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1. INTRODUCTION

The Codes and Standards Enhancement (CASE) initiative presents recommendations to support
California Energy Commission’s (Energy Commission) efforts to update California’s Building Energy
Efficiency Standards (Title 24, Part 6) to include new requirements or to upgrade existing requirements
for various technologies. The Statewide CASE Team consists of the four California Investor Owned
Utilities (I0Us) — Pacific Gas and Electric Company, San Diego Gas and Electric, Southern California
Edison, and SoCalGas® — and two Publicly Owned Utilities (POUs) — Los Angeles Department of
Water and Power and Sacramento Municipal Utility District — which sponsored this effort. The program
goal is to prepare and submit proposals that will result in cost-effective enhancements to improve
energy efficiency and energy performance in California buildings to the Energy Commission, the state
agency that has authority to adopt revisions to Title 24, Part 6. The Energy Commission evaluates
proposals submitted by the Statewide CASE Team and other stakeholders and may revise or reject
proposals.

In September 2017 the Statewide CASE Team submitted the CASE Report that is included in
Attachment 1 to recommend code changes related to high performance attics. This document explains
the revisions that occurred to the proposed code changes between the submittal of the Final CASE
Report to the Energy Commission and the Energy Commission’s adoption of the 2019 Title 24, Part 6
Standards on May 9, 2018. The document begins with a concise description of the adopted code
language, followed by the estimated energy savings of the adopted requirements, with the remainder of
the document outlining the evolution of the code changes and the final adopted language.

2. MEASURE DESCRIPTION

The adopted 2019 residential high performance attics (HPA) measure increases the 2016 prescriptive
requirement for the building envelope in certain climate zones. The HPA measure was first introduced
under the 2016 code cycle with prescriptive requirements for vented attics with above-deck insulation
options (Option A), below-deck insulation options (Option B), and an alternative option for ducts in a
conditioned space (Option C). The principal heating, ventilation, and air conditioning (HVAC)
performance benefits of HPAs include reducing the seasonal heat transfer through the roof deck, with
the primary benefit occurring in the cooling season. Additionally, reduced loads from the roof deck to
the attic improve duct system performance and contribute to reduced loads through the ceiling to the
conditioned space.

The Final CASE Report recommended increased HPA insulation requirements for new single family
and low-rise multifamily construction, but did not recommend any changes from the 2016 HPA
prescriptive requirements for additions. The Final CASE Report deviated from the Draft CASE Report
where stricter HPA prescriptive requirements for additions were proposed. These back and forth
negotiations were reflected in the communications between the Statewide CASE Team and Energy
Commission staff on this issue. Although the Final CASE Report did not recommend changes from the
2016 HPA additions requirements, deliberations between the Statewide CASE Team and Energy
Commission staff resulted in the final determination to update the 2019 prescriptive HPA requirements
for additions greater than 700 ft2.

For the Standard Design reference case in the performance method (assuming tile roof construction with
an air space between the roof deck and the roofing material), the adopted 2019 HPA measure increases
the 2016 R-13 below-deck (Option B) requirement to R-19 in the following climate zones:

e Climate Zones 4, and 8 through 16 for single family homes, and
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e Climate Zones 4, 8, 9, and 11 through 15 for low-rise multifamily buildings.

This specification represents the proposed prescriptive requirement for the common tile roof
construction, which occurs in roughly 75 percent of California new production housing. For reasons of
code simplification, the less common asphalt roofing and above-deck roof insulation strategies (Option
A) would not meet the prescriptive requirement, and therefore would need to be modeled under the
performance method to demonstrate compliance.

Table 1 identifies sections of the Title 24, Part 6 Standards and Reference Appendices that were
modified as a result of advocacy activities. The table also identifies if the compliance software will be
updated. The Statewide CASE Team also provided input on Energy Commission proposed Title 24, Part
11 code language released in November 2017.

Table 1: Scope of Code Change Proposal

Modified - . . .
Measure Name Ty_pe of Section(s) of Title Modified T|tle_24, Part 6 Will Compllan(_:e_
Requirement 24 Part6 Appendices Software Be Modified
High performance _— Reference Appendices Yes
attics Prescriptive 150.1(c) RA3 5

3. STATEWIDE ENERGY IMPACTS OF ADOPTED
REQUIREMENTS

Table 2 shows the estimated energy savings of the adopted requirements over the first twelve months
that are in effect. The first-year savings have changed slightly since submitting the Final CASE Report,
as assumptions for low-rise multifamily housing starts® have been updated and energy impacts due to
additions are now included.

The assumptions for estimating HPA energy savings and demand reduction for additions has been added
to Table 2. The method for estimating HPA savings and demand reduction due to additions is based data
provided by the Energy Commission indicating that additions and alterations energy impact (defined as
fraction of total residential construction spending) is equal to 28 percent of the value of new California
residential construction. The Statewide CASE Team estimates that additions represents 50 percent of the
total additions and alterations spending, and that additions greater than 700 ft? are 10 percent of all
additions. These 50 and 10 percent factors result in the energy impacts of HPA in additions being equal
to 1.4 percent of new construction.

Another change that impacts the difference in savings and demand reduction estimates is the California
Building Efficiency Code Compliance Residential software, which has undergone various updates
including bug fixes and enhancements during the standards development process after the submission of
the Final CASE Report. Software changes which impact this measure for single family homes include
correcting the furnace Alternate Fuel Utilization Efficiency (or AFUE) from 0.78 to 0.80, updating the
adopted indoor air quality ventilation rates, and an increasing the prescriptive assumption for whole-
house fan efficacy from 0.10 to 0.14 watts per cubic feet per minute in Climate Zones 8 through 14.

1 In finalizing the CASE Report, the Statewide CASE Team was using a set of housing start data that combined low- and high-rise multifamily.
The corrected data shown here only includes the low-rise segment.
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Table 2: Estimated Statewide First Year? Energy and Water Savings

First Year First Yea_r Peak First Year Water First Year
L Electrical - Natural Gas
Electricity Savings ;
Measure : Demand . Savings
Savings . (million i1l
(GWhiyr) Reduction gallons/yr) (million
(MW) therms/yr)
Total 3.7 5.9 N/A 0.30
New Construction 3.6 5.8 N/A 0.30
Additions 0.1 0.1 N/A 0.00
Alterations N/A N/A N/A N/A

a.  First year savings from all buildings completed statewide in 2020.

4. EVOLUTION OF CODE REQUIREMENTS

The Statewide CASE Team submitted the final version of the CASE Report to the Energy Commission
in September 2017. The Final CASE Report addresses input that was received during utility-sponsored
stakeholder meetings held on September 14, 2016, and March 14, 2017, and during the Energy
Commission’s pre-rulemaking workshop that was held on June 1, 2017. This section describes how the
code change proposal evolved between the time the Final CASE Report was submitted to the Energy
Commission and the time the standards were adopted.

The evolution of HPA from the Final CASE Report to standards adoption in May 2018 was focused on
HPA implementation details, rather than any technical issues related to performance estimates or cost-
effectiveness calculations. Specific items that evolved post-adoption include efforts towards HPA
simplification in the 2019 code and application of HPA to additions.

In December 2017, the Statewide CASE Team reviewed and provided clarifying comments on the
CALGreen Draft Express Terms. The Draft Express Terms added HPA as a prerequisite option for Tier
1 and Tier 2. Details can be found in Section 5.3.

4.1 HPA Code Simplification

Under the 2016 Title 24, Part 6 standards, HPA requirements are presented in terms of the three HPA
configurational options (“A” for above-deck insulation, “B” for below-deck, and “C” for ducts in
conditioned space) and for two roofing material construction options (“with air space” representing tile
roofing materials and “no air space” representing asphalt roofing). The Final CASE Report provided
complete documentation of cost-effective prescriptive requirements for all these options, as well as
detailing differing prescriptive requirements between single family homes and multifamily building
types. This effort to fully document cost-effective HPA scenarios was undertaken in the Final CASE
Report to provide the Energy Commission and other stakeholders a comprehensive perspective of 2019
HPA performance for all potential configurations and scenarios.

Internally, the Energy Commission reviewed the findings in the Final CASE Report and decided to
simplify the HPA presentation by having the prescriptive requirement focus on the predominant HPA
construction technique being utilized,? which is tile roofing and below-deck insulation. By focusing on

2 Information obtained from Title 24, Part 6 compliance documents suggested that nearly 75 percent of newly built homes were utilizing tile
roofs and that the vast majority of builders installing roof deck insulation to meet HPA requirements were doing below roof deck insulation
techniques.
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the tile roofing and below-deck insulation technique, the proposed 2019 HPA prescriptive requirement
would be targeted towards mainstream implementation. Projects utilizing asphalt roofing or above-deck
insulation would need to follow the performance path to demonstrate compliance. This simplification
strategy was discussed among and agreed upon by the Statewide CASE Team and was presented by
Energy Commission staff at the October 5, 2017, Staff Workshop.

4.2 HPA for Additions

For the 2016 standards when HPA was first recognized as a prescriptive requirement, the Energy
Commission decided to extend the new construction HPA prescriptive requirements to additions only
for those exceeding 700 ft? of conditioned floor area. The 700 ft? threshold was based on the assumption
that HPA requirements might be overly burdensome and often impractical for smaller additions. During
the development of the 2019 HPA code change proposal, the Statewide CASE Team found no
compelling logic to change this 700 ft? threshold assumption.

In drafting the Final HPA CASE Report, the Statewide CASE Team communicated with Energy
Commission staff on whether the proposed 2019 HPA below-deck insulation requirement should also be
applied to additions, effectively raising the prescriptive level from R-13 below deck (for tile roof) to R-
19 below deck. One argument the Statewide CASE Team presented against increasing the prescriptive
requirement was that R-19 batts (which are approximately 2.5 inches deeper than typical 2x4 top chord
roof framing) could prove problematic for installation in applications with low sloped roofs where the
existing roof is being extended as part of an addition. The Statewide CASE Team did not have a strong
position on this issue but decided to engage the Energy Commission on this topic. This issue was
discussed with Energy Commission staff on a call in August 2017. Energy Commission staff internally
discussed the topic and decided to increase the below-deck insulation level to meet the 2019 HPA
requirement for all additions greater than 700 ft2. For situations where this may be challenging, a builder
can use the performance method to trade off the small incremental benefit associated with moving from
R-13 to R-19. The Statewide CASE Team agreed that this was a reasonable resolution.

5. ADOPTED CODE LANGUAGE

The adopted code language for the Standards and Reference Appendices are presented in the following
sections. Additions to the 2016 Title 24, Part 6 code language are underlined and deletions are struck.
5.1 Building Energy Efficiency Standards

The existing Roofs/Ceilings portion of Table 150.1-A from the 2016 Residential standards was
eliminated.

2019 Title 24, Part 6 CASE Study Results Report — 2019-RES-ENV2-F Page 4



t 22 es]ez]s]allulualalalals]s
wm | wm |zs | | | |58 | 25 |28 |58 |28 | 25 | 25 | 25 | 23
e | (25| | | | Be | 25 | s | 2s |28 | 5 | 5s | 2s | 5s
slz|lz|lzlzl|lelzlz|lzlz|lz|z|lz]|=z]|=
|2 | 3|2 | 2w |e |z |s|s|e|s|sls
7z |22 (== |22 |22 |28 (3= (e |2 2= |22 |2 |2 ||,
3 = = - z - o - g = = - g =

= zlzl|lzglz|z|&lz]|&]|=
MR g || B | | i ||| || o

z zlzl|lzlz|z|&|lz]|=&]|=
| ®E | p=®E(=E(=F ||| 8| &8|a|a|lela
slz|lzlzlzl|lelzlz|lz|lz|lz|z|z]|=&]|=
i |2 |3 || 2|2 |=| ||| s|s|a
zE | = E | 2= | =

= | = mlm || wm|lm|lew|le|n|=
g | = 2 |e %
slz|z|lzlz|lz|lz|lz|lz|lz|z2|z|2|&]|=
2 |3 |2 |32 | 2|2 |20 |3 |2|2|3|3|=2
52 |25 |®e |22 | &= |2E | == |R= |sE |EE | RE | RE | |EE |,
g 2 2 g g =2 2 g g 2 i g g g

2019 Title 24, Part 6 CASE Study Results Report — 2019-RES-ENV2-F

Page 5




For 2019, the revised Table 150.1-A Single Family Standard Building Design for HPA Options B and C was added.

TABLE 150.1-4 COMPONENT PACKAGE-A~ Single Family Standard Building Design

. . Climate Zone
v e s e s e s e s T e e e ]| u
Building Envelope Insulation
Bclow Roof Deck Inzulation i MR B | R ® ME ¥ | El2 | B2 | R | B2 | Rl | Elr | El» | Rlz | EI
{With Ajr Space’
-
,3‘ Cailing Insulation E3E B33 B30 B3 B30 B30 B30 38 38 B3 E3g R38 B3E B33 B3 E3E
E E
2 3
|
= Eadiont Barrier R REQ REQ ¥R | REC REQ REQ MR M ¥R M N R MR M MR
£
s
=]
Ceiline Insulation R E30 R30 B30 B0 B30 R0 E30 R30 B30 R B3 RiE E3 R B3
b= é‘_‘
K i Eadiont Barrier R REQ REQ REQ RED REQ RED REQ REQ REQ REQ REQ RED REQ REQ MR
£ E
=l
L]
4 Framed? UD048 | ULO4E | U008 | UO04E | TOMME | U005 | ULDSS | ULO4E | UOM4E | UOMME | U048 | UOM4E | ULME | ULME | U004 | U048
& .
= e 4§ nn7a7 | waarez 078 novey | waates | wanisz | LIanTs 0078 naTez | 1in07ez naTez | 1100787 | [LO078 00787 naTer | U8
| r Mass Wl Interior’ EL3 ED3 ESE] ED3 EL3 E13 EL3 ED3 ESE] ED3 El3 E13 EL3 ED3 ERE] Rl
[ . voax | wois | vows | vors | mal volx | uos | mews | wois | ol ol | vows | veass | veas | veis | wamss
= Ri0 0| Rio | Rsd | R RS0 | R0 i | Rio | Rs® RS0 | R&0 | R&O i | Rid BRI
B
g voorer | uoorer | uoorer | voomes | woorer | voorer | woarer | weorer | uoorer | vooms | weorer | voorer | woorer | woozer | uoaTer | wogss
| Below Graie Interior Ell | E3 | B3 | B3 | BEL | R | B3 | El3 | Rl | RI3 | RI3 | B3 | Bl | EI3 | ELi | EI
3
‘3‘ . vozoo | woaeo | woaee | wesw | wozoo | wore | vz | woaeo | woa | wosw | weae | wee | wezo | woio | vels | Uoos
= Below Grade Eteria ] ] B0 3] ] B0 ] ] B0 3] B0 B0 ] EID 10 RIS

Install the specified R-value with an air space present between the roofing and the roof deck. Such as standard installation of concrete or
clay tile.

2. R-values shown for below roof deck insulation are for wood-frame construction with insulation installed between the framing members.
Alternatives including insulation above rafters or above roof deck shall comply with the performance standards.
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For 2019, the new Table 150.1-B Multifamily Standard Building Design for HPA Options B and C was added.

TABLE 150.1-B COMPONENT PACEAGE — Multi fFamily Standard Building Dasign

Multifamily | CaeZoe _
L | 2 [ a3 [ 4 1 & 1 & [ 1 [ &8 | & [ ol unu | u 13 | 8 1] 18
Euilding Envelope Insolation
 Bnod Tiack Teemlasion 12
BelowReofDeckbolation™= | 3z | pp | 2 | R0 | 32 | 2 | 28 | mie | mie | R | mie | Es | me | Es | R | Em
(i A S
=]
[ Colinglombtion | R3S | E38 | K30 | E3 | R | E3 | 23 | B3 | s | 3 | Em | R | Exm | B3 | Ru | R:
®
e
E Badia B M2 | BEq | EEQ | M | EER | EEQ | B | = | M | = | E | = | = | E | E | =
[=]
E
||
RadopBume | NB | REQ | EEQ | REQ | EEQ | REQ | EEQ | REQ | REQ | EEQ | EEQ | EEQ | EEQ | EEQ | RED | ®

Footnote requirements to TABLE 150.1-B

1. Install the specified R-value with an air space present between the roofing and the roof deck. Such as standard installation of concrete or
clay tile.

2. R-values shown for below roof deck insulation are for wood-frame construction with insulation installed between the framing members.
Alternatives including insulation above rafters or above roof deck shall comply with the performance standards.
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5.2 Reference Appendices
Edits/additions/deletions were made to RA3.5.3.3.5 and RA3.5.4.3.5

RA3.5.3.3.5 Special Situations--Below Roof Deck Insulation (Vented and Unvented Atfics)

(a) Below roof deck insulation consisting of batts that nominally fill the cavity space between roof
framing members shall be stapled, or supported with cabling, tension rods, or other support
measures which maintain the batt uniformly against the roof deck with limited compression.
Batts with facing directed to the attic space shall be face stapled. Inset stapling of underside
batts is not allowed. Batts supported with cabling, tensions rods, or other methods supporting
the batt from below shall be supported at intervals less than or equal to 16", and no further than
8" from the end of the batt. Batts that are directly stapled through the insulation material to the
roof deck should maintain the batt uniformly against the roof deck with limited compression.

(b) When the batt thickness nominally exceeds the depth of the roof framing members, full-width
batts must be used and the batt shall be secured as described in (a). Full depth insulation
coverage atthe bottom of the roof framing member is not required as part of the Oll
inspectionprocess.

(c) For vented attics, below deck batt or blanket insulation shall be installed in a manner that
does not obstruct eave, ridge, or eyebrow vents to allow for adequate attic ventilation. The
required net free ventilation area of all eave and roof vents shall be maintained. Eave vent
baffles shall be installed to prevent air movement under or into the batt.

RA3.5.4.3.5 ial Si ions--Below Roof Deck Insulation (Ven

(a) Below roof deck loose-fill insulation shall be netted and installed per manufacturer's
specifications.

(b) For vented attics, below deck loose-fill insulation shall be installed in a manner that does not
obstruct soffit, eave, ridge or eyebrow vents to allow for adequate attic ventilation. Netting shall be
installed in a manner that allows for the required net free area of soffit, eave, gable, and roof vents
to be maintained after being filled. Eave vent baffles shall be installed to prevent air movement
under or into the insulation.

(c) Netting shall be installed to seal around conduit, plumbing, roof penetrations and all other
obstructions that penetrate the netting.

(d) Loose-fill insulation shall be installed uniformly in the netted cavity side-to-side, top-to-bottom, and
front-to-back and be in continuous contact with the roof sheathing. Loose-fill insulation shall be
installed to fit around wiring, conduit, plumbing, and other obstructions.

(e) The installer shall certify on the Certificate of Installation compliance documents that the
manufacturer's minimum weight-per-square-foot requirement has been met.

(f) The HERS Rater shall verify that the manufacturer's minimum insulation thickness and
specified R- value has been installed.

(@) The HERS Rater shall verify the minimum weight-per-square-foot requirement has beenmet.
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Verification shall be determined using manufacturer's recommended verification procedures. The
HERS Rater shall record the weight-per-square-foot of the sample on the Certificate of
Verification.

(h) Box netted installations are where netting is suspended from the top of roofing framing
member, or top chord, to provide a fill depth that completely encloses the top chord, creating a
uniform insulation layer of loose-fill insulation across the entire underside of the roof deck. For
these installations, netted insulation cavity thickness shall be uniform and meet the minimum
insulationthickness.

(i) For draped netted installations, where netting is attached directly to the bottom of the roof
framing member, the HERS Rater shall verify that average insulation depth in the cavity
meets the depth as specified by the Certificate of Compliance.

5.3 CALGreen Standards

The Statewide CASE Team proposed the following edits to the CALGreen Draft Express Terms, which
were released on November 16, 2017:

A4.203.1.2.1 High Performance Attics (HPA). HPA in ventilated attics will meet one of the three
options identified below for thelecation-of-duetsand-air-handleras-weH-as insulation R values (and
installation of a radiant barrier) as specified in the Building Energy Efficiency Standards Section
150.1(c)9A or B:

1) Batt Below roof deck insulation with minimum level of R-13 erequivalentattheroof-deck, or;
2) Continuous above deck insulation with a minimum R-9, or;

3) Ducts and air handler in conditioned space.

The Final CALGreen Express Terms released on September 17, 2018, contained the following
language:

Section A4.203 — Performance approach for Newly Constructed Buildings

A4.203.1.2 Tier 1 and Tier 2 prerequisite options. In addition ONE of the following efficiency
measures will be required: A4.203.1.2.1 Roof deck insulation, or ducts in conditioned space OR
A4.203.1.2.2 High Performance Walls OR A4.203.1.2.3 HERS-Verified Compact Hot Water
Distribution System OR A4.203.1.2.4 HERS-Verified Drain Water Heat Recovery.

A4.203.1.2.1 High Performance Attics (HPA). HPA in ventilated attics will meet one of the three
options identified below for the location of ducts and air handler as well as insulation R values and
installation of a radiant barrier as specified in Title 24, Part 6, Section 150.1(c)9A or B:

1) Below roof deck insulation with minimum level of R-19; or,

2) Continuous above deck insulation with a minimum R-8, and with an air space present between the
roofing and the roof deck; or,

3) All ducts and air handlers in conditioned space as specified in the Title 24, Part 6 Reference
Appendices RA3.1.

2019 Title 24, Part 6 CASE Study Results Report — 2019-RES-ENV2-F Page 9



ATTACHMENT 1: FINAL CASE REPORT

The final version of the CASE Report is provided in full in Attachment 1 to this report.
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EXECUTIVE SUMMARY

Introduction

The Codes and Standards Enhancement (CASE) initiative presents recommendations to support
California Energy Commission’s (Energy Commission) efforts to update California’s Building Energy
Efficiency Standards (Title 24, Part 6) to include new requirements or to upgrade existing requirements
for various technologies. The four California Investor Owned Utilities (I0Us) — Pacific Gas and Electric
Company, San Diego Gas and Electric, Southern California Edison, and SoCalGas® — and two Publicly
Owned Utilities (POUs) — Los Angeles Department of Water and Power and Sacramento Municipal
Utility District — sponsored this effort. The program goal is to prepare and submit proposals that will
result in cost-effective enhancements to improve energy efficiency and energy performance in
California buildings. This report and the code change proposals presented herein is a part of the effort to
develop technical and cost-effectiveness information for proposed regulations on building energy
efficient design practices and technologies.

The Statewide CASE Team submits code change proposals to the Energy Commission, the state agency
that has authority to adopt revisions to Title 24, Part 6. The Energy Commission will evaluate proposals
submitted by the Statewide CASE Team and other stakeholders. The Energy Commission may revise or
reject proposals. See the Energy Commission’s 2019 Title 24 website for information about the
rulemaking schedule and how to participate in the process:
http://www.energy.ca.gov/title24/2019standards/.

Measure Description

The proposed residential high performance attic (HPA) measure increases the prescriptive performance
of the residential envelope in certain climates, primarily reducing the cooling season heat transfer
through the roof deck, contributing to lower heating, ventilation, and air conditioning (HVAC) loads.
The HPA measure as represented in Title 24, Part 6 is based on a traditional ventilated attic with
insulation at the ceiling and either ducts fully located in conditioned space or additional insulation added
above or below the roof deck. This proposed prescriptive measure only applies to single family and low-
rise multifamily buildings in new construction. No changes to the current 2016 HPA prescriptive
requirements are being proposed for additions.

In regards to the assumed Standard Design reference case (tile roof with air space between the roof deck
and the roofing material) in the performance method, the proposed measure increases the below-deck
insulation R-value to:

¢ R-19in Climate Zones 4, and 8 through 16 for single family homes, and
¢ R-19in Climate Zones 4, 8, 9, and 11 through 15 for low-rise multifamily buildings.

This specification represents the proposed prescriptive requirement for the predominant tile roof
configuration seen in California production housing. Equivalent performing cases for roofing systems
without an air space (typically the case for asphalt roofing materials) and above deck insulation options
were also developed and are reported in Section 7.1. Using the performance path, a builder has the full
flexibility to choose to follow the prescriptive path, including the proposed 2019 HPA requirements, or
trading HPA off against other efficiency measures.
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Scope of Code Change Proposal

Table 1 summarizes the scope of the proposed changes and which sections of the Standards, Reference
Appendices, Alternative Calculation Manual (ACM) Reference Manual, Compliance Manual, and
compliance documents that would be modified as a result of the proposed change.

Table 1: Scope of Code Change Proposal

Modified 1o gified Title | Would Compliance Modified
Measure Type of Section(s) .
! : 24, Part 6 Software Be Compliance
Name Requirement | of Title 24, . s
Part 6 Appendices Modified Document(s)
High Prescriptive 150.1(c) RA3.5 Yes. Currently Compliance
Performance (to provide available CBECC-Res | documents would
Attic (HPA) improved research software has | need to be
details on been modified to modified to
Quality improve ability to provide more
Insulation model different below- | clarity on HPA
Installation deck insulation insulation
inspection options configurations
procedures)?

a. Proposed HPA quality insulation installation content is presented in the Quality insulation installation (QIl) CASE Report.

This proposal is also closely tied to other requirements in Title 24, Part 6 related to the quality insulation
installation (QI1) measure that the Statewide CASE Team proposed for the 2019 code cycle.

Market Analysis and Regulatory Impact Assessment

The concept of HPA was developed to mitigate the energy impacts of heating and cooling ducts located
in ventilated attics, which achieve extreme conditions during high space conditioning time periods in
many California climates. The construction of high performance attics, prescribed under the 2016 Title
24, Part 6 code update is not currently considered a mainstream residential industry practice in
California, although some early adopters have begun to experiment with this measure in advance of the
2016 code update, both in demonstration projects and under the California Advanced Home Program
(CAHP). There are a number of market transformation activities currently underway, providing a strong
expectation of industry market shift to this technology as the Statewide CASE Team approaches 2019
Title 24, Part 6 code adoption in 2020. A wide range of technical solutions exist from multiple vendors,
offering the building industry a range of construction alternatives. Early indications suggest that below-
deck batt insulation is the most cost-effective approach to implement. Viable alternatives include above-
deck insulation options (e.g., nail base systems) and ducts in conditioned space (the most efficient
forced air ducted delivery system design option). In addition, the performance method allows for sealed
attic systems to be modeled.

This proposal is cost-effective in many climate zones over the period of analysis. Overall this proposal
increases the wealth of the State of California. California consumers and businesses save more money
on energy than they do for financing the efficiency measure.

The proposed changes to Title 24, Part 6 Standards have a negligible impact on the complexity of the
standards or the cost of enforcement, since HPA is already a recognized measure under the 2016
standards. When developing this code change proposal, the Statewide CASE Team interviewed building
officials, Title 24 energy analysts and others involved in the code compliance process to simplify and
streamline the compliance and enforcement of this proposal.
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Cost-Effectiveness

The proposed code change was found to be cost-effective for all climate zones where it is proposed to
be required. The benefit-to-cost (B/C) ratio compares the lifecycle benefits (cost savings) to the
lifecycle costs. Measures that have a B/C ratio of 1.0 or greater are cost-effective. The larger the B/C
ratio, the faster the measure pays for itself from energy savings. Cost-effectiveness varies significantly
between single family and multifamily building prototypes used in Title 24, Part 6 Standards
evaluations, suggesting the need for different requirements for the two building types. In climate zones
where HPA was found to be cost-effective, the B/C ratio ranged between 1.02 and 2.68 depending on

climate zone. See Section 5 for a detailed description of the cost-effectiveness analysis.

Statewide Energy Impacts

Table 2 shows the estimated energy savings over the first twelve months of implementation of the
proposed code change. Savings are shown only for new construction as the 2019 HPA proposal does not

impact additions or alterations. See Section 6 for more details.

Table 2: Estimated Statewide First-Year? Energy and Water Savings

First-Year First-Year Peak First-Year Water First-vear
- Electrical - Natural Gas
Electricity Savings -
Measure . Demand - Savings
Savings . (million -
(GWhiyr) Reduction gallons/yr) (million
(MW) therms/yr)
New Construction 3.1 4.9 N/A 0.3
Additions N/A N/A N/A N/A
Alterations N/A N/A N/A N/A
TOTAL 3.1 4.9 N/A 0.3

a.  First-year savings from all low-rise residential buildings completed statewide in 2020.

Compliance and Enforcement

The Statewide CASE Team worked with stakeholders to develop a recommended compliance and
enforcement process and to identify the impacts this process would have on various market actors. The
compliance process is described in Section 2.5. The impacts the proposed measure would have on
various market actors is described in Section 3.3 and Appendix B. The key issues related to compliance
and enforcement are summarized below:

e Insulation manufacturers will need to continue to be engaged with builders to introduce
improved products and by providing technical support to the construction industry.

e Training should be expanded to increase construction industry familiarity and proficiency with
HPA options and best practices. While cost-effective HPA solutions exist, the construction
industry as of August 2017 has not integrated these practices in a widespread manner. With the
2016 Title 24, Part 6 code implementation only in effect for about eight months at the time of
this report, much of the construction industry is still in the early HPA adoption stage.

e Designers would need to work closely with builders and subcontractors to ensure that measure
implementation is clearly conveyed. This process is expected to occur during the 2016 code
cycle as the industry increases uptake of the HPA measure in anticipation of the 2019 Title 24,
Part 6 update.

o HERS Raters would need to become aware of proposed changes to QII below-deck insulation
inspection requirements.
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Although a needs analysis has been conducted with the affected market actors while developing the
code change proposal, the code requirements may change between the time the final CASE Report is
submitted and the time the 2019 Standards are adopted. The recommended compliance process and
compliance documentation may also evolve with the final adopted code language. To effectively
implement the adopted code requirements, a plan should be developed that identifies potential barriers
to compliance when rolling-out the code change and approaches that should be deployed to minimize
the barriers.

2019 Title 24, Part 6 CASE Report — 2019-RES-ENV2-F Page viii



1. INTRODUCTION

The Codes and Standards Enhancement (CASE) initiative presents recommendations to support
California Energy Commission’s (Energy Commission) efforts to update California’s Building Energy
Efficiency Standards (Title 24, Part 6) to include new requirements or to upgrade existing requirements
for various technologies. The four California Investor Owned Utilities (I0Us) — Pacific Gas and Electric
Company, San Diego Gas and Electric, Southern California Edison and SoCalGas® — and two Publicly
Owned Utilities (POUSs) — Los Angeles Department of Water and Power and Sacramento Municipal
Utility District — sponsored this effort. The program goal is to prepare and submit proposals that will
result in cost-effective enhancements to energy efficiency in buildings. This report and the code change
proposal presented herein is a part of the effort to develop technical and cost-effectiveness information
for proposed requirements on building energy efficient design practices and technologies.

The Statewide CASE Team submits code change proposals to the Energy Commission, the state agency
that has authority to adopt revisions to Title 24, Part 6. The Energy Commission will evaluate proposals
submitted by the Statewide CASE Team and other stakeholders. The Energy Commission may revise or
reject proposals. See the Energy Commission’s 2019 Title 24 website for information about the
rulemaking schedule and how to participate in the process:
http://www.energy.ca.gov/title24/2019standards/.

The overall goal of this CASE Report is to propose a code change proposal for HPA. The report
contains pertinent information supporting the code change.

When developing the code change proposal and associated technical information presented in this
report, the Statewide CASE Team worked with a number of industry stakeholders including building
officials, manufacturers, builders, utility incentive program managers, Title 24 energy analysts, and
others involved in the code compliance process. The proposal incorporates feedback received during
two public stakeholder workshops that the Statewide CASE Team held on September 14, 2016 and
March 14, 2017, as well as additional input from the Energy Commission’s June 1, 2017 pre-rulemaking
workshop.

Section 2 of this CASE Report provides a description of the measure and its background. This section
also presents a detailed description of how this change is accomplished in the various sections and
documents that make up the Title 24, Part 6.

Section 3 presents the market analysis, including a review of the current market structure. Section 3.2
describes the feasibility issues associated with the code change, including whether the proposed measure
overlaps or conflicts with other portions of the building standards such as fire, seismic, and other safety
standards and whether technical, compliance, or enforceability challenges exist.

Section 4 presents the per-unit energy, demand, and energy cost savings associated with the proposed
code change. This section also describes the methodology that the Statewide CASE Team used to
estimate energy, demand, and energy cost savings.

Section 5 presents the lifecycle cost and cost-effectiveness analysis. This includes a discussion of
additional materials and labor required to implement the measure and a quantification of the incremental
cost. It also includes estimates of incremental maintenance costs. That is, equipment lifetime and
various periodic costs associated with replacement and maintenance during the period of analysis.

Section 6 presents the statewide energy savings and environmental impacts of the proposed code change
for the first year after the 2019 Standards take effect. This includes the amount of energy that would be
saved by California building owners and tenants, statewide greenhouse gas reductions associated with
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reduced energy consumption, and impacts (increases or reductions) on material with emphasis placed on
any materials that are considered toxic. Statewide water consumption impacts are also considered.

Section 7 concludes the report with specific recommendations with strikeout (deletions) and underlined
(additions) language for the Standards, Reference Appendices, Alternative Calculation Manual (ACM)
Reference Manual, Compliance Manual, and compliance documents.

2. MEASURE DESCRIPTION

2.1 Measure Overview

The proposed residential high performance attic (HPA) measure increases the prescriptive performance
of the residential envelope for newly constructed single family and low-rise multifamily residential
buildings. No changes to the 2016 HPA prescriptive requirements are proposed for additions.

The HPA measure reduces the heat transfer through the roof deck, improving the performance of space
conditioning ducts installed in the attic and reducing ceiling heat transfer to conditioned space. Relative
to the 2016 Title 24, Part 6 Standards, the proposed measure increases prescriptive insulation
requirements in Climate Zones 4, and 8 through 16 for single family homes, and zones 4, 8, 9, and 11
through 15 for low-rise multifamily buildings. This code change would modify existing code language,
but would not create any new sections of code.

2.2 Measure History

High performance attics were first introduced as a residential prescriptive requirement for the 2016 code
cycle. During the 2016 code cycle the 2016 Statewide CASE Team evaluated a range of HPA options
for vented attics including above-deck insulation options (Option A), below-deck insulation options
(Option B), and a ducts in conditioned space alternative (Option C) (California Utilities Statewide
Codes and Standards Team 2015). 2016 Title 24, Part 6 Standards presented the HPA requirements for
the three options in the zones where the measure was found to be cost-effective: Climate Zones 4, and 8
through 16. As the HPA strategy represents a comprehensive improvement approach for the attic,
efficiency upgrades for deck insulation, ceiling insulation, and duct insulation vary based on the
configuration and whether an air space is provided between the roofing material and the roof deck.!
The 2016 Title 24, Part 6 HPA prescriptive ceiling, roof deck, and duct insulation requirements for
Options A, B, and C are summarized in Table 3 below, which is an excerpt from 2016 Title 24, Part 6
Standards Table 150.1-A.

The work for the 2019 Title 24, Part 6 code cycle expands on prescriptive requirements instituted under
the 2016 Title 24, Part 6 efforts. Since 2016 code adoption has been fairly recent, industry uptake of
HPA in early 2017 has been slow. Market transformation activities that are currently underway include
the California Advanced Home Program (CAHP) Master Builder program and the Workforce

! Concrete, clay, or metal tile roofs, or wood shakes are assumed to provide a 0.75” air space between the roof deck and the
roofing material, equivalent to an assumed R-0.85 air space.
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Instructions for Standards and Efficiency (WISE) program. 23 Both programs are focused on helping to
transition California builders toward high performance attics.

The 2019 Title 24, Part 6 code cycle is poised to be the most aggressive yet, aiming at zero net energy in
all residential buildings. The “loading order” defined in California’s Energy Action Plan (State of
California 2003) prescribes that cost-effective efficiency and conservation measures be prioritized prior
to installing new generation. Considering this, it is important that this process investigates and supports
cost-effective envelope improvement opportunities prior to introducing photovoltaic (PV) generation.
With high performance attics prescriptively required under the 2016 Title 24, Part 6 code, it is expected
that through the rest of 2017 and 2018 the level of construction industry comfort with the HPA approach
will continue to increase. A description of current practices in California is provided in Section 3 this
report.

The 2016 Title 24, Part 6 code allows for a solar photovoltaic (PV) compliance credit (PV Credit) that
can be used when complying via the performance approach. The PV Credit can be used in all climate
zones, except for southern California coastal zones (Climate Zones 6 and 7), which prescriptively
require high performance walls and/or high performance attics. The PV Credit is capped at the
magnitude of the benefit that high performance walls and attics provide in that climate zone. In addition,
there is a minimum solar photovoltaic sizing requirements of 2 kW direct current (dc) for single family
and 1 kWdc for multifamily units. The recognized compliance benefit of the PV Credit is intentionally
less than its actual benefit in terms of annual electricity generation. Nevertheless, the PV Credit gives
builders the opportunity to pursue solar in lieu of these advanced envelope measures and provides
flexibility as they work towards increased familiarity and level of comfort with new construction
techniques. However, the Energy Commission has indicated that sufficient market transformation
activities will have occurred by the effective date of the 2019 Title 24, Part 6 Standards, and therefore,
the current PV Credit will no longer be allowed for the 2019 code cycle.

There are no preemption concerns with the HPA measure.

2 More information about the CAHP Master Builder program is available here: http://cahp-pge.com/masterbuilder/.

3 More information about the WISE program is available here: http://www.wisewarehouse.org/.
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Table 3: Existing 2016 Title 24, Part 6 Residential Prescriptive HPA Requirements

TABLE 150.1-4

COMPONENT PACKAGE-A
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CONTINUED: TABLE 150.1-4 COMPONENT PACKAGE-4 STANDARD BUILDING DESIGN (CONTINUED)

Climate Zone
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
- Electric-Resistance Allowed No No No No No No No No No No No No No No No No
g o
;« ‘E If gas, AFUE MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN
- If Heat Pump, HSPF9 MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN
SEER MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN MIN
Refrigerant Charge
Verification or Fault Indicator NR REQ NR NR NR NR NR REQ REQ REQ REQ REQ REQ REQ REQ NR
Display
_ Whle House Fan'* NR | NR | NR | NR | NR | NR | NR | REQ | REQ | REQ | REQ | REQ | REQ | REQ | NR | MR
=
Z E P é Central Fan Integrated
& g < E Ventilation System Fan REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ REQ
-4 ~ = Efficacy
2
Duct Insulation R-8 RS R6 R-8 R6 R6 R6 RS RS RS RS RS RS RS RS R-8
o §150.1(c)9A NA | NA NA NA NA | NA | NA | NA | NA | NA | NA NA | NA | NA | Na NA
- Duct Insulation R-6 R6 R6 R-6 R6 R6 B-6 R-6 R6 R6 R-6 R6 R6 R-6 R-6 R-6
§150.1(c)9B REQ | REQ | REQ REQ | REQ | REQ | REQ | REQ | REQ | REQ | REQ | REQ | REQ | REQ | REQ | REQ
All Buildings System Shall meet Section 150.1(c)8
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2.3 Summary of Proposed Changes to Code Documents

The sections below provide a summary of how each Title 24, Part 6 documents would be modified by
the proposed change. See Section 7 of this report for detailed proposed revisions to code language.

2.3.1 Standards Change Summary

This proposal would modify the sections of the Building Energy Efficiency Standards described below.
See Section 7.1 of this report for the detailed proposed revisions to the code language.

SECTION 150.1 - PERFORMANCE AND PRESCRIPTIVE COMPLIANCE APPROACHES
FOR LOW-RISE RESIDENTIAL BUILDINGS

TABLE 150.1-A COMPONENT PACKAGE-A STANDARD BUILDING DESIGN: The proposed
code change increases the Option A and B insulation R-value prescriptive requirements for certain
climate zones. The existing Table 150.1-A is expanded to more thoroughly convey differences in the
prescriptive insulation requirements between single family and low-rise multifamily buildings.

SECTION 150.2 - ENERGY EFFICIENCY STANDARDS FOR ADDITIONS AND
ALTERATIONS TO EXISTING LOW-RISE RESIDENTIAL BUILDINGS

Section 150.2(a)1Aiii is added to clarify that the prescriptive requirements for additions greater than 700
ft2 would not change from the 2016 prescriptive requirements.

2.3.2 Reference Appendices Change Summary

The HPA measure is associated with the quality insulation installation (QIl) measure, which is also a
proposed prescriptive requirement for the 2019 Title 24, Part 6 update. As part of the refinement of the
HPA below-deck measure, the Statewide CASE Team is proposing modifications and enhancements to
section 3.5 of the Residential Reference Appendices to clarify QII inspection procedures. Proposed code
language changes related to this can be found in the QI CASE Report.

2.3.3 Alternative Calculation Method (ACM) Reference Manual Change Summary

This proposal modifies the sections of the Residential Alternative Calculation Method (ACM)
Reference Manual as outlined below. See Section 7.3 of this report for the detailed proposed revisions to
the text of the Residential ACM Reference Manual.

SECTION 2 — The Proposed Design and Standard Design

2.5.6.1 (Ceilings Below Attics): The proposed change increases the above and below deck insulation
requirements.

2.2.3 (PV Credit): The Statewide CASE Team’s understanding is that the Energy Commission will
eliminate the PV Credit available under the 2016 Title 24, Part 6 code as outlined in section 2.2.3.

2.3.4 Compliance Manual Change Summary

The proposed code change modifies Section 3.6.2.1: Roof/Attic of the Residential Compliance Manual,
which covers new construction prescriptive requirements related to HPA.

2.3.5 Compliance Documents Change Summary

The compliance documents related to specification of below-deck insulation configuration (CF2R-ENV-
03-E).
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2.4 Regulatory Context

2.4.1 Existing Title 24, Part 6 Standards

HPA is already prescriptively required under Title 24, Part 6. The proposed measure would be an
enhancement of the existing prescriptive requirement. See Section 2.2 for a summary of existing Title
24, Part 6 requirements.

2.4.2 Relationship to Other Title 24 Requirements

The HPA measure provides specifications that encompass the performance of attics and HVAC ducts.
Current HPA QI criteria for below-deck batt insulation is not clearly defined in the Residential
Reference Appendices. In that regard, this measure is related to QII. Proposed modifications to the
HERS inspection procedures can be found in the QI CASE Report.

2.4.3 Relationship to State or Federal Laws
There are no federal regulatory requirements that address the same topic as this proposed change

2.4.4 Relationship to Industry Standards

The 2015 International Energy Conservation Code (IECC) does not address HPA. The issues of ducts in
attics in the 2015 IECC are prescriptively addressed by requiring R-8 supply ducts, R-38 ceiling
insulation (for much of California), mandatory duct sealing to a maximum of less than or equal to 4
cubic feet per minute (4CFM25) for every100 square feet of conditioned floor area when tested at a
pressure of 25 Pascals (approximately equivalent to 6 percent duct leakage for a 3.5 ton system on a
2,100 square foot house), and an air handler with air leakage of less than or equal to 2 percent of design
air flow rate).

2.5 Compliance and Enforcement

The Statewide CASE Team collected input during the stakeholder outreach process on what compliance
and enforcement issues may be associated with these measures. This section summarizes how the
proposed code change would modify the code compliance process. Appendix B presents a detailed
description of how the proposed code changes could impact various market actors. When developing
this proposal, the Statewide CASE Team considered methods to streamline the compliance and
enforcement process and how negative impacts on market actors who are involved in the process could
be mitigated or reduced.

This code change proposal would primarily affect buildings that use either the prescriptive or
performance approach to compliance. The key steps and changes to the compliance process are
summarized below:

e Design Phase: Some HPA designs would require that architects, designers, and structural
engineers develop new details and specifications to be provided in design drawings. These may
include, but are not limited to, revised structural calculations for above deck insulating systems,
insulation soffit details related to baffling, construction details related to integrating ducts in
conditioned space, attic venting details, etc. For builders who have gained experience with HPA
strategies prior to the potential 2019 Title 24, Part 6 adoption, these impacts would be minimal;
however, for builders who are new to HPA implementation, there will likely be a learning cur