STATE OF CALIFORNIA EDMUND G. BROWN JR., Governor

PUBLIC UTILITIES COMMISSION

505 VAN NESS AVENUE
SAN FRANCISCO, CA 94102-3298

August 4, 2017
Codes & Standards Impact Evaluation
Dear Interested patrties:

The primary purpose of the codess&andards impact evaluation is to determine the energy
savings credit given to investor owned utilities (IOUs) for the advocacy work in promoting
building codes and standardBhe evaluation of the IOUs codes & standards program showed
net program savirgy(i.e., the credit given to utilities for their role in developing a new California
building code) 0B6% of what the 10Us reports for electricity savings

The protocol for evaluating codes and standards is as follows:

1. Definepotentialcredit- the deta between the prior standard just meeting code to the new
standard just meeting code

2. Adjust potential credit for nanompliance of standards

3. Adjust attribution to IOU advocacy efforts by reducing the credit by the amount of
normally occurring market agtion

4. Finally, a panel of experts then decides how much of the savings should be attributed to
the IOUs advocacy efforts to get thet program savings

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

! 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 State®ddes and Standards
(C&SProgram foithe C&S pogram years 2013 through 2015. The evaluation was conducted for the
California Public Utilities Commissidtacific Gas and ElectrRG&E, Southern California Edison (SCE),
San Diego Gas and ElectB®G&) andSouthern California GaSCGjointly implemented theC&S
program,providingtechnical, cost, and market studigssupport adoption of standards by the
California Energy Commission and the federal governmétime Two covers theevaluationof

energy, demand, and natural gas impastsmming from theadoption ofthe 2013 Title 24uilding
energy code. The impafor the 2013 Title 24re estimated for the 18 months between the effective
date, Julyl, 2014, and the end of 2015he impacts oftie 2005 Title 24 and the 2008 Title @ntinue
through 20132015 andare includedas impacts of previously evaluated standards.

The evaluation methodology followed the California protocol. Ringt,evaluation team estimatd

potential savings that wouldesult if allconstruction projectsnet the Title 24code. Nextthe team

adjusted for the observed energy savings based on primary reseadgtermine gross savingshe

team followed this bydetermining net saving by adjusting with the help ofindustry experts for

naturally occurring market adoption of energyficient units. To determind K St NReHshinys® a

panel of independent experdeveloped an attribution adjustmerit 2 | OO02dzy i F2NJ G KS t NP
on standard adoption. Finallthe team allocatechet savings tanvestorowned utilities (IOUs)ased on

their share of Californi@@lectricity and gas sales.

Keywords impact evaluation, 2013 Title 24
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Executive Summary

Introduction

I FEAF2NYALFIQa ¢AGES un o0daAfRAY3I O2RS& aSi SySNHe& LI
alteration projects must meet. Because they eliminate-efficiency construction practices from the

market, Title 24 is an important component for reducingeggy consumption.

{OFNIAY3 Ay (KS f I (i-8wvneddtiitiesiy(IDUS) hade xaked Aldighificadiroleiny @S a G 2 N.
researching, proposing, and promoting efficiency standards through what has become the statewide

utility Codes and Standards Pragr (the Program). Each 10U 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 purpee 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 10Us estimated and the results as detethiiy the contactor and author of this

NBE LJ2 NIi © ¢KS O2fdzvya fFro0StftSR aySid LINPINIYE akKz2g i
adjusting the potential savings for compliance, normal market adoption and attribution to the IOUs.

The evaluatiorscope 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 ®R201.3 Title 24 building codes.
Volume One includes descriptions of the evaluation and findings for Title 20 and federal appliance
standards.

We present the 10U estimated savings from the 2013 Title 24 building codes in TdbléHeSsavings

are separatd 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 categolydas new construction and

alterations for single family and levise multifamily homesTable EQ shows the IOUs estimates on

energy and demand savings credit they claim for their advocacy efforts. The net program values in Table
ES1 represent the sawmgs 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 involvenieimhplementing a new building code,
including service territories of nelOU utilities.

CADMUS
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Table ESL.. IOU Estimate of Total Energy and Demand Savings for ZDN%

Total Savings for 2012015 GWh MMTherms***

IOU Share
Category Potential of Net Potential Potential of Net
Program* Program

Nonresidential Alterations (NRA) 1,226.1 417.4 320.7 106.9 1.73 -0.63
Nonresidential New Construction (NRN( 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.

** Allreport values are statewide unless otherwise noted. IOU Share of Net Program refers to attributable net
LINPINI Y al gAy3a +ffa&iSR G2 GKS Lh! aQ aSNBAOS

***M MThermsequalsmillions 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 ofithibse
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 justatsethe 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 tife 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 antatrib

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 EQ summarizes electric energy savings (in GWh) fromitiemo ¢ A Gt S wn &dF yRI NRA
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 EL. Evaluatedvs. IOU Estimate2013;2015 PY2013 Title 2&lectricity SavingéGWh}

IOU Estimated Savings

Evaluated Savings

GWh
NRA 1,226.1
NRNC 382.3
Residential 29.0
20132015 Total 1,637.3

Evaluated/IOU Estimated

1,017.6 738.9
317.3 262.0
24.0 19.2
1,359.0 1,020.1

*Values may not sum exactly due to rounding.

Demand Reduction

582.9 1,029.9
213.4 403.7
14.0 50.4
810.3 1,484.0
91%

Program Program

922.9 718.5 425.6
351.7 313.2 213.0
32.1 21.3 14.6
1,306.8 1,053.0 653.1
96% 103% 81%

Table ES presensfindingsfor 2013 Title 24emand savingsThe last row compasevaluated savings
to the IOU EstimateEvaluated net progam demand savings accounted for @Pof the I0OU Estimate.

Table ES3. Evaluated vs. IOU Estimate: 28¢2015 PY 2013 Title 24emand Savings (MY

NRA

320.7
NRNC 56.1
Residential 34.0
20132015 Total 410.8

Evaluated/IOU Estimated

IOU Estimated Savings

*Values may not sum exactly due to rounding.

Gas Savings

149.3 178.8
29.9 65.1
16.3 60.2

195.6 304.1

74%

Evaluated Savings

Potential Gross Net NS Potential Gross Net N
Program Program

266.2 192.9
46.5 36.7
28.3 22.6

340.9 252.2

156.0 118.7 61.6
53.6 48.9 32.5
46.1 30.4 20.8

255.7 198.0 114.9
75% 79% 59%

Table E& presents findings for gas savings from the 2013 Title 24 standards when indhidiragtive
Effects [E9.2 Negative gas values indicate that reduced electric energy consumption for amserslich
as lighting means that more gas heating will be reqlitvaluated net gas savings accounted for 119%

of the IOU Estimate.

2

The impact of each standard includasmary (direct) savingsand secondary savingdescribed as interactive

effects (IEs). Specificallfgs includeegative gas savings due to increased heating when electric energy is
saved indoors and positive electric IEs due to reduced cooling.

DNV-GL iv
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Table ESI. Evaluatedvs. IOU Estimate20132015 PY
2013 Title 24 Gas Savinggludinglnteractive EffectgfMMTherms)*

IOU Estimated Savings Evaluated Savings
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
20132015 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 presents findings for gas savings from the 2013 Title 24 standards when IEs are excluded.
Under this scenario,valuated net gas savingscounted for 10% of the IOU Estimate.

Table ES. Evaluatedvs. IOU Estimate20132015 PY
2013 Title 24 Gas Savinﬁxcludingnteractive Effects MMTherms)*

IOU Estimated Savrngs Evaluated Savings
MMTherms
Potential Gross Potential Gross
Program Program

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 5.56 471 4.55 2.91
Residential 2.09 1.73 1.56 1.22 2.78 2.36 1.86 1.40
20132015 Total 10.14 8.42 7.21 4.32 11.52 9.66 8.29 4.62
Evaluated/IOUEstimated 114% 115% 115% 107%

*Values may not sum exactly due to rounding.

Conclusions and RecommendatianSode Savings Estimation

ConclusionA 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 interactionand was used to the extent possible g evaluation.The I0Us have relied on
the analyses conducted for th@alifornia Energy CommissiddE(to estimate whole building code
savingsimprovements in documentation and thoroughness are needed.

Recommendation Future C&S Program evaluatiom®sld rely primarily on whole building analyses to
evaluate Title 24 savings. To support this, we recommend that the I0Us, CPUC, and CEC collaborate to
develop an approach designed to quantify statewide Title 24 savings using a consistent building
simulaton approach. We recommend that the program evaluation focus on verifying the inputs,

CADMUS
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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.

ConclusionAlthough the impat 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 iefimmts to improve
code compliance.

RecommendationWe 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 researalays 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 ca 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 I0Us 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 thdai#t building to being no more
efficient than required by the 2013 code and comipgrthe 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 2 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 2Dil@ 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 acounts for the proportion of products that meet the new standard.

RecommendationWe recommend that the CPUC continue research on the most appropriate and
consistent way to define the baseline, unit savings, and compliance, and examine opportunitiga to a
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 esppoidlgmatic 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 @ important for evaluating the Title 24 impacts, but they are critical for all projections of
building energy use, such as demand forecasts.

CADMUS
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RecommendationWe recommend that the CPUC consider researching diverse sources of building
construction and alteations 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 evation 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 mactie 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 evaluationsnvestigate similar industry sources to provide improved access to commercial
buildings for analyses of their construction characteristics.

ConclusionOne challenge faced by the evaluation was identifying buildings that were constructed
under the 2013 ifle 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. Firsgfiects 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
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 asswmnptin 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 betweedeeffective 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 shouldaa®ine ways to develop sufficiently accurate code compliance
estimates in the neaterm, but plan to trueup the estimates by allowing sufficient time to pass to

collect accurate date on code compliance. This is especially true for commercial buildiradsmalgi

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 constructedder the 2013 Title 24.

Conclusions and RecommendatianSompliance 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 evali@tédue 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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RecommendationWe recommend that the CPUC consider conducting a study with builders ard othe
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
installationof demandcontrol 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 10Us could
conduct additional research to identify specific code requiremémas are not being commonly met

and use the findings to inform their compliance improvement activities.

Conclusions and RecommendatiarSpecial Investigations

ConclusionWe conducted two special studies as part of this evaluation to address the pdiemiacts

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 Fact@PAF)n assaiation 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 tth types of measures were very small, on the order of 1% of building consumption.

RecommendationWe recommend that the CPUC minimize the efforts dedicated to analyzing similar
requirements, but include them in future evaluations to the extent that eviaduescopegermit.

CADMUS
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CADMUS

1.  Overview of Evaluation Approach

tKAda Aa GKS aSO2yR 27F (o2 @2f dzySa idvestokbwied LJ2 NI 2y
dz( A f 1A hi JGaothia Btewide Codes andIandards(C&SProgram.The first volume focused on
appliance standards and this volurfozuseson the impact of the 2013 Title 24 building energy codes.

The evaluation project reflects the major construction categories identified by the 10Us in their estimate
of C&Sprogram savings. Specifically, the categories include:

1 Nonresidential AlteratiofNRA) This category includes most construction projectsxisteng
buildings that do not add floor area (square footage) to the structure.

1 Nonresidential New ConstructigflRNC)This category includes new buildings and projects that
add floor area to existing buildings.

1 Residential. This category includes bB#sidentialNew ConstructionfRNG and Residential
Alterations (RA) The residential code requirements apply to unattached sifighaily homes
and lowrise (less than foustory) multifamily buildings.

In/ | R Yealgdetkence, savings from building codes are sometiestisnatedbased on the energy

consumption ofwhole (new)buildings and sometimdsasedon the energy consumption of specific

measures withira new building or construction projecthe 10Us usedath approaches in their

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

from individual measures is greater than the estimated savings from whole building categbe¢®Us

took thewhole building estimatds for residential and nonresidential construction directly from the

/I TETAFT2NYAlL 9y SNHE /2YYAadaAzyQ&d o6/9/0 Fylfeara 27

We asked the I0Us for clarification and they provided a nfahat confirmed that the whole building
savingsandsome of the measurievelestimates were redundant. We also learniet they regard the
whole buildingapproach as moraccuratethan individual measure estimates since the whole building
approachaccounts for interactions between the various measures.

Cadmus agrees thathole building simulation is laetter approach to estimatingavings for new
construction tharsummingestimates of savings from individual measures in isolation. Accordingly, our
strategy n this evaluation is to use a whole buildingpapach to determine energy savings from the
NRNC and RNC categoresl then to reconciléhe measure findings to the building totads much as
possible

3 CEC(Consultant Reportmpact Analysis: CalifoiniQad H Mo . dzA f RA Y GECOE2BIBMA Ky O { (I y
2013.Available onlinehttp://www.energy.ca.gov/2013publications/CEAD0-2013008/CE€100-2013-008. pdf

4 The memo2013 Title 24 SavingsWhole Building and Individual Measure Savjr@stober 26, 2016, was
authored by Yanda Zhang. It was provided by Mary Andersen of PG&E on behalf of the statewide program.
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CADMUS

In addition to the primary impact evaluation, our approach included investigation of two relatecstopi

1 Nonresidentialmandatory measure: Daylighting/Standard B4®/e identified this standard as
one for which the IOUs identified substantial potential savings but that our primary analysis
approach (building energy simulation) would not addréss. this eason, Cadmus did a manual
analysis that included 90% of the nosidential sites we visited. The analysis and results are
described in sectio.2.5

1 PowerAdjustment Factor{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 shed@nario, the
model includes no PAF credits, whitethe alternative scenario, theodelincludes the allowed
PAF credit$or each applicable light fixturénalysis and results are described in secah 6

1.1. Report Structure

In general the evaluation scope includes two broad categories of efficiency regulations: appliance
standards and building codds. the first Phase, we evaluated Title 20 and Federalidpg standards
that became effective in 2013 and 20Te Phase Tweeport is organized into volumes that
correspond to the two categoriesoWime Twg this document, includes evaluationetihods and

findings for the 2013 Title 24 Building Codes. Volumei@cludes descriptions of the ewgition and
findings for Title 20 and federal appliance standdidsluding those evaluated in Phase One of the
project). Thistwo-volumeapproach was suggested by t@alifornia Public Utilities Commissic@RUL
staffand was agreed to by the project management team. The reasons for organizing the report into
two volumes include:

9 Differences in evaluation methods used and results reported for appliance standards and
building codesFor appliance standards, each prodaategory is evaluated independently.
The primary difference in methods and reported results is the use of a wihiliding
approach to evalu&new construction. In this case, a group of standards are evaluated in
terms of their collective effect on new bding energy consumption.

1 Document length and level of detalih the 201@2012 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 watume approach allows much more
of the evaluation to be documented in tmeainreport rather than in the appendices.

To avoid redundancy, some material is included in only one valatim®ugh it applies equally to
evaluation of both appliance standards and building codes. These sections include:

91 Descriptions of th&€&Sprogram (Volume One)
1 Overview of the evaluation approach (Volume One)

1 Uncertaintyanalysis (Volume Two)
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1.2. Protocol

In eachC&Sprogram evaluationthe evaluation team appliethe Galifornia Evaluation Protocols with
documentedmodificationsduring the evaluation processigurel presentsa flowchart of he
evaluation proces€admusused for the current evaluation (iaddition tothe 2006¢2008 and2010;
2012program yeaevaluations.

Figurel. C&S Advocacy Program Evaluation Protocol

e Naturally
Unit Occurrin
Market : Savings urring Attribution .
i Energy R Market Allocation
Size . Adjustment ) to Program
Savings Factor Adoption
(NOMAD)

Gross o
Savings md Savings

Net ? Net Program - Savings by
-y Savings M Utility

LYdS3aNF GdSR graayraaRIaNRRSE oL{{av

Figurel shows the major factors used to determine savingder the protocol. We based the potential
energy savings attributable to the C&fgram on the estimated unit energy savings and the nunaber
those units few buildings, alteration projects, @roductsentering the marketeach year.

In this and peviousTitle 24 evaluations, the unit savings values used to determine potemgal
computed as the difference in energy consumption betwedidding or measure that just meets the
new 2013 Title 24 code andbaselinebuilding or measure that just meets theguious2008 Title 24
code.

We applied the compliance adjustment fmtential savings to derive gross energy savings. Net savings
resultfrom adjusting the gross savings by the NOMAIeasures 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 @&&jram by aplying an attribution score. We

GKSYy Itft20F0SR G2 SIHOK dziAfAde (GKSasS ySi al giay3aa
of the statewide energy market (for electricity or gas).

We implemented the analysis using theegrated StandardSavings ModdlSSMit developed by the

evaluators specifically for the gviousC&Sprogram evaluatiosand modified for this evaluatianthat
incorporates all the input data from thevaluation, measurement, and verificatioBNI&\) activities.

5 Hall, Nick, JRoth, CBest (TecMarket WorksEalifornia Energy Efficiency Evaluation Protodtispared for
the California Public Utilities Commissi@906.
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Modifications made for this evaluation are described in SectionTadelp ensure transparencthe
evaluation team implemented the model in an Excel workbook. The I0Us use a similar model to
calculate their estimate of C&S prograavings.

1.2.1. Adjustmentsto Determine Gross Savings

As shown irFigurel, the value used to calculate gross savings relative to potential savitygéecely
referred to as thecompliance apistment factoé (CAF) oocompliance rate Theseterms 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 wompliance as
somewhat problematidecause otlifferences in definitions usealy various stakeholder$-or this
reason, we use the term Bergysavingsadjustmentfactoré (ESARhroughoutVolume Twaof the

report to identify this value in the context of Title 24 evalwati Becausethis is an evaluation of energy
and demand impaet our focus is on the energy performance of construction prgjeather than the
evaluation of strict conformance t@gulatoryrequirements.

Unbounded versus Bounded ESAF Values

When the energ 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% an&rbDoO%).
energy performance perspectiveowever; it is possible for auilding, project, or measure toonsume

less energy, or be more efficient, than the level establishethéyurrent Title 24 code. In this case, the
ESAF valueould begreater than one (ogreater than100%). We note thahe energy consumption

can also be greater than the lewvadtablishedoy the peviouscode in which case the ESAF valeuld

be negative (or lesthan 0%).

When no constraints are placed on the ESAF values for specific sites, we referdsultiag statsvide
valuesas unbounded ESAFs. Per CPUC direction, we also conspateadideESAF values with the
constraint that sitelevel ESAF valgare limited to a maximum df00% .For any site where the
calculated ESAF value is greater than 100%, the valuetsisetqual to 1009 he CPUE&quested
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 ofunit savings assumes the baseline is the prior code; how#wauld 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 says of buildings built under the new code
would be smaller than if the savings were based on the prior cdthen sitelevel values are
constrained in this wayye refer to the resultingtatewidevalues asbounded ESAFs.

1.3. Scope for 2018015 Impact Evailation: 2013 Title 24 Building Codes

The three major categories of Title 24 building coaéthin the evaluation scope and tH®Uestimated
savings for eachre summarizedh Tablel.
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Tablel. Evaluation Scope for 2013 Title 24 Stand&ategories|OU Estimated Savings

Effective 20132015 20132015
Reference Description Date Potential Savings Potential Savings
(GWhH (MMtherms)*
B34B42 NRA 7/1/2014 1,226.1 1.73
B46B54, B57, B6B82 = NRNC 7/1/2014 382.3 4.27
B83, BOE8B100 Residential 7/1/2014 29.0 2.04
Total 1,637.3 8.05

* MMtherms = millions of therms

1.4. 10U Estimate of Savings During 2@P®15

For each major construction categoadmugrovides complete lists of the items the IOUs included in
the estimated savings for the statewide progranTable2, Table3, andTable5. Although most of

these items correspond to specific sections of the Title 24 regulations, there are some significant
exceptionswhich we identify below.

We note that each of the nine NRA items listed @ble2 correspond to specific sections of the Title 24
code.Potential savings arestimates provided by thBEOUs.Checkmarks iftable2 and subseqgant

tables denote whethewe evaluatedhat protocol parameteifor a particular standard. For attributioa
checkmarkdenotes that the standard was scored by either the panel or Cadmusstaffarameters

with no checkmark, wenost often use the parameter values provided by the I0Us with their estimate of
savings.

Table2. Evaluation Sgpe for 2013 Title 24 NRA&tandards IOU Estimated Savings

20132015 20132015 o -
S Description Effective Pote_ntlal Pote_ntlal [ § o .%
Date Savings Savings S g s a
GWh MMtherms E 3 %
Std B34 | LightingAlts-New Measures 7/1/2014 333.1 194 Vv \% \% \%
Std B35 | LightingAlts-Existing Measures @ 7/1/2014 476.1 134 V \% \% \%
Std B36 | LightingEgress Lighting Control | 7/1/2014 124.6 -V \Y, \Y, V
Std B37 | LightingMF Building Corridors 7/1/2014 8.5 (0.03) V \% \% \%
Std B38 | LightingHotel Corridors 7/1/2014 3.1 (0.01) V \% \% \%
Std B39 | LightingWarehouses, Libraries @ 7/1/2014 90.7 (0.39) V \% \% \%
Std B40 | EnvelopeCool Roofs 7/1/2014 26.6 (0.15) \% \%
Std B41 | HVAGEquipment Efficiency 7/1/2014 144.4 555 V Y, Y,
Std B42 | ProcessAir Compressors 7/1/2014 19.1 - \% \%
Total NRA Potential Savings 1,226.1 1.73

* MMtherms = millions of therms
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2SS LINPQOARS | O2YLX SGS tAad 2F GKS bwb/Tabie3aweS A GSYa
requested clarification regarding the whole building standard (B8Rjch the I0Us provided in a memo

received orSeptember26, 2018. In this memothe I0Us stated that the whole building savings

estimate includes interactive effectwhereasindividual standard line items do not. The memo
ARSYUGAFASR (GKS &a2dz2NDOS 2F GKS gK2fS o0dAf RAWA SySNH
2013 Tile 24 Impact AnalysisThe memo also identified the specific standards that are included in the

whole building analysis aqtovidedii KS T 2 t £ 2 ¢ Alywholedbiilding Savikyy arevused,

savings from the correspoim individual measures shoulcetexcluded in assessing the overall 2013

Title 24 energy impad: €

In Table3, we present the total IOU estimated potential savings for the NRNC cate@pdirected by

CPUC staff, our study evaluated savings from a whole building perspective and for individuabstanda
Our approach to this issue, the methods we used, and our findings are included in the relevant sections
throughout this report.

Table3. Evaluation Scope for 2013 Title 24 NRNC Standd€ld Estimated Savings

€l

2013;2915 20132(?15 = O A <
Standard Description Effective Pote_n fial Poteht|al % % <§E E
Date Savings Savings E g % =
GWh* MMtherms* (@) <
StdB46 | LightingEgresd.ightingControl 4/1/2015 16.9 - \% \% \%
StdB47 | LightingMFBuildingCorridors 4/1/2015 3.6 (0.0) \% \%
StdB48 | LightingHotelCorridors 4/1/2015 0.6 (0.0) \% \%
StdB49 | LightingWarehousesl.ibraries 4/1/2015 20.2 0.1 Vv \Y, \Y,
StdB50 | LightingParkingGarage 4/1/2015 18.4 - \% \% \% \%
StdB51 | LightingControllableLighting 4/1/2015 50.4 0.2y Vv \% \% \%
StdB52 | LightingDRLightingControls 4/1/2015 0.5 (0.0) \Y,
StdB53 | LightingOutdoorControls 4/1/2015 5.9 - \% \%
StdB54 | LightingOfficePlugLoadControl 4/1/2015 115 (0.0) VvV \% \% \%
StdB64 | HVAGGarageExhaust 4/1/2015 9.3 - \% \%
StdB65 | HVAGLaboratoryExhaust 4/1/2015 38.3 15 V Y, Y, Y,
StdB66 | HVAGSmallECMMotor 4/1/2015 37.1 - \% V V V
StdB67 | HVAGWater, SpaceHeatACM 4/1/2015 0.1 0.2 V
StdB68 | HVAGCoolingTowersWater 4/1/2015 0.2 - \%
StdB69 | HVAGOcct.ControlSmartT'stats. 4/1/2015 0.1 - \Y,

6 The memo2013 Title 24 SavingswWhole Building and Individual Measure Savjr@stober 26, 2016, was
authored byYanda Zhang. It was provided by Mary Andersen of PG&E on behalf of the statewide program.

7 CEC(Consultant Report) YLJ- Ol ! yIFft&@aAray /| fAT2NYAICEHE02013008 . dzA f RA Y
July 2013Available onlinehttp://www.energy.ca.gov/2013publications/CE4D0-2013-008/CE€00-2013

008.pdf
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20132015
Potential
Savings
GWh*

20132015
Potential
Savings
MMtherms*

Effective
Date

Standard Description

Potential
Attribution

StdB70 | HVAGLowTempRadiantCooling 4/1/2015 - -

StdB71 | HVAGEvapCoolingCredit 4/1/2015 - -

StdB72 | HVA®OutsideAir 4/1/2015 - -

StdB73 | HVAGAcceptanceRegmts. 4/1/2015 0.8 - \%

StdB74 | RefrigerationWarehouse 4/1/2015 0.7 - \%

StdB75 | RefrigerationSupermarket 4/1/2015 121 13| V \% \% \%
StdB76 | ProcessProces®Boilers 4/1/2015 0.5 0.7 vV

StdB77 | ProcessAir Compressors 4/1/2015 7.1 - Y, Y,
StdB78 | ProcesdDataCenters 4/1/2015 18.5 \% \% \% \%
StdB79 | DHWHotel DHWControl,Solar 4/1/2015 -

StdB80 | DHWSolarWater Heating 4/1/2015 0.8 0.2 \%

StdB81 | SolarSolarReady 4/1/2015 8.5 \% \% \%
StdB82 | WholeBuilding 4/1/2015 120.3 07 V Y, vV vV
Total NRNC Potentigavings 382.3 4.27

* MMtherms =millions of therms

Table4 presents the 10U 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 redefitseto
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 measuregmwthey are installed simultaneously in new
construction.

Table4. Measure Level Savings for NRNC Standards Superseded
by Whole Building AnalysjdOU Estimated Savings

20132015 | 20132015 = § c

Standard Description Effective Pote.ntlal Pote.nt|al % %_ E

Date Sawngs Savings E g =

GWh* MMt herms* O <

StdB43 | LightingDaylighting 4/1/2015 70.3 0.3) V \% \% \%
StdB44 | LightingIindoorLightingControls | 4/1/2015 6.8 (0.0) \%

StdB45 | LightingRetall 4/1/2015 37.7 0.1 Vv Y Y

StdB55 | EnvelopeCoolRoofs 4/1/2015 4.1 (0.0) \%

StdB56 | EnvelopeFenestration 4/1/2015 57.4 01)] Vv \% \% \%

StdB57 | HVAQControls,Economizers 4/1/2015 45.8 - \% \% \% \%

CADMUS
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2013:2915 20132915 = § A <

Standard Description Effective Potgnﬂal Poterltlal % %_ <§E E

Date Savngs Savings E g CZ) =

GWh* MMt herms* O <

StdB58 | HVAGFanControl& Economizers | 4/1/2015 22.6 0.0)| V Y Y Y
StdB59 | HVAGReducedReheat 4/1/2015 0.0 0.1 Y
StdB60 = HVAGGuestRoomOCControls 4/1/2015 3.0 - \%

StdB61 = HVAGKitchenVentilation 4/1/2015 20.2 02 V \% \% \%
StdB62 | HVAGCommerciaBoilers 4/1/2015 0.3 0.2 Y

StdB63 | HVAGChillerMin Efficiency 4/1/2015 19.4 -V Y Y Y

Total of measurelevel savings 287.7 (0.13)

* MMtherms = millions of therms

We providelOU estimates of potential savings from residential standardsable5. For the residential
standards, the I0Us also used the CEC report as the basis for savingssidential constructionThe
new construction savings are included as stand&sandB98 far singlefamily and multifamily
homes respectively.

Table5. Evaluation Scope for 2013 Title 24 Residential Standal@$) Estimated Savings

(<}
» CaS | * el | pownial | 3 | 5 :
Standard Description Effective : ) = = =
Date Savings Savings 953 g 2
GWh* MMt herms* 5 3
StdB83 | RNGLighting 1/1/2015 2.39 (0.6) V Y
StdB93 | RNGMFDHWControland Solar 4/1/2015 (0.32) 111V
StdB94 | RNGDHWHIghEff. Water HeaterReady | 1/1/2015 - 0.07
StdB95 | RNGDHWSolarfor ElectricHeatHomes 1/1/2015 0.08 -
StdB96 | RNGSolarReadyOrientedHomes 1/1/2015 0.08 0.01
StdB97 RNGSFWholeBuilding 1/1/2015 15.27 0.53 V V V V
StdB98 | RNGMFWholeBuilding 4/1/2015 3.13 009 V
StdB99 | Residential Alteration§FPWholeBuilding | 7/1/2014 6.57 023 V \% \% \%
StdB100 | Residential Alteration8/FWholeBuilding @ 7/1/2014 1.78 005 V
Total ResidentialPotential 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 standardsgB®2. We present the individual savings estimates
for these standards iffiable6. 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

CADMUS
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the individual measures due interaction between these measures when they are installed
simultaneously in new construction.

Table6. Measure Level Savings for RNC Standards Superseded
by Whole Building AnalysjdOU Estimated Savings

20132015 | 20132015

(«}]
_ C&s Potential Potential I % o) .5
Standard Description Effective : : = = < =
S, Savings Savings § g— s 2
GWh* MMt herms* = 8 %
StdB84 | RNGEnvelopeWalllnsulation 1/1/2015 2.69 067 V \% \%
StdB85 | RNGEnvelopeFenestration 1/1/2015 14.57 (0.34) V Y Y \Y,
StdB86 | RNGEnvelopeRoofEnvelope 1/1/2015 0.48 0.00 V
StdB87 | RNCGEnvelopeAdvancedEnvelope  1/1/2015 - -
StdB88 | RNGHVAGWholeHouseFans 1/1/2015 8.82 (0.08) V \Y \Y
StdB89 | RNGHVAGZonedAC 1/1/2015 10.05 023 V Y Y Y,
StdB90 | RNGHVAGDuct 1/1/2015 10.19 1.06 V Y Y \Y,
StdB91 | RNGHVACGRefrigerantCharge 1/1/2015 - -
StdB92 | RNGSFDHW 1/1/2015 - 025 V
Total of measurelevel savings 46.80 1.80

* MMTherms = millions of therms
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2.  Methodology

Thischapter provides brief descriptions of methods used to evaluate parameters that determined
energy savings under the evaluation protocol.

2.1. Potential Savings

ForTitle 24 codes, the IOUs and Cadmus ddfiini¢ savingsas the difference iknergy consumption
between a buildingr a measurehat just meets the 2013 Title ZZbdesand a buildingor measure that
just meets the 2008ifle 24 code. 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 statewidep@tential energy and demand
savings estimates were derived from unit energy savibgsS( defined as energy or demand per unit)
and estimates of the number of applicable unEsr most nonresidential standardihe units were

defined as the number of applicable building square feased on characteristics such as occupancy
type and clinate zone) For residential buildings, the unit metric is typically the number of living units.

To develop evaluated statewigmtential savings estimates, Cadmus reviewed the primary sources used
in the IOU analyses, conducted a gap analysis of the IGUYest1 Sa | YR / F RYdzA Q LINR Y| N
and evaluated the UES and applicable unit analysis and assumptions.

Review of Primary Sources

Cadmus reviewed the documentation provided by the I0Us to support their statewide savings
estimates. The documentatigorovided to Cadmus in response to the first data request was not
comprehensive, leading teeveralfollow-up data requests during 2015 and 2016. Documentation was
provided in the fornof:

1 Codes and Standards Enhancem&§reports for he specific stadards evaluated or
related to the standards evaluated

Excel workbookghat correspond to specific CASE reports
Excel workbooks that suppapbstCASE report IOU analysis
2013 Title 24 CEC Impact Analysis report

=A =4 =4

1 Memos to Cadmus with explanations of meth@isl assumptions

In addition to the documentatioreceived Cadmus held several conference calls with the J@uring
which the IOUs provided further verbal details on their methods and assumptions. For example, in
several caseshe IOUs leveraged profs®nal judgment to make assumptions in their analysis, but did
not explicitly state thisn written documentsthus, this wasclarified via conference call in response to

/' T RYdzA Q Ay ljdzA NE ®
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Gap Analysis

For many of the standards evaluatégadmus found significant gajsthe information provided by the
IOUs to explaithe I0Uestimated savingsThis was one of the reasons for ttelow-up data requests
described in the previous section. For over 80% of the standards reviewed, Cadmusréicenc

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 10U savingsrastes 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 appropriéepursue a more detailed analysis of savigyen 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 IOU3SNhere models couldat 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 sponscged by th
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 aailable to verify the IOU assumptidiezauseof

the broad scope and highly specific requirements of these standards. Additiadhallgyaluation 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 Cio€ecasted existing floor stock and new construction data after

reviewing existing floor stock and new construction data purchased fromé&Ddt and Analytiés

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 levesaggpects 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 no
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 CHEG@recasted 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 iscanstruction project datgprovider.Cadmus frequently uses Dodge data for
nonresidential data. The company website can be foundh@ps://www.construction.com/
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These data were provided by building type and climateezdio estimate annual square footage for
alterations and new construction, Cadmus ug€d 5 data (alterations) anan average of 2014 and

2015 data(new construction}o enable one square footage data set to be applied each year starting in
2014, which waghe year the 2013 Title 24 standards went into effect.

NRAs:Measure Life and Turnover Assumptions

In the current IOU savings estimates and in the 22008 and 20162012 evaluations, potential

savings from alteration projectsere basedn assumptions atut the measure life (or expected useful

life) of measures and systems. For example, the potential for a standard regulating envelope insulation
(referred to asB1&) assumednaverage roof life of 15 years. Savings from alteration projects then
assumedhat onefifteenth (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

Becauseover 85% of the estimated savings from residential codes are associated withfaimgie
homes, Cadmus used the reported number of permits for new siiaghely homes from the
Construction Industry Research Board (CR&)orf. The CIRB report is alssed 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 I0Us estimated savings. To
optimize use okvaluation esources, Cadmus prioritized thandards in each category that together
represented the majorityf the totallOUestimated potential (GWh) for that categoigpecifically, we
focused our evaluation effort on the following standards:

1 NRA: Standardd334, B35, B36, B38ndB41representd5% of estimated potential

1 NRNC: Standard®3, B45, B46, B49, B50, B51, B54, B56, B57, B58, B61, B63, B65, B66, B75,
B78,andB82represent 92% of estimated potential

1 Residential: Standard383, B84, B85, B88, B&%dB90represent 836 of estimated potetial

2.1.3. Construction Lagh\ssumptions

The 2013 Title 24 coddecame effective odulyl, 2014.This means that projects permitted on or after
that date have to comply with the 2013 codgecausea permit has to be obtained before the start of
construction anl 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 falifornia Homebuilding Foundatiowebsite:http://www.mychf.org/
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Based on our past experience, Cadmus makes the following assumptions regarding the lag between the
codeeffective date and theealization of a stream of savings from projects that are permitted under a
new code:

1 NRA projectsNo time lag is assumdmbcausemany alteration projects are completed in
relatively short time periods (less than three month&)ke assumehese projects bdg to
produce savings on the effective datedoflyl, 2014.

1 NRNC projectdVe assume &me lag of nine months to allow for a new building to be
constructed and occupied. We assume that NRNC pdipsgiin to produce savings @xpril 1,
2015.

1 Residential

0 Atime lag of six months is assumed for construction of sifagiely homesso we
assume that savings begin sionths after the effective date atanuaryl, 2015.

0 Atime lag of nine months is assumed for construction of multifamily buildémgae
assume that savings begin nine months after the effective dat@pnil 1, 2015.

o Notime lag is assumed f®Aprojects so we assume that such projects begin to
produce savings odulyl, 2014

These time lag assumptions are consistent with assumptions imatlee California I0Us 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 buildg completion has been greater than the assumed rimenth average.

Further study of this assumption appears to be warrantad is outside of the scope of this proje¥e

note that underestimatingan have two counteracting effects. If buildings amuded 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 otherdmd, 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. RelationshipBetween Whole Building Estimates andindividual Sandards

As notedin Section1.4, the initial IOU estimate of savings includedny individual standards (each of
whichcorrespondgto specific sections of the 2013 Title 24 code) as well as whole building standards for
the NRNC (B82) and R{ED7 singldamily and B98 multifamilydategoriesShading ifrable3 and

Table5 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 impaanalysis of the 2013 Title 24 standaf$he 10Us did this to support

10 CEC(ConsultantReport) YLJ- OG ! yIfeaAray /I fAF2NYAICEOHA002013008 . dzZA f RAY
July 2013Available onlinehttp://www.energy.ca.gov/2013publications/CE4D0-2013-008/CE€00-2013

008.pdf
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their estimated savings. Cadmus also referenced this analysis for our evallggtause the whole
buildinganalysesimultaneously captured savings from multiple Title 24 new constmistandards,
the results of the analys accounted for the impact on energy savingased bynteractions between
multiple standards.

As noted aboveCadmus found that the IOU savings estimatesrfdividual standards included in the
whole building aalyses 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 standawias generally muchrgater than the corresponding

whole building standardAsindicatedabove, we requested clarification of the relationship between
these inconsistent claims ands a resultthe 10Us provided the memo on whole building and individual
measure savings dateskeptember26, 2016.0ur 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 withettaduationproject

management team (CPUC staff, advisors, DNV GL, and Cadmus) and also with representatives of the
statewide program. We agreed with CP&t&ff andthe management teanto evaluate savings fdyoth

the whole building category and for the individual measures.

Becauseusing the potential for individual measures would overstate energy savings, we considered
adjustments that wouldake interactive effects into account and wld 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 whitéghpéincluded

analysis of interactions beten Title 24 measures. We decided to rely on the CEC analysis for a few
reasons. Firsthe IOUs used the CEC analysis as the basis for their whole building savihts

analysis was completed using a small set of prototype building simulation meeligisted according to
construction activity across all of the California climate zones. We also noted that the CEC analysis has
been publicly available since 2Q1@&hereasthe draft whitepaper hasot been published.

Toreconcile findings for the whole buildings aimdividualstandards Cadmus did the following:

1 Evaluated savings for thehole building standard and

1 Evaluated savings for the individual standards with the potestigingdor all of these
standards sakd to ensure the totapotential savingsare equal for both cases.

Cadmus acknowledges that the simplified scaling approaeldassumes an equal proportional
adjustment foreach individual standardvhich is not likely to be accuratdowever, his methodmeets

11 Assessment of Energy Savings Overlap Among Building Standard Measures, §jRGeviees,

February2016. Unpublished.
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our objectiveto align thetotal potential savings for the individual standards wtile whole building
standardsand more indepth analysis was beyond the scope of this study

Cadmus used the following equation to calculate a scaling factor thayplied to the evaluated
savings for each standard included in a whole building analysis

Equationl
Y& 6 OrQE GXd £ 4 O'E 46D QA DRV O Hd 0'QE Qi
BOU & 6 %6 ROVEINS ¢ Qi Qb OBMQISD Qa WRD QE Qi

Cadmus scaled the evaluated savings for the individual standards that overlapped withdlee
building standard such that the sum of the scaled, evaluatethga br the individualstandards
equakdthe evaluated savings for thetwle building standard.

2.2. NonresidentialGross Savings/Compliance

2.2.1. Nonresidential Samplindlan

This section describes the data sources, population characterizatiahstratification standard
prioritizations,and sample desigthat Cadmus used to develop the nonresidensamplingplan and
then presents the final sample design.

Data Sources

Cadmus compiled information for the 20h6nresidential alterationNRA andnonresidential new
construction NRNC¢populations in California based on data from tBalifornia Energy Commission
(CEC data) aridodge Data & Analytics (Dodge daBgtween these data sources, we developed our
understanding of the population as well as the sampling plafle7 outlines these data sources.

Table7. Nonresidential Data Sources

Nonresidential new construction arekisting building California Energy Commissid®ersonal

stock estimates (square footage by climate zone an. communication with Energy Specialist. April 2016.
building type)

Jurisdiction squareobtage within climate regions. Dodge Data & Analytics. Construction Starts

Dodge gjuare feetestimateswere used to Information for the state of California by zip code for
approximate jurisdiction square feet in the CEC date 20132015. June, 2016.

We acknowledge that the data had limitations; namely, none eséhdata 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 inclded 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 proportiotisettotal square feet by climate
region and building type provided in the CEC dasig 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 singleftice category) and climate zones using the same approach used in the previous
evaluation!?

Even though the Dodge data provided the square footage of new construction and alteration sites in
each jurisdiction directly e CEC and Dodge datd dot alwaysalign with respect to the amount of
square footage estimatedithin 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 providd in the CEC data because utilities represented in this attafuhave used CEC data
for many of their estimateand the CEC provides statewide estiima of whole building expected

savings based on improvements in building codes and standards.

Although there is uncertaintgssociated wittboth the CEC data and Dodge data, utilizing both sources
allowed us to calculate sample weights as accurately as poddiileever, it is possible that the sample
design and sampling weights led to biasedults 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 naitatcteflect the
proportion of the population represented in the sample.

NonresidentialPopulation and Stratification

This section discusses the populatiarfignterest for nonresidential lighting alterations and new
construction buildings. We discussdetail the prioritization of standardsnd 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
standards B34, B35, B36, and 88 represent about 84% of the IOU estimated potential energy

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

effect on 7/1/2014 throughthe SY R 2 F HamMp ® / I RYdzA F20dzASR onKS OdzNN.
these standards because they represent the bulk of the energy savings for this category. The remaining

NRA standards B37 (lighting), B38 (lighting), B40 (envelam®l roofs), B41 (HVAC), and B42 (air

compressorg) are not addressed by this sampling pl&@admus 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 categiwy sample design

12 See Appendix E for climate regions and associated CEC climate zone definitions.
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Nonresidential Populations an&ample Frameg

In the absence of reliable data on the numbesités in theNRAor NRNGopulatiors, we assumed that
square footage, as reportday the CEQyrovideda proxy for the number of alteratiorend new
constructionbuildingsin the population as in the last evaluatiotf.Cadmus used tnCE@ata to build

the sample framesNe stratified thesample frameby building type, expectingpnsumption within
building typesto be more similar tha consumption between building tygeThe population of bilding
typesinclude offices, retail buildings, warehouses, schools, hospitals, refrigerated warehouses, and
miscellaneous building®Vithin each building type strata, we mapped climate zones ® dlimate
regions, defined as A, B, C, D, ar{déails can be found in Appendix E)

Cadmugemoved hospitals and refrigerated warehouses froath the NRA and NRNsample frames
because portions of the codes for these building typese outside the Tiie 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 fess than 10%f the 2015 building stock ardss than 10%f the

new construction squaréeet in Californiaand after distributing the total sample size dbmateregions,
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 oéxisting building stockquare footage in each building type category in the
populationandsample frame ifTable8, as welas the proportion of new construction square footage in
each building type category in the population and sample franiealrie9.

Table8. 2015 Existing Building Stock by Building Type
Thousands of

Thousands of

- . Proportion of Lighting Alteration Proportion of
Building Type Square Feetin . : LI . s
: Population Square Feet in Sample Frame
Population
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%
Refri ted

eingerate 56,726 1% 0 0%
warehouse
Total 7,389,266 100% 464,298 100%

* Total lighting alteratiorsquare feet in sample framis calculated as (totalquare feet in populationx (1/15)
for each building type.

13 This assumption was used by the CEC, the IOUs, and the2RQ2Gstudy evaluators to estimate potential
energy savings.
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Table9. 2015 New Construction by Building Type
Thousands of Thousands oNew

_— _ Proportion of . : Proportion of
Building Type Square Feet in ; ConstructionSquare Feet in
: Population Sample Frame
Population 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%
Refri

efrigerated 1,501 1% 0 0%
warehouse
Total 163,586 100% 143,783 100%

Sample Design

This section presents the sample design Cadmus developed to satisfy the goalaairgsidential
evaluation. Waliscuss in detathe sampling challengesarget sample sizes, expected confidence and
precisionandsample selection.

TargetSample Sizes and Expected Confidence and Precision

Cadmus determined that a sample size of 50 sites from the lighting altersdiople framavould allow
us to complete site visits on time and within budget. Similavlyanticipatedwe could feasibly achieve
a sample size of 30 sites from the new construction population. We allocated total sample sizes to
building types based orthe proportion of square footage in eastratumto ensure that each sample
was representative of the distribution of buildings in the population.

We estimated error ratid$ and expected precisidhfor the NRA and NRNC populations based on the
previous evalzl G A 2 y Q & ESF&preNidubhir&drRed to as compliance adjustment fact@AEY
and reported precisiof The previous evaluation estimated an NRA CAF estimate of 580%, with
precision of +26% at 90% confidence, and sampleo$i@8. Cadmus calcatied an error ratio of 1.3 for

¥ To catulate the error ratio, we used the following formula with inputs for sample size (n), precision, and the z
statistic for twetailed 90% confidence (z):
ni QoRivEé &
o}

oY

5 To calculate the expected precision for this evaluation, we use@iug 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 evaluationjius, 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, Cadmudies Y 6 SR Iy SNNBNJ N} A2 2F ndop o6l &SR 2y
CAF of 397%, with 6% precision at 90% confidence, and sample size of 90. We calculated an expected
LINSOA&AAZ2Y 2F (GUKAa S@OlIfdzr A2y Q& bwb/ 9{!C i pmMM:>

The ample sizes within each building type are presenteddnle 10 for lighting alteration and new
construction populations, along with expected precision of energy savings adjustment factors based on
the targetedtotal sample size within each population.

Table 10. NonresidentialTargetSample Sizes
e Type Expected Precisi
at 90% Coniidencs
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 factétewever, 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
recent analysis that studied 2008 Title 24 code compliance margins to update our sample design. The
analysis showed that, among factors including climatearedbuilding 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 bulding type categories for this evaluatidh.

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 inSection2.2.4.

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 atidefor nonresidential sites to include in the analysis:

9 Nonresidential site
1 Site located in an IOU service area
9 Site permitted aftelduly 1, 2014ndconstructed before December 30, 2016

Cadmus selected jurisdictions within climate regiasingorobabiity-proportionatto-size PP$
sampling. Cadmus did not have a list of honresidential new constructiorfrgitesvhich to estimate
the sizes of each jurisdiction. Instead, we defined size as the square footage of newly constructed
nonresidential sites ieach jurisdictiort® We estimated the square footage of nonresidential sites in
each jurisdiction, climate region, and building typefibst using the Dodge data to estimate the
proportion of square feet in each jurisdiction and climate zone, and theryappthis proportion to the
square feet in each building type provided in the CEC data.

We excluded jurisdictions from the sample frame if nonresidential gite®n1OU areasnade up the
majority of new construction in that jurisdiction, sina& wereonly interested inestimating impacts in
IOUterritories. Cadmus selected jurisdictisfrom 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 nonregdential sites.

To develop sample frans®f nonresidentialighting alteration and new construction sites, we requested
all permits fromthe Dodge dataneeting the previously mentioned criteria the sampled jurisdictios
We then selected a simple randosample of the remaining nonresidential sites within each jurisdiction.

Sampling Challenges

Cadmus sampled 24 jurisdictiof&jurisdictions from climate regions A, B andach across the 10U
service areas. However, some of the sampled jurisdictionaatidontain 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 sita&’hen the number of sites in a jurisdiction was small and
we faced substatial nonresponsdrom owners or facility manageifer 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 sitethin the sample plan to allow our data
collection team to visisites andouilding departments to view the approved building plans and Title 24

18 Souce of this data: Dodge Data & Analyti€anstruction Starts Information for the state of California by zip
code for 20122015.June, 2016. Cadmus used this data to estimate the proportion of square footage in each
jurisdiction, since the CEC estimates stonction activity by climate zone.
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documentationand collect required data for the analys&ites were recruitedmong the permit
records provided by the building departments within the sampled jurisdictions.

Building Permit DataCollection

Cadmus obtainegermit recordsfrom each selected jurisdicti@hiduilding department. This data was

used to determine the vesion of the Title 24 code under which the building ywagentially permitted

prior to visiting specific project site®ur teamdeterminedthat all the huilding departmentswithin our

samplehave publicly availablpermit recordson their websites. Howevepublicly available data

typically has a very limited content to identify eligible buildings for this evaluatioleand format

G NASa adzoadGlyadAartfte Ay SI OK 0 dzi $eRkgamhreBuBdtdb NI YSYy G Q
each building departmenwithin the sampled jurisdictiondata requestincluded building permit

recordsin a spreadsheet format to have the following information:

1 Nonresidential building permit records from July 1, 2ab4jate of the data request submitted
to the building deprtment (Augusto 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

Gontact informationfor the building owner and permit applicant

=A =4 =4 4 4 -4 4 -

Permit applicatiorandissue dats

Cadmus sent a data request to a total of 39 building departments @tichately,received usable data
from 28 jurisdictionsThe nitial data request was sent tihe buildingdepartments in24 sampled
jurisdictionsacross the 10U service are@&mmunication with a few building departments continued
up to 10 weeks due to their workloahd we eventually received data from 18 of these departments
Sixof 24 building department® 2 dzf genér@té permit reports, were unresponsive despite multiple
requests for information, or unwilling to provide the requested informatidhese building departments
declinedthe data requestiue tolimitations in staff capacitgndinternal challeiges To attempt to
satisfy our sample siz€admus sampled 19 additional jurisdictiagasiave replacements availabiie
needed Cadmusent a data request to 15 building departments within thesed@itionaljurisdictions
andreceived data from 10 out df5 building departmentss KA £ S p 06dzAf RAy3I RSLI NI YS
generate the requested data due &bhovementionedssues.

Overall, Cadmus removed 11 jurisdictions frtme sample as thegid not providerequesteddataor
provided data thaivas not usableCadmus dropped an additional jurisdiction, City of Davis, from the
sample as ihad adopted Reach Code requirememéthough City of San Francisco also adopted
Reach Code, Cadmus kept this jurisdiction in the sanmplihe City of San Francis€each Code
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requirements impachew large commercial buildingmajor alterations to commercial buildings and
first time commercial interior alterationfor assembly, business, institutional, mercantile tyfes are
equal orlargerthan 25,000 square fe€& However, datgrovidedby the City of San Francisco revealed
that most of the potentially eligible sites in this jurisdictivere smaller than 25,000 square feet
Therefore, Cadmus kept this jurisdiction in the sample consideringuh#berof eligiblesites.Tablell
shows the jurisdictions that were removed from the sample.

Table1ll. Removed Jurisdictions

Reason for Removaitm Sample

City of Berkeley City of lone

City of San Bernardinc
City of Chico City of Loma Linda Y

Data not available, accessible, or usabl City of Visalia

City of Chino City of Los Altos

. . . Orange County
City of Downey City of Rialto
City of Davis

Reach Cod®verlap

Overall, Cadmus secured nearly 153,p@@mitrecordsF N2 Y Hy 2dz2NAARAOQGAZ2Y A Ay /|
climate regionsTablel2 shows the participating jurisdictions from which we received data for this
study by climate region

Tablel2. Participating Jurisdictiogby Climate Region

ClimateRegion A Climate Region B Climate Region C

City of Oakland City ofLong Beach City of San Luis Obispo
City of Mountain View City of San Diego City of Davis

City of San Francisco City of Westminster City of Tracy

City of Santa Rosa City of Oxnard City of Bakersfield

City of Santa Maria City of Fontana Cityof Shafter

City of Sunnyvale City of Santa Ana City of Hanford

City of Redwood City City of Montclair City of San Jose

City of Napa City of Berkeley City of Lodi

County of Santa Clara County of Los Angeles

County of Santa Barbara County of San Bernardino

Because California does not have a uniform or centralized method for managing building permit data,
each jurisdiction provided informatioio Cadmusn different formats and to different levels of
completenessThe 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 file§.he usability of jurisdiction buildinzermit data depended mainly on the format in
which the data were provided, completeness, and the amount of irrelevant permit types thateequ

19 City and County of San Francisco Department of Building Inspelctiplementation of Green Building
RegulationsJanuary 1, 2014. Available onlittp://sfdbi.org/sites/default/files/AB-093.pdf
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additional filtering to remove them frorthe sample. Most jurisdictions did not have the capacity to
provide mistomized reportor filter out the unrelatedpermit 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 tygs for some sites.

Building Permit Data gibility Screening

Cadmus conducted a detailetigibility screeing process taeview, clearandidentify potentially
eligible permit records for recruitmerngrior to phone screening and schedulidgter Cadmus received
the requesteddata,our teamundertook several steps to convert thiaw permit datainto recruiting
tools that would allow us to schedule engineers to visit the project sites. These steps included

F2NXIGOGAY3T GKS NBOSABGSR RIGEYZT RSGSN)agfinigy I (KS LINE

additional project contact informatiorSincemost jurisdictions did not provide site contact information
with the permit records, outeamhad to conduct a comprehensive search to fuiable contact
information from public sources.

To be considezd potentially eligible for the study, permit record®re required tomeet the data and
phone screening criteria illustrated Trablel3.

Table13. Project Eligibility and Screening Criteria

Permitted Project If Multifamily, | Include Construction NonParticipant
Construc'uon per2013 Valuation have more Conditioned completed and | in Utility Rebate

T24 code >$90,000 than 3 stories = Space site accessible | Program
Lighting Permitted Project If Multifamily, | Electrical permit | Alteration Non-Participant
Alteration per2013 Valuation have more acquired for completed and | in Utility Rebate

T24 code >$10,000 than 3 stories | lighting upgrade | site accessible | Program

RecruitmentScreeningand Scheduling

The evaluation team developed a unique recruiting process tailored specifically to the study criteria and
constraintson the availability of the building department permit da@admus utilized both its own
recruiting teamand a call centerMartec Groupfor recruiting

Cadmus expected that it would be challenging to find building owners or managers willing to @ost sit
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 theswvners 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.

Cadmuglevelopeda detailed recruitment process amqdhone scriptspecific to nonresidential new
construction and lighting alteration projects and provided all day long training teallitersto
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enhancequality control Allrecruiters navigatdS I OK O2 YYSNDA It aAiSQa Oz2yidl O
appropriate point of catact, 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 wéisested Each site was

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

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

their facilities.

CadnmusQecruiting team andhe call center confirme@3 surveyappointments.In some cases, the
respondent canceled the appointment completelyleft openthe optionto reschedule. In other
instances, some of the schedulsdrveysesulted only in partial adits, or were disqualified due to the
aAGSQa LI NI A OA LeKidieAcg rgbatk pfogamasi(d.@avirgs b$ PeSighH ér found to be
not eligibleduring the site visit becaudbe sitewas notbuilt or renovatedunder 2A 3 Title 24.
Consequeny, the number of sites analyzed was less than the numbeowofirmedsurvey
appointments. The evaluation team completed total 6ffirveys 49 new construction and 1lighting
alteration site$. Figure2 summarizes the process and overall results of the recruitment activity.

Figure2. Summary of Results of Recruitment Activity

Request Commercial Building Permit Data
153,000 permit records received

Conduct Building Permit Data Research & Eligibility Scree
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

Scheduling Data Collection Team

Communication between theecruiter, scheduler, and data collection team relied heavily on
collaboration on a SharePoint sifEhe SharePoint site was utilized as a repository for the results of the
data collection visits. Each nonresidential building visited was given a foldexdnaith a specific
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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 plansTatiet24 documentatiorto the appropriate

folder. Also,a private Outlook Calendavas 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 deeloped 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 collectionlt developed in Excel, could be used
either on a tablet or laptop oite or as a paper printout. The goal of the form was to be able to collect
requireddatafor the analysishrough onsite observations, interviews with facilggrsonneland review

of Title 24 documentation and building plans.

The data collection form was designed to match thieimuminput required to model aonresidential
building in EnergyPro. The goal was to proviuiredinformation about thebuildingto the modeler
that diredly corresponded to the required input screens

Data Collection Team

Cadmus used its own site engineers and DNV GL engineers falthdata collection. DNV GL was
responsible for about 25% of the site visits and Cadoallected field data fothe restof 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 datadaresidential
construction.Cadmugprovidedthe overal management of the data collection teams, which included
coordination of site visits ana quality assurance review déta collectecbn site To further reduce

travel, sites closely located to each other were grouped and schedatedafter another Thisreduced

the number of overnight trips to theites.

Data Collection Training

Cadmus designed and conducted a tday trainingin October, 20160 instruct the data collection
team. The first day of the training was provided in dlagsnin the DNV GL office in Oaklaand
covered the following topics:

Goals of the data collection effort

Data collection procesand overview of the sampling process

Overview of the data collection form
Collecting data from the plans and Title 24 compliatieumentation

Collecting data ofsite

=A =4 =4 =4 = =4

Interaction with the building departments
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The second day of the training was providedsite. First two scheduled site visits for two newly
constructed buildings were visited by a group of Cadmus and DNV GL fieddasariogether and a
senior engineer from Cadmus provided a handgraining on sitéo cover the topics discussed during
in class training

Field Data Collection

Themainobjectives of our field data collection includg@d) perform rigorouslata colleciton based on

the specifications of theriticalmeasuresovered 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) providesights to improvesavingestimates.

Cadmus deployed a range of methods and tools to achieve these objectives through a consistent,
integrated, and transparent approachn choosing our datgathering technigues, we sought to balance
the certainty gainedvith 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 witl3 Z@lle 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. Researchof Building Department Records
During our recruiting procesdata collection teanasled point of contacs 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 marager. 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, Gaaimus
DNV Glengineers visited building departments to obtailth available documds related to the plan
review and permitting process for each surveyed site. The documentaintudedbut wasnot limited
to:

9 Architectural, electricaland mechanical drawings

1 Construction details and specification books

1 Title-24 documentationdnvelagpe, lighting andmechanical)
2. SiteData Collection
/| F RYdza O2yRdzOGSR &aAdGS @rairida (2 LKeaAOlffte OSNRATe
construction andighting alterationcommercial project typesrhe datacollected in the field informed
the input values that were specified in the whddailding energy modeling on a psite basis.

While onsite, field engineesdocumented accessible details regardingTé OAf A 1@ Qa O2y a i NHzC
information included:

1 Building configuration, footprint dimensions, orientatiaand area of each activity type (square
footage)
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3. Interviews with Facility Personnel

Construction material type

Envelope characteristics

HVAC equipment and distribution system specifications (type, quan@iesefficiency rating)
Envelope insulation material and thickness&ue)

Window glazing specifications-{ldlue and SHGC) and surface areas

Lighting densities and control types

As part of the data collection procesiata collection teanoften talked with staff familiar with the
facility andverify the accuracy of the assumptions that related t@®gy savings calculationBo
maintain consistency across sites and assess compliance in accordantteeveitidemodeling
requirements, we didhot collect and use setkeport data onoperating hoursAlternately, we used
9y SNH&t NP Qa P& gachdzbmmergiadDduigliRglat &dified by California Energy
Commission (CEC)

To informthe analysis, the evaluation team also referred to man@ (i dzNJSheBt<DOf iGsuried
SdZALIYSY (X 6KSYy YIydzZFlF OGdzNENRQ yIYSa | yRk2 N LINR Rdz
of each sitewhere relevant. Where we found discrepancies between thbw@k drawings and project
documentations and the da collected orsite, the physicallyerified data supplanted the agesigned
documentation.

2.2.3. NonresidentialSite Analysis andViodeling

Fielddata collected by Cadmus and DNV GL field data collection teelpsd evaluation teanto

estimate annual energy consumption of each difealuation teandetermined annual energy

consumption using a simulation model approach based on site measurements and obsenztlynSL

was responsible for developing the simulation models for thessiteited by DNV GL engineers which
account for about 25% of the sites visited. Similarly, Cadmus developed simulation models for the sites
visited by its iFhouse field data collection tearBoth teams met regularly on weekly basis to make sure
both teamsfollow the same methodologies for developing the simulation models and discuss any
potential discrepancies.

To create these simulation modelmth teams used EnergyPro, a DQEengine modeling software
developed by EnergySoft, LLC. EnergyPro was selestedse 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
paramdric runs to estimate measurkevel savings. Cadmus worked closely with EnergySoft, LLC to
develop a custom version of the software that produced the following:

1 Baseline model based on the data collectedsie that minimally complies with the 2008
Title24
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91 Baseline model based on the data collectedsite that minimally complies with the 2013
Title24

Model based on the data collected @ite (asbuilt)

The ability to generate measutevel savings for each measure identified in the
potential studies

Site visits and abuilt 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 charéties 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 betweehdulie as
and 213 Title 24 code and the dmiilt and 2008 Title 24 code building, respectively.

Modeling Quality Control

Throughout the simulatiomodeling process, Cadmus coordinated with DNV GL regarding any
discrepancies with the data or questionable results from EnergyPro exporBrior to the simulation
modeling processCadmus 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 mulgvel quality control process for the simulation mode®&mulation modeling

leads at Cadmus and DNV GL reviewed the simulation models by their teams. Gicgnalilation

models were created, simulation modeling leads at Cadmus reviewttkaimulationmodeds and

reviewed them for any anomalies discrepanciesCadmus 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 codeThey also reviewed the accuraof the model inputs, verifying that the models fully
captured the data collected in the field.

2.2.4. Nonresidential Statewide Gross Savings/Compliance Estimation
Cadmugalculatednonresidentialvhole building energy savings adjustment factors (ESAF) fdriele
annual savingPU&lefined pealdemand savings, and gas annual saviidgs expecteckWh and kW
evaluated savings to have similar relationships whikir respectiveexpected savings, producing similar
ESAF values. We also expected kWh and therrhave a negative relationship (i.e. as kWh savings
increases, therms savings decreases), howeveighist indicative o relationship betweetheir ESAF
values We provideresultsby building type, and the state as a wholeSiection3.2.2 Thissection detai
the method Cadmus used to ap@gmple weightsand estimate ESAFs and evaluated sa¥ingibe

same method applies to both the new consttion andlightingalterations analysa, as well aboth the
analyses fowhole-buildingcomplianceandindividual standare¢ompliance

20 £ NNY R$wersson, B.Y& 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 10U estimate of potential
savings for edtstandard and practical considerations for the analysis of each standard. Evaluated
standards include fenestratiotighting controlsand HVAQontrols Table 5n Appendix Bummarizes

our approach to analyzing individual standards.

Sample Weights

Theprocess of calculating applies to both lighting alterations and new construction prajadsius
appliedsample weightshat followed the sample design describeddaction2.2.1 Because we simple
random sampled nonresidential sitese did not apply sitéevelsample weightst

Equation2 provides the jurisdictiodevel sample weights. Sineee sampled jurisdictions with PPS
sampling, we calculated jurisdictidevel sample weights as the inverse of the proportion of
nonresidatial square footage relative to the climate region overall, by builtipg. Cadmus applied
the ratio of total climate regions tthe observed climate regions to estimate the population
consumption within each building type, denoted by and providedin Equation3, to account forcases
where we did not observe every climate region within a building type

Equation2
, P 0
U T £ 0o in I GIn DEOD BROD Qf &
Equation3
"Y€ 000 QA GDTTOHD 6 Qo D OF®
0 i Qi aoCKTHI D" TIO®H 6 Qb D OFER ¢
Where:
Q = Indicates climate regiod K Q
Ko = LYRAOF(GSa o0dAfRAY3d GeLIS wiQ
Q = Indicates yirisdictionW A Q
0 = Sanpleg SAIKG 2T QadinfledcBdOKF RY oA f RAY 3 (& LIS Wi Q
0 = wkidAaz 2F G201t OtAYFGS NB3IA2ya @nat 20aSNBSR
required for all building types)
0 = Total nonresidential square footageclimate regiorV kK @ R 0 dzA f RAy 3 G e LIS Wi

21 Due to the site visit recruitment challenges, sites recruited via contacting building contractors were not
randomly selected within jurisdictions, which may introduaias into the estimates.
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0 = Total nonresidential square footadey 2 dzNJQaliR&teQeyibr a@dibiilding

type WQ
0 = TotalnumberofOf A Y S NB3IA2y A Ay o0dzAf RAYy3a GeLIS W{Q
3 = Number of climate regionsbservedh y o0 dzA f RAy 3 (LIS Wi Q

Energy SavingAdjustmentFactor Analysis

Cadmugalculated whole bilding ESAFs fannualelectric savingsCPU&lefined pealkdemand savings,
and gas annual savings. Tdowingsections outline the methodology useéd estimatesite-level and
population evaluated savings and ESAFs by building type and statewhnt#Haronresidentialighting
alterationsand new construction projects.

Nonresidential Site Estimates

Cadmuscalculatedexpected saving®r eachnonresidential site as the difference betwetre energy
consumption for the sitéf it just metthe 2008 Title 24andjust metthe 2013Title 24 This ighe
expected savings for each site based on 100% compliance with each of the\tedetimatad the
evaluated savings as the difference betweba 2008Title 24 consumption and the estimated
consumptionof the siteashbuilt, based on the data collected on site

TheCPUGimsto assess the impact of tHe&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 &admus estimateduildingtype and statewide ESAFs by
restrictingthe evaluated savings to be no greater ththe expected savingsf the building.We refer to
these estimates as the bounded ESAdRsl theyare provided inSection3.2.2along withthe unbounded
results. We alsodiscuss the implications of bounding thessultsin Section3.2.2

Population Statewide Evaluated Savings

To estimatepopulation evaluated savings for each building type, Cadmus applied theesarights

described aboveEquationd presents the estimation approach, which first calculates the tetaluated

savingsn 2 dzNJ& & R andtiieh the/totalekatuated savings ONR aa Fff 2dz2NAARAOQOUGA2Y A
by building typeSumming across climate regioash (i K A y 0 dzA(dnR&dpplyihg theiclite W{ Q
regionratio0 6 KSy ySOSaalNBO LINPGARSAE GKS G201t Lk LdzZ F dA
estimate population statewide evaluated savsngadmus summed across building type population

evaluated savings. We calculatepulation building type and statewidexpected savingsyg g similarly.
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Equation4
A Np 1 Mk M;:ki Mpki
k.. =Wk*zn *thki*mr_z Vhkij
s =1 hki =4
‘ Total savings in '
jurisdiction ‘i
Total savings across all jurisdictions in
climate region ‘W, building type k"
Where:
Gy = Evaluated savingsfardzA f RAy 3 (& LIS Wi Q
&) = Observedsavings fononresidential sitsVB8dzNA & RA O A2y WA Q> Of AYI @
o0dzAt RAy3 GeLlsS wiQ
G = bdzY6SNJ 2F y2yNBAARSYGAFEt aAdSa al YL SR Ay ¢
GeLls wia
G = TotalsquareF SSG 2F y2yNBaARSy(GAlLf aiadasSa al YL SR

YR o0dzZAf RAy3a G(GeLIS wiQ
We provide the ESAF by building type as the ratio of estimated total evaluated savings and estimated
total expected savings within building tyfequation5 provides this calculatioWe calculate
population statewide ESAF as the ratio of estimated population statewide evaluated savings and
estimated population statewiel expected saving&esults are provided for unbounded and bounded
results inSection3.2.2

Equation5
W8
Where:
0Y® = Weighted energy savings adjustment factobirilding type®Q

2.2.5. Nonresidential Mandatory Measures Daylighting

As requested by the CPUQ performed an additionalralysis to determine the potential energy
savings due to Title 2handatorydaylightingcontrol requirementsto assess how much noncompliance
with the code might affect energy usehis study focused on the primary sidelit area, since most
facilities in the sample included perimeter zones with fenestrations.

Definition of Mandatory Requirementsand (hanges
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 thedunobstruded 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
windowe anddimited by any permanent vertical obstructions that are higher thaa€i falk in the

2008 code”? The 2013 code defiR (1 KS  LINR Y | Nt ardafoR&Sbilllitg plar\dBectly F & &
adjacent to each vertical glazing, one window head height deep into the area, and window width plus
0.5 times window head height wide @ach 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 thé¥awhere

the window head height is defined as the distance from the floor to the top of the highadbwiin

both versions. Both 2008 and 2013 primary sidelit definitions are summarized in the figures below.

22 2008 Nonresidential Compliance Manual. Chapteh®p://www.energy.ca.gov/2008publications/CED0-
2008017/revl _chapterssNRCM_Chapter 5 Indoor_Lighting.pdf

23 2013 Nonresidential Compliance Manual. Chapteh®p://www.energy.ca.gov/2013publicabns/CEE€00-
2013002/chapters/05_indoor_lighting.pdf
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Figure3: 2008 Title 24 Sidelit Area Plan View
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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 @ret.
including parking garagess) summarized below.

1 2008 Tile 24requirements

1 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 < _baft
enclosed area.
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1 Automatic multilevel daylightingontrols when primary sidelit zone > 2,508 ft
1 2013 Title 24equirements

1 Forallluminaires in primary daylit zones, automatic daylighting controls shall be installed
except where:

0 Spaces have <120 W of general lighting installed in the daylit zones.
0 Spaces with < 24%bf glazing.
I 2008 and 2013 requiraents

1 Automatic daylighting controls shall provide muével lighting except when the controlled
lighting has a power density < 0.3 W/ft

1 For each space, the combined illuminance from controligitting and daylighting shall not
be less than the illuminance from controlled lighting when do daylight is available.

1 In areas served by lighting that is daylight controlled, when the illuminance received from
the daylight is greater than 150 percent oktkesign 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 141Bin the 2013 Building Energy Efficiency Standgikds 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 contrdifese stipulations and exceptions were built into
the daylightanalysis wdkbook andare discussed further in the following sectiondata 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

Usingavailable lighting, daylighting, zoning, and envelope field data collected foraheesidential site
analyseswe input200zones from 3 sites into the daylighting analysis workbdbktn estimate for
savings due to daylighting controls svdeterminedby comparingannual energy usestimatesfor the
2008 Title 24 base case, the 2013 Title 24 base case, and-théitasmlues These estimates were
determined from the data collected onsite at each facility, as well as the assumptions dégeltev.

Field Data Collection
The dataobtained during the field data collection that wased in the daylighting analysss
summarized below.

i Data aailable 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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9 Site zip code to determine appropriate climate zatgsignation
Facility primaryeconomic use
9 Lighting
o Zone floor area (f)
0 Zone total aduilt watts (W)
o Control type
1 Available for somsites
0 Building layout sketches with zone dimensions
o Daylighting sidelit area @t
o Wall area (ff) andwindow-wall-ratio (%)c for new constructionsites only

=

Lastly,we collected somelata onsite that wagndirectly used for determining or confirming the analysis
workbook inputs. Theseeferencesnclude

9 Facility Address

9 Construction drawing sets

1 Photos showing glazing areas

1 Ceiling height

Limitations

Not all sites were appropriate for inclusion in the daylighting analysis. Out of 65vatexluded irthis
analysis nine did not qualify for the daylighting analysis due to lack of vertical fenestrations. These nine
were either interior spaes, or had skylights as their only glazing so they were excluded from the
analysisAnother limitation we encountered was lack of glazing datso sites did not have enough

data for the analysiaindow head height was not collected for any of the siénd the glazing area was
not collected at the alteration site$Ve often estimatedtiese values from the onsite photos Google
satellite or street view images, if neededther limitations were lack of data for values such as glazing
visible transmittane, facility hours of operation, and design illuminancewsomade appropriate
assumptions for these inputs.

Assumptionsand References
Details of assumed values are summarized in this section.

Visible Light Transmittance (VLAjter contacting six majaglass 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 infamation, 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®%6 once the frame is included. For these reasove selected a
conservative value of 60% VLT for our calculations.
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