
Weôll get started shortly.
In the meantime, please fill out the polls below.

Welcome to the California Statewide Codes and Standards 

Enhancement (CASE) Teamôs Stakeholder Meeting on 

Single Family Whole Building and Nonresidential Software 

Improvements. 



Welcome: Connect Your Audio

To view options, click on the icon on the top 

ribbon, then select Connect My Audio.

Dial-out: receive a call from the meeting. Please 

note this feature requires a direct line.

Dial-in: dial-in to the conference via phone. 

Conference phone number and room number code 

provided. Please then identify your line by 

entering your unique user ID on your phone. 

Use the microphone from your computer/device. 

Above: audio conference settings pop-up box

Audio ïthere are three options for connecting to the 

meeting audio:

1

2

3



First Utility-Sponsored 
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Meeting Guidelines

Once you turn on your preferred audio connection, please MUTE your 

microphone.

ÅPlease keep yourself MUTED.

ÅWait for instructions and/or permission to unmute yourself during designated QandA periods.

NOT MUTED MUTED

Muting Guidelines

Phone users ïplease mute your phone line.

Computer/device users ïplease mute your microphone 

by clicking on the microphone icon on your top ribbon.



Meeting Guidelines

Participation Guidelines

ÅQuestions and Comments

o Click ñRaise Handòif you would like to speak. Those 

with a hand raised will be called on by the speaker.

o All questions and comments are also welcome via the 

chat window.

ÅOther Meeting Feedback

o Provide live meeting feedback from the top toolbar 

drop-down.

Above: feedback view for Adobe Connect app users. 

Below: feedback view for HTML users. 



Meeting Ground Rules

ÅWe want to hear your thoughts

Å Supporting and opposing viewpoints are welcome

ÅWhen making comments

Å Unmute yourself

Å Clearly state your name and affiliation prior to speaking

Å Speak loudly for phone audio

Å Place yourself back on mute

ÅCalls are recorded for note development, recordings will not be publicized

ÅNotes and presentation material will be posted on Title24Stakeholders.com

http://www.title24stakeholders.com/


Agenda

1 Meeting Guidelines 8:30 am

2
Opening Remarks from the California Energy 

Commission
8:35 am

3 Overview and Welcome from the Statewide Utility Team 8:40 am

4
Presentation I: Single Family Passive House Prescriptive 

Pathway
8:45 am

5
Presentation II: Single Family Energy Savings and 

Process Improvements for Alterations and Additions
9:30 am

6 5 MINUTE BREAK 11:00 am

7 Presentation III: Nonresidential Grid Integration 11:05 am

8 Presentation IV: Nonresidential Elevator Compliance 12:05 pm

9 Closing 12:25 pm



Opening Remarks: 

California Energy 

Commission
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Policy Drivers: Building Standards

The following policy documents establish the goal for new 

building standards:

Å 2008 CPUC/CEC Energy Action PlanïZNE for Residential 

buildings by 2020 and nonresidential buildings by 2030

Å SB 100 ïClean electricity by 2045

Å B-55-18 ïGovernor Jerry Brownôs Executive Order to achieve 

carbon neutrality

Å AB 3232 ïAssess the potential for the state to reduce the emissions 

of greenhouse gases from the stateôs residential and commercial 

building stock by at least 40 percent below 1990 levels by January 1, 

2030

9



2022 Standards Schedule
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Estimated Date Activity or Milestone

November 2018 - April 2019 Updated Weather Data Files

November 2018 - July 2019 Measures Identified and Approved (Internal at the Energy Commission)

November 2018 - July 2019 Compliance Metrics Development

April 24, 2019 Efficiency Measure Proposal Template for public to submit measures

October 17, 2019 Compliance Metrics and Climate Data workshop

November, 2019 Final Metrics Workshop

November, 2019 Research Version of CBECC Available with new weather data files and updated Metrics

July 2019 - March 2020 Utility-Sponsored Stakeholder Workshops

March, 2020 All Initial CASE/PUBLIC Reports Submitted to Commission

March - August 2020 Commission-Sponsored Workshops

July, 2020 All Final CASE/PUBLIC Reports Submitted to the Commission

July - September 2020 Express Terms Developed

January, 2021 45-Day Language posted and set to list serve, Start of 45-Day review/comment period

January, 2021 Lead Commissioner Hearing

April, 2021 Adoption of 2022 Standards at Business Meeting

May - November 2021 Staff work on Software, Compliance Manuals, Electronic Documents

May - November 2021 Final Statement of Reasons Drafted and Approved

October, 2021 Adoption CALGreen (energy provisions) - Business Meeting

December, 2021 CBSC Approval Hearing

January, 2022 Software, Compliance Manuals, Electronic Documents Available to Industry

January - December 2022 Standards Training (provided by 3rd parties)

June 1, 2022 6 Month Statutory Wait Period Deadline

January 1, 2023 Effective Date



2022 Standards Contact Info

Mazi Shirakh, PE

ZNE Technical Lead

Building Standard Staff.

Mazi.Shirakh@energy.ca.gov

916-654-3839

Payam Bozorgchami, PE

Project Manager, 2022 Building Standards

Payam.Bozorgchami@energy.ca.gov

916-654-4618

Larry Froess, PE

CBECC Software Lead

Larry.froess@energy.ca.gov

916-654-4525

Peter Strait

Supervisor

Building Standards Development

Peter.Strait@energy.ca.gov

916-654-2817

Christopher Meyer

Manager

Building Standards Office

Christopher.Meyer@energy.ca.gov

916-654-4052

More information on pre-rulemaking for the 2022 Energy Code at:

https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-

standards/2022-building-energy-efficiency

mailto:Mazi.Shirakh@energy.ca.gov
mailto:Payam.Bozorgchami@energy.ca.gov
mailto:Larry.froess@energy.ca.gov
mailto:Peter.Strait@energy.ca.gov
mailto:Christopher.Meyer@energy.ca.gov
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency


Title 24, Part 6 Overview

Kelly Cunningham 

Codes and Standards

Pacific Gas and Electric
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Statewide Utility Codes and Standards Team

ÅActively supporting the California Energy Commission in developing 
proposed changes to the California Energy Code (Title 24, Part 6) 

ÅAchieve significant energy savings through the development of feasible, 
enforceable, cost-effective, and non-proprietary code change proposals 
for the 2022 code update, and beyond



Requirements for a Successful 

Code Change Proposal

14

The utilities support the California Energy Commission by 

proposing changes to the Energy Code that are:

Feasible  |  Cost effective |  Enforceable |  Non-proprietary
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Utility-Sponsored Stakeholder Meetings

ÅAll meetings can be attended remotely

ÅCheck Title24Stakeholders.com/events for information about meetings

and topic updates

ÅSign up to receive email notifications

https://title24stakeholders.com/events/
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First Round Utility-Sponsored Stakeholder Meetings

Sign up for all meetings at title24stakeholders.com/events/

Meeting Topic Building Type Date

Multifamily HVAC and Envelope MF, NR Thursday August 22, 2019

Outdoor Lighting and Daylighting MF, NR Thursday September 5, 2019

Indoor Lighting NR Thursday September 12, 2019

Covered Processes Part 1: Controlled Environment Horticulture NR Thursday, September 19, 2019

Multifamily and Nonresidential Water Heating MF/NR Thursday, October 3, 2019

Single Family HVAC SF Thursday, October 10, 2019

Nonresidential HVAC Part 1: Data Centers, Boilers, and Controls NR Tuesday, October 15, 2019

Nonresidential Envelope Part 1 NR Thursday, October 24, 2019

Nonresidential HVAC and Envelope Part 2: Air Distribution, and Controls NR Tuesday, November 5, 2019

Covered Processes Part 2: Compressed Air, Steam Traps, and 

Refrigeration
NR Thursday, November 7, 2019

Single Family Whole Building SF Tuesday, November 12, 2019

Nonresidential Software Improvements NR Tuesday, November 12, 2019

https://title24stakeholders.com/events/
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Mar. ïApr. 2020: 
Draft CASE Reports posted 

for public review

July 2020:
Final CASE 

Reports 

completed

June ïDec. 2020:
CEC Pre-rulemaking

Dec. 2020 - May 2021:
CEC Rulemaking

May 2021: 
2022 Standards Adopted

Oct. 2018 ïFeb. 2019:
Select 2022 Measures

Oct. 2018 ïFeb. 2019: 
Stakeholder outreach to 

request input on scope 2022 

code cycle

April. 2019:
Work plans completed; Begin 

work on CASE Reports

August ïNov. 2019:
First round of

utility-sponsored stakeholder 

meetings

Jan. 2020 ïFeb. 2020:
Second round of 

utility-sponsored 

stakeholder meetings

Utility Team Milestone

CEC Milestone2022 Code Cycle ïKey Milestones



http://www.energycodeace.com/


The Codes and Standards Reach Codes Program provides technical support to 

local jurisdictions considering adopting a local energy efficiency ordinance.

www.LocalEnergyCodes.com
This program is funded by California utility customers under the auspices of the California Public Utilities Commission and in support of the California Energy Commission.



Thank
You

Kelly Cunningham

Pacific Gas and Electric

Kelly.Cunningham@pge.com

Christopher Kuch

Southern California Edison

Christopher.Kuch@sce.com

Jeremy Reefe

San Diego Gas and Electric

jmreefe@sdge.com

James Kemper

Los Angeles Department of 
Water and Power

James.Kemper@ladwp.com

mailto:Kelly.Cunningham@pge.com
mailto:Christopher.Kuch@sce.com
mailto:jmreefe@semprautilities.com
mailto:James.Kemper@ladwp.com


Single Family Passive House 
Prescriptive Pathway
Codes and Standards Enhancement (CASE) Proposal

Residential | Whole Building

2022 CALIFORNIA ENERGY CODE (TITLE 24, PART 6)

Bill Dakin, Frontier Energy

November 12, 2019



Agenda

1 Background 5 min

2 Market Overview and Analysis 10 min

3 Technical Feasibility 10 min

4 Cost and Energy Methodology 10 min

5 Compliance and Enforcement 5 min

6 Proposed Code Changes 5 min

7 Discussion and Next Steps 15 min



Background

ÅContext and History

Å2019 Code Requirements

ÅCode Change Proposal

23
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Code Change Proposal ïSummary

Building Types System Type Type of Change

Software 

Updates 

Required

Section of 

Code Updated

Low-rise residential Whole building
Alternative to Primary 

Prescriptive Path
No 150.1(a)3

Å Provide a compliance pathway for Passive House (PH) certified 

projects

Å Would apply to both single family and low-rise multifamily

Å Determine if buildings built to the PH Standard could potentially 

satisfy requirements under the 2022 California Energy Code

Å Current PH projects must also complete a performance compliance 

run using CBECC-Res
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Context and History

ÅWhy are we proposing this measure?

Å The guiding principles behind the Passive House Standard and Certification embrace the 
ongoing goals and intent of Title 24, Part 6

Å Passive House emphasizes high quality construction and minimizing space heating and 
cooling loads

Å Focus on building envelope, eliminating thermal bridging, and air sealing

Å Employs high-performance windows (double or triple-paned windows depending on 
climate and building type) and doors 

Å Solar gain is managed to exploit the sun's energy for heating purposes in the heating 
season and to minimize overheating during the cooling season

Å Balanced heat- and moisture-recovery ventilation

Å Past Passive House projects have exceeded Title 24 code by large margins
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Context and History

TWO PASSIVE HOUSE PROGRAMS

Category Passive House Institute (PHI) Passive House Institute US (PHIUS)

Origins Darmsdadt, Germany US, 2002

Modeling Software Passive House Planning 

Package (PHPP)

WUFI Passive

Energy Targets Fixed 4.75 kBtu/ft2-yr Varies by climate and bldg. type

Quality Assurance / 

Testing

Blower door testing, Ventilation 

system commissioning

Additional testing requirements 

(aligned w/ DOE and EnergyStar 

programs)

Å Same goals and principles

Å Modeling tools based on the same algorithms. 
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2019 Code Requirements
Å2019 Requirements in Title 24, Part 6

Å All Passive House projects must use the performance method to comply with code. Typically 

exceed code with large compliance margins. Added time and cost to project.

ÅExisting Model Codes

Jurisdiction

City of Vancouver Å Removes regulatory barriers. Pathway to rezoning

Å Allowed exceptions for building height and setbacks

Å Certification not required. Must meet certification criteria as shown in 

PHPP tool

New York State Å NYSERDA developed stretch code

Å PHI or PHIUS performance equivalency

Å Mandatory and prescriptive sections of NY state code still required

Massachusetts Å PHI or PHIUS performance equivalent to performance (Energy Rating 

Index) approach in IECC

Å Mandatory measures in IECC (section) still required

Å Verification of compliance by certified Passive House consultant

Washington DC Å Commercial buildings only
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2019 Code Requirements (continued)

ÅOther regulatory considerations

Å Tested according to ASHRAE Standard 140 to reference software under thirty-eight test cases

Å Increasing California code stringency is moving T24 closer to Passive House performance

Å Need to ensure no loopholes exist that result in Passive House projects that do not meet Title 24

ÅDesign / verification considerations

Å There are two Passive House certification programs: (PHI, PHIUS). 

Å Similar goals but different programs, targets and tools

Å PHI has less third-party verification requirements. Would require some HERS testing for 
mandatory and prescriptive measures

Å Upload project to HERS Registry

Å Hand input data

Å Passive House tool to provide XML output for Registry upload
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Proposed Code Change Overview

ÅDraft code language is available in the resources tab

ÅProvide an exception to prescriptive / performance compliance path 

for low-rise residential buildings

ÅAdditional mandatory and prescriptive requirements, including:

Å All mandatory sections under 110.0 through 110.10 and 150.0

Å Alignment with ventilation requirements

Å Photovoltaic Requirements

Å Quality Insulation Installation (QII)

Å Other HERS verification and testing required by code



Market Overview

ÅCurrent Market Conditions

ÅMarket Trends

ÅPotential Market Barriers and 

Solutions 

30
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Market Overview and Analysis

ÅCurrent Market

Å Emerging market: Less than five Passive 

House projects built per year in California

Å ~65 Passive House projects in California 

Å 24 projects certified in California since 2010

Å Self-motivated builders/designers, dedicated 

to optimizing building performance

Å No utility incentive programs in state to date
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Market Overview and Analysis

ÅMarket Trends

Å Continues to be a niche market. Early adopters 
consisting of self-motivated builders/designers

Å Push towards meeting stateôs climate goals could 
increase interest Passive House practices

ÅMarket Barriers

Å High cost for certification. Providing a compliance 
path could allow for further recognition and 
understanding of PH concepts

Å Steep learning curve to meet air tightness targets

Å Increased adoption / market awareness could 
result in improved construction quality
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2023 Construction Forecast

ÅCurrent market adoption of Passive House is less than one percent in California

Å Likely to remain focused on custom home market

Å Could see more adoption in affordable multifamily market



Technical Considerations

ÅTechnical Considerations

ÅPotential Barriers and Solutions

34
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Technical Considerations

ÅNo change proposed for Title 24 Standard Design practices

ÅIdentify equivalency of Passive House requirements with mandatory and 

prescriptive requirements under 2019 Title 24, Part 6

ÅIdentify what additional requirements are needed to show equivalency with 

Title 24 code

ÅIdentify aspects of Passive House design that are not captured or credited in 

Title 24
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Technical Barriers and Potential Solutions

ÅRequires additional inspections, testing, and paperwork for compliance

Å Building inspectors not familiar w/ Passive House

Å Training for all building inspectors is not practical

Å PHPP could generate XML file and CF1R, or checklist for plans inspectors

ÅPHPP data differs from Title 24

Å Passive House Planning Package (PHPP) output does not provide the same information as 
CF1R forms (e.g., Window NFRC specifications)

Å PHPP looks at window glazing and frame separately

Å Requires that NFRC data be provided in output

ÅTwo Passive House programs (PHI, PHIUS), means two different tools that could 
create confusion for equivalency

Å Both programs be considered equivalent and allowed
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Technical Barriers and Potential Solutions

ÅPassive House credits some design strategies not allowed for compliance

Å Site shading and operable window shading devices

Å California version of compliance software could lockout some of these features

ÅVentilation requirements for Passive House do not always align with ASHRAE 62.2 
and code

Å Full Passive House certification occurs after occupancy

Å Could result in projects being permitted and then never getting certification

Å Require third-party (HERS) testing and inspections before certificate of occupancy

Å Require certified Passive House consultant to sign off on design and installation

Do you agree with this summary? Are there other issues we should consider with providing 
a compliance path for Passive House?



Poll

Is Passive House certification required if the building design meets 

Passive House criteria and third-party testing and inspections are 

still required?

A. Yes

B. No

C. Do not know

38



Energy and Cost Impacts
Methodology and Assumptions 

ÅEnergy Impacts Methodology

39
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Methodology Energy Impacts Analysis

Å Identify performance of buildings meeting Passive House criteria relative to 2019 code 
compliant building

Å Evaluation using both 2019 CBECC-Res and PHI PHPP

Å PHPPv9.7 used to evaluate Passive House performance

ÅEvaluate using 2,100 and 2,700 square feet prototype homes in all 16 climate zones

ÅAll-electric and mixed fuel baselines

Å Evaluate 2019 prescriptive Standard Design in PHPP

Å Add mandatory Passive House measures

Å Additional measures needed to meet Passive House targets

ÅRun resultant package in CBECC-Res to compare w/ Standard Design

Å Identify areas where Passive House design could result in non-compliant building
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Definition of Baseline and Proposed Conditions

Baseline Conditions Proposed Conditions

ÅMinimally compliant with 2019 Code 

(Standard Design)

Å Minimally compliant with Passive House targets: 
4.75 kBtu/ft2-yr heating and cooling

Å Ducts in conditioned space (Attic/Duct Option C)

Å Air sealing: 0.6 air changes per hour (ACH50)

Å Balanced whole house ventilation. HRV 70 
percent effectiveness. No HRV is Climate zones 
6 and 7

Å NEEA heat pump water heater for all-electric 
case

Å No ventilation cooling
Å Initial results based on all-electric 2700 prototype



42

Initial Data and Findings

ÅEvaluation of all-electric 2700 square foot prototype

ÅEfficiency EDR Margin

ÅStandard design w/ Passive 
House measures exceed 
2019 code in all climate zones

ÅAdditional measures required 
in Climate Zone 1, 15, 16 to 
meet Passive House targets

ÅSmaller Title 24 compliance 
margins in mild climates

ÅPotential for non-compliance 
Climate Zones 5 ï9?
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Initial Data and Findings

ÅTitle 24: Performance relative to standard design that is climate dependent

Å Cooling energy is driving factor in many cases due to TDV

ÅPHPP: Performance compared to fixed performance targets                                           

(4.75 kBtu/ft2-yr heating and cooling)

Å Heating performance targets are driving design in most California climates

ÅAdditional modeling in Climate Zones 5 through 9 to identify if adjusting 

building design while still meeting the PHPP criteria can result in non-

compliant results in CBECC-Res 

Å What are impacts of non-uniform glazing areas?
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Initial Data and Findings

2019 Title 24 Performance of changes to building design

ÅAll cases still meet PHPP 
criteria

Å Increasing window SHGC 
results in Title 24 non-
compliance in Climate zones 
7 and 8

Å Increasing west-facing glass 
also results in Title 24 non-
compliance in Climate Zone 8

Å West glass at 50 percent of wall 
area

Å Impact can be minimized by 
limiting window SHGC in 
affected climates
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Initial Conclusions

ÅEasier to meet PHPP criteria in mild climates

Å Mild climates also have lower compliance margins

Å Climate Zone 8 has the largest discrepancy

ÅHow to avoid non-compliance with Title 24

Å Require additional prescriptive requirements

Å SHGC limits in all climates with prescriptive 

requirement

Å Wall U-factors in Climate Zone 8

Å Restrict compliance path to certain climate zones

ÅEvaluation of impacts of shading and overhangs



Compliance and 
Enforcement

ÅDesign

ÅPermit Application

ÅConstruction

ÅInspection

46
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Compliance Verification Process

1. Design Phase 2. Permit Application Phase

Å Coordinate design with other team 

members on the requirements and 

inspections needed for PH 

certification

Å Complete PH performance package 

and perform required calculations to 

confirm PH compliance

Å Complete compliance documents 

for permit application

Å Plans Examiners to review that the 

building specifications needed for 

PH certification are called out on 

the drawings

Å Required third party inspections / 

testing included in submittal
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Compliance Verification Process

3. Construction phase 4. Inspection Phase

Å Ensure that all PH elements are 

installed as specified

Å Ensure that all installed equipment 

meets PH criteria

Å Coordinate with PH certifier and 

HERS Rater that all testing and 

inspections are scheduled and 

completed

Å Verify that all required inspections 

(HERS and PH) listed on plans 

have been completed and signed 

off by appropriate PH certifier / 

HERS Rater

Å Ensure that continuous air barrier 

requirement is met and that air 

leakage targets are met
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Market Actors

Market actors involved in implementing this measure include:

Å Architects, Designers, Building Owners

Å Builders, Contractors

Å Passive House Consultants

Å HERS Raters, Passive House Certifiers

Å Plans Examiners/Building Inspectors

Å Manufacturers of Passive House products (windows, HRV/ERV, HVAC equipment)

Å Stakeholder outreach targeting energy and PH consultants, designers, builders, and 
building officials
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HERS Registry

How to ensure projects added to HERS Registry

ÅCurrently all projects are entered via performance method project upload

ÅPrescriptive projects required to enter manually online

ÅOptions Include:

Å Require PH program tools develop XML for registry upload

Å Require PH projects manually enter online 

Å Require PH projects complete CBECC-Res run

Å Develop PH path in CBECC-Res



Poll

What is the best way to handle upload to the HERS registry?

A. Manual prescriptive CF1R form upload

B. PH modeling tools export XML for registry upload

C. Require CBECC-Res or EnergyPro model as is currently 

required

D. Other, please explain in chat box

51



Proposed Code Changes

52

ÅDraft Code Change Language

ÅProposed Software Updates
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Draft Code Change Language

ÅPlease take a minute to review the draft code language available in the 

resources tab

ÅPropose added language to 150.1(a)3

ÅProvide an exception to prescriptive / performance compliance path for 

low-rise residential buildings

ÅMandatory and prescriptive requirements to maintain equivalency

ÅAdditional prescriptive requirements to avoid non-compliance
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Draft Code Change Language
Å Additional mandatory and prescriptive requirements. Proposed requirements include:

Mandatory Sections

110.0 through 110.10 and 150.0 Includes duct leakage, fan watt draw, system airflow, and ventilation airflow testing

Prescriptive Sections

Section 150.1(c)1E Field verification of Quality Insulation Installation (QII)

Section 150.1(c)6 and 

Section 150.1(c)7 

Space Heating and Cooling Systems, including refrigerant charge

Section 150.1(c)8 Domestic Water-Heating Systems

Section 150.1(c)9B Space Conditioning Distribution Systems, Ducts and air handlers located in conditioned space

Section 150.1(c)14 Photovoltaic Requirements

Additional Prescriptive Sections

Section 150.1(c)1Aiii Roof and ceiling insulation. Meet the minimum ceiling insulation R-value requirements in Option C

Section 150.1(c)1B Minimum wall insulation R-value per Table 150.1A

Section 150.1(c)3A Fenestration U-factor and SHGC requirements

SHGC requirements can be met with exterior shading per Section 150.1(c)4



Poll

Are you in favor of having a Passive House path to compliance and 

if it was available would you use it?

A. Yes, I am in favor of this proposal, and I would use it

B. Yes, but I would probably not use it

C. No, I am not in favor of this proposal

D. No opinion
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Poll

Which additional prescriptive measures do you think should be 
required of Passive House projects?

A. None. Demonstrating that Passive House performance level is 
met is sufficient

B. Prescriptive window SHGC requirements, per Table 150.1 in 
ALL climate zones

C. Prescriptive opaque assembly requirements, per Table 150.1 in 
SOME climate zones

D. B and C

E. Restrict Passive House prescriptive path compliance to certain 
climate zones and avoid additional prescriptive measures

56



Poll

Which additional HERS inspections/tests do you see as needed for 

verification? Check all that apply.

A. Mandatory HERS tests only: duct leakage, system airflow, fan 

watt draw, and  whole house ventilation airflow

B. Duct leakage to outside

C. Quality Insulation Installation (QII)

D. Refrigerant charge verification

E. None of the above

57
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Software Updates 

ÅNo software updates required for CBECC-Res

ÅUpdates would be needed for Passive House software tools to generate CF1R 

form and XML



Discussion and Next 
Steps

59
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We want to hear from you!

ÅProvide any last comments or feedback on this presentation now verbally 

or over the chat

ÅMore information on pre-rulemaking for the 2022 

Energy Code at https://www.energy.ca.gov/programs-and-

topics/programs/building-energy-efficiency-standards/2022-building-energy-

efficiency

Comments on this measure are due by December 5, please 

send to info@title24stakeholders.com and copy CASE Authors (see contact 

info on following slide)

https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
mailto:info@title24stakeholders.com


Thank
You

Questions?

Bill Dakin, Frontier Energy

bdakin@frontierenergy.com

mailto:bdakin@frontierenergy.com


Residential Energy Savings and 
Process Improvements for 
Additions and Alterations
Codes and Standards Enhancement (CASE) Proposal

Residential | Whole Building

2022 CALIFORNIA ENERGY CODE (TITLE 24, PART 6)

Alea German, Frontier Energy

November 12, 2019



Agenda

1 Background and Overview 5 min

2
Roof Alterations, Cool Roofs, 

and Insulation
35 min

3 Electric Equipment Replacements 25 min

4 Duct Measures 10 min

5 Compliance and Enforcement 5 min

6 Proposed Code Changes 5 min

7 Discussion and Next Steps 5 min



Background

ÅContext and History

Å2019 Code Requirements

ÅCode Change Proposal
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Submeasure
Type of 

Change

Software 

Updates 

Required

Sections 

of Code 

Updated

Compliance 

Forms Updated

A: Prescriptive Changes: 

Roof Alterations, Cool Roofs 

and Insulation

Prescriptive Yes

150.2(b)1I,

150.2(b)1, and

150.2(a)1Bi

110.8(d)1

Yes

A: Prescriptive Changes: 

Electric Equipment 

Replacements

Prescriptive Yes

150.2(b)1G 

and 

150.2(b)1Hiiid

Yes

A: Prescriptive Changes: 

Duct Measures
Prescriptive Yes 150.2(b)1D Yes

B: Clarifying Standards 

Language

Language 

only
No n/a n/a

C: Performance Calculation 

Improvements

Performance 

Options
Yes n/a n/a

Code Change Proposal ïSummary
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Context and History

ÅWhy are we proposing these measures?

Å New construction has been the 

focus of recent Title 24 updates

Å AB3232: reduce GHG emissions 

from the building stock by 40 percent 

below 1990 levels by 2030

Å Significant savings opportunity

Å Harmonize code where appropriate 

Å Alterations and additions with new 

construction

Source: 2009 Residential Appliance Saturation Survey: 

https://ww2.energy.ca.gov/appliances/rass/previous_rass.html

https://ww2.energy.ca.gov/appliances/rass/previous_rass.html
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Methodology for Energy Impacts Analysis
Applies to all Measures
ÅConducting CBECC-Res simulations in all 16 climate zones

Å Analyze single family prototypes. 

Å Work with TRC to consider which measures apply to multifamily, conduct additional analysis

EXISTING CONDITIONS

Alteration Measures

Å1,665 square foot existing home, 
three bedrooms

Å1990s vintage, mixed fuel

Å R-13 walls, R-19 attic/roof

Å Dual-pane metal windows

Å ~5 year old HVAC equipment 

Å 13 SEER, 80 AFUE, 
15 percent duct leakage

Addition Measures

Å1,440 square foot existing home 
with 225 square foot addition, 
three bedrooms

Å Addition per 2019 prescriptive 
standards

Å Existing building is 1990s 
vintage, mixed fuel

Å Same as for alteration measures



Submeasure A: Prescriptive 

Changes
Submeasure A.1: Roof 

alterations, cool roofs and 

insulation

Submeasure A.2: Electric 

equipment replacements

Submeasure A.3: Duct measures

Submeasure B: Clarifying 

Standards Language

Submeasure C: ACM
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Current Code Requirements ïCool Roof

ÅExisting Requirements in Title 24, Part 6 Section 150.2(b)1I

Å Steep slope exceptions

Å Air space; Profile rise

Å Sealed ducts; no ducts in attic

Å Radiant barrier

Å R-38 ceiling insulation

Å R-2 above roof deck insulation

Å Low slope exceptions

Å No ducts in attic

Å Solar reflectance tradeoff with roof deck insulation

Steep 

Slope

Low 

Slope

CZs 1-9, 16 NR NR

CZs 10-12, 14 0.20/0.75 NR

CZs 13, 15 0.20/0.75 0.63/0.75

Aged solar reflectance / Thermal emittance

NR = No Requirement
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Proposed Code Change Overview ïCool Roof

ÅExpand cool roof requirements to 
cover Climate Zones 8-15

Å Add Climate Zones 8-9 for steep 
slope

Å Add Climate Zones 8-12, 14 for 
low slope

ÅRevisit exceptions 

Steep 

Slope
Existing

Steep 

Slope
Proposed

Low 

Slope
Existing

Low

Slope
Proposed

CZs 1-7, 16 NR NR NR NR

CZs 8-9 NR 0.20/0.75 NR 0.63/0.75

CZs 10-12, 14 0.20/0.75 0.20/0.75 NR 0.63/0.75

CZs 13, 15 0.20/0.75 0.20/0.75 0.63/0.75 0.63/0.75

Aged solar reflectance / Thermal emittance

NR = No Requirement



Poll

Do you install/specify cool roofs on re-roofing projects you work on?

A. Yes, I install prescriptive cool roofs on steep slope roofs

B. Yes, I install prescriptive cool roofs on low slope roofs

C. Yes, I install prescriptive cool roofs on steep and low slope roofs

D. No, I take one of the exceptions

E. No, I donôt work in climate zones where itôs required

F. I donôt work on existing roofs
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Poll

If you have used one of the exceptions, which ones? (check all that apply)

A. 1-inch air space between roof deck and roofing product

B. Roofing product with minimum profile ratio of rise

C. Sealed ducts

D. Radiant barrier

E. R-38 ceiling insulation

F. R-2 above roof deck insulation

G. No ducts in attic (steep slope)

H. No ducts in attic (low slope)

I. Trade off with roof deck insulation (low slope)
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Current Code Requirements ïInsulation at Re-Roof

ÅNo Existing Requirements in Title 24, Part 6 in 150.2 (low-rise residential)

ÅExisting Model Code Requirements 

Å 2018 IECC R503.1.1 ñRoofs without insulation in the cavity and where the sheathing or 

insulation is exposed during reroofing shall be insulated either above or below the 

sheathing.ò

Å Confusing language, written as an exception, but required by some jurisdictions

Steep Slope Low Slope

All Climate Zones NR NR

NR = No Requirement

Insulation R-Value
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Proposed Code Change Overview ïInsulation at Re-Roof

Å Insulation requirement or U-factor 
equivalency in Climate Zones 2, 4, 
8-16

Å Potential alternatives to R-49

Å Above roof deck (~R-4)

Å Higher solar reflectance cool roof 
with radiant barrier

Å Even higher solar reflectance cool 
roof

ÅPotential alternative to R-14

Å Tradeoffs between solar 
reflectance and insulation

NR = No Requirement

Insulation R-value

Steep 

Slope

Existing

Steep 

Slope

Proposed

Low 

Slope

Existing

Low

Slope

Proposed

CZs 1, 3, 5-7 NR NR NR NR

CZs 2, 4, 8-16 NR R-49 

attic

NR R-14 

continuous

ÅExceptions

Å Attics with R-38, limited clearance/access, safety 
considerations

Å Low slope roofs with mechanical equipment that must 
be moved



Poll

How should the steep slope insulation requirements apply to rafter roof 
assemblies?

A. Rafter roofs should be exempt

B. The same requirement for low slope roofs should apply to steep slope 
rafter roofs (R-14 above roof deck insulation) 

C. Require above roof deck insulation, but less than R-14 

D. Only require insulation if the roof deck is to be removed and the cavity 
can be insulated

E. Something else (please explain)

F. Donôt know
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Poll

What exceptions should be allowed for the low slope re-roof insulation 
requirements? (check all that apply)

A. Existing roofs that meet a maximum U-factor (value to be determined)

B. Curb height at mechanical equipment is reduced so much to violate 
building codes or void manufacturer warranties

C. Base flashing height for parapet or penthouse walls is reduced to less 
than 8-inches

D. Base flashing height for parapet or penthouse walls is reduced to less 
than 4-inches

E. Other exceptions (please explain)
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Attic Insulation, Alterations
Existing vs Proposed Code Change Overview

ÅExisting Requirements in Title 24, Part 6

Å Section 150.2(b)1, meet 150.0 mandatory minimum requirements

Å Weighted U-factor less than or equal to 0.054, or R-19 insulation

ÅProposed Requirement

Å Require R-49 for vented attics

Å Exception for existing attics with R-38, limited clearance/access, safety 

considerations

Existing Proposed

CZs 1, 3, 5-7 R-19 R-19

CZs 2, 4, 8-16 R-19 R-49
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Attic Insulation, Additions less than or equal to 700 square feet
Existing vs Proposed Code Change Overview

ÅExisting Requirements in Title 24, Part 6

Å Section 150.2(a)1Bi: R38 in CZs 1, 11-16 or R-30 in CZs 2-10

Å Aligns with Table 150.1-A/B Option C, but doesnôt require ducts in conditioned space

ÅProposed Requirement

Å Align with Table 150.1-A/B Option B for ceiling insulation (no roof deck insulation)

Existing Proposed

CZs 3,5-7 R-30 No change

CZs 2,4,8-10 R-30 R-38

CZs 1,11-16 R-38 No change



Market Overview

ÅCurrent Market Conditions

ÅMarket Trends

ÅPotential Market Barriers and 

Solutions 
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Market Overview and Analysis

ÅCurrent Market

Å~12 million existing homes in CA

Å 7 percent of single family homes get a new roof each year

Å 65 percent of single family homes have insulated attics (2009 RASS)

Å 70 percent of those homes have R-19 or less insulation (~3.5 million homes)

ÅSingle family new or altered roofs in CalCERTS under 2013/2016 code (E+A+A)

Å 78 percent are steep slope, 22 percent low-slope

Å 67 percent of homes with new or altered ceilings in alterations/additions R-30 or less. ~1 percent 

with R-19

2009 Residential Appliance Saturation Survey: https://ww2.energy.ca.gov/appliances/rass/previous_rass.html

Roofing Contractor State of the Industry Report

https://ww2.energy.ca.gov/appliances/rass/previous_rass.html


81

Market Trends and Barriers, Cool Roofs

ÅExisting Model Code Requirements - Reach Codes

Å Los Angeles County (CZs 6/8/9): 0.20/0.75 for steep slope and 0.63/0.75 for low slope

Å Brisbane and San Mateo (CZ 3): Low-slope requirement 0.70/0.85

CalCERTS data query
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Market Trends and Barriers, Insulation

ÅMarket Trends

Å Some roofing contractors offering attic insulation services

Å Historically, many incentive programs for insulating existing homes, but there are fewer today

Å Interest in retrofit reach codes: City of Carlsbad has adopted one

ÅMarket Barriers

Å C39 license likely doesnôt allow for attic insulation services

Å May require engaging a subcontractor

Å Unpermitted re-roofs

Å Education to industry

Do you agree with this description? What else should we know?



Technical Considerations

ÅTechnical Considerations

ÅPotential Barriers and Solutions
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Technical Considerations

ÅTechnical Considerations

Å Insulation requirement at re-roof is a change to standard design and construction practice

Å Insulating attics

Å Potential space limitations with R-49 insulation

Å Ensure adequate attic ventilation

Å Properly address non IC rated recessed can lights, blocking for attic vents

ÅTechnical Barriers and Potential Solutions

Å Challenging details when adding thickness to roofs

Å Driven by existing conditions

Å Propose reasonable exceptions

Do you agree with this description? What else should we know?



Energy and Cost Impacts
Methodology and Assumptions 

ÅEnergy Impacts Methodology

ÅCost Impacts Methodology

Å Incremental costs

Å Energy cost savings

85



8686

Definition of Baseline and Proposed Conditions
Cool Roof

Baseline Conditions Proposed Conditions

ÅNo cool roof ÅSteep slope roofs:

Å 0.20/0.75 cool roof

ÅLow slope roofs:

Å 0.63/0.75 cool roof
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Energy Savings for Cool Roof

CBECC-Res Simulations
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Definition of Baseline and Proposed Conditions
Attic/Roof Insulation

Baseline Conditions Proposed Conditions

ÅSteep slope: R-19 attic

ÅLow-slope: R-19 cavity

ÅSteep slope: R-49 attic insulation

ÅLow-slope: R-14 continuous 

insulation
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Energy Savings for Adding Attic/Roof Insulation

CBECC-Res Simulations

0

20

40

60

80

100

A
n

n
u

a
l E

n
e
rg

y
 

S
a
vi

n
g

s
 

(t
h

e
rm

s
)

0

200

400

600

800

1,000

1,200

1,400

C
Z

0
1

C
Z

0
2

C
Z

0
3

C
Z

0
4

C
Z

0
5

C
Z

0
6

C
Z

0
7

C
Z

0
8

C
Z

0
9

C
Z

1
0

C
Z

1
1

C
Z

1
2

C
Z

1
3

C
Z

1
4

C
Z

1
5

C
Z

1
6

A
n

n
u

a
l E

n
e
rg

y
 

S
a
vi

n
g

s
 

(k
W

h
)

R-49 attic insulation

R-14 continuous insulation at low slope roof



90

Incremental Cost Information *Preliminary

ÅHow we are collecting costs of base case and proposed technology

Å Interviews with manufacturers and contractors

Å Previous project work

Å Online product research

ÅIncremental costs were found to be: 

Do you find these costs to be reasonable?

0.20 solar ref. 

steep slope 

roof

0.63 solar ref. 

low slope roof

R-49 attic 

insulation

R-14 

continuous 

insulation

R-38 vs R-30 

attic 

(additions)

Incremental 

First Cost

$0-0.20/

sqft roof

$0-0.50/

sqft roof

$1.50/

sqft ceiling

$4.20/

sqft roof

$0.17/

sqft ceiling



Submeasure A: Prescriptive 

Changes
Submeasure A.1: Roof 

alterations, cool roofs and 

insulation

Submeasure A.2: Electric 

equipment replacements

Submeasure A.3: Duct measures

Submeasure B: Clarifying 

Standards Language

Submeasure C: ACM
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Current Code Requirements ïHVAC Replacements

ÅExisting Requirements in Title 24, Part 6 Section 150.2(b)1G
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Proposed Code Change Overview ïHVAC Replacements

ÅDraft code language is available in the resources tab

Space Heating

Å Prohibit electric resistance replacement heating when the existing system is:

Å Central electric resistance furnace with air conditioning



Poll

What should trigger the upgrade to a heat pump system?

A. Any heating system component replacement

B. Any cooling system component replacement

C. Either a heating or cooling system component replacement

D. Both heating and cooling system component replacement

E. None of the above

F. Donôt know

94



95

Current Code Requirements ïWater Heater 
Replacements

ÅExisting Requirements in Title 24, Part 6 Section 150.2(b)1Hiiid
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Proposed Code Change Overview ïWater Heater 
Replacements

ÅDraft code language is available in the resources tab

Water Heating

Å Prohibit electric resistance replacement water heaters:

Å Except when the existing electric resistance water heater is located within conditioned 

space or in an exterior closet

Å Considering electric water heaters in other locations (interior and exterior 

closets)

Å Challenges with limited space, condensate lines, ducting

Å Alternative paths with solar thermal, equivalent PV, or grid interactive electric 

water heaters



Poll

Where should replacement electric resistance water heaters be 
prohibited?

A. Garage locations only

B. Garage and exterior closets 

C. Garage and interior spaces

D. Any location with exceptions allowed for limited space 
conditions

E. None of the above

F. Donôt know
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Poll

What alternative paths should be allowed for the heat pump water 

heater requirement? (check all that apply)

A. Solar thermal system

B. Direct DC PV water heating system

C. Grid connected PV system that meets a minimum capacity

D. Grid interactive two-way communicating electric water heater

E. None of the above

F. Donôt know
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Market Overview

ÅCurrent Market Conditions

ÅMarket Trends

ÅPotential Market Barriers and 

Solutions 

99
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Space Heating Heat Pumps
Market Overview and Analysis
Å Current Market

* 

Å Market Trends

Å Rebates for high-efficiency heat pumps

Å Increasing market share for heat pumps gaining in acceptance

Do you agree with this description? What else should we know?
2009 Residential Appliance Saturation Survey: https://ww2.energy.ca.gov/appliances/rass/previous_rass.html

Space Heating 

System
Single Family

Townhouse, 

Duplex

Apt Condo 

2-4 Units

Apt Condo 

5+ Units

Electric 2.0 percent 5.9 percent 8.3 percent 17.2 percent
Forced Air 

Electric Furnace 

(w/ Central A/C) 0.3 percent 2.1 percent 0.3 percent 1.5 percent

Other Electric 

Resistance 1.1 percent 3.2 percent 6.5 percent 11.6 percent

Heat Pump 0.6 percent 0.7 percent 1.5 percent 4.2 percent

Natural Gas 89.0 percent 90.6 percent 81.1 percent 71.6 percent

Other 9.0 percent 3.5 percent 10.6 percent 11.1 percent

https://ww2.energy.ca.gov/appliances/rass/previous_rass.html
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Heat Pump Water Heaters
Market Overview and Analysis
Å Current Market

Å Market Trends

Å Incentive programs encouraging heat pumps (SMUD, PGandE, SCE, SDGandE, City of Palo Alto)

Å Equivalency in 2019 code for all-electric homes may increase market share

Å Market Barriers

Å Contractor experience with HPWHs

Do you agree with this description? What else should we know?

2009 Residential Appliance Saturation Survey: https://ww2.energy.ca.gov/appliances/rass/previous_rass.html

DHW System Single Family
Townhouse, 

Duplex

Apt Condo 

2-4 Units

Apt Condo 

5+ Units

Electric 6.8 percent 10.5 percent 18.6 percent 25.4 percent
Standard Tank 6.1 percent 9.6 percent 16.9 percent 22.6 percent

Tankless 0.3 percent 0.7 percent 0.7 percent 1.8 percent

HPWH 0.2 percent 0.3 percent 0.9 percent 0.8 percent

Point of Use 

Tankless
0.2 percent 0.0 percent 0.1 percent 0.2 percent

Natural Gas 88.1 percent 87.8 percent 79.5 percent 72.4 percent

Other 5.1 percent 1.7 percent 1.9 percent 2.2 percent

https://ww2.energy.ca.gov/appliances/rass/previous_rass.html


Technical Considerations

ÅTechnical Considerations

ÅPotential Barriers and Solutions
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Technical Considerations

ÅTechnical Considerations

Å Condensate lines for heat pump water heaters

Å ñTo duct or not to ductò interior located water heaters

Å Cold climates

ÅTechnical Barriers and Potential Solutions

Å Potential challenges with closet located water heaters 

Å Potential space limitations

Å Propose exceptions and alternative paths

Do you agree with this description? What else should we know?



Energy and Cost Impacts
Methodology and Assumptions 

ÅEnergy Impacts Methodology

ÅCost Impacts Methodology

Å Incremental costs

Å Energy cost savings
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Space Heating
Definition of Baseline and Proposed Conditions

Baseline Conditions Proposed Conditions

Å New electric ducted furnace 

Å New ducted air conditioning (14 

SEER)

Å New ductwork, 5 percent leakage

Å New ducted heat pump (14 SEER, 

8.2 HSPF 

Å New ductwork, 5 percent leakage
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Water Heating
Definition of Baseline and Proposed Conditions

Baseline Conditions Proposed Conditions

Å New storage electric resistance 

water heater (0.92 UEF)

Å Garage located

Å New heat pump water heater (2.0 

UEF)

Å Garage located
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Energy Savings for Heat Pump vs Electric Resistance 
Heating Appliances
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Incremental Cost Information *Preliminary

ÅHow we collected costs of base case technology and proposed technology

Å Online product research

Å Interviews with contractors

Å Incremental costs were found to be: 

Å ~$500 for ducted heat pump system vs electric resistance furnace and A/C

Å Material only

Å ~$1,500 for heat pump water heater vs electric resistance storage water heater in garage

Å Material and labor

Do you find these costs to be reasonable?

Å How much additional cost for interior located water heaters?



Submeasure A: Prescriptive 

Changes
Submeasure A.1: Roof 

alterations, cool roofs and 

insulation

Submeasure A.2: Electric 

equipment replacements

Submeasure A.3: Duct measures

Submeasure B: Clarifying 

Standards Language

Submeasure C: ACM
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New Ducts in an Alteration
Existing vs Proposed Code Change Overview

ÅExisting Requirements in Title 24, Part 6

Å Section 150.2(b)1Di: R-6 in Climate Zones 1-10, 12-13 or R-8 in Climate Zones 

11, 14 -16

ÅProposed Requirement

Å Align with Table 150.1-A/B Option B for duct insulation

Existing Proposed

CZs 3, 5-7 R-6 No change

CZs 1-2, 4, 8-10, 12-13 R-6 R-8

CZs 11, 14-16 R-8 No change
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Altered Ducts ïDuct Sealing
Existing vs Proposed Code Change Overview

ÅExisting Requirements in Title 24, Part 6

Å Section 150.2(b)1D: duct sealing triggered ñwhen more than 40 feet of new or 

replacement space-conditioning system ducts are installedò

ÅProposed Requirement

Å Reduce or eliminate the 40 foot limit



Poll

What should the 40 foot limit be reduced to?

A. No change (40 feet)

B. 30 feet

C. 20 feet

D. 10 feet

E. 0 feet (any length of added duct triggers duct testing)

F. Donôt know
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Market Overview

ÅCurrent Market Conditions

ÅMarket Trends

ÅPotential Market Barriers and 

Solutions 

113
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Market Overview and Analysis

ÅCurrent Market

Å Single family data from CalCERTS under 2013/2016 code

Å 86 percent of HVAC change-outs with new supply ducts in Climate Zones 1-2, 4, 8-10, 

12-13 have R-6 duct insulation

Å 2 percent of E+A+A projects called out an extension of duct system less than or equal 

to 40 feet

Do you agree with this description? What else should we know?

2009 Residential Appliance Saturation Survey: https://ww2.energy.ca.gov/appliances/rass/previous_rass.html

CalCERTS data query.

https://ww2.energy.ca.gov/appliances/rass/previous_rass.html


Technical Considerations

ÅTechnical Considerations

ÅPotential Barriers and Solutions
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Technical Considerations

ÅMinor changes in standard design practices

ÅPotential space limitations with R-8 ducts

ÅChallenges with sealing existing ducts in certain scenarios

ÅExisting exceptions in the code handle this

Do you agree with this description? What else should we know?



Energy and Cost Impacts
Methodology and Assumptions 

ÅEnergy Impacts Methodology

ÅCost Impacts Methodology

Å Incremental costs

Å Energy cost savings

117



118118

New Ducts in an Alteration
Definition of Baseline and Proposed Conditions

Baseline Conditions Proposed Conditions

Å Entirely New HVAC System

Å R-6 duct insulation

ÅEntirely New HVAC System

ÅR-8 duct insulation
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Energy Savings for R-8 vs R-6 New Ductwork in an Alteration
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Duct Sealing in an Alteration
Definition of Baseline and Proposed Conditions

Baseline Conditions Proposed Conditions

Å 25 percent duct leakage Å15 percent duct leakage
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Energy Savings for Duct Sealing in an Alteration

0

200

400

600

800
A

n
n

u
a
l E

n
e
rg

y
 

S
a
vi

n
g

s
 (

k
W

h
)

0

10

20

30

40

50

60

A
n

n
u

a
l E

n
e
rg

y
 

S
a
vi

n
g

s
 (

th
e
rm

s
)



122

Incremental Cost Information *Preliminary

ÅHow we are collecting costs of base case and proposed technology

Å Interviews with contractors

Å Online product research

Å Previous project work

Å Incremental costs were found to be: 

Do you find these costs to be reasonable?

R-8 vs R-6 

ducts

Duct 

sealing

Incremental 

First Cost

$0.70/

linear foot1

$500/

system2

1Average for 6-12in duct
24 hrs labor + $250 HERS test



Submeasure A: Prescriptive 

Changes
Submeasure A.1: Roof 

alterations, cool roofs and 

insulation

Submeasure A.2: Electric 

equipment replacements

Submeasure A.3: Duct measures

Submeasure B: Clarifying 

Standards Language

Submeasure C: ACM
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Standards Language
Proposed Code Change Overview

ÅSuggest language changes to improve 

readability and add clarity

ÅTo be provided outside of the CASE Report

What are your suggestions?


