $294,010 $452,641 ' 1.3 'LO ••·· $64,206'. •• $222,837: 

36.01 $229,804 '$279;036 $416,382 .'"1~2 : 1~8" $49,232 $186,578 
40~00. $229,804 $535,137 $432,951 ... 2.3'' .. · I ·. •;1.9 ,.. $305,333 $203;147 
40.00 $229,804 $175,573 $432,951 0:8 ':: ·.1.9 '::: ($54,231) $203,147 .1 
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Figure 66~ Cost Effectiveness for Medium Ret3ii- All-Electric+ 3kW PV 
B/C. 

Elec GHG Lifecydt! Lifecycle 8/C 

;25,214 3893 14;_61 

~17;101. 2448 _8;40 

-,9,851 1868 7.18' . 

Incremental. EnergyCost · TDV 

($16,318) 

. ($201734) 

($17,381) 

$4,288>1 
$859 

$15;418 $8,702. j;;c.;;:cfZ(it•;q;~Ji: !\'~.•)!,' 

, -~- -~--- -· -- -·-. ,v--1 --- 1 $9;l10 $10,394 PG&E -9,353 1706 ·6.24··· ($16,166) 

CPAU ::9,353 . 1706 .•· . 6.'24 ($16,16.6) .$24,000 $10,394 

PG&E -9,423 1746 6.42' ($18;775) $14;075 $5,351 ~~-"" 

SCE ~2;759 1001 . 4.2'4· . ($151032) $29:;710 I $12;592 "-'''''i•·1iY·~l:i' 
LA -2,759 1'002 4.24 ($15,032) $26;292 · $l2;5921;;:::::·y,;c-::,·,.;,••os:1·:: 

SDG&E 1;148 521 . Z.T2 ($n;oai) $76;810 ' $12;3SO 

vv- -: c ·~- -·- • ,7--~---~ $28.,576 $13~185 scr -979 . 7.93 3.(34· ($20,192) 

-LA :-979 793 3:.64 : ($20,192) $24,475 $13,185 ?.:ii;$33i3i7i 
SCE ~2,352 .:.970 4.28 ·.· •. ($25;383) · $29;776 I $13:,zo7 ~~~l~Sf~ 
.LA ,,.. ;2,352 970 4.28 ($25,383) $25j8Z3 I . $13,207 '--'=-'== 
SDG&E -5,388 1262 4.95· ($2o,54i) $75/458 1 $i1A93 

SCE ~5,388 ... 1262 4.95 ·. ($20;541) $32,39.4 1 • $11,493 if<t('');;;;;3;'T?:·~·_:;:;,)jj~;J;.f?.•c$.u_,"' 

PG&E -14,533' 2415 8.86 ($2.5,471) $7;518 I $13,295 

PG&E, .. -14,764 2309 ... 8.19 ($25,'774)' $2,210 I $fo,I52 , ... ,._.,,_ •.•.. ,,',7;J.{·J·····-

SMLlD' •:-14,764 ;2.309 ·8.19 ($;5;7'74) $21,215 •i$3:S,j~z6> 
PG&E 12,069 i983 7:08 .. {$21,42S) $5;641 :}'::$2$5998' 
SDG&I: '-'7;950 • .1'672 6.45 ($19,926) $60,412 $16,679 "-'"-''"'""''•'' 1 

SCE "7,950 1572' 6.45 ($19;926) $28~631· $16~679 

SCE 2;534 518 s-:10 ($22,813) $27;271 $17/L62 

PG&E ~36,081·· 4304 .· 14.26 _($i9,041) ($so,1ill I ($4~,181) I o.6.l ·o.5 I ($1i,o7orl ($22,146) 

LA -36,.081 4304 14.26 ($19,041) -· $45;7os I · ($41,181J o.s ($22;140} 
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p· .. rgure 67.C Effect" forMed" Retail- All· El 3kWPV + 5 kWhB 
B/C • 

Elec Gas GHG Lifecycle Ratio B/C 
Savings Savings savings Jncrerriental Energy Cost $-TDV [On- Ratio I\IPV (On- NPV 

cz lOU territory (kWh) (therms) (tons) Package Cost savings Savings bill) (TDV) bill) (TDV) 

AII~Eiectric+3k\NPV+S\kWhB~hef)' . -·•-· -··•-··• . •.·- >> i • · • • •... _,,·· 1 < -··.···.· · • .· .. '-"- •···. __ }/ i_i ... ·._ •• ·.·. c ; . 
CZ01 PG&E -25,214 3893 14.61 ($14,692) $4,288 ($5,450) li- . >1J . 2:7 · $iB,980 $9,2.42 
CZ02 pG&E c17,101 2448 8.40 ($14,692) $859 $5,779 1-··•· .... >1 ' •• >1 $15,551 $20,472 
CZ03 PG&E ~9;85i 1868 7.18 ($14;692) $15,418 $8,702 ... > >1 .·,· ... _·._ ::;_1 ·•-·· :$30,110 ···-•·--· $23,394. 
CZ04 PG&E ~9;353 17.06 6.24. ($14,692) $9;110 $10,394 •-.·>. >1 ' .. / >1 ·-_•·_·.· $2.3,802 $25,086 
CZ04-2 CPAU -9,353 1706 6.24 L. ($14).692) $24,000 $10,394 >:1 I >1 $38,693 1.• $25,086 
CZ05 PG&E -9,423 1746 6.42 ($14,692) $14,076 $6,351 ·.-._· >1 ' · >1 • ·.·. $28;768 · $21,043 

CZ06 SCE -2,759 1002 4.24 ($14;692) $29,710 $12;592 >1 -<; >i : '$44,402 · $27;284 
CZ06c2 LA -2;759 1002 4.24 ($14,692) $26,292 $12;592 · .• _·"_·· . >.1 •·· I <>'1 .. '$40,984 . $27,284 
CZ07 SDG&E 1,148 522 2.72 ($14,692) $76;810 $12,350 •: >1 \ >1 · .· $91;502 $27,042 
CZ08 SCE ~979 793 3.64 ($14,692) $28,576 $13,185 ···. >1 , >.l• ' $43,268 $27,8T/ 
CZ08-2 LA -979 793 . 3.64 ($14,692) $24,475 . $13,185 ,·--.·-· >1 <' :>1 $39,167 ·_ .. · $27;877 

CZ09 SCE -2,352 970 4.28 ($14,6!12) $29,776 $13,207 I • · .. >::L I .. <i>1 ••••. $44,468 · .. -··· $27;899 
CZ09-2 LA -2,352 970 4.28 ($14,692) $25,813 $13,207 i ~-- >1 I : >1 ..... $40,516 ... $2?,899 
CZ10 SDG&E ~5;388 . 1262 4.95 ($14,692) $75,458. $11,493 1••.·_ .. ,•-·-. >1 -·.· ··· .. --· >11 $90,150 .· $26,185. 
CZ10c2 SCE ~5,388 1262 4.95. ($14,692) $32,394 $11,493 -' >1 .. ·. :>1 $47,086 .. $26,185 
CZ11 PG&E ·14,53.3 2415 8.86 ($14,692) $7,618 $13,295 -.•· >1 >1 $22,310 $27,987 · 

! CZ12 PG&E -14;764 2.309 8.19 [$14,692) $2,210 $10,152 -•···· ·· '?1 : >1 $16,902 > .$24,845 
CZ12·2 SMUD "14,764 .. . 2309 8;19 ($14,692) $21,215 $10,152 < . >f' ,·,,···. >1' < $35,907 '$24,845 
CZ13 PG&E ~12,069 1983 · 7~08 ($14.,692) $5,647 $8,570. ·.-· ... >1 ''>1 $20,339 $23;262 

CZ14 SDG&E .:.7,950 1672 6.45 ($14;692) $60,412 $16,679 ••-.··· >1 •···- ... _ >1 $75;104 . $31,371 
CZ14~2 SCE -7,950 1672 6.45 ($14,692) $28,631 $16,679 . ' >1 ,- .·, >1 • $43,323 .•- $31,371 
CZ15 SCE 2,534 518 3.10 ($14,692) $27,271 $17,162 -·•--· .. · >1 I .. :>f $41,96} •· .. $31,855 · 
CZ16 PG&E -36,081 4304 14~:26 ($14,692). ($30,111) ($41,1.81) 0.5 0.4 ($15,419) ($26,489) 
CZ16-2 LA -36,081 4304 14:26 ($14,692) $45,706 ($41,181) . . >1 0.4 ... $60,398. ($26,48~ 
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Figure 68. ·Cost Effectiveness forMedium Retail·'-All:·Electrlc+ i10kW· PV 
·I · B{C 

Elec Gas. GH.G lifecycle pfec:yde Ratio f3/C 
Sayings Sayings s~ving~ · .Incremental EnergyCbst TPV (on- Ratio. NPV (On- NP\1 

cz I loU territory I (kWh) [thernis) (tons) · Package Cost Savlngs Savings bill) (TDV} . bili) (TDV) 

11''· c•• :+hokwpV ,":>· •.••· ·, ... /' • ";;; •. · 'r.~.·;:;;c.l"' ,·c··;~::;~c~•, •.•< iF· )'.•:q.~/~\·1 •. ;.;T·:,\•·• •.·.· (.';'ib/fc':';i'/:/··i;(t·· <· ;;;; T5:<[T'•XJ';f)/.t• .;.:x.• ! 

czo1 PG&E ns,344 · 3893 4L32 · · · $143,932 $454;277 $296,o2s I~'~::L ;;~.g\:::2ii2 .W$31o~3'4s ... :sis·2.;o93~·: 
CZ02 PG&E .15o;oo4 2448 .... 40.80 .. ' $139,516 $470,236 $371i817 · i})· .. ;~?1'3:4:•1'2>•f•Ci" ti$336;}•26 i'$232j3JJ1j 
CZ03 PG&E 158,951 1868 3:9.82 $142;869' $544,095 $370,696 )i/,\':i~3~'8AI.:'P':';f;;;2:'s':: '}$46:(2:2'6~ ?$22·7~827';1 
tzo4 PG&E 163;043 1706 39.73. $144,084 $488,619' $~88,847 l''''~'f');,;,3.4 l,i.'cft)•Y,:i:i' ''$3:q.4,534~\''$•2'44)63'. 
CZ04-2 CPAU 163,043 1706. 39~.73 $144,084 $432,905 $388,847 ~';'iC;:,~Hc li•liicC'-' W$2~8;8~i~>ic$f4_4;763' 
CZ05 PG&E 165,711 . 1746 40.30 ·$141,473 $565,525 $382,760 ':t;:i;!H~4;t ':.;"' Hi:[/7? ~:}$4~4;'b5~~~ :i$2.4):{28z:,;l 
CZ.06 SCE 167;328 · 1002 37.24 ·$i45,2i8 $3061670 . $395,066 :i):{;}~,":Ji.' J;t'')/iii·:: ~,'$i'6194.5Zi :,,$249~848''1 
CZ06-2 LA 167,328 1002 .37.24 $145,218 $184;797 .. $395,066 h\';(\1'.3{ : r:(c)2i7:~ :·,:,;,,;$39).579:( \$249)348))· 
CZ07 SDG&E 178,042 .· 522 . 37.07 $143,218 $428,332 $406,032 c•cl'!!c::hJJ x,;;;'f2.~:7 . $Z:85;1J:4' '::$2.'62j-8i4' 
czo8 set · 171,149 • 793 ·• 36;94 .. $14o,o58 $3oi,219 $417;635 :;~·:·r:;'2:~!·~,;;;;;;r;,3:q: .;$J6i;;i61::! W$~7'!;.577';1 · 
CZ08-2 LA 171,149 . 793 36234 $140,058 $178,419 · $417,635 r:}';'.f"fj' l',i);'')3,p:; ihi$38)86)1>: t:$2.'7:7;57'7;: 
CZ09 · SCE 172,027 970. 3_8.50. $.134,867 $307,640 $414,075 c:}[.ii()l;2:3J''';· ci'<':,•, );$~72/7.73' c$279;2'08:; 
CZ09~2 . LA . 112,027 970 38 . .50 . $i34,867 ,$i87)ll3 $414,075 t:;·:>::t'.4!Jc'1§2'it@'~:r; '*''"$s2):i46.).:$279;2QS1: 

CZ10 SDG&E. 171,107 1262 , 39.40 $139,708 ·•·. $463;692 $403,505 ~~ '§;3< ;·{t:•zi9~·: ""$$~3,.9'8'¢:: ~;?$:26~;7.9S.·; 
CZ10-2 SCE . _171,101 . 1262 39.40 · $13'9,708 .. ··.·· ;$31i,464 $403,505 cJ'?i:j;~,"2, i'~?.:il:' \•~.$f?:i:;c755' i'$2~3~7,96'} 

CZ11 PG&d~ 153,732 2415 41,41; • · $134; 778 $467;356 . $394,165 .'·''('::':'3':5} ;i:l)'(.;fl.:9\ i'' $3'$2)57.8:(. \;$2.59;381" 
CZ12 PG&E I i53,i26: . 23D9 40 .. 61' $134,476 '$467,106' $389,111 •::;;i' c".'': ;I;•; I<':W'~·•>t,?:;c)/: ;:::$3:32~636\};$'254{6$5" 
CZ12-2 SMWD 153i;L26 . . 1309 40.61 . $134,476 $283,343 $389,111 .i;}ijiJ~';2!1.i' "/:0/1f:;;;.z,·9Tii.'$;l4s;86'i:· .G$25!i:;63S 
CZ13 PG&E 157,332. 1983 39.97 $138,822 $477,831 ' $385,947 ~;.•;::~·~~-.4 [!• }(;X.2:ir! ::$339,008! {:$24'7;124 
CZ14 SDG&E 179,582. . .. > 1672 :42:42 '$140,324. $437,575 $452,729 {.:"Ci; 3:i:, .:y; 3;2;: ';'$2.'97;251! i$3-14;405\ 
cz14~2 seE :179,582. .1sn. .. '42A2 $140,324 ·sso9.,o64 $452,729. ~T£fi!A'd:i ~,c; .. ,::a;t F~:$168~74b.\ .,.~3i2!4os·. 
CZ15.. SCE 180,751 . 518 37~26 $137,436 $294,877 $421,612 ·J'iS'_''ijiF;tfc :.',(". ,.., .... J!i~j,S7:44o' ;;$)s4;i7(:i''l 
CZ16 • PG&E 154,248 ,.· . 4304 51.2'0 $141;209 $473;892 $364,016 1:'~'; ;(3(2[:' i''ffi:6~ ';{$332)582 ?$2:i2C/8'07 
cz16-2 LA 154;248 4304 si.;26 $141;209 $2:11;677 $364;o16 I:·')H:•;,'±:s..~ .iii';;;·,t;~j· T\~$7();4~::::.:~ :'$:22z;so7,, 
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Elec: Gas 
Savings .Savings 

cz IOU terr'tory (kWh) (therms) 
Ali"Eled:rict 9okW PV+~so k'iNh'Battery .• _-.•-,--.·, .. _··•. • 
CZ01 PG&E . 114,356 3893 
CZ02 P_G&E 148;793 2448 
CZ03 PG&E 157,707 l868 
CZ04. PG&E 161,769 1706 
CZ04·2 CPAU 161;769 1706 
czos PG&E 164,408 1746 
CZ06 SCE 166,052 1002 
CZ06-2 LA 166;052 1002 
CZ07 SDG&E 176,705 522' 

CZ08 SCE 169,825 793. 
CZOS-2 LA 169;825 793 
CZ09 SCE 170,747 970 
CZ09-2 LA -170,747 970 
CZ10 SDG&E 169,935 1262 
CZ10-2 SCE 169,935 1262 
czn PG&E 152,559 2415 
CZ12 PG&E .. 151,956 2309 
CZ12-2 SMUD 151,956 2309 

, CZ13 PG&E 156,271 1983 
CZ14 SDG&E 178,505 1672 
CZ14-2 SCE .: 178,505 1672 
CZ15 SCE '179,840 518 
CZ16 PG&E 152j965 4304 
CZl6-2 LA 152,965 4304 
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- ~----- --- ------ ----·- --- - --____:_:___-forMed· Retail - All· El ----- - -110kW PV + 50 kWh Batt 
B/C 

GHG Lifecycle Life cycle· Ratio B/C 
savings Incremental Energy Cost TDV (On- Ratio NPV.(On- NPV 
(tons) Package Cost Savings Savings bill) (TDV) : bill) (TDV) 

··. 
... > ·.• ·. .·: : ..... ·• .... · .... :· ·::. <> 1··········.·· .. · .. · .·.,· .. 

> .... ··· ... • .. >t . . .. _ ....... -<.• . '. 
43.52 $171,832 $451,043 $31C,265 ·' 2.6 .1.8: $279,211-. $138,433 
42.89 $167,416 $475,081 $394,099 :. '· 2.8· , .. 2:4' $307,664 . $:2.25;683' 
42.12 $170,769 $541,418 $394,034 ~c .·.-.3~z-·•· j _1:3 I $370,649 $223;265; 
41.82 $171,984 $523,603. $422,535 ·· ... ··. '3.0 · .. ·.· ... •2,5 .•· $351,618 $250,551 
41.82 $171,984 $430,567 $422,535 2:5 2.5 ·, ..• $258,582 $250,551 
42.68 $169,373 $561,966 . $405,087 .·· . 3.3 ······.·-:· .. · ... 2;4. $392,592 . $23Sj7i4 
39.48 $173,118 $306,697 $414;756 •. 1.8 >z.4· $133,579. .$241,638·' 
39.48 $173,118 $1137,941 $414,756 .•. :·1.1·· ••... 2.4. $14,823 $241;638 
39.47 $171,118 $479,038 $428,490 2.8 .•••.•. ·· 2.5 $307,920 $257,372. . 
39.14 $167,958 .$312,602 $436,709 , ... : 1.9 ··.,. 2.6 $144,645 ... $268,751 
39.14 $167,958 $187,142 $436,709 1-· u · ..•. · '/ ... 2.6• ... $19;185 $268;75L 
40.23 $162,767 $318,113 $423,370 I ".' ·2.0- . 2.6 $155,346 $260,604. 

40.23 $162,767 $197,006 $423-,370 u• .··.·:: .. ····•·• :2.6 $34,240 •$2s0;6o4 
. 41.08 $167,608 $503,504 $411,284 ·•.·•. .3~0 .•-··· is $335,896 $2.43,675 

41.08. $167;608 $317,927 $411,284 1.9 .: . 2.5. $150,319 .. $243,675·-· 
.. 42.99 $162,678 $491,775 $420,667 3.0 z:s ; $329,096 $257~989 

42.21 $162,376 $494,703 $417,063 . 3.0 .. 2.6 $332,327 . $254,687 .. 

42.21 $162,376 $288,950 $41/',063 ...•. · 1.8 !: •·•·•· 2:6 ·. $126,573 $254,687 ·.· 

41.25 $166;722 $485,422 $395,770 1 '2.9 . · .. · ....•. ·. 2..4 • $318;599 $229,047 
43.94 $168,224 $452,456 $457,387 ·, 2~7. _. -< 2.7 1 _ $284,232 · · $289,1Ei3 
43.94 $168,2'2.4 $3i1,520 $457,387 . _.··· .. ·. •·1;9•·· ··''',.•2:7 . .·•.·.$1:43)96'' $289;163': 
38.23 $165,336 $296;004 $422,293 .· < 1~8 ····> 2.6 

$i3o;ss8 •$256;957 
53.53 $169,109 $483,205 $378,299 1" ... · i.1.9 · .. ·' .. 2;2 $314,096 .$209,190 
53.53 $169,109 $215,341 $378,299 '• :.·L3,· · .. >2:2·· ·.·•'$46,231 '$209/1~90. 
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6.73 CostEffectivenessResults":'Smali Hote'i 
·;,. 

Figure 70 through Figure 77 conta.in the cost~effettiveness fitldi.r:i&s for the Small Hot~I.packtjges. Nqtable fincJiqgs"for eac:il package include: 

-~ Mixec:FFuel +.3 kWP;Y: PC!Ckages are cost effeetlVe and achieve ~avlngsfor:.aU climate-zonf:'s fo(qbthth.eQn~Bifl -and TDV appxoC!che~, 

<t· M.lx~d~Fuel.+ :3 kWPV + 5. kWh Batt!;iry: The packages are;Ies~ Co$t effective.as.comparec[tothe previous minima·! PVonly.package and 
ncrt c.ost effective for LA.DWP and SML.JDservice:~rea, The acjditioh ofi;Jat~ery reducesthe tq~,t effecti:v:eness:of'pa.¢kage,s, . 

;: .J '· • 

•• Mixed-Fuel+ PVordy: Packages are cost effective and achteve savingsforthe On,:Buiapproach for all dim ate zo.nes except for LADWP 

territory. Packa~es are cost effectiVe- and achieve savings fbrthe.TDV approach foralldirnate z.ones: 

-~ Mixed-F.uei + ?v +so kWh Batter'{;·Aclding"bcittery sli~tbtly 'r'12d.uc:es ClrH3ill B/C t?trbs> package~ ~'r~ not cgs:t effective.Jor LADWP terrJttil)t, 
SMUD territory' as well as for climate ·zooes 61 8~9 under PG'&E.service area. . . . 

Ji .AlhEiectdt;+ a kW I'V:All pa.ckages ?Jre: cost effectlve uslng±heOr:H:iill j:lppr:oach. A)! packages a.re cost.effediye u.sing±heTDV-approach· 
but do not~(:hleve po~itiv~~enetgycost.,?a\fings, · . . . . . .· ·. . . 

~- · All-Electric+ 3 :kW PV ;r:; kWh Battery: SimUarto minimal PV only package, all packages are cost effeCtive using the On..;Bill approach. All 
package.s are ;t:o~t ~ffective ustng tbe TbV.approach but d.o not' ad)ieye positive: er1~:rgy cost saving~. - ., 

• All-Electric.+PV o-nly: Af!packages ;are cost-effet:tivefor both·on~BiTl and TDVapproaches:.f'lackages achieve. ot!-blfl-savings for.all t:lim<lte 
. zo.n.es . 

. ,.,, Ali-EI.ectric+ PV+ Sb kWliBattery: AddJn:g battery sllgbtly reduces On-B!ILB/Cratios .l:lut Is stiU cost effective for a. II clirnCite zones, 

·· . .::: 
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_I~re __________________ _ F 70. Cost Effect· for Small Hotel- Mixed Fuel+ 3kW PV 
Elec Gas GHG Lifecycle B/C B/C 

Sailings Savings savings Incremental . Energy Cost Lifecycle $- Ratio Ratio NPV NPV 
CZ IOU territory (kWh) (therms) (tons) Package Cost Savings TDV Savings (On-bill) (TDV) (On-bill) (TDV) 

-M-ixedd=uel.+3kwl:iV::'·• .• :•.•: .·,··:_:,_;, .. <:·:.-:' ·· ·. :·,: ... ', .. •· .· ·--:,•.. . .... , ,· · .·'.···. :·•··. · ···· · ''·· ... •.:·•·,.•· .. '· .... .:-:.:····.·· ···. ·: 
CZ01 PG&E. 3,941 0 0.8 $5,566 $12,616 $8,326 ·-·. 2.3 I _:. ).5 $7,050 i\$2,760 
<:202 PG&E 41185 0 0:9 $5,566 $12,639 ~;10,332 2.3 · :. •··.,·.· 1.9 _·:.·. $7,073 .. ·,·.: $4;766 
CZ03 PG&E 4,733 0 0.9 $5,566 $15;146 $9,991 i . .. 2.7 .. •. .. 1.8 $9,580 · $4,425 
CZ04 PG&E 4;834 0 1.0 $5,S65 $13,266 $;10,445 2.4 .. 1,9 $7,700: .:$41 879 
CZ04-2 CPAU 4i834 0 1.0 $5,566 $11,507 $;10,445· .· .. c .2.1.. 1.9 · $5,941 $4,879 
CZ05 PG&E 5;027 0 1:0 $5,566 $16,048 $;10,634 .. . 2.9 .... :•-· .1~9 I ' $10,482 i$5,068 
CZ06 SCE 4,769 0 O;S $5,566 $10,276. $;10,559 1:8. ·'·:·,•··:· 1.9 ,'$4,710' I $4,993 
CZ06-2 LA 4,769 0 0.9. $5,566 $6~307 ~;10,559 <1.1 ·•.. .1.9 :·.·,· •· .. $741 $4,993 
CZ07 SDG&E 4,960 0 1:0 $5,566 $14;576 ~;10,861 2:6 ,:. 2:0. '$9;010 $5,295 
CZ08 SCE 4;824 0 0.9 $5,566 . $10,837 $;11,202 <i.9 , .. ·. ·: 2.0 $5,271- .$5;636 
CZ08-2 LA 41 824 0. 0.9 $5,566 $6,505 _ $;11,202 · ·.-.,;· 1.2 ' :2.0. . ... >' $939. . $5,636. 
CZ09 SCE 4;779 0 0:9 $5,566 $10;298 $10,824 1.9 •1:9 $4,732' $5,258 
CZ09-2 LA 4,779 0 0.9 .$5,566 $6,201 ~;10,824 :• U. .· .. ,-. 1:9 >>$635 . $5,258 
CZ10 SDG&E 4,905 0 1.0 . $5,566 .. $16,302. ~;10,710 ! .· · 2;9 I·•··· '> 1.9 .·· .. $10,736 $5,144 
CZ10-2 SCE · 4,905 0 1:0 $5,566. $9,468 $;10,710 .:·.:_.·.··,'· . . <1:7 : ·:.1.9 $3,902 i_ $5/1.44 

czn PG&E 4,701 o o.9 $5,566 $14,193 $;10,483 · •··· .. ··• 2.6.: \. . •. 1:9 . . . $8,627 $4;917 
CZ12 PG&E 4;770 0. 0.9 $5;566 $15,262 $;10,596 • : .·• 2.T .. : :, 1.9 .. $9,696 ·, $5,030 
CZ12-2 SM UD 4,770 0 · 0.9 $5;566 $7,848 $:10;596 ·,·: : 1;4 ' ';1.:9 ' $2;282 $5;030. 
CZ13 PG&E 4,633 0 0.9 $5;566 $14,674 $:10,105 ~/ 2:6 ·• · ).8 > $9,108 $4,539' 
CZ14 SD.G&E 51377 0 1.1 $5,566 $16,615 $:12,375 ' . .3,0 .··. . · 2:2 $11;049 $6,809 
CZ14-2 SCE 5,377 0 1.1 $5,566 $10,021 ;':12,375 . U , • 2.2 .. $4,455 $6,809 

CZlS SCE 4,997 0 i.O $5,566 $9,542 ;;11,164 · .. ·•·.· 1:7 I ''./. 2.0 ·•·.·• $3,976. $5,598' 
CZ16 PG&E 5,240 0 1.0 $5,566 $14i961 $10,975 •······-: 2.7 ! • , '.z:o·l· .• ·. $9;395 $5,409 I 
CZ16-2 LA 5,240 0 i;d $5,566 $5,670 $;10,975 . ,··.· 1:d .·. /2.0 I .·· .$104 $5,409 .1 
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Figure 71. CostEffectivenessforSmallHotei,-MixedFuel + 3kWPV+5 kWh Battery 
Elec GHG lifec'fcle B/C . B/C 

Savings GasSaviT)gs Energy Cost $~TDV . 
cz im.iterritoiY (kWh) .. (therms) 
MixegcFuel +·3kWPV'+-'!>.kWh'Ba't#i;Y': 

•. 

CZ03 PG&E .4;/::l::l. 

CZ04 PG&i: 4,834 I $9Js2o I $13,16sl $1oA45 
CZ04-2 -CPAU 4,834 $9,52o I .$u,5d7l $ro,445 
CZ05 PG&E 5,027 $9,52o I' $16,o4s I $ro;6:S4 · .. ,._·: 

CZ05c2 SCG 5;0271 $9,52o 1 $16,048 1 $10;534 $1{t2s~Wth:'$iW!.i4 
CZ06 SCE 4;769 I $9,52o I . $1o;215 I $1o,s59 
CZ06-2 LA 41769 $9;526 I $6,307 I $10,559 I o.7 · ($3,213 J I;;;L$r;o39 . 
CZ07 SDG&E . 4,960 1 $9,520 $14;576 
CZ08 SCE 4,8241 $9;520 $i0~837 
CZ08~2 LA, 

•. 
4,8241 $9,52o I .. $6,sos I · $11,2o2 I o:7 ··· ($3,015) I~'T$1';6st' 

CZ09 SCE 4;779 
N I CZ09-2 4;779\ -.J LA 

$9;52o I $ro,t98 I $io,824 .li2!~!:E:J 
$9,5261 $6;2o11 $1o;8z.4 I o:iiYF:;)Y::ii::i'•-1 l$3~319} IF!ii:$1,3o3: .. 

00 I CZ10 SDG&E 4/905![ $9,5io 1 -· $16J3o:z: 1 $ro,71o lf\~n< >;~:i;:;t;:;ei~+Lifif~!:t;:r\JI!;V~:'s$;cz~ 
CZ10-2 SCE .41905 
CZ11 PG&E . 4)01 

CZ12 PG&E 4,770 
CZ12~2 SMLJD' 4,770 
CZ13 PG&E ·4,633f 
CZ14 SbG&E 5,317 
CZ14-2 SCE 5;377 
CZ15 SCE -4;997 $9;52o '''-:''sti6M 
CZ16 PG&E 5;240< $9,s.zo ~/V$'i)+$Sc'' 
CZ16-2 
~--

LA 5).40 $9,szo I $5))7o I $iCl,97s I o:,-6\!!Ft:r:;&qs;'-2~)\._ ($3,851Y\Wi.~":$:f;455'~ 
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cz IOU territory 
·Mixed Fuei.+SokW PV 

CZ01 PG&E 
CZ02 PG&E 
CZ03 PG&E 
CZ04 PG&E 
CZ04-2 CPAU 
CZ05 PG&E 
CZ06 SCE 
CZ06-2 LA 
CZ07 SDG&E 
CZ08 SCE 
CZ08-2 LA 
CZ09 SCE 
CZ09-2 LA 

.. 

CZ10 SDG&E 
CZ10-2 seE 
CZ11 PG&E 
CZ12. PG&E 
CZ12·2 SMUD 
CZ13 PG&E 
CZ14 SDG&E 
(Z14c2 SCE 
CZ15 SCE 
CZ16 PG&E 
CZ16-2 LA 
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p· lj ure 72. Cost Effecti 

Elec. Gas GHG 
Savings savings . savings 
(kWh} (therms) . (tons} 

:··. ,.: .... . ·. >: : ·'. I. 
105,090 0 20.6 
127,592 .· 0 25.0 
126,206 0 24.8 
128;894 0 25.4 
128;894 0 25.4 
134;041 -. 0 26.5 
127;168 0 25.0 
127;168 0 25.0 
132;258 0 26.1 
128,641 0 25;3 
128/641 D 25.3 
127;441 0 25.3 
127;447 ' 0 25.3 
130,792 0 25;8 
130,792 0 25.8 
125,366 0 24.6 

.. 
127,203 0 25.0 
127;203 0 25.0 
123,535 0 24.4 
143,387 0 28.1 
143,387 0 28.1 
133,24'6 0 25.9 
139;738 0 27.3 
139,738 0 27.3 

2019 Nonresidential New .Construction Reach Code Cost Effectiveness Stvdy 

for Small Hotel- Mixed Fuel +80kW PV 
B/C 

Lifecycle Life cycle Ratio B/C 
Incremental Energy Cost TDV (On- Ratio NPV'(On- NPV 
Package Cost Savh1gs Savings bill} (TDV} bill) (TDV) 

.·:· ' i.•':. : .-..'-'.::, ·.: . ··: ... '.::''' '' ... .••..•.•..... ·.·· '' > 
$179,470 $336,440 $221,883 ·:·•·••··.1.9 l"r '··Lz, .• $156,970. \· $42,413.· 

$179,470 $320,009 $27:;;130 .·.··' :: '1.8' •. • .: i.5 i $:1.40,539 _· ..• $95;660: 

$179;476 $403,900 $266,426 ·' .. :. :23• -:',./:'.1.5 ' $224;430 Y$86;956, 
$179;470 $322/782 $278,536 .···· •.. 1.8 ': ''1.6 ' .. ··. $143,312 .$99,066 ·' 
$179,470 $306/862 $278,536 I .1~7 i 1:6' $127,392 : $99,066. 
$179,470 $427/935 $283,834 ..••• __ .. ,.·. 2.4 '.' '·1:6 ·,' $248,465 $104,364 
.$179,470 $200;425 $28:1.;488 '·,.:':. '1.1 ' : 1.6·· ·' '$20,955 $102/018 
$179,470 $119/357 $28:1.,488 0.7 1:6. ($60,:1.13) ·sio2m8 
$179,470 $247,646 $289;700 ' :1:4 ·> L6. ,, $68)176 $110,230 
$179,470 $207,993 $298,594 ::··, 1.2 •\. 1.7' ... · $28,523 '$119/124 
$179,470 $122,591 $298,594 0.7 1- •• , .•... -••• _ •. :1.7, ($56,879) ·-$119i124 
$179,470 $21i,567 $288,830 ::: ': :1.2:. I .-' ~: .. 1:6.' :· :$32;096, $io9;360 .. 
$179,470 $123;486 $288,830 0.7 .:, 1.6: 

.. 

($55,984) .$io9;360 
$179,470 .$274,832 $285,386 ·t5 i.6 $95,361 $105;916 
$179;470 $206,865' $285,386 ··.-·· 1.2 ..... : '1.6 '$27,395 $105,916. 

$179,470 $316,781 $279,331 I ·., 1.8 1.6 •I $137,311 .$99,861. 
$179,470 $406,977 $282,358 2.3 ·_ .......... 1.6 '$227,507 .. $102;888 

$179,470 $198,254 $282,358 ',)···.cl.l 1: . :<1.6 ' $18,784 $102,888 
$179,470 $317,261 $269,908 .: :1.8 ··.:• •.··. ,.1,5 $137,791 $90;437 
$179,470 $309,521" $330,345 .••. "1.7 '····1;8. .• $130,051 $150;875 
$179,470 $225,083 $330,345 . ' ... ·· :1':3.· .·<_,.·.·_r8• ' '$45)612.. ··$150,875 

$179,470 $207,277 $297,648 ; . :< L2• · .•... ·t.T .···.$27/807 $118,177 
$179,470 $341,724 $292,728 ". .1.9 ' ••. 1:6: $162,254 . $}13,258·· 
$179,470 $114,215 $292.,728 0.6 .:. :L6. ($65,255) $113,258 
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Fie:ure-73.'CostEffective:ness for·smal1Hotel'"" Mixed Fuel+ 80kW PV±~SO kVVJ:l BatteljT_ 
B/C 

Elec I Gas. 
Savings · Savings savings tncremental ·Energy Cost tDV : • ;(on- ·. Ratio NPV(On- NPV· 

<GH,G Lifety"' tll"yde I Ratio ·1 B/C 

cz I IOU territory I (kWh) · I (therm!i) I (to11s} Packa'ge Cost Savi11_~~- ~ayi11gs · · b@ · (TDV) I biil) I (TDV) 

CZ01 I PG&E I 104;0261 CJ I 23.2'1 '·$107;37CJj •$33'1,5961 $237;740 ,_, .... ,, ... --.cn:.G-·'"',,_,_,,_,_,,, 

czoz 1 PG&E 1 126,332 1 o 1 2s.1.1 $2o7,37o 1 $336;179.1 $296,os8 I::·~;-::~;: •. 1:E'/Ii:·.\:.ti{M-b'%i2?;8oQJI :,:-ss!(68s•.· 
-czo3 . 1 PG&E ·1 124;934 ' ol 2s.o ~--- $207;37o 1 · $399,22o 1 s2s9.;36o l'&/·;;;:rf9 •. 1.:-:;;::z~?'±Y4~Hr.:$19~,'s56::1·-::rssi;99o'' 
CZ04 I PG&E _ I 127,602 I . 0 I 28.5. I :$107;370 1.. $332;1611 $308;887 dii£::£.@:]~~~ r·'•.,·'.:>:.bc'-!J:m 

CZ04;2 I Cf?AU I 127;602 I 0 I 2:8.51 .$107,370 I $303,828[·· $308,887 1-'·;;:.c:,_•,······'"':>·--

czos PG&E $207,370 
CZ06 SCE 
tzbs-2 LA 1 i25}1iso I · o I 28.41 _ $2.07;370 I $1'23;083 I $297,950 I o.s ($84,287) lii.'$$pj5s6/i, 
CZ07 SDG&E I 130,946 ·I .. 0 I 295\ $207,'370 I $274,313 I ... $309,682 
CZ08 

I CZ08"2 

SCE. I ri7,3Si I' ·. 0 I 28.5[ c~ $20_7,370 I .. $199;786 '$~~2,899 I'·D'~}h'0J.R)J;'J;:,JffrtS;f_'. ,($f;S?4fi]':.§J:CJ~~srz9' 
LA . 1 127,332' I o.l zs.sl · $2o7,s7o I $i24,6s:t I :$312,899 I o.6 ($82,719) l.$ips;:s:z9 

CZ09 s·cE I i26;232 I o I 28;21 -· $207,37.0 I :$205,706\ $292;804 bcE?·~,·b:',.ii''n'+'''''''':':·:;._•:x:·l·:-'·· 

czo9~2 1 LA . 1 • 12s,232 1 o 1 . 22.2 1 $207,370 1 $ns;no 1 $292;8o41 - o.6 .($8o,s6o) l:'sss>i-33:. 

CZ10 SDG&E ·•··· $207;370 $292;202 
CZ10~2 ·SCE .. $201;370. $206;171 

Cl11 I PG&E 
CZ12 I P~&E 
CZ12~2 I SMUD· · 

CZ1-3 I PG&E . -
CZ14 I SDG&E 

CZ14~2 SCE 

CllS SCE 

CZ16 I PG&E 
CZ16~2 I LA 
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. .124,337 

i26,bi3 
126,013' 
122.,591 

~42,2.57' 
142,257 
'132,41$ 

138,402·, 
i38,402 

0 

0 

o. 
0 

0 

0 

0 
,0 

0 

26.9 $207;370 I . ·$315,330 I §~83,683 ~~~~~~~W';'9:o,~u,·k•::,:,,.;rt:c>;:o•.c''·::' 
. 27.8 '$207;370 I $403)127 1· ·· '$297,118 I•'/E':-'·:.-:cr:1••:ci· _,.,,,,.,._ --~'"'·'"'' 
27.8 $2o7;37o I .$i9s,cioil $z97,ii8 
2s's_ $267,370 I $si5;s4·i I · '$280,995 1 ~cc·:J,•..:J 
.30;7 $207;370 I $317,565' I $334i697 l-~·l:''••·''"'''-1 .'i'c:'·• :J:;c::::,•:c·.':_._u::: 

. 30.7 $207;370- $224,195 
27c8i $207;370.. $208,044 ... 

3ci.7 $2Q7,3.7b I .$358,582 I ·· $315,699 r•,\•:.-:o-::~>1::7;;:1\•,::•.-:.:_.,:l:.s:;. ''''""-'·L)L.J..L·,_.," .. .,,_,,o,:o_L::J,'·--

·ao.7 szo7;37o f $11a;no l $315,699 1 · o.s {$88;6oo) l''\"$io8;32,9S' 
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F" 1~ ure 74. c 

Elec Gas 
Savings Savings 

cz ·1ou territory (kWh) (therms) 
AII~Eiec}ric'+'3kWF>V ·.• .•.•.•. · ... ·• ..• ··.· ... · .. :·.·. ·.· .. ·:· 
CZ01 PG&E -155;851 16917 
CZ02 PG&E .• -113,954. 12677 
CZ03 PG&E -105;8.62. 12322 
CZ04 PG&E -108,570 11927 
CZ04-2 CPAU -108,570 .11927 
CZ05 PG&E ~103;579 

.. 
11960 

CZ06 SCE -73,524 8912 
CZ06c2 LA -64,859 8188 
CZ07 SDG&E -67;090. 8353 
CZ08 SCE -67,090. 8353 
CZ08-1 LA -67,483 8402 
CZ09 SCE .-67;483 8402 
CZ09-2 LA -75;157 8418 
CZ10 SDG&E .-75,i57 8418 
CZ10-2 SCE ··. ~94,783 10252 
CZ11 PG&E -94,702 10403 
CZ12 PG&E -94,297 10403 

I CZ12-2 5MUD ~92,196 10029 
CZ13 PG&E -96,021 10056 
CZ14 SDG&E -96,021 10056 
CZ14c2 SCE "44,856 5579 
CZ15 SCE -211,468 17599 
CZ16 PG&E -211,468 17599 
CZ16-2 LA c155,8~ c...'_:_ 16~12__ 
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Eff1 for Small Hotel- All•EI 3kWPV 
B/C 

GHG Lifecycle Ratio B/C 
s·avings Incremental Energy Cost Life cycle [On- Ratio NPV (On-
(tohs) Package Cost* Savings TDV Savings bill) (TDV) bi!I) NPV (TDV) 

:·· .. ····.·. :· ....... ·:· ... · , ... ............ · .. ·· .·.<.-<: •.·.··.· .. :·· · .. .·: .• . .:: ..... •: .. :···· 

54.7 ($1,265,139) ($568,892) ($106,835) ..• · 2:2 11.8 • .. ·· . $'696,246 $1)58;304 ... 
40.9 ($1,266,111) ($22.9,433) ($.in;2.s8) ·. : 5.5 •·:30':7' $1,036,679. $1~224,823 
41.4 ($1,268,383) ($309,874) ($41,175) ··A.:i · .. ·. 30:8: ' •.• ·. $958;510: $1;227;208 
37.5 ($1,268,2.18) ($208,239) ($42,689) . . 6.1 2.9.7 :$1,059~980~ : $f;z25153d · 

37.S ($1,268;218) ($6,261) ($42,689) 202:6 .. ' •. 29,7• $1,261,958 .. $1,225,530 
39.3 ($1,268;272) ($332,879) . ($44,0S1) .. 3.8 \. 28:8.: • $935,393 $1,224,221 
30.3 ($1,268,413) $48,898 ($17,484) : .... . :·>1' .: ns $1,317)11 $1;250,929. 
29.0 ($1;266,760) ($120,842) ($12,337) 10.5. :, •. 102.T $1;i45,918 $1;254,423 
29.2 ($1,264,731) ($43,964) ($11;618) • z8:8· 1108:9 $1,220,767 ' $1,253;113 
29.2. .. ($1,264,731) '$48,736 ($11,6l8) ;_· • :>r .·.·, 108:9' :.$1,313,46 7 $1)253,ii3··. 

29.3 ($1,266;529) ($35/547) ($:L:L,126) .·•·· :35.6 113.8 .. $1,230,982 .$1,2.55,403 
29.3 ($1;266,52.9) $52,410. ($11,126) ; . <>1' ·.·:113;8 $1;318,939 $1~255 ;403 ··.· 

- 27.2 ($1,263,531) ($156,973) ($25,469) .. ··· .. 8.0 .•.•. · ,49.6. $1,106,558 $1,238;061 
27.2 ($1,263;531) ($54,711) ($25,469) I 23.1<. ''49:6' $1,208;820 $1;238,061 
;31,9 ($1;264,340) ($169,847) ($38,904) r. ·7.4 ·... 32.:5 $1,094,493 $1,225,436. 
33.0 ($1,265,779) ($324,908) ($34;968) -·.3.9' ··.•·36.2'·: $940,.872 $1;230,811 
33.1 ($1,265;779) $13,603 ($33,757) >1 <··37:5 $1;279,382 . $1;232;022 i 

31.5 ($1,264,152) . ($168,358) ($40,229) ' :7.5 :.• 3iA $1,095,794. . $1;223,923 

30.7 ($1,264,510) ($308,542) . ($44,202.) ....•...• .4:1· <·• 28:6. - ; $955;969 $i,22o;3o3 
.. 30.7 ($1,2.64,510) ($:L:L0,730) ($44,202) •'1L4 : 28.6. $1,153,780 $1,220,308 

19.0 ($1,262,631) $8,996' ($10,256) >r 123.1 $1,271,627 $1(252,375 
42.9 ($1,268,907) ($625,671) ($228,203) : . 2.0 .•.•. •·s:.6' ··•·• $643,236 $i,64o.;7o4 
42.9 ($1,268,907) $37,142 . ($228,2.03) ; ,,; >1 . 5;6: $1,306,049 ·. $1;040,704 

'--____2i7 _($1,265,J39) -~:5_68,892) _($106,835) > 2.,2 ... ·., .11:8 '$696,246 $1,158;304 
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Fignre75~ CostEffectivenessforSmall Hater; All-:Electric + 3kW PV + 5 kWh Battery 

Elec, Ga!; 
.savings Savings 

cz 1 IOU territory 1 (kWh) (therms) . 
AII~Eiectric+ 3kWi!:.V +-sk\Aih'Batter§ ;•·.·· 
CZ01 PG&E ":155,861 1691'7 
CZ02 PG&E ~1i3,954· 12677 
CZ03 PG&E -105,862 12322 
CZ04 PG&E '-108,570. 11927 
CZ04c2 CPAU -108;.570 1i927 
czos PG&E. -103,579 11,960 . 

GHG 
savings Incremental 
(tons) Package Cost · 
·.·,,'•FYi/ ,;+ ;;''((:}!{.••·~·'•• 

54:.1 ($1;288;428} 

40.9 . ($1,288;428)' 

41.4 ($1,288,428) 
37.5 ($1,288,428) . 

37:5· {$1;188,428) 
39.3 ($1,288,418) 

Life cyCle 
Energy Cost 

savings 

j,<'J't·>'''.'· 
. ($568,892) 

•. ($.229;433} 

'($309~874) 

($208,239) 
($6;261) 

($332.,879} 

B/C 
• B/C 

$-TDV 

.($106;835) y:,r;;~:;y;~(~int.:f~':t2';1)b;.,:'~$:ii9;'$a$<rl~si1isii:s93ir· · 
($41,288) 

. ($41;175) 

($42,589) ;:$i,i4s;~4b'! 

($42,689) }$.ij2 .:$1;2.45;746, 
·· ($44,051} ·bi(ii$9s_5;549 ~ :sr'/2'44;37:7" 

CZ06 SCE -73,524 1 

rczo6-2 -l.A 
·8912 ·•'30_.3 ($1/288,428) ($52,341) ·----· 1 ·---- 1 ---·- \Y_, ___ ,, __ / \Y-->- •-J ($17,484) ;:;$•1;23~•;687'' :~$f)27,d;9411'•' 

.. ~73;524 I 8912· 
I CZ07 SDG&E '"64,859 8188 

CZ08 SCE c57,090 8353 
CZOE-2 LA -67,090 8353. 

CZ09 SCE "67;483 8402 
CZ09-2 LA ~67\483 8402 
CZ10 SbG&E -75,157 8418 
CZ10-2 SCE .-75;157 J E418 
CZ11 PG&E ~94783} I . 10252 
CZ12. PG&E --94,702 :10403 
CZ12~2 SMUD ~94;297 10403 
CZ13 PG&E .· ~92,196 . 10029 

.. 

CZ14 SDG&E ~96~021 10056 
CZ14-2 SCE ~96,021: 10056 
CZ15 SCE ~44,856 5579 
CZ16 PG&E ;211,468 :i.7599 

CZ16c2 LA :-:211,468 17599 

94 

,30.?. ($1,288;428) 
29 . .0 '. ·($1,288,428) 

. 29.2 ($1;288;428) . 

292' ($1,288;428) 
29'.3 ($i,28S,428) 
29'.3 .. ($1;288,428) 

.. 
27:2 ($1,288-,428) 
27:2 .• ($1;288,428) 
31:.9 - ($1;2.88,428) 

.... 83.0" C$:t;2ssA28l 
33,1· ($1,288.,42:8) 

31.5 ($1,288,428) 
30:7 ($1,288,428) 
30.].• ($1,288,428) 
19;0 .. ·- ($i;2sSA28) 

42:9 ($1,288,428) • 

42.9 {$1.,288,428) 

$48;898 
($120;842) 

($43;964) 
$48)736 

($35;547) 
$52,410 

($156,973) 

($54,711) 
($169;847) 
($324i908) . 

$13,603 
($168,358) 
($308,542) 

. ($1i0}730) 

$8,996. 

($625;671) 
.. $37,142' 

( $17,4841 :f-$JJ$37;s2 G1.c .,sif!27o;9A-4" 
· .. · ·{$12;337) :i.oA>+E 'i<s:r,l5ts'8.6i ·.;sjJ}2:76ib9:1!\ 

($11,618)_ li~:\f~~9':3fl':·,:::iio:9}j'i$'i,:i44Pl-~4:\l·~$1;276,~to'' 
($11,618) !;:.::Yddf·fiiFihHiioi9\;j:~$'1;33y,\iG4i:'l·'$t;ii6;81.D•'' . 
($11,12 6) li;: 'f'\' '3£:1'['\':·"';Hsis'~' 1Xs'iJ2$~~·,s§1"'1 '·$:t;i71i30i) 1· 
($11;126} l;>:.'?:::;;::-:;:it.l•;''/'•ii5:;8;;.1::!i$)';34o::S38il"~$i;'27.7j3bi 

. ($25,469) i'(i(i:t~i/s~t::I~PI'so:6>l<$i;f3I/4S5~·'\l;$i'i262;9:S:9~' 
($ 25,469). It". '·c:z3~'s'tl'/ RYso.6;.jc;$'i;.2$3;7':i8i-'I,~$!J262J95g'•··, 

· ·($38,904) I;J:ifk1:'~·-I3W1Ns3iA::: l>f$::r;na·,s8·2:'1 ·'$,1)249;,s24\· · 
($34,968) 
($33,757) 

($40,229) I'Y~;!i~q,;i;:l ;;;\32;o.:l.':'$i;i:ib,0?i'ri:'i$1';248)i99/· · 

($44,202) I?.H?J,j~szjJ:;~;:),~.:fT'!:i::s~7~i8871il::-si;244;22_6;: 
t$44,2o2J 1~!;\.;tj,_:t:·q:;-[.:' .}29;.i!l:sr;li7T~9s;l •$i\'t44):26' 
($10,255)• \$ij29ji,41~',: i.$1}278,172\ 

($228,2o3J ;:?i7L$.66:mszw :;$~jio6iWzs:o~ • 
{$228;203) ,;$i}g25';~7.d': $),060,225: ' 
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p· _l~ ure _ _ _ _ _ _ _ ___ _ _ __ _ _____ 76 . .-C Eff1 for Small Hotel-- All-Electric+ 80kW PV 
B/C 

Elec Gas· GHG . Lifecycie Ratio B/C 
. Savings Savings savings Incremental Energy .Cost $-TDV (On- Ratio NPV (On-

cz IOU territory (kWh) ·.(therms) (tons) Package Cost Savings Savings bill) (TDV) bill) NPV(TDV) 

AII-ElectriC.f SOkWPV · •: -·---.··· ··•---·_ .. _ _._ .. . • : : .. -_. ,· .. ... . -·- ·.·' >.':· ••• _ •• : -.· .-· -.' ··.-:·_ ..... . •'-': .. : .. _, __ . --. '• ,' .•. : ,_·: .. ·,. ·":::•:---._-•:.: ' .. ·.-. ' ,· 

CZ01 PG&E -54,712 16917 74.6 ($1,123,442) ($240,170) $106,722 •· '4;7 >1 -.·.•·--:_ .. $883,272 .$1,230,164 
CZ02 PG&E 8,853 ., 12677 65.0 ($1,124,415) $128,649 $223,510 ._·· :: '>1· .. •: ·>l' $1,253;063 $1;347,925 
CZ03 PG&E 15,612 i2322 65.3 ($1,126,687) $44,532 $215,260 .. >11. >1 $1;171,219 $1;341,947 
CZ04 PG&E 15,490 11927 '62.0' ($1,126,522) $145,778 $225,402 >1 :_'>1 f$1,272;300' • $1,351;924 
CZ04-2 CPAU 15,490 11927 62.0 ($1)26,522) .$289,094 $225,402 

, __ 

>1' ' -.·.>1 • $1,415,616 $1,351;924 
CZ05 PG&E 25,436 11960 64.8 ($1,126,575) $56,019 $229,149 . '·:>1 .,_ .. ,_:>r '$1,182,594 $1,355,724 
CZ06 SCE 48,875 8912. 54.4 ($1,126,716) $163,343 $253,445 >-: >1' .·- .. ··.' .>1· $1,290,060 $1,380,161 
CZ06-2 LA 62/439 

.. 
8188 54_.1 ($1,125,064) $115,822 . $266,502 I · .. >l : >l.i $1,240,886 $1,39l;565 

CZ07 SDG&E 56,727 8353 53.5 ($1,123,034): $147,987 $275,773 I;_'·:_. .>1 ;'>1.' $1;27.1;022 ·.' $1,398,8'08 
CZ08 SCE 56,727 8353 53.5 ($1,123,034) $163,971 $275,773 :. --. >1' ·--··· >1 $1,287,005. $1,398,808' 
CZ08-2 LA 55,135 8402 53.7 ($1,124,832) $155~101. $266,880 1:_<·.:. >1 -.: . .;:;r $1,279,933 $1,391,712.-
CZ09 SCE 55,185 8402 53.7 ($1,i24;832) $169,010 $266,880 . •>1 >1 $1,293,843 $1~391,712 
CZ09C2 LA 50,731 •· 8418 52.0 ($1,121,834) $113,936 $249,207 •···--• • >r.-· :. >1 $1,235,770 $1,371,041 
CZ10 SDG&E 50,731 8418 52;0 ($1;121,834) '$138,265 $249,207 >1 >11 ' $1,260,099 $1,371,041 ' 
CZ10-2 SCE i5,882 10252 55.6 ($1,122,643) $162~626 $229,944 ·.· >1 .>i $1;285,269 $1,352,587 
CZ11 PG&E 27,731 10403 57~1 ($1,124,033) $12,954 $236,794 

•• ·.·-····· >1 ! 

>1 $1,137,037 $1,360,876 
CZ12 PG&E 28,136 10403 57~2 ($1,124.,083) $206,756 $238,C05 _·-.·---·--···-•>1 /.: ::-:r .$1,330,839 . $1,362,087 

CZ12-2 SMUD 26,706 10029 55.0 ($1,122A55) $165,991 $219P4 .: .-•• :>1' -.·.•.••···· >r· $1,288,446 $1;342,030 
CZ13 PG&E 41,989. ;10056 57~8 ($1,122,814) $22,333 $273,768 .-•• • _··.>L· .. >1 $1,145,147 ·, $1,396,582. 
CZ14 SDG&E 41,989 10056 57:s ($1,122,814) $120,943 $273,768 ·,-;.; '>1' 1--- •• -·_.::i1•· •• $1,243,757 $1;396,582 . 
CZ14-2 SCE 83,393 5579 44:b ($1,120,934) $210,511 $276,228 ._,· .. -..• -·-.- .. :>r .:·., .>1 $i;331A45~ $1,397,162 
CZ15 SCE -76,971 17599 69.2 ($1,i27,210) ($199,303) $53,550 I·.: 5:7 i••.:.-''·>1. ,.$927,902: $1,180,760 
CZ16 PG&E -76,971 17599 69.2 ($1,127,210) $172,787' $53,550 .--.- >1 ·.·.· .. · >i ' $1;299,997 $1,180,760 
CZ16-2 tA -54,712 ___li~Q_ __ ____2_4, 6_ L__ ($1,12,3A42) -~($240,17__()l_ . $106,722 i ''47 .. >1 : . $883,2'/'L $1,230,164 . 

95 2019-07-25 



N 
co 
~ 

96 

2D19Nonresidentfa! New Construction Reach Eo de Cost Effecjiveness Study 

;I 
~-~'·. 

2oi9-07~is 



N 
00 
01 

2019 Nonresidential New Construction Reach Code Cost Effectiveness Study 

6.8 List of Relevant Efficiency MeasuresExplored 
The Reach CodeTeam startedwith a potential list of energy efficiency measures proposed for 2022 Title 24 codes and standards enhancement 
measures, aswell as measures from the 2018 International Green Construction Code, which is based on ASH RAE Stand.ard 189.1-2017. The team 
also developed new measures based on their experience. This .original list was over 100 measures long. The measures w·ere filtered based on 
applicability to the prototypes in this study, ability to model insimulation software; previously demonstrated energy savings potential, and market 
readiness. The list of 28 measUres below represent the list of efficiency measures that meetthese criteria and were investigated .to some degree. 
The column to the far right indicates whether the rneasurewas ultimately included in analysis or not. 

F" 1a.r fRel Eff . M Exnl d 

Building Component Measure Name Measure. Description Notes Include? 

Water Heating Drain water Heat Recovery Add drain water heat recovery in hotel prototype F.equires calculations outside of modeling software. y 

Envelope High performarce.fenestration Improved fenestration SHGC (reduce to 0.22). y 
., 

Raise prescriptive fenestration. SHGC (to 0.45) in cold 
Envelope fiigh SHGCfor cold;dimates 

climates where additional heafis beneficial. 
y 

Envelope 
Allowable fenestration .by 

Limit amount of fenestration as a .functiciri of orientation y 
orientation 

I lncrease.bujldingthermal mass.Thermal mass slows the 
change in internaL temperature of buildings with respect 

I 1itial energy modeling results showed marginal 
Envelope High Thermal Mass Buildings . to theoutdoor.temperature, allowing the peak cooling N 

load during summer to be pushed to the evening, 
cooling savings, negative }]eating savings. 

resulting in low~r overall cooling loads . 
. . 

Increases the insulation requirement for opaque 
l1itial energy modei.Jng results showed marginal 

Envelope Opaque Insulation e,nergy savings atsignificant costs which would not N 
envelopes (i.e., roof and above~ grade wall). 

rneet t/e criteria. 

Envelo.pe Triple pane V.1ihdows U-factor of 0.2()for all windows 
Initial energy modeling results showed only marginal. 
energy savings:and, in some cases, increased energy N 
use. 

---~~ ----····-~ ---- ~ 
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Building Corriporient I Measqr¢ Na'me 
-

Envelope: Duct Leakage TestLng· 

Envelope . Fe(!estration a~ea 

Envelope Skinny triple pane Wir:ldoy.tS: 

Envelope Permanent projections 

Envelope .. Red\Jcedinfiltratlon, 
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Measure Description 

Ex'pi'![i~ duct.leak?ge testing requirer(lenh based 
on ASH RAE Standard 215·2018: Method ofTes'tto 
Detetrrilneleak11ge of Operatit1g:HVACAI~ msttibtition 
Systems {ANSI Approved). 

'R.edui:~ rrra)dmum alloYJablefe'ilestraticin aie.a. tci 30%. 

.. U~factor ofO).O for ai1Win9ows,with no changes, to 
existingframirig or bu'ilding structure, 

Detaii~d pt~;criptive requiremen:ti forshad.lhgb~sed on 
AsHRAtjs~:·pf;>o.soforfirststorJ ahd >0.25 for.other
floors~·!vi anY excet)tions. ·Corresponding 'SHGG .multiplierS: 
to be used. · ' ··· · · 

Reduc~: Infiltration rates by improving l:)uildirigsealing, 

No:tes 

More tesearth !leeds to be done on current d]Jct:, 
leakage and. how it can he .. addressed,, 

lnstea·d ofthismeasure, analyzed me"sure whlch 
iooked at lirnitingf~nesi:ratlon based on yJall 

'orle.ntationi. 

fv1~rketnotre&oy. No comrpercially~av~11able 
products for commerdal.bu'ildings: 

Ti:tie.24 afreadyallqw.{qwnerto trll,deoffSHGCw1th 
permanentprojec:tlons. Also, addlng;r:equirerrwtts f.or· 
perrf1ail¢ritprojecti6ris Vyi)Uj_a (aise c'oncerh.S' 

,lnfiltratlot:J r~te.sareafixedACr\liinpufand ca11.notb_e 
changed. A workarourid attempt. wo.uld r!Ofbe 
precise; and the practicality of implemet:~tatrbn by 
developers is lovigiveri the m0deliogcapab11iti~s and 
the facttha:t in,field verlfic'ltion is.i::halleriging.. . . 
'Benefits would predomfnantly be foraii'quality rather 
thpn energy, 

;W19-07-,25 
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Building Component 

HVAC 

HVAC 

HVAC 

-
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' 
Me<~sure Name 

Heat recovery ventilation 

.. 

Reejuire Economiier:S.in Smaller 
Capacity Systems 

ReduteVAV minimum. flow limit 

2019 Nonresidential New Construction Reach Cocfe Cost Effectiveness Study 

Measure Description Notes Include? 

For small hotels, the:ventilation requirement could be 
m·et by various a!)proaches, and the most common 
ones are: 

a. Exhaust. only system,andyentilation is met by 
infiltration or Windowoperation. 

b. Through a Z-duct that connects the zone AC 
unit's intake to an outside air: intake louver; 

)c,, CentraHzed ventilation system {DOAS) 

Fbr'the.hotel, recover and transfer heat from exhausted . The prototype developed for the small hotel'is using 
N 

air to ventilation air. 1 Type 2above.The major considerationis that 
:currently; HRV + PTACs can riot be modeled at each 
i guest room, only at the rooftop system. Option 1. 
!would require the same type of HRV implementation I .. ' . , . .. .. -.:·· . . . ... 

: asOptton 2. Option 3 may be pursuable, but would 
:require a sigilificantredesign of the system/with 
questionable impacts. Previou-s studies have found 
heat recovery as cost effective in California only in 
bi.iildings with high loads or.:high.airexchange rates, 
given the relatively mild climate. 

Lower the capa·citytrigger for air. economizers. Previous 
studies have shown cost effectiv,eness for systems as low y 
as3 tons·. 

Current T24 and 90~1 requirementslimit VAVminimtim 
flow rates,.to no more thah 20% of maximum f!ow; 
Proposal based on ASH RAE Guideli[1e 36 which includes 
sequencestha~ remove technical. barriers that previously 
existed. ,L\Iso1 most new DDC controllers are now capable y 

of lower limits. the new limit maybe as low.as the 
required ventil~tion rate .. A non-energy benefit of this 
measure. is a reduction in over-cooling, thus improving. 
comfo'H:. . .. 

·-- ·- ---- ·- --- -
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Bull ding Compone:nt JIY!ea;ure Nam~: JV1e.asyre Description Notes lncludeel. 

7 

HVAC 

HVAC 

HVAC 

HVAC 

HVAC 

~ii!;htihg 

Lighting 

Lighting · 

100 

With adoption of Ao;HRAEGuideline 35 (GDL-:35); there is 
noyt a nationa·J conse[1Sl15standard forth.e 'description of 
ftigh::Perfo(Tl:iance sequencesof.dperation. This IJjeasure 
will .update BAS contrci r· requirements to ·;mprov~ 
usability; and. enforcement and to· irrcrease·.ene rgy. 

Building Al!tor;natroh System (BAS) ·1.effideil:cy. B)l;Scqntrol requ.irern .. en.tlan.gu.age will be' 
improvements improved either by adoption of simllar.Janguage~to GDLc 

· 35, or refe:renc:e! to GDL~35 .. spedficJ24 BAS cof!trol 
topl~;S th<?t wili be, addressee! Include at11 minimum: DCV,. 
demandcpasedresetofSAT; dernandcbi!sec1re?.et·ofSP, 
dual:.-maxim(Jm zonesequences, and zone groups for 
scheduling, 

'In order to i'!Oa:ilze <inY. savings irrthe difference, we 
.would need a very detailed energy model Wlttl~pace
by-spaceload)o¢dupantdiver.sity,.eto,V\fe.wcjuld also·· 
need rnore'm6deling capabllity'thanis currently 
aVailable in C:SfCCcCom. · · 

.. Exp~nd j=DD requirements ·to ~wider range ofAHU fa0its 
beyonq:t:h~.econornlze(. Fault requirements will be b.ased . 
. on NtSTfi(Oidresearch,which h'as con~equently been 

FilU ltPetectlO:n Devices (FOP) int~grat~;d intq ASHRAi; Guidelrn,e 36 Best)n CLass I M. k t. . · d .. . . . .. . . . . . . . . .· at: e not rea 
. ·$equepces of Operations •. Costs are solelyt() pevelop.the · · Y· 

sequences; Which.isjikely 91ir)fmal, and.much ofthe 
har:ctware required for econo.mizer FDD is aisd.L!sect to. 
detecfothe:rfaults. · 

Srna!l drcljiatorj:iumps EC[Vtttitr) I Circulatorpumpsfor industry and com,m~rcial. 
to floll! rate 

High Perf.ormali¢e.Ductsto 
Reduce>static Pre;i>ure · 

f'arallelfan-pov;rered bdx~ 

Dayiight Dim[n.ingpius O.FF 

Revis~ re,guiremeiltsforductsizirigto. reduce S:ta.tic 
pr,e~sure. 

I Use t:Jfparaflel faocpoWeted box~ 
. . ... . 

Automa.tk daylight dimming controls requirements, 
incluqe t~eQFF.step, 

Occupant Sensing .in Open Plan •. •1Takethe PAFwithoutaJiciwingfor increas~d design 
Offii:e.s • wattage 

'Jnsti:tutional tuning 
T:ak.e ~h~ PAF Y!fi:)i.oiJtaJJ!Jwing fot incr.eased design 
.wattage 

/ ...... · 

HOt w~ter pu;bp energy use)s small already (<1% 
building electriCity usage) so notrJiuch sav\ngs· 

··potential, fvjore~viQgsfor CHWpurnps. Mod.eJirig 
Jfmit~tions as welL 

Prelil'ninaryenergymo·deiing(esults showed only. 
rriargTr:1alenergy sav]ngs.comparei:l.ta'm easure cost 

JJna~le to model PFPB With vari~~IE! speed fai'J:Sin · 
mode!ing.software. · 
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Red Liced l nteriorUgliting Power 
Density 

Shift.from general to task 
illumination 

Futurecproof lighting controls 

·. 

Integrated cqntroiof lighting and 
HVACsystetns 

NR Plug Load Controls 
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Measure Description Notes Include? 

Requced interior LPD values. y 

Low levels of general illumination with task and.accent 
lighting added to locations 'J\fhere.higher light levels.are 
required. The shift from general to taskillumination This is a tough meesure to require as the LPDs 

N 
measiJre is based on the.assumption that proper.lighting decrease. 
of a desk surface with high efficacy lighting can allow for 
the significant reduction of ambient general lighting. 

Fill any holes in the current code that could .lead to the 
situations where TLEDS or LED fixtures that are not 

Major lighting controls already covered in other 
dimmable or upgradable in the future, or any other issues N 
with code that make it hard to transition to ALCS/IoT 

measures being considered 

lighting in the future 

Formalize the definition of "lighting and i:JVAC control 
integration'' by defining the level of data sharing required 
between systems and the mechanism needed to share 
such dat?. The high!'st savings potehtial would likely be Not mp.rket ready enough. N 
generated from VAVHVACsystems by closing the 
damper in unoccupied zones based on the occupancy 
sensor information from the lighting systems. 

Energy savings opportunities for plug loads, which may 
include: energy efficient equipment, equipment poWer 
maJ1agement, occupancy sensor control, and occupant Off\ce equipment now all have their own standby 
awareness programs. The proposal could be extending power modes that use very little power, making plug N 
controll.ed receptacles requirements in Section 130,S(d) load controls very difficult to be cost-effective. 
to more occupancy types. It would also consider circuit• 
level. controls, 
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6:9 Additional. Rates Analysis~ lieal.dsb.urg_, 

After the final version of the report was re.feast:c:f,th.e Reach Cod~Tea.m provided. additional cqsteffectivenes..s.analysis in cnmat~: Zone2 "using 
.· City.of Healdsburg el:ectricutility rates and .. PG&Pgas rates. All aspects ofthemethodology remain the same, and the results for each package and 
pr:ototype are aggregated bMow }fi F)gWr.e 79 throu~h figt;tre 81. ResL!Its.generailyJnc:lic!:ite: · 

· f M ix.ed fuel prototypes achieve positive.compiia hce margln:Sfo r .EE packages and are cost' effective. 

_.c;. All-electric prototypes acbieye slightly loyv.er compliancE; margins than mixed fuel for EE. pac~(iges and are cost effective. 

t Ali PV aod PV+Battel:)i packages a~e costeffective·both usirig an on..:bifJ and TDV.approach .. 
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Figure 79. Healdsburg Utility Rates Analysis -Medium Office, All Packages Cost Effectiveness Summary 
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'f-~!!:~l;;~tJ:!5:.!_1:l! ______ _ 
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.:~5.!.~~.:.. 
4,785 

4,785 

215,311 

214,851 

-44,899 

•44,899 

165~627 

165,200 

40,985 

Gas 
Savings 
(therms) 

•505 
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3,868 6.0 I n/2. .-$65,339 

3,858 46.6 I n/a $176,775 

3~868 47,7 n/a $204,675 

-505 8:1 . 17% . $56,649 

Life cycle 
Energy 

Cost 
Savings 

$-TDV 
Savings 

8/C 

Ratio I 8/C 
(On- Ratio 
bill) (IDV) 

NPV(On

bill) 

$89,645 I $99,181 I is I sn,996 

NPV {TDV) 

$32,532 

$510,922 1 .$573,033 r ·· 1.4. 1:Ei. 1 sisi,2.741 $2:1.3,385 

$24,204 I $24,676 I 0.4 I o.4 I -$44,733 I -$44,261 

-$7,042 1 ~sLt.1,429 I 1o.5 

$83;285 I $58,563 $65,~69" 
$511,954 $532;273 $225;oo:ll Y·' $l46,3ib 

__ §.§~~~ ;:~2..?2.?~J.[ii..:-".' I', _E:i1_:-l ; __ J3~Z£~.L.-~.:~3L§!f:" 
$10,430 I $1o,:Soo I i.ii F 1:s J ··••• $4,S64' 1.·· ·. $4,934 

$10,430 I $10,500 I _):i : J. 1.3 J ~ $2,()B I < $2,144 

$424,452 I $471,705 I 1.7 I .. 1.9 ·• $:l73}s2./ $:221,-235 

$423,721 1 $472,s9s 1 1.5 In~ I $14s/3s1 .. 1 $194,52.8 

$3,299 1 -$30,928 I >{/>[·.· ·2.2 J£s?i,429· 
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Fi Rates Analysis - M ediuin Retail, Ail Packages Cost Effectiveness _Sununar 

comp- Llfecyde I B/C 
_Ele~ . !3as @G ·Jiance lnc.rernen.tal. Energy • R~tio I f3/C 
avings Savings .. savings Margin Package cost ··$~TDiJ: 

PrototYpe I Package :(kWh} (therms) {tons) [%) Cost· Savings .savi'ngs 

I MiXed Fuel+ EE 18,885 613: 'i3:7 ~;;:±g~?r $5,569 - $49;546 

Mixed FUel +.:EE + PVB 189;400. 513 43.8 
'h~:iccc,c,_;·._:;•·' 

$249;475 $376;219 pl.~7o·~-:. 

Mixedi=uel +HE 2.;28& 229 2:o if';;§~:;: $9;n6 $13,i43 

All-Electric -21,786 2,448 75. -1% -$27A64 . $9;228 

AII~Eiectric:+ EE .. 2,84.3 2;448 14.6 ">iH%_t:: "-$21,895 . $61,918 

ArJ-Eiectrlc + EE + PVB 173;387 2,448 49~9 . ~r~;tt:::~. .$222;012. . . $391,257 

AII·EJE!ctr'ic +HE . ~~.!.~2- ..,3¢.±~-- . _8.9: t'{g~F;i::·, __ _:$4,~-~ _J32~~z __ ,.. _____ -~.--,..~~~--~ i-'- ...... . -:x:;;;:-
Medium Mixed FUel +3kW 4,685 0 (),9 $5,$66 $10;256 
.Retail 

Mixed FUel +3kW+5kWh 4,685 0 o§ 
;,_ -. •.·. -
• n/a-, $8;356 $10,2.56 

N 

1-

Mixed Fuel + 116kW 171;190 .o'• 33.3 n/a. .· $2'04))87 $316,293 co 
Mjxed.F'Ue1+'110kW+ · N ' ;· · .. 

im6;349 SOJ<wh· . 170,542 0 35.1 · . ri/a · '$231,987 
... 

• :'~,nt~' .. :· 
.. 

'$19;523 ·.All-Electric+ 3kW "17,101 2;448 8,4 ~$2i;898 

Aii~Eiectric + 3kW+ sb..Vh c17:,1o1 '2,448 8.4 · nl· :1 . . a , ~$l9jl08 $i9;523 

AII~Eiectric + UOkW 150,004 2,448 40.8- I ~- ~~~ $176;623 . $'332,213 

AIFEiectric; +llOkW+ I' , ·_::i ' SOkWh- 148;793 '•2,448' 42;9. •; ·-.:n/a' $204,523 $335,diJ,3 
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--o.--~-.~.--.-------~-..----o ~- ..... --- ------ ·------- --- __ ,.._ ____ --- ---.~ ----- -----r:: -- --~--------· -----·.....- ------------

Comp- Life cycle B/C 
Elec Gas GHG fiance Incremental . Energy Ratio F;fC 

Savings Savings savings Margin Package Cost $-TDV [One Ratio NPV (On-
Package (kWh). (thermsi (tons) (%) Cost Savings . Savings bill) (TDV) bill) NPV (TDV) 

Mixed Fuel + EE 3,802 976 3.9 ...... 7% $20,971 $22;329 $29,353· J.j; _ti:4:····.··· .• · $1;857 · ss:3s1· 
Mixed Fuel+ EE + PVB 130,144 976 ?1.1 17% $205;967 $254,577 $336,575 'i 1.2 ' .• 1.6 .. $4{6:1.0 ········'s:i3o,668 

Mixed Fuel+ HE 981 402 2.7 . 3% $23,092. $12.,291 $11,808 0.5 0.5 -$10,801 -sn;284 
, .. _ ... :.: .- ..... ~'k:i . 

• $1,~+j:~~9 I••··••·•···•·· .. ··••·.·· All-Electric •n8,739 12,577 40.0 -12% -$1,297,757 -$24,318 -$51;620 .·•53.4 $1;245,137 

AII~Eiectric + EE -88,410 12,677 45:9 ·.:·· s%··.··•••.•.• -$1,265,064 $45,918 >1 ; ....•• _>i··· .. ·.· . •: .. , ,.,., .. 
$20,860 . $1,310,982 $1;285,92'4 

All-Electric+ EE + P\iB 38,115 
:_:: .,.·. I> >1 >L_ .· $1,376,3ol ·• si;397,36s' 12,677 73.5 . 5% -$1,080,058 $296,233 $317,296 

i> .·' .. 

11J~ii~i It~£s~£~j~ All-Electric+ HE 118,284 -~~§?_?_ 41.2 -11% _:_g,3§.'&~~- ..:...::.S..?~~~± .:~~.!.5_95 1:)5.~ .. · 2s:s 
-------------~---

!-;,.., _____ ------ ------
• Mixed Fuel+ 3kW 4,785 0 0~9 n/a $5,566 $8,927 $10;332 ·• .. 1,6 . ,i;g •.•. 1. $3,361. · ; • s~ti766 

Mixed Fuel+ 3kW + 5kWh · n/a $8,356 $10,332 1.1 ' .·. i2_• .. · .. "·.··. .· .. 
$1,976 4,785 0 0.9 $8;927 $571 

Mixed Fuel+ 80kW 127,592 0 25.0 n/a $148,427 $229,794 :5275,130 . 1:.5···.·· .. ··. I <l.9i' I···· $81,367 $126,703 
Mixed Fuel +80.k.W + I 

1.3 

I ... ,., ~ . :: 

$6();24~ . ·.:.${i§;73l· 50kWh 126,332 0 28.1 n/a . $176,327 $236,570 :5295,058 ··1.7 

All-Electric+ ~kW '113,954 12,577 • 40.9 n/a . -'$1,292,191 -$14,447 -$41,288 I '89.~\ l·········.·~t~.· .•.sl.·i~7,7£4•·• I.• si.~~6.i6~i 
·- . '• ·. 

. ~i:i <$i,29d,9sd •· .•.••. ·.·1,i4·g,ii21 All-Electric+ 3kW + 5kWh 113,954 12,677 40.9 '•· n/a -$1,289,401 -$14,447 ,$41;288. 1 ·.s§.3 : .$1;24: 

All-Electric +80kW 8;853 12,677 65:0 n/a -$1,149,330 $222,070 :5223;510 • >;{~ <;,;:[ ... $i,37L4&6 • ${372;8~0 •• 
All-Electric+ .80kW + , ......... 

1'····:~·;{ ; .. r·•·.···$1)345;24-i. iL36l,o5;\ 50 kWh _],849 _ _J,~,677 __ §7A ... _ .. ·_h/a _ -$1J-21,430 $~~3,812. :5239;{)32 :·· 
--~----------·-_____ _______:_ .... 
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Acronyms 

2020 PV$ Present value costs in 2020 

ACHSO · Air Changes per Hour at 50 pascals pressure .differential 

ACM Alternative Calculation Method 

AFUE Annual Fuel Utilization Efficiency 

B/C Lifecycle Benefit-to-Cost Ratio 

BEopt Building Energy Optimization Tool 

BSC Buifding Standards Commission 

CAHP California Advanced Homes Program 

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 

CMFNH California Multifamily New Homes 

COz Carbon Dioxide 

CPC California Plumbing Code 

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 

HERS Rater Home Energy Rating System Rater 

HPA 

HPWH 

HSPF 

HVAC 

IECC 

IOU 

kBtu 

kWh 

LBNL 

High Performance Attic 

Heat Pump Water Heater 

Heating Seasonal Performance Factor 

Heating, Ventilation, and Air Conditioning 

International Energy Conservation Code 

Investor Owned Utility 

kilo-British thermal unit 

Kilowatt Hour 

Lawrence Berkeley National Laboratory 
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LCC Lifecycle Cost 

LLAHU Low Leakage Air Handler Unit 

VLLDCS Verified Low Leakage Ducts in Conditioned Space 

MF Multifamily 

NAECA National Appliance Energy Conservation Act 

NEEA Northwest Energy Efficiency Alliance 

NEM Net Energy Metering 

NPV Net Present Value 

NREL National Renewable Energy Laboratory 

PG&E Pacific Gas and Electric Company 

PV Photovoltaic 

SCE Southern California Edison 

SDG&E San Diego Gas and Electric 

SEER Seasonal Energy Efficiency Ratio 

SF 5ingie'Family 

CASE Codes and Standards Enhancement 

TDV Time Dependent Valuation 

Therm Unit for quantity of heat that equals 100,000 British thermal units 

Title 24 . Title 24, Part 6 

TOU Time-Of-Use 

UEF Uniform Energy Factor 

ZNE Zero-net Energy 
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201.9 Enei-gyEfficiency drdinani;e CosH4fectivenes~ Study , 

1 Intrhduction 
Th~ C:alifornJa 8LJilc:ling En~fgy !:Jfic;iencystandard~Title 24, F'art.6.(Tit!e 24) (Energy Cbrpf:niislbll; ;zoi8b) is 

· maintaineci and updatecf every tht~~ ye:(Jr~ bytwo.state agencles1the Califotrii<~ Eri¢rgy(:ominissl.cin {En~rgy· 
Commission) anci the Building Standardscommiss1on {BSC),IIi addition to.enfotcingthe to de; local jurisdictiOns• · 
have the authority tb adopt loca{ energy efficientyordinantes, or reacli codes; tha{exceectthe .minimum. ... 
standards defined by Title 24 (as established byPUblic Resources Code Sectiori.).54'02_.:L(h)Z at)d,$ection 10-106 
of th~ BuiJdipg th~rgy Effig1~t11::Y5t<!ndards). LocaJ jllf)sgic;tions milst derrionstr't~tr:fthatthe requireliiehts ofth.e 
proposed ordinance are cost-effeCtive and do not result in buildings consuming m.Ofe energythanjs permitted 
by Title2.4.Jn·addition,thejur\sd\6tlbn ri\Ustobtaln approval hom 'the tnergy tornrnisslonandJH~ th~ btctinance 
With the sse fot the on::linar]Get(). qele&f1lly ~nfotceab]e, · 

.. . 

Thl.s n'"P()rt d(jturnents cost-e.ffetti\1~ COJilbina.tibhs ofr:neasures that exceed the minimum state requTretnentS'i;· 
the 20i9 Bui[ding Energy EtficiencyStandards; effectJveJanuary1,2020, for new single family and.low-'rlse(one~ 
to three~story) rnwltifarnil{resir.letitial cbnstrQctlon. The ahq.IYsis Jnclud'esevaluafioh.of both mJxedfue{anciaJl ... 
electric barnes; doct/menJing tht;lt the petfqrrnatice reql(ir,ement,s qin be met. py .either tYPE:! ofbuildirig design. 
Compliance package options and cost-~ffectiveness analyslsin all. sixteen Califo.rnia dim ate zones(CZ:s)are .. 
present~d {see.Af:>peildixA~ Califotnia Climate Zone Map fota graphiCal depfctlqn of.Cllmate ZorieJocations), 

.All proposed package options include a cornblnatlondfefficieocy. measuresandori~site.renewaple ¢nergy. · 

2 Methodology andAssu;ruptions 
This analysis uses tWo different metrksto assess cost~effeci:iveness. Both methodologies require estlrnatihg and·· 
qqantifyipgthe irrcretnental. costs f\hd eh~rgy:s~yings assoc:i<~tec(with energy ef:ficienc)i xileasljres. Th~ maip. .. 
difference between the methodologiesls them<~nt1er in which theyvalue~nerivanctthus}he cost savin~s of 
reduced or.avoided energy. use. . .. . . . . 

.. Utility Bill Impacts (on-Bili): Customer-based Lifecyde Cost (Lee) approach that values energyt)ased, ·.· 
ljpdn estirnat(':d site energy USage and custqii)e(dn-bJll savings U$)ng ·t=ledricjt'yi an'd·nab:iral.g~~ l!til)ty. 
rafesch~(.iules oyeca3D-year~uration acco~Jntlng fot disco\intratl:; and ¢nergy .costJirflatioti. · 

"' •rime Dependent Valuation (TD\1).: EnergyCotnmfssion LC:Cmetbodology~ w.hlch.IS{ritendedtocapture' 
the "societal val\:le or tost11ofenergy us~ indqdrng long-terrri projected tosts such a;s the cost.of · · · 
providing energy during peak periods ofdemand arid other'societal costs such as projected costs for 
carboh.ernlsslqns1 as·w~ll as grid tr;:insmisslo.n .and disfributic>~ irhP?cts. This Jiietrh::yaiuesenergy use 
differently depending on tbefuetsou.rce (gas, elect:ric[ty; ~nd prop<.! ne);tinie of day, and' se:ason~ ·· 

. Electridty used (or saved) during peak periods has. a much higtJervC)lue~han elec:tricity used (or:.saver:J} 
during off~peak periods (Hodietal, 2014};,This jsthe mE~thodology .used bY the Energy (orhrnissiOnJn · 
eva!ue~frng cost~effectivenessforMficiency measures .in'ritle24, Part 6., 

2.1 BuildfngPrototypes 

The Energy.Comr'nissloh.defiriesbuildirig prohitypes whicfi it uses to.evaluatethel::ost~effectivehess of proposed 
chaog~s to Title )4.requireroents~ At the timethilUhis reportw?:S.\.Vr:ittell, thetl:l a(~fwosinglefarnily 
prototype,s andoQeloW:-risemultifamlly prototype.i\ll three are use'd\n fhis aJ1alys1s indeyelopni€m.t ofth~ 
above~code packages. table 1 describesothe basicch?ta.cteristits Of each protcitype.>Additionaldefaiis oh the 
prototypes can be fourid in .the Alternative Calc'ulatlon Method (ACM)ApprovaiMantial (Energy Coo1(nissfon~ 
20i8a}.Thepi:ototypes )lave equal geometry on aii.W<l!Is,windows C~nd rooftpbe orientation neutral, . 

1 2019-08-01 
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Table 1: Proto 

2019 Energy Efficiency Ordinance Costceffective/Jess Study 

e Characteristics 

Characteristic· 
Single Family 

Window-to-Floor Area Ratio 20% 

Single Family 

20% 

Multifamily 

. 6,Q6o ft2 : 

> (4) 780 ft2 & 
(4) 96PN units 

2 

·\4)1-bed & 
.. (4)2-bed units 

15% 

Source: 2019 Alternative Calculation Method Approval Manual (cailfornia Energy ComfY!Isslon, 2Dl?a) .. 

The Energy Commi.ssiOn's protocol for single family prototypes is to weight the simulated energy impacts by a 
' .·. ·. . ' 

factorthat represents the distribution of single-story and two-story homes being built statewide,. assuming 45 
percent single~story and 55 percent two-story. Slmu lation results in this stuay are characterized according to this 
ratio, which is approximately equivalent t~ a 2A30-square foot (ft2) house.1 

Tbe .. m~tJnJdul~g'/ ys~d-in ~he ~i.:1a.IY$e~ fo·i~ eac.h c!f th~ prOtotypical b~ildiog typqs bt;glfi$ \vith a dc;slg:n t.h~~ 
precisely meets the minimuni 2019 prescriptive requirements (zero compliance rnargin), Table 150.1-A in the 
2019 Standards (Energy Commission, 2018b) lists the prescriptive measures that determine the baseline design 
in each climate zone~ Other features are consistent with the Standard Design in the ACM Reference Manual 
(Energy Commission, 2019), and are designed to meet, but not exceed, the minimum requirements. Each 
prototype building has the following features:. . · 

.. Slab-cin~grade foundation. 

" Vented attic. 
.. High performance attic in climate zones where prescriptively required (CZ4; 8_:16) with insulation 

installed at the ceiling and below the roof deck per Option B. (Refer to Table 150.1-A in the 20.19 
Standards.) 

" Ductwork located in the attic for single family and within conditioned space for muitifamily. 

Both mixed fuel and all-electric prototypes are evaluated in this study. While in past code cycles an all~eiectric 
home was compared to a home witli gas for certain end-uses, the 2019 code ihclud~s separate prescriptive and 
performance paths for mixed-fuel and all-electric homes, The fuel specific characteristics of the mixed fuel and 
aH~electric prototypes are defined accordingto the 2019 ACM Reference Manual and d-escribed in Table2.2 

1. 2,430ft2 = (45%x 21100 ft2
) +(55% x2,700 ft2

) . 

2 Standards Section 150.l(c)8.A.iv.a specifies that tom pact hot water distribution design and a drain waterheat 
recovery systeni or extra PV capacity are required when a heat pump water heater is. installed prescriptively. The 
efficiency of the distribution and the drain water heat recovery systems as well as the location of the water· 
heater applied in this analysis are based on the Standard Design assumptions ln CBECC-Re.s which result in a 
zero-compliance margin for the 2019 base case model. 

2 2019-08-01 

303 



2019 Energy Efficiency Ordinance Cqst-ejjectlvefless Study 

Tabl~2: Charad:e~isticsoftheMiXed Fuel vsAll.~ElectricProto e 
Ch;:~racteristic Mixed Fuei .. Ali-EleCtric . 

. j ' \ ,, :. r,: , ,.; :' . ' YG~~ futn~~e 8o AFU~ ,, ' . ,'' ,, f SpHthea't'pl.tmp 8.2 HSF>i=;:, ;·,:; ' 
~P~<:~:~~E!7tip~1~?~ 1 i~E~':' :t,spJlfAjc)4.sEI:Nii?:E~Rc),·i·· : )fiSEER,11;7EER:' \i ·,: .. ·· 

G'as tankles~ U.EF = 0.81 

50gal HPWH UEF = 2.0 · 
S.F: iocated it1 the garage 

MFCZ2;4,6;16: located.in Jiving space 
MF CZ1;3,s: lOcated in exter'ior'doset .. 

·~··c~·de'~rnimu~:'AI:I: ~:~· ~'t~~." .•. ·.;·.'.: "~:.".·.~c' ..• o .. c.·.:m!•·,.;~P··.:apmc;ct:n;.e:s:ss·'! ... 'f .. :ai .•. ·c!tlo,;.·ri··.u···o·····\·r.·.'o'.J···n6':. i~I~,i/ .. '·)·(>;'tl.lri~i iritulat~d >,i: : , .,· ~ .· ..... 

;:.~. ':';•~··· :'i.k .. ' ./\ .. Y.· 'cz~:0ne~~·~~tb:~~4~~~l£e~·~~~~· 
cz i6:. equal flp'Jf to s_hower &.wat_t;:r 

heater.= 65% 
:No he 

Clothes Drying Gas · ElectriC; 
1I;:quipment effidendes af~ equal to ITiin(mum federal applianceefficlency stancfards, ·· ..• · · 
. . . . . . . . . . . . . - . , I . . . 
2The multifamily prototype fs evaluated with individualwater heaters'. HPWHs located: in the. living 
spilce do not haveductingfor eitllerinle.tor exh<~ust·air;CBECC:cRes does not havethe.capabili:tvto 

· m6de!l'iucted tiPWHs; · · · · · · 

:3iJ£f= dnifocm t;Jnergyf~ctor. HPWH c: heat p~mp water.he.ater. SF ;=single family, MF;;' 
multifciriiily, · . . . .. .. · . . 
4CBECC~Res applies a SOgal water heater when specifying a ;storarie wai:erheater, Hohvater d't:aws 
differ between th.e prot() types based PIJ nurj:)per ofbedr'opr)ls. 

2.2 MeasureAilalysis 
The C~lifotniC)Bti)ldingtnergy,Code Cbtiipliante simUI(ltibntool; (::BEC:C"RES'2019.;LO, was ~sedto.ev;;liU~te 
energ'(impacts us'ingthe ~Ol9Titfe24; prescriptivestahdar~s as t~ebenchmark, and the 2019TDVvaiues.TDV 
is the energy h1efricusedbyti')eEriergyCommissiohsincethe 2005Title24 energy code to. evaluate compliahte 
Wlthlh$.Title 2~stahi;(aJd~~ · 

Usingthe2Q1~ baseline a$ the starting point~ prospec~ive energy effkierwv measures were identified anq. 
rnod,ele~ in eacb.\:Jfthr:iprcitotypestq d~terminE) theprojecfed energy (Jherm and kW'&}and compliance· 
impaGts:.A large' set'of parametrlcruns were 'conduc:ted to. evalua.te various options.i:lnd deve!6p· pi:lckag:es of. 
meas.ures that ex.teed mlnfniurn tocle pe'rfcJrrnaf.lce,JhEi analysis utiliz.es a parametrie'tpol pased:on [\ificropas3 to· 
CJUtcimate anq manag~tf)(Jgerwatioil (Jf C:BEC:C~Res inp[Jtfi!es, Tbi~ allows for quiCk· evaluation of various 
efficiency rneas.ures across multiple climate :zones <:mdprototypes,'andirnproves qualltYtonttol .. The batch 
process furictiohCJiity ofCBEtc~R.es is utiiizedtos!muiate large groups: of lriputtiies.atonce' An.riuai utility ~osfs 
w&re calcuJated using hourly data (Jut put frcii:r) C~ECCC.Res and electricity and haturaigast(lriffs for eac:h ofthe 
investor ow tied utilities {loUs). · . ' . .. · 

3 Developed by Ken Nlttler ofEnercornp, Inc 

3 2019-08-01 
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2019 EnergyEfficiency Ordinance Cost-effectiveness Study 

The Rea.ch Codes Team selected packages and measures based on cost-effectiveness as well as decades of 
experience with residential architect~, builders, and engineers along with general knowledge of the relative 
acceptance of many measures. 

2.2.1. FederaiPfeemption 

The Department of Energy (DOE) sets minimum efficiency standards for equipment and ~ppliances that are 
fec]erally regulated under the National Appliance Energy Conserva.tion Act (NAECA); including heating, cooling, 
and water heating equipment, Since state and local governments are prohibited frOIJI adopting policies that 
mandate higher minimum efficiencies than the federal standards require, the focus of this study is to identifY 
and evahJate .cost-effective packages that do not include high efficiency equipment. While this study Is limited 
by federal preemption, in ptactice builders niay use any patkag~ of compliant measures to a thieve the . 
perforniancegoals,·induding high efficiency appliances. Often, these measures are the simplest and most 
affordable measures to increase energy performance. 

2.2.2 Energy Design Rating 

The 2019 Title 24 code introduces California's Energy Design Rating (EDR) as the primary metric to demonstrate 
compliance With th~ energy.code. EDRis still baseq on TDV but it uses. a building that is compliant with the 2006 
ln.terna~ional [nerg~y ConservatiOn Code (ICC~} as t.hs refe.rence building. the rcfcrcnCG b~Hding h¢s bn EDR 
score. of 100 while a zero-nefenergy {ZNE) home has an EDR score of zero (Energy Comm\ssion,2018d). See 
Figure 1 fora graphical r~presentati6ri of this' While the Reference Building is used to determine the rating, the 
_proposed Design is still compared to the Standard Design based on the prescriptive baseline assumptions to 
determine compliance~ · 

The EDR.is calculated by C:BECC-Res and has two components: 

1. Ah "Efficiency EDR" vvhich represents the building's energy use without solargen(Oration.4 

1.. A "Total EDR1
' that represents the final energy use of the building based on the combined impact of 

efficiency measures1 PV generation and demand fiexibility;, 

For a building to comply1 two criteria are required: 

(i) the proposed Efficiency EDR must be equal to or les~ than the Efficiency EDR of the Standard Design, and 
(2) the proposed Total EDB.must be equal to or less than the Total EDR of the Standard Design. 

Single family prototypes used in this analysis that are minimally compliant with the 2019 Title 24 code achi.eve a 
Total EDR between 20 and 35 in most climates. 

' . 

This concept, consistent with California's "loa~ing order'; which prioritizes energy efficiency ahead ofrenewable 
generation, requires projects meet a minimum Efficiency EDR before P\( is credited but allows for PV to be 
traded offvilith additionCJI effidency\vhen r'neeting the Total EDR .. A proJect may irnprove on building efficiency 
beyond the minimum reqUired and $ilbsequeritly reduce the p\igeneration capacity required to achieve the 
required Total EDR but 'may:not increase the size of the PVsystem and trade thls off\vith a reduction of 
efficiency measures. Figurel graphically summarizes how both Efficiency EDR andPV /demand flex'ibilityEDR 
cjre used to calculate the Total EPI{ [Jsed in the 2019code arid in this analysis. 

4 While there is no compliance credit for solar PV as there is under the 2016 Standards) the credit for installing 
electric storage battery systems that meet minimum qualifications can be applied to the Efficiency EDR. 

4 2019-08~01 
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Building ~nergy):fficir;rycy 1. · PV +Flexibility 
Stanci~rdDe.Sigh ·I Standard Peslgil 
Efficiency EDR , [ PV * Flexlbillty EPR 

~~~i~f,:lf%~j~10f;i-J [ k bl I j',oU~~ .. 
Prpposed E:fficienty EDil . . . I ·· Proposed.PV + f:!exib!i(t.~ Ei:lfl · ·· . · 

lOO 

· . Suilding 
Effi c1 e rfi:y 

mt
g 

F'igu:r~. 1: Graphica]' description ofEDR scores (courtesy ofJ:n~;gycode l\ce5) 

Re'sult'i fro in ~his analysis· are pr'ese~ted as-EbR IYI~rgin, a. redDdion itithe ;EDRs'core relC~tive to the St~n'dard · 
Design. EDH Matgi!l.is C1 bette~rnetrlcto usetha.iJ ab~Oiute EDit in the c911~ext Of a reach code becqlJSe absqlute 
values vary;. based on the home design and chan3cteristics such as size and,orientatioh. This approach allgns.with . 
heN\/ compli<;Jnc;:e is determined for the 2,019 J!~le 24. cpclei as Well ,as Qtj!ity jnc.:entiye prog~arilsi st,~ch .as the 
California AdVanced Homes Program (CAHP) &qalifornia ryiu)tifami(y NeW Homes.(CMFNH),W:bich requ1re 
minimum perforiTJahce cr)terJa: b<1sed oh ant:OR M?rgtn'for Iow-r\sE! resictential projects; The Ebg fVIa'r'gin is 
caJcuJ<;Jted accordingto Equation 1 fc)rthe.two efficiency packages anct ;l;qu\)tior) 2JcwthE!. Effici~ncy ·1¥ PVanq 
Effii:i,ency& PV/Battery packages (see.s~c1:ioli23). 

, . . Eguatio;n1 .. . .· . 
fi DR l•fatgtnefttdency = St.a.rrda,rd J)esigiJEfficieT!-t.yED R. -'- Ptoposed D esi[pt Ef f icierrt:yBDJi 

, . . Equa.tio;n2' 
EDR;M ar!Jiriefficiency&Pv = Standard DesignTotdlE])R '-'-- Ptoposed.DesignTOtal EJ)R 

2.2.3' Ener;rJ,vEffieiencvMeasl1res 

FolloWing. are destrlptiohs of eath ofthe effiden'cy h1easUres evaluated under this an,a:lysls .. Because 'hot all of 
the. ruE:asqre~ describeq belowviterefi:Jl.l ncl to be cqst~effec.:tiye arid cost-effect:iyefiess varieq by c:lim~te zone; 
not all measures afe' included ih'ali P13¢1<ag~s and some.ofthe measures llst-edare not included in :anYfinal . 
packcige, for a. !jstofrneasures loduc:Jeq in e9ch ~fffden6/ p'<H;l<age byclim<rt~ zone, see Ap'pe.hdixJJ ~~Ingle 
FamilyMeasur~ ,summary andAppenqi)(f, Mllltif<lmJiy IViE:a,<;l,lrE: ~umm<lrY, . . .. · 

. . . . . . .. . 

Reduced lnfiitration (AcHsor:' Reduceinfiltr<;Jtion in simife family homes f~orn the clefault inflltrC)tlon qSSUrnpti()ll 
offive (S)air djange,<; per ho.ur atsd Pascals (AtHs0)6 by 40 t.o 6o percent to either3 ACHSO.or 2.ACH50. HERS · 

5
. h ttps :/[en e rgycod ea ce. com l 

6 Whole house leakage tested at a pressure difference of 50 Pascals between indoors. and outdoors. 

5 2019-08-01 
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rater field verification and diagnostic testing of building air leakage according to the procedures outlined in the 
2019 Refer~nce AppendiCes RA3.8 (E11ergyCotnmission, 2018c); This measure was nof applied to multifamily 
homes because CBECC~Res does not allow reduced infiltration credit for multifamily buildings.' 

Improved Fenestration: Reducewindow U-factorto 0.24. The prescriptive U-factoi" is 0.30 in all.diniates.ln 
climate zoneslJ 315, and 16 Vl(here heating loads dominate, an increase in solar heat gain coefficient (SHGC) 
from the default assumption of 0.35 to o:so was. evaluated in addition to the reduction in U-factor. 

Cool Roof: Install a roofing producfthafs rated by the Cool Roof Rating Council to have an aged solar 
reflectance (ASR) equal to. or greater than 0.25. Steep~slopedroofs were assumed in all cases. Title 24 specifies a 
prescriptive ASR of 0.20 for Climate Zones 10 through 15 and assumes 0.10 i)l'otherclimatezones, 

Exterior Wall Insulation: Decrease wall U-factor in 2x6 walls to 0.043 from the prescriptive requirement of 0.048 
by increasing exterior insulationfrolll one~inch R-5 to 1-1/2 inch R-7.5,c This was evaluated for single family 
buildings only in allclirnate zones except6and 7 where tbe prescriptive reguirement is higher: (U-factor of 
0.065) and improving beyond the prescriptive value has little impact. 

High Performance Attics (HPA}:HPA with R-38 ceiling insulation and R-30 insulation under the roofdeck.ln 
climates where HPA is already re'quired prescriptively this measure requires an incremental increase in roof 
insulation from R.-:19_ ot R-13 to R730. fn cOmafes vJh·crc HP.A is not currcfltly·:req·uireQ (Cil'rnat::;.zo·nes :1 t_h·rough 
3; and 5 through 7); this measure adds roof insulation to an Lin insulated roof as well as increasing ceiling 
insulation from R~30 to R-38 in Climate Zones 3, 5, 6 and 7. 

Slab Insulation: Install R-10 perimeter slab Insulation at.a depth of 16-.inches. For climate zone 16, where slab 
insulation is required, prescriptively this measUre .increases that insulation from R-7 to R-10; 

Duct Location (Ducts in Conditioned Space): Move the ductwork and equipment from the attic to inside the 
conditioned space in one of the three following ways. 

1. Locate ductwork in conditioned space; The air handler may remain in the attic provided that 12 linear 
feet or less of duct is located outside the conditioned space including the air handler and plenum. Meet 
the requirements of 2019 Reference Appendices RA3,1.4.1.2. (EnergyCommission, 2018c) 

2, All ductwork and equipment located entirely in 'conditioned space meeting the requirements of 2019 
Reference Appendices RA3.1,4.1.3. (Energy Commission, 2018c) · 

3. AU ductwork and equipment located entirely in coliditiooed spacewith ducts tested to have less than or 
equal to 25 cfm leakage to outside. Meet the requirements of Verified Low Leakage Ducts in 
Conditioned Space (VLLDCS) in the 2019 Reference Appendices RA3.1.4.3.8, (EnergyCornmission1 2Qi8c) 

. . 
Optiohl and 2 above apply to single family only since the basecase for multifamilY assumes d-ucts are within 
conditioned space. Option 3 applies to both single family andmultifamily cases. 

Reduced Distribution System (Dud) Leakage: Reduce duct leakage from 5% to2% and install a low leakage air 
handler. unit(LLAHU).,This is only appficabletosinglefamily homes. since the basecase for multifamily assumes 
ducts are within .conditioned space ahd additional duCt leakage crediti!) not ~vailable. . . 

Low Pressure Drop Ducts: Upgrade the duct distribution system to rectuce external static pressure -and meet a 
maxirnum fan efficacy of 0.35 WCJtts per c,fm for gas furnaces and 0.45 Watts per cfm for heat pumps operating 
at full speed. This may. involve upsizing ductwork, reducing the total effeCtive length of ducts, and/or selecting . 
low pressure drop components such as filters. Fan Wi;lft draw must be verified by a HERS rater accorqiilg to the 
procedures outlined in the 2019 Reference Appendices RA3.3 (Energy Commission, 2018c). New federal 
regulations that went into effect July 3, 2019 require hlgherfan efficiency for gas furnaces than for heat purrips 
and air handlers; which is why the recommended specification is differront for mixed fuel and all-electric homes; · 
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HERSVerification ofHot WaterPipe Insulation:. The California piurnbing Cod~ (CPC) requires pipe insulation on 
all hot W<Jt~r lines, Tbi~.rr\ea?Llre pro\.il~es creditfor HERS raterverifi¢ation ()fpipe insulation requirements 
acccirdinl?tothe pr.ocec{ures bl1tliped iii the 2019 Rt:=f~rei;lce Appehdic:es RA3.63, (Energy Commission, 2D:l8c:) 

Compa~t Hot Water Distribution: Two creqits.f.or cqmp<lct !)ot wate.r <:Jistributionweri:J ?Vi3iuatecl .• 

1. Basi_c Credit: Dqsi,gnthe hpt water distribution $yst~m·to meet m[nlmt,!hJ requjremehts fqrthe basic. 
compact hot water distribution credit acCording to the procedures outlined in the 2019 Reference. 

,. ·Appern:lice;; RA4,4 .. 6 (Energy Com!Tlission,2018c)~ Jri tmviy' singlE! family hoi'Tl_es this n1av reqUite moving, · 
tti.~ Wat~r heater frqrn ah ~xterior. tci an interior gqp;ige W<1li; MO.ftifarnily home.$ with incjivid_ual W\lter 
heaters are expected to easily meed:his c~dli: wfthl1ttle or no alter~tionto plumbing design':--cBECC~Res 
software assumes a:3o%·redudioti in distribution iosses ;for the basic credit: · . · . 

;t. Expanded Credit:'p~sigo the hot water distribl1t1on sy~tern to meet filihiJl1uin requiremf!ntsJortbe: 
expanded compact bot water distribution c;redit actorclirig to the procec{ures o.oi:lined in the 20:19 
Ref¢renceAppendjces RM,Ks (Erjergy Cbtiuiiisslol), 20l8c): lri cidditionto. requiring HERS verification 
th<1t the minimum requirements forthebasiccompact distribution credit<:Jre rnet, this ct$dit aiso· 
imposes limitations all pipe location, maximurrt pfpe dl~me±er, and redrculationsYstem c:ontrols 
allowed,···· ·· · · · · ·· · ·· · · · · · 

. -
Dfain Water Heat Receive& {D\NHR)j For rriuitifarrii1Ybu1idings.add oW.HR thatserves the showers in ~h unequal; 
flow configuration (pre-heated water is piped directly to the shower) With 50% efficiency .. This upgrade a.ssumes.' 
all apar;i:ments :a reserved by<J D\NHR with one unit serJingeadr apartment Jndlviclually~, For as!ab.-on~grade 
bLJildin:g this requires .a horizunt\1.1 unit for the firsHioot c:rpartments' . 

. Federally Preempted Measures: 
. . . 

The foHowing additlon<il measures'Were evafuated, Bec(!i,t_sethe:se mea~uresrequire upg.rading appliar)c¢s the1t' 
a.re federafly reg[j]atedto high efficiency lno!)els-o\ they cannot he. used to snow cost,effediveness in a local 
ordillance. The measures and packages are presented .here to show that there are several options for builders 
to )rie~t the petfqrrria)'i¢etcirgets, Heatitigand coolirig,capacjties <:]re aiM?'lzed l:Jy CBECC:~Re? in alitases; 

High Efficiency Furnace; For the rpi~e9-fue( pmtotypesj vpgi'ade t)<rfqr<=JLgas furii.aceto ori~ ()f two cond$n~lng, 
furnace options With an efficiehcy of92% ot ~6% AFiJE. . . -

High Efficiency Air Conditioner: ,Fb'rthe :mixed-fuel prototypes, upgrade theali'coiidltlorter'to elthEifsihgle~.stage 
SEER 16/ EEl'{ ;l3 oi:two~stC!ge Si;:ER 1~ {EE~ 14 ecll1fpmer:it, 

HighEffidericy HeatPurrip: For the aiJce!ectric prototypes; \Jpgr~de the· heatpunif) to 'either sirig!~-stage,SEER i 

16/EER 13/ Hsp~·9 ortWb~stage SEER.18 J EEF{ 14/ H.SPF 1Q,equipment. . . 
. . . . .. . . 

- . 

High Efficiency tankless Water He~ter: Fbt the mixed--:fueJ prototype1 9pgrqde tanl<less Water beatert() a 
condensing unitwith a rat~·q Uniform EnergyF~ctor (UEF) of 0.96, 

, High EffiCiency Heat Pump Water Heater {HPWH); FOr the all~eledrid prb~Otypes1 '~pgrade thefederalmit'limurn 
heat pump water heater to a HPWH that meets the Northwest EnetgyEffi~fency·Ailiance(NEEA)7Tier 3 rating, 
The.evf111li:!t~ct. NEEA Water-heatetis an 8Qgill qoit a.nd ls app"ljed to,all th:ree building prototypes,; Llsillgthe same' 

""Based on operational challenges experienced in the past, NEtA estabiished rating test cdteri~ to ensure newlY 
installed HPWHs perform <Jdeqbately, espe~ially in colder climates. The NEEA rating requires af1 Energy \='actor . 
equal to the ENERGYSTAR petformance level and inCludes requirements regarding noise and prioritizing heat 
pump use over supplemental electric resistance heating. 
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water heater provides consistency in performance across all the equipment upgrade cases1 even though hot· 
water draws differ across. the prototypes. 

23 Package Development 

Three to four packages.were evaluated for each prototype and climate zone, as described below . 

. 1) Efficiency- Non-Preempted: This package uses only efficiency measures that don't trigger federal 
preemption issues including envelope, ahdwater heating and <;luct distribt,Ition efficiency measures. 

2) Effich~ricy- Equipment, Preempted: This package shows ari alternative design that applies HVAC and 
water heating equipment that are more efficient than federal standards. The Reach Code. Team 
considers this more reflective of how. builders meet above code requirements in practice. 

3) Efficiency & PV: Using the Efficiency- Nori~Preempted Package as a starting point8
, PV capacity is added 

to offset most of the estimated electricity use,. This only applies to the all~elec.tric case, since for the 
mixed fuel cases, 100% ofthe projected electricityuse is already being offset as required by 2019 Title 
24, Part 6. 

4) Efficiency & PV /Battery; Using the Efficiency & PV package as a starting point, PV capacity is added as 
well as a battery system. 

23.1 SolarPhotovoltaics (PVJ 

Installation ofon-site PV is required in the 2019 resident.ial code. The pV sizing methodology in each package 
was developed to offset annual building electricity \.is.e and ;:JVoid oversizihg which vitoLild violate. net energy 

. metering (NEM) rules.9 In all cases, PV is evaluated in CBECC-Res according to the Caiifornia Flexible Installation 
{CFI) assumptions. 

' . . 
The Reach Code Team used two options within the CBECC-Res software for sizing the PV system, described ' 
below. Analysis vilas conducted to petermine the mostapproprfate sizing method for each package whi(:h is 
described in the results, . . 

o .Standard Design PV- the same PV capacity as is required for the Standard Design case10 

" Sp~cify PV System sc·aling.;_ aPV system siz!'Od to offs~t a specified percentage ofthe estimated 
electricity use of the Proposed Design case 

2.3.2 Energy Storage (Batteries) 

A batt~ry system was .evaluated in CBECGReswith control. type set to "Time of Use" arid with default 
efficiencies'of95% for both charging and' discharging: The "Time of LJse" option assumesbatteries are charged 
anytime P\J generation is greater than the house load but controlswhen the batter)! storage system discharges. 
Duringthe summer months (Julyc-- September) the battery begins to discharge atthe beginning oft he peak 
period at a maximum rate until fully discharged. During discharge the battery first serves the house load bikWill 

BIn cases where there was no cbsFeffective Efficiency--' Non-preempted P"ackage; the most cost-effective 
efficieocy measun:is for that climate zonewere <:dso included in the Efficiency & PV Package in order to provide <> 

combination of both efficiency and PV beyond code minimum. 

9 NEM rules apply to the IOU territories ot)ly, . . 
10 The Standard Design PV system is sized to offset the electl'idty use of the building ioads wnlch are typically 
electric in a mixed fuel home, which indudes'ailloads except space heating, water heating, clothes drying, and 
cooking. 
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dlschatgeto the ~le¢trlc grid ifther~ is e)ltes~ energy· <JVailable. During othElr months the battery discharges 
Wheh~v~rthe PV systemdqes not c()V¢rtbe entire hoqse load anq does (lotdi,schal'geto the electric grid, This 
cOntrol Option i~ considered to be t:lJbst r~flective of the :c.urreht prOducts (Jn the fl1arket. This control ~ption . 
requires an input for the "FirstHour.ofthe surnmerPeak" and the stateWide CASETeam ·applied the default 
hoUr in CBECC-Res Whh:::h differs by climate· za,nE) (either f!· !3Prn .or 7pm start); The Self Utili.zation Credit was 
taken when the l:mtte[y ~ys\:emliyas rnod~led. ' ' 

2.4 l~J.crelp(!rjtaJCost~ 

Table4 belowsq1J1fnarizes the incremental cost.assurnpttohsfotlii~asures eVahJated it) thi$l)ttJdy, fo.crerh~ntal 
, Costs represe11tthe (O!qliiprr\eJ:i\,lnstclfJatlp(i; replaceiTf~nt, and r:rtainteoante costs of the propo~ed measures 

relativeto the baseca~eol1 ,Replacem:ent costS:are.applred to HVACand DHW equipment, PVinveri:~rs~ and 
battery systems .over:th_e 30~ye<lr .evaluation periqd. Tber'!= i;; nq as~t.H:ned rncrJntenaJ1c:e on the envelope:, HVAc; 
_or oHW me<1sures since there' :shouJd not be. ~ny additi6na I_ mafntenahce cq_st for <1 more effldentversioh pf the 
sarne wst~rn type astJ]e bC!s'Eilitie, Costs Were estimated to reflect costs to t.he building ownN·. When costs were 
obt<Jfned from a source that didn'~ alre.ady inducle build_er overhead and profit1 a markup' of teD p~rcent was 
added, Ali costs are pro\llded ~s pr,esentv~[ue in 202.0 (2021) PV$); 'Co,sts clt1et~ Vqtiatiohs fn flltnac¢, a it· 
tonditipoef( and Jieat PUtnP capacityJ>y clj_mate zopewerenQt(lCtOU11teq fo(i!i the <3!lalysis, _. 

EqqiprtJent lifetjmes.app-!i~d iri.tbis a_nalysis for the Water: beating and space; condition]hg m~asure:S are' 
summarized in T<:1ble 3. , · ··· · 

T~ble ~: Lifet.1me ofWater Heatln 
.---~----~~~_J------,-------~~ 

Source: City of Palo Alto2019 Title24Energy Reach Code: Cost
. eifedlvenessAnalys1s Droft (T,Rc; 20113) which is base~ a·n the 
·D~tabase ofEI)ergyE[fic:len~Resources {DEEI"lk2 

· 

11 lnterest~osts que t'ofipancing ar~ not jncludecf in thetritrementaf¢osts presented Tn the Tap leA· qwtare 
accounted for ln the lifetime cost analysis. All first costs are assUmed to be financedjri a mOrtgage, seeSectibri 
2.5 for details. 
12 http://www .deeresources.com 
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Table4: I IC - ~---- - -· --- -· - ---- - -------- - - - A ---- - - ~ -

,., -' . _,·:: • .Incremental Cost (Z020PV~] :• .. , .. ,_,, .. ,._,.,. . :·•: ,>... .... _,,_ .. 
.... Multifamily·, '···. ;;· .- ... ,· 

..• >performance < :'·,· (PerDwelliJ1g ;: . ( 

Measure Level ·..• Single Family .'.unrtl .. Source & Notes ·.·. ·: · .... · ... , .. ,.·,; .:·· ·_.·, .. ···._.· •/)'.,. __ ,,·_ 

Non-Preempted tv'leas!.lres >:.· '. < . .. . •• : ., ,'·,·· ·:. .· .. ·.·· .... , ·:·· :: ... ··,• .... ·, .. :: .·:····.· ·:.>,. ,, :. ,: 

Reduced 3.0 vs 5.0 ACHSO $391 n/a NREL's !3Eopt cost database ($0.115/ft2 for 3 ACH50 & $0.207/ft2 for 2 ACH50) + $100 HERS 
Infiltration 2;0 vs 5.0 ACH50 $613 n/a rater verification. 
Window U-

0.24vs 0.30 .$2,261 $607 
$4.23/ft2 window area based on analysis conducted for the-2019.and 2022 Title 24 cycles 

factor (Statewide CASE Team, 2018) .. 
- Data from .CASE Report along with direct feedbackfromStatewide CASE Tt:;i3m that higher· . 

WindowSHGC o.so.v.s o.35 $0 $0 SHGC does not necessarily have any incremental.cost (Statewide CASE Team; 2017d). Applies 
to cz 1,3;5,16. 

Cool Roof- 0.25vs 0.20 $237 $58 Costs based on 2016 Cost-effectiveness Study for Cool Roofs reach c;ode analysis for 0.28 solar 
Aged Solar ·so $0 reflectance product. (Statewide f{each Codes Tearh/W17b). 
Reflectance 0.20vs 0.10 

c.u 
Exterior Wall 

Rc7,5 vs R~S $818 n/a 
Based on increasing exterior insulation from 1" R-5to 1.5" R-7.5iri a 2x6 wall (Statewide CASE 

Insulation Team; 2017c). Applies to single family onfy. in all climates. exceptCZ 6, 7. 
_. 
__... Under-Deck R-13 vs R-0 $1,338 $334 Costs for R-13 ($0.64/ft1'LR-i9>{$0.78/ft2) and R~30 ($1.61/ft2) based on data presented inthe 

Roof R-19 vs R~13 $282. $70 2019 H PA CASE Report (Statewide CASE :ream, 2017b) along With data collected directly from 
Insulation R-30vs R-19 $1,831 $457 builders durit1gthe 2019 CASE process. The R-30 costs include additional labor costs for 
(HPA) R-38vs R-30 $585 $146 cabling. Costs.for R-38from NREL's BEoptcost d.atabase. ·.·. 
Attic Floor 

R-38 vs R-30 $584 $146 
Insulation NREL's BEopt cost database: $0.34/ft2 ceiling area 

Slab Edge 
R-10 vs R-0 $553 $121 $4/linear foot of slab perimeter based oh internet research. Assumes 16in depth. 

Insulation .R~1o vs R-7 $157 $21 
$1.58/linearfoot of slab perimeter based on NREL's BEoptcost database. This applies to CZ 16 

· .. only where R-7 slab edge insulation Is required prescriptively. Assumes 16in depth. 
<12 feet in attic $358 n/a 

Ducts in 
Conditioned $658 n/a 

.Costs based on a 2015 report on the Evaluation of Ducts in Conditioned Space for New . 
Duct Lo.cation 

Space 
California Homes (Davis Energy Group. ·2015). HERSveriffcation cost of $100forthe Verified 

Verified Low . . 
Low Leakage Ducts in·Conditioned Spa.ce credit. .. . 

Leakag~Ducts in 
$768 $110 

Conditio.hed 
Space 
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Measure; 1
"··· 

Distribution 
System 
Leakage 

Low Pressure~ 
Drop Ducts 
(Fan W/cfrn) 
Hot Water 
Pipe insulation 

I Compact Hot 
Water 
Distribution 

Drain Water 
Heat Recovery 

2%.vs2j% · 

Low ~eakage Art 
l:land.Jer 

$96 nb 

n/a 

1-hciur labor.laborrate ot$;l()•pe;rhout.isfrom 20.19 RSMe{lnstorsheet inetalworke:ts and· 
includes anavetageCity Cost lQqexfo/labqrforCalifo.rnla C:itie:; ~lO'Yofqi: overhead ?ncl · 
pr0fit. App!fesi:o singfef~milV<mJy sirrceductsare assume(:! to beincoriditioned space for 
rrniltifami~y · · · · 
Negligible cost based on .revievrofaVailable prodUcts. there·<:Jremore t~ali 6;cioo Energy, 
Commission certified un(ts gndthF' list inclllde?marw furhact: an9. nea-t; pull'lpai(h~ndler 
proc!Lict !lnes from the majoi'manufatturers,. including mlhimum e·ffi.ciel'}cyj lo.Wcostproduct 
lines, · .· · ... 

I Q.3SviOAS 

.OASvs 0,58 .. 

$4H8. .· •.. Co.~ts ... assu.m,e .. oh .. e-.h ... ou.rlab._orfo(s!nglefamilyan.d;haif~h.owr perrnul~if?miiY apa~rnent. Labor 
1----------t----:-:------+~----:-'. , ' . rate of.$96 per_hour'-isfroin 201,9 RSMeans fo(sheet metal workers and indudes an ·average 

$48 . · City Cost Index for labor for c~lifor~ia ~ities. · · 

HERS yer.ified $110 

Basiccredit :$1?.0 

Expanded credit I n/a 

SO% effiCiency I n/a 

$83' l costfot 1-i~RS vecifi.catiot) oply, pas~c;l on.feec!EJ.ackfromhERSr~ters, SlQO Re(sihgle;@mi!Y 
·.• · · hcime and $75 per multifamily unit f:)ef.Ore markup, 

$P 

:$83· •. 

$690 

For sirigleramilyadd 20-reet ventiogat$12/fttt) locate water heater on interior garage \Vall, 
less'20-feetsa~ings foiless PP<<Jhd• pipe insulation at $4J38/ft; Costs from·qnltne.reta[Jers. 
M.any'mult(-family bliildlngs are expected to~meetHiisceedJtwrtho11t anychan~es to· 
distribution design~ 
Costfor HERSI/erLficatlori only. $75 per multifarriil'/1Jnit before mili-kup .. This was orily-
eval uatedfonn u ltifu mily bu ildlhgs. . · . . . . .. 

Costframth.e.20.1Q [)WHR CASE$eportassuming_a2.-in.ch PWHR unlt.Jhe 9A~E: Report 
multifamilY costswereb.ased on ohe'l1.hitservit'lg4 dweilingllnFts\Vith i3cEir:rtri3lwater heater .. 
$ince \ndivjdualwater beaters serve each ctwellirg:uriitin this a.nalysis,the Reach Code Team 
l.i5ed Si!'lglefamilYtb~tsfrom the CASE Rep,ort Costs lJ1 theCASEReporfware bas'edona 
45.1% efflcient.uriit) a DWHR devke that meets the 50% efficiency assumed hi this analysis . 

. may costa little more .. (StirteW1de CASE T~am, 2017a). . . . . .. . .. 

Federally Pre"emptedMedsufe's' 

Furnace AFUE 

Air 
Conditioner 
SEER/EER 

11 

92% vs80% $139 $l3$ Equipment costs from online ri:i:ailers for40~k8tu/h unit. Cos~ saving for6~feet?fvehtf_ng at 
·· · · · $:2.6/foot due to lower costyentJng requlrerneJ:)ts for condensing (PVC)vS; non~cond.ensJng 

96% vs.BO% $244 $244 (stainless) furnaces. He?l~cemerifa~·ye.ar, 20 assllmes a SO% reducti.cin itifirstcost:Va!ueat 
· · · year 30 based on rem-a1nrng useful-life-Is fncluded; 

16/13 VS 14/11.7 .$111 $f11 · .. , · . · .. · . . · . ·. · ··. . . . · · · . . 
~--'--=,::...c-._:_;__"'--"'-=-:_c+---'--=--+~----"'--=:__-=--~ Cos.ts from ohl1ne retaile.rs,for 2~ton unl~; Replacement at ye;ar2,0 a_ssumes a 50% reduct.Jon m 

18/14 vs 14/11.7 $1,141:1 $1,148 · first coste Value at year30 based on remainln~useJullife i:S included. · 
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Pedormahce 
Measure I Level 

Heat Pump 
16/13/9vs 
14/11:7/8.2 

SEER/EER 
18/14/10vs 

/HSPF 
14'/11: 7/8.2 

Tankless 
Water Heater 0.96vs 0.81 
Energy Factor 

HPWH 
NEEATie(3 vs 

2.0 EF 

PV +Battery' ·· 

PV System 

Battery 

12. 

System·size 
varjes 

System size 
varies by building 

type 

I 
I 

I 

I 

$4:1:1 $411 

$1,511 $1,511 

$203 I $203 

$294 I $294 

$3.72/W-DC $3.17/W-DC 

$656/k\Nh $656/kWh 

2019 Energy Efficiency Ordincmce Cost-effectiveness Study 

Costs from online retailersfor2~tcin unit; Replacement at year 15 assumes· a 50% reduction. in 
first cost. 

Equipment costs from online. retailers for40-kBtu/h unit. Cost saving for 6-feetofventing af 
$26/foot due to lower cost venting requirements for condensing (PVC) vs non-condensing 
(stainless) furnaces. Replacement at year 15 assumes a 50% reduction in first cost 
Equipment costs from online retailers. Replacement at year 15 assumes a 50% reduction in 
first cost. 

First costs are from LBNL's Trackingthe Sun 2018 costs (Bar bose eta!., 2018) ansJ represent 
costs. for the firsthalf of 201.8 of$3.SO;Wcocfor residen~iai syStem and .$2.90/W-DC for non
residential system !;:500 kW-DC. These costs Were reduced by 16% forthe solarinvestmenttax 
credit, which is the average credit over years 1020-2022. \ 
Inverter replacement cost of$0.14/W~DCpresent value inclu.des replacements ~tyear Uat 
_$0.15/W-bC (nominal) and at year 21 ;;;t $0.12/W'-DC(nominal) per the 2019 PV CASE Report 
(California Energy Commission, 2017). 
System maintenanceco:Sts of $0.31/W~DC present value assume $0.02/W~DC (nominal) 
ahnuallyper the 2019 PV CASE Report (California Energy Commission, 2017). 
10% overhead and profit added to all costs 
$633/kWh first cost based on the PV Plus Battery Study report (Statewide Reach Codes Team; 
2018) as the average cost of the three systemsthatwere analyzed. This cost was reduced by 
16%forthe solar investmenttax credit:, which is the average credit over years2020-2022. 
Replacement cost at year 15 of$100/kWh based on target price reductions (Penn, 2018). 
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2.5 Cost~effectiveness 

<::o~H~ff!:!ctiven~ss was eiralua~ecl fqr a II sixteen cilgiate zohes a.nd i~ presenter] based oh .both teN energy; uslng . 
the, Energy C:ornmh.'!ion's LCC rnethodt>logy; ancl an Op~Bt\1 approCJch usif!g resicl~ntial c(Js.'tomer utility rates, 
Both rnethoqologies require estimating and quantifying the valu~ofthe energyimpactaspodatedw\th .energy 
efficiency meastires over the life oft he meadures (36 years) as co~pared to the pr~scriptiv~ Title 24 · 
re.qUir(:ment?, · 

Results are preseJ:ited as a•lifecycle b~tJefiHo.cc.ost (B/C} rat lit a net present .vt~l\ie CNPV) metri¢ V\/hii:h ' 
represents the costceffeclivene~s ofa measure over a30'-year lifetime taking into accountdiscounting offuture 
·sayings. <lrlcl costs and firi<:~ncing ofinc(ernellt<llf.irst r;o',sts;.Avah,Je ofone irg]iaat¢5 the: NPVohhe 5<Jvings o\,ier' 
the life of the tneasureisequivalenttothe ·,Npv ofthe.Hfetihie incremental' cost oftMt;measure,A V\ilue gr!:!ater 
than dfV~ repr.e~ehts a p()sitiv~ r~turr) on investrJielif,Jhe B/G rp.tiqls cal.cLih~ted ac;cording'to Eql1ation3; · 

Equa.holl 3 . 
. . . ,. . .·. . . . . . NPV ofllfffinie benefit 

l!r:cne[~t ~ tP ~ (qsti{atlQ ~' NPV of lif~time ciJ$t: 

fn mo~tcase$.1;he benefitls repr~sented. by annufll utiiity savings or TDVsavings (lnd the cost by incre(nental first 
cost ahd rep]a(:ehieht costs, However)n some cases ame(!sure may have:intrernE)ntal tost :Savings but with 
Increr:1sed energy related costs, In this ~~se1 the benefit is the loyvetfirsfcost and the tost i~ the increase. in 
utility bills. The Jifetim,e costs .9r ,benefits ar.e c<:~lc;ul(lted according to Equatiqn4, .. 

. Equa,tion, 4 . 
NI!Voflif ?.tim~ cqstjberie[it = l:~i4'n.ni.lql C()~.t/!JeJjefit't * (:1, + r? 

Where: 

n = a n-alysi~ term. 
f'='=discount rate' 

tbe.toUow\ng su_m'rnariz.es,the assumptions ap_pli~d i.ri this analy~is to both. methodologies. 

.. Aiialy~ls:t~rm of30-years· 
" .Real dlstoullt rate of,3 perterit 
.; lnflcitiqh rate of 2 pE;rlcent 
" F.Jr.stlncrernental cQstsarE) firtan~:ecJ into a 30cy~ar'.rn9tt&a:ge 
• Mortgage• lnterestrate qf4.s pertent 

· " A\lerar5e tax .rate of20 per~eht (to account for tax sayin~s due to[d<3JJ inter~~t deduttjbfis) 

2.5;1 · Ori-l3ill CustomerLifecvcle Cost .· 

Residential utility rates w~re ysed WtalcUlafe utility costs. for all cases and determine On-Bill customer'cost~ 
t:ff~!Ctive,ness for t.h.e Proposed packages.: Tb~ Reach C:gges Te$m obt~ingq tfj~ rer;oljlm¢ildeq utilitY r~tesfrorii . ·. 

• each IOl,J bas~clohJhe aisumption ~hatthe re9ch cqd~s. go 'i11N effectJanliary of 2Q2Q.Annu9rlltility cOsts wede• 
~:;alcqlated UsiQg houdy·elethicity a rye! gas· output troll) CB.ECC~Res.alid applYing the utility tariffs summarbced in , 
Tables. Appendix 13 . ...; DtilitYtadtf 6etails includes•the ·utilrty rate schedules used fr/r th'iii stUdy. the applicable 
residential tirne-:of-use (TOU} r.at.e was appliecl to all tasesP Ariti1.191 eiectridty production Jn excess .of annual 
electricity consurilPtion'rs credited toth~ utility account at the appltcableiwh6Jesale rate based on the approved 

. ... . ' ~ . . . '· 

13 Under NEM rulings by the CPUC (D~16-01-144, i/zs/16), aU new PV customers shaH be in an .appro~ed TDU 
rate structq re. https://www.cpuc,ta.gov /General. as px?id~3800' 
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NEM2.tariffs for that utility. Minimum daily use billing and mandatory non-bypassable charges have been 
applied. Future change to the NEM tariffs are likely; however; there is a lot of uncertainty about what those 
changes will be and if they will. become effectiVe during the 2019 code cycle (202()c2022). 
The net surplus compehsation rates for each utility are as follows:14 

Q PG&E: $0.0287 I kWh 

" SCE: $o:0301 /kWh 
.. SOG&E: •$0.0355/ kWh 

Utility rates were applied tci each climate zone based on the predominant IOU serving the population of each 
zone c;tccordingto Two SCTtariff options were evqluated: TOUc0-4-9 anct TOU-0-PRIME, The TOU-0-PRIME. rate 
is only avallableto customers with heat pumps foreither space or water heating, a batterY storage system, or an 
electrkvehicle and therefore was only evaluated forthe all-electric cases and the. ~fficiency& PV/Battery 
packages.The rate which resulted in the lowest arinual costtothe customer was used forth is analysis, which 

'wasTOU-D-4-9 in all cases with the exception of the single f<1mily all-electric cases in Climate Zone 14. 

Table 5. Climate Zones 10 and 14 are evaluated with both SCE/SoCa!Gas and SDG&E tariffs since each utility has 
customers within these cli~ate zones. Climate Zone 5 is evaluated under both PG&E and SoCa!Gas natural gas 
rates. 

Tw~ SCE tariff options were evaluated:TOU-[)c4-9 and TOU-0-PRIME. The TOU-0-PRIME rate is only available to 
customers with heat pumps for either space or water heating, a battery·storage system,. or an electric vehicle 
and therefore was only evaluated for the allcelect~ie cases and. the Efficiency.&. PV/Battery packages. The rate 
which resulted in the lowest annual cost to the customer WgS used for this analysis, which was TOUcD"4.,.9 in all 
cases with the excioption ofthe single.famiiY all-electric t:asesin Climate lone 14. 

Table 5: IOU Utiitty Tariffs Applied Base.d on Climate Zone · 

Climate Zones 
Electric/ Gas Elect:ricity Natural 

Utility (Tinie·of-use) Gas 
1-Si 11-1\ 16 PG&E E-JOU, Option B Gi 
5 PG&E/ SoCalGas E-TOU, Option B GR 

(), 8-10, 14; 15 SCE / ~oCal Gas 
TOU-OA-9 or GR 
TOU-D~PRIME 

7,10,14 SDG&E TOU-OR1 GR 
Source; .Utility Wef:Jsjtes, See Appe,ndiX .B ~Utility Tariff Details for details 
on theta riffs applied. 

Utility rates are assumed to escalate overtime, using assumptions from research conducted by Energy and 
Environmental Economics (E3) in the 2019. study Residential Building Electrification in California study (Energy & 
Environmental Economics, 2019). Escalation of natuniigas rates petween 2019 anq 2022 is baseq On the 
currently filed General. Rate Cases (GRCs) for PG&E, SoC:aiGas ahdSOG&E. From 2023 through 2025, gas rates' 
are assume.d to escplate at 4% per year above inflaticm, which refiects historical. rate increases between 2013 . 
and 2018. Escalation ofelectricityrates from 2019 through 2025 is assumed to be 2% p.er year above infiationl 
based on electric utility estimates, After2025, escalation rates for both natural gas and electric rates ate 
assumed to drop to a more :conserVative 1% escalation per year a boil~ inflation for long-term rate trajeCtories 
beginning ip202G through 2050. See 'Appendix B- Utility TariffDetails for additional details, 

14 Net surplus compensation rates based on 1-year average February 2018- January 2019. 
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2~5.2 TDV Lifecyde Cost 

Cosh~ffed:lven~ss was·also as.:;.essed. using the EnergyCommis$ior(sTDV Let met:hodblogy,. fbVis-.cj norhi~lite:d 
molietaryform~t,developed ·an~j' used by the: En~rgy Commission fat compafing electricity and llati,lr<il gas 
savings1and lt co.nsJclersthe Co~tof electricity and riatu~:al gas coosumed ~\)ring cjiffE:rent'tirn~s of the d'lY and ' 
year; The 2019 TDVValues are based on longtermdiscountedtosts of30 years for ~li residential measures, The 
cst:cc~Res simulation softWare ()~tputs are.iriteims oftbvkstus,Jhe presimtvafue oft he e·nergycost sav\ngs
fh dollars ~~ ~ak:ulated by rriultipfying~theTOV kt:n:u saving~ by<> n~t present v<Jlue {1\JIN) fadqr, alsci c!eveloped 
by the Energy Commiss(~h.The NPVfador is $0.173/TDV kBtu for residential buildings~ · ... . 

~ "· . . . 

!Jke the tustornerf3/t ratloi a fbV B/Cratio vaJu.e ofoneindkatesthe savings Overt he life of the measure are 
equivalentto.theincrernental 2ost bttbat rrieas)Jr'e.Avalut:j gteat_er than pne t~preserits a positiVe return pn . · 
tn'vestm¢rih Tbe,tatio is c<:Jkui<Jt~i:f:~qr;ordinf$to ~i:JU;Jti0n 5; · · - · 

EquatimlS 
. . . .. .. . .· ... > .· . · .. ·... . •... TJJVetiet{Jysd:tliti[Js 'klVPVfq.ttor 
TDV Benefrt~ to,_.., .CostRatw = .... · , •. _ . .· _ ... · · · · .. ··· ...• 

.•. ·. · NPV pfhff3trwe mc.re.me:rrtal cost 

2~ 6 Efecttification iivaitration 
.. : . . . - .· 

. in addition to ev~ili<~ting upgrades to mix~d .fuei and all-electik:buifdings \ndepeilciently thai: db npt result Yn fuel 
swltcbi ng; the R~aC.h Code T€!<1111 ~lsq CJhalyt:edJhe hnp~ct Q.Q.wnstru ~tion to;;ts ,qti lity. tosts,·'l t1 d TO\( when 9 ... 
builder spedfie:S and insialls.eledrit appliances instead of the gas applianceS typically found.ih a mixed fuel. 
building:ThisanaiysjstO:mP.ared the code tompHantmixeci fLiel protptyp!i!jWhich uses ga~for space·f!e<!tln~, 
water h~ating1 coo.kirig1 arid cfqthe~ diylng; Wlth the cocle (:ornpli~nti:lllce.lectrit pi'ototype. ·tt <Jlso compared. the 

· all-.electric Efflciency & PV Package wlthth~ codE)cdtnpliance m.ixed fuel prototype. ln'these cases, therelative. 
c.osts betl,'jeeh n,atwa! gas and electrfc appliances~ differences between in-house eleCtricity and gas 
ihfrastructure and the assoctated. infrasfruature (;dsts forprovidirig g(ls to the bui}dfngwefe CJiso. incl0ded. 

AVadety of.sourc;e~ ~er¢ reviewed v)Thep dceterrn)nfqgjn,crernental(:o~ts;Jhesourcesare Iis~edbe1oW, 

• · SMUD A.ll-J~le~trlc Homes Eieptrifi9atf911 Cas$ Study (EP.R.11 2Q16J 
" tlty qfPaip Alto 2Q19'rlfie 24En~rgy.Reach. tode:C:ost .. effe~tlvenessAnalysis {TRC, 2b~s)· 
" Bl[iltHr\g Eledrific?t19ri TV1arketAs~~i~tn~ht {E3,'2Qi9) · .. · · . 
" .DecarbonftationofHeatihgEhergythe.in¢aUforniaBtfil.ding~(l:l9pkih~et.aL,.;m1s} 
" Analysis .~f the Role of0Cls fcir <ll<Jw-¢l3rboli t;,fiforniaJl1tur:e (N~Vigant; :2008) 
"· ·Rulerriaking No~15cq3-Qid AhOfcter1n:s~ituting Rulernakingto identify DlsadVantaged¢ornmun1tie$ln 

the s-anJoaquin\/ai!~Y Clnd/\nalyze E~oridrillccil!y feasibltJOptions to Jbcre(lse,{l.cct:Jss toAffon:l<~ble· 
Energ'fih Those.Oisadvahtages tomrnunftles (California Pubilc Utiiltie:s Cotnniission,.2016} 

, " 20i0-20i2.woo17 EX. Ant~ Measure Co~tStudy: Final Report.(ltr~n, 2014} . .. .· . · 
• . Natural gas infrastructure tosts•provicled b.'i utility .staff through the Reach code subprogram 
" Costs obtCJined fromboilders; contractors. and~developers · · 

' . . ' ' . , .. 

. lnc:rem~otal to.sts-are presented In :fable 6.;Vaiue.<>ih parentheses ~epresenta lowercost or cost reduction.ln the 
eiectric opticin relative to mixedfUeLThe ·c6~t?ftom the availabJ~ sp\.lrces'yari~d widely, rn;;:lldngitdifffcult to. 
develop narrowc:ost e~tirnatesfor each component. For cer:taii1 componentsdata fs provided with ~jaw to high . 
range as well :as wliafwere determined to be ty-pical costs and ultim~tely;applied in this analysk Titvo set:s of 
typicaL costs are.presefited,·onewhic:h is applied in the Ofl~BIH. cost effectiveness rnethqdqlogy andanotb~r 
applied in.th~ TDV'methqdology, Details ofthe.se diffEirences are expla,lr)edin i:be .. discussion of ;;ite gas 
infrastructure costs irl the following pages~ . . .. . · 
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Table 6: Incremental Costs- All-Electric Code Compliant Home Compared to a Mixed Fuel 
Code Compliant Home 

' ···• Me~ sure • > · ··. •·•·· ··•·.,··:· Incremental Cost (2b20PV$} • • Incremental c~st (2020 PV$)'~ 
• ; ; > Single Family1 • · · · • • • ·• Multifamily1 {Per Dwelling Unit)' 

· .. ·•.··· . ·•· .·;· .. ··.·.•·•·· •••' .•.•...•... ;.•··· •• ··•••··••·•· L()~• • ;High) (~:i;~:)\: ~~0~1: ··::~~*·:·l::H.igh' {6ri~~:r\ ~i'b~iL 
Heat Pump vs Gas Furnace/Split AC ($2,770) $620 ($221) 
Heat Pump Water f;leater vs Gas 

Same as Single Family 
jfankless · · ($1,120) $1,120 $0 

Electricvs GasCiothes Dryer2 ($428)' $820 $0 
Electricvs GasCoqkirig2 $b $1,300 $0 
Electric ServiCe Upgrade $200 $800 · $600 $150 $.600 
In-House Gaslnfrastructure ($1,6io) ($5SO) ($800) ($600) ($iSb) 
f:>ite Gas Infrastructure ($25,000) ($9do) ($5,750) I ($11,836) ($16,250) •($310) 
Total First Cost ($30J88) $3,710 ($6,171} I ($12,257} {$20,918) $4,500 
Present Value of Equipment Replacement Cost $1,266 
Lifetime Cost Including Replacement & FinanCing of First · I ·· 
Cost ($5,349} ($11,872) 

$600 
($600) 

{$3,14ol 1 \$6/463) 

($2,337) 1 ($5;~99) 
1Low andhigh costs represent the potential range of costs and typ1cai represents the costs used in this analysis and 
determined to be mo.st representative ofthe condit.ions described In this report .. Two sets of typical costs ·are presented, 
qnewhich is applied in the OncBil! cost effectiveness methodology and another applied in theTDV methodoiogy, 
2Typical costs assume electricresistance techri~logy. The high range represents higher end induction cooktops and heat 
pump clothes dryers. Lower cost induction cooktops are available. · . 

Typical incremental costs for switching from a mixed fuel design to an allcelectric design are based on the 
following assumptions: 

Appliances: The Reach Code Team determined that the typical first installed costJor electrk appfianc_es is very 
similar to th'at for natural gas appliances. This Was based on information. provided by fWAC contractors, 
plumbers and builders as Weli as a review ~f qther studies. After reVieW of various. sources, the Reach Code 
Team conducted thatthe cost difference between gas and electric resistance options for clothes-dryers and 
stoves is negligible and that the lifetimes .of the two technologies are also similar. 

HVAC:TypicaiHVAC i~crementalcosts Were based on the City ofPalo Alto2019Title 24 Energy Reach Code 
Cost-effectiveness Analysis (TRC,20i8}whlch assumes approximately $200 first cost savings for the heal 
pump relative to the gas furnace and air conditioner. Table 6 also includes the present value of the 
in~remental replacement costs for the heat pump based on a 15-year lifetime ami a 20-year lifetime for the 
gas furnace if\ the mixed' fuel home. . 

DHW:'Typical costs for.the water h~ating system were basedon equivalent installed first costs for the HPWH 
and tank less gas water heater; This accounts fbi's lightly higher equipment cost but lower installation labor 

. due to the r;;limination ofthe gas flue. 'incremental replacement costs for the HPWH are based on a 15-year 
lifetime and a 20-yearlifetifl1e for the tankless water heater. 

For multifamily; less data was available and therefore a range of low and high costs is not provided. The 
typical first costfor'multifaniily similarly is expected to be close to the same for the mixed fuel and all
electric designs, However, there are additional considerations wlth multifamily such as greater complexity 
for venting of natural gas appliances as well as forlocating the HPWH within the conditioned space (all . 
clima.tes except Climate Zones 1, 3, and 5,see Table 2) that may impact the total costs~ 

Electric service upgrade: The study assumes an ihcn~mental cost to run 220V service to each appliance of $200 
per appliance for single family homes and $150 per appliance per multifamily apartment based on cost 
estimates from builders and contractors. The Reach Code Team reviewed production builder utility plansfor 

16 2019-08-01 

317 



i .. 

2019 Ew:rgj! Effic{e(/cy Ordinance Cqsfcejject!veness Study 

mrxecHLJel home? 9hQ ton,?ulted With cqntrattcnsto estimate which electricitY and/or natiJral gas sel\(ices afe 
usually providedto·the dryer and oven .. Typical practice varied, with soml:l builders providing b<ifh gas and 
electric serviee to b,qth C\ppliahces; others provi(jing both services to o11iyone of the applial]ces;,ariq some only 
providing gas; For fhis-study~ the Reach Code Team determined thatforsingle familY homesfhe'typical costis. 
best qqalifi'ed by the practice of prcividlng 420V service and gas tci either the dryer and the ovc:m_ and only gas 
service tot he other. For multifamily buildingsifs 'assumed that only gas is provided to the dry'er and •ov~n in the· 
mb{ed fuel hom,e;_ 

It is (jssumed thafno·:Up'gra'des to the e!ed:ric<1l: pan~el are required <Jnd thahi 2-00'ArnP P<lh~l js .1:Yp1cal!v r~~taj{eq 
for both, mixed. f[lel and.aU-eleddtheW corls~riJdion homes. :there <Jre no i'ncremeht~l electrical site - . 
infrastruc~ur~ reqqirernent~. 

In-house gas infrastructure {from meterto appliances): Installation tb~tto rqri a gas 'nne frorri the rnet~r to the 
appliance location is $2oo per appliance for s:inglefamily ancJ $.150 p:er appliance p~r mqitif!3mily apartmeot 
based .on cost estlh1ates from b(Jildets and contractors. The cost es}imateindudes providing gas to the water 
heater;}urn;.~ce, dryer ancjcoqktop; . -· . ' 'i 

site gas infrastructure: The tos~cdft:<;tiVe analysis cornpqn~nts With the highes~ degree_of.vCJr!abilityar~ the 
costs for 6ri~sit~ gas iilfrastrud:tir€!: These cost5 tah be pro jed: dependenr;:md niav b~ slgnifit<rntlylr;Dpacted by 
such factors as utilitY territorY; site i::haracterhtics, distance to :the nearest gas main and m.3in Iocatiori,joint 
trenching; whether work is conducted by' the utility or; a prlvate contra¢tor; ~hd nl.!mberof dwelling' qnfts per , 
deVelopment. Allgas utilities p<irtkipatirig )h thi$ study were.solicite.dfot,~ost 1nformaticin,ThE) fypk:al . 
ihfrastruct0re costs for.single family hoi:n~s presented'in 'raple 6 are Based on cost di]ta j:n'dvfded by PG&E and · 
reflectthose fori:l newswbdiylsion in an undeVeioped:at~<i requiring the installation of OC!htral gas 
lhfrastfLJctuJe, including a niciin line;-lnfra~trutture costs forinfiU development can also be hjghly-Yarlab!e ()rid 
may be higher th<1n in <Jn uridevel9ped ~rea~ The addition a( qosts associated with disniption ofexisting roads; 
sidewalks; andother structures .can be significant. Total typitai c:;psts Irt'Tab.le 6 assume $10,Q()Ofor extension of 
a gas main, $1,686'for a service laterat and $1'50 for the meter; - ,· · 

Utility Gas Main Extensions rUies15 specify th~tthe qe:Veloper has the option to qhly pay 50% dfthe tot•;d q:isJ for 
· <l main extension ~ttet sqi:Jtr;;Jt\:lon 9J aJiqwance,s_ for in_sta1I~ti6n ofgas applian~e$~ This 5o%h::!fuljd C!il.~ the ' · 
appliance alloWance deductiorls.·are :accounted forlr\ the sH:egi;is ihfrasttut~u·~e cost$ Uf)d_edhe Dh~l3i.li Cost,-" 

' ~ffectiyeness [Tie1hodology. The netcos~stp.the utilitya;fte( pi:Jrt1al te.ifnbursemEjht frcJin the. deve[ope(afB, 
in chided 1 n Ot11 ity rate bas_e and recoveret:! via· rates to ~ iJ cus~b mers_. The total co~t of $5,75 0 presented fn Ta,l:il~ 
6 reflects a. 50% refund on the-$ib1000 e>Mns(orl and. ~ppliante cteduc;:tlo[Js bf$1,cig6 for a furnace; 'Wil~er" 
heater, cooiHop, 'arid dryer. Unaer theOh-Bill methodology th1s analysis assutn~sthls developer option Will 
rern<liD (fl(qif<1ble throU~~ 2.022 CIQ~ that_ the co.st,s~yin_gs l]fE; pa$_sed alqng;1;() \h~ ~llSt()(lier; - - -

. . 

The-50% refund ahd appl)anc~ cieductlons were-rrot C!PP.Iied to the sitE) ga:s infrastructl!r'e c;:()sts lWcler the TbV 
cost-effectiveness methodology based on input received from the Energy Commission and agreement from the 

· Reach Code. tE!chnical aqvisory tea!TI that the. appro,<Jch is appr.opriate; TQV C()stsaviJ]gs_ impac;:ts ex.tend_IJeyond -
tb~ c:i~storner~nd.account forsociet'Cll impacts of energy us~' Accollr\thigforthe full cost of the infrastrL!ctUre .• 
upgrades was qeteimined to be jL!stjfied when evaiuatl~g under the TDV ineth09ology. 

•. j .. • • ' • • ,•' 

15 PG&E Rufe 15:https:(/www.pge.comitadffs/tin2./pdf/GAS RULES. rs:pdf 

SoCalGas Rule 2.0: https:dwww.socalgas.corn/regulatori/tariffsltm2/pdf/20.))df 

SDG&E Rule 15: http:/lregarchive.sdge.ccim/tri-12/pdf/GAS GAS-ROLES GRULE15.pdf 
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Less information was available for the costs associ?ted with gas infrastructure for low-rise multifamily 
development. The typical cost in Table 6 for the On-Bill methodology is based on TRc's City ofralo Alto 2019 
Title 24.Energy Reach Code Cost-effectiveness Analysis (TRC, 2018). These costs, provided by the City of Palo 
Alto, are approximately $25,100 for an 8-unit new construction building and reflect connection to an existing 
main for in fill development. Specific costs include plan review, connection charges, meter and manifold, 
plumbing distribution, ahd street cut fees. While these costs are specifically based on infill development and 
from cine municipal utility, the estimates are less than those provided by PG&E reflecting the average cost 
differences chqrged to the developer between single family and multifamily in an undeveloped area (after 
accountingfor deductions per the Gas Main Extensions rule). To convert costs chargedto the developer to 
account for the fL!II infrastructure upgrade cost (costs applied in the TDV methodology analysis), a factor of 
2.0616 was calculated based on the sirigle family analysis, Thissamefactor was appliedto the multifamily cost of 
$3,140 to arrive at $6,463 (see Table 6). · 

2;7 Greenhouse Gas Emissions 

Equivalent C02 emission savings were calculated based on outputs from the CBECC-Res simulati.on softvvare. 
Electricity emissions vary by region and by ho.ur of the year. CBECC-Res applies two. distinct hourly profiles, one 
for Climate Zones.l through 5 and 11 throughl3 and anotherforCiimate Zones 6thi·ciugh 10 and 14 thro\lgh 
lb. f-or natural gas a fixed factor of d.0053u7 metric toris/therrn is use(.L To cuinpare the iTiixed fuel and ail
electrlc cases side-by-side, greenhouse gas (GHG)emissions are presented as C02-equivalentemissions per 
square foot ofconditioned.rloorarea. 

3 Results 
The primary objective of the evai[Jation is to identlfycos~"effective, non-preempted performance targets for 
both single family and low-rise multifamily prototypes, under both mixed fuel and all-electric cases, to support 
the design of local ordinances requiring new low-rise residential buildings to exceed the rninimum state 
requirements. The packages presented are representative examples ofdesigns and measures that can be used. 
to meet the requirements, !n practice, a builder can use any combination of non-preempted or preempted 
compliant measures to meet the requirements. 

This analysis covered ail ~ixteen climate tones. and evaluated two efficiency packages, including a hcin~ 
preempted package arid a preempted package that includes upgrades to feden:llly regulated equipment, an 
Efficiency & PV Package forthe all-electric scenario only, and an Efficiency & PV/Battery Package. For the 
efficiencyconly packages, mea~ureswere refined to ensure thatthe non-preempted PC!Ckage was cost-effeCtive 
based on one of the two metrics applied in this study, TDV or On~sill. The preempted equipment package; whiCh 

. the Reach Code Team considers to be a package of upgrades most reflective of what builders commonly apply to 
exceed code requirements, was designed to be cost-effective .based ori the On-Bill cost-effectiveness approath: 

Results are presented as EDR Margin instead of compliance margin. EDRis the metric usedtq determine code 
cotnpliar)cein the2019 cyc!e.TargetEDRl\rtargin is based on takingthe calculatedEDR Margin forth~ caseand 
rounding down to the next. half of a whole n[jmber; Target EbR Margin forthe I::fficiency package are defined 
based on the lower of the EDR Margin ofthenon-preempted package and the equipment, preempted package. 
For example; Iff or a particular case the cost-effettivenon-preempted package has an EDR Margin of 3 and the 
preempted package all EDRMargih of4, the Target EDR Margin is setat3; 

16 This factor includes the elimination Of the 50% refund for the main extension and adding back in the appliance 
allowance deductions. 
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For a package to. qualify, a minimum EDR Margin ofo.s was required. This is to saythat a package that only 
achie~ecj an EPRM<Jrgin of0.4, fdr ~x:ample; wa~ notconsidereci, An EDR.MCirgin ie.<>s than o . .s gf!nerally · 
corresponds to <1 com,pli~lite margin Jowerthab 5% an('{Was considered too small t¢ ensure tepeat.abferesuJts, .· 
lh certain case~, the Reach Code Team did hbt identify a cost-~ffeetive package that achieved the minimUm EDR 
rVi <lrgin of o.s, · ·· 

Although some of the eff!dericY measures' evaluated w¢re notcost~effect)ve and were ~lirnln.i'lted,.the. .following 
measure$: are lndud.ed in at least one pad~;:lge; ' 

" Redu¢e~ infiltration 
•· i Jilproved fenestration 
" Improved .coqlroofs 
" · High pe[forrnance altic;s; 
• SlaP. insulation 
~· Reduced du.tt leakage 
• Verified .low lea Rage ducts in cohdJtrqhed sp.ace. 
" LoW press1Jre-drop distribution .system 
" Cdlilpad .h'ot wat~r ,di~trfbution systehv.ba~rc::ancJ exp<:Tncl.ed 
" High efficiency 'furnace, ;;1ir. conditioner& heat purnp(pr¢¢mpted) 
,.. High efficiency t~nkles~ Vilate'r h~ater l$1. heat. putniJ watE:Jtheater (pre;ernptec}) 

3,1 PVandBcttt~rySyst¢tn Sizing 

·The approach to. d~tenniningthe si~eof the PV.and battery systetnSY\3ried based on each package \lhd the 
.<>Duree fueL 'table 7d_escribesthe.PVarid battery sizing approachesappliedtoeCJch of±hefow:packages, Forth e. 
Efficiency Non-preempted \lhd J:fficiEmcy:-- Eq[Jipment, l?reemptedpackag~s a cllfferent method:WCis appllecl to 
each the twofueJscenarios.ln ·all mixed fu.el cases, the .PV. Vilas sized to qffset100%,ofthe estlmC~te!f eledri.cal ·· 

.load and any electricity savings from efficiency measures.Were traded off With a ~~aller PVsystem~ Not 
downsizing th.e pV system aft~r adding efficiencY rneasur¢~ runs the risk ofproducfiig more eledrici±ytnan I;; 
consumed, n:;dudng cost-effectiveness andv1olatirig. NEM rt+Ies. While the impact oft his in. most Cases Is minor, 
an a lysis cohfi rm ~d that cost -effectiv~n ess· i 111 p toved'whe n reducing the syste'rn size td offset tOO%~ of the . 
elef:Jricity usag;!:i \JS opposed .to J~.eeping the PY systefi1 t~e .<>.<H11.e size a~ theStC~nci~Jcj PesigQ;. 

rn the aH"el~ctric Effici~ncy .case~~ the PV svst~m size W<;~s left to match the Sta.lidard Desigi:i {Std PE:ls!gn PV), ~nd 
tb e jricl,1.1sio11 of ~i)ergy ~ffidency measures was 1ioth~ded .off with CJ reduced. capadty ~V system. Because the 
PV system is sized to meetthe electricity load of a mixed fuel homei, it is cost-effective to keep:the PV system 
the saiT)e ~iz~ ~nd o.ffs~t a great~r p~rcentag~ qfthe elec:triGaiJoa~:L 

Forth~. Efficiency & PV t:ase oh the alh'll~ctrit; ,home,.the .Reach Cod~ 'ream evaluated PV system sizing t6 offset, 
100%, 90% and 80% ofthetotal c~lculated electricity use, df these i:hree7 .sizif1g to 90% pfm.ied to b$ the most 
costcgfft=c:{iv~ J:ms~q on c[Jstorner utility· blll~, This i~ a r~siJit qf the impact ofthe annualminimum !:Jill w.hJch i:; 
arbtHH:l $140 ;:1cross allthe utilities, The it sweet spot" is a PV system that rec{Lices eJectrtdty ~ills }l1sfeooughto 
in attn th~ an·nlial minimUm bill; iricre<:~slpg the pV site beyo~nd Hlit ~dds first costbut does not result in utility bill 
savings . 
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2019 Energy Efficiency Ordinance Cost-effectiveness St~dy 

. Package . Mixed Fuel AII-Eie'ctric 

~Efficiency (En~~~~fl~ ~ Eqllipnle~t) . PV~calecj @l09%electricity Std Design PV 

n/a PV Scaled@ 90% 

PV Scaled @ ioo%'electricity ·· PV Scaled @.100% · 
·. SI<Whj SFhome ·· .. •, • SkWh /SFhorne ··• 
· 2.JSk'INh/ MFapt < 2.75kWh/ MF apt 

A sensitivity analysis was conducted to determine the appropriate battery and PV capacity for the Efficiency & 
PV /Battery Packages using the i-story 2,100 square foot prototype in ClirnateZone 12. Results are shown in 
Fig lire 2. The current version of GBECC~Res requires i.l minirri.um battery size of5 kWh tci.qualify for the self~ 
utilization credit. CBECC-Res allows forpV oversizfng Up to 160% ofthe building's estimated electricity load 
when battery storage systems are installed; however, the Reach Code Team considered this high,. potentially 
problematic from a grid perspective, and likely not acceptable to the utilities or customers. The Reach Code 
Team compared cost-effectiveness ot SkWh and 7.5kWh battery systems asweil as of PV systems size,d-to offset 
90%, 100%; or 120% of the estimatedeledrical load. 

Resuitsshowthat from an on-biii perspective a smaiier battery size is rnore costceffective. The se1isilivily 
analysis also showed that increasing the PV capacity fr.om 90% to .120% ofthe electricity use reduced cost
effectiveness. From the TDV perspective there was little difference in results across all the scenarios, with the 
larger battery size. being marginally more cost-effective, Based on these results, the Reach CodeTeam applied to 
the Efficiency&, PV/Battery Package a 5l<Wh battery system for single family homes with PVsized to offset 100% 
of the electricity load, Even thoUgh PV scaled to. 90% wa:> the most cost-effective, sizing was increased to 100% 
to evaluate greater generation beyond the Efficiency & PV Package and to achie\{e zero net electricity. These 
results also show that in isolation, the inclusion of a battery system reduces tost"effectiveness coni pared to the 
same size PV system without batteries. 

For multifamily buildingHhe battery capacity was scaled to refleCt th~ average ratio of battery size to PV system 
capacity (kWh/kW) for the single family Efficiency & PV Package. This resulted in a 22kWh batteryforthe 
multifamily building, or2:75kWh per apartment. 

Benefit~to-Cost Ratio 

No. Battery, Pit Scaled @ 90% 

5 kWh Battery, PV Scaled@90% 

5 kWh Battery,l'VScaled@ 100% 

7.5 kWh Battery;PV Scaled @ 90% 

· 7S kWh Battery; PV scaied@ 100% 

5 kwh Battery, PV scaled@ 120% 

• 7.5 kWh Battery, PV Scaled@ 1ZO% 

Figure 2~ B/C ratio comparison for PVand battery sizing 
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. 2019 Energy ff!id~ncy Otdf(icmr;:e Cos,t-effect!ven.e~s Study 

3.2 SingleFamifYResu1ts 

T<;Jble sthrQL!ghT<~b.l~ 10 r;:o_ntain CO$t effed.lveness findlng:) for thesinglejamjly P<lc:kages,;Tgple 8',sumiTJarizes 
th~. pa¢kage r;ostdot all Qfti1B mixed fuel and al~electric ~fficien'cy,PV and battery pa¢kages, Tbe mi.xed fuel 
results are eyi:jluciteg anq preS.~ntet! r'elativiHb 9rnlxed fuel code cornpfiantbasecas~ while the al!-eler;:trit 
results are reJatilie.lo an a!l-eledr.k ~o~de c:orr{pli<:wtb<Jset;:ase. :' · . ' . 

Table 9 anc! Tabfe· 1() presenftbe:B/C: ro:~tios for all the: s.lr:i~le f~nnily P.<tckages .ac:cqrdiogto both the o~~snl <~nd 
TDV methodologies forthe.rnixed fuel.and thEl all~electrk cases,, r~spectively. ResUlts ar~ cost~~ffective based on 
TD\1 for ali cases exceptfprCiirne1te Zqrre 7 Wh.ete no c!(sf;-'etfective cornbiil~tiori pft)bli-pn~em·pted' efficiencv 
measun::,s W<ls fot,md th<Jt met the rnillirnui:n. Q;s IDR Margin threshoid., C:<lses Where the B/C ratio is)nc!icatecl ~as" 
">i" refer to~ instances wlieh~ th.ere are lncremerital <;:ost ~avihgs In ~ddH:iontb annuai utilitY bJII savings. In thes.e 
cases, there)$ no~os~ ;:tsso¢iatedwith±he upgr13de ?nctb.er)effts are.reali~ec!{mmedit~tely~. 

Figure 3 ·presents acomparisorf of Total EDH!i forsihgle faniily.buiidirigs arid.Figure4 presents the EDR M'argiri 
results,Each graph c;ompCIJeS th~ mixedfuei and <ilbefectrib::ases a.s ·well C\S the various packages, The EDR 
Margin fOr the pffldenc§ Package for most dlrilates is petvi,teeil i.O and 5.5' for m1xed fuel CC)Ses,aild slightly 
,higher, betWeen ,1;5 ::~nd 9S, f.or'the <~ilce]ectrit:: design, No ¢ost-effectJiie mix.ed fye! or fll!-electi-ic nq\r-· . 
preen1pted Effidency packaKewas found t:llma±eZorie 7: · · ' 

. : .. :. 

For the mixed. fuel case, the Efficiency & PV/Battery Package 'rncreesed the ED I{ Margin to values between7.0 
.abd io,s. Because of the limitations on oVersizi:ng PV systems. to offset natufal gas use it is ncitfeasibl~ fq . 
EIC:h.ie.ve hr&Ber ~DR M,argiljs :by"lticref!siJJ,g BV systefii ¢~pacify, · · 

For tbe ell-electrip case; the EffiCiency&, P\1 Package res.ulted in EDR Margins of ;(1.0 to 19.0 for m.ost climates; 
adding a b!'lttery syste~1 increasedthe:E:o'HI\IIargin by an add1tional7 to B.pbints; Climate Zones 1 mid i61 wnJch 
have high' hepti)1g load~, have muc:h higher}PR;'M<lrgins forthe EffiCiency & PV package (2.6.5-31,d) .. Ihe · 
Standard DeslgnPV, WlJich is What h.app!ied ln~he ,all~elec;tr1c Efficiency P9ckage, is not sized to offset,anyoftne 
heating :load. When the PV system issized±o offset90% of the total electriCity Use, the increase is· substantial as 
a r~.suiLIJl contr;)st, jnC[ifr1ate?on¢ 15 the stahdardDe~$ign pv sy~tem iS already sized tQ coverthefooling 
elec:trkity.loi3d1Which repres~qts 40% ofw.hole building e!ectrl(::ity l!~~~· Tlwrefor~::, increasing the PV size to 
offset 9d% of the electdt load In this climate only results In addihg up proximately izo Watts ofPVcapatity and· 
sup~eql!en:dy a n,eglil5li:JJe. impact qn the E:DK ·· · · 

. Additional re.slilts details ~an be fouri'd in AppendiX (..,.:single Far:hJiy Oetaiied ResultS. with summaries of 
measures. incltid~d .In ei3ch ofth§ package$'}~ Appenctlx 0·""' ~Ingle Farnily M~~sure S:urnmary, A suinmary of 
resu'lts by climate zone'is' presehte'd ln Appendii,G ~Results by tiJmai:e Zohe. · ·· · . ., ·~ '· 
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2019 Erlergy.Ejficiency Ordinance Cost-effectiveness Study 

e Lifetime Incremental Costs 

Non-Preempted 

+$4,1541 

·+$4,1541 
. +$4,612 

+$5,731 

AII-,Eiectr'ic 

+$2j108• 
+$2,108 

. +$2,108 
. +$2;108 

+$16,806 
+$16,39i 
+$11;382 

• +$22/838 
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· 15 ~· SCE/S.oCaJG?:s 
· 16 ·;·: •;/·" r'G&Ek 

.. <5;8:, ... 
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· .. · .. ;·6~;· .. 

·
1u>1" iod'i6a:t~s. cas:es:Wlt~reJ:h~re are bpth first cci~ts:avtngs af}d annual utility (JJII savings: 
2Jnformatton ~boutthe. meas.ures induded for each cl1mate zone are described in.Appendix D ~Single Family Measure. Summary, 
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Equipment- Preempted· 
On-Bili TDV tbn;rcrP.nr 

B/C B/C 
Ratio 

2.9 
s.i 2.3 
4.4 1.8. 

OS 
09 

10 
,·.10 I .. 

2.3 

'1.3 1.5 6:0 2.9 
1.1 .. f6 7.3 3.3 

1.7 1.7 4;9 • . 2.4 
1">1" indicates cases. where there are both first cost savings and annual utility bill savings. 

2019 Energy Effic!ency Ordinance Cost-effectiveness Study 

Efficiency& PV/Battery 
' J ' • • 

Target 

Total on-Bill · TD.v.J:.·.··.·.To·:t·a ... :l 
EDR B/C B/C ' ·.EDR 

Margin Ratio · 

4L2 1.4 
30.1 :i.4 

':29:o 
'lS:S 
28~5. 

2£s 
,,;,26,0 
.))J..O 

•' '· ·_,: 

:r21~s 
21.0 
).1;0 

:.21:!0 
23.2 23.0 

25.4 . 25:b 
22.5 22.0 

n.~ ·1.4 23~5 
.. 

23:9 1 .. 6 ' '23,5 1.7 
'i;l'.o 

··.:35:ol 
21nformation about the measures included for each climate zone are described .in Appendix D- Single Family Measure Summary 
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45 

·. IIMix~;d fllei:S±.d Oe~ign 
lii! Mli<~c!Fuel: gffjc,en~y. 

iii Mixed FlieHEfficiehcy &i'V+Ba[tery 4o. ~cc·lll~-h=~~~~~0~~~~~""'=~~~~===~'=====:===~!,_, .• _~-.~.,.,"-·'·"··--~·-·--
}5 

10 

0 

Figure 4: SingH! fail:iily E.P:R: Margin compari'soJi (bas~d on Effide11cy EDR Margin, for the ·· 
EffiCiency packages and tbe Total EDR Margin for th'e.Efficient.Y & PV and ·Efftci.ency & 

·· · PV/i3~tteryp;:ac£.:ages) 
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2019 Energy Efficieilcy Ordinance Cost-effectivene5s Study 

3.2.1 GHG Emission Reductions 

Figure 5 compares annual GHG emissions for both mixed fuel and all-electric single family 2019 code compliant 
cases with miciency, Efficiency & PV and Efficiency & PV/Battery packages. GHG emissions vary by climate but 
are consistently higher ih mixed fUel cases than all-electric Standard Design 'mixed fuel emissions range from. :L3 
(CZ 7) to 33 (CZ 16) lbs C02e/square foot of floor area, Where all-electric Standard Design emissions range from, 
0.7 to 1.7 lbs C02e/ ftl; Adding efficiency, PVand batteries to the mi::<ed fuel code compliant prototype reduces 
GHG emissions by 20% bn average to between 1.0and .1.8\bs C02e/ft2

, with the exception of Climate Zones 1 
and 16. Adding efficiencY, PVa11d batteries to the all-electric code compliant prototype reduces ahnliai GHG 
emissions by6S% on average to 0.8\bs C02e/W orless, None ofthe cases completely eliminate GflG emissions. 
Because of the time value of emissions calculation for electricity in CBECC-Res, there is always. some amount.of 
GHG impacts with using electricity from the grid. 

3.5 

3 
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II Fuei:Std Design Iii All Electric: Std Design 
iii Mixed Fuel: Efficiency ~All Electric: Efficiency 

~All Electric: Efficiency & PV 
lil Mixed Fuel: Efficiency & PV+Battery ii.AII Electric; Efficiency & PVtBattery 

0 .· . . . 
CZ01 CZ02 CZ03 CZ04 CZOS CZ06 CZ07 Q08 CZ09 CZ10 CZ11 q:u Cl13 CZ14 CZ15 CZ16 

Figure 5:Single family greenhol1segas emissions comparison 

3.3 Multifmnily Results 

Table 11 through Table l3 tontaih cost effec:tiVeness findings for the multifamily packages. Table 11 summarizes 
the package costs for all the n)iked fuel and al!~elec:tric efficiency, PV and battery packages. 

Table 12 and Table 13present the B/C ratios for all the packages accOrding to both the On-Bill and TDV 
methodologies for the mixed fuel ;:wdthe all-electri2 tases, respectively. All the packages are cost-effective 
based on TDV except Climate Zohe 3 for the all~electrlc cases where no cost-effective combination of non
preempted efficiency measures was found that met the minimumO.S EDR Margin threshold. Cases where the 
B/C ratio is indicated as .''>1" refer to instances. where there are incremental cost savings in addition to annual 
utility bill savings. lh these cases, there is no cost assoCiated with this Llpt:;rade and bf'nefits are realized 
immediately. 

It is generally more challenging to achieve equivalent savings targets cost-effectively for the multifamily cases 
than for the single family cases. With less exterior surface area per floor area the impact of envelope measures 
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20:19 Ent;r[JY Effici~ncyO(pi!Jcmt;:e Cost-effectiifene.$s Study 

is dim lriished, In multlfa'nilly buildings. Ducts are already a~sumed to be Within conditioned space an~:f th¢tefor~ 
QI)Iy 'one bftb.e quctrneasyres .fouhd td be cbst;~effe¢t1\fe rq sil}gle family h()rnes, tah be applieq, 

Figure 6 pr~se11t.s· a cci~p?rison of Total EbRsforthe m iittifamily cases and Figure 7 presents the EDR Margin 
results. Each grCJ ph compares the, mixed fue I and ail-e! ectri<:: !=ases as'we II as t6 eYl'lrio Lis P<l c;kage$ ,, Co:sfceffectiVe 
effiCiency packages were found fo.r ali rnixed'fuel cases. The Target EDR Margins for the mixed ft~e! Efficiency , 
Pad<ageafe Q:.S fpttiimate'Zont::s 3; 5 ahd 7; bet~een 1.0 arid 2,5 fbr Cliniat~ Zones 1, 2;A;6,8 thrOugh 12 ~rid 

, l6, and between 3.o (lnq 4;(1 in Climate Zones 1$ thrqilgh,:J.S;forthe aJI-electr:Ic: case, rip cost"effectiye r)o,n~ ,, 
preempte_d effidehcy packages Werefound in cHmat~,:zone 3. The.TargetEDR Marglhs are between o~s arid 2.5. 
for Climate. Zones 2~4 throUgh 1b:and 12i.and between 3.0 and 4.0 in 'dim ate Zbnes.l, 11, and 13 through 16; •. . . ;. . . .. . .. ' ,, . · ... '' . . ' . "> . . . . . . . . . . . ·' . . . . . . . ~. . . - .. . .. . . . . . '' '• . · .. -. . ... ,. . -· .. 

For the miXeQ ftJel~ase, the E:l'fidency ~ llV/Batt¢ry Pa~l{9ge resUlts if1 an EDR Margiri of between 8.5 and ii.s 
across air c ii mate ;;'cines. Most oftb es ~ packages Were .not found to be co$t-'effective baseq. OJ\ .utility b \II s~Jvln-gs 
!llorie, buttHe'f aii

1 are cqst~effective baseg oil TDV energy S:avlngs, Fotthe all~electrit tase/ tile Efficiency & PV 
PadsC)gE! resulted !ri E[)Jf[\llargJps of1Q.5 top;$ for'mdstclirnates; <J!:iciihg <l qath~rf'~ystem !ncre:ased the EDR . 
Margin by an additional idto ts points. tlirnate zones ;i: and i6,which have high heqting loac!s; 'bave mur::h. 
higher EbR fVI<ligins forth~ Efficiency & PV pacl<age {19.5~22.5}~ The Standard Design PV,. wbich ~~ V\lhat is 
applied in the J;ffii:lency Pacl\a,ge, is not s.lzed to offset anyofthe heatil'ig load. When th~ PV system is ,siz~d 1:o: 
.offset 90% otthe,tqtal e!ectritityuse,the incteaskj~: si.ibstahtfalas·a resql't, ~~ C:lirriate Zone, 1St he Sta(icjard . 
Design PV system is a[ ready slzedto coVer the cooflng eiectrkity load, Which. represents· 30% of wh6ie building 
~Jectri(:ity use, TheNfgr'ej fncreasfngtbe PVsize to offset 90% o-ftne electric load i11 thi.S. dim~te only result$ In 

: .. adding a.rproxinYately 24b. Watt51 of FVcapacity per. CJp<irtrnent and sql)~equ¢ntiy .fil. mi'rt~smatler imJ:>act Ofl th~>· 
EDR.than in q1:her'dirnateznnes. B~cause of.the lllriitatiqhs, oh overslzlng P\( systems to off~et natural gas use it 
js ]lQt feasibletq .achi~ve:c;omparabl!O ):DR Mar!Sfl]s fqrthe mlx¢cj.fut;l ~ase .as Tn fh~ aU~electr!cc;as.~; ; 

Additional results details can betounct in Appendix E- MultifCJrnHY Detailed Results with sumrnaries.ofmeasiJres 
included hi each oHhe patkag13s in Appel)dix F .,-'Multlfatnily Measwe summary. A summary 9fresu[ts l;>y · 
climate zo(le Is pr~senh:;d in Apperidi~ G-Resul~s by ~iimate :Zone. . . . . . . 
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e Cost~ Effectiveness Results for the Mixed. Fuel Case:t.,z 
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1">1" indiccites cases wbereth.ete ari btitb fkstco~t savirig:S ancl annual utility billsavlng:S . 
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2informafioT1 aboutthe. rr.reasore.s Tncluded fore.acry t::lirn~te zone are described in Appendix F-Moltifarnily'~e(lsureSumr:nary. 
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21nformation about the measures included for each climate zone are described in Appendix F- Multifamiiy Measure Summary. 
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Figure 6: MultWnrt1ly total EDR. comparison 
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Figqre 7: Muitif~mity EDR l\l[atgin comparison (baSed on Effiti.e:dcyEJ)R Marg1ii: f9l' the 
f:f.fi.cien,cy packages and. the Total ED R. Margin. for the Efficieticy & PV and EffiCiency & 

· · PVJBattery pad{ages) · · 
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2019 Energy Efficiency Ordinance Cost-effectiveness Study 

3.3.1 GHG Emission Reductions 

Figure 8 compares annual GHG emissions for both mixed fuel and all~eledric multifamily 2019 code w~ppliant 
cases with Efficlency1 Efficiency & PV and Efficiency & PV /Battery packages. GHG emissions vary by climate but 
are consistently higher in mixed fuef cases than all-electric. Standard design mixed fuel emissions range from 2.0 
to 3.0 lbs C02e/squarefoot offloor area, where ~llcelectrii: stahdard design. emissions range from 1.2 to 1.7 lbs 
C02e/ ft2

• Adding PV, batteries and efficiency to the mixed fuel code compliant prototype reduces annual GHG 
emissions by i7%on average to between 1.7 and 2.2 lbs C02e/fti, exceptCiirnate Zonel6. Adding PV, batteries 
and efficiency to the all-electric code corn pliant protcitypG reduces annuaf GHG emissions by 64% on average. to 
0.61bs C02e/ft2 or less with the exception ofCiimateZones.14, 15 and 16. As in the single family case, none of 
the cases completely eliminate GHG emissions because ofthe time value of emissions calculation for electridty 
in CBECC-Res. 

3.5 _II Mixeq Fuel: Std Design 
I[ Mixed Fuel: Efficiency 

3 
- !£Mixed Fuel: Efficiency & PV+Battery 

+-' 2.5 
Y-
rr 
(j) -Q) 2 • ·.···-· 
N 

8 
(j) i.s -o 
c 
::J 
0 
n.. 

1 

0.5 

0 

11 All Electric: Std Design 
~AIL Electric: Efficiency 
mAll Electric: Efficiency & PV 
~All Electric:Effl~ieni:y & PV+Battery 

,. . . - --· ,-~-------------·--

CZOl CZ02 CZ03 CZ04 CZOS CZ06. CZ07 CZ08 tzo9 CZ10 czi1 CZ12 CZi3 .CZ14 CZlS CZ16 

Figure 8: Multifamily greenhouse gas emissions comparison 

3A Electrification Results 

Co~t-effectiveness results comparing mixed fuel and all-elettricc:ases are sutr~marized below, T~e tables show 
average annual utility blll impacts andlifetirne utility bill impacts, whiCh account for fuel escalation for electricity 
and natural>gas (see Section 2.s};lifetime equipment (:ost sayings, a11d both On:-Billand TDV cost~effe,ctfvehess 
(B/C ratio), Positive utility bill v~lues indicate lower utility c:asts for the all~electric hom~ relative to the,mixe,d · 
fuel case while negative values in req and parenthesis indicate higheruti)ity costs for the allcelectric case, 
Lifetime equip'ment cost savings include saving~ due to eliminating natural gas infrastructure andreplaceJT1ent 
costs for appliances based on equipment life. Positive values for the lifetime equip(lient costsavings indicate 
lower installed costs for the all-electric and negative values inqicate higher costs~ B/C ratios 1.0 or greater 
indicate positive cost-effectiveness, Cases wherethe B/C ratio is indiCated as ''>1'1 refer td instances where. there 
was incrernentalcost savings in addition to annual utility bill savings. In these ca.ses, there is no cost associated 
with this upgrade and benefits are realized immediately: 
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fhree.sceharlos\IV'ere eValUated: . . 
. . . 

1. 2'019Codecompllant;Cqmpar~s-\32Q1Q to de co111iJii11rit all-el~r;tric; hi:JrneWi~!\ ~· 20i9 t:ior:le co'mpliant 
mixedfuel home, . .. .. . .. .. . ' . 

2; EffiCiency &. PV Package; Comp'a,res ah all-electric home With efficiency and PV sized to 90% ofthe 
annua.l. electricity useto<~2019-code cqmpliantmixr;,cl_fuei home, The first cost,Savi11gs l11 the c;ode 
cdmpliantall-~lettr'fc hotfse)s inve.stediri a!)ove code. efficiencY and PV refle¢tive .()'fthe Efftciency &PV 
patka)tesdescribedabove; ' . ·· .. · . .. . . . ·· . 

3. Neutral Cost Package: Compares an ailcelectri'chome with PV heyO.rid to de minimum with a 2tJ.19 code 
tompHant J11ixed fuel 'nome.,The PVsysterh for the all~electrk C\=)S8.l$ sized to 're;~lt in a :Zer:o lifetime . 
hicremelital cost relative to ,a mixeg fuel home. 

3A.~t Singie Patntly 

TC1ble 14,fa'bie 1$; Fig!Jre•Q; Fig-ure 1oi anti. FJgwe'11pre!)entreswits of costceffectivefies.~ 13rialysis for , 
electrification of-single family buildings, according to both the Ordllll and TDV methodologies, Based on typic::al 
cqst assun'lpt)()f10i arrixe~. atfqrthis a(1;aJys,is; the Jif~tim~ eguiprpeiit <:9:;tsfortbe si~gl¢ family tbde ~omplian~ 
cill~electricopt;ion are cipproximateiY $s,3so le~s Htan th~ rriix~cJ f~el co:de cornplian(pp{io.n. cost ,savJngs are 
entitelydue to thE! eJirr)ination of gas infra5truci:ure, which Was as~umed to 'b~ a saVipgs of$5,750. Wh~n 
evaluating cost~effectiVeness hased.oli TDV~ the Utility Gas Maih Fxterisions rules SO% refi;ihd ancl applii3[lte, 
aHciWance M<luct!on <~re not applied and therefore the cost savings ClretWiCe as niL!ch. . · ·· 

Lindenhe Effk:JenCY &. PV Pi3ckage and tbe On'-Bilf cih<;Jlysisrtbe Tncremental cost ofthe Erfficienc:;y ~n.d. PV is 
typically more than tll.e cost savings seen· iri the ~ode tom. pliant case, whkn res:u Its in. a netcost 1ncrease in most 
dimate,:z;ones for tbe all-'ei(;Ctric case .. fn clima.tes with.2mall heatlng load~: (7 and :1,5) there cont.inuei to~¢ an. 
lncre'mental to$t sav1nM for the <~ll"electri(home, With the TDVartalysis:, there is stilllln intrernentat ~ost 
;aVirlfSS [n aiJ clirh~te·~ E!Xcepfl at]~ ;l6ftlfS[f1glefaf\lily. .. . . . 

·.. ' . ~ 

Utility imp~cts•diffEir by climate zoiie (lhd utility~ but utility costs for the code totnpliarit all-electric option are 
typitallv higher than for the 'cornpliCIIIt mixed fu~l. design, Then= are. utility co~t sayings a'c:;rqs$ 1311.clim.ates :z:o.nes. 
and b[jilding types ro.r the allcel~ctd¢ EffiCiency & PV P<!d~age, resultihg:in a more cosb'~ffectiVe o,pti,ort 

Thecill"efectrk code conmliant. op~iortis do.st~~ff~di\fe b<1seq o,q the On-Bil,l apprb;kh f¢rs!ngle filmllyhOmes in 
(:lirnCJtez9'nes6 W'OL!gh Q, ~0 :(s¢E/So(:all;as"tE)r:rlj:()ry only'}; ancjlS, Th~··coqe compliaqt:qpfjtitJ is [:;psf,effectiye 
b.ased oh theJDV methodology iii all tlim~te Zdn~s except;!. and l6; If the same t;tl$t$ usecl forth~ QncBjll ..... . 
apprq~6h,t]re also used for theT.DV a pptoath (inciorporati'rlg the Ufrllty (:ias M aiil Extensions ru.leS50%' ref(Jnd 
\1.1i.d appliance allgi;:varic~ deduction); th.eall~electri~ code ¢9flipliarit option is ·i:Ost~effective Ih climate 'zories 6 
through lO;'the .Efficiency&. PVafl-~lectr:ic op·fion h to.st~effecthte ina II cli!1)ate zon.es bas~d .on l:ioth the Qn.~Bill 
?nd TDVrneth.ocJn!ogles, i0 til<~~ytases ft is c.<JstceffectlVt'i Immediately wit~ loWerequipmen~ and utility cost~: 

Th~ l<~st set. of r~sults ill Tal:Jie 14 $hows the neutral cost cas~ w.her~ the cost saY.im~s for the ~JII~electdc toqe 
compliant home is.\nvestecl )n .a largerPV system;: resultin~ in a.lifetirne ihcr~rnent(ll cost of:z:ero b;:Js~q oti. th.e 
On-El.ill approach. This package results in utiiity ·ca'stsavingsinall tases .except cllm:ate zon~s 1, 14(SCE(SoCa!Gas 
territory only); (;lnd 16" For these three cases the .Rea'~h Code Team eval~at~d how much additional PVwouici be 
req\li(ed t.o rest) It ih ·<l. costC:effectivep~Jckag~:Tl}~se res@s are presented iriT<lble .is <~hdsh_ow that ari 
additional L6kW in Climate 'Zone 1 results in a B/C ratio of 1.1. For Climate Zone 14and 16.acjding 0.25kWand 
1,2~W1 respe~tively; resqlt'i ir ~ B/Cratio of 1.2.,. Neuttalco?tta.?es 9re cost"effectiVe t)?iqd on theTDV 
meti1Qqologylri all climate zones e)(cept 16. 

3.-<fl Multifamily 

M ultif~mily result~ a, refound il1 Table 16, Table i7, Figure 12, Figurel3, and figure 14. Lifetlme costs forth~ 
multifamily cod~ compliant allcelectric option are approximately$2,300 less th.ah the. rnlxed fuel code compliant 
option, entirely due to the elimination of gas infrastructu;~. When evaluating .cost-effectiveness based on TDV; 
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th~ Utility Gas Main Extensionsrules 50% ~refund and appliance allowance deduCtion .~re not applied and 
therefore the cost saving~ are a·pproximately 2.5 times higher. 

With the Efficiency & PV Package and the On"Bill analysis, due to the added cost of the efficiency and PV there is 
a neU:ost increase for the allcelectric t';:jse in ail climate zones for except 7, 8, 9, and 15, With the TDV analysis> 
there is still an irwremental cost savings in all climates. Like the single family results, utility costs are typically . 
higherforthe code compliant all-electric option but lowerthan the code compliant mixed fuel option with the 
Efficiency & PV Package. 

The aU-electric: code compliant option is cost-effective ba~ed on the On-Bill a.pprbach for multifamily in Climate · 
Zon~s 6th rough 9, 10 and 14 (SCE/SotaiGas territory onlyL and 15. Based on the TDV methodology, the code . 
compliant option for multifamily is cost-effective for all climate zones. If the same costs used for the On-Bill 

, approach are a !so used for the TDVa.pproach (intorpon3tirig the Utility Gas Main Extensions rules 50% refund · 
and appliance allowance deduction), the all-electric code compliant option is costceffective in Climate Zones 8 
and 9. Like the.single family cases1 the Efficiency &.PVallcelectric'option is cost-effective in all climate zones 
based on. both the On-Bill and TDV methodologi~:;s. 

Tbe lastsetof results in Table 16 show the neutral c:cistcase where the cost savings for the all-electric code 
compliant home is invested ill a larger PV system, resulting in a lifetime. incremental cost of zero based on the 
On-Bill approach. This packageresults in utility cost savings in all cases except Climate Zone 1. For this case the 
Reach Code Team evaluated how much additional PV would be required to result in a cost-J~ffective package. 
These results are presented in Table 17 and show that ari additional 0.3kW per apartment results in a B/Cratio 
ofl.1. Neutral costcases'are cost-effective based oh the TDV methodology in all climate zones except 16. 

Table 1. 4: Sin le Famil Electrification Results 
. On~Bill Cost-effectiVeness~ 

. AverageAnnuaiUtilitv Bill 
Savings . 

. . 

Net 

-f\Jahiral Utility UtilitY Bill 
Equipment 

Cost 
Sa\tings Savings_'·. Savings 

-($1;194) f$712 -'($482) . ~($14;464} 
~($825) +$486 · c-($~49) ~($io,i94) 
-($7i7J: +$391 -($326) -($9;779) 
-($710) . . +$387 -{$322.) ~($9,6.71) 
-($738) +$367 . -($371) ~($11;12.8). 

PG&E/SoCaiGas -($738) +$3~0 .,($368) ~($~1;034) 
$CE/SoCaiGas -($439) +$289 -($149) ~($4,476) 

SDG&E · ·($4t4) +$243 -($1Ji) ·($5)i34J ·. 
SCE/SoC~IGas .-($347) . +$249 c($97) . -($2,921) 

09 SCE/$6Ca1Gas -($377) > '+$2.7,1. ~($107) -($3,199}c 
io ,> SCE/SoCaiGas 1 -($403) +$280 -l$12:3) · C($3,684) 
10 :~ . SDG&E ~($496) +$297 ~($1.98) -{$5,950) 
11 ·' .·.::; ·frG&E' ~($inb)' · +$447 J$?64) c($10,9~7} 
12 ;•' ;<iPG&E ~($740) +$456 J$284) ~($81533) 
i3 < ·- ... ' : · PG&E· C:($742) •_ +$413 ~($3'29)' :'($9;876) 
'i4 _. c:sc:E;soca!Gas ~($661) . +~413 c($248) -($7;454) 
l4 ' .. _._ SOG&E . -($765) +$469 ~($2_96) c($8,~68) 
15 SCE/SoCalGa~ · .. c($:297) +$194 -($10,3) ~($3,090) 
16 . PG&E ·($1,~81)' +$712 -($Sl5) ~($i7;~50) 
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·TDV Cost-effectiveness 
lifetime NPV 

Equipment TDV 
Cost B/C 

"{$13,081) +$11,872 
~($7;4;:;6) +$11,872 
-($7;7~6) +$11,872 
-($7,447) +$11;872 
-($1lj969) +$11,872 

_ c($8;9Ei9} +$111872 
1.2 c($4,826) +$i1,872 
i.o· .- _ -($4,618) +$11)372 

.. :1.8 . ~t$3,971). +$11,872 . 

<1:1 . "{$4;08$} +$11;8}2 .. 
1:5 . -($41458) +$11;872 

~($4,458) . +$1i,872 
~t$7;024) +$1.1,872. 

'• -'($6;2$1) +$il,872. '1.9 . 

c($6,)80} +$11,872 ' 1:8 
~($7,126) '+$11,872 :1:7 

();6 .•. -{$7,J:t13l ..•. +$11,872 ~1.7' 
. 1.7 _-.· c($5;364) +$11,872•··.· 2.2· 

b.3 ~($i7;39i) · -f$11,872 • of 
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1Red values in parentheses indicate an increase in utility bill ·costS or an incremental first cost for the all-electric home. 
·2 ~'>1" indicates cases where there are both first cost savings arid annual utility bill savi~gs. 
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Taple 1S: Comp:irisoh of Single Family On-Bin Cost Eff~ctiveness Results with Additional 
PV . 

Equipment on-Bill 
. Cost F3]C ·. 

cz Savings savings Savii1gs Ratio 
01 +$'6j898 '-($6,312) '1.1 
14 SCE/SoCaiGas 
15 PG&E 

4.5 
4,1 

+$0. .· 
+$0 
+$0 

c~-$1!238 .. ~($l,OOO) 1.1 . 
0 53 +$5,883 c\$4;753) . 1.2 

' . . 

'Immediate 

:~ 1=1 ~- t ~ 11]&. 1 r T 11 ~ i + i 
:8 2.5 i - i I I ~: -: Aj &--: ~-j-- _A 1- .. ·t- ~I--~ -1-- - 1--~ --i 
~. 2.0 I~ ~ '-~1' ... -1 ___ 1~----·-' , ____ ,1_,_. I Ai_ -· ~.1 -/A. I __ !' 

~· 1.s i,· -\ Ak\ ~: ATAtAi.l-~~lj.~-:-~-1---~:~-t-~-:~-1-~ •• 114 1~~~~~~~ 
1.0 I'A\'C''""T--~-~-~'1~---~;--~--- .... -~T-T-, -~--~--- .,.- : 

o.s l-.-:-~-~-·~~-·-l~t···~i-.----~--~~;-·~---:--~J-·--i·~t~~:-•l-~--~-·-\-----r~\ 
o.o 

<$> On-Bill B/C Ratio A. TDV B/C Ratio .....:· ._. BCR=:ol 

Figure 9:. B/C ratio results for a single family all-electric code compliant home yersus a 
mixed fuel code complianthom:e 
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. . 

~--~~··--+-~""'-~~- ---.- ""-·~~~.;..,..,-,-.-,-·.,.- _,__,,~~-,----..-,.<- ···----.,..,-. ,------.,.;~-· .. ,~.._,..,, .. , .. _...._._ ... .........,.'r'-----~--~"'"'""""........;.,...·.~~--·.-·'---·,.;..:.;.,..,""'""'._.,...,...,..... .• __ ,_,....,___,,_,_..._,, • ..:,.,..:..:.. -"·-'-- ~--

.IJ.. TDVE\/C Ratio •• . .;.;.•• :~ BCR"=i 

:Figure, 10: B/C:: ratioTesultsJor:th~ single.f;:tmHy Effiden~:y & :PV;;lll-elec:t:ricb,om~ yersus <t 
·· mixed fuelcdde conipii<U;ttb,ome · 

Figure 11:B/C ratio results forthe s1ngle.familynetitthl cost padtag~ a]J-e~ettdt home . 
·Versus a mixedfuelcode co~pllanthome 
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OS 
OS 
06 
07 
08 

09 
10 
10 
11 
12 
13 
14 
14 
15 

PG&E 
PG&E 
PCi&E 

2019 Energy Effjciency Ordinance Cost-effectiveness Study 

-. ' . ·-

Savings' 

Net 
1\latural . Ufility ·• Utility Bill Cost 

Gas 'Savings Savings Savings 

'-($396) · +$193 ~{$203} ·~($6;o7§) +$2,337 . 
d$310) +$162 .-{$:148) -($4,450) +$2,337 
-{$2.77) . +$14~. ~{$13?) . ~r$4,o41J · +sz,337 
~{$264) -f$144 -($120) ~($'3,595) +$2,337 
~($29]) +$140 -{$1S7) . c{$4,703) · +$2,337 

:,{$5}838) .+$S,899 . 
q$4,144) ... +$S;899 .· 
~{$4,0:35) .+$5,899 . i.s 
~($3,329) . +$5,899 1.8. 
-($4,604) +$S,899 1.3 

PG&E/SoCa!Gas -{$297) +$i78 -($119} c($3,57,3) +$2;337 .· . ~{$4,604) +$5,899 l.3 
SCE/~oCaiGas ~{$l91) . +$161 "{$30} ~{$902) +$2,337 ~($2,477) +$S,899 2.4 

.SDG&E -($~Q6i. +$136. -($JO) -($2;094) -t-$2,337 .-($2,390) +$5,899 2.5 
S(E/SnCalGaS -{$169) -($12) +$5,899 2;7 . 
5CE/5bCa!Gas -($177) +$159 

+$159 
+$139 
+$153 
+$155 

~($18) 
-($23) 
"{$106) 
-($138} 

~($533) +$2,337 "{$2;?15) -f$5,899.. .2.5 
·. ~($2,495) +$5,~99 .· 

~{$'?,495) +$5;899 
SCE/SoCa!Gas 

SDG&E 
PG&E 
PG&E 
PG&E 

SCE/SoCa!Gas 

-($1$3) 
-($245) 

·-($291) 
-{$277} 
-{$270) 
-[$255) 

-($697} 
-($3;192) 
-($4,i49). 

-{$122} -($3,665) 

. +s:t-337 
+$2,337 
+$2,33} 
+$2;337 . 

· c($4;420) +$5,899 
-($3,557) +$5,899 
-($:3,821) +$5,899 

1.1 -($3,976) +$5,899 
SDG&E -($328). 

-($1S4) 

+$146 
+$187 
+$175 
+$142 

c($124) 
·-($(39} 
-($1S4) 
-($12). 

-($3)07) 
~($2,062) 
-($4,607) 
-($367) 

+$2,337 
+$2;337 . 
+$2,337. 
+$2,337 
+$2.,331 

0.5 c($~,976} +$5,899 ·. 1.5 
6.4 c($2,509} +$5,899 2.4 

-($464} . +$2'2.4 -($180) ~($5,41i) -($5)1.9) +$5,8,99 

"($19) ··. t$193 .. +$174 · +$5,230 ~($3,202) +$2A61 +$361 
c($1o) -l-$1,62 +$152 +.$4,549 -{$1,375) 3;3 +$2,60~. +$2/187 >1 

PG&E -($12) +$.142 +$130 +$3,910 -($936}. 4:2. +$1))32 +$2,626 >1 
PG&E. -($8) +:$144 -i'$136 +$4,080 -($822) ;>.0 +$2,381 +$2;740 >1 
PG&E c($19) · +$140 +$121 +$3,635 -($956) 3,8 +$1,403 t$2,606 >1 

-($19) +$1'78 +$1S9 +$4/765 ~($SS6) so +$1A03 +$2,606 >1 
-($84} +$161 +$77 +$21309 -($243) .9,5 +$11940 +$3,319 >1 
~($49} t$136 +$87 +$2,611 +$75 . >1 +$1)j83 +$3,638 .· >1 

scE/5oda!Gas . ~C$74) +$1S7 +$8:3: -t$2A80 +$.96 >1. +$1;772 +$3,658 
• SCE/SoCa!Gas -{$7,6) .· +$159 . +$82 +$~,469 t$104 >1 +$1/B'g +$3,667 

:scE/S!JCa!Gas ~{$79} +$i59 +$80 +$2,41} , '-($34) 7o.Q :;,$1,73} +$31 528 :>1 
sbG&E -{$77) +$i3:9 +$6L +$L842 J$34) . · 54;2 +$1J37 +$3,528 

PG&E tc[$25)_ · ' +$153 +$128 -t$3;834 -($i,264} .J;O .. -j-$2,080 +$2,298 
P(.]&E '-~($il) . -l-$155 t$144' f$4;316 -($1,498) 2.9 +$2/759 , +$:to64. 
PG&E f~($26) 't$146 +$121 +$3;625' "($1,],25) c3;2 +$0083 +$2;437 

.SCE/Sota!G~ts : -($99f -l-$187 : -l-$8/ '+$2616 . -($:loi9) . 26 ~$2A22. +$2;543 

. ··. ·····-·soG&E ·~($86}· ~-l-$175 :+$88;' -t-$2:647 ·~($l:o19). 2:6 +$2A22 +$ts43 
2($67) -l-$J42 +$75 . ·, +$2,247 . +$511 +$1;2_76 +$4,073 
~($24) +$224 +$ioo +$5/992 c($2,087) +$2,629 +$lA76 
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·u ::;:,t~~ii~1~: 1:. · ~tlllr;\!!f:•· :~!~~::;•:,1~~u ·~~~1~2.:l!!iti :~ ·· 
1 Red values in parentbeses indicate an increase in utility bill ~o$tS or an incremental first cost for tbe·all~electric home. 
2~'>1'1 lndkates cases where there at:e bothfirstco:St savings and :anriual utility blll savings. ·· 

ra:ble 17: t:;omparisoh ofMultifamUy On~ Bill Cost Effectiveness Results with Additi ~nal:PV. 
· (Per :Owdlin uni.t) · 

Equip!henr· 
,;c~st ··. On~Bill 
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i 

<l> On-Bill 8/C Ratio . A TDVB/C Ratio ~. ~BCR=l I 
!. . - .. ········· .. . ······-········· .~. ···-··' .. ···-··········· .••• .. .... ......... . .. .. . .................. .J 

Figure 12: B/C ratio results for a multifamily all-electric code compliant home versus a 
mixed fuel code compliant home 

1- .·· 
I 

Figure 13: B !C ratio result.'> for the multifamily Efficiency & PV alFelectric home versus a 
mixedfuel code complianthome · · 
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£. Tb\i B/C: RatiO 

Figure J 4; 1.3/Crati'o results f():r the i1n1ltifamily neuhal~:ost package ~lbelectric .flom~ 
versus a rili?'edfuel code compliant home · 

4 Conchislons &. ~um;mary 
This reportevalt.~ated thefeasibiljtyand .cost"elfuctivenessqf'/abov~ cod~'1 performance specifiCations through 
the applb3tiorrof efficiericy measures, PVi and electricbatterystorage if! '<iJLi~ CalifqrniCI. climate.zQnes. Thg 
analysis foUnd costc.effeai:ive packages across the state for both single·family and )o\N"-rlse multifahlllyhuildings; 
For the buildltiglypes <10d d\mate z~nes where ccist~~ffective pa(;kages Werejdentifiedj the re$ults ofthjs 
anal.ysis can be, us.ed.by lgi::aJivdsqic;JJons to sup~ortthe adoptlor) ofreach codes; Costceffectiveries.s w~s 
evaluated according to twometrics:. OncBill customerlifecyde benefiHo-cost andiDV lifecycle benefit~to-cost, 
While all ~he above cpde tgrgets pre~enteg:ate baseqqri, pc\.cl~agg:S thata/e cost-~ffettiye tihclerat least on.e of 
thes.e mehles~ they ar~ notal I cd~h:!ffectiv¢ und.erboth metrics~. Gen~raHy; the test. for I:Jeing cost-effec;:tfv~ 
~rider'the TDV methodology is i~ss thallehgi'rigthati ,under the. On-8iH [llethodoJogy; Therefore, aU packages, . 
pre.sentecl are t:;bst-effective ba$ed on.TDV, and maY, Or rii<ly not be cost-effectil(e based on. the Oil-Bill. rjieth(Jd>. 
It is up to each Jurisdiction to determine. what metric is most aj:ipropriatefor theirapplldati6ii. Asumrdary ~f . 
resuFts by cllrnat.e tone are preser1ted in. Appendi)( G,:;, Results by C:limateZone ... · 

~ ; . . . 

Abo.lle to de t<)rget:s are presentt~d as Target EDH M~rgin, which h<JVebeen defined: for eath ·scenario where a 
cost~effecti\!e pac;kagewas identified. Target ED!{ IV!aq~ins represen(th~ maximum. (!reach,; Vc:il1,Je5 th<1t meet the · 
requirements. Jurisdictions may adbpt)ess :stringent requirements. For the Efficien.cy Package the Tar&et EDf{ 
Margin was d'efl!led based ori the loWer EDI{J'YJargih of the Effi¢iericy- Noflc'Preempte.d Package and the_ 
EffiCiency,_ ~quipmen~, Preempted package, Fo( example, .ifthe cost-effec;thie Non-P'ree.mpted p(lckage.bas an 
EDR Margin of 3 ;3nd the Preempted package <1nEbR M'clrgin of 4, theTargetEbR Margin is ~et at3. 

The average i.ncr,emental cost for the single family Efficiency packages is ~$1;750. The Eff!clen,cy'& PV Package 
average increrrientalcost is $9,180 and for the Efficiency & PV /Battery Package it is approximately $5,600 for the 
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mixed fuel cases and $15,100 for the a.ll-electrk cases, The incremental costs for each multifamily apartment are 
approximately 30-40% lower, See Table 8 and Table 11 for a summary of package costs by case. · 

Table 18 arid Table 19 summarize. the maximum Target EDR Margins determined to be cost effectivefor each 
package forsingle family and multifamily, respectively. CC)ses labeled ~s"n/a" in the tables indicate where no 
cost"effective p~clcage was identified under either On-Bill or TDVmethodology, 

This analysis also looked aqlieGHG emissions impacts oftt)e various packages. An all-electric design reduces 
GHG emissions40-50% ln most cases relative to a comparable mixed fuel design. 

There is significa,nt interestthro[Jghout California on electrificatior~ of new buildings. The Reach CodeTeam . 
assembled data on the cost differences between a code compliant mixed fuel build,ing and a code compliant all
electric building. Based on lifetime equipment costsavlhgs (the difference iii first cost for equipment and 
infrastructure ccimbinedwith incremental replacement costs) of$5,349 for an all-electric singlefarrilly horne this 
analysis found that from a customer on~bill perspective, the all-electric code compliant option is cost-effective in 
Climates Zones 6 through 9, 10 {SCE/SoCaiGas territory only), and 15, and cost-effective in all climate zones 
except 1 ancl16 b~sed on tDV. For multifamily buildings, based on a cost savings o.f $2,337 per apartment the 
code compliant option is cost-effeCtive in Climates Zones 6 through 9,.10 & 14 {SCE/SoCa]Gas territory o~ly), and 
15, and cost-effective basedonTDV. 

Adding effidericy and PVto. the code compliant all-eiedJ~f~ buildings increases the cost~effectiveness in all 
climate Zones. The Efficiency & PV Package is c:ost-.effective when cornparedto a mixedf~el wde ~om pliant 
building in all climate zones for both single family and multifamily buildings based on both the On-Bill-and TDV 
methodologies. The Efficiency & PV package adds PV to offset 90% of the eleCtricity use of the home. While this 
results in higher installed costs, the. reduced lifetime utility costs are larger {$0 to $6,000 lifetime incremental 
equipment costs in many climates for single family homes and an asscidated $4,500 to $13,500 lifetime utility 
cost savings ac;ross the same cases), resulting in positive B/C ratios. for all cases .. 

The Reach Code Team also evaluated a neutral cost electrification scenario where the cci'st savings for the all
electric code compliant heinie is invested in a larger PV system; resulting in a lifetime. incremental cost of zero 
based ori the On-Bill approach; This package results ih utility cost savings and positive on-bill 8/C ratio in all 
cases except Climate Zones 1 and i6 for single family, and. Climate.Zone 1 for)ow-rise multifamily, Increasing the 
PV sizes in those climates by approximately 30% resulted in positive on-bill B/C ratios, while still not resulting in 
oversizingof PV systems. 

Other studies have shown that cost-effectiveness of electrification increases.with.high efficiency space 
conditioningand waterheating equipment in the all-electric home. This was not directly evaluated inthis 
analysis but based on the favorable cost-.effectiveness results of the Equipment, Preempted package for the 
individUal mixed fuel arid all-electricupgrades it's ex:pected that applying similarpackage~ to the electrification 
analysis would result in increased cost-effectiveness; 

The Reach Code Team found there can be substantial variability in first costs/particularly related to. natural gas 
ihfnistructlire; C::osts are project-deperidentand will be Impacted by.suthfactors as site characteristics~ distance 
to the nearest g;as mEtin, joint trenching, whetherwork is C(Jnducted by the utility or a private contractor; and 
·number of homes per development among other things: While the best cost clataavailable tot he Reach Code 
Team was applied in this .analysis; individual projects may experience different costs, eltherhigheror lower thari 
the estimates presented here. 
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Appendix; A~ California Climate Zoue Map 

Building Climate Zones 
California, 2017 
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Figure 15: Map ofCalifornia Climate Zones (courtesy of the California Energy C~mmission17} 

17 https:Uww2.energy.ca.gov/maps/renewable/building climate zones.html 
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Appendix~· -lltility TariffOetails' ,:. 
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PG&E 

The following pages provide details on the PG&E electricity and natural gas tariffs applied in this study. Table 20 
describes the baseline territories that were assumed for each climate zohe. 

Table 20: PG&E Baseline Territory l!y Climate Zone 
Baselihe 
Territory 

CZ01 v 
CZ02 X 
CZ03 T 
CZ04 X 
czos T 
CZ11 R 

/ tzn s 
CZ13 R 
CZ16 y 

The PG&E monthly gas ra~e in $/thermwas~ applied on.a monthly basis for the 12-month period ending January 
2019 according to the rates sh.own pel ow~ 

Advice 
EffectiVe Letier 

D'tlte Number 
I 
I 
I 011o1118 3918-G 

! 02101118 3931-G 

03/01/18 3941-G 

I o4/W1a 3959-G 

f 05/01/18 3969-G 

!06101118 3980-G 
r--· 
j 07/01/18 3984-B 
:-:---

~ 3995-G 

i 09/01/18 4008-G 

i 10/01/18 4018-G_ 
l11101!18. 4034-G 

fi2101/18 4046-G 
~-

~19 4052-G 

Pacific Gas and Electric Company 

Riis!denti~l UoiJ.:CARE and CARE Gas TaiilfR~tes 
January·1, 2018, to Present' 

($/therm)11 

.. 
Minimum· 

Transportation 
Transportation 

.: ... :. . 

TOTAL ~e~i<l~nti~l 
Nori:CARE Chorge" Proc~reffient 

(per day) Chnrae Chnrae21 ··sch~duiescllarileiJ 

a .. stolin~ ( E•c.ess. 

.. , ·{Noo.cARE) 
. 

: B~~Jin·~· i E.ee5s-

$0.09863 ' .. $0.37310 $0.91828! S1.46925 Sf29138 i S1Jl4235 

~0.09863 $0.40635 S0.9182B! S1A6925 s1.Ji463 l su75so 

$0.09863 $0.32103 S0.91828 \ SL46925 $1.iill31 I S1.7902~-
~0.09863 S0.34783 50.9182S I 51.46925 Si:2fi611 j S1.B170ii 

£0.09863 S0.26995 50.91828! S1.46925 s{1as23 1 s1.13s2o 

~~_§____ .$0.21571 50.91828 [ $1.46925 $U3399 i S1.68496 

$0.93438 i S1.49502 -';;i;1592s j $1.71990 $0.09863 -$0.22488 

!0.9343~~ $1.22252 j $1.78316 $0.09863 - $0.28_1!1±__ 

S0.09S63 50.25597 $0.93438 J~.495_1g -SLi9d3sl.s1.75099 

$0.09863 $0.27383 so.93438 i S1A9502 $1.20821 j $1.76885 

$0.098~- ~7~035368 $0.934_11!.1 $1.49502 S1.281lo6 ! St84870 

$0.09863 $0.42932 $0.93438 i $1.49502 sLis:lio i sfs2434 
-·.·.·-···':J 

$0.09863 50:43394.71 50.99414! $1.59063 ~iAzaoa i sioz457 
''Unless othefv/ise n_oied . 

c=:=! 

EtfectN&jub-1, 20~s, _tfuiTransportatio~ Ch?rs~ \'tii b~ n~ teSS than the i~iitimurriTfanSpo!1atioil t~arne OfSKosr.sJ (p€~ ~SyfApPilC:iti~ f? .R~tes.~~~;du1~ .. ~1 ontt: 
·and does not app)y to submetered tenants of rnast.er~m;tered custom~rs sery,:.d under gas_ Rate Sctu!:dule GS nn·d G'L 

l" SclJ.edule G-PPPS (E:Iub.i¢ Ptlfpos,e Program sUrchar9e) ne . .eds to·be Odd eO tO th~ TOTAL if on-CARE Charge and TOTAL ~Ch~rge for _b~ caic\J.iafun: see:s~~du!e- 0-.Pf'?S fordet5.ri:> a_od -~e~):ust~m_et'3~ 
.t.• CARE Schedules include CaUfomiB. SOler kli\lallv~ (CST) Exemp-tion io acCQrdance with Advice Letter 325J-G-A. · · · · · · 

!.'Per dweT1ng unG per dey :(t.lu.lifumlyS~rvke) 
""Par_illstaUed space per day (l.IObiehome.Parl<.SefV]ce} . . . 

: r-ThlS proctJrem;ntro.te VlC!udes 8. chtlrge.ots0.o;.ss&pef-ulerm1o re.flecl a"cctiu~t balance 8mortrui.frona i1 Dccorda~~\v~Ao~k.e letter 3157-G. t Residential bfll c:re::'it of 1S2:9.a5} per hous.¢llold, ~nOtl:\1 b:lli crerli1 occt!rii"no in :=he odab~::r:1i'.!"u} bn_fi::vde--, ~e.r.::-...1-ter:in- th~ . .\p;jJ bm cyCle. 

!Seasons; Viiut~r"" llov-t.lar ~ummer'"-'_~pri--Oct · 
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2D19Energy Efficiency Ordinance Ci:Jst-effectlveness Study 

Pacific Gas and 
£fec:tfic Company' 

Reo~laed 
GMr:ellfau • -~~vfsecl 

CilJ. P}LCiShii~tN6_ • 43533::5. 
Cai. p)J.Q. $hebtf.{Q~ . -12,7~6-E 

ELECTRIC SQHEDULE fF(Q\J:i 
RES.lDEI:JTj;t..LT!MEcOfoUSE SERVICE • 

R.A•t:s;. 
(coni"'d.J 

.•c)lfuii~iJ.-fO:T'A."~itAf,gs_: 

Totai_E_ilergyJ&ies($perkVfhf 
:Summer (all usage) 
Winter(all usa~~}· 

.-. pEAJ( . OFF;2!?E(I_\( .• 
"5rL3i-i8~ (R)'. $0.26882. (R} 
so.2344r •qtr $0.21~fi.1. <R) 

' .. . . . ... .... ... . . 

¢B.rrrarh!i climate d~i:iit (pet hoils~ti oia: per seriii-i3riritiillpaymeht oCJ:Urgngjqthe Aprlt a(ld 
October bill cy~les) · · · · · ($39,42} ···· · ·· · ··· · · 

Total bundled 'servli:e cinirges $hoWn9Jl: ~iJs!omefs biJ!s areimbud(Ji~d aceoi"pfuglolhei 
compimerit rates shown below;· WhereiirecteiiveiY~nilnin1Um biJi ahlourltawfiiis";ihe'ctistomei's 
bnt wm equal !he sum of (1) ihe deiiveiY minimum blll anioimtplu3 C2i for bundled seriilce; the· ... 

. generali:oruntetimes the _number ofkWt) used_ i=orrevenue ~ccounting P~r;>~~~!"ilihtirey~nue~ 
fron1 the dellvefY miolmum Dill·nruount will be assigned io the Transmlssion,}ransnll!J:S)On fl,ate." 
Adjusfn;ie~ts, R~liabirrtySer\lic.-,s-, Public Purpose"Program.s, Nuclear Deconiiiilsslonlrig; : · 
·Corppetljloq Transifiori Charg\'s, Eilergy_Co~tRecoveryAmount, DWR Bond, and NewSyst~.m 
Genenition Charges baserJ ori kWh usage tin1es lh·e corresponding unbundled· rate i:oniponenL 
·per kWh, with any residual revef)Ue assigned to .DisfrUiutiari,•*' · · · ·· " · · · 

. UNBilNDI,JNG (JF OPTION B TOT~_"fiP.i~~. 

·-G~liefafiOn :· 
.. Suriur;.;l-,(~U risag~} 

Winter, (alf.usage:f 

Drs.tfiilUfiOO~·:. . . . . . . ... 
. :::J~:u}!1fp~ {;3Jr"ii~~-g~) 
: ":linl.ih (a~ ,jsag:~l: 

:TrBnSniisSio~• (alfit~3g·e.r: . .. .... :: . . .. 
·1ransirils5ion.Rat.e_'A4Ju~~~efl~~--(Sn:usa·g~f: 
R!!llabllif:i(.S.,"i)C<>...s' (alt.usaiJ.e)• · . . . · 
Public Puft'ose Pros,;iffi",i(al\ usa(! I>) • .. 
Nui::1ear Decommjssioning (<>II tii;ag'"J • 
cOmpetition Transition Charg"" (al]u.$g'.;;j_ 
En<>rgy CostR•"?v~ryAmaunt(all ii;k"il<ir 
DW_R):Jond {all usage). . . . :· 
t:Z<>w System Genera)ic)r) (;ltail'l~ (aif.~siig'~y.\ • · 

P$!(_ 
)o.2t23B• 
• · cS9j0554 

;:x~;r 
"00:08374 .. 

sll:toi-ici; (R) :Sri:iirne '(R) 
S0.07653,. :(Rf . S0.07o5~ • i(ft). · 

S0)124iJg" (RJ 
S0~0021f• 
$0.00200. 
!;0.01413 •. 
sti.O!J~20 ·. · 
$0.001:!2.' 
"(~0.00005): 
!;0.00503 ··>(R}·.•. 
S_Oc0022B 

• ~-. .Trimsmissio~, Trarisnila!ll~n R~te' ;1\iijustnl:ei.fs and R~U:.ibliilii."Servibe ~hargef! 11i'e ~oinili~eii ior; 
. presentation on customer billS; · · -~·-• • _·_·· ·· ···· · · · , • •: ••- • •• • ·····- • • • :••• .• •·_······ ·. · ·•••···. · ·• · · ·-·. • .-. Distnbijjjori arid New System.9~riera!i\in CJ:iil]'ges afe~ombiri(lil}gtpreseritati?ti.'On',cijsloiner l;iilfs~ · 

....., Thls ~_arrie assignnient o(r:evehu;is ilpf)lles "tc>" direct &ci:ess alicfcoriiiniinl!Y;Cfjc;>!Jii; :aggregiJliciri 
custom·e~. · · · · · · · ···· "" .. · · · .... "· · 

49 

. issuedh:Y 
Robert s>/(i:inney 

VicePre~ident, "!1egul~fory.~f1dfri 

~1¢itleti: i:hirieinbeidii; 2o1if 
. Etiticifve · January1/2019 . 
· ResolutiQh ·~'---.,-..,..,"7"'""~~-
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2019 Enerqy EfficiericyDrdinqnce Cost-effectiveness Study 

Pacific Gas and 
Elecu1c Company" 
San Francisco, California 

Revised 
Canceifing Revised 

GAS SCHEDUU: G-1 
RESIDENTIAL SER:VICE 

Cat PcU. C. Sheet No. 
Cal. P.U. c, S/u;e{No. 

S{1eet1 

34735,-G 
34691-G 

APPtJCABIUTY: This·raie sch~~ule~ app~estO ·nat~ral gas s~rvi~ t.o COre ~"n_d:-~se p·usfomet-s on PG&E's 
Transmissfon andlor Di.slribu!iori Syslems, To quaflfy: S21VIce mustbe fa indMdtially.me!ered 
single family premises far residential use, Including thos~a ln. ;a· multifil(Tlily complex. ami to 
sepBrateiy-rnelered .comr;\rin areas in a multifamily comp!<>x wl1e;re Schedules. GM, GS, orGT · 

TERRITORY: 

RATES~ 

· are nohpplicable. ·Common ar<ia aC<:Qunk mal are separately \T)elered by PG&E ha:Ve. an 
option of switching fa a core cominercial.rata schedule. CO!Tinionan"! aceoun1sar€l thosa 
accounts-ihat proylde fl3~-:Service fo c~m:mon tise· arE..?s as defined jn Rule 1_ 

Per 0.15-10-032 and D.18.0::HJ17~ transportation ratE>S include GHG. Compliance Cost for 
· non-covered entities, Custori1erswho are directly billed by the Air Resources Board (ARB). 
i.e., ,;overed entitles, are axempl fiom paying AB 32 GHG Compliance Costs through PG&Es 
ratas:2 A "Cap-and-Trade Cosi Exemption~ creditiorthes<> costs will tie shown as a line item' 
on exempt customers' bllls.'·' . 

Sch.edule G-:1 applies every..,:here Within PG&E's naiural ,.is Servia... Territory. 

Customers on this sche;dule pay a Proourerrienl Charge·and a Transportation Cnarile, pee 
meter. as. shown.below •. The: Transportation Charge iun! be no less than !he> ~.flfiimum 
Transprirtation Charj:j<i. as follows:. 

Minimum Transportation Cham<>: 5 

Procnreio::.nt· 

Transboitation Chnrci~: 

Total: 

California Natural Gas Climate Credit 
(per liousehold. annual payment 
occumng i<1. Oclobe.r201. 8 biU cycle, and 
1hereaile\in the Apnlbill cycl") · · 

Public Purpose Program SurchargE: 

BasEline 
~DA3394 

so.B\!414 

$1.42808 

($25.45} 

PerDaJ( 

Sl].OIJB6:l 

PerTherm 
Excess 

(I) $0.433[)4 (I) 

.(1) S1.E.0053 {I) 

(I} $2.02457' (ij 

(l) 

c~siomers ser~ed under this sch~dule are subjecHo a gas Putilc Purpose Program {PPP} 
Surcharge under Sch;;dule G-PPPS. . . .. . 

s.,., preiiiniriary Statement. Part B forihe DefaiiljTaiiff Rate Componiuils; 

The Procurenient Charge' on this schedule is equi11alent to the rate shovm on informational 
Sohedule·G-CP..c.Gas Procurement Ser•ice to Core End-Use Customers~ 

1 PG&E's gas tariff's are available.onQrie al\\ww.pge:com .. 
2 Covered entities are not exemptfrom paying wsis asso<:iated witli LU/\F Gas and Gas used by Company 

facililies. · · · 

· 3 The exemption riredifwill be E<!uaho the effective non-iixemp!AB 32 Gl·lG Compliance Cos! Rate {S perlherm) 
included in Preliminary Statement- Parl.B, multipliEd by t.~e customer:s bllled volumes {therms) fur each b~llng 

p~nod, . . . . .·. . . . 
•. PG&E\\iU update its billing system annually to reflECt newly ei<ecmpt or newly e;xcluded ctistomers to eon form 

with lists .of Directly Billed Cust<ime;s provided annua\ly by the; ARB. . ·· 
The Minimum Transportation c"hargeo does not apply !o~submet;efed .tef)imts ofmaster-in.e!eted customers served 
under gas rat;, Schiidules GS and GT. 

Advice 4052-G Issued by 
Decision 97-10-065 & 9B~ 

'07-025 
. Ro!JeJt s. Kenney 

Vice President, Ri:guTafofYAffairs 
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2019 EnergyEfficiencyDrdinance Cast~effixtiveness Study 

SCE 

The following pa&e.S provide det~iis .on aretheSCE electricity tariffs ap-plied in this study; Table 2i des,crll:Jes the· 
bC(selitie teiTitorie.<; th<~twere assurned fqr egch.dihiate Z()j']e. · · · · 

.\ 

'Table 21: seE Baseline Territory byGiimate Zone 
·Baseline 
-Territory 

CZ08 8 
.CZ09 9. 

cz1o 10 
Cl14 14 
czis 1s 

TOU-Default~Rate:_l (On,-Peali:4;QO pni -9:00pm) • 
· Energy Charge- '$/kWh . 

51 

sTI.triinet seaso:ti.::. orw>eak 
. .. lyii4-?~.ak 

()ff~Jfeak 

Wwter s¢asori·:_· :Iyfid.J?~ak 
· C>ft'~J?¢ak 

supef~or[.:pehlc,. 

S:irigle::.:Faniily:Resi4ence 
MuHE-:Family :Reside#ce. . 

· :M:inhrium charge:_ $/day: 
·· SillgleFamitJR.esi(i¢I.lc~ 

M~lti~Famit · :Residence .... · ........ Tf ................... . 

352 

.Jq9sso 
M9lfsq· 
0.15574.' 

0.1~880 

dJ$571" 
(ti506i 

0~031 

OJ)24 

!038 
O.~~S· 

0;~0072, 
OJ}5948-

0.o8on 

p:os3tw 
0.11309 

. 0.01~44 

0:0@. 
Q_Q()Q .. 

J):QO(} 
Q:(}\}Q 

039952 

0.258~8 

{f2B97 

(}~·2818& 

O.tz9883 
cll1(;1{)6 

/().031 

:o,oz4 

'6.338 
~Q~~?8 .·· 

2019-08~01 



20.1.9 Fneray Ffficiency Ordinance Cost-effectiveness Study 

Delivery I Generation. I Total Rate 

TOU-D'-Ra,tePRIME 

. En~rgy Charge.- $tl(Wh 
Summer Seasoti - On-Peak 

Mid-Peak 
Off~ Peak 

Winter 'season -Ml.d~Peak 
Off:i?eak 

supef-Off~Peak 

Customer Charge·'- $/day 

.· 
Weekdays 

TOU Period 

0.15926 0~19811 

OJ5926 0.10092 

0.08308 (L046S7 

0.16268 OJ6761 

0,08081 0.04331 

'0.03081 0.04331 

0.395 (}_000 

Weekends· and Holidays 

Summer Winter; summer Winter 

On-Peak 4 p.m. '"9 p.ni. 
_:· 

·-•..... . :-': ."·. 

lvlid;.Peak · . ., . .. 4 p.m. ~ 9 p.m. 4 p.ni. - 9 p.m. 

Off':Peak · All other hours . 9 p.m . .:.8a.m. All other. hours 
Super-Off-Peak 

·,·. 
8 a.m~ - 4 p.m. .· - ·, 

PR()PQSED 
(7 Y car Avr~gt 2010·2016) 

Baseline . AU lJa~dlne All 
Re~ion Ba~k £lttlrk R~lon lla\k El«triC 

05 172 17.9 
06 llA s.s 
OS '1'>' " __ /;'/ 9.$ 
09 16.5 12:4 
!0 lS-.9 l$.S: 
13 22.0 24;~ 

14 18,1 ISJ 
15 46,4 24.1 
16 14,4- 135 .. 

52 

., 05' 

06 
OS 
09 
10 
13 
14 
IS 
16 

lS.7 
1 u 
lO,<;l 
lt:J 
l:LS 
12.6 
12.0 
9t9 
12.6 

353 

29.1 
LT,Q 
f':l -7 . ""':'~ r 

l•L3 
l!li 
:, . 

24.1 
2[3 
132 
23~1 

.. -

.·. ' 

4 p.m.- 9 p.m . 

9.p.m. - 8 a.m. 
-·· 8 a.m. - 4 p.m. 

.0.35737 

0:26018 

Oc12995 

0J3029 

0.12412 

0:12412 

0395 

2019-08-01 



'I. 

2Q19 Ef?etgy E.tfici?ncy ordinance. Cqst-effettlveness Study 

So Cal Gas, 

t=ollqwing are the s.oCaiGas natyral ga? t~fiff~ applied in Jbls study. Tabli'! 22 describes the baseline t~rritories 
th'at were asstnned for ea<;h climate zone. · · . · . 

T~Ql~ zz~ BqCalGas Baseline Territo:r:y by C::lill1at¢ Zone: 
Baseline 
Jeri}tory 

etas' 2 
czot;~ 1 . 

. C?:09.' i 
czio i · 
CZ14' ·1 
C21S ·:!, 

soD'TBEi>-{<::xilFtl:&,i:\Jais~rii..iP . .\.\'Y :R<,ised. c~Pii.cmri:d. 55s~i.C,: 
. LOS.-IKGE:ES.CAI1FOR!<L<. •.C.'Ih'Cfllt{G' Revis~; .CAL1'

0
U.C.S!EEHO. 55.828-G 

sclieaul~No.GR 
'RESIDENTIALSER\'ICli . 

_<InCludes GR. (7R~G and <H :RRatek 

APPiiCAB!litY' 

Th~ <JR.~f~i~ appll~b]e ·~ n>iiJialg~• proeur~II\eni 5erviet;~o in4i\:fdu:i\!Y:riietereil,;e~identiai custciine.r~: 

:i':he-G~:::q~::~os~ri~·er~fo., is:~ ~orepr~c~~in~t oPfion~Or-~'~dp;ill)~iile,t~refb;es~d·enfi~ Cop~· .... : ..... 
: i:rim~i?rtatiqn'i:ljstoiiuifij~tluuinual con5ump\ipii.~'~5Q:090 theiim: as .setfortb:fn Spe<;ial ~ondition 10 . 

• The.GTcRmte &~pplicalll~ to .Cili:;iAggregaiion,Tnmsponation (CA.l) een1te i9 Inili\oii\ta1!)~3ne(ewd; 
rl!sidezitial cUstg~e~~·a_!i·~-~f.-forth:in~p~~~ ~.ciD:t#~~ l't~ · · .,. 

!bO.Co)ii'onil~:Aitemate Rates. for Ene~•ccKR:EJ di.ss<mnt of1QYpirell.,.:(e<J •••• ;separa(ellneltem o)\· 
. fi!ebill;~~~·!'P1ica~leJi> lljcbme-qu~e~ho~sehblils .th~t>D~t the r•~•ili;"?'~nts, forlhe, CAR.E:pro;rall(. 
as set.for:tp.)ll.ScheJule.Noc oce.A.RB; ' 

.. . . ·. 
1ERRIT0R,¥ 

• Appli~a~le ihrou~oui ilie ~mic0furiitory~ 
RA.Jis· oi 
--:cu;tollierdi:rre6·pe~;:ilieterp<rda)~, .. "".'""'"·':--.. -16AJ.~~i 

. . 
' For"Spac.Heatirig;biuf'.Ctinollieri,3.a:illy- .•. 
Custome~ chUg~ ~PpJies:~Uring ~e-~i~rPeJ;i04 · . 
fromNonP'li<f. llhi<jugh ,April ~9'.~ ,,:,:,.C.c .. ~.~33.!49f' •· 

42~$filf. 
·96.806~ .. 
139.48~~. 

NiA. 
9irso6t 
96:806)! 

. P For$e "~erp,riod beghwngita~ lfuroiigKQci~l>erJi. \\:ith i?i:rie .,;,;:epti'ci!l~,:Usage~'i!i ~. 
accUIIltua!eilJo·atleait20 "'f{100 cub\c feet) before biJlirig; · · · · · · • · 

· (~~~~ot~s· co~~~~~·~:d-~~~~·~.:: 

(T~ ~~ INSER~~ BY UTIUTY) 
ADVICE LET'rEii NO:. 541() 

ISSUEDJl.Y. 
PimSkopiC. 

.. 'J~f!resTd~t· 
Reglffitlc..-y.Afb....'-"5-

(TO BEIHSERTEOBY .C.f.L}':UC) 
SUBM_ITTEri .. Jan 7. 2019. . 

OEClS!OH NO, 

53 

ETECII'•'E . Jnn'lO, )0)9 
RESOLVTfON NOC ,_{}.=33::c5:.;,1:._ _ _..c 
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/019 Fnergy EfficiencyOrdfna(lce Cost-effectiveness Study 

SDG&E 

Followingare the SDG&E electricity and natural.gas tariffs applied in this study. Table 23 describes the baseline 
territoriesthatwere assumed for each climate zone. 

54 

Table 23: SDG&E BaselineTerritory by Climate Zone 
. .. 

snG{ 
.s~~ D!~o C-.as ~ ~t.-:iO.Co.rt'.p3fli' 

San 0!-=-go. Calf.omi:J 

RATES, 

Total ·Rates: 

Description-T9U DR1 

Sunn~er: 

On:-?eak · 

. 00-Pi:ak , 
Su~rOff-Pe;:&.· 

Win(e~· 
On..Peak 
Off-Pe<~k. 
_Sop-;:i"l?ff-~eak 

Sumrri~_Ba5e1ine.Adju.stment c~~it up to-
l:Y.i~cfBasEJini=- · " 
v~~ntHBaJ:_E:ti~ Adju:.ttr.e~t Crefi1 up ~o 
13f.l'~ ofBaseftn~ · 

Mirimum mi {$/d~y) 

DescrlPifon...:...To.ti 
DR1 . 

Summer C~R~ 
Raf~s:-· 

. Ori~Pt';,~~· 
OO-Pe3k 
SuP?OJf~Peak 

Winte"r- CAR_E 
Rate.s: 

On ... -oe3k. 

00-.P~<ak·· 

Su~~ Off~Peak. 

Suiriim:r B.3Seline- . 
AOlusyn~nl. Credit up fO: 
130~~ offusel'me. · · 
\-'fmter BaSeline: -
kl}us'tf!lenl Greed it up t~ 
1~%~-~f~~e:. 

o.2W24'. 
o.:mM. 
o.W!M 

0.31QQ.g., 
o.3Hl0g_ 
0.3H!~ 

jO.{Y91i} 

(0.1Bat.J) 

Baseline 
Territory 

CZ01 Coastal 
CZ10 Inland 

· CZi4 Mountain 

SCHEDULETOU-DR1 
RESIDENTIAL TIME-Df=USE · 

l}OCTobt ~a_fe 

R 
It 

0.'&562 .. 
0.2'~062 
0.21)562 

. 0_32037 
· ·o.32ri37 

O:S2:D:17 

{0.1.921) 

(0.16S53J 

riwli.:Sc: 
RJte· 

ri.OO~ciil 
o:oe;Jo( 

R. O.G_<?-?~-

1\' .O.OD-Jria_· 
R ·o.ooooo 
R o.OO:lOo. 

1" 

DWR.SC 
R:lt~ 

R O.D!?.'~:l 

R ·o.ooe.o3 
R 0,00_503 

R O~OOe.£13 
R 0.000.03 
R: O.OOW3 

EECC. 
Rate.+ 
DWR. 

Cr«fil: 

.o.'Joo.13· 

.0.1123!\: 
O.f15:739' 

,O.OJ.o1S 
·o.oa7B2 

R 
R·, 
R 

.R 
R 
it 

'n 
R 
ii 

:R 
.R 

0.0531~ '·I\ 

EECClQte+ 
DWR Credit 

0.350!3 
'o.1!2:l5 
'a:65739· 

i1rinua 
0.06762: 
0.05!112-' 

Total 
R.t•: 

o.i>i567 
0.407~. 

:0.35233-. 

0~'3~591 
0.38731 
0.'~7,7{11'" 

(o.iai>2il 

{OJ6S53) 

R 
R 
R 

R 
. ,"R 

R 

n 
R 
R 

1\ 
R 
R 

Tot.al 
R:1te 

O,G50.7S. 
0.41300 
0.35BU4 

o.4otss 
o.3tl3oi . 
0.38352 

(0.1"921) 

{o.16BSJ) 

0.320 

Total 
Effectf._.e 

CaieRate 

0.fi8-2S 
02iio77 
0.224;3 . 

0.2332-o 
0.24?79 
0.;!~14~-

io.13liiii 

{~.~t02if 

Minfmu~Bl.l{tid:Jy) 0.1M 0.1-fj..{, : ·a..if-4-·. 

31320-E 

31103-E 

Sheet2 

R 
R 
R 

R 
R 
R 

R 
R 
R 

R 
R 
·~ 

i' 

0r~~oui ~;;,t~~ cOns~st of t?¢c: stht?t!Uie oWR~_sC {Depar.rT_~e.nl.ot w£...;- ~,e.sO_u!"Cs s~n~ ~hZ!rQ~);:_a~d ·~~~-~-E~CC 
... {Ei~_tri~_ energy _<-,:on-\moiiitY:co5t) cit~kwnh _t)le EECC: ralei "r<::~~ti~g:i_ oyv~ <;[~it:; . · · · 

(2}- T~bl Raie;s pi-~:=-=nten are~rco~torr~J:S that r~eCommoditf ~upp~ and deliverx.~=Mc~ ITom Ufility~ 
(3) D,W~..SC ch-£.rges dO no13pply -~?~ARE ~ustome:rs:. . , : · . -... : . _ .. :. . . :: . . . _. . . .. 

· {4) As identifi~d In ~~·_t:at~~ blbl_es;_cus~~-erbit~V~I-1 ~!so ID~~e n':\~~i~~~ s~~~~r-ai1d_~vllit~r Cr~dits f?~u.sage uP. to 
~?_.O~k of ~ase~~e·t~· P~vid:~ lh~·-r:ah~---~P~_il!_9 -~~-~_f!ts·~~~p·~-~ by_~~~?~~lf.BVJ 1;s.9P~. $.e.~~ie--f!i1~ ~-~5_. · - . 
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20lQ Energy Efficiency Ordinanc~ Cost-effect!ver(r;ss Study 

APPUCABJLrr¥ 

•Revised cat P:u.c. ShwtNo: 

SCHEDULE GR: 
RESiDENTIAL NATuRAl~AS SERViCE 

flnc!UdesRates forGR GRct GTCfGTCAl. 

•The GRiate ls.appliCahi~Wh~tu[UJg~s proCur8n1e~fs.eJ\ii~JO[.ihdivii:JiialtyineJetiKtresi~enliaiciJston1eil;,· 
Th~ GR.£; •closs~~er rate, . fs a cote procurement ·oj:ilirm'. forihdivldually .. n1efeffid reSiderilial . core 
transportation customersv.<i!li ~hhilalcq!lSUJ;npti~~ o;ierfiO~ODO ttj~rms, as set forth iii ~pef:ia\ Condmon tg>. 

nie GTC!GfdA rate is appU8ilie tiJ Jntrasiare 'gas f:mspbrtation-Oniy services to,'iodivld'uall~ metered 
residential customers, as set forth in Spedal Condition 1 L · · · · · · · · · · · · · · ··· · · · ·· ·· ·· · 

:custon1¢mtaking seryice under thlsschim'ur~ niay·i>s eilglble fot:a 2o%ca1ifomia Aliemaili H~tefotf:oo@ 
{CAHE) program discount, reflected as a Separate line item on the. bill, rtthey qualify to receive seriiice under . 
the tem1s .:md conditions of Schedule &cARE. . . . . 

TERRITORY 

:lNithrrrt~~enii~ terittOI'fserv~paltiral~~s tiyfii~ uti1~: 

RATES . 
... .. . · , . .. GR . . ...... :'GR-C' 

Baseline Rate, pertl1em1(baseline usa.(Je deliped it1 Spt?tial C6flditlonii'Jl'and4); ·····.• .. ·. 
ProcurementCh3rge:"' .,i •..• : .. ., ..•... ~-------'"c' .. :,,.:; •· ·· .${L41614 $0,41£14 R 
Transmission Charge~ •. • .. ~-;· '"'·:··-~:•'"···-·-~, .... ~"~~,:"". ·$1.01230 · • '$1.01230 
Total Baseline.Cnarge:. ~'·'-'''"""'..;..,~:..:~~~,;_,;,~,., · · ~1.42844 $1,421344 .R 

. . 

.Noii-Ba5ertneHate; perth6.J11)(US.3geineX~E$s qf J)asehne usage):· 
Procurement Charge: 2r · ··· · · · $0,416:14, 
Transmission Charge;~ $1.; 19980 • 
Total Non-Baseline CharQe! ..• ,,7, •• ,L::,-.,,,..:...,-'·.·:"~,-·.:+ $1.61594: 

'Miiiirmirn Bill: p~r d:<:~Y::.:it 
. Nor1-CARE .(:UStomets~ "''-·'"'''''''''"'''''" :,.: .. :.::: ;::; 
··CAREeustomerir:' t!:h~;,:_;;:...::~.~.,,..,,,_,,._,.,.~,. 

sb.o9B63 
w.o7a9o.· 

• $0.09863 
. ~Oll{.B9{J 

,BTOtGTGA;, · 

N!A 
$1.01.2.30' 
$1.01Z\O 

'$0.09863 . 
~ .. OJB9Q . 

; ~f~ · .Theiales: fo{ ~.re·:t_r~nspc~~d-~~hir.~st?.~ep;~~:~Vith.~.~. :~·~·6~p~.~~~~~( ~u.stq_rr~~-:~f~9 ~~~~t~~ ~~·~-~f~~h~-~~·,~:-~t ~ . 
. NGV; lnc)ude anyFERCS~!llement Prdc~ds;MemorandUnl·Acc:Ouril (FSP}.!A}'crl!i:tll<~djustrpenls> 

JJ: This charge is ~ppficabfe \oUI]ity Prncurement Customers and .includes the·GPC ·and GpC-AP[ocureli;enfChames· 
shown in Schedule GPC \vl:~i~h are,;ubjecttii chang~ 111onthl¥a.s set (,;r:lh, in $peo~~~()<;qd(tpn1~··. · ·. · · . •. •· •·. 

or Effective staf!ing Ma;f 1. 2~17, \he minirnurn bill is caJculated ~s t}j<> n:rnimyn} gill oh~iij<i of $jl.:D~863,pet oay 1ii)l<\ii 
the nufUI><!r of days ln lh": hilling cycl" (appra>i:lmalely $3 pe< month) Wilt!':a;2.[)% ~lseount ~pp~ed.f~r:'Sfi~.E 
customemisult!ng in.a.minimum bill cliarg~of S[).07890 per day (approximateiy:S2,4~ P<lf!ll(l~li!),: 

iC~f 

.J\dv~Lti-,.N'o~ z73S::G 
• • lssuedhf', 

IJ.mi SkopeC. 
.... MOO President-
•· f<"gula~,Y Alfab. 
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submitted · #n 7; 2019 
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. Escalation Assumptions 

The average annual escalation rates in the following table were used in this study and are from Bis 2019 study 
Residential Building Electrification in .California (Energy & Ellvirorimetital Economics, 2019). rhese rates are 
applied to the 2019 rate schedules over a thirty-year period beginning in 2.020. SDG&E was not covered in the E3 
study. l:he.Reach C::odt= Team revieyJeqSDG&,Fs GRCfifing (lnd (lppliedth~ same approachthat E3 applied for . 
PG&E and SoCaiGas to arrive at average escalation rates between 2020 and 2022. 

2020 

2021 

2022 

2023 

2024 

2025 

2026. 

2028 

2029 

2030 

2031 

2032 

2033. 

2034 

2035 

2036 

2037 

2038 

203.9 

2040 

2041 

2042 

2043 

56 

Table 24: R,ealiJtility ~ate Escalation Rate Assumptions 

Statewide Electric 
Residential 

Natural Gas R-esidential Core Rate. 
(%/yr escalation1 real) 

357 
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41.~:: 5;0 . 18.5.% 

-44.3 ~ .. {;8 14_8%· 

43;5: • .SA 
1'>1" =Indicates case.swherethere.is bo.th firstcost:;avings a.ncl ;;ii1JJVaJ\ttil1tybHI savings; 
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~:i· 
; •5'!d "-2.1.7% 2.0 3;ci< 

s:o is~4.%' ;,.e,:r.~; s:"O >1 >i · 

~2.7 '6:z · ~i.s~· i.;. Q:;7;• 2.:6. 2.2.' ': 3i.2 
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Total 
Total EDR 
EDR Margin 

10.6 

10.1 

10.0 

10.1· 

9.4 

• 9.4 

13,6 9.8 

11,1 9.2 

12.9 . 8;4. 

15.7 8.8 

14.6 9:6 

14.6 

2019Energy Efficiency Ordinqnce Cost-ef[ectiw:ness Study 

%Comp 

27.7% 

24.9% 

:29,7% 

29)% . 

20.i% 

9:0% 

. 32:6%·· 

lbs cciz ·. 

1.8 

1 .. 8 
1.4 

2.4 . 
">1"::: indicates cases where there is both fir:st cost savings and annual utility bill savings. 
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o:ts:3% . o:g" •. ·•, 3.o:,,,ci;s. 'f11 2s:s 

:.'ii~~·t 

:~·:. !·~· i;ti/ii ·)~}.; ~~;·~;~ )fi:i: •••.. ~::··· i;~·····~i~~~·:t1' 
:2:S,i%i >.1.4 

,; ·0' 
.·.:·---~· 

,··ro: 
.p:: 

·. ·.'u"· ·' 
.. :·'Cil·'·'' 

··"-'' 

3.2;/ 2,3 ~); I 

3:2· 2.9' 3.1 

5.4 ·~·~· 4;5 iS '"2A· §3·: 
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<:: ~-
0 

:;; .·;;n 0" n:> 

ro V1 0:: ,_ 
.U -~· 

.f\) :... :u· ::;;: QJ ci:: ::;;: 'QJ .. 0:: 0:: Q.. ...... 0:: . o..· ....... 
Cl o· Q.. tO v Cl Cl Q... o:l 
w w c E 

N 
$: -- w w c E 

.N 
$: -'biJ 0 iii tO - 'h"o .0 iii n; n:> ,_ 0 ·U' -"' > n; n:> ... . 0. u . .::G• .... ..... ·n:> u V1 c .... .._. ·.ro u . V1 . . ' 

0 ~::;;: > Cl ·0 ~::;;: > .t: 
1- ~ :3 0.. 0 1- 1- ~ ·::::.· 0.. 0 

3.1.4 40.2%' 0.5 6:0 t8 1.5 5.6 41.2. 51:9% 0 .. 3 6.76 1.4 

i9A 20.5% 0.5 4.9 1.8 1.4 . 2.7 30;1 31.5% 0.3 5~51 . i.4: 

185 20.6% 0.5 4.5 2.2 . 1.7 ?i.7 29.3 31;6% 0,2 5.10 1:5 1.6 1 •... ,. 

17;2 15.5% 0~5 4.5· 2:.1 1:6 2.8 28:5 

182 19.7% 0.5 4.3 23 1:8 3;8 287 

. 18.2 19.7% 0.5 4.3 2.3 1:8'· 3.8 2in ··3r7% 

14.3 10:9% 0.6 4.1 D. 1.5 3,6 2EU ·· 18.9% · 

0.7% '0:6 3.7 1:9 i:S 2.9 . 6.7%· 

(;.) --·- --·- 8:9% 0.6 4.0 1.0 1.5 4.5 24.9% 

en SCE/S<?(:a!Gaf 17.3 11.5 12l5% 07 4.1 · . 1:1 ... L£ . 7.6 2S:5% __. 
11.1 . 14;b% 0.7 4:2 1:1 :r;5 .. . 7.6 21.2: 27~0% Q:4 4:78 

11:1 14.0% 0:7 4:2 1.7. i.5 7.6 21:2 27,0% 0.4 . >.4.78 

.14:2 16.2% 0:6 5.4 1:8 1.6 6.8 23:2 2.9.2.% 0.4 .. 6.11 .. 
15:7 15.3% 0.5 5.0 1.7 1.4 5.6 25:4 29;3% 0.3 5.62 

13.4 17.4% 0.6 5.4 1.7 1~5 8:2 22.5 29.4% 0:4 .6.14 

15 .. 5 1K9% 0.9 4:8 1.2 1.6 7.4 23:9 3b:9% .. 0.6. . . 5.39. 

15.5 18.9% 0.9 4.8 1:8 1.6 ·7:4 23.9 30:9% 0.6 5.39 

6.2 16.8% 1.1 5.5 1:1 1:6. 12 . .7 13.5 .27.0% 0.8 6.25 

27:0 25.2% .b~9 5:5 .2:1 1:E~ 11.1 35.4 34.3% ·.0.6'·· 6:17 

">1" =indicates qses wheretherejsboth first cost savings and annual utility bill savings. 
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AppendixD ·""'" Smgl~ fC1n1ily Mea~nre Sqnu:llary 
. ., . 

Table29: Single Family Mixed FuelEfficfency~.Non-Preempted PackageMeasm:'e Summary . . 
:cz ., 6~;·~~:-:-co;<}~ "-:; irifiit;,;tiP Walr'C7 \A.tiii\.··:··-7-T•'R.-;;-;;F;···· -- '""~· --.--~.::--.. ----,·; sr~tr~:,·::::::~ ··. '-·) oflw~c7·-:·'~'7 :~,, iJVicT ·••:::?~~7:-:=·, 
i'l vu:ncs ·. . . . Cod~Miri; Cod~Min~' Co'deMih' .·•···•· Cooe Min: < . ... " t6de:Miii. ' ; ;; R:1o slab'insJiatiorii BasidCH\1\f cn?.dif(0:7)'' 035·W/tfm ~:oPVscaling. 
02 VLLDcS : . > ; Code Min' Cc:ide'Mir{ tiideMih' . Code'Miri-' /<' s• Code Min •. ··.· .. ' ; R~.lOsiah-iiislilationi BasictHWcredit{o:7) o:3sw/Cfin i:OPV:Scaling' 
!3 VLLDcs.•· '.: ; ' ••··. Code! Min Code'Miri cO: de Min •: >' C Code:Min;:c; ><<: . · cadeMiri · ..•• ·.· .· •.. ··"'= R"ici:slab!ifisi.Jlatidn; BasiCCHWcredit{0~7):, o,35W/ctm' i:OPV.:italing 
i4 VLlDCS' ' . ' • ccide·ivlii"l' ·code Min C:odeMln•:<: CodeMl6· ••••... ... . ··. ccidei\llin .• .. ;(. :; R:Iio slab'ihsufatioh-' Basli:'CHWcrei:Htj_0:7}': o:3·s:Wfdm l,OPY.scaling' 

· ~s vLillcs' • · · _ · code Min c6de'wliri; toile!Viiri' : .···.• · code Min· • 'I~- code' Min' ·;. •· ·· · R~iosr~bchisulaticin' sairi!cHw credif(o:7) .. o:35W/Cfrri.· ~:o.Fi:V:sci:iling 
'!6 VLlDCS ,.·· ..... •.• Code Miri" Code Min:· Code'Min'' < .. Code'Minic .• \ '· ' CddeMin: .<·· .··. cfode Min•< ;. ; : .· ..•• BasicGHW'credit(O'.'if o!35'w/cfm i.o·pv:Sc:aling~ 
h Code Min- - .·•• t'o'de'Mln- ceideMin~: co'de:Min ·' •.•• Code Min:'< . .. . CodeMid ·• .•• · ... ·.·. •. CodeMin2£L ··~ cciileMiri' ' .•... Code Min''. l;OPVscaling' 
l.s <12ft~ductsinattk toderVlin. Code Mini code Min' ~; '. Code! Min' · ;· Code Min,: . ·. ·.code Min· '· ,. BasicCRWcredl1j0;7)·.• oias:W/efm 1;0PV'Sc:alh1g: 
l:i VLLDCS •• • • todii'Min'' Code Min tci'de Mirl; • . . Code'·Niin • ; ; •. CodeMiri . Code:fvlin '; .. ,', 8asfc•CHWcredit:(o:7);' o;35.W/Cfm 1~0 PV.si:alirig: 
: lO vriocs .. ·: .. · .. · ... ··• Co-de Nnn' CodeMihi Cocie:Min ~ . ; • {i;25.solar.'r.e.fiectfmce c(;.de Min •.• ,, .. c• ··.· R~id slab insulstion· Basii:.triwcredit(o:7)" o!3s'WJdin Lo:PV.:Scalihg; 
!ll VLLD~ ..•..•..•.••..•. Code Miri CiideMin: R::'38+'R~3o:awc o:is.Scilarrsfl'ectan'ce•· co'de'Mio ~ ·; > ·~ R~io slab'iris'ulatlon ·. aii5rC:c8W'creidit(0;7): o;35W/dm7 1:o PV'icaliog 
112 VLLDcS ···• i .·•.•.,•·· ccideivliri CodeMiii· CodeMfri· {.: \ • o:25'.56Iarreflecti3nl::e~ code MlrLi ;;•;>;.;;; R:loslahiiisulatiori'· Basic: CHW credit(b~7Y:' tJ?35W/Cfm 1io pv:staling" 
ha [vt:J:[)c;s< :. .• : j c'odii'iv1;d• c6deMiri,: R::3S+'R::3o~attic o:255oiar.reflectance' Code Min'\ ; ; ····~ R~io•srab)risulatlo:ii' Eiasitb·\wj:fedif(o:7:};' o;35W/Cfm: l;op\.f'si::aling 
114 Vt:roc:S· :'<: 3'Acf.lso;! Code Min: Code-Mih: >:''•f oi.ssol<i~retlectaticei- code Min· .. •:;.:. :.!"'. R:::~o slab ihsuiation; B<is\i:cHw·'credrt.[0.7) o:35'W/Cfm. l.O;PVscaling 
!15 vLLoc5 :• •. •··· · ·••· ·•·•·•• caaeMiri c6cie Mi0 R::.'3s +~so attic o:'2:S::.5o)arrefiectani:i:.'. code Min ·. :: ·: ':' R~~o'51iiti'·insulati6n· Basic•CH\Ardedii:(o~7Y: o;35W/2fm io p\/;scalirig-: 
115 VLLDCs . ., · ...• · •••• code' Min' ccideiMirf Ccide'Mih ' ; .•. Ce.deMin < •••• ; ,; .:: o;24/0;5'ov,;tnaow.sL codeMiri~ ; :.)·•<; BaSic'CHWdedit[oi:z)j o:'3SoW/Cfm io P.Vscalirig; 

. WLDCS- Verified low Lea_kage pucts)Q. Conditioned 'Spac;e 
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Table 30: SjngleFaillilyMixed FueLEffidency- Equipment, Preempted PackageMeasure.S11mmary 
buct ' , ···· ·· !Inflltr~ti6 [w~ll' [Attic .. l!looi= .. [Glazing [slab · [oHw · · - !HvAc · · ·. · · IPv. 
Vl:.LDCS• •. ·.. _I Code Min [code Min [code Min [code Min I Code Min I Code Min [9S EF, basic co;npact dist. [95AFUE;0.3sW/cfrrr [1:0 PV scaling 
LLAHU+2.% leakage [code Min [code Min·[ code Min·[codetvlin [code Min jcodeMin[9s EF;-basic co:npactdist. [.96AFUE;0.35W/dm ···.·Ji.oPvscaling 
\iLLocs····• •· ···.'; ;jcOdE{!VndlcodeMin:[codeMin [ci:ideMiri·[codeMin [ccideMih jss EF,basic.ccimpaetdist..js6AFLJE;o.35w{Cfm [i.o PVscaling 

i.LA'8u+.2.% leakage jCbdeMiri [to'de Min [code Min [codeMiri /code·Mih'/Ccide'Min ·/ss"EF, basic compact dist;. ~6AEUE,0.3S\iJ/d'mi [i.o.PV·scaling 
- ··---- ··········-··-···- ----· ··-- ··----- ······-··----- ----------------

LtAH0'+~2%1efikagE:fjcod~Mir{[c8d~·Min!jc6deMin jcode~Minjcode Min [code Miii j9s EF;basic compact dist: .. js5.AF'UE';0:3sW[Cfni. [1:0 PVscaling 
code Min ····<I code ivnn Ito de Min .lcodeMihdcodeMin'lcode Miri icodeMin.I95EF,.basiccompactdisi:.ls2.AFlJE;0.3SW/Cfm :··[i.oPVscaling· 
ci:Jde.Min · • ·· •· · •· ·.jcode.Min I code Min [code Min I ccideMin [code Min I code Min jss EF, basic comp<Jct dist. · [:~i AFU(0.35W/cfm' · ·. I :i:;opv scaling 
code Min .!code Min [code Min I code Min jcode:Min !code Min !code Min jssEF,basiccompact dist. j.92AFUE, o:35W/dm ji.dPVscaHng 
codeiViih ····•· jCode\Vnn[code Min·l'cod~Min [codeMirl·[code Min lcode.Min iss EF/basic.compactdist .. I15SEER,S2AEUE;•o.3SW/tfm [1.0 P:V:scaling 
l..r.AHli.+2% leaK<Jge[codeMiri I code Min'[Code Min.[code Min [code Min /code Min [9sEF; basiccompactdist. [i6SEER; 92AFUE, 0.35\V/cfm [1.0 PVscaling 
LlAHU.+i% leak~ge./codel\1ih /code Nirri /code Min /code Min /code Min /code Min jssEF,basiccompactdist. /1S:SEER, s5'AFUE; 6;3SW/Cfm /i:oPvscalirig 
t'lAI-iuit2%ieakage.jcodeMlnlcc'l'de Min•lcode Min lcodeMin !code Min '!code MlnjssEF.;basiccompactdist: j16SEER,.92AEUE,0;3SW/cfm.[i.o PVscaling 
VLlDcS' . ... .. ,, T]cbd~rv1inclcode MiriJcod~Min [cod~ Min[code:Min [code Min iss EF, hasi'c coinpBctdi5t; [16SEER, 9iAFUE,.0.3SW/Cfm[1.0PVscaling 

vlio'cs' •);01code:'MinTcbd~.tY1inTcodeMin.[cod;Nlin [code·Mfn 1codeMin iss EF/basiccompBct dist. [16SEER,9iAFUE; o:3s\I\Jjcfrl) juiPV scalingi 
LL'IJ::lU+2%' leakage jcode'Min !code Min I code Min I code Min ·I code Min I code Miii iss EF, basiC compact dist. /15SEER, 92 AFUE; 0;3SW/cfm,jl.o p.v.scaliilg 
VLLDCS······ .. ': ijcode Min I code Min I code Min .jcode Min I code Min [code Min [9SEF;basic compact dist. [1SSEER;96AFUE,0:3SVV/cfrh ji:oPVscaling 

w LLAHU- Low Leakage Air Handling U.hit 
m VVLDCS-Verified.LovJ Leakage Ducts in Conditioned Space w . . ... 
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cz louct .· .. ·c-c• .· ~., .• -,i~t~J~~}iw:if.:§i]f~%!'~~~Y,~~~~!~~IJW,~~ef~.~ P_Yl~£~·~?i·r~~~~~Jw~~~.~~~ -~U.J&Tcc3·;:fpv''?'"( ·····c· ·.•·•• ···.······""' 
•1 VLLDCS . code Min: code: Min' · code Mfn' i<: · code Min::·:· · code Min :.•: ,,.,' ·. R~io•slab:·instilatiori • Bask CHV/credi((o:7.]':: o:35W/cfm' :!'.6 RV scalfng+'5kWh'batt• : 
· 2 VCLDcs • ·, .• : ·•'. ·. : .·· codeMiri :· code Min · code Min• .,·,:. code: Min·'~- ·· '· ::;.::, cade·Min'·····.· : · .:.,•·· · RC10o;lab•:insiJiatian·c · Basic cH1fi'credrrjo:7J • o~35:W/cffri·, i:o•PV scaling+SkWh'batt:·· 
.'3 \iLwcs· · ..... · y . ···' CodeMlri. Code Min ':,Code Min' ' <>. ccide.Min? < ; code'Miii;i ' R~ioslab,in5U:iati6n ; B~sitCHW.credit(o.7j lh5W/cfm: l~o:pv scaling+skwn:!lat:t·: 
:4 Vil.ocs .·· ·· ·· .. :,· code Min·.· code'Mih coileMiri .. ,,.; ·code Mini /•: ,, '·· · codeMin·· '' R~lOslab.insulatian'' ·Basic cHwcredit:(o.7f d.3sw/Cfm. I.o'ilvsciilirig+SkWii.tiatt: 
•5 vu:Dcs' • · ·•· code'Mirr· code'Miri': code' Min'' ··• ccide·Miri'c'.'·'::• ·•· cade'Min·· "'' · R~loslah:ln:S.ulatiori':.: Basic"t:Hwcredlt.(o:7r:: o:35W/i:fm: :r.o'p\/scaling+skwh·batt ,,. 
'5 VLLDCS· •'. • ::·,. · ::.:: code Min: cade~Min•; ; cOde Mint::.·.· •'c code Min:• · ·· · ···•·· · ·· tOdeMtn·: •·•:: •. Cade'Min··:· ·.·c.· .•:.) Basiccriw·credlt(o.7j'·:• .. o;35W/ctm. :t:o'P.V'scalihg,ci:51CWiiba'tt , 
7 cOde Min· , •·•.• "·' . code'Min code.'rV-nn·:::, codii'Min' " · · •·. code Mfn:: .: ·; ·· .·· ... · · code ~~in·· ••· • ·. ·.:. cod.ei':Min · ·, ·c .:: .. •:• BasiccH'wC:iedit (o:7r' codeMrri ,: l·.o:Jiv::Sea!ing!+'5kWii. batt 
:s . <12ftducts ln attic . Code Min : Code:'Mtri- ,,· Code'Min' .. ' ': :·: Cocl!Hilin'::c' ·: .. ' ' ::. ·' Code Min'· ' .• .: .. · Code:Mirli .• : > :: . Eia'sic:CHW cretltt.(o)r• 0;35 W/cfm. io·RV5caliiig+5kWb·batt.' 
!9 vUDcs • .> 'code.Mfri· tode'IYiiri" ·, cadeMin::•· ·. code Min' ·····• ··• ' ··:· codi!Mirr': 'i· · '·· bide Min'' . -, · :., • Basrc'cfiwcredit' (o;7yx o:35W/cfrri; l·.o'p\7sealing:t5kWn batt· 
ho Vlloc:S · · ::: code Min\; cod'tiMin•' ·cadeMili· :;c·': o;25solar.'rcllectar~ce • code Mfn'' · ·. R'-1oslabinsulatlon': BasicCHVicredit(0.7f" i:l;35:W/cfm'. l;o;p\r'scaling+skwh:batt-
.in VUDCS .. · .. ·• • .., code'Miri' Code'Min: :. RC3S+:R"30 attic, o:25'soliu=reflectani:e: Code'Min' ,.,; .•. ' .. : ··:. R"lO•slab.insulaticin ; a·asicCHWCieclit ro:7r, o:35W/cfm'. l.O'P:V sealing+5kWh batt· 
i12 VLLDcS . '' •.:. CodeMln·; Code:Mln::· eOde'Mln::. · .. •· b.is.solarreflectahce' CodeMin·<•·· " ~iU:sl~binsiJiatian·.'' BasicCHWcreClit(0.7)'.i 'o~·35W/cfm,· i;o P.Vscaling,l:s!CWhbatt · 
i13 vWJcs ·..• code·MJn··· cade:Miri". R~3s+·R~3oilttic: o;2SsiilarrefiectanCI:t, code Min' ••· ·:· • . R.:lo.slab'insulatlari· ·•; BasicCHW'credit(o~7)': o;gsw/cfm' l.O'.I'Vscalingi:skwhliatt· 
!14 vUDcs ....... •• ~ 3 ACH5D cad•fMI'r;>: code Mir'l'>: • ' 1 ·· o::z5·5aiarreflectimce •' Code Min·~•: ·: '· R~clo'slab inslllattai{ BasicCHW'credif[o'.7}'• : o:35·W/crm•: i.o:PVscaling+SkWii;batt: •.•. 
\15 vUDcs. •· · .· · .. ·•······· .· code Mlri · eode'Min'. ·. R;3&+'R'ilo:irttic·: o;25•solat"fe:ftectaric!a'·. code Min':> · · ·· ·· · R'l051ab:insulati6ii · BasiccHW.credit (oi])' • o:35W/cfm· l'.li pv:scaling.+skwh.batt · 
!16 vuocs ·• .· .· code:Min· code'Mih << co.<leMin' ·''· : dideMfn••.'•.•: • L:;.' 0:24/0.5o'wiriaows .c6deMin'" · · · ·' .BaslcdHW·credit(o:'?).• o:35iW/C!'rri'· ;l.o'P.v:,tanng+s!Cwlibatf·• 
VVLDCS- Verifie~·low Leakage Ducts ln-C:ondltionedSpa.ce 

. . . 
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Table 32: Single FamilyAll-Electric Efficiency.:... Non-Preempted Package Measure Summary 
1cz -- IQQ£1; ~ ,. tMi-ltralio. w~-,1. - :·A:-i:tic -~~---- ·- Ff6ot ·-· -~- -~_ruF · -•· si~b: · : [}fl\\i ·.·_···1-lvft.c-. ·~· r;:;r -:~--~--1 

;1 VLLDCS. ·• Code Min Code Min R:03S +R::3o attic Code Min >< ·· · .. ··· .... · o;24/D50windovi5 R-icis'lab insulation code Min o.45W/c:frT1' stdDesignPV 
2 v~r.:oc5 , C:odeMin. CcideMiil • Code Min •· .. ·code !Vi in· ·'• .··. • o:24/0.23windows R~lOslab insulation code Min · oAs W/cfm std Design FVj 
3 vtwts code'r\!Hil. Code. Min· .Code Min . ··• •••.. ·.··•·· Code Min; .·.·:· CodiiMiri Rc1o shib insulationr code Mirr o.4s'W/cfm std Pesign'PV 

4 Vt[ocS · Code Min Code.Min CodeMih .:.•:. ·.·· code Min .· · .• :. code Min . ..··. R~lO.slab insulation code Mih o.45W/Cfm std Design PV 
5 VU:.oc:s, :·:.·.·· Cod'eMin Code Mill Co'de Min. ·,.·_ .••.•.•.•... Code Min '. ·._, ·•' ... ·.• Code Min .· ·•· <i ··.. Rc10 slab .insulation CcideMin 0;4$W/Cfm · Std Design'.PV 

•5 ·· VLL.ocs' / CodeMin' tode'Min codeMih' ..•. ·.··code Min ...... · ·.·. code Min· · > .CodeMin < .···· ·•• · code Min· 0.45\iv/cfm std besign.rv] 

:7 codeMidltode~>.~hi b8C:lefvnifccideMin ... · ..... · codeMin. ..· · ... ·· .. codeMin•······ .. ·.· codeMin· .. ···· codeMin• CcideMin-•·-·· stdDesigriPV· 

is vr::t:ots' /,iCodeMin CadE{Min; Code.Miii Code Min . ·. · .. ··.·• Code Min ··· .. · .. ··•·•···•·•· ••· code'Min .· .... •·. .·•··.·· code Min'. o.45W/cfnl stdoesign PV 

is :VlLDGs J code ~1in code 'tviin code Mlri ·-•• o~LSsolarrefiE~ctance cOde Min < · < Code Min i ........ . .. ······• cciqeMin o.45 W/cfm std Design pv· 
!10 vu:ocs' lcode·Min Code Nlill code:Mih . o.2.5 solar reflectancei Code Min ··.•·.· ... ·• R-10 slabinsula;tlan code Min 0.45W/cfm std Design PV 
:11 VLLDCs ' i Code Mih cddeMin R:.03s + R~3o atti2 o.25solar reflectan-ce Ccide Min > ··.. R~loS:Iab insulation· Code Miri ). oA5\W/dm std oesigri'PV 

[12 VLLDCS Code-Min' CodE! Min R.:.as +R~ao attic o:LS solar reflectance Code Min> ·.·. ·•••• ·._ • R~lCl.slal::i insulation Code Min o:45.W/cfl:n. std Design p\1 
i 13 VLLDCS' ! 3 ACHSO C:Qd~ iVnn> R~38 + R~3ci attic o.:zS solar.reflectante' code Miii R-10 sl~binsulatioh Code Min o:4sW/dm' Std DesigQ PV 
!14 VlLDCS ·····, 3 Ad-!50 · Code .Min R-38+-R-'30 attiC 0.25 solarreflectance Code Min ···.· .... ,.. R~10 slab'insulation · Code Min. 0.45W/cfm Std Design PV 
i1S ·. VLLD¢si - tode.:Min 0 . .043.Wall R~38+ R~30.attic 0~25sola.rreTiectance code Min ... ·.·· .. ··.··• R~lO slab insu.latlcin code Mini 0~45.\;\//cfm StdDes(gn.pv 
/i5 VLLDcS,i c 3;ACHSD / Code Nlin• Rc3s+ !Htl attic code rillin · · .·.···· .·· 0~24/o:sowrndows Code Min ·•·•···' •... • Code:Mih 0.45.W/Ctm std Design PV'I 
WLDCS -Verified Low Le<Jkage Ducts in Cpnditioned Sf, ace 
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i16 
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.. -· ~-~~~1~ ?.~=-~~~~!"e.J;~mili'··~-X-.~F-_EI"I~:~¥=~,c,fi~.~St~~~yl_ .~,~3}~1f,~~I!.~'~r,~;~p_!~:~ r~c.:.~.-7,~-~~~as)IT~.~u~!ll~?~Tj"-·~~---,--
ouct . lnfiltratiO. WaiL. . . Att1c. , ..... RQof~ .. . Glazmg ... Slab.- -· . DHW.. . . . . . . . HVAG, . . .. · .. . ... . .· .·· ~· . . . . . ..j 

LLAH_U'C!-'2%te'akageJC:octe:lVIri1 1 coo~· Min'lcodeiMfii'.J to'c:i~··!Vrin'ltod'e'Min.l ccide:Mri11 i'JE.EA u~r-3 HPWH :jiS:sEER,)O::f:ls!JF?o:As:W/dm·· .. Jstc{oesign .fi:\J:• ··· 

i.LAH~J+2%ueal<ai~·lc6de'N!lii··lcoaerV1irilcaJ~.MM!cadedviit1lcade'Mihlci:iC!e'f.illh~INE:5itriel:;3HP.wHt:liirsEER!7io·J-isPr=}o:45\i;/tdrn··ls1:d1J~~(grn'P-v'' 

Code Min·>· ·• · 
cade·wur1 . . •·· std 'o·esigri.PV 
Code· Min: •:c:.. c.:.}• st'd'oesigdPV: 
code'Min · • · ·•· 1 ccide.'iYlln 1 c:ade'Min'F::ade'lY!ir1lcciae·Mir1~lcnde-!Vii!l·lcoae· Niin'l NEE:A.tiEicis).iPW.l·l" 1 i6'SE:i:R;tg; Hsf}ti o~45\1i!/¢ft1l:'Hst£J :oesign .Pl./ 
LLAHU~:2% leakag.Ei/code~Min·.·i CoaetMin~lcode Minn Code~tiiliii'lciode Min/code.Min I NEEArTie-r'3iHPWH' li5SEER)s'iis'pf', o.45W/drrl'' /sti:J.oes{gn:py 

UAH.U'.£2% leakage': I cbdeM)rr I Code'Mi(l:/'code:Miri/ Cod e:Min:lc6deo'Miri I Co-de'Min I NEEA'·Tie·~ 3,:HPWH< I18:'SEER,io HSPf:iio:45W/Cfm; /st{:friesigil'PV;' 
UAHU.+:2% leafage to de Min' C:oc:li:dV1In code lVI(~'· codeMfoc .Code Min' code' Min' NEEA.:Tier4HPwrr~ 1B·SEER;1o HSPF)o;45W/Cfm std'r:iesign.PV. 
LLAHU +2% Je~kage cod~'Min cude·Mirr cade,Min'. cade!Min.: ·cada:lV!iri .coi:le;Min- N!:E;A.nei.3;HPwH·'·: iBSEER;io.HSRF,1iJ;45W!&m :Std o·esign PV 

· 'LLAHu:+.z%.1eakage cad~Mfn' coi:li::Nnir .CO:da'iV!ihi coae·.Min· code Min da'i:le'Min' NEEAiTier;3HiwH' Is;~EER;:io HSPF/oAsw/C:frn' stdiQ~sig'" PV 
LLAHU- Low leakage Air H<mdfilig Vnit . 
\IVLDCS- Verit'iec! Low Leakage 0\.lctS iil Co.ndrtioned $pace 

·/··· 
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··.·!·":~· ."···:: '; ·'.•J T:~~I~~.3J.f:.;§!l1gleFa;nl.il)T .. 4JI~Elec_:!ric Eflfi_.~i$1lC:Y ~!='Yf'a1 ,c·k···~ge.1V!_easur~.IS.um .... , mary1 ... <.... . . 
(.CZ: !Duct lnfdtratro .. WalL . ~Attic ... Roof.. ·,· Glazmg . SI<JI:J' · . DH\'\1 HVAC .IPV, 

i1 Jv[l..bcs: ; Jcode'Min Jcod'eMin JR~3s.'+R~3oatticlcode.Mfii !o.24/o.sowindows .!R~10slab.i'nsulation' lcodeMin'loASw/ctmlb3PVscaling 
I 

12 VLlDcS .• CClde_Min · Code'Min Code Min .>:.·· ·,: CodeMin' ···: ··. 0;24/0~23Windows R-10slab'insulation Code. Min. (JiAS;W/cfm o;9.pVscaling. · 

i3 vllbcs 'Code>Mfn cocieMin code~1ih• codeMir{ .. •:.•··.··· .. code Min : R.~ioslablnsulation coderJJi'd o.45w/dm·o:9Fivscaling 

14 VLLDCS' C:ode.rvlin code Nlin codeMin• ..•. ·, CodeMin1 .:· .. Code Min ·,.·· . ·.•. R-10slahins'ulation: code Min 0.45W/Cfm 0.9.P:Vscalini 

:is VlLDCs,' Code Min ccide Min. cOde,Mir{. . Code Min ,' ; ·,·.···· Code Min R"iO,sleb Insulation CodeMin o:45W/cfm 029. PVs6iling' 
6 VLLDCS ·• .·· Code Min .code Min Code. Min i Code Min code Min ·.·. .·.· .. : .. code Min ... ·· · ••... · · < code Min 0.45 W/Cfm o;9 RVscaling' '· 

i7 coc!E::Min codeMin' code Min co'derVliti >'> code Min < ··.·· . ccideMirL · . code lllin ·.· < code Min 6.45 W/Cfm o:s p\i''s'caling< 
is VUJ)cS. Code Min ccideMin Code .Mill. . ...... •· Code.Min ·. ••.. • .• ~ ·.· .•. ··. Code Min· ....•• Code tvin ..• .· .• •···.···•· c Code Min 0.45W/Cfm 0.9: PV scaling 

19 VllDCS < co'de:Mtrv CodeMi~ CoderJiin ·. o:25 so!arri:d!ectance Code Mir) ·.·•·· Code Min .·.···•••· Code Mirr o:45wiCfm 0:9 PVsealing· 
tlO vl.LDCS' .:.·.··.·· code: Min'· cd.deMin code.ivlin ·• , ... o;25scila~reflectance code Min ·· • R-10 siab insulation code j\llih bAs W/cfm o:9· RV:Scaling · 
ill iJLl..Dc:S', .code iVnn< tocJ'~Mi~ R~38;+R~30 attic o:25 solarre!flectance Code Min / · :··'• R-.iosl<lb insu!atio.ri Code Min 6,45\1\)/Cfm o:9· PV:Scaling< 
112 VLLDCS: : Code.Min• Cdct€L~Inn R'-38+'R~30attiG 0.25 solar'reflectahce Code IV! in .. · .. . R-10 sl<;ib insulatior{ Code. Min OA5:W/Cfm o:9:PV scaiiflg:: j 

i 13 Vl.LDcS · 3ACHS0·) Code I\~ in fl.~38+R"30 attic o:25 solar·reflectance Code Min •· .. ··:.·· ' R~ioslab insulation Code Min 0.45 vJictm o:9.P.Vscaling 

.! 14 VLLDCS. . ··•··• 3.AGH50i CodE, [\!Jin' R~3S+'.R~30 attic 0.25: solar reflectance·.· Code Min :.· •... · •.••.•. ·. > R-10 slclb insulation Code Min 0.45W/Cfm' o:9 PV scaJing 
:15 VllDCS . ···•• coi:le.'Nnh' 0.043 wail R:.3s•+ R-30 attic o;25.siilai"refledance Code Min .·•.. .. R:.1o slolb insulation Code Min o:45.W/Cfm o;9 PV'scaling1 

! 15 VLLDCS> 3ACHsb' •..• Code Min R-3S+' R~30. attic code Min . ·.. > 0;24/0.50 windows' code [\/lin <c ...... · Code. Min it45W/Cfm. 6:9 PVscaiirig 
VVLDCS- Verified Low Leakage Dut:tsin Conditioned Space 
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. . · Table 35~'Single Family All-ElectricEfficiency &PV /Battery Package Measure Summary 
'cz Duct. ,-~ c i~'fi]t;;;'t'i~;:;' w~i'i c·:--:::o~:' ··~-~:c~- ,- --~';,;:.::~: kti~_,.-,-.. =··:: R~6{-c:-:-~~=-.~~. ""·'3 ~;;~~ ;; s'i~b;-~ ~ -:c"'~j DHW-~7: Hvti:c'(.- ,..,·:."'.·' l'i:Y-~~j-,~,_--c-~C-.~-~--~-cc~,:.':l 
11. VLLDCS> Code Min" Ci:ide"Min ' . :;,,,: ' Rc3a+·fi:ao attic Code•Mfri .. -. - · o:24(0;50Windows R:1o'51ab'insulatio·n· ' cOde'Min'': 0.45 :W(Cfril' l:O.PVscaling+'5kWh batt' 
12 VLLDCS ·• .• :· code JV\in . code Min'": .·,.:c,,; •.•. ·'.Y.: ... "· .. : coi:le Min ':Ji' .. : Cocle'Min' .· .. , : ... / 0.24/0;23wlriclows':· R-'iO.sla'b insulation·:. Code'Min·'· . o.4s:W!dm liO PV,scafing.+5kWh ti'att:< 
:3 VLlDCS • •·· .. Code Miii'' Code· Min_:; :• : ,. :···· .. :: . "· Coae-'Min'• ... · .. cOde M'in.. . :. >2 ' Code Min ,, . .: HClO'slab in:Sulation'c . Code'Mih ... ,: o.45W/cfni'. l;O'P.V scaling'rtc5kWh l:iatt. I 
C4 VLLDCS·,· Coqe'Min'~.- cod'e Nliri' ,:;:;·: c;:~ ,:'.:. ;,.c: :.:.::.'·.:, .... Codii.Miri"'•'.'' . : tode'Min:·:;· . /·.':,Code' Min'; .. : : .::.- R"lOslab·fnslilatlon··:: Codl{Min''·' :; ci.4SW/Cfm·' to pv':Sealing+SkWh:batt' 'I 
is VLLDts... code Min' Code Min . • ' . i ·: : . : Code•Mini•• . :, Cod~.Min . . , Code Miiy:• · .. ' ' • R~lo'.iiab.ir:isulation··.·•·.' Code~.Min''::: o.4.s•W/cfm. 110 p:v:S'caling+-sl<wh:oatt. I: 

j6 VLlDcs·,._·, .. ·code' Min.,- code:Min ,;,:;;- c::.,.::·. cod<H<un:: >::·:;.:· .. ,._Code' Min'··· '•·.·:: .·:;""'·'•· code•iVun··:::>;.::: .. ·· ·:::, ·coiJe·:Min,.·,::•'.; .... , .... , ... _ •. ,~ 'cod"'.Min•.,: ••. a·:4s.'W/crm' :(o·p\),scaling+:5kWh b·ati: ,. 
i7 codeMin· c·adeMin··cade·M;;, ·· ::•:·•··.•:codeiVItn::, ·coileN!Jn·' ·cadeMi'n··· ·caileMinC:·"•·· cciCie·M;il''•·o:45W!ctm'i!oPVscaring+:5kwliba't:f"'i 
i& vLlDc:S .. :,_ code'Min':· code Min·••· · ·- ,.-. ··-., •'·"·'·:•-:> Code'Min•<·· :•,•· .,:: Co'de'Min·•·· .... :· .•. :; .. : code Min··-::···:;·:·:;::,_::;: Code' Min··.··'.'.··•' ·, ,_.,, ·••·•, tode.Min·, .. '·' o;45.:W/Cfm·,: .1io P\(scaling4-:skWh'6att''i·.·l 
Is VLLDcs ' coM Min·· lcodeMJ~ . ·.··.· .., ; >>· '> codii.Min • ••· o:25:salarreflectatice' caae Min' :. •; :: ci:ide'Miri' · · • : code'Miii' '·. o.45.W/cim' Ui'PvsGa.nrii+5k'Wh batt : 
ilO VLLDCS . Code Nii'n : code~ Min : · .: .. ,; : .: ... · ' ·; .:· '·· code Min·:•:•-. -•... ,::_ ci.25'solarrefhictance>':. Code' Min·'· :. ...,., ... R~l:o:Sfat> insulation ·::· co<:J,;.Mini:•:,. o',45'w/Ctm' :Lo p\r:scallng·+:SkWh batt 'I 
)11 VLLDCS. code Mirr .• Code Min'·: .. · .. ; .):'·:, •:: : : •· RCgg'-I:•R-io'atti'c::. b;is'sblar.retrectance:~: Code.Miii ·:•:. ···•.;,;-: R~'lo' sla!:Hnsttlatioii .-· CodeMin . :. :· OASW(cfin:: i:o.P.V scaling.t::Skwh:ba·tt· 
·l12 VLLDCS'· code Min c6d.e Min' '· : · • ''··· R~3s·+.&ao.atlk~ o.25·solarreflectance· · code:Min·;··.· · · • RC:io.:Shib insuiation ·. c:Octe"Min' ·' o:4sW;ti:fm: J.:·o w,5cafing+5kWh batt .. 
l13. VUDCS~. 3 ACHSO': Code.'Min' · .. · '•'·.:•. •:.;: .. . ' RC3Sf·R-30'attic'''- d:25solar/eflectance':· Code Mifi· .. i . . • R•)o'slab:insulatior{ Co.de'Min;c 0,45\IV/Cfm' i;o:f!V scaling+.'5kWh batt· 
;14 VLLDCS' :. S'ACi-150· f Code Min-.·.·····. Y· .. -. ; R"38·+'R~30 attic'· 0.25 solar refleCtance • Code.·Mir{ ,·, •·. R~io slaolrisulati'on· ' Code Min·•·'. o':4s''w/Cfmc· l:OP\/scaling'+skWh batt •. · 
\15 VUDCS Code Min 0.043:Waii.[SF};<i;a48wall [MFi '~. R~38'+R~30 attic<'. 0;25~so1arnifJ!ictance. - Code:Min ,.;.. . ·~ R~lO•slaofnsulatio'n : co'de•Minf- Q.45W/cfm: l:a PV'scalirig.f'SkWJi'batt 
:16 VLLDcs· 3ACH5d: ·•·· code'Min'-·' · ··' · • ···.:, · · ·· .:·,:: fl"ss'+R~aifattic': code'Min::•y,,< ··'· " '· o:z4/o:So.wlndows·. code:Minc-'. :c· ... ,_: ;.•.'• caileMin" · a:4SW/Crmc l;O'PVs'caling+skWh.batt::.cf 
VVLDCS ~Verified LowLeakO)ge.Ducts in ConditiOJ1ed $pace · 

.·~ 
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Appendix E- Multifamily Detailed Results 
Mixed Fuel Efficienc e Cost-Effectiveness Results 
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7:o% 
503% 

7.4% 

8.2% 

7.7% 

7:7% 

2 .. o 12:6 :o:8 1:o • 22.7 55;9 

2.1 . 13.8 o:s 1.5 . 25.5 61:9 

2.1 13.1 · .. o:7 z,z 25.0. · 62.5 

2.1 14.5 o.i 1.4 24:6 60.7 

2.2 14A 1.5 3;3 24.1 56.9 . 

2.2 14.9 0.8 1.7 24.7 55.8 

2.2 · 14.9 Ll ' 1.7 24.7 55:8 

2:9 11:9% 2.2 .' 16.3 0.7 1.2,. 22.2 

.. 2.2 14.8 1.1 2.2 . 23.5 

2.1 '17;1 '0;6 1.3 23.7 

3:1· 12:8% 2.5 14:3 0:7 1.2 23:2 52.6, 

3.1 ·12,8% 2.s· 14.3 o,g 1,2 23:2 · 52.6 

4:2 12.9% 2.4 . 20.4 '. v .. .. 2.3 22.6 54:8 

2.4 11.3% 3.0 • 13.7. 1.1 1.2 26.9 . 54.4 
">1""' indicates cases where there is bothJirstcostsavings and anfiua! utility bill savings. 
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2.3 12.2% lA 
2.3 .. ,. 12.5%. 2:2 13.9 . 1:1'' L5 

1.6 .11:2% 1.9 13.4 1:i L2 
. ··· >2.0 1~:5 ··-·1.i ']:.1 

.. · .. · . ~o;g%• 1.9 12:6 1~~ 1.3 

.1.5 10_8% '·1.9 12.6 1:.1 1.3 

'1;3 . 7:4% :to, 13:9 . 1.4 ::.7 

2.0 12.2% 2.0 13':2 1.1 .: .. 4 

. . 5.7% 2.0 .. 14.6< 1.4 :.:.7 

··. 2..1 14.4 : 1:7. 2:9 

2.9 13:0% .. 2.1 14.8 .· 2.0 3:3 

2.9 13.0% 2:1 14:8 2.6 3:3 

. 3.2 i~:2% 2:2 j.6:i 1:8 .33 
ii:S%: ::i:i '14::7 · i.2 .. :~.2 
1.3.2% · 'z;i 16.9 Zed .. 3.8 

33 13.3%. 2:5 14:2 . z.cj •. 3:0 

3:3 .···. 13:3% ?:5 14.2 z.s 3.0 

.4.4 . !3:5% 2:3 20.4 >1 >1 
2:9 . . 13.1% 3,1 13;2 1.8 .. ' :u 
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cr:. 
0 
l..U 

'> u. 

·§] -~ 
·.::~ . . ro 
·.ffi 2 

.ci 

.E .S 
~::t ··rt 
.'*- ~ 

... cu l....; .u a: QJ ·......; 
N :C. bJl c:l· 
o . $ :E ;::: . 
u .:t= """ ::E 'o;>' .2. 
"':. 0" > ."5· ·c:: ....... 

::3 "' o.: m .0 ~· 

3.6 14;6% 1.5 15.9 1:6 

. 61:5 1~9 . 9.1% 1.3 .. 13;9; 1~ 7 

.. 64.2 0.0 .. 0.0% 1.3 . 13.5. 

5o.o. 1.4 · s;o% 

64,8 0.6 . 3.4% 

64:8 0.6 3.4% 

'64,9 ;LO 5:9% 

66.0 :6:6 

62.4 1.2 

60;3 1.6 

59.5 1.8 

59.5 1.8· 8.1% 

1:2 · .. 13.6 1:4 

1.3 . l2i6 i.i 
.. 1.3 12.6 .1:1 

1.3 13.9 0:7 

57.1 3:5 13.1% 1:3 16:6 1:4 

. . 

. .u . 

!J·f~~~~l .• 
673 3.3 is:4%. 1.4 
W2 3.2 >15.1% 1.3 

2.4 . .2:3 
1.6 1.6 

19.5% i.l 13i5 1:6. 
i;l 

,: 2:0 

12:6. . 2.1 Vi 
1:2 13;9 1.6 1:9 

13.2 : 1.6 1.7 

1.2 14~6 1.6 i:s 
.].4%' . 1.2 14J. 1!6 1.6 

59:5. 1:8 <8.6% 'li? .~5.1 }:7 • i.o' 
59:5 1:8 8~6% 1.3 'is.i z:o · z'.o 
s6.7 3.9 14.4% . 1:3 16.6 2.o z.3 

57.3 2.6 11.4% · 1.2 14:9 b:9 1.1 I :is.o 57;o .2.9 13.o%. 1.2. i4.9 L6 · i.6 

57;2' 3.3 12.6% 1.2 17.5 1:3 · L6. 28:3 56:7 3,8. 14.3% L2 17:5 2.0 2:3 

57.9 3.7 13.8% 1.6 '14.6 1.2 1.6 : 28.7 5'7.8 3;8 •. 14.3% 1.6 14~6 . 1.6 . 2.2 

57.9 .3.7 13.8% 1.6 14.6 1.5 1:6 28.7 · 57.8 . 3.'s: .14.3% 1.6 14.6 i:Q .. 2:2 

56.6 4.4 14.2% 1.6 2L6 1.5 2.3 2L9 54.6 ·6:4 :i0;6% 1.5 21.6. 1.2 1.7 

62.5 · 4.1 15 . .0% 1.7 13.4 2.1 2.1 37;1 63.4 3.1 .11.4% 1.7 .. 13.4 L6 1.7 
">1" =indicates cases where th.ere is both first cost savings and annual utility bill savings. 
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Packag-e Cost~ Effectiveness Results 
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Appendix F ~Multifamily Measure Summary 

fcii 
[1 
!2 
]3 

j4 
is 

!6 

VLi.des> •I Code Min / code,'Min.···/ Code Min /o.25 solarreflectance /code Min JR~lOsla(J iJ1~ulal:ioni_Basic:_ CHWcredit{0:7} .··Jo:s5 W/cfrrf fl:o.Pv-staling .. 

Ccia€dv1ln ikodeMin< ltodeMln ·'leo de Mln /code Min .· !code Min. I R~1D slab insulal:ion IBasicCHWcredii: (Ch) /o;35W/dni /Lo PV scaling 
VLLDCS ·. · 'leadeMiri I code Min. kodeMin lo.25solarreflectance leo de Min IRi1Dslab insulation I Basic CHW credit (0.7} /o:35W/cfm [1.0 PV scaling 
Code Min' ltodeiMin' /CodEiMin /code Min' /~ode Min · leo de Minq /R:.lo slab insulation /Basic cHW credit(0:7) /o:3sW/ctin'./io PV scaling 
VI.:Loes lcode·Min.·/Ccide Mini I code Min·· [0,25 solar reflectance I code Min. I code. Min· /Basic CHW credit(0~7) jo;35 w/dm [1.0 PVscaling 

i7 Code Min' Code Min Code Min Code Mi'n. 0.25 solar refl!~ctance· Code Min > Code Min .··· •.·•.·• Ba.Sic'CHW credit {0.7) 0:35 W/dm 1:.0 PVscaling 
:s VLLDCS >Code Min ,·, Code Min tode.Min• 0~25.solarrefiectance Code Min. · c . · Code. Min '' • • Enh CHW credit{0.6) ·.· 0.35 w/cfm . 1.0 lYscaling 
is vtiocs> ·cadeMiri CiideMiri' code !VIin. o~is sOiarrefledance Code Min , .. , ·· ...... · .. ·,,.··. ·.···• Code Min .. ·, ·, ..•... ··· < BasicCHW crecHi:(o:7) o;3SW!Cfm LO PV scaling 

i10 \/l.l.ocs;>> c0de1Mln •••.. cdile.'Nlirl code Min:·. 0.25 solar.reflectance code Min . ... . . RC10 ~labinsula~ion Basic CHWcr.edit (0.7} OJ35 W/dm .· l.O.P)!scaling 

in VLLDCS ; • Cof:{e•Miri" Code~Min. to de rv1in' 0;25 solar'reflectance 0.24/0;23 windows R"lO slab irisuhition BasicCHW creidit (0.7} o:asw/clm :I:.o p!/ scaling 
)12 VLi.nCs. > Code. Nliri ••. coda Min' : Code Min .. 0;25 sola(reflectance code Min: .· ..••. ·· R".10 slal:i insulation Basic CHW.credit{0;7}' o:35 W/r:;fm. 1~0 P.Vscaling ' 
1.13 VLLDcS•' Cadi= Min' • Code.Min. · Code Min 0.25 solar reflectance o:24/0.23 Windows R~lO sl;ib Ir1sulation Basic CHWcredii: {0:7). 0:35 W/cfm LOP.V scaling 
114 VLLDCS' Code Min: codeiMiri> ca'de Min o:25.solaneflectance 0.24/0.23 window~ WlOsial:iinsuiation Basic CHWcredit (0.7)' o:asw/drn ··. l:fJ PV scaling 
t15 \iltbcs <; CodeMiii Code Min ... Code Min . o:is solar:'~efiectance 0:24/0:23 v.dndows R"J.C)slab·insulation EiasicCHW. credit (0;7) 0:35 W/cfm 1.0 PV scaling 

116 VLLDCS ···,··.· e6d'eitv1in 1 cbdeMiri ·•.· Code Min'. CodeMin L ~ ·~~ 0.24/D.SOwindows' RC10slab insulatioh BaskCHW credit(o:7) 0.35\l.i/cfm. 1.0 PV.scallng. 
VLLDCS- Verified Low~Leakage Ducts in Conditioned Spac" 

' . 

72 2019-08-01 

· .. 
,• 



w 
-.! 
..j:::. 

;CZ', 

!1 

2.019 Energy Efficiency Qrdinalice Cost-,effectiveness Stu_ciy 

:2 lcode:Mtn :lcod~&1inijc6de'MiS;:[cod~Min.:]code'MIC~ltade.'Niin~ltocie'Min~~.l9s'EFi:basic~c:ln;pac±dist:l:t:6sEER:;•9tAFuE:J.:o:SsW/cim;.lfo•PVscaiini: 
j3 Co,de':J'Vm1"' 'code).iliii code Mini Code-r\liiri' Code r0in coMMin1

/ tdde'Mlnc:: 9sE:i={b~siecompact!di5i''~ 3iAFl:JE;fo:35w/C'fm ,,.,,, ( r;o~pV:.scaling 
l4· codeMin~ Code Min· ccidetVJiil} Code:!Vun: c::odetVIin· CodeMhl' code·Min' :Iss EF;'.ba5lC-compa2t dist.> 165E'ER:;.bi35·\.V/crm i •C:;;< h;o~'PV:seaii'ng;:: 
is Code;Nlin/ tode.Miii ccidel\iilrf. Coi::!rdvHn: c6del'v1in CodeiMiil" Code:Mim'}95)EF;basi#Bmp-E&diit;f .9i'AFUE;'.tf;45wi'Cfm .. ;'.''>" 'i':o_l:)\/iscaling:< 
~6 Code Min Code ivlln' co'deiMii:l ' Code! Min Code rV.Iin' code Min< todei\~in' ''ls~s;Ef:;~basicco~pac'fdisf:i~ c6HetvJII :; ;.;;;• .Y~:· LoP\(scaliilg; 
i7 codeMin todei\lnn cCide~iVIin\ cotJeMin~ ¢aBeMtri'' c6ctEiMlrii -tcfde'lvHr{~-"- gs.E.F~\l:lasic:campa&dist/' 16:sEER/o:3:s.Wtetm>,;.d;./tL~ i:or.v.sbilirii·f· · 
iS -... s-sEf';.basiCC:ompact.aisf i:o PVscali'hg;'r 
!9 •·. gs· E'~•basic'cSm'pac't aist; · !/';, ,. l:'o'RVscaHng-' 
~~k(J_cie·Min:: lt:.ode'Mirl]cbcfe'Min/~cie Min•/f.ocJarViiti:[co8eMin~fcode:~1iti' ;Iss ~·,:baslc c6rnpaddis£.]16SEER;o:3~::w/ttm>:::' 'L -~ Eo:P'/scalinJr.· 

t&de.IViin .: 9s:EF:,,basic'compaC:t:ctiSt> i.5SEER,\Si.4F0E/o:3s-w/crm' i.o.i:>.V.sca'iing: . 
. cOde Mir\\ s:S.'E'Fj-:basi'Cca mpaif:disb:: 15sE'E'R; s2 .AF.u~:.ti:3sw/Cfin: i;o'P.vscallng:( 

j13 . Code;Min .. Code'Miii Code Min" code'rViit'{ tode{Mi'n:cod~~Mln'~ Cqda.Mici .. ·. 9.fEF,:basic'compaC:b-3istF i5sii'R;;9tAFUE;;o;$5·Wlcrri:i' r:o~.:v.sCiilinif/i 
!14· code Min·. caaeMini iodeMin< code Min lcode'rv1ir1 tadelVitri): code'MirD . ss·Eii"):bas(c·compactdlst> i5c.5EER/92:AF'UE(;o:·3sw/Cf:iii;.· l;oPvscaHng. 
hs code !Vnri''. cocieM'rii ca.de~Jvnt\{; C:Cia~{NJih~·rcdi:(e Miri'· cadecMin/ :cade:rv'lin:· 95:EF;:.Baslc'cbrnf:iaCt_cctisD-; i~sE'ER;o:3s:':W/2firi'"';:yy·;.>-' :r;q:Bvscaniigc'. 
)16. Code:Mfri\l Cod~:'i~1ir1; Go{Je Min ~ cocte~Miri .•. CQ_d~Niirli fgcfei0in : Code~[\ijiif :' s5E££.!l?sic compact'diSC is SE~;'92AF'l)rf~-()~35Vit/Cfm : Hr:i:lVS:caiingi' 
VLLDCS .:.verified Low-Leakage: Ducts in ConditiOned Spate 
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Table42: Multifamily Mixed Fuel Efficiency & PV/Battery Package Measure Summary 
1cz ouct.. . ;d Jntilti-atioii wall . Attic, Roof - - - §lW!lg slab- -imw f1vA:c Pv .. ·. 

11 VLLDCS: code Mln • cod'e Min code Min code Min · : ·_·,. 0.24/0.5Dwindow5 R-10 slab insulation· BasicCHWct'edit (0.7) --- o:35W/cfrri · LO PV scaling+22kWn batt • 

12 VllDCS' CodeMin< code Min· Codii{Mih o;25·solarniflectance· Code' Min .···. ·• ' R~1d slab insulation< BasiCCHW credit__(0.7} D.35 W/cfm ·• 1;o:py scaling.+ 2.2kWh batt· 
!3 ccide'Min · code Min . code'Min' code Min code Min. · · .. ·. :• c6de•Miri ··· R-10 slab insulation Ba:SicCHWcredit(0.7) •• o~35W/cfm LO PV scaling+ 22kWh batt 
:4 VLLDCS. • code Min: ccii::feMfn Code' Min 0.25 solar reflectance-, code Min ···.-· R-10 slab insulation Basic CHW credit-(o:7j' o:3s W/i:fm· · 1:0 Pi!scaling+22kWh batt · 
i5 cod eM inC code•Min·:. Code Min' code Min Ccide·IViin :·. . ., _ code Min .·· R~io slab.insulauon· Basic'tHWcredit(o:7) -: o:aSW/cfm· 1.0 pv'scaling+22kWh batt · 
'6 vl:wC:S-. code•MJrii to de Min Code, Min' o:25 solar reflectance . Code Min •. ·.·_ .• _ .. ,:-._,· .. · Code Min .··.·,._ ·:. Basic CHVV credit.{0:7) i 0.35W/cfm' l.OPVscalii1g+2:i.kWhbatt'• 

. 7 cadeMin<• code Min , cadi:(Min1 code Min o.25solarreflectance. code Min·:-· ... · .. ··..... .code Min · .•. ··•-···,,.·.·:.:. >-· BasicCHWcredit(o:7) o;3S W/cfm 1;0-PVscaling+.·nkwh batt 
:e • V[tDcS .}. CodeMin'i ccide',Nlin (ode!Min 0:25solacreflectance' Code'Min ·· ·: _· .. ··.. Code Min ; ''. -·· · .. ·.·· Enh CHW cred!t'(0.6) ·;·-· 0.35 W/Cfm l:OPV sea1Ing+22kWh batt· .. ·.··• 
9 VlLDcS· Code'Min·' Code'rvlir{ code'Min; 0;25 solar. reflectance·. Code Min .,_-_, ·: Code Min •-·• ·.· Basic CHW m!dit(0.7) .. o;3s W/cfm' 1;0 PV·sealing'+22kWhbatt .·, 

•lo VLLDCS : ··'· COde'Min Codi{Mlri Code Min 0:25 solarreflectance • code' Min ··· ·· . ·· R~1D slab insulation··· Basic CHW credit'(0.7) 0'35 W/cfrn. 1:.0 PV scaling+22kWhbatt· · .. 
111. VLLDCS -· .· Code:Min, CodeMiri Code Min 0.25 solar reflectance· 0;24/0.23 Windows R-10 slab ins_ulation Basic CHW credit (0. 7) ·.; 0.35 W/cfm' 1;0 PV scaling+ 2.2kWh batt 
, 12 VLLDCS. ·.··••• Code Min .·.Code ri~in Code Min 0.2.5 :Solar reflectance· Code Min ·.·· · •••. R~lO slab insulation· Be sic CHW.credit (0.7) < 0.35W/Cfm 1.0 PVscafing +22kWh batt ·.• 

i 13 VLLDCS ''·• Code.Min; code' r\~iri code'Min 0.25 solar reflectance. o.24/0;23wiridoitJs R-10 .Siab.insUlatiori: Basic CHW credit (0:7) o;3s W/cfm 1.0 PV scaling+ 22kWh batt 
i14 VLLocs• ' code Min ··• Code Min. Cod.e Min: o:25 solarreflectani;e 0.24/0.23 windows R~lO slab insulation· BasicCHW credit(0.7) 0.35 W/cfm i.OPV.scaling+nkwh batt 
!1s VLLDCS code Min. C:ocie:Min code Min 6.25 solar' reflectance· o:24/o:23windows R~1o slab insulation· B<sic CHW credit.(o.7); o;3s W/cfm l'.O:PV scaling.i--22kwh batt : 
i1.6 VLLDCS••'' '·• Code Min•: eadeM in': Code Min· code Min · · ; .•• 0.24/0.50 windows R~10 slab insulatiori· 'Basic CHW credlt{0.7} 0.35 W/cfm · LO PV scaiing.+ 2.2kWh ba'tt 

VLLDCS -Verified Low-Leakage Ducts ih Conditioned Space. 
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Table 43: MultifamilyAlhElectricEffidency-:-- Non-P;reemptedPackage Measure Summary .·.. . 
fCZ::~.--; otictr "-:\,~iilfm:-t~w~il\.·- .. · .. ~;'- t;ti:TcT~-;~t6ati'.~::z::·: :- :.~---.. ~·,·~·r;;L?-~ sl';ib:'i~T;·:c;'-·.:~~~~~li ~;:;::r~-Hvft:c;s:.:::.~.·:.;;;v.-::r::.·:·-,:::;~-;::1 
!1 VLLbes <> c;i:H:l~~ri.mji ; code; Min co'de' Min". codeMirf:i·,. •· .. · ... ···•·••··. o:i4/C:L5o.wlndow5 R~io'Sial{insul;;ittbri' coiJEd-i1frf o~;is•W!etnl< sfd :o·es(gri pV. 
j2 · . VliDc:S'<• code.Mi~;' Co'd~Jvlin . ciidaMi'nr o;25'5'olar}efi~Hance; tfod'e;tv1in : .. " •' R~10slab:.iri~l~tfon cibde Mir{ d;4sw7ctm·~ stCi PeS:igqPy:·l 
l3• · cbdeNliri· i:ode"'Min·; toae'Mi'n < code'Min\ coi:feMi~·•; > ' ccideMln'• CodeMin > 'CodeMhi tddeMiiJ·:~· sti:lriesign'P,V-1. 
!4 vriocs • codE-;Mi~:- code Min : codEi::r-Jnri·: o:25~s9lar.'6fflectance' codeMih ·· ·· .,, . 'FFlo.si~b'lnsuiati.ori code:r:lnn. o.45'w/i:fm 'sid n,asignPv: 
:s V!lbcs; · > cbderv:nh'' code:Min : cadeMihL coCJeMin :' <t •·· cadE!iVnil< --··· ·· · ···-· R~io~rab~rnS:uliftior1· cad;;{Mih caae:Mtii·· ; std.oe5ig'n P\1 1 
f6 vLLocs : code .Min' c.dde;:.r\llln ·. caaE:-.·f11in:.: o;25'-sola[,fedlectance·• coae'!Vnd . . -, . co·de.Miir: .: < ' co&~--Min hAS.'.iJ/cfiri'' std nesign_PV I 
i7 code:iVnn· codeN!iri'' code•Min< cii&;N!J\1.· o:'255ara~ref.lectarice.·; \:odefMrn: :· : .• _,. cod'e-Mir{ ''• · <.:· ccfdg i\~!b -o~4s'\.Vtcttif st-i:l D.esign p\t 1 

js. vlincs· · .. 8odec:Mrn''' Code.Mfn ' code. Min~ o;2.5•so.lari:~flectance•' code: rJu(l.• ; ·' ·-·••·•···· CodeMil1:: '::C:'• · c6dr::Min; 0.45W/Cfm std Dasign.'PV!I 
is vLLbts •-··:· .co:cie:Mrb : c6d'eh.;;lh· codeiVfinH o:25•'5ofar~re'l:lectanp2!' toaeiVlfil'> : < .- codeMrn . -,, code'Min o:45.W/Ci:t'n.' si:CJo·esl'gnpV 
i1o vu::ocs . cOdfi:)Vliri ' co'deu~ln'' Code.!Vlin:. o~2.5isi:llar;.refleetance": Co'de:Mil:i: • >;;;;, Rcl0:.5Iabilns:illatio.n C::ode:M!n: o~!isW/cfm" s.t.d Design;Pv' 
in vui:)es '• .code liilrri' codifMin ; cad'E::-Min·.·· oiis-:s61arre'thictani::e': ·o:24/0':2.3'winaO.w.£ i:f:i.b'srabfrl's.Grati:o·n· toae'Mh\ o:45;w/i:fni'. s-t(J·o-e::Sign·r:>v 

· i12 vilDcs : ci:ideMir{ CodE='Min code Min'{ _o;255olaC&flectance;~ o:2.4/Qi2.3 Viiindqws ~-lo:siabinsulation~ ·c.Ode Min o:45yJ/tfrii' •· :StdOe'sig!!PVl 
ita VLI.Bt$ • ··· code::N1iii : cod~'Mfri;. ccid~;Mifi.5 ·O'~issoi~r;re''fiectariC'e~. 0;24/o:23.wiilcfow5 Rho;5hjb:iHsufatron' c6de:Mir) o~ft5·:w/cti1-).: st'does.ig"n P.V' 
14; VLLDCS :····. ; · code~Miri code Min' ' code:Min : o:25so.Hirrefiectance> o:2..f(o;23 windpWs ·R.:.,J:oslab:in~ulatio:n codef0\ri . 0~45\'V/Cfrn StdDesigri'PV 
~15 vwks .. co:de'<Mib'• CodecMin" . cciifeMin? -o':iS:sofa['i:etlectatice:; 0.24(p:i3:wind'ow5' R~i0::5fahinstii~tion'. ccl'de:Niin'c o:45-\rV/Cfm' .Si:i:l o·es{gh'RV I 
h6 VLLDCS .•.• Codelvlln •. ccide'Mir:t ; Code;' Min c ~::bde Mir{ ··•·· "' •·. ': :0.24/0i50:;\'.Iind'6w5: R~loslab'inscilatio~: tode;Mi~: o:45-w/cfi:rL stdD.esign:P¥, 
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Table44: Multifamily' All-Electric Efficiency- Equipment,-PreemptedPackage Measure Summary, 
cz .. I.PJ2t:':·- :[Jhffltfatio'w<ili•· ''.A¥tic .. ·_·-iidof••·· ... ·~-· ··si;;b•·_---··-··oi-iw· -·HvAc-- -.•.•• -f>:ii. -·· 
1 Jtode Min' .1 C:od~'r\inr) Code r\iJ)n:- Code Min COde Mih- Code Miri Code Min· NEE.ii.·Tier3HP'NH 16 SEER/9 HSPF, 6:45\~/cfh) . Std DesignP.V · 

code;Min lcadeMirf c6deMinr c6de·rvlin codervm1 code Min' code~Min. ·.- NEEAtier3HPWH 16SEER;9HSPF;-OAs\1V/Cfm- std•DesignPV 2. 

3 - CodeMin' lcodidvnn•lcodeMin I co de Min lcodeMirilcodeMin I code Min INEEATier3 HPWH I15SEERi9 HSpf:,o:45:\-v/cfm .lst(:foesignPV · 
:4 code-Min lcoMMin.lcode'Min>lcode Min I code Min ltoderviin I code Miri INEEA TierJ:I-iP'NH I16SEER, 9HSPF>o.4sw/Cfm:.<lstd-DesignPV 
,s codeMiri;JcodeMiri I cOde rJun •I code Min !code i\r1inlc6de~fVliri I code Min INEEAJier3HPVJH.I16SEERJ9:HSPF/o:4Sw/ctm .-.·lstdoesignflV: 
-6 -
,7 

cOd eM in ltode-Minkode Miri .lc6deMirllcodeMih I code Min. I code Min·· 'INEEATier3 HPWH lo.45-W/cfm.. lstd DesignPV 
C'ode!VIin' lcoderJlin Ito-de Min !code Min' lcod~Mi-;, I code Min leo de Mill INEEATier38P'NH lo.45 w!d~ jstdoesign pv-·· 
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code Min I code' Min li:odeMin -I code Min. I code Min !Code Min .. I code Min .INEEA11er 3HP\t.iH ··JaAS.W/Cfrn < ·· • JstdDesignPV . 
code-~~In: .koi:fe Miri I ccicte Mih: lc'adeMin leo de Min I Code Min Ito de Min I NEEATie'r~3 HPWH Jo;45\i\l/cfm · ; . · ···.· I std beS:igfi'pv> 
codeMin lc6de:MinlcodeMin>li:::cideMin lcodeMih lcbde.Min leo-de Min ll'>iE:EATier3HP{I:;'H 1-0.45~0/ctm .· JstdoeslgnP\/ 
code''Min '!Code lVI in lcoi:le Min· I cOde Min: l.code-Min I code Min Ito de Min·· INEEM'ier':rHPWH· ·I15SEER;9HSPF;oo:4Sw/cfm :js-td.DesignPV 

!12. code Min> kode::IV1iniC:o.deMin I code Min I code Min I code Min. Ito de Min INEEA Tier3 i--lP\.YH l15:sEER,9 HSPi=;o.4svJ/cim .jstdbesigri PV 
!13 
i14 

coc:leMin 'ltOderv'1in:lcodeMril• I code Min leo-de Min_lccide Min jc6deMin INEEA'tier3HPWH !16 SEER,9 HsPF;·o.4sw/cfm is-td Designpv .. 
code Min /cbder-/unlcode Miil':lcode Min lcodeMin lcode.Min. !code Min· INEEA Tier3HPWH l16sEER;9l1sPF;.o.4sW/Cfm ./std Design pV, 

115 code'rVlin -lcodeMin.lco'de'Mi!l <I code Min -.jcodeMin lco~e Min I code Mlii -•INEEAJier3 HPWH l1sSEER,1o HSPF>DASW/cfm lstd oesignPV-
i16 code Mfln lcode'MiH !Code Min··' I code Min I code Min !code rJiin I C:odeMin I NEEA Tier 3'HPWH 116 SEER; 9 HSPF,0.45W/cfm •·· I std Design PV · 
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· _ Table45: l\1ultifamily Ail-Electric Effieiehcy &PYPackage Measure Summary • .. a- o~~-= ~: [;tji(trirtllin7: Will7c~A:ttib''-:~~-. 'Rci6E"T':-T:~~c,,.,-~~:-·0;; ~:: :::·7~~--;- 51;K~_::-c:· ~;:~.;;;•::·-::? El-lwF·::;}' J:iv/i.{;';:·:;; ::n ®;:::·'"";~0?1 
11 Vw:ic:S . cbdeNnni•' :Code:fvJih code Min:, ·c'Di:lk/V1ir:i- . · > >'> o:2.4/p.sowrnaow5 R.~idstah.rn.Sui<H:ron· b)de'Min'· o~.<J5.w/Cfm!. d:9:i>V.,5caiiilg• 
! 2 \mocs.• ·-· cci.de.Min< code!Vlin··· cO'Cle:Mir! o:25~{cilai'rMiectarice•··· .. code Min• :· •• . •. R)io:siab:inslilatibn' Cod~Min/ ·o:4Sw/cfm<'' {)~g:;p;y.s.calit{g~~ 
i3 cade'Min· cod!!Miri) c68ei\iliri , tO'de'Mrn: ¢ci'de~Niiri . .. ': :s ccidif'Miil · · --- - ----~ fi~io'sliibJhsl.iiat:rdii tCicte•N!in· o:4s wlct'.m~i ·o:9!Fi\:is/iaiibg-ii 
l4 YLLDCs '. Code/Min< l::ode Min cOde-Min' 6~·25'!io1arif:eflectanc_e< code'l\illn'• - • >'>•: R.::u)·slab inSulation code<Mir< o:45wicfm'· o:s:p\i:•sbiling.~ 
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iu VLLDc5~ .-._- co.d'eMin :Oode:Mili codeMiri' o:~s61-Elr';r'efiectance o.i4fo;23,virindow.s: R~losf8hrn5_ulaMn'· .c.cideN.lli:l: o.45W/dm:_~ Q.9:P.V'icaling:. 
!.13 VLu::ics· ·_._ .codeJ0iri; '~Co_cje::Min ' C:o'de Nllh. oi2Ss()lart&rfectaticec ib4/:o::23wfnd6ws s4io~s-lab!ln:S6iatidh Coq~~i.lnn'' ri45·Wlcfri{ o;9~PVScaling 
!14 Vttr:ics; .· •. eadeM In~~: cade'Mn:t~; tode--IVlin· o:25~s'ilia.r.:rei'rect:afice> o:2.4/o;23;,windoW:s R~io-slaf{iilsulatibn co<:l'e'iY!Iri·· o.:45Wldii:t: o.9;P\,i::Scaii!lg.l 
!15 vlli;ics:> : coae:_M.ht -• l:o.i:Je'tvtHi< c-o'd'e')vtin' i:i;iS'sbfatrefle'cta'r1ceY o:24!a:2B;-Jliril16'¥i' R'~i65fa6'ir1icii;3hoi:i' cO'ae· M.in1.' o:45-WiC:trri. o-:9 P:'V'Scanilg:_·l 
[16 VLLocs>> · codEi,r0inF'' ccideMl~''' caae"iv1irt.' cocie:'Miii"i':lc.•: r-·;·,;-X-i o'.i4/o::SowinaD-v.tj:: Rho5i.3h:insulatlal'1 codeMin·roC:4sw/Ci'r!l' · o.9 pv-~ling"l 
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. }'able 46: Multifamily All-Eiectric Efficiency &PV/Battery Package Measure Summary 
icz.'ouct' >itr1tiitfation'!.WaiL, Atti.c ·"Roof- -- ~· · stao: - {miw. ~ •f:ivAc :i>v -.:-
l1 vU:bcs •· .•.:IC:ode Milv' code Min ccideMin code Min· .. ·.·.·,·,,·.··_ · ._ .. -.· 0~24/0.so windows R~1o slab.insulatiori · Code Min< ··.· 0.45W/cfriJ. i.o PV 5caling+22kWh batt 

iz VLLDCS' · •!:Code'Min' Codetv'lln' CodeMin 0.25.solarreflectance Code Min • • .· ... · R-10.slabinsulation . eodeMin ·.•·.·· D.45W/cfm 'LOPVscaling+22kWnbatf 

13 Code'Min , :.! Code.Mih •: i Code'Min Code Min todeMin · ·.-.. .; Code Min R-'10 slabinsulation Code Min 0.45Wicfm'· 1.o PV scali1'1g ~22kWh. batF 
i4 VLLDCS < lcode'~1in C:ode'Min·' Code Min 0.25 solar reflectance , Code Min , - · < ·· R-10 slab insulation C:ode.r..illn' o.4s\v/tfm. 1.o PV:scalirig+22kWh batf:Cj 
is vu:ocs • •: to de Ml11· .... , code Min' ccicteMiri ···•· 1 cade'Min· •- . :,·:;<:·.; Code Min · ··._ .. -•. •,·:·;·.·.· R~Io slab.insulation eode Min· code Min' .. LO PVsealing.+'ur<wn batt· · 
[6 VLLDCS' · 1 Code Min· · CodeMih Code Min ·. o;25 solar'reflectance ··code Min ·.··•.••·•···· code Mih ··.,· •· , .. ·.·.'code Min,., •. ··. G.45W/cfm· 1.D.PVscaling+22kWh batt' · 
17 COde'. Min ' ·· Code Min> Code Min Code Min 0.25-solarreflectance. ; CodeMin. • .,·· ... ·, .. > Code Min .··.··· .· • Code' Min '.•··. 0~45W/cfm LOPV scaling.+Z2kWh!:nitt 

is VLLDCS ··.•..• Code Min 'Code Min· code Min · D.25.solarreflectance Code Min ··•·.·. .:: Code'Min ·.·:··.. > code Min • a·As'W/cfm · :l.OPV scaling+22kWh batt 
]9 VJiDcs : .ccideMin' ··cOde Min'' code Min o.25solar.reflecfarice code Min .. ·. code Min< - : code Min o.45W/ctm' 1.0PVscaling+,ukwh•oatt 
]10 VLLDCS' ··. ·· Code Min , CodeMlri' Code Min ; o,is'solar reflectance '.code Min· • ..•. ·. ···. · ···. R'-10 slab insulation· Code Min D:45··W/cfm. 1.0 PV s'caling-+i2kWhbatt 

/11 VLLDCS . ·. · .. Code Min Code Min' Code-Min 0.25-:solai- reflectance . 0.24/0:'23 windows R~J:Oslabinsulation Code Min 0.45 VJ/cfrri .. iO·PV scaling+'22kWh'batt 
i12 VLLDCS : code Min•. : Code Min Code Min o.is solar reflectance • 0:24/0.23 windows R~J:O slab insu.lation code1Min· 0~45 W/cfm :L.o PVscallng+22kWn batt •. 
113 VLLDCS ••.. Code Min >: Co-de Min' Code Min i:J:25•s'olar reflectance. o;24/0:23 windows R~10 slab'instJiatiori •... Code r\1in'- 0.45 W/i:fm l.O PV scaling'+22kVJh batt'.' ; I 
h4 VLLDcS: •> .. Code.Min; .•• Code Min Code Min .· 0.25 .solar reflectance ·, o:24/o.23windows R~io slab lnsulatioir ' Code Min 0:45\V/cfm:, i;OPV 5calihg+22kWh batt I 
115 vu:.ocs ··•··.·· cocte Mfni code Mih' eo de Min· · o.25-scilarr'efl¢clarice · o.24/o:·23 Windows R~J:O sl~binsulation code Min · 0.45'Wli:fm ·•· i:o PV scaling h2kWh ~att''i 
]16 vt:r:ocs ·· '·'. coderV1in' •, Code Min Code.Mlr1· · code•Min. • . · , ••..• -, 0.2.4/o:sci windows· R"1oslab insulation··· code Min· oAsw/cfm' 1:o pV:scaling.+.22RWhbatt 

VLLDCS- Ver'ified Low-Leakage Ducts in Cont;litioned Space 
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·. Climate Zone 1 

0.49 I $1,355 

0;68 I $1 ,280 

$5,311 

n/a n/a 

$7,642 1.79 

$2,108 

$18,192 

(14) $24,770 

<JE;;f fCo.deGoriipliaht E 7079 1 o 1 o.o 1 o.oo 
.• ;ai ;g, · ...•.. ·. . •...... _._-·-·_--_ .••• _ ..•• _ ..... _._ .. ' < . ' . ·_ :J: 0, I EffiCI~QFY ~ F?:Y .-... ; ·< ! 889 I 0 I 31.0 l 2:67 I 

:: ... •. _Ill- . . . . .... . . .. .. . . · . · ·. ·· . . 

.].tyiNeUtrc:iiCosf< · <-.1 5,270 I 0 I 8.0 I 1'.35 

:~-'~} 'j:r0r~!cC:J$F~-ffe6ti\.r~He~l· if 3,1o6 1 o 1 18.0 /< 2.97 
1AII reductions and incrementai costs relativetp the mixed fuel cpde compliant horne. 
2AII redLJctions and incrementatcosts relative to the <ill-electric code compliant home. , _ . 
fAll reductions and increrr1ental_costs relative btJ-:te n;Jixed fuel code compliant home except the.EDRMargins axe reli3.t1Ve to the Standard Design for each case 
'which is the all-eleGtric code compliant home. incrementa) costs for these packages reflect the cots used in the On-Bill cost effectiveness methodology, .Costs 
differ for the TDV methodology due to differences. in the site gas. infr'Clstructure co_sts (see Section 2.6). . . . . 
4Th is represents the EfficiencyEDR Margin for the Effidency-Non"Preempted and Efficiency-Equipment packages and Total EDR Margin forth e. Efficiency & PV, 
Efficiency & PV/Battery, Neutral Cost, and Min Cost Effectiveness packages._ · · 
5Positive values. indicate an Increase in PV capacity relative to th.e Standard Design. 
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·.·'1,25·. 1,50 
. . . . 
$0 o,oo: ·.·. 1)57 
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.<OJ J' 0 9.5 0.70 

.·. ~ ~·-< ;Mlf.{C;,()~_t".~:&~~st'~~·B:~§§.:i~;~~t;-~ . o · 14.o 1.o1 
1Ail reductions and incremental·costsrelafive fo'the:mi~ed 'fyetcode compliant hcirii.e: 
2All reductions ahd.lncre.tnental c.ostsrelatlvedo the all,elec1ticcode compliant home. . · . · . · 
3AII reductions and incr~mentaJ· costs relative: to the mixed fuel code compHant home except the EDR;Margin:S are,relativeJO:Jhe Standard; Oesigr\ for each case ·. 
which is the all-electrJc-9bde con:\plia:nfbome; lhcrerneiitai tost$'forth~se ;pac~kages refiett:th~; c::ots :usei:hn tneQn-BJll cos.t effective,tre~s:lTfethodology. Costs 
differ for the TDV methodologY.due to diffetentes irithesJ~e.gas infrastructure cp$:ts .{see Se¢:1otr2;.6).. . 
4Th is represents the Efficiency EDR Margin fot'the Efficlenciy·:'t~on-Preempt&d and E.ffJciency~Equipfi:JenfpEJ;ckages CJnc:iTotaJ EDR MEJrginfqdhe .E;ffi.denc:Y & pV, 
Efficiency & PVIB<?ttery; Nelifraj C::ost, an<;! Mir:r Co9t Eff?c\iV~l)ess:: pa.c.!g;lges, . . . ~ . '• 
5Positive values. indicate {;ln ln. crease in PVcapadty reJatil7:e io.the Standard Desrgn. 
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Climate Zone 2 

Climate Zone 2 Results Summary 

j,lllt' ' ' -c " "' ''iii 

1AII reductions an.d incremental costs relative to tnemixed fuel code compliant home. 
2All reductions and incremental co.sts relative to the all-electric code compliant horne. 

.· .. •.c.o2-EqUiv~lerit•.········• ·. 
· .• Emi~sions (lb~Jsf) 

0.30 

0,3~ 

0.41 

1.11 n/a · 
.. 

0.94 0 .. 18 

0.94 0.17 

n/a 

$1,504 1.63 1.6c• .. 

$724 3.77 ·3;63 

$5,393. OA7 1.5e 

n/a n/a n/a 

$3,943 ·.· • 
.. 

1.07 1.21 

$2;108 2.25 2.1C 

1.38 

3AII reductions and incremental costs relative tci the mixed fuel code compliant home except the EDR fVIa rgins are relativeto the Standard Design for each 
· case which. is the all~electric cooe complianthome: Incremental costSfor these packages reflect the cots used in the On,-Bill cost effectiveness methodology .. 
Costs differ for the TDV methodology due to differences iD the ~it.e gas infrastructure costs (see Section 2.6). 
4Th is represents the Efficiency EDR Margin for .the Efficiency-Non-Preempted and Efficiency-Equipment packages and Total EDR fVIarg in for the Efficiency & 
PV, Efficiency & PV(B'attery, ·and Neutral Cost packages. · 
5Positive.values indjcate an increase in PV c~pacityrelative to the Standard Design. 
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201.9Enetgy Efjicientyordindijcetost~eftecti,venes~Study 
- ' ··..:·. . . ... . ........ . 

142 1.5 ·· (d:o2) 225 0,12 $309 0.97 1.75 

134 2.0 (0~01) 2.15 .·· 0.22 $497 1.:08 1.49 

,142 
... .. 

10.5 0.04· 2.07 0.30 $2A13 (hT ..f """ 
-_,,.,,, ... , .... -· ·.~· .., ::: ·-·----· •'.'" ·,:''·,!!:--,:-~ ~-:. ' • 

0 n/a n/a· 1.38 fire.. ·· rira·· n/a 

2;038 i:S 0.00 
.. 

1:.32. 0.06 $361 . 1:73 0 

1,928 
... 

.0 . .... 3;0 ··· · •o.c.Jo ···1:.25 0.13 $795 1.56 1.56 
.. . . . . 

0 17.5 1.00 '0:72. ·. 0.67 $3,711 2A2 · 1.82 
.. 

··a '1.36 $6,833 . 1.38 
.. 

·. 
30.5 . 0.35' . 1.04 1.74 

• • ~ '"! ',. ,._ ·---- -· ·.; ;·, -: --·- ___ .. l' : .-' ', '- ~ ,- ·~·.:•·, ~~~C •,r::· .... ".', "V.T' , , '-'' • .'' '' 0 ·c''.· •. \'.'' L.', • "' C: • ', o;:,:;;t~ :-,.• :·.-•:c '.''i"'';; , ",''.<"•:,' '.'."',,',-,,\.:'- .,o~,:.'.' 0 '' ' ' " •' ,' .·•:•,:·.~ ;·, ~ __ ; ;,• 

0 ,. o~o 
0;00 · •.. !: 1.38 1 0.99 1 .. : ($2,~37) : j a~$~~ j1A:2 

0 f .. 17.5 I 1.00 

o; 0.70 .• 105 •• 
1AIJ reductions and incremt;;.ntaf cqsts relative. to the mixed.fiieLcqde comp!Ia:i:it l:Jome; 
2AII reductions and rnpre111enta[ C.qsts relat1)!~Jo the ~l.l"E?)eCc~ri¢ c:;oC!e c.qiyipUanth.brne. . . . . . .. 
3AII reductioos ?i:ld lncrer:nenJa] costs relative to flie.miXedJ11el code c:;ompllant home excepttheJ~DRMCJtgins arerelative:to the $t2in'd?tcl O.:e~lgnJor'each case 
which• is ·the ~fi,e.lectric :e;od~compfl?nt ho111e .. ·incn;mt:ntal cos.tsfo.r .th . .ese :p:qckC!ges· ref[ec:tt_he ·cQt?· us~d fn ~he.QnA3lll cqsteffectJve.nes$ :met.hodq lpg'0, tos~s • 
differ fodheTDV methodology due. to differences inthesite;gas.infrastrttcturec:osts {see Section2;6}; . . , • .... 
4This represents the _Efficlet)t;yEDJ;< M.amif1.fPr t[le:E;fj'id~ncy~Nc)n.:.Pr_eerj'Jpf$d. and ~fficieflcy-EEJt.liPmentpe~~kCJges; c;mclTotali;PRMar!;linfortl)e. E::ffi9ienqy & 
PV, Efficiency & PV/!3attery, ;3.r1d Neutral Qostpackages, · . · · ·· · · ··· 
5 p OS itlve val u e.s indicate ari in crease in .PV capacity relative tq.fo e Standard D esig'n. 
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Climate Zone 3 

1.88 n/a n/a n/a n/a 

2.5 (0.03) 1.63 0.26 $1,552 1.28 

273 4.0 (0,03) 1.52 0.37 $t,448 1.9i I 1.9T 

296 1-0.0 0.07 1.50 0;3~ $5,438 0..38 

4,3551- 0 

I 
n/a 

l I I 0 4.5 

1.76 

0 29.0 $$1
8

~~i:o 1· ~:~~ I ~ 
>.t:.;J(,'!Ci5ae'CdmbHf)nt .•. > -· 4,355 I o I o.o I o.oo I 1.00 .- I 0~.89 I C$5;349) I 0.55. I 1.53 

~:e ... •••· 
wW.-._. -:--:-1 ;-_-____ -o_ ••.. _:__w __ -_·_·_·_ 7,90 0 I 2.88 I >1 

~~~~-' 0- . >1- >1 
1AII reductions and incremental costs relativetotbe mixed fuel code compliant home. 

, 2AII reductions and incremental costs relative to the all-electric code compliant home. 
· 3All.reductiorts and ..incremental costs relative to the mixed fuel code compliant home except the EDR :vlargins are relative to the Standar.d Design for .each 
case which fs the all-electric code compliant home. Incremental_ costs for these packages reflect the cots .used in. the On-Bill cost. effectiveness methodology. 
Costs differ forthe TDV methoc!o!ogy due to differences in the. site gas infrastructure costs (see Section 2,6). 
4Th is represents the Efficiency. EDR Margin for the Efficiency.Non-Preerripted and Efficiency~Equipment packag(3s and Total EDR Margin for the Efficiency & 
PV,. Efficiency & PYIBattery, and Neutral Cost packages: _- _ _ · _ · · --
5PositiVe values indicate an increase .in PV capacity relative to the Standard Design. 
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nla. 

o:,oo I " 1.21 

o.oo F t13 
0:92 0.69 

126 .033 

1AI.l requc;tion$ an.ci ihpf.emeht~J cost9:r~IF!tJve.to t!JemJJ:Ce~lfYe.I ~.~.- .. 
2AIJ reductions and incremental costs relative to the all-el.ectri.c code compliant home, . 
3AII reductions and jnprementa! co<;tsrel;:;fiveto Jhe mi~ec:l fuel cqgS:: c;9mpliant home except the EO.R fv1arg\ns; arereJC!tive tothe $lsn:dC!rd Pe:sign for esch case 
which is the all~efectric.code compliant:home,JncrementaJ costsforthese.packages reflectthe.cots use'dinthe On~BfJI cost~ffectiveiless.niethodology. Costs 
differ for theTDV methodoiogy du.e to differ~ces inthe site gas Jnfhastructure-costs (see Section 2.6). ·· · ·· 
4Th is represents the Efficiency EDRMargin; .forth e. Efficief!cy-Non-Pr,eempted and Efficiency-Eqtiipm.ent packages andToiaf EOR Marg.infor the Efficiency&. 
PV, EfficiencY & PV/Battery, ahd Nebftai:Cost paokages> . ·· ·· 
5Positive val.ues inc(ic;<M 2lri increC3.$e. ir:l P'{;c;e3pac;ity relative totb~ $tatiPard .Desfgrt 
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Climate Zone 4 

0 347 

0 306 

(0) 294 

(18) 306 1 10.0 I 0.07 

3,747 0 

814 0 17.0 ·. 1.84 

(i 1) 0 28.5 2.44 '· 

2019 Energy Efficiency Ordinance Cost-effectiveness Study 

I 1.55 I 0.33 I 
I · n/a I 

.. 

0.48 . ·.·. 0.52 ... 

0.25 0.75 
. :: .. ·. 

n/a 

$8,786 

$14,664. 

...•... , ....•. ····•·••··· ...•.•....••.•. •< .••••.•. ·.·••···••·· ..•.•. ,.·......... ••. _ ••.. · · .·senefifto. cost. 

j 

< Ratio B/C •···. 
:or~Biii·. · ...•. ·.···TD\f .... ,. 

1.48 

n/a 

1.84 

1.52 

1.46 

!li"~:' ,~,_,,, "" ''" ~"' :: ,, , c I . ~ ,,~. I " I " " I. " "" I , "" 
I rl I r..n I n r.r. I 1 nr. I 0.88 I . ($5,349) I 0.55 

-
0 I 17.0 I 1.84 I 0.48 I 1.40 I $3,438 I 2.64 

~ 

$'0 I >1 
1AII reductions and incremental costs relativeto the mixed fuel. code compliant home. 
2AII reductions and incremental costs relative to the all-electric code compliant home. 
3AII reductions and incremental costs relatiVe to the mixed fuel code compliant home except the EDR M;Jrgins are relative to the. Standard Desigh for each 
case which is the all-electric code compliant home.lncrementai costs for these packages reflect theeots used in the On-Bill cost effectiveness methodology. 
Costs differ for the TPV methqdology due to differences in the site gas infrastructure costs (see Se.ction 2..6). 
4Th is represents the Effie;iency EDR. MarQih forthe Efficienc;y:.Non~Preempted and Efficiel)cy-Equipment packages and Total EDR Margin for the Efficiency & 
PV, Efficiency & PV/Battery, an!.i Neutral Cost packages. · · · 
5Positive values indicate an increase in PV capacity relative to the Stp_ndard Design, 

86 cfi'i\. . w 2019-08-01 



c..:> 
q> 
co 

2D11J Energy Efficiency Qrdincmce Cost--:effectiveness $Judy 

Cliniate?z . 8G&'6.c~';':· ·,': 

2.06 0.10. $329 0.75 1.~24 
.. 
2.01 0.15 . $351 1.06 . 1.74 

1.87 .. 0.29 
... ········ $2A29 oJT .1;6() 

'~~-;:- ~ •.. , • ..,_ "· ~ ·'c"- ·:o- • - ~ ~>- -; , ' , ·_ .-:·.:... ., :r ';•·,:1.'·.-:7 . ~--· .' ,_. : ' '. ., • : .- :.-d.<:'': -=<:.i.- :-·--~--· -: ...... :;.,'--.··· -:::"' .. ·.-....... ~.-

n/a ·· ·· nta 1 .. 25 .. n/a ' · n/a 
. ... 

n/a n/a ·o .. 

1,794 I o 1.0 0.00 .. ).21 . 0;05 .. $361 1.38 1.54 
.... ., .. 

1;712 1 <o 2.0 0.00 1.15 0.10 $795 1.23 .•. • 1J)9 

453 :Q 0.69 0.5T $3,158 2A3 1.81 

·b .$$;201 t3b 1.77 

o 1 o.o 

o~s2 I 1.33· 
. 1All reductions and incremental c.osfstelative to the. mixed fuel' code compliant home. : · 

2AU reductions anp incr~mental, costs reiC!tiye t<Jihean~electrrc code C9'n;JPJlaht hl][le. . . .. . . . ... . .. . ·.. .. 
3AII reductions and increm,entar costs relative to the mixed fuel code comp!lanthome excepf the EDR rvi argins are relative to.'the Standard Design for ea~h case 
which is the ail-electric code t:Pnipiiant hOme;. IncrementaJ cost~ forthese packages reflect the cots us:ed in the On~Bfllcost effectiveness methodology. Costs 
differ forth eTDV meth odqjogy que fp diJf€l):8t")Ces in the Site g~Sit;liJ,astructutecost$ (see $ectio l'l.2.6), , . . 
4This representS the EfficiencY EDR fvll'lrgih fodhe Effi~iency~Non•P{eempted ahc{EfficleticY"EquJpment pack~ges and.Totai EPR Margin for the EffiCiency & 
PV, Efficiency & PV/Ba±ter:y, cind N,eutral Cost packages, · · · 
5Positive values .ihdlcate an jnc:rease in pV capacrtY-·relC)JivertQ. .tqe $tandFltd Qe.sign,, 
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Climate Zone 5 PG&E 

281 I. 2.5 . (0.03) 

279 2.5 . (0.02) 

(14) 281 9.0 . 0,07 

12 0 n/a n/a. 
•. 

~ 

,687 ·. 0 4.0 o.oc 
3,7$7 

798 • 0. 18.0 :. 1;72 

(8) 0 28.5 .· 2.29 

rcltli 
4,452 _,. 0 I 

18,0 
-
11.0 

1Ail reductions and incremental costs relativeto the mixed fuel. code compliant home. 
2AII reductions <md incremental costsrelative to the all~electric code compliant home. 

201!:) Energy Efficiency Ordinance Cost~ejfectiveness Study 

.•·.· C02-Eqllivale~( <NPVo.f .·· .... 
I ,f7mJs:ior,i: (IbslS.f) '; 1~~~~~~~ril~I>i ;•·. ·-:·.- ~~-.~/•~ 
• >~.Tatar· , .. Reductio'n. " , coste$' > .. 1 Qb~sml. TPY< 

1.79 n/a n/a n/a n/a 

1.55 0.24 $1,571 1.10 1,22 

1,54 0.25 $J72 2.29 2:48 

1.43 0.36 $5,433 '0;37 1.32 

1.01 n/a. n/a . n/a n/a 

0.86 0.15 $1,519 2.58. 2.31 

0,81 0.14 $2,108 . 1.85 1.7C 

0.46 0.55 $8,307 2.31 1.1e 

0.24 0.78 $14,047 
... 

0.78 I ($5,3:49) 

0.70 

3Ail reductions .and incremental costs. relative to tfle mixed fuel code compliant home except the EDR 1\::largins are reiative to the Standard Design for each 
case which i.s the ail-electric code' compJ)aht home. lncrementaicosts for the:Se packages reflectthe cots used in the On-B(i) cqst .effectiveness. metbodology. 
Costs differ "o.r the TDV methodology. due to differences i11 the ~i.te gas. infrastructure costs (see Secticn 2.6) .. 

. 4This represents the; Efficienc;y EDR Mar~ in .for the Efficiency-Non-Preempted and Efficiericy~Eqqipment packages and Total EDR Margin for the Efficiency & 
PV, Efficiency.& PV/Battery, and Neutral Cos(packages. . . . . . 
5Positive values indiCate an increase in PV capacity relative to the Standard Design: . 
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2019 Energy Efficie.ncybtriinance Co$_t~e.ffectjVeness StL!c!Y . 
'·-· 

(0,00) 1.34 

0.05. 

n/a 

-O.OD 

3.5 I O:bO 

12;5 
1Afl reductions and:inctemental costs reJativetothe mixedJuefcode compfian:t.home. ·· 
2Ail reducttons anq incremental co~ts relative to .the ali~electric code tompHapt horne. . . 
3AII reductions and lncrem~ntal costs relative to the mixed fuel code compllant honte except tlw.EDR;Margins are:.telative to the Standard Design;fqr e;ach >case 

·which is the all"electric code compliant .home •. incremental cios;ts fc)l:'these pack<Jges reflect the cots used iii the On-Bill cost effectivenes~. niethodoiogy. Costs 
diffedorthe TDV methodology due ~q differeni::esjnthe;site gas.Jnfrastn.tcturecosts.(see.$ectlol:r2,.~); . . 
4Th is· represents the EfficiencY EDR Margin for the Effipi€mcy-Non:-P.r:eempte¢l and EffJcieric.y-E.quipment packages and Total .t::OR Margtn'fortbe Efficiency & · 
PV, Efficiency & PV/Battery, Bnd Neutra.!Costpa.ckages. . . · · · · · · · 
5Positivevalues indicate .a.n. iocrease tn PV c;apfjcitytE1I$tive to..tl:i~ $tar;darcl DesitJI"!' 

89 . ~61,9-0$701 



w 
<D _. 

2019 Energy Efficiency Ordinance Cost-effectiveness Study 

Climate Zone 5 PG&E/SoCalGas 

1.79 

(0) 281 2.5 (0.03) I 1.55 0.92 

(0) 279 2,5 .(0,02) 1.98 

.(14) 281 9.0 0.07 o:31 1.32 

n/a n/a n/a .n/a n/a 

0.86 0.15 $1,519 2.58 

0.87 0;14 $2,108 

1.72 0.46 $8,307 

2.29. 0.24 .. 

0.0 0:00 ~'~· • ' < • -i ~ 2 I<E:ff'iclE:J)CY ~ P;t , :> •i/ :1 798 . I 0 I 18.0. I 1. 72 I 
;~)~ L N~uttali6~.sr,··~ .. :::.... :.c.r~·.,, 2;172 · ,· o 1· 11.o 1 1.35 ~ 
1 All red uctiolls 9nc! incremental costs relafiv.e to .the mixed fuel code compliant home. 
2All reductions and inc~emental costs relativ.eto.theall-e:lec;triccode compli<:mthome. 
3All.reductions and incremental costs relative tq. the mix:ed fuel code compliant home. except the EDR [Vla rgins are relative to the Standard. Designfor each 
case which is the ail-electric .code. compliant home~ Incremental costs for these packages reflect the cots 0sed inthe.On-Billcost effectlveness'methodology. 
Costs differ for the TDV methodology due to differences in the.site gas infrastructure costs (see Section 2.6). 
4Th is represents the Efficiency EbRMargirLforthe Efficiency-Non-Preempted and Efficiency-Equipment packages and Total EDR Margin for the Efficiency & 
PV, EffiCiency & PV/Battery, and NeutraLCo;otpackage~L 
5Positive values inqic;13te. an iQcrease in PV c;apacity relativejothe Standard Design. 
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Table 58: Multifamil 

~i~~~~~~1~~~~~F. 
·.·. fv1p~1t;'t~ffili•r¥!il 

,, I :Tr;,,,;,~;;;:;~. 

0.5 co~oo) 2.03 0.07 $180 J.· -0.85 1~03 

1.5" (0.00) 
.. 

1.92 ... Qjg. $358 
.. 

1.08 1.34 

.~3,5 0.05 1,84 . 0.~6. $2,27.3 1 0 .. 14 '1;38 

n/a n/a 1.32 n/a n/a n/a n/a 

0.5 0.00 1;30 0.03 
I 

$247' 1.09 0.86 

3.5 ..• O~OCJ 1:1_5 O.A7 .· $795 zj5 2_03 

17.o·· 0.91 0.70 0.62 $3,293 2.53 

3Q.O 1.24 0 .. 34 0.88. $6,~14 ·. 1.44 
.~ .·-:· ,.,.-.,' . ,'-.'~' ··""··-~.····.-·,c-.···-··- '···~,-,-,,~ :•"· •' .. '~ 

L32 I··~::: I 0;70' ·~t~~;~: · ::~;:'"";1, '"' :;:.:":v;: '" 
17.0 -o:st 
12.5 

1AIIreductions and it1Grer(lef)ta]C:o$ts'relativetoth€: mixedfue[ coaeccirbJ)liantbome. 
2AII reductions <;lncj lhcrernentaJ costs• relative to the all-electtlc;; COcJE!COJTlpliant home. . .. . 
3AII red\Jt:tionsand incremerj~alcosts reda,t1y'e to the miJ(edT[jeJ. God_e.compua,ntbome excepftl!e EDR Marglri.s arerelatiVeJp the Stand?rd DE;si.gn for each case 
which is the all-electri.c c()dEl cornpliant.boine. lncrerne.ntal costs foi:the~e PClGk'!ges refiecftryi:: cot~ used. in. the On-'~HI ci:Jste.ffectlveness inethqdolcigy,.costS 
differ for the TDV methodology au.etci dlfferenceis lti the site -gas 'it1framucture costs (see Section 2.6). ' .. . . .. 
4Th is represents the Efficief10Y EDR Margin'for tbe Effic1e(1c;Y-Non•Preempted c:m.d Efftciency~Eq~ipment pa(;kage$ahd TotaL EDR Marg.in forth~ Efficiency & 
PV, Efficiency & PV/Battery; at1d Neutral Cost pf3Ckages. ·. . · ·. · · · · · 
5Positive values indicate an increase in PV capaCity relative to the Standard Design •. 
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Climate Zone 6 

(0) 

1-

218 

I I (13) 229 

3,099 1 0 n/a n/a 

0 2.0 0.00 

r >;~>. j.~~:~;i;~~;i.~,~~.:;t;c;;;; :;j.·· ~~~:b i u I 2.5 0.00 

I n 14 n 1.37 

0 14.0 1.37 

959 0 12.0 1.36 
1AII reductions and incremental costs relative to the mixed fuelcode compliant home. 
2All reductions and incrementalcosts relative to the.all-electriC code compliant home. 

... xca z-~~Gival ~r1¥t /.·: 
Emissions (lbslsf) , 

',. '. •,- • •• ,.•' ' '•· ' •· .:, • ~- • ' .'' I ,_ •· ::' 

1.57 n/a 

1.47 0.10 

1.41 0.15 

o;34 

0.87 n!a 

0.83 0.05 

0.80 

0.63 

0.33 

0~87 

0.63 0.93 

0.67 0 . .89 

n/a 

$1;003 

$581 

n/a 

$926 

$992 

serikfittcico~tr' · 
~ : R.atio siC · · 
oil-t?HJ'. . 

n/a 

0.66 

1.58 

();84 

n/a n/a 

1.31. 1.41 

3.07 >1 

>1 >1 

3AII reductions .and incremental costs. relative ·to the mi;x:ed fueicode compllant home except the E[)R M?rgins are rel:3tive to the StaQdC3r<:l Design for each 
case which is the all-electric code complianthome.lncremental costs for these packages reflect the cots used in the On-Bill cost effectiveness methodology. 
Costs differ fortheTDV methodology due to differences in the site gas)nfrastructure costs (see. Section 2.6). · 
4Th is represent.s the Efficiency EDR Margin for the EffiCiency-Non,. Preempted and Efficiency-Equipment packages and Total EDR Margin for the Efficiency & 
PV, Efficiency ~PV/Battery, and Neutral Cost packages; .. .. . . 
5Positive values indicate <.:ln increase in PV capacity relative to the Standard Design. 
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n/a. 

0.03··· 

0.15' - $213 . 
(6) 0.04 0.41 

1,558 n/a 1.28 . ''hiEi . 
1,531 0 1.0 0.00 1.26 _0.02 $231 0.:65 

0 2.0 O.Od . 0.08 $361- 1.62. 

0: 13.5 . 0.31 .$2,580 1-~24 

0· 27.5 0.49 0.79 $5~590 

::o·.,.,.,·,:··, . . . . 
::::: ·J2v o.:O. 1:28. 0.90 

:;~<tt·· : . . . . . .. ·. . . . 
: .. OJ.'\ 13 5 :· 0.97 i .20 $243 .· 9 50 >1 -g u;r:~ . . . . .. . . .· . . . . . . . c 

:~=y; 0 12:5 d;99 . . 1.18 . .. $0 . >1 >1 ·2··<:(_,·;. . .. ... . .. .. . . . . .. : ,. . ·· .... , 

. 1 AH reductions and incremental cost~ relatiVe to·•th e mixed fLi el:c.ode:col)i pl1anfhom e. . ... ·. · : 
2Ail reductions and incremental CO$ls relative to the a]I~elec;.trjcc:Ode compliant home. . . 
3AU reduCtions and 1ncr~rnel}tE!J Ob$t$ relative· to tne mixed lueJc;qqe compliant home except the i::PR Margins ate relatiVe to'the stan dare! t:i~ign fpr each case 
which Is the all~electric code c.ompllant home, lncrementaf.costs· for these packages reflect the cots used lntbe.O}'i-Bill cost effect]V(:ll~:;s methodology, Costs 

. dJfferforthe TDV methodology clj]~ to dlff~,rer.ice.$ iltth.6·?.Jte;g~sipfr~$.trufi:l!n: i=,(Jsts(see ,Set:tion 2,(3). ; ·. . ·. .. . 
4Th is represents the Effici$.1)CY EDR.Margih~fof':th¢. EffiCiepcy-,Nqn-P.reempted and Efficlency'"Equipmerit packages and Total l:;DR Margin fodhe Efficiency & 
PV, EfficiEmcy B<'PV/Battery, e1ndN~1Jtral Cqstp;;.c;kC1ges, · . , · . · · · · · · ·· · · ·· · ·· · 
5Positive·values· inaicate.~antn~tease inP·V capacity r.elatiye, to.the StaridBrd• Design; 
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Climate Zone 7 

0 n/a n/a 

0 0.0 0.00 .. 

1 : .§; rtEfficiehov-EOuiomene:;;,_ •n 2:222 I 0 2.0 0.00 

2,479 Q 0.0 0.00 

674 0 11.0 1.10 
-
0 13.5 1.35 

1AH reductions and incremental cost$ relative to the mixed fuel code compliant home. 
2Al! reductions and incremental costs relative to the all~electric code compliant home. 

2_Qi.9Energy Ejfic;iency Ordinance Cost-efjectiveness.Study 

.Total. · 

1.30 n/a 

1.30 00 J 
i.18· $606 1.50 

1.04 $4,028 0.06 
--

0.75 n/a 

0<75 0.00 

0.69 

0.58 

0.29 $9,936 

0.75 0.55 ($5,349) 2.54 

0.58 0:72 ($912) >1 

0.55 0.75 

3Ail reductions and incremental costs relative to the mixed fuel code compliant home except the EDRMargins are relative to. the Standard Design fQr each 
case which is the all•electrlc cope compliant home. lncrementa\costs for these packages reflect the cots usecJ in. the On-Bill cost effectiveness methodology. 
Costs differ for the TDV methodology due to "differences ih the site gas infrastructure costs. (see Section :2.6). · 
4Th is represents the Efficiency EDR lljlargin for the Efficiency~Non-Preempted and Efficiency-Equipmentpackages and,TotalEDR Margin forthe Efficiency & 
PV, Efficiency & PV/Battery, andNeutral Cost packages. 

' 5 Positive values indk::ate .an increase in PV capacityrelative to the Standard Design. 
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(0) 108 0.5 (O.Q1) 2~08- -_-· 0.03' 0:?:? 

(0) 99 2.0 (d.oo) 1.96 . 0.15 1.07 

(6}. }08 11.0 0.05 1.11 OA(l b;03 
•• ·-· ~ •,,_~ • --• .,-_._ " ,, .• ,,., •·7,-' ••·~·--··-·--.·:•·~-·--·. • .• ·~~ ,.-··-~;·o ···•-::•·,"·. ·•·"· ·-· .,,,; ::· .. -o; ;.·,..1...· '··"·' ·-··~·-,_,-}•,-:..t'.v-· .. ,,.,. ··' 

......... ·. 

0. n!a • n/a . 1.21 .n/a o/a 
. . . -::c 

0 ., 0.5 .0.00 1..20 0.01 Q,60 

0 1.5 0.00 1.14 o:o7 1.59 I 1.71 

0 12.5 0.61 0.94 ·0.27 .. $2,261 ·2.08·· 

0 27.0 0:92' 0.47 0.74 . $5,203 
-·-- ---c-.• -~...:·. · - - .- .-.. ., .. ", •. -·- .- . ..-c.::----- · · . - ~ , ..... -, -.. ·' "'-'•-~ -,._...._-,;.-~..:.·' ,..•·-c .. ·-,_o-·.· -:·-.. ,_:..:, 

,, __ -oc',;;'·.:, ... : . . ... _ .. , ... _ 
>,..... ·G 0 ·1 21 

::ns ' " w ($7") 

6._90 

1Ail reductlons and incremental costs relatiVe to the miXed f_Ueil code compliant home'. 
2A!I reductions and inc_ret!Jelltal costs.teiJatiVeto the c\n~e:Jectric:code.cqriJplic:wthoriJ~. _ __ .• 
3All reductions a_nd incremental costs relative. to the mbced fliefcl)de ,cqr:iiplf9nt ,home excepHhe EbR Margins are relativeJo the Standard Design for.each case 
which is the all;electriccode compliantbome~_lncrementai costs for thes-e, packages .• reflect thecots•usedlntheOn-BiiJ costeftectiveness methodology;_ Costs 
differfort.he TDVmethpdoJqgydUeto:d[ff¢ren(feS: in.t_h¢sitt: ~as infra,strut:tllre costs•(s€e $ection 2,6), _ _ - · __ . __ --_· . _ _ _ _ - _ _ _ _ • 
4This represents fhe Efficiency t:DRMar_gTnforthe EffiCiency~Not;~:-Preernptt::d at!d:Efffciericy~Equipmentpackages _and TofaLEPRMargin for the Efflciehcy& , 
PV, EfficieQcy ~ PV!Battery, and Neutral Co$tp[:lc]\a,ges, · ___ ._ · ·._ · _- · _--· · _ ·· ·· ·· · · · ··· · · · · · 
5Po_sitive values indicate an incref]sejn P-Y capacity F.el!3tive to th_e Standard DesigJ1. 
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Climate Zone 8 

o.o 
-

703 I 0 

I 
10.5 

~ 0 11.Q 439 . 6 

2019 Energy Efficiency Ordinance Cost-effectiveness Study 

:O~NPVofi·.·.·. 
Lifetime·· 

1----...;,_,.---..,----,-.,...~ .. ·• Incrementa I 
· ·· cost($. ' 

n/a 

o,o5 I $581 

0.,12 I $586 

$4,466 I 0.90 

n/a n/a 

$926 0.57 

$4t2 2.82 

$5,373 

0.77 $25 107.93 

0.78 $0 >1 

n/a 

1.22 

3.03 

>1 

>1. 
1AII reductiOns and incremental costs relative to.thernixedfuel code compliant home. 
2AII reductions and. ihcremental costs reLative to the all-electric code compliant hom.e . 

. 3AIJ ~eductions and incremental costs relative to, the mixed fuel code compliant home exceptthe EDR Margins are relative to the Standard Design fqr each 
case which is the aJI~electric code compliant home. Incremental costs for these packages reflect the cots used in the On-Bill cost effectiveness methodology. 
Costs differ for the TDV methodology due to differences in the site gas lnfrastrcucture costs (seeSectioh 2.6). 
4Th is represents the Efficiency EDR Margin for the Efficiency..;Non~Preenipted and Efficiency-Equipmentpackages and Total EDR Margin for the Efficiency & 
PV, Efficiency .. & PV/Battery, ancj Neutral Costpackages~ · ' 
5Positive values inqicate. an increasejn.PV capacity relative to the Standard Design. 
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106 'i ~5 (0.02) 2~13 0.05 $250 0.70 1,36 .• 

{0) 99 (0.00) 2~04 0.14 $213 ·1.37 1.67 

. (6) .. . 106 0,03 1.77. . 0.41 $2,353 0.74 .. 1.32 
:·.'='' -·.- -.-. c '.<-:-•;··. _.,.,-'; ~.·- .:-;•• .. _ ... ~ ...... 

0 ri/a. 1.26 n/a n/a n/a 

0 Q.OO . . 1.24 0.02 $231 0.87 1.72 . 

0.00 1.18 o.o8•···· $361 

0.99 0.27 $2,240. 

0.53 0.73 $5,249 

0.81· {$2,337) . 

1.18' ($96) >1 .. >1 

0 12;0 · o:n; 0.98 1.20 $0 >1 >1 .... 

1AII. reductions· and rncremenfal.cost$ telativ~ to the mix~d fuel code compliant home.·; 
2AII reductions and incremerrtaico$JS reiafivetothe all~~;Iectfic i::ocie G.omplianthome. . 
3AII reductions and incr~mental costs .reiatiye to the. ri1i.x:ed fiielcodt;; cQriipliari± hOrne .except ±heEDR Margins are relative to the Stangard D~?Sigrrfor each case 
which is the·all~electric code compliantbome .. lncrement:al.costs forthese•packa~es reflect the cots·used<in:the·On-Eiiil cost effectiveness mettiodo!ogy. Costs 
differ for the TDVrnet.bo.dolpgy rl\Je tO: piffer$-fice_s iht!)¢ site, gas InrrastrUctltre costs (se~ Section 2.6). . 
4Th is represeots the Efficiency EDR Margin forth~ Ef{fci~qcy;.:NPr}-P:r~eoiJIPted ancl Efficien.ci-:Eqjjipt.neht p<;~cka.ges and Iota! t=.DR Margin for 'the: EffiCiency & 
PV, Efficiency & PV/Battery, and NeutraJ Cost P?Ckages. · ·· · . . . . . ..· · · ·· · · 
5Positive values fndicpte a.nlncrease in PV capaQity:r:el<:~tiye to the Sfancl·ard Design; 
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. Climate Zone 9 

n/a n/a 

0,69 1.97 

0 201 1.80 3.66 

(14) I 216 0.99 1.48 

n/a .n/a 

0.78 1;96 

2.11 3.22 

1.08 1.64 

1.11 1.53 

:'·£··~· .. ·: .· ..... ,..., ... ;· ....... , ..... ····;::·,., ·;.·:· ... I 0 I o.o I 0.00 I 0.87 ,<,.;;;..·u . .: I :.Gode:.GomollanL·<· . • · :1 2.801 

,~ftiil :::::::=,":~~:,~::·:. '' .. ::,.: . ::: I 0 I 11.5 I 1 '16 I .. 0.66 I . 0.87 

I 0 I 10.0 I 1.36 I. 0,67 I 0.86 

I 

2.90 

>1 
-

>1 
1Ail reductions and incremental costs relative to. the mixed fuel code compliant horne. 
2Ail reductions and incremental costs relativetoJh~? all-electric code compliant home~ . 

: 3AII reductions 'and. increrneiltal costs relatiV$ to ihe·inixed fuel code compliant home exceptthe EPR .Margins are relative to the. Standard Design for each 
• case which is the all-electric code compHanthorne. Incremental costs for these packages reflect the cots used. i.n the On~Bill costeffettiveness n1ethodcilogy. 
; Costs differ for the TDV methodology due to differences.inthe site gas infra.structLire costs (see Section 2,6), 
· 4Th is represents the Efficiency EDR M~rgirt for the Efficiency'-Nqn-Preempted and Efficiency-EquipmE;J6t pack;:~ges qtid TotaiEDR Margin for the Efficil~ncy .& 
PV, Efficiency & PV/Battery, and Neutral Costpackages. · · · 
5Positive values indicate an increas.e in PV capacity relative to the. Standard Design. 
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0 

20:19 Energy Efficiency 6rd/nC1nC:e Cost~effectiv¢.nessSt:udy 

'1·09 ' 1:5 ' co;o3) I ~:~: l 0.05 

1.01 2.5 (0:03) 0.16 $274. 

$136 

109 .9.5 $2,234 -. I · o:.9o 

-
0. I nla n/a I n/a-

$23_1 I -1:29 

.• 1.25 .. I o.o8 I • · $361 · I 1.63 

~·-~ !·. t~~-~-~-~~-1-Y 1.~;~~~ r -r~X~i~\4~~-;-~fJ~;:i~~::{f:~r~~~~~-t~l '' 11.0 1.04. .0.29 1.34 

;.~ffi9i~n:9Y~~:~~;§~'it~N;t~ifnF '23.0 0.92 0.58' 0.7Q 1.28 
;:·.,-:: .s;'.~'-"'·:-7''"· :':; • -

0.0 0.00 .. ($2,337) . I 4.38 

1 t.o:. 1.04 ' 1.20 ($104) >1 

0.70 1.03 i .21 $0 

-1All reductions a..nd incremental t:QS:ts relatiVe:to the:~mlxec:i fuel code C:ompliant home. 
2Ail reductions anci inqementar costs relative. to the;;:au~el~ctr.ic code cprn,pOant borne. . . 
3All reducticms and. i[lcrementaic;Qsts r~?l21.tive to the mixed .fqe(code cbmpiiaht heim~ excepttheEDR Tvl,arginsarerelafivejothe Stand9rdDesignfor eat::h c;9se 
which is the all-electriC code compliant home .. Incremental costs•for these packages reflect the cots u.sed rn the On-BiUco.st. effectiVeness methodology. Costs 
differ for theTDVri:letho:dology d4eto difft;ren,ces inthe:sit.e.gaslnfrastrui:;ture,costs (see>$~ctio,n 2.6). · 
4Th is represents .th~ EfficJency'I::DRMa.rgin fOr the l::ffici~ncY~Non-Pr~€lmpted Clhd J;ffidency-Equlpt;nent packageS and total EPR Margin for the .Efficiency & 
PV, Efficiency & PV/8aft.ery, ?net Neutra:IC.osf packages. · ·· ·. · · · · · · · · · 
5Positive values indicatt: an.increc;Ise ih PV capacitY .relative to th~ Sf?ndard.O<;sign . 
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Climate Zone 10 SCE/SoCalGas 

C02~Equivalent 
Emissions (Ips/sf) 

> > '> ' < 'I " I ,. '~ ••• -, --,,:-r 
Total< 
--

239 n!a n/a 1.6·1 n/a Ria 

(0) 21;7 3.0 (0.07) 1.48 
!'' 

0.13 1:33 

(0) 209 3.0 (0.06) 1.45 0.16 2.05 3.84 

217 9.5 0.03 1.25 0:36 $5,522 t.OO 1.48 

0 

I 
n/a 

I 
n/a ' I 0.94 w/a 

0 3.0 

n/a n/a 

1.50 

1 ;51 

2.66 
: .•.. · .. ~·····~ .••. : 
,,~;~~· 7S2 I o I .110 I 1.17 I 070 I 091 I ·$1;057 l 304 I. >1 I 
:~.c.:~; 770 0 9.0 ' i..36 ' 0.74. ,'· 0,87 • $0 . >1 ' >1 

. 1AII reductions and incremental costs relative to the mixed fuel code compliant home. 
i 2AII reductions and iJ1tremental costs relative to the all-electric c:;ode compliant home. 
3AII reductions and incremental costs relative to the, mixed fuel code compliant home except the EPRN:argins are re>lative>.to the Standard Design for each 
case which is the all-electric co.de cdmpliant home. lncremeotal costs for these packages reflect the cot$ used in.the On-Bill cost effectiveness methodology; 
Costs differ for theTDVmethodology due to. differences in the site gas infrastructure costs (seeSection2.6).' · · 
4Th is represents the Efficiency EbR MC!rgin Jotthe Efficjeocy.,-Noo-Pree.mpted and Efficiency~E;quipment packages C~nd TotaJEDR:Margin for the Efficiency & 

. PV, Efficiency & PVfBattery; and [\leutral Cost packages. . . · . ·. ; ·· ' 
• 5Positive values indicate an increase in PV cap<:~city relative to the Standard Design. · 
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201!) fMr!JYEffidencyordinance Co$Jceff?.ctf0~iJ?ss;stuc!y 
., . :• . . 

.~~m~~~~~ 
. -· . . ' . , .. 

$278 r o.81 

2.5 0.16 $250 1.96 

1o8 · j 1o.o . 0.41 $2,376 0.98 '' 
. "··-· .. ·"·"-•"'''""•;c_,_.,.,_7J-•" 

cf .... 
n/a n/a n/a fl/a 

0 > 1.5 0.05 ' 1.16 2:00 

0 1.5 . 0.08 $361 i.7i 1.98. 

0 ... '' 10.5 0.60 0.30 $2,371 1.3t 

(4) 1 o 23.o b.~3 I 0.63 0.76 $5,395' 127 
- .•. ~ --·- "·". . . .. ··~··· '·.:: ·-'7"' -'.---·-·~<'· 

: .-, ... ···.· T·· 
0.0 o.oo 1.39 

.w.s. OJ30 '1.0Q 

372 I ··a r 10.q ·Q.70 ' .• '1,1 0 
:;.~!(,... ' -

0.90 

1.19 >1 

iAII reductions anp incremental costs relative tothe mhced fOe] code corrlplianthome, 
2AII reductions and incremental COStS reJatiye;io the:all~electric code compliant home. 
3AII reductions and. incremental. costs re]C!tive to ~he ,mixed fue.Jcode.Gomplian:t home exc,;3pt the i:;bR Margjris c:it?•telatlyeto the $faridp.rq• J:)e$ign ·for each case .. 
which is the all-electric code complfanthome> Incremental costs forthese packages refleci:the cot:suse.d in.the On-Bill cost effectiveness methodology. Costs 
differforthe TDV:methodologydue t;o differences r.nt.hesite.gas infn>,strvc:turec:osts (see$ection2.6). 
4Th is represents the Efficiency EDR Margin for thE? Efficiency,J\Jon:-PreeniPtE?d and Efficiency.:.Equiproent pac;kagE)? andTote1J EbR Margin for the Efficiency & 
PV, Efficiency & PV/Battery, ar)q Neutrc:;l Gosfpabkageos, · · ' · · · ·.· · · · ·· · . 
5Positive values)hdicate> an inc.rease in PV capaGityr.eJativeJo the StancJard Design. . 
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Climate Zone 10 SDGE 

(0) 217 3,0 

(0) 209 3~0. 

(12) 217 ·9.5 

2,981 0 n/a 

.Sffi&i-~JlsY±N69j8t.~~mrt~~···-•.: 2,673 0. 

)Effi¢r~b·6}.1Eqyi r)h]ent:• 2;563 0 

Et'fibieMcV'&f'&/·•···.·--• 762 0 

·•--.-.$~tci•eH'8y;·~·-F;.\J)$'after.Y_ •--••---

,;~ i(, ••cu'"'". 
; .• ><···::::::-:,. 
--.·~;-;:x:,· 

1AII reductions and incremental costs relative tothe mixed fuel code compliant home. 
2AII reductions and Incremental costs relative to the all~electric code compliant home. 

1.48 0,1:3 

1.45 0.16 

1.25 0.36 

0.94. n/a 

0 .. 88 0.07 

0.85- 0.10 

0.24 

0.53 

0.67 I 

0.91 I 

0.74 0.87 I 

::Ji (! .• · \.:._ . . 
··.Benefit to .Cost 
··. · Ratic/ (SIC) ·· 

oh .. l3iil I .· .. 
. TDV 

n/a n/a 

$1,648 O;SQ 1.33 

$593 2.64 3~84 
·c;. .,. ..... 

$5;522 0~58 1.48 

n/a n/a n/a 

$! ,773 1.08 1.52 

$949 2.62 3.19 

$6,405 1.68 1.50 

$12,129 t.42 .· I 1.51 

($5,349) b.90 I 2.66 

., $i ;0$7 4.5s 1 >1 

J~ $0 >1 I 

3Ail reductions aqd incremental costs relative to. the mixed fuel code compliant home except the EDR :vJargios are relcitive to the. Standard Design for each 
case Which is the ali-eledrit tb_de compliant home. incretnent_al c6-?tsforthese packages reflect the cots used in the Dn~Sill cost effectiveness methodology. 
Costs differ fortheTDVmethqdology qu~ ,t() d_iff_t:,'rences in the.site g13s infrastr11cture. costs (see Sectfc;,n. 2,6),. 

4 Th is represent$ the Efficiency EbR M$rgiri for the fffioiency:.Non~Preempted and Efficiency-Equipment packages and Total EDR Margin for the Efficiency & 
PV, Efficiency & PV/Battery; :and Neutral Gostpa.ckages. · · · 
5Positive values indicate. an increase in PV capacity relative to the Standard Design .. 
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. -· ------------J Climate Zone 10 SDGE Results Summa 
·~ .... 1 ,,., ', *" ' •• , ,., • . -<- j •-, ', , .• '· >.>' • t ' .- ' ... ,_,. "' 1 ,j .~ • . •, , ·, •c,..L · • •··,. • ••• ,j • , . " " ••·•'·. , .... , .•. / , ·, .... ~ ... •·-~ •. • , • 

(0.02) .2.23 :0.06 $278 1.09 1.69 

?.5:· (0.04) 2:13 0.16 $250 ·.2.60 3.27 
.. 

0.03 1.88 0.41 $2,376 ci.23 1.57 
_ .. _,._•. . .... •-:-:--

n/a 1:.39 . ... c/a b]a nfa 

0.00 1.34 0.05 $361 1.53 

0 1.5· 0.00 '. 1 ;31 0.08 $391. 2.05 

· , .. :_~:-l-'..!.-~~':~!J_~~f:-::.~~--:r:.~~:~tf\{t:-~:-: - :..;:f ,,.~~~? 0 10:5 0.60· 1.09 .· 0.30 $2,371 . 2.1'2 

-§Hid~iW2v!&j;p\ff8litt'&NE0:~iii:. 23.0. o. .. 0.63 0.76 
.. 

1.44 c0.93 $5,395 L69 

2~36 .:.~;]!r o .o:o o.oo 
LJ.:_~i· 0 105' 060 

Ji;~:;i . ' .. 
($2,337) .. 1.39 o:9o cLts 

1.09 $34 1 . 54.1.5 1:20 

1,10. 

>1 

>1 
1AII redqdiQns andincremental; c.o~ts relatjve t.o tJ:te rrilxedJuelcode compflah(·hpme: · 
2AII reduetlons;and increm(?htal·costsr:eiative :to·the aJI"electric ¢9de,G.ompliarithorne. 
3All redUctions; aq_dfncreme_n_ tafcost_s re_ra_ fiveto_the mixed fuel codecorJipliantborf.Jeex_.cepttheEDRMatg_ ins ar(3tela,tive to th_ e$tand?r:dDesign for each case .. 
which is the ali~electric cpcie.complianfhqtpe.Inon~mer:rtal ,cpsts forthes<; package,s reflectthecQts 1,1se<:J in the On-.Bj!l co?feffediVE:,n.essrneth~:xJ:oJogy;.Co~ts 
differ for the TDVrnethodology.due to differenCe£ il1 the sjte·gas infrastructure costs (see Section 2:6). . . 
4Th is represents.theEffidencyEDRMargin for fhe Efflctency-Non-Preempted·and•Efficiency.:.Eguipment packages and Total EDRMargih for the Efffdency & 
PV, EffiCiency& PV/Battery, :<311d Neutral Cost packages, . . .. . . · · ··· · 
5 Positi.ve VC?fues indicate anlncrease: iri PV~apac;ity reiatjveto theS,tE?ndard Design.. 

103 201Q~OB"01 



+::> 
0 
()1 

2019 Energy Efficiency Ordinance CostceffectiVeness Study 

Climate Zone 11 

0 n/a n/a 1.15 

3,815 o. 4;5 0.00 0,99 

3,533 0 5.5 0.00 0.93 

957 0 14.0 1.79 .0.60 .... 
2.49 0.36 

···········.~···~~: ,iiifil 1\~~~~:~i~~{;'~'~''" !, '';129
::9 I : I ~4o0 I I 

~rn15 
1.79. . 0.60 

1:36 
1Al! reductions and Incremental costs relative to' the mixed fuel code compliant home. 
2AII reductions and incremental costs relative to the all-electric code compliant home. 

I 
--

0.85 

n/a 
-
1.20 ~ 

3.68 
-
1.51 
-
n/a 

1.49 

($5,~49) I o..49 
--

I 1.29 

$$~.64·1 >1 

$0 >1 I >1 

3A!Ireductions and incremental costs relative to the. mixed fuel code compliant home except the EDR Margins are relative to the Standard Design.for each 
case which is the aU-electric coc1e corp pliant home .. IDcre[hentai.cost? for these packages reflect the cots used in the On-Bill cost effectiveness methodology. 
tosts differ for the TDV rnefh()dology.d[Je to differences in the site gas infrastructure .costs. (see Section2.6); 
4Th is represents the Eftic;iem;y EDR Margin for the Efficiency-Non-Preempted and Efficiency-Equipment packages and Total EDR Margin for the Efficiency & 
PV, Efficiency & PV/Battery, ·and Neutral Cost packages, 
5Positive values indicate an increase in PV capacity relative to the Standard Design. 
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0 127 2.5 (0.05) '2.18 . 0 .. 20 · .. 0;65 

(6) '126' ··3.0 (0.06) .. .2.16 0.2i 1;84 

10.5 -0.01 ,2.00 0.38 I $2,950 b;39 
·-·:,.-·:':f:•::-:-~-:"''"', .. 

h/a n/a 1.42 nta t-Va · n/a ...... 

3.5 .. 0.00 .1.29 0;13 i$1,011 1AO 

·. 1,707 0 3.5 :o~oo. 1.~6 .. 0.16 $795. 2.02 

13.0 .. 0.77 0.81 0.61 .$3,601 904 ..... ·0 2.22 

{6) 0 25.0 . 1.14 0.45 0.98 '$6,759 
··-:·''7•iC- •··on•''·:•:!'·.;::;.'/.c :.>.:-·:-•:{. ~--~~···::-:-<:':<,·~,t;,t·._o~::':~:·/ :;.'/ ~~-

0.0 I .0.00 l 1.42 .I .0:96 ... t• .. ··· ($2,337) 
0.81 

----......... 

'0,99 

.~-~--c 

\:iiE'······ ······ 
~··<(' 

0 1;33 

>1 

1 All reductions and.irtcrer.riental costsrelative±o the mix:eq fuel code comf)lianfhorne. 
2AII reductions and incrernentiil costsrelativE;;±O tJ)eaH~eJedric c;qqe c:ompliq,nt home. ., . ..· . 
3Allreductions and incremental costsrelatfveJo the mixerlf[teLc6de comp!lanthomeexcepttheEDRMa:rglnsarerelativei:o'the Standa.rdDesign for.eacn. c:ase 
which ls the all-electric coqe comp!l$nt h()fn.~. lhf:rementalcos.i:$;f6r:the~e packagesrefl~c;t the gqts u.s~d ln the. Qn~f3.ill c:os.tEff~c;tlvenessrnethodology. Cpst~ 
differforth~ TDVmethodologyd!JeJo.differences in th~ ~itega.s.infrastru9tLire costs (se~Section.2.6). . . . . .. 
4Th is represents the Efficiency EORMar.gin forthe Efficiency~NoncPreempted and ,Efficien~y-Equipmentpa)::kages and Total EDR Margin for the Efficiency IL 
PV, Efficiency.& PV/Battery, andNeutta!Gostpacka'ges. · · · · · · · 
5Positive :v'aiues lnd)cf!te:af1 Increase in.PV tapacitY:relativeto th~ Standardbesign •.. 
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Climate Zone 12 

$5,568 

n/a n/a 

0.10 . $3,735 1.06 

$2,108 2.51 

1.41 

j ~~l;'ili'Eikdi~~~~,~Vit;i::J' J,c W I 86'1 I o I '". 5 1 1 97. I o 51 I 1 .60 I $6 .. 172 I 1 77 I > 1 . ~ 
~J~ hNeutra!Gbst' >> > ' < <I 2,374 . I o I s.o I i ~35 I . o.76 I 1.36 . I $0 I >t I >1 

• 1All reductions and. incremental costs relative to the rnixed fuel cqde cofDpliant home. · 
2All reductions and incrementaJ costs relativ? to th~? all~e[ectric code compliant home.· .. 

i 
3AII reductions ar1d incre111ental costs relqtjve to the mixed fuel code compliant horne except the EDR Margins are relative to the Standard Design for <=;ach 

· case which .is the all~eiectric code cornplianthome: .Incremental costs .for these packages reflect the cqts use.d in the On-Bill cost effectiveness tnefhodology. 
· 'costs differ for the TDV methodology due .. to difference$ in the site gas infrastructuce costs (see Section 2,6). . · . 

4Th is represents the Efficiency EPR Margin.forthe Efficiency:.Non~Preempted and Efficiency-Eqljipmentpac\(ages and Total EDR Margin forthe Efficiency & 
PV, Efficiency & PV/Battery; and Neutrai,Cost packages. . . .. ... . . . 

· 5Positivevalues indicate an increase il:)p\l capacity relative to the Standard Design . 
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0 
00 

,,., . 

h/a -. n/a 

?.:S Q.OO . 

2.;5 0.00 

.14.0 0.84 

0 26:5 

1,963 0 

.Q;5 

~;i'lit ' 
0 

59 0 14.0 

872 

0.0 

. ' 
0.70 

1AII reductions arid lncre.mentai ¢osts relative to the rni:x;(;!rJJuel qocfe compliant home. 
2AII reductions and 'incremental costs relative :to the aJH~I.ect~i.c code. coin pliant home, 

2.019_Energy Efficiency Drdinaoce Co;;~~effectjv¢riessSttrdy · 
. .. - ... . . 

Q.21 1.25 .. 

o~so 1 ·. $2,394 I . b:$6: · 
··-:.'{·,-.· 

rifa h/a h!a 
0.09 $1;011 

CH3 $795 

o~6o 

$1,498 . _?.8$ 

0.92 1.42 $0 >i 

3AII reductions and incremental oostsrelative _to the.rni'<ed fuel ~odeco.mpijant home,excepftite l::OR.Marginsare relativetotheStanc!at:dD6$ign for each-case 
which is the all-e!ectrkcode compliant .home. incremental costS:fortheSe packages reflect the cots used in the On:-r3ifl cost effectiveness. methodofogy. Costs 
differ for the TDV methodplogy due to tllfferences ihtl:re sjt~g~s. infq3_struct~n::¢ costs (s~e.Sec:tiqn.2.6}.. . 
4Th is represents the Efficiency- EDR NJargiD for.the E:fflclency-Non,Preempted anq 'Effic;iency_.f:qUipment papkages .<:u'id Total EDR. ivlargfti fodhe Efficiehcy & 
PV, Efficiency & PV/Batt~ry, 2rid'Nel.lh:e~ICol3t p<lck;;rges, · · . · - · · · · ·· · · 
5PDsitive values indj(;;aJ<?.&n incre~s.e in PVcapacity relative.fo the .Standard Desl9J1< 
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0 
c.o. 

Climate Zone 13 

42.0 2.32 

o,o 0.00 

1AII reductio[ls and.incremental costs relative to the mixed fuel code compliant home. 
2AII reductions and iricre;rnental costs .re;lf:ltiy~ to the all~electric.code compliant home: 

2019 Energy Efficiency Ordinance Cost~effectivene~s Study 

i:········NPV·ot·•.·····.···· · .. ·•·k·~·~~tif;t6··••c6~t·.·· 
.hif~tirl].~: ..•. • /.Ratio B/C ~i.H 

, "'-~-;-;-:-~,-,~-::-:::-~:.F·.·· ..•• ~·· Iricrern.enta.' • .·•·o·. ···~·s· ·Ii·• ·rov··.· .. 
,_ Cost f$1 .... · · ·· n .I · · ····· · ·. 

n/a ·1 n/a 

1.28 

13.40' 

1.56 

n/a n/a n/a n/a 

0:1.5 $4,154 1.12, 1.40 
... 

0.21 2.88.. . .. 3.30 

0.57 0.50 

0.35 

1.08 

3AII reductions and incremental costs relative to the mixed fuel code complic:11;1thome except theEDR!VIargins arerelative to the Stanc:!ard Design for each 
case which is theall-electriy code cornplfant home. Incremental costs for these packages reflect the cots used in the On-Bill cost effectiveness methodology. 
Costs differ for the TDV methodology dtie t.o differences in the site gasjnfrastruct.ure costs.(see Section2.6), 
4Th is represents the Effh::ien¢yE:pR Margin for the Efficiency~Non-Preernpted and.Efficiency:-Equiptnent packages and Total EPR)vlargin for thwEfficiency & 
PV, Efficiency& PV/Battery, and Neutral (;ostpackages~ · · . . · · ·· 
5Positive values indicate an increase in PV Capacity relative to the Standard Design; 
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. '2019 EnergyE!ficfency (JrdiQancr: Cost~effect;veness Study 

3.0 (0.05) 2.12' o:1s $831 .0:63 

121 3.0 . (0.07) 2.10 0.21 $290 1,95 

(9) 12;3 10.5 0.00 1~95 o:35 $2,936 o:3:s· 
~ ·-'· 

n/a 1.36 . ....... n/a ' 0 n/a n/a , n(a 

d 3.0 o.oci ··.· 1.24 0~12 $1,011 1.31 

0 ' 3.5 0.00 1.21 0.16 $795 1.98 2.28 

0 12.0 0.73 0.80 0..56 . $3~462 2~f2 t.~7t. 

0 23.5> 1.11 OA4 · . .0.92 . $6,650 1 .. 35 . 1:74 
-.~, .• "; • ..:·:':.·--.•.~ ~---'.' •. -,,• _ • .., ''·'•' ~T'E'c.:- :-··.;-.•• · .. ' • ·,. •--- ,•,;-.c;:,_.-~ -_-•; ,"·.'·,,. 

0 ···J··· O.D .. I 0.00 I 1.36 I . Q;94" ($2,337).. .I o:63; I 1;54 
., 

I ~r?2 0 I 12.0 I 0.73 I 0.80 I 1.50 $1,125 I >1 

I 
. I I I I 

(} 8.5 

·····~~·~· 
Ci;~;~~ C • • ••c 0 
1Afl reduct[ons and incremental costs relative to the mixed fuel code cor'nplianthome. 
2Ail reductions arid lncre.merjti31Co$tsrelative to tbe aJI-electric,cope (;ompllfint home~ . 
3Ailreductions and Incremental costs re!atiV¢ tpthe mixed fuel:tode.complianthbrrieexcepttheEDR J\llargins:are u:lative.tqthe:Standard.Design for each.case 
whlch is the aH-e!ettric cod~;?:co!J:ipuant home. ln"~reme.ntal c·o,sts:fotthe,se p<Jckages. reflect the cots Used in the on.:BiJI cost effect1i.rehess methodology:. Ccists 
differ for:the JDV rnt::thqdojqgy due.j:o differences lpoi;he,slte gas infrastn.Jcture cqsts (see.Sectior.t2;6}, . . . . . . . . . . 
4l.his represents the EffidencyEDR.Margirrforthe.E:fficir::ncY-Nqn-PreernpJed!and EffiC:iency,Eqq1pmentjJa¢kagE;sal)o Tcitf!! E[)Rrvlarginf6rthe. Effkienty &. 
PV, Efficiency & PV/Batt~ry, and Neutral Costpackag_es~ . .. · . · · · · · · · · · ·· · 
5Positive values indicate .i:JQincreasr:: in:.PV caP,acity relative to, the Stanqarc! Design. 
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Climate Zone 14 SCE/SoCalGas 

5;5 (0.19) 

319 I ~~0 (0.08) 

0 J ;1: I· . o~~ao 
0 

1111~ 
0.0 I 0.00 

0 15 .. 5 1.60 

0 8.5 1.35 

0 10.0 1.61 
1AJI reductions and incJemeNal costs. relative to the mixed .fuel code. complianfhome: 
2All reductions an<) incremental costs relative to the aJI-el(')ctric code compliant home. 

2ol9Energy Efjjciency Ordinance Cost-effectiveness Study 

So Cal Gas ResultsSununar 

. · .. c6~-Eql1ivai~nf;i l' :·.~NPVof. 
·····;· EmissiOns (lbs/sf), •· 

I .··.·. ·.· 
. 1.98 0.36 $799 I 3.95 1 e.14 

1.El3 i 0.52 $5;526 l 1.31 1 1.74 

I 
1.38 j n/C! 

I 
n/a I n/a I n/a 

1.19 0.19 

I 1.38 I Q;97 .. {$5,349) ' 0.72 1.67 

0.93 1.42 $5,111 1.01 >1 

1.15. 1.19 .. $0 0.00 >1 

1.12 1.23 ($1 ,000) 1.24 >1 

3AII reductions and .Jncreroental.cosfs relative to the mixed fliE:l code complianthome exceptthe EDR Margins are relative to the Standard .Design for each case 
which is the all~el(')ctric; c~de compliant horne. Incremental costs for these packages reflect the cots. used:inthe On-Bill Cost effectiveness methodology. Costs 
,differ for the TDV methodology due to differences in the site gi;ls infrastructure costs (see Section 2.6). 
~This represents the Efficiency EDR Margin fpi" the Efficiency-Non~Preempted arid Efficiency-Equipment p$ckages and Total EDR Margin for the Efficiency & P\/, 
Efficiency & PV/Battecy, Neutral Cost, and Min Cost EffectiVeoriess packages. . 
~Positive values indicate an Increase iri PV capacity relative tothe Standard Design. 
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Table. 78: Multifamil 
~...,....,..,....,..~..,..,.,..,~~ 

r~~~;~~~~~~~~J 
·• rVIGitita'fllif~ 

.. 
126 .3.0 0.23 ... ·. 

126' ;3.0 (0.05) . 2,52 .0;23. 

126 9.5 0.01 2 .. 1:S b)5E3 
---;-- . , - . .,-~ct"c,· -'"i', ~--' -,-:;-,'-:'·.• .c· 

n/8 '1.73 n/a 

3.5 0.00. 1.58 . 0.15 

3.5 0.0.0 1.56 0.16 

0.70 1.26 ·. 
..... 

0.41 504. 0 14.0 

(2)' 0 .24,5 1.03 0.7$ 0.94 
~- -;~ -. .-: ""'- _......, --,~~-..,---,-,-:, 

:,E,;,J)' _ 
.~ ]j;l .c-::-~ ' ,'.' :;;.;, 

····?g,u,J;. 
. -~~;~-

0 :::~ I :.:: ·1 

1,03 

1.50 14.0 

b,O 

. 10,0 0.70 
1 All red u ct(ons and incre(neQtaL c;osts relatiye to'th :e mixed. fUel· code corriplia,nt horne: · 
2All reductions and itt.crementaJ cost~ re!El,tiv¢ to the all~el~ctri¢ code cornpliarU home~ 

I 
-

1.41 I 1.35 

$874 121 

$347 .2:9.9 .. 

_$2;957 1.09 1.39 
_;:,·.--~.----.':-· \~·:·;;:<_;•·:::;;_~~---~ ·< ~;::-::::_::o_~:r~ :':'•'.'-'·:- :-.-_:--.:: 

n/a .n/a n/a 

.· .$1,011 1:2.4 1.65 
$795 

$3,356 1.39 

'~6,380 1;36 
'·•, r....,.·:::':: ~; ;·, 

($2,337) 

. $1,019 

$0 

3AII reductions and 1noremenial co~ts tE3lativ~ to t.he rntx:eq f11el code compliant. horne ex<;:eptttj:e EDR Milrgins <;rre r.elative to the Stat:iqard :oesign ·fqreadh case 
which is the all-electric q::>de compliant nome. !ncreni~ntai CQ$tS for these packages reflect the cots us~d in the Ori-Bifl cost effediveness'rrietMdology~ Co:St$ 
differ f6r the TDV methodology duet6 diffe.r_ences iti the site gas irifrastn.ictute costs (seeSe'ction i~;6). · ·. -. · 
4Th is represents ~heEffic;iE:;ncy f;:QR Margin for: the Effici~ncy'-Non-Preempted and EffiCie.ncy~EqWpme.ntpackag!"S <~he! TqtEl.l ED.B: Margin fortne Effrciepcy & 
PV, Efficiency & P\1/Battery,, and Neqiral Cost P?Cka(Jes. · · ' · · ' · · · 
5Positive values Indicate ah increase, in PVcapacity relative to. f.he$~ndard, Di=si.Qn. 
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Climate Zone 14 SDGE 

Table 79: Single Family CUmate Zone14 SDGE'Results .Summa~ . 

. ·;;coz;;Eql.iivalen} .. •i:• : ;,NPv•{")f)····• 
Em,issioiJs.(lbslsf) > .:.·.tifetiJTie• .. ·•··· 

· ·· · ·· · ··· Incremental J ---··- ,,-. -c .;.g 
·: Cosd$ · · 

n/a 

0.00 

O.OD 

0.00 

1.60 

1.35 
1All reductions and incremental .costs relative to the mixed fuel code compffant home; 
2Ail reductions and. incremental cos.ts. relative to the aii-eJectric code compliant home. 

I 

I 

.I 

1.38 

1.19 0.19 

1.16 0.22 

1..38 I 0.97 

0,9~ 

I 
1.42 

1.15 1.19 

n/a. n/a 

1.30 1.46 

$2,108 2.92 3.13 

1.62 

1.59 

I ($5,349) I 0.60 
-

p~:11 I 1.94 

I >1 

3Ail reductions and incremental costs relative tothe mixep fuel code compliant home exceptthe EDR: Margins are relative to the Standard Design for each 
case which. is. the ~11-electrltc.codeoornplia[lthome. [ncrernentt;Jl costs for tbese packages reflect the cots use<) in the On-:13iH cost effectiveness method() logy. 

• Costs differfor the TDV"methodology due to differences in the site g~s.infrastructure costs .(see Section 2..6). 
· 4Th is represents th.e EffiCiencyEDRMargln forthe Efficienc;y-Non-Preernpted and Efficiehcy~Equiprnent p(;!ckages and Total EDR Margin forthe Efficiency & 

PV,. Efficiency & PV/Battery, .and Neutral Cost packages. · · · 
5Posltive values indicate an i.ncrease in PV capacity relative to the Standard Design. 
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~~~~~ 
1All reductions and incremental costs relatlvetothe inixedfu.el'code compliant home. 
2All reductions and incre.niental tbs~s relative to; the aihelec.trl.c c;c;d$ i:::CirriPli?nt home;, · 

1.73 

1.26 

1.41 1.35 $0 

1.48 

>j 
:"·; 

'>.1: >i 

3 All reductions and in ctemehtakosts tel.ative toJhe m ixeg fuercod e corn pliant heine except _the ED R M argJns are r~latlv.e lo the .standard Oesign for .ea.ch case 
which--is the aU-electficCo_de cornpitant:ho;rne, lntrement~J cost$.forthese.packages i"f:flectthe tots-useq in'tbeOh-Bitl cost effectiveness methodology. Costs. 
d1fferfor:the TDV rpethodqlogyd0eto differences• in tl:re:si~e gasJ11frastructun~ tosts(see Sectie.ri 2.6).. _ . . ·· _ _- .. 
4Th is .repre~entsthe Effici~ncy EPR. Margi-1) for thE! Efficieli9Y~Npnc.Preempted ~nd Efficien¢y~l;qu!pmentpa¢ka:ge$ ailQ Toti:ll £DR Margih fortne EfficietlCY & 
PV, Efficiency & PYfBaltery, and NeuirC!I Cost packages: · . . . . 
5Positive values indicate .an inc:;reaseTn PV cBpacityci;;I:ative toth.~ Standarcj Design,, 
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Climate Zone 15 

·· ··NPv8f'. 
iLifetime> < 
l~crem~ntai' H7~4~s h-~~~~~~ :.I.> <cbst ($Y · 

4.5 (0:43) 1.56 

4.5 (0.45) 1.51 0.18 
~-< -j. 

7.0 (0.34) 1.38 0.32 $6,043 1.51 

0 n(a n/a n/a n/a n/a 

0 5.5 0.00 $4,612 1.12 1.58 

866 0 7.0 

1,030 0 6.0 

I 
0.12 

(2) 0 13.0 0.83 
.. ::, .. ,',:·"•'" ,:"··: .. ···;,•",'.::;··· 

;iil!l~l,¢~&~'2~&~ii~,;e<''' '>'I · 2,149 
I 0 I 0.0 I 0.00 I 1.32 I 0.37 I ($5,349) 

0 6,0 0.12 I 1.10 I 0.59 I ($264) 

0 6.0. 1;36 I 1.13 I 0.57 I $0 I >1 I >1 

' 1AII reductions and incremental ¢osts relative to the mixed fuel code ce>mpliaht home. 
2All reductions and inccem'lental costs relatrve to the all-electricqode compliant home. . 
3AII redUctions and incremental costs relative to the mixedfmil code .compliant home except the EDR!Vlargins are relative to the Standard Design for each 
case Which f$ the (;ll!"electric .co.de compliant home. Incremental costs forthese pack<Jges ref)ect the cots used in the On-Bill costeffec;tiV?ness methodology. 
Costs differ for the 1DVmethodology due to differences in the site gas infrastructure costs {see Section 2.6). 
4Th is represents: the Efficiency EDR f\llargin for the Efficiency-Non;-Preempted ;;md Efficiency-Equipment packages and Total EDR Margin for the Efficiency & 
PV, Efficiency & PV/Battery, and NeUtral Cost packages. · · 
5Positive values indicate an increa~e in PV capacity relative to the Standard Design. 
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:;~M-~f~j~~:~~1ff·.···· 
:Mfilt'f~~i(¥i~;t 

0 92 4.0. (0.15) 

0 86 4 .. 0 (0,16) 

(3) 92- 8.5 (0.10) 
-.:::~·~···.~"- .·,' : .. ;;.·.-,.<, -~·...,-=''-~ ... 

0 l· · n/a 
.0 4:.o $1,011 

$1,954 

$1,826 

$5,020 

;I~J ··········· .. · 
2 .,-:(_•: 

($2;337} 

1.48 1.Q5 
1Ail reductions and'incrementalcostsrelativeto Iheinixed fueicode compliant hOme, 
2All teductions andlticremenfal cqsts reratb/eto_the.Cilkelectr:J¢ci)de cd!Jlp!ianihQme, • . 
3AII reductions and incremental costs r:efa:tlve to the.rnixed fuel c:Ode cOmpliant home except the EORMargYns ar'erelativeto'the standard Design-for each case 
which is the all~electric code compliant home; Jhcrernerital.c:osts fortht::sep<lckages r:eflect the cots used ln the On-Bill cost effectiveness inethodoiogy. COsts 
differ for the TDVmethoC)ology·dueJ;b qiffeten.ces Joth.es~te,g~s 1hfl"C!$truc:ture costs (see Section 4<~). · · . . · 
4Th is represents the Efflcientiy EDR Marginforthe. EftiCler)cy;.NoD-Preempted and Effidency~Equipment pa¢kage.s·and.To.fai.EbR Marginforfhe Efficiency & 
PV, Efficiency & PV!Battery, ::mtJ Ne!.ifr?l <:;ostpacjka.ge<l: ·· · . > · · . 
5Positive values indicateanincrease in PV'capacity:relatfvetothe Stand;:t(d Pesign. 

115 ~ 2619·08~01 



..j:::. __, 
-..J 

2019 Energy Efficiency Ordinance Cost-effectiveness Study 

Climate Zone 16 

Climate Zone 16 Results Summary 

.·.·· CQZ~Equivaleot •>. ' ••. •·.·.• NPVof•·: .. cseri~;iit68~~t> 
. Emissions (lps/sf) .....•.. tifetiint:< : > Ratio· 8/C. ·· 
.:_:_ _ _:_~-,r-:~~.:-'-'----j ··, ::_ .:. _- _:~ - '- .<. ~ 1 . . . . . 

TDV 

n/a · n/a n/a nla 

0 454 

0 474, 

0.01 .. 2.59. I 0~72 $3.,542, 1.62 1A6 

(0.08) I . · o.65 n·nr..~ 2.66 t1'1") A A -1 ,-, A,-, 

(18) 454 0.10 2.36 
-

J,694. 0 

5;696 0 

6;760 0 o,oo t.55 I 0.18 

1!'032 0 2.75 0.94 .0.79 $16,582 

.(11), 0 35,0 3,45 0,64 1.09 $22,838 
. . ' ' . 

0 0.0 0.00 1.73. 1.58 ($5,349) 
-
0 
-
0 
-
0 

26.5 .. 2.75 0.94 
. 

2.37 $11,234 
,.. 

1.35 1.51 1.80 $0 

2;56 1.32 1.99 ($4;753) 

;~~:~ .. ·····~·····;::·rt~~tc~~0~208~rf~;-t-.,--,~-:--t_:_~~_:_{--J~f__:__L~~L=,.. 1 
1.55 2.02 

0.00 ·a:74 

1.2A 1,40 

i1AII reductions and incremental costs relative. to the mix~d fuel code complianthome. 
12Ail reductions and inccemental cqsts relative to the all-electri.:; cqde compliant home. 
13AII reductions and incremental costs relativeto the mfxedfuei code. comp!Jan(home except .theE DR Jl!argrns are relative to i;he StandC)rd besignfor .each case 
Which is the aJI,electric coqe compliant nome .. l(lcrernen~alcost~ for these. packages reflect the, cots IJSE:d in the On-Bill costeffective.ness methotiology. Costs 
differ for the TDV methodology due to differences i.n the site gas infrastructure costs (see Section 2.6). 

4 Th is represents the Effiqien~y EPR Marg(n for the Efficien¢y.:Non-Preetnpted c;lnd Efficiency.:Equipment packages and TotaiEDRMargin for the Efficiency & PV, 
Efficiency & PV/Battery, Neutral Cost, arid Min Cost Effectiveness packages. · 

' 5Positive values indicate an increase. in RV capacity relatiVe to the Standard. Design. 
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2()19 fnergyJ;ffjciency Ordina(J(;e Co$t•effe,c:tlvenessSt;udy 

$937 1.11 1.19 

(0) I 183 
.. .· . 

1.7o. .· 2.15 $453 

(9) . ·.' 172 :0.80 . .$3,028 · ..... · . OAT t:28 
~ 

2,6.99. hla· nia' n/a · n/a 
2329. 

1·. : $843 2.08 2~05 

$795 .· 1.59 1_:70 

6 19.5 $4,423' 2.58 1.89 

·a 29.5 

~]'·; 2,699· 6 ·· ().o 

;,~j~ 65 o 19.5 I 1:07 
1,56. 1.90 

1Afl reductlons p'nd·jncremehfal costs relativetothe mixed.fueJ;'tode comp'JiBnthome.· · 
2AII r~ductions and (ncrem~n~ai costs relative to the all-eJectric cad~ compfr£lnt home~ . . · .. · ·· . · .· . 
3AII reductions c::rr1d rpcremeri~P.-I.qpsts relatiVI:i to the·mixedfuelcade ¢ompliBht home exc;ept the EDR:Marghis: are relatlve:iotfie standard Deslgh for each 'case 
which is the all~electric c.ode. compifant.home; Incremental c.ostsiforthese pC)ckages refi.ecttbe c:ots W:Sed hi the On..:Billcost effectiVeness' tnethod'ofogy. CoSts 
differ for the.TPV r,nethodoJogy dtJeto qiffe.:rences ln.:1h~:slte:g?s1Mr:astructL[re c:osts: (:see>S'ection 2~Ei}, . · 
4Th is represents;theEfficiencyEDR fvle1rgjn f()(th~· f:ffic;iepcy,.Non~Preemptecl and Eff'icierycy:.Equlprnent pa'cl<age~ and Total EDR MatgJn for thi(Effic:lencY & 
PV; Efficiency & PV/~attery, .and Newtr?! Cqsl,pe.cJ:sag,es. . .. . .·· 
5Posfttve values :jndicat~ ,an int:ree1se 1h PV,c:at:JC1city rela,tiv~t,6 :th~ St"!nc!arcl nesign • 
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Department of Building Inspection Voice (4iSf,5iM.:'61b'ii.G\ffxq415) 558~6509 
1660 Mission Stree~ San Francisco, California 94103-2~ "' g~ sr<· 

2U\9 SEP ,j Mil ' D 

;j'f:~-·- ' . ,-~-'""''~1 
August 12, 2019 

Ms. Angela Calvillo 
Clerk of the Board 
Board of Supervisors, City Hall 

. 1 Dr. Carlton B. Goodlett Place, Room 244 
San Francisco, CA 941 02~4694 

.,l .: •. : •• 

RE: Code amendments to the 2019 California Building Standards Code, 
including the Building, Existing Building, Residential, Mechanical, 
Plumbing, Electrical, and Green Building Codes and recommend approval 
to the Board of Supervisors. 

Dear Ms. Calvillo: 

On July 17, 2019 the Building Inspection Commission held a public 
hearing on the proposed Code amendments referenced above. 

The Commission voted unanimously (6~0) to recommend that the Board of 
Supervisors approve the amendments. 

The Commissioners voted as ·follows: 

Pres.ident McCarthy Yes 
Commissioner Clinch Yes 
Ccimmi!;>sioner Lee Yes 
Commissioner Wars hell Yes 

Vice-President Walker 
Commissioner i<onstin · 
Commissioner Moss 

Yes 
Excused 
Yes 

Enclosed please find the Code Advisory Committee's recommendation to the . 
BIC. Under separate cover, copies of the proposed amendments will follow 
from the Technical Services Division of the Department of Building Inspection. 

Should you have any questions, please do not hesitate to call me at 558-6164. 

Sincerely, 

~01.:\~ 
Sonya Harris 
Commission Secretary 
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cc: Tom C. Hui, S.E., C.B.O., Director 
Mayor London N. Breed 
SuperVisor Vallie Brown 
Supervisor Sandra Lee Fewer 
Supervisor Matt Haney 
Supt;lrvisor Rafael Mandelman 
Supervisor Gordon Mar 
Supervisor Aaron Peskin 
Supervisor Hillary Ronen 
Supervisor Ahsha Safai 
Supervisor Catherine Stefani 
Supervisor Shamann Walton 
Supervisor Norman Yee 
Deputy City Attorney Robb Kapla 
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Member, Board of Supervisors 
District 3 

City and County of San Francisco 

DATE: 

TO: 

FROM: 

RE: 

October 21, 2019 

Angela Calvillo 

AARON PESKIN 
1ml\WT~$~4J 

Clerk of the Board of Supervisors 

Supervisor Aaron Peskin, Chair, Land Use and Transportation Committee 

Land Use and Transportation Committee 
COMMITTEE REPORTS 

Pursuant to Board Rule 4.20, as Chair ofthe Land Use and Transportation Committee, I have deemed 
the following matters are of an urgent nature and request they be considered by the full Board on 
Tuesday, October 29, 2019, as Committee Reports: 

.190866 Fire Code- Repealing 2016 Code, Adopting 2019 Code 

Ordinance repealing the existing San Francisco Fire Code in its entirety and enacting a new San 
Francisco Fire Code consisting of the 2019 California Fire Code and portions of the 2018 
International Fire Code, together with amendments specific to San Francisco with an operative 
date of January 1, 2020; adopting findings of local conditions pursuant to California Health and 
Safety Code, Section 17958.7; directing the Clerk of the Board of Supervisors to forward San 
Francisco's amendments to the California Building Standards Commission and State Fire 
Marshal; and making environmental findings. 

190964 Green Building Code - Repeal of Existing 2016 Code and Enactment of 2019 
Edition 

Ordinance repealing the 2016 Green Building Code in its entirety and enacting a 2019 Green 
Building Code consisting of the 2019 California Green Building Standards Code as amended by 
San Francisco; adopting environmental findings and findings of local conditions under the 
California Health and Safety Code; providing for an operative date of January 1, 2020; and 
directing, the Clerk of the Board of Supervisors to forward the legislation to the California Building 
Standards Commission as required by State law. 

These matters will be heard in the Land Use and Transportation Committee at a Regular Meeting on 
Monday, October 28, 2019, at 1 :30 p.m. S: 1--:-
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President, District. 7 
BOAM ~(SUPERVISORS, 

.. FaxN.o, 554-'7614. 
· TDD/J'TX No .. 544~~~4G 

PRESIDENTIAL ACTION 

Date: 

To:: Angela Calvillo; Cletk of the Boatd g£ Sppetvisb.t:$ 
.... . .. 

:Madam Clerk - . ~····· ... ~ •.. . . 

Pu;tsuant tn Boatd Rules, I atn: hereby:· 

[gj Wm~g 30~I)ay Rcle (Bo~~d Rul.e.No. 3,23) 

D 

D 

·FileNo. 

.Sl1petvisor::;: '}"';'::.:' '::''· ··•·· .. 

Fat: ... ,'·::· 

(DJtte) 

Duration: @ Patl:ial 

~ DstattTb:ne EndTb:ne 
DUn ill original Committee MemJe 
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City and County of San Francisco 
Depc;~rtment of Building Inspection 

. September 20, 2019 

Angela Calvillo, Clerk of the Board 
Board of Supervisors 
#1 Dr. Carlton B. Goodlett Place, Room 244 
San· Francisco, CA 94102-4689 , · 

Dear Ms. Calvillo: 

""· if ED . London N. Breed 
R E. e;.t-1. r,·E" v tSfS~Vv C. Hui, S.E., C.B.O., Director 
n~<;;\h Kl•·. · · 
\l.f I ..,.. • ~~ 1c (' t I · N n: ;..N,:, ::1''-''-' 

2u\9 st.P 23 ~K 9~ 56 
?rJ. . -<~·><·•·:t 

8'(~._..;. ... \~ 

Attached please find an original and l:INo copies (1 electronic CD) of seven proposed ordinances 
(approved by the Building Inspection· Commission on July 17, 2019) for the Board of Supervisors 
approval, which repeal the San Francisco amendments to the 2016 California Building Standards 
Codes and adopt replacement amendments to the new 2019 California Building Standards Codes 
effective January 1, 2019. (One copy cif these 2019 California Building Standards Codes are 
hereby provided for your reference.) · 

·The following is a list of accompanying documents: 

1) Approval letter from the Building Inspection Commission 
2) San Francisco Building Code and Residential Code Ordinance, Legi?lative Digest), Exhibit 

A Standard Findings, Findings, proposed amendment text (Building) 
· 3) San Francisco Existing Building Code Ordinance, Legislative Digest, Exhibit A Standard 

Findings, Findings, proposed amendment text. (Existing Building) 
4) San Francisco Electrical Code Ordinance, Legislative Digest, Exhibit A Standard Findings, 

Findings, proposed amendment text (Electrical)· 
5) San Francisco Mechanical Code Ordinance, Legislative Digest, Exhibit A Standard 

Findings, Findings, proposed amendment text (Mechanical) 
6) San Francisco Plumbing Code Ordinance, Legislative Digest, Exhibit A Standard Findings, 

Findings, proposed amendment text (Plumbing) · · 
7) San Francisco Green Building Code Ordinance, Legislative Digest, Exhibit A Standard 

Findings, Findings, proposed amendment text (G.reen), Cost effectiveness study. 

In order for the San Francisco code amendments to coordinate with the California codes, which have 
·an effective date of January 1, 2019, the timeline for approval and adoption requires that the codes be 
submitted to the Board of Supervisors on or before September 23, 2019 for introduction and · 
assignment to the Land Use Committee (on October 1, 2019). We will be requesting a waiver to the 
thirty-day rule prior to hearing at the Land Use Committee such that the Codes may be heard by the 
Land Use Committee on October 7, 2019. When approved, it is proposed that the Board of Supervisor 
agendize Readings on October 15, 2019 and October 22, 2019. Upon their approval, the ordinances 
will. be forwarded to the Mayor for signature within 10 days, followed by a 30-day wait period (ending 
approximately December 9, 2019) before filing with the California Building Standards Commission to 
become effective for an implementation date of January 1, 2020. 

Technical Services Division 
1660 Mission Street"- San Francisco CA 94103-

0ffice (415) 558-6205- FAX (415) 558-6401-WWW$fdbi.org 

423 



Angela Calvillo, Clerk of the Board Page 2 of 2 

The following person may be Gontacted regarding this matter: 

Michelle Yu, Manager 
Technical Services Division 
Department of Building Inspection 
Phone: ( 415) 558-6059 

Attachments: As stated 

Technicai Services Division 

} 
September 20, 2019 

1660 Mission Street- San Francisco CA 94103 
Office (415) 575-6205- FAX (415) 558-6401- www.sfdbi.org 
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