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. City Hall ,
Dr. Carlton B. Goodlett Place, Room 244
) San Francisco 94102-4689
Tel. No. 554-5184
Fax No. 554-5163 .
“TDD/TTY No. 554-5227

BOARD of SUPERVISORS -

MEMORANDUM
LAND USE AND TRANSPORTATION COMMITTEE
SAN FRANCISCO BOARD OF SUPERVISORS

TO: . S.upervisor‘Aaron Peskin, Chair, Land Use and Transportation Committee .

. FROM: - .Erica Major, Assistant Clerk, Land Use éhd 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 on
Monday, October 28,2019, at 1:30 p.m.; by the votes indicated.

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.

RECOMMENDED AS A COMMITTEE REPORT

Vote:. Supervisor Aaron Peskin - Aye
"~ Supervisor Ahsha Safai - Aye
Supervisor 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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FILENO. 190964 & ORDINANGE +4O.

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

Ordinance repeéling the 2516 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 ofllocal
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.

| TR

E: Uu\.uauguu Code text and uncodified text are in plain Arial font.
Additions to Codes are in szn;zle underlzne ztalzcs Times New Roman font.
Deletions to Codes are in
Board amendment additions are in‘'double-underlined | Arial font.
Board amendment deletions are in strikethrough-AriaHont.
Asterisks (* * * *)indicate the omission of unchanged Code
subsections or parts of tables.

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

Section 1. Environmental Findings. The Planning Department has determined that the.
actions conteinplated in this ordinance comply with the California Environmental Quality Act
(California Public Resources Code Sections 21000 et seq.). Said determination is on file with
the Clerk of the Board of Supervisors in File No.' 190964 and is incorporated herein by -

reference. The Board affirms this determination.

Section 2. General Findings.

(@) - The California Building Standards Code is contained in Title 24 of the California
Code of Regulations. It consists of 12 Parts, which are based upon model codes that are
amended 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.

Building Inspection Commission .
BOARD OF SUPERVISORS Page 1
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(b)  The State of California édopts a new California Building Standards Code every
three years (“triennial CBSC”) with supplemental amendments published in intervening years.
The trieﬁnial CBSC goes into- effect throughout the State of California 180 days after its

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

~ the Commission. The 2019 triennia{I' CBSC will go into effect on January 1, 2020.

(¢)  Local jurisdictions must enfofce the California Building Standards Code but they
may also enact more restrictive building standards that are reasonably necessary because of
local climate, geologic, or topographical conditions. Local amendments may be made both to
a triennial CBSC and also to its individual Parts during the intervening years; however, local
amendments previously adopted are not automatically applicable to a triennial CBSC. Rather,
they must be re-enacted with the required findings of local climate, geologic, or topographical
conditions, expressly made applicable to the new triennial CBSC, and with an operative date
no earlier than the effective date of the new State Code. |

(d)  Asin past triennial CBSC a‘doption cycles, by this ordinance the Board of
Supervisors repeals the 2016 San Francisco Green Building Code in its entirety,' enacts the
2019 San Francisco Green Building Code, and re-enacts the existing local amendments to
make them applicable to the 2019 California Green Building Standards Code. |

(e)  Pursuant to Charter Section D3.750-5, the Building Inspection Commission
considered and approved San Francisco’s amen’dmentsAto the 2019 California Green Building

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

Section 3. Findings regarding Local Conditions.
(a)  California Health and Safety Code Sections 17958.7 and 18941.5 provide that
before making any changes or modifications to the California Green Building Code and any -

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

Building Inspection Commission ‘
BOARD OF SUPERVISORS Page?2]|
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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 loeal climate, geologic, topographical, and other conditions. A specific list of
findings that support San Francisco's modificatidns to the 2019 California Green Building

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

‘numbered finding, are contained in Exhibit A-entilied "Standard Findings for San Francisco -

Building Standards Code Amendments." v

- (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 the 2019 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 Requ'ired 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 df the
California Code of Regulations, Title 24, Part 1, Locally Adopted Energy Standards, adthorize
a local jurisdiction to a{dopt and enforce more restrictive Iooel 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 Page 3
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jurisdiction files an applicatfon for approval with the California Energy Commission together
with documentation supporting the cost-effectiveness determination. Local energy standards
may take effect only after the California Energy Commission has reviewed and formally
approved them.

(b)  Local energy standards previously addpted are not automaﬁcally applicable to a
triennial CBSC. Rather, they must be re-enacted with a new cost-effectiveness study and
determination based oh the new State standards, and be re-approved by the California
Energy Commission. ‘

(c) Based upon the findings of é-cost—eﬁectiveness study performed on the more

_restrictive local standards contained in the City’s proposed 2019 San Francisco Green

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

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

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

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

_ Section 5. Repeal of 2016 San Francisco Green Building Code and Enactment of the
2019 San Francisco Green Building Code.

(@) . The 2016 San Francisco Green Building Code is hereby repealed in its entirety.
The San Francisco Green Building Code beiﬁg repealed was enacted on November 22, 2016,

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

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

(b)  The 2019 San Ffancisco Green Building Code is hereby enacted. It consists of
the 2019 California Green Building Standards Code and San Francisco's existing local
amendments, which are ‘re—enaoted and expressly made applicable to the 2019 California

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

Building Inspection Commission
BOARD OF SUPERVISORS ' Page 4
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Code and the stand-alone San Francisco amendments afe declared to be part of Board File
No. 190964 and are incorporated into this ordinance by reference as though fully ‘set forth.
Existing San Francisco amendments that are Abeing made applicable to the 2019 California
Green Building Standards Code are shown in anormatted (“plain”) text and may include bold
and/or italicized type; new San Francisco amendments are underlined; énd deleted San

Francisco amendments are in strikeout text.

Section 6. Co‘ntinuance of Actions Under Prior Code. Nothing contained in this

ordinance shall be construed as abating any action now pending under or by virtue of any
ordinance of the City and County of San Francisco hereby repealed, nor shall this ordinance
be construed as discontinuing, abating, modifying or altering any penalties accruing, or to

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

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

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

" remaining portions of this ordinance. The Board of Supervisors-hereby declares that it would

have passed this ordinance, and each section, subsection, sentence, clause, or phrase of this
Ordinance, irrespective of the fact that any one or more sections, subsections, sentences,

clauses, or phrases be declared invalid.

Section 8. Effective and Operative Dafes. This ordinance shall become effective 30
days after enactment. Enactment occurs when the Mayor signs the ordinance, the Mayor
returns the ordinance unsigned or does not sign the ordinance within ten days of receiving it,

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

Building Inspection Commission ' .
BOARD OF SUPERVISORS . Page 5
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take effect and be in full force on and after either January 1, 2020 or its effective déte if the

effective date is later.

Section 9. Directioné Ato Clerk. Upon final passage of this,ordinanqe, the Clerk of thé
Board of Supervisors is hereby directed to transmit fo the California Building Standards
Commission pursuant to the applicable_proﬁsions of State law 1) this ordinance, 2) the Exhibit
A attachment, and' 3) the San Francisco modifications to the 2019 California Green Building

Standards Code.

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

2
: ROBB KAPLA 4
Deputy City Attorney

“n:\legana\as201911900415\01392964.docx

Building Inspection Commission ' _
BOARD OF SUPERVISORS K Page 6
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FILE NO. 190964

LEGISLATIVE DIGEST

[Green Bu‘ilding 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.

Exisﬁng Law

The Green Building Code enhances the design and construction of buildings through the use
of building concepts having a 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
CalGreen) will go into effect throughout the State. The San Francisco Amendments to the

~ 2016 California Code must be re-enacted and made applicable o 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 operatlve date no earlier than the
effective date of the new State Code.

n:\leganalas2019\1900415\01384340.doc

BOARD OF SUPERVISORS Page 2
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City Hall’
Dr. Carlton B. Goodlett Place, Room 244

BOARD of SUPERVISORS San Francisco 94102-4689
' " Tel. No. 554-5184
Fax No. 554-5163
TDD/TTY No. 554-5227
October 8, 2019
File No. 190959-190964
Lisa Gibson

Environmental Review Officer
Planning Department

1650 Mission Street, Ste, 400
San Francisco, CA 94103 .

~ Dear Ms. Gibson:

On October 1, 2019, the_BQilding 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 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. 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 Board
of Supervisors to forward 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 under 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 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 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 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 Commlssmn as
required by State law

The above'legislation are being transmitted fo you for environmental review.
Angeéla Calvillo, Clerk of the Board
Yl
By: Erica Major, Assistant Clerk
Land Use and Transportation Committee

Attachment

- . . Not defined as a project under CEQA Guidelines

¢ JDoy l\iavqrreée, [_Enwronn;e‘n;:‘al Planning  gections 15378 and 15060(c)(2) because it would not
on Lewis, Environmental Flanning result in a direct or mdlrect physical change in the

environment.

Joy Navarrete 10/15/2019
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San Francisco Green Building Code

Amendments to the

2019 California Green Building Standards Code (CALGreen)

Operative date: January 1, 2020
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supplemental requirements applicable to occupancy types A, ]
Building Code Title 24 Section 302 (2016 2019) as amended j

" agency under 1tS Charter authonty,
~ 101.7 Revise this section as follows:

deletions. and additi

U ALAALLT, Gl G

building standards.
101.10 Revise this section as follows:

nte which main

LS 4 Aiigiil

GreenPoint Rated systems, a
Director. The applicable LEED®,

; such 1eferences are to LEED v4 BD+C. More
provided the credlts and pomts achieved are as or

Wherever the LE

s include a minimum energy or other performance
requirement, the pe

eet the minimum performance requirements with an
the Director.
nts may be verified and/or certified by any means, including third-

party review or equivalent requi verified via other ratmg systems, as approved by the Director.

101.11 Revise this section as follows:

2. Find the section which covers the established occupan B

3. Identify the minimum requirements of this code for thy zin Sections 4 and 5.

4. Administrative Bulletin 93, provided by the Department o ing Inspection, summarizes how the
requirements of San Francisco Green Building Code and relevant local requirements may be met.

Appendices to Administrative Bulletin 93 mclude tabular summaries of required measures, and provide
submittal forms
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ELECT RIC T’EHTCLE ‘
charging capacfcy among B

GREENPOINTMTED GRE] NP
~ .bmldmg 1atmg ‘syst

'Seo’uon 15 064 5 of’ the CEQA »_esA as detennmed by the Saﬁ Ffanolsco Planinng Department.;f‘

LARGE COMMERCIAL BUILDING. A. commeimal bu1ldmg or: addltlon of Gloup B; M A, T, orE,
:occupancy that 1525,000 gross square feet or more.

’ LEED@ and LEED@ CHECKLIS.’E The Leadershxp i Ene1 gy and Erivitonmerit. Des1gn 1atmg systent, |
cettification: methodology, and checldlst of the Umted States Green, Bulldmg Councﬂ (U] SGBC)

MAJOR ALT; ERAT T ONS Alte1at10ns and addmons Whele inferior finishes are removed and. s1gn1ﬁcant
3 .
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upgtades 1o structural and mechanical, electrical; and/or plumbing systems are p1oposea where areas of such
construction are 25 OOO gross square. feet or more in Group B, M, or R occupanc1es of existing, buﬂdmgs

NEW LARGE COMMERCIAL INTERIORS. First-time tenant improvements where areas of such

construction are over 25, ,000 gross square feet or more in Group B or M occupancy ateas of ex1st1ng
buildings.

L NE WLY C ONSTR UCT ED ( or JVE W CONSTRUCH OJ\Di | A‘newlj( constmcted buﬂdmg '(or neW‘

tions ot 1epans

NONRESIDENTML COMPLMNCE MANUAL The dog

PASSENGER VEHICLES. Motor vehicles desi
capacity of 12 persons or less.

Commission to aid in compliance and enfo
low-rise residential buildings.

TRUCKS, Trucks or t'ruck—bas‘v

(2) Newly constructed buﬂd
more,

(3) New first-time buﬂd—outs of commelc1a1 intetiors that ate 25 ,000:gross square feet or more it
~ buildings of Group B ot M occuipancies, ard :
(4) Major alterations that are 25,000 gross square feet or more in- ex1st1ng buildings of Group'B, M or R-

occupancies, where interiot. finishes are removed and significant upgrades to stluctural and mechanical,
electrlcal and/or plumbmg systemis are proposed.

SECTION 302 - MIXED OCCUPANCY BUILDINGS

302.1 Revise this section . as foi»lowj‘sr
302 1 thed 0ccupancy B‘ulldmgs In m1xed occupancy buﬂdmgs each portlon ofa ‘:bulldmg shall

i Gloup B M A and I occupanczes that are'25,000 gloss square feet of
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303,,1; g Acﬁi ih‘efoll_bﬂ{{)@ section:
.303.1.1,1 Maintenance of réqitired features. Any
green buﬂdmg featmes requned helem, or equwalen

ohapter Shall maintain the
rations, additions, ot

This section not apphcable in San Franc
3 05 A[oaf ﬁi z‘he fo]lowzngsectlon

‘promote the heal’ch safety and Welfale vof San F1anc1sco 1331dents

4,103, Rep]ace this. secfzon as folloWs

SECTION 4.103 ~ REQUIREMENTS FOR GROUP R OCCUPANCY
BUILDINGS
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" rating requirement may be met by obtaining the Green-Point

4'193 _1'L Y\Tmmr Yooy r:
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. Altematwely, this
rating requirement may be met by obtaining LEED Silver certification.
4.103.1.2 Stormwater management
Projects subject to this section shall meet the San Franmsco Public Utilities Comnnsswn stormwater
management requirements,
4.103.2 New high-rise residential bulldmgs
4.103.2,1 Rating requirement
Permit applicants must submit documentation to achieve LEE (

ilver” certification. Alternatively, this

signation and submitting
documentation demonstrating that a minimum of 75 GreenPoir ;

New Construction checklist will be achleved
4.103.2.2 [Reserved]

4 103 2 3 Construc‘uon debrls management P

4.103.2.4 Stormwater mana
Utilities Commission storm
4.103.2.4.1 Constructio

iction activity pollution preventmn and site 1un—off
mmission.

- from the Green-Point Rat
4.103.3.2 Low-Emitting |
Alterations utilizing LEED m mit documentation verifying that low-emitting materials are used,
subject to on-site verification, meeting 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 for low-emitting coatings,
adhesives and sealants, and carpet systems,

4.103.3.3 Electric Vehicle C'harging.‘

Sections 4.106.4 through 4.106.4.2.6 of this Chapter shall apply to all newly-constructed buildings and

165



altelatlons Whele ex1st1ng electncal service Wlll not be: upgraded ‘the 1equ11ements of Sec‘uons 4 106 4
tht ough 4,106,4.2,6 shall apply fo the maximum extent that does not i requne AnUp g1ade toexisting. electmcal
service.

4; J 04 Repi’ace this se

{ HISTORI . PRESERVATION% o :
4 104 1 0n~31te retention of hisforical featm 5. For altemnons uﬂdings detetmined to be h15tor10a1
resotir¢es; after demonshaimg comphance viith all apphcable codes Iudlng the 20162019 Califotnia
. Building: EnelUY Efficiency Standalds (Title 24, Part 6)-and the 2019, California Hisforical Buﬂdmg

Code (Title 24, Part.8), the niinimium poinfs or ¢iedits réquite i chaptel shall bereduced for

retention and in-situ Teuse ot restoration: of certain: cheuact A e, as deseribed in Table4.104A.
Retentlon includes theehabilitation: and repair of chiz ' that'conform:to the-Secietary of
the Tnterioi”s Standaids for the Treatment: of Historic :

' TABLE 4. 104 A
' , | ADJUSTMENT
SIGNIFICANTHISTORICAL ARCHITECTUR 1 TOMmIMUM
ALFEATURES : GREEN-POINTS
REQUREMENT REQUIREMENT
v WmeWS @ 'prmclpal fagade(s) 15 '
Other windows. 13
* Other windows' 16 .
" Extetior doors. @) principal fagad 13
" Siding or wall finish @ principa 14
_Trim. & casing (@ wall opening, 3
Roof cotnices ordecorative eaves 5
way 1%
‘Sub-cornices, bel 1 ‘ 3
trim visible- s R
: ightaracter‘—de } e : 1150
Shaces. : . R
Other exterior om 1 ‘ g .
_quoins, ete.) visible s

| 21' 1042 Adj‘usfmenf 'to” S vfor;Retent,i_;(‘)jn_ﬁgf Histdric Féafuré_s‘ Whefe‘the’.hi'_sﬂoﬁzcélévj}ésource

1. Adjustments fo Ra’ang Reqmrements for Bmldmg Demolltmn and DenSIty Apphca’aons
subject to.the San Francisco Gieen Building Code, whereby: construction of a new building is proposed
within five years-of the:demolition-of a building ¢ on the site, where such demolition oceritred after the =

- effective date of the Green Building Ordinance ~ November 3, 2008 - the sustainability lequuements for new
buildings. pursnant to the San Francisco Green Building Code shall be increased as follaws
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4,105.1.1 LEED® Projects. For projects attaining a LEED® certification:

( 1) Where the building demolished was an historical fesource, the 1equ11ed pomts shall be increased by 10
'pomts
) Where the buﬂdmg demohshed was not an historical resource, the required points shall be mc;1eased
by 6 additicnal points,

(3) Where the building démolished was not an historical resource and the number of dwelhngs in the
residential portion of the- 1ep1acement stmcture are tripled, the 1equ1red points shall be increased by 5
additional points.
4.105.1.2 . GreenPoint Rated Projects. For pIOJects attammg GreenPoint Rated::

(1) Whele thc buﬂdmg dcmohshed was an historical resource, th ‘ quned pomts shall be increased by 25

(3) Whele the buﬂdmg demolished was not an histori
1es1dent1a1 portmn of the: replacement structure are ‘triplet

, 4 I 05 ; WRé&sé%hr& section: as fOUows ‘ -
'4 106 4 Electrlc Vehlcle (EV) chargi

‘electucal capac1ty and 1nﬁastmcture to facih‘
project will be capable of plOV
passeriger vehicles and tiucks.
' Wlth‘ﬂle San Francisco. Builc

alterations, where there is evidence substanﬂatmg that mee’unfI the requnements of this sec’uon
presents an unreasonable hardship or is technically infeasible, the Directormay consider.an appeal from the
. project'sponsor to reduce the nimber of EV Charging Spaces required or provide for EV charging elsewhele
4. Where 4 projectis undertaken specifically to meet the City’s Mandatory Seismic Retrofit Program as.”

‘1equued under Chapter 44, 4B, or 4D of the San Francisco Ex1st1ng Building Code.

s with attached or adjacent &)r

ags. ( . e
e, install 2 40- Amp 208 or 240- Volt branch circuit, including raceway,
eIectmcal panel capacvty, overprotection devices, wire, and termination point such as a receptacle. The
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termination point shall be in close proximity to the proposed EV charger location. Raceways are required to
be continuous at enclosed, inaccessible, or concealed areas and spaces. Raceway for each circuit shall not be
less than trade size 1 (nominal 1-inch inside diameter).

{ “EV READY” for full circuits and otherwise
as “RY

hundred (100

wise specified by
Planning Code Section 154 : '

minimum of 40- Amp 208 or 240 Volt capac1ty, including listed raceway, sufﬁment electrical panel capacity,
overcurrent protection devices, wire, and termination point such as a receptacle. The termination pomt shall

- be in close proximity to the proposed EV charger location. The raceway shall not be less than trade size 1
(nominal 1-inch inside diameter).
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(a) For a minimum of 10% of EV Spaces and in no case less than two EV Spaces when the total number
of EV 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, 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. Calculations for the number of EV 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 of EV Spaces. The
_ panelboard(s) shall have sufficient space to install a minimum of one 40-ampere dedicated branch circuit
and overcurrent protective device per EV Space up to a minimum % of the total number of EV Spaces.
The circuits and overcurrent protective devices shall remain re xclusively for EV charging.

Exception: Circuits and overcurrent protective devices in ards not located on the same level may

(c) Torall BV Spaces no
(1) Either:

(B) Provide space i
240 Volt capacity branch
with Section 4.106.4.2.4.1.

comply with apphcable codes, 1ncludmg but not
the San Francisco Fire Code.

4.106.4.2.4.1 Electric Vehicle Eharging Spaces. As appropriate, construction documents shall provide
information on raceway method(s), 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 4.106.4.2.4 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 Building Code, San Francisco Electrical Code, and applicable utility
regulations, the Director of Public Works is encouraged to issue a Sidewalk Vault Encroachment Permit,

10
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provided that the fronting property owner oomplles with all! requir emcnts governing street occupancy,
including butiot limited t6 the San Fr ancisco Pubhc Works Code and Department of Piiblic Works Order
165 553 :

2. A EV load managcment system may bei neccssaly in order to p10v1de EV charging at friore ’chan
20% of EV Spaces. : -

3. This secfion does niot require EV chargets to bé installed.

4.106.424.1 Bleetric Velicle (BYV) fast'chargiﬂg'épacesk

(a) Installation ofoné EV Fast Char germay. reduce:the numbcr of] Spaces rcquucd under Section
4,106.4.2.4(a) by tip to five EV-Spaces, provided that the projec udes at ledst one BV ‘Space cqulpped
with & full cireuit ablé to deliver 40-Amp 208 o 240 Volt capat '.c EV Spacc ineluding listed
. tdceway, sufficient elcctrical panel: capacity, overctirtent pm fces, wite, and suitable listed
femnnatlon point such:as a rcccptaclc '

The clectmoal panel boatd(s) prov1dcd at each. par_
sufﬁcwnt capacﬁy to-supply each EV Fast-:Charger
to sefve any reriaining BV Spaces rcqulrcd under Sec
circuit at 208 o1 240. volts per EV Space :

(b) * After the reqiirements of 4.106.4,2:
nmnber of planned EV Spaccs required un

future BV fa_st char ger spac' -4
documents;shall also provi:
schematics, and electrical
system, has. sufficiel '

_ pancl servlcc capac:lty and clectncal
11 msta]lcd EV fast: chargers at the full rated
e anylemaimng spaccs rcqmrcd by

c,’c énf '
a “EVSE READY” f01 full c11cu1ts and

4 20] Aa’d z‘he folluwmg sectzon
4. 201 2 Renewable energy and better roofs.

or equal to.10 or fcwcr occuplcd ﬂoms and Whloh apply fora buﬂdmg pclmlt on or aftc1 Jai anualy 1 2017
shall install solar photovoltaw systems and/ot solar thermal systems m the solar zone 1cqu11ed by Cahforma

11
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Code of f Regulations (CCR), Title 24, Part 6 Section 110,10, : :
(b) The minimum solar zone area for the project shall be calculated under Title 24, Part 6, Section
110.10(b) through (e), as applicable, and Residential Compliafice- Manual Chapter 7 or Nomes1dentlal
Comphance Manual Chapte1 9, as apphcable except as p10v1ded below

4, Part 6, Section. 110 10(b)1B may bev
s 1 2 and 4 may not be applied iy the
: es High Rise Multifamily

; .Exceptlon 5 may be apphed

' caleulatlon v :

&y (2) Buildings w1th a calculated mmlmum Solarzg

_ to limited.solar access. under: Exception 5 to. Title 24, Par

Part 6, Section 110.10(b)1B are exempt E

(c). The sum of the areas occupied by so
equal to or greater than the solar zone area.

' buﬂdmg, or on the 1oof or ovelhang of anothe

1gUOUS square feet dute

( ception 3 to Title 24,
‘ements in this Section 4.201.2.

s and/or solar thermal collectors must be

msta]led in accord Wlth a]
“ventilation, and spacing r
requirements; manufacturel

1y 1é Aaenees shall use collectors w:\th OG—IOO Collectm
runcation by ok demgned fo generate annually at least 100 kBtu per: square footof
toof area allocated to the Systems with at-least 500 square feet of collector area h
shall include a Bfu metet inst; he1 the collector:lodp or, potable- water side of the solar thermal
system
(d) - Approval by the Plannitig Départment of compha:nee Wlth the Befter Roof requuements including the
Living Roof alternative, as provided in Planning Code Section 149, shall be accepted for compliarice with
San Francisco Green Buildihg Code Section.4.201.2(a) through (c). The 1equnements of CCR Title 24, Part
6, Section 110. 10 for the Solar Zone: shall still apply.

NC NRESIDENT

12
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L cemﬁoatmn .
.5 103 1 2 Indoor Water use reductmn Penmt ap i

. 5 103 1,3 Constructmn Waste manageme
-d1ve1 sionrof a mlmmum 75 percent of the p1

Jemoiitio r1s k m. ste D _ cessary to mee’c thls requnement shall
- be'updated as necessary and shall be; ble durt truetmn for examination, by the: Department of
- Building: Inspection, ’

ment’ 1equ11 ements All e buﬂdmg proje ects must deVeIop and

iplerhent an-Erosion ar rol Plan or Stormywater Pollution Preventior Plan and. nnplemen’c

site'run=off controls adopte rancisco Public Ut111t1es Comnnsswn as-applicible:

5.103.1.7 Energy perform erved]

5.103.1.8 Temporary ventilation‘and TAQ management durmg consh netion:. Pemut applicants must:

‘submit-documentation verifying thatan. Indoor A Quahty Management ] Plariis piepared and mplemented
which meets LEED EQ Credit Construetion Ind001 A1r Quahty Management and T1’de 24 Part 11 Sections

'5.5041.and 5.5043. |

" 5.103.1.9 Low-Emitting Materials. Permit applioants pust: submlt docume11ta110n verifying that low=

_emitting mateiials are used, Sllb_] ect to on-site venﬁcatlon, ineeting at lsast the following cate gones of
matetials covered under LEED EQ Credit Low-Emitting Materials wherevei-applicable: interior paints and
coatings applied on-site, interior sealants and adhesives applied on site, flooring, and composite wood. .-
5.103.1.10° CALGreen mandatory measures. The following measures are niandatory in California f01
new non-residential buildings. Optionally, similar LEED credits can be used as alternative: compliance paths,

13
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as noted below:.

Title 24 Part 11 Sectlon(s) ‘Topic/Requirement | Alternate Comphance Optxon
5 106 8 . | Light pollution'teduction: . Meet LEED SS Credit Light Pollution Reducnon
ST " | Halons not allowed in HVAC Meet LEED EA Credit Enhanced Refrigerant
5.508.1,2 | refrigeration and fite ’ Menagement; and additionally docuinent that all
" suppression equipmeént. - " HVAC&R systems do not contain CECs or halons,,

5.103.3. Major alterations to existing non residential buildings.
5.103.3:1 Rating requirenient. Permrt applicants.must submit do
cettification.

5.103.3.2 Low emitting materials.. Permit applicant's_=‘jmus_t' :
emitting materials are used; subject to in-site verification; me

ntation to achieve LEED. t Géld”

documentation verifying that low-
east the foHowmg categones of

5.103.3.3 Flectric vehicle charging: Section 3.

hildinoe and nnnorﬂn'{n/q nowlv_nrinatmintad wadlan g Fog
ULLLL\.«LJJLB\) iUl Ao UJ.LLL\.'\_L LA VVL.)‘ A VS RELES R L R wiv g kJLu.L\.Ll.LD JJ.L

and triieka v AT
and titicks, and to major

canastr Unhia
ONALE L Y L,

:5.3.3 and Title 24 Chapter 118, if
Code Chapte1 2, Sectlon 202.

‘ﬁcatlon meetmg at Ieast the: foﬂowmg categones of
mlmng Matenals mtenm pamts and coatings applied on-

5. 104 1 On—sﬁe Retentwn of cal Features For altelatlons of buﬂdmcrs detetmined to be historical
resources, after demonstratmg comp liance with all applicable codes, including the 2046 2019 California
Building Ener gy Efficiency Standalds (Title 24, Part 6) and the 2016 2019 California Historical Building
Code (Title 24, Part 8), the minirhum points or ciedits required under this chapter shall be reduced for
retention and in-situ reuse or restoration of certain chardcter defining features, as desciibed in Table 5.104A.
Retention includes the rehabilitation and repait of character-defining features that conform to the Sécretary of
the Interior’s Standards for the Treatment of Historic Propertles

TABLE 5.104.A
SHGNTFICANT HISTORICAL | pERCENT - | ADJUSTMENT | ADJUSTMENT
: : S  HETAINED* TO MINIMUM: | TO MINIMUM
ARCHITECTURAL FEATURE 5 - . : , LEED POINT GREEN-POINTS

14
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e . . ) REQUIRENIEN’I‘E REQUIR]]M]JNT
‘Windows @ principal fagade(s) . - - | 100% 4 15
Other.windows_ D " Atleast 50% 1 : 3
‘Other wiidows o 100% 2 ik
“Exteriot doors @ prineipal fagade) L I00h T 3
_Siding'oi wall finish @ principal fagade(s) . 100% -1 4
Trim & casing @ wall openingson principal fagade(s) | 100% _ R 3
Roof cornices or decoratlve eaves visible from. tight 100% A L Y
of-way - T .
Sub-cornices, belt courses, yater tables andrunmng U toov N ' 5

Y,Trunvmble,fromnght-ofway . s e SO R

EChamcterrdeﬁnmg elements of sxgmﬁcant mtenor ©100% 15
|_spaces: . .. » A
Other exterior omamentation (e.g: cartouches, corbels, S oy
80%. C 3

.quoins, eto)v151ble from right-of-way ' o

on’ 1he site, Where such demoli
, 'bmldmvs pm suant to the Sa

_somc”e. the 1equ1red points shall be increased by 10
tmg system absent demohtlon

i hlstoncal yésottee and the mitnbet-of dwellings in-the -
tripled, the fequired points shall be incieased by 5
imym to allequlred pomts undel tbis chap’cel absent'demolition,

additional poitits.. .
 (2) Where the building demolish
by 20.additional points;.
(3) Where the binlding demolished was not an historical resource and the number of dweﬂmgs in'the

‘ :j1631dent1a1 portion of the replacement stluc’auc are tripled, the required pomts shall be ificreased by 17

106 —SITE DEVELOPMENT

- A1 06 5 3 Revise fhis secfz‘oﬁ as follows:

Was nof aﬁhiStoricaI :fes‘omfce‘ the 'requufed points :'sh‘a‘ll:bez inereased:

5,1 06.5.3° Electr]c Veh]cle (EV) chargmgl I new constructlon and major altérations, 100% of off street
parkmg spaces in buﬂdmgs and facilities. p10v1ded forpassenger vehicles and trucks shall be EV Spaceb

15
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FRVIR G ) G ) Py\‘u LLL.lg .Lu e o Vo, pieciricar vnsllxvullns uvo1511 ana econsir ‘dCtxOﬁ dOCunl@ﬂtS 51 a}l i luate .

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.

When a single EV Space is required 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 1-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% of EV Spaces and in no cas
- of EV Spaces is two or more, install a full circuit with m1
EV Space, including listed raceway, sufficient electrical
devices, wire, and suitable listed termination poin
close proximity to the proposed EV charger locati

. And vy 44 +h at vkl UG AP
TOUNGCa up 1o wic nearcst waoue number.

thanstwo EV spaces when the total number

(b) Branch circuit panelboard(s) shall ;
minimum 40 amperes at 208 or 240 volts
panelboard(s) shall have sufficient space to
and overcurrent protective device per EVS
The circuits and overcurrent
charging.

al electrical panelboards to support a 40 ampere
otection device per EV Space, or equivalent

trical panelboard(s) to support installation of a 40 ampere 208 or

| current protection device per EV Space, or equivalent consistent
with Section 5.106.5.3.2:1.%

(2) Install raceway or slet here penetrations to walls, floors, or other partitions will be necessary
to install panels, raceways, or 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 information on raceway method(s), wiring schematics,
anticipated EV load management system design(s), and electrical load calculations.

16
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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 substantiatin
section present an unreasonable hardship or is technically infeasi
project sponsor consider an appeal to reduce the number of

meeting the requirements of this
the Dlrector may upon request from the

Note: This section does not require installation of E

The intent of sizing electrical service to provide 4(

peres to vehicles in 100% of parking
idual EV chargers may be installed in

spaces, or similar. Given the capacity requi
up to 20% of parking spaces before an EV

5.106.5.3.2 Add the following s

5.106.5.3.2.1 Electric ve

(a) Installation of
5.106.5.3.2(a) by

{ includes atleast one BV Space equipped with a
full circuit a

EV Space, including listed raceway, sufficient

paces with a minimum of 8-amperes at 208 or 240 volts per EV
f 40 amperes per circuit.

Space simultaneously, with'

(b) After the requirements of 5:106.5.3. 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 construction 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 of EV 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 electrical 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,

17
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5 I 06.5.3. 3 Revzse rhls section'as fol/ows

apphcable in order to convertall EV Spaces 1equ11ed under 5 106 53210 EVCS excludmg the exceptlons :
ins. 106 5. 3 2 Desagn and constmctmn documents shall also demonstrate that the facﬂlty is deslgned so that

section 11B 812 3 at tlie time of ongmal bmldmg constluctlon
Section 11B-812-4, if apphcable

Exception: Aoqes:sibﬂit’jz‘ rt_aqqii‘emenfS_ of Section 5.106

Buﬂdmg Code 1equ1res that a facmty pro
acc_,essﬂ)ﬂﬂ;y EVCS as _speclﬁcd in Table _

ing spaces aceess alsles and vehlculal
9 mm) minimum.” Section 11B-~
perequirements of 1 unit vertical in
t1me of new building construction or renovation.

48 um‘cs honzontal (2 083% slo;
Section 11B-812 ¥

otherwise “EVSE CAPABLI
msﬂaly marked as “BVSE"
EVSE are installed..

SECTION 5.201 — GENEI
" 5.201 Add the followmg secnons
5.201.1.1 Energy performance. [Reselved]

5.201.1.2. Renewable energy and better roofs,.
(a) Newly constructed buildings of nomesxdenhal occupancy “which are 2000 square feet or greater in

18
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“gross floor area, are of 10 or feWel occupied floors; and. apply for a’ bu11d1ng pemnt on or after January 1,
2017 shall inistall §olar photovoltaic systerns. and/01 solar thetimial systems 1 the sola1 Zone 1equned by
© California Title 24, Part 6 Section 110.10,

(b) The 1equued solat zone aiéa for the prOJect shall be caleulated dnder Cahforma Code of Regulatlons ’
(CCR), Title 24, Part 6, Sectlon 110.10¢b). thlough (¢), and Nonresldenhal Comphance Manual Chaptel 9 as
p10v1ded below: ‘

- (1) Buildings: subject to Plansing Code: Seoﬂon 149 may apply Excepﬁon 5+o Title 24 Part 6 Sectlon ‘
110 10(b)1B: in the calculatlon of the mininanm solaL Zotie giea and may ; not apply Exceptlons 1,9, 3 and 4
i the calculation.

(2) Buﬂdmgs qnot subject 10 Planmng Code Section 149 may-ap pls Exceptions 3 and 5 1i'the calculatlon )
-of the miindniuin solarZons area iid thay not apply Bxcejption 4 in the calcnlation, Stich buildirigs
with a calculated minimiim solar zone area of less than 150 con quate fest due fo limited solar access
under: Excep’uon 3 are exempt fromi the solar etier gy requiten ‘Secnon 5 201 12
(c) The sum of the areas OCCUpled by sola1 photo Volt i ’

‘ .rmal._sys.‘cems sh.all be
i speciﬁca’_tibns ; aﬂd.

the followmg performan seile ’unements
¢ Thet
10 WattsDc per squale foot of 1oof drea all

(2) Solar thermal systems: Solar thelma
shall tse collectors with OG=100 C
" (SRCC)-or the International A

: and Cemﬁca‘uon C01p01 ation
als (IAPMO) shall be des1gned

Livmg Roof
_ San Frano1sc

SECTI.N 701 — GENER
., 701.1.Add the followirg section® :

701.1 These réquirerments apply to installers and Special mspectors w1th 1ega1ds to the requnements of thlS .
" chapter. ‘ _ . ‘

19
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 SECTION 702 — QUALIFIC

702 Modz]fj) fhe fo]lowmg secflon
_j7 02 2. Spec1al mspectlon

bmldmg pelformance contractor
702.3 Add the followiing section:

702.3 Special inspection. The Director of the Department of Buﬂdmg Lnspec‘ﬂon inay require special
inspection to verify compliance with this code or other laws that are enforced by the agency. The special
inspectot shall be a qualified person who shall demonstrate competence; to the satisfaction. of the Director of
the Department of Building Inspection, for inspection of the particuldar-type of construction or operation
requiring special inspection. In addition, the special inspector sh e a certification from a tecognized
state, national, or international association, ag determined by th ctorof the D.epaﬁment_ of Building
Inspection. The area of cerfification shall be closely related. y job function, as determined by the
- local agency: - '

SECTION 7.703 — VERIMCATIONS

703.1 Mod ify the section as follm

701 1 nnl\ilm on'faﬁnp hf\ﬂumbﬂ’f"]+1l\ﬂ Traad fn’(“

»I Ve G UARRR AR SLLLOLALL U oL BU 00 ay

| gy—‘audltms .

<37 nmﬂ11q~nno\ml'ﬂ'\ +1110 nnr}p 011/:11 171n111/qp 1‘\111‘ 18 nr\‘f q

' "atlve'Bulletm 93T T

comphance that method bf comphance Wﬂl ’b sp c1ﬁedin \ drini

n:\leganalas2010\190041 501392963 doox

20.
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9.

EXHIBIT A

~ STANDARD FINDINGS FOR SAN F.RANCISCO
BUILDING STANDARDS CODE AMENDMENTS

. Certam buildings/occupancies in San Francrsco are at rncreased risk for

earthquake-induced failure and consequent fire due to local hazardous
microzones, slide areas and local Irquefactron hazards

 (Geology) -

. Certain buildings/occupancies in- San Francisco are at increased risk of

fire due to-high density of buildings on.very small lots, with many buildings
built up to the property Irnes (Topography)

. Topography of San Francisco has let to development of a high density of

buildings on small lots, necessitating special provisions for exiting, fire

- separation or fire—resisti\'/e construction. (Topography)

‘Many buildings are built on steep hrlls and narrow streets requrrrng

specral safety con3|deratron (Topography)

. Addmonal fire, structural and other protectron is requrred due to hlgh

building denS|ty and crowded ocoupancy (Topography)

. San Francisco has narrow, crowded sidewalks due to burldrng and

population density and unusual topography. (Topography)

Al rain water in Sah Francisco drains to the building drains and sewer;

~ unusual geology, occasional extremely high local rainfall amounts, and
- the configuration of the City as a peninsula restrict the installation.of

separate storm water and sewer. systems (Topography, Chmate

Geology)

Moist, corrosive atmosphere of salt-Jaden fog in San Francisco -
necessitates additional requirements. (Climate)

Not a building standard; no local findings required.

10. Soil conditions in this region induce adverse reactions with some

materials, leading to premature failures and subsequent unsanrtary
condrtlons (Climate) . :

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
mfrastructure (Topography)

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

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

“15.San Franmsco 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 confribute to photochemical reactions that produce simog
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) S '

17.The aquifers underlying Sah Francisco are small relative to local

population, necessitating ongoing water imports and special provisions to
ensure efficient use of water in local buildings. (Geology)

181



s,

—y

2019 San Francisco Green Building Code Findings

Section# | Finding# | Section# | Finding# | Section# . | Finding#
CHAPTER1
Section # Finding# .| Section# Finding# Section # Finding #
1101.1 9 1014 9 101.10 9 -
101.2 9 101.6.1 9 101.11. 9
- 1101.3 9 101.6.3 9 )
1101.3.1 9 101.7 9
: CHAPTER 2 : ,
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2019 Nonresidential New Construction Redch Code Cost Effectiveness Study

1 Introductlon

The California Building Energy Efficiency’ Standards Title 24, Par’c 6 (Title 24) (CEC, 2019) is maintained and
updated every threé years by two state agencies: the Cahforn_ra Energy Commissioft (_the Energy
Commissjon) and'the Building Standards Commission (BSC). In &ddition to eriforcing thie code, local -
jurisdictions have-the authority to adopt local énergy efficiency ordihances—or reach codes—that exceed
the minimum standards defined by Title.24 (as established by Public Resources Code Section 25402.1( (h)2.
and Sectron 10 106 of the Bul!dmg Energy Efﬂcvency Standards) Local Junsdrctlons must demonstrate that.
more energy thanis permrtted by Tltle 24.1n addrtlon thejurlsdrctlon must obtain approval from the
Energy Commission and file the 6rdinance with the BSC for the ordinance to be legally enforceable. This
report was: developed in coordi natlon with the California Statewide Investor Owned Utilities (I0Us) Codes
and Standards Program key. consultants and engaged cntres~»collect1ve ly known as the Reach Code Tean.

This report, documents cost—effectlve combinations of measures that exceed the minimumi state ‘
requiréments for design in newly-constructed nonresidential buildings. Buildings specifically examined
include mediurm office, medium retail, and small hotels. Measures include energy efficiency, solar
photovoltaics (PV_), and battery-storage: In addition, the report includes a comparisen hetween a baseline
mixed-fuel design and all-electric design for each occupancy type.

The Reach Code team analyzed the followmg séven packages as compared to 2019 code comphantmlxed—
fuel design baseline: .

& Package 1A —~ Mixed- Fuel + Energy Effrcrency (EE): Miked -fue] desrgn With ehergy efficiency
measures and federal’ m:mmum appliance efficiencies.

A Package 1B — Mixed-Fuel + EE + P\_/»+_Batt'ery {B): Same as Package 1A, plus.solar PVand
batter‘r'es. . . .

¢ Package 1C = Mixed-fuel + High Efficiency (HE): Baseline code-minimum building with high
efﬂmency appliances, triggering federal preemption. The intent of this package is-to assess the
standalone ¢ontribution that high-efficiency appliances would make toward achievinig high
performance thresho!ds .

% 'Pé’ckage 2 — All-Electric Federal Code-Minimum Reference; All-electric design with federal code:
minimum appliance efficiehcy. No solar PV or battery.

¢ Package 3A - All-Electric + EE - Package 2 all- electrlc design’ W1th energy efflcrency measures.and

 federal minimum appllance effcrencres

4 Package:3B = All-Electric+ EE + PV+ B ‘Same as. Package 3A, plus solar PV and batteries:.

@

Package 3¢— All- Electnc + HE All-eléctric design w1th high efflcxency apphances tnggermg
federal preemption.

Figure 1.summarizes the’ baselme and measure packages, Piease refer to Section 3 formore: detar ls-on the
méasure descrlptlons -

1 | ) " | 2019-07-25



2019 Nonresidential New Construction Reach Codé Cost Effectiveness Study-

HFlgure 1. Measure Category and Package OverVIew

. Mxxed Fuel o Al Electnc o
Wieastte | Report ,-.rfgjihr;e,, oW Loge. Lo LA S
. |:Category. | Section: | T OB RV |- e ST . SV
| CRteROTY ) SR | i | ke | BTV mE | M | Ee | PRV ne
L Efficency | .- . 7] ... | Effidency.{ - .
| Energy | S A i ] o
“Efficienty’ 31 | X X T 1% X
Mbeasurzés: - ¢ - - e b e e s e
“Solar PV A A T L : o
_Battery. | a R N X , R I X
All-Electric. . j 1 T : Ty Ty v |
Messiires 32 | - I T L L
Préemptive. L _ o ' o
Appliahce |- 34, | | L | ‘ X i A S
‘Measures ) : i “f ) - ) '

The team separately developed cost etfectlveness results for PV only and PV+Battery packages eXcludmg K

5|ze based on the avallable roof area: and electnc load ofthe bulldmgr PV sizes-are combmed thh two

. sizes of battery storage for both: leed fuel and alf elec’mc buildings to, form eight different. package
comblnatlons as outllned belows: -

e Mlxed~Fuel +3 KW PV Only
¢ Mixed- Fuel + 3 kW PV +5 kWh Battery

% Miked- Fuel ¥RV Only: PV, suzed per: the roof slze of the. bulldmg, orto offset the annual electrlmty
L _consumphon whicheveris smaller ' .

”"'ldlng, orto oﬁset the’
zannual electrluty consumptlon, whlchever s smaller, along wnth 50 kWh battery

. & AllElectrics 3 kW PV Only

é%: All- Electnc + PV Onl i ‘sized per the roof sizeof the bunldmg, 0 to: offset the annual electrlmty

~ consumption, whichever is srialler - oL

e All- Ele‘ctric £ PV ¥ 50 KiWh Battery: PV sized perthe fo‘o'f s’lie" of'the b'ﬁll‘dlh‘g, ‘orito. tn‘fset the: .
anniial electnctty consumptlon, whschever is:smaller; along With 50 kWh battery.

Fach of the eight packagés dre evaluated agamst a baselrn cmitidel. des:gned a8 peér 2019 Title 24 Part 6
requirements. _The Standaids basellnefor all ¢ occupancue__v in th S report lS ‘a mlxed~fuel desigr

The Department of Energy. (DOE) sets mnmmum effucnency standards for equment andappliances that
are fe‘_ erally fegulated under the Natlonal Appliance Energy Cotiservation Act NAECA) including heatlng,
coolmg, and water heatmg equipment. Since state and local governments dre prohtblted from adopting

s https //www ecfr gov/cgl—

bm/retneveECFR?gp-&SlD 8de751f14laaalc1c9833b36156faf67&mrtrue&n bt10. 3. 431&r—PART&tv—HTM L#5e10.3.431 197
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hlgher minimum etfrcrenues than the federal standards req u1re the focus of this study isto rdentrfy and
etﬁcxency apphances are often the easrest and most affordable feasures to ihcrease: energy performance", '
this study provides an analysxs ofhigh efflcrency appliarices for informational purposes. While federal

preemption-would fimit a reach code; in practice, builders may install any package of compliant measures

~ to-achieve the performance requirements, mcludmg hlgher efficiericy apphances thatare federally
. regulated

2 Methodology and Assumptlons

With input from several stakeholders, the Reach Codes team selected three building types—medrum
office, médium retail, and small hotel—to represent a predommant segment of nonresidential hew
construction in the state,

This analysis:used both on=bill and time dependent- valuatron of energy {TDV) based approaches to

- evaluate cost-effectiveness. Both methodologles require estimating and quantlfylng the energy savings.
associated with energy efficiency measures, as well as quantifying the costs assocrated with the measures:
The main différence between the: metnodmogres is the valuation of energy and thus the cost savings of
reduced or-avoided energy use. TDV was developed by the Fnergy Commission-to reflect'the time
dependent value of energy including long-term prOJected costs of energy stich- as the cost of providing’
energy during peak periods of demand and other societal costs mcludmg projected costs for carbon
emissions: With the TDV approach electncrty used (ot saved) during peak periods has 4 much, higher
value than electncrty used (or saved) durmg 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 calculation engine. The baseline prototype
models in all climate zones-have been designed to have compllance margins as close as possible to Oto
reflecta prescrlptwely ~built building.*

2.1 Bulldmg Prototypes

“The DOE prowdes building prototype models whlch when madified to comply wrth 2019 Title 24
requireiments, can be used t¢ evaluaté the cost effectiveriess of efficiericy measures. These prototypes
have historically béen used. by the California Energy Commission to-assess potentlal codeenhancements.
The Reach Code Team performed analysis-on a'medium office, a. medlum retail, and a: small hotel
prototype

- Water heatlng mcludes both service watér héating: (SWH) for offlce and retail burldmgs and domestic hot
: water for hotels Jn thrs report water heatmg or: SWH is. used to refer to both The Standard Desrgn HVAC -

2 Horu, B , E-Cutter, N. Kapur,l Arent, and D. Conotyanms 2014. “Time Dependent. Valuatlon of Energy for Developmg Buddmg
v Energy Etﬁcrency Standards Available att httoy //www energv Ca gov/trtle24/2D16standards/orerulernakmv/documentsfzoyl-‘
07-08: workshop/ZOl? TDV Dociments’
. ¥EnergySoftand TRC were ablé to develop most. baselme prototypes to achieve a comphance ‘margin of less than +41 : percent
except for few models that Were at +/- 6 percent This indicates these prototypes are not exactly prescriptive accotding to
compliance software calculations. To calculate incremental impacts, TRC conservatively compared the package results to that of
the proposed design of basellne prototypes (not the standard design).

2019-07-25
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and assumes a; mtxed fuel desxgn usmg natural gas as the space heatmg source, m all cases, Baselme HVAC: :
and SWH system characteristics are descnbed below and in Figure. 2 -

4 The baseline medlum office HYAC desngn package lndudes twao gas hiot water bailers, three:
packaged.roof_top.umt,so(one_for each floor), and variable air volume. (VAV) terminal boxes yvjthz

hot watef rehieat golls; The:-SWH design’
witha.30-gallon: storage tank,

cludes orie:8.75 kW electric resistance hot water heater

4 The baseline medrum retail HVAC: de51gn mcludes five smgle zane-packaged rooftop units {variable
‘ ‘ﬂow and constant flow dependmg or the zone) Wlth gas furnaces for heatmg The SWH ‘design

- for the gues’c rooms

<4 Thenoniesidential HVAG deSIgn includes two gas hot water bollers four packaged rooftop
 units and:twelve VAV-terminal boxeswith hot watef reheat. coils. The. SWH design mclude a

small. electnc resxstance wiater hieater:

fth 30-gallon storage tank.

% The resrdentlal HVAC design includes. onesingle. zone:air:conditioner: (AC) Unit w1th ‘gas:
furniace for each guestroom. and the water heatmg desngn mcludes one central gas water.
heaterwith a fecircilation: pump: forall ‘guest. £OOMS,.

F igure 2. Prototype Characterlstlcs Summary

“Baselirie: HVAC Systern

{ furnaces £ VAV terminal

- Uhits’ with hot water reheat.
| Cefitral gas | hot Water

' bonlers ;

“Single zone packaged -

DX units with gas:

. furnaces.

: ‘ ' Medxum Oftlce [Vledlum Retall ) Small Hotel .
_Conditioned Floor.Area . ' '5'3';62.8 Cg4gor 42,552 ¢
- Number of Stories: 3 1 4
Number of Guest Rooimns . .0 -0, Y o
| Window-to-Wall Aréa Ratio: | 0. 33 0.07 e Tk
: S : ' Nanresidential: Packaged DX, VAV |
'Packaged DX VAV with gas ‘with hot watercoil # VAV-

terminal units:with hot water
reheat:. Central gas hotwater
boilers.. ’

Residential: Singlezone DX AC
unit with'gas furnaces

: System .

30-gallon-electricrasistance.
| watet heater-

+30-gallon electiie

resistance water-

heater: -

Nonresudent{al 30+ gallon electnc
fesistance water Heatég~
3Resndent|al Cantral gas water

Nonresldentlal Alternative Calcufation Method Reference Manual For the 2019 Building Energy. Efficiency.Standards. Available.

at; https: //wiww.energy,ca gov/ZOlSpubhcatlons/CEC 400-2019- OOG/CEC—4OO 2013-006-CMF. pdf .
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- 2.2 Cost Effectiveness:

The Reach Code Team analyzed the cost effectlveness of the packages by applying them to building
prototypes (as apphcable) using the life cycle cost methodology, which is approved and used by the
Eniergy Commission to establish cost efféctive building energy standards (Title 24, Part 6)

Per Energy Comimission’s methodology, the Reach Code Téam assessed the incremental costs of the
energy efﬁ'vciehcy measure packages and compared them to the energy cost.savings over the measure life
of 15 years. Incremental costs represent the equipment;.installation, replacements and maintenance.
costs of the proposed measure relative to the 2019 Title 24 Standards minimam regquiréments: The.
‘enefgy savings benefits are estimated using both TDV of energy and typlcal utility rates for each buﬂdmg
type:

¢ Time Dependent V'a’luavtion:‘TDV isa normalized 'monuetary format de’velo_ped and used by the
Energy'Com'mission for camparing electricity-and natuial gas savings, and it considers the cost.of
electricity and. natural gas tonsunied du ring different times of the day and year. Simulation

outputs are translated to TDV savings benefits usmg 2019 7DV mul‘ophers and 15~year d\scounted
costsforihe nonresluenual measure packages.

¢ Utility bill impacts (On-bill): Utility energy costs are estimated by applymg approprlate iou rates
to estimated annual electricity and natural gas consumption. The energy bill savings are:
calcufated as the difference in utility costs between the baseline and proposed package over g15-"
year:| duration accountmg for discount rate and energy cost escalatxon

In coordination with the [OU rate:team,jand rate experts-dt a,fewe‘l_ec}tnc publicly owned utilities (POUs),
the Reach Code Team used the curtent nonresidential utility rates publicly available at the time of @nalysis
to analyze the cost effectiveness for each proposed package. The utility tariffs, summarized in Figure 3,
were determined based on the annual load profile of each prototype; and the most prevalent rate ineach
: temtory For some prototypes there are multiplé options for rates because of the varying load profiles of
“mixed-fuel bunldmgs versus-all-electric buildings. Tariffs were integrated i in -EnergyPro software tobe
apphed to the hourly electricity and gas-outputs. The Reach Code Team did not attempt to- compare or
testa varlety of tariffs to determine their lmpact On cost: effectrveness '

The currently available and applicable time- of-use (TOU) nonresideritial rates are applied to both the
base and proposed caseswith PV systems.® Any-annual electricity productio'n in exoess‘ of annual .
electricity- consumption’is credited at the applicable wholesale rate based on the approved NEM tariffs for.
that utility. For a'more detailed bréakdown of the rates:selected refer to Appéntix 6.4 Utility Rate
Schedules.Note that fiost utility time-of-use rates will be updated in the nearfuture, whichcah affect:
cost effectrveness results For exampie, Pacrﬁc Gas and Electrlc Company (PG&E) WI” lntroduce new rates

rates in November 2020 .;} .

5 Archrtectural Energy Corporation (lanuary 2011y Lifé-Cycle Cost Methodology Cal:forma Energy Commission. Avaxlable at:-
“hittp:/ [ veanieenerey:ca: EOv/ tr*'azllfzolqst .ndardsfpmrulomakmgldocurnents/veneral cec documenfs/ZOll 01-:
14 LCC Methodo]ogy 2013 pdf

& Urider NEM rulings by the CPUC (D- -16-01- 144, 1/28/16) all new PV customefs. shall bein-an approved TOU rate
structure. As of March 2016 all new PG&E riet energy metering (NEM) customers are enrolled in a time-of-use rate,
" (http://www.pge.com/en/miyhome/saveeriergymoriey/plaris/tou/index.page?).
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, Flgure 3. Utility Tariffs used based oxi Chmate Zoné- ,
‘Climate. . Electric / Gas Utility . Iectnmty (Tlme of—use) Natuial -
Zories: o ‘ _Gas

1 1-5,1113,16 PG&E AL/ALD G-NRL )
© 5 .| PG&E/Southern California GasiCompany |1 eukmf"'Femmwrl
L ‘ ' v " 5? . 10)
116,810,145, |  SCE ]sdnth'eﬁn Célif.dmi‘a G‘_as; 'cjompa'r_iy | “TOU- GS-I/TOU G ~G-10 (GN-
S v ' 2/TOU GS-3 ~10)
7,10,14 B San Dlego Gas and Electric Comp‘a‘_ny Sl AdAl0 T GRS

v-"4 B City of Pal o Alto (CPAU) 1 B2 + b/
"13 | Sacramento Municipal Utility District | -G8~ . |  nfa
: B (SMUD) X N
1 6,286 |  LosAngeles Department of Water and- - AZ(@B) n/a
‘ .Ppwer(LADWP): + Coo

- The Reach Code Team obtaingd measure costs through interviews with contractors and California
 distributors and review of online sources, such as Home Dépot: and RS Means. Taxes and contractar
" markups: were added as approprlate Maintenance ¢osts-were not mcluded because there is no assumed,
maintenance on the envelope medsures. For HVACand SWH measuresithe study’ assumes there are ho
additional mainténance cost for a more efficient veision of the same system type asthe baseline.
Replacement costs for inverters were included for PV systeims, hut the useful lifeall other equ:pmen’c ~
exceeds the study period: . : ' '

The-Reach Code Team compared the: energy benefits with mcremental measure cost data to de’cermlne

cost-efféctivenass for each migdsire package: The calculatign is performed,for a duration of 15  years for:
all nonresidential prototypes with-a’3 percent discotnt ra and fuel escalation rates based on the'most -
recent' Géneral Rate Case filings and historical esca lation rates.” Cost effectrveness i5 presented using net
presen’c value and beneft To-cost ratio.nietfics. :

‘& Net Present Value (NPV) The Reach Code Team uses net savmgs (NPV benefits: mmus NPV:costs)
as the-cost effectrveness metric. If the fiet: savmgs ‘of a Measure oF package is positive, itis
" considered cost effective; Negatlve savmgs representnet oosts, A measure that:has negative
energy cost benefits (energy CoSst mcrease) can still be cost effective |fthe costs ta:implement the
‘Measu re are more negatrva (r €., matenal and maintenance cost savmgs)

e Beneﬁt-’co-Cost Ratio (B/C) Ratio of the present value of all beneﬁts to the prese ;
costs.over' 15 years (NPV benefits d],'ded by NPV tosts); _ ,
greater than 1,0, Avalue of orie indicates the savings-over the hfe of the measure are. equrvalent .
to the: mcrementai cost of that rHeasure.

: aiUe ofall’

72019 T[S\(Meth’odo"]ogy_ Report, California Energy Commission, Docket number::16-BSTD 06
https://efiling.enérgy.ca.gov/GetDotument.aspx?tn=216062
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There are several special circumstances to consider when reviewing these results:.

¢ lmprovmg the efﬂcnency ofa project often requires:an initial incremental investment: However,
same packages result in’ mltlal constructlon cost savtngs (negatlve mcremental cost) and erther
utxllty bl” savmgs are. categonzed as 2 ’benefrt’ whxle mcremental construction costs are treated
as ‘costs.’ [ cases where bath construction costs are negative and Ut!]l’(y brll savings are negatrve
the- constructlon cost savmgs are treated as the ‘benefit’ whlle the utility bill negative savings are
the ‘cost.!

4 In c‘as'es'where‘ a reasute package is cost effective immediately (ie. there are upfront cost
~ savinigs and lifetime energy cost savings), cost effectiveiess’is represente,d by 717,

¢ The B/C ratios sometimes appear- very high even though the cost numbers are not very high (for
example, an’ upfront cost of $1 but on-bill savings of $200 over 30 years would equate fo a B/C
ratio of 200) NPV is alsg: drsplayed to clarify-these potentially confusing conclusmns =it the
example, the NPV would be'equal to a modest $199.

3 Measure Description and Cost

Usmg the 2019:Title 24.codé baseling as the starting pomt The' Redch Code Team identified potential
measure packages to determine the projected energy (therm and. kWh) and compliance impacts. The.
Reach Code Team developed an initial measure list based on experience with designers and contractors
along with general knowledge of the relative'acceptance and preferences of many measures, as well as’
their incremental costs. - ' ' '

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

3.1 Energy Efficiency Measures ‘

This sectlon descnbes all the energy efﬁcrency measures consrdered for thlS analysxs o de\felop & hons=
effectweness of measures for all chmate Zornes mdNIdually and found that the packages did not need to

: vary by climate zone, with the exception of a solar heat gain coefficient measure in hotels, as destribed 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 90.1 and ASHRAE 189.1 Standards, Please refer to
Appendix Section 6.86.7 fora list of efficiency measures that'were considered biit nat.implemented.

2015-07-25
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prototype buxldings
' 3211 Envelog

%'

Modn“y Solar Heat Gain Coefficient (SHGC) fenestratlon

;e 'Otflce and Retall All Cllmate Zones: reduce window SHGC. from the preschptxve value of 0 25

0.0, 22, : :

T Ho’t'el
% Climatezones 1,2, 3,5, and 16¢ lncrease the SHGC forall nonresldent!al spaces’ from the
prescnptxve value 0f 0.25 to 0. 45 in:both common: and guest: roomy spaces.
S Chmate Zones 4, and 6-15% Reduce w1ndow SHGC from the prescnptlve value of 0. 25 1o
0. 22 o_n_ly for common spaces

Tn: all cases; the fenestratlon visible transmlttance and U= factor femain at prescnptwe values
Fenestratlon as-a furiction. of orlentatxon Limit the amount of fenestratlon areaasd function of
orientation. East-facingand west- tacmgwmdows aye each hmxted to orie- ha[f ofthe: average
amount of nortfi- facmg and south -facing wmdows ’
HVAC aphd SWH
Dram water: Heat recovery (DWHR) Add shower drain heat recovery in hote[ guest roems. DWHR

,ca ptures Waste heat-from : a showet drain line-and uses it to preheat hot water; Note that this
innot: currently be modeled on hotel/motel spaces; and'the: Reach Code Team,

'Ilntegrated estlmated savings otitside of' modehng software based on SWH savmgs in re5|dent|al
;scenarlos Please see Append/xSect/on 6.3 for detalls on energy savmgs analyS[s

VAV box: minimum flow: Redice VAV hox mmlmur_n glrflows fromm the current 724 prescriptive:

“requirement:of 20 percent of maximum (a‘etsign)' ‘a‘irfiovv' to the 124 zone ventilation ‘mi’ni'm'ums

ﬁEconomlzers on small capacwty systems Requlre economlzers a'nd staged fan Contro! m umts w1th

lnternatxona! Green Constructlon Code and adopts ANS[/ASHRAE/ICC/USGBC/IES Standard 189 1

" This measure reduces the T24 prescriptive threshold on alr handlmg units that are requlred to’

g have gconomizer

hvxch ig» 54,000 Bti/hr.

-“Solar thernial hotwatet! For all-électric hotel anly, add so[ar thermal wa r.heatlng o supply the
__,.followmg portlons ot the water heating load measuted in solar savmgs f-ractlon (SSF)

% 20 percent SSF inCzs2,3, and5-9

& 25 percant in CZ4

4 35 percent SSFin'CZs 1 and 10:16.

2019-07-25
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nghtmg

Interior lighting reduced lighting power density (LPD) Reduce LPD by 15 percent for Medlum

Office, 10 percent for Medjum Re’carl and by 10 percent for the. nonresxdenhal areas of the Smali
Hotel,

Institutional tunmg Limit the maximum- output or maxrmum power draw of lighting to 85 petcent’
of full light output or full power draw.

: Dayhght dimfing plus off; Turi dayhght—controlled lights' completely off when the dayllght

available iri the daylit zone is gréater than 150 percent of the llluminance received fram the -
general lighting system at full power. There is no associated cost with this measure, as the 2019
T24 Standards alieady require multilével lighting and daylight sensors in primary and secondary
dayht spaces, This measure is simply a revised control strategy and does not increase the number
of sensors required or Jabor to install and program a SEnsor:

Occupant sensingin open plan ofﬂces In an open plan office-area greater than 250113, control
lrghtmg based on occupant sensing controls Two! workstatlons per occupancy sensor.

Details on the apphcabllrty and impact of each measure by building type and by ‘space function can be
found in Appendices 6.2. The appendix also lncludes the resultmg LPD that is modeled as the-proposed by
building type-and by space functron

2015-07-25
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Figure 4. Energy Efﬁmency Measures Sp ec1ficat10n and Cost

2019 Nonresidential.New Construction Regch-Code Cost Effectiveness Study

Modify SHGC Ferigstration

SHGCOf0.25

for SHGC

decreases, $0/ft% | Costs from one manufacturer, |

Fenestratioh dsa Functlon
of Orlentation

Limit on total Window area and

west-facing window area:as a
fuhction:of wall:akea.

for SHGC in¢reases |

,W|th the rreasure w ch isa

No additional cost-associated

HVAC and:SH

|Drain water Heat Recovery

No'hieat recovery required

$841 Junit

{for every 3 guestrooms: Costs |-

ssiime L heat-recovery uni

from-threéé manifacturers.

VAV Box Minjmum Flow

20 pereentiof maximum

(designy airflow

_ - . ” SO .

- |equipmenticost.

 [No additional cost associated
1with-the measure which is:a

design consideration not.an;

Ecoromizers ori Small.

| Capacity Systems

Econormizers required for units

> 54,000 Btu/hr

$2,857 funit

1Costs from ong manufacturer s
| representative and one
-’|iechanical contractor.

10
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.1Sources & Notes.

Installed césts reported inthe
California Solar Initiative
Thefmal Program Database,

For central heatpumpwater ‘ e 2015-present.® Costs mclude

Solar Thermal Hot Water'  [heaters; there isnio prescriptive = - lelectric | — . '$33/therm-yr tank ahd were only available

' baseline requirement. : only} | ) for gas backup systems. Costs
+ ‘ ‘ are reduced by 19 percent per
federalincomie tax credit
average through 2022.

Lighting'"

Per Area Cateégory Method,
varies by Primary Function ] .
Area. Office area 0:60-0.70." : , : 1Industry report on LED pricing
IW/fttdepending on arez.of. | e ‘8 - ° $0 v analysis:shows that costsare
space. Hote] function area 0.85 | =~ ‘Inot Cbrrelé‘_cedw_ith efficacy.®
W/ftz Retall.Merchandise Sales. .
1,00 W/ft2 '

Interior Lighting R‘edu‘ce‘d"
LPD

8 http: //www csxtherma}stais org/dowmoad html

° bitp: //calmac»org/publlcatsons/LED Pricing - Anaivsxs Report - Rewsed 1 19. 2018 Final: pdf

11 2019-07-25
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Mea's‘ure‘ :
|No requirement, but Powsr
AdJustment Factor (PAF) credlt L ’
Institutional Tunirg ’ ‘of 0,10 available for fuminaires | o P Y $0,06/fi% _chﬁdustry report. Oh mSUtUt]OHBL
» |in‘non-daylit.areas and.0.05 for | T - | - mng
: 'I'u~minaireé"in daylitareast® | e _ . ,
. y 1 - Given the:amount.of:lighting
Daylight Dimmiing Plus Off No requirement, but PAF ereclt 1, - = - 50 controlsalready required, this -
‘ : of 0.10 aVal]ab[e :
: measure s no: additional’ cost
| 2 Workstations per-sensor;
|2fixture per-workstation;
$189 Jsensor;i$74. 4’worksta’:ioms'per»jma'ster*
OccupantSensmg i Open INg requlrement but PAF credlt f J/ooweredrelay; |relay;
Plan Offices |of0.30 ayaqjablg__ ; = - - $108 Jsecoridary | 120 ft%/workstation In.open
*|relay; ~loffice areaywhich s 53%:0F |
‘|total floor: drea of the mediun. y
‘loffice.

10-power AdJustment Factors aliow des!gners to tradeoffmcreased hghtmg power densities for more efﬂment desxgns In'this study, PAF—related measures

_ assume-that the more efficient design-is mcorporated withotita tradeoff for mcreased hghtmg power density, -

u https //s lpstreamlnc‘orz/sxtes/default/fnles/2018-12/task tuhma*renort mndor

12 .
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3.2 Solar Photovoltaics and Battery Measures

This section’ describestha PV and battery imieasures considered for this analysis, The Reach Code Team

estimated the required PV sizes for each buxldlng prototype for the efﬁmency measure packages and the:
starid alone PV and battery optlons

3.2:1 Solar Photovoltalcs

2019 Title 24 requires nonresidential buildifgs to reserve at léast 15 percent of'che roofareéa asa “solar
zone,” but does not include any réquirements or compliance ¢redits for the installation of photovoltaic.
systems. The Reach Code Team analyzed a range of PV system sizes to determine cost effectiveness. To
determine upper. end of potential PV systen size, the Reach Code Team assumed a PV generation capacity,
of either :

& 15 W/ft* covering 50 b'ercé‘nt of the.roof area, or
¢ Enough to nearly oﬁset the annual energy consumption..

The medium office and small hotel prototypes had small roof areas-compared to their annual electncxty

- demand, thus the PV system capacity-at 50 percent of the roof area was less than the estimated annual
usage. The medium office and small hotel had a 135 kW and 80 kW array, respectively. The medium retail
building has 4 substantially large roof area that would accommodate a PV array that generates more than
the annual electricity load of the building. The 2% array for theé medium retail building was sized at 110 kW -
. to notexceed the annual electricity consumption of the: building when_accpuntmg for the minimum.
anntal energy demand across climate zones with efficiency packages.

The modeling software fofnonresidential bundmgs does not allow auto»smng of PV based on a desired
percent offset of electricity use. Moreover; the PV size is also constrained by the: avallabmty of roofarea.
Hence, a.common size of PV'is modeled for all the packages. mcludmg all electric design. Figure.5 through

‘Figure 7 bélow demonstrate the percent of electricity offset by PV for both ixed fuel and all electric
buildings overthe[r respective federal rhinimum de5|gn package

Flgure 5. Medlum Ofﬁce ‘Annual Percent kWh Offset with 135 kW Array

Medlum Office - - Percent k\/\/h Offset by PV

io0%: ~—--
GO et it i ik 5 a1
8O0%, et
70%
50% -
-40%
) 30%
C20% -
C 0%
i 0% -

8 9 10 1L 12
Climate Zohe.
¥ Mixed-Fuel = All-Electric-
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: i : .

- 400% "~ :
80% -
70% ~
60% -

| 50% -
40% -
:30%

C20%
10%
0%,

4.5 b 78§ 10 IL 12 13 14 15 16
Climate Zone _ ' 4

§ Mlxed fuel EAll;electnﬁ;

1 2 % & 5 6 7 & 9 0 11 12 13 44 15 16 |
' ' ChmatéZone : N ‘
EMIXed Foel '

annual mamtenance costs A summary. of ’che'medxum officé tosts/and soiirees is gnfen In Flgure 8
Upfront solar PV system costs are reduced by the federal incormne tax criedit: (ITQ), approxxmately 19
Epercent dué to & phased reductlon in'the credit’ through the yesy ; 2022 2

i

12 the federal credit drops to: 26% in; 2020 ahd.22%10 2021 before droppmg permanently ta 10% for commercial. pro;ects and OA
for residential projects’in 2027, More: mformatmn on federal Investment Tax Credits available at:
hittps: /i, séia org/mrtxatwes/solar mvestment tax—cred itite;

14 - 2019:07-25
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Figure 8, Medinm Office Upfront PV Costs_ .

Unit Cost Cost Useful Life {yrs.) ' Sotrce .
N . o L . | National Rehewable Energy Laboratory
Solar PV System $2.30v_/_‘\/}/dc ’ _5310,500 1 30 (NREL) Q1 20165 © -
Inverter Replacerent | $0.15/Wdc .| SZO 250 | 10 , , , ,
B T —— e E3 Rooftop Solar PV System Reportt
Maintenance Costs $0.07 / Wdc $2 700 1T )

PV energy outputis bu1lt into CBECC-Com and is based on NREL’s PYWatts calcu ator, Wthh mciudes Iong
term performance degradation estimates. 15

3._2,2 Battery Storage

This measure includes installation of batteries to allow enérgy generated through PV-to be stored and
-used later, providing additiorial energy cost benefits. This report dces riot focus on optimizing battery
sizes or controls for each prototype and climate zong, though the Reach Code Team ran test simulations -
t0 dssess the lmpact of battery sizes.on.TDV savings and found dlmlnlshmg returns as the battery size
mcreased

Thé team set battery control to the Time of Use Control (TOU) méthod, which assuimes batterles arei

. charged anytime PV generation is greater t than the building load but discharges to the efectric grid
begmnmg during the:highest priced hours of the day (the “First Hour of the Summer Peak”). Because-
there is no default houir available’i in‘CBECC-Com, the team applied the default hour available in CBECC-Res
o start: dlscharglng (hour 19'in CZs 2, 4, and 8-15; and hour 20 in other CZs) This control optian‘is most
reflective of the current products on the market. Wh[le this control strategy is: being used inthe analysxs
there would be no mandate onthe control strategy used in practice.

The currént.simulation software has approxxmatlons of how pen‘ormance charactenstlcs change with

envuronmental conditions, charge/dlscharge rates, and degradatlon with dge and use, Mofe mformatlon is:

on-the software battery control ca pabllmes and assoclated qualification requirements are available in the

Resxdentlal Alternative Calculation Method Reference Manual and-the’ 2019 Reference Appendlces for the
' 2019 Title 24 Standards 1837

The Reach:Code Team’ used costs of $558 kWh hased ori-a 2018 10U Codes and Standards Program report,.
“assuminga replacement is fiecessary in' year 15."® Batteries are also.eligible for the ITC if they are installed
at the same time as the refiewablé generation source-and at least 75 percent of the energy used to charge

15 NMare information avallable at: https'.//pvwatts n‘ > /downioads/pvwattsvs pdf

18 Battery contrcﬂs are discussed in.Sections 2.1,5.4 and Append:x D of the Residential Alternatlve Calculatzon Method Reference
Mandal\,avallable here https:// Wiz énergy.ca: gov/ZOlqublleatlons/CEC 400 -2019-005/CEC-400-2019-005-CME, pdfv

B Qual‘ifica‘do'n Requirements forﬁBa'ttery Storage Sysfems are available in JA12 of the 2018 Reference Appendices:
+ https://wiw2 energy.ca.gov/2018publications/CEC-400-2018-021/CEC-400-2018-021-CMF.pdf

18 available at; hitpy//localenergycodés.com/download/430/4le. path/fieldiist/PVe%20Plusv20Batiery%20Storage%20Report

15 2019-07-25
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‘the battetycomes from a renewable source; Thus, the Reach Code Team: also applied 419 percent cost:
reductionito battery casts:

3. 2 3 PV-onIV and PV+Batterv Packaaes

The Reach Code Teatn analyzed solar PV arid battery storage only; without.other efﬁc1ency ‘megsuyresin

both mixed-fuel and all-electric burldmg designs. Two different sizes.of solar PV and battery’ storage Were -
analyzed. : ’

4 Senall PV.Size: 3 kW asstinied to:be the minimal PV system consxdered forinstallation in: d
nonresidential bunldmg

e Large PV: sze PV capacxty equal to 15 W/ft2 over. 50 percent. of the roof area, ot sued to nearly
offset.annial electnclty cohsumption; as descrrbed in‘'Section3:2.1. )

% Small Battery Size: 5 kWh assu medto be the minimal battery system consrdered forinstallation -
mna nonremdenbal buuldmg, ahd representatlve ofsmaller products currently available-on, the
market

-, Large Battery Size: 50 kWh -assunied to be a. substantlally large size fora nonresmlentlal settmg
Generally, the reach code team found diminishing on-bill and BV beneﬂts as the battery size
increased.

As described 1n Sectmn 1 and Section 4. 4; each PV: size was run-asa standalone measure; When packaged

with.a battery measure, the' small PV size'was. paired with the smalt battery size, ‘and the farge PV size was.
palrecl with the large battery size.

3.3 AH EIectrrc Measures

The Réach. Code Team mvestlgated the, cost and performance rmpacts and assocrated infrastructure costs
assocrated thh changlng the baseline HVACand water heating systems to all- electric equlpment This:
Vmcludes heat pump space heatmg, electrlc resistance reheat coils; electric water heater with: orage tank;
heat: pump ‘water: heatmg, Inicreasing eléctrical. capacrty, and ehmmatl' & riatural gas connections that:
would haVe been present in:mixed-fuel new constraction, The Reach Code Team'selected electric systems.”
that would be installed instead of gas—fueled systems in each prototype

3.3.1 HVAC dnd Water Heatmq

_'The nonres;dentlal standards use a mixed-fiel baseline tor th ‘ andard Desngn systems ln most:
nonresndentral occuparicies; the baselirie is:atural gas space heating. Hotel/motels and high-rise. )
. reSIdentlal occupancres also assume natural gas baselme water heatmg systems for the guest rooms an‘d"

equlpment as descrlbed ln Figure 9
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Figure 9. All- Electrlc HVAC and Water Heating Characterlstlcs Summaryv ]

Medlum Offlce Mediumi Retail Srnall Hotel
NonRes: Packaged DX + VAV with
‘ Packaged DX+VAV | Single zone HW reheat. Central gas boilers..
| Baseling with HW reheat. -packaged DX with '
HVAC “Central gas boilers. | gas furnaces Res: Single zone DX ACunit with:
Systen’ | gas fufnaces -
VTR U TR NonRes: Pack dDX+VAVw1th
Packaged DX+ VAV | Single zone onRes: Package
ProposedAl o TR -electri¢ resistance. reheat
Electfic w_;_t?:) electric _ packaged heat . -
i r,e,s;f_stance r,eheat. pumps Res: Single zoné heat pumps
. NonRes Electric resistance:
: . Flectric resistance Electric résistance storage
| R Baseline . o i .
Water ‘ with storage with storage
S N k :Res Central gas storage with
Heating
e rec1rcu!atlon )
System B
- L P N L NonRes Electric reSIstance
Proposed All- Electric resistance klectric resistance
Electric with storage with storage storage '
: R o Res: Individual heat pumps

The Reach Code Teany received cost data for baée!ihe mixed-fuel equipment as well as electric equipment
from an experienced mechanical tontractor in the San Francisco Bay Area, The total construction cost

includes equipment and material, labor, subcontractors {for example, HVAC and SHW control systems)
and contractor overhead:

3.3.1.1 Medlum Offlce

The baseline HVAC system includes two gas hot water boders three packaged rooftop units, and VAV hot

. water reheat boxes, The SHW design mcludes phe 8,75 kW electrlc resistance hot Wwater heaterwith a 30-
gallon storage tank,

Forthe medlum ofﬂce all- electrlc HVAC design, the Reach: Code Team mvestlgated several potentlal all-
electric des;gn opt]ons including variable refrlgerant ﬂow, packaged heat pumps, and variable volume
and temperature systems: Affer: seekmg feedback from the design commiuinity, the Reach Code Team
determined that the most feasible all-electric HVACsystem, given the software modeling constraints isa
VAV systermn with an electric resistante reheat instead of hot water rehgat coil. A parallel fari-powered box
(PFPB) implementation of electric resnstance reheat would furtheri lmprove efﬁcnency due to freducing

ventilation requlrements, but an accurate 1mplementatlon of PFPBs is not currently available in
compliance software.

Note that'the-actual natural gas consumptlon forthe VAV hot ‘watel reheat baseline may. be hlgherthan
the current SImulatlon Tesults dugto a combmatlon of hoiler and hot water distribution losses: A recent -
research study shows that the total losses can account-foras hlg_h as 80 percent‘of the b‘o;ler energy ,use.‘g

1. Raf'tery, P., A. Geronazzo, H. Cheng, and G. Pahaga 2018, Quantlfymg energy losses in hot ' water reheat systerns. Energy and
Buildigs, 179: 183-199. November. https: //dor org/lO 101&/] enbm d 2018 08, 010 Retrieved from
hitps: //escholarshrp org/uc/ltem/quBqux
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[Fthese lossesare consndered savings- for the electnc reslstance reheat (whichihas zero assoctated '
dlstnbutlon l0s) may be h:gher

.

Theall-electric SHW system: remains the same. electrlc fesistance water heateras the baseline:and has no
assocnated incremerital costs:

. Cost data for medrum ofﬂce des;gns are presented in F|gure 10 The aH electnc H\/AC sys’cem presents

: assocrated h water p'tp' g d|str1but|0n CZlO and CZlS all electrlc desngn costs are. shghtly hlgher )
because theyrequire fargér size rooftop heat pmps than: the ther climate zongs.

Figure 10: Medlum Dfﬁce HVAC System Costs:

Chmate Zone Ng);::l;l;d All Electnc System Inf:fg;z glt:dtcr?:t
Tz TS1502538 | §1,106432 | . 5(96,1086).
‘€z02 $1.261,531. 1 51,478,983 | $(87,548)
. Czos . | s1205472 | 61,113,989 | ¢ ${91,183)
Czo4 ) $1,283300 1 $1,205434 | $(77,865).
€zo5 | 81207345 |, $3,113989 |  $(93,356)
Tezos | $1,2186377 | ‘$1,131,371 $(85;006).
Cczor | s1227982 ¢l SL,148754 | $(79,178)
€Z08 | S§1,250)564 | §1972,937 $(77,626)
CCzo8 $1,768,3200 | $1,196365. | = $(71955)
Lz | 51313580 [ 51256825 b S[56,755)
[ $1,294,145 $1,221,305. | §(72,840)
Lozaze | 81274317 | $1,497,49% | . $(77,196).
713 61,202,884 | $1,221,305°  }  $(71,579)
714 1 §12867245 | 81,212,236 $(74;009)

N LR B T R T T T T R T
czi6 $1,205; 766' $1,222,817 © | $(72,%49) .

3.3.1.2 Medium Retail,
The baselme HVAC system mcludes flve packaged smgle zone rooftop ACs wrth gas furnaces Based on fan

'volume fans Whlle smal!er umts have constant vo]ume faris; The: SHW desngn includes ohe 8.75 kW
electrlc resistarice hot water heater with a 30~gallon storage tanl

For the meditimi retall all»electnc HVAC design, the Reach:Code Team: assumed packaged heatpumps:
instead of the packaged ACS The all-electric SHW system remains: the same electric resistance water-
_heater as the baseline and.has no associated mcremental costs:

‘Cdst data for medium retail desigris. are presented in. Flgure 11, Costs for rooftop an—condttiomng systems
are very similat to rooftop heat pump systems,

18 2019-07-25
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Figure 11. Medium Retail HVAC System Costs

Climete Zone N;ii:{;‘;e'l All Electric System ]nfzr:‘:;i E;Czéti?cSt
czo1 $328,312 833, 291 | 84978
cz02 $373,139 $373,702 | $563
czo3 $322,849 $326,764- 43,915
czoa | $329,900 | $33503%. | © $5131

205 "~ $359,883 - 1.  $362;408 . 52,520
CZ06 $335.728. $341,992 $6,265
cz07’ $345544 | 349,808 | - .$4,265
czo8 | $368,687 | - $369,792 51,104
09 | $415,155 L $411069 | $(4,087)
czi0 $345,993 $346,748 8755
cz11 - $418,721. - $A14,546: o S(4,175)
czi2 | $405,410° |  $400,632 $(a477) |
€713 $376,003 | . 4375872 $(131)

A $405,381 | $406,752 81371

oczis | 8429123 © $427,606 CS(1,517)
cz16 $401,892. | $404,147 | $2,256

3.3.1.3 .Small Hotel

" The small hotel has two-differerit baseline equipmenit systefris, onhé for the hohrésidential $paces anid orie
for the guest rooms. The nonresidential HVAC system includes two gas hot water boilers, four packaged
rooftop units arid twelve VAV terminal boxes with hot:water reheat coil. The SHW desngn includes a small
electric water heater'with storagetank. The residential HVAC désign includes one single zone AC unit thh_

gas furnace for edach guest room and the water heating design includes oné central: gas’ storage water -
heater with 4 recirculation pump.forall guest réoms.. :

For the sniall hotel all-electric design, the Reach Code Team asstmed the nonresidential HVAC system to

he- packaged heat pumps-with electric resistance VAV termmal Uhits, and'the SHW systemto; remain a.
small electnc resxstance water heater..

Forthe guest room all-eleciric HVAC system the apalysis ysed a single zone (packaged terminal) heat
pump arid'a central heat pump-water heater serving all guest rooms. Central heat pump water heatmg
with recxrcu]atxon serving guest rooms canhot yet be modeled i i CBECC-Conmi, and energy.impacts were
modeled by simulating individual heat pump water heaters in'each.guest rooim. The reach codé. ‘team -
believes this is a conservative assu mption, since individual. heat pump water heaters will have much;
hlgher tank standby Tosses: The Reach Codé Team attained costs for central heat pump water heating:
installation mcludmg storage ‘tanks and controls and used these costs in the study.

Cost data for small hotel designs are pres.e_nt,ed in Figure 12, The all-e)ect,r.lc design presents substantial
cost savings betatise there is no hot water plant or piping distribution system serving the nonresidential
spaces, as well as the Iower cost of packaged termmal heat pumps servmg the residential spaces
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Flgure 12 Small Hotel HVAC andWater Heatmg System Costs

" Mixed Fual: Incremental cost
Cllmate Zone - Baseline All E[ectrlc System “ for AlLElsttie
Tt .‘,;3;2;33'7,‘53.’12. 81,057,178 | 5(1,280353) |
€z02" © 82,328,121 | 0 81,045,795 | $(1,281,326)
Cz03. $2,294,053 | 81,010,455 | $(1,283,598)
czo4 . $2,302,108 | 81,018,675 | ¢ $(1,283,433)-
cz05 | .-%62,298,700 | - $1,015214" .| $(1,283,486)
CZ06: ©$2,295380°. | 1,011,753 | $(1,283 ,627)
€707 $2,308,004 $1;026;029 5(1,281,975)
czo8” $2,333,662 81,053,717 |  $(1,279,946)
€209, $2,312,099: §1,030,355 | $(1,281,744) .
Cz10 1 §2,354,093: | $1,075348 | S(1,278,745)
cza1 $2,347,980° | $1,068,426. | $(1,279,554)
Cziz .| 2,328,654 | . 51,047,660 | 5(1280,994)
€713  52,388225 |  $1,068,858 | $(1,279,367)
714 '$2,345,988 | $1,066,263 | $(1,279,725)
CZ15 82,357,086 | . $1,079241 | S(1,277.885) "
“cz16. 182,304,004, |  $1,019,973 $(1 284 121)

Electric: heatmg apphances and equ:pmenr often requxre a larger electrical connectlon than an equlValent
natural gas appliance because of the higher voltage and amperage necessary.to e]ectrlcally generate heat,
Ths, many bunldmgs may reguire: Iarger electncal capamtythan 8 comparable buddmg with' natiiral gas
appliances. ThlS lncludes :

%+ Electric resistarice; \/AV space heatmg in the medlum ofﬁce and comrioh area spaces of ihie smal!
hotel, : : s
4 Heat pump water heating 'for';the guest room spaces.of the small hotel,
3.3.2.1° E!ectncal Panel S/Z/ng and ermg
This ‘sect:on details the addmonal electncal panel sizing and wmng reqmred forall- electnc measures Iniahn
- all elec’mc new constructxon scenario; higat' pumps replace packaged DX Uhits- Which are paifed with elther_
a gas furnace or a hot water coil (supplled by a gas boiler). The electrical requirements-of'the replacement

heat pump.would be thé sameasthe packaged DX init it replaces asthe eléctrical reqmrements wiild
be dnven by The coolmg capacity, WhICh would rémain the same between the two. units.

VAY terminal units with hot water reheat: coils that are replaced with electric resistance reheat coils,

» require;additional electrical Jnfrastructure In the case of ‘electric Fésistance. colls, the Reach Code Team
assutfied that ori. averdge, a VAV terminal tnit seives: aroynd 900 f¥6f conditioned space arid has a "
heating capacity of 5 kW (15 kBtu/hr/ftz) The incremental electrical infrastructure costs were determined
based on RS Means Calculat;ons for the medlum ofﬁce shown m Flgure 13 lnclude the cost to add ‘
in the medtum ofﬁce prototype Add;tlonally, the Reach Code Team subtracted the electncal .
infrastructure costs associated with hot water pumps required.in the mixed fuel baseline, which ‘arefnot,
requiréd in the all-electiic measures.
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The Reach Code Team calculated costs to increase e!ectncal capagity for heat pump water heaters in the,
small hotel similarly.

Figure 13. Medium Office Electrical Infrastructure Costs for All- Electrlc De31gn

A - No. VAV Boxes ' 60
B - | VAV box heating capacity (watts) ol 4,748
fo - No, hot water pumps . - _ 2 o
D - - _Hot water pump power (watts) ;L L 398
E - | Voltage . 208 |
F (AxB CxD)/ Panel ampacity requlred 1,366"
G F/4OO . | Number of400—amp panels requnred _ . - i
H s .| Cost per 400+ -amp panel A 5 : - $3,100
I GxH | Total panel cost . . S $12,400. |
y - " | Total electrical liné length required'( ) . ‘ o A 4,320
- * |: Cost per lmearfootof electrlcal line o 83,62
L IxK | Total electrical line cost o ’ $15,402
L. ‘| Total electrical infrastructure incremental cost. ‘ '$27,802

3.3.2.2 Natural Gas

This analysis assumes that in anall-electric new construction scenario natural gas would not be supplied.
to'the site. Eliminating natural gas innew construction would $ave costs associated with connecting a
sefvice line from'the street main to the bundmg, piping dlstrlbutlon ‘within'the bu;!dmg, and mcnthly
connection charges by the utlllty :

The ‘Reach Code Team determmed that for'a hew.construction buﬂdlng with' natural gas pxpmg, there isa
service line (branch connectlon) from the natural gas.mairi to the building meter. In'the medium office
prototype;, fatural gas piping is routed to the boiler. The Reach Code Team assumed that the boiler ison;
the first floor, and that 30 feet of piping is requtred from.the connection fothe main to the boiler. The:

. Reach Code Team assiimed 17 torrugated stainless steel tiibing (CSST) 'material is:used for the pluifibing
dlStrlbUthﬂ The Reach Code Team included costs for a natural gas plan review, service extension; and a
gas meter, as shown in Figure 14 below The natural gas plan review cost is based on mformat;on received.

. fromi the City of Palo Alto Utilities. The meter costs-are from PG&E and include both material and labor:

" The sérvice extension-costs are based on guidanc’e*f'rpm PG&E, who noted that.the cost range:is highly :

- varled and that there i$ no “typical” cost, with costs being highly dependent on length of extension,,

-terrain, whether the building s in a developed or undeveloped area, and number of buildings.to be'

served. While an actual sérvice extensioii cost is highly. uncertain, the team believés the costs assured.in
this analysns 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 14, Natural Gas Infrastructm e Cost Savmgs for All- Electric Pmtotypes

[ CostTyge - +  |'Medium Office [\/Iedlum Retall Small Hotel
Natural Gas Plan; Revtew h | %2316 | $2316 | 52316
Service Extension | $13000 |  $13000 |  $13,000
‘Meter' ' .| 83000 | &3p00 | $3,000
) ;iPlumbng:stnbutlon . ; $633 = $9,711 537,704
~ 7_'T0taI‘Cost oo | $18ea9 | s28027 | $56020

3.4 Preempted Hzgh Eﬂ"zctency Appllances

The Reach Code Team’ developed a package of high efficiency (H E).spaceand water heatmg appliances
based onv commonly available products fot boththe mixed-fuel:and all-electricscenarios. This package
assessés thestandalone contribution that hlgh efﬁc:ency measures would malke toward-achieving high:

' :performance thrasholds, The Reach CodeTeam reviewed the Aijr: Condltmning, Heatmg, and Refrigeration
" Institute (AHRl) cemhed produc’t database 1o estlmate appropriate efﬁcnenmes

The! Reach Codé Team-determined the efﬁCIency increasestg be approprlate hased:on equlpment type
,sumrnanzed in Flgure 15, with cost premiums’ attained from a Bay Area mechanical contractor. The ranges
in .efﬁcnency are mdlcajm\/e_ of’ varyl,ng,fe.dera_I_,standard reqvu_l,rements based on equipment. size,

_Figure 15. High Efficienicy Appliance As’sumpti‘o ns

o T e Cost Premium:for |
Federal»l\{lxhlmum Efficiency. | Preempted Efﬁclency HE Appliance,

Gas space heatingand .~ 80-820% o 90595% 10-15%
-waterheating . S S v e
Large packaged rooftop 98I EER [ 10_._5,:—13 EER" - - 10415%
cooling: : 154-12 9 IEER. . 15155 1EER - )
U.Smgle zorie’heat' pumip-~  -| . L HSPE .| 10HSPE - 6-15%
space heating” - : 32'€cop 3.5:C0P ,
‘ : o : e ;N,one_r:(m‘arket”dpes 1
' : 7.0 UEF " 3.3 UEF PONEATHATREE BOEs |
_,_Heatp“ms'_wa,te’,h‘f}at‘"g e 8T | oteary2.0 UER) |

3.5 Greenhouse Gas:Emissions
The analysis: uses the greenhotise gas (GHG).emissions estlmates from Zero Codeireports available iy

CBECC:-Com:* Zero.Code;uses 8760 hourly miultipliers: accountmgfor time dependent énergy use and
© carbon emissions based oni Source ernissioris; including renewable portfolip standard projections. Fugitive.

2 pvailable at; s,/ ahiidirectonore/SearchfSearthiiomerRetumUzsiaf.

" M iore information available at: hittns//7ero-code ore/wi-content /iiploads/2018/11/7ERO-Code-TSD-Californis.pdf
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emissions.are not included. There are two strings of mul’nphers —one for Northern California tlimate -
~ zones, and another for. Southem California climate zones,?

4 Resu‘lt‘s v

The Reach Code Team evaluated cost efféctiveness of the following meastire packages over a 2019 miixed--
fuel code compliant baséline for all climate zones, as detailed in Sections 4.1 - 4.3 and reiterated in Figure
16: ‘ oL '

) Package 1A~ Mixed-Fuel + EE: Mixed fuel de51gn with energy efficiency measures and federal
minimum apphance efﬂctenc;es

3 Package_lB‘* Mixed-Fuel + EE + PV .+ B: Same as Package 1A, plussol’ar PV;and batteries..

& Package 1C — Mixed-fuel + HE: Alternative design with high efﬁ(:lency apphances, triggering
federal préemption.

% Package 2 — All-Electric Federal Code- Mlmmum Reference: All-electric deslgn with federal code
minimum apphance efficiency. No solat PV ot battery.

¢ Package 3A — All-Electric + EE: AII electrxc ‘design with energy eff jiciency measures and federeﬂ
minimum appllance efficiencies.

s Package 3B~ All-Electric + EE + PV + B: Same as Package 3A, plus solar PV and batteries.

4. Package 3C — All-Electric + HE: All-electric design with hlgh efficiency apphances tnggermg
federal preemption.

Figure 16. Package Summary

Fuel Type Energy ‘VPV & Battery -High Efficiency
Package — Efficiency Lo : Appliances:
' Wixed. Fuel ;.AH,‘-EIectri'c Measures. (PV>+JB) o (HE)
“Mixed-Fue! Code Minimum- X k
Baseline -
e M;xed Fues+EE ' ' LT T X .
[ 1B— Mixed Fuel +EE£ PV 4B | - X |- l X X
4G~ Mixed-fuel+HE ] "X i i X
P Al!—Electvr'ichVé&éfa,! ‘Code-= . . 1 |
LT X
Minimum Reference -
3A—All-Electric+ EE _ X » X ,
3B=Ali-Electric + EE+PV+B - S S S
3C— All-Electric + HE ' ' X 7 1 X

** CBECC-Com docunientation does hot state which climate zones fall inder Which region. CBECC-Res miuftiphiers are the same for
(Zs 1-5 and 11-13 {presumed to be Northern California), while there is another set of multipliers for CZs 6-10 arid 14-16 {assumed
to be Southern California). ‘ )
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Section 4:4 presents the results of the PV: only and PV+Battery analysls

"+ The TDV and on=hjll based cost effectiveniess results are presented in terms of B/C: ratro and NPVin this
séction, What constitutes 4. "berefit’ or a“cost’varies with;the scenarios because both energy: savrngs and
‘increméntal constiuction costs:may be negative: depending on the package. Typlcally, utrlrty bilt savings

. afe categorizéd as a ’beneﬂt’ while incremental constrietion Costsare’ ‘treated as“Costs! In'¢ases wherg
both constriction ¢osts are: negatrve and: utility bilk: savmgs afe negative, the constructlon cost savmgs are
treated asthe ‘benefit’ whlle the utllrty bill:negative savrngs are as. the cost.’

» -OVerarchrng factors o keep in mmd when: revnewrng the results include:

the modelmg results that haVe elther a posrtrVe comphance margln or, are cost effectn/e Thrs wrll’
vallow readers to rdentrfy whether al scenarro is fully or partrally supportrve ofa reach code and

1dentrfy reach coil e—ready scena tios,

% Note: Coriipliahce margrn represent the proportron of energy usage: that is-saved compared
to the'baseling; measured onaTDV basrs

¢ The Energy Commission does rot currently allow compliance credit for-eifhersotar PV or battery
' ;stora‘ge Th’us,'the corn’piian"c'e margins in Pat:'ka‘ge's 1A arethe same.as 1B; and Package 3Ais the'
same as:3B. However; The Reach Code Team did. mc!ude the. lmpact of solar PV and battery when
ca[culatmg TDV: cost—eﬁ’ectiveness

, the Energy Commission allows the Staridard,
Des Jgn ,to be ele__ctrrcolf.the ,P r_OpDSed,D,es‘rgn is ,eler;’crrc:, which removes TDV-relatéd penalties and
»as"so'ci'a't'ed n‘egat‘rve »compl}anbe'ma‘rg:ms ’Th"is 'esse‘ntial[y-allows fora ’compliance‘ pathway ror all-

=2

, Resu]ts: donot m_c,lu,dean_ _anal,_ysrs,an_d co,mpariso.n of utility rates: As mentioned in Section 2.2,
The Reach Code Team coordinated with utilities to'select tariffs for each prototype given‘the
annual enérgy deémand piofile 3ud the most prevalentrates in each utility territory. The Reach. -
Code Tearn did hot compare a variety of tariffs to detérmine thei impact: on:cost effectiveness..
Note that most utrlrty time-of-use rates dre contrnuously updated which-can affect cost
effectiveness results.

% Asa pomt of comparrson, mixed-fliel baselme energy frgures are provrded in Appendrx 65

417 C ost Eﬁectzveness Results - Medium. Office’

Frgure 17 through Figlire 93 contain the cost-effectiveness fi ndmgs for the Medium Office packages.
Notable findings for eachi package include:

o+

% 1A~ Mixed 'Fu'el + EE: Packages achieve +12 to +20 p‘erce‘nt‘ compliance margins depending on
climaté zone. All packages dre costeffective in all'climate zones using the TDV approach All
. packages are cost effective using the On Bill approach except for LADWP territory.
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1B —Mixed-Fuel + EE+ PV + B: All packages are cost effective using the On-Bill and TDV
approaches, except On-Bill in LADWP territory. When compared to 1A, the B/C ratio changes
dependmg on the utility and climate zone (some increase while others decrease). However, NPV
savings are increased across the hoard, suggestmg that Iarger investments yreld larger retdrns.

- 1C ~ Mixed-Fuel + HE: Packages achreve #3110 45 percent compliance margins dependmg on

climate zone, but na packages were cost effectrve The incremental costs of a high efficiency
condensing boiler compared o a non-condensing boiler contributes to. 26-47%.of total

- incrémental cost dependmg oii boiler size. Benefits of condensmg boiler efficiency tome from

resetting hot water return temperatureds boller efﬁc:ency increases at lower hot water »
temperature, However, hot water termperature reset co_ntrol cannot: c_urrenﬂy.,be_,!mplemented;i'n .

~ the software. In addition, the natural gas enérgy cost constitutes no more than 5% of total cost

S

25

for 15 climiate zones; so 1mprovmg b01ler efficiency has limited contrlbutlon to reductlon of total
energy cost, - :

2 = All-Electric Federal Code-Minimum Refarence:.

¢ Packages achieve between -27 percent and +1 percent compliance margins depending on
climate:zonge. This is likely because the modeled systemi is electric resistance; and TDV.values:
electricity consuription.more heavily than natural.gas. This all-electric design without other
efficiency measures does not comply with the Energy Commission’s TDV performance budget.

4 Allincremental cosis are neg;a,ti_'\‘/e due to:the elimihation of natural gas infrastructure. -

4 Packages achieve utility cost savings and are cost effective usingthe On-Bill approach in CZs 6+
10 and 14—15".}Package'é,donot‘ achieve savings and are not cost effective using the On-Bill
» approach in most of PG&E territory (CZs:1,2,4;.11-13; and 16). Packages achieve savings.and
* are cost effective using TDV in aII climate zones except CZ16,

3A~ All-Electric+ EE: Packages achieve pdsitive compliance margins except -15 percentin CZ16,

“which has: a higherspace heating load than other climate zones. All packages are cost effectlve in®

all climate zones except CZ16.

3B — All-Electric*+ EE+ PV'+ B: Packages achieve positive Cqmplianc’e margins, exeept =15 percént
in CZ16: All packages are cost-effective from & TDV perspective in all climate zones. All packages:
are cost effective from an On Bill perspective in all clirhaté:zones except in CZ2and CZ 16 in
LADWP. temtory

3C ~ All-Electric + HE: Packages achieve between-26 percent and +2 percent compliance marging

dependmg on climate zone: The only packagés that are cost effective and with a positive
complianice margin arein CZs 7-9 and 15. As described in Package 1C results, space heating is &
relatively low propomon of energy costs in‘most chmate zones, limiting the costs: galns for higher

efﬁmency equipment:

2019-07-25
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Flgure 17 Cost Effectxveness for Medium Ofﬁce Package 1A~ M1xed~Fuel +: EE

"I'Elec | GHG Redug- | Comp-" . E Lifecycle . | BT +B/C
Savmgs Gas Savings | tions | lignce | Incremental, Utility Cost 7DV - | Ratic | Ratio: | NPV
{therrms) 1 Margin' Package Cost Savings: Saving ill)i | {TDV (On-bill)

cz | utility

Patkage 1AF Mixed]

566,649 $125,902+  $71,307

£z01 PGRE

C702 | PG&E 366,649 . 8163,655 | - :$99;181

703 | PG&E | 466,649 | . $141,807 | 384,051

CZ04_ | PGEE | 40,590 | B47 | . 77 - 66,649 | $162,139 | $95,410

1C704-2. ) CPAU " © 566,649 | 485,537, 495,410

€205 | PGRE | 866,649 | 5154044 891,115

CZ05-2 |. SCG 866,649 1 . U$156315 | $91,115

Cz706 SCE $66,649 . $86,390 | "$100,463

C706-2 | LADWP o $66,649 551,828 | 5100;469

€707 | SDG&E ° . $66,649 $204,394 -|.. -$112,497
C708 | SCE - $66,649, | $85,783 |. $113.786

CZ08-2 | LADWP | = 41,637 =60 | -~ 10.8 . 466,649 - $54,876° .%$113;786.

{czog [sce Ul as39 | w10 |. T a0a 866,649 | . $95,636 | 8115647

AN

C709-2 | LADWP. | 42,538 | < =210 .° 10.1 $66,649 | - S5B,168 | :$115,647

€710 [ SDG&E | 41857 | = <216l 0 98 . .8$66,649 | $210,3031 -$108,726

"1 C710-2 | SCE 41857 | <216 . 9B 866,649 . 892,736 | .$108,726

Cz11 | PGRE | - 42,528 | . . -3890. $66645 | $166,951 104,001

€712 | PG&ET | 41521 | 4667 ES 866,645 |  $161.5947 | $100,135

Cz12-2 | SMUD™ | A1Us31 | 466 | 66,649 | . $74734 $100,135.

| cz13 7 |PGRE | 42,898  .434:). $66,649. | 5165,207 |- $99,992

CZi4 |'SDG&E || 42224 w44l | 86 | 866,649 - $211,528°} $106,913
CZ14-2 | 'SCE* I . A4Z224:). . <441 |, $66,649: 595,809, -$106,913

Czi5.- | SCE | 45723 =147 A% $66,649: | - 5102,714. |+ 5118,034

CZ16' | PG&E: 37,758 0 2736 $66,649:| S145,947 || §79,755

C716-2 | IADWP |1 37,758 | 736" 58 - 566,649 $4o,115’i 78,755 -

S 26 2019-07-25
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Flgure 18. Cost Effectlveness for Medlum Office Package 1B~ Mlxed~Fuel + EE + PV+B

2019 Nonresidential_Ne‘wiConstructfbn Reach Code Cost E]ffé_ctiyenessswdy

Elec * Lifecycle
Savings. vlncrementa‘! " Erlergy Cost $—T,D_V» NPV {On- 'NP',V‘
cz Utility” '(kWH). Package Cost. Savings .. Savings -bill)- /

' Mixed Fiél Py

27

1czo1 | pG&E | 217 225‘ ~ $397,405- " $645,010 | $454,284

. C702 | PG&E 255,787 $397,405 | 5819307 | . $573,033 | $1757628. -
Cz03 PG&E 245,421 $397,405 | $777,156-| $536,330 |- 4738975
€704 | PG&E 267,612 | " $397,405 5836221 | $597,471. $200,0667 -
C704-2 | CPAU 267,612 . $397,405 $621,879 | $597,471 | “185200,066
€705 | PG&E ‘964,581 ' $397,405 ' $897,216 | $578,856°| 1] 8181451
CZ05-2 | 5CG 264,581 1 $397,405. $899,487 | 5578,856 318174517
cz0s | SCE 257,474 - . $397,405 C 84842291 $584,416: 0 197,011
Cz06-2 | LA . 257,474 ' $397,405 L .$282,360 | $594,416

| CZ07 SDG&E | 264,530 $357,405 $817,528 | :$610,548:

CZ08 | SCE 258,348 | $397,405 $478,073 | $625,249 g

Cz0s-2 | LA 258,348 | 397,405 $275,704 | '$625,249 #$227,844:
709 . | SCE 262,085 | © $397:405 $480;241 | '$622,528 |1 Hlg295a93
€z708-2 { LA 262,085 $397,405 |  $282,209 | '4622,528" ) 192251423
CZ1p | SDG&E 258,548 | '$397,405.| . $839,931 | $535,323" 60(:8197,9185
CZ10-2 | SCE " 258,548 " $397,405 ' 4485,523|° '$595,323" '$197,918"|

LC711 | PG&E' || 253,623. $397,405 | $826.076 | $585,682

CZ12 | PGRE | 252,868 | $357,405 $802,715 |  1$5372,866°

€Z12-7 | SMUD 252,868 $397,405 5415,597 | :5582,866

Cz713 PG&E 250,915 $397,405 '$806,401° | -$573,606

(714 | SDG&E 283,684, $397:405.° $874,753 | $676,271

C714-2 | SCE 283,684 $397,405 ~ %493,888 |- 3676271 _
€715 [ SCE | 274771} $397,405 $476,327 | '$640,379 878,922 | $242/974"|
€716 | PGRE | - 266490 $397,405 $842;205 | $575,563 ia44 800 ] §1787158
Czie-2 | LA - 266,480 $397,405 | $260,372 | '$575,563 ($137,033) |$178,158"
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(v

Utility

Elec
| Savirgs:

{kWh)

1 Gas. Savmgs..

‘(therms).

GHG:

Reductions

{mtons)

hagce

Margin

lncygmental
| Package Cost’

Lifecycle ”
’ U{cll;fcycost_
Savirigs

$TDV
Savings

{On-bill)

:B/C.

‘Ratio

Flgure 19, Cost Effectlveness for: Medlum Office- Package iC- MlXEd Fuel + HE

| Comp-- i B/C ..

Ratio,

{TDV)

1 ‘NPV-{On- 1

Package:

1C Mxxed Fiel 4 HE

cZo1

PGRE )

288’

861,253

$18,656.

$12.314 |

$48,938) |

CZ02:

SPG&E

3,795

550

4.3

$68,937. |

335,683

$24,676 |

CZ08

PG&E . ||

1741

439

25

857,529 |

$20,150'|

5ai;885 |

($45,644) |

Cz04.

PGRE |

" 5,599

| 525

47

872,074 |

“sadois |

30,928 ||

{ .
| 1$44,261) |

{

(

$41,145)

CZ04-2

CPAU.

5,589

529,

47

572:074

" $34,175"

$30,928 |

0.4

- (541,145):.

- CZ05

PG&E"

-3;470..

-453:

36

- $60:330-

835,072

518,232

0,3

{342,087)

CZ05-2 -

S5CG

3,470

453

3.6

-$60,330

832,777

%18,232:.

03

[ [542,097) |

€z06

SCE

3,374 |

258

2.6

-$55,594

319,446

$76,137

03 ]

{$39,462) |

C706:2-]

LADWP

3374 |

o298

2.6:

455,594

© $13,450'

$16,132

i

| ($39,462)

Cz07 - -

SDG&E: |-

140 |

23

. $54,111

$41,086-|

519,903 |

04

($34,208):

CZ08.

SCE

5,921

176 |

27

822,210

" $24,055 |

04

)
"(‘$§13,025) :
($38,287)

(536,442)

€708-2

5921 |

176:

© 27

480,497

14,064

e

a4

[546,434)

($36,442) )

Cz09.

SCE

LADWP |

'7.560.

3.5

$61,311

478576

331"835'

0.5

$33,735) 7]

($29,478).

Cz08-2

LADWP: |

7560 |

224

224

3.5

© $61.811

818,267

05

($29,876) |

CZ10

SDG&E '

5,786.

288

3.2

862,685 | .. $50,717

. $24,628.

0

$11,068)

($38,057)

CZ10-2~

SCE

5,786 |

288!

$62:685

© $24,575

_$24,628"

T 04

$38,110)

{
{
(843,049
{
{

[$38,057)

€711

PGRE

4.5

C$71,101 |

$54,188,

$37,849 |

To0,5

($16;912

(533,252) |

CZ12

PG&E. [.

6503 | .

478 |

4.7.

468,329

$47;328:

$34,556

05

(833,773)

| cz12-2

SMUD

6:503

478

4.7

468,329 |

$24,003

$34,556 |

05

(633,773) |

1 CZ13

PGRE |

8,398

432

5.0

$69;474

51,347

ESeriil

.05

)
{s30,53995..
(§44,325):
($18;128) "

$32,246) |

CZ14

SDG&E |

- LeaT

A70 |

Y

$68,463

$62,744

- $37,133 |

0.5

(56,718

. {$32,329) |

Cz14-2

: SCE

7927 |

" 470

5.0

469,463

$32,517°

537,133

05 .

)
($36}946).

(532,329 |

CZ15

SCE

115;140.

219 |-

55

366,702

. $43,773

852,359

0.8

{$22,929

-(814,344) |

C716

PG&E

311 |

912

53

471,765

.. $36,002

824,914

0.3

- ($46,851)

Cz16-2

T CADWE. Py

A

6.3

T 71765

823,057 |

$24914 | 03

68

)
. .($35 763)
( $48 708)

[ (saga50 |

28
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Figure 20. CostEffectiveness for Medium Office Package 2 - All-Electric Federal Code M1n1mum

Elec - GHG - Comp-" Incremental | Lifecycle - B/C B/C

CZ Utiii,ty Savings ,g:zs;\:)ngs Reductibnsv liance - Package .} Utility Cost : sz\%ﬁgs Ratio - Ratio ::[;/ (On-

Y (kwh) {mtons) Margin’ Cost” Savings - ] il (On-bill) | (TDV)
Package 2 All Electnc Fedaral’ Code M\mmumﬁ” e e B e R e e O e e Ll
czo1 PG&E | -53,657 4967 : 10.1 -15% -(587,253) (698,237} (S )8 420) ‘s1o 984)
'CZ0Z | PGRE | . -49,6B4 | - 3868 | . 5.0 7% ($73,695) " ($101,605) . “{$41,429)
CZ03 | PG&E -35,886 . 3142 i 5.6 7% (582,330) (557,345) ($25,5927 [ $24986’{
C204. 1 PG&E 48,829 3759 A 6% ($69,012) |~ ($90;527) (540,570} ($21,515) |
Cz704-2 | CPAU -48,829 C 3759 | a7 -6% - (569,012) ($19,995) | ($40,570) i 18
Cz05 PG&E - | --40;5317| . . 3240 : 45 8% | (384,503 ($63,663) |  ($39,997) |
¢zZ06. | SCE | 26174 | . 2117 34 4% (576;153) 524,908 (520,571} |
CZ06-2 | LADWP 226,174 o o21a7 3.1 -4% ($76,453) - $26,366 | (520,571} |'
CZ07 | SDGRE | . -12,802 | 850 | 09| | -I% {$70,325) _ "$46,879 ($:11,407)
cz08 | SCE -15,680 | 1219 | 15 | 2%  ($68,774) © $17,859-| “($12,648)
CZ08-2 | LADWP | . 15,680 1219 151 2% |  (568,774) © $18,603 |- ($712,648)
€z09 | SCE | -19,767 ©oa605 | 2.4 COLa% | T (863,102) | 820,920 -(514,462)
€Z09-2 | LADWP 18,767 1605 | 2.4 2% ($63,102) | ~ $21,929 | (814,462
C710 | SDG&E 274140 2083 221 ~4% (547,902} | 538,918 | ($23/339)
€710-2 | SCE 227,414 |. 2053 | 2.2 1 4% ($47,902) $20,765.| {$23,339)
€711 | PG&E ~40,156 A 361 4% | ($63,987) - ($72,791) | ($32,837)
CzZ12 PG&E |  -43411 | 33yl MLy U Ue% ($68,343) ($85,856) {835,463 | ° . (817,512) |
€z12-2 | SMUD 43,411 3327 | 41 | 5% | ($68,343)- - [$5,109) | {535,463) | 863,234
€713 | PG&E 39,649 | 3063 3.8 -4% ($62,726) ($70,705) ($32,408) (67,980}
€714 | "SDG&E 44,322 | 32667 . 3.4 -5% ($65,156) 5 56,043 | (338,422 . g
CZ14-2 | SCE 44,322 3266 3,4 5% {$65,156) $4,798 | {538,422)
C7i5 | SCE | -19.817f - 1537 B 1.8 2% | ($38,176) $12;822 | (815,464) |
€716 PG&E 94,0627 6185 L 560 A27%. {$64,096) | " ($212,158) | {$150,871) . $86 775) |
CZ16-2 | LADWP | -94,062 | 6185 56 27% ($64,096) $1,493 | ($150,874F | 0.4 % 1 ($86,775)

*The Incremental: Package Costis. equa! 10 the sum of the incremental. HVAC anid water heating, equment costs’ from

F|gure 10, the: electrlca[ mfrastructure incremental:cost of S27 802 (see sectlon 3.3.2:1), and the natoral gas mfrastructure increpiental costs of $(18,948) (see
section 3.3.2.2)., . ‘
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¥

" | Elec. GHG C;dmpl'“ ’ lnt:rementa] foecycle »B/C, B/C .
Savings ‘GasSvaylrng; Reductions Tiance Package : FUtility Cost $TD_.\/ \‘Rafio- | Ratio NPV

cz utility | (kwh) * . |'{therms) {mtons) Margin Cost: " | ‘Savings Savinigs: {On-bill) | (TDV]

Packsga-3ATAll Electnc+E :

€701 | PGRE: -19,115 B . (520,604) $20,630 $28,112

Cz02. | PG&E- D a11,811 | 03868 ‘15 U {87,046) |7 539,260 | - 558,563
1 czo3 | PGRE. 2,530 3142 16.2 1$15,681) 585,241 $68,682

'CZ04 | PGRE 10,839 3759 14.8 +($2,363) . 559,432 |- '$58,420

Cz04-2. | CPAU 10,839 3759, 14.8 ©(32,363) | ' 570;880 $58,420°

€205 | PGRE -2,316 3240 146 {817,854} | 585,380 | '$58,802

CZ06 | SCE. 15,399 2117 14.3 - {$9,503) | $114,962 | 589,921

Cz06<2 | LADWP 15,399 2117 14.3 {$8,503) ! $82;389 | .$89,571

- CZ07 | SDGRE 33,318 ‘950" 13.8 {$3:676) |  $256:704.| ‘8111,398,

€Z08 | SCE :30,231 1219 14.2 ($2424) ) $110,144 | $111,781

C708:2 | LADWP | 30,231 1219 | 14.2 _-(52,124) $76;069 | $111,781

CZ09 SCE. | 24,283 1" 1605 14.3 $3,547 | $115,824 | $108,249

€z08-2' | LADWP 24,283 | 1605 14.3 . 53;547 ‘883,549 | $108,248

CZ10 | SDGRE |- 12,344 2053 12;6 . 518,748 .$230,553 $82,905

C710:2 | SCE " 12344 20537 426 $18;748 | - §105,898 | 582,905
{1 | pG&E’ 929 3062 145 $2,662 $85,888 $75,030.

€712 | PG&E -3,419 | 3327 14.8 GEEEORE (51,694) | - $868,866 |- 569,589

Cz12-2°) sMUD.| T w3419 |- 33270 14.8 U81,684) | $71,761°] 569,589

€713 | PG&E - 1,398 | 3063 14.8 $3,523 -$89;799..]  $71,307 |

CZ14 | SDG&E || 5469 3286 13.5 51,493 | $206,840 | 569,016

Cz14-2 | SCE | .. . -B468 | 3266 135 81,493 | $94,143%|. :$69,016

‘€715, | SCE 25,3758 . 1537 : - $30,474 .$114,909 | -$104,335: . ; 862
CZ16 | PGRE. :| -65877 |  618% . 82,553 | (394,477) | ($85,673).| -35.8 -33.6 (594 o3o>" ($88 226),
CZ16-Z | LADWP'|  -65,877 - 5185 82553 = 872,780 | ($85,673): ", (588,226).

30
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Figure 22.Cost’Effectiveness»‘fqr-Mediu_m Office Package 3B - All-Electric + EE +PV+ B

) Lifecycle | B/C ‘
Elec: . , “Gas. GHG Energy : | Ratio B/C
Savings -Savings | savings Com;ﬁ:liange ncremental Cost: S-TDV. {on- Ratio { NPV {On- '
cz 10U territory. (kWh) | -(therms) | (mtons) Margin (%) Package Cost | Savings. Savings bill) {TDV) . bil)) NPV (TDV}
i Bl-Electric # PN+ B [ T e T R B o e ST R gy ot '

Cz01 PG&E 157,733' . 4967 '54.9 7% $310,152 | . $518,421 $410,946

Cz02 PG&E 203,026 : 3868 57:8 1.0%+ $323,710 | $692,336 | '$532,273

Cz03 PGAE 1214706 3142 58.0. 16%: $315,075+] $708,235'| $520,866

€704 PG&E- 216,204 3759 59.9 g% $328,393 $741,382 | '$560,576

CZ04-2 | CPAU- 216,204 | 3759 59,9. 9% $328,393 | “$607,074'| ' $560,576

cz05 | PG&E 223,399 -8240 . 59,8 2% $312,902:| $799,892 | '$546,592.
| czo8 SCE 233,200 | o 2117 57.7 18%  ~:$321,252 | .$509,969 $583,963 | 6 ; »
Cz06-2 | LA~ 233,299 2117 | 57.7. 18%: $$321,252 | $311,931 ] .$583,963 1. (59,322)
Cz07 SDG&E | 256,034 950 58.3 | 0% $327,079 $870,156 | $608,498 39718543:0764 0
Cz08 SCE - 245,944 | 1219 57.4. | : $328,631. | '$499,506 |- '$623,292 |. Hlis170874
czog-2z |l “246,944 |- 1249 | ¢ 574 | $328,631 | $296,991 | $623,292 . w0 ($31,640)
€708~ | SCE | 243,838 | 1605 | 58:5: | .6334,303 | $504,498 | $615,178 |unil5, HiH6170,1957
Cz03-2 | LA 243,838 1605 585 8334303 | $307:628 | $615,178 .9 ! ($26,677)
CZ10 .- SDG&E - 1 229,044 2053 56.2 $349,503° | $851,810:} '$569,549 |l 2.4 i ;
C710-2 SCE 225,044 | 2053 | ' 5.2 | $349,503 | . $491,383 | $569,548 |

cz11 PG&E 212,047 3062 | 564 | $333,418 | $743,403 | $556,758

€712 PG&E 1 207,955 | 3327.] . 567 $329,062 | - $713,054 | '$552,415

(712-2 SMUD 207,955 © 3327 56,7 . '$329,062 $414,371 $552,415 |

€713 PG&E 1 208,431 | 3063 56.3 o $334,679 | $728,822 | $544,969

714 SDG&E’ 236,002 3266 61.3 $332,249 $865,181 | $638,517 |

€214-2 | SCE ' |, 236,002 | 3265 61.3' '$332,249 | $488,163 | $638,517 |i

C715 SCE 254,426- 4537 58.5 [ $361,229 | $487,715 | . $626,728 |

C716 PGRE . 162,9151 . 6185 58.6 $333,309 | $580,353 | -$406,746 |

$333,309 | $280,566 | $406,746 | 0.9 [iii12i] {542,742)

CZ16-2 LA 162,815 - 6185 = 586
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_ Figure 23. Cost Effectiveness for Medium Office Package 3C - All-Electric #HE = ..
Elec: | Gas GHG ] Comp- . | . Lifecycle T - |'Ratigr | B/E -
‘Savings | :Savings Reductions | liance | Incremental | .Utility Cost STDV fOn- . | Ratio .| NPV {On

{ez Utility || (kWR) - I (therms (mtons) Margiic | Package Cost

NPV (TDV]

“Package 3CIAlLElect

€701 | PGRE || . “53,380 | | {$13,765)

($43,987 (93,740

€202 | pe&E | 45916 3868 | " ($26,304)

$54,480] | ($3,672) |

C703 | PGRE |  :34656 3142 {($7;535)

(818,996)

: )

(822, 7225 T (77

) ($25,153)
(§15,229) | ($56:932) | {

¢zo4 [ PGRE. | 437248 3789 | {$41,703)"

).

(522, '7,212)
(538,261 ©[545,796) |

)

)

cz04-2 | cPaU | -43248 | 3759 | ~ {815,229) | - ($5;298) | ($18;996)

Cz05 | PGRE- | 37068 | . 3240.| | ($40;434) ($38;330): | ‘{329,544

CZ06 SCE | 22,805 CoRAET

)
($30,237) . '538,812- | - -($9,594) |
1830,237y:1 - 835414 (59,594)

€Z06-2 | LADWP | 22,805 | ~ 72117

+($22,564). 486,159 | 46,062 |

€z07 | SDG&E | -7e48 | 9sq |

Cz08 | SCE . | ~976L|. 1318 (918,443) | $37375] %8305

1CZ208-2 | LADWP | - =9,761 1219 | ($18,443) | © 829,978 - 1$8,305 |

€Z08 |'SCE ¢ | 12211 4805 {810,282) $46,335:4 - .:513,364

C703-2 | LADWP. L2240 L A605. | (810,282).1  1$37,080.] . 413,364

$11,340 | 584,901  (33,818) ($15,138)

Cz10 | SDGRE | 21,647 " 2053 |

0¢¢

$11,340 $400659 ] | ($3,818) 2933994 ($1s,158)

£z10-2 | SCE | 21642 | © 7053

($20,495) .

712 | pegE | -3s926 | 3397 | ($15,443) | - (348,955)¢ | ($8;546) | '($33,571)

{

71l | pegE 1 -3xosa | B0s2 | ($8519) |~ '(3219';01‘"3)»{, ($3,007)
{
{

25,35

€712-2 | SMUD- | . ~36926 | - 3327 60 . A% {815,443) - 39916° $9,546)

Cz13 © | PGRE | 317253 | . 3063 7257 | (527,782 ($3,055) (620,525

€214 | SDGRE | 36,402 | 3266 . {810,651) |* » $61,605.] -(§9;832)

C714-2 | SCE 36,402 |- 3266 [$10,651) | - $30,625"1 (39,832)

TCz15 | SCE 4775 . 1837 | T 48007 | 852,855 432,790

($133.574)

£716 | PGRE 490,849 | 6185 ©{88:467) {$164,115] | -($142,041)

C716-2 | LADWP | -90,949°| . BI85 . {$8,467) 837,127 ($142,041)

[ s133,574) ] .
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4 2 Cost Effectiveness Results Medium Retall

Flgu re 24 through Figure 30 contain the cost~effectiveness fmdmgs for the Medlum Retarl packages.-
Notable findings for each package mclude

¢

33

1A — Mixed-Fuel + EE:

4 Packages achieve +9% to +18% compliance margins depending on climate zone, and all
© packages are cost effective in all climate zohes.:

4 Incremental package costs vary across climate zones because of the HVAC system size in somé

climate zones are small enough (<54 kBtu/h) to have the economizers measure applied.

4" B/Cratios are high com’pared't’o other prototypes because the 'rneasures applied are p'ri"marily

low=cost lighting measures, This suggests room for the inclusion of other energy efficiency.
measures with lower cost—effect!veness to achieve even hlgher compliance margins for a cost
effective. package

1B —~ Mixed- Fuel + EE+ PV +B: All packages are cost effective using both the On-Bill and TDV'

approach, except On-Bill in LADWP ferritory; Adding PV and battery o the efficiency paCKages
reduces the B/C ratio but’ increases overall NPV savings.

1€ — Mixed-fuel + HE: Packages achieve+1to +4°o compliance marglns depending on climate
zone, and packages are cost effectlve in all cllmate zones except. CZs 1, 3 and 5 using the TDV

approach

2 — All-Electric Federal Code- Mlmmum Reference

. ¢ Packages achieve between -12% nd +1% comphance margms dependmg on climate zone

& Packages achleve positive savings using both the On-Bill and TDY approaches inCZs. 6 10 and
14-15, Packages do not achleve On-Bill.or TDV savings in most of PGRE temtory (Czs1,2,4,5,
12-13, and 16).

4 - Packages are costeffective in all climate zones except CZ16.
¢ All incrémental costs are negative primarily due to elimin'ation of hatural gas infra’s’tructure

3A - All- Electnc + EE: Packages achleve betweeni3% and +16% comphance margms dependlng
on climate zone. All packages are cost effective i m all climate zones.

3B = All Electric + EE+ PV ¥ B: All packages are-cost effective using both the On: B]ll and TDV
approaches; except On-Bill in LADWP territory. Adding PV and Battery tothe efﬁcxency package
reduces the B/C ratio but |ncreases overa!l NPV:savings.

.3C- All-Electric+ HE: Paclkages achieve between -8% and +5% comphance margins dependmg on:

climate zone, and packages are cost effective using both On-Bill and TDV approaches inall: CZs
except (751 and 16,

2019-07-25
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Figure 24 Cost Effectiveness for Medium Retail Package 14 - Mixed-Fuel + EE
o =b. ~Tere - Jome | irecyde T Bic Teic :
Savings ‘Gas Savings | Reductions lianice- | Incremental | Utility Cost. $IDY - | Ratio 4 Ratio. | NPV (On- | NBV'

cz Utility | (kWh) {therms) {mtons} Matgin | Package Cost Savings “Savings |- (On-bill) | (TDVY: | bill) {TDV)

Package 1A Mixed FlslEE"

Cz01 | PG&E | - 15210-| . 1209 $2,712 $68;358

$5,569 | $76/260 ] 859,135

€702 | PGRE 18,885 613 |

Cz03 | PGEE | 18772 | "ae2| 787 85569 | $66,813 | $57,135

cz04: | pG&E | T 19,400 | 35 | s '7.84 | $5569 | - $75.989 | 958,036

Cz04-2 | CPAU 19,100 439 ) 7.84 55,569 - $51;556-| 558,036

€705 | PG&E | ... 17,953 R 741 $5,569 | $63,182 | . :$55,003

Cz05-2 | sCG 17,955 415 741 | '$5,569: $61,810 | 855,003

C706 | SCE 1375 L s 7 554 2,712 . '$31;990° | 841,401

CZ06-2 | LADWP 12,375 _..347. .+ 554 32,712 | T 821667 | 41,401

€707 | SDGRE | 17,470 © 136 " 457569 | - $73,479 |° $49,883

82713 | $30,130 | 841,115

CZ08. | SCE. 112,284 283

7082 |" LADWp 12,284 283" $2712 1 0 $20,243 | $41115

czoo 1sce T . a34y3| | 308 '$5,569" | '$32,663 | 46,126

CZ09-2 | LADWP 43,473 |7 . 302 | $5,569 | .. $22,435 346,126

¢ee

C710 | SDG&E 18,873 |7 267 55,5691 583319 |- 558,322

C710-2 | SCE 19,873 A 6.99 $5,569° | 539,917 | 858322

CZil PG&E 21,420 ..., B78 $5,569 | 886,663 | 367,485

cz12 7| PG&E 20,370 |- . 562} = 8385

$5,569 1 ©  $81,028 | '$64,409

€Z12-2 {'SMUDF | “ 20,370 562 | - 885 $5,569° 1 . 344991 | 564,400 |

C713° |'PG&E |  22:11% 520" 7 .9.98 $2712 | 3109484 | 383,109 |

Cz14 | SDG&E | 25579 | 408 | 938 §3712 | $116,354 | $80,055.

Cz14-2 | SCE . 263270 ¢ 883 - '9.42 C$2,712:| . 857,200 | $83,065

CZ15 | SCE - 26,433 | . 469" - 835 $2,712: $57,152. | $79,506 [

CZ16 | PG&E | 15975 | 752 872 $2,712°| 872,437 | . 355,025

_ 82,712 " $31,906.| 355,025

CZ16-2 | LADWP- 15,975 - C752 872
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.Figi‘lre'lzs._ Cost Effectiveness for Medium Retail Package 1B~ M"ixedeFuéH EE+PV +B ‘

| 'BJ/C o
Elec Gas. GHG | Lifecycle -1 Ratior ‘B/C

i Savings: ‘Savings: savings: |. Compliance Incremental Energy Cost S-TDV {On- Ratio-
(074 10U territory (kWh) {therms) . {tons) Margin (%) Package Cost . Savings Savings bill) .. ] {TDV)
Miked Fhel H PV Battery . 1 Lol e LR e e e B e D PR BT EENEE I M)
Cz01° | PG&E 158,584 | - - 1708 . $277,383 | $509,092 | '$383,683
Cz02 PGRE. 189,400 - 613 $280,240 $590,043-| $465,474
€703 | PGRE 191,016 | 452 $280,240 | $578,465.| $452,795
CZ04 PG&E | 195,014 © . 439 1$280,240 $605,369 | '$480,989
CZ04-2 { CPAU | - 195,014 439 $280,240 $451,933 | $480,989 371128200748
CZ05 | PG&E 196,654 | 415 $280,240. |  $589,771 | '$464,749 30 [sT8a500 00000 7
CZ05-2 | 5CG . . 196,654 | . 415 $280,240° |  $588,407.| $464,749 4 $184,509"
CZ06 | SCE 185,903 347 $277,383 $322,495 | $456,596 | 179213
CZ0B-2 | LA | 185903 | 347 $277,383 | $161,428.| $456,596 {($85,955) 1%:$179,213"
CZ07 | SDGRE 197,650 . -13 $280,240 $496,786 | $477,582 '8216,545 16197343
CZ08 | SCE - . 187,869 283 $277,383 |  $326,810 | $478,132 L8h940T :
Cz708-2 | LA | 187869 | 283 $277,383 $190,379 | $478,132 - {$87,004)
709 | SCE o] 191,399 302 $280,240 $334,869 | $472,770 54529
CZ09-2. LA C1T 191399 L 302 $280,240 $201,759 | $472,770 ($78,481)
CZ10  SDGRE . -| 200,033 267 $280,240 | $547,741 | $472,880 | 14267501
CZ10-2 | 5CE 200,033 267 .~ $280,240. 1 - $340,822 | $472,880
CZ11 | PG&E 192,846 578 280,240 | . $582,969 | $490,855
CZ12 | PG&E. | 191,720 562 280,240 | $586,836 | $485,076
CZ12:2 | SMUD 191,720 562 280,240 | - $319,513 | 3485076
€713 PGRE Tl 195,051 © 620 ' $277,383 " $605,608 | '$5486,285
CZ14 | SDG&FE 217,183 408 $277,383 $559,148 | $534,915 )
C714-2 | SCE ' 217,927 383 $277,383 |~ $354,757 | $538,058
715 | SCE. . 208,662 . 169 $277,383 | . $338,772 | $496,107
CZ16 | PGRE =~ 910,242 752 $277,383 $608,779 | $490,262 ; 242,875
CZ16:2 | LA~ 210,242 752 - $277,383- $207,160 | $450262 | 0.7 {$70,223) [:$212;8795
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st Effectiveness for Medium Re’tailPackage;iC Mix

“Fuel + HE B

€z

Utility

Figure26.Co

Elec

| savings

Gas Savings

GHEG

-Redlctions

{mtons)

1 .Comps
- liance’

Margin

Incremental
package Cost’

Lifecycle
Utility. Gost
Savings:

$TDV
Savings

ed

BfC
Ratio
{Ori-bill).

B/C:
Ratio.

(TDV})

Package TC:Mixed Fuel

(kWh)il

(therms)

Cz01

PG&E

$9,006

. ($2,‘7

OS)

€702

PG&E

59,726

3,257

CZ03

| PG&E

$5,0863 |

Cz204 .

| PG&E

. $9,004 |

$10,878

587887

Cz043

cPAl 'l

9,004

510,878

($1,183)

- CZ05

PG&E

$9,454.

- $5119

84725

{34,335)- |- ($4)729)

- CZ05-2

SCE

$9,454

54,558

-$4,725.

CzZ06

"SCE -4

58,943

511,646

511,427

&

CzZ06-2

LADWP.

58,943

87,329 -

511;427 |

52614

1 CZ07

59,194

$20;403

$8,779 |

€708

SDGRE | -
e

785,645 |

$11:989 -

- .S12,877 |

10,809

C708-2

LADWP

59,6451

$7:427

512,877

709 -

“SCE

$10,446 -

$16,856°

‘818,745

Cz08-2

. 810,446 :

510,604

$18,745

‘CZ10

TADWP |
"SDGRE |

ey

a8 51d | T

$36,412 |

:$19;008

£z10-2

-'SCE

118

89,514

- 517,094

$19,008

€711 |

PGRE

225

$10,479 |

531,872 |

$22,393

712

PGRE

214

'$10,409

528,653

$20,525

CZ12-2

SMUD™ ]

214 |

‘510,409

$12,823"

.$20,525

CZ713

-PG&E’

80|

89,808 ]

534,149

€714

SDG&E -

153

$12,103 1.

$44,705

CZ14-2

SCE

153 |-

$12,103°|

§22,032

CZ15

| SCE

28|

812,534

$25,706. |

CZ16

CPGRE: [

390

.°$11,999-] .

. 822,663.

413,888

Cz16-2

36

LADWP:

390 |

511,999 1 .

f $11,921. |

$13,888
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Figure 27 Cost Effectxveness for Medium Retail Package 2 - All-Electric Federal Code. Mmlmum

Elee | Gas GHG - ".Comp- Lifecycle: B/C B/C
Sayings | Sawihgs Reductions liance ' Incremental ’ Utility. Cost S$TDV Ratic- | Ratio | NPV (on-
cz | Utility | (kWh) | {therms) (mtons) Margm ‘Package Cost” Savings Savings [On=bill)’ \
Package 2i'All ElectncFederal Code Minimum S ‘ P e R I i
CZ01 | PG&E -29;155" 13893 13;85 -4, M ($23,048) ($8,333) | ($13, 910)
CZ02 | PG&E 21,786 2448 7.49 -1.0% ($27,464) ($16;476) (54,483) |
€703 | PGRE -14,583 1868 .26 -0.4% ($24,111) $263. |  {$1,450) | ,
C704 | PG&E -14,186'} . 1706 5.30 -0:1% ($22,896) ($8,753) (52205 | ©$22,676.
Cz704-7 | CPAU " .14,186' ] 1706 5,30 S0,1% | ($22,896) 812,493 ($220) $22.676
cz05 | PG&E 14,334 1748 5.47 -1.2% ($25:507) |- . {$1,567) ($4,197). : :
CZ06- | SCE 27,527 1002 3.37 5% ($21,762) $18,590. $1,868
C706-2 | LADWP 7,527 | 1002 3.32 ($21,762) $19,309 ]  $1,868
GZ07 SDG&E 23,812 D532 | 1.76 " ($23,762) $54,345 $1,318
czo8 | sce -5,805" 793 2.70° -($26,972) $16;735 . $1,846
CZ708-2 | LADWP -5,805 1. 793 270 ($26,922) $17,130 $1,846
CZ05 SCE 72461 | 970 3.32 ($32,113) $18,582 $1,978.
€709-2 | LADWP ~7,241 | 9704 3.32 . {332,113) $19,089 $1,978
€210 | ShG&E | . :-10,336 |. 1762 3,99 (327,272) | $54,453 | $505..
Cz10-2 | SCE 10,336 | 1262, 3.99 ($27,272) 420,986 $505
czii | PG&E " ~19,251 2415 7.85 ($32,202) - [$7,951) 42,615
1 cz12 .| PGRE’ 19,471 7309 | . 7.28 1$32,504) ($14,153){  ($461)
Cz12-2 | SMuUD 419,471, | 23097 7.28 . (832,504) $12,939 (3461)
€713 | PG&FE -16;819 1983: 615 ($28,158) ($10,575) |  {$2,022)
C714 SDG&E -13,208 1672 5.44 - ($26,656) - 541,117 | $4,461
¢z14-7 | SCE 13,708 1672- 5.44 {626,656 $18,467 | © 54,461
€z15 | SCE 2463 |. 518 2.14 | ($28,544) 516,796 | 45,823 | :s
(716 | PG&E 41,418 4304 13,23 (625,771} (848,862 | ($52,542) ($24,091) | (326,771)
C716-2 | LADWP 43,418 4304 13,23 ($25,771) $39;319. | ($52,542) | $65:080] ($26,771)

incremental ‘cost savings of $28,027 (see section 3.3.2, .2).

37

*The.lncremental Package Cost is theaddition of the incremental HVAC and water heating equipment costs from F;gure 11 and themnatural gas infrastructure
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ail Package 3A - AIEl

PR

ectric+ EE

cz | Utility

E[eci
Savings,
{kwh)

~ Figure 28.C

| Gas:Savings:

{therms)

Reductions

{mtons):

Comp-

| liange

| Margin

] I_ncre';nehtal
Package Cost

| Lifecycle

_ Utility Cost;
‘ Savings

$TDV
. Savings

H B/C
" Ratjo,

{On=bill)

‘B/C
- Ratig
{TDV]):

- Package 347 All-Elactrit

czo1

" PGRE:

-5,478 |

(820,386

563,553

51,224 |:

cz02

PGRE |

2,843 |

$74,997

456,893

Cz03

PGRE

77851

518,542

. 368,968

- 856,586

cz04

PGRE |

8,572 | .

Y
($21,895) |

)

)

$81,957

857004 |

Cz04-2

CPAU

g572

{
(817,327
{

{817,327 |

$63,082

557,504 |

-CZ05

PG&E. ~

§973.| 1

{§19,938)

$63,677

1$51,949' |

CZ06

SCE

7431 |

" ($19,050) |

_$47,072

$42.610: |

CZ06-2-

LADWP -

7,431

(419,050

© $37,078

$42,610

CZ07

14,350 |

$127,461

450,828 |

_CZ08

SDG&E :

. SCE:

8,524

(824,230

843,679 -

542,258 &

1 CZ08-2

LADWP

($24,210

( =

1 )
($18,193] |
{ jE

)

$34,038 -

$42,258. |

CZ09

1 8CE

‘403 |

“(g26505) |

| $47,819°

547,356 |

£708-2

LADWP |

8,408

(826,545). | A

437,934 |

$47,856 |

Cz10

48,737

(821,703) |

$137,436

-$58,761

(710-2°

SCE:

SDG&E

11,737

"(521:703) |

368,257

SE8,761 |

4 CzZ11

. PGEE

" 5,R92

" 626,633}

'$85,056"

'$65,859° |

Cz12

| pgaE

5548

| (826,935) ]

%80,631

$63,903

CZ12-2

SMUD:

5548 |

$59311°

'$63,903

£z13

| PG&E

10,184:

($25,446):.

)

j
$26,535) |©

)

‘ $110,105:

- 580,604

| CZ14

| SDG&E 1. .

115,583

523,944)

$171,200

588,471 I3

Cz714-2

. SCE -

15583 |

"($23,944) |

- 656,178

$159,604

CZ15

| SCE

23,642

(526,832).

"365,573;

$76,781 |

CZ16

“PGRE =

18,232 |

(523,089

U 438,796

$14,152

NPV {On- | NPV
bill) (TDV)
\

T CzZ16-2

) .f$67_';793 Rk

38.

LADWP

c 18232

1$23,059)

$1%,152
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+EE+PV+EB

39

Figure 29. Cost Effectiveness for Medium Retail Package 3B - All-Electric
‘ ‘ ’ ' . o ) B/C
“Elec Gas GHG ) Lifecycle ' Ratid B/C
C ' »Saving,s Savings ;saving',s Compliance Incremental | Energy Cost $TDV' | (On-* | Ratio NPV:(On-

cz | 10U territory (kWh) (therms) | {tons) Margin (%) Package Cost. |  Savings Savings ‘bill) {(TDVY
:'AIleléctr,_‘ifﬁ.-i:&'l?\‘/‘l—;-‘:lB‘ PR sy e e g ot e e ; T
CZ01 | PG&E 137,956 3893 50.51 $254,335'|  $510/831 | $374,432
€702 | PGRE . 173,387 2448 49,87, $252,777 $590;112 | $463;431
Cz03 ° | PG&E: 180,055 1868, 48:55 $256,129 | $585,861 | $452:399 | ,
C704 . .| PG&E | 184,499 11706 48.38 $257,345 $608,814 | $481,011 43517470 °$223,666
C704-2 | CPAU 184,495 1706 4838 $257,345 ' $465,690 | $481,011 1$208,345 |7$223,6664]:
€705 | PG&E: 185,69C " 1746 48,84 $254,734 |, $600;333 | $461,804 346;1997|1$207,0715
CZ06 | SCE 180,968 1002 | 4301 4255,621 $335:909 | $457,959 $80;788 78207337
CZ06-2 | LADWP. 180,968 . 1002 43.91 " $255,621 $206,021 | $457;959 | {s49,601) |1$202,3370|
C707 | SDG&E 194,837 522 44.67 $256,478 | $550;714 | $478,637- {1 i¢294;236 [ s222 458
208 | SCE - © 184,120 | - 793 43,32 $250,461 .$340,301 |- $479;406 [ (15228945
€708-2 | LADWP 184,120 | 793 143.32 $250,461 $203,813 | $479,406.1 ($46,648) 118228945
€709 | SCE 186,346 970 44,77 $248,127 - $3485,524 | 5474176 | 101,397 1| 11$226,048.
CZ09-2 | LADWP 186,346 970 | 44.77 $248,127 $216654 | $474,176 ($31,473) 1:$226,049'
€710 | SDGRE 191,933 1263 ¢ 47.46 $252,969 $593,514 | $473,605 $340,545 1.$220,636/
C710-2 | SCE 191,923 1262 47.46 $252,969 $356,958 | $473,605 114$220/536!
czil | PGRE 177,639 475 5026 ©.$248,039 $585,685 | $489,317 0| 1824172787
712 | PGEE 176,915 2309 | 49.46¢ $247,736. | $591,104 | $484,702 #|.'$236/966¢
CZ212-2 | SMUD 176,919 2308 | . 49.46 '$247,736 $335,286 | .5484,702 H87; 6
CZ13 | PG&E" 183,125 1983 | 4848 $249,226 $608;560 | $483,670
CZ14. | SDGRE 208,183 1672 52.54. $250,727 $593;232 | '$544,079.
C714-2 | SCE 264,589 1672 20.97 $250,727 $656,178 | $580,403.
715 SCE 205,868 518 | . 4567 $247,840 $347,125 | $493,339
CZ15 | PG&E 176,114 4304 | 6043 251,612 $567,822 | $446;795 | ‘
CZ16-2 | LADWP 176,114 4304 .60.13 '$251,612 $241,757 | $446,795. © (89,858) [
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Figure 30, Cost Effectiveness for»Medium{Retaﬂ;ilPackage_ 3C - All-Electric + HE

| Elec ~ Gas v GHG. .| Comp- - ) Lifecycle: . -B/C 1 B/C ] .
_ | Savings. | 'Savirigs’ | Reductions’ . | lance | Increémental | Utility'Costy | |'STDV Ratio. - | Ratfa. | NBV{On= | NPV'
cz “Utility | (kwh) | [therms) ' | {mtons) Margin’ Package Cost | Savings. . ' | ‘Savings. {On:=billy | (TDV) ‘Bill) {TOV)

8¢¢

Package 3C: All:Electric+ HE A ;
€701 | PGRET | 226,199 : .1(5587). 1 15369 | ($5,757)

Gz02- | pGaE | 15989 | 7448 (54,221, $12,323.1 .$11,251

€703 ‘| 'PG&E <11703° |+ 1868 (52213) | . 89,459 | $6,944

~CZ04. | PG&E | -10,675 1706:) ($318) |~ $14,317 | $13,383

CZ04-2 | CPAU |  -10,875° - 1706 . - (8318) 420,599 | -~ $11,383

€705 | PG&E | - -11,969.| . 1746-|-. ($2,208)| - $5582 81,824 -,
Cz06 | SCE "+~ -3,919: 10021~ 81,418 ' $29,751. ] .$13,734
CZ06-2 | LADWP" 39191 1002 $1,418|  $75891 | $13,734

CzZ07 SDG&E | . ~855:| . 522 |, 15710):| | $74,518| 511,229

CZ08 | SCE | 2,224 793 | (3,719) $28,067 | $15,075

CzZog-2 | LADWP | = 2,224 | 793 | ($3,719) $23,848 $15,075

CzZ09 SCE | -2,089.|° 570 ($8,268) . 834,648 $21,162

Cz09-2 | LADWP-| ~--2,089 970 ] ($8,268)F 528,837 |- $21,162

€710, | SDG&E |  -4868:} 1262 | ($5,222)71 . $91,136 | $20,041

Czi0-2 | SCE | " —4868 | - 1262 . ($5;222) $37,200 | .$20,041

CZ11 | PG&E | 12,6511 2415 (58;247) 825,015 526,172

€712 | PGRE: | 13479 | . 23097 ($3,239] 520,839 521,228
| cziz-2 | sMuD | 13479 | . 2309} . (89,239):} | $26,507 | $21,228

cz12 | PGE&E | 9,935 1983 . (54,975) |  $30,223 | 524,063

C214 | SDG&E =5407 |, . 1672 stz . 588,669 | 331,029

CZ14-2 | "SCE - 5407 | AB7Z L~ S121°0 0 S40,709° ' $31,029

€715 | SCE 6782 | - 518 ($2,508) | $42238.1 837,379

Cz16 - | PGRE | -85,297 4304 | $1,402°] T ($21,384) | (833,754) " ($22,486)

C716-2 | LADWP -35,297° [ . 4304 T 81402 7 548,625 | (333754} i5235] (534,856) |
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4.3 Cost Effectiveness Results ~ Small Hotel

The following issties must be considered when reviewing the Small Hotel résults:

&

@

The. Small Hotel is a mix of resxdentlal and-nonresidential space types; which results in different
occupancy and load proflles than the office and,retail prototypes.

A potential latindry load has not been exarnined for the Small Hotel, The Reach Code Team
attempted to characterize and apply the enefgy use intensity of laundry loads in hotels but did
not find readlly available data for use. Thus, cost effectlveness including laundry systems has not
been exammed

. Contrary to the office and retail prototypes, the Small Hotel baseline water heater isa central gas

storage type. Current compliance software cannot model central heat’pump water heater
systems with reclrculat_lon serving guest rooms.” The only modeling option for heat pump water’
Hedting is individual water heaters at_ each guest room even though this is a very 'u‘ncommon
configuration. TRC modeled individual heat pump water heaters but as a proxyfor central heat
pump water heating performance, but mtegrated costs associated with tank and controls for.
¢central heat pump ‘water heating into cost effectiveness calculations.

- Assumirig central heat pump water heatmg also enabled the mclusxon of a solar hot waterthermal

collection system, which was a key efflctency measure: to achxevmg compliance in nearly all
climate zones.

Figure 31 through Figure 37 contain the cost—effectlveness findings for-the Stall Hotel packages Notable
findings for each package include:

4

1A ~Mixed-Fuel + EE:

4 Packages ‘achiéve +3 to+10% compliance fnarging depending on climate zone.
4 Packages are cost eﬁectlve using e|ther the On Bill or TDV approach in all CZs except i2
{using SM up rates) 14 (usmg SCE rates) and15 (WIth SCE rates).

%: The hotelis prlmarily guest roorms with 'avs_m‘all_erv proportion of honresidential space.
" Thus, the inexpensive VAV minimum flow measure and lighting measures that have been
applied to the entirety of the Meditim Office and Mediun Retail prototypes have a
relatively small lmpact inthe Sniall Hotel.?*

¢ 1B —Mixed-Fuel + EE+ PV + B: Packages are cost effective using elther the On- Blll or TOV:

approach inall €Zs. Solar PV génerally i increases: cost effectlveness compared to efficiency-only,
partlcularly when using an NPV metric. - - :

1€ ~ Mixed-Fuel + HE: Packages achieve +2 to +5% comphance margins’ dependmg on climate
zone, The packageis cost; effective using the: On=-Bill approach in:a mmonty of climate zones, and
cost effectlve Using TDV:approach onlyin C7A15,

z The I0Us. and CECare actlvely workxng on mcludmg central heat pump ‘water heater madeling with récireulation systems in
early 2020.

2 Title 24 requires that hotel/motel guest room lighting design comply with the residential lighting standards whlch are all
randatoryand are not awarded compllance credit for lmproved efficacy.

41
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&2 —All-EléetfiE'Federal Code-Minimtm Reference:

e

@

42

& This all electric design does not copiply with the Energy Cominissioni’s TDV: performance :

: budget Packages achieve between -50%" and -4% compllance margins dependlng on climate
zone. This may be because the modeled HW systeim i§ constralned 1o havmg an attificially Tow:
efﬁcuency to avo;d trlggermg federal pre-emption, and the heat pump space heatmg systems

~ mustoperate OVermght when operation is less: efﬁcnent

A % AH packages are cost effectlve iy all climate zones

+17%, except C216 whlch had a- 18% comphance margln All packages are cost effectl\/e in: all
dlimatg zones. Thé:im p’roved degrae of cost effectiveness otitcomes in Package 3A compa red’to

_ Package 1A Appear to' be due to the: 51gmﬁcant incremental package cost:5avings:

3B — All-Electric:# EE + PV + By All packages areé tost effective. Packages improve i B/C ratio when

. compared to 3A and mcrease m magmtude of averall NPV savmgs PV appears to be more cost:

3C— All- Electnc-h HE s

#% Packagesdonot comply WIth Title 24.in all CZs except CZ15 whlch resulted ina +O 04%;
¢ompliance margin: .

% Al packéges dre cost.effective,

2019-07-25
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Figure 31. Cost Effectiveness fOf Small Hotel Package 1A - Mixed-FueI- +EE

| Elec GHG. Comp- . Lifecycle s “B/C [B‘_/C’
g Savings Gas Savings: Reductions | liance: “Incremental Utility Cost $TDV | Ratio. Ratio NPV (On-

cz utility | (kwh). ‘{therms) {mtons) - Margin | Package Cost Savings Savings (On-bill} | (TDV)

. Packageil A Mixed Fusl #EE L 1 SRl i i e e e e =

€701 PGEE 3,855 5.65 $20,971 | - $34,338 | $36,874

Cz02 PGRE 3,802 976 3.91 $20,571 $26,312 | $29,353

€703 | PG&E 4,153 1046 448 520,571 $31,172 | '$35,915

Cz04 PG&E 5,007 395 7 0.85. $21,824- $24,449..1 324,270 g
CZ04-2' | CPAU - 4,916 422 0.98 521,824 518,713 | -$24,306 - (83,111) |
€705 PGRE 3,530 1018 413 '$20,971 $28,782. | 334,448 |+ $7,810.0
C705-2. | SCG 3,530 1018 4.3 ©$20,971 423,028 | 534,448 | $2;057
CZ06 SCE 5,137 418 | 1.16 $21,824 $16,001 | $26,934 ~ ($5,823)
CZ06-2 | LADWP 5,137 418 | 116 $21,824 $11,706 1| 526,934 (310,118) |
Cz07 SDG&E 5,353 424 | 1.31 $21,824 526,699 | 527,975 24 54876
C708 | SCE 5,151 v 419 | 1.21 $21,824 $15,331° | $23,576 0.7 | ($5,893)
CZ08-2 | LADWP' | 5,451 | . - 419 .o121 $21,824 $11,643 | -$23,576 0.5 (510,180) |
Cz09 | SCE. " 5,228 406 116 591,824 | $15,837- | $22,365 ($5,987)

| €Z09-2 | LADWP 5,229 406 | 1.16° 521,824 $11,632 | 522,365 ($10,192)

| CZ10- | SDG&E 4,607 342§ 0.92 $21,824 525506 | $22,219 153,683
CZ10-2 | SCE 4,607 347, 0.92 571,824 $13,868 | $22,218 :

€711 PG&E" 4,801 325 1 "0.87. $24,824 $22,936 | 519,503 |

Cz12 PG&E 5,276 | 327 . D80 521,824 22,3561 521;305

€Z12-2 | 'SMUD 5,276 327 . 0.80 421,824 - $15,106:|  $21,305-

€713 PG&E" 4,975 310 |. -'0.87 $21,824 $23,594°| $19,378

Ci14 SDG&E 4,884 370 | 10.82 $21,824 | 524,894 | 321,035

C714-2 | SCE- 4,884 ‘370, 0,82 $21,824 ©$14,351 | 521,035 °

€715 | SCE 5,187 278 1.23 521,824 813,645 .| $18,089.

CZ16 PGRE 2,992 1197 | 495 $20,971 $27,813 { $30,869

C716-2 | LADWPF 2,952 1197 4,95 $20,971. 519,782 1 330,869 {81,190) b4

43

2019-07-25



2019 Nonresidential New. Construction Redch Code Cost Effectiveness Study

Figure 32.Cost Effectiveness for Small Hotel Package 1B —~ Mixed-Fuel + EE+ PV + B
i Elec. | Gas GHE s Compr. | 'l ifecycle | 0 U1 B/C ] B/C
| Savings: | Savings . Reductions’ liahte Incremental | Utility Cost | $TDV'  “Ratie | Ratio:» | -NPV.[On= | NPV

1L :Uti]ity | (KWh) {therms) * {mtons) ‘Margin _Package Cost .| Savings . Savings . | {On-billy | (TDV)
' Package'lBi Mixed Fuel:#EE+PY

| czol | pG&E | 107,694 6228341 $366,509 | $295,731

CZ02 | PG&E. 130,144, . . 976 $228,341 1$359;248-| -$336,575

cz03 | PG&E | 129,407 | qp4s’| | 3157 $228:241| 430,737 | .$335,758"

CZ04 | PGRE | . 132,648 T U UB95 | 0 2846 0 8229,394 |- [ 4355,406°| $338,455

| cz0s-2-| cRAL 132,556 22 28.59 $229,194 | . $322698-| $338,492.

| $228,341 | $452;611 | $352,342

CZ05 | PG&E 136,318 | 1018 3273

Cz05-2 | Sc6 | i3e3ie | | 4018 | 32.73 $228,341 | . 5446858 | $352,342 §218.51

€706 | SCE | 481,051 | .7 418 ] - 2847 $229,484 |- ' $217,728| $336,843 ($12,466)

Cz06-2 | LADWR | . 18051 | 0 418 2847 $220,194 ¢ ° $131i052 [ -$335,843 (358,142)

CZ07- | SDG&E | 136,359, | 424 | .29.63 “: $2297184 - '$306;088 | $345,378 | 33

Tczog | sée 1 182,539 C 419 28.85" .$229,194 | $227,297°1 .$3853,013 | (31,897}

{.Cz08-2 | LADWP | - 132535 41900~ 28.85 $229:194 | - 8134739 1$353,013 | {$94,455).

€708 | SCE 131,422 | . . A0& | 28.82 $229,194 | 3230791 | $343,665 51459;

7092 | LADWP | 131422 | 406 | 2882

$229;194. | 8136,024. | .$343,665 |

74229194 | 8339612, | ' $342,574

¢€¢

CZ10 “SDG&E' | 134,146 ‘ © B4 Y 128,05
€710-2 | SCE 134,146 | . . 347 2805

| 5229,194 | - 8226244 | $342,574

cz1l | PGRE: | 428916 - 3251 U 97.62 $299,794.|  $352,831 | $337,208

712 | PG&E | 131,226 | . BT . . .. 2804 CU8229i1947) " %475,099 | $338,026

Cz12-2. | SMUD | 131,226 | . . 3271{, . . 2804 - $229,794 | $213,176 | $338,026

713 | PGRE 127,258 | 3o | " -27.33 U 4229194 T 4351244 | $324217

€714 | SDG&E | . 447,017 | " 3701 . .. 30.96.. 82207194 | $86T445 | $217,675

CZ14-2" | SCE | 147,017 | ., =-370.| . B0.96 $229,194 | $244;400 | $381,164

ST$229,194 | $225,054 | $348,320

€715 | SCE C 137,180 | © 278 © 2942

1$228.341 | $377:465 |  $857,241 14

Cz16 | PGRE | 1414780 1970 . ... 34.60
CZ162 | LADWP | 148,478 | 1197 34,60

" 4228341 | . | $136,563 | $357241| 0.6 “(§9i,7:78)
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F1gure 33 Cost Effectlveness for Small Hotel Package 1C Mixed- Fuel + HE

45

-4 Elec” ‘GHG. ‘Comp-" Lifecycle ‘B/C B/C.
.Savings’ "Gas Savings' | Reductions - liance Incremental Utility Cost. STDV Ratio Ratio- NPV (On- | NPV
cz Utility | {kWh) ] (therms) {mtons) 1 Margin Package Cost~ | Savings Savings (On-bill}- | (TDV) | bill) (TDV)
“package 1Cr Mixed. Fuel+HE T o : vl e R e T T e S DY D TR Eo
czZ01 PGRE 10 | 632 szz 839 511,015 | ©$10,218 0.5 0.4 | ($11,823) $12 621)
C702 PG&E 981 402 $23,092 | $16,255° $11,808 0.7 0.5 ($6,837) | ($11,284)
£Z03. | PG&E S 81 383 $20,510 $7,066 56,850 0:3. 03] [(513,444) | -{513,660) -
Cz04 PG&E’ 161 373 | . 822,164 $8,593 | 57,645 0.4 0.3 | (813,571) | 1$14,519)
€Z04-2 | CPAU. 161 373 |, $22,164 57,097 $7,645 0.3 0.3 | *(515,067) | {514,519)
CZ05° | PG&E 154 361 $21,418 $6,897: $6,585 0.3 0.3 | (314,521) | ({314,833)
{£205-2 | SCG 154 361 621,418 54,786 | © 56,585 0.2, 03 | (516,632) | {$14;833)
CzZ06 SCE 237 201 $20,941 © §3,789 $4,882 0,2 0.2 | {§17,152) | {616,059)
C706-2 | LADWP 237 201 $20,941 $3,219 $4,882 |- 0.2: 0.2 (517,722) | (516,059}
CZ07 .SDGRE | 44171 - 158 '$19,625 513,771 $7,342 0.7 0.4 (85,854) | (512,283)
€208 SCE 1,302 | 168 $20,678 $8,378 $8,591 0.4 0.4 | (512,300) | (512,088)
Cz08-2 | LADWP S 1,302 | 169 '$20,678 $5,802 $8,591 0.3 0:4 | ($14,877) ] ($12,088)
€z09 SCE 1,733 | 178 $20,052 $10,489 | $11,164 | 0.5 0.5 (59,563) | .(58,888)
£209-2 - LADWP 1,733 178 $20,052 $7,307 | $14,i64 0.5-1 (512,745)"] ($8,888)
CZ10 © | SDG&E 3,170 220 522,682 $35195 | $19,149 0.8 [#i812,533%] ($3,533) |
C710-2 | SCE. 3,170 220 '$22,682 - 816,701+ 819,149 0.8. | ($3,533)
Cz11 PGRE 3,343 323 $23,344 $27,633°| $20,966 | 0.9 (52,379)
Cz12 PG&E. 1,724 320 $22,302 $11,597 | 515,582 0.7 310 705) | {$6,710).
£212-2 | SMUD 1,724 220 $22,302 $11,156 | 515,592 "7 | {811,146) (56,710).
713 PG&E 3,083 316 $22,882 $23,950 |- $17,068 | 0.7 57,0687 ($5,814)
CzZ14 SDG&E 3,714 312 523,299 $35,301 | $21,155 0.9 1 0812;002: ($2,144)
£714-2 | SCE 3,714 . 312 . 623,299 $18,460°| $24,155 |. 0.9 ($4;839) | {52,144} |
C215 | ‘SCE 8,684 Y 520,945 $26,738 | $31,600 |4 5 $5,792 15 10,6550
| czi6 | PGRE “835 700 $24,616 518,608 | $14,494.| 0.6 |~ ($6,007) | ($10,121)
€z16-2 | LADWP. © 836 | 7001 . $24,616 v $15237 | $14,484 0.6 ($9,378) | (510,121).
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Flgure 34 Cost Effectlveness for Smaﬂ Hotel Package 2 AJI Electrlc Federal Co de Mmlmum

: ‘ TR R
Elec ' "Gas | 6HG . Comp— ‘B LleCYClE : .7} Ratio :B,'IC
: - Savings’ | savings | Reductions | Tiance: | Incremental | Utility.Cost. ',‘STDV: 1{on= | Ratio. [‘NPV{On: |

cz Utility | (kWh} .| (therms) (mtons). “Margin | Package Cost” | Savings' ' Savings bill} F(TDV) 1 | NPV.{TDV)
Package 2 All- Electnc Fedéral Code Minfmum: ™ R ;

€201 | PGEE -159;802 16917 - 28% | ([Sw20e784) | (3582,762) | {31d5,161)

czo2  [pG&E | s118739 | 12877 40, ooﬁ | avw | (31297957). ($245,434) | ($51,620)

703 | PGRE | . 110595 | . 12322 . ao0as | -14% | - ($1,300,029) | ($326,633).| - ($51,166)

C704. | PG&E 13,4047 14927 36.59 2139% | . i($1,299,864) . (8225, 307) ] ($53;434).

Cz04-2 | CPAU | -T13404 |  «<11927 | . 3659 |  -13% ] ($1,299;864) | (817,768} | (853,134}

Cz05 | PG&E | 108,605 _  11960.| . U agza | _-15%:| - ($17299,917) | ($350,585) | - {$54,685)

czo6 | scE 7 .7gp9e3 | 0 s912t 2938 | 5w | ($1,300058).| (361, 534) | ($28043):

Cz06-2 | LA | 78203 1 - Bo12{  293& | 5% | (S5300,058) |- T 343,200 F ($28,043)

CZ07 | SDG&E | 269,818 8188 | “oO804 [ w79% | (81,208:408) | ($137.838) | ($23:199)

cz08 | sce | s7iEna| 8353 0 . 9gmd [ 6% { [¢1296376) | . . ($53,524) | {$22,820)

cz08-2 | tA . | . 7nei4] 8383y s b C(81,206;376) - .$42,841 | ($22,820)°

cz0g [SCE- | - -72;26% 8402:0 | 2838 | . . {$1,298,174) | - . {344,979) |. ($21,950)

€zp9-2 | LA . 1 74262 - 8402 . 2838 {$1,298;474): |1 7 $46,679 | (324,950)

€710 - | SDG&E.| - -80,062-{ =~ sdisy 2622 1$1,295:176) ($172,513) T {$36;179)

cz10-2 [ Sce | 80062 w418 2622 {81,285,176) | 1$63,974] | 1$36,179)

€711 | PG&E | --99,484 - 10252 % . 30.99: | {$1,205,985) ($186,037) | ($49,387)

€z12 | PGRE 299,472 10408 | - 32.08 | {$1,997,425) | = {8340, 801) | ($45,565)

Cz12-2 | SMUD: | 89,067 | 10403 32.21 . q8L097;425) | T s5794 | ($44,354) .

cz13 | peaE | -96,829.| 10029} - 3080 | T($1,295:797) (3184332 | ($50,333)

€714 | SDG&E- -101,388 | 10056 ] 2968 | _ {81,296,156) ($325.828).| (356,578)

C714<2 | SCE -101,398.| 10056 | 2968 | T {§i296158) | '(si'zi“ssz) | ($56,578)

€715 SCE | :49,853 | 5579 | 18,07 T {81,294378) 7 '$209 | ($21,420)

€716 | PGRE ~216,708 | . 17509 41,89 1$1,300,552) | '3645"705) -($239,178)

cz152 LA __-215 708 17599 f' - - 41 89' 81 300552) ' ($239 178)

mcrem ental cost of $26 800 (see sectlon 3 3 2 1) and the natura gas mfrastructure mcremantal cost savmgs of $56,02O (see sectlor; 3.3.2. 2)
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Flgure 35. Cost Effectlveness for Small Hotel Package 34 - AH Elec’mc +EE.

Elec GHG: ‘Lifecycle ‘B/C

. | Savings: | Gas'Savings | Reductions Comp‘-hance incremental Utility Cost STDV B/C Ratio | Ratig: NPV (On-
cz Utility | (kWwh) (therms) * | (mtons)’ . | Margin . | Package Cost | Savings Savings | (Onchill) | (TDV) | bill) NPV-{TDV)
i Patkage SATAlElBCticHEE: - 20 T u s i e R e s o
€201 | PGRE | -113,259  de917 62.38 | | ($1,251,544) ($200,367) '$5,460 781,051,177 | 1$1,257,005
702 PG&E -90,033 12677 | " 45.46 “l 0 ($1,265,064) ($108,075).1 $15,685 [ $1,156,989 41,280,749
€703 | PG&E -83,892- 12327 45:93 " ($1,267,509) ($198,234) | $20,729 | 781,069,274 ] 7%$1,288.237. .
€704 PG&E -91,197 - 11927 40:36 ($1,263,932) ($112,892) - $703 [ 1:41815150,0417)7$1;264;635 ¢
Cz04-2 | CpPAU. | -90;981 11927 40.42 ($1,263,932) | £32,557 $918 I o[ 781,296:485 | $1,264,850.
G705 | PG&E: 82,491 11960 4362 | ©($1,267,355) ($221,492) |  $.8/488 141,045,863 /$1,285.843
€206 | SCE. | -61,523- 8912 | 3245 {$1,267,916) ($33,475) | 415,142 34,441 ‘,$1 283 0575»‘
CZ06-2 | LADWP | -61,523 18912 32.45 {$1,267,916). $57,215.| 15,142 Us13250500 |
€707 | SDG&E | -53,308 | ‘818 31.22 *($1,266,354) " ($81,338).| $22,516 $T.785,015 1761 ik
Cz08 | SCE 55,452 | 8353 31.33 ($1,264;408) ($23,893) $9,391 1,240,515 | $1,27 ’800*’
C708-2 | LADWP | -55,452 8353 31.33 {$1,264,408) | $57,058" $9,391 $1321,466: 81 2737800 |
CZ09 SCE | -55,887-f 8402 '31.40 (34,266,302) - {$19,887) $9,110 211 815246,4157 181275412
C709-2 | LADWP | -55/887 . 8402 31.40 {$1,266,302) 360,441 $9,110° 1161306, 743 18T 075417
C710 | SDG&E.| -60;239° 8418} 29.96 ($1,256,002) | ($126,072) '$7,365 ©1741.129,9307| $1,263,3675
C710-2 | SCE | -60,239 | 2418 29,98 {$1,256,002) ($33,061) |.  $7,365 '$1,222/9401$1,263,367
CZ11 PGRE 77,307 - 10252 35,12 ($1,256;149) ($80,187) $3;114 181,175,962 :$11259,263"
€712 | PG&RE | -75,088 i0408 | 3673 ($1,256,824) ($234,275). 59,048 22,5501 $1,265:872
cZ12-2 | sMup | -75,098 | 10403 | 3673 " ($1,256,824) $54,941 $9,048 184811765
Cz13 | PG&E - | ~75,052 | 10029 34.72 ($1,256,109) ($79,378) $1,260 111081476,731
€714 | SDG&E | 76,375 | 10056, | 34.28 (81,255,704} ($170,975) $543 1181,084,7291181,256/247."
Cz14-2 | SCE 76,375 10056 - 34.28 ($1,255,704)- ($34,418) " 4543 i 1“22‘1,’2865“5‘1“‘2’55)221'71‘{
€715 | SCE 33,722 5579 21,43 | {$1,257,835) 326,030 | $12,262 18112838647 :
c716 | pG&E | -139,676 17599 55,25 (81,255,364) | (8187174) | ($68,650) D58,190 |4
C716:2, | LADWP | #139,6761] 17599 5525 ($1,255,364) $165,789 | (366,650) CSU421153 7181
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Figure36. Cost Effectiveness for Small Hotel Package 3B All-Electric+ EE+PV + B
: e T T . = = B e
Elec, | Gas. : '|GHG Cormp+. Lifecycle . Ratio
|+ |:Savings | Savings: | Rediciions |:liance’ ‘[‘Increniental’ | Utility Cost | $TDV: | (Ons . mevion-- |
Novd S Utility . | (kwh). o (therms). . | {mtons). . | :Margin . | Package'Cost | -Savings -Savings biil) B/CRatio (TDV): | bill) NPV-{TDV) |
. Package 3By Al-Electric. 4 EE:# By ' ok ' o
c701 [ PGRE | :&000% ($1,044,174) $50,964 | $324,376
€z02. | PGRE | 38491 - 2677 | 73.03: ($1,057,604) | 4242514 | $313,711
Cz03. | PG&E | 41238 12322 0 7343 ($1,060,139) |  $155.868 | $308,385
CZ04 | PGRE | 36628 | 11927 | 69.70 (31,056,562 $340,799 | $308,682

cz04-2 | cpal | 3ssad | o 11927 69.76 1$336,813 | '$418,836

(81,056,562)
€z05: | PG&E | 36365 | .-11960 | . . 73iL

€206 {SCE | 64476| = 891% 60.47 ($1,060,545) $156,327 |+ $311,730

€206-2 | LADWP | 64,476 8912 | . 60.47 ($1,060,545) | $180;648 | $311,730

)
)
)
. ($1,059,985) | 119,173 | $317,952
)
)
)

Cz07 . | SDG&E. | 77715 | 8188 | 6045 (31.058,983) | $197,711 | $330,458

cz08 - | SCE | 71,990¢ | 8353 | ~ 59.49 © [$1,057,088) | $165,393 | $320,814

{
CZ08-2 | LADWP:| -'71,990: ‘83531 6024 " (81,057,038} 4180,367 | 5443,809

Cz09- | SGE - | 70,465 8403 | . 59,29, [$1,058,932) | $175602: ' $301;459

-€z09-2 [LADWE | 70,465, [$1,058,932) || 7 4183220 301,459

9¢€¢

€710 | SDG&E | 69581 8418 | . 5804 [$1,048,632) |  $161,513 | $284,530

£710-2" | SCE . 69,581 | [$1,048,632) | '$164.837 | $294,530

CzZ11 | PGRE | 47260 10252 . 6LS7 $1,048,779) | '$253,717 | $286,797

€712 | PG&E | sy11S | 0403  s4.07 ($1,049,454) | . 8104523 | $305,446

€712-2 |'SMUD | 54,335 | 10403 54,99 $1,049,454) {  '$753197 | $430,977

(C7130 |PGRE || 47,757 | 10038 © 8077

€714 | SDG&E || 66084 | 10056 - - B4.54 41,048,334 :$148,510' | $334;938

{
< ]
(31 )
(81,048,739) |~ 8251,663 | $281,877
{ )
{ )

CZ14-2 | SCE. 66,084.| 100565 | G454 ($1,048,334) | $185:018 | $33%,938

€715 | SCE . 88755 B579| 49.04 1$1,0501465) | $233;308 | 311,121

cz16 | pGRE | - =873 47599 | . 84.99

4% | 181,047,994) | $191,994 | $240,724
-14% | ($1,047,994 | - $291,279 | $240;724

CZ16<2 | LADWP 873 | 17599 499
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Figure 37. Cost Effectiveness for Small Hotel Package 3C - All-Electric + HE

49,

v B/C
Eléc Gas - GHG Comp- _ Lifecycle "Ratio B/C
v 1 :Savings Savings Reductions liance; Incremental Utility Cost | $TDV 1(On- - Ratio NPV (On-
[o74 utility: ] -{(kwh) {tharms) (mtons) Margin Package Cost ‘Savings Savings | -bill) NPV (TDV) |
Package 3C; AIFETRCtriC A HE 1 i ooy 7 i bl e Tt e T e e T G R
C701 PG&E 154,840 16917 | 56.24 -24% | 77($1,281,338) {$606,619) | (3101,272) $674:719
C202 | PG&E -118,284 12677 4118 -11%. | ($1,283,243) (6395,641) | (344,505) 2 $887,602 "
€z03 PGRE 113,413 . 12322 40.80 -14% (81,288,782 (5522;458) 1 {$51,582) §766,3245:
€704 | PG&E. | -115,928 11927 37.09 ~13% ($1,287,878): (5383,177 ($53,285) 15504,7077 38152345931 -
€704-2 | CPAU 115,928 11827° '37.09 ~13% . [$1,287,878) (324,170) | . ($53,285) 1,263,708/ ]7$1,234:593
CZ05 PG&E -111,075 | 11960° 38.75" +15% ($1,288,242) {$530,740 ($56,124)" 757,502 781:2327719:
Cz06 | SCE' -83,000 "’ 8512 . 29.41 .15% | - (51,288,695} ($154,625) | (332,244) 1,134:069+°41,256,451
CZ06-2 | LADWP -83,000 8912 29.41, -15% | {$1,288,695) (617,626) 1. (532,244} 161,271,068 181,256,451
CZ07 SDG&E 73,823 ‘8188 $28.32 -7%. | . (81,285,759) . {$268;207) ($24,069) |- 81,017,552 :$1,261,650°
708 | SCE 75,573 8353 2856 | 6% | [$1,281,241) ($157,393) | ($21,812) | 81,323,848 781,259,329
CZ08-2 | LADWP. 75,573 - 8353 ' 28.56 6% {$1,281,241) ($18,502) | (521,5912) 5 181j262,7390 ¢
Cz09 SCE 274,790 8402 29.04 -4% ($1,285,139) ($138,746). || (5$16,992) i 4817
CZ09-2 | LADWP. -74,790 8402 29.04 4% | ($1,285,139) (56,344} | ($16,992)
CZ10 | SDG&E | 180,248 C 8418 | 27.57 5% | ($1,278,097) | . {5235,473} | (524,107)
Cz710-2 | 5CE -80,248 8418 27.57 C.=5%4 [$1,278,097) ($123,371) ($24,107)
CZi1 | PG&E -98,041 10252 32,73 7% | {51,279,528) {$278,242) | * ($35,158) 1481;244,3704
Cz12 PGRE _<100,080 10403 33,24 -9% | ($1,282,834) | ($480,347) | ($38,715) 81,244,108
C712-2+| SMUD -100;080 |* 10403 33.24 9% | ($1,282,834) ($23,362) | ($38,713) :817244,119;
cz13 PG&E 94,607 ~ 10029 | - 32,47 7% ($1,279,301): ($276,944) | °$244,552 $19523,853
CZ14 SDG&E -97,959 | 10056 3191 7% [$1,279,893) |~ 15302,123) | "{$37,769) 1:81,242,124"
Cz714-2 | SCE -97,959 10056 T 3191 ) . 7% (61,279,893) |  -($129,082) |  ($37,769).
€Z15 SCE 45,226 5579 20.17 i ($1,276,847) $6,533) |~ 8227
[ 716 | PG&E 198,840 17599 4773 _ -39% (81,288,450) (5605,601) | {$185,438) :
CZ16-2'| LADWP | -188,840 ~17599 47,73 + 7 -39%. (51,288,450} $40,268 | ($185,438) 161,103,011
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| 4'4 .C‘ostEffec’tiveness'»ResuIt'S@PV;only anct‘PV‘-PBdttery

efﬁmency measures to assess cest effectlveness on; top of the mlxed fuel baselme burldlng and. the all-
electtic federal codé minimumi reférence (Package 2 inSections 4.1~ q, 3).

Junsdlctlons lnterest‘ed in adoptmg PV—only reach codes should reference the mlxed~fuel cost

analyzed inthis study, PV or PV+Battery packages are added to alI electnc federal code mlnlmum
reférefice which (inn many scenanos) ‘do not have a positive compllance margif. compared to the mlxed~ -
filel baseline model, and are solely provided forinformational purposes, Jurisdictions iritetestad in reach
codes requiring all—electrlc+PV or all electr|c+P\/+battery should referénce package 3B-results:in Sectlons
4 T~ 4 3.2

Each of the followmg elght packages Were evaluated againsta mixed fuel baséline. desugned as per 2019
Title 24 Pait 6 réquiremernits, : !

% Miked-Fuel +3 kW PV Only;
# l\/hxed Fuel + 3 kW PV+5 kWh battery

ES l\mxecl Fuel+ PV Only PV sized per the; roof sizerof the bulldmg, orto offset the: annual electncrty
consumptlon whichever'is smaller :

re 'Mlxed~Fuel +'pv +'50 kiWh Battery P\/ Sized p‘er the‘*r‘oaf‘size- ofth‘e’ bulldl‘né, or'tofrof:f_s‘etfth_e;

iy All Electrlc+3 kW PV Only . . L :
& Al] Electnc 3. W, PV #5 lwh Battery A .

a All- Electrlc o+ PV Only: PV sizeéd per thé roof size of the bu Iding, oF to offset: the annial glectricity -
consumptlon whlchever is smaller '

annual electrucxty consumptlon Whlchever is smaller, along WIth 50 IOAh battery

Flgu re 38 through Flgure 40 summarlze the on- bl“ and TDV B/C ratios for each prototype forthe two PV
~only packages and the'two PV plus battery packages Comphance margins are0 percent for all misked-fuel
packages. For all-electric. packages compliance marglns are-equal to those found in. Package 2 for gach
prototype i ln Sections 4,1 ~4,3; The cornpliance margins are not lmpacted by renewables and battery
storage’ measures and hence not shown in.the tables, These flgures are: formatted m the following: way

e Cells highllghted it green: have a B/C ratio: greaterthan 1 and are tost: eﬁectlve The shade of
green gets darker as.cost effectweness mcreasesa

S Cells not hlghllghted have a B/C ratlo less than one; ancl dra ot cost etfectlve

I

= Because this study shows: that the adetlon of battery generally redUCes cost effectiveness; removmg a battery
measure would, only increase cost effectivenéss. Thus, a jurisdiction can apply the EE+PV+Battery cost, etfectlveness
fmdmgs to support EE+PV reach codes, because EE4PV.would still remain cost effective without a battery.

50 2019-07-25
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Please see Appendix 6.7 for resulfs in full detail. Generally, for mixed-fuel packages across all prototypes,
all climate zones were proven to have cost effective outcomes using TDV except in cz1 witha3-kw PV+5
“kWHh Battery scenario. Most climate zones also had On-Bill cost éffectiveness. The addition of a battery
slightly reduces cost effectiveiiess. )
In all-electric packages, the results for most climate zones were found cost effective using both TDV and
. On-Bill-approaches with larger PV systems or PV+Battery systerns. Most 3 kW PV systems were also found
to be cost effective except in sonie scenarios analyzing the Medium Office using the On-Bill method. CZ16
results continue to show thallenges being cost effective with all electric buildings, likely due to the high
heating loads inthis climate: The addition of a battery shght[y reduces the cost effectlveness forall-
electric buildings with PV; -

51 2019-07-25
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_Figure 38, Cost Effectiveriess for Medium Office - PV and Battery |
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ness for Medium Retail - PV and Battery
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Figure 39. Cost Effective
! - oo ‘Mixed Fual o -  All-Electric |
PV 3kW kW | 90 kW . 90 kW '3kW. 3kW- . 90 kW 90 kW .
‘Battery’ 0 5k\Wh . .0 S0kWh .. 0 5kWh .0 S0kWh
€Z Utility | On-Bill | TDV' | Gn-Bill | 7DV | On-Bill | TDV | On-Bill| TDV | On-Bill. on-Bill: Oon-Bill | TDV
CZ01L  |PGRE - |14235 s ' ardige | TE T el 1.2 i S22 e 15
CZ02 PGRE L Al 1.5
|€z03 " |PGRE
CZ04  |PG&E
CZ04-2 ~{CPAU
C705  |PG&E
CZ05-2 |5CG .
CZ06  |SCE
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Fxgure 40 Cost Effecm_veness for Small Hotel PV and. Battery__

54

) Mixed Fiel , AllElectric  ~ L
PV 3kW kW . BOkW: 80kW - 3kW TBkW 4 BOkW BOkW
Battery i) s5kWh 0. v 50kWh 0 - _BkWhR: . g . 50kWh..
ez |utility ; On-Blll | .on-Bill:}* © On-Bill | .7TDV | On-Bill | TDV: On Bm B On-Bill | _TDV
£701 " |PG&E i ’ i @Mﬁé&«\m'%@.
lczo2 | |PG&E
£z03  |PG&E
C704 . |PGRE: .
C704-2 |CPAU
€705  |PGRE"
Cz05-2 |SCG
CZ06.  |[SCE
€206-2 |LA ‘
lczo7  IsPG&E 4 ,n@»’s{*‘”
€zZ08  |SCE e «Mﬁ @@M‘ L
€zbg-2." |LA =
CZ09 |SCE
1czog-2 |LA :
€210 .|SDG&E . ﬁ‘”’
€710-2 |SCE - |
Cz11  |PGaE
€712 |PG&E’
€712-2 [SMUD
C713  {PG&E
CZ14  |SDG&E EW:“"
Czi42 |SCE '
€715  |SCE |
€716 - |PG&E
C715-2 |LA
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5 Suminary, Conclusions, and Further Considerations

The Reach Codes Team developed packages of energy efﬁcrency measures as'well as packages combmmg
“energy efficiency with PV generation and battery storage systems, simulated them in building modelmg ,

software, 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 a

set of assumptions considered reasonablé in the current market. Changing assumptions, such as the

period of analysis, measure selection; cost assurnptions, energy escalatron rates, or utility tar iffs are likely
ta change results.

5 1 Summm y

Figure 41 through Figure 43 sumimatize results for. each prototype and depict the compliance margins -
achieved for each climate zone and package. Becatisé local Feach codes niust both éxceed the Energy -
Commission performance budget (i.e., have a positive compliance margm) and bé cost-effective, the

Reach Code Team highlighted ceils: meetmg these two requirements to help clarify the upper boundary i
for potential redch code policies: :

4 Cells highlighted in green fiepic_t a positive compliance margin and cost-effective r’esults“us'ing .
both On-Bill and TDV approaches. -

4 Cells highlighted in yellow depict a positive compliance and cost-effective results us‘ing"eithér the
On-Bill or TDV approach.

& Cells not highlighted either depict a negative compliance margm ora package that was not cost
effective using either the On- Bilf or TDV approach

For more detail on the results in the Figures, please refer to Section 4 Results: A described in Section 4.4,
PV-only and PV+Battery packages in the mixed-fuel building were found o be cost effective across all

. prototypes, climate zohes, and packages using: the TDV approach, and results are not reiterated in the
following figures. .
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i

MIXEd FUEI § ol ; AII Electrlc LB

czZ "::_‘ » ';Utlllty

PGRE: ~15%

PGRE 7%

| PG&E. A%

PGRE_ "

- CPAU- 6

PG&E

SCG

. fsce 4%

I L}AI’)‘WE 4%

SDGEE T 2%

| LaDwp 2% -

S 2%

LADWP 2%

SDG&E’ A%

'SCE 4%

- PG&E o _4%

; PGRE oo

SMUD 5%

PGAE 4% _

|'sbeae - 5%

SCE- 2%

“PGEE 27% | -15% | -15% - | -26%
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S27% | U -15% | 15% .| -26% |
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ance Margin and Cost Effectiveness

245

‘ e Mixed Fuel All Electric :
cz Utility* —— S e . :
_ , T EE | EE+PV+B | HE . |FedCode| = EE .| EE+PV+B| HE
Czo1 PG&E 2 3 —4.1% 2%
Cz02 PG&E -1.0%
Cz03 PGRE - -0.4%
cz04 PGRE - -0.1%
Cz04-2 CPAU . -0.1% .
C705 - PGRE 1.2%
| cz05-2 SCG
€06 SCE -
€206-2 LADWP -
€207 SDG&E.
cz08 . SCE
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Cz09 SCE.
Cz09-2 LADWP-
10 SDG&E
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Czil PG&E
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_ Flgure 43 Small Hotel Summary of. Compllance Margm and Cost Effectlveness

. . Mixed Fuel - ', ' All Electnc
cz - Utility Bra ST e un s :
o o : EE -EE+.PV__+.B
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5.2 Concluszans and Further Constderatmns

. 'Flndlngs ate specific:to the scendrios analyzed undef thls specific: methodology, and. largely pertam tor
- office;. retail'and hotel- -type. occupanc;es Nanremdentlal bu;ldmgs copstifute:a widevariety of. oceupancy:
proflles and process Ioads, makmg fmdmgs challengmg to generahze across: multlple huilding types

Flndmgs indicate: the followmg overall conclusxons

1.. This study:‘assumed that e" ictnfymg space: heatmg and. servnce water heating could-eliminate
aligds infrastructure alone, because these were:the onl ly gas end-usesihcluded’the
prototypes Avordlng the installation of natural gas mfrastructu re:results In significant cost:savings:
andisd prlmary factor'toward: cos’c—effectlve outcomes ifi all-electric dESlgnS even With: necessary
) |ncreases iri eléctrical capacity.

2. Théreis ample opportunlty for cost effactive energy efﬁmency lmprovements ds:demonstrated
) by the compliance margins achleved In many of the efﬂcxency«only and efficiency + PV packages.
Though much of the energy savings are attributablé te lighting measures, efficiency measures

selected for these prototypes are cohﬂned tothe bulldmg systems that can be modeled, There'is -

58 2019-07-25

246



4,

59

§ |

2019 Nonresidential New Construction Reach Code Cost Effectiveness Study

]

likely further opportunity for energy savings through measures that cannot bé currently -
demonstrated in compliance software, such as high-performance control seduerices or variable
speed parallel fan powered boxes.’

High efficiency appliances triggering federal preemption do not achieve as high compliance
margins as the other efficiency measures analyzed in this study. Cost effectiveness appearsto be
dependent on the system type dnd buildihg type. Nonetheless, specifying hlgh efﬂcrency
equipment’ will always be akey feature in integrated design..’

Regardlng the Small Hotel prototype:

a.  The Small Hotel presents a challenging prototype to costzeffectively exceed the state’s

A energy performance budget without efficiency measures. The Reach Code Tean'is
uncertain of the precision of the results due to the inability to.directly model either drain
water heat recovery or a ceritral heat pump water heater- with a recirculation loop.

b. Hotel results may be applicableto-high-rise (4 of more stories) mu]tlfamlly buildings. Both
hotel and multifamily buildings havé the same or similar mandatory and prescriptive
compliance options for hot wateér systems, lighting, and envelope, Furthermore, the -
Alternate Calculation Method Reference Manual spécifies the same baseline HVAC system’
for both building types, :

¢. Hotel Com}plié‘nce, margins were the lowest among the three building types analyzed, and
‘thus the most conservative performarice thresholds applicable to other nonresidential
buildings not analyzed in this study. As stated previously, the varying occupancy and
energy profiles of nontesidential buildings makes challengmg to directly apply these:
results across all bux!dmgs

" Many al [l-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-term GHG-reduction goals. The Energy Commission has indicated that
they are aware of this issue'and are seekingto address it,

-Changesto the Nonresldentlal Alternatlve Calculation Method (ACM) Reference Manual can

drastically Impact resiilts, Two examples include:

a. When performance modeling res;dentlal buddmgs the. Standard Design is electric if the
Proposed Deslgn is ,ele(;tnc,_wh_lch removes TDV-related penalties and associated negative
compliance margins. This essentially allows for a compliance pathway for all-electric
residential buildings. If nonresidential buildings were treated in the same way, all-electric-
cost-effectiveness using the TDV approach would improve., » '

b. The baseline mixed-fuel system fora hotel includes a furnace in'each guest roam, WhICh

carries substantial plumbinhg costs and labor costs for assembly: A change in the baselme
system would lead to different.base case costs.and different cost effectiveness outcomes,

. All-eléctric federal code-minimuiri packages appear to be cost effective, largely due to avoided,

natural gas infrastructure, but'in most cases do not comply With the Enérgy Commission’s
minimum performance budget (as described In ftem 7d above). For most cases it.appeats that
adding cost-effective efficiency méasures achieves compliance..All-electtic nonresidential projects
can leverage the initial cost savings of avoiding natural gas infrastructure by adding energy
efficiency measurés that would not he cost effective independently.
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6 :.Ap'p:«e:ndiﬁcesa

- Map of California Climate Zones.

Climatezone geographzcal boundarles are depxcted m Flgure 44 The map.in Flgure 44 alohg w1th azip- .
code search dlrectory is available

‘Sauica’ Calfomid Enérgy Coninéalad -

. Miles
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6.2 Lighting Efficiency Measures
Figure 45 details the applicability and impact of each lighting efficiency measure by pfototype and space

fuhction and mcludes the resultmg LPD that is modeled as the proposeéd by buddmg typé.and by space
function.

Flgure 45. Impact of Lighting Measures on Proposed LPDs by Space FUHCUOD

) Modeled
Baseline : Impact’  ° o Proposed
Intérior : - Occupant
Lighting ~ . Daylight  Sensirigin '
, A A PD Reduced Institutional Dimming  Open Office’ PD.
| Space Function (W/ftzy LPD Tuhing: Plus OFF Plan - W/
“Medium Office ™7 : pornl A e TR R R nTe ENE :
Office Area (Open plan’ offu:e) : ’ .
[nterior 0.65 15% 10% - 17%. - 0429
Office Area: (Open plan office) - ' o ' » o B : .
Periieter ; 1 06y 0 15% . 5% L. 10% . 30% 1 0.368
Medium Retall S Tl e
Commercxal/lndustnal Storage ' : .
(Warehouse) 045 | 10% 5% - N 0:386
_Main Entry Lobby- 0.85 10% 5%. B I 0.729
Retail Sales Area (Retail : o
,Merchandisé Sales) ... 095 5% ... 5% = - - 0857
Commercxal/mdustnal Storage . .
(Warehouse) 0.45 10% 5% - s 0.386
Convention, Conference; - ' ' ' '
Multipurpose; and Meeting: 0.85 .| 0% - 5% - - 0.729
Corridor Area 0.60 10% 5% 0 - L 0.514
Exercise/Fitness Center and: o ’ - _ ' )
Gyminasium Areas 050 . 10% - s - - | 0450
-Laurdry Area 1 045 10% = - 0405
Lounge, Breakroom, or Waiting" | . 1 o - »
Area 0.65 Ci0% - 5% - - | 0557
| Mechanical. . 1 D40 0% = = o e 1 0360
| Office Area (5250t2) 0.65 10% 5% - ‘ = |- 0557

6.3 Drain Water Heat Recavery Meadsure AnaIySIS

To support potentxal DWHR savmgs in the Small Hotel prototype the Reach Code Team modeled the dram
water heat recovery measute il CBECC-Res 2019 in the all-eléctric and mixed fuel 6,960 ft2 prototype .
residential buildings. The Reach Code Team assumed-orie heat recovery device for évery thrée showers

assumingunequal flow to the shower. Based on specifications from three different drain water heat
tecovery device manufacturers for device effectiveéness in hotel applications, the team assumed a heat
recovery efficiency of 50 percent.

The Reach Code Tearmn modeled mixed fuel and all-electric residential prototype buildings both with and
without heat recovery in each climate zone. Based on these model results; the Reach Code Team
determined the percentage savings of domestic water heating energy in terms of gas, 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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percentages to.the Simall Hotel prototype domestic water heating ehergy in both the fixed:fuel atid all-
electric to determiné energy savings for the.drainwater heat récovery meastire in the Small Hotel. The .
" Reach Code Team apphed volumetric energy rates to estimate on-hill cost lmpacts from this measure,

6.4 U tlhty Rate Schedules

‘.'The Reach: Codes Team used the 10U and POU rates depxcted n Flgure 46 1o determme the. On Bnll savmgs ‘
for each prototype . : .

Chmate
Zones.

" Electric/

Gas Utxhty

Flgure 46. Utlhty Tarlffs Analyzed Based on Chma’ce Zone Detalled Vlew

Natural Gas 1

: Medlum Retall

,'Small Hotel

AH Prototypes ‘

oL

PG&E

'Alo'

A.«l -

AlotAl0.

‘G—N RL

702

PG&E:

L AC10

e

A-L or A=10

" GNRL

Ticzo3

ThGRE

A0

A-1 or A-10:

L A-ToF AS10.

. CZ04.

PG&E.

A0

t A0

T AdorAd0

€704

I CPAU/PG&E »

E2

B2

E2 -

_z05.

PG&E

Al

T AdLor ALOF

L7052 |

Al

AL

“Adoral0

610 (GN 6y

CZ06

SCE/SCG

TOU-GS-2 ~

© TOU-GS=2

TOU -G5-2 or TOU-GS:3

G20(GN=10) .}

706

| LADWP/SCG

TOU-GS:-2

TOU-GS:2

7 TOU~G5-2 or TOU-GS-3

" G-10 (GN-10}

cz07

SDGRE

AL-TOU+EECC ™

(AL=TOU] .

" ALTOUHEECC

{AL=TOU):

" ALTOUFEECC
(AL:TOUY:

208

SCE/see

CTOU-GS-2 |

TOU-GS2

" TOU-GS-2 or TOU- 53|

G-10{6N-10) |

7082

LADWP/SCG, | .

A2(B)

A (B)

A2 (B)

G-10:(6N-10) .

G209,

SCE/sCG

© L TOU-GS2 |

TOU-GS-2

"TOU-GS-2 or TOU-GS-3:

G-10 (GN-10). |

LCZ09-2:

LADWP/SCG"

A-Z(B)

L A2(B)

A-2 (B).

G-10,(GN-10) |’

€210

SCE/SCG

TOU:GS-2

T TTouGs2 |

" TOU-GS-2.

- G10 (GN-10) |

czib2 |

SDG&E

AL-TOU+EECC
_(ALTOU).

AL-TOU+EECG:
(ALETOUY:

AAL TOU+EECC
‘ ._{ALTOV)

GN-3-

711

PGEE-

A-10

ALD

A0

TGNRL

“PG&E

A0

AL orA-10. -

GNRE

G5

TGS ¢

GS:

:" G NRl T

€713

2122 .

"SMUD/PG&E |

PGEE

A0

A0

A0

GNRT -

- 5CE/SCG

TOU-GS-3

" TOU-GS:3.

 TOU-6S-3"

14 -

: czi4-"2_~

. SDG&E

AL-TOU+EECC

(AL=TOU)

AL-TOU+EECC
(AL-TOU).

ALETOUEECT
{ALTOU)

| &10(6N-10) |

GN-3.

, czis

SCE/SCG

TOU GS 3

TOU GS~2

- TOU-GS-2:

610 (GN-10) |

c215 i

PGRE

A10

A—lO

G:NRL

7162

g LADWP/SCG»

-A—':-Z.(B)i o

A2 (B). -

- 6410 (6N-10) |
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12019 Nonresidential New Construction Reachi Code Cost Effectiveness Study:

6.5 Mlxed Fuel Baselinie Energy Frgures

Figures 47 to 49 show the annual electncnty and natural gas consumpt\on and cost,.compliance TDV, and
*GHG emissions for each prototype under the mixed fuel design baseline.

Flgure 47, Medium Office - Mlxed Fuel Baselme

. Electrlmty . Natural Gas ' . } ‘ . - GHG :
Climate Consumptlon 3 Consumption Electricity | Natural » Comp'liahce Emissions
Zone . .| Utility: (kWh) L (Therms). .. | Cost'r . | Gas'Cost . | TDV - ~{Ibs).

” :r;;Ii‘/ledi Mixed Fuel Ba line . : i : : ! ’
cz01 PG&E 358,455 | 4967 | $109.507 | $6506 | . 84 266,893 .
€202 | PGRE |. 404865 3,868 | $130,575 | $5.256 1220 | 282,762
.CZ03 PG&E- 370,147 . | 3,142 $116,478 | $4,349 .88 , 25’1;759
Cz04 PGRE’ 431,722 .| 3,759 $140916. | $5144 | 141 | 299,993
cz0d2 | cPAU | 431,722 0 | 3753 | &75363 | $5144 141 299,993
€705 PGRE 400,750 » 3;240 "§131,277 {1 $4,481 106° i 269,768
c7052 | 66 4007500 | 3,240 $131,277 | $3,683 106 | 269,768
206 || sce 397,441 2117 | $7as16 | $2718 | 108 253,571
2062 | A 397,441 | - 2,117 $a4311 | $2718 | 105 | 253571

{cz07 | SDG&E | 422,130 950, | 4i64991 | $a428 | . 118 | 257,324
czo8 | sce | 431007 1219 - | $79181 | $1,820 | 132 .| 265179
czos2 | A | 431207 1219 | 446750 | $1,8200 | 132 265,179
Cz09 SCE | - 456487 1,605 - 486,190 | $2,196 155 | 287,269
7092 | 1A 456,487 | 1,605 $51,117. | $2,196 | 155 .| 287,269
c710° | SDG&E | . 431337 S 2058 | $173713 | $5,300° 130 | 272,289
€162 | SCE | . 431337 2053 $80,636° { $2,603. | 130 272,285
711 | PGRE | 464,676 03,062 | $150,520 | 44,333 163 310,307
cz12. | PGRE | 441720 | . 3327 | $142,900 | $4647 | - 152 299,824
7122 | sMub. 441,720 | 3,327 © 865,707 | S4e47 | 152 . | 299,824
lcziz. |peeE | 471,540 | 3,063 | $150,919 -| %4345 | 161 | 316,28
(714 | SDGRE| 4673200 | 3266' | s185,812 | 46,448 165 | 3147258
Cz142 | SCE 467,320 3266 | 92071 | $3579 | - 165 | 314258
€715 SCE 550,655 1,537 | $105388 | $2,058 211 347,545

lezae  |pagE | 405269 | 6dss . | $127001 | $8056 | il | 312,684
162 | LA 405,269 Ceass . | 43115 | 8056 | 116 | 312,684
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__Figure 48. Medium Retail -~ Mixed Fuel Baseline .

Electricity
| Consumption. |

| (kWh)

- | Natural Gas .

(ﬁjei‘m‘s'

Consumption.

Electricity:!

oSt

“Natural:

’| Gas cast:

V

' Compliance.

GHG. |
Emissions, || .
{Ibs). -

$43,188

156,972

214,022

2,048

. $70,420:

202

157938

_ 199,827

1,868

a7z |

165

140,558

'208',704 e
208,704,

1,706:
1,706

| $66,980° -
- 436,037

| 187
187

143,966 |
143,966

195,864

545,983

155

435849 |

- 195,864

1,746

445,983

155

| 135,849

211,193

1,002

436,585

183

- 135,557

211,123

1,002

T $21,381

183,

135,557

211,308

522

$75,486

178

| 130436 |

213141

" 190

133,999

215,141

793

793

$36,758
$21,436.

190

- 433,969

227,340:

. 970

$40,083

218

1" 146,680

227,340

. 970.

$23,487 "

218

146,680.

-235,465

1,262

$87,730

B

154,597

235,465

1262 |

_$41,000 | $1

98

Asasre

344

234,560
228,958

2,415

el 2309

" 876,670
$75,084°

170,233,
165,133

228,958

2,309

$32,300°

34

165,133,

543,927,

1,983

681,995, | 13,

258

170,345 |

264,589

1,672,

$97;581

277

178507 |

- 264,589, .

L. 1672

U $46,217 |

178,507

518

300

* 290,060

212204

asoi

| 850,299
467,684 |

197 .

179,423 |
. 180,630 |

12208

4,304

197

64

$20.78% | $5
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Figure 49. Small H_oftel - Mixed Fuel Baseline

6.6 Hotel TDV Cost Effectiveness. wzth Propane Baseline

The Reach Codes Team further analyzed. TDV cost effectiveness of the all-electric packages with a. mwxed~

- fuel design baseline usmg__propane instead of natural gas. Results for each package are shown in Figure
50. through Figure 53. below:

Electricity Natural Gas ‘ GHG
“Climate _Consumption Consumption Electricity Natural | Compliance | Emissions
‘Zone. Utlhty - {kWh) (Therms) | Cost: ‘| Gas.Cost | TDV. (hs)
?meall Hotel MxxedFue ;
Czol | PGRE 177,734 16,936 40,778 | 20,465 110 340,491
202 PG&E 189,319 12,696 53396 | 15,664 110 . | 293,056
703 PGRE 183,772 12,341 35 | 15210 | 98 284,217
cz04 PGRE 187,482 11,085 52,118 | 14,306 106" 281,851
cz042 | 'cPAU 187,482 11,945, 32,176 | 14806 106 281,851
205 |'PGRE 187,150 11,979 43182 | 14733 98 281,183
Cz052. | 5C6 187,150 11,979 43182 | 10,869 98 281,183
206 | SCE 191,764 8,931 28,036 8,437 98 544,664
70622 A 191,764 8,931 16,636 8,437 98 244,664
cz07 SDGRE | 189,174 8,207 58203 | 10,752 . 90 233,884
czo8 | SCE 190,503 . 8,372 27,823 | 7,991 94 936,544
c7082 | LA 190503, 8,372 16,555 7,991 94 236,544
€709 SCE 198,204 8,421 30,262 8,030 103 242,296
cz092 | 1A - 198,204 8,421 17,951 | 8,030 A 103 242206 |
710 SDG&E 215,364 8,437 71,713 10,926 122 255,622,
2102 | SCE 215364 8,437 33,736 | 8,043 122 255,622
cz1d PGRE 219,852 10271 . 63724 | 12,882 131 282,232
712, | PG&E 199,499 10,422 46,245 13,022 115 270,262,
z122 | SMUD 199,499 10,422 26872 | 13,002 115 270,262
€713 - PGRE 226,925 10,048 65.559 12,629 132 284,007
714 SDGRE 226, 104 10075 | 738621 12,167 134 283,287
czia2 | scE 226,104 Capo7s 35,187 | 9350 134 283,287
€715 SCES 280,595 . 5,558.. 47,852 5,777 152 260,378
716 PG&E:. 191,231 . 17,618 51,644 21,581 127 358,590
162 | LA 491231 17,618 16,009 21,581 127 358,550,

“All electric models compared to a-propane baseline have posmve comphance margins in all climate zones
when compared to.results Using a natural gas baseline. Compliance margin improvemeént is roughly 30
percent, which also leads to lmproved cost-efféctiveniess for theall-electric packages. These outcomes are

likely due to the TDV penalty assocxated with propang when compared to natural gas.
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Across packages TDV. cost: ef'fectlveness thh a'propane baseline follows 51m|lar trends asthe natural gas
baselme Addmg eff;crency measures mcreased compllance margms by 3to 10 percent dependmg on,

by smaller margms of about Zio 4 percent compared to the All Electrlc package

Flgure 50 TDV Cost Effectxveness for Small Hotel, Propane Basehne Package 2 All-
Eléctric F ederal Code Mmlmum ‘

Complianc | °
e : . ;

Climate | Margin -~ Incremental | _ .t BfGRatic
Zone O %) Package Cost: | $-TDV Savings. {Tovj. . | NPV {TDV)
czor | ‘ ($1,271,869) | ($28;346)

Cz02 C($1,272,881) - | $170,263

€203 ($1,275,114). " {$16,425)

" cz04. ($1,274,949) | . 8155466
. CZ05 o ($17275,002) | $154,709
€206 _(51275143) | $126212.

07 ($1,273,490) | $i17,621

.CZ08 [$1,271,467). $122,087

cz09 . ($1,273,259) $123,525

€710 _ {$1270261) | 109,522

€711 sie7ioror | s109408

€712 s1,272,5100 | (526,302)

€713 ¢ 1$1,270,882) $194;357-
" C714 ($1,271,241): - 117,621

715 T($1,269,361) | - ($45,338)

c716 (81,275, 637)‘ A $68,272
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Figure 51.TDV Cost Effectiveness for Small Hotel, Propane Baseline - Package 3A (All-

Electric + EE)

Chmate Compliance |- Incremental B/C Ratio _

¢ Zone! Margln (%) | Package Cost $-TDV Savings: {TDv) NPV (TDV)
C701. | {$1,250,898) $252,831 HEST 729
€702 ($1,251,870) $217,238
Cz03 {$1,254,142) $218,642
c704  (51,250,769) '} $191,393
€z05 ($1,254,031) | $208,773
cz06” ($1,250,964) ‘ $159,714
€707 . {(51,249,311) $154,111

| CZ08 (31,247,282) $146,536
cz09 - ($1,249,080). . $146,671

. CZ10 "($1,246,081) $134,477

cZix ($1,246,891) '} $157,138

C712 ($1,248,330) - © 4167,945 ,416.27

- .cz13  (81,246,703) ©$149,270 $1,395,973 -
714 - ($1,247,061) 5145269 $1,392,331 -
cz15 (61,245,182) . $93,647 +571,338:829
CZ16. ©{$4,254,665) $154,035 5811408701

Flgure 52.TDV Cost Effectweness for Small Hotel, Propane Baseline ~ Package 3B (All-

_Electric + EE+PV)

Climate Compliance : Incremental ]
Zone! Margm (%) | Packagé Cost | $-TDV Savings | B/C Ratio (TDV) | NPV (TDV)
czol | C(81,043,528) |- $511,688 |- ' $1,555,215
Cz02 (51,044,500) |  $524,460" $1,568,960°
TCczo3 ($1,046,772) . | $518,485 '
cz04 {$1,043,399) $505,579°

CZ05 . ($1,046,660) '$526,668:

£706 (31,043,594 . | 469,623

cz07 ($1,041,941) |- $471,513

Cz08 ($1,039,512) - $475,973.

cz09 T(sL,041,710F .| $467,971

€710 ($1,038,;711) | .$454,832

cz11 (61,039,521) © | $474,844
vavl (61,040,960} $484,667

€713 61,039,333y $454,108

cz14. U (81,039,691) | 4505398

czi5 ©($1,037,811) 423,879

716 ($1,047,295) $480,407:
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_Flgure 53 TDV CostEffectlveness for Small Hotel, Propane Baseline - Package 3C (All
‘. v . . Elecric # HE).
“Climate: E.Comphan‘c.e.. i - Iricremental’ L
' ZoWe | Margin(%) |  PackagéCost | $-TDV.Savings. | B/CRatio (TDV) |- NPV {TDV) |
Cz01 -  ($1,256,423) | %194,975
202, ($1,258,328) ~ |  $177,378
c703 (61,263,867) | $164,094
Czo4 ($ip62,963): | 8155314
Cz05 {$1,263,327) . | .. $153971

CZ06’ (§1,263,779) - US122010
€707

1(81,260,844) L 5116,751
161256,326), | :§122,995 -
($1,260,223) . | $138,482°
_Ast253a8) | $121,595.
T ($1,954,613) $143,658
- {$1,757,919) 1 8442901,
{$1254,386) . 5138625 .
C($1;254,978) | $136,430
(81,251,932) = | - 496,087
©{31,263,534) | . 8122011
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6.7 PV-only and PV+Battery-only Cost Effectiveness Resulls Details
The Reach Code Tea. eva[uated cost. eﬁ’ectlveness of installinga PV system and battery storage in six dm‘erent measure combinations overa 2019

code-compliant base[me for all. climate zones. The Haseline for all nonreSIden’mal buildings is a'mixe d-fiuel desigh.

All mixed fuel models.arg compliarit with 2019 Title24, whereas all electnc mode s can show negative compliance. The comphance margin is the.
same as that of their respective federal minimum desxgn and is not.affected by addition of solar PV or battery, These scenarios-evaluate the cost -
effectiveness of PV and/or battery measure indi\/idualiy The climate zones where all-electric design is not compliant will have the flexibility to

ramp up the efficiency of appliance or add another measure to be code compliant, as per package 1Band 3B in main body of the report. The large

negative ln‘ecycie costs inall electric packages' are due to lower all-electric. HVAC system costs and avoided natural gas infrastructure costs: This is
commonly applied across all-climate zones and packages overany addmonai costs for-PV and battery.. .

6. 7 1 CostEffectiveness Results Medium Of[’ce
Figure 54 through F!gure 61 contain the. cost—effectlveness findirigs for the Medium Office packages Notable findings: for each. package in¢clude:

4 Mixed-Fuel + 3 kW PV-Only:-All'packages are cost effective using the ©n-Bill-and TDV approaches

4+ Mixed-Fuel + 3 kW PV ¥ 5.kWh Battery The’ packages are mostly cost effective on.a TDV basis exceptiin CZ1, As compared tothe 3. kW PV
only package; battery redUCes cost-effectiveriess. This package is not cost effective for LADWP and SMUD territories usmg an. On Bxll
approach.. , ’

o Mixed-Fuel + PV only: Thepackages are less cost effective as compared to 3 kW PV packages in mostclimate zones. In areas served by
LADWP the B/Ciratio is narrowly less than 1 and not cost: effectlve

v Mixed-Fuel + PV +.50 kWh Battery: The packages are cost effective in all climate zones exc ept for:in the areas served by LADWP On- BI”
‘and TDV B/Cratios are slightly lower compared to the PV only package

=3

4 All-Electric+3 KW PV Packages are.on-bill cost effective in ten of sixteen climate zones. Chmate zones.1,2,4, 12 and 16 were not foundto
* -be cost-effective from an.on-bjl} perspective These zones are within PG&E’s semce area. Packages are cost effective usmg TDV inall
climate zpnes except CZ16. .

& All-Electric+3 kWPV+5 kWh,Battery::Packages are slightly more cos’c_effective thanthe prevfous:‘minfmal PV oonly package. Packages are-
on-bill cost effective in most: cl'mate zones except ford,2-and 16 from an on-bill perspective. These zones are within PG&E's service area.
Packages are‘cost, effectn/e using’ TDV in-all climate zones except CZ16.

@ All Elec‘mc + PV pnly: AH packages are cost: ef‘fectlve and achieve savings-using the On- Bl” and TDV approaches.
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% All-Electric+ PV:% 50 kwh Battery ‘All.packages are cost. effectxve and achieve savings using the On- B!” and DV approaches On-B flland
TDV: B/C ratios:are slxght]y lower compared to'the PV only package

70 2019-07-25



2019 Nonresidential New Construction Reach Code Cost Efféctiveness Study

.Figﬁré 54. CostEffectiveness for Medium Office - Mixed Fuel + SRW‘PV

6G¢

Ele¢ | Gas, . GHG Lifecycle : B/C B/C
i Savings. | ' Savings’ savihgs‘ Incremental Energy Cost Lifecycle §- Ratio Ra’cio NPV

cz IOUterritory | {kWh) 1 (thérms) | (tons) ‘Package Cost. Savings TDV Savings | (On-bill) | (TDY) | -{On-bill)
FVixEdiFel R KWBV. o 0 el O R e e R e Sl ' '
C701 | PG&E 0 0.8 35,566 1.$15,743 $8,448.

702 | PG&E 0 091 85566 . $20,372 $10,500

€203 | PG&E 0 0.9 | - 85566 | $20,603 | 58,975

CZ04 | PG&E 0. 1.0 "~ 45,566 $20,235 $11,073

CZ04-2,| CPAU 0 1.0 0 85566 | . §11,945 511,073

CZ05 ' | PGRE 0 1.0 $5,566 |- $23,159 $10,834

CZ06 | SCE “o 0.9 $5,566. $10,868 | 810,930

CZ06-2 | LADWP. 0 0.9 7 85,566 86,575 | $10,930 £961,009
C207 | SDG&E 0 1.0 $5,566 | $17,904 | .$11,025 |1$12,338
CZ08 | SCE .0 0.9 85,566 |- $10,768 $11,359
CZ08-2 | LADWP | 0.9 85,566 | 56,503 511,359

CzZ09 SCE | 0 1.0 85,566 | $10,622 $11,216

CZ09<2 | LADWP © 0 1.0 85,566 $6,217 S11,216

€710 | SDG&E .0 0oy 35,566 $21,280 | © 810,787
| €Z710-2 | SCE 0 0.9 $5,566 | $11,598 $10,787

C711 | PG&E 0. 0.9 35,566 519,869 $10,644

C212 PG&E 0 0.9 |. $5,566 | . 519,643 $10,644

C712-2 | SMUD 0| L 0.8 $5,566 $8,005 | $10,644

CZ13. | PG&E 0 0.9 |- $5,566 $19,231 310,262 |

CZ14 | SDG&E s 1.0: 35,566 $18,789 . $12,600

£714-2 | SCE 0] 107 85566 0 $10,512 $12,600

€715 | SCE | 0 1.0 35,566 | $10,109 1  $11,550 |

CZ16 | PG&E o} N 35,566 '$21,836 $10,882 |

C716-2 | LADWP S0 10 85566 $6,501 $10,882 |
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Figure 55. Cost Effectlveness for Medmm Office - Mixed Fuel+ 3kW PV + 5 KWhH Battery
Blec: |« | GHG : Ln‘ecycl 1 | TR/E BiC '
‘Savings | :GaS:Sav,.mgst “-savibgs Jricrémental. | Energy.Cost - ».$4TD.\<’1 - Ratio. Ratio: .
€z ‘10U territory | (kWh) {therms) (tons) - ?ackage:cbst' " Savings Savings | ] {TDVv)
“Mixed-Fuel +3kW: PVt SkWh Batte

NPV (0R- | NPV

C201 | PG&E 17 '3,941: 0. : 59,520 515,743 E
€702 | PGRE i 4,785 0.} <09 $5,520 - ©S20,877.| 810,500 |
cz03 | PG&RE - 4,660 o 09 . 395207 . $206037] 39,975 |
C704 | PGRE 1 5056 ‘0. ] o $9,520 | $20,235°| $11,073 § —
CZ04-2 | CPAU. - 5,056 o1 1e] T 89520 | $11,945° 1$11,073 ¢
CZ05 | PG&E 1 5,027 I 88,520, $23,159 | 510,834 '
Cz06- | SCE . .485%" 0| 09 89,520 $10,968:] - :$10,930 |
CZ06-2 | LADWP T 4853 | O o9l ... . $9520. - 86,575 'S10,930
CZ07 | 5SDG&E | 4960 0 1.0} . $§,520. - 817,904 511,025 |
Cz08. | SCE 4826, 0 g9 7 89520 - $10 768 | 811,359
Cz08-2 | LADWP . 4,826  0i . 094 | . 89520 - 86,503 $11,359
CZ0s | SCE . | &gy 0 LTo] $9“szor; , $.-10,622" 811,216
£Z09-2. | LADWP. ' o T 1.0 T 89EI0 L L0 86,217 811,216
CZ10: | .SDG&E Q. 09 v $9520 ) - $24280| 510,787 [
€710-2. { SCE CULO A 59520  7$11,598 | $10,787 |
€711 | PG&E o o9l T sgs20 | 0 $19869 | 810,644 |
1 CZ12 | PG&E R 09 $9,520 $19,643 | $10,644 )
| Czi222 | smUDp 0 Dol 89,570 6805 | 810,644
€713 PG&E ) 0} 0.5 0 89,520 0 819231 | 510,262 |
CZ14 | SDG&E = o 0] 0 89,520 | 518,789 | $12,600 .
C714-2 |SCE 0: 1.0 - 89,5204 7 7 $10,512. % ' $12,600°} o
cz15s | s - 0 10| "+ 85,520 | $10,109 | . $11,550°]: -
cz16 | PG&E. 0. o 89,520 821,836 { . $10,882 |
| Cz16-2 | LADWP B Lol L .89520 ) $6,501 |..610,882
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Figure 56. Cost Effectiveness for Medium Office - Mixed Fuel + 135kW PV

) B/
Elec. Gas ‘GHG Lifecycle Lifecycle *{ Ratig B/C. »
, . Savings ‘| Savings. savings Iricremental | EnergyCost DV (On- | -Ratio | NPY (On- NPV
cz J0U'territory {kWh)’ (therms)- | - (tonhs). Package Cost Savings Savings (TDV) bill)
L Vixed Fuel E135kWepVE 7 o el e I e T e
CZ01 | PGRE © 177,340 | o 34.3 $302,856 $526,357 $380,399 223,49
CZ02 PG&E 215311 ok 415 $302,856 $666,050 | $471,705 “146363,194| $168,849
CZ03 | PG&E’ 208,717 | 0 40,7 %302,856 | $B45,010 | 5449,797 N 8342,1547(:5146,942";
€704  PGRE 227535 | ol 44,0 $302,856 | $686;434 | $497,431 | 53835781 $194,575%
CZ04-2 = CPAU 227,535 0 44.0 -$302,856 $537,524 $497,431 |- §$234,665:|15104.575
CZ05 | PGRE 226,195 0 44/ $302,856 $753,230 | - $486,596 | 48450,3741178183,7437)
206 | SCE 248,387 | 0l 42.3 $302,856 $401;645 |- $492,5157 ¢ 8987897 ]1$189,6597]
CZ06-2 | LADWP. 218,387 e 42.3° $302,856. $233,909- $492,515 | | ($68,947). |1/6189,659
CZ07 | SDG&E: 223,185 0 433 $302,856 $623,078 $496,667 1 118320;223 1181937811
CZ08 | SCE 247,471 0 42,0 . $302,856 "$389,435 $510,270 | 886,5797:$207,414
| cz08-2 | LADWP 217,471 | o 42.0° $302,856 $222,066 | $510,270 (880,790) 782075414
709 | SCE 220,010 . 0. 432 $302,856 $387,077 $505,783 71000885122 462028281
CZ09-2 | LADWP 220,010 0 432 $302,856 | $226,516 $505,783 1 ($76,340) 1:6202,028"
CZ10 | SDG&E 217,148 0 42,5 '$302,856 | . $632,726 $485,451 118329,8704|1$182,595
Cz710-2'{ SCE 217,148 0 425 $302,856 | - $394,884 | . $485,451 : |¥$182,5957
€711 | PG&E . 211,556 | 0 40.9 - $302,856 | 671,691 $473,912 §]45176,056
€712 | PG&E. 211,824 ol 409 $302,856 | | 653,242 $473,101 $175:245:]
CZ12-2 | SMUD 211,824 01 409 | £302,856 $345255 | $473,101 9795175245
713 © | PG&E 208,465 . O 40.5 $302,856 $651,952 | $462,732 : .
Cz14 | SDG&E 241,965 0 46.7 $302;856 | - 659,487 $565,351: ]
.CZ14-2 | SCE 241,965 0 46'7 $302,856 $401,712 $565,351 |
€715 | SCE 229,456 0 43.9 $302,856 $378;085 | $570,102
216 | PG&E 229,317 0 448 . $302;856 $707,095 $489,508 ;
€z716-2 | LADWP 229,317 0 44.8° $307,856 $223:057 $483,508 ($79,798) |1$186,6°

73
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Figure 57, Cost Effectiveness for Medinm Office - Mixed Fuel + 135kW PV + 50 KWh Battery
s e e e e

Blec | Gas. | GHG [ |- ‘iifecycle | lifecycle | Ratio | B/C R
. Savings |. Savings | savings' | ‘Incremental | EnergyCost |  TDV' |- (On~ | Rafic | NPV(On- | NPV |
cz 10U territory: | {kwh) {therms) | = {tors). | Package Cost Savings ‘Savings’ '

bill (TDV) By o (TDW)

["Mixed Fuel+ 135kW PV 50 KWH:

att

~$330,756 5525,948- $381;450-

Cz01 PG&E: 176,903 |~

€202 | PG&E 214,861 :$330:756°| | $665,864 $472:898

€703 | PG&E: 4209255 | 330,756 | $644170.| 5451611

CZ04 | PG&E~ 227,076 | " :8330,756 | $685,605|  $502,108

C704-2 | CPAU _ 27,076 | 6330,756 | $536,463 |  $502,108

CZ05 | PGRE C | 225752 $330,756 | $753,5583 $487,742

CZ06 SCE 7| 2179838 0

8330756 | j".'$4o:'1,'35_6~ $454,042 -
$330,756 | $233,673 | 8494042

CZ06-2 | LADWP . | 217,8357]

-CZ07 SDG&E 1 2227748

$330,756 | 5628383 | 5498147

£z08 | SCE | 216724 .5330,756 | %388,184 |  S51i511

8330756 ]  $221,839 | 8511511

C708-2 | LADWP. | 216,724

709 | ScE | 2195880  1.1$330,756’: 8387728 | $506,929 569

7092 | LADWP | 219563.] $330,756 | $226,303 | $506,929 (8104.453)

.8330,756 $638,040 $486,644 - 83

C710 | SDG&E T 216,700"

Cz10-2 | SCE 7 | 216700 3 $330,756 |~ 394,633 | = $486,644

czi1 |'PG&E T | 211,128 18330756 | | $670,932 | $481,298

cz12 | PGRE T 211386 | . $330,756 | - $652,465 | $482,826

|cziz2 [ smup - | 211,386

.$330,756 8344668 |  $482,826

Czi3 | PG&EYT | 208,045

" $330,756 $651,191 (. $473,280

czia | speae | 241,502 |

$330,756 | 1 .8672,601 | $569,454"

C714-2 | ScB |- 241,502 $330,756 [*  $401,450 | -~ 5569454

€715 | SCE T 228,062 " $330,756 $377,827 | . $521,963°

CZ16 | PG&E 208,825 459 . $330,756 |~ .$706,201 | . $496,190

CZ16-2 | LADWP | 228,825

|ololololo|ololo|olsiolo|alo|alolalolololola|olo

. 459 $330,756 |  .S222,802 | 5495,190"
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Flguro 58 Cost Effec’aveness for Medium Ofﬁce— All- Echtrlc + 3kW PV

75

B/C .
Elec Gas ‘GHG Lifecycle ] ‘Ratio | B/C =
Savings | Savings | savings | Incremental Energy Cost - | LifecycleTDV. | {On- | Ratio
czZ 10U territory (kWh}) (thertns) (tons) Package Cost Savmgs ‘Savings- bxll) NPV (TDV)
- Al Elec‘mc+3kWP S A e T Ll B T e i s
€201 | PG&E. -49,716 10'.9 (sso,szs) .(S84 765) »$49 87 ) , 09‘ " (54,242)
CczZ02 PG&E." " -44,899. 868 | 6.0 (866,965} {$83,115) | ($30,928) 0.8 (516,150).
€z03 | PG&E 231,226 3142 6.5 ($75,600) .{$39,441) ($19,617) |=ii1i9 ] 11536,159. 455,983
CZ04. | PG&E, -43,772 3759 57 . ($62,282) ($70,599) ($29,496) 0.9 (38, 717) $32,786
CZ04-2. | CPAU -43,772. 1" 3753 57 - ($62,282)- " {$8;050) ($28,496). |“47:7:( 832,786
CZ05 | PG&E 35,504 | 3240 5.5 (877,773). (542,559) ($29,162) | iaigl|- : ‘
C7Z06 |'SCE -21,324 | 2117 4.0 ($69,422) | $35,862 - ($9,64
{ Cz06-2 | LADWP 221,321 2117 4,0 ($69,422) 632,936 | (59,647
Cz07 |'SDG&E © 27,943 950 1.9 {$63,595) $64,781 (338
€708, |SCE -10,854 1219 - 2.5 ($62,043) $28,651 [$1,289)
€708-2 | LADWP =10,854 1219 2.5" ($62,043) $25,122 $1,289)
CZ09 |'SCE . -14,878 | - 1605 3.3, ($56,372) 531,542 ($3,246)
C709-2 | LADWEP 14,878 |7 1605 '3.3. {$56,372) $28,145 ($3,246)
€710 | SDG&E 422,588 |© 2053 3.1 (841,171) $59,752 “($12,553)
| CZ10-2 | SCE ° -22,588 | . 2053 3.1 (841,171) 532,039 {812,553)
€711 | PG&E 35,455 [ . 3062 4.5 ($57,257) ($53,776)
"CZ12 . | PGRE ~38,704*]° 3327 | - 5.0 " ($61,613) ($66,808)
CZ12-2 | SMUD - -38,704 3327 5.0 |~ ($61,613) $2,897
CZ13 | PG&E 235,016 3063 " 4.7 ($55,996) - .'($52,159) |
C714 | SDG&E - 38,945 | 3266 | . 4S5 . $58,4286) $24:867 ,
CZ14-2 | :SCE 38,945 3266 . 45 ($58,426) $15,338 2.3 v 873,764
€715 SCE . . «14,818 | 1537 2.8 ($29,445) . $22,852 ) 5 852,208 525,530
€716 - | PG&E. -88,966- 6185 6.6 (557,366) ($193,368) ($139,589) 031" 04 ($135 002) ($82,623)
€z716-2 | LADWP. -88,966 6185 6.6 (857, 366) $36,354 . ($138,988) | 0.4 | 593,720 ($82,623) |
-2019-07-25
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| T igure 59 Cost Effectlveness for Medmm Ofﬁce All- Electnc +3KW PV + 5 kWh' Battery

¥9¢

v » : o 4 B/C
Elec - | Gas | GHG _ Ln‘ecycle . Ratio B/C ok o0
A Savings | -Savings | savings | Incfemental | ErergyCost | $-TDV (On- |" Ratio | ‘NPV(On- | NPV
Cz [oUterritory | . :(kWh): [, {therms) {tons) | Package Cost |  Savings 'Savings‘ “bill) frov) |- .bil) | (TDV)
All:Eléctric +3kW Wh Battery
Cz01 | PG&RE - 49,746 - (878,897) | ) {$49,972)
€702 - { PG&E = |. 44895 T T($78,857) | ,115) | {$30,928)
€703 | PG&E | 31226} R 1$78,897) | "+ ($39,441) | - ($19,617)
CZ04 | PG&E 43,772 {3758 5.7 (578,897) | 1{$70,999) ($29,/496)
CZ04-2 | CPAU S A377% . 8759 5.7 {$78,897) | - . (SB.050) | ($29,496)
€705 PGRE | “B5504:{ = 3240|  B5 |  (578,897)- (642,559) | (529,162)
€z06. | SCE - ! 21,324 2117 40| ... ($78,897) | $35,862. | ($9,641)
CZ06-2' | LADWP. © 21,321 2147 40 {$78,897) | $32,836 | ($9,641)
Cz07 | SDG&E 7:943 |+~ 950 1.9 ($78,897) | - 864781 | {$382)
CZ08. | SCE _ =10;854. | TH249 0 7 25 | v [$78,897) $28,651 ($1,289)
Czog-2 | LADWP.~ | -10,854:| . 4249 | 25 (678,897}~ = 825,122 . ($1,289)
€709 | SCE -14,878 | = . 1605 3.3 ($78,897) | $31,542°  1($3,246)
C709-2."| LADWP - w14878 11605 | 33 {$78,897) | $28,145 (63,246)
C710 | SDG&E : | -22,588 | 20534 - 31|, - [578897) $59,752 |  ($12,553)
Cz10-2"| .SCE |7 22,588 | 7 20533 31| [$78,897). . 882,039 ($12,553)
711 | PG&E . - | -B5455( 7 30624 @ 4.5 .  [$78,897) (§53;776): | .(522,194)
CZ12 | PG&E | -3g704 0 3327 - 0 B0 {S78897) | | (566,808 . (324,819
Cz12-2- SMUD. | 38,704 | 8327 &0 [57B,897) U 82,897 | ($24,819)
€713 | PG&E - | 35016 3063 47| . [$78,897) (852,159} | ($22,146)
€214 | SDGRE | 38,945 | = 3286 | = 45| - [$78897) | $24,867 | (525,821)
(214-2 | SCE. ' -38,945 | 3266 " 45| ($78,897) 1 - 515,338 | (525;821)
Cz1i5 | SCE 14818 | As37 | 2.8 ($78,897) 522,852 | ($3,914) 7983
CZ16 | PG&E - -88,966| 6185 | 66  ($78,897)|  ($193,368) | (5139,989) 2) 1 (561,092)
C716-2. 1 LADWP - |.. -88,966 6185 6.61 (578,897)" -. 836,354 | ($139;989): 07 (s61,092)
76 - 2019°07-25
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~ Figure 60, Cost Effectiveness for Medium Office - All-Electric + 135KW PV

B/C
Eléc Gas GHG ) Lifecycle Lifecycle Ratio B/C ‘
Savings | .Savirgs: | savings ‘Incremental Energy Cost TDV {on- Ratio . | NPV (On- NPV

CZ. 10U territory {kWh) {therms) (tons) Package Cost- |  Savings Savings

Bl c BB RW PV it i et e e e s i s et s e

cz01 PG&E . 123683 4967 | 445 ©$183,217 $405,731 $321,979° 1ig1581762

Cz02 | PG&E | 165,627 | 3868 | « 466 | - $176,775 §562,528 $430,276 142535017

€203 | PG&E 173,831 | 3142 46.3 $168,140 $575,864°|  $42(,205 1$252,066%

cz04 | PG&E 178,706, 3759 | 48.7 $181,458 $601,431 $456,861 115419,973 |1$275;403; .
Cz704-2 | CPAU 178,706 3759 . 487 |, $181,458 $517,526 | © $456,861 . $336,069.1:$275,403
CZ05 PG&E 185,664 . 3240 48.6 | $165,967 '$664,842 SA4E,600- ; $498,875]1$280,633

Cz06 | SCE.  f182214 . 2117 | . 453 _ $174,317 $423,657 | -5471,544- 49,340 1115297,626"

CZ06-2:| LADWP 182,214 2147 453 | ' 8174,317 $259,270 $471,944 ‘ 7445 684/953 18957 6265

CZ07 | SDGRE 210,282 - 950 443 $180,145 $669,979 5488,260 J7145289,8347:8305,115¢

€z08 | SCE~ . 201,491 [ . 1219 435 | $181.696 $407,277 |- $497,622 2 ; 225,580 /75315,925 7]

CZ708-2 | LADWP 201,491 |*  1219° 435 °$181,696 $240,657 $497,622 |1 : 5 $58,960"1$315:925"

Cz09 | SCE | 2002424 1605 458 | 3187,368 408,922 | $491,322 |- :618221,554: 303,953

€z09-2. | LADWP 200242 | . 1605, 45,6 $187,368 '$248,452.  $491,322 61,084 [ $303,8537|

CZ10 | SDG&E | 189734 | 2083 447 :$202,568 $667,55% | - $462,111 18464982 |1 $259.543

CZ10-2 | SGE - 189,734 2053 447 5202,568 '$412,659 | $462,111 210,091 |1$259,543

€711 | PG&E 171,389 { - 3062 445 | $186,483- $597,807 || 5446,074 247 15259,592+

Cz12 PG&E . 168413 | 9327 | 45.0 ¢ °$182,127 | $571,758 | -.8442,638 60/511

C712-2 | SMUD 168,413 | 3327 | 450  $182,127 | $343,602 $447,638
lczi3 | PG&E 168817 | . 3063 . 443 $187,744 $581,964 1  $430,324 ) 18242580

CZ14 | SDG&E 197,643} - 32664 501 -$185,314 $667,762 | $527,930 15534206167 .
C714-2 | SCE Sl 197643 1 3266 | - 501 8185,314 4408424 $527,930 153426167 Lo
1cz1i5 | sce Tl 209,539 ) 1837 457 $214,294 | - $390,267 | .5504,638: {148290,343:
C716 - | PG&E = . |i 135,255 ©.gigs 5047 $186,374 $470,199 | 338,637 16152263

CZ16-2 | LADWP | 185255 | .. 6185 |- 50,4 $186,374 | 250,807 | 5338,637 | :8152:2637

77 2018-07-25.
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CZ

10U territory

Elec

‘Savings:

-

Gas’
.Saying_g:

~ .[therms)

| GHG

“savings: Y
_(tons)

Incremental
Package Cost

Lifecycle -
Energy Cost:
Savings

Lifecycle:

“TDV
Savings:

B/C
Ratio
{on-
“bill)

_ Figure 61. Cost Effectiveness for Medium Office ~ All-Electric+135kW PV+ 50 kWh Battery

B/C
Ratid

~ (TDV)

‘bill)

NPV (On-.

CAllzElectr

czo1

91,117

| S4D4;994

$323,077 |

G202

165,200 | _

477 | -

$204;675

$561,747

$431,469 |

-CZ03

173,384

AT:4

$196,040

§575,043

$422,019

CZ04

178,258 |

498

$209,358

$600,621.

Cz04-2

178,259 |

49.8

5209,358

| $516,495 |

5461,634 |

CZ05

497

$193,867

. $664;046

- $447,793 |

1 .CZOS

181,767

$202,217

$423369 |

$473,519 |

CZ06-Z |

191,767

46.5 .

46,5

T S20217 |

T 8259,033 1

$473,519 ")

707

209,348 |

454

©5208,045

$675,307

$486,787 |

€208

201,047 |

44.7.

" 8209;596

T 407,027

$498,910

082

T0L,047 | -

447

 $209,556

| 8240,432

5498910 |

Cz08

1. 185,802 |

46.6

:$215,268

- $408,675

$492,515

C209-2

' 159,802 |

46.6 |,

$215,268 |

_ 5248;242

€710

189,283

457

$230,468 |

672,867

CZ10-2

TT188,2937

45.7

$230,468

$412,412

c7i1

170,987 |

455

$214,383

'$597,062

Cz12

167,995 |

480

$210,027

$571,002 |-

CZ12-2

167,995 |

46.0

$210,027

$343,043

C713

168,408 | _

453

$215,644

5581,225

1 €214

_A 1971'188 :

S1z|

§213,214

© $680,893 |

7142

197:188 |

512

$213,214

" $408,166 |

$531,080 |

czi5 -

- 209,148

$242,184

$390,000

$506,499

CZ16

134,808 | -

514

.$214,274

$465,378

8341978 |

C716-2

- 134,809 [

5147

 §214,274

$250,580

78

£§341,978
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Cost Effectiveness Results - Medium Retail

Figure 62 through Figure 69 cont'ain.th'e.-cdst—effectiveness findings for the Medium Retail packages. Notable findings foreach package include:

+

R

79

Mixed- Fuel +3 KW PV Packages are cos’c effective and achieve savings for all climate zones using the On-Bill and oV approaches.

Mixed-Fuel + 3 kW PV+ 5. kwh Battery The. packages are [ess cost eﬁectlve as compared to the 3 KW'PV only package and not cost
effective for LADWP:.and SMUD service: area

Mixed-Fuel + PV only: Packages achieve pOSItNe energy cost'savings and are-cost. efFecthfe"using the On-Bill approach for all climatezones

exceptfor LADWP ’cemtory (CZs 6, 8; 9 and 16). Packages achieve posxtxve savings.and are cost effective using the TDV. approach forall

tlimate-zones.

"Mixed Fuel + PV + 5 kWh Battery: Adding battery slightly reduces On-Bill B/Cratios but is still cost effective for all chmate Zones except

for LADWP ‘cemtory Packages achxeve savings and cost effective using the TDV approach for all climate zones. _
All-Electric +3 kW PV: Packages are cost’ effective usingthe On- BrH and TDV approach forall climate zones except for CZ:LG under PG&E
service.

All-Electric + 3 kW PV +5 kWh Battery: Srmx!arto minimal PV onIy package adding. batterv is cost effective as weH usingthe On=Bill andl

TDV approach for all climate zones except for CZ16 under PG&E service.

All-Electric+ PV only: Packages,,ar‘e cost.effective and achieve-savings in all climate zonés for both the On-Bill and TDV approaches

All-Electric+PV'+ 50 kWh Battery: Adding battery slightly reduces B/C ratios for both the On-Bill '_énd DY a’p_proach‘e_s:.‘ Packages are not
cost effective-for all.climate zones except CZ6, CZ8 and CZ9 under LADWP service area: ‘

@ ' o 2019-07-25
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Flgure 62 Cost Effecmveness for Medmm Retaﬂ Mixed- Fuel + 3kW PV

CZ

IOU temtory

‘Elec

* Savings.

(313

(th erm;)

: GasSavmgs }

.GHG
say;ngs
{tons)

[ncr.e_meqtal
‘Package. Cost

Llfecycle
. Energy Cost: |
Savings

.Lifecycle
TDV
Savings

. .B/C

. (On-bill)

Ratro )

(TDV)

Mixed Fu

Z01 | PGBE

85,566

U817;61

$8,450:

cz02 PG&E:

85,566

$17,635.

510,262 .

€Z03. | PG&E

092 |

85,5667

TTE15,146 |

810352

€704 | PG&E

- 0.9%

85,566

418,519 ]

510,614

CZ204-2 | cpal

© . 0.94 |

$5,566 |

$10,614-

CZ05 | PGRE

Sos T

85566 |

$15.644

$10,548:

£z706. |.5CE -

0.3 |

$5,566

S11,374

810,724 -

CZ06-2 -} LA

1 0.3

55,566 |

$7,068

510,724

cz07 - SDG&E

096 |

"85 566,

.5’22;452 S tames

$11,031

C708 | SCE

IR

55,566+

$11,838-:

$11,339"

Cz08-2| LA

e e

5,566

57,342 |

_$11,339

cz09 | sce

0.95"

85,5866

11,187 |

$11229 .

CZ08-2- | LA

0.96.

$5:566 |

6,728 |

$11,229

cz10 SDG&E:

0:97 |

$5,566...

820999 |

$10,987

CzZ10-2.| SCE

e

" $5,566

. 811,384 [

510,987

CZi1 | PG&E

891,

85,566

315,381 |

$10,680:

CZ12 | PG&E

0:.9T |

S5,566:

516,442 |

510.614.

Cz12-2 | sMUD.

0.91 |

$5,566 |

58,247

$10;614

CZ13:. | PGRE .

0,92

$5,566

.- $16,638 |

$10,592 "

CZ14.. | SDG&E

1.01

$5,566.

- 819,576 |

. 812,218

CZ14-2 | SCE:.

1,01 ¢

$5,566 |

10,227 |

512,218

715 | SCE:

0:96

55,566 |

510,476

411,339

C716 | PGRE

z04

5566

 $20418.)

511361

CZ1622 | LA

oloig|olo|olplolc|Gid|c|o|oiolo|dlo|ad|a|ololo

. $5,566 |

$6,987:|

511,361

80.
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Fignre 63. Cost Effectiveness for Medium Retail - Mixed Fuel + 3KW PV + 5 kWh Battery

Elec . ] ©-GHG Lifecycle B/C B/C
Savings | Gas:Savings.| savings. Incremental Energy Cost $TDV. | Ratio Ratic |-NPV{On- | NPV |

cz 10U territory’ | (KWh) (therms) {tons) " | Package Cost Savings' Savings | (On-bill) | (TDV): bill) (Tov) |
‘Mixed Ful+3kW PVi+EWh Battery - uh i d SRl e e e T R e :
€701, PGRE - | 3,941 | 0 0.76 $9,520 $12,616 | . 58,460 |:

CZ02 | PGRE : 4,685 0 0.91 59,520 $17:635 | S$10,262 .|+

CZ03 | PG&E .. 4,733 0¥ 0.92 - 89,520 $15,146 | $10,152

CZ04 PG&E o 4,834 o 0.94 © 789,520 . 318,519 | 510:614

Cz04<2 | CPAU: - 4,834 0| 0.94 . 89,520 | 511,507 | $10,614

CZ05 | PG&E 4,910+ -0 7 0.95 - 59,520 | 815,641 1 $10,548.

CZ05-2. | 5CG -4;910 ol . 0.95, $9,520°| 515,641 | $10,548"

CZ06 | SCE i 4,769 ol 0.93 "~ 89,520 $11,374 | 810,724 |

CZ06-2 | LA . . A789 | .0 0.93 89,520 ©$7,069 | $10,724 1 .

CZ07 = | SDG&E- T 4960 0 096 . $9,520 . 822,452 $14,031 |
1'czo8 .| SCE 4,826 0 0,931 - $9520 $11,838 | 511,339 |-

C208-2 | LA 4,826 0 ‘0,93 | L 89,520 $7,342 | 11,339 |

czoe | sCe - 4,889 0 086 $9,520 | . S11487 | $11,229°

C709-2 | LA 4,889 0. . 0.06 Y 89,520 | $6,728 | 511,229

€710 | SDG&E - | 4,948 |, o 0.97 $9,520 | . $20,999 | $10,987 |

czio-2 | sce - - 4,948 1 0 0.97 $9,520 | .~ $11,384.| $10,987"

€711 | PG&E ! 4,718 0. 091 . $9,520 $15,381 | $10,680

C712 | PG&E ’ C 4,707 | 0. 0.91 $9,520 $16,442 | $10,614

CZ12-2 | SMUD 4,707 0 0.91 $9,520 . 88247 | S10,614.

€718 PG&E . A750- 0 0.92 " 89,520 . S$16,638 | 810,592 %

CZ14 | SDG&E 5,258 0 1.01 ] $9,520 $19,576 | $12,218 |

CZ14-2 | SCE - ©5,258 | - 0/ 1.01 $9,520 ©$10,227 | $12,218

Cz15 | SCE . 4,997 0 0.96 59,520 | $10;476 | $11,339: ; ; :

C716 PG&E 5336 0 1.04 $9,520 820,418 | 811,361 |Hi 120|ed

C716-2 | LA - 5,336 | 0 1.04 89,520 | $6,987 | 511,361 ( 7

21 2019-07-25
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Flgure 64. Cost Effectlveness for Medlum Retaﬂ M;Xed -Fuel+ 110KW PV ©

¥4

Elec
Savings:
(KWh)

-Gas
Savings.
{therms)

. GHG
savmgs

Incremental

Energy:Cost

Ln‘ecyc

Ln’ecyc
STDV
Savings

(

B/C

vRatlQ B
On-hill)

B/C

.| NPV {On-
" billy

| Mixed Fuelb+110kWiPV.

CZ0L | PG&E

144,48

CZ02. | PG&E:

171,790

$201,904

$477,584.

] $376,300

cz03 PG&E

173,534

$201,904:

:$538,530;

$5372,146

CZ04- - | PG&E

177,229

$201,904

5489,934

$389,067

‘CZ04- 2 :

CPAU.

177,229

8201,904°

_ $418,173.

$389,067

CZ05 RG&E:

180,044°

$201,904

‘5556,787

1 $386,958

CZ06 SCE

174,855

' $201;904.

5288,188

| $393,198

Cz06-2: | LA

174:855

4$201.904

$165;538:

$393,198

Cz07 | SDG&E .

181854 ¢

5201,804

" $373,974

] $404,713

-CZ08 | SCE

176;954.

- 1$207,904.

T 5284,481

$415,789

C708-2:| LA

176,954, |

201,504

$161,366

1 8415,789.

179,267

$201,804

'$289,050"

| $412,097

€705 {.SCE
€z09-2 | 1A

179,267:

$201,504

"$168,822.

| 8412097

181443 |

201,504

$410,310

$402,999-

£710. | SDG&E |
C710-2 |.SCE o

" 181,443

$201,904

$291,238

| $402,998

CZ11 | PG&E

172,983 .

$201,504 -

$464,776'

1+$391,550.

€712 | PG&RE .

aser T

201,904

S$4B7,870

| 4389,573

Cz212-2 )

SMUD-

172597 | -

5201804

$267,086

T $389,573

CZ13 | PG&E

174151 |

'5201,904

5478857

"1 387,968

CZ714 | .SDG&E. :

192,789 |

'$201,904

$396,181

| $448,268

€z714-2 | SCE

' 192,789

5201904

4788782

. $448,268

Cz15 | SCE

183214 -

5201,504

$277,867

"$415,789

195665

201,904

$522,352.

| $416,558

Cz16 | PG&E -
CZ16-2 - LA o

193,665 .|

ololololojclolole|oljololo|o|oloiololo|alo|olals

5201,504

- 416,558 | 0.

($30,101)

82

$171,802
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Flgure 65. Cost Effectlveness for Medmm Retail - Mixed-Fuel + 110 kW PV .+ 50 kWh Battery

83

Elec . Gas GHG Lifecycle Lifecycle B/C B/C
Savings SavmgS' savings: | - Incremental Enetgy Cost DV Ratio Ratio | NPV-{On; | = NPV
cz 10U territory | (kWh) (therms) . -{tons) . Package Cost |  Savings Savings. | {On-bill} | {TDV) bI“)
Mixed:Fual# 110kW PV:+ 50 KWH Batterys T . L e e il e
CZ01 | PGRE 143,423 o 29.48 5229 804 $452,119 $324,373 | ' ,rszzz 315 P
Cz02 | PG&E 170,542 Q 35.14 $229,804  $486,704 $398,363 $256,900:(:$168,559+
€703 | PGRE 172,266 0 35.66 - $228,804 $535,974 $395,374° | '$306,170:1|:6165,570"
cz04 PG&ES 175,540 0 3632 - $229,804 " $525,788 “$422,579 $795,984 115192, 775
CZ04-2 | CPAU™ 175,940 0 36.32 $229,804 $416,019 $422,579 | 48186216 $192,775"
CZ05 PG&E 178,728 0 36.01 $229,804 $554,968 | $409,086 | _$325 164°{.5179,283"
CZ06 | -SCE . 173,567 -0 .35.99 $229,804 $290,599 $412,690 |- 860, #[i8182.886 -
C206-27 | LA~ 173,567 - 0. 13599 | $229,804 '$169,786 $412,680: . $60 018) [$182:886"
Cz207 SDG&E 180,508 0 3761 $229,804 $425,793 427,040} 1ig $195 589 ]:6197,236 ]
1cz08 | SCE 175,616 0 3629 $229,804" '$7296,318 -+ | $434,687 |1 ‘ 1175204883
| €Z08-2 | LA 175,616 0 3629 $228,804 $170,489 $434,687 0.7 ‘ $59 315) (152048837
Cz09 | SCE 177,966 0 36.74 $229,804° $300,540° | $421,195 |v43 S 870,736i0116191,391
CZ08-2 | LA 177,966 | 0 36.74 $229,304 '$178,852 $421,195° 0.8 ($50,952) |$191,391%,
C710 SDG&E. 180,248 ) 36.91. $229,804 $459,486 | $410,537 |20 S6229°683 1 $180,7337
C710-2 | SCE: 180,248: 0 36.91 $228,804 '$301,219° | .$410,537 |Ei 8714157 |+$180.733
711 | PGRE . L 174779 0 3485 -$229,804 -$490,245 $417,679 | 1$260;4425:5187,875%
€712 | PGRE 171,392 0 34.77 $229,304 $497,363 | $417,371 $267,559:1:$187,5677
CZ12-2 | SMUD: 171,392, 0 34.77 $229,804- $273,783 $417,371 1543979 1 18187:567.4|
€713 PGRE 173,052 0 34.97 $229,804 $488,196 - | $397,791 $258.392:175167,987
CzZi4 ['SDG&E 191,703 | 0O 38,31 $229,804 $420,241 $452,641 $190;437:1.$292;837
C714-7 | SCE 191,703 0 38.31 $229,804 $294,010 $452,641 864:20671.]1$222.837"
CZ15- | SCE 182,299 . 0 36.01 $228,804 .$7279,036 .$416,382 549,232 $186,578
€716 | PG&E 194,293 0 40.00. $229,804 $535,137 $432,951 |+ $305,333 7 (1$203;147 4
C716-2 | LA 194293 0 40.00 7| $229,804 8175573 $432,951 (654,231) |75203:147%
2019-07-25
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Ccz~

10U territory:

‘Elec, '
" Savings-
(kWh)

- -@as
Savings:
{(therms)

GHE .

savings |

(to.ns)

Incremental.
‘Package Cost

Lifecycle ..
Energy Cost:
Savings

Figure 66, Cost Effectiveness for Medium Retail ~ All-Electric+ 3EW PV

Lifecycle:
DV
“Savings

B/C:. °
‘Ratio. -
{On-

bill)’

B/c
Ratio

- (TDV)

1 NPV (On-:

bill)

| AllEleptris +3KWip

| czo1

PG&E ¢

$16,318)

$4,288 |

($5,450)

CzZ02

PG&E

—17,101

2448

(520,734

5859 |

55,779

CZ03

PG&E:

59,851

11868

1517,381)

615,418

£8,702

€204

PGE&E: -

. -9,353

1706

" (sT6,168) |

“E81i0 |

310,394

CZ04-2

CPAU

%5353

1706 )"

| ($16,166

$24,000 |

$10,394 -

Cz05

-9,423

1746:

814,076 .

56,351

CZ06

PGRE .
SCE.__-

-2,759 |

1002 |

T(S15,032) |

.$29,710

$12,592

| CZ06-2

1A

L5759 |

1002 1.

- (815,082)

32672921

$12;592

Ccz07

SDG&E:

1148

T

) )
- [318:776)
)
)

- {$17:032

$76,810

. $142';3A5VG

Cz08

SCE

=979 |

793

{20192

| 528,576

$13.185.

C708-2

LA

"-973

793 |

“(520,152)

524,475

513,185

Cz09

'SCE

2,352

570

829,776

$13,207

CZ09-2

LA

2,352

970,

{$25,383)

525823 °

513,207

czio

SDG&E

-5,388

1262

520,541

875458

$11,493

CZ10-2

SCE

‘5,388

1262

T (525,383

(820;541) |

832,394

$11,493;

Cz1Ll

PG&E

2415 |

{
{
L
825,471)

$7:618 |

$13,295

€712

PG&E . .

2309 |

(G274 |

)
Il
T
)
)
)

52,210

510,152

sMUD” -

~14,764

2309

(825,774

621,215

510,152

CZ12-2.

1 €713

PG&E

12,069

19831

. {s21.428) |

. $5647 |

$8,570

€714

SDE&E |

7,850

1672: |

360,412

$16,679.

Cz14-2

SCE

©-7,950 |

1572

(($18;926) |

5286311

$16,679

CZ15.

SCE .

. 2,534 |y

518

827271

- 517,162

€716

36,081 |

43041

)
)
- 1819,926)
)
)
)

_($19,041

($30,244) i ‘

($41,181)

(s11,070) | ¢

| pGaE
cz16-2 | 1A

LA

- -85,081

(
($22:813

(

{

{619,041)

845,706

_ ' ($41,181)

s22,140) |
| ($22,140) |

84

4304 |
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+ 5 KWh Battery

Figure 67. Cost Effectiveness’fqr Medium Retail - All-Electric + 3kW PV

85

B/C o
Elec .Gas GHG Lifecycle ) Ratio B/C

: Savings Savings: savings Incremental Energy Cost $-TDV {On- * Ratio NPV {On- NPV
cz 10U territory | {kWH) (therms): {tohs). Package Cost Savings Savings bill) (Tov). | . bill) (TDV]
| AlIEléctric +3kW PV BiKWh Battery. "~ o :
Cz01 | PGRE -25,214 14.61 ($14,692) 54,288 |-, ($5,450)
€702 | PG&E 17,201 2448 84071 [$14,692) | $859 | $5,779 | 320,472
CZ03 | PG&E . -9,851 | 1868 7.8 | ($14,692) - $15,418 $8,702 | $23,3094
Cz04 | PGRE 19:353 | 1706 | 6.24, ($14,652) $9,110 1  $10,394 | 1$25,0867
€z04-2. | CPAU -9,353 1706. 624 | ($14,692) | $24,000 | °$10,394 |} $25.086"
€705 | PG&E 9,473, 1746 | - 6.42 | ($14,692) $14,076'| 86,351 |- 287768 1 $21,043"
C706 | SCE 2,759 1002 424 | ($14,692) $29,710 $12,592 | S447402°)
C706-2 | LA -2,758 1002, . 424 |~ 1$14,692) $26,292-| $12,592- $40,584"
€207 | SDG&E 1,148 522 272 | {$14,692) $76,810 | §12,350 | 591,502
CZ08 |.SCE 979 793" 3,64 ($14,692) $28,576 | $13,185 | $43,268
Cz08-2 | LA 579 793 "3.64 ($14,692) | 824,475 | ©$13,185 :
€708 | SCE 2,352 970+ 428 ($14,692). $29,776' 1 $13,207
'€Z09-2 | LA" 2,357 970 4,28 ($14,692) 525,803 $13,207
€710 | SDG&E 5,388 | 1262 4.95 1$14,692) $75,458"1  $11,493
£710-2 | SCE 5,388 | 1262 4.95. (814,692) $32;394 | $11,493
€711 | PG&E . =14.533 2415 836 . 1$14,692)" 57,618 $13,295 |
712 | PG&E U -14,764 2309. 8.19 ¢ ($14,692) $2,210 $10,152 |
£712-2 | SMUD- 14,764 “2305 |7 819 (614,692) $21,215 | 810,152 |
€713 PGRE +12,069 1983 |- 7.08 | {$14,692) 85,647 | 88,570 |7
€714 | SDG&E’ T 17,950 1672 6.45 ($14,692) $60,412' |  $16,679. | 75,1047 |
€214-2 | SCE -7,950 1672 | 6.45 {$14,692) $28,631.| - 516,679 33231831371
€715 | SCE 2534 518 3.10° ($14,692) $27,271 ] $17,162 $41:963 777431, 855+

R erals PGRE 36,081, 4304 '14.26 | 7 (814,692). ($30,211) | (S41,181) 0.5 0.4 | (815,419) | ($26,489)
Cz716-2 | LA -36,081 .| 4304 14.26 ($14,692) $457706:| ($44,1.81) 0.4 |1$60,398 | ($26,489)
@ 2018-07-25.
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Figure 68, ‘Cost Effectiveness for Meditmn Retail = All-Electric+ 110kW PV
Elec.. . Gas | GHG | lifécycle | LUfecycle | Ratic | B/C | ,
Savings | Savihgs [ savings |- Iicremental EnergyCost TOY -} {On-. | Ratjo: | NPV {Op- NPV

Ccz 10U térritory {kwh) {therms) | (tons) Package Cost Savings- Savings | bill) {TDV) bill) (TDV)

All-Electric +110kW.PV ;

CZ01 | PG&E [ 115344 | $143,932 $4547277 | $296,025

202 | PGRE | 150,004 | 2448 | 40 5139516 | - $470,236 | $371,817-

€703 | PG&E . 158,951 | 1868, TU8142,869 | S544,085 | $370,696

Cz04 | PGRE |77 163,043 w706 '$744,084 $488,619° 5388,847

L2

| €Z04-2 | CPAU 163,043 1706 $144,084 $432,905 1" 5$388,847 _j‘
| czos | PGRE 165,711 |7 17465 4 C 8141478 | . 28565525 [ '$382,760
cz06 | SCE | ae7B28 |0 1002 . 8145218 | -$306,670 | " 5365,066
Cz06-2 | LA : 167,328 | . 1002 | 8145,218 | | -$184,797 | .. $395,066 .
Cz07 | SDG&E | 178,042 ) . 5224, $143,218 .$428,332°| $406,032
€z08 | SCE . | dzra4s o 79374 . 140,058 |  :$301,219. $417,635
CZ08-2 | LA , © 171,497 0 7937 '$140,058 8178,419. || - -$417,635
€z09° |scE . |v a7027y 0 0 9700 $134,867 | 7 $307,640 | 5414,075
Cz0g=2 fLAc T 1 172erd 0 970l 4134867 |:*  i8187,813 $414,075
CZ10 | SDG&E S0 A714074 0 262 $138,708 | 5463,692 | $403,505
czio-2 I'sce T | 171,107 1262 8139708 :$311,464.] $403,505
Ccz11 PG&E {0 153732} | 2415° $134,778 |1 467,356 | - $394,165"
€712 | PGRE - i 45371261 23091 U %134,476 | 84671067 389,111
€z12-2 | SMUD . 153426, 23097 T 8184,476.1. -5283,343 | $389,111
€713 | PG&E | 157,332°) 1983 | " $138,822 $477,831. | $385,047
Cz14 | SDG&E: < | 179,582 | " UUAB72:| .. 42427 .  “$140,324 | .~ $437,575!| $452,729 B

7142 | SCE - |- 4795821 | 672 . 4242 $140,324.|  $309,064 | $452,729

15 | SCE | 480,751 BI8| . B728 | $137,436  S294,877 S421612.

Cz16 | PGRE | 154248 . 4304 5100 | - S141,009 | . 473,892 $364,016

CZ16-2 | LA v 154248 |- 4304 5120 S14d209| - 8211677 | - $364,016

86 °2019-07-25'
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Figure 69. CostvEffec‘tiVe‘ness for?Me‘dium’ Retail ~ AIEfEle'ctric + 110KkW-PV + 50 KWh Batterjr

B/C
Elec Gas GHG . . Lifecycle Lifecycle: Ratio B/C S
7 Savings Savings savings Incremental ‘Energy Cost DV (On- Ratio NPV {On- NPV
(074 10U territory | (KWh) {(therms) | . (tons) Package Cost Savings Savings  bill) (TbV) | Bill) (TDV).
AllElsctric £i90KW:PV. +50 kWh Battery:: SR G b T T s s e Sl
CZ01 | PG&E - . 114,356 43.52 $171,832. $451,043 |© " $31C,265 1:$138,433
CZ02. | PG&E 148,793 | . 2448 | . 42.89 $167,416 $475,081 $394,099 52266837 .
CZ03 PG&E 157,707 | - 1868 14212 $170,769 $541,418 | .$394,034 :37(148370,649[-/$223:2657
CZ04. | PGRE _ -161,769 | . 1706 4182 5171,984 8523,603. | $422,535 (2157 1.$351/618].8250,551+
Cz04-2. | CPAU 161,769 1706 41.82 "$171,984 "$430,567 |- $422,535 | 5507 $258,58271::6250,551
€z05 PG&E . 164,408 1746 4268 . '5169,373 $561,966 | . $405,087 | 4.:]°$392,592:[/8235;744"
Cz06 | SCE 166,052 1 1002 | 39.48 " $173,118 | $306,697 $414.,756 4°'118133,579 152417638
C706-2 | A~ © 166,052 |0 - 1002 | 39.48 :$173,118 $187,941 $414,756 | 4 0814,8237]1$241,638:
N €707 |'SDG&E 176,705 | 52271 7 39.47 $171,118 $479,038 $428 490 171$307,9207]°$257,372:
; : CZ08: |'SCE 169,825 | 793, 3944 - 167,958 . $312,602 $43€,709 6| $144,645 ,-15263,7511
C708-2 | LA 169825 | 793 3914 | . -$167,958 $187,142 $436,709 819,185015268; 751
CZ09 SCE: 170747y 7 .970 4023 8162 767 $318,113'|  5423,370 155:3467/5260,604"
CZ09-2 | LA 170,747 “970 40.23 -$162,767 $197,006 | $423,370 £9834240" | 5260,604
CZ10° | :SDG&E 169,035 1262 41.08: . 8167608 $503,504 $411,284 (51633578964 6243675
£710-2 | SCE: 168,935 L1262 41.08. $167;608 $317,527 $411,284 | 12,5:]48150,319:] '$243,675.
C71t | PG&E 152,558 2415 | - 42.99 ' $162,678 $451,775 | -$420,667 |\ $26%]4$329,096(.-8257,9891]
Cz12 | PG&E - 151,956 12309 | ¢ 4221 $162,376 | $484,703 $417,063.-} 12,6 |1°8332,827:|776254,687..[
€712-2 ' SMUD:. . " 151,856 | . 2309: 4221 $162,376 5288,950 $417,063 | 2i6 |7:5126,573 15254/687
cz713 PG&E 156,271 | 1983 C41.25 1 8166722 $485,422 | $39%,770 | ©$318,699"|:'8$225,047
CZ14 |SDG&E 178,505 . 1672 43.94 $168,224 | '$452,456 $457,387 5$284.,2324|7$289,163"
C714-2 | SCE~ 178,505 | 1672 4394 | $168,224 $311,520.] 8457387 | $143,796%]::4789: 163
czis’ | SCE 179,840 | 5187| 3823 $165,336"| = $286,004 | -$422,293
€716 | PGRE 152,965 4304 5353 $169,109 |  $483,205 $375,299. |
C716-2°| LA 152,965 | . 4304 | 5353 $168,109 | $215,341 1 - 5378299 |

87
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6.7.3 Lost Effectzveness Resalts Small Hotel ) . ,
Figure 70 through Figure 77 contam the cost—effectlveness fmdmgs forthe Small Hotel packages Notable fmdmgs for each package include:

4 Mixed-Fuel#3 kw PV: Packages:are cost effectWe and achleve savmgs forall chmate zonesfor: both the On-Bill and TDV approaches

4 Mixed-Fuelf+ 3 kW PV +5 kWh Battery: The: packages are:less: cos’c effactive as. compared to-the previous minimal PV only. package and
not cost effective for LADWP and SMUD seRvice:area, The addltioh cf battery reduces ‘che cost effec‘txveness of packages.

% Mixed-Fuel+ PV only: Packages:are cost effective and achxeve savings for the On- Bill approach for aJl chma’ce zones except for LADWP
‘territory. Packages are-cost effective and achleve savmgs forthe TDV approach for all climate zones: -

4 Mixed-Fuel PV # 50 kWh Battery' Addmg battery slightly: reduces Op- Bl” B/C ratlos Packages are not cost eﬁectlve for LADWP. terr:tory,, _
) SM UD territory as well as for climate zones 6,8;9. under PGR&E service area,

& Alls Electnc +3 kW PVrAll packages are-cost effective using'the: On—Blll approach All packages are cost effect ve using ihe TDV approach
but do not achxeve positive, energy cost savings: : 4

9 All-Electric+3 kW P\Ls. 5 kWh Baitery Similarto minimal PV oniy package, all packages are-cost: eﬁectxve using'ttie On—BxlI approach All
packages are cost eﬁ’ectxve using the TDV. approach but do not achleve positive energy cost savings. '

& ,AH—Electrlc i+ P\/ only: All packages are cost effective for both On-Bill and TDV approaches Packages achleve on- bl” savmgs fora ] chmate
- zones. S

4 All-Electric+ PV+ 50 kWh Battery Adding battery shght y reduces On- Bxl[ B/C ratxos but Is still cost: eﬁ‘ectxve forall chmate ZONEes,

© 88 2019-07-25



2019 Nonresidential New Construction Reach Code Cost Effectiveness Study

Figure 70. Cost Effectiveness for Small Hotel - Mixed Fuel + 3KkW PV
Elec - " Gas GHG =~ | Lifecycle B/C B/C
'Sa'vin»gs Savings. savings Inctemental . Energy Cost Lifecy{:le 5- Ratio
CZ. 10U tersitory | (KWh) (therms) {tans) Package Cost Savings TDV Savings | {O
iMixed Fuel+3 kW PV L TR T L e e e e L T L
Cz01 PGRE. 3,941 0 081 . 35,566 $12,616 - $8,326
£702 | PG&E 4,785 0 0.9t 45,566 $12,639 $10,332
| cz03 PG&E " 4733 0, 0.9} 55,566 $15,146 $9,991 |+
C704 | PG&E 4,834, 0 1.0 45,566 $13,266 $10,445 [
CZ04-2 | CPAU 4,834 0 1.0 55,566 $11,507 $10,445
CZ05 PG&E 5027 0 1.0 55,566 '$16,048" $10,634
€706 | SCE " 4,769 [} 08 45,566 $10,276. 10,559 |-
Cz06-2 | LA 4,769 0 0.9 $5,566 $6,307 - $10,559
€707 | SDG&E 4,960 0 10| $5,566 $14,576 | $10,861
Cz08 | SCE 4,824 | - 0 0.9 | $5,566 510,837 $11,202
C708-2 | LA 4,824 | 0 0.9 55,566 $6,505 $11,202
Cz09 | SCE 4779 0 0:9° $5. 566 510,298 $10,824 |
N €209-2 | LA 4,779 0. 0.9 85,566 $6,201 410,824 |
~J €710 | SDG&E. 4,905 ] 1.0 . $5,566 $16,302 $10,710
~ €z10-2 | SCE | 4,905 0 1.0 $5,566 59,468 $10,710
€711 - | PG&E 4,701 0; 0.9 45,566 $14,193 1 $10,483
€712 | PGRE 4,770 g. 0.9 35,566 '$15,262 $10,596
CZ12-2 | SMUD 4,770 | 0 0.9 | 35,566 $7,848 $10,596 ; ,
Cz13 PG&E 4,633 T 0.9 $5,566 514,674 $10,105 584,530
CZ14 | SDGRE. 5377 .0 11 $5,566 $16,615. | $12,375 19.12:$6,809
C714-2-| SCE 5,377 0 11 $5,566 $10,021 | . $12,375 1786,809"
Cz15 | SCE 4,997 . 0 1,0 $5,566 $9,542 411,164~ 5 [1165,598:
| €716 | PG&E 5,240 0. 1.0 $5,566 $14,861 $10,975 |- 54097
| czi6-2 | LA 5,240. 0 10| $5,566. $5,670° $10,975 | 710 85 /209"

88
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* 2019 Nonresidentiol New Constriiction Reach Code Cost Effectiveness Study:

{Figu‘re'..’/fi Cost Effectlveness for-Small HoteI ‘Mixed Fuel + 3kW PV.+5 KWh BatteryA .

Elec: - GHG: - Lifecycle - BJ/C | BIC : S
Savings | Gas Savmgs:‘ s;_zyings + Incremental | EnérgyCost ~ Ratio ' | Rati6. | NPV(On- | Wi
W (therms) [ ‘ ‘Package Cost- Savings, - {On-bill): | (TDV}: bill}

1z

Mixed Fual & 3K\

| czo1

8LC

o 0.8 80520 812,616 |0 58,326

1 czoz 0 “ P9 49,520 §12,639 | '510,332-

€703 SO0 0. 89520 515,146 $9;991

CZ04 o LD T 89520 "313,7667] $10,445
| czo4-2 |.Cp2 ol Lo %9520 ) 811507 | $10,445 -
1 czos o “Lo | 7 sas207fr  -$16048{ $10:634 L
€Z05-2 0. 1.0] -, %8520 - -$16,048-]7 610,634
| czo6 0 091, . 59,5207 810,276 $10,559

CZ06-2 | o CL0.d 0 T 8es20. 86,307 |... 510,558

Cz07 0| 10| - $9,520 - §14576:] $10,861 |

Cz08. 0 kRS 89,520 $10,837 | 511,202

G082 Kk 0.9-] . %9520| .- 86505 | $11,202

c709 0 09 | $9520 | $10,298.| $10,824 |

Cz709-2 0 PR 89520 | - $6201 | $10:824

€710 Q- 10 © 895200 . - $16,302 | $10,710

C710-2 R L0 8520 89468 | '$10,710°
lczar L0 0.9 "$9.570 | "514.093 | 310,483
| 712 R kN $9,520-1 7 515,267 | $10,596 |

C712-2 .0 09 7 $9520 7 87,848 | $10,596

€713’ o 0.9 | = 89,5207} 514,674 | "$10,105

714 -( A4 2885200 . $16,615] $12,375 | .
C714-2 ol 41} - 7 89520 810,021 812,375 | ¥
4715 . ol . Lo| - sgEiol $9,542 |- $11,164:] =
C716 0. A - 85,520 | . S14961 ) $10,975 |

C216-2 0

16l $9520 | -7 5670 | $10,975 |
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Figure 72. Cost Effectiveness for Small Hotel - Mixed Fuel +8 ORW PV

2019 Nonresidential New.C‘ons_trucfion Reach Code Cost Effectiveness Study

91

‘ "B/C
Elec: Gas GHG ‘Lifecycle- | Lifecycle Ratio B/C
‘ Savings Savings | savings’ Incremental Enérgy Cost Vv {on- | 'Ratio. | NPV{(On- NPV
ord i0U territory [KWh) (therms) |. (tons) Package Cost | . .Savings | Savings bill) | (TDV)
‘:‘Mixe‘“d“:ipue;v;:v.‘;fg'()szpv\/ff : " et sl L L g : e
Cz01 | PG&E "] 105,090 0 20.6 $179,470 | $336,440 $221,883
€702 | PG&E 127,592 o 25.0 5179470 $320,009 .| 3275130
€203 PG&E 126,206 | 0 24.8 $179,470 | $403,900 $266,426
CZ04. | PG&E - 128,894 0 . 25.4 $179,470 $322,782 | 278,536
CZ04-2 | CPAU 128,894 | 0 25.4 $179,470 $306,862. $278,536
Cz05 PGRE 134,041 0 26.5 .6179,470 $427,935 | '$283,834
CZ06: | SCE 127168 0 25.0 - :$179,470 $200;425.-|  $281,488 | 18102,018"
CZ06-2 | LA 127;168 0 25.0 '$179,470 :$119,357 | $281,488. +8102,018%
CZ07 | SDG&E 132,258 0 26.1 $179,470 $247,646 $289,700 1% F8687176515110,230°
-C708 SCE 128,641 0 25.3. $179,470 .$207,893 $298,594 52:528,5237/46119,124"|
C708-2 | LA 128,641 0 253 | $179,470 $122,591 3298,594 ($56,879) |4$119:124°
CZ09 SCE 127,447 L0 25.3 $179,470 $211,567 :$288,830 | 2,096"4:.5109:360"
C709-2 | LA 127,447 "0 25.3 $179,470 '$123,486 $288,830 © 51093604,
Cz10 | SDG&E. - 130,792 0 25.8 $179,470 $274,832]  $28%,386 258105:916¢
C710-2 | SCE. 130,792 | 0 25.8 $179,470 :5206,865 | $285,386 7$105,916°
CZ11 | PGRE 125,366 0l 24.6 $179,470 |~ $316,781 $279,331 | 599,861
€712 | PG&E 127,203 07 250 $179,470 $406,977 | - $282,358 | $102,888"
CZ12-2 | SMUD: 127,203 0 25.0 $179,470 $198 254 $287,358 1 '
€713 PGRE 123,535 | 0 4.4 $179,470 $317,261 $269,908:
CZ14 | SDGRE 143,387 0 o284 8179,470 8309521 $330,345 |
CZ14-2 | SCE 143,387 .0 28,1 $179,470 $225,083 '$330,345 12/1:8150,8757
Cz1i5 SCE 133,245 0. 25.9 3179470 | 5207,277 | $297,648 CS148A77
716 PG&E 139,738 ° 27.3 "$179,470 | i8341,724]  $292,728 1 118162,254) 781137258
Czi6-2 | LA 139,738 0 27.3 -$179,470 $114,215 | $292,728 0. ¢ ($65,255) |+76113,2587
2019-07-25




2019 Nonresidential New Construction Reach Code Cost Effectiveness Study

 Figure 73.Cost Effectiveness for Small Hotel — Mixed Fuel + 80kW PV +50 kWh Battery
Elec . Gas GHG | ST . Lifecycle. | tiifecycle . ‘Ratic | B/C : :
Savings | Savings | Savings fncremental | Ensrgy.Cost: 1. TV G {Om- | Ratio NPVH{On- NPV

z 10U territory (kWh) ~ | (therms) .~ Packdge Cost Savings: Savings | bill) {TDV) Bill {TDV) -

| 'Mixed:Fuél¥ 80kl
czo1 |'PG&E |

207;370.| . §332586 | 237,740

-$207,370' | $336,179.|. .$296,058

czo2 | PG&RE - b 126332 |

cz203 | PGRE | 124934 . $207,370 | - 8399220, $289,360 |

CzZ04 | PG&E .- | 137802 $707:370 .  $332,461 " $308:887 |

Cz04:2 | CPAU - | ~ 127,602 $207,370 | $303,828 | - $308,887 |

cz05 | PG&E - 132,725 $207,370 | $423,129 |  $303,627 |

Cz06 |'SCcE . | /125,880 . 82073370.... 5193,814 | 5297850

tz06-2 { LA | i25/880 ¢ . $207:370 | . $T23;083 |0 $797,950

€207 | SDG&E 130,940+ $207,370 1 $274,313% " $308,682

cz08 |SCE- | 127,332 '$207,370 |  $199,786 | '$312,899

czog-2 | La. | 127332 8207370 | $424,651 7  $312,899

08¢

cz08 fsce . | 126232 8207,376 $206,706:] . $292,804. |

CzZ09-2 | LA 1 126,232 $207,370-  $126,710. $292,804.

cz10 |spe&E | 129,683 |

$207;370- | $293,202 |". $287:278.|

cz10-2-}sce - | 125,683 o284 T U g207370 | 0 $206471 . . $287,278 |

CZ11 | PG&E -l 124,337 ) 26:8 | . $207,370) .- $315,330| ° $283,683 ]

CZ12 | PGRE {1 4260137 U278 . '$207,370 | | $403,427 7 1$297,118 |

€Z12-2 |-SMUD -~ - | 126,018 27,8 | - $207370 $398,007 | $297,118.

CZ13 | PG&E . .. < 123,59% 265 | $207,370 |  $315,541| $280,996 |

Cz14 |:SDG&E | b 142,957 | 30.7 - $207,370 $317,565°|  $334;697

olo|o|ojo|oiplojo|g|o|o|alololalo|a{alo]|

c7142 | SCE L 142,257

8070 $207;370- $224195 |  $334,697
| -0%207,370 | $208,044 |

O

Cz15 [scE - | 1324s |

207,370 |  $358582 | $315,6¢

Cz16 | PGRE | 188,402 .

cz16:2 | LA © W 138,402 $507,370 STB 770

92 . 20090725
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Figure 74 Cost Effectlveness for Small Hotel -All-Electric + 3kW- PV

: v | B/C
‘Elec Gas | GHG L * Lifecycle : Ratio B/C

i - Savings | Savings | savings Incremental Energ\) Cost.- Lifecycle (On- Ratio ' NPV (On- . -

CcZ 10U territory (kwh} | -{therms) (tons) Package-Cost* Savmgs TDV Savmgs . Bill) (TDV) bill} . NPV (TDV)
ey T T L L e
£z01 PG&E -155,861 , 54,7 (31,255,139} ’(5568 892) (5106 835) (18696,246 751,158,304
€202 | PG&E 4 -113,954 ] 12677 40.9 | ($1,266,111) ($229,433) ($41,238) “$1 036,679| 81,224,823]
CZ03 PG&E | -105,867 | 12322 | 414 ($1,268,383) ($309,874) ($41,175) |4 /$958,5101| $1,227;208 |
czo4 | PG&E . | -108570 | . 1i927| 375 (51,268218) ($208,239) |- ($42,689) |/ 1,059,980 | $19275,5307}
C704-2 | CPAU b -108,570 . .11927 . . 375 (51,268,218 |. ($6,261) (542,689) | ;2617958 1151,225,530.
CZ05 | PG&E =~ | F103,578.|° 11960 | . 8937 (1,268,272) ($332,879) | . {$44,051) 159353931181,224,271
CZ06 | 5CE - | 73,524 | 8812 - 303 ($1,268,413) | 48,898 |  ($17,484) 17,319:1°81.250,929
CZ06-2 | LA -64,859 8188 29.01 ($1,2866,760) ($120,842) ($12,337) 81 $T,254423
€Z07 | SDG&E 67,050 . 8353 29271 © (61,264,731) (543,964) ($11,618) : 4.61,253/113
Cz08 | SCE 67,090 ‘8353 29,21 7{$1,264,731) '$48,736 ($11,618) 181,313/467 7817253113
CZ08-2 | LA 67,483 | B4D2.| . 29.3 ($1,266,529) {(335,547) | (511,126) 1511230,087 1 761.255403"
CZ09 | SCE 267,483 8402 293 | {81,266,529) | - $52,410.] ($11,126) 1,318,939 761,255;403"
Cz09-2 LA 75,457 8418 -27.2 | (84,263,531) ($156,973) |  ($25,469) 41238061
€z10 [ SDG&E = | 75,157 | 8418 | .- 27.2| -(51,263,531) | {($54,711) ($25,458) 1181238061
£710-2"| SCE . 94783 | . 10252 | - 318 (81,264,340) | . (5169,847). ($38,904) | 1181,275.436"
€711 | PG&E - 94,702 | . 10403 | 330 ($1,265,779) ($324,908) ($34;958) 11781:230,811
CZ12. | PG&E | -947287 10403 331 | (81,265,779) $13,603. ($33,757) 181,279 382" £5112372;022%
C712-2 | SMUD 292,196 10029~ 31.5 ($1,264,152) | ($168,358) (840,228) 1,095:754 |161/223923;
€713 - | PG&E" . -86,024 | 10056 | 307 |- (51,264,510) ($308;542) | ($44,207) - 1+$955/96971151,220,308:|
€714 | SDG&E 1 -96,021 |+ 100564 .. 307 | {$1,264510) | = ($110,730) ($44,202) /6.|781;153/780:3$1,220,308".
€714-2 | SCE ‘ -44.856 | 5579 ©19.0 (31,262,631) $8,996°  ($10,256) F|61.271,627 81,253,375
C715 | SCE -211,468 | .. 17599 42.9°F  {$1,268,907) ($625,671) | ($228,203) 1516643,236. 81,040,704
C716 | PG&E Tl 211,468 17599 42.9 ($1,268,907) | -$37,142 |. (5228,203) | 11151,306,049 /51,040,704~
CZ16-2 | LA | =155,861 : 16917 | 54,7 ($1,265,139) | - ($568,892) ($106,835) 111S696,24671161,158,304

2019-07-25
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+5 kWh Battery

ez

- 10U territory

E] EVCA:
Savings

. Gas
| iSavings

) ’(therpjs)

GHGE.

savings .

ihcremental:

Lifecycle.-
Energy-Cost
Savings

‘Figﬁref'.7?5:; Cost Effectiveness for'Small ?Hbté'llrf All-Electric + 3KW PV

Savinigs

B/C
Ratio
{On-
bill)

- B/C
Ratio.
(TDV]). |

'N'E"V’(On-. ) |

bill)

Al Electric kW

()

S kWhBatt

CZ01

PG&E.

4.155;861 |

$568.897)

(5106,835

CZ02

PG&E

113,954 |

12677

($1,288,428)

© ($229,433)

($41,288

€203

4 PG&E

-105,862 |

12322 | 4

($1,788,428) |

Cz04

PGRE =

2108570 [

11927

{
{
(5309,874) |
{

)
]
($41;175)
$42,689)

CZ04:2 |

CPAL

-108,570 |

11927

(
(31,288,428) |
(

)
: )
$208,239) |
| (86:261)

{$42,689)

CZ05

103579 |

“11960 | 4

($1,288,478) |

($332,879)

CZ06

| PG&E

| SCE

73524 |

(51,288,428

_(ssa341)

{
_(s44,051)
{$17,484).

CZ206-2

LA

73524

8912:

81,288:428) |

548,898

{517,484)

£z07

64,859

- 8188 |

($120,842)

T512,337)

208

SDG&E
SCE

67,090 -

8353

($43,964)

. ($11,618)

CZ08-2

LA

67,090 |

8353

{
- (81,288,428) |
{

($1,288,428

$48736

" ($11,618)

cz09

SCE

- +67,483

8402

(81,288,428

($35,547)

(511,126)

CZ09-2

LA

=67483

8402 |

51,288,428 |

:$52,410

($11,126)

- CZ10

751571

18418

($156,973) |

(825,469)

Cz710-2

SCE

SDGRE

75157 |

8418

1$1,288,428

+($54,711)

{$25,469).

1 CZi1 |

| PG&E.

e

TR T

{

i ,
181,288,428
{

(

(81,288.428) |

($169:847) "

"($38,904).

Cz712

| PGRE

C 94,7023 ]

+ 10408 | . 3

©(§1288,428

g _ ($324,908)

" ($34,968)

Cz712=2°

SMUD.

<04,297 | .

10403

)
)
)
)
)l
($1,288,428) |
)
)
)
J
)
)

$13,603

{$33,757)

CZ213

PG&E

©-92,196 -

10028

_ ($168,358)

($40,229)

CZ14

’ :-'9’6',021?35 '

T05E T

 {§1,288,428

($308,542) |

$44,202)

CZ14-2

SCE.

SDG&E |

96,027 .

10056

)
- )
(81,288,428)
" (81,288,428)
{ )
( )

$1,288,428) .

‘($1io‘,'73io)‘

CZ15

SCE~

44,856 -

5579

TT(81,288,428) |

$8,996 -

{
{
(544,202)
(510;25 6)-

" CZ1b

PGRE

~211,488

17598,

($625,671)

($228,203)

Cz16-2

LA

211,468 -

17599

- )
(51,288,428) |
)

i :($228;203)'

94

(51,288,428

T 837442°
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Figure 76, Cost Effectiveness for- Small Hotel - All-Electric + 80kW PV
v - - _ v 5IC .
Elec ‘Gas' ‘GHG | . Lifecycle Ratio B/C
. . Savings: Savings: savings | Incremental Energy Cost: $-TDV {On- Ratio NPV (On-
Ccz 10U territory (kWh) | -(therms) | -(tons) Package Cost - ‘Savings bitl): (TDV NPV{TDV)
cAll=ElectriciH80lW:PY- e e e Bt R e e e il &
cz01 -54,712 - 16917 ‘746 ($1,123,442) {$240,170) | :$106,722 72161230164
Cz02 8,853 12877 | 7 65.0 ($1,124,415) $128,649 | $223,510. 31781:347,925"
| €z03 15,612 12322 | 653 (61,126,687) $44,532 | $215,260 5::$1:341,947: |
cz04 15,450 11927 T62.0 (51,126,522 $145,778 | $225,402 | 181,351824"
C704-2 15,490 | 11927 | 62.0 (81,126,522} 289,094 | $225,402 $1,415:6161 51,351,924
Cz05 25,436 11960 64.8 {$1,126,575) - 856,010 | -$229,149 |817182/5947/81,355,724"
' CZ06 48,875 8912 54.4 {$1,126,716)-. " $163,343 | $253,445 81,290,060 :61,380,161
C7206-2 62,439 8188 54.1 (81,125,064} $115,822 1 $266,502 11$1,381,5651|
Cz07 . 56,727 8353 | ° 535 (81,123,034):| - $147,987 1 $275,773 [:$1.398,808
CZ08 56,727 8353 53.5 (61,123,034} '$163,971 1 $275,773 |1$1;392.808: |
C708-2 C 55,185 | 8402 537 | ($1,124,832) $155,101: $266,880 $1/279:933 111613917712}
CzZ08 55,185 8402 | U537 (81,124,832) $169,010 | $266,880 1$1:293:843" | $19391,7172:
CZ09-2 | 50,731 18418 52.0 ] (51,121,834) $113,936 | $248,207 40412357707 :81:37 1,041
€710 50,731 8418 52:0 (61,121,834) -'$138,265 | $248,207 181,260,099 181,371,041
€710-2 25,882 10252 55,6 | (81,122,643) $162,626 | $229,944 $81,285,269]7$1)352,587 "
cz11 27,731 10403 57.1 ] (31,124,083) $12,954 | $236,794 /10811137037 .51,360,876"
C712 28,136 1104031 - 572 ($1,124,083) $206,756 | $238,005 "$17330,839 751,362,087
Cz12-2 26,706 10028 5501  ($1,122,455) $165,991 | $219,574 1461:288,4461751,342,030:
Cz13 41,980, 10056 57:8 (51,122,814 $22,333 | $273,768 181,145,147 51,396,582
Cz14 41,989 | - 10056 | 578 [ ($1,122,814) $120,943 | $273,768 124, /1:51,396:582
C714-2 |.§ 83,393 5579 S 440 | 0 (81,120,934) $210,511 | $276,228 L761,397,162
€715 SCE -76,971 17598 - 69.2 {$1,127,210) ($159,308) $53,550 7{1815180:760"
Cz16 | PG&E L 78974 1 17589 T 892 ($1,127,210) $172,787 |  $53,550. $1,299,597:[.51:180,7607] -
CZ16-2 | LA -54.712 16917 74.6 (81,123,442) | ($240,170) | . $106,722 | iii8883;2721]761,230,164 |
@ - 2019-07-25



- B ure. 77. Cost Effectlveness for: Small Hotel AII Electrlc + 80kW PV+ 50 kWh Battery

.‘ ‘ ‘ ' e [
.EJ_e'f.:' | Gas GHE’ ’ Lfecycle: | ~ Ratio. | B/C

: Savings | ‘Savings. | savings | Incrémental | EnergyCost | $TDV | "(On- :| Ratio | NPV(On- :

CZ ou terntory: (kWh) (therms) (tons) Package Cost Savings - Savings ‘bill) {TDV) bill) NPV {TDV).

All-EleétricE£80K\

v82

1 €201 - PGRE T C ($1,095;542) | ($238;351)i[ . $118,605
CZ02 | PG&E 2677 | 674 {81,096515).1  $129;794'| $239,632
CzZ03 PGRE .. ! 12322 - s77.|  (81,0987787) | 543,166, | - $235,280
£Z04 | PG&E . 11927 64:4-( © [81,008,622) $148,698¢| $2498,244

| Cz04:2:) CPAU L A1927 . B4.4. ]  [61,098,622) | | $28B,573°| $249,244
CZ05 | PG&E’ 1196017 676 ($1,098,675) | . §53719° $744,514
Cz06 = | SCE 89127 © 572 | (81,098816). 49165763 $267,221
€206-2 | LA 8188 | 5744 * {$1,097,464) |  :5138,06D°| $283,797
€707 | SDG&F 8353 |  -562.| '(81,095,134] $138,7181 $286,483
C708 | SCE - . 8353 | 562, ($1,085,134) | .-$165,932° | $286,483
Cz08-2 | LA Tgap2| o561 | ($1,096,932) '$149,615 | $269,453
Cz09. | SCE . |, 541627 . . 8402-] . . 56.1 |  ($1,096,937).| = £171,168 | $269,453
€209-2 | LA 8418 [° 541 ($1,093;934) |- $170,627| .5250,720

8418 | 5447 . [$1,083,834) | 8136,144 | $250,720

CZ10 | SDG&E

{
o
1 CZ10:2 | SCE Cdo2s2) - 57.3:1 | (81,004,743 | 5160,744 | $233,842
Cz11  |-PG&E: 10403 |- 592 | (51,096;183) $10,314|° $247,504
| cz12 | PG&E 10403 © 553 | (81,096,183 $206,745 1 $248,790
£z42-2 | spMUp 10029 56.5 |  ($1,094,555) | £164,506 | $229,300
Cz13 | PG&E 10056 | 59,71

CZ14 = | SDG&E .

: {
Cp0ss | 597 | (51,094;914) T 8118,382 | 5276,947
“"s579f 4550 ($1,093,034)

CZ14-2 | SCE $209.837 | $277,787

]
)
)
)
(61,094,914) | 825,707 | 276,947
T
)
)
)
)

Cz15 | sCE 17599 | '~ 714 |  ($1,099;310) | . :($193,758) | - '$65,850.
Z16 .| PG&E = dzses { 7Ll | (8%, 099,310) | 8175872 $65,850
C716-2 | LA 16917 || 757 | ($1,095; 542' __(5238,351) | $118,605
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6.8 Listof Relevant Eﬁ‘zczen cy M easures Explored

The Reach Code Team started with a potential list of enérgy’ efficiency measures proposed for 2022 Title 24 codes and standards enhancement

measures, as well as measures fram the 2018 International Green Construction Code; which-is based on ASHRAE Standard 189.1-2017. The team
also developed new measures based ori their experignce. This original list was over 100 measures long. The measures were filtered based on
applicability to'the prototypes in this study, abilityto modelin simulation software, previously demonstrated energy savings potential, and market
readiness. The list of 28 meéasures below represent the list of efﬁmency measures that meetthese criteria and were. investigated to'some degree.

The column to the far nght indicates whether the measure'was ultimately included in-analysis ornot.

'Figure=78,-.1;i‘st of ReIeVant’Efficiency-Measures Explored

Building Component |Measure Name Measure Description Notes Include?
Water Heating Drain water Heat-Re'co_vefy‘ Add d‘féi'n water heat r‘eco&éry iy hotei'prototype |Requirescalculations outside of modg}ihg software. v y
Envelope. ngh performance fenéstration ‘mproved fenestration SHGC (reduce 6.0.22). ‘ ‘ Y
’ ’ e | Raise prescriptive fenestration SHGC (to 0.45) incold N
Envelope High SHGC‘ for co,]d:d[m‘ates - climates where additional heat’is beneficial, v
: W : § ]
Envelope } Allo able. fenestratlon by Limit aimount of fengstration-as.a furiction of orientation Y
‘ orsentat[on ) !
» (lncrease building thermal mass. Thermal mass sl dws the. )
‘ » ‘|ehange in internal temperature of bw!c{mr’s with respect hif?al ener modé{in results showed marginal i
Envelope. | High Thermal Mass-Buildings~ Ntothe outdoortemperature, allowing the peak cooling - gy : g i S Eina ‘N
s . ; cooling savings, negative heating savings.-
.- foad: ‘during summer to be pushed-to the evening, RS : ’ :
resu!tmg inlower overall coo]mg loads.
ST ‘ T . .. Initial energy modehna results showed marginal
- ) Increases the insulation requirement for opague
Envelope Opague Insulation e : o energy savings atsignificant costs whlch woulld not N:
. : envelopes (i.e., roof.and above-grade wall). :
o ’ T : reet ¢/e criteria..
) : ) Initial- energy-modeling results showed only marginal
Envelope Triple pane windows | U-factorof 0.20 for all windows energy savings-and, in some cases, increased energy N

use.

97
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Building Comiponent | Measure Name " [Measure Description “ |Notés: Include?|
. Expa:rjd‘diugt"]tj;él;gjgfe:tesjcing rgqliiremélj}‘t's:baé‘ed" £ ‘ -
Envelope: Biick Lealga « Tostin o OnASHRAE Stahddrd 215-2018: Method of Test to: More reseatch needsto be.dons on-current diict: N
pe: ok eakege lestng . |Determine Leakage of OperatingHVAG Air Distributlon  |leakage and howit can be,addressed:. -
| Systems [ANS] Approved). <
_ A , e : |Instead of this measure, analyzed measure which
Envelope.. ‘| Fenestration ared | Reduce madrim. al owable fenestration area t0°30%, Tooked at Ijmmng fenestration based on wall N
o e ‘| orientationi. :
o T "\ Ufactor.of0: 20 forall: wmdows, with:no: changes to. . ’Markatnot ready. No commeréiéi“y-avatlable o
Envelope - SK"D!’}Y trfpié_paég;Wlndows. “existing framin g or building structurg, ‘ products for:commerdial. butldmgs N
| petaiied prescriptive requirements for shadingbasad on | z-
ASHRAE189. B 50.50 for first story and 50.25 for.other Title. 24 afready alloy ;ownerto trade Gff: SHGCW[th
Envelope Parmanent proiectsons permanent projections: Also, adding requirements for N
ST floors. Man\{ excepti ons Correspondmg SHGC mu!ttphers T S O S o
|permanent projections would raise concerns:
to be usgds . o - )
|| Infiltration rates are-afixed ACA mput ‘and cannot be. |
_,_ .| ¢hanged. & workarourid attériptwould nofhe:
: R C i - N . |precise;and the, .practicality.of Implementation: by
Envelopé | Redyced jrifiltration RedUce infiltration rates by irproving buildirig sealing. 'developers is lowgiver themodeling capablhttes apd ] N

the factthat in-field verification is challengmg
Banefits would’ predommantly be’ for air qUalxty rather
than enervy .

98
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Building Component

|

Measure Name

v

Measure Description:

Notes

Include?

HVAC

Heat recavery ventilation

| Forthe hotel, recover and transfer heat from exfiausted
air to'ventilatiori air.. )

Far-small _hb,te[s,’the;ve,ntila’c:ion;'requirement could be |.

et by various approachies, and the most:common
ones are: '

a.  Exhaustonly.system, andventilation is metby -
infiltration orwindow operation.

b, Througha Z-duct that coninects the zone AC
unit’s intake to an.outsideair intake:Jouver:

o, Centralizedventilation system {DOAS)

;The prototype deveiq'ped;fo'r thesmall hotel'isiusing:
1 Type 2'above. The major consideration’is that -

currently, HRV # PTACs cannot.be modeled at each
guestroom,-only-at the rooftop system. Option 1.

Jwould require the seme type of HRV implementation
tas:Option 2, Option 3may be pursuable, but would

require a sighificant.redesign of the ‘system, with:
questionable impacts.fP'reviou"s,st_udI:es have found
heat recovery.ascosteffective in California only in
buildings with high loads.or high air exchange rates,
given the relatively mild climate. '

HVAC

|Require Ecoromizers in Smaller

Capacity Systems

| Lower the capacity trigger forair economizers. Previous
studies have shown cost.effectiveness for systems as low
ds3.tons.

HVAC

‘Redlice VAV minimum.flow imit

flow rates to no more thah 20% of maximum flow,
Proposal based on ASHRAE Guideline 36 which includes |

of lowerlimits, The rew limit. may be as low as the
required ventilationrate. Anon-energy benefit.of this
measure.is-a rédiction in over-cooling, thus improving.
comfort.

Current.T24 and'sf};l requirements limit VAV minimum *

sequences that remove technical barriers that praviously:
existed. Also,'most new DDC controllers are now capable. .

29
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Include?|

Lighting

: Jnsﬁiutio,n’a’l tuning

wattage

Building Compqhgnf Measure Name Measure Descrxptxon ) thgsj
'; Wlth adop’cxon ofASHRAE Gmdelme 36 (GDL-BG) there is-
N now & national consénsus standard forthe descnp‘txon of
N high= pen‘ormance seguences:of: operatxon ‘This rrieasure | :
[ update-BAS 1
I will’ pd§ é,B control requxrement; o improve In order to real]ze any Savings i the differsics we
- . ,usab Hy:and. enforcemen‘: and to'increaseenergy. i
P TR I e W e) would needavery dataiied energy model with space-
) : Building-Alitomation System (BAS). | BAS.control requirement’ language will bg
HVAC g L AR by-space: load/occupant diversity, ete. Weiwguld also- N
|improvements’ vlmproved either by: adoption of similar. lanauage ‘to:GDL- need mare ‘modeling oa ability than is. current[
: 36, 6¢ referenge to GDL-36. Specific T24 BAS control avalloble tn CBEG C_Cgomp v
, topics that will be.addressed include at.a minimurm: DCV;. [ . '
demand-based reset-of SAT, demand- based:raset of-SP,.
dualmaximum zorie sequences and zone groupsfor
schedulmg
. Expand FDD requ;rements toa w;der range ofAHU fallts:
beyond the economizer.-Fault reqdirements will be:based
| 1L Vle!d’research Whichhas. consequently been:
{HvAE | FatltDetaction Devices {FOD) mtegr md mm ASHRAE Quideline 36 Bestin Class p ihe Market bt ready. N
S sequences, wh e likely mmm'\al and much ofthe ‘
hAaxfdyy_arer _reqUJ_red for econ,o,qngzer FDD is alsg.usad to.
detect other fauits. , )
T . T S ——————— S
; || Small girgulator pumps ECVLEHM | oy o o s T buildirg electricity usage) so.notmuch.savings- :
HvA : orimercial,
¢ toflowrate Cn’_cufatorlpum_rgs,for Iricstry and com:mevc;;al, : | potential, More savings for CHW Burnps. Modehng N@.
: fimitations aswell, )
HVAG i Hi gh Performahte Ducts- to | Reviss rgg,uirgments_fqrj-d'uc‘f sizingtoireduce tatic Pr.elrimiqar_y‘.'en,ergy‘me'deiingftes_U,{tg ,s_}hoWed éaly. "
: : Reduce Static Pressure E 'pr,és;siJre'; m’argfna'l ‘Energy’savings-coffpared ta:measure cost: -
HVAC Para;ﬂefl,fan—powered,bOXe,.s_ 1Use of parallel fan-powet’ed boxes Linable tg mOdEI PFPB Wlth varigble SPEEd fans n N
. ! modehng soﬁ:ware
e I . ke o . Automatfc dayhght dlmmmg controls reqmraments ' S i N
lgghtmg Da»y,hght.,D;mmmg_.}?_lUs OFF mclu de the OFF step, Y
Liehtin ’ : Occupan’c Sensmg in Open Plan. : Take t‘ne PAF. wnthout allowiﬁénfbr 1ribfé'aéed Ades;gn ...... . v .
ENHNE . - : Oﬁu:es ‘ |wattage . '
N Take the PAF without aHowmg for mcreased design v

100
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Building Componebt

Measure Name

Measure Description

Notes

Include?

| Lighting

,Reduced nteriof Lighting: Power

Density

Reduced interior LPD values.

Lighting

Shiftfrom general to task
ilumination

Irequired. The shift from general to task illumination

Low levels of general fllumination with task and accent
lighting added to lo¢ations where.higher light levels are
meastire is based 'on the‘assumptib‘n that proper'lightin’g

of a desk surface with highveﬁicacy‘light’mg can allow for
the significant reduction of ambient general lighting..

Thisis 2 tough measure to require ag the LPDs

decrease.

Lighting

Futdre-proof lighting controls

Jdimmable.orupgradable in'the future, or any otherissues

Fill any'holes’{in the-current code that could lead 6 the
situations where TLEDS or LED fixtures that-are not

with code that make it hard to transmon to ALCS/IoT
lighting in the future,

Major lighting controls already covered in.other |
measures being corisidered.

Lighting:

Integrated control of lighting and
‘HVACIsystems"

|suchdata. The highest savings potential would likely be

Formalize the definition of ”Iigﬁting and H\'/AC control
integration” by defining thelevel of data sharing required
between systems and the mechanism neededto share

generated from VAV:HVAG systems by-closing the
darmper ifi Unoctupied zones based on the occupancy
sensor information from the lxghtmg systéms.

Not market regdy enough.

Other

NR'Plug Load Controls,

level-controls,

Energy-savings opportunities forvp]ug:loads, which may
include: energy efficient equipment, equipment power
managemen't,'qcéupancy sensor control,'and occupant:
awareness programs. The proposal.could be extending’
controlled receptatles requirements in Section 130,5(d)
to more occupancy types. It would also consider cirguits.

Office equipment now all have thair own stén’dby
power modesthat use very little power, making pJUg
Ioad controls very difficult to be cost-effective.

10L L
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6.9 AddztzonaIRatesAnalyszs Healdsburg

After the final versxon ofthe report:was released, the Reach Code Team provided additional cost: effectlveness ana[ysxs m Climate Zone2 using
- City.of Healdsburg electric utility rates and. PG&E gasrates. All aspects.of the methodology rémain the same,and the results for each package and
prototype afg aggregated below in Fngre 79 through Fgure 81. Results generallyindicate:

"f«*y‘ Miked fuel prototypes achleve positive: comphance margms for EE patkages and are cost: effactive.
4 All-electric prototypes achxeve slightly lower compliance marginsthan mxxed fuel for-EE packages and are-cost. effectlve

% - All PV and PV+Battery packages afe cost effer:rwe both usmg an, on~bxll and TDV: approach

1102 2019-07-25
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Lifecycle

Figure 79. Healdsburg Utility Rates Analysis ~ Medium Office, All Packages Cost Effectiveness Summar

: Comp- . B/C
Elec ""| . Gas GHG | liance | Incremental | Energy Ratio | B/C
‘ ‘Savings | Savings | savings: | Margin Package Cost $-TDV {Oon- Ratio NPV (On-
Prototype | Package {kWh) (therms) (tons) (%) Cost Savings Savings bill) (TDV) bill) NPV {TDV)

Mixed Fuel + EE 40,985 |  -505 81 | 173 566,649 | $89,645 | $99,181 | 1 3 22,996 |1 1832533
Mixed Fuel+EE + PVB 255787 | -505 |- 50.6 $359,648 | $510,922 | $573,033 |1 4157,2745] 118213 38:
Mixed'Fuel + HE: 3,795 | 550 4.3 868,937 | $24,204 | $24,676 -$44,733

All-Electric | ca8684. | 3,868 5.0 -$73,695°1  -$7042 | 841,429 56,

All-Electric + EE -11,811 | - 3,868 152 -$7,046-]  -$83;285 | $58,563 |

_All-Elactric.+ EE +PVB | 203,026 | 3868 57.8: $285,953 | $511,954- | $532,273

| All-Electric + HE 45,916 3,868 6.1 622,722 $6,983 | ~$26,394 |
Mixeé‘FuéH'skw » 4,785 0 0.9 | $5,565 | 310,430 | $10,500 |

Moegi‘:: Mixed Fuel <KW + 5kWh | ™ 4,785 0 0.9 $8,35671 $10,430 | $10,500
e Mixed Fuel +135kW 215311 ] 0 41.5 $250,470 | $424,452 | $471,705 [i:

Mixed Fuel +135kW+ | S o

50kWh 1214861 9 426 $278,370 | $423,721. | $472,898

All-Electric + 3kw -44,899 .| 3,868 6.0: --568,129- $3,299 | -330,928 |’

AlLEloctric +3KW-4 Skwh 1 44,899 | 3,868 60 ~$65,339 $3,299-| -$30,928

All-Electric+ 135kW ‘165,627 | 3,868 46.6 $176,775 |. 3424,146 | $430,276 |

All-Electric + 135kW + . o ;

50kWh: 165,200 | 3,868 47,7 $204,675 | $423,466 | $431,469

All-Electric + 80kW + : . ’ -

50kWh L 40,985 | -505 8.1 $66,649 $89,645 | $99,181

103
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Prototyps

v Packagé

Elec:
- Savings

{kWh)

.. Gas
- Savings: .

'(top}s)

* Package
. Cost:

Incremental . |

Savings.

- Lifecycle |
Energy. . o/ :
[ $TDV
| Savings -

BIC
Ratlo 4
{on-.
billy

_Figure 80. Healdsburgﬁ-nﬁlity_-Rates ;Analysith.‘Mediﬁm Retail, AH:"PQCkagefs ‘COSthfféctiV eness'S umm ATy

B/C
Ratio.

Medium
.Retail

| 18,885

(therms)

613

8.7

45,569

© $48,546

- 459 135

. Miked Fuel LEE.

‘| :189:400

513-

T 438

$249,475

$376,219

- $165,474

Mixed Fuel +EE# PVE

2,288

20

597726 |

side |

$13,998:

- Mixed Fuel+HE -

| 21,786

75 .

-$27:484 |

89,228 |

54,483 |

" All:Electric

| 2,843

14.6

| =%721/895

1 . 461,918

| 355,893

" All-Eléctric EE
| All-Elactric + EE +PVB

| 173387

$391,357

| AllElectic ¥ HE

| -igiags |

$222012.

523,567 1

463,431 |

$11,251,

Mixed Fuel + 3kW.

e

$10; 256

510,262

| Miiked:Fliel + 3KW+ SKWh ||

4,685

410,256

510,262

Mixed;Fde] +110kwW

| 171790,

$204,087

- $316,293

$376,300

Mixed Fuel+110kW+,
Sokwh'

190,543

15231,987

[ $306:349

- $398,363 |

- Ali-Electric+ kW

=17,101

A

19523 |

$5779 |

All-Electric + 3kW. Skwh

217,101

79:108: |

619,523

" 85,779

| All-Electric+ T10kW:

[ 150,004 ¢

8176623 |

$332,213 |

4371,817 |

| AlFElettric +210kW +
" 50kWh. ’

.| 148,793

204,573 |

$335,043

$394,098. |
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_Figure 81. Healdsburg Utility Rates Analysis - Small Hotel, All 'Packages"c ost Effectiveness Sﬁmmagf

) Comp- Lifecycle: ‘B/C ‘
Elec Gas GHG liance. | Incremental |. Energy- Ratio B/C .
. | Savings | Savings. | savings:| Margin Package: - Cost’ | .S-TDV (on- Ratio NPV (On=
Prototype | Package (kWh).- | {therms) | (tons) | (%) Cost: Savings. | . Savings Bill) {TDhV)
 Mixed Fuel + EE> 3802 | ‘976 | 3.9 T 320,971 | 522,829 | $29,353
Mixed Fuel+ EE + PVB 130,144 | 976 311 7% $205,867 | $254,577 | $336,575 :
Mixed Fuel + HE 981 402 2.7 $23,092 $12,291 | $11,808 -10,801
All-Electric | 118,738 | 42,677 | 400 -$1,297,757 | -324,318| -$51,620
All“Electric + EE- - 88,410 | 12,677 459 81,265,064 $45918 |* $20,860
Al-Electric + EE + PVB 38,115 | 12,677 |° 735 -$1,080,068 | . $296.233 | $317,296
All-Electfic + HE 1183841 12677 .| 417 51,283,243 | .-583,994 | -$44,505
small | ‘Mixed Fuel- 3kW' 4,785 0 09 35,566 $8,927 | 310,332
Hotel Mixed Fuel + 3kW+5kwh-| = 47851 ~ 0 0.8 48,356 $8i927| 10,332
Mixed Fuel +80KW 127,592 0 25,0 N3 $148,427 | $229,794 | 5275,130. |
Mixed Fue] + 8ORW +° o - - o ) ;
S50kWh 126,332, 0 © 281 nja - 5176,327 | '$236,570 | 5296,058
- ll-Electric + Skw 113,954 | 12,677 .| 40.9 nfa |, 81,202,191 | -$14,447 | “841,288
All-Electric+ 3kW+ 5KWh | 113,954 | 12,677 | 40.9 nfa | 61,289,401 | ~$14,447.| -541,288
All-Electric +80kW 2853 125677 | 650 | in/a ]| -$1,149,330 | $222,070 | $238;510
All-Electric + 80kW.+ A . e U
50kWhi 7,848 | 12,677 67.4 Ginfai| 81,124,430 | $223,812 | 5238;,632
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LEGAL NOTICE

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

Copyright 2019, Pacific Gas and Electric Company. All rights reserved, except that this document may
be used, copied, and distributed without modification.

- Neither PG&E nor any of its employees makes any warranty, express or implied; or assumes any legal
liability or responsibility for the accuracy, completeness or usefulness of any data, information, method,

product, policy or process disclosed in this document; or represents that its use will not infringe any

privately-owned rights including, but not limited to, patents, trademarks or copyrights. ‘

295



2018 Energy Efficiency Ordinance Cost-effectiveness Study

Table of Contents
ACTONYIMS eevennrievimrateaenrrecrnesnreareesessseransesemees F TS OO R R UPPTR e B
1  Introduction
2 Methodology and AsSUMPLIONS.......ciiiiiii et e s et s nre s s 1
2.1 Building Prototypes......... [T Leterar vt e e e h ey el s e RS R eh e ks e SR s Re sy e s R e e e e n b te rr e e s sReanren 1
2.2 MEASUTE ANBIYSIS ettt st bt se s sttt et ea e bbb bbb et es 3
221 FRACTAl PrEEMPLON coornemeeeeressvessecresesssiseseeeesssssesessessesesssesesesomeesesesessomsasseeseessssseeresesesseses 4
2.2.2 Energy Design RAtiNG ... e st ‘ .4
223 Energy Efﬁéiency IMBASUIES ..ottt st 5
2.3 Package DEVEIOPMENT ..o.uvvueririrrsis i s s 8
2.3.1 Solar Photovoltalics‘(PV)
2.3.2 Energy Storage (Batteries)...c.covvvvivrcrecnronne 8
24 INCremMENtal COSES .ottt ettt e e i 9
2.5 COST-EIfRCHIVENESS Liiiiiciicii et et s s s e e 13
2.5.1 On-Bill Customer LIfecycle COSt. i aeiesessee s arresresssssseesnsssens s 13
2.5.2 TDV Lifecycle CoSt...iriiiiiiiniienconinnsennennes OOV 15
2.6 Electrificalion EVAlUGLION ..c..cociiire ettt e et a et st b s st et e aears st 15
2.7 GreenhoUuse Gas EMISSIONS....c et ses i ses st srneassessievenessensnsssssssssacss srens 18
3 Results ... eraere e R SR bR e 8RR LR RS et -

3.1 PV and Battery System Sizing

3.2 Single Family Results .ocveverererimernen.
3.2.1 GHG Emission Reductions...,
3.3 MUltifamily RESUIS ....ovvrivecieciveres e enese s eseaes s eess vttt ensenseearenesnnes R 26
3.3.1 GHG Emission REAUCLIONS ..ccvivvrioimcrnmmineieniinmeciicesssinecessrsssssersenssstocreessssses snacsnsnes 32
3.4 EleCtrifiCatiON RESUIS covveireiiiererceesees v ersieessiseness s rsssasema e eeve et e sessae st s se st esa s senenssssessaarereeansons 32
3.4.1 SINEIE FAMIIY 1eitii ittt ce et et e e s e ne et eean b e st ate s sre e s s sssnteenbeesnna 33
342 MUBFAMIIY covvvvvvivesssenosseeeeessesees oo seesssssssssessesssssses e sesssssssasessaseeessessesseneses e 33
4 CONCIUSIONS & SUMIMAIY ourviverurimiereeresenterreersssestesssrsssssiesseerssssssssa s asesessessssassessssscseersssssssmsensesessesenens 41
D RETEIEICES ceviiirinrert ettt et et e b oAb a vk raf e baantere e s abeeneenaeatneas 44
Appendix A — California Climate ZONe Map ... e eienees st et saesee e astass e sresasnsesesineraeanss 46
Appendix B — ULty Tariff Details...ou i ims e e st st e sae et sbeaaas 47
Appendix C - Single Family Detailed RESUILS. ..ot st v s s essan et e es 57
Appendix D —~ Single Family MEasure SUITIMAIY ....ov.cuemirereesiesscersesesesressesssvesssesssesresssssssssessssssasssssssssssenns 61
Appendix E ~ Multifamily Detalled RESUIES ..ot 68
Appendix F — Multifamily Measure SUMMAanny ... ecriniisrcrssieseeseeaseesssessrssessrs ovveressseseenns 72
Appendix G — Results by Climate Zone.......ococcevvvveinvicrinns b e s et e be b b ran 79

296



Table 1
Table 2

Table 17:
Table 18: Summary of Single Family Target EDR Margins
Table 19: Summary of Multifamily Target EDR Margins
Table 20: PG&E Baseline Territory by Climate Zone
Table 21: SCE Baseline Territory by Climate Zone
Table 22:
Table 23:
Table 24: Real Utility Rate Escalation Rate Assumptions
Table 25;
. Table 26: Single Family Mixed Fuel Efficiency & PV/Battery Package Cost-Effectiveness Results
Table 27;
Table 28: Single Family All-Electric Efficiency & PV-PV/Battery Package Cost-Effectiveness Results
Table 29: Single Family Mixed Fuel Efficiency — Non-Preempted Package Measure Summary
Table 30: Single Family Mixed Fuel Efficiency — Equipment, Preempted Package Measure Summary
Table 31: Single Family Mixed Fuel Efficiency & PV/Battery Package Measure Summary
Table 32: Single Family All-Electric Efficiency — Non-Preempted Package Measure Summary
Table 33:
Table 34: Single Family All-Electric Efficiency & PV Package Measure Summary
Table 35: Single Family All-Electric Efficiency & PV/Battery Package Measure Summary
Table 36: Multifamily Mixed Fuel Efficiency Package Cost-Effectiveness Results
Table 37: Multifamily Mixed Fuel Efficiency & PV/Battery Package Cost-Effectiveness Results
Table 38: Multifamily All-Electric Efficiency Package Cost-Effectiveness Results
Table 39: Multifamily All-Electric Efficiency & PV-PV/Battery Package Cost-Effectiveness Results
Table 40: Multifamily Mixed Fuel Efficiency —~ Non-Preempted Package Measure Summary
‘Table 41: Multifamily Mixed Fuel Efficiency — Equibment, Preempted Package Measure Summary
Table 42: Multifamily Mixed Fuel Efficiency & PV/Battery Package Measure Summary
Table 43: Multifamily All-Electric Efficiency — Non-Preempted Package Measure Summary
Table 44: Multifamily All-Electric Efficiency - Equipment, Preempted Package Measure Summary
Table 45: Multifamily All-Electric Efficiency & PV Package Measure Sumtnary
Table 46: Multifamily All-Electric Efficiency & PV/Battery Package Measure Summary
Table 47: Single Family Climate Zone 1 Results Summary

: Prototype Characteristics
: Characteristics of the Mixed Fuel vs All-Electric Prototype
Table 3:
Table 4:
Table 5:

20189 Energy Efficiency Ordinance Cost-effectiveness Study

List of Tables

Lifetime of Water Heating & Space Conditioning Equipment Measures
InCremental CoOST ASSUMPLIONS 1.virerrierieireeenieaaee st eses e eeeere et evstesrer e ere s r et s st ssens s ebee s b e s en e rate s e
10U Utility Tariffs Applied Based on Climate Zone

Table 6: Incremental Costs — All-Electric Code Compliant Home Compared to a Mixed Fuel Code Compliant Home
.................................................................................................... U PR RO UPTOTPPPUUPRPRPOORE 1 o
. Table 7: PV & Battery Sizing Details by Package Type.............. O S UOUE S OO PO PUT OV OO UURTOTOPION 20
Table 8: Single Family Package Lifetime INCremental COSTS ..o vieiirrirreressereesseessssismseseseessessssessasenssessvsssens 22
- Table 9: Single Family Package Cost-Effectiveness Results for the Mixed Fuel Case L2 oo 23
Table 10: Single Family Package Cost-Effectiveness Results for the All-Electric Case™.....ccccoviveeeiveceionnieen e 24
Table 11: Multifamily Package Incremental Costs per DWelliNg UL .ivecoerieirereisesssecarissnesseessesessssssesseones 28
Table 12: Multifamily Package Cost-Effectiveness Results for the Mixed Fuel Case ......ovcoveervcicecciveveneneeens 29
Table 13: Multifamily Package Cost-effectiveness Results for the All-Electric Case™ .......coeivvvineievvcnecriennsirenenns 30
Table 14: Single Family Electrification RESURS «.oevcvevinesreecicnne e e e eyt ae e er e te e eresee rvag e et s ba e 34
Table 15: Comparison of Single Family On-Bill Cost Effectiveness Results with Additional PV .. R
Table 16: Multifamily Electrification Results (Per DWelling Unit) .o vivienenrieee et seeereecs cneseencsnes 38

Comparison. of Multifamily On-Bill Cost Effectiveness Results with Additional PV (Per Dwelling Unit) 39

SoCalGas Baseline Territory by Climate Zone
SDG&E Baseline Territory by Climate Zone

Single Family Mixed Fuel Efficiency Package Cost-Effectiveness ReSUIS ..ccveciceecincenieeee e
Single Family All-Electric Efficiency Package Cost-Effectiveness ReSUIS .....oovvvveerecieciinenneioreesens s

Single Family All-Electric Efficiency — Equipment, Preempted Package Measure Summary

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

- 297



e
4
ozt

2019 Energy Efficiency Ordinance Cost-effectiveness Study

Table 48: Multifamily Climate Zone 1 Results Summary (Per Dwelling Unit) .o.coovcnoeeincitinnnid erverrrera et rans
Table 49: Single Family Climate Zone 2 RESUIES SUMMEIY ..ev..vvmvveeeosiisseeceeesenssssessseseseneseesassessasee s esesesssaessssessenes
Table 50: Multifamily Climate Zone 2 Results Summary {Per Dwelling Un|’c) ................. [ ettt
Table 51: Single Family Climate Zone 3 ReSUIS SUMITIAIY .ocovcvvurireeriiiieieeseiee s iesieseseesssesesresreassesssarenssrecnsssasssens
Table 52: Multifamily Climate Zone 3 Results Summary (Per DWEINg UNIt) oo oo oo ceeeieesiseeeseveesssees e
Table 53: Single Family Climate Zone 4 Results SUMIMAIY v iriierisscroesininnavisresesssesosessssvaerenrsssessonees
Table 54: Multifamily Climate Zone 4 Results Summary (Per DWelling Unit) .o ierscsnensveceneesee e
Table 55: Single Family Climate Zone 5 PG&E ReSURS SUMMATY cc.coivvecciiiivrriresreciriniins e snesssesscssseetsesvenrssesssesnes
Table 56: Multifamily Climate Zone 5 PG&E Results Summary {Per Dwelling Unlt) ...............................................
Table 57: Single Family Climate Zone 5 PG&E/SoCalGas Results SUMmary...c...coiveermvevrerereerenes
Table 58: Multifamily Climate Zone 5 PG&E/SoCalGas Results Summary (Per Dwelhng Unit)...
Table 59: Single Family Climate Zone 6 Results SUMMary .......ccccevvarenns S O P O PP PPN
Table 60: Multifamily Climate Zone 6 Results Summary (Per Dweling Unit) .o eeceenineermrnnnnnnnnsd Creeterreseaneeennes
Table 61: Single Family Climate Zone 7 ReSUNS SUMMAIY ..iicrivreireemrieeriracerireon s eresrssnenersesrrisnssissssasssesseseres '
Table 62: Multifamily Climate Zone 7 Results Summary (Per Dwelling Unit) ... venmninivrcnnnrcencnninnenns
Table 63: Single Family Climate Zone 8 ReSUS SUMMAIY ..cvrriieinriesioireiiniiseieessensescosrsresissssesisssnsessessensses
Table 64: Multifamily Climate Zone 8 Results Summary (Per Dwellmg Umt) e
Table 65: Single Family Climate Zone 9 Results SUMMAIY ...c.covverviernmvimninsiiesinesncrennn e e
Table 66: Multifamily Climate Zone 9 Results Summary (Per Dwelling Unit) .........................................................
Table 67: Single Family Climate Zone 10 SCE/SoCalGas ReSUILS SUMMATY v ecrvernrrinnnrnrereerssisrrssssesisesnsesasesnsons
Table 68: Multifamily Climate Zone 10 SCE/SoCalGas Results Summary (Per DWelling Unit) .ooveevvisecneninnne. ,
Table 69: Single Family Climate Zone 10 SDGE ReSUIES SUMMIAIY....i oo icrvvveceeninenenrenseeneverseesensssseenssssesssressaenns
- Table 70: Multifamily Climate Zone 10 SDGE Results Summary {Per Dwelling (61111 OSSR
Table 71: Single Family Climate Zone 11 Results SUMMAry «.ccveirvcinnnsnrerroersmennon eerrr et a et ernerrenees
Table 72: Multifamily Climate Zone 11 Results Summary (Per DWelling Unit) vo.ocvvvveevererercrennnecennronereereenns
Table 73: Single Family Climate Zone 12 RESUS SUMIMETIY vu.ueviiercusiveveeeemseeneeeesesesscsessecsseseeesssseesseseneseeeees
Table 74: Multifamily Climate Zone 12 Results Summary (Per Dwelling Unit) ..o vvveieciernenecncnniesccenn s
Table 75: Single Family Climate Zone 13 ReSUIS SUMMAIY i iccrinieric et erersernraeesseseerestesrsssassensesnanss
Table 76: Multifamily Climate Zone 13 Results Summary (Per Dwelling Unit) ......covecvvmirincrcrrnnniieeieceniens
Table 77: Single Family Climate Zone 14 SCE/SoCalGas Results SUmmary ....coureccrnenna.s reersreesh et eae et
Table 78: Multifamily Climate Zone 14 SCE/SoCalGas Results Summary (Per Dwelling Unit) coeoociveevvreeeeenrn,
. Table 79: Single Family Climate Zone 14 SDGE ReSUHS SUMMAINY...ccccvvriiirmieiirienminnrineeriesossnsienessassesessonsans
Table 80: Multifamily Climate Zone 14 SDGE Results Summary {Per Dwelling Unit).......cccoernreiniincnncninrennnns
Table 81: Single Family Climate Zone 15 REeSUKS SUMMAIY c.u.vcvreeeiuieeeeerisseeseeseeteseeceessseseseeses s sses e ensnas
Table 82: Multifamily Climate Zone 15 Results Summary (Per Dwellmg UNIE). et sesrerees s e s
Table 83: Single Family Climate Zone 16 ReSulLs SUMMAIY «.ccvciiiriescvercerimeienreeeseieisssssrvsseeessssasssenes b
Table 84: Multifamily Climate Zone 16 Results Summary (Per Dwelling Unit) ...

List of Figures

Figure 1: Graphical description of EDR scores (courtesy of Energy Code Ace)
Figure 2: B/C ratio comparison for PV and battery sizing
Figure 3: Single family Total EDR comparison
Figure 4: Single family EDR Margin comparison (based on Efficiency EDR Margin for the Efficiency packages and
the Total EDR Margin for the Efficiency & PV and Efficiency & PV/Battery packages)

Figure 5: Single family greenhouse gas emissions COMPATiSON.......civiicrciietinice et ese s ses et ss e eneean
Figure 6: Multifamily Total EDR COMPAIISON ccotririeinrrreeecrrieesescine e ssmstsas et et sevas s esaansensnssns

Figure 7: Multifamily EDR Margin comparison (based on Efficiency EDR Margin for the Efficiency packages and
the Total EDR Margin for the Efficiency & PV and Efficiency & PV/Battery packages)......cceue.... v eeereran 31
Figure 8: Multifamily greenhouse gas emissions COMPATISON coviriieiiiiieer e ere e re e sreereens 32

298



2019 Energy Efficiency Ordinance Cost-effectiveness Study

Figure 9: B/C ratio results for a single family all-electric code compliant home versus a mixed fuel code compliant

OB ettt ittt bt e bt e R L bR R SRS e e e RS R e HedeRRekEdeendm e SR Ak a e b bbb e 36
Figure 10: B/C ratio results for the single family Efficiency & PV all-electric home versus a mixed fuel code
compliant home ......... O SOOI PO OO 37
Figure 11: B/C ratio results for the single family neutral cost package all-electric home versus a mixed fuel code
COMPIBNT FIOIME (ot et st er et st en s e e e rb e e et s en e e e r o e b E bt embe e b aabsa s e siers 37
Figure 12: B/C ratio results for a multifamily all-electric code compliant home versus a mixed fuel code
compliant home ....ccovvevvevicvernevene, e et ettt a o evererere b a et ssters 40
Figure 13: B/C ratio results for the multifamily Efficiency & PV all-electric home versus a mixed fuel code
COMPHANT NOMIE 1.ttt et r e s e e s N 40
Figure 14: B/C ratio results for the multifamily neutral cost package all-electric home versus a mixed fuel code

© . compliant home o, evner e eethe e abe e e Eets oA aesbeeaE e eh Lo R e AaLE e r e b e Ae At b e A b et b et e atnneee s aheeane eheshnar st e re b 41
Figure 15: Map of California Climate Zones {courtesy of the California Energy Commission) ....c.ccovecrvoviinennnns 46

299



2019 Energy Efficiency Ordinance Cost-effectiveness Study

Acronyms

2020 PVS  Present value costs in 2020

ACH50 " 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 Building 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

CO; Carbon Dioxide

cpC Caiifornia Plumbing Code
cz Ca!ifo(nia Climate Zone
DHW Domesfic Hot Water
DOE Department of Energy

DWHR Drain Water Heat Recovery

EDR . Energy Design Rating .
EER ~ Energy Efficiency Ratio
EF Energy Féctor 4
GHG Greenhouse Gas

HERS Rater Home Energy Rating System Rater
HPA High Performance Attic
HPWH Heat Pump Water Heater

HSPF Heating Seasonal Performance Factor
HVAC Heating, Ventilation, and Air Conditioning
IECC ~  International Energy Conservation Code
10U Investor Owned Utility

kBtu kilo-British thermal unit

kwh Kilowatt Hour

LBNL Lawrence Berkeley National Laboratory

300



2019 Fnerqy Ffficiency Ordinance Cost-effectiveness Study
Lcc Lifecycle Cost ‘
LLAHU Low Leakage Air Handler Unit
VLLDCS Verified Low Leakage Ducts in Conditioned Space

MF A Multifamily ‘
NAECA National Appliance Energy Conservation Act
NEEA | Northwest Energy Efficiency Alliance
NEM - Net Energy Metering
NPV Nef 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 . Single'Family

CASE Codes and Standards Enhancemenfi
DV Time Dependent Valuation

Therm Unit for quantity of heat that equals 100,000 British therma!l units
‘Title 24 . Title 24, Part 6

TOU Time-Of-Use
UEF Uniform Energy Factor
ZNE Zero-net Energy

301



2019 Enerqy Efficiency Ordinance Cost-effectiveness Study |

1 Introduction r_

* The California Building Energy 'Etﬁciency'Sta‘nda”rds'Tltle 24, Part,6.(Title 24) (Exiergy Conifmiission; 2018b) is

* maintained and updated every three years by two state agencies; the California Energy Commission '(‘Energy'
Commission}and the Building Standards Commission (BSC), In addition to enforcing the code, localjurlsdlctrons :
have the authority to.adopt local energyefficiency;ordinances, of reach codes; that exceed the minimum
standards defined byTltle 24 (45 established by Public:Resources Code Sectlon'25402 1(h)2 and. Sectron 10-106
of the Building Energy Efficiency. Standards). Localjurrsdrctrons miist deriomstrate’ that the requrrements of the.
proposed ordmance are cost-effecnve and do not result in burldmgs consumlng more energy than |s permltted

wlth the BSC for the ordlnance to. be legally em‘orceable

_ Thisreport documents cost-effective combmatlons of: measures that excead the rinirum state requrrements,

~the 2019 Burldrng Energy Efﬂcrency Sta ndards effect ive January 1 2020 for new smgle famlly and low—rlse (one—
electrlc homes documentmg that the performance requrrements can: be met by e1ther type of burldmg desrgn
Compliance: package optionsand cost~effect1veness analyslsin‘all sixteen California climate zones (CZs) are

: presented (see AppendixA-— California Climate Zone Map for-a: graphical depiction of Climate Zoné. locatlons)
Al proposed package options include a:conibination of efficiency. measuresand on-site renéwable energy.

2 ’Methodology anﬂ:Aesumpti'ons:
quantifying the mcremental costs and energy savmgs assocrated wrth energy efﬁmency measures Th‘e marn

difference. between the methodologles is'the:mannér in which: they value energy ‘and thus the cost 5avings: of.
reduced or av0|ded ehergy use;

® Utrlxty Bill’ lmpacts (On—Bllll Customer«based Llfecycle Cost (LCC) approach that values: energy based
upon estlmated siteenérgy usage and customer on-bill savings using elettricity and-nadtural gas. utility.
rate schedules overa 30-year duration: accounting for discotint:rate-and energy cost.inflation.

8 lTlme DeLndent Valuatlon (TDVl Energy Commlssron LCC methodology, whlch ‘,:ntended l:o capture

provrdmg energy durmg peak perlods of demand and other socretal costs. such as pro;ected costs for
carbon emlssmns, as well ‘as grld transmlssmn and dlstrlbutlon 1rnpacts LTh_lS metnc values energy use

) Electrrmty used (or saved) durmg peak perlods has a mu‘c ] Axghervalue than e[ectnc:ty used (orsaved)
diiring off~peal< periods (Horn etal;; 2014); This is'the methodology used by the Energy Commission in
‘evaluatmg cost- effectlveness for efficienicy mieasures. inTitle 24, Part 6., . .

" 2.1 Building Prototypes

The Energy. Comrnission defiriés buildirig pro’cotypes which it usés to. evaliiate the cost-effectivenass:of proposed
changes to Title 24. reguirements; At thetife: that this’ reportwas ritter, there are; tWO smgle famlly
prototypes and-ong low-rise multif: lly prototype Allthree are usediin this analysis in development of the:
_above-code packages. Table 1.describes:the basic characteristics of ach prototype‘ Addrtlonal details on the:

prototypes tan be found inthe Alterna‘uve Calculation. Method (ACM). Approval Manual (Energy Commrssron
2018a). The prototypes have agqual geometry on all walls, wmdows and roof tg be orlentatron neutral,

2019-08-01..
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Table 1 Prototype Characteristics
Slngle Famlly * Single Family
One-Story Two-Stary.

. Characteristic-

Multifaiily

: »jchndlvtgpnvev'dfli)bri Area
Nuin. of Stories

SR R E (4) 2:bed units.
Window-to-Fioor Area Ratio . 20%: 20% CA5%

Source: 2019 Alternative Calculation Method Approval Manual {Califorhia Energy Commission, 2018a)..

The Energy Commission’s protocol for single family prototypes is to weight the simulated energy impacts by a
factor that represents the distribution of single-story and two-story homes being built statewide, assuming 45
percent single-story.and 55 percent two-story. Simulation results in this study are characterized according to this
ratio, which is approximately equivalent to-a 2,430-square foot (ft?) house.“L

The methodology used in the analyses for eachi of the prototypical building types begins with a designthat. |
precisely meets the minimum 2019 prescriptive reéquirements (zero comphance margin). Table 150.1-A in the
2019 Standa rds {Energy Commission, 2018b) lists the prescriptive measures that determine the baseline design
in each climate zone. ' Otherfeatures are consistent with the Standard Design in the ACM Reference. Manual
{Energy- Compmission, 2019), and are designed to meet, but not exceed, the minimum requirements, Each
prototype building has the following 1 features

e  Slab-on- grade foun,datlon.
e Vented attic.

o High performance attic in chmate zones where prescriptively required (CZ 4; 8-16) with insulation
installed at the ceiling and below the roof deck per Optlon B. (Refer to Table 150.1-A in the 2019
Standards.)

e Ductwork located in the attic for single famlly and thhjn conditioned space for multifamily.

Both mixed fuel and all-electric prototypes are evaluated in-this study. Whilé in past code cycbles an all-electric °
home was compared to a home with gas for certain end-uses, the 2019 code includes separate prescriptive and
performance paths for mixed-fuel and all-electric homes, The fuel specificcharacteristics of the mixed fuel and

all-electric prototypes are definied according to the 2019 ACIVI Reference Manual and descrlbed in Table 2.2

12,430 ﬁ2 = (45% % 2,100 ft2) +(55% 2,700 ftz)

2 Standards Section 150.1(c)8.A.l.a specnﬁes that compact hot water distribution desugn and a drain water heat

© recovery systemm or extra PV capacity are tequired when a heat pump water heater is instailed 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 in CBECC-Rés which result in a
zero-compliance margin for the 2019 basecase model.

2019-08-01
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_ "Table 2: Characterlstlcs of the Mixed Fuel vs AII Electl ic. Prototype :
: & Mixed Euel i

0gal HPWH UEF =

SF:located in.the garage il
MFCZ2;4,6-16: Jocated in llvmg space

B _MF CZ 1; located m exterlor clo i

Drain Water Heat, _ , ‘
Récovery’. . Nohe:
 Efficiency: ' g :

cz 16 - equal ﬂow tor shower &water
heater 65% . :

Clothes Drying; : Gas Electrlc
AEquipment efﬂcuenmes are equal to rnxnlmum federal appliance, efficiency standards .

2The multifamily prototype is evaluated:with.individual water heaters. HPWHs loca’(ed inthe fiving
spacedo not hiave ducting for either infet or exhaust airs; CBECCLRes doas not have the.capability:-to
- model ducted HPWHSs. -

~3UEF ‘Uniform energyfactor HPWH heat pump water-heatery SF single famlly MF=

multlfam, Y.
ACBECG-Res applies a 50gal water heater when, speclfylng astorage water heater Hot vater draws
différ between the prototypés | based on. number of bedrooms

Z 2 MeasureAnaly31s

The: Callforma Bu1ldmg Energy Code’ Com’pllance simulation tool, CBECC~RES 2019.1.0, was used to evaluate
‘energy. Impacts lising the 2019 Title:i24 prescnptlve standards :as the: benchmark and:the 2019 ThV values. TDV .
is: the energy metric used by the: Energy Commission:since the 2005 Title. 24 energy codéto evaluate compllance
withi the Title 24 standards, -

Using: the 2019 baseéline as the: star‘cmg pomt prospectlve energy efﬂc;ency réasures were ldentlﬁed and:
modeled in each.of the prototypes to determina the projected energy (Therm and kWh) and compliance
impacts; A large'set; of parametricruns were conducted to.evaluate various. op’oons’ atid develop packages of .

~ mesdsures that excéed. minimum tode: performan‘ , The analysis utilizesa parametrictool hased on Micropas® to
automate and ‘managethegeneration of CBECC-Res input files, This allows for qu1ck evaluation of various:
-efficiency measures-across multiplé climate zohes-and, prototypes,'and improves quality. contiol. The batch

- process. functtonallty of CBECC:Res Is utilized tol slmulate large: groupsof input filés at’once: Ariniual utility costs
were calculated” using: hourly data output:; from, CBECC ‘Res: and electnc;ty and natural gastariffs. for eachof the
investor owned ut:lmes ([OUs)

? Developed by Ken. Nittler of Enercomp, Ihc
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The Reach Codes Team selected packages and measures based 6n cost-effectiveness as well as decades of

experieiice with residential afchitects, builders, and engineers a!ong with general knowledge of the relative
acceptance of many measures.

2.2. 1 Federal Preemption

vThe Department of Energy (DOE} sets minimum efficiency standards for equrpment and apphances that are
federally regulated under the Natronal Appliance Energy Conservation Act (NAECA), including heating, cooling,
and water heating equxpment Since state and local governments are prohrbrted from adoptmg pohcres that
mandate higher minimum. efficiencies than the federal standards require, the focus of this study is to identify -
and evaluate cost-efféctive packages that do notincludé high efﬂuency equipment. While this study is limited
by federal preemptron in practice builders may use any package of cor pliant measires to achieve the |

pefformancegoals, including hlgh efflClency appliances.. Often, these measures are the simplest and most
-affordable measurés to increase energy performance.

2.2.2 Enerq_y Design Ra_tmq

The 2019 Title 24 code introduces California’s Energy Design Rating (EDR) as-the primary metric to demonstrate
compliance with the energycode. EDR is still based on TDV but it uses.a building that.is comphant with the 2006

International Cnergy Conservation Code (EECC) as the reference building. The reference bu;!dmg Kasan EDR
score.of 100 whilé a zero-net'energy (ZNE) home has an EDR score of zero (Energy. Comimission, 2018d). See
Figure 1 fora graphrcal representatron of this. While the Reference Buil ding is tsed to determine the rating, the

_Proposed Deslgn is still compared to the Standard Design based onthe préscriptive basehne assumptlons to
determine compliance:-

The EDR i$ calculated by CBECG-Res and has two components:

1. Anh “Efficiency EDR” which represents the building’s energy use without solar generation.*
2. A"Total EDR” that: represents the final energy use of the building based on the comblned impact of
efﬂcrency measures, PV generation and demand flexibility: :

For a buil dlng to comply, two cntena are required:

(1) the propesed Efﬂcrency EDR must beequal to or less than the Efficiency EDR of the Standard. Desrgn and
{2) the proposed Total EDR must be‘equal to or less than the Total EDR ofthe Standard Design.

Single family prototypes used in _thls analysis that are minimally comphant with the 2019 Title 24 code achieve g
Total EDR betiween 20 and 35 in most climates. _

Thrs concept, consistent with Cahfornla s “loading order” which prrorttlzes energy efficlency ahead of renewable
generation, requires projects meet a minimum Efﬁcrency EDR before PV is credited but allows for PV to be
traded off With addltlonal effrcrency when meeting the Total EDR. A project may improve on building efficiency -
beyond the minimum requrred and subsegueritly reduce: the PV’ genera’tlon capacity required to achieve the
required Total EDR biit’ may ot increase the size of the PV system and trade'this off with a reduction of

. efficiency measures. Figure I graphlcally summarizes how both Efficiency EDR and PV / demand flexibility EDR
are used to calculate the Total EDR used inthe 2019 code and in this analysrs ’

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 gualifications can be applied to the Efficiency EDR.

2019-08-01
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?

| PV%F‘?Xibifii&fﬂ “
Standard'Design
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Efficiency EDR™

Propésed Efficiency EDR,

Burld ng
Erﬁcreneyi

Figure i § : Graphlcal des CI' ip thIl of EDR s CQI‘QS _(:cb}lrtesy.of"_Enez;gy‘C'Qd e Ace5)

Résults from this analysrs are presented as EDR Margm, a reductron ifi'the! EDR score relatrve to the Standard
Desrgn EDR I\/largm Is a better metrrc to use than absolute EDR in the context of a reach code because abso]ute

how comphance is. determmed forthe 2019 Title 24 code, as well as utrhty mcentrve Pprograms; such as the
California: Advanced Horries Prograr (CAHP) & Cahforma l\/lultlfamrly New:Hofnés. (CMFNH), which requrre
mmrmum performance crrterra based oh an EDR Margrn for Iow—nse resrdentral projects The EDR Margm is

E DR:Mar; gmeffmemy S tcmdard Desrgn E f f Lcrency EDR Proposed Design E f f iciency EDR

- Equation2’ e
EDR Margmgff,cwncy &PV Standard Deslgn Total EDR ~ Proposed Deszgn Total EDR

2.2 3 Enerav Efflcrency Measures

T Fol!owrng are: destrlptrohs of each of the efﬁcrency measures evaluated under thrs analysrs Because not all of

not all measures are mcluded in all packages and some of the measures [lsted are not mcluded in any trna]
’ package For a list of mieasu res mc[uded in edch effrcrenl package by clinate zone, see Appendrx D=~ Smgle
Family Measure Summary and Appendix F.=Multifamily | Measure Summary:

A Reduced Inhltratron (ACHSO) Reduce infiltration in single famrly homes froint the defau]t infiltration: assumptron :
offrve (5) alr changes per hour at.50 Pascals (ACH50)5 by 40 1o 60 percent to erther 3 ACHSO oF 2 ACH50, HERS. .

® https://energycodeace.com/.

5 Whole house leakage tested at a.pressure difference of 50 Pascals between indoors.and outdgors.
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, 2019 Frergy Efficiency Ordinarice Cost-effectiveness Study
rater field verification and diagnostic testing of building air leakage according to the procedures outlined in the

2019 Reference Appendices RA3.8 (Energy Commission, 2018¢). This measure was riot applied to nultifamily
homes because CBECC-Res does not allow reduced infil tratlon credit for multn‘amtly buildings.:

Improved Fenestratlon Reduce wmdow U-factor to 0. 24 The prescriptive U-factoris 0.30 in all climates.In
climate zones 1,3, 5, and 16 where heating loads dominate, an increase in solar heat gain coefficient (SHGQ)
from the default assumptlon of 0.35.t0 0.50 was evaluated in addmon to the reduction in U factor

Cool Roof; Install a roofing product that’s rated by the Cool Roof Rating Council to-have an aged solar-
reflectance (ASR) equal to or greater than 0.25. Steep:sloped roofs were assumed in all cases. Title 24 specifies a
prescriptive ASR of 0,20 for Climate Zones 10 through 15 and assumes 0,10 in‘other climate zones,

Exterior Wall Insufation: Decrease wall U-factor in 2x6 walls to 0.043 from the prescriptive requirement-of 0.048
by increasing exterior insulation from.one-inch R-5 t61-1/2 inch R-7.5: This was evaluated for single family
buildings only in all. climate zones except 6 and 7 where the prescrlptlve requirement is higher (U-factor of
0.065) and improving beyond the prescriptive value has htt!e impact.

High Performance Attics (HPA): HPA with R-38 ceiling msulatx‘on and R-30 insulation underthe, roof'deck in
‘climiates where HPA is already- réquired prescnptlvelythcs meastire requires an incremental i mcrease in roof

ISR P AU o -~ "o 3
insulation frof R-15 or R-13 to R-30. In climates where HPA is not currently required (Climate. Zones 1 ’chrmwh

3; and 5 through:7}; this measure adds roof insulation to-an uninsulated roof as well as mcreasmg ceiling
msu!atxon from R-30 to R-38 in"Climate Zones 3, 5, 6 and 7.

Stab lnsulation ¢ Install R-10 perimeter slab insulation at.a depth of 16-inches; For climate zone: 16, where slab
insulation is requlred prescriptively this measure increases that insalation from R-7 to R-10:

Duct Location (Ducts in.Conditioned Space) Move the ductwork and equipment from the attlc to inside the
- conditioned space in orie of the three following ways. :

1. Locate ductwork in conditioned space: The aif handler may remain in. the: attlc provided that 12 linear
feet or less of duct is [ocated outside the conditioned space including the air handler and plenum. Meet.
the requiremients of 2019 Reference Appendlces RA3.1.4.1.2. (Energy Commission, 2018c)

2. Allductwork and equiprment located entlrely in condltloned space.meeting the reguirements of 2019
Reference Appendices RA3:1.4.1:3. (Energy Commxssxon, 2018c) -

3. Allductworkand equipment-located entirely in conditioned space'with ducts tested to have less than or
equal to 25 cfm [eakage to outside. Meet the requirements of Verified Low Leakage Ducts in

‘ Conditioned Space (VLLDCS) in. the 2019 Reference Appendices RA3.1.4.3.8, (Energy Commlssmn, 2018c)

Optlon Tand?2 above apply to smgle famlly onlysince; the basecase for mult;family assumes ducts are WIthm
conditioned space. Optlon 3 applies to both'single family.and multifamily cases.

vReduced sttnbutlon System (Duct) Leakage: Reduce duct leakage from 5% to:2% and install a low leakage air
haridler unit (LLAHUY.. This is on]y applicable to single famlly horries since the basecase for mu]tlfamlly assumes
ducts are within condltloned space and. addmonal duct leakage credlt is.not available.

Low Pressure Drop Ducts: Upgrade the duct distribution system to reduce external static pressureand meeta
maximum fan efficacy of 0.35 Watts percfm for gas furnaces and 0,45 Watts per cfm.for heat pumps: operatmg
at full speed. This may. ifivolve upsizing ductwork, reducing the total effective length of ducts; and/or selecting:
{ow pressure drop compohents such as filters. Fan watt draw must be verified by a HERS rater according to the.
procedures ouflined in the 2019 Keference Appendices RA3.3 {(Energy Commissi‘oni, 2018c}. New federal
regulatiohs that went into effect July 3, 2019 require higher fan efficiéncy for gas furnaces than for heat'pumps.
and air handlers; whicti i why the recommended specification is different for mixed fuel and all-electric homes: °
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"»HERS Venfrcatlon of Hot Water Pipe lnsulatlon The California Plumbmg Code (CPC) requires pipe insulation on
all hot water lines, ThlS measure provides Credlt for HERS rater Venﬁcatlon of pipe insulation reguirements
accordlng tothe procedures outhned in the:2019 Reference Appendlces RA3,6.3, (Energy Commission, 2018c).

Compact Hot Water DlStl‘lbUtIOn Two credits Tor com pact hot waten dxstrlbuhon werée evaluated.

1. Basic Credit: Design. the hot water dlstnbutron system to meet mlmmum reqwrements for the baSlC
corpact hot water distribution credit according to'the procedures outlined inthe 2019 Reference,
~»Append1ces RA4.4.6 (Energy Commission; 20180) In many smgle famlly hormes this may Feqtiire.moving -
the water heater from:an exterror tdan mterror gargge | walI Multn‘amr ly homes wrth mdwndual water:
heaters are expected to easrly meétthis credit with ]lttle OF No: alteratlon tor plumbmg desrgn“CBECC Res '
software assumes a: B0% reduction i in distribiition jossas for the basie credrt . :

2 xpanded Credit; Design the ot water distribution system to meet minimimm requnrements forthe
expanded compact hot water dlstnbutlon credlt accordmg to the procedures outlmed in the 2019

,rthat the mmlmum requ1rements for the basn: compact dlstrlbutlon credxt are met thxs credit also:
imposes hmrtatlons ‘on plpe location, maxrmum prpe djameter and recircijlation system controls
allowed,

- Drain Water Heat Recovery’ (DWH R): For mu]tlfamlly bifildings: add DWHR that Serves the showers in an urigqual
flow configuration (pre-heated water is piped. dlrectly to the shower) with 50% efﬂcrency This upgrade asstimes§:
all apartments are served bya DWHR with ohe unit serving:each apartment mdrwdually Foraslab-on- grade ‘
Building this requrres a horizontal unit for the first=floot apartments: -

_Federally Preempted. Measures

The fol[owmg addtt]onal measuresiwere evaluated. Because ‘these measures reqmre upgradmg appliances that
are federa Iy regulated to high efficiency models, they cannot be used-to: show cost-effectiveness fn.a local
ordmance The measures and packages are presented here to:show that there‘are several options for huilders
‘to meetthe performance targets. Heating:and cooling. capacntles are autosized by CBECC-Res in all cases.

High Efﬁcnencv Furnace For the. mlxed~fuel prototypes upgrade natural gas furnace fo o1ie of two condensmg
furnace options with an efficiehcy of 92% of 96% AFUE. ) :

High Efﬁclency A|r Condltloner For the mixed-fuel prototypes, upgrade the aip condltloner 16 elther smgle—stage
SEER 16/ EER 13 or two—stage SEER 18 / EER 14 equipment.

Hl@:‘fﬁcrency Heat Pump:: For the aII e!ectrlc prototypes; upgrade the heat pumip to either smgle~stage SEER
16/ EER 13 / HSPF 9oF two—stage SEER 18/ EER 14 / HSPF! 10 eqmpmen‘r

:condensmg unit: wnth 2 rated. Umform Energy Factor (UEF) of(} 96

, ngh Effxcnencv Heat Pump Water Heater (HPWH) For the all-électric prototypes, upgrade the. federal minimum
heat: pump water heater to a HPWH that meets the Northwest Energy Efficiency Alliance (NEEA) Tier 3 rating,
The:.evaliiated NEEA water heater i an 80gal unit and s apphed to.all three buxldlng prototypes; Usmg the same

z Based on operatrona[ challenges experfenced in the past, NEEA established ratingtest ciitefia to ehsure newly
installed HPWHSs perform adequately, especraﬂy in colder climates. The NEEA rating requrres an Energy Factor

" equalto the ENERGY STAR performance level and includes- requurements regarding | nmse and prlormzmg heat
pump use over supplemental electric resistance heatmgr
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water heater provxdes consistency in performance across-all the equlpment upgrade cases, even though hot -
water draws differ across the prototypes.

2.3 Package Development

Three to four packages: were evaluated for each prototype- and chmate zone, as descnbed below.

1) Efficiency ,Non-Preempted.»Thls package uses only eff_lclency measures that dor_\_ttngger federal
preemption issues including envelope, ahd water heating and duct distribution efficiency measures.

2) Efﬁcxencv Equipment, Preempted: This package shows an alternative deSIgn that applies HVAC and:
water heating equipment that are mote efficient than federal standards. The Reach Code Team
‘considers this more reflective of how builders meet above code. requxrements in practice..

3) 'Efﬁcxency & PV: Using the Efficiency — Non»Preempted Package as a starting pomt8 PV capacity is added
to offset most of the estimated electricity usé. This only applies to the all- electric case, since for the
mixed fuel cases 100% of the pro;ected electncnty use is already being of‘fset as requsred by. 2019 Title
24, Part 6,

4): Efficiency & PV/Battery: Using the Efficiency & PV’ Package as a starting point, PV capacnty is added as
well as a battery systemi.

2.3.1 Solar Photovoltmcs [PVl

nstallatlon ofion-site PV is required in the 2019 residential code. The PV sizing methodology in each package
was developed to offset annual building electricity use and avoid oversjzing which wolild violate net energy

- metering (NEM) rules.? in all cases, PV is evaluated in. CBECC-Res accordmg to the California Flexiblé Installation
{CF1) assumptions.

The Reach Code Team used t'woloptions'within the CBECC-Res softivare for sizing the PV éystem, described !
below. Analysxs was conducted o determine the most. appropnate sizing method for each package which is
deéscribed i in the fesults;

o Standard Design PV'—the same PV capamty as is required for the Standard Design case®

o Specify PV System Scaling=a PV system'sized to offseta spec»ﬂed percentage ofthe estimated
-electricity use. of the Proposed Design case

2.3.2° Energy Storag JBatterzesl

A battery system was evaluated in CBECC-Res.with control type set'to “Time of Use” and with default .
efficiencies’ of 95% for both charging and discharging: The “Time of Use” option assumes batteries are charged
anytime PV generation is greater than the house load but controlswhen the battery storage systein discharg"es.f
Buring the summer months (July=September) the battery begins to discharge at'the begmnlng ofthe peak

~ period ata maximun rate until fully discharged. During dlscharge ‘the battery ﬂrst serves the house load butwill

efﬂcnency measures for that chmate z6newere also lncluded in. the Efﬁmency & PV Package in order 10 prov1de a
combination of both efficiericy and PV beyond code minimum.

9 NEV rules apply lo Lhe 10U territories only.

10 The Standard DeSIgn Py system is sized to offset the électricity use of the bulldmg foads whxch are typically

electric in a mixed fuel home, which mcludes all loads except space heating, water heating, clothes drying, and
cooking.
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Whenever th' i PV sys’rem does not cover the entlre house load and does not dlscharge to the electric grld ThlS
control optron is considered to be most reflective of the current products onthe market, This control option
requrres an input for the ‘First Hour of the Suthmer Peak” and'the Statewide CASE Teani applied the; defailt
houf in‘CBECC-Rés. which differs by glimate zone, (erther a Spm ar 7pm sta rt). The Self Utilization Credit was
taken whenthe battery System was modeled

2. 4 Incremental Costs

Table 4 below summarlzes the’ |ncremental cost assumptrons for meaSUres e\/aluated in:this study lncremental
. costs represent the: equrpment installation; replacement and’ mamtenance costs of the proposed measures
relatlve to the base cas ..11 Replacement costs are applred to HVAC and DHW eqmpment PV mverters, and
or DHW measures since there should not be any. addmonal malntenance cost for a. more efﬁcrent ver5|on ofthe
‘same system typeas the baseline. Costs were estimated to.reflect costs to the building owner. When costs'were
obtdined from a source:that dldn talready include: burlder overhead and proﬂt a‘markup of ten percent was
added. All costs are provrded s presentvalue in 2020 (2020 PVS) Costs due to variations in furnace aif
condmoner and heat pump capacrty by climate zone: were not accounted for iri the analysrs

Equrpment lrfe‘nmes apphed i thrs analysrs forthe Water heatlng and space condmomng measures are
,summaruzed in Table 3. -

‘ Table 3 Llfetlme of Water Heatmg & Space Condmomng Eqmpment Measures
] ; | Lifetime

.Source Clty of Palo Alt02019 T|tle 24 Energy Reach Code Cost~
" effectiveness Analysis Draft (TRC, 2018) which is based on the
8 Database of Energy Efflclenqy Resouices (DEER) 3 ’

A lnterest costs due to financing are not included in thé incremental' tosts presented in the Table 4 byt are ‘
.accounted for in the lifetime:cost analysis. All first costs are assumed to be fnanced namortgage, see Sectlon
2.5 for detalls

12 hitp://www.deeresources.com

2019-08-01

310



11

Table 41 Incremental Cost Assump tions

20189 En ergy,!:ffficiency Ordinance Cost-effectiveness Study.

Measure L

cremental’ Cost (2020 PV$

:So'urcé & Notes

Non- Preempted Measures

10

Reduced 3.0vs 5.0 ACH50 5391 n/a NREL’S BEopt cost dataoase SO 115/ft for 3 ACHSO & SO 207/ﬂ2 for 2. ACHSO) + $1OO HERS
Infiltration 2:0vs 5.0 ACH50 = 5613 n/a’ “rater verification,
Window U- - o ' ' - $4.23/ft? window area based on analysis conducted for the 2019, and 2022 Tltle 24 cycles
factor 0.24:45.0.20 ) ‘5$2g261 $607 (State(vrde CASE Team, 2018).. "
. B Datafrom' CASE Report along with direct feedbackfrom-Statewide CASE Team that.higher ™
Window SHGC. 0.50.vs 0.35° 30 $0 SHGC does not necessanly have any incrémental cost (Statewide CASE Team, 2017d) Applies’
: - _ 10 CZ 1,3,5,16.
Cool Roof- 0.25vs 0.20 5237 $58 Costs based on 2016' Cost‘effecti'veness St‘udy for Coo{QRoofs’ ’reach,qode analysis for 0.28'solar
Aged Solar - — T i : ; . : R o ]
Cefloctanee 02045040 60 $0 reflectance product.. (State\mde Reach Codes Team, 2017b). .
Exterior Wall K75 v RS- $8i8 n/e "Based oni increasing.exterior insulation from 17 R-5.t0 1.5” R-7.5.in a 2x6.wall ‘(Sta’cewide CASE
Insulation. T ) : “Team; 2017¢), Applies to single family only:in al} ¢limiates exceptCZ 6, 7.
Under-Deck ‘R-137vs R-0 51,338 $334. | Costs forR-13 ($0.64/ft%), R=19 (50.78/ft) and R-30 ($1.61/ft?) based on.data presented in the
Roof R-19'vsR413. | 8282 $70: | 2019 HPA CASE Report (Statewide CASE Team, 2017b) along withidata collected directly from
Insulation R-30vs R-19 51,831 8457 builders during'the 2018 CASE process. The R-30 costs ihclude addztlonal labor costs for
1 (HPA) R-38.vs R-30 ‘8585 $146 cabling. Costs.for R-38'from NREL’s BEopt:cost.database. , - ’
Attic Floor : ' . - . ) '
Insulation R-38.y5 R=30 | 5584 3146 NREL’s BEopt cost database: $0.34/ft2 cellifig-area
Slab Edge R-;o Vs R}O S553 $121° | S4/linearfoot of slab perimeter based on internet research. Assumes 16in depth.
Insulation R-10 ve R7 $157 ‘$21 v $1.58/linearfoot of slab perimeter based on NREL's'BEopt cost database. This applies to:CZ 16
: N B T .| onlywhare R- 7slab edge insulation s requwed prescnptxvely Assumes 161n depth
<12feetinattic | - $358° | .. “nfa
Ductsin ' '
. Copdlt!oeed 3658 n/a Costs based on.a 2015 report on the Evaluation-of Ductsin Conditioned Space for New
Duct Logation §?a;e = California:Homes (Davis Energy Group, 2015). HERS verification cost of 5100 for the Verified
Verified Low-
" B - Low Leakage Ducts'in: Condmoned Space credit,
Leakage;.‘Ducts in $768 $110
Conditiofied T
Space_ -
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Table 4: Incremental Cost Assumptmns

‘Measure: -

: '-'lncremental Cost (2020 PVS

Heat Recovery |

o | 1-hour labor. Labor rate of $96:per hout is from:2019 RSMeans forsheet metal-workers.and
A _ : v . .
%6 5% - 96 /s | ingludes an. average: Clty Cost ndexf abar: for: California cities & 10/) fof. overhead: and
Distribution- i : : i profit. Appllgs to smgle fam[[y only:sinee dicts:are assuméd 1o: be in: condrt oned space for
o ’ : multn‘arm y -
System 3
Leakage T : :
Low Leakage Air - 6. n/a : Ccmrmssnon cem’r“ed umts and the hst mcludes many furnace and
Handler . T | proguct| linesfrom the Pnajor'manufactirers, including: mtmmum efﬂmency, ot cost product
C VURBS: . :
Low Pressure: C 035VEQAS - 496 348 B Costs. assume ohe- hcur laborfor smgle famlly and half hour per mul famlly apar‘cment Labor g
Drop Ducts-, — s ——— rate of $96 per: houms from'2019 RSMeans for sheet metal workersand includes an: average
(Fan W/cfm) 0 45 vs0.58. 1596 - $48  { City.CostIndex forlabor for California cities. :
Hot Water 1 RO e 1 Costfor HERS Verification only; based. o feedbackfrom HERS raters $1DO persmg!e farmly
Pipe Insulation HERS ver ’Fed 5110 . 283 | Home and 75 per multifamily: unit before markup.
oo { Forsingle family add 20-feet venting at’$12/ft 10 locate water haster On'intefior'garégéwall
, N i S I less:20-feet savings for'less PEX ahd: plpe insulation at $4<88/ft Costs from online:retailers.
. ] it S150 : ;
.65;;5: & Hot Basic credit 120 SO Many mu ltifamily buildings.are: expec’:ed tomeetthisicredit without any changesto. -
Distribution ‘ distribution: desigr. )
) : E$< andecﬁtfééﬁt 1 n/a $83 © 4 Costfor HERS Verification. on[y $75 per muitn‘amxlyunﬂ: hefare markup This was. only
P o T T .| evaluated for multifamily-buildings. : o
: Cost from the 2019 DWHR CASE Reportassummg a 2-' “ch DWHR umt Th CASE Report
Drain Water 50%'ﬁéfﬁ¢iéhc,y 7

»Federally Pre-empted Measures“" KE
s139- :

: Equ;pment costs fram online retallers for 40-kBtl/h unit. Cost saving for 6-feetiof Vehting at

[ 139 X
It 92:1’ VS'SQ@ . 139 _ $26/foot duetolower: costvanting requirerments for condensmg (PVC) Vs noh-condensing
Furnace AFUE = g - ‘ .
: 96% 6. S5 $244 L 204 (stainless) furnaces, Replacement at yBar20 assummesa 50% redigti first.cost Value at
T I U year 30 based on remaining useful In‘e is mcluded
‘é\;rnditiﬁner ‘ 16713 vs 14/11:7:» - $l11 $111' =1 Costs from online retailers;for Z-tori unit.. Replacement atyear20 assumesa 50% reduction’in
SEER/EER . 18/14vs 14/11.7 | $1,148 $1 148 ,ﬁrst cost. Value at yearso based on. remammg useful lifeis: mcluded :

11
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"Table 4: Incremental Cost Assumptm ns:

2018 Lnergy Efficiency Ordinance Cost-eﬁectlveness Study

‘Incremental Cost (2020 PVS)’

o Muitlfamrly

‘ : : ";‘;Pe‘rformancev Per Dwe]lmg -
| Measure Level” S Unit) L) Source 8&cNotes
16/13/,9 V§ o :
t - - 1
?:;R/Z?;p 14/11.7/8.2 s411 Costs from online retar!ers for:2<ton unit; Replacement at year 15 assumes.a 50% reduction, in
18/14/10'vs e T first cost..
SPF ; [ h

/M 14/11:7/8.2 #1511 #1511 v

Tankless . Equipment costs from dnline retailers for 40-kBtu/h unit. Cost saving for 6-feetof venting at:

Water Heater 0.96vs 0,81 $203 5203 $26/foot due to lower cost venting requirements for condensing (PVC) vs non-condensing:

Energy Factor o v : {stainless) furnaces: Replacement atyear 15 assumes @ 50% reduction in first.cost.

HPWH NEEA Tlxer‘s Vs 4294 394 E’gu1prnent costs from online retailers. Replacement at year 15 assumes a 50% reduction in

‘ 2.0EF - i first cost.

PY +Battery: ” I R : SRR TR e R
First costs are from LBNUs Tracking the Sun-2018 costs (Barbose et al., 2018) and represent
costs.for the first half of 2018 of $3.50/W-DCfor residential system and $2.90/W-DC for non-

: residential.systern €500 KW-DC. These tosts were reduced by 16% for the: solar mvestment tax
credit, which Isthe average credit overyears 2020-2022. E
System size . : .} Inverter replacement cost of $0.14/W-DC.present value includes replacements at yearllat :
VS T . -DC . -DC
PV System varjes. $3,~-72/W DC | $317/W-DC $0.15/W-DC (nominal) and at'year 21 wt $0.12/W-DC- (nommal) pérthe 2018 PV CASE Report
' ' {California Energy Commission,2017).
System malntenance costs of $0,31/W-DC presentvalue assume $0.02/W-DC (nominal)
annually'per the 2019-PV CASE Report-(California Energy Commission, 2017).
10% overhead and profitaddedto all costs
systemisize $633/kWh first cost based on'the PV Plus Battery Study report (StateWIde Reach Codes Team;
' ISR e ‘ . | 2018) gsthe average cost of the three systems that were analyzed. This cost was reduced by
Battery varies by building, ] $65;5/k,Wh $656/kWh | 16% for the solar investment:tax credit, whichis the average credit over years 2020-2022.

Replacemérit costat year 15 of $100/kWh based an target price reductions (Penn, 2018).

1z
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2019 Energy Efficiency Ordinance Cost-efféctiveness Study
2.5 Cost-effectiveness . _ " . , '
Cost—effectiveness was evaluated Tof all sixteen cii’ma‘te z0hes a’nﬂd is presenfed'based on both. TDV energy; using ~
the Energy Commissiof’s LCC methodology, and.an Op=Bill approach Using resndentxal ‘customer utxhty rates. .
Both methodologres requ|re estlmatmg and quantrfylng the value of the energy |mpact assoclated thh energy

requwrements' .

esults are presented asa lifeeycle beneﬂt—to cost (B/C) | ratic; a net present value {NPV) metric which:*
represents the cost: effectlveness of & medsure over a 30tyear lifetinte taking into account: dlscountmg of future
'savings'and costs and fmancmg of incremental first costs: A yalugofone indicates the NPV of the savmgs over:
the life bf the feasure is equlva[ent to'the NPV ofthe lifetime |nmemental cost of thd rneasure Avalue greater
than ong represents d posrtive return on 1n\(estment The B/G ratio‘is calculated according to Equation:3;

Equatlon 3
NPV of lzfetzme benefit

Be o ~C stRat =
ene fit —to— Co Lo, NPV of ll fettme cost:

cost and rep]acement costs However in some casesa measure may have mcremental cost savmgs but Wlth
_ 1ncreased energy related costs In thls case the beneflt is the lower ﬁrst cost and the cost i the'increase in!

_ Equatlon 4
NPV of lzfetlme cost/beneflt iy 1Annual cost/benefltt # (1 F r)t
Where

s n= ‘analysis term ’
& F=discount fate

The following summarizes the assumptions applied in this analysis to both methodologies.

s Analysisiterm of 30-years
& Real discount rate of 3 ‘pert-ént'
& Inflatioh fate of 2 percent
o First incremental costs are fmanced into E SO—year mortgage
& Mortgage:interest. rate of 4,5 percent .
C _Average taX fate: of 20 parcént (to account for tax savings due to lean mterest deduotrons)

2 51 On~Blll Customer Llfecvcle Cost

electnclty consumptlon is credtted to the utlllty accou nt at the apphcab & wholesale rate based on the epproved

B nder NEM rufings by the CPUC (D-’16v—_0'_1}:144,,v_i[28/:16),._allv new PV customers shall be in‘an approved TOU
rate structure. https://www.¢puc.ca.gov/General.aspx?id=3800" .
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NEM?2 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 s a lot of uncertamty about what those
changes will be and if they will become effective during the. 2019 code cycle (2020-2022).

The net surplus compensation rates for-each utility are as follows:™

»  PGRE: $0.0287 [ kwh
s SCE: $0.0301 / KWh
» SDG&E: +$0.0355/kwh

Utility rates were applied to each climate zone based on the predorminant 10U serving the population of each
zone according te Two SCE tariff options were. eva_"lpatedj TOU-D-4-9 and TOU-D-PRIME, The TOU-D-PRIME rate
is only available to customers with heat pumps for either space or-water heating; a battery storage system, or an
electricvehitle and therefore'was only evaluated for the all-electric cases and the Efficiency & PV/Battery
-packages. The rate which resulted in the lowest anniial cost tothe customér was used for this analysis, which
L‘was'TQU~D»4-9‘ in all cases with the exception of the single family all-electric cases in Climate Zone 14,
Table 5. Climate Zones 10 and*14 are evaluated with both SCE/SoCa'lGas and SDG&E tariffs since edch utility has
ctistomers within these climate zones, Climate Zone 5 is €valuated under both PG&E and SoCalGas niatural.gas
rates, . o
Two SCE tariff options were evaluated: TOU-D-4-9 and TOU-D-PRIME. The TQU-D-PRIME rate is 6nly available to
customers with heat pum ps for either space or water heating, a battery'storage system,.or an electric vehicle
and therefore was only evaluated for theall electrlc cases and the Efficiency. & PV/Battery packages. Therate

which resulted in the lowest annual ¢ost to the customerwas used for this analysis, which was TOU D-4-9in aII
cases with the exception ofthe smgle family all-electric cases in Climate Zone 14,

Table 5: IOU Utility Tariffs Applied Based on Climate Zone

Climate Zones | Elec_tnc_”/ Gas Elgptn;xty = Nat};ral,
T Utility . - (Time-of-use) Gas.
1-5,11-13, 16 | PG&E. E-TOU, Option B . G1L.
5 B PG&E / SoCalGas | E-TOU, Option B GR
o TOU-D-4-9 or L
6, 8 10 14, 15 SCE / SoCal Gas TOU-D-PRIME | GR
| 7,1 10 14 SDG&E TOU-DR1 GR

. Source; Utility websites, See Appendlx B— - Utility Tariff Details for details:
ori thetariffs applied..

Utility rates are assumed to escalate over tine, using assumptions from research conducted by Energy and
Environmental Economics (E3) in'the 2019 study Residential Building Electrification in California study {Energy &
Enwronmental Economics, 2019). Escalation.of natural gas rates' between 2019 and 2022 is hased’ on the
currently filed General Rate Cases (GRCS) for PG&E, SoCalGaS ahd SDG&E: From 2023 thrOUgh 2025, gas fates
are assumed to escalate at 4% peryear above inflation, which reﬂects historical rate increases between 2013
and 2018, Escalation of electricity rates from 2019 through 2025 is assumed to be 2% per year above: mﬂatron
based on electric utility estimates. After 2025, escalation rates for both natural gas and electric rates’ are
assumed to drop to a more gonservative 1% escalation per year above mﬂatxon for long-term rate trajectones
beglnnmg ih 2026 through 2050 See Appenchx B~ Utxhty Tariff Details for additional details.

14 Net surplus compensation rates based on 1-year average February 2018 — January 2019.
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2.5.2 TDVszecche Cost ' - :

‘Cost-effectiveness was also assesséd: using the: Energy Commission’s TDV LCC iviethiodology: TDV isa normallzed

mangtary format; developed and used by the Energy Comniission for comparing electricity and natural gas

savings; and it considers the costof electricity. and natural gas consumed. during.different times of the: day and ®

year. The 2019 TDV values are based-on long’ term discounted costs of 30.yeats for all residential measures: The

CBECC-Res simulation Softwdre outputs are in‘terms of TDV kBTUs. The present valué of the energy cost savmgs v

ifi.dollafs is calcu]ated by i trplylng the TOV kBTU savings by a net presentvalue (N PV) factor, also developed
by the Energy Commiission, The NPV factoris: SO 173/TDV kBtu for residential buildings: -

Like the gustormerB/C ratio; & TD\/ B/C ratio vajue of 6rie indicates the savmgs over the lifé.of the | measure are
. equnvalent to.the incremental cost 6fthat meas(re. A value greatef-than oné represents a positive. return on;
mvestment The ratio is calenfated: accordmgto Equatlon 5:

Equatlon 5
TDV.energyi savmgs % NPV factm

"DV Benefit— to —Cost-Ratio = NPV .Qf'l,lf»etlme.ln‘?f@.??l&nt_al oSt

2. 6 EIectrzﬁcatwn Evaluatzon )

] In addltlon to evaluatmg upgrades to mlxed fuel and all electrlc burldmgs 1ndependently that do not result m fuel
:bullder spElelES and mstalls electnc appllances mstead of the gas appllances typlcally found iha leECl fuel
building: This; analysrs ‘compar. dthe code tom pliant mlxed fuel prototype, whichusés gas for space heating;. -
‘water heating; cooklng, and clothes drying; With the code compllant all- electric prototype It-alse compared the

- all-electric Efﬁclency & PV Package with thecode compllance mixed. fuel prototype. In‘these cases, the: rela‘n\/e
costs between’ natural gas'and electric. appllances, differerices betweer in-House: electricity and gas:
‘infrastructure and thé asscgiated lnfrastructure costs for prov1dmg gas t0 the bmldmg were algo. mcluded

. L;Analysrs of ’che Role o) Gas for a Low
_ 'Rulemaklng NG 15-

Energy in Those Dlsa vantages Communltles (Callfornla PUbllC Ut]htles Commtssron, 2016)
e 2010-2012 WO017 Ex Ante Measure Cost Study: Final Report (itron, 2014). .

4. Natural gas |nfrastructure ¢osts’ provxded.by utxhty staff through the Reach Code subprogram
@ Costs obtalned from builders; contractors and developers !

Vlncremental costs are presented inTablé 6. Values inparentheses: represent a: lowar cost arcost reduction in: the
eléctrie optlon rélative to mixed fuel: The costs from the avallable sourcesaried widely, making:it difficult to
develop narrow cost es‘nmates foreach. component ‘For oertam components data is provided with 3. low to high

, range as well a8 what were determmed & be typlcal costs and ultlmately applled in thls analy51s Two sets of
applled in the TDV methodology Detalls ot these dltferences are explalned in the dlSCUSSIOn of sxte gas
infrastructure costs i the followmg pages.
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- Table 6: Incremental Costs - All-Electric Code Comphant Home Compared o a Mlxed Fuel
Code Compliant Home

neremental Cost {2020 PVS) - lncremental Cost (2020 PVS)
‘Single Family? (Per '

Heat Pump vs Gas Futnace/Split AC | (52,770) $620 (5221)
?:s;i::lp Water Heater vs Gas ($1'120) | s1100 s )
Electric vs Gas Clothes Dryer o (s428y 1 %820 . 80 . o Same as Single Family
Electric vs Gas Cooking> = S0 $1,800 - S0 L g g
Electric Service Upgrade ~  ° $200. $800 | - S600. - $150° | $600. © 5600
in-House Gas'Infrastructure - ($1’,67‘O’) {S550) {8800) . 7 (5600) [{3150) {8600)
Site Gas Infrastructure ~ 1(525,000) | - (5900); | (55,750} | (511,836) |($16,250) |'{$310) | (83,140)| (36,463)
Total First Cost . | {$30,788)| $3,710 |($6,471)] (512,257} |(S20,918}| $4,500 ($3,361) (36:684)
Présent Value of Equtpment Replacement Cost - Sl 266 .. o "$1,266 '
él(])‘i?me Cost.Including Replacement & Fmancmg ofF/rst (55 34,) {511 872) {52 337] (55 899)

4Low and high costs represent the potentlal range. of costs and typical represents the costs used.in this analy51s anhd
determined to be most representativé of the conditjons described in this report. Two sets of typical costs are presented,
one which is applied in the:On-Bill cost effectiveness methadology and another applied in'the TDV. methodology
2'l'yplcal costs assume eléctricresistance technology. The high range represents hlgher end mductlon cooktops and heat
‘pump clothes dryers, lower céstinduction cooktops are avarlable

Typical mcremental costs for swntchmg from a leed fuel designtoan all electnc désign are based on the
following assumptions:

Appliances: The Reach Code Team determined that the typlcal first mstalled cost for electnc apphances is very
similar to that for nattiral. gas appliances. This was based on information. prowded by HVAC contractars,
plumbers and builders as well as a feview of other studies. After review of various sources, the Reach Code .
Team concluded thatthe cost difference hetween gas and electric resistance optioris for clothes dryers and
stoves is neghglble andthat the lifetinies of the two. technologles are also similar, '

‘ HVAC Typlcal HVAC mcremental costs were based on the City of Palo Altg 2019 Title 24 Energy Reach Code
Cost-effectiveness Analysis (TRC, 2018) which assumes approximately $200 first cost savings for the heat
pump relative to the gas furnace and-air conditioner. Table 6 also includes the present valie ofthe -
incremental replacement costs forthe heat putp based on a 15-year llfetlme and a 20 -year lifetime for the
‘gasfurnace in the mixed fuel home, .

DHW? Typlcal costs for the water heatlng system were based on equIValent installed first costs for the HPWH _

and tankless gas water heater: This accounts-for sllghtly hlghEI equipment:cost but lower ihstallation labior

due fo the elimination of the gas flue, Thcrémental replacement costs for the HPWH are based ona 15 year
lifetime: and a 20-year lifetifne forthe tankless water heater.

For multifamily; less data was available and thereforéa range of low and high costs is not provided. The
typical first cost for multlfamlly 51m1larly is-expegtéed to be close to the same for the mixed fuel and all-
electnc desrgns However, there are-additional considerations with multifamily such as greater complexity
for venting of natural gas-appliances as well as for’ locating the HPWH within the conditioned space (all
climates except Climate Zones 1, 3,.and 5,.sée Table 2) that may impact the total costs;

Electrlc service upgrade: The study assu mes an incremental 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 plans for
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_mixed-fuel homes and consulted with contractorsto.estimate which electricity and/or natuiral gas services are

usUally‘ provided to the dryer ahd oven. Typlcal practice'varied with some: bd’ild'ers providing 'bo't‘h ga"s and

provrdmg gas For thls study, the Reach Code Team determmed that for smgle famlly homes the typlcal cost is
best quallﬂed by the practice. of prowdmg 220V service and gas to either the dryer and the: ‘dven.and anly g gas

service to the other. For multlfamlly bifldings. it's. assumed that ohly gas i§ prov:ded ta the dryer andiovetin the

mixed furel homig: ; : : -

1t is assumed that no: up‘grades 'to the electrical’ panel are ‘réqull‘e"d an'd"that a 200/Amp panél is typi'cally iristalled:
. forboth mixed fuel and.all-electric hew canstriiction homes. There ate no mcremental electrlcal 5|te '

infrastructure requ:rem ents.

‘In—house gas mfrastructure {from meter [0} appllances) lnstallatxon cost: to run agas llne Trom the mieterto the

appllance Jocationis $200 per apphance for single famlly and $150 per appliance per multlfamlly apartment
based on cost éstimates from buildersand. contractors. The cost estimate. lncludes provndlng gas to the water

heater, furnace, dryer and cooktop

bility are the
costs. for on-sife gas infrastructure; These costs cah b project deperident-and may be. 5|gmﬂ ntly” lmpacted by
such factors a3 utility tem’cory, sité charactéfistics, distarice to the néarest gas main and main locatioii, joint
trenching; whetherwork is-conducted by the utility ora pnvate contra¢tor; and. number of dwelling unlt_s per . .
deve]opment All gas utlhtles partlcxpatmg in thls study were SOllClted for cost lnfOrmatlon. The typlcal

reflect those fora new SUblelSlOl"l inan undeveloped area requmng the mstallatlon of natural gas
infrastiucture, including a wiain line: Infrastructure costs for infill development can also be highly variable and
thay be hlgher thaninan undeveloped area, The addmonal gosts associated with dlsruptlon of ex:stmg roads;
sidewalks, and other structures can be SIgmﬁcant Total typlcal costs in Table 6 assume $1O OOO for extensron of
a gas mat, Sl 686'for aservice lateral and $150 forthe meter‘ , ' . :

Utlllty Gas Maih Exténsions riiles® spec;fy that the: developer has the optlon to only Y pay50% o Fthe: tota cost for :

‘a mam extensxon aﬁer subtraction of allowances for mstallatron ofgas appllance 5. ThlS 50% refu'nd .‘a

effectlveness methodology The fiet costs o the utllrtyaﬁer parhal relmbursement frorn the develope

‘Reach Code techmcal advisory team that the approach is-appropri

mcluded m Utlllty ratebase and recovered VIa rates to all customers The total cost of SS 750 presented ln Table

remain avallable through 2022 and thatthe o5t savings are, passed alongto the customer

The 50% refund aiid appllance deductions werenot applled to the srte gas mfrastructure costs under the TDV:
cost-effectiveness methodology based on input received from the Energy Comrission and. agreefiient from the
TDV cost savings, impacts extend beyond -
the customer and aecount for socnetal impacts of energy use, Accounting for the full €ost of the mfrastructure

: upgrades was cletermmed 1o he jUStlfled Wwhen evaluatmg under the TD\/ methodology

 pPG&E Rule 15: https //www pee com/tanffs/th/pdf[GAS RULES 15 mf

SoCalGas Rule 20 https.//wwwsocalea_s.com/ regulatorv/tarlﬁ’s/tmz/pdf/zo.pdf
SDG&E Rule 15 hitp://regarchive.sdge.com/tii2/pdf/GAS GAS-RULES' GRULE1S.pidf
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Less information was available for thé costs associated 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 of Palo 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 cohnection to an existing
main for infill development. Specific costs include plan review, connection charges‘, meter and manifold,
plumbing distribution, and street cut fees. Whilé thesé costs are specifically based on infill development and
from cne mu’n‘ic‘lpal utility, the estimates are less than those provided by PG&E reﬂ'ectlng the average cost-
differences charged to the developer between single family and multifamily in an undeveloped area (after
accounting for deductions per the Gas Main Extensions rule). To convert costs charged to the developer to
account for the full infrastructure upgrade cost (costs. applled in.the TDV methodology analysis), a factor of

2.06 was calculated based on the sirigle famlly analysns This-same factor was apphed to the multifamily cost of
$3,140 to arrivé at 56,463 (see Table 6).

2.7 Greenhouse Gas Emissions

Fquivalent COz emission savings were calculated based on outputs from the CBECC- Res simulation softwa're
Electricity emissions Vary by region and by hour of the year. CBECC-Res applies two distinct hotrly profiles, one
for Climate Zones1 through 5 and 11 through 13and another for Cllmate Zones 6 through 10 and 14 through -

1b For hatural gas a fixed factor of 0. UUde/ metrlc tonS/tnerm is used. To coinpare thé mmeu fueland all=

electric cases side-by-side; greenhouse gas (GHG) emissions are presented as COz—equwalent emissions per
square foot of conditioned floor area.

3 Resulis

" The primary objective of the evaluation is to identify cost-éffective; non-preempted performance targets for
both single family and low-rise multrfamlly prototypes under both mixed fuel and all- electric cases, to support
the de31gn of local ordinances reqmrmg new low-rise reSldentlaI buildings to’ exceed the minimum state

‘requirements. The packages presented are representative examples of designs and measures that can be used.
to meet the requnrements In practice, a builder'can use any combmatlon of ngn- preempted or preempted

. compliant measures to:meet the requirements.

This analysis covered all sixteen climaté Zones and evaluated twao efficiency packages, lncludln'g a non-
preempted package and a preempted package that includes: upgrades:to federally regulated equipment, an
Efficiency & PV Package fof the all-electiic scenafio only, and an Efficiency & PV/Battery Package. For the:

efficiency-only packages, measures were refined to ensure that the non-preempted package was cost—effectlve

based on one of the two. metrics applled in this study, TOV-or On-Bill, The preempted equipment package, which

- the Reach Code Team cornsiders to be a package of upgrades most reflective: of what builders commonly apply to

exceed code requlrements was deSlgned to, be cost-effective:based oii the: On-Bill cost-effectiveness approach

Results are presented as EDR Margin instead of compllance margln EDR s the metrlc used to determme code
compliance.in the 2019 cycle. Target. EDR Margin is based 6n takmg the calculated EDR l\/largm for the case:and
roundirig dowh 16 the next half of a whole number: Target EDR Margin for the Efficiency Package are defined
‘based on the lower of the EDR Margin ofthe non- preempted package and the equipment; preempted package
For examplg; if for a particular case the cost effective noh- preempted package has an EDR l\/largm of 3and the
. preempted package an EDR l\/largm of 4, the Target EDR Margin is'set’at 3; : L

8°This factor includes the elimination of the 50% réfund for the main extension and adding back in the appliance
allowance deductions,
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Fora package to qualify, a minimiii EDR Margin of 0. 5 Was required; This is to say'that a ‘package that only
achieved an EDR Margm of 0.4; for example; was'hot considefed. An EDR Margin less than 0.5 generally '
corresponds toa, comphance margin lower than 59%.and was o nsidered too small to ensure repeatab aresults,

‘I certain cases, the Reach Code Team did hot 1dent|fy a cost-effective package that achieved the minimur. EDR

: I\/largm of 0 5 .

' Although someof the efﬂCIency measures evaluated were not' cost—effectlve and'were ellmlnated the fo!lowmg
measures are lncluded in at least one packaget

" e Reduced infiltration : » '
s Tmproved fenestration ' oo : : o,
 Improved coolroofs "
o High performance:attics-
= Slab insulation: . v v :
e Reduced duct Ieakage ) : [
s Verifiad low ieakage ducts.in condrtloned Space. '
o Low: pressure drop dlstrlbutlon system
s Coriipact hiot water. dxstrrbutlon systemn, basigand expanded
L ngh eﬁlcrencyfurnace, air condmoner & heat pump (preernpted)
o .‘ngh efﬂcxency tankless water heater & heat pump water heater (preempted)

3,1 PVand Battery System Sizing

' Theapproach to determlnmg the size of the PV and battery systems varled based on each package and the -
“satrca fuel Table 7 describes the:PV and battery sizing approacheés applied to-each of the féur packages For the:.
Efficiency Non -preempted and Efflcrency Equipment, Preempted packages a different method was applied to

. _each the two-fuel scenarios. Inall mixed fuel cases, the PV was sized to offset 100%:of the estimated slectrical -
load and any electnctty savings from etﬁcnency measureswere traded off with a smaller PV systam: Not
downsizing the PV system after adding’ efficiency measures. ruris the:risk of-producing more electiicity than is.
consumed reducing cost-effectiveness and violating NEM rules. While the ;mpact of thisIn, most cases is minor,
analysis confirmed that.cost- effectlveness Improved: ‘when reducing the system size td offset 100% of the
electrluty usage as'opposed to keeplng the PV system the samesize as the. Standard Design.,

- In the all- electnc Efﬁcrency cases) the PV system size was Teft to match the Staridard Design {Std Design PV), and
the mclusron of energy efﬁcrency measures was not fraded off witha reduced cdpacity PVsystem. Because the
PV system is sized to. ‘meet theelectticity load of & mixed fuel home, it is cost-effective tg keep the PV system
the same size-and offset a greater percentage of the: electncal Joad: -

Forthe. Efflc:ency 4 PV case on the all-eleciric homé, the, Reach Code Tear evaluated PV system sizing t6 offset
‘100/), 90/: and 80% of thetotal calcuiated electrlcrty Use, Of these three smng to 90% proved o, be the most
arounti 5120 across all the utlllt;es The sweet spot" is a PV system that reduces electrrcrty bI”S Just enough to
match the anhual minimiim. blll increasing the PV size beyond this adds flrst costbut does not result in utility blll
savmgs
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Table 7 PV &Battery Sizing Details by Package Type
‘ thed F el o ‘All Electrlc i

PV Sca{ed @ 90%
PV Scaied @ 100%
kWh'/SFEhome |
12.75KWh/ MF.apt:

2.75kWh/ ME apt -

A sensitivity analysis was ¢onducted to determme the appropriate battery and PV capacrty for the Efficiency &
PV/Battery Packages using the 1-story 2 100 square foot prototype in-Cliniate Zone 12. ‘Results are shown in
Figure 2. The current version of CBECC-Res requires a, minimum battery size of 5 KWh to qualify for the self-
utilization credit. CBECC-Res allows for PV oversizing up.to 160% of the building’s estimated elactricity load .
when battery storage systemis are installed; however, the Reach Code Team considered this high,. potentxally
problematic from a grid perspective, and likely not acceptable to the utilities or custormers. The Reach Code
Team compared cost-effectiveness of 5kWh and 7.5kWh battery systems as well as of PV systems s;zed to. oﬁcset
§0%, 100%, or 120% of the estlmated electrical load.

Results. show that from an on-biil perspective a smaller battery size:is more cost-effective. The sensitivity

analysis also showed that increasing the PV capacity from 90% o 120% of the electricity use réduced cost-
effectiveness, From the TDV perspective there was little differenice in results across.all the scenarios, with the
larger battery size bemg margmal]y more cost-effective, Based on these restilts, the Reach Code Tear applied to
the Efficiency & PV/Battery Package a 5kWh battery system for smgle family homes with PV sized to offset 100%;
of the electricity load. Even though PV scaled to 90% Was the most cost-effective, sizing was increased to 100% '
to evaluate greater gerieration beyond the Efficiency & PV Package and o achieve zero net electricity. These
results:alse showthat in isolation, the mclus1on ofa battery system reduces cost- eﬁectlveness compared fothe
same size PV system without batterxes

For multlfamrly bu11dlngs the battery capacity‘was scaled to.reflect the average ratio.of battery size.to PV system
capacity (KWh/kw) for the single family Efficiency &PV Package This resulted in:a 22kWh battery forthe
multlfamlly burldmg, or 2 75kWh per apartment

No.Battery, PV Scaled @ 90%

5 kWh Battery, PV Scaled @.90%

5 kWh Battery, PV Scaled:@ 100%-

75 kwh Battery,‘év Scaled @ 90%
© 7.5 kWh Battery, PV Sciled-@ 100% .| -
5 kwh Battery, PV Scaled ® 120% |

: 7.5 kwh Battery, PV Scaled @ 120% |

Figre 2:B /Cratio comparison for PV and battery sizing
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3.2 Smgle Famzly Results _ o '
J 'Ta ble & through Ta ble 10' contain cost effect;veness flndmgs for the. :single family packages Table 8 sumimarizes
the package costsforall of the mixed fuel and all-electric effxc;ency PV ahd battery packages The mixed fuel

results afe evaluated and presented relatt tod mlxed fuel code copipliant | basecase whlle the aH electnc
results are relative:toan all electrid code comphant basecase ’

“Table 9:and Table 10 present the B/C ratlos forall the single famlly packages accordmg to both the On~Bxll and
TOV, methodologles for therhixed fuel and the all-electric cases, reSpectively. Results are‘cost-effective based op
“TDV for aH cases except for Cl|mate Zone 7 whete no cost~' "ff‘ectlve combmatlon of non preempted efﬁcxency

1” ref‘erto mstances where there are mcremental cost savmgs in add1 lonto: annual utlhty bill savmgs ln these
cases,. there | Is'no-cost asSoc;ated w1th the upgrade and beneﬁts are, reahzed zmmedlately

results Each graph compares the mixed fuel and aH-_
Margin for the Efficiency Package-for most climate

ectnc cases as well as the vanous packages Thé EDR
s between 1.0 and 5.5 for mixed fuel cases-and slightly
ctrie deSIgn No cost eﬁ”ect;ve mixed fueI or all- electnc fons
‘preempted Efficienicy. package was found Chma‘ce Zone 7.

For the mixed fuel case, the Eff|c1ency & PV/Battery Package ncreased the EDR Margm to values between 7.0:
4nd-10.5. Becausé of the hmltatlons on oversmng PV systemsto offset natatal gas lise |t is niot. feasxble fq
achieve hlgher EDR Margms By increasing:PV. system Capacity,

.For the all- electrlc case, the Efﬁcnency & PV Package resulfed in EDR Margins of 1101019, 0 for most climatés;
adding a battery system increased the EDR Ma rgin byan additional 7 to. 13 points: Clinate zones 1 and 16; Whlch'
have hrgh heatmg Ioads have much hlgher EDR Marglns for'the Ffficiency &PV package (26.5-31. 0). The
Standard Design PV, Wthh is what Is.applied in: ‘the all-eléctric Efﬁcnency Package, is. not- sized to offset-anyofithe

: heatlng load. When the PV system is'sized to offset 90%. of the total elec’mmty use, the increase is substantial as
aresult: In contrast, in C[lmate Zoné 15 the Standard Désign PV system is already: slzed to coverthe coohng

) elec‘crlmty load; whlch represents 40% of whole: bu:ldmg electncnty use: Therefore, increasmg the PV size to

offset 90% of the electrit load in this climate only results in. adding approxxmately 120 Watts of PV capamty aritd:
subsequently & negligible. xmpact on the EDR, ~ .

ound in Appendlx C=Single Family Detail ed Results with summarles ‘of
ckages ln Appendxx D= Smgle Famlly Measure Summary A summary of

', Addltlonal results details: can e
measures lnciuded in each ofth
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Table 8: Single Family Package Llfetlme Incrememal Costs

‘Mixed Fuel

“All- Electrlc

- Eduipment -
. Preempted.. .

Efﬁciehc"y &
PV/ Battery

Nen-Preempted|

Equlpment -
Preempted

Efflcnency & P\ 1

Efﬁaency &

+$1 280
CHST724
81,448

+$5 311f,
©#$5,393)
+$5,438
 agsazal

*+$7j642 B
asisig
14+61,519] .

L 4$2,108:

+82,108|

’fj,+$2,ﬂ1,08 AR

52,108 488

+S18 192-,

Them T

+5581
. 48606
a8sBE

484,889

';‘,*$-5i433"»

+$4; 028-

C4SL519)
5926 L

82,108
g ' +$"846' :
-0
+$412

S +$8,3D7 S
= +$6 34‘1;:_. [

- +514,047
+$12,036

L FS574
+$593]

st

£5654]

| Saa6 i

- 4ds, 568'2 Sy
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o 1” mdlcates Cases. where there are both flrst ,co,si.savmgs and annua[ utmty btll savings. ' -

23
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Table 9: Smgle Famlly Package Cost Effec’cweness Results for-the Mixed Fuel Case 22

2nformation aboutthe measures included for each climate. zone:are descnbed in.Appendix D Smgle Family’ Measure Summary
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, Table 10 Smgle Family Package Cost-Effectweness Results for the All- Electric Casel?
. ; ‘ Effmlency LT , ;Efﬁcxency& P\/ Efflmency & PV/Battery

GZ¢

fers

‘Non- Preempted

ctency On-Bill TDV'

DR B/C B/C I
Ratio Ratxo

Eqmpment - Preempted:
E‘fﬁcien'cy On-Bill-TDV
B/C .. B/C

“EDR"
Margm :

"Ratio: Ratlo

Fotal f‘”;ﬂO’n‘—BiH :

,T:DV:

‘l'oi‘_ _

04

1)
24
“,‘1,8:;

69

5.1

, ‘.4‘:43,"""
3.9

29
_'2.3‘
18
15

D5

S,CE/‘SoCa"'I:‘:Gas :

':';2.,3
W23
DA

4.4

4‘4 : :
29

1.'9 . -

191
2.2
167

08

CE/SoCalGas|

12

18

2873

i 1” mdlcates cases: where there are both first'cost savmgs and annual utllsty bl” savmgs

2nformation about the measures included for-each climate zone-are descr!bed In Appendlx D.—-Single Family Measure Summary
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Fi lgure 4x Slngle famﬂy EDR Margm comparlson (based on Effic1ency EDR Margm for the -
Efﬁc1ency packages and the Total EDR Margin for the. Efﬁc1ency & PV and Efﬁc1ency &
' PV/Battery packages)
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3.2.1 GHG Emission Reductions

Figure 5 compares annual' GHG emissions fof both mixed fuel and all-electric single family 2019 code compliant
cases with Efficiency, Efficiency & PV and Efficiency & PV/Battery packages; GHG emissions vary by climate but _
* dreconsistently higher in mixed fuel casesthan all- elec‘mc Standard Design 'mixed fuel emissions range from 1.3
»(CZ 7) 1o 3.3 (CZ 16).1bs CO2e/square foot of floor area, whereall-electric Standard Design emissions range from .
0.7 to 1.7 Ibs CO2e/ ft* Addmg efficiency, PV and batteries'to the mixed fuel code compliant prototype reduces
- GHG emissions by 20% on averageto between 1.0°and 1.8 Ibs CO2e/ft?, with the exception of Climate Zones 1
and 16, Adding efficiency, PV and batteries to the all-electric code compliant prototypé reducesahnual GHG
emissions by 65% on average to 0.8 Ibs C()Ze/ﬁv2 or less, None of the cases completely eliminate GHG emissions.
© . Because of the time value of émissions calculation for-electricity in CBECC-Res, there is always some amount.of
GHG lmpacts wnth usmg electncxty from the gnd

35 s EMlxed Fuei Std Des:gn L EAII Electnc Std DESIg

: & Miked Fuel: Efficiency ] Al Electiic: Efficiency
, ", B AllElectric: Efficlency & PV ,
1 8 Mixed Fuel:Efficiency & PV+Battery - © & ANl Flectric: Efflcxency & PV+Battery B

2.5:

15

Pounds CO2e / sqft

05

CZOl CZ02 CZOB 704 CZOS €206 207 C208 Cz09; CZ30. (7L €712 C713 - G714

Figure 5; Single family greénhouse:gas emissions comparison -

3.3 Multifamily Results
’ ‘Table 11 through Table 13 contam cost effectlveness findings for the multlfamlly packages. Table 11 surnmarizes
" the package costs for all the mixed fueland all electrtc efﬁcuency, PV arid battery packages

methodo[ogles for the mixed fuel and the-all-electric cases, respectlvely All the packages are cost-effective.
based on TV except Climate Zotie 3 for the-all-electric cases where no ‘cost-effective combination of nan-
preempted efficiency measures was found that met the' minimum’0.5 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 ahnual

utility bill savings. 1r these cases, thﬂre is ho cost associated with this upgrade and benefits are realized
immediately.

it is generally'more chalfenging to achjeve equivalent savings targets cost~eﬁectivé|y forthe multifamily. cases
than for the single fainily cases. With less exterior surface area per floor area the impact of envelope measures

26 © 2018-08-01
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is-diminished.in multifamily buildings. Ducts are already assumed to be thhm condltJoned space and therefore
only one of the dict measures found 16 be cost-effective in single family homes cari be app |ed

Flgure 6 presentsa companson of Total EDRs for the fultifamily-cases and Flgure 7 presents the EDR Margln

' _ results.. Each: graph compares the mixed fuel and all-electric’ casésas’ We” astheyv
efficiency packages were found forall:mixed fuel cases, The Target EDR Margin for the m ed fue[ Efﬁcxency

: Package are 0 5 forCl:mateZones 3 5 and 7 between 1 O and 2 5 for Chmate Zones 1, 2 A, 6 8 through 12 and

' Margln by an addmvonal 10 to 1 pomts. Chmate zones 1 and 16 whxch have hxgh heatmg !oads haVe much
hlgher EDR Margms for the thc1ency & PV package (19 5 22 5) The Standard Des:gn PV, thCh .15 hat is

’ offset QOA of the total electnmty use, the mcrease :
.DeSIgn P\/ system is already 3|zed to cover the coohng electnmty Ioad Wthh represents 30% of whole bu1ld1ng
is cliate only results in -
addmg approx;mately 240 Watts of PV capac;ty per apartment and subsequently El much smaller impact ofy the”
EDR than in. other climate zonies, Because of the limitations on ovérsizing PV Systeris to offset natural gas use it!

Is not feasible to achleve comparable EDR Margms forthe mixed fuel case asin the allﬂ lectriccase:

Addmonal results details can be found in Appendlx E— Miltifamily Detailed Results w ith summanes of' measures .
included in each of the packages in Appendix F~ Multifamily Measure Summary Asummary of results by
‘ fcllmate zone s presented in Appenidix ¢ G - Results by Chmate Zoné..

27 2019-08-01
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- Table 11‘

Multn‘amﬂy Package Incremental Costs per Dwelhng Unit
. : ‘ All-Electric

Mixed Fuel

Equlpment -

Preempted, i

Ef—ficiency &

PV/Battery.

Non-. |

: Preempted | -

Equ;pment-f“
Preempted" B

‘Efficiency”|.

&PV

'Ei’“Fci'e'ncy' &
PV/ Battery‘

L8507

+5487 |
#8403 [
48351

483,094
482,413
452,279
452,429 |

#5948 | -
+$361:,l
#6361

#8795

YL
48795

87957

55538 |

oS3l
83272
483,158

43358

#8213 |

eEes |
s

#$2,188

$52,2737
+52,294.

482,353

AS247 )
o#$231)
48202 0 s
C46231

T 45795, g

~#$8,293 |
452,580
w2261 |
"9f;+$gz4oyifg-

#$6,314:
l+s559o;

SHS2TA

“¥§250 |
#8317 [
HS43a |

#52,234:)
482376 [
482,950 |
Coxsyaoq |

48237 |
Cow$361
81,011 H879¢
sroi |+

453,601
- 1#63,835 |

52232

C#$2,936 |k
T 452,957
482,604 |
83,028 |

+$1,011 |
C4ST011 |
+$1,011 | S
o #8843 48

#$3,462] . +56,650

L #$3,356
. 451,826
454,423

. #87,533
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TabIe 12 Multlfamlly Package Cost—Effectlveness Results f()r the Mixed. Fuel Casei'zr )

, l”>:L” indicates cases where thers are both first.cost savings-and annual utlllty bill savings.

2Imﬁarma‘c;on aboutthe measures mcluded foreach climate zone are described in Appendix F— Multn‘aml!y Measure Summary
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Efflc:ency

Table: 13 Multlfarruly Package Cost~effect1veness Results for Lhe All- Electrm Ca:.e1 2
TR v 'Efﬁcxency & PV o

n- Bm TDV

Equnpment Preempted

; TD'V’

. ‘Toté‘l"

EffiClency & PV/Battery B

”6:&"3111

Efﬁ'ciéhcy‘ T
B/C.' B/C | EDR - On:Bill - "B/C DR | EDR B/C .
Ratlo “Ratio: Margm B/C Ratio Ratio Margm Ratlo o
14 3.3 24 2:3: SO
- 3.2 16 116
27 1716
w22 T '
901367 2.0
36l 2.0
22 1.9
ot 17
19 18
150 1.6
- L 2.0
139 23
2.9 1.6
138 2.3
P38 e 2
38 0 200 22
3. 2 1.7

Mg indlcates cases where there are bo’ch flrst cost savmgs and annual uulxty bl“ savmgs
2information about the measures included for ea,ch climate zone are described in Appendix’F — Multifamily Measure Summary. |
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Flgure 7 Multlfamlly EDR Margm comparlson (based oxl Efﬁaency EDR Margm for the
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3.3.1 GHG Emlssmn Reductlons

Figure 8 compares annual GHG emissions for both mixed fuel and all-electric multifamily 2019 code comphant
_cdses with Efficiency, Efficiericy & PV and Efficiency & PV/Battery packages. GHG emissions vary by climate but
aré consistently higher in mixed fuel cases than all electric. Standard design, mixed fuel emissions range from 2.0
t0 3.0 Ibs CO2e/square foot of floorarea, where all-electric standard desigh emissions rangefrom1.2to 1.7 Ibs
COZe/ ft2 Adding PV, battenes and efﬁmency to the mixed fuel code compliant prototype reduces annual GHG
emissions by 17% an average to between 1.7 and 2.2 Ibs CO?_e/ft2 except Climate Zone 16, Addmg PV, batteries
and efficiency to the all-electric codé complignt prototype reduces anniual GHG emissions by 64% on average to
© Q.6 1bs CO2e/ft? oF less with the exceptlon of Climate Zones, 14, 15 and 16. As in the single family case, none of

the cases completely eliminate GHG emissions because of the time value of emissions calculatlon forelectricity.
* in CBECC-Res.

35 e ﬁMixed Fuel: Std Design ©EAN EléCtrica'Sgd_Dé;qgh R ‘

& Mived Fuel: Efficiency ZAlLElectric: Efficiency - : ‘
. L ‘ B Al Electrjc: Efﬁciegcy&Py . |
& Mixed Fuel: Efficency & PV+Battery B ANl Electric: Efficiency & PvaBattery |~ 77 ;

N
w

i

is5-

Pounds CO2e / sqft

ot

0.5

© (703 €704 (205 C706 CZ07 CZ08 €709 €710 CZil (Z12 (713 CZ14 -CZ15 CZ16

[
N

=0

L
. ‘Q |

jo]

N

Figure 8: Multifamily greenhouse gas emissions comparison.

3.4 EIectrificatioH Results.

Cost-effectiveness results comparmg mixed fuel and all-electric cases are summarized below: The-tahles show
averagé annual ufility bill lmpacts and lifetime utility bilf impacts, which account for fuel esealation for electricity.
_and natural gas (see Section 2. 5); lifetime equipment. cost savings, and both On—BaII and TDV. cost»effectiveness
(B/Cratio); Positive utility bill values indicate lower utility costs for'the all- electric home relative to the. fiixed
fuel case-while negatlve values in red and parenthesxs indicate higher utlhty costs for the all-electric-case:
Lifetime equipment cost savings include savings due to ellmmatmg natural £as ] infrastructire and. replacement
costs for appliances based on equipment life. Positive values for the lifetime equipmernit cost savmgs indicate
Iower mstal!ed costs for the all- electnc and negatlve values mdlcate hlgher costs B/Cxatxos 1 0 or greater

was mcremental cost savings in addmon to annual utility bill savmgs In thesp cases; there is no cost’ assomated
with this upgrade and benefits are realized immediately..

32 2018-08-01
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Three scenarios were eValuated v Co ‘ ‘

1 7019 Code Compliant; Compares a 2019 tode: compllant all- electrlc home With a 2019 code comphant
mixed fuel home, v
2: Efficiericy & PV Package Compares ah all-elécttichome with efﬂcxency afd PV sized 16.90% of the
- annual electrlc1ty use:to.a 2019:code compliant. mixed fuel home. The first cost:savings in the code
. tompliant. all-électric house Is invested in above code eff1c1ency and PV reﬂective .the ,Efﬁcien_cy & PV
packages descnbed above '

";comphant mixad fuel home The PV system for the all electrrc case Is srzed o result in.a.zero llfetlme
'mcremental cost relatlve 16.3 mlxed fuel Rorie. # T :

3 4’1 Smgle Famllz

’alIOWance deductlon are not apphed and therefore the cost savings-are tW|ce as muCh

Under the Efflcrency & PV Package and the On Blll enalysxs the mcremental cost of the efflbie'nc\/ ahd P’V'is

ncremental cost savmgs for the all~electr1c home Wlth the TDV analys;s, there is s’ul] an mcremental cost
savmgs i all¢limates nept X and 16tor: smgle famlly

Utlllty lmpacts dn‘fer by chmate Zohie and utnlrty, but utlhty costs for the ¢ode compllant all- elaetric optlon are
* typically higher, than for the ‘compliant mixed fuel design. There are utility-cost savings across all chmates zones
anhd biilding types for the all- electrlc Efficiency & PV Packageé, resultmg ih & more cost-effective op’uon

- The all-électric: code comphant optiotiis cost-effective based ohthe On-Bill approach forsingle fam]ly homes | 1n

( 107 'CE/SoCalGas territory. only) and 15, The'code compllant optlon is cost-effective

,based o the TDV methodology in alf ,mate zones except.land-16. If the same costs used fortha Off- Bilk

dpproa th.ate also used far the TDV approach (mcorporatmg the Utrllty Gas Main Extensions rules 50% refund
and appliarice allowarice. deductlon) th all- electrlc code compliant’ optlon is-cost-effective ih Climate Zories 6 -

through 10: The Efficiency & PV. all electric op’oon 15 cost-effective in: all cllmate zones based on both the On- Blll L

. and TDV: methodologres In many cases itis cost—ef'fectxv_, l‘mmed lately wrth lower equiprient and utrhty costs.

'The last set of results in Teble 14 shows the neutral cost case where the cost savmgs forthe all electnc code

.On Blll approach Thls package results in utlhty cost savmgs i all cases except Chmate Zones 1 14 (SCE/SoCalGas
temtory only); and: 16, For these thrée cases the Reach Code: Team evaliagted how ¢ uch additional PV would be:
requ»red 10 Yesulti ina costieffactive package These results are: presented in Tabje 15 and show thatan - '
additional 1.6KW in Climate Zone 1 results in a B/C ratio of 1.1. For Climate Zone 14-and 16 adding 0.25kW and

L 2kW respectlvely, results ina B/C ratio of 1.2, Neéutral cost cases are cost effective based on‘the TDHV

3. 4_,_2 Multltamllz

Multlfamlly results are fourd in Table 16, Table 17 Figure 12, Flgure 13, and’ Figure 14. Llfe’ome costs forthe
multlfamlly code com pliant all-electric option are approxrmately $2,300 less than the mixed fuel code compliant
option, entirely due to the ehmlnatlon of gas infrastructure, When evaluating cost-effectiveness based on TDV,

33 2019-08-01
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‘the Utlllty Gas Mam Extensions-rules 50% refund and apphance aljowance deduction are not applied and
therefore the cost savings are approximately 2.5 times higher. -

: Wlth the. Effmency & PV Package and the On-Bill analysts, due to the added cost of the efhc;ency and PV there is
a net cost increase forthe all-electric case i al] climate zonés for except 7, 8,9, and 15, With the TDV analysis;
there is still an incremental cost savirigs in all climates. Like the single family results, utility costs are typically -
higher for the code compliant all-electric option but lower than the code compliant mixed fuel option with the -
Efficiency & PV Package,

The all electnc code compliant.option is cost- effective based on the On-Bill approach for mult;famlly in Chmate -
Zones 5through 9,10 and 14 (SCE/SoCalGas territory only}, ‘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 arealso used for the TDV approach (mcorporatmg the Utility Gas Main Extensions rules.50% refund--
and apphance allowance deductlon) the all-electric code compllant option is cost-effective.in Climate Zones 8
and 9, Like the smgle famlly cases, the Efficiency & PV all-electric option is cost-effective in all climate zones.
based on both thé On-Bill and TDV methodologles

The Iast setof results in Table 16 show the neutral cost case where the cost savmgs for the all-electric code
comphant home is invested in a larger PV system, resulting in @ lifetime incremental cost of zero based onthe
On-Bill approach. This package resuilts 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-effective package. »
These results are presented in Table 17 and show that an additional 0.3kW per apartment results'in a B/C' ratio
of 1 1. Neutral cost cases ‘ate costaeffectlve based on the TDV methodology in all climate zones except 16.

' Tahle 14 Single l“amﬂy Electrlﬁcatlon Results

o On-Bill Cost effectlveness U L LTDViCQs'tfeffectiVEneSS’. »
Average Annual Utlhtv BI” 2 jﬁ Llfetlme NPV A:‘ o - Lifetime NPV -
Sa\nng % : R N T

Neti*‘w

. o Equnpment On B]” : , Equnpment TDV '
““. Utlllty : Cos

Cost ‘B/C o Cost B/C

Savings, Ratio? ' Savings . -Ratio|.

): #511,872
+$11 872

4). +55,349 ..
: : 485,349 05 '
OPGRE | 455,349 6) +$11872 15
 PGRE | ($710)  +$38; 32 9,671) 485349 0.6.°| {($7,447) *$11,872 1
. PGRE| -($738) - #5367 -($371) |-(511,128) +$5349 . 05 |-($8,969) +511872, 1
PG&E/SocmGas H($738) - +$370 ($368) |+(511,034) . 4653497 0.5 [+(58,969) +$11,872 13| .-
SCE/SoCalGas | -($439) 45289 ~($149) | -($4,476) 12 A86) as11B2. 25 |
oA 8) +$11,872. 25 |
:?f:+$11872;f"“

PG&E.
. PG&E

SCE/SoCalGas |
'SCE/SoCalGas:
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Red values in parentheses mdlcate an increase in utlhty bill ‘costs oran incremental ﬂrst cost forthe all- electrxc home.
2451% indicates cases where there are both first cost savings-arid annual utility bill savings.
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Table 15+ Compéri&oh of Single Family'On—Bill' Cost Effectiveness Results_ with'A_dditional

SLE Mm Cost Effectlveness R
: TPV ‘ Equnpment On Bxllr ,
el Capac:ty : ~Cost: 1 :
cz| v utility | (kw) S,avmgs Rati‘o;f_
01f . PGRE| 47 . : 72) "‘1“1' :
14) SCE/SoCalGas'| 4.5 12,
16|70 PG&E AL : 12
‘irrh i
¥ mmedl‘ate’g‘
P35
I i
. 30
|
ERE
KT R
£ 90 el
(S i
WS s
1.0 A
05 g ®
00 +o bl
N
@
< & D
P & 0
Q(q: Q-f') V(?
s,)/‘. . "\, " /\,

& On-Bill B/C Ratio A TDVB/CRatlo o mBCR =1

i
|

Flgure 9 B / C ratio results fora smgle famlly all-electrxc co de comphant home Versus a

36

mixed fuel code compliant home
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Flgure 10 B / C ratio- results for the smgle famlly Efﬁr,xency &PV. all electrlc home versus a:
mlxed fuel code compliant home

versus a mlxedfuel code comphant home
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Table 16 Multlfamlly Electrification. Results (Per Dwellmg Umt)

=0n- Blll Cost—effectuveness

TPV Cost effectw,‘

Average Annual Utllxw Blll

) Llfetlme N

' Equrpment _:"On—‘E‘il:l' :

PGRE

L PGRE |
- PG&E | -
PG&E |

$$2.337

PG&E

DS PG&E/SoCaIGas
06|~ SCE/SoCalGas | -(¢
‘ : -SDG&E | -

Il SR s
08|  SCE/SoCalGas

M +$2/337
482,337 0.
Lo482,3370 07

+$2337:*]:"3

+472 ‘gn7:

VgL, 0540

e on
485,800 27

485,809 1.2
+$5,899

155,899 2.4

gejeftedw ol

09( ' SCE/SoCalGas | -
10| 7 - SCE/SoCalGas
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482, 33_7; o0l
- 4$2,337. 7. 0.

. ¥$2,337

/ ,¥$5 899‘ .

ﬁsgw,ﬁ;f'
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14| ** SCE/SoCalGas

- SDG&E

i v‘SCE/SoCaIGas

PG&E

($367);
55 411 )

452,337

152,837 0%

462,337 0,5
+$2,337 . 6.

- .+$5,899 R
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+55,899 -

1458997 2
+$5,899

"~‘rf'Effic1ency &PV Package

PGEE

* PG&E
- PGRET| ($12)
CPGRE | (S8

93 45174 |
- +$152}
142 +$130 |
38136

+55, 230°
+$4 549

t+$3910':‘
54,080

-($3,202)

452,467
48178

3| 452,605
452,381

48361 sl
+$2,187 - »17
52,626 . >1
82,740

s PG&E
: PG&E/SoCalGasi
SCE/SoCaIGas._

SCE/SOCaIGas”

1045121
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+877
'ff*$87f

+$3,635 - (595
464,765 ¢ (S8
452,309
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| 462,480, - 44

’;f +51,403
451,403
| #$1,940

452,606 . >1
L #$3,319 - 1
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451,583 Son
T as3esn a1

+52,606°

~SCE/SoCaIGas,
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B2 | 452,469
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1Red values in parentheses mdlcate an incréase in utmty bil} costs oran mcremental ﬁrst costfor the all electnc home
2%1” indicates cases wherte there are both first.cost savings and ahnual ut:hty hitl savmgs '

Table 17 Comparlson of Multlfamﬂy On—BﬂI Cost Effectweness Results with Addltmnal PYV.
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B/C Ratio

05 .. e,
0.0
| ' & OnBill B/C Ratm A OV B/C Ratic = = BCR=1
i

Flgure 12: B / C ratm results for a multlfamlly all electrlc code comphant home versus a
- mixed fuel code comphant home
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.FlgLre 13:B / G ratio reqult'; for the multlfamﬂy Efﬁmency & PV aII electrlc home versusa

mixed fuel code comphant home
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B e e e e sl L i L
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Flgure 14 B / c ratlo resulfs for the multlfamlly neutral cost package all eIectmc home
versusa mlxed fuel code comphant hormae,

4 Conclisions & Summary
This report evaluatedthe feasrbjlxty and cost~effectrveness ot above code performance specnﬁcatlons through

the appllcatlon of efficiency measures, P\/ and electric’ battery storagg in all1 ‘
analysrs found cost—efFec’clve packages across the state for both smgle famlly an

‘ valuated accordlng to two metrlcs On Blll customer llfecycle beneﬂt to cost and TDV llfecycle beneflt—to tost,

- While all the abovecode: targets presented are basecl on packages thatare cost-effective uriderat least one. of
- these metrics, they are notall cost—effectl & underboth me’mcs Generally, thetest for bemg cost-effective.
under the TDV riethodology Is less chal[engmg than under the On-Bill methodology Therefore, all packages.
" presehted are cost-effective based'on TDV; and mayi or niay hot be-cost-efféctive based on the On-Bill riethod:.
Jt is:up-to each Jurisdiction to determine what metric is: most appropriate for their apphca’oon A summary of
results by clxmate zone gre presented in Append:x G~ Results by Climate Zone. K

Above code targets are presented as Target EDR Margm which have been defined for each scenario where a
cost-effective package was identified. Target EDR Marglns represent the maxrmum “reach” valiies: that meéet the :
‘requn‘ements JJurisdictions may adopt less stringent requirements. For the Efﬁaency Package the Target EDR ~
Margm was, defmed based [e]3) the Iower EDR Margm of the Efﬁcrency Non Preempted Package and the

EDR Margm ofB and the Preempted package an EDR Margm of4 the Target EDR Margm is set at 3

The average mcremental cost for the single family Efﬂc;ency packages i5~$1,750. The Efﬂcrency &PV Package
average incremental cost is $9,180 and for the Efficiency & PV/Battery Package it is apprommately$5 600 for the
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et

mixed fuel cases and S15 100 for the.all- electrlc cases, The incremental costs for each multifamily apattment are,
approxxmately 30-40%. lower. See Table 8 and Table 11 for-a summary of package costs by case.

Table 18 and Table 19 summiarize thé maximum Target EDR-Margins determmed to be cost effective.for each
package for smgle famlly and. multlfamlly, respectnvely Cases labeled as: n/a in thetahles indicate where no
cost-effective package was identified under either On-8ill or TDV' methodology

“This analysis also [ooked at the GHG emissions impacts of the vanous packages. An‘all-eléctric désign rediices
GHG emissions 40-50% in most- cases relative to a comparable mixed fuel design.. -

Thére is mgmﬂcant interest throughout California on electrification of new buxldmgs The Reach Code Team »
assembled data on the cost differences betweena code compllant mixed fuel bunldmg and-a code comipliant all~
electric building. Based on lifetime equipment cost savmgs (the différence in first cost for equipment and
infrastructure combined with incremental’ replacement costs) of $5,349 foran all-electric single family home this
analysxs 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/SoCalGas territory only), and 15, and cost-effective in all climate zores
except 1 and 16 based on TDV. For multifamily buildings, based on a cost savings of $2 337 per apartment the
code compliant option is cost-effective in Climates, Zones [ through 9,10 &.14 (SCE/SoCalGas territory only) and
15, and cost—eﬁ‘ectwe based onTDV.

Adding éfficiency and PV 10 the code compl liant all- electnc buildings increases the cost- effectxveness in all
climate zones, The Efficiency & PV Package is cost- effechve when comparéd toa mixed fuel code compliant
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 elettricity Use of the home. While this
results in higher installed costs, the reduced lifetime'utility'costs are larger (S0 to $6,000 lifetime incremental
eguipmerit costs in many climates for single family homes and an associated $4,500 to $13 500 lifetime utility
cost sdvings across the same cases), resulting in positive B/C ratlos for all cases,,

The Reach Code Team also evaluated a neutral cost electrlflcatlon scenario where the cast savingsfor the all-
electric.code compliant home is invested in a larger PV system, resulting in & lifetime incremental cost of zero
based ori the On-Bill approach: This package results in utility cost savings dnd pOSlthe on-bill B/C ratio in all 7
cases except.Climate Zones 1 and 16 for single family, and Climate Zone 1 for low-rise multlfamlly lncreasmg the

PV sizes in those climates by: approxumately 30% resulted in posmve on-bill B/C ratios, whlle stil} not resultmg in
oversnzmg of PV systems

Other studles have shown that cost- effectlveness of electrification incredses with. h|gh effucxency space
condmonmg and water heating equipmentin the afl- electric home This was not dxrectly evaluated in this
analysts but based on the favorable cost- effectlveness results of the Equipment, Preempted package for the
individiial mixed fuel and dll-electric upgrades it’s expected that applying similar packagés tothe electnﬂcatlon
analysis would result in increased costs eﬁectlveness ‘

The Rea‘ch Code Team found there can be substantial variability in first costs, particula'rly related to.natural gas.
infrastructure: Costs are project-dépenident and will be inmpacted by such factors as site characteristics, distance
to the nearest gas main, joint tretiching, whetherwork is conductéd by the utility or a private.contractor, and
‘number of. homes per development among other things: While the best'cost data available fo the Reach Code

Team was dpplied in this analysis; individual projects may. experlence different costs -either higher or lower than
the esttmates presented here.
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Table 18: Summary of Smgle Famﬂy Target EDR Margms

' J"'Ef'ﬁc‘iéni:v-

Effmiency

&

" PV/Battery '

Effn:lency

All Electhc'

;1.0,5

10.0 :
10:0%
- 100

6 5
45

EfﬂCIency & PV
- 31.0

180y
18.0 |

17.0

:41 0
’ 30,00
29.0 |
285 |

9.0 | .
95 |
9.0
8.0

180

4.0
i10. |

2851 .
260 |
240
215

3.0
4.0 |
3.0 |

851
.95
9.0
95

11,5
11Oy
14.0 |
155 |

210
21.0
23.0-
25.0.

4,5
5.0

80

70
105,

8.5

13.0 |
155 |
6.0, |-
26,5 |-

22.0°
- 23.5
13.0

-;:-Efﬁcxency
PV/Bat;er.y,

&

| “Efficiency & PV |

PV/ Battery .

. Efﬁcnency

2.0
.‘1.'5’ :
0.5

1.0

115
10.5.
10.0
110

22.5.

160
150 |

34.5 |
30,5 |
29.5
285 |

"'(125" _
1,0.
T0:5
10

o5

o170

13.5

125,
11.5. |

30.0°: -
27:5: |
27.0°
24.0:

2.5 .

:‘1‘;5 e

10 |
105

13.0

1400

A '23;0-': L
23,0 .
25.00)

U265

30|
4.0

20

12.0:f
14.0.

7.0.

© 195 |

235
24.5 |
165
29.5:|.

43

344

2019-08-01



2019 Energy Efficiency Ordiniance Cost-effectiveness Study
5 References

California Enérgy Cominission. 2017, Raoftop Solar PV Systérn. Measiire nurnbef: 2019-Res-PV-D Prepared by
Erergydnd. Envrronmental Economlcs Inc. https /'/efllm;ar energy.ca. gov/getdocument aspx7tn 221366 :

California Energy Commission. 2018a. 2019 Alternative Calculatlon Method Approval Manual. CEC- 400- 2018-

023-CMF. December 2018. California Energy Conimission. https //WWW energy: ca gov/ZOlSpubhcatrons/CEG»
~_400 2018 023/CEC 400 2018 023- CMF pdf )

California Energy Commission, 2018b 2019 Building Energy Efficiency. Standards for Re5|dent|al and
Nonresidential Buildings. CEC-400-2018-020-CMF. December 2018. California Energy Commission.
https //www enere;v ca. g]ZOB@bhcatrons/CEC 400 2018 DZO/CEC—400 2018 020 CNIF pdf

Caln‘ornla Energy Commrssmn 2018c: 2019 Reference Appendrces CEG-400+ 2018 OZl«CMF December 2018,
California Energy Commission, https //www energy.ca, gov/2018pubhcatrons/CEC 400-2018- OZl/CEC 400 2018—
{021-CMF. pdf

' California Energy Commission. 2018d. 2019 Resi'dent'ial Cornpl‘ranc'e Manual, CEC-400-2018-017-CMF. December
2018, Cahforma Energy Cornmission. https: //www energy.ca. gov/ZOlSpubhcatlons/CEC 400 7_018 017/CEC 400— .

'-m—ro A1T.ny
AUICH L Y FGd

Cahforma Energy Commrssron 2019 2019 Residential Alternative Calculation Method Reference Manual. CEC~
400-2019-005-CMF. May 2019, California Energy Commission,

'hugs JIWWW, energy ca.gov/2019publications/ CEC:400-2019- OOS/CEC 400 2019 005 CME. pdf

California Publlc Utilities Commiission, 2016; Rulemaking No. 15-03 010 Arni. Order Instrtutmg Rulemakmg to
|dentify Disadvantaged Communities in the San'Joaguin Valley and Anaiyze Economically Feasible. Optlons to
Increase Access to Affordable Energy in Those Dlsadvantages Communities, Propgsed Decision of Commissioner

Guzman Aceves. April 07, 2017 http://docs.cpuc.ca; gov/PubllshedDocs/Eﬂle/GOOO/M183/K389/183389022 PDF:

Davis Energy Group: 2015. Evaluatlon of Ducts in. Condrtroned Space. for New Callfornla Homes. Prepared for

: Pacific Gas and Electric Company. March 2015, hJS //www etcc -ca. comjreports/evaluatlon ducts condmoned~
Spdace-new- calrtorma homes ‘

Energy- & Envrronmental Economics, 2019. Residential Burldmg Electrlﬁcatlon in California, April 2019.
https://www.ethree.com/wp-

Acontent/uploads/2019/04/E3 Resrdentral Burldmg Electrlfrcatron m Calrforma Aprrl 2019 pdf

EPRL 2016. SM UD All-Electric Homes Electnﬁca‘tron Case Study.vau mmary for the Three-Prong Test Discussion.
Electric Power Research Institute, Inc. September 2016. Presentation to Sacramento Municipal Utility District.

Horii, B., E. Cutter, N Kapur J. Arent, and D. Conotyanms 2014 “Time Dependent Valuatlon of Erergy for
Developing Bur[dlng Energy Efﬂcrency Standards.”. ’
“http; //www énergy.ca. gov]trtleZAjZOletandards/ prerulemakmg[documents/zom 07-

.09 workshop/2017 TDV: Documents/

' ltron 2014 2010 2012 WOO]7 Ex Ante Measure. Cost Study; Final Report ltron May 2014, Presented to
California Public Utilities Comifnission,

Barbose, Galen and Darghouth Naim, 2018; Tracking th"e Sun, Installed Price Trénds. for Distributed Photovoltaic
Systems in the Umted States - 2018 Edrtron Lawrence Berkeley Natlonal Laboratory September 2018.

Navngant 2018 Analysrs ofthe Ro]e of Gas for a Low Carbon Calrforma Future Ju!y 24,2018, Prepared for
Southern California Gas Company.

' https I www. socalgas com/1443741887279/SoCa Gas . Renewable: Gas_ Final: Report pdf

o

345

 2019-08-01



_ , 2019 Energy Eff/mency Ordlnance Cost ﬁect/veness Study‘
;Penn lvan' 2018' Cheaper Battery ls Unverled asa Step ’co Qi Carbon Free Gnd The“New York Tlmes September '

Accessed January 29 2019

o Statewide. CASE Tea”m» 2017a Codes and’Standards Enhancement (CASE) lnitratlve Dram Water Heat Recovery— ‘

'Sta’ceWIde Reach Codes. Team 2017a. CALGreen All-Electric’ Cost~Effect|veness Study. Prepared for, Pacrﬂo Gas
and Eléctric Com panyr Prepared by Davrs Energy Group October 2017 '

‘Statewrde Reach: Codes Team; 2017b. 2016 TltJe 24 Residential Reach €ade Recommendatlons Cost-
effectNeness Analysus for All'Cahfornla Chmate Zongs:. Prepared for: Southern California Edison. Prepared by TRC

http i ocalen‘-
%20C05t Eff/ozoRgort

45 2019-08-01

346



. 2019 Enerav Efficiency Ordmance Cost—effect:veness Study

Appendlx A- Cahforma Climate Zone Map

Building Climate Zones
California, 2017

| Building Climate Zones

: ' County Boundary

Vier

Commm Pome Tibroiosw CET Chem Fiires y S

Flgure 15 Map of’ Callforma Climate ZOHBS {courtesy of the Californiy Energy Commtssmn”)

v hftgg://wwz,'energy.ca.gov/mapg/renewa'bie/bui‘lding cii:mate zones.html
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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 baselme territories that were assumed for each climate zone.

Table 20: PG&E Baseline Territory by Climate Zorie
Baseline |
Territory

czo1
Cz02
Cz03
CZ04
1 czos
cz11
L A . €712
czi3
. | CZ16

~<|mlwl|m x| x]<

£

The PG&E monthly gas rate in $/therm was. apphed on a monthly basis for the 12-month DETIOd endnganuary
2019 accordmg tothe rates shiown below:.

Pqurc Gas and Electnc Company

’ Réﬁdenual Non-CARE and CARE Gas TanffRixtés
’ January 1,2018, to Present

(SImerm)”
Minlmum: R )
Advice | Transportation . TOTAL Residen

Effective ]| Letter’ : Charge? i|Procurement] Transportation |- RE=

- Date.- |Number (erdsy) | Charge | Charge? “Schedules Chatge
. N . . Baseline |* Excess. | ' Baseline Excess
010118} 3918-G | 3009863 -7 $0.37310  |50.91828151.46025). $1.29138 | §1.84235'

0201118 ] 3931-G | §0.09863 | . 50.40635  |50.91828]51.46925] $1.32463 | ST P
03/01/18 | 3941-G |  $0.09863 5032103 |50.91828151.46075| '$123931 | s179028 ) - .. L1
0401118 3959-G | 5009863 | $0.34783  |50.91828|51.46925) 51.26611°} 5181708 : i
-L05/01/18 | 3969-G | $0.09863° | - §0.26995 | 50.91828 5146925 | $1.18523 | $1.73920

106/01/18 | 3980-G | 50.09863 |- 50.21571 |s50.91628|51.46925] $1.13309 1 51.68496.
:107/01/18 ) 3984:G | 50098637 | 30.22488  150.93438 i $1.49502|-51:15926 1 51.71950:
" 0B/01/18| 3995-G | . $0.09863-. |  $0.28B14 |$0.93438151.49502{ $1.22952 1 §1.78316

09/01/18 | 4008-G |  $0.09863 50.95597 . |50.93438 1 $1.49502 | §1:49035.] 51.75099
110/01118| 4018-G | $0.09863, | $0.27383  |$0.93438!§1.49502) $1.20821: | $1.76885

11/03/18| 40346 |- $0.09863 | 5035368 |50.83438| 5149502 | $1.28606 | 5184670

1201181 40454; .. 50.09863 50.42932 su 93438 $1.49502}- $1.92434:
-Lovo119] 40526 | $0.09863 | $0.433347 |50, 99414 31;59053 5142008 }-52 00457

¥ Unless otherv/ise noled
T Effecive.duy 1, 2005, the Transportation Chargh witbs ng lese man e Ifinimuni Transportation Thirpe oF50.05883 (pec day) Avp!xcsbl: io RaleSchedule G—1 onty:
.} "8nd does nol sppy lo tered fenants of mash tered cust served under gas Rale Schedule GS and GT. -
¥ Sehedule G-PPPS (Puhic Purpose Program Surchargt) needs {o'be ndded 16 the TOTAL Hon-CARE Chirge and TOTAL CARECharge for lﬂ] ce)culshon See’ Schedma G~PPPa fﬂrdela’ls and exempt wslomem
| [ CARE Schedules include Califormia <o!ar hmahve (CSI) Exemption in accordance with Advice. Leuer 3257-G-A.
[ Per dweTing uné per day (nulcfnm?y Semce) .
‘ Per instaled space per day (iobichome, Park Service) .
" rhis procurern‘nl rete includes & charge of $0.03586 perihermto refiect nccount ha!ance amomzamna n accordancewihAdv;oe Leﬂer 3157—8
* Hesidential biil credit.of ($23.65) perh hold, 3n0Ua bl credil-otebrring in fhe Detdber 2838 bi ﬂcycle:,!herc;sﬁermrh- Apn] biD cyclv‘-.,
. iSeasons; Winter = Hov-ilar ~Summer=ApriOct
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Pacific Gas and .
E!ectm: Gnmpany“j Goncaling Res

San Franus"o -Califortifa

_ FLECTRIC SCHEDULE £10
RESIDENTIAL TIME-OF-USE SERVICE:

1y Rates (3 per kWh)
ummer (all usage)
“Winter (all dsage}-

4genemﬁunmleﬁmes the number of KWh used Forrevenue accounhng pU
fmm the delrvery mmxmum b|I| amount w’llbe asssgned 10 the T lransmrssmn

. Genemtlun Charges bas d on RWhusage times the. correspundlng unbundled tate co
‘per! kWh \'nlh ‘any residual Tevenue’ ﬂssxgned to stiﬂ)ut(on )

UNBUNDUNG OF OPTIOH B TOT.,.

Rafi athyﬁervuyzs (a 50. 00750 :

Public Purpnse ngn s1. f1413 0
. Niselear Decommissioning (&l a5ag £0.00020 - -
'.Compehbnn Transifion Charges (all SO 0013" s

Energy Cost Recovnry Amounl (all
DWR Bond {all usage)]
“New System Genmi:

© {50.00005)"
5000503

ﬁ

= Thig same asajgnment ofrev_ u

Transmission; Transmissio

. presentalion on custdmer bl
Distribition and New System

custon1=rs.
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Paciti Gas and | Relised  CalFPU.C.ShesfNG. 347356
Electric £ompany Caricéiing Revised  Cal P.U.C. SheefNo.  34691-G

San Francisco, California

GAS SCHEDULE-GA _ Shest 1.
" RESIDENTIAL SERVICE: :

APPUCABILITY: This’ rate sohadule! applies to n_«smra] gas senvioe 16 Cora £nd-Use Cusfomers on PG&E 5
Transmission and.for Distribution Sysl&ms. To qualify. s='v1r.>e must be fa indi vxduaily~mni&rad
single family premises sor \smenhal use, including those in.a multifamily complex, and to
sepsra:ely -metered cominon aress in g mmflfamlly oomphx vihere Sthadules G, GS.ar GT-

*.arg not applicable. Common:area aceounts thal are: separately metered by PG&E haveran
“option of svAtching fo & core Gommerctal rate sclieduld, Compion area secounts ara those
accounts that provide gas senvice io common dse areas as dnfned in Rute 1.

. Per D.15-10-032 and D. 18-03-017. iranﬁpor‘}abon rates’ mc{ude GHG. Compllance Cast for
nov\»caverad “‘enfiies. Customers who are directly bilfed by the Air Resources Board (ARB)
Ley oovered entities, are exempt fram paying AB32 BHG Compliance Gosts thiough PG&E‘S
rates “A 'Cap-and-Trade Cnsi Ex&mptmn credtfor(hesa cpsts WII! be shown as a ling 1(&*\1
on eyempt cus{omnrs bills ¥

TERRITCRY: Schadule G-1 applies avarywhare within PC&ES na{ural gas Service Tern’mty

RATES: o Cusiomers on this schedula pay a Procurement Charga'and a Transportation Cnarge, per.
: : riefer, as shown balow.. The. Tmnspm‘ahun Charge will be nd léss than the Minimum
Transpurtation Charge, s follows::

Mipimu Transgodabon Charge: £ ) " °_PerDay
’ $01.08863
L " ‘PerTherm
i : Baseling Excess

wrement ' s043384 () . sl43e4 ()
Transportation Charge: ) 5083414 (1) $iEsa i1
Totak . Su4zBOE. @ SREMET (1)
Califorria flaliral Gas Climate Cradit (325.45) 1), )

(perousehold annual paymant

’Lhereaﬁer inihe Apm bill cyale): |
Pubbn Piirpose Program Surcnarg :

Cusiomers sarvad under this sr;hndulﬂ are subjﬁ-ctto a gas F‘ubhc Purposu Program (F‘FF}
Surcharge under Schadula G-PPFS,

See Preiifniﬁafy _Sfa{em»:‘nﬁ Part 8 fortha Def’a‘u’lt Tai“rff Ratézcomponérits;

The Produrenient Cbaxgo on this schedule is equwa!snttn the rate sho.vn o informatiapat
Sghadule G- CP—Gas Prccurement Sendi ice ta Core End-Use Customers:

PG&E's gas tariffs are Ewal!ahln onfina =t wivw, pge.com..

Govered entifies are not exnmpt ffom paying sesis associated with LUAr Gas and Gas used, by Company
Fatﬂrhes_

3 The exampbnn sradif il h-= EqUE| i !he effective non—ex#mpinB a3 GFG Comp)lanne Cosi Rata (S per therm}
inclisdad in Preliminany Statement = Part B, mu‘bphed by the customer s billed voliimes fthams} for aach billing
penod.

. PGAE will upda‘e its !ﬂlmg ‘System. annua!!y 0 reﬂa,t newly exempt or newly Excluded customets to conform
with Jists of Directly Hilled Customas provided annuaily by the ARB,

The Mirifmurn Transporfation charge does not apply fo submetﬁrnd tenants of mast=r~meiernd customars served
: undnr gas ra’re Schedules GS and GT .

“an

» (Cpni:pued}
Advice  das2a fssued by Submitted _Decerber21, 2018
Decigion. 97-10-065 & 98- ) Robert S:Kerinay. . Effective  ___January1, 2019

- 07-D25 - Vige President, Regulatory Affairs Resolution
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The following pages provtde details o are the: SCE electrlcity tar n‘fs apphed in‘this study Table 21 descrlbes the
basehneterntonesthatxvereassunﬁedforeach(ﬂnnatezone .

Table21: SCE Basellne Terrltory by Climate:Zone.
Baseline
. \Territory
CZOS 6

| Cz08:| 8. -
|.czo9. |9 - .
€210} 10 -
czi4 | 14
CZ15-| 15

Delmcy | Generation: | Total Rate:

TOU—Default R'ite 1 (Ou—Peak 4z O(} pm 9: 00 pm)
Enefgy Charge $/1(Wh ) ‘ . L :
C ! ) S 0.05948 0.25§28:

Wmtéi' Season M1d Peakl 028188}
0.26883:| -
016406 |

T ‘Stiper-Off Peak.
Charge - $/day i

Siniglé-Family Residence

Multi- Famﬂy Residence -

[0:00000¢ (006512

51 2019-08-01

352



2019 Fnergy Efficiency Ordinance Cost-effectiveness Study

Delivery- | Geéneration | Total Rate .|

| TOU-D-Rate PRIME

‘Energy Charge - $kah o : .

Summey Season« On-Peak C015926. - 019811 035737
Mid-Peale 045926 010092 026018
(OffPealc 008308 004687 042995 |

Wmter Season "\/de Péak: 1016268 0:16761; 0.33029°)
Off: Peak_ . 0.08081 004331 0:12412:
i?sfnpel-off Peak: 008081 004331 B:12412

Customer Charge'~ $/day- . - ' 0395 0.000 . 70:395

TOU Peﬁo'd’_ N Weekdays . - ~ Weekends and Hohdayg .
L Summer inter. ~Summer Wmter .
On-Peak . |4pm.-9pm. | e
“Mid-Peak. " - l4pm.-9pm. |4pin. 4:9 pjhﬁ Apm.- 9-p.m<
Off-Peak * Allother hours . | 9 p.m.=8a.m. | Allother hours 9.p.m. - 8 Am.

Super-OffPeak |~ =~ Bam-4pm. | =

. PROPO'}ED
(Y ear Average 3010: "016)
. Summerl\'\\hperf)a\" e “in(er KWh per Dav -
B‘%S(“Hmf S Az,_xu Basﬂinc ’ All
‘Region'| Basle  Elecirde | Réc'ion Basic Fk*dric'
08 | 172 179 | 08 187 0 291
06 88 | 06 | 113 130
oy | 26 98 | os | o106 'x
09 16,5 0% | 173
100 | 189 10 J2s5
Rk 22.0 13| 126
Bt 187 Wl oo 2
s | 64 S5 9 as2
R K 16 | 126 2L

| 8am, -4pm.

b AR i A R
K At

. .
SRR v '
AP T L D e S e

e

l-.-f- I I O Y
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SoCalGas

Fo!lowmg are'thé SoCalGas natural gas tanffs apphed in ’chls study Table. 22 describes t

that were assumed for each: chmate zone‘

DSA}\GEES CAL‘EFO’Q{L _CANEELQ\G Re\'lsed

Table 22: SoCalGas Basehne Terrltory by Chmate one.

Raviked"

Baselme

Territory -

| APPEICABRITY

Schedule \Io GR

: (Foofncles i:on'ﬁnué ﬁexfg

(Contiedy

(1O BE mssmm ay u-mrm ISSUED BY. {TOBE lNSERlEDBY CALFUC)
- ADVICELETTER NG 5410 Dan Skopec- susMITTED  Jan 7, 2019
DEGISION RO . ok President:: EFFECTIVE-, Jan 10,2019
15 Regulatory Afisrs. RESOLUTION NG, G-3351
5g
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2019 Energy Efficiency Ordinapce Cost-effectiveness Study
SDGEE

Following are the SDG&E electricity and natural gas tariffs apphed in thxs study Table 23 describes the baseline
territories that were assumed for each climate zone.

Table 23: SDG&E Baseline Terrltory by Chmate Zone
Baseline . -
Tetritory
-CZ07 | Coastal
€710 | Inland

~CZ14 | Mountain ' '
SBGE o R
Revised® €&l P.U.C.Sheat No. : HR0E
3nDlegoGa§&Ei\ K Company B L -. : P . R
- Son Dizgo, Calfomia: . Cancaling - Revised - Cal. F.U.C. SheetNo. : S31103E
- SCHEDULE TQU-DR1 ' ‘ Sheet2- "f
RESIDENTIAL TIME-OF-USE -
RATES
Total Rales: : .
. i ) et Rt owmac: EECCRate+: |: ‘ Tolal’
Desoription —TOUDRT - UpCTobiRale  “gys  DWRCedt© | Rate-
Summer: . . L T
“Oiy-Pesk Dze581 Rizquns R D3sM3 R} 065078, R
(OfF-Peak C028582 0 R G00503 RY U412 R} g4t00 R
Supér Of-Peak’ 020582, R- 000562 R pO573% ©R| 036804 R
Winter:, . L . )
" On-Peak Aouzxm R DD0Z03 R DO7EIET R 4 ‘R
: 032089 R 0O0E03 R D0B76T R . R
0320370 R 000503 R ‘posalz’ R uvseﬂﬁz ‘R
¢ Basaline Adjisbr & Criditup tor .
“ ofBaselng . o . Lo . '(umzt) 1
\’:sn‘-rBsz ne Adjustment Credi up o . | :
T20% of Basefing - L. {ERCRL : T R,
\ininuen B3 {§4dsy) : %8 o S
T T FECE, T T T T T T el
Descnp:mn TOU UPCTetal - DWRBC Rafa + . Total Effective
DRY - Rafe Rate’ . DWR’ Rate: : CareRate
. e . Credit: : . :
Summer - ‘—1~CABE o
naseee’ R, nobua R{ D48 ir)
¢ . UoRegd: . RS “o0pona] Rj O QRMT R
Supzr OftPeak. - DR Ry 022-. 3R
Winter— CARE .
Rates: .. e e ° e .
.On-Pask. D.310ER. 0.07318 5 930533 RY . 023320 RY
OF-Pesk 031908 ‘0.00782 ‘0.3873t- R D20 R
Super OF-Peak: n3fess ‘ogirar Rl Ba2sne R
Summar Baseline . e e e . T
Agjustmant Cradi g tof gy 1 ‘ . {oaes2iy x| @Ay Y
130% of Baseliné. . - . . . :
Winter Baseline © . . - et
Adjustrnin) Crgdil upio) {0.18853) I
,:}9 ol Baselne g T
Mmlmum Eﬂ (S\’d:y) - D,iﬂ—i'
. Note; |
(1) Total Rata
-1 g Ehergy Commudny Cost) vatds; wrch the EECC rale
(2) Tois) Rales prezentediare foreust 1hat receit
R (3) DWR-BCcharges do nul apply o CARE cusbam'erz .
130% of baseine to pmﬂd# xhe rate cappmg
. ({Continuzd): . . : = .
2077 j ssued by’ TS T Submited: ‘Dec28, 201
Advice Ui Mo, 3326-E “Dan Skopec: Effactiva: " Uan 1. 2018
K : - : Vice Peesident :
Dezision No. Regulatery Aflais - - ‘Resolufion Ho.
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i-Canceling: | Revised

CaL PIU.C: ShestNo:

SCHEDULE,

Gal PULL. Bhet Ny

RESIDENTIAL NATURAL GAS SERVICE

(includes Rates for GR, GR'C. GTC/GTCAY.

fAPPLJCABlUTY
E.The GR ate s ap h_c,a'l')!ﬂ

residenfial customers, as‘set forth in Special Condition 11

‘Ctistoniers iakmg servrce Under this §ch
the terms and conditions of Schedule (}CARE
TERRITORY

The" GTCRJTCA ‘rate s appllcabie G lmrastafe gas tanspoﬁahomnly semcesf

6 iy b eligible or:a 20% C’a1’fcmla e
{CARE) program discount; reflected as a separate line- riem on 1he bill; rfthey quallfy 16 receive: seficé under

te: for Enercry

GTCIGTOAY -

. shown in ochﬂdule GPC whlch are suh)ecttu change manthly 45 sat fcmh in 5
* Effactive stsmng Hay 1 2017 the minimym bil is cajculatad as thn mlmmum
thn numbnr af days in thn billmg cyc!A (approxlmalely 32 per month) it

‘Biigeline Rate, per therni. (baselme usage deﬁned m’Spemal CondﬂIonsB 3 ):
Procurement Charge:™ 5041614 50 41514 R N/A
Transmission Charger’ $1.01230: 3101230 $1 omaf
, Total Baéelmerafgé:‘ §1.42844° 5142844 R $101230°
Non—Baserne Rate perthem} (u&age'm e)qcess of basulme usage)
- Procurement Charge; " 18041614 - .SO 41614 R
“Transmission Charge:: $1.19980 $1.19080 ]
Total- Non-Baseline Charg $1.61594 :$1}§1597{L, R
fM(mmum BIlE per d ! e
- NE-CARE ctistoniérs; $0.09863" Rk 09863
JCARE custoniers? $0.07890. J,$0.D7890
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2019 Fnergy Ffficiency Ordinance Cost-effectiveness Study

Escalation Assumptions

The average annual escalation rates if the following table were used in this study and are from E3’s 2019 study
Residential Building EIec’t'fiﬁcaﬁdn in California (Energy & Environmental Economics, 2019). These rates arg
applied to the 2019 rate'schedules overa thirty-year period beginning in 2020. SDG&E was not covered in the E3
study. The Reach Code Team reviewed SDG&E’s GRC filing and applied the same approach that E3.applied for
PG&E and SoCalGas to arrive a‘t}averag_e escalation rates between 2020 and 2022. '

Table 24: Real Utility Rate Escalation Rate Assumptions

Statewide Electric - Nattiral Gas Residential Core Rate
Residential - . (%/yr escalation, real)
Average Rate :

(%/year, real) SoCalGas

56 2019-08-01
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App endix C - Single Family Detailed Results’

2019 Energy Efficienty Ordinance Cost-effectiveness Study

hi,__‘ WL : I
BN

‘Table 25: Single Fainﬂj»r‘Mixed Fuel'_EfﬁcieIicy"Package?Cost-rEffectix}én'éss-R‘e’sults. . -
e P o e e M e o

I

AR ENR TN

S0 | b

04 48! , 39795, : 6

“>1" =1ndicates cases where there is both first cost savings andgantial ut S
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2018. Energy Efficiency Ordinance Cost-effect/veness Study

Tabie 26 Smgle Famﬂy Mlxed Fuel Efﬁmency & PV/ Battery Package Cost-Effectiveness Results:
: ‘ : Efﬁcrency & PV/Battery S o

Total. -
~ EDR_ ;.'/cOmp- :
- ‘Margin- - eMargin:

1065 1 BLB%.

1047 - 273%
100, 277%

100 24.9%

ERN '5:2“9‘.7,‘%;
C8a
e

B2
g4

88
g6
N oy B
920k
gl g
o7 "51’2‘8"[9%""’
epin :

. 50 e
T

; i ; g : X 10 5 ! SRCE
“$1" = indic ates cases where there is both ﬂrst cost savings: and arinual utility bill savings.

: 20, 1"0' P

2018-08-01
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. . 2019 Energy Eﬁ/ciency Ordmbnce Cost~effectlveness S tudy
Tahle 27 Smgle Famﬂy AH-Electmc Efﬁmency Package Cost-Effectiveness Results
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2018 Energy Efficiency Ordinance éos_t—effectivgn‘ess:Study

Table 28 Smgle Famﬂy AH Electl ic Efflcxency & PV-PV/ Battegy Package Cost—Effechveness Results
B fﬁmency &PV ’ . Efﬁcxency & PJBattery

% cOmpMérg‘in '
Ihs CO2 p‘er‘s_qﬁ,: ‘
'Tgtal‘EADﬁ.ﬁ L

Total EDR - .

CALGreen Tier
- On-Bill B/C Ratio® '[

I Tb\[ B/C Ratio.
otal EDR

| 1bscoz p;e.rtsqifxa |

[ TBVB/CRatio .-

| onBill B/¢ Ratio. -+ |

3140 40.2% . 05 60 -
494 205% 0549 18 1
485 20.6% 05 450022 17 [
172 155% 05 45 2416
43 182 19.7% 05 43 .23
37182 :19.7% 05 43. 23 18-
14357109% 0.6 - 41 12
113 07% . 06 37 190 L5
109 89%. 06 40 1.0 15 | @45
7.3 1150 12:5% 07 4L Ll L€
7001l 140% 070 420 1 LS
LA 140% 0 07 A2 LT
142 162%: 06 54 18 ‘ 29.2
457 153% .05 50 17 5549939
1340 174% 0.6 54 L7 1S | 82 225 . 28
155 18.9% 09 - 48. 12 L6 7.4 . 238 300%
155 189% 0.9 48 LE 16 | 74 239 130.9%
.62 168% 0 L1 55, L1 L6127 135 2
; : v 97000 25.2% 0955 20161l 354
decates cases where there is both ﬂrst cost savings and annual utility bill savings. '

o0

232 202%

/z>171
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ig Py staling |

T d‘.’a‘s;w,fc'fm}

L0 P\/,scaling 1

[[1.0PV sealing!

|10 PV:scaling”

1 'ofp\‘/"s’canhg'“

|1, P\Iscahng

| Basic CHW credit{0

Basic:CHW:Eradit[0:7

C CHW cradit (07)

| BasicCHW cradit [0.7) 1| 0:35 W/ ckm

Code’ Mmi’_ Sde

BasicCHWitredit

VVLDCS ~Verified: Low Leakage Ductsin Condl’cmned Space
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Wall

B Attxc

G[azmg

:|Slab

IDHW:

2019 1fnergy Eﬁ/aency Ordinance Cost-effect/veness Study

= HVAC:

Table 30: Single Family Mixed Fuel Efﬁcwncy Eqmpment Preempted Package Measure, Summary o

Ain: CodeMin’

Code’Min

Code Min’

CodeMin

Code Min’

95 EF, Basic compact dxst

98 AEUE,0.35W/cfm:

1.0 PV staling

'|CodéMin’

Code’Min-

Code'Min

Code'Min'!

95°EF, basic compact di

96°AFUE, 0.35W/ cfm:

1.0'PV scaling”

Code Min:

Code Min®

CodéMin

Code Min

85 EF,basic.compact dist.’

96 AFUE, 0.35W/cH

1.0 PViscaling?

| Cade Min:

Code Min®

Code'Min’

Code'Min’

95°EF, basic compact dist..

56 AFUE, 0.35W/cfm:

1.0PV'scaling’

'{CodeMin;

codeMin:

Code Min:

Code Min’

95:EF,"basic compact dist;:

96 AFUE; 0:35W/ ¢t

it.|Code Min:

CodeMin?

Code Min'

codeMin

Code'Min’

95 EF, basic compact dist

92:AFUE, 0.35W/cfri

1.0PV-écaling”

17 lcodémin

‘| CodeMin:

Code Mm'

Code'Min:

Code Min®

Code'min’

Code Min®

95'EF; basic compact dist.

" |93 ARUE, 0.35W/ cfm

1.0,"PV'scélihé ’

CodeMin

code Min:

.| Code min

Code Min

Code Min

Code'Min:

95.EF; biasiC compact dist)

192 ARUE/0.35W/cfm!

Cl1.0 PV scaling

9 CodeMin-

‘|code min’

CodeMm’

Code Min:

Codi'Min-

Code'Min:

CodeMin’

95 EF; basit compact dist,”

16'SEER; 92 AFUE, 0.35W/cfm

1.0 PVscalmg]:

LIAHU * 2/{7 leakage‘

CodeMin®

Code fin®

Code Min.

Code Min-

Code Min’

Code’Min

95.EF, basictompact dist.

| 16.SEER; 92'AFUE, 0.35W/cfm

1,0.PV scaling |

in.|Code Min®

Code'Min"

Code Min’,

Code’'Min’

Code Min’

95.EF,“basic compact dist.

18/'SEER, .96 AFUE;-0:35W/cfm;

.0/PViscaling”

(LAHU 2% leakageiﬁ Code

vl Code Min:

Code Min®

Code Min:

Code:Min’

Code Min

95'EF; 5basié'compar:!:' distis

16/SEER;:92 AEUE, 0.35W/cfrm..

1.0, PViscaling

YLLDCS:

in'|Code Min':

Code Min:

Code Min?

CodeMin

Code Min |

95 EF; basic compact dist:”

16'SEER, 92 AFUE,0:35W/cfrn

1.0 PV scaling”

vLIDCS"

|Code Min’

Code'Min’

CodeMin®

CadeMin

Code'Min’

95.EFbasic’campact dist.s

16 SEER,*92 AFUE; 0:35W/cfni !

1:0.PV.scaling:

LIAHU+2% leakage |Cod,

7| Code Min

Code'Min

Codé Min'

Code Min

Code Min:

95.EF; basic compact dist:

16°SEER, 92 AFUE; 0:35W/cfm.-

1.0 PViscaling:

VLLDCS::

in‘|Code Min-

Code'Min.

Code Min.

Code Min®

codeMin.

95EF; basic compact dist.

18-SEER, 96 AFUE, 0:35W/cfm*

| 1.0°PV scaling

LLAHU ~ Low Leakage Air-Haridli;

VVLDCS — Verified Low Leakage :Durc,ts!iin Conditioned Space
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2019 Energy Eﬁzc;ency Ordmance Cost—eﬁecﬂvene;s Sfudy

{11.0 PV scaling +5kWh batt

iz |puct m
i fvinest CodéMin Basic CHW.credit [0:7);
‘2 |viipes Code Mins Basic CHW credit {0.7) e 1'03PVscalqng+5kWh batt
3. |Vbes ‘|CodeMin . Basic CHW.credit{0.7)" M 1:0,PV :
4 |vilpes s tICoda Min Basic CHW cradit (0.7) | 1.0'PV sealirig # SKWH batt
5 [VLLDCS . codeMin BasicCHW-credit (O m- 1.0 PVsca]mg+5kWh batt
Y5, |VLLDCS i ‘| Coda Min: Basic CHW credit | ;
7 |codeMin : Min': Basic CHW credit (0.

BasicCHW credit (0.7):

Basic' CHW;(_:redn: (
Basic CHW credit{0.7)
BasicCHW-gradif (0.
Basic CHW credit (0.
.| Basic CHW cradit {07
L Basic CHW éredit (0.7
“\Basic’CHW cfadit (0;7)} |0
BaschHW credrt(o 7y | G35 W/ cfr |

<12 ft.ducts In'attic™

n:|L.0'PV.scaling+5kwh batt
L|L0'PV scaling + 5SkWh'batt
" |1.0'PV: Sealing +5kwWh batt: -
in*|1.0:PViscaling # SkWh batt
m-|1.6'PV scaling +5kwh batt. |
V. scaling+ Skwhibatt i

Oaj;solar.reﬂec‘tance-
0:25 solarreflectants
0. E solarraﬂectance'

{CodeMin"
lcode: Mm".

S ¥
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'f‘FGlazmg

2019 Energy Eﬁm/ency Ord/nance Cost—eﬁectlveness Study

Colpyl

R-38 +Ri20 attic | Cods

~1024/0:50 wmdows

R-10° slab msulatlong

code Min':

0,45 w,/cfmi

Std Design' PV

in.|Code:Min’| Cod

10.24/0.23 wmdows

R-10 slabinsulation:

CodeMin

0.45'W/cfm.

Std Design PV

|Codein.

U Re10 slab insulation”

Code Min:

DASW/cfm’

Std Pesign'PV

e Code Mm'ff ode

v |Code Min:

“IR=10.s5lab insulation:

Code Min:»

0.45'W/cfm:

Std Design PV,

Code-Min'

R-lO slab msulatlon*“

cade’Mins

0:45: W/ cfm -

Std Design’PV|.-

Code Min

| Code'Min:

40,45 W/cfm-

std Designpv

CodeMin:

| Code:Min:

Code Min i

Std Désign PV

‘|Code Min®

Code Min”

[0:a5'W/cfm

std Design PV

&Dco:;fmi.ri#w&i;——llﬁf

‘lo.25:solarreflactance’

CodeMin -

#|CodeMin~

0.45 W/cfm

Std Design PV,

=
(=]

0.25 solar. reflectance’

Code Min

R-10 slab insulation®

Code'Min:'}

W/ cRm

Std Design PV’

11

¢|R-28 + R-30 attic.

0.25'solarreflectance’

Code Min

R-10 slabiirisufation:

Code'Mini

0:45'W/cfm’

Std Design' PV |-

12

"|R:38 - Ri30attic

0.25'50lar Feflectance-

Gode Min-

» |[RE10:slab insulation:

Coda Min

0.45W/cFm:

std Design'BV

13"

| R-38 +R-30 attic.

0.25'solarreflactance’

Codé Min“=

“|R:10/slabiinsulation”

CodeMin

045 W/cfm®

Std.Design' PV

114

in:|R<38 + R=30 attic’

0.25'solarreflectance:

Code Min

“|R210 siablinsulation

Code Min,

0:45W/cfm’

std Design PV

15

F{RE38+ R230 attic:

0.25'solar’ reflecta nce"

Codé Min -+

5 |R=10:5lab; msulation"-

Code'Min”

0:45.W/cim'

Std DesignpVi].

16

Afris [R:38 %+ R-30 amcf

s 24/0 50 wmdows

Code Mm

i CodeMin

V10:45W/cfm.

std'Design PV

VVLDCS Verified Low Leakage Ductsin Condmoned Space
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2019 EnergyEffICJency Ordinghce. Cost—eﬁect/veness S tudy

Table 33: Single Famlly All-Electric. Efﬁcxency Equlpment Preempted Package Measure Summary

‘oz - [Infiftratio”
T in cOdeMm.,-_’ de i

3:

—

2 Std'DasignPy]
6 Stdimesxgn pv :
z 5

s

8 , g
o Std Dasign PV, |
111 Std Desngn PV :
12 [LAHUS 5% leakage |Cod ‘ ode'Min: |Code-Min; A PV
13 LLAHU® 2% leakags:| CodaMin’ | Code Min| Code'Min'|Code-Min:|: ode Mm "‘ EMIN ‘ 0, Std’DESIgn PV
;14‘ LLAHU #2% leakage:|Code ¥in'[Code'h de-M ode Min [Gode) 'SEE ; 1| std DésignPV: |
s {HU'#2% leakage {Co m[Std Desigr PV |
16 |UAAU2%leakage]Cod " [stdiDésign BV |

LLAHU Low Leakage Air Handhhg unit ;
VVLDCS ~ Verlﬂed Low Leakage Ductsin Condmoned Space
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2019 Energy Efficiency Ordinance Cost—eﬁect/veness Study

- Table 34: Smgle Famlly All -Electric’ Efficiency & PV. Packagex Measure Summary
Attlc B . Glazmg . L Slab : ey _DHW: : HVAC PV ‘
R'38+R 30 attxc ‘ i [0.2470.50 windows. {Rs10 ol b.ms_ula,txon CodeMin' 0.45:W/cfm'* 0"9"P\‘f'sc‘alir'{g
de’ "10:24/0.23"windovs | R-10 slzblinsulation.’| Code Min{ 0:45:W/chm | 0.9 RY: scalmg
He |R-10 §lzbrinisulation | Code Mir |0:45 W/ cfm {0:9°PV scaling
|R-20515k insulation: | Code Min/|0.45 W/ cFm 0. g
J|R-10 slzb insulation. | Code Min'|0.45 W/cfm [0.9 BV scaling’
Cade Min | Code Min{0.45. W/ cfm'|0:9 PViscaling’
“:|Cade Min * CodeMin'0.45 W/cim |0:9'PV scaling!
|cade min’ +“|Code Min:|0.45:W/cfm’|0:9; pv scalmg»
trode:Min’ SiECode Min'|0.85 W/ cfim |09 Pviscaling::
|R-10 slzbiinsulation’ | code Min'|[0:45 W/ cfmi |09 pv caling |,
|R-10'51ab instilation | Code'Min’| :45 W/ctm:| 0.9 PV<caling’
1R-10 slab insulation’ | Code: Min: | 0245 W/ cfm | 0:9- PV staling:
Ir:10sl2b insulation |Code Min' [0.45W/efr:| 019/ PV scaling
{R-10 slab.insulation. [Code Min | 0.45'W/cfny| 0:9-RV sealing =]
R0 slab msulatlon Code Min|0.45 W/ cfim| 0.9 PViscaling!:
“|code Min [0.45:w/cfm | 0.9 PV scaling’-

infiltratiol|

Code!Min'|Code Min'|Code
Code wiin:|Code Min.|Code v
e Min’|Code Min | CodeMin
| Code Min'|code N
inii Code Mini|¢

‘reflactance”| Code Mi
18 R-3O attic|0:25 solarréflectance’| Codle Mir
“Sdeé:Min| |[RE384R=30:attic|0.25 solar feflectanée | Code Min:
CodeiMin’ 0:attic’|0:25 solarreflectarice - |Code Mip"
Code'Min'| RE38 £ R 30 attit|0.25 solarreflectance | Code Min
0.043wall |R:384 R-30 attic:|0.25's61ar reﬂectancef Codein:
‘ Code Min |R:38 + R-30 attic|CodeMin: | 10:24/0.50 wmdows Code Min i
VVLDCS ~ Verified Low Leakage Ducts in Cenditioned Space: <
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Infiltration | W:

2018 Energy- Effxaency Ordmance Cost—eﬁectzvenesssmdy

=" |Code Min™|Code.

= |Ri1051ab° msulatxon

1.0

R410 slab insulatio

| 10.PV: scalmg+5kwh ba

i%. | 1.0'PV. s¢aling+ 5kiWh batt

150V sealinig +5kWhbatt

1)0:PV'scaling +5kWhbatt

Code-Min *_|Code

g |VLIDCS

PV.scaling #5kWh batt

0" |VUDCS™: - |Code Min'|Code:

1.0 PViscaling+5kWh batt

11 |viDCs. 125 solar.réflactanc

PV scaling+ SkWh batt

F )

ls - [vincs - |code Min®
|

i

q12- |VUDCS - [Code Min.

0.25'solarrefiectanca:

m' {150 PV scaling H5KWH batt

1137 |VILDCS: - |3'ACHS507

17 {1:0'PV scaling +5KWhbatt™"

14 [VILDCS B ACHS0 ¢

= 11:0 PV scaling '+ 5kWhbatt |-

{15 jvupes - Cc'de'Mint‘

{0'PV'scalinig + 5kWh batt |

116 VLLDCS'" "aACHso R~33+R 3o‘amc.-»,

0:24/ 0.50; Wlndowsr‘i

12| 100'PV scaling + 5kWh.patt
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2019 Energy Efficiency Ordinahce Cost-effectiveness.Study

App endix E - Multlfamﬂy Detailed Results
T-able 36: Multlfamﬂv Mlxed Fuel Efficiency Package Cost Ei ffectweness Results

'Non-Preempted .° E . s . EqUIpment Preempted

‘Total‘E[‘jR‘f- S

. %"’CbrﬁpM‘afgin )
Ibs CO2 per sqft
| oV B/CRatio.

| Efficiency EDR

“o-{Climate Zone -

Py

w | Efficiency EDR -

264 58
23,6

N
)
[y
gy
o
L
U

">1” mdlcates cases where there 15;both- ﬂrst cost savings and- annual utility bill savlngs
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Table 37: Multifamily Mixed Fuel Efficiency &

- 2019 Energy Efficiency Ordinance. C‘ost-éﬁecﬁvénessftudy '

PV/Batteryf Package: QoSt*Effecti

veness Results <
iel PAY.
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2019 Energy. Efficiency Ord/nance Cost-effectiveriess Study

Table 38 Multlfamﬂy All Electrlc Efficiency Package Cost-Effectnfeness Results

~ Non- Preempted

. 'Equxpment Preempted

f”‘r,('){alv E_DF( C

EtieneyEor.

' IbsCOZ per

saft
PV KW per

e
Wi

S it o
W oW
=
i

b

© " Building

K L’_T:?\/'B‘/‘:(‘Zfriat_ié |

70

”>1" = mdmates cases where there is both ﬁrst cost savings and annual utlhty bilf savmgs‘
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Table 39 ‘:Multlfamlly All Ele ctrlc Efﬁaency & PV—PV/Battery Package Cost-EffectWeness Results

& B R (Climate Zorie -,

i )
k=)

I(>1I)
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Appendix F —Multifamily Measure Summary

‘ Table 4.0z Multlfamﬂy Mlxed F uel Efflc1ency Non- Preempted Pac

2019 Energy Efficiency. Ordinance Cost-effectiveness Study

*kageMeasure Summary'

: lnflltratlon CUE ARG Glazmg ‘ Slab i g ADHW: “HHVAC : : 5

I Code: Min':|Code Mm.w' 0.24/0. SOWIndows R:10slab msulahon Basic’CHW credxt (0 7).|0:835W/cfm’ |1.0 PV scaling:

lcodeimin::|code Mir.” -"’ Code Mins: ‘|R=10sI2b insulation |Basic CHW.credit (0.7} /{0.35 W/chm {1:0 PV séaling

‘odeMini | Code Mins J+|CodeMin * = |R-10 slab insulation |Basic CHW credit {0:7) |0:35 W/ cfen. +|1.0.PV sealing

'{0.25501ar reﬂectancev Code Min~ 17+ “|R10.sleb-insulation | Basic CHW credit {0.7)-10:35°'W/cfm |1.0 PVscaling

i | Code Mins i Code Min:* R-10slab msulai ion [Basic CHW cradit (0.7) '|0,35 W/cfin'"1:0 PV scaling

i cb"c’xe Min - |0.25/solar reflectance-|Code Min: Code Min” | Basic CHW credit{0.7). |0.35 W/cfm " |1.0 PV scaling:

in*i|Code Min. |0.25'solar reflectance |Code Min “ICode Min Basic CHW Eredit (0.7) -10:35 W/cfm - [1.0 Pviscaling”

d 40,25 solarreflectance | Code Min ‘{Code Min |ERh CHW credit (0.6} 0.25'W/cfm | 1.0 BV'scaling

16,95 solar reflectance {Code Min “|code Min 2| Basjc CHW credit {0.7)|0:35 W/ cfm’ | 1:0 PV scaling

Jin ©{0.35'50lar reflectance’ | Code Min R:10 $lab insulation |Basic CHW credit (0.7} /|0:35 W/cfm = 11.0 PViscaling |

in'|0:25 solar'reflectance  |0.24/0.23 wmdows R-10 slabinsuldtion |Basic CHW credit (0.7):0:35W/cfim' {190 PV scaling

|6:25 s0larreflactance’ |Code Min 2 {R:10%lab instilation |Basic CHW.credit’(O‘ﬂ}‘( 0:35 W/chm|1.0 PV scaling”

10.25 solarrefléctance | 0.24/0.23 windows |R-10slab insulation | Basic CHW credit (0.7)./|0:35 W/cfm ] 1.0'PV.scaling ©

10.25,s0larreflectance -|0:24/0.23 windbws |R=10's1ab insulation |Basic CHW credit (0.7)1]0:35 W/cimi| 1.0 PV scaling |

i 0:05'solar’ reﬂ ctance' 0:24/0:23 windows |R=10%lab insulation |Basic CHW credit {0.7):]0.35 W/cfm. {1.0 PV staling

16 )¢ v < | CodeMin +'10:24/0.50 windows | R:10 slab'insulation | Basic CHW credit (0:7)]0:35 W/ cfm:* | 1.0 PV scaling:
VLLDCS ~ Verzﬁed Low-Leakage Ducts iry Condxtxoned Space: ' o ' o ' o o
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2019 Energy Efﬁcién ¢y ,Or.dina_r'iic.e Cost-effectiveness Study .

Table 41 Multlfannly Mlxed_Fuel Efﬁcxency 'Eqmpment Preempted Package Measure Summary
lnfl!tratm Wi i ; 3 :

code Min'|co
Codetin
Code'Min’
Code'Min’ |Code

Code'Min.|CodEM
Codé'Min
Code Mlm ot e Min:

\/LLDCS Vem‘"e_d Low Leakage Ducts in. Condltzoned Space

20119-08-01
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Table 42: Multlfamﬁy Mlxed Fuel Efflr:lency & PV/] Battery Package Measure Summaryv o

VLLDCS - Vernﬁed Low—Leakage Ducts m Condmoned Space

74

iz nfiltration wail’ “IRoof: AGlazing: . slab’. | DHW HVAG PV e :
i ‘ code'Min'lCodé Min | Code Min R 0:04/0.50 wmdows “IR-10slab msulatlon' * | Basic CHW. credlt 0. 7) £ |0:35 W/cfm 1.0 PV scaling 't 22kWH batt
Iz Code Min“ |Code Mir| Code Min:|0:25'50lar reﬂec:tance'— Code'Min '|R=10'slab insulation”*|Basic CHW crediti{0.7} - 1|0.35 W/cfm' | LIO'PV scaling+ 22kWh batt -
i3 code'Min’[Code'Min | Code Min | Coda Min. " 50  codaMin ™ R-10 slab'insulation® |Basic CHW eredit{0.7) 7 1035 W/cfim | 1.0 PV scaling + 22kWh batt. -
% Code Min |Code Min’|Code’Min |0.25 solar reflectance-"|Code Min ©#:"#¥ |R-10 slab' insulation * |Basic CHW credit{0.7) ~{0.35'W/cfm-|1:0. PV scaling # 22kWh batf '~
i5 CodeMin'|Code Mid | Code Min & “icode Min R-10 slab. msulatxcn' |B2sic CHW credit (o 7)-:10.35 W/cfm ' |1.0 PV scaling + 22k\Wh batt
6 Code Mm CodeMin:|0.25 solar.reflectance . Code Mm : | |Basic CHW credit{0.7) 7 |0.35 W/cfn™| 1.0 PV scaling 4 22kWh'hatt
7 in'|Code Min'|0.25 solar reflactance. | Bzsic CHW crediti(0,7).7|0:85 W/cfm | 1,0:PVscaling %22kWH batt 1
8 “5de’Min | 0:25 solarreflectance | Enh:CHW credif {0.6)¢{0.35 W/cfm |10 PV scaling + 22kwh-batt =%
‘4 10:25 §olar reflectance * | Basie CHW. credit(0.7)]0.35 W/cfrn? | 1.0 PV: scaling +22kWh batt
{20 ' Cdde‘ani .25 solat reflectanc R-10 slab insulation™* |Basic GHW credit{0.7) 1| 0:35 W/cfm | 1:0'PV sealing + 22kWh'batt. -
[l Min:[Code:Min'{0.25 solar reflettance™ |0:24/0.23 Wmdows" R-10'slab.insulation’” |Basic CHW. credit.{0.7) {0.35 W/cfm ™| 1.0 PV scaling+ 22kWh batt-
12 :|Code Min |0.25 Solar reflectancet” |Code Min .7 "|RE10 slab insulation” " |Bzsic CHW credit (0.7) {0.35'W/cfm’ | 1.0 PV scaling + 22kwh batt 7
i13 lin'| Codé!Min|0.25 solar reflactanca. +0.24/0:23; windows |Ro10 £lab insUltion: |Besic CHW credit(0.7) ©|0.35 W/cfm " 1.0 BV. scaling + 22kWh batt
114 Vin{ code Mini|0.25 solar reflectance [0.2470.23 windows : |R-10 slab insulation " |Bzsic CHW credit'{0.7) 70,35 W/cfm " | 1.0/PV scaling+ 22kwh batt " |-
I15 i MR o 25 solar ‘reflactance’ |0.24/0.23.windows |R10 slablinsulation®. |Bzsic CHW, cradit{0.7); ' |0:35 W/cfm | 1.0:PV scaling +22kWh batt
16 o 10,24/0.50. windows *|R-10 slab'insulztion: | Basic CHW credit{0.7).. |0:35 W/cfm*'|1,0' PV scaling +22kwWh batt |

2019-08-01




9L

2019 Energy Efficiency Ordifidnce Cost-effectiveness Study

VLLDCS Verified Low—{_eakave Ducts i Condtt onel: Space
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CZ
1
2
3
4 e Min™ Code Min' | Codet
6
7
8

Table 44: M}ultlfamﬂ'

| a¥tic Glazing: "

Slab

2019 Energy Efficiency Ordinanice COsf—éffectz‘veness':S?cydy ’

AllvElectnc Efﬁc1ency Equlpment PreemptedPackage Measure Summary o
SHVACT

: Inflltratlo ]

Code:Mm'*' Code Min

Code Mir

Cod_e_Mm'f :

NEEATiErsHPWH:-

16 SEER;S HSPF; 0 45W/cfm

[Code Min|Code Wit | Code Wit

CodeMin

INEEA Tier 3 HPWH

16 SEER, 9'HSPF: 0.45W/cfm

‘{code Mint| N Code Min”|Cade Min? Code Min

Codé Min’

“INEEATIEr3'HPWH -

16 SEER; 9 HSPF, 0:45W/cfm:

| code:Min|Code Min | Code Min

Code'Min’*

NEEA Tier3HPWH.

16 SEER; 5 HSPF;0.45W/cim’i"

n-.|Code’Min:|Coda Min |Code Min ..

Code Min

INEEA Tier 3 HRWH:

1GSEER S HSPF; 0:45W/ chm: -

Std.Design PV,

| code Min| code Min:|Code Min.

CodeMin',

INEEA Tier S HPWH: |{

. |Std ' Dasign' PV

[code i [

I CodeMint |Code:Min [Code Min’

Code Min -+

NEEA Tier'3-HPWH *

. |std‘Design PV

: Code Mm”- Code s

| Code Miri/}Code Min'|Coda:Min.”

Code Min+

MNEEA Tier ¥ HP'WH

Std-DesignPVv.”

Code'Min'|Coda Min|CodeMin’

Code Min:-

NEEATiar3 HRWH':

“|std Dasigripv

‘|Code:Min.|code Min | CodeMin:. -

Code Min

MNEEA Tier 3 HPWH

'|std Design PV,

in-{code Mint] code Min .| Code Min!

CodeMin:

INEEA'Tier 3’ HPWH:

16'SEER; 9 HSPF, 45W}'cfm3,r

StdDesigh RV |

in:/|Code Min-|Code Min | Coda Min

Code:Min

‘| NEEA Tier3 HPWH

16»'SEER,-S HS‘PF, -G.45W/ cfm:"

std Design'PV..

Code'Min’|Code Min |Code Min'

Coda Min "

NEEATier S HPWH

16 SEER, S HSPF, 0,45W/cfrm

Std Design PV. |

“{céde Mint|Cade Min |Coda Min.*

Code Min

[NEEA Tier 3 HPwWH'

16 SEER; 8 HSPE; 0.45W/chmy

|std Design PV |

Code'Min'|

|codeMin+| Code Min:|Code Min.

Code Min "

NEEA Tier3HPWH

18 SEER, /10 HSPF, 0.45W/cfrri | Std Design PV

16 in - [Code Mint'|Code Win”

CodeMin:| Code Min |Code Min-+

CodeMin:

NEEA Tier3'HPWH

16.5EER; 9 HSPF0.45W/cfm

|Std.DesignPV -

VLLDCS —Verified Low-Ledkage Ducts in Conditioned Space
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. Table 4-5 Multlfamlly AH Electric Efﬁcxency & PV Package

VLLDCS — Venﬁed Low»Leakage Dugts. m Cond

77 201-08-01

16 |VILDCS:: |CodeMin.:|Codal :24/0:50:windows |R-10'slab insulation”| Code:Min | 045 W/ f‘iiiJOBPVscahng
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“Hvac:

T ablell46 Mulnfamﬂy All- Elec’crlc Efﬁcxency &PV/ Battery Package Measure Summary
' L |staB : i i

llnﬂltratxon Roof Glazing S e
! i Coder Mm s, 0.24/0150 windows - |R<10 Slab. lnsulatmn'? 1c L 10,45 W/ e | 1.0, PV sca!mg+ szWh ba
Céde Min®|CodeMin:" |0.25 solar reﬂactance" |Code min ‘Ir-10'slab insulation™:|Code'Min | 0.45 W/cfm . | 1.0 PV scaling + 22KWh batt
Coda Min'{Code Min=|Code Min “lcodeMin “|Ri10slabinsulation” | Code Min: & [0.45:W/cfm’. |1.0-PV scalifig ¥ 22kWh batt
Code'Mint ‘ 0.25 solar reflectance " {Code Min '|R-10 slab insulation? | Code M 045 W/ cfim. |1.0 PV, scaling+22KkWh batt
Code'Min' Code'Mil Code Min R-10slab. msulatson't‘f “{Code M./ 1.0.PV séaling+ 22kWh' batt
CodaMik:| 0.25 solar'reflactance ~{Code Min ‘{codeMin. * 10,45 W/cfm.. | 1.0 PV scaling +22kWH ba

Code Min*

: U 45 wW/cfm

1.0 PV scaling £ 22kwh'batt:

17 |codeiMin: Code Min* 0.255olarfefiacténce’: {Code Min

8 |vitpcs: CodeMin‘|Code Min ' |0.25solar reflectance |Code Min “icode'Min® | Code Min! 11,0°PV.scaling#22kWh batt:
9. VLIDCS: Code:Min’/Code Min “"|0.25 solar reflectance /| Code Min' " iCoda Mind | CodeMin® 5/ cfm | L0 PV scaling +22kWh batt
10 |vi Code Min’|Gode #10.25'solar reflectance.”|Code Min. & |RM10 slab msulatlon"”i de Mi W/ckm. |1.0 PV sealing + 22kWh batt
11 Code'Min:|Code:Min {0,250l dr reflectanice ~|0.24/0.23 wmdows~ R-10'5}ab insulation | Code Min [ 0,45 W/cfm: | 1.0'PV scaling +22KWh Batt:
j1z Code'™Min’|Code Min'" [0.25 solar reflactance -{0:24/0.23'windows |R-10 siab insulation. |Code'Mini " |0.45 W/cfm 1.0 PV scaling +22kWh batt
13 CodeMin‘{Codeé Min= [0:2555blar réflactance +]0.24/0:23 windows. |R-10'slablinsulation | C 7 |0.45 Wi/ ety (1.0 BV scaling+22kWHba

14 o ' n]0i25 solar réflactance ™ |Di24/0:23:windows : {R-10 slab insulation’” 5| 0.45 W/ cfm i 1:0' PV sealifg-£22kWh bakt
s : 0.25561ar reflectance’ . |0,24/0,23 wiridows ~ |B-10 slibinsulation : W/chm | 1:0 PV scaling +22kWH Batt’
116 ins{Code Mins|CodelMin. - ~10.24/0:50 windows - |R-10slab irsulation  |Co 10 PVscalnng+22kWh batt«

VLLDCS — Verified Low-Leakage Ducts in Conditioned Space. -
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‘}Appendlx G~ Results by Chmate Zone

‘Cllmate Zone 3
C!lmate Zone 4

C .r'h_éffei”z‘onle'g ,
Climate Zong 9........ vt eessesssssessessssnsnon 98
Chmate ZOHEIOS DULART D Ly H R R R R L A e 100
Climata ZonelOSDGE : 102
Climate Zoné 11 : e ; AN 11 .
: ;Cl'i'mat'e Zo‘ne 12 e firEat e B U AR SO TN .106.

Chmate Zone 14 SCE/SoCa]Gas i
Cliiate Zohe14 SDGE..
' .Cllmate_ane 15
Climate Zone 16 ...

2N P PYTE Ay U

N b W gk e P e
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2018 Energy- Eﬁi‘cién‘cy Qrdihance ~.Cost~’e]_‘fectf’ve’ness.5 tudyv

- Climate Zone 1.

Table 47 "Smgle Famlly Chmate Zone 1 Results Summary -

?‘OZ-EqurvaIent :
missions (Ibs/sf).

o | 440 85 | 12m2 | o8 $1,280 .| 482 | 410
i 240 | 060 | 85311 | 087 | 161 |

e S
101 | os0 | s7e42 | 178 | 166 |
129 0 022 | 82108 . | 294 | 274 |
e T e e T
R T 7$24 o s |

451 | 148 ¢ (35, 349) T 057 | oor
052 | 248 | $12,844 | 143 | 2.11
128 | 174 | s0 - | 000 | 109 |
_oes | 204 | 637y | 108’”?’ >t

3AH reductions and mcremental costs relatxve to the mlxed fuel code comp liant home except the EDR Margms are relatzve tothe Standard Desigh for each case
which isthe.a l-e[ectnc code comphant home Incremental costs for ’chese packages reflect the cots used in-the On Bill cost effectiveness methodology. Costs:
“This represents the Efﬁclency EDR Margm for the Efﬂc;ency~Non Preempted and EfflClency—Equlpment packages and Total:EDR Margin for the Eﬁlc:ency &PV,

Efficiency & PV/Battery, Neutral Cost, and Min Cost Effectiveness packages.
sPositive valles. mdlcate an in¢reaséin PV capao:ty relative to-the Standard Design.
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- 2019 Energy Efﬁc’iencyOr,dinaﬁcg Cost-effectiveness Study

14, 0‘ S .04 0 A09r 1880 | ($1,052)
1All reductlons and mcremental costs e ative to the mlxed fuel code comp 1ant home T T ‘

2All reductions and. incremental costs” relative ta the all-electric:code compliant home. ' ‘ :

3All reductions and incremental costs relafrve tothe: rmxed fuel code compliant home excepf the EDR Margms are rela’nve toithe Standard Design for eéach case
which is the all-electric.codé compllanfhome Incremental tosts forthese packages reflect the cots usedin the Qn-Bill cost effectiVeness methodo]ogy Cos’cs
differ forthe TDV: méthodojogy due to diffarences irithe as infrastructurecosts (see Segtic )
“This represenits-the Efficiency EDR Margin forthe Efficiericy-Nen-Preempted and Efﬂcxency-Equ olg .ntip,a_ckages ‘a:nd'T‘o,ta'j ;EDR Margin for the .Efﬁcyenjc;yn&f?\/,
Efficiericy & PV/Battery, Néutral Cost, -and Min Cost Effectiveness: packages ' . o - o
SPositive values: mdlcate an mcrease in P\/ capscity reJat:ve to. the Standard Design.

81 | 2019:-08-01
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_ Climate Zone 2

_Table 49: Single Family Climate ‘Zone’ 2 Results Summary'

2019 Energy Effi ciency- Ordinance:Cost-effectiveness Study

| $12,108

19.0 207 ) I _‘o‘,és. ” ’1 83'

300 | 271 | 026 | o088 | $18132’ | 137 | 148

0.0 O_,od | 1.11 112 "($5 349) -;;0,._‘52 159

19.0 207 | 049 | 175 - $6,758 “a7e | s970
V'?"9.5 1367 | 0. 1.41 ‘$o N 1 >1 .

1All reducttons and mcremental cos’rs rela’uve to the mixed fuel code compllant home.™ "

" 271 reductions and incremental costs relative to the all-electric code compliant home:

" 3All reductions and incremental costs relative to the mixed fue] code ‘compliant home except the EDR Margms are re[atlve to the: Standard Design for.each

- case which is the all-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 infrastructure costs (see Section 2.6).
“4This represents the' Efﬂclency EDR Margin for the Eﬁicrency Non Preempted and Efficiency-Equipment packages and Total EDR Margm for the’ Effmency &

- PV, Efﬂmency &, PV/Battery, and Neutral Cost- packages.
SPositive values indjcate an lncrease in PV capacity.re| lative to the Standard Design.

2019-08-01
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“This represents the Eﬁtclency EDR Marg' for the Efﬁmeﬁe Non-P'reempted and Efﬁc ency—Equxpment packages and Total EDR Margin: for the Eﬂ'" clency &

PV, Efficiency & PV/Battery‘ and Neu’cra ostpackages:
SPositive values indicaté: -an increase in: PV Capacity reIathe dor e Stendard Des1gn
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2019"»Energy Eﬁiciency Qrdinance CostFeﬁect‘iveness Study

Climate Zone 3

Table 51':.Singlé'Famﬂy Climate Zone 3 Results Summary

Benefitto Co

st'

Ratlo (B/C)

163 0.26 $1,552 | 128 | 131 |
1.52 0.37 $1,448 181 | 1er |

35438 |

088 |

1.38 |

100 | na o

nia

|

085 | 015

_s1519 o] 2

086 | 014

$2,108

To4s | 054

vasiT

168 |

| 023 | o076 |

$14,380 | 1.

| 188 |

0 | oss | ose | oss | te
(o | s | som |2 | o
1 o0 | 118 b 8o | > >

1All reductions.and mcremental costs rela’nve o the mlxed fuel code comphant home
2All reductions and incremental ‘costs relative to the all-electric code compliant home.

3Alf reductions and incremental costs relatl\/e tothe mixed fuel code compliant home except the EDR Margins are relative to the Standard Design for each

- case which is the all-electric code compliant home. Incremental costs for these packages reflect the cots used in the On-Bill cost effectiveness methodology.

Costs differ for the 7DV methodology due 0 di fferences in the site gas mfrastructure costs (see Sectxc»n 2:6).

PV, Eﬁxc;ency & PV/Battery, and Neutra! Cost packages
| SPositive values. mdlcate an‘increase in PV capacity relative to'the Standard Design.
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o 1AI reductlons and mcremental, costs relatsve fo the mxxed erl code comphant home

2019 Energy Efficiency. Ordingnée Cost-gffectiveness Study”

Table 52: Multifaniﬂ‘y Climate Zone 3 Results Summarj} (Per Dwelling Unit)

2All.reductions and incremental costs relative.to the:all-electric code compliant: home.
3All reductions:and incremental costsrelative fo the ‘mixed fuel.code compl]ant home except the EDR Margms are’ relatlve to the. Standard: Design for each case

which is the all-electric code: comphant home.. Incremental-costs forthese packages reflectthe cots used inthe On ‘Bill cost, effec‘uven ess: methodo{ogy Costs
differ for the TDV. methodology due 6 différences inthe site gas! infrastructurecosts (see Section 2.6,
4This represents the Efficiency EDR. Margm forthe: Efficiency-Non-Preempted: and Effici ency—Eqmpment packages and’ Tota EDR Margin-for the Efficiency &

PV, Efficiency & P\/Battery, aid Neutral:Cost packages.
5Positive values mdxcate an mcrease in PV capac ity re!atlve to the Staridard De51gn
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2018 Eriergy-Efficiency Ordinance Cost-effectiveness Study:

Climate Zone 4

Table/53: Single Family Climate Zone 4 Results Summary

o‘ -Equwalént
Emissions (Ibs/sf) -

Total | F

8 | 020 | §1.556 | 093 | 1.15
155 | 033 | 95434 | 030 | 148 |

1.00 | “nla .| nla n/a n/a
_Jose | o1 | 81519 | 192 | 184
088012 2108 | 182 | 152
048 | 052 | s87ee | 213 | 162
So025 | 075 | $14,664. | 146 | 161 |

0.88 ($5:349) | 055 | 159 |

140 | sadas | 264 | >

1AH reductlons and incremental costs relative to the mlxed fuel code comphant home o
2All reductions and mcremental tosts relative to the all-electric code compliant home.
3All reductions and [ncremerital costs relative to the mixed fuel code compliant home except the EDR Margins are relative to the Standard. Desxgn for each
case which is the all-electric code compliant-home.. Incremental costs for these packages reflect theicots used in the On- BIH cost effectiveness methodoelogy.
Costs differ for the TDV:methodology due to differences in the site gas infrastructure costs (see Section 2.6).
- 4This represents the Efficiency EDR Margin forthe Efﬁmency-Non—Preempted and Effici ency—Eqmpment packages and Total EDR Margin for the: Eﬁ”cxency &
PV, Efficiency. & PV/Battery, - -and Neutral Cost packages. ‘
| SPositive values Indicate an increase in PV capacity relative: to the Standard Desxgn
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; 2015 Energy E _ﬁ‘]@?}&ﬂ cy @rdih ance: gostfeﬁE.Cfivéness Study

Table 5'4:''I\/‘[ul'cifarriily~ Climate Zone 4 Results Summary ,(Per Dwelling Unit)

PV, Efﬁc;lency & PV/Battery, and Neut
5Posmve values indicafe an increass in

,t packages
/ ,Aapamty e atlve to the Standard DESIgn‘
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- 2019 Energy Efficiency Ordinance Cost-effectiveness Study’

. Climate Zone 5 PG&E

Table 55: Single Family Climate Zone 5 PG&E Results Summary |

Al reduc’uons and mcremental costs relatxve “to the mixed fue] code comphant home
2All reductions and inctemental costs relative tothe all-electric code compliant hore. :
3All reductions and increrriental costs relative to the mixed fugel code compliant homé except the EDR Margins aré relatl\/e to the Standard Deagn for edch -

© case which is the all-electric code: compliant home. Incremental costs for these packages reflect:the cots used in the-On-Bill cost eﬁ‘ectlveness methodology

Costs: dn“fer for the DV methodo!ogy due to'differerices in'the site gas: infrastructure costs (see Secticn 2.6} °

. 4This represents-the’ Efficiency EDR Margin forthe Efficiency-Non- Preempted and Efﬂcaency—Equment packages and Total EDR Margm for the Efﬂmency & .
PV, Efficiency & PY/Battery, and Neutral:Costpackages. ’ .
5Posmve va!ues mdlcate an increase in PV capaolty relative to.the Standard Design: .

88 2019-08-01
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2019 Energy Efficiency Ordinance Cost-effectiveness Study

‘Table 56: Multifamily Climate Zone 5 PG&E Results Sﬁmmﬁry (Pei‘ Dwelling Unit)

- differforthe TDV methodology due to dn‘ferences in‘thessite gas.infrastructure costs (see Sectxon 2.6

1AI] reductions and:incremental costs relative:to the mxxed fueI code compllant home. T
2All réductions and'incremental-casts relative to the all-electric tode compliant ome. :

2All reductions and incremental costs relative:to'the mixed fiel sods comphant home except the: EDR Margms are: relatlve to'thé Standard: DESlgn for éach case
“which is the-allelectric cade comp[rant home: Incremental.costs forthese: packages reflect the cots used inthe’ On- B!H cost effectxveness methodology ‘Costs:
)
“This represents:the Efficiency EDR Matgin | for the Eﬁc1ency~Non—Preempted and Efﬁc:ency—Equrpment paokages &nd Tota EDR Margm forthe: Efficilency: & -
PV, Efficiency & PV/Battery, and Neutral Cost; packages. v

5Posmve values indicate an mcrease in PV .capacity relatzve to the Standard De&gn
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2019 Energy Efficiency Ordinance Cost-effectiveness Study.

Climate Zone 5 PG&E/SoCalGas

Table 57: Sm le Famﬂ Chmate Zone 5 PG&E /SoCalGas Results Summary

$2,108

798; o | 180 172 | 046 | 055 | $8307 - 1'_2312_5;"“‘1;76'  j

NONE B | 285 | 2297 | o024 | o078 | $14 047"" 159 | 163

sgs2 | 0 | 00 | oo | 101 | o7 | @sade) | o4e | ez |

7 | 0 | im0 | 172 | 045 | 133 | sagse | 275 | 1

. 2472 | o} 110 | 135 0.70- |° 1.10 $0 >1 | 40,07}

- JAll reductions and incremental costs relative fo the mixed fuel code comphant ‘homes oL e ‘ R
2All reductions and incremenital .costs relative to the-all-electric code compliant horhe.” :

- 3All reductions-and incremental costs relative to the mixed-fuel code comipliant home except the EDR. Margms dre relatlve tothe Standard Design for each

case which is the all-electric code compliant home. Incremental costsfor these: packages reflect the cots used in'the on- Bill cost effectlveness methodology.

Costs differ for’the TDV methodology.due to- differences in the site gas infrastructure costs (see Section 2.6). )

4This represents the Efficiency EDR Margiti:forthe Effcxency—Non Preempted and EfﬁCIency~Equ1pment packages and Total EDR’ Margm for the. Efﬂmency &

- PV, Efficiericy & PV/Battery, and Neutral.Cost packages..
sPosmve vaiues indicate an-increasesin PV capacxty relative tothe Standard Design.

30 2019-08-01
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2019 Ene—kgy'Eﬁ‘ici ency Ordinance:Cost-effectiveness Stidy

Table 58: Multifamily Climate Zone 5 PG&E/SoCalGas Results Summary (Per Dwelling Unit)

($2 337)

8 | o 17 0091 o |t | $956

‘05-7‘0_:] 087 | 128 | s0 | >t |33

wh;ch is- the all-e[ectrlc code comphant home Incremental costs forthese packages reﬂect the cots used in the On—Bx I cost effectweness methodo ogy Costs ;
dxffer for the TDV methodo ogy due 1o d1fferences in the sxtegas mfrastructure costs: (see Sectton Z 6)

PV, Effi cuency & PV/Bat’tery, and Neutral COSt packages
5P031tlve values indicate:an mcrease in PV capacﬁy relative fo the Standard Desrgn,

" 2018-08-01
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20189 Eriergy Efficiency Ordinance Cost-effectiveness Study

Climate Zone 6 ﬁ L " .
‘ Table'59 S'ngle F amlly Chmate Zone 6 Results .' mmary

Incre H_ental
045 | 9881 1 2.04
034 | 9489 | 0 127
‘nfa | na | na | na
005 | $926 | 131 | 141
““““““ 008 | , .$845’_,_ | 220 229 |
055 1$12 036 o145 | o143
069 | ff($5 349) | 149 | 246
083 | see2 | 307 | »1
08 | 50 | =1 | >

| 1All reduo’monsand mcremental costs relatlve to the mixed fuel code oomphant home
2A| reductions-and incremental costs relative to the all-electric code compliant home:.
%Al reductions and incrémental costs: relatlve to-the mixed fuel code comipliant home except the EDR Nargins are relative {othe Standard Design foreach
case which is the all-electric code complianthome. Incremental costs: for these packages reflect the cots used in the On-Bill-cost effectiveness methodology.
Costs differ-for the TDV methodelogy dueto. dxfferen ces in the site gas.infrastructure costs.(see Section 2. B) i

4This represents the: Efficiency EDR Margin for the Efficiency- Non-Preempted and Efficiency-Equipment packages and. Total EDR Margm forthe Efficiency &
PV, Efficiency & PV/Battery, and Neutral Cost packages _

5Positive values indicate an. increase in PV capacity refative to the Standard Design.

92 2019-08-01
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Table 60: Muitifamily Climate Zone 6 Results Summafy' (Per Dwelling Unit)

|~ 2019 Energy Efficiency Ordinance Cost-effectiveness Study

Cnmate Z0,

5Posft1ve values md cate an mcrease m PV capacrfy nela’uve tothe Standard Désign.

r
4
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12019 Energy Efficiency Ordk'ndn ce Cost-gffectiveness Study

Climate Zone 7.

Table 61 Smgle I‘armly Chmate Zone7 Results Summary

COZ Equnvalen .
"messxons (lbs/sf)

058 | 047 - $‘4,ﬁ43é:' T 187 |  1.55
020 | 046 | $9,936 | 125 . 147 |
075 | 085 | (88049 | 108 | 254 |
0ss | o2 | g1 | > | st |
o085 | 075 | 80 | >t | >

Al reductlons and mcremental costs re\a’tlve to the mlxed fuei code comphant home
| 2All reductions and.incremental costs relative to the allzelectric code compliant Home.
3All reductions and incremental costs relative to the- mlxed fuel code compliant home ‘except the EDR. Margms are relative to'the Standard Demgn foreach
- case which Is the all-electric. code compliant home. lncremental costs for these packages reflect the cots used in the On-Bill cost effectiveness. methodotogy. :
| Costs differ for the TDV methodology due to differences in the site gas infrastructure costs. (see Section 2. 6)

“This represents the Efficiency EDR Margin for the Efficiency-Nori- Preempted and Effc:[ency—Equlpmen packages and Total. EDR’ Margm for'the Efficiency &

PV, Efficiency & PV/Battery, and Neutral Cost packages.
} 5Posmve values indicate an increase in PV capacity relative tg the Standard Design.

94 '2019-08-0%
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12019 Energy Efficiency Ordinarice Cost- effecti verness Study.

Table 62: Multifamily Climate Zone.7 Results Summary (Per Dwelling Unit)

dxfferfor’cheTDV methodo[ogy due to‘ FEN
“This represents the Efficiency EDR Marg infor the Effic

PV, Efficiency & PV/Battery, and :Neutral Cost: packages
5Pos:ttve values.indicate an incregse.in. PV capacdy relative for the Standard Desxgn

) 2019-08:01,
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2018 Energy Efficiency Ordinance Cost-effectiveness Study

. ClimateZone 8

Table 63: Sin Ie:.Family‘-CIimate Zone 8 ReSults,

Summ’ary' :

| Costs differ forthe, TDV methodology due to: dvfferences in the site gas infrastructure costs. (see-Section 2.6),

e Re,ductl,on;
' ‘ nla - v k i
Oos | et | os7 | 1At
ol o042 | 586 1:30 | 1.82
""" 027 | $44e8 | 000 | 1.31
n/a. . n/a . nla _ nfa |
T et ATy s A $926 . 067 T2
005 | sa2 | 282 | 3.03
048 | $5373 | -1.00 | 1.48
TN | 0.48 ek $11)016 1.09 1'42 N
058 | (35349) | 183 | 2.99
0.77 %25 | 107.93 >1
,,,,,, -0 078 %0 >t | >
1Al reduc’uons and mcremental costs” re[atlve to the mixed fuel code compliant home
2All reductions and ircremental costs relative to the all-electric. code compliant horne. o ‘
' 3All reductions” andincremental costs relative to the mixed fuel code coimpliant home except the EDR-Margins are relative to the Standard Design for each
case which is the all-electric.code: compliant home, Incremental costs for theseé packages reflect the cots used in the:On-Bill cost effectiveness methodology.

4This. represents the Efficiency EDR Margin’ for the Efficiency-Non- Preermpted and. Efficiency-Equipment. packages and. Total EDR ‘Margin for the Eﬁlolency & .

| PV, Efficiency. & PV/Battery, and Nettral Cost packages.
5Posmve values-indicate an increase in. PV capac:ty relative to the Standard Desxgn

96
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Table 64: Multifamily Climate Zone 8 Restilts Summary (Per Dwelling Unit)

}2019fngdgyfﬁ%jeanonﬁndncacag#aﬁkpﬁveness$Eady:

n/a.

3250

$213

o7

1.7 82,3853 |

074 | 1.

n/a

‘n/a

$231

_ 0.87:

. $361

163

“$2240

$5 249

124 |

($2 337)

3AII reductlons and lncrementa! costs re atrve 1] the leEd fueI code comphant home except the: EDR Matgins are relatlve to-the Standard Design: for sachicase
wh;ch is the all-e ec’mc code comp Iant home lncremental costs for"chese packages reﬂect the cots used inthe On-Bill cost: effectrveness methodology Costs

4Th|s represenfs the Efﬂclency EDR Marg n for the Eff Jfs
PV, Efficiency & PV/Ba‘ctery, and:Neutral Cost. packages:
SPositive values indicate gn increase in:PV capamty relatwe iothe Standard Desugn

97
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'2019’Ene:'gy‘Efficiéncy.Ordinance Cost-effectiveness Study:

ClimateZone 9 -

Table 65 Single Farﬁily Climate Zone 9 Results Summary

1Al! reductlons and ncremental Costs rela’uve to. the mixed fuel code compllant home."”
2Al1l reduct[ons and ncrementa[ costs: relatlve to.the. all electnc code comp[lant home

| case which is the all electnc code comphant home Incremental costs forthese packages reflect the cots used in the On Bl” cost effectlveness methodology.

| Costs’ differ for the TDV methodology due to differences.inthesite gas infrastructuré costs. (see Section 2.6).
| 4This represents the Efficiency EDR Margin for the Efficiency-Non- Preempted and Eﬁlcxency Equxpmen packages and Total EDR Margm for the Efﬂcnency &

| PV, Efficiency & PV/Battery, -and Neutral Cost packages.’
'5Posmve values indicate an-increasg in PV capac ity relat;ve o the Standard Design.

98 2019-0801,
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2019 Energy Efficienicy. Ordinance Cost-effectiveness Study

Table 663 Multifamily Climate Zone 9 ReSulté Summary (Per ,Dwéiling Unit) .

,($1o4)
%0

.TAJI reductxons and. mcremental costs relatsve to thé: mlxed fuel.code. complsant home S

2p]f reductions and incremental costs relative to the allzélectric-code gomplianthome. = : :
8A]l reductions and. incremental costs relative-fo the mixed fuel code compliabt home: except the EDR Margins are-relativa to the Standard:Design. for each, case

which is the all-electric code-complianthémie.. lncrementa] costs’ ’r’or these packages reﬂect the:cots used in the On-Bill cost effectrveness methodology Costs
diffar: forthe DV me’chodojogy dueto differences in-the site;gas infrastructure; costs (see Section 2.6). : :
4This represents the: Efficlency: EDR Margin forthe Efﬂcxency~Non—Preempted ahd Eff c;ency—Eq’u pment packages and Total EDR Margin for the Eff jciency &

PV Efficiency & PV/Ba’ctery, and Neutral:Cost packages.
sPositi ve values lndlcate an: mcrease in PV capaczty relative to the Standard Designi.

98. 2019-08-01
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Climate Zone 10 SCEZSoCalGa S

2019 Energy Efficiency-Ordinance Cost-effectiveness Study’

:miss;ons (Ibs/sfj

_Table 67 Sln le Famﬂy Climate Zone 10 SCE /So CaIGas Results Summary

. »;Reducfu@n :

Incremental [yt

nla

. nla

-0.13

016 | $593 2.08
0.36 . $5,522 "0
nfa | wa | wWa | nfa
0.07 | $1.778 | 092 | 152 |
040 | 949 | 227 | 319 |
....... o2 I s s
S 083 | 1.512129 '1;  '1_;11' 4,51 o
""" 0.67 ~,<$5 349) - | t45. | 266
| oot | stosr | so4 | > |
087 A $o ' ) = S

© 1/—\11 reduct:ons and incremental. costs re!atwe to the mxxed fuel code: comphant home
| ZAll reductions and-increriiental costs.relative to the:all-electric. code compliant home.

BAIL reductions and incremental costs relative fo the mixed fuel.code compliant home: except the EDR: l\/argms are’relative-to'the Standard’ De51gn for each

' case which is the-all-electric ¢ode comphant horme,. Incrementa! costsfor these packages reflect the cots used in the On-Bill cost effectiveness: methodology;

i Costs differ for'the TDV: methodo]ogy due to differenices in thessite gas infrastructure costs, (see Section 2. 6).
“This represents the Efficiency EDR. Margln for'the Efficiency-Non- Preempted and Efficiency-Equipment packages and Total EDR: Margm for the Efficiency &.

- PV, Efficiency & PV/Battery; and: Neu’cral Cost packages.
j 5Posmve Va[ues lndlccte an increase m PV capacxty relative to the Standard., DeSIgn

100
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2019 Energy Efficlency Ordinance Cost-effectiveriess study

“Table 68: Multifamily Climate Zone 10 SCE/SoCalGas Results Summary (Per Dwelling Unit)

1Al reductions and Incremental costs relétive to the-mixed fuel code compliant: hom&

. 2All reductions and incremenital costs telative:to the:all-electric code compliant home.’

3All reductions and.incremental costs relative to the mixed fuel code compliant home except the EDR: Margms are: relatlve tothe Standard: DES[gn for sach'case
which is the all-electric code complianthome:. Incremental costs-for these packages reflect the cots Used in.the On-Bill cost eﬁ‘ectlveness methodology Costs
differ forthe TDV:methodology die to differences in‘the site gas infrastructure costs (see Section: 2.6). <

4This represents the:Efficiency EDR Margin-for the Efﬂclency-Non-Preempted and Efflojency-Equment packages and Total EDR Margm for the Efﬂcnency &

PV, Efficiency & PV/Battery, and Neutral Cost packages:
SPositive values indicate an increass in PV capacity relative: to the Standard Design.

101 2019-08-01
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' 2019 Energy Efficiency Ordinance Cost—_effectiveness Study

Climate Zone 10 SDGE : -
-“Table 69: Single Family Climate Zone 10 SDGE Results Summary

$593 264 | 384
- $5522 | 058 | 1.48 |
_nla | na | na
$1,773 1.08 | 152 |
%949 - | 262 | 348 |
""" . $6405 | 1.68 | 150
........................ $12129 TEREE
($5 349 | 0.90 ”,2 ee{v» :
$1,067 | 485 | >1
PO B

1All reductions and incremental costs relatlve to.the mixed fuel code comphant home.

- 2All reductions and incremental costs relative 1o the all-electric:code compliant home., A ‘

_ SAllreductions and incremental costs relative to the mixed fuel code compliant home except the EDR Margins are relative to the Standard Design for zach

- case which is:the all-electric code compliant home. Incrémental costs for these packages reflect the cots used in the On-Bill cost effectiveness methodalogy.
| Costs differ forthe TDV methodology due 1o differences inthesite gas infrastructure. costs (see Section, 2.6).

- “This represents the Efficiency’ EDR Margin for the Efficiency-Non-Preempted and Effi cxency—Equment 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..

102 2015-08-01
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2019 Energy Efficiéncy. ‘Drdin:qn"c'e Cbsg—:effe_vjctfyggﬂ"éss,Sfu_.dy

_Table 70: Multifamily Climate Zone 10'SDGE Results Summary (Per Dwelling Unit) |

($2 337)

1Al reductions and incremental costs. relatlve to: the mixed fuel code compﬁant home

2A]} reductions. and incremaital costs relative 1o theiall-electric 'codé gompliantheme,.
%All reductions and incremental costs. relafive to the; mixed fugl.cods. complianthome: except the EDR. M argms arg. relatwe to the: Standard: ‘Design for. each case.

‘which is the all-electric code. complaant home. Incremental.costs forthese packages reflectthe.cots used in the On-Bill:cost: effecti veness methodology LCosts

differ for the TDV- methodology;due o dlfferences in-thesite'gas infrastructire costs {see Section 2; 6). :
4This represents.the Effi iciency'EDR: Margin for the Effici ency—Non-Preempted -and:Effi mency~Equ1pment packages and Total EDR Margm forthe Eff[cxency &

PV, Efficiency &:PV/Battery},- ‘Neutral Cost packages,. . .
SPositive values indicate-an:increase: in PV capacnty relative'to the. Standard DESIQI’L

103
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Climate Zone11.

2019 Energy Efficiency Ordinance Cost-effectiveness Study

Table 71: Single Family Climate Zone 11 Results Summary

031 | $1222 250 | 3.68
ma | na na | na
018 | -§3735 | 124 | 147 |
022 | $2108 | 297 .| 333 |
S ore ,$17 077 149 | 1671 |
0.99: ‘($5,3,49) 049 | 1.69
1,54 $5478 | 184 | >1
129 $0 S| st

1Al reduc’uons and mcrementa[ costs re!a’txve to’ the mixed fuel code comp lant home
- ?All reductions and incremental costs relative to the all-electric code compliant home.
2l reductions and incremental costs relative to the mixed fuel code compliant home except the EDR- Margins are:relative to the Standard Design.for each

Case Wthh is the all- e]ectnc code compllant home lncrementai costs for these packages reﬂect the cots used in'the On-Bill cost effactiveness methodo]ogy.-,

4This represents the Efﬂcxency EDR Margm for the Efﬂcxency-Non Preempted and EfﬂCIency—EqU\pment packages and. Tofal EDR’ Margln for the Eﬁ‘”mency &

| PV, Efficiency & PV/Battery, and Neutral Gost: ‘packages.
sPositive values ndlcate an increasg in PV. capac ity relative to the Standard Desxgn

104
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2019-Energy Efficiency Ordinance Cost-effectiveness Study

" Table 72: Multifamily Climate Zone 11 Results Summary (Per Dwelling Unit).

1All reductions ‘and incremental costs relative to the mlxed fuel code compliant: home
2All reductions and incremental costs relativeito the all-electric code- compliant home. :
3All-reductions and incremental costs relative. fothe mixed fuel gdde; comphant horne except the- EDR Margins: are relatxve o the Standard’ Desxgn for-each case -
" which is the-all-electric code oompnant home. ncremental costsifor these: packages reflect the cots usedin’ the On=Bill cost eﬁ’ectxveness me‘chodology Costs
differ-forthe TDV: methodology dueto.differencesin the sité gas infrastructure costs: (see Section 2.6).

4This represents the Efficisncy EDR Margmvfor the Effi ciency=Nons Preempfed and Eff crency—Equment paokages and‘l‘otal EDR Margm for the’ Eff mency &,

PV, Efficlency & PV/Battery, and Neutral Costpackdges, _ )

5Positive va]ues indicaterar i ncrease PV capacxty telative:tothe: S’candard Dessgm ‘

105 * 2019-08-01
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2019 Energy Efficiency Ordinance Cost-effectiveness.Study:

limate Zone 12

‘Table73: Single Famﬂy Climate Zone 12 Results bummary

...... 1.85 L 1

176. | 035 | ._,.$5 568 | o043 | 17

1.05. n/a , ’n/a , nfa nfa

0.94 0.10 3,735 0.78. - 1.06

0.90. | - 0.15  $2,108 | 200 | 251
051 | 05 $11,520 | 169 | 141
| o028 | 078 " 817, 586 |- 129 | 148

1.05 1.07 - ($5, 349) 063 | 1.89

Cost | 160 | 86472 177 | >t

078 50 | > | >

| 1AH reductions and incremental costs relative to the leed fuel code compliant home o
I2All reductions and incremental cosis relative 16 the all-electric sode.compliant home. -

Costs differ for the TDV methodology due to. differences in the site gas infrastructure costs (see Section 2. 8).
- “This represents:the Efficiency EDR Margin. forthe Eﬁ“cxency -Non- -Preempted and. Eﬁlmency-Eqmpment packages. and Total:EDR Margm for the Efﬂmency &

PV, Efficiency & PV/Battery, and ‘Neutral-Cost: packages.
/ 5Posm\/e values indicate an: Increase’in, PV capac1ty relative to the Standard DeSIgn

106

2019-08-01

3All reductions and incremental costs relative tothe mixed-fuel code compliant home except the. EDR Margms are relative to the Standard Desxgn for each
| case which js theall- electric code compliant home: Incremental costs for these packages reflect the cots used in the On-Bill cost effectweness methodology.
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2019 Energy Efficiency Ordinance Cost-effectiveriess Study:

Table 74: Multifamily Climate Zone 12 Results Summary (Per Dwelling Unit)

AT reductions and incremental Costs relative o e mixed fuel code complanthome. . T T A
2All reductions: and incremental costs relative to the all-electric:code compliant home: ' ‘ g
3All reductions and’ incremental costs. relative to the mixed fuel codeicompliant home: except the EDR Margins are relative to the Standard: Desygn for: each case .

whxch is the all-electrlc code comphant home Incremental costs for these packages reﬂect the cots used in the On-Bill cost effectiveness. me’chodo[ogy Costs

4This represents the Efﬁcxency EDR Margm for the Efﬂmency—Non—Preempted and Efﬂcnency»Equlpment packages and Tota] EDR Margln forthe Efﬂcxency & -
PV, Efficiency & PV/Battery, and NetiralCost packages '

: 5Posmve values indi cate an.increase in PV ‘capacity. relativefo the Standard Destgnd ‘

107 2015-08-01
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2018 Energy Efficiency Ordinance Cost-effectiveness Study

Climate Zone 13 :_

Table 75: Single. Family-Climate Zone 13 Results Summary . ..

______ L. selt | B

s | s | oanh | 1es | oss | sees4 | 036 | 16 |

S na l nla | .108 . na n/a " n/a | nla

13.0 | 161 057 | 050 $10532 | 1.70 | 147

0
o | o | ooo [ o087 | o021 | s2108 . | 288 | 330 |
—

0

220 |0 232 | 085 | 073 $16,806 440 |4

o | oo | oo | 108 | oe4 | f..-<$5 349>:f' 054 | 183

o | 130 161 057 | 144 | s5184 | 186 | >

0 70 | 138 | ove-| 128 | - $0 | >t | -

1AH reduc’nons and mcremental costs relatlve to the m:xed fuel code compllant home

2A]| reductions and incremental costs relativet6'the-all-electric:cade compliant home:

3All reductions and/incremental costs rélative-to the mixed fuel code compliant home except the EDR Margins arerelative {o-the Standard DBS[QH for each
-case which is the.all-electric-code compliant home, lncremental costs for these packages reflect the cots used inthe. On-Bill cost effectiveness methodology.
Costs differ forthe TDV me’chodo[ogy due to differences in‘the site gas. infrastructure costs. (see Section 2, 6).
4This represeﬁts the Efficiency EDR. Margm for the Efficiency-Non-Preempted and: Efficiency-Equipment packages and Total EDR Margm for the' Efﬂclency &
PV, Efficiency & PV/Battery, and Neutral Gost packages. :

SPositive values indicate-an increase in PV capacity: re]atlve to the Standard Desxgn

4108 ‘ ' . @ S 2018-08-01 -
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2019 Energy Efficiency Ordinance Coét#eﬁég:t’zfveness Study

Table 76: Multifamily Climate Zone 13 Results Summary (Per Dwelling Unit)

($2 337)

$1 ,:12,5'~

5o

1AH reductions and’ mcrementa] costs relative.to the mxxed fue[ code comphant home T i T T

- 2All reductions and ineremental Gosts relafive 16 the all-electric:code ¢ompliant tiome:.
BAllreductions and’ mcremental costs relative to'the mxxed fuelcode: comphant hore: except the EDR Margms arg relahve to the Standard Demgn for gach. case

which is the all-electric code:comipliant Fiome. Incrementa costsforthese packages reflect.the cots tised in the On= Bll cost effectjveness methodo]ogy. Costs

differ for the:TDV me’thodology dueto differences in thesite gas infrastructure costs (seeSection 2.6).
“This represents the Efficiency EDR Margin for the. Efficiency-Non-Preempted: and Effici ency—EqUIpment packagés and Total EDR Margm forthe Efﬂcxency &

PV, Efficiency & PV/Battery, and Neutral Cost packages. .

, 5Posmve values indicate:an: increase in PV capacﬂy relat]ve 10 the Standard Deagn
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201‘9,En:ergy Efficiency Ordinance. Cost-effectiven‘esé Study

Climate Zone 14 SCE/SoCalGas.
Table A

Sm le Famﬂy Chmate Zomne 14 SCE / So CaIGas Results Summar

$1*0459v IREEECE

5, 349)’ 1 o7z | 187 |

g5t | 101 | >

80 | 000 | >t
| 1000y | o124 | >1 |

1All reductions-and incfemental costs. relative to the mxxed fuel code: compllant home:
ZAll reductlons angd mcremental costs relaﬁve to the aII elec’mc code comphant home

whichis the an eleotnc oode oomphant home lncremental costs for these packages reﬂect the cots used: inthe. On Bl][ cost effect(veness methodology Costs

differ forthe TDV methodology dueto differences inthe site gas infrastriicture costs (see Section 2.6).

4This represents the Efficiency EDR Margin for the Efficiency-Non-= -Preempted.and EﬁlClency-Equipment packages and Total EDR Margin for the Efficiency: & PV,
Efﬂoxency & PV/Battery, Neutral Cost, and Min Cost Effectiveriess packages.
5Posmve values indicate:an increase iri PV capacity relative to the Standard De&gn
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2019 Energy ] fficiency Ofdinance_ Cost-effectivengss Study -

Table 78: Multifamily Climate Zone 14 SCE/SoCalGas Results Summary (Per Dwelling Unit)

(82,337)

=
50

1Al reductions and’ mcremental costs relatxve to the mlxed fuel code comp tant home

2Al reduc’uons and I mental costs relatlve to the all-e!ectnc code com liartt home; :
_________ npliant. home exceptthe EDR Margms are relafive 16 the: Standard Dési ignfor each case:

whi ch is the all-eJectnc code comphant home lncremental cos’cs for these packages: reflect the cots used in thé On-Bill cost effectweness methodology Costs

differ for the TDV methodology dueto differences in the site:gas infrastructure costs (sea:Settion 2;6). ;
4This represents the Effxcrency EDR Margi ‘for the- Efﬂmenqy—Non Preempted and. EfﬁCIenoy-Equment packages and Total EDR Margm for ’the Eﬁ’rcrency &

5Posmve values md tcate an ncrease in- FSV cepacyty re aﬂve ’to the Standard Deslgn

111 2019-08-01
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2019 Energy Eﬁicféncy Ordinance. Cost-effectiveness Study

Climate Zone 14 SDGE - | | .
o Table 79: Single Family Climate Zone 14 SDGE Results Summary

022 | s2108 | 292" XN

045 | $10459 | 1.80 | t62
075 $16394 '167 “1'159_»
097 | $5 w9 | o. eo_ 167
Traz | ssatt | tea | =1

1Alireductions and incremental costs relatlve to the mxxed fuel code comphant home
2A] reductions and incremental costs relative to thé all-electric.code compliant home. '
3All reductions and incremental costs relative to,the mlxed fuel code compllant home except the EDR Marginsare relative to the. Standard De&gn for each
case which is the all-electric.code-compliant. home Incremental costs for these packages refl lect the cots used in the On- Bill cost effectiveness methodology.
Costs differ forthe TDV, methodology dueto dtfferences in the site gas.infrastructure costs.{see Section 2. B).

4This represents the Efficiency’EDR Margin forthe Efficiency-Non- Preempted and Efﬁmency-Equspment packages and Total EDR Margm for the Eﬁlc:ency &
PV, Efficiency & PV/Batfery, and Neutral.Cost packages » o

5Pos tlve values indicate an increase in PV capacsty relative-to the Standard Design.

112 © 2019-08-01




1487

2019 Ener’g;/ E;j?}'cien cy Ordinance: Coﬁr;eﬁectivéness_‘sfqdy co

Table 80: Multifamily Climate Zone 14 SDGE Results Summary (Per Dwelling Unit)

which'is the al -elecmc code comp 1ant home_ Incremental costs for these packages ref lect the cots: used in’ the On BIH cos’c eﬁ‘ecﬂveness methodology Costs
differ forthe TDV methodo(ogy due to differancesin th&sfte gas.mfras’cructure costs:(see Section 2. 6)

" 4This. represents the Efﬂclency EDR. Margm forthe Efﬂcsency—N ap-Preempted and Effi cxency-Equlpmen’c packages and Total: EDR Margm for the Efﬂcxency &
PV, Efficiency & PV/Battery, and ‘Neutral Cost packages. -
5Posmve values: mdxcate an mcrease m Py capaclty re a‘uve to the Standard Des
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Climate Zone 15

2019 Energy Efficiency Ordinance Cost—eﬁéc‘tiveness‘sfudy

Table 81: Single Family CIimat‘eonne 15 Results Summary

o N YT i v Gk
@) 141 7.0 0.34) |. 1.38 032 || $6,043 145 | 151
2,149 S0 na nia 132 na - n/a n/a. nla

1,230 0 55 0.00° 142 | 020 | $4,612 142 | 1.58
866 0 7.0 000 | 104 | 028 | $2108 | 3.30 | 447
1,030 0. 8.0 0.12 140 | 0220 | 5085 | 142 | 157
@ | o 13.0 083 | 084 | 048 | $11, 382 116 | 1.54
2,149 0 0.0 000 | te2 | 087 f($5 349) 173 | 2:21
1,030 0 6.0 0.12 1.10 0.59. ($264) >1 >

23 0 5.0. 1:36 113 057 | 80 >1 <

1Al reductions ahd mor"ehwve‘htal‘ costs relative to the mixed fuel code .compliant home,

| 2All reductions and incremental costs relative'to the all-electric code compliant home.

| 3Al] rediictions and-incrémental costs relativesto the mixed fiel code compliant home except the EDR 'Matgins are felative to the Standard Desigri for each
case which Is the all-electric code compliant horme. Incremental costs forthese packages reflect the cots used in the On-Bill cost effectiveness methodoiogy.

" Costs-differ for the TDV methodology due to differences in the site gas infrastructure costs (see Section 2.6).

4This represents.the Efficiency EDR Margin for the Efficiency-Non-Preempted and Efﬂcqency—Equlpment packages ‘and Total'EDR Margin for the Efficiency &

- PV, Efficiency & PV/Battery, and Neutral Cost. packages,
- SPositive values-indicate an increasein PV tapacity rélative to the Standard Design.
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52019 Energy Efficiency Ordindnce Cost-gffectiveness Study:

_Table ,éz:'MﬁItifamﬂy‘ Climate Zone 15 Results Sﬁmmary (P,ei: Dwelling Unif)

“157) "'.
| $2,604.

1Al reductlons and; ncremental Costs. rela’tlve to the ‘mixed fuel code compllan’t home
2A[l reduction's and Incremeéntal costs relative to the all-electric tode compliant home.
3All reductions-and incremental costs relativeto the miixed firel tode compl liant home except the EDRiM: arg s are: relative toithe Standard Design: for gach case
which Is the all-electric-code complianthome: Incremental:costs for these: packages reflect the cots used in the On-Bijl:cost effectlveness methodology Costs:
differ for the TDV:methodology'duests differences inthe site gas Infrastructure costs (see Section 2:6). -

“This represents-the Efficiency’ EDR. Margin for e Efficiency-Non- Preempted and Effi aency-Eqmpment packages and, Tota EDR Marg In for the: Efﬁmency &
PV, Efficiency & PV/Battery, and Neutral Cost: packages : . -

5Pos:t ve;values indicate - an increase in PV: capacﬁy relat ivefathe Standard DeSIQn
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2019 Energy Efficiency Ordinance Cost-effectiveness Study

Climate Zone 16

~ Table 83: Sm:' le Famll Chmate Zone 16 Results Summary

455 | 048 | $2,108 | 236 | 232
084 | 079 | $16,582 209 | 1.62
064 | 109 ‘ $22,838 ’ 171- 155,..

73 | tes | (5549 ] i-o s 0568
0e4 | 237 | sM284 | 155 | 202
151 | 180 | s0 | 000 | 074
12 | ey | earsy) | 124 | 140 |

j‘AH reductions and mcremental costs relative ta the mlxed fuel code comphant home
2All reductions and incremental tosts relativeto the all-electric code compllant home,
3All rediictions arid incremental costs relative 1o the mixed fuel code compliant home except the. EDR Margins are rela’uve to the Standard Design'for each case
‘which is the. all-electric code compliant home. Ineremental costs for these packages reflect the cots usedinthe On-Bill cost: effectxveness methodology. Costs
ioi1’1"fer1’or"t!’1e TDV methodology due to-differences in the site gas-infrastructure costs. (see Section 2.6). .

“#This represents-the Efficiency EDR I\/Iargm for the Efficiency-Non-Preempted : and Effici ency-Equlpment packages and Total EDR Margin for the Efficiency & PV,
Efficiency & PV/Battery, Neutral Cost, and Min-:Cost Effectiveness packages. ~ »

SPositive values indicate an increase.in PV capacity relatlve to-the Standard Design.
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2019 Enerjgx‘.Efficiehc}f Ordinance Cost-effectiveness. Study

Unit) -

Table 84: Multifamily Climate Zone 16 Results Summary (Per Dwelling

(32:337)

T1Al reduct jons and incremental costs relativefo. the mixed fusltitode compllant home.
C2All reductlons and ncremen’cal costs relatrve to ‘rhe all-electnc co‘d_e‘ ompliant ho'me;

Wthh is the all electrlc code comphan’c home Incremental costs forthese packages reﬂectthe cots used m the On BLU cost eﬁectxveness methodology Costs
ﬂ’er for the TDV methodology dueto diff réncesin the: s:te as ‘mfrastructure cos‘cs (see Sec‘aon 2t6)

,5Posﬁ ve values lnd rcate an mcrease m PV capaclty re at vérto the Standard De51gn‘
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August 12, 2019 . R Qe

Ms. Angela Calvillo
Clerk of the Board
Board of Supervisors, City Hall

1 Dr. Carlton B. Goodlett Place, Room 244

San Francisco, CA 94102-4694

" RE: Code amendments to the 2019 Caﬁfornia Bui]ding'Sfandards Code,

including the Building, Existing Building, Residential, Mechanical,

~ Plumbing, Electrical, and Green Building Codes and recommend approval

to the Board of Supervxsors

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:

Vice-President Walker ~ Yes
Commissioner Konstin®  Excused
Commissioner Moss Yes

President McCarthy - Yes
Commissioner Clinch  Yes
Commissioner Lee Yes
Commissioner Warshell 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,,p.lease do not hesitate to call me at 558-6164.

S‘incerely,

2o,

Sonya Harris
Commission Secretary

[';\&é
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CC:

o

Tom C, Hui, S.E., C.B.O., Director
Mayor London N. Breed
Supervisor Vallie Brown
Supervisor Sandra Lee Fewer
Supervisor Matt Haney
Supervisor Rafael Mandelman
Supervisor Gordon Mar
Supervisor Aaron Peskin
Supetvisor Hillary Ronen
Supervisor Ahsha Safai
Supervisor Catherine Stefani
Supervisor Shamann Walton
Supervisor Norman Yee

Deputy City Attorney Robb Kapla

420



e’

o,

8

Member, Board of Supervisors A
District 3

AARON PESKIN

et =
DATE: October 21, 2019
. TO: Angela Calvillo
Clerk of the Board of Supervisors
FROM: Supervisor Aaron Peskin, Chair, Land Use and Transportation Committee
RE: |

Land Use and Transportation Committee

OO

uule{T EE REPORTS

Pursuant to Board Rule 4.20, as Chair of the Land Use and Transportation Commitfee, | 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 20116 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 Cahfomla Building
Standards Commission as required by State law.

These matters will be heard in the Land Use and Transportation Committee at a Regular Meetlng on
Monday, October 28, 2019, at 1:30 p.m. :

Pz
. =
2

i

PO
w
-
S

=

=

u
i
H

City Hall « 1 Dr. Carlton B. Goodlett Place » Room 244 = San Francisco, California 94102-4689 » (415) 554-7450
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~ Président, District 7
BOARD of SUPERVISORS,

i DxC[H:SrQ&TB" lo &ltgfa&jlloom 244

Norman: Yee

Toi Angela Calyillo, Cletk of the Boatd of Supeiwsms

"Puﬁs{iant tO; Boaid Rules, I anii hereby:

| R Waiving 30-Day Rule Board Rule No. 3:23)

- Pile No:

Title;

1 Transferting (Board Rule No 3.3)

v L (Dag)
Duration: Paitlal

NOLma# vee! P1 sident
Board of Supeiv1 ofs
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City and County of San Francisco
Department of Building Inspection

Ldndon N. Breed

. September 20, 2019

Angela Calvilio, Clerk of the Board

Board of Supervisors

#1 Dr. Carlton B. Gdodlett Place, Room 244
San Francisco, CA 94102-4689 -

Dear Ms. Calvillo:

hed please find an original and two 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 of these 2019 California Buﬂdmg Standards Codes are
hereby prowded for your reference.)

“The following is a list of accompanymg documents:

1)
2)

3
.
;
6)

D

Approval letter from the Building Inspection Commission

San Francisco Building Code and Residential Code Ordinance, Legislative Dlgest) Exhlblt
A Standard Findings, Findings, proposed amendment text (Building)

San Francisco Existing Building Code Ordinance, Legislative Digest, Exhibit A Standard
Findings, Findings, proposed amendment text. (Existing Building)

San Francisco Electrical Code Ordinance, Legislative Digest, Exhibit A Standard Flndmgs
Findings, proposed amendment text (Electrical) _

San Francisco Mechanical Code Ordinance, Legislative Digest, Exhibit A Standard
Findings, Findings, proposed amendment text (Mechanical)

San Francisco Plumbing Code Ordinance, Legislative Digest, Exhibit A Standard Findings,
Findings, proposed amendment text (Plumbing)

San Francisco Green Building Code Ordinance, Legislative Digest, Exhibit A Standard
Findings, Findings, proposed amendment text (Green), Cost effectiveness study.

In order for the San Francisco code amendments o coordinate with the Caiifornia 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 Gommittee 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 GA 94103 -

Office (415) 558-6205— FAX (415) 558-6401 — www.sfdbi.org
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Angela Calvillo, Clerk of the Board Page 2 of 2 4 Septembér 20, 2019

 The following person may be contacted regarding this matter:

/70l

Michelle Yu, Manager

Technical Services Division
Department of Building Inspection
Phone: (415) 558-6059

Attachments: As stated

Technical Services Division
1660 Mission Street — San Francisco CA 94103
Office (415) 575-6205— FAX {415) 558-6401 — www.sfdbi.org
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San Francisco Building Code Amendments

Residential Building Requirements — See Chapter 36 of the San Franclsco Building Code.
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- San Francisco Existing Building Code Ordinance
~ Exhibit A — Standard Findings

Findings
San Francisco Existing Building Code Amendments

Elecmcal Code
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Leglslatxve Digest

San Francisco Electrical Code Ordinance
Exhibit A —Standard Findings

Findings

San Francisco Electrical Code Amendments

. Mechanical Code

a.
b.
c.
d.

e.

Legislative Digest
San Francisco Mechanical Cade Ordinance
Exhibit A —Standard Findings

Findings

San Francisco Mechanical Code Amendments

Plumbing Code

a0 oo

e.

Legislative Digest
San Francisco Plumbing Code Ordmance
Exhibit A —Standard Findings

- Findings

San Francisco Plumbing Code Anﬁendments

Green Building Code

a.

T

Legislative Digest

San Francisco Green Building Code Ordinance

Exhibit A — Standard Findings

Findings

San Francisco Green Building Code Amendments

Nonresidential New Construction Reach Code Cost Effectiveness Study
Cost-effectiveness Study: Low-Rise Residential New Construction
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