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Codes & Standards Impact Evaluation 

 

Dear Interested parties: 

 

The primary purpose of the codes & standards impact evaluation is to determine the energy 

savings credit given to investor owned utilities (IOUs) for the advocacy work in promoting 

building codes and standards.  The evaluation of the IOUs codes & standards program showed 

net program savings (i.e., the credit given to utilities for their role in developing a new California 

building code) of 96% of what the IOUs reports for electricity savings. 

 

The protocol1 for evaluating codes and standards is as follows:  

1. Define potential credit - the delta between the prior standard just meeting code to the new 

standard just meeting code  

2. Adjust potential credit for non-compliance of standards  

3. Adjust attribution to IOU advocacy efforts by reducing the credit by the amount of 

normally occurring market adoption  

4. Finally, a panel of experts then decides how much of the savings should be attributed to 

the IOUs advocacy efforts to get the net program savings  

 

This report modifies the previous evaluation method to avoid giving credit to IOUs for savings 

due to buildings implementing measures that result in energy savings that surpass what is 

required just to meet code.  This will be accomplished by limiting the potential credit to no more 

100% of new code requirements. 

 

 

 

 

 

Sincerely, 

 

Peter Biermayer 

Regulatory Analyst 

 

                                                           
1 Ref.:  California Energy Efficiency Evaluation Protocols: Technical, Methodological, and Reporting Requirements 

for Evaluation Professionals, April 2006, p. 94 
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Abstract 

This report presents results from the impact evaluation of the California Statewide Codes and Standards 

(C&S) Program for the C&S program years 2013 through 2015. The evaluation was conducted for the 

California Public Utilities Commission. Pacific Gas and Electric (PG&E), Southern California Edison (SCE), 

San Diego Gas and Electric (SDG&E), and Southern California Gas (SCG) jointly implemented the C&S 

program, providing technical, cost, and market studies to support adoption of standards by the 

California Energy Commission and the federal government. Volume Two covers the evaluation of 

energy, demand, and natural gas impacts stemming from the adoption of the 2013 Title 24 building 

energy code. The impacts for the 2013 Title 24 are estimated for the 18 months between the effective 

date, July 1, 2014, and the end of 2015. The impacts of the 2005 Title 24 and the 2008 Title 24 continue 

through 2013-2015 and are included as impacts of previously evaluated standards. 

The evaluation methodology followed the California protocol. First, the evaluation team estimated 

potential savings that would result if all construction projects met the Title 24 code. Next, the team 

adjusted for the observed energy savings based on primary research to determine gross savings. The 

team followed this by determining net savings by adjustingτwith the help of industry expertsτfor 

naturally occurring market adoption of energy-efficient units. To determine ǘƘŜ tǊƻƎǊŀƳΩǎ net savings, a 

panel of independent experts developed an attribution adjustment ǘƻ ŀŎŎƻǳƴǘ ŦƻǊ ǘƘŜ tǊƻƎǊŀƳΩǎ ŜŦŦŜŎǘ 

on standard adoption. Finally, the team allocated net savings to investor-owned utilities (IOUs) based on 

their share of CaliforniaΩǎ electricity and gas sales. 

Keywords: impact evaluation, 2013 Title 24 
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Executive Summary 

Introduction 

/ŀƭƛŦƻǊƴƛŀΩǎ ¢ƛǘƭŜ нп ōǳƛƭŘƛƴƎ ŎƻŘŜǎ ǎŜǘ ŜƴŜǊƎȅ ǇŜǊŦƻǊƳŀƴŎŜ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎ ǘƘŀǘ ƴŜǿ ōǳƛƭŘƛƴƎǎ ŀƴŘ 

alteration projects must meet. Because they eliminate low-efficiency construction practices from the 

market, Title 24 is an important component for reducing energy consumption.  

{ǘŀǊǘƛƴƎ ƛƴ ǘƘŜ ƭŀǘŜ мффлǎΣ /ŀƭƛŦƻǊƴƛŀΩǎ ƛƴǾŜǎǘƻǊ-owned utilities (IOUs) have taken a significant role in 

researching, proposing, and promoting efficiency standards through what has become the statewide 

utility Codes and Standards Program (the Program). Each IOU has a codes and standards (C&S) program. 

These individual programs provide a place within each utility for funding program activities and 

recording the C&S savings claimed in the IOU energy efficiency portfolios.  

Scope 

The purpose of this impact evaluation is to validate or correct the IOUs estimates of energy savings 

attributable to their advocacy of codes and standards.   Many of the tables in this report compare the 

energy savings the IOUs estimated and the results as determined by the contactor and author of this 

ǊŜǇƻǊǘΦ  ¢ƘŜ ŎƻƭǳƳƴǎ ƭŀōŜƭŜŘ άƴŜǘ ǇǊƻƎǊŀƳέ ǎƘƻǿ ǘƘŜ ŜƴŜǊƎȅ ǎŀǾƛƴƎǎ ŀǘǘǊƛōǳǘŜŘ ǘƻ Lh¦ ŀŘǾƻŎŀŎȅ ŀŦǘŜǊ 

adjusting the potential savings for compliance, normal market adoption and attribution to the IOUs.    

The evaluation scope includes two broad categories of efficiency regulations: appliance standards and 

building codes. The report is organized into volumes that correspond to these two categories. Volume 

Two, this document, includes evaluation methods and findings for the 2013 Title 24 building codes. 

Volume One includes descriptions of the evaluation and findings for Title 20 and federal appliance 

standards. 

We present the IOU estimated savings from the 2013 Title 24 building codes in Table ES-1. The savings 

are separated into three major construction categories. Nonresidential Alterations (NRA) describes 

renovation of existing space, Nonresidential New Construction (NRNC) includes new buildings and 

additions that add to the building area, and the Residential category includes new construction and 

alterations for single family and low-rise multifamily homes.  Table ES-1 shows the IOUs estimates on 

energy and demand savings credit they claim for their advocacy efforts.  The net program values in Table 

ES-1 represent the savings just for the energy use in the service territories of the IOUs.  This is 71% of 

the total statewide savings.  Because the changes in Title 24 affect the entire state, other tables include 

the energy savings statewide attributed to the IOUs involvement in implementing a new building code, 

including service territories of non-IOU utilities. 
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Table ES-1. IOU Estimate of Total Energy and Demand Savings for 2013-2015*  

Total Savings for 2013ς2015  GWh MW MMTherms***  

Category Potential 

IOU Share 

of Net 

Program**  

Potential 

IOU Share 

of Net 

Program 

Potential 

IOU Share 

of Net 

Program 

Nonresidential Alterations (NRA) 1,226.1 417.4 320.7 106.9 1.73 -0.63 

Nonresidential New Construction (NRNC) 382.3 152.8 56.1 21.4 4.27 2.63 

Residential 29.0 10.0 34.0 11.7 2.04 1.18 

Total 1,637.3 580.2 410.8 140.0 8.05 3.19 

*Values may not sum exactly due to rounding. 

**All report values are statewide unless otherwise noted. IOU Share of Net Program refers to attributable net 

ǇǊƻƎǊŀƳ ǎŀǾƛƴƎǎ ŀƭƭƻŎŀǘŜŘ ǘƻ ǘƘŜ Lh¦ǎΩ ǎŜǊǾƛŎŜ areas.  

** *MMTherms equals millions of therms. 

Findings 

Terminology 

Throughout the report we refer to savings in terms that are generally analogous to other resource 

programs. Potential savings are based on the estimated unit energy savings and the number of those 

units (new buildings, alteration projects, or products) entering the market each year.  

In this and previous Title 24 evaluations, unit savings values are computed as the difference in energy 

consumption between a building or measure that just meets the new 2013 Title 24 code and a baseline 

building or measure that just meets the previous 2008 Title 24 code. 

We apply an energy savings adjustment factor (ESAF) to potential savings to derive gross energy savings. 

This factor captures the percent of the energy saving potential that has been realized in the market. 

Net savings result from adjusting the gross savings for the percent of the market that would have 

adopted the measure without the code. We determine net program savings by applying an attribution 

score that credits the statewide C&S program. We allocated net program savings to each utility based on 

share of the statewide energy market (for electricity or gas). 

Electricity Savings 

Table ES-2 summarizes electric energy savings (in GWh) from the нлмо ¢ƛǘƭŜ нп ǎǘŀƴŘŀǊŘǎΦ  ¢ƘŜ ǘŀōƭŜΩǎ 

last row compares total evaluated savings to the IOU Estimate. As shown, evaluated net program 

savings accounted for 81% of the IOU Estimate.   
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Table ES-2. Evaluated vs. IOU Estimate: 2013ς2015 PY 2013 Title 24 Electricity Savings (GWh)* 

GWh 

IOU Estimated Savings Evaluated Savings 

Potential Gross Net 
Net  

Program 
Potential Gross Net 

Net  
Program 

NRA 1,226.1 1,017.6 738.9 582.9 1,029.9 922.9 718.5 425.6 

NRNC 382.3 317.3 262.0 213.4 403.7 351.7 313.2 213.0 

Residential  29.0 24.0 19.2 14.0 50.4 32.1 21.3 14.6 

2013-2015 Total 1,637.3 1,359.0 1,020.1 810.3 1,484.0 1,306.8 1,053.0 653.1 

Evaluated/IOU Estimated 91% 96% 103% 81% 

*Values may not sum exactly due to rounding.     

 

Demand Reduction 

Table ES-3 presents findings for 2013 Title 24 demand savings. The last row compares evaluated savings 

to the IOU Estimate. Evaluated net program demand savings accounted for 59% of the IOU Estimate. 

Table ES-3. Evaluated vs. IOU Estimate: 2013ς2015 PY 2013 Title 24 Demand Savings (MW)* 

MW 

IOU Estimated Savings Evaluated Savings 

Potential Gross Net 
Net  

Program 
Potential Gross Net 

Net  
Program 

NRA 320.7 266.2 192.9 149.3 178.8 156.0 118.7 61.6 

NRNC 56.1 46.5 36.7 29.9 65.1 53.6 48.9 32.5 

Residential 34.0 28.3 22.6 16.3 60.2 46.1 30.4 20.8 

2013-2015 Total 410.8 340.9 252.2 195.6 304.1 255.7 198.0 114.9 

Evaluated/IOU Estimated 74% 75% 79% 59% 

*Values may not sum exactly due to rounding.     

 

Gas Savings 

Table ES-4 presents findings for gas savings from the 2013 Title 24 standards when including Interactive 

Effects (IEs).2 Negative gas values indicate that reduced electric energy consumption for an end-use such 

as lighting means that more gas heating will be required. Evaluated net gas savings accounted for 119% 

of the IOU Estimate. 

                                                           

2  The impact of each standard includes primary (direct) savings and secondary savings described as interactive 

effects (IEs). Specifically, IEs include negative gas savings due to increased heating when electric energy is 

saved indoors and positive electric IEs due to reduced cooling.  
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Table ES-4. Evaluated vs. IOU Estimate: 2013-2015 PY  
2013 Title 24 Gas Savings Including Interactive Effects (MMTherms) *  

MMTherms 

IOU Estimated Savings Evaluated Savings 

Potential Gross Net 
Net  

Program 
Potential Gross Net 

Net  
Program 

NRA 1.73 1.44 1.03 -0.64 1.83 1.36 0.87 -0.31 

NRNC 4.27 3.54 3.34 2.66 5.25 4.45 4.33 2.74 

Residential 2.04 1.70 1.53 1.19 2.70 2.36 1.86 1.40 

2013-2015 Total 8.05 6.68 5.90 3.22 9.77 8.17 7.07 3.83 

Evaluated/IOU Estimated 121% 122% 120% 119% 

*Values may not sum exactly due to rounding.     

 
Table ES-5 presents findings for gas savings from the 2013 Title 24 standards when IEs are excluded. 

Under this scenario, evaluated net gas savings accounted for 107% of the IOU Estimate. 

 

Table ES-5. Evaluated vs. IOU Estimate: 2013-2015 PY  
2013 Title 24 Gas Savings Excluding Interactive Effects (MMTherms) *  

MMTherms 

IOU Estimated Savings Evaluated Savings 

Potential Gross Net 
Net  

Program 
Potential Gross Net 

Net  
Program 

NRA 3.46 2.87 2.07 0.24 3.18 2.59 1.87 0.31 

NRNC 4.59 3.81 3.59 2.87 5.56 4.71 4.55 2.91 

Residential 2.09 1.73 1.56 1.22 2.78 2.36 1.86 1.40 

2013-2015 Total 10.14 8.42 7.21 4.32 11.52 9.66 8.29 4.62 

Evaluated/IOU Estimated 114% 115% 115% 107% 

*Values may not sum exactly due to rounding.     

 

Conclusions and Recommendations: Code Savings Estimation 

Conclusion: A weakness in the individual code/measure approach is the lack of a method for taking into 

account interactions among requirements. The whole building approach using simulations implicitly 

accounts for interactions and was used to the extent possible in this evaluation.  The IOUs have relied on 

the analyses conducted for the California Energy Commission (CEC) to estimate whole building code 

savings. Improvements in documentation and thoroughness are needed.  

Recommendation: Future C&S Program evaluations should rely primarily on whole building analyses to 

evaluate Title 24 savings. To support this, we recommend that the IOUs, CPUC, and CEC collaborate to 

develop an approach designed to quantify statewide Title 24 savings using a consistent building 

simulation approach. We recommend that the program evaluation focus on verifying the inputs, 
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assumptions, and outputs of these simulations and updating them as needed.  We recommend that the 

IOUs document the whole building analyses.  

Conclusion: Although the impact estimation would be most efficient and accurate using a whole building 

analysis, studies of individual code requirements and measures are useful. These analyses provide 

insights into what measures are expected to have the largest impacts and they inform efforts to improve 

code compliance.  

Recommendation: We recommend that the IOUs continue to document estimated savings and their 

activities supporting each of the code changes incorporated in each Title 24 update. We also 

recommend that the IOUs research ways to assess and account for interactions among the individual 

code changes to increase the consistency with the whole building estimates.  

Conclusion: The data collected and estimated on unit savings and construction/alterations during the 

evaluation can provide a solid basis for estimating the potential savings accurately. With sufficiently 

large samples and accurate market data, the evaluators could develop an independent estimate of 

potential savings that could replace an IOU estimate of the potential.  

Recommendation: We recommend that the CPUC examine the feasibility and resource requirements 

needed to rely on the evaluation to estimate the potential Title 24 savings as an alternative to using an 

estimate provided by the IOUs based on CEC analyses.  

Conclusion: For this evaluation, we estimated code energy savings in two ways: (1) comparing the as-

built building to the 2008 Title 24 requirements and (2) limiting the as-built building to being no more 

efficient than required by the 2013 code and comparing the limited values to the 2008 Title 24 

requirements. The first approach treats the baseline as the 2008 Title 24 and allows all efficiency 

improvements over the 2013 Title 24 to contribute to the savings. The second approach also uses the 

2008 Title 24 baseline, but assumes that any efficiency improvements over the 2013 Title 24 occur for 

reasons other than the new code so they do not contribute to program savings. The ESAF factor takes 

into account the savings of buildings, whether they meet the 2013 Title 24 or not. For the current 

evaluation, we used a slightly different approach for the appliance standards. Unit savings for appliances 

are based on the difference between the baseline and new standard efficiencies, but the compliance 

adjustment just accounts for the proportion of products that meet the new standard.  

Recommendation: We recommend that the CPUC continue research on the most appropriate and 

consistent way to define the baseline, unit savings, and compliance, and examine opportunities to align 

the evaluation methods used to determine the impacts of both codes and standards.  

Conclusion: Acquisition of accurate data on building construction and alterations has been a challenge 

for each of the C&S Program evaluations. This has been especially problematic for commercial buildings, 

while the Construction Industry Research Board (CIRB) data provide a fairly reliable estimate of 

residential new construction. Residential alterations also continue to be difficult to estimate accurately. 

These data are important for evaluating the Title 24 impacts, but they are critical for all projections of 

building energy use, such as demand forecasts. 
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Recommendation: We recommend that the CPUC consider researching diverse sources of building 

construction and alterations data and collaborating with the CEC in its efforts to improve data for the 

building sector in response to recent legislation requiring significant increases in building energy savings. 

Conclusion: Our efforts to recruit homes to include in this evaluation were most successful when we 

worked with the building industry, particularly large builders. 

Recommendation:  We recommend that future evaluations focus on recruiting builders to provide 

access to homes for purposes of assessing construction practices. We also recommend that the CPUC 

consider conducting research on the housing market to determine the distribution of construction 

among large, medium, and small builders to use that information to fill any gaps. We also recommend 

that future evaluations investigate similar industry sources to provide improved access to commercial 

buildings for analyses of their construction characteristics.  

Conclusion: One challenge faced by the evaluation was identifying buildings that were constructed 

under the 2013 Title 24. This was especially true for nonresidential buildings, which typically take longer 

to construct than residential buildings. The lag between when a new code is effective and buildings are 

constructed under it is important for two reasons. First, it affects the number of buildings available for 

estimating compliance. In the case of nonresidential buildings, this is particularly problematic as the 

relatively long time required for construction limits the pool of buildings available to study and tends to 

increase the proportion of smaller commercial buildings. Second, the savings estimation depends on 

adjustments to the construction volume based on the length of time required to construct buildings. 

Based on some limited empirical data, we made assumptions in this analysis about the typical time lag 

between the code effective date and construction completion.  

Recommendation: The CPUC and IOUs should consider conducting both secondary and primary 

research to establish improved estimates of the lag between code-effective date and construction 

completion for both residential and commercial buildings. Any such study should address the variation 

in the lag by building type and market factors, such as construction downturns.  

Recommendation: The CPUC should examine ways to develop sufficiently accurate code compliance 

estimates in the near-term, but plan to true-up the estimates by allowing sufficient time to pass to 

collect accurate date on code compliance. This is especially true for commercial buildings, which may 

take longer than a year to complete. The CPUC should consider supplementing the current evaluation of 

non-residential new construction Title 24 impacts with additional data collection and analysis now that 

additional buildings have been constructed under the 2013 Title 24.  

Conclusions and Recommendations: Compliance Issues 

Conclusion: Compliance of residential buildings with the 2013 Title 24, as measured with the ESAF, is 

considerably lower than it was when residential compliance was last evaluated for the 2005 Title 24. In 

that evaluation, the average ESAF exceeded 100%, indicating that, on average, new homes were more 

efficient than required by the code.  
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Recommendation: We recommend that the CPUC consider conducting a study with builders and other 

industry members to understand why compliance has declined with the new code and what types of 

steps could be taken to improve compliance. 

Conclusion: Compliance with some specific code requirements was relatively poor. Examples include the 

installation of demand-control valves in homes with residential hot water recirculation pumps. Another 

example was common failure to meet the mandatory daylighting control requirements in commercial 

buildings, particularly in alterations, and incorrect calculations.  

Recommendation: We recommend that the IOUs and CEC target compliance improvement efforts on 

those code requirements for which the evaluation found relatively poor compliance. The IOUs could 

conduct additional research to identify specific code requirements that are not being commonly met 

and use the findings to inform their compliance improvement activities.  

Conclusions and Recommendations: Special Investigations 

Conclusion: We conducted two special studies as part of this evaluation to address the potential impacts 

of noncompliance with specific code mandatory requirements in the 2013 Title 24. One requirement 

was for daylighting controls in commercial building spaces and the other was application of the proper 

lighting Power Adjustment Factor (PAF) in association with controls. We assessed the level of 

compliance with the daylighting control requirements and the impacts, and we calculated the 

theoretical effect of improper application of the PAF requirements. Our analyses showed that the 

energy impacts of both types of measures were very small, on the order of 1% of building consumption. 

Recommendation: We recommend that the CPUC minimize the efforts dedicated to analyzing similar 

requirements, but include them in future evaluations to the extent that evaluation scopes permit.  
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1. Overview of Evaluation Approach 

¢Ƙƛǎ ƛǎ ǘƘŜ ǎŜŎƻƴŘ ƻŦ ǘǿƻ ǾƻƭǳƳŜǎ ǘƘŀǘ ǊŜǇƻǊǘ ƻƴ /ŀŘƳǳǎΩ ƛƳǇŀŎǘ ŜǾŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜ investor-owned 

ǳǘƛƭƛǘƛŜǎΩ όLh¦ǎΩ) California Statewide Codes and Standards (C&S) Program. The first volume focused on 

appliance standards and this volume focuses on the impact of the 2013 Title 24 building energy codes. 

The evaluation project reflects the major construction categories identified by the IOUs in their estimate 

of C&S program savings. Specifically, the categories include: 

¶ Nonresidential Alteration (NRA). This category includes most construction projects in existing 

buildings that do not add floor area (square footage) to the structure. 

¶ Nonresidential New Construction (NRNC). This category includes new buildings and projects that 

add floor area to existing buildings. 

¶ Residential. This category includes both Residential New Construction (RNC) and Residential 

Alterations (RA). The residential code requirements apply to unattached single-family homes 

and low-rise (less than four-story) multifamily buildings. 

 

In /ŀŘƳǳǎΩ experience, savings from building codes are sometimes estimated based on the energy 

consumption of whole (new) buildings and sometimes based on the energy consumption of specific 

measures within a new building or construction project. The IOUs used both approaches in their 

estimates of energy and demand savings from the 2013 Title 24. In these estimates, the sum of savings 

from individual measures is greater than the estimated savings from whole building categories. The IOUs 

took the whole building estimates for residential and nonresidential construction directly from the 

/ŀƭƛŦƻǊƴƛŀ 9ƴŜǊƎȅ /ƻƳƳƛǎǎƛƻƴΩǎ ό/9/ύ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ нлмо ¢ƛǘƭŜ нп ŎƻŘŜǎ3. 

We asked the IOUs for clarification and they provided a memo4 that confirmed that the whole building 

savings and some of the measure level estimates were redundant. We also learned that they regard the 

whole building approach as more accurate than individual measure estimates since the whole building 

approach accounts for interactions between the various measures.  

Cadmus agrees that whole building simulation is a better approach to estimating savings for new 

construction than summing estimates of savings from individual measures in isolation. Accordingly, our 

strategy in this evaluation is to use a whole building approach to determine energy savings from the 

NRNC and RNC categories and then to reconcile the measure findings to the building totals as much as 

possible. 

                                                           

3  CEC. (Consultant Report) Impact Analysis: CaliforniŀΩǎ нлмо .ǳƛƭŘƛƴƎ 9ŦŦƛŎƛŜƴŎȅ {ǘŀƴŘŀǊŘǎ. CEC-400-2013-008. July 

2013. Available online: http://www.energy.ca.gov/2013publications/CEC-400-2013-008/CEC-400-2013-008.pdf 

4  The memo, 2013 Title 24 Savings ς Whole Building and Individual Measure Savings, October 26, 2016, was 

authored by Yanda Zhang. It was provided by Mary Andersen of PG&E on behalf of the statewide program. 

http://www.energy.ca.gov/2013publications/CEC-400-2013-008/CEC-400-2013-008.pdf
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In addition to the primary impact evaluation, our approach included investigation of two related topics: 

¶ Nonresidential mandatory measure: Daylighting/Standard B43. We identified this standard as 

one for which the IOUs identified substantial potential savings but that our primary analysis 

approach (building energy simulation) would not address. For this reason, Cadmus did a manual 

analysis that included 90% of the nonresidential sites we visited. The analysis and results are 

described in section 2.2.5. 

¶ Power Adjustment Factors (PAFs). In response to extensive discussion of the application and 

impact of PAFs, Cadmus analyzed five new construction sites to determine the difference in 

lighting energy and whole building energy use between two scenarios. In the first scenario, the 

model includes no PAF credits, while in the alternative scenario, the model includes the allowed 

PAF credits for each applicable light fixture. Analysis and results are described in section 2.2.6. 

1.1. Report Structure  
In general, the evaluation scope includes two broad categories of efficiency regulations: appliance 

standards and building codes. In the first Phase, we evaluated Title 20 and Federal Appliance standards 

that became effective in 2013 and 2014. The Phase Two report is organized into volumes that 

correspond to the two categories. Volume Two, this document, includes evaluation methods and 

findings for the 2013 Title 24 Building Codes. Volume One includes descriptions of the evaluation and 

findings for Title 20 and federal appliance standards (including those evaluated in Phase One of the 

project). This two-volume approach was suggested by the California Public Utilities Commission (CPUC) 

staff and was agreed to by the project management team. The reasons for organizing the report into 

two volumes include: 

¶ Differences in evaluation methods used and results reported for appliance standards and 

building codes: For appliance standards, each product category is evaluated independently. 

The primary difference in methods and reported results is the use of a whole-building 

approach to evaluate new construction. In this case, a group of standards are evaluated in 

terms of their collective effect on new building energy consumption.  

¶ Document length and level of detail: In the 2010ς2012 evaluation, the effort to keep the 

report to a manageable length of roughly 100 pages meant that much of the descriptive 

detail was included in the report appendices. The two-volume approach allows much more 

of the evaluation to be documented in the main report rather than in the appendices.  

To avoid redundancy, some material is included in only one volume, although it applies equally to 

evaluation of both appliance standards and building codes. These sections include: 

¶ Descriptions of the C&S program (Volume One) 

¶ Overview of the evaluation approach (Volume One) 

¶ Uncertainty analysis (Volume Two) 
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1.2. Protocol 
In each C&S program evaluation, the evaluation team applies the California Evaluation Protocols with 

documented modifications during the evaluation process.5 Figure 1 presents a flowchart of the 

evaluation process Cadmus used for the current evaluation (in addition to the 2006ς2008 and 2010ς

2012 program year evaluations). 

Figure 1. C&S Advocacy Program Evaluation Protocol 

 

 

Figure 1 shows the major factors used to determine savings under the protocol. We based the potential 

energy savings attributable to the C&S program on the estimated unit energy savings and the number of 

those units (new buildings, alteration projects, or products entering the market) each year.  

In this and previous Title 24 evaluations, the unit savings values used to determine potential are 

computed as the difference in energy consumption between a building or measure that just meets the 

new 2013 Title 24 code and a baseline building or measure that just meets the previous 2008 Title 24 

code. 

We applied the compliance adjustment to potential savings to derive gross energy savings. Net savings 

result from adjusting the gross savings by the NOMAD of measures or appliances meeting the code or 

standard that would have occurred in the absence of the code or standard. We determined the net 

program savings that are credited to the statewide C&S program by applying an attribution score. We 

ǘƘŜƴ ŀƭƭƻŎŀǘŜŘ ǘƻ ŜŀŎƘ ǳǘƛƭƛǘȅ ǘƘŜǎŜ ƴŜǘ ǎŀǾƛƴƎǎ ŀǘǘǊƛōǳǘŀōƭŜ ǘƻ ǘƘŜ ǇǊƻƎǊŀƳΣ ōŀǎŜŘ ƻƴ ŜŀŎƘ ǳǘƛƭƛǘȅΩǎ ǎƘŀǊŜ 

of the statewide energy market (for electricity or gas).  

We implemented the analysis using the Integrated Standards Savings Model (ISSM)τdeveloped by the 

evaluators specifically for the previous C&S program evaluations and modified for this evaluationτthat 

incorporates all the input data from the evaluation, measurement, and verification (EM&V) activities. 

                                                           

5  Hall, Nick, J. Roth, C. Best (TecMarket Works). California Energy Efficiency Evaluation Protocols. Prepared for 

the California Public Utilities Commission. 2006. 

LƴǘŜƎǊŀǘŜŘ {ǘŀƴŘŀǊŘ {ŀǾƛƴƎǎ aƻŘŜƭ όL{{aύ 
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Modifications made for this evaluation are described in Section 2.3. To help ensure transparency, the 

evaluation team implemented the model in an Excel workbook. The IOUs use a similar model to 

calculate their estimate of C&S program savings. 

1.2.1. Adjustments to Determine Gross Savings 

As shown in Figure 1, the value used to calculate gross savings relative to potential savings is typically 

referred to as the άcompliance adjustment factorέ (CAF) or άcompliance rate.έ These terms are used 

throughout Volume One of this report in our evaluation of appliance standards. For building codes, 

however, Cadmus and the project management team have identified the word άcomplianceέ as 

somewhat problematic because of differences in definitions used by various stakeholders. For this 

reason, we use the term άŜnergy savings adjustment factorέ (ESAF) throughout Volume Two of the 

report to identify this value in the context of Title 24 evaluation. Because this is an evaluation of energy 

and demand impacts, our focus is on the energy performance of construction projects rather than the 

evaluation of strict conformance to regulatory requirements. 

Unbounded versus Bounded ESAF Values 

When the energy consumption of a specific building, project, or measure is between the value required 

by the old code and the new code, the ESAF value is between zero and one (or 0% and 100%). From an 

energy performance perspective, however, it is possible for a building, project, or measure to consume 

less energy, or be more efficient, than the level established by the current Title 24 code. In this case, the 

ESAF value would be greater than one (or greater than 100%). We note that the energy consumption 

can also be greater than the level established by the previous code, in which case the ESAF value would 

be negative (or less than 0%).  

When no constraints are placed on the ESAF values for specific sites, we refer to the resulting statewide 

values as unbounded ESAFs. Per CPUC direction, we also computed statewide ESAF values with the 

constraint that site-level ESAF values are limited to a maximum of 100%. For any site where the 

calculated ESAF value is greater than 100%, the value is set to be equal to 100%. The CPUC requested 

analyses limiting the ESAF to 100% for the following reasons. First, there is no empirical basis for 

attributing performance more efficient than the code requires to adoption of the code. Second, the 

calculation of unit savings assumes the baseline is the prior code; however, it could be defined as the 

typical efficiency level of buildings built under the prior code. In this case, if the baseline were more 

efficient than required by the prior code, then the unit savings of buildings built under the new code 

would be smaller than if the savings were based on the prior code. When site-level values are 

constrained in this way, we refer to the resulting statewide values as άbounded ESAFs.έ  

1.3. Scope for 2013ς2015 Impact Evaluation: 2013 Title 24 Building Codes 
The three major categories of Title 24 building codes within the evaluation scope and the IOU estimated 

savings for each are summarized in Table 1.  



 

 5  

Table 1. Evaluation Scope for 2013 Title 24 Standard Categories, IOU Estimated Savings 

Reference Description 
Effective 

Date 

2013-2015  

Potential Savings 

(GWh) 

2013-2015  

Potential Savings 

(MMtherms)* 

B34-B42 NRA 7/1/2014 1,226.1 1.73 

B46-B54, B57, B64-B82 NRNC 7/1/2014 382.3 4.27 

B83, B93-B100 Residential 7/1/2014 29.0 2.04 

Total 1,637.3 8.05 

* MMtherms = millions of therms   

1.4. IOU Estimate of Savings During 2013ς2015 
For each major construction category, Cadmus provides complete lists of the items the IOUs included in 

the estimated savings for the statewide program in Table 2, Table 3, and Table 5. Although most of 

these items correspond to specific sections of the Title 24 regulations, there are some significant 

exceptions, which we identify below. 

We note that each of the nine NRA items listed in Table 2 correspond to specific sections of the Title 24 

code. Potential savings are estimates provided by the IOUs. Checkmarks in Table 2 and subsequent 

tables denote whether we evaluated that protocol parameter for a particular standard. For attribution, a 

check mark denotes that the standard was scored by either the panel or Cadmus staff. For parameters 

with no checkmark, we most often use the parameter values provided by the IOUs with their estimate of 

savings. 

Table 2. Evaluation Scope for 2013 Title 24 NRA Standards, IOU Estimated Savings 

Standard Description 
Effective  

Date 

2013ς2015 

 Potential 

Savings 

GWh 

2013ς2015 

Potential 

Savings 

MMtherms P
o

te
n

tia
l 

C
o

m
p

lia
n

c
e 

N
O

M
A

D 

A
tt
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b

u
tio

n
 

Std B34 Lighting-Alts.-New Measures 7/1/2014 333.1  (1.94) V V V V 

Std B35 Lighting-Alts.-Existing Measures 7/1/2014 476.1  (1.34) V V V V 

Std B36 Lighting-Egress Lighting Control 7/1/2014 124.6  -    V V V V 

Std B37 Lighting-MF Building Corridors 7/1/2014 8.5  (0.03) V V V V 

Std B38 Lighting-Hotel Corridors 7/1/2014 3.1  (0.01) V V V V 

Std B39 Lighting-Warehouses, Libraries 7/1/2014 90.7  (0.34) V V V V 

Std B40 Envelope-Cool Roofs 7/1/2014 26.6  (0.15)   V V 

Std B41 HVAC-Equipment Efficiency 7/1/2014 144.4  5.55  V  V V 

Std B42 Process-Air Compressors 7/1/2014 19.1  -      V V 

Total NRA Potential Savings 1,226.1 1.73     

* MMtherms = millions of therms       
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²Ŝ ǇǊƻǾƛŘŜ ŀ ŎƻƳǇƭŜǘŜ ƭƛǎǘ ƻŦ ǘƘŜ bwb/ ƭƛƴŜ ƛǘŜƳǎ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ Lh¦ǎΩ ǎŀǾƛƴƎǎ ŜǎǘƛƳŀǘŜ ƛƴ Table 3. We 

requested clarification regarding the whole building standard (B82), which the IOUs provided in a memo 

received on September 26, 20166. In this memo, the IOUs stated that the whole building savings 

estimate includes interactive effects, whereas individual standard line items do not. The memo 

ƛŘŜƴǘƛŦƛŜŘ ǘƘŜ ǎƻǳǊŎŜ ƻŦ ǘƘŜ ǿƘƻƭŜ ōǳƛƭŘƛƴƎ ŜƴŜǊƎȅ ǎŀǾƛƴƎǎ ŀǎ ǘƘŜ /ŀƭƛŦƻǊƴƛŀ 9ƴŜǊƎȅ /ƻƳƳƛǎǎƛƻƴΩǎ ό/9/Ωǎ) 

2013 Title 24 Impact Analysis7. The memo also identified the specific standards that are included in the 

whole building analysis and provided ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǎǘŀǘŜƳŜƴǘΥ άIf whole building savings are used, 

savings from the corresponding individual measures should be excluded in assessing the overall 2013 

Title 24 energy impactΦέ  

In Table 3, we present the total IOU estimated potential savings for the NRNC category. As directed by 

CPUC staff, our study evaluated savings from a whole building perspective and for individual standards. 

Our approach to this issue, the methods we used, and our findings are included in the relevant sections 

throughout this report. 

Table 3. Evaluation Scope for 2013 Title 24 NRNC Standards, IOU Estimated Savings 

Standard Description 

 

Effective 

Date 

2013ς2015  

Potential 

Savings 

GWh* 

2013-2015 

Potential 

Savings 

MMtherms* P
o

te
n

tia
l 

C
o

m
p

lia
n

c
e 

N
O

M
A

D 

A
tt

ri
b

u
tio

n
 

StdB46 Lighting-Egress Lighting Control 4/1/2015 16.9 - V V V  

StdB47 Lighting-MF Building Corridors 4/1/2015 3.6 (0.0)  V V  

StdB48 Lighting-Hotel Corridors 4/1/2015 0.6 (0.0)  V V  

StdB49 Lighting-Warehouses, Libraries 4/1/2015 20.2 (0.1) V V V  

StdB50 Lighting-Parking Garage 4/1/2015 18.4 - V V V V 

StdB51 Lighting-Controllable Lighting 4/1/2015 50.4 (0.2) V V V V 

StdB52 Lighting-DR Lighting Controls 4/1/2015 0.5 (0.0)  V   

StdB53 Lighting-Outdoor Controls 4/1/2015 5.9 -  V  V 

StdB54 Lighting-Office Plug Load Control 4/1/2015 11.5 (0.0) V V V V 

StdB64 HVAC-Garage Exhaust 4/1/2015 9.3 -  V V  

StdB65 HVAC-Laboratory Exhaust 4/1/2015 38.3 1.5 V V V V 

StdB66 HVAC-Small ECM Motor 4/1/2015 37.1 - V V V V 

StdB67 HVAC-Water, Space Heat ACM 4/1/2015 0.1 0.2  V   

StdB68 HVAC-Cooling Towers Water 4/1/2015 0.2 -  V   

StdB69 HVAC-Occt. Control Smart T'stats. 4/1/2015 0.1 -  V   

                                                           

6  The memo, 2013 Title 24 Savings ς Whole Building and Individual Measure Savings, October 26, 2016, was 

authored by Yanda Zhang. It was provided by Mary Andersen of PG&E on behalf of the statewide program. 

7  CEC. (Consultant Report) LƳǇŀŎǘ !ƴŀƭȅǎƛǎΥ /ŀƭƛŦƻǊƴƛŀΩǎ нлмо .ǳƛƭŘƛƴƎ 9ŦŦƛŎƛŜƴŎȅ {ǘŀƴŘŀǊŘǎ. CEC-400-2013-008. 

July 2013. Available online: http://www.energy.ca.gov/2013publications/CEC-400-2013-008/CEC-400-2013-

008.pdf 

http://www.energy.ca.gov/2013publications/CEC-400-2013-008/CEC-400-2013-008.pdf
http://www.energy.ca.gov/2013publications/CEC-400-2013-008/CEC-400-2013-008.pdf


 

 7  

Standard Description 

 

Effective 

Date 

2013ς2015  

Potential 

Savings 

GWh* 

2013-2015 

Potential 

Savings 

MMtherms* P
o

te
n

tia
l 

C
o

m
p
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n

c
e 
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A

D 

A
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b
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StdB70 HVAC-Low-Temp Radiant Cooling 4/1/2015 - -     

StdB71 HVAC-Evap Cooling Credit 4/1/2015 - -     

StdB72 HVAC-Outside Air 4/1/2015 - -     

StdB73 HVAC-Acceptance Reqmts. 4/1/2015 0.8 -  V   

StdB74 Refrigeration-Warehouse 4/1/2015 0.7 -  V   

StdB75 Refrigeration-Supermarket 4/1/2015 12.1 1.3 V V V V 

StdB76 Process-Process Boilers 4/1/2015 0.5 0.7  V   

StdB77 Process-Air Compressors 4/1/2015 7.1 -  V  V 

StdB78 Process-Data Centers 4/1/2015 18.5 - V V V V 

StdB79 DHW-Hotel DHW Control, Solar 4/1/2015 - -     

StdB80 DHW-Solar Water Heating 4/1/2015 0.8 0.2  V   

StdB81 Solar-Solar Ready 4/1/2015 8.5 -  V V V 

StdB82 Whole Building 4/1/2015 120.3 0.7 V V V V 

Total NRNC Potential Savings  382.3   4.27      

* MMtherms = millions of therms       

 
Table 4 presents the IOU estimates of potential savings from the individual standards that are included 

in the whole building standard B82. Because we are using the whole building analysis results to define 

potential savings, we have excluded these standards from the NRNC total. This approach has been 

reviewed with CPUC staff and with representatives of the statewide program. 

These individual estimates are redundant with the whole building estimate given for standard B82. We 

note that the whole building estimate of about 120 GWh is less than the 287 GWh sum of the individual 

measures due to interaction between these measures when they are installed simultaneously in new 

construction.  

Table 4. Measure Level Savings for NRNC Standards Superseded  
by Whole Building Analysis, IOU Estimated Savings 

Standard Description 

 

Effective 

Date 

2013ς2015  

Potential 

Savings 

GWh* 

2013-2015 

Potential 

Savings 

MMt herms* P
o

te
n

tia
l 

C
o

m
p
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n
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e 
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A
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A
tt

ri
b

u
tio

n
 

StdB43 Lighting-Daylighting 4/1/2015 70.3 (0.3) V V V V 

StdB44 Lighting-Indoor Lighting Controls 4/1/2015 6.8 (0.0)  V   

StdB45 Lighting-Retail 4/1/2015 37.7 (0.1) V V V  

StdB55 Envelope-Cool Roofs 4/1/2015 4.1 (0.0)  V   

StdB56 Envelope-Fenestration 4/1/2015 57.4 (0.1) V V V V 

StdB57 HVAC Controls, Economizers 4/1/2015 45.8 - V V V V 
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Standard Description 

 

Effective 

Date 

2013ς2015  

Potential 

Savings 

GWh* 

2013-2015 

Potential 

Savings 

MMt herms* P
o

te
n

tia
l 

C
o
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A

D 
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StdB58 HVAC-Fan Control & Economizers 4/1/2015 22.6 (0.0) V V V V 

StdB59 HVAC-Reduced Reheat 4/1/2015 0.0 0.1  V   

StdB60 HVAC-Guest Room OC Controls 4/1/2015 3.0 -  V   

StdB61 HVAC-Kitchen Ventilation 4/1/2015 20.2 0.2 V V V V 

StdB62 HVAC-Commercial Boilers 4/1/2015 0.3 0.2  V   

StdB63 HVAC-Chiller Min Efficiency 4/1/2015 19.4 - V V V V 

Total of measure-level savings  287.7 (0.13)     

* MMtherms = millions of therms       

 

We provide IOU estimates of potential savings from residential standards in Table 5. For the residential 

standards, the IOUs also used the CEC report as the basis for savings from residential construction. The 

new construction savings are included as standards B97 and B98 for single-family and multifamily 

homes, respectively.  

Table 5. Evaluation Scope for 2013 Title 24 Residential Standards, IOU Estimated Savings 

Standard Description 

C&S 

Effective 

Date 

2013ς2015 

Potential 

Savings 

GWh* 

2013ς2015 

Potential 

Savings 

MMt herms* P
o

te
n

tia
l 

C
o

m
p
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StdB83 RNC-Lighting 1/1/2015 2.39 (0.05) V V   

StdB93 RNC-MF DHW Control and Solar 4/1/2015  (0.32)  1.11  V    

StdB94 RNC-DHW-High Eff. Water Heater Ready 1/1/2015  -     0.07      

StdB95 RNC-DHW-Solar for Electric Heat Homes 1/1/2015  0.08   -        

StdB96 RNC-Solar Ready, Oriented Homes 1/1/2015  0.08   0.01      

StdB97 RNC-SF Whole Building 1/1/2015  15.27   0.53  V V V V 

StdB98 RNC-MF Whole Building 4/1/2015  3.13   0.09  V    

StdB99 Residential Alterations-SF Whole Building 7/1/2014  6.57   0.23  V V V V 

StdB100 Residential Alterations-MF Whole Building 7/1/2014  1.78   0.05  V    

Total Residential Potential Savings 28.97 2.04     

* MMtherms = millions of therms       

 

In the same memo that detailed the NRNC estimate, the IOUs indicated that the residential whole 

building estimates include savings from standards B84ςB92. We present the individual savings estimates 

for these standards in Table 6. These individual estimates are redundant with the whole building 

estimate. We note that the whole building estimate of about 29 GWh is less than the 46.8 GWh sum of 
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the individual measures due to interaction between these measures when they are installed 

simultaneously in new construction.  

Table 6. Measure Level Savings for RNC Standards Superseded  
by Whole Building Analysis, IOU Estimated Savings 

Standard Description 

C&S 

Effective 

Date 

2013ς2015 

Potential 

Savings 

GWh* 

2013ς2015 

Potential 

Savings 

MMt herms* P
o

te
n

tia
l 

C
o

m
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n
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StdB84 RNC-Envelope-Wall Insulation 1/1/2015  2.69   0.67  V V V  

StdB85 RNC-Envelope-Fenestration 1/1/2015  14.57   (0.34) V V V V 

StdB86 RNC-Envelope-Roof Envelope 1/1/2015  0.48   0.00  V    

StdB87 RNC-Envelope-Advanced Envelope 1/1/2015  -     -        

StdB88 RNC-HVAC-Whole House Fans 1/1/2015  8.82   (0.08) V V V  

StdB89 RNC-HVAC-Zoned AC 1/1/2015  10.05   0.23  V V V V 

StdB90 RNC-HVAC-Duct 1/1/2015  10.19   1.06  V V V V 

StdB91 RNC-HVAC-Refrigerant Charge 1/1/2015  -     -        

StdB92 RNC-SFDHW 1/1/2015  -     0.25  V    

Total of measure-level savings 46.80 1.80     

* MMTherms = millions of therms       
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2. Methodology 

This chapter provides brief descriptions of methods used to evaluate parameters that determined 

energy savings under the evaluation protocol. 

2.1. Potential Savings 
For Title 24 codes, the IOUs and Cadmus define unit savings as the difference in energy consumption 

between a building or a measure that just meets the 2013 Title 24 codes and a building or measure that 

just meets the 2008 Title 24 codes. Potential savings are the product of unit savings and quantity of 

affected units.  

2.1.1. Methodology 

Cadmus reviewed the IOU estimates of potential energy savings for the 2013 Title 24 building codes, 

applicable to both alterations and new construction. The statewide IOU potential energy and demand 

savings estimates were derived from unit energy savings (UES, defined as energy or demand per unit) 

and estimates of the number of applicable units. For most nonresidential standards, the units were 

defined as the number of applicable building square feet (based on characteristics such as occupancy 

type and climate zone). For residential buildings, the unit metric is typically the number of living units. 

To develop evaluated statewide potential savings estimates, Cadmus reviewed the primary sources used 

in the IOU analyses, conducted a gap analysis of the IOU estƛƳŀǘŜǎ ŀƴŘ /ŀŘƳǳǎΩ ǇǊƛƳŀǊȅ ǎƻǳǊŎŜ ŦƛƴŘƛƴƎǎΣ 

and evaluated the UES and applicable unit analysis and assumptions. 

Review of Primary Sources 

Cadmus reviewed the documentation provided by the IOUs to support their statewide savings 

estimates. The documentation provided to Cadmus in response to the first data request was not 

comprehensive, leading to several follow-up data requests during 2015 and 2016. Documentation was 

provided in the form of: 

¶ Codes and Standards Enhancement (CASE) reports for the specific standards evaluated or 

related to the standards evaluated 

¶ Excel workbooks that correspond to specific CASE reports 

¶ Excel workbooks that support post-CASE report IOU analysis 

¶ 2013 Title 24 CEC Impact Analysis report 

¶ Memos to Cadmus with explanations of methods and assumptions 

In addition to the documentation received, Cadmus held several conference calls with the IOUs, during 

which the IOUs provided further verbal details on their methods and assumptions. For example, in 

several cases, the IOUs leveraged professional judgment to make assumptions in their analysis, but did 

not explicitly state this in written documents; thus, this was clarified via conference call in response to 

/ŀŘƳǳǎΩ ƛƴǉǳƛǊȅΦ 
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Gap Analysis 

For many of the standards evaluated, Cadmus found significant gaps in the information provided by the 

IOUs to explain the IOU-estimated savings. This was one of the reasons for the follow-up data requests 

described in the previous section. For over 80% of the standards reviewed, Cadmus did not receive 

sufficient documentation to fully evaluate the analysis from which the IOU savings estimates were 

derived after two data requests. Cadmus still did not receive sufficient documentation to fully evaluate 

the analysis from which the IOU savings estimates were derived for over 30% of the standards reviewed 

after a third data request. If insufficient documentation was received, Cadmus determined whether a 

rough estimate of savings was appropriate to pursue a more detailed analysis of savings given the 

available information, research findings, and limitations of the evaluation study scope. 

Unit Energy Savings Evaluation 

Cadmus reviewed the unit energy savings methodology detailed in the supporting documentation 

provided by the IOUs. Where models could not be reproduced, Cadmus reviewed the model inputs and 

assumptions to the extent allowable by the scope of this study. Cadmus pursued secondary research to 

verify IOU assumptions and estimates where possible, such as market research reports sponsored by the 

IOUs and/or the CPUC, technical analyses conducted by the federal government, and technical analyses 

conducted by the IOUs in support of other energy efficiency initiatives outside of codes and standards. 

In many cases, insufficient secondary research was available to verify the IOU assumptions because of 

the broad scope and highly specific requirements of these standards. Additionally, the evaluation study 

scope did not permit detailed investigation of many assumptions asserted for these standards. 

Unit Quantity Evaluation 

Nonresidential: Existing Floor Stock and New Construction Volumes 

Cadmus decided to use the CEC-forecasted existing floor stock and new construction data after 

reviewing existing floor stock and new construction data purchased from Dodge Data and Analytics8. 

Cadmus observed that the Dodge square footage estimates were considerably higher than the CEC-

forecasted estimates for nearly all building types. Cadmus questioned the CEC regarding this 

discrepancy, and was informed that CEC leverages aspects of the Dodge data in their forecasted 

estimates, but does not use the square footage values directly because the estimates produce unreliable 

load forecasting results. Because the CEC uses Dodge to a limited extent in their forecast, but does not 

use the Dodge square footage estimates directly, Cadmus decided to use the CEC existing floor stock 

and new construction estimates for the evaluation to ensure more accurate statewide savings estimates 

than would presumably be calculated using Dodge data. 

Cadmus used CEC-forecasted existing floor stock and new construction square footage data provided by 

the CEC to Cadmus in September 2015 to calculate evaluated statewide energy and demand savings. 

                                                           

8  Dodge Data & Analytics is a construction project data provider. Cadmus frequently uses Dodge data for 

nonresidential data. The company website can be found at: https://www.construction.com/  

https://www.construction.com/
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These data were provided by building type and climate zone. To estimate annual square footage for 

alterations and new construction, Cadmus used 2015 data (alterations) and an average of 2014 and 

2015 data (new construction) to enable one square footage data set to be applied each year starting in 

2014, which was the year the 2013 Title 24 standards went into effect. 

NRAs: Measure Life and Turnover Assumptions 

In the current IOU savings estimates and in the 2006ς2008 and 2010ς2012 evaluations, potential 

savings from alteration projects were based on assumptions about the measure life (or expected useful 

life) of measures and systems. For example, the potential for a standard regulating envelope insulation 

(referred to as άB17έ) assumed an average roof life of 15 years. Savings from alteration projects then 

assumed that one-fifteenth (6.7%) of the roof area of existing building stock would be replaced each 

year. Similarly, savings from lighting alteration projects was based on an assumed measure life of 20 

years. 

Residential: Number of Newly Constructed Homes 

Because over 85% of the estimated savings from residential codes are associated with single-family 

homes, Cadmus used the reported number of permits for new single-family homes from the 

Construction Industry Research Board (CIRB) Report9. The CIRB report is also used to estimate 

residential construction volume by the IOUs and CEC. 

2.1.2. Prioritization 

Cadmus did not conduct evaluation activities for all standards for which the IOUs estimated savings. To 

optimize use of evaluation resources, Cadmus prioritized the standards in each category that together 

represented the majority of the total IOU-estimated potential (GWh) for that category. Specifically, we 

focused our evaluation effort on the following standards: 

¶ NRA: Standards B34, B35, B36, B39, and B41 represent 95% of estimated potential 

¶ NRNC: Standards B43, B45, B46, B49, B50, B51, B54, B56, B57, B58, B61, B63, B65, B66, B75, 

B78, and B82 represent 92% of estimated potential 

¶ Residential: Standards B83, B84, B85, B88, B89, and B90 represent 83% of estimated potential 

2.1.3. Construction Lag Assumptions 

The 2013 Title 24 codes became effective on July 1, 2014. This means that projects permitted on or after 

that date have to comply with the 2013 code. Because a permit has to be obtained before the start of 

construction and a project has to be completed before it can begin to produce any savings, there is a 

time lag between permitting and savings. 

                                                           

9  The CIRB report is produced by the California Homebuilding Foundation. Website: http://www.mychf.org/  

http://www.mychf.org/
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Based on our past experience, Cadmus makes the following assumptions regarding the lag between the 

code effective date and the realization of a stream of savings from projects that are permitted under a 

new code: 

¶ NRA projects: No time lag is assumed because many alteration projects are completed in 

relatively short time periods (less than three months). We assume these projects begin to 

produce savings on the effective date of July 1, 2014. 

¶ NRNC projects: We assume a time lag of nine months to allow for a new building to be 

constructed and occupied. We assume that NRNC projects begin to produce savings on April 1, 

2015. 

¶ Residential  

o A time lag of six months is assumed for construction of single-family homes, so we 

assume that savings begin six months after the effective date or January 1, 2015. 

o A time lag of nine months is assumed for construction of multifamily buildings, so we 

assume that savings begin nine months after the effective date or April 1, 2015. 

o No time lag is assumed for RA projects, so we assume that such projects begin to 

produce savings on July 1, 2014. 

 

These time lag assumptions are consistent with assumptions made by the California IOUs in their savings 

estimates and with other studies of savings that result from construction of more efficient buildings. 

Cadmus has found many instances of NRNC construction where the time between the permit 

application date and building completion has been greater than the assumed nine-month average. 

Further study of this assumption appears to be warranted, but is outside of the scope of this project. We 

note that underestimating can have two counteracting effects. If buildings are included in the study that 

were built under a prior code (and no information is available to determine what code they were built 

under), their level of compliance with the new code is likely to be less so their estimated savings would 

be less. On the other hand, assuming too short a time lag would mean that the estimated volume of 

buildings covered by the new code would be overstated.  

2.1.4. Relationship Between Whole Building Estimates and Individual Standards 

As noted in Section 1.4, the initial IOU estimate of savings included many individual standards (each of 

which corresponds to specific sections of the 2013 Title 24 code) as well as whole building standards for 

the NRNC (B82) and RNC (B97 single-family and B98 multifamily) categories. Shading in Table 3 and 

Table 5 above indicate the specific individual standards that correspond to the whole building standards. 

Savings for the three whole building standards were taken from a whole building analysis conducted by 

CEC in support of their impact analysis of the 2013 Title 24 standards.10 The IOUs did this to support 

                                                           

10  CEC. (Consultant Report) LƳǇŀŎǘ !ƴŀƭȅǎƛǎΥ /ŀƭƛŦƻǊƴƛŀΩǎ нлмо .ǳƛƭŘƛƴƎ 9ŦŦƛŎƛŜƴŎȅ {ǘŀƴŘŀǊŘǎ. CEC-400-2013-008. 

July 2013. Available online: http://www.energy.ca.gov/2013publications/CEC-400-2013-008/CEC-400-2013-

008.pdf 

http://www.energy.ca.gov/2013publications/CEC-400-2013-008/CEC-400-2013-008.pdf
http://www.energy.ca.gov/2013publications/CEC-400-2013-008/CEC-400-2013-008.pdf
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their estimated savings. Cadmus also referenced this analysis for our evaluation. Because the whole 

building analyses simultaneously captured savings from multiple Title 24 new construction standards, 

the results of the analyses accounted for the impact on energy savings caused by interactions between 

multiple standards.  

As noted above, Cadmus found that the IOU savings estimates for individual standards included in the 

whole building analyses did not account for the implementation of multiple standards at once, and thus 

do not account for interactions and the resulting impact on savings. We noted that the sum of the IOU-

estimated savings for the individual standards was generally much greater than the corresponding 

whole building standard. As indicated above, we requested clarification of the relationship between 

these inconsistent claims and, as a result, the IOUs provided the memo on whole building and individual 

measure savings dated September 26, 2016. Our understanding of the relationship between individual 

standards and whole building savings is based on this memo and our subsequent discussions with 

representatives of the statewide program. 

We reviewed the whole building and individual measure estimates with the evaluation project 

management team (CPUC staff, advisors, DNV GL, and Cadmus) and also with representatives of the 

statewide program. We agreed with CPUC staff and the management team to evaluate savings for both 

the whole building category and for the individual measures. 

Because using the potential for individual measures would overstate energy savings, we considered 

adjustments that would take interactive effects into account and would also make the whole building 

and individual measure results more consistent. We identified two sources that could reasonably be 

used to adjust measure potential: the CEC impact analysis and a draft whitepaper11 that included 

analysis of interactions between Title 24 measures. We decided to rely on the CEC analysis for a few 

reasons. First, the IOUs used the CEC analysis as the basis for their whole building savings, and this 

analysis was completed using a small set of prototype building simulation models weighted according to 

construction activity across all of the California climate zones. We also noted that the CEC analysis has 

been publicly available since 2013, whereas the draft whitepaper has not been published. 

To reconcile findings for the whole buildings and individual standards, Cadmus did the following: 

¶ Evaluated savings for the whole building standards and  

¶ Evaluated savings for the individual standards with the potential savings for all of these 

standards scaled to ensure the total potential savings are equal for both cases. 

Cadmus acknowledges that the simplified scaling approach used assumes an equal proportional 

adjustment for each individual standard, which is not likely to be accurate. However, this method meets 

                                                           

11  Assessment of Energy Savings Overlap Among Building Standard Measures, TRC Energy Services, 

February 2016. Unpublished. 
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our objective to align the total potential savings for the individual standards with the whole building 

standards and more in-depth analysis was beyond the scope of this study. 

Cadmus used the following equation to calculate a scaling factor that was applied to the evaluated 

savings for each standard included in a whole building analysis:  

Equation 1 

ὛὧὥὰὭὲὫ Ὂὥὧὸέὶ  
ὡὬέὰὩ ὄόὭὰὨὭὲὫ ὉὺὥὰόὥὸὩὨ ὛὥὺὭὲὫί

ВὉὺὥὰόὥὸὩὨ ὛὥὺὭὲὫί Ὢέὶ ὛὸὥὲὨὥὶὨί ὭὲὧὰόὨὩὨ Ὥὲ ὡὬέὰὩ ὄόὭὰὨὭὲὫ ὛὥὺὭὲὫί
 

Cadmus scaled the evaluated savings for the individual standards that overlapped with the whole 

building standard such that the sum of the scaled, evaluated savings for the individual standards 

equaled the evaluated savings for the whole building standard.  

2.2. Nonresidential Gross Savings/Compliance 

2.2.1. Nonresidential Sampling Plan 

This section describes the data sources, population characterizations and stratification, standard 

prioritizations, and sample design that Cadmus used to develop the nonresidential sampling plan and 

then presents the final sample design. 

Data Sources 

Cadmus compiled information for the 2015 nonresidential alteration (NRA) and nonresidential new 

construction (NRNC) populations in California based on data from the California Energy Commission 

(CEC data) and Dodge Data & Analytics (Dodge data). Between these data sources, we developed our 

understanding of the population as well as the sampling plan. Table 7 outlines these data sources. 

Table 7. Nonresidential Data Sources 

Description Data Source 

Nonresidential new construction and existing building 
stock estimates (square footage by climate zone and 
building type) 

California Energy Commission. Personal 
communication with Energy Specialist. April 2016. 

Jurisdiction square footage within climate regions. 
Dodge square feet estimates were used to 
approximate jurisdiction square feet in the CEC data. 

Dodge Data & Analytics. Construction Starts 
Information for the state of California by zip code for 
2013-2015. June, 2016. 

 

We acknowledge that the data had limitations; namely, none of these data contained the number of 

lighting alterations or new construction sites in the state of California. Instead, we used information on 

square footage within building type and climate region provided in the CEC data and Dodge data. The 

Dodge data included total square footage in each ZIP code, which we mapped to IOU service areas 

before calculating the proportion of square footage in each jurisdiction (out of the total square footage 

in its respective climate region). Cadmus applied these proportions to the total square feet by climate 

region and building type provided in the CEC data, using existing building stock square footage to 
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represent the NRA population. Cadmus grouped some building types (e.g., we combined large and small 

offices into a single office category) and climate zones using the same approach used in the previous 

evaluation.12 

Even though the Dodge data provided the square footage of new construction and alteration sites in 

each jurisdiction directly, the CEC and Dodge data did not always align with respect to the amount of 

square footage estimated within climate regions or building types. Specifically, the CEC data estimated 

approximately three times the amount of square footage as the Dodge data. We decided to use the 

square feet provided in the CEC data because utilities represented in this evaluation have used CEC data 

for many of their estimates and the CEC provides statewide estimation of whole building expected 

savings based on improvements in building codes and standards. 

Although there is uncertainty associated with both the CEC data and Dodge data, utilizing both sources 

allowed us to calculate sample weights as accurately as possible. However, it is possible that the sample 

design and sampling weights led to biased results in statewide estimates. For example, if the proportion 

of all lighting alterations that occurs in a building type is significantly different than the proportion of 

existing buildings reflected in the CEC data, then the sampling weight does not accurately reflect the 

proportion of the population represented in the sample. 

Nonresidential Population and Stratification 

This section discusses the populations of interest for nonresidential lighting alterations and new 

construction buildings. We discuss in detail the prioritization of standards and stratification of the 

populations and sample frames. 

Standards Prioritization 

As noted in the C&S Program Impact Evaluation Plan: Phase One, four nonresidential lighting alteration 

standardsτB34, B35, B36, and B39τrepresent about 84% of the IOU estimated potential energy 

savings from the 2013 Title 24 NRA category: 1,025 of 1,226 GWh starting from when the code took 

effect on 7/1/2014 through the ŜƴŘ ƻŦ нлмрΦ /ŀŘƳǳǎ ŦƻŎǳǎŜŘ ǘƘŜ ŎǳǊǊŜƴǘ ŜǾŀƭǳŀǘƛƻƴΩǎ ǎŀƳǇƭƛƴƎ Ǉƭŀƴ on 

these standards because they represent the bulk of the energy savings for this category. The remaining 

NRA standardsτB37 (lighting), B38 (lighting), B40 (envelope-cool roofs), B41 (HVAC), and B42 (air 

compressors)τare not addressed by this sampling plan. Cadmus incorporated into the evaluation 

applicable results from other studies where we are currently examining the compliance and savings 

associated with any of these codes.  

Cadmus included all applicable codes in the NRNC category in the sample design.  

                                                           

12  See Appendix E for climate regions and associated CEC climate zone definitions. 
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Nonresidential Populations and Sample Frames 

In the absence of reliable data on the number of sites in the NRA or NRNC populations, we assumed that 

square footage, as reported by the CEC, provided a proxy for the number of alterations and new 

construction buildings in the population, as in the last evaluation.13 Cadmus used the CEC data to build 

the sample frames. We stratified the sample frame by building type, expecting consumption within 

building types to be more similar than consumption between building types. The population of building 

types included offices, retail buildings, warehouses, schools, hospitals, refrigerated warehouses, and 

miscellaneous buildings. Within each building type strata, we mapped climate zones to five climate 

regions, defined as A, B, C, D, and E (details can be found in Appendix E).  

Cadmus removed hospitals and refrigerated warehouses from both the NRA and NRNC sample frames 

because portions of the codes for these building types were outside the Title 24 codes included in this 

evaluation. We also removed square footage located in climate regions D and E from the sample frames 

because combined, they accounted for less than 10% of the 2015 building stock and less than 10% of the 

new construction square feet in California, and after distributing the total sample size to climate regions, 

samples in these regions would involve too few sites to be representative of the region. The resulting 

sample frames includes over 90% of the square feet in California. 

We present the proportion of existing building stock square footage in each building type category in the 

population and sample frame in Table 8, as well as the proportion of new construction square footage in 

each building type category in the population and sample frame in Table 9. 

Table 8. 2015 Existing Building Stock by Building Type 

Building Type 

Thousands of 

Square Feet in 

Population 

Proportion of 

Population  

Thousands of 

Lighting Alteration 

Square Feet in 

Sample Frame*  

Proportion of 

Sample Frame 

Miscellaneous 2,206,809 30% 147,121 32% 

Office 1,668,477 23% 111,232 24% 

Retail  1,171,062 16% 78,071 17% 

Warehouse 1,056,610 14% 70,441 15% 

School 861,488 12% 57,433 12% 

Hospital 368,093 5% 0 0% 

Refrigerated 

warehouse 
56,726 1% 0 0% 

Total 7,389,266 100% 464,298 100% 

*  Total lighting alteration square feet in sample frame is calculated as (total square feet in population) x (1/15) 

for each building type. 

 

                                                           

13  This assumption was used by the CEC, the IOUs, and the 2010-2012 study evaluators to estimate potential 

energy savings. 
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Table 9. 2015 New Construction by Building Type 

Building Type 

Thousands of 

Square Feet in 

Population 

Proportion of 

Population  

Thousands of New 

Construction Square Feet in 

Sample Frame 

Proportion of 

Sample Frame 

Miscellaneous 51,821 32% 48,186 34% 

Offices 37,065 23% 34,975 24% 

Retail  27,116 17% 25,283 18% 

Warehouses 24,986 15% 23,200 16% 

Schools 12,909 8% 12,139 8% 

Hospital 8,188 5% 0 0% 

Refrigerated 

warehouse 
1,501 1% 0 0% 

Total 163,586 100% 143,783 100% 

 

Sample Design 

This section presents the sample design Cadmus developed to satisfy the goals of the nonresidential 

evaluation. We discuss in detail the sampling challenges, target sample sizes, expected confidence and 

precision, and sample selection. 

Target Sample Sizes and Expected Confidence and Precision 

Cadmus determined that a sample size of 50 sites from the lighting alteration sample frame would allow 

us to complete site visits on time and within budget. Similarly, we anticipated we could feasibly achieve 

a sample size of 30 sites from the new construction population. We allocated total sample sizes to 

building types based on the proportion of square footage in each stratum to ensure that each sample 

was representative of the distribution of buildings in the population. 

We estimated error ratios14 and expected precision15 for the NRA and NRNC populations based on the 

previous evalǳŀǘƛƻƴΩǎ ŜǎǘƛƳŀǘŜŘ ESAFs (previously referred to as compliance adjustment factors (CAFs)) 

and reported precision.16 The previous evaluation estimated an NRA CAF estimate of 580%, with 

precision of ±26% at 90% confidence, and sample size of 68. Cadmus calculated an error ratio of 1.3 for 

                                                           

14  To calculate the error ratio, we used the following formula with inputs for sample size (n), precision, and the z-

statistic for two-tailed 90% confidence (z):  

ὉὙ
ὴὶὩὧὭίὭέὲ zЍὲ

ᾀ
 

15  To calculate the expected precision for this evaluation, we used the error ratio estimates, target sample sizes, 

and 90% confidence in the footnoted equation above, solving for precision. 

16  Ratio estimators were used to calculate ESAFs (previously known as compliance adjustment factors (CAFs)) in 

the previous evaluation; thus, an error ratio provides the appropriate measure of variation, rather than the 

coefficient of variation.  
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the lighting alteration population from this information, which we then used to estimate an expected 

precision in this evaluation of ±30% (at 90% confidence) around the population statewide NRA ESAF. For 

NRNC sites, Cadmus esǘƛƳŀǘŜŘ ŀƴ ŜǊǊƻǊ Ǌŀǘƛƻ ƻŦ лΦор ōŀǎŜŘ ƻƴ ǘƘŜ ǇǊŜǾƛƻǳǎ ŜǾŀƭǳŀǘƛƻƴΩǎ ŜǎǘƛƳŀǘŜŘ bwb/ 

CAF of 397%, with ±6% precision at 90% confidence, and sample size of 90. We calculated an expected 

ǇǊŜŎƛǎƛƻƴ ƻŦ ǘƘƛǎ ŜǾŀƭǳŀǘƛƻƴΩǎ bwb/ 9{!C ŀǘ ҕмм҈ ǿƛǘƘ фл҈ ŎƻƴŦƛŘŜƴŎŜΦ 

The sample sizes within each building type are presented in Table 10 for lighting alteration and new 

construction populations, along with expected precision of energy savings adjustment factors based on 

the targeted total sample size within each population. 

Table 10. Nonresidential Target Sample Sizes 

Site Type 
Building Type 

Total 
Expected Precision 

at 90% Confidence Misc. Office Retail Warehouse Schools  

Lighting Alterations 14 11 8 8 9 50 ± 30% 

New Construction 10 7 6 5 2 30 ± 11% 

 
Cadmus initially focused on stratifying the nonresidential lighting alteration and new construction 

populations by building type and climate region because we expected the effects of Title 24 and 

compliance with Title 24 codes to vary by both factors. However, Cadmus faced considerable challenges 

in recruiting for site visits and these challenges made it impossible to complete the evaluation of the 

recommended number of buildings within the evaluation timeline. Therefore, we revisited the sampling 

plan to decrease the sample size and remain on schedule. Cadmus also incorporated the results of our 

recent analysis that studied 2008 Title 24 code compliance margins to update our sample design. The 

analysis showed that, among factors including climate region, building type, jurisdiction, and utility 

territory, building type was the only one with a significant impact on compliance margins. Based on this 

result, Cadmus recommended decreasing the number of strata and setting sample size targets within 

only building type categories for this evaluation.17 

Although we set sample size targets within building type categories only, we incorporated the square 
footage corresponding to both building type and climate region, as well as jurisdiction, into the sampling 
weights to account for sampling jurisdictions within climate regions. Details of the weighting scheme are 
provided in Section 2.2.4. 

Sample Selection 

Similar to the previous evaluation and the residential sample design, Cadmus implemented a stratified 

two-stage cluster sample design where we first sampled jurisdictions from each climate region, and then 

                                                           

17  Note that the results of the 2008 study were not available at the time Cadmus developed the original sample 

design for this evaluation. 
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selected nonresidential sites from each of these jurisdictions for site visits. As part of the goals of the 

evaluation, Cadmus developed the following criteria for nonresidential sites to include in the analysis: 

¶ Nonresidential site 

¶ Site located in an IOU service area 

¶ Site permitted after July 1, 2014 and constructed before December 30, 2016  

Cadmus selected jurisdictions within climate regions using probability-proportional-to-size (PPS) 

sampling. Cadmus did not have a list of nonresidential new construction sites from which to estimate 

the sizes of each jurisdiction. Instead, we defined size as the square footage of newly constructed 

nonresidential sites in each jurisdiction.18 We estimated the square footage of nonresidential sites in 

each jurisdiction, climate region, and building type by first using the Dodge data to estimate the 

proportion of square feet in each jurisdiction and climate zone, and then applying this proportion to the 

square feet in each building type provided in the CEC data. 

We excluded jurisdictions from the sample frame if nonresidential sites in non-IOU areas made up the 

majority of new construction in that jurisdiction, since we were only interested in estimating impacts in 

IOU territories. Cadmus selected jurisdictions from the remaining jurisdictions in each climate region. 

The PPS sampling approach gave a higher chance of being selected to jurisdictions with more square 

feet of nonresidential sites. 

To develop sample frames of nonresidential lighting alteration and new construction sites, we requested 

all permits from the Dodge data meeting the previously mentioned criteria in the sampled jurisdictions. 

We then selected a simple random sample of the remaining nonresidential sites within each jurisdiction.  

Sampling Challenges 

Cadmus sampled 24 jurisdictions (8 jurisdictions from climate regions A, B and C each) across the IOU 

service areas. However, some of the sampled jurisdictions did not contain enough sites that met the 

criteria of the evaluation to reach the target number of site visits. We sampled 19 additional 

jurisdictions to reach the total number of sites. When the number of sites in a jurisdiction was small and 

we faced substantial nonresponse from owners or facility managers for site visits, Cadmus selected all 

sites within a jurisdiction.  

2.2.2. Nonresidential Recruiting, Field Data Collection 

Recruiting and Scheduling 

The scope of work for this project required recruiting sites within the sample plan to allow our data 

collection team to visit sites and building departments to view the approved building plans and Title 24 

                                                           

18  Source of this data: Dodge Data & Analytics. Construction Starts Information for the state of California by zip 

code for 2013-2015. June, 2016. Cadmus used this data to estimate the proportion of square footage in each 

jurisdiction, since the CEC estimates construction activity by climate zone. 
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documentation and collect required data for the analysis. Sites were recruited among the permit 

records provided by the building departments within the sampled jurisdictions.  

Building Permit Data Collection  

Cadmus obtained permit records from each selected jurisdictionΩǎ building department. This data was 

used to determine the version of the Title 24 code under which the building was potentially permitted 

prior to visiting specific project sites. Our team determined that all the building departments within our 

sample have publicly available permit records on their websites. However, publicly available data 

typically has a very limited content to identify eligible buildings for this evaluation cycle and format 

ǾŀǊƛŜǎ ǎǳōǎǘŀƴǘƛŀƭƭȅ ƛƴ ŜŀŎƘ ōǳƛƭŘƛƴƎ ŘŜǇŀǊǘƳŜƴǘΩǎ ǿŜōǎƛǘŜΦ ¢ƘŜǊŜŦƻǊŜΣ /ŀŘƳǳǎ sent a data request to 

each building department within the sampled jurisdictions. Data requests included building permit 

records in a spreadsheet format to have the following information: 

¶ Nonresidential building permit records from July 1, 2014, to date of the data request submitted 

to the building department (August to September, 2016)  

¶ Permit number 

¶ Permit type (new construction or alteration)  

¶ Building address  

¶ Description of the project 

¶ Square footage of the project 

¶ Valuation of the project 

¶ Contact information for the building owner and permit applicant 

¶ Permit application and issue dates 

Cadmus sent a data request to a total of 39 building departments and, ultimately, received usable data 

from 28 jurisdictions. The initial data request was sent to the building departments in 24 sampled 

jurisdictions across the IOU service areas. Communication with a few building departments continued 

up to 10 weeks due to their workload and we eventually received data from 18 of these departments. 

Six of 24 building departments ŎƻǳƭŘƴΩǘ generate permit reports, were unresponsive despite multiple 

requests for information, or unwilling to provide the requested information. These building departments 

declined the data request due to limitations in staff capacity and internal challenges. To attempt to 

satisfy our sample size, Cadmus sampled 19 additional jurisdictions to have replacements available if 

needed. Cadmus sent a data request to 15 building departments within these 19 additional jurisdictions 

and received data from 10 out of 15 building departments, ǿƘƛƭŜ р ōǳƛƭŘƛƴƎ ŘŜǇŀǊǘƳŜƴǘǎ ŎƻǳƭŘƴΩǘ 

generate the requested data due to abovementioned issues.  

Overall, Cadmus removed 11 jurisdictions from the sample as they did not provide requested data or 

provided data that was not usable. Cadmus dropped an additional jurisdiction, City of Davis, from the 

sample as it had adopted Reach Code requirements. Although City of San Francisco also adopted a 

Reach Code, Cadmus kept this jurisdiction in the sample. In the City of San Francisco, Reach Code 
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requirements impact new large commercial buildings, major alterations to commercial buildings and 

first time commercial interior alterations for assembly, business, institutional, mercantile types that are 

equal or larger than 25,000 square feet19. However, data provided by the City of San Francisco revealed 

that most of the potentially eligible sites in this jurisdiction were smaller than 25,000 square feet. 

Therefore, Cadmus kept this jurisdiction in the sample considering the number of eligible sites. Table 11 

shows the jurisdictions that were removed from the sample. 

Table 11. Removed Jurisdictions 

Reason for Removal from Sample Jurisdiction 

Data not available, accessible, or usable 

City of Berkeley 

City of Chico 

City of Chino 

City of Downey 

City of Ione 

City of Loma Linda 

City of Los Altos 

City of Rialto 

City of San Bernardino 

City of Visalia 

Orange County 

Reach Code Overlap 
City of Davis 

 
Overall, Cadmus secured nearly 153,000 permit records ŦǊƻƳ ну ƧǳǊƛǎŘƛŎǘƛƻƴǎ ƛƴ /ŀƭƛŦƻǊƴƛŀΩǎ ǘƘǊŜŜ 
climate regions. Table 12 shows the participating jurisdictions from which we received data for this 
study by climate region. 

Table 12. Participating Jurisdictions by Climate Region 

Climate Region A Climate Region B Climate Region C 

City of Oakland 

City of Mountain View 

City of San Francisco 

City of Santa Rosa 

City of Santa Maria 

City of Sunnyvale 

City of Redwood City 

City of Napa 

County of Santa Clara 

County of Santa Barbara 

City of Long Beach 

City of San Diego 

City of Westminster 

City of Oxnard 

City of Fontana 

City of Santa Ana 

City of Montclair 

City of Berkeley 

County of Los Angeles 

County of San Bernardino 

City of San Luis Obispo 

City of Davis 

City of Tracy 

City of Bakersfield 

City of Shafter 

City of Hanford 

City of San Jose 

City of Lodi 

 

Because California does not have a uniform or centralized method for managing building permit data, 

each jurisdiction provided information to Cadmus in different formats and to different levels of 

completeness. The building departments that were able and willing to provide the requested permit 

data did so in formats ranging from spreadsheets that contained most of the requested information to 

weekly PDF files. The usability of jurisdiction building permit data depended mainly on the format in 

which the data were provided, completeness, and the amount of irrelevant permit types that required 

                                                           

19 City and County of San Francisco Department of Building Inspection. Implementation of Green Building 

Regulations. January 1, 2014. Available online: http://sfdbi.org/sites/default/files/AB-093.pdf 
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additional filtering to remove them from the sample. Most jurisdictions did not have the capacity to 

provide customized reports or filter out the unrelated permit types for this study. In some cases, 

jurisdictions provided very limited data in the reports, but had online tools to allow for additional 

research on permit types for some sites.  

Building Permit Data Eligibility Screening 

Cadmus conducted a detailed eligibility screening process to review, clean and identify potentially 

eligible permit records for recruitment prior to phone screening and scheduling. After Cadmus received 

the requested data, our team undertook several steps to convert the raw permit data into recruiting 

tools that would allow us to schedule engineers to visit the project sites. These steps included 

ŦƻǊƳŀǘǘƛƴƎ ǘƘŜ ǊŜŎŜƛǾŜŘ ŘŀǘŀΣ ŘŜǘŜǊƳƛƴƛƴƎ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŜƭƛƎƛōƛƭƛǘȅ ŦƻǊ ǘƘŜ ǎǘǳŘȅΣ ŀƴŘ ǊŜǎŜarching 

additional project contact information. Since most jurisdictions did not provide site contact information 

with the permit records, our team had to conduct a comprehensive search to find viable contact 

information from public sources. 

To be considered potentially eligible for the study, permit records were required to meet the data and 

phone screening criteria illustrated in Table 13.  

Table 13. Project Eligibility and Screening Criteria  

Permit Type Criteria 1 Criteria 2 Criteria 3 Criteria 4 Criteria 5 Criteria 6 

New 

Construction 

Permitted 

per 2013 

T24 code 

Project 

Valuation 

>$90,000 

If Multifamily, 

have more 

than 3 stories 

Include 

Conditioned 

Space 

Construction 

completed and 

site accessible 

Non-Participant 

in Utility Rebate 

Program 

Lighting 

Alteration 

Permitted 

per 2013 

T24 code 

Project 

Valuation 

>$10,000 

If Multifamily, 

have more 

than 3 stories 

Electrical permit 

acquired for 

lighting upgrade 

Alteration 

completed and 

site accessible 

Non-Participant 

in Utility Rebate 

Program 

 

Recruitment Screening and Scheduling 

The evaluation team developed a unique recruiting process tailored specifically to the study criteria and 

constraints on the availability of the building department permit data. Cadmus utilized both its own 

recruiting team and a call center, Martec Group, for recruiting.  

Cadmus expected that it would be challenging to find building owners or managers willing to host site 

audits. Unlike most incentive programs where participants are required (or at least requested) to assist 

evaluators, the C&S Program has no participants. In this case, buildings qualified because they were built 

during a particular time period and their owners have no obligation to participate. To overcome this 

challenge, Cadmus used the methods described here on a large scale to reach the target number of 

audits. 

Cadmus developed a detailed recruitment process and phone scripts specific to nonresidential new 

construction and lighting alteration projects and provided all day long training to all recruiters to 



 

 24  

enhance quality control. All recruiters navigated ŜŀŎƘ ŎƻƳƳŜǊŎƛŀƭ ǎƛǘŜΩǎ ŎƻƴǘŀŎǘǎ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ 

appropriate point of contact, through which they could determine whether a site was eligible for the 

study (beyond what can be found in the permit records), and if the property owner or manager would 

consent to participate. Recruiters called through the list until the list was exhausted. Each site was 

contacted three times for recruitment, or until our request for a site-visit was denied. We offered $100 

prepaid Visa Gift Cards to building owners or property managers willing to escort our engineers through 

their facilities.  

CadmusΩ recruiting team and the call center confirmed 93 survey appointments. In some cases, the 

respondent canceled the appointment completely or left open the option to reschedule. In other 

instances, some of the scheduled surveys resulted only in partial audits, or were disqualified due to the 

ǎƛǘŜΩǎ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ƛƴ ǳǘƛƭƛǘȅ ŜƴŜǊƎȅ-efficiency rebate programs (e.g., Savings by Design), or found to be 

not eligible during the site visit because the site was not built or renovated under 2013 Title 24. 

Consequently, the number of sites analyzed was less than the number of confirmed survey 

appointments. The evaluation team completed total of 66 surveys (49 new construction and 17 lighting 

alteration sites). Figure 2 summarizes the process and overall results of the recruitment activity. 

Figure 2. Summary of Results of Recruitment Activity 

 
 

Scheduling Data Collection Team 

Communication between the recruiter, scheduler, and data collection team relied heavily on 

collaboration on a SharePoint site. The SharePoint site was utilized as a repository for the results of the 

data collection visits. Each nonresidential building visited was given a folder named with a specific 

Request Commercial Building Permit Data

153,000 permit records received

Conduct Building Permit Data Research & Eligibility Screen

4,895 potentially eligible permit records identified

Recruit Eligible Sites

93 sites were recruited 

Schedule and Conduct Field Surveys

83 field surveys were scheduled and completed

Conduct Analysis of Completed Field Data from Audits

66 sites confirmed by analysis
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identification number. The data collection team uploaded the data collection forms, photos taken on 

sites and other supporting documents such as plans and Title-24 documentation to the appropriate 

folder. Also, a private Outlook Calendar was created to allow schedulers to create building site visit 

appointments and forward them on to the data collection team. The team could access all the 

information for any appointment by going to the calendar.  

Data Collection Tool Development 

Cadmus developed a data collection tool with two versions that allowed the data collection team to 

collect the information necessary to populate the EnergyPro software model for a nonresidential new 

construction or lighting alteration project. The data collection tool, developed in Excel, could be used 

either on a tablet or laptop on-site or as a paper printout. The goal of the form was to be able to collect 

required data for the analysis through onsite observations, interviews with facility personnel and review 

of Title 24 documentation and building plans.  

The data collection form was designed to match the minimum input required to model a nonresidential 

building in EnergyPro. The goal was to provide required information about the building to the modeler 

that directly corresponded to the required input screens. 

Data Collection Team 

Cadmus used its own site engineers and DNV GL engineers for the field data collection. DNV GL was 

responsible for about 25% of the site visits and Cadmus collected field data for the rest of the sites. All of 

the field team members were located in California, which reduced travel time and the costs associated 

with travel. All of the team members were experienced in collecting data for nonresidential 

construction. Cadmus provided the overall management of the data collection teams, which included 

coordination of site visits and a quality assurance review of data collected on site. To further reduce 

travel, sites closely located to each other were grouped and scheduled one after another. This reduced 

the number of overnight trips to the sites. 

Data Collection Training 

Cadmus designed and conducted a two-day training in October, 2016 to instruct the data collection 

team. The first day of the training was provided in classroom in the DNV GL office in Oakland and 

covered the following topics: 

¶ Goals of the data collection effort 

¶ Data collection process and overview of the sampling process  

¶ Overview of the data collection form 

¶ Collecting data from the plans and Title 24 compliance documentation 

¶ Collecting data on-site 

¶ Interaction with the building departments 
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The second day of the training was provided on-site. First two scheduled site visits for two newly 

constructed buildings were visited by a group of Cadmus and DNV GL field surveyors together and a 

senior engineer from Cadmus provided a hands-on training on site to cover the topics discussed during 

in class training. 

Field Data Collection 

The main objectives of our field data collection included: (1) perform rigorous data collection based on 

the specifications of the critical measures covered by Title 24, (2) inform the analysis by incorporating all 

building parameters and characteristics that impact the savings associated with those measures in a 

measurable way, and (3) provide insights to improve savings estimates. 

Cadmus deployed a range of methods and tools to achieve these objectives through a consistent, 

integrated, and transparent approach. In choosing our data-gathering techniques, we sought to balance 

the certainty gained with project resources spent. We measured where experience has shown that 

energy use can vary widely, thus resulting in large uncertainty of estimates. Through this approach, we 

verified whether the applicable measures: (1) are in compliance with 2013 Title 24 code, (2) exceed the 

code requirements, or (3) do not meet the code requirements. We performed the following three steps 

to assess compliance of each site: 

1. Research of Building Department Records 

During our recruiting process, data collection team asked point of contacts whether or not they would 

be able to provide our engineer with building plans and permit documentation when they arrived on-

site. Often, building owners either had these documents on file, or they requested them from their 

property manager. However, it was not uncommon that our point of contact would be unable to 

produce the necessary documentation for our evaluation effort. Under such circumstances, Cadmus and 

DNV GL engineers visited building departments to obtain all available documents related to the plan 

review and permitting process for each surveyed site. The documentation included but was not limited 

to: 

¶ Architectural, electrical, and mechanical drawings  

¶ Construction details and specification books 

¶ Title-24 documentation (envelope, lighting and mechanical) 

2. Site Data Collection  

/ŀŘƳǳǎ ŎƻƴŘǳŎǘŜŘ ǎƛǘŜ Ǿƛǎƛǘǎ ǘƻ ǇƘȅǎƛŎŀƭƭȅ ǾŜǊƛŦȅ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ ǇŀǊŀƳŜǘŜǊǎ ŀƴŘ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ŦƻǊ ƴŜǿ 

construction and lighting alteration commercial project types. The data collected in the field informed 

the input values that were specified in the whole-building energy modeling on a per-site basis.  

While on-site, field engineers documented accessible details regarding the ŦŀŎƛƭƛǘȅΩǎ ŎƻƴǎǘǊǳŎǘƛƻƴΦ ¢Ƙƛǎ 

information included: 

¶ Building configuration, footprint dimensions, orientation, and area of each activity type (square 

footage) 
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¶ Construction material type 

¶ Envelope characteristics 

¶ HVAC equipment and distribution system specifications (type, quantities, and efficiency rating) 

¶ Envelope insulation material and thickness (R-value)  

¶ Window glazing specifications (U-value and SHGC) and surface areas 

¶ Lighting densities and control types. 

3. Interviews with Facility Personnel 

As part of the data collection process, data collection team often talked with staff familiar with the 

facility and verify the accuracy of the assumptions that related to energy savings calculations. To 

maintain consistency across sites and assess compliance in accordance with the code-modeling 

requirements, we did not collect and use self-report data on operating hours. Alternately, we used 

9ƴŜǊƎȅtǊƻΩǎ ŘŜŦŀǳƭǘ ǎŎƘŜŘǳƭŜǎ per each commercial building as certified by California Energy 

Commission (CEC).  

To inform the analysis, the evaluation team also referred to manufŀŎǘǳǊŜǊǎΩ Ŏǳǘ sheets of installed 

ŜǉǳƛǇƳŜƴǘΣ ǿƘŜƴ ƳŀƴǳŦŀŎǘǳǊŜǊǎΩ ƴŀƳŜǎ ŀƴŘκƻǊ ǇǊƻŘǳŎǘ ƴǳƳōŜǊǎ ǿŜǊŜ ǇǊƻǾƛŘŜŘΣ ŀƴŘ ǎŀǘŜƭƭƛǘŜ ƛƳŀƎŜǎ 

of each site, where relevant. Where we found discrepancies between the as-built drawings and project 

documentations and the data collected on-site, the physically verified data supplanted the as-designed 

documentation. 

2.2.3. Nonresidential Site Analysis and Modeling 

Field data collected by Cadmus and DNV GL field data collection teams helped evaluation team to 

estimate annual energy consumption of each site. Evaluation team determined annual energy 

consumption using a simulation model approach based on site measurements and observations. DNV GL 

was responsible for developing the simulation models for the sites visited by DNV GL engineers which 

account for about 25% of the sites visited. Similarly, Cadmus developed simulation models for the sites 

visited by its in-house field data collection team. Both teams met regularly on weekly basis to make sure 

both teams follow the same methodologies for developing the simulation models and discuss any 

potential discrepancies. 

To create these simulation models, both teams used EnergyPro, a DOE-2 engine modeling software 

developed by EnergySoft, LLC. EnergyPro was selected because it met the needs of the impact 

evaluation that included level of accuracy required; the methods, codes, and baseline definition and its 

underlying assumptions; level of detail of the output data; and the capability to customize and automate 

parametric runs to estimate measure-level savings. Cadmus worked closely with EnergySoft, LLC to 

develop a custom version of the software that produced the following: 

¶ Baseline model based on the data collected on-site that minimally complies with the 2008 

Title 24 
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¶ Baseline model based on the data collected on-site that minimally complies with the 2013 

Title 24 

¶ Model based on the data collected on-site (as-built) 

¶ The ability to generate measure-level savings for each measure identified in the 

potential studies 

Site visits and as-built project documentation, including architectural drawings and Title 24 energy code 

compliance documentation from building code jurisdictions, provided the building parameters and 

characteristics for modeling. The parameters and characteristics used as input values for the baseline 

building were to reflect the building as if it were built to minimum requirements of the prior code. The 

evaluated 2008 and 2013 energy savings are the difference in annual energy use between the as-built 

and 2013 Title 24 code and the as-built and 2008 Title 24 code building, respectively.  

Modeling Quality Control 

Throughout the simulation modeling process, Cadmus coordinated with DNV GL regarding any 

discrepancies with the data or questionable results from the EnergyPro export. Prior to the simulation 

modeling process, Cadmus provided a comprehensive training to DNV GL on different features of the 

custom EnergyPro version developed for the study and the quality control process. 

Cadmus developed a multi-level quality control process for the simulation models. Simulation modeling 

leads at Cadmus and DNV GL reviewed the simulation models by their teams. Once all 67 simulation 

models were created, simulation modeling leads at Cadmus reviewed all the simulation models and 

reviewed them for any anomalies or discrepancies. Cadmus specifically reviewed all Power Adjustment 

Factors (PAFs) applied to the models to ensure that PAFs were only applied as allowed by the 2013 Title 

24 energy code. They also reviewed the accuracy of the model inputs, verifying that the models fully 

captured the data collected in the field.  

2.2.4. Nonresidential Statewide Gross Savings/Compliance Estimation 

Cadmus calculated nonresidential whole building energy savings adjustment factors (ESAF) for electric 

annual savings, CPUC-defined peak demand savings, and gas annual savings. We expected kWh and kW 

evaluated savings to have similar relationships with their respective expected savings, producing similar 

ESAF values. We also expected kWh and therms to have a negative relationship (i.e. as kWh savings 

increases, therms savings decreases), however this is not indicative of a relationship between their ESAF 

values. We provide results by building type, and the state as a whole in Section 3.2.2. This section details 

the method Cadmus used to apply sample weights and estimate ESAFs and evaluated savings20. The 

same method applies to both the new construction and lighting alterations analyses, as well as both the 

analyses for whole-building compliance and individual standard compliance.  

                                                           

20  {ŅǊƴŘŀƭΣ /ΦΣ Swensson, B., & Wretman, J. (2003). Model assisted survey sampling. New York: Springer. 
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Cadmus evaluated a subset of standards, prioritizing selection based on the IOU estimate of potential 

savings for each standard and practical considerations for the analysis of each standard. Evaluated 

standards include fenestration, lighting controls, and HVAC controls. Table 5 in Appendix F summarizes 

our approach to analyzing individual standards. 

Sample Weights  

The process of calculating applies to both lighting alterations and new construction projects. Cadmus 

applied sample weights that followed the sample design described in Section 2.2.1. Because we simple 

random sampled nonresidential sites, we did not apply site-level sample weights. 21   

Equation 2 provides the jurisdiction-level sample weights. Since we sampled jurisdictions with PPS 

sampling, we calculated jurisdiction-level sample weights as the inverse of the proportion of 

nonresidential square footage relative to the climate region overall, by building type. Cadmus applied 

the ratio of total climate regions to the observed climate regions to estimate the population 

consumption within each building type, denoted by ύ  and provided in Equation 3, to account for cases 

where we did not observe every climate region within a building type.  

Equation 2 

ύ
ρ

ὖὶέὦὥὦὭὰὭὸώ έὪ ίὩὰὩὧὸὭὲὫ ὮόὶὭίὨὭὧὸὭέὲ ᴂὭᴂ 

ὓ

ὓ
 

Equation 3 

ύ
Ὕέὸὥὰ ὧὰὭάὥὸὩ ὶὩὫὭέὲί Ὥὲ ὦόὭὰὨὭὲὫ ὸώὴὩ ᴂὯᴂ

ὕὦίὩὶὺὩὨ ὧὰὭάὥὸὩ ὶὩὫὭέὲί Ὥὲ ὦόὭὰὨὭὲὫ ὸώὴὩ ᴂὯᴂ

ὔ

ὲ
 

Where: 

Ὤ  = Indicates climate region ΨƘΩ 

Ὧ = LƴŘƛŎŀǘŜǎ ōǳƛƭŘƛƴƎ ǘȅǇŜ ΨƪΩ 

Ὥ  = Indicates jurisdiction ΨƛΩ 

ύ  = Sample ǿŜƛƎƘǘ ƻŦ ƧǳǊƛǎŘƛŎǘƛƻƴ ΨƛΩ ƛƴ climate region ΨƘΩ ŀƴŘ ōǳƛƭŘƛƴƎ ǘȅǇŜ ΨƪΩ 

ύ  = wŀǘƛƻ ƻŦ ǘƻǘŀƭ ŎƭƛƳŀǘŜ ǊŜƎƛƻƴǎ ǘƻ ƻōǎŜǊǾŜŘ ŎƭƛƳŀǘŜ ǊŜƎƛƻƴǎ ƛƴ ōǳƛƭŘƛƴƎ ǘȅǇŜ ΨƪΩ (not 

required for all building types) 

ὓ   = Total nonresidential square footage in climate region ΨƘΩ ŀƴŘ ōǳƛƭŘƛƴƎ ǘȅǇŜ ΨƪΩ 

                                                           

21  Due to the site visit recruitment challenges, sites recruited via contacting building contractors were not 

randomly selected within jurisdictions, which may introduce bias into the estimates. 
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ὓ   = Total nonresidential square footage ƛƴ ƧǳǊƛǎŘƛŎǘƛƻƴ ΨƛΩ, climate region ΨƘΩ, and building 

type ΨkΩ 

ὔ   = Total number of ŎƭƛƳŀǘŜ ǊŜƎƛƻƴǎ ƛƴ ōǳƛƭŘƛƴƎ ǘȅǇŜ ΨƪΩ 

ὲ  = Number of climate regions observed ƛƴ ōǳƛƭŘƛƴƎ ǘȅǇŜ ΨƪΩ 

Energy Savings Adjustment Factor Analysis 

Cadmus calculated whole building ESAFs for annual electric savings, CPUC-defined peak demand savings, 

and gas annual savings. The following sections outline the methodology used to estimate site-level and 

population evaluated savings and ESAFs by building type and statewide for both nonresidential lighting 

alterations and new construction projects. 

Nonresidential Site Estimates 

Cadmus calculated expected savings for each nonresidential site as the difference between the energy 

consumption for the site if it just met the 2008 Title 24 and just met the 2013 Title 24. This is the 

expected savings for each site based on 100% compliance with each of the codes. We estimated the 

evaluated savings as the difference between the 2008 Title 24 consumption and the estimated 

consumption of the site as-built, based on the data collected on site.  

The CPUC aims to assess the impact of the C&S program under conditions where the savings from the 

2013 Title 24 were limited to the change in consumption between the amount allowed under the 2008 

Title 24 and the 2013 Title 24. To do so, Cadmus estimated building-type and statewide ESAFs by 

restricting the evaluated savings to be no greater than the expected savings of the building. We refer to 

these estimates as the bounded ESAFs, and they are provided in Section 3.2.2 along with the unbounded 

results.  We also discuss the implications of bounding these results in Section 3.2.2.  

Population Statewide Evaluated Savings 

To estimate population evaluated savings for each building type, Cadmus applied the sample weights 

described above. Equation 4 presents the estimation approach, which first calculates the total evaluated 

savings in ƧǳǊƛǎŘƛŎǘƛƻƴ ΨƛϥΣ and then the total evaluated savings ŀŎǊƻǎǎ ŀƭƭ ƧǳǊƛǎŘƛŎǘƛƻƴǎ ƛƴ ŎƭƛƳŀǘŜ ǊŜƎƛƻƴ ΨƘΩ, 

by building type. Summing across climate regions ǿƛǘƘƛƴ ōǳƛƭŘƛƴƎ ǘȅǇŜ ΨƪΩ (and applying the climate 

region ratio ύ  ǿƘŜƴ ƴŜŎŜǎǎŀǊȅύ ǇǊƻǾƛŘŜǎ ǘƘŜ ǘƻǘŀƭ ǇƻǇǳƭŀǘƛƻƴ ŜǾŀƭǳŀǘŜŘ ǎŀǾƛƴƎǎ ŦƻǊ ōǳƛƭŘƛƴƎ ǘȅǇŜ ΨƪΩΦ ¢ƻ 

estimate population statewide evaluated savings, Cadmus summed across building type population 

evaluated savings. We calculate population building type and statewide expected savings (ὼȢȢȢ) similarly. 
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Equation 4 

 

Where: 

ώȢȢȢ = Evaluated savings for ōǳƛƭŘƛƴƎ ǘȅǇŜ ΨƪΩ 

ώ  = Observed savings for nonresidential site ΨƧΩ in ƧǳǊƛǎŘƛŎǘƛƻƴ ΨƛΩΣ ŎƭƛƳŀǘŜ ǊŜƎƛƻƴ ΨƘΩΣ ŀƴŘ 

ōǳƛƭŘƛƴƎ ǘȅǇŜ ΨƪΩ 

ά  = bǳƳōŜǊ ƻŦ ƴƻƴǊŜǎƛŘŜƴǘƛŀƭ ǎƛǘŜǎ ǎŀƳǇƭŜŘ ƛƴ ƧǳǊƛǎŘƛŎǘƛƻƴ ΨƛΩΣ ŎƭƛƳŀǘŜ ǊŜƎƛƻƴ ΨƘΩΣ ŀƴŘ ōǳƛƭŘƛƴƎ 

ǘȅǇŜ ΨƪΩ 

ά  = Total square ŦŜŜǘ ƻŦ ƴƻƴǊŜǎƛŘŜƴǘƛŀƭ ǎƛǘŜǎ ǎŀƳǇƭŜŘ ƛƴ ƧǳǊƛǎŘƛŎǘƛƻƴ ΨƛΩΣ ŎƭƛƳŀǘŜ ǊŜƎƛƻƴ ΨƘΩΣ 

ŀƴŘ ōǳƛƭŘƛƴƎ ǘȅǇŜ ΨƪΩ 

We provide the ESAF by building type as the ratio of estimated total evaluated savings and estimated 

total expected savings within building type. Equation 5 provides this calculation. We calculated 

population statewide ESAF as the ratio of estimated population statewide evaluated savings and 

estimated population statewide expected savings. Results are provided for unbounded and bounded 

results in Section 3.2.2. 

Equation 5 

ὉὛὃὊ
ώȢȢȢ
ὼȢȢȢ

 

Where: 

ὉὛὃὊ = Weighted energy savings adjustment factor in building type ΨkΩ 

2.2.5. Nonresidential Mandatory Measures - Daylighting 

As requested by the CPUC, we performed an additional analysis to determine the potential energy 

savings due to Title 24 mandatory daylighting control requirements to assess how much noncompliance 

with the code might affect energy use. This study focused on the primary sidelit area, since most 

facilities in the sample included perimeter zones with fenestrations. 

Definition of Mandatory Requirements and Changes 

Daylighting standards saw significant changes between the 2008 and 2013 Title 24 code for both the 

daylit zone definition and daylit area controls requirements. Specifically, the primary sidelit zone was 
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defined as the άunobstructed area next to perimeter windows that extends two feet on either side of 

the window in a direction parallel to the window and one window head height perpendicular to the 

windowέ and άlimited by any permanent vertical obstructions that are higher than 5 feet tallέ in the 

2008 code.22 The 2013 code definŜŘ ǘƘŜ ǇǊƛƳŀǊȅ ǎƛŘŜƭƛǘ ŀǊŜŀ ŀǎ άthe area on a building plan directly 

adjacent to each vertical glazing, one window head height deep into the area, and window width plus 

0.5 times window head height wide on each side of the rough opening of the window, minus any area 

on a plan beyond a permanent obstruction that is 6 feet or taller as measured from the floor.έ23 Where 

the window head height is defined as the distance from the floor to the top of the highest window in 

both versions. Both 2008 and 2013 primary sidelit definitions are summarized in the figures below.  

                                                           

22  2008 Nonresidential Compliance Manual. Chapter 5.  http://www.energy.ca.gov/2008publications/CEC-400-

2008-017/rev1_chapters/NRCM_Chapter_5_Indoor_Lighting.pdf  

23  2013 Nonresidential Compliance Manual. Chapter 5.  http://www.energy.ca.gov/2013publications/CEC-400-

2013-002/chapters/05_indoor_lighting.pdf  

http://www.energy.ca.gov/2008publications/CEC-400-2008-017/rev1_chapters/NRCM_Chapter_5_Indoor_Lighting.pdf
http://www.energy.ca.gov/2008publications/CEC-400-2008-017/rev1_chapters/NRCM_Chapter_5_Indoor_Lighting.pdf
http://www.energy.ca.gov/2013publications/CEC-400-2013-002/chapters/05_indoor_lighting.pdf
http://www.energy.ca.gov/2013publications/CEC-400-2013-002/chapters/05_indoor_lighting.pdf
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Figure 3 : 2008 Title 24 Sidelit Area Plan View 

 

Figure 4: 2013 Title 24 Sidelit Area Plan View 

 

Some changes were made to the controls requirements between the 2008 and 2013 versions of Title 24. 

Where the mandatory lighting control requirements differ relevant to the primary sidelit area (not 

including parking garages) is summarized below.  

¶ 2008 Title 24 requirements: 

¶ The daylight area shall have at least one lighting control that controls at least 50% of the 

general lighting power in the daylight area except where the daylight area is < 250ft2 in an 

enclosed area.  
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¶ Automatic multi-level daylighting controls when primary sidelit zone > 2,500 ft2. 

¶ 2013 Title 24 requirements: 

¶ For all luminaires in primary daylit zones, automatic daylighting controls shall be installed, 

except where: 

o Spaces have <120 W of general lighting installed in the daylit zones. 

o Spaces with < 24 ft2 of glazing.  

¶ 2008 and 2013 requirements: 

¶ Automatic daylighting controls shall provide multi-level lighting except when the controlled 

lighting has a power density < 0.3 W/ft2. 

¶ For each space, the combined illuminance from controlled lighting and daylighting shall not 

be less than the illuminance from controlled lighting when do daylight is available. 

¶ In areas served by lighting that is daylight controlled, when the illuminance received from 

the daylight is greater than 150 percent of the design illuminance received from the general 

lighting system at full power, the general lighting power in that daylight zone shall be 

reduced by a minimum of 65 percent. 

For alteration sites, Table 141.0-E in the 2013 Building Energy Efficiency Standards gives an alternate 

option for compliance. It states if the installed lighting power is less than 85% of the allowed lighting 

power than the area may not require daylight controls. These stipulations and exceptions were built into 

the daylight analysis workbook and are discussed further in the following sections. Data regarding which 

compliance option was chosen was not available for the sites in the study, so any site without daylight 

controls that met the lighting power and area controls requirement were assumed to have used the 

alternate compliance option.   

Methodology 

Using available lighting, daylighting, zoning, and envelope field data collected for the nonresidential site 

analyses, we input 200 zones from 53 sites into the daylighting analysis workbook24. An estimate for 

savings due to daylighting controls was determined by comparing annual energy use estimates for the 

2008 Title 24 base case, the 2013 Title 24 base case, and the as-built values. These estimates were 

determined from the data collected onsite at each facility, as well as the assumptions detailed below.  

Field Data Collection 

The data obtained during the field data collection that was used in the daylighting analysis is 

summarized below. 

¶ Data available for all sites: 

                                                           

24  We had data for a mixture of new construction and alterations. For some sites, data were not available or 

there were no applications of daylighting.  
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¶ Site zip code to determine appropriate climate zone designation 

¶ Facility primary economic use 

¶ Lighting 

o Zone floor area (ft2) 

o Zone total as-built watts (W) 

o Control type 

¶ Available for some sites: 

o Building layout sketches with zone dimensions 

o Daylighting sidelit area (ft2) 

o Wall area (ft2) and window-wall-ratio (%) ς for new construction sites only 

Lastly, we collected some data onsite that was indirectly used for determining or confirming the analysis 

workbook inputs. These references include: 

¶ Facility Address 

¶ Construction drawing sets 

¶ Photos showing glazing areas 

¶ Ceiling height 

Limitations 

Not all sites were appropriate for inclusion in the daylighting analysis. Out of 65 sites we included in this 

analysis, nine did not qualify for the daylighting analysis due to lack of vertical fenestrations. These nine 

were either interior spaces, or had skylights as their only glazing so they were excluded from the 

analysis. Another limitation we encountered was lack of glazing data. Two sites did not have enough 

data for the analysis. Window head height was not collected for any of the sites and the glazing area was 

not collected at the alteration sites. We often estimated these values from the onsite photos or Google 

satellite or street view images, if needed. Other limitations were lack of data for values such as glazing 

visible transmittance, facility hours of operation, and design illuminance, so we made appropriate 

assumptions for these inputs. 

Assumptions and References 

Details of assumed values are summarized in this section. 

Visible Light Transmittance (VLT): After contacting six major glass manufacturers (Pilkington, PPG, AFG, 

Cardinal, Guardian, and Visteon) in an attempt to gather sales data for visible transmittance values 

without success, we received a helpful response from Guardian. The sales associate could not share 

detailed information, but he could confirm that their most popular glazing by far for commercial 

applications was a 68% VLT option. He also mentioned for typical glazing dimensions, the overall 

window VLT value may drop 5-9% once the frame is included. For these reasons, we selected a 

conservative value of 60% VLT for our calculations.    




































































































































