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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 (IOUs) – 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 August 2017 the Statewide CASE Team submitted the CASE Report that is presented in Attachment 

1 to recommend code changes related to residential high performance windows and doors. 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 

This adopted code improves the performance of fenestration products – windows and doors – in low-

rise residential buildings by lowering the required U-factors for both products. It also improves 

specifically windows by adjusting the required solar heat gain coefficients (SHGC) by climate zone to 

further reduce energy use. 

For windows, the adopted code lowers the U-factor in all climate zones from 0.32 to 0.30 British 

thermal units per hour per square foot per °F (Btu/hr-ft2-°F). In Climate Zones 2, 4, and 6 through 15, 

which have significant cooling demands, the adopted code lowers the SHGC from 0.25 to 0.23. This 

level of performance is already in wide use and is typical of products with low-conductance frame 

materials and dual-pane glazing with an extra-low-solar-gain: low-emissivity coating, argon gas fill, and 

an improved spacer.  

The adopted code also changes the requirements in Climate Zone 16 to have “no requirement” for 

SHGC, like Climate Zones 1, 3, and 5, which have limited cooling and are dominated by heating. For 

the compliance software, the “no requirement” for the Standard Design will be modeled with a 0.35 

SHGC.  

For swinging doors, such as those at the front entry and between the conditioned space and the garage, 

the adopted code lowers the U-factor in all climate zones to 0.20 Btu/hr-ft2-°F. This level of 

performance is typical of an insulated door and is widely available. The definition of doors has been 

lowered from 50 percent (one half lite) to 25 percent (one quarter lite) of glass or less. Doors with more 

than 25 percent (one quarter lite) are called glazed doors under the standards and are treated as windows 

under this proposal. It is anticipated that this will result in an increase in the use of rated and labeled 

doors. Based on stakeholder comments, an exemption is provided for fire protection doors between the 

garage and residence. 
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Under the current standards, the fenestration performance requirements for new construction also apply 

to additions, alterations, and replacement windows except for the case of performance compliance path 

alterations. This approach is unchanged for these cases, so the performance levels included in this 

proposal will apply. No changes are proposed for performance alterations that have different 

requirements.  

Table 1 identifies sections of the Standards and Reference Appendices that were modified as a result of 

advocacy activities. The table also identifies if the compliance software will be updated.  

Table 1: Scope of Code Change Proposal  

Measure Name  
Type of 

Requirement 

Modified Section(s) 

of Title 24, Part 6  

Modified Title 24, 

Part 6 Appendices 

Will 

Compliance 

Software Be 

Modified 

Doors Definitions – 

Door, Glazed 

Door, 

Fenestration Area  

100.1(b)  None No 

Doors Definitions – 

Door Area 

100.1(b)  None No 

Doors Prescriptive 150.1(c)5  None Yes 

Windows 

and 

Doors 

Prescriptive Table 150.1-A  None Yes 

Windows 

and 

Doors 

Prescriptive 150.2(a)1B and 

150.2(b)1B  
None Yes 

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 since submitting the Final CASE Report. The 

results have changed as this report uses the current California Building Efficiency Code Compliance 

Residential software that has had many changes since the Final CASE Report including revised 

modeling of indoor air quality. It is the CASE Team’s opinion that the best estimate available is done 

using the latest software. 

The assumptions for estimating energy savings for additional and alterations also changed. In the Final 

CASE Report the projected savings for new construction buildings were increased by 43 percent to 

account for additions and alterations, based on the dollars spent on new construction compared to that 

spent on additions and alterations. This factor was updated to 28 percent in this analysis based on data 

provided by the Energy Commission.  

Overall, the electricity and demand savings are slightly higher, and the natural gas use is slightly lower 

than estimated in the Final CASE Report. 
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Table 2: Estimated Statewide First Yeara Energy and Water Savings  

Measure 

First Year 

Electricity 

Savings 

(GWh/yr) 

First Year Peak 

Electrical 

Demand 

Reduction 

(MW) 

First Year Water 

Savings 

(million 

gallons/yr) 

First Year 

Natural Gas 

Savings 

(million 

therms/yr) 

New Construction 6.5 9.3 n/a 0.63 

Additions 0.9 1.3 n/a 0.09 

Alterations 0.9 1.3 n/a 0.09 

TOTAL 8.3 12.0 n/a 0.81 

a.  First year savings from all buildings completed statewide in 2020 – including both new construction and alterations. 

4. EVOLUTION OF CODE REQUIREMENTS  

The Statewide CASE Team submitted the final version of the CASE Report to the Energy Commission 

during August 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 Final CASE Report was submitted to the Energy 

Commission and the time the standards were adopted. 

For windows and glazed doors, the initial Statewide CASE Team proposal to lower the U-factor to 0.30 

Btu/hr-ft2-°F in all climate zones and the SHGC to 0.23 in Climate Zones 2, 4, and 6 through 15 was 

adopted. Additionally, the initial Statewide CASE Team proposal to switch Climate Zone 16 to “no 

requirement” was adopted. 

The Final CASE Report proposed two options for the treatment of the “no requirement” SHGC for the 

Standard Design. One was to change the “no requirement” into a prescriptive standard of 0.35 SHGC. 

The second was to leave the “no requirement” as the prescriptive standard, but change the modeling to 

0.35 SHGC from the 2016 value of 0.50. The Energy Commission decided to leave the prescriptive 

standard as “no requirement,” but will change the modeling to 0.35, which is representative of dual 

glazing with a mid-solar-gain low-emissivity coating. This will allow credit when higher SHGC 

products are used, but will still show some penalty for the lower SHGC products. Overall, this will 

make compliance easier with widely used fenestration products while encouraging the use of more 

appropriate, higher SHGC products. This choice did not affect the energy analysis, as the net modeling 

effect of both choices was to model the “no requirement” at a 0.35 SHGC. 

For swinging doors, such as those at the front entry and between the conditioned space and the garage, 

the initial Statewide CASE Team proposal to lower the U-factor in all Climate Zones to 0.20 Btu/hr-ft2-

°F was adopted. One change made during the stakeholder meetings leading up to the Final CASE 

Report was to add an exception for fire protection doors between the garage and residence. This change 

was based on stakeholder comments made by California Building Industry Association representatives 

(2016 Meeting Notes from Stakeholder Meeting for Residential Envelope Measures). There were also 

minor edits to section 10-111 and 110.6 to clarify the treatment of doors, added by Energy Commission 

staff. 

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. 
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5.1 Building Energy Efficiency Standards  

5.1.1 Section 10-111 

10-111 - CERTIFICATION AND LABELING OF FENESTRATION PRODUCT AND EXTERIOR 

DOOR U-FACTORS, SOLAR HEAT GAIN COEFFICIENTS, VISIBLE TRANSMITTANCE AND 

AIR LEAKAGE 

This section establishes rules for implementing labeling and certification requirements relating to U-

factors, solar heat gain coefficients (SHGCs), visible transmittance (VT) and air leakage for fenestration 

products and exterior doors under Section 110.6(a) of Part 6. This section also provides for designation 

of the National Fenestration Rating Council (NFRC) as the supervisory entity responsible for 

administering the state's certification program for fenestration products and exterior doors, provided 

NFRC meets specified criteria. 

(a) Labeling Requirements. 

1. Temporary labels. 

A. Every manufactured fenestration product and exterior door shall have attached to it a 

clearly visible temporary label that lists the U-factor, the solar heat gain coefficient 

(SHGC) and Visible Transmittance (VT) and that certifies compliance with the air 

leakage requirements of Section 110.6(a)1. Temporary labels for manufactured 

fenestration products and exterior doors are to incorporate the values determined by 

Section 10-111(a)1B and shall comply with the labeling requirements of NFRC 700. 

No other values for U- factor, SHGC, VT and Air Leakage are allowed on the 

temporary label attached to the manufactured fenestration product or exterior door. 

Component Modeling Approach (CMA) and site-built fenestration products shall 

have an NFRC label certificate that lists the U-factor, the Solar Heat Gain 

Coefficient (SHGC), and the Visible Transmittance (VT) and shall comply with the 

labeling requirements of NFRC 705 for the Computer Modeling Approach or NFRC 

700 for site-built fenestration products. 

B. U-factor, SHGC, VT and Air Leakage shall be determined by either: 

i. Fenestration products and exterior doors rated and certified using NFRC 100, 

NFRC 200, NFRC 202 NFRC 203 or NFRC 400 Rating Procedures. The 

manufacturer shall stipulate that the ratings were determined in accordance 

with applicable NFRC procedures. For manufactured fenestration products and 

exterior doors, a temporary label certificate approved by the supervisory entity 

(NFRC) meets the requirements of this section. For component modeling and 

site-built fenestration products, a label certificate approved by the supervisory 

entity (NFRC) meets the requirements of this section. 

ii. For manufactured or site-built fenestration products and exterior doors not 

rated by NFRC, a temporary label with the words “CEC Default U-factor,” 

followed by the appropriate default U- factor specified in Section 110.6(a)2 

and with the words “CEC Default SHGC,” followed by the appropriate default 

SHGC specified in Section 110.6(a)3 and with the words "CEC Default VT," 

followed by the appropriate VT as specified in Section 110.6(a)4, meets the 

requirements of this Subsection B. 

C. Temporary labels shall also certify that the manufactured fenestration product or 

exterior door complies with the air leakage requirements of Section 110.6(a)1 of the 

Standards. 

… 

(c) Designation of Supervisory Entity. The NFRC shall be the supervisory entity to administer the 

certification program relating to U-factors, SHGC, and VT ratings for fenestration products and 
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exterior doors, provided the Commission determines that the NFRC meets the criteria in Section 

10-111(d). 

… 

(d) Criteria for Supervisory Entity. 

1. Membership in the entity shall be open on a nondiscriminatory basis to any person or 

organization that has an interest in uniform thermal performance ratings for fenestration 

products and exterior doors, including, but not limited to, members of the fenestration 

industry, glazing infill industry, building industry, design professionals, specifiers, 

utilities, government agencies, and public interest organizations. The membership shall be 

composed of a broad cross section of those interested in uniform thermal performance 

ratings for fenestration products. 

5.1.2 Section 100.1 

SECTION 100.1 – DEFINITIONS AND RULES OF CONSTRUCTION 

… 

DOOR is an operable opening in the building envelope, including swinging and roll-up doors, fire 

doors, pet doors and access hatches with less than 5025 percent glazed area. When that operable 

opening has 5025 percent or more glazed area it is a glazed door. See Fenestration: Glazed Door. 

DOOR AREA is the total rough opening area which includes the door, and when present, the 

fenestration, and the fenestration frame components in the door frame assembly. 

… 

FENESTRATION: Includes the following: 

… 

GLAZED DOOR is an exterior door having a glazed area of 5025 percent or greater of the area of 

the door. Glazed doors shall meet fenestration product requirements. See: Door. 

… 

FENESTRATION AREA is the rough opening area of any fenestration product. for windows is the 

total window rough opening area which includes the fenestration, fenestration frame components in 

the exterior walls and roofs. 

FENESTRATION PRODUCT is any transparent or translucent material plus any sash, frame, 

mullions and dividers, in the facade of a building, including, but not limited to, windows, sliding 

glass doors, french glazed doors, skylights, curtain walls, dynamic glazing, garden windows and 

glass block. 
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5.1.3 Section 110.6 

SECTION 110.6 – MANDATORY REQUIREMENTS FOR FENESTRATION PRODUCTS AND 

EXTERIOR DOORS 

… 

(a)  

… 

2. U-factor. The fenestration product and exterior door’s U-factor shall be rated in 

accordance with NFRC 100, or use the applicable default U-factor set forth in TABLE 

110.6-A. 

… 

5. Labeling. Fenestration products and exterior doors shall: 

(a) Have a temporary label for manufactured fenestration products and exterior doors or a label 

certificate when the Component Modeling Approach (CMA) is used and for site-built 

fenestration meeting the requirements of Section 10-111(a)1. The temporary label shall not be 

removed before inspection by the enforcement agency; and 

… 

TABLE 110.6-A DEFAULT FENESTRATION PRODUCT U-FACTORS 

 
FRAME 

 
PRODUCT TYPE 

SINGLE PANE 
3,

 

4 

U-FACTOR 

DOUBLE PANE 
1,

 

3, 4 

U-FACTOR 

GLASS BLOCK 
2,3

 

U-FACTOR 

 

 

 

Metal 

Operable 1.28 0.79 0.87 

Fixed 1.19 0.71 0.72 

Greenhouse/garden 

window 
2.26 1.40 N.A. 

Glazed Doors 1.25 0.77 N.A. 

Skylight 1.98 1.30 N.A. 

 

 

 
Metal, Thermal 

Break 

Operable N.A. 0.66 N.A. 

Fixed N.A. 0.55 N.A. 

Greenhouse/garden 

window 
N.A. 1.12 N.A. 

Glazed Doors N.A. 0.59 N.A. 

Skylight N.A. 1.11 N.A. 

 

 

 

Nonmetal 

Operable 0.99 0.58 0.60 

Fixed 1.04 0.55 0.57 

Glazed Doors 0.99 0.53 N.A. 

Greenhouse/garden 

windows 
1.94 1.06 N.A. 

Skylight 1.47 0.84 N.A. 
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1. For all dual-glazed fenestration products, adjust the listed U-factors as follows: 

a. Add 0.05 for products with dividers between panes if spacer is less than 7/16 inch wide. 

b. Add 0.05 to any product with true divided lite (dividers through the panes). 

2. Translucent or transparent panels shall use glass block values when not rated by NFRC 100. 

3. Visible Transmittance (VT) shall be calculated by using Reference Nonresidential Appendix NA6. 

4. Windows with window film applied that is not rated by NFRC 100 shall use the default values from this table. 

 

5.1.4 Section 150.1 

SECTION 150.1 – PERFORMANCE AND PRESCRIPTIVE COMPLIANCE APPROACHES FOR 

LOW-RISE RESIDENTIAL BUILDINGS 

… 

(b) Prescriptive Standards/Component Package 

… 

3. Fenestration. 

A. Installed fenestration products, including glazed doors, shall have an area weighted 

average U-factor and Solar Heat Gain Coefficient (SHGC) no greater than 

themeeting the applicable fenestration values in TABLE 150.1-A or B and shall be 

determined in accordance with Sections 110.6(a)2 and 110.6(a)3. 

… 

(a) RESERVEDDoors. Installed swinging door products separating conditioned space from outside 

or adjacent unconditioned space, but not including glazed door products, shall have an area-

weighted average U-factor no greater than the applicable door value in TABLE 150.1-A or B 

and shall be determined in accordance with Section 110.6(a)2. Glazed door products are treated 

as fenestration products in Sections 150.1(c)3 and 150.1(c)4. 

EXCEPTION to Section 150.1(c)5: Swinging doors between the garage and conditioned 

space that are required to have fire protection are not required to meet the applicable door 

value in TABLE 150.1-A or B. 

… 

TABLE 150.1-A COMPONENT PACKAGE – Single Family Standard Building Design 

Note: Old Table from 2016 Standards 

 

Note: New Table from 2019 Standards 
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… 

150.1-B COMPONENT PACKAGE – Multifamily Standard Building Design 

Note: New Table from 2019 Standards. This is a new table for multifamily that was not in 2016 Standards 

 

 

5.1.5 Section 150.2 

SECTION 150.2 – ENERGY EFFICIENCY STANDARDS FOR ADDITIONS AND 

ALTERATIONS TO EXISTING LOW-RISE RESIDENTIAL BUILDINGS 

(a) Additions. 

… 

1. Prescriptive approach. 

… 

A. Additions that are 700 square feet or less 

… 

iv. In Climate Zones 2, 4 and 6-156 … 

… 

(b) Alterations. 

… 

1. Prescriptive approach. 

… 

B. Replacement Fenestration.  

… 

EXCEPTION 1 to Section 150.2(b)1B: Replacement of vertical fenestration no 

greater than 75 square feet with a U-factor no greater than 0.40 in Climate Zones 1-

16, and a SHGC value no greater than 0.35 in Climate Zones 2, 4, and 6-165. 

 

5.2 Reference Appendices  

5.2.1 Joint Appendix JA1 

Terms, phrases, words and their derivatives in the Reference Appendices shall be defined as specified in 

Title 24, Part 6, Section 100.1. Below are additional definitions for terms used in the Reference 
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Appendices and not defined in Title 24, Part 6. Note from Statewide CASE Team – the Energy 

Commission choose to not repeat definitions from Section 100.1 so changes to this section were not 

necessary as part of this work.  
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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 the use of various technologies. The four California Investor Owned Utilities (IOUs) – 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 
This measure improves the performance of fenestration products – windows and doors – in low-rise 
residential buildings by lowering the required U-factors for both products, and for windows by adjusting 
the solar heat gain coefficients (SHGC) by Climate Zone to further reduce energy use. 

For windows, the proposal lowers the U-factor in all Climate Zones from 0.32 to 0.30 Btu/hr-ft2-°F. In 
Climate Zones 2, 4, and 6-15 that have significant cooling demands, the proposal lowers the SHGC 
from 0.25 to 0.23. This level of performance is already in wide use and is typical of products with low 
conductance frame materials and dual pane glazing with an extra low solar heat gain low emissivity 
coating, argon gas fill, and an improved spacer.  

This proposal also changes the requirements in Climate Zone 16 to have “no requirement” for SHGC 
like Climate Zones 1, 3 and 5 that have limited cooling and are dominated by heating. For the 
compliance software, the “no requirement” for the Standard Design is currently modeled with a 0.50 
SHGC that is representative of dual glazing with a high solar gain low emissivity coating.  

Some stakeholders have commented on a situation that exists under the performance approach where 
compliance is harder when the most widely available extra low solar heat gain low emissivity coatings 
are specified in the heating Climate Zones 1, 3, 5 and now 16. To address this concern, this proposal 
includes a recommendation that is not included in the energy analysis for changing the “no requirement” 
to 0.35 SHGC. This will allow credit when higher SHGC products are used, but will still show some 
penalty for the lower SHGC products. Overall, this will make compliance easier with widely used 
fenestration products while encouraging the use of more appropriate higher SHGC products. Comments 
were submitted with alternatives to this recommendation and are discussed in Section 3.2.2. 

For swinging doors, such as those at the front entry and between the conditioned space and the garage, 
the proposal lowers the U-factor in all Climate Zones to 0.20 Btu/hr-ft2-°F. This level of performance is 
typical of an insulated door and is widely available. The definition of doors has been lowered from 50 
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percent (½ lite) to 25 percent (¼ lite) of glass or less. Doors with more than 25 percent (¼ lite) are 
called glazed doors under the standards and are treated as windows under this proposal. It is anticipated 
that this will result in an increase in the use of rated and labeled doors. An exemption is provided for 
fire protection doors between the garage and residence based on stakeholder comments. 

Under the current standards, the fenestration performance requirements for new construction also apply 
to additions, alterations, and replacement windows except for the case of performance compliance path 
alterations. This approach is unchanged for these cases so the performance levels made in this proposal 
will apply. No changes are proposed for performance alterations that have different requirements. 

Scope of Code Change Proposal 
Table 1 summarizes the scope of the proposed changes and which sections of the Standards, Reference 
Appendices, Alternative Calculation Method (ACM) Reference Manual, and compliance documents that 
will be modified as a result of the proposed change. 

Table 1: Scope of Code Change Proposal 

Measure 
Name  

Type of 
Requirement 

Modified Section(s) 
of Title 24, Part 6  

Modified 
Title 24, Part 
6 Appendices 

Will Compliance 
Software Be 

Modified 

Modified 
Compliance 
Document(s) 

Doors 

Definitions – 
Door, Glazed 
Door, 
Fenestration Area 

100.1(b) - Revise 
definitions to change 
glazed area to 25% 
and define residential 
area to include 
windows, skylights 
and glazed doors 

None No No 

Doors Definitions – 
Door Area 

100.1(b) - Add 
definition of door area 
that does not include 
glazed doors 

None No No 

Doors Prescriptive 150.1(c)5 - Add 
section covering doors None Yes Yes 

Windows 
and 
Doors 

Prescriptive 
  

Table 150.1-A - 
Revise Fenestration U-
factor and SGHC 
values. Add a row 
with door U-factors 

None 
 Yes Yes 

Windows 
and 
Doors 

Prescriptive 
 

150.2(a)1B and 
150.2(b)1B – revise to 
remove SHGC 
requirement from 
Climate Zone 16 

None Yes Yes 

Market Analysis and Regulatory Impact Assessment 
For windows, the proposed change is an incremental improvement over the prescriptive requirements 
under the 2016 Title 24, Part 6 Standards. Many of the windows installed under the current standards 
already meet these proposed performance levels.  

The window industry is well versed in understanding what it takes to meet these proposed values – a 
low conductance frame, dual glazing that includes a low emissivity coating, argon gas fill, and an 
improved spacer system. In Climate Zones 2, 4 and 6-15, the low emissivity coating needs to have a low 
solar gain. In Climate Zones 1, 3, 5 and now 16, the low emissivity coating needs to have a high solar 
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heat gain. For builders and installers, there is no difference in the specification or installation of this 
product other than ensuring it meets the new performance levels that are widely available. 

For doors with less than 25 percent glazed area, typical of front entry doors and doors between the 
house and garage, the proposed change targets the use of insulated door products. Insulated door 
products (which typically have insulation sandwiched between either steel or fiberglass panels) are 
already in wide use. 

For doors with 25 percent or more glazed area, typical of sliding glass and French doors, the proposal 
requires that these products meet the same requirement as window products. Under the 2016 Title 24, 
Part 6 Standards, the threshold is for doors with 50 percent or more glazed area. Most of these products 
are provided by window manufacturers and can meet the proposed 25 percent criteria using the same 
components as windows commonly utilize. 

Overall this proposal increases the wealth of the State of California. California consumers will 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. 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.  

Cost-Effectiveness  
The proposed code change was found to be cost-effective statewide with benefit-to-cost (B/C) ratios 
over five for single family and multifamily new construction. 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. 

There is one case – single family in Climate Zone 7 – where the B/C ratio is 0.6, with the present value 
of the savings being $81 and the incremental cost being $147. This proposal recommends that in this 
one case, with the relatively modest added measure cost, that the proposed U-factors and SHGC values 
be applied to Climate Zone 7, so that there are uniform requirements statewide. This will help to 
simplify the standards, and make enforcement and product specification less complex. 

Cost-effectiveness varies significantly between single family and multifamily building prototypes used 
in Title 24, Part 6 Standards evaluations suggesting different requirements by climate zone for the two 
building types. The calculation of B/C ratio compares the 30-year lifecycle benefits (cost savings) to the 
lifecycle costs over the same time period. 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. See Section 4 for more details. 
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Table 2: Estimated Statewide First-Yeara Energy and Water Savings  

Measure 

First-Year 
Electricity 

Savings 
(GWh/yr) 

First-Year Peak 
Electrical 
Demand 

Reduction 
(MW) 

First-Year Water 
Savings 
(million 

gallons/yr) 

First-Year 
Natural Gas 

Savings 
(million 

therms/yr) 
New Construction 5.660 8.174 0 0.915 
Additions 1.217 1.757 0 0.197 
Alterations 1.217 1.757 0 0.197 

TOTAL 8.093 11.689 0 1.308 
a.  First year savings from all 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 will have on various market actors. The 
compliance process is described in Section 2.5. The impacts the proposed measure will have on various 
market actors is described in Section 3.3 and 0. The key issues related to compliance and enforcement 
are summarized below:  

• For windows, the proposed change is an incremental modification to the products already in 
use. Other than checking for the new U-factors and SHGC performance levels, the impacts on 
compliance and enforcement are negligible. 

• For doors, the proposal will likely result in an increase in the use of National Fenestration 
Rating System (NFRC) rated and labeled doors rather than default values.  

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 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.  
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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 four California Investor Owned Utilities (IOUs) – 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 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 high performance windows and doors code change 
proposal. 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.  

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, such as 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 will be 
saved by California building owners and tenants, and impacts (increases or reductions) on material with 
emphasis placed on any materials that are considered toxic. Statewide water consumption impacts are 
also considered. 
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Section 7 concludes the report with specific recommendations with strikeout (deletions) and underlined 
(additions) language for the Standards, Reference Appendices, Alternative Calculation Method (ACM) 
Reference Manual, Compliance Manual, and compliance documents.  

2. MEASURE DESCRIPTION  

2.1 Measure Overview 
This measure improves the performance of fenestration products—windows and doors—in the low-rise 
residential buildings by lowering the required U-factors for both products, and for windows by adjusting 
the solar heat gain coefficients (SHGC) by Climate Zone to further reduce energy use. Improving the 
performance of fenestration products will reduce the heating, ventilation, and air conditioning (HVAC) 
loads. This measure also has significant impact on peak cooling loads by reducing the solar heat gain 
transmitted through the windows, which is a significant part of the cooling loads. 

For windows, the proposed measure:  

• Reduces the prescriptive window U-factor from 0.32 to 0.30 in all Climate Zones.  
• Reduces the prescriptive window SHGC from 0.25 to 0.23 in Climate Zones 2, 4, and 6 through 

15. 
• Changes Climate Zone 16 to a higher SHGC specification, similar to Climate Zones 1, 3 and 5 

that also have more heating load than cooling.  
• Recommends an alternative for the high SHGC Climate Zones to consider establishing a 

minimum 0.35 SHGC requirement. 

For doors, the proposed measure: 

• Introduces a prescriptive swinging entry door U-factor requirement of 0.20 in all Climate 
Zones. 

• Provides an exemption for swinging doors that are required to have fire protection by other 
parts of the Title 24 building code. 

• Requires verification using a National Fenestration Rating System (NFRC) label, like the 
prescriptive window requirements. 

• Changes the definition of glazed doors that are treated the same as windows from 50 percent to 
25 percent glazed area. 

This code change is achieved by minor changes to existing code language, and the addition of a brief 
section to the prescriptive requirements to cover the new door criteria. 

Under the current standards, the fenestration performance requirements for new construction also apply 
to additions, alterations, and replacement windows except for the case of performance alterations. This 
approach is unchanged for these cases so the performance levels made in this proposal will apply. No 
changes are proposed for performance alterations that have different requirements. 

2.2 Measure History 
Prescriptive window performance has increased dramatically since the 1998 standards with the shift to 
low conductance frames, low emissivity low solar gain glass coatings and argon gas filled cavities that 
are now widespread throughout California. Opaque door requirements have not changed for many code 
cycles, even though there is wide penetration of insulated door products available. The proposed change 
in U-factors and window SHGC are show in  
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Figure 1, as well as the historical values over time. 

 
Figure 1: Cooling climate prescriptive standards over time 

Historically, the building industry has been reluctant to support increased use of high performance 
glazing in part because of concerns about higher costs and product availability. In recent years, the 
window industry has continually advanced the performance of mainstream glazing products with 
technological advancements. The current prescriptive requirements of 0.32 U-factor and 0.25 SHGC (in 
cooling dominated Climate Zones) has been surpassed by many California builders, as evidenced by a 
recent data download from the CalCerts registry, which shows that about two-thirds of glazing installed 
in single family homes from January 2015 through April 2016 had a SHGC of 0.24 or less. With higher 
performance product available from all major manufacturers servicing the California market, it is 
important for the prescriptive requirements to remain current to avoid a reduction in the stringency of 
the standards. Glazing is an especially significant energy efficiency product in the California Time 
Dependent Valuation (TDV)-based compliance environment as peak cooling demand impacts related to 
west facing glazing are aligned with high TDV times of day. 

2.3 Summary of Proposed Changes to Code Documents  
The sections below provide a summary of how each Title 24, Part 6 documents will 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 
The proposed measure will require updating the definitions section 100.1(b), prescriptive section 
150.1(c)5, Table 150.1-A, 150.2(a)1B and 150.2(b)1B. 

2.3.2 Reference Appendices Change Summary 
The proposed measure will require changes to the glossary and Table 4.5.1 door U-factors. 

2.3.3 Alternative Calculation Method (ACM) Reference Manual Change Summary 
This proposed measure will require modification to the description of the Standard Design doors in 
section 2 of the Residential ACM Reference Manual. The windows already reference Standards Table 
150.1-A, which will be updated as part of this proposal. 
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2.3.4 Compliance Manual Change Summary 
The Residential Compliance Manual will need to be revised to match the proposed requirements and to 
describe the treating of doors and glazed doors.  

2.3.5 Compliance Documents Change Summary 
Add a field to the CF1R to state where the performance values are from – either NFRC values or 
defaults.  

2.4 Regulatory Context 
2.4.1 Existing Title 24, Part 6 Standards 

The window performance requirements for low-rise residential buildings were last updated as part of the 
2013 code cycle. The prescriptive U-factor for all Climate Zones was set at 0.32. The SHGC depends on 
the type of climate. In climates with cooling, Climate Zones 2, 4, and 6-16, the prescriptive SHGC is a 
maximum of 0.25. In the milder coastal climates that have mostly heating, Climate Zones 1, 3, and 5, 
there is no prescriptive SHGC requirement. The “no requirement” case is modeled in the compliance 
software with an assumed SHGC of 0.50. A Climate Zone map is shown in Figure 2. 

 
Figure 2: California climate zones 
Source: (California Climate Zone Map, 2017) 

2.4.2 Relationship to Other Title 24 Requirements 
The impact of fenestration on energy performance is affected significantly by the Climate Zone, area, 
orientation, and shading in the building. The prescriptive standards limit fenestration to 20 percent of 
the floor area or less, and limit west facing glass to five percent of the floor area. Dwellings with glazing 
levels that exceed the 20 percent prescriptive limit (or five percent west facing limit) generally suffer a 
compliance penalty in the performance approach, however dwellings that install less glazing than the 
prescriptive requirements are not rewarded for reduced energy usage. There are no requirements for 
overhangs at this time. 

2.4.3 Relationship to State or Federal Laws 
Most other states follow the International Energy Conservation Code (IECC). The IECC code shares 
many similarities with Title 24, Part 6 requirements. The 2015 IECC has U-factors ranging from 0.32 to 
0.40 and SHGC values as low as 0.25 in climates that are found in California. The 2018 IECC has 0.30 
U-factors in some of the climates that are also found in California. Swinging doors are subject to the 
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ATTACHMENT 2: PUBLIC COMMENTS SUBMITTED 

BY THE STATEWIDE CASE TEAM 

Attachment 2 presents comments that the Statewide CASE Team submitted to the Energy 

Commission’s docket that are relevant to this measure. 

Statewide Utility Codes and Standards Team Comments Statewide Utility Codes and Standards Team - 

Support for Adoption: https://efiling.energy.ca.gov/GetDocument.aspx?tn=223381 

Statewide Utility Codes and Standards Team Comments Links to Updated Utility-Sponsored CASE 

Reports: https://efiling.energy.ca.gov/GetDocument.aspx?tn=222838 
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