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1. Executive Summary

Introduction

This document is the Phase Il evaluation, measurement and verification (EM&V) report for
the 2002 and 2003 California ENERGY STAR® New Homes Programs (ESH program).
The Phase | evaluation provided preliminary analysis and estimates of ex post energy
savings, while this Phase Il evaluation provides final estimates. California’s Investor
Owned Utilities (PG&E, SCE, SDG&E, and SCG) implemented the ESH program in each
of their respective service territories. This evaluation of the 2002 and 2003 ESH program
is a study mandated by the California Public Utility Commission (CPUC) and managed by
Pacific Gas and Electric. It was funded through the public goods charge (PGC) for energy
efficiency and is available for download at www.calmac.org. RLW Analytics (RLW) of
Sonoma, California was the primary evaluation, measurement and verification contractor
on this project. Skumatz Economic Research and Associates (SERA) was responsible for
determination of the multifamily net-to-gross and non-energy benefits (NEBS) included in
this report.

ENERGY STAR® New Homes Program Overview

The California ENERGY STAR® New Homes Program provides financial incentives,
education, and marketing (the program elements) to California builders who construct new
residences that exceed the state’s mandatory minimum energy efficiency standards. The
program primarily targets single family production builders and multifamily developers,
although high rise buildings can also participate in the program. California’s energy
efficiency standards for residential and non-residential new buildings are set by the
California Energy Commission (CEC) in the Title 24 energy code.® Since residential
energy consumption is significantly affected by weather, Title 24 recognizes sixteen
distinct climate zones within California as shown in Figure 1. For the purposes of this
report, coastal climate zones are defined to be CEC climate zones 1-7, and inland climate
zones are 8-16.

! http://www.energy.ca.gov/title24/
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RMST Climate Zone 1

RMST Climate Zone 3

RMST Climate Zone 4

Figure 1: California Energy Commission 16 Climate Zones

Participating builders that exceed California’s Title 24 residential standards by 15% or

more receive cash incentives, in addition to training and marketing support.

Table 1

summarizes the dollar amount a builder received for each unit that met ESH program

standards.?

Type 15-19.99% Compliance | 20% + Compliance
Single Family (CZ 1-7) | $ 400 | $ 700
Single Family (CZ 8-16) | $ 500 | $ 900
Multifamily $ 150 | $ 250

Table 1: 2002 Incentive Rates Per Unit

Like any new construction program, the ESH program has a long life cycle, owing to the

long lead time associated with building large developments of new homes.

Program

participants have 24 months from the time they are accepted into the Program to complete
construction. In some cases, program managers provide three month extensions to
participants requesting additional construction time. For example, under the 2002 ESH
program, builders were able to participate up until December 31, 2002, after which they
had roughly 24 months to finish the projects. Thus, the final projects were allowed to be
completed by December 31, 2004, or possibly later if time extensions were granted to any
of the participant builders.

2 For the 2003 Program, the incentive rates changed; single family units (CZ 8-16) with 20% or more
compliance margin received $700 per unit (instead of $900/unit in 2002) and all other units that
exceed 20% compliance receive no additional incentive than the amount from the 15% compliance

rate.

RLW Analytics, Inc.

Page 2



2002 & 2003 Statewide Residential New Construction
California ENERGY STAR® New Homes Program Phase Il Report June 14, 2006

The longevity of the Program is important for understanding what is included in the
evaluation. As noted above, this evaluation only considers projects that were completed
and approved® in 2002 and 2003. The 2004-05 EM&V study will evaluate homes
completed in 2004 and 2005, which will be a hybrid of 2002, 2003, and 2004-05 program-
year homes. Figure 2, taken from the CHEERS Registry, illustrates these points by
showing the approval status of projects by Program year.

Commmitted and Approved Projects for Program Years 2002 and 2003
12,000
9,560
10,0004 -
] 8,910 @ Committed
8,000 +— 6,905 @ Approved in 2002
6,000 | 4835 0O Approved in 2003
o7 0O Approved in 2004
4,000 - 6
| Approved in 2005
1,719 Ppr
2,000 1 969 @ Open Status
81 48 4 224 5g
(] :
PY 2002 Py 2003
Program Year

Figure 2: Number of Participant Projects (SF and MF) Approved and Committed by
Program Year

Program Implementation Differences

Each utility had somewhat different implementation methods for the program which are
described in this report. However, major program elements such as program qualification
levels and incentive levels were uniform statewide.

Evaluation Background

This study is the first impact evaluation ever conducted for the Statewide ESH program.
The goals of the Phase Il report are to provide gross and net impact savings estimates for
the single family and multifamily components of the 2002 and 2003 ESH programs. The
study sought to measure Program impacts using various methods. Evaluation of energy
“savings” is only meaningful in the context of comparison to a reference or baseline. For
this Program, the ideal metric of energy savings would be obtained by comparing each
Energy Star Home (participant) to its equivalent non-Energy Star home (non-participant).
Since equivalent non-Energy Star homes were not constructed, other methods were
needed to estimate energy savings.

% A structure becomes “approved” when its construction is complete and it has completed and passed
all necessary C-Hers measure inspections.
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Discussion of gross and net impacts is conducted in the context of estimated parameters,
defined below.

Energy savings Annual energy savings due to exceeding Title 24 building code
minimum requirements.

Simple Gross savings Participant energy savings from a summation of tracking
database (CHEERS) savings.

Adjusted gross savings Also called Gross ex post savings. Simple gross savings
adjusted by on-site inspection findings (takes into account
differences between planned building characteristics and
inspected characteristics).

Net Ex Post savings Participant energy savings due to the program (excludes free
ridership).

Net savings Same as Net Ex Post savings in this report.

Free ridership Also called Naturally Occurring savings. Participant energy

savings that would have occurred absent the program. In this
study naturally occurring savings are equivalent to non-
participant energy efficiency beyond Title 24 package D
requirements.® Note that a single program participating home
can have partial free ridership.

Net-to-Gross Ratio NTG = _VetExPost
GrossExPost
Spillover Non-participant energy savings due to the program.

Ex Ante (Net) savings Energy savings estimates (calculated by RLW) based on each
IOU’s per-unit savings estimates. Ex ante savings = (number
of actual units approved) x (IOU per-unit savings estimate filed
in PIP) x (0.8 NTG factor).

Two distinct approaches were attempted to evaluate the gross and net impacts resulting
from the single family Program: an engineering-based “difference-of-differences” approach
and a billing data analysis. A less rigorous evaluation method, termed the “simple gross”,
was used for measuring gross savings resulting form the multifamily Program component.
Survey data were collected from builders of multifamily projects for determining
construction practices absent the Program and overall net Program effects. These
methods are thoroughly described in this report.

There were several key data sources used by RLW to conduct this evaluation. The first
data source is the California Home Energy Efficiency Rating System (CHEERS) Registry.
RLW worked closely with CHEERS throughout the study to obtain extracts from the
CHEERS Registry. Registry data includes detailed building characteristics information for
participant structures. For a large number of the participant structures in the CHEERS
Registry, RLW also obtained the original Micropas or EnergyPro Title 24 files. These files
were provided by the implementers.

* http://www.energy.ca.gov/title24/
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Another key data source used for this study is the 2004 Residential New Construction
Baseline Study® (the baseline study). It is important to note that this study grouped CEC
climate zones into five Regional Market Share Tracking (RMST) climate zones. The
study’s prime contractor provided RLW with raw data collected by building surveyors, as
well as structure-specific Title 24 output generated in the process of conducting the
baseline study.

For the billing analysis, billing usage data was acquired from each of the investor owned
utilities (IOUs). Several thousand participant single family homes’ billing data was
collected covering an eighteen month period, when available. Billing usage data was also
collected for the non-participant (baseline) homes.

Lastly, RLW obtained Program implementation planning (PIP) estimates of gas and
electric savings from each investor owned utility, at the unit level. RLW required this
information in order to determine the ex ante Program savings. Some background is
provided as it is useful for understanding why RLW was required to calculate the ex ante
savings.

For Program years 2002 and 2003 utilities filed their Annual Earning Assessment
Proceeding (AEAP) report, which summarize Program accomplishments and energy
savings. The values included in the AEAP report often become the ex ante value used for
Program impact evaluation. However, RLW was not able to use the AEAP energy saving
values because, for this particular Program, the AEAP energy savings values are only
estimates and are inclusive of energy savings resulting from both completed structures
and committed structures (project planned for completion at some future date). The
evaluation, on the other hand, considers realization of energy savings only for structures
considered complete.® Therefore it was necessary for RLW to calculate the ex ante
energy savings using only completed structures and the per unit savings found in each
utility’s Program Implementation Plan.

Key Evaluation Findings

Program Participation: Single Family, Multifamily, and High Rise Units

Figure 3 shows the number of approved units by type and utility. The total
number of dwelling units approved in 2002 and 2003 was 14,301. Of these, there were a
total of 6,850 single family Energy Star Homes approved, representing roughly 2% to 3%
of California new single family construction. Future program year participation rates may
be higher once the build out delay is accounted for and program awareness is increased.

® 2004 California Residential New Construction Baseline Study (Itron, 2004).

® For the purpose of the evaluation, “completed” was defined by the final C-HERS inspection date,
designated in CHEERS by a date and “approved”.
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Total 02/03 Program Dwelling Units
by Utility and Type

2

-

9 O High Rise

= = Multi Family

g O Single Family

PG&E SCE SCG SDG&E
Utility
Figure 3: Number of Approved Units by Type and Utility
2002 Dwelling Units 2003 Dwelling Units
Single Family | Multi-Family | High Rise| Single Family | Multi-Family | High Rise| Total

PG&E 675 16 70 2,280 659 0 3,700
SCE 91 0 0 2,220 501 0 2,812
SCG 27 376 0 405 3810 0 4,618
SDG&E 250 348 0 902 1571 100 3,171
Total 1,043 740 70 5,807 6,541 100 14,301

Table 2: Summary of Dwelling Units Completed’

A single family home is one dwelling unit.

RLW Analytics, Inc.
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Ex ante and ex post energy savings were estimated based on actual dwelling units
completed in calendar years 2002 and 2003, as shown in Table 2. Due to the time to build

out projects, many more units were completed in 2003 than in 2002.

Net Ex Post Program Energy Savings

Total program net ex post electricity savings were 5,803,747kWh and gas savings were
665,375 therms. These savings include all program participants: single family, multifamily,

and high-rise projects.

31%

SCG, 1,821,018,

SDG&E,
196,014, 3%

SCE, 1,516,992,
26%

Total 02/03 Program Net Ex Post kWh Savings
(Total Savings =5,803,747 kWh)

PG&E,

2,269,723, 40%

Figure 4: Electricity (kWh) Ex Post Savings by Utility

KkWh 2002 2003 2002 & 2003
Ex Post | Ex Post Total

PG&E 376,629| 1,893,094 2,269,723

SCE 78,456| 1,438,536 1,516,992

SCG 188,389| 1,632,629 1,821,018

SDG&E 20,683| 175,331 196,014

Total 664,157] 5,139,590 5,803,747

Table 3: Electricity (kWh) Ex Post Savings by year

RLW Analytics, Inc.
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Total 02/03 Program Net Ex Post Therms Savings
(Total Savings = 665,375 therms)

SDG&E,
165,983, 25%

PG&E, 301,068,
45%

SCG, 119,087,
18%

SCE, 79,237,
12%

Figure 5: Gas (therms) Ex Post Savings by Utility

Therms 2002 2003 2002 & 2003
Ex Post | Ex Post Total

PG&E 51,868| 249,200 301,068

SCE 6,728 72,510 79,237

SCG 8,455] 110,633 119,087

SDG&E 68,190 97,792 165,983

Total 135,240| 530,135 665,375

Table 4: Gas (therms) Ex Post Savings by Year

Net Realization Rates

Ex ante estimates were not available from all utilities for all housing types and fuel types,
and therefore realization rates could only be calculated when ex ante estimates were
available. Furthermore, as explained in the introduction, ex ante values were calculated
due to an accounting change to “completed units”® based on each utility’s original per-
dwelling-unit savings estimates. Ex ante calculations are detailed in Chapters 7 and 14.
Ex post savings (net Program savings) estimation methods are described in chapters
throughout this report.

Utility electricity savings realization rates, including single family, multifamily, and high-
rise® projects are:

8 At the time utilities filed Program information with the CPUC, estimates were based on homes
“signed up” within a Program year — not constructed (completed). Since that time, it was determined
to conduct this evaluation based on homes actually constructed within a Program year. Due to this
accounting change, it was necessary to calculate ex ante estimates based on that change.

9 High Rise ex ante values were estimated by applying low-rise multifamily per unit savings estimates.
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2002 kWh 2003 kWh
Ex Ante | Ex Post | Realization Rate | Ex Ante | Ex Post | Realization Rate
PG&E 114,341| 376,629 329%| 547,064| 1,893,094 346%
SCE 63,118 78,456 124%| 2,474,784| 1,438,536 58%
SCG 63,168] 115,136 182%| 1,067,424| 1,632,629 153%
SDG&E 230,380 20,683 9%| 895,207 175,331 20%
Total 471,006] 590,905 125%| 4,984,479] 5,139,590 103%

Table 5: Combined (single family, multifamily, and high-rise) Electricity Savings
Realization Rates

Utility gas savings realization rates are:

2002 Therms 2003 Therms
Ex Ante | Ex Post | Realization Rate | Ex Ante | Ex Post | Realization Rate
PG&E 60,943 51,868 85%| 319,187] 249,200 78%
SCE None NA NA None NA NA
SCG 8,723 7,994 92%| 118,776] 110,633 93%
SDG&E 13,932 68,190 489% 50,682 97,792 193%
Total 83,598| 128,052 153%]| 488,646 457,625 94%

Table 6: Combined Gas Savings Realization Rates

Note that total ex post savings in Table 3 and Table 4 do not always match totals in Table
5 and Table 6 since the latter do not include ex post savings when ex ante estimates were
not available.

Single Family Net-to-Gross Ratios (NTG)
Single family NTG was determined by calculation,

NTG,, = NetExPost where
GrossExPost

GrossExPost = Inspection-adjusted gross tracking savings™®
NetExPost = Net savings (difference-of-differences methodology)

The single family NTG results are shown in Table 7 and Table 8. Electricity NTG ratios
vary widely across IOUs and Program years, from -0.20 to 2.25. The statewide electric
NTG ratio is 1.51 for 2002, and 1.21 for 2003, implying negative free-ridership both years.
This is consistent with the new construction baseline study used for the analysis, and is a
direct result of negative naturally occurring cooling savings among non-participants.*
That is, on average, non-participant homes do not meet Title 24 package D cooling energy

19 As a result of single family on-site verification inspections, small adjustments were made to the
gross tracking energy savings to reflect true as-built findings. Detailed results of these inspections
are provided in this report.

' As determined by the 2004 California Residential New Construction Baseline Study (ltron, 2004).

Non-participant homes exceeded cooling budgets primarily in inland climate zones.

Some homes

made up the deficit with energy savings in other areas (heating or hot water), but the study found that
27% of homes surveyed were not Title 24 compliant. The compliance of another 30% could not be
determined within the error bounds of the data collected.

RLW Analytics, Inc.
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budgets. In fact, the non-participant baseline study found that 27% of homes surveyed did
not meet Title 24 energy requirements period.

NTG NTG
Gross Ex | Net Ex | RATIO | Gross Ex | Net Ex RATIO

Post 2002(Post 2002| 2002 [Post 2003|(Post 2003|] 2003

PGE 168,922 | 380,763 | 2.25 |1,031,724|1,818,960| 1.76
SCE 92,391 78,456 0.85 |1,669,846|1,431,206( 0.86
SCG 55,687 73,252 1.32 858,507 1,181,588 1.38
SDGE 31,160 -6,114 -0.20 | 197,678 | 107,880 0.55
Total 348,160 | 526,358 | 1.51 |3,757,756|4,539,634| 1.21

Table 7: Electric (kWh) Net to Gross Ratios

Gas NTG ratios are more consistent across IOUs and Program years. The statewide gas
NTG ratio is 0.63 for 2002 and 0.44 for 2003, implying high average free-ridership of 53%.
This is a direct result of high naturally occurring “savings” in the two gas end-uses, heating

and especially water heating.

NTG NTG

Gross Ex | Net Ex | RATIO | Gross Ex | Net Ex RATIO
Post 2002(Post 2002| 2002 [Post 2003|(Post 2003] 2003
PGE 70,344 46,056 0.65 369,529 | 216,725 0.59
SCE 9,850 6,728 0.68 234,109 | 55,130 0.24
SCG 1,334 461 0.35 19,578 6,489 0.33
SDGE 18,913 9,755 0.52 81,022 34,184 0.42
Total 100,441 | 63,000 0.63 704,239 | 312,528 0.44

Table 8: Gas (Therms) Net to Gross Ratios

For a graphical representation of single family natural and net savings see Figure 12:
Single Family Net Energy Savings.

Multifamily and High Rise Net-to-Gross (NTG)

The multifamily NTG ratio was determined through telephone surveys, conducted by
SERA. A single NTG ratio was estimated statewide for all utilities, and both 2002 and
2003 program years.

Multifamily NTGpyg range: 0.56-0.69

Multifamily NTGyg average: 0.625

Details of the estimation methodology can be found in this report.

General Conclusions & Recommendations

1. Program participants account for roughly 10% of residential new
construction. This is an approximation based on total number of homes
permitted, not constructed.

RLW Analytics, Inc. Page 10
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2.

Both the implementers and the evaluators based Program impacts on Title
24 modeling software. If the software models are inaccurate or biased, then the
results of the Program and this evaluation will be inaccurate or biased. This is a
potential weakness of this evaluation. Although not rigorous, the 2004-05
evaluation is investigating the accuracy of Micropas and EnergyPro to determine
how well they model energy use of newly built ENERGY STAR® homes by
comparison to metered data.

Builders are complying with the ENERGY STAR® Program requirements
through end-use trade-offs. Performance-based compliance is the widely
preferred method for Title 24 compliance and the only method for Program
compliance. Builders trade off between the three end-uses (water heating, heating
and cooling) in order to reach the 15% compliance margin. The result of these
tradeoffs often produces significant disparity between the end-use compliance
margins, and can also produce negative end-use compliance margins — resulting in
negative end-use savings.

The ENERGY STAR® Program has influenced builders to start using HERS
measures and HERS inspectors more. In a comparison of non-participant
homes to participant homes, participant builders are more likely to use HERS
measures than are non-participants. Builders were required to have a HERS
inspector verify the building characteristics, even when no HERS measures were
implemented. This requirement has helped develop the HERS rating industry and
helped to prepare builders for future code where HERS measures and inspections
will be more prevalent.

A more efficient home does not necessarily equate to less energy
consumption. Analysis of billing data, although limited to only a few
climate zones, showed that some groups of ENERGY STAR® homes used more
energy on average than similar non-participant homes. Although the
homes were more efficient, they stil used more energy. These results
suggest that occupancy, behavior and demographics of buyers are key
Program elements which are currently overlooked by the Program theory.
Program managers should consider whether the goal of the Program is less
energy use, or more efficient energy use.

The tracking database used for the evaluation (CHEERS registry) does not
always have accurate data which makes EM&V work less accurate. Some of
the inaccuracies may originate with CHEERS, but some certainly originate with the
Title 24 modelers who upload the data to CHEERS. RLW recommends continued
review and QC of the registry.

There is no uniformity in Title 24 modeling by builders or plan check
agencies. HERS inspections, plan check and evaluation can be challenging when
Title 24 documentation approaches vary so greatly. For example, a single
multifamily Structure ID can represent a single dwelling unit, an entire building, or
multiple buildings. Utility plan check agencies could consider written protocols for
Title 24 documentation format. Going a step further, considering the complexity of
Title 24 compliance, the CEC and the implementers may want to consider

RLW Analytics, Inc. Page 11
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10.

11.

mandatory certification for those engaged in providing Title 24 services to the ESH
program. CABEC® currently offers a voluntary certification.

Enhance the quality and type of data in CHEERS and other approved C-HERS
registries. We recommend that C-HERS inspectors be trained and required to
input actual field values resulting from inspections into the registry. We would also
recommend expanding the inspection requirements to include additional data
collection and input, such as make and model number for furnaces, boilers, water
heaters, air conditioner condensing units, evaporator coils and results from
performance testing.

Enforcement of codes and standards may not be as rigorous as is generally
perceived. Many structures are not built to code (Itron baseline study), not built to
plan (RLW on-site inspections), and sometimes not even modeled in the correct
CEC climate zone.

The implementers need a statewide Program tracking system, other than the
CHEERS registry. The CHEERS databases is not an effective system for tracking
Program information, especially as new C-HERS providers become active and
begin working with participant builders. Each implementer not only has their own
approach to tracking basic participation information, each tracks different data
using different software (e.g. Excel, Access). A purpose of the statewide
implementation of the ESH program was to increase uniformity in program delivery
and program administration, including things such as tracking databases. A single
statewide tracking system should be implemented.

The utilities should work toward a common approach to estimating energy
savings. The four utilities used varying approaches to estimate AEAP filed
savings. Utilizing a common approach would benefit Program administration as
well as Program evaluation. Moreover, a common approach may actually be more
cost effective and accurate.

2 hitp://www.cabec.org/ The California Association of Building Energy Consultants (CABEC)
is a non-profit organization providing up-to-date, reliable information about the California
Title 24 Energy Standards and related building energy efficiency topics.
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2. Introduction

Introduction

This document is the Phase Il evaluation, measurement and verification (EM&V) report for
the 2002 and 2003 California ENERGY STAR® New Homes Programs (ESH program).
The Phase | evaluation provided preliminary analysis and estimates of ex post energy
savings, while this Phase Il evaluation provides final estimates. California’s Investor
Owned Utilities (PG&E, SCE, SDG&E, and SCG) implemented the ESH program in each
of their respective service territories. The evaluation of the 2002 and 2003 ESH program
is a study mandated by California Public Utility Commission (CPUC) and directed by
Pacific Gas and Electric. RLW Analytics (RLW) of Sonoma, California was the primary
evaluation, measurement and verification contractor on this project. Skumatz Economic
Research and Associates (SERA) was responsible for determination of the multifamily net-
to-gross and non-energy benefits (NEBS) included in this report.

ENERGY STAR® New Homes Program Overview

The ESH program provides financial incentives and education to California builders who
construct new residences that exceed the state’s mandatory minimum energy efficiency
standards. The ESH program primarily targets single family production builders and
multifamily developers, although high rise buildings can also participate in the program.
California’s energy efficiency standards for residential and non-residential new buildings
are set by the California Energy Commission (CEC) in the Title 24 energy code.® Since
residential energy consumption is significantly affected by weather, Title 24 recognizes
sixteen distinct climate zones within California as shown in Figure 1. The ESH program
further defines coastal climate zones as CEC climate zones 1-7, and inland climate zones
as 8-16.

'3 http://www.energy.ca.gov/title24/
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RMST Climate Zone 1

RMST Climate Zone 3

RMST Climate Zone 4

Figure 6: California Energy Commission 16 Climate Zones

Participating builders that exceed California’s Title 24 residential standards by 15% or
more receive cash incentives, in addition to training and marketing support. Table 1
summarizes the dollar amount a builder received for each unit that met ESH program

standards.*

Type

15-19.99% Compliance

20% + Compliance

Single Family (CZ 1-7)

400 | $

Single Family (CZ 8-16)

500 | $

Multifamily

150 | $

Table 9: 2002 Incentive Rates Per Unit

Like any new construction program, the ESH program has a long life cycle, owing to the
long lead time associated with building large developments of new homes. Program
participants have 24 months from the time they are accepted into the ESH program to
complete construction. In some cases, program managers provide three month extensions
to participants requesting additional construction time. For example, under the 2002 ESH
program, builders were able to participate up until December 31, 2002, after which they
had roughly 24 months to finish the projects. Thus, the final projects were allowed to be
completed by December 31, 2004, or possibly later if time extensions were granted to any
of the participant builders.

! For the 2003 Program, the incentive rates changed; single family units (CZ 8-16) with 20% or more
compliance margin received $700 per unit (instead of $900/unit in 2002) and all other units that
exceed 20% compliance receive no additional incentive than the amount from the 15% compliance

rate.

RLW Analytics, Inc.
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The longevity of the ESH program is important for understanding what is included in the
evaluation. As noted above, this evaluation only considers projects that were completed

and approved™ in 2002 and 2003.

The 2004-05 EM&V study will evaluate homes

completed in 2004 and 2005, which will be a hybrid of 2002, 2003, and 2004-05 program-
year homes. Figure 2, taken from the CHEERS Registry, illustrates these points by
showing the approval status of projects by program year.

Commmitted and Approved Projects for Program Years 2002 and 2003

o Gonritted

| Approved in 2002
0O Approved in 2003
0O Approved in 2004
| Approved in 2005
O Open Status

Program Year

12,000
9,560
10,000 - o 8,910
8,000 +— 6,905
6,000 1— 4,835
27
4,000 - 6
1,719
2,000 - 069!
81 48 4 224 5g
(o]
PY 2002 PY 2003

Figure 7: Number of Participant Projects (SF and MF) Approved and Committed by

Program

Year

5 A structure becomes “approved” when its construction is complete and it has completed and
passed all necessary C-Hers measure inspections.
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Program Process Overview

Figure 8 gives a brief description of the process of program participation and the
connection between the various parties involved with the California ENERGY STAR®
Program.

New Homes Builder
Prepares building plans with architect
and engineer to plan out building
measures for units.

A
A
Title 24 Consultant Utility CHEERS Inspection
Accepts building plans to verify that Reviews builder's application and T24 Builder must hire a rater (CHEERS)
project meets Title 24 standards and plans to see whether project meets <—|_> who visually verifies the C-HERS
prepares T24 documentation. ENERGY STAR standards. measures specified in the building
7y plans are installed.

A

Plan Check Agency
Records building plans and reverifies
Title 24 compliance and ENERGY
STAR standards. Uploads transfer file
to CHEERS Registry.

Figure 8: ENERGY STAR® Homes Program Compliance Process

Step 1: Once builders have the building designs prepared, all builders submit the plans to
Title 24 consultants who then prepare the required compliance documentation. Title 24
requirements are California law, which include energy efficiency minimum requirements,
and must be met by all builders, regardless of whether they intend to participate in the
Energy Star Homes program or not.

Step 2: If builders want to participate in the ESH program, they must design beyond the
minimum Title 24 requirements to meet ESH program requirements (at least 15% higher
efficiency). Builders must submit their building plans, Title 24 documentation, and a short
application to the appropriate utility. At this stage, construction is usually in the planning
and design, or early construction stage. If the utility approves the application, the ESH
program reserves incentive funds for the builder based on the projected number of units
approved.

Step 3: After the utility reviews and approves the builder's project(s), it submits the
building plans to a plan check agency that re-verifies Title 24 and ESH program
compliance. Once approved, the plan check agency uploads the Title 24 output file
(called the “transfer file”) to the CHEERS registry.

Step 4: Once builders have actually constructed the homes, they must hire a HERS rater
to verify HERS measures, if any, and to verify all other design specifications specified in
the Title 24 file including elements of the building envelope, fenestration and mechanical
systems. Verifications are completed via on-site inspection(s) and/or test(s) of the
constructed unit. If a builder constructs multiple units of the same design, not every unit
requires inspection, but a sample of units is inspected.
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CHEERS is a non-profit organization that has been approved by the California Energy
Commission (CEC) to provide testing, verification, and certification of the California Home
Energy Rating System (C-HERS) measures. ENERGY STAR® Homes may include a
number of C-HERS energy efficiency measures. All new or renovated homes that include
C-HERS measures are contained in the CHEERS Registry. Therefore, the CHEERS
registry is a database of building and energy characteristics for homes with one ore more
C-HERS measures, and/or ENERGY STAR® homes. Again, the CHEERS Registry is
populated by extracting data from the Title 24 building file,*® which is then uploaded to the
CHEERS registry via the Internet.

Builders receive incentives from the utility once their homes pass the CHEERS verification
process.

The 2002 ESH program provided incentives to builders that applied and reserved program
funds during calendar year 2002. Due to the nature of residential new construction, many
of the participant homebuilders do not complete construction until 2003 or later.

Program Implementation Differences

Each utility had somewhat different implementation methods for the program which are
summarized in Table 10. However, major program elements such as program
gualification levels and incentive levels were uniform statewide.

Function PG&E SCE SDG&E/SCG Notes
Builder Builder Builder Not necessarily a program function. Consol provides
Title 24 Consultant Selects Selects Selects this service for many SF builders.

Since, in many cases, Consol did the original Title 24

SF - Consol they hired CHEERS to randomly sample some of the
MF - Consol Consol plan checks. Doug Beaman and Associates
Plan Check Agency [SolData or HMG In-house performed this function as a sub to CHEERS.

No design assistance (DA) for SF. PG&E had a DA
incentive for MF projects, though it is not clear if any

SF - None incentives were ever paid. HMG provided DA to
MF- Builder some of the MF projects. SEMPRA provided DA
Design Assistance Selects None In-house services to about half of participating projects.

Consol also performs C-HERS inspections. Since the
builder selects the rater they perform the ratings for
builders they work with. So, Consol does the title 24,
plancheck, and C-HERS inspections. SCE hired
Builder Builder CHEERS to do some independent Q/A of Consol
C-HERS Inspections |[Selects Selects In-house sites.

Table 10: Implementation Differences Between Utilities

These implementation differences were not the focus of this evaluation. In the 2004-2005
program evaluation, there is a process evaluation component that looks more closely at
how the program is functioning, the differences between utilities, identifying process
weaknesses, and suggestions for improving program process.

18 A Title 24 building file, also known as a C-2R file, is an inspection report that qualifies the newly
constructed home to comply with California’s Title 24 standards.
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C-HERS Measures

California Home Energy Rating System measures are special energy efficiency measures
that can be implemented by builders to achieve higher efficiency construction. To take
credit for the measures, they must be inspected by a certified HERS rater. There were six
C-HERS measures in effect during the 2002-2003 ESH program years (under the 2001
version of Title 24), shown in Table 11.

C-HERS Measure Rater Verification

Improved duct location (ducts in conditioned | Visual inspection

spaces)

ACCA Manual D duct design and Inspect/measure dimensions for compliance

installation

Tight ducts, < 6% leakage Duct leakage testing with duct blaster

Reduced air infiltration Requires blower door testing and
mechanical ventilation visual inspection if
SLAis 3.0-1.5

TXV or proper refrigerant charge and Visual inspection for TXV, test for charge

airflow

Reduced duct surface area Measure dimensions; requires ACCA
Manual D duct design

Table 11: C-HERS Measures and Verification Method
About HERS

The California Energy Commission is required by Public Resources Code Section 25942
to establish regulations for a Home Energy Rating System (HERS) Program to certify
home energy rating services in California. The goal of the program is to provide reliable
information to differentiate the energy efficiency levels among California homes and to
guide investment in cost-effective home energy efficiency measures.

The California HERS Program includes field verification and diagnostic testing available
through Commission-certified providers. The Energy Commission has a process for
certifying Home Energy Rating System (HERS) raters who perform third-party inspections
when verification of duct sealing, thermostatic expansion valves (TXVs), refrigerant
charge, airflow measurement, and building envelope sealing measures are used when
complying with the 2005 Standards (effective October 1, 2005). Testing and verification
protocols are summarized and located in both the Residential and Nonresidential Field
Verification and Diagnostic Testing Regulations Manuals.

Phase | regulations establishing field verifications and diagnostic testing services
administered by HERS providers became effective on June 17, 1999. The California
Certified Energy Rating & Testing Services (CalCERTS) and the California Home Energy
Efficiency Rating System (CHEERS) have been approved by the Commission as HERS
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providers to oversee HERS raters providing Title 24 field verification and diagnostic
testing.

At the time Energy Star Homes were approved in 2002 and 2003 relevant to this report,
CHEERS was the only approved HERS provider.

Recently (March, 2006) the Energy Commission approved certification of CBPCA as a
new (third) HERS provider.

About CHEERS®

CHEERS® (California Home Energy Efficiency Rating Services) is a California statewide 501 (C)
(3) non-profit organization dedicated to promoting energy efficiency. Founded in 1990,
CHEERS® was approved in 1999 by the California Energy Commission as the first home energy
rating provider under the Home Energy Rating System Regulations. It has an independent Board
of Directors representing utilities, environmental and energy conservation and consulting
groups.

CHEERS® trains and certifies home energy Raters for the building industry. Working
with builders as homes are being built, CHEERS® Raters—nearly 500 statewide—conduct
independent third party tests, verifications and certifications for homebuilders. This process
ensures that homes being built meet or exceed the energy efficiency standards established by
the state. Last year, CHEERS® Raters completed more than 20,000 ratings and verifications.

A CHEERS® Rater will perform a comprehensive analysis of the home. The analysis
includes insulation, windows, heating/cooling system, water heater and lighting. Once verified
and certified that the home meets state energy standards, the information is entered into a
computer program that calculates an energy rating for the home and, when needed, analyzes all
of the possibilities (up to 6,000 variations) for improving the home's energy efficiency. Once the
analysis is completed, a detailed rating report listing recommended energy efficiency
improvements, (many of which may be financed through an Energy Efficient Mortgage) is
submitted.

To make sure energy efficiency ratings are completely objective, Raters are
independent contractors that have been trained and certified by CHEERS®. Further,
every CHEERS® Rater is required to go through quality assurance reviews, renew their
certification and contracts annually with CHEERS®.

CHEERS® maintains a unique online Registry of certification documents that links the
homebuilder, rater, and energy analyst to the rating process.
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3. Evaluation Methodology Overview

The goals of the Phase Il report are to provide gross and net impact savings estimates for
the single family and multifamily components of the 2002 and 2003 ENERGY STAR® New
Homes Programs. Evaluation of gross and net impacts is a relative measurement, usually
compared to a reference or baseline. For this program, the ideal metric of energy savings
would be obtained by comparing each Energy Star Home (participant) to its equivalent
non-Energy Star home (non-participant). Since equivalent non-Energy Star homes were
not constructed, other methods were needed to estimate energy savings.

Discussion of gross and net impacts is conducted in the context of estimated parameters,
defined below.

Energy savings Annual energy savings due to exceeding Title 24 building code
minimum requirements.

Simple Gross savings Participant energy savings from a summation of tracking
database (CHEERS) savings.

Adjusted gross savings Also called Gross ex post savings. Simple gross savings
adjusted by on-site inspection findings (takes into account
differences between planned building characteristics and
inspected characteristics).

Net Ex Post savings Participant energy savings due to the program (excludes free
ridership).

Net savings Same as Net Ex Post savings in this report.

Free ridership Also called Naturally Occurring savings. Participant energy

savings that would have occurred absent the program. In this
study naturally occurring savings are equivalent to non-
participant energy efficiency beyond Title 24 package D
requirements.”” Note that a single program participating home
can have partial free ridership.

Net-to-Gross Ratio NTG :m
GrossExPost
Spillover Non-participant energy savings due to the program.

Ex Ante (Net) savings Energy savings estimates (calculated by RLW) based on each
IOU’s per-unit savings estimates. Ex ante savings = (number
of actual units approved) x (IOU per-unit savings estimate filed
in PIP) x (0.8 NTG factor).

Table 12 shows each of the parameters, data sources, and analysis methods used to
estimate the parameters. Details on each of the analysis methods are found in
corresponding chapters throughout this report.

7 http://www.energy.ca.gov/title24/
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Quantity to estimate

Data sources used

Analysis Methods

SF simple gross savings

CHEERS

Data queries

SF adjusted gross (ex post)
savings

On-site inspection data,
CHEERS

Title 24 energy modeling,
ratio estimation

SF net ex post savings

SF adjusted gross savings,
SF RNC baseline study,
utility billing data

Difference of differences,
billing analysis

SF free ridership Gross ex post savings, net Gross - Net
ex post savings
SF spillover SF RNC baseline study, Hypothesis testing

CHEERS

MF simple gross savings

CHEERS

Data queries

MF adjusted gross savings

On-site inspection data,
CHEERS

Title 24 energy modeling,
ratio estimation

MF net ex post savings MF builder surveys SERA
MF free ridership MF builder surveys SERA
Ex ante savings IOU PIPs, CHEERS NA

Table 12: Parameters Estimated, Data Sources and Analysis Methods

Two distinct approaches were attempted to evaluate the ex post gross and ex post net
energy savings resulting from the single family program: an engineering-based
“difference-of-differences” approach and a billing data analysis. A less rigorous evaluation
method was used for measuring multifamily ex post gross savings due to the unavailability
of baseline data. Survey data were collected from builders of multifamily projects for
determining construction practices absent the program and overall net program effects.
An overview of each of these methods follows, and further details are described
throughout this report in the appropriate chapters.

Single Family Gross and Net Ex Post Savings Methodologies

Many of the parameters estimated were used only in intermediate steps to achieve the
ultimate goal of the analysis: to estimate net ex post savings

Figure 9 shows a flowchart for single family energy savings calculations using the
difference of differences method.

1. Simple Gross Savings were calculated by summing the energy savings of each
home from the CHEERS tracking data.

2. On-site inspections were conducted to verify that homes were actually built as
planned and modeled in the tracking database.

3. Adjusted Gross savings were estimated using ratio estimation analysis to
extrapolate the as-built findings to the population of participants.
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4. Ex Ante Savings were calculated for each utility based on number of units (homes)
completed in each program year and each utility’'s PIP estimates at the per-home
level.

5. Net Energy Savings were estimated using the “difference of differences”
methodology.

6. Other parameters, such as free ridership and NTG ratio were calculated.

Gross Savings
(Tracking Savings)

A 4

On-Site Inspections &
Ratio Estimation

(Tracking Savings)

N
[ Adjusted Gross Savings

[ Calculating Ex Ante Savings 1

Net Savings
(Difference-of-differences)

Figure 9: Single Family Gross and Net Energy Savings Calculation Flowchart

In addition to the above Difference of Differences analysis, a billing analysis was
conducted to attempt to measure actual changes in energy consumption. Customer billing
data was collected from the utilities for both participants and non-participants (homes in
the baseline study). Details of this analysis method and its challenges can be found in the
Single Family Billing Analysis chapter.

Multifamily Gross and Net Savings
Figure 10 shows a flowchart for multifamily energy savings calculations.

1. Simple Gross Savings were calculated by summing the energy savings of each
home from the CHEERS tracking data.

2. On-site inspections were conducted to verify that homes were actually built as
planned and modeled in the tracking database.
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3. Adjusted Gross savings were estimated using ratio estimation analysis to
extrapolate the as-built findings to the population of participants.

4. Ex Ante Savings were calculated for each utility based on number of units
completed in each program year, and each utility’'s PIP estimates at the per-unit
level.

5. Net Energy Savings were estimated by applying the Net-to-Gross ratio determined
by surveys with multifamily builders.

Gross (Tracking) Energy
Savings

A 4

On-Site Inspections &
Ratio Estimation

\ 4

Ex Ante
Savings Calculation

Net Savings (by applying
net-to-gross ratio from
builder surveys)

Figure 10: Multifamily Gross and Net Energy Savings Calculation Flowchart

A billing analysis was not conducted for multifamily projects.

Calculating Ex Ante Savings

For program years 2002 and 2003 the utilities filed their Annual Earning Assessment
Proceeding (AEAP) report, which summarize program accomplishments and energy
savings. The values included in the AEAP report often become the ex ante value used for
program impact evaluation. However, RLW was not able to use the AEAP energy saving
values because, for this particular program, the AEAP energy savings values are only
estimates and are inclusive of energy savings resulting from both completed structures
and committed structures (project planned for completion at some future date). The
evaluation, on the other hand, considers realization of energy savings only for structures
considered complete.18 Therefore it was necessary for RLW to calculate the ex ante
energy savings using only the total number of completed and approved units, the per unit

18 For the purpose of the evaluation, “completed” was defined by the final C-HERS inspection date,
designated in CHEERS by a date and “approved”.
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savings found in each utility’'s Program Implementation Plan, and a 0.8 NTG ratio.
Specifically:

Ex ante savings = (number of actual units approved) x (IOU per-unit savings
estimate filed in PIP) x (0.8 NTG factor).

Data Sources

There were several key data sources used by RLW to conduct this evaluation. The first
data source is the California Home Energy Efficiency Rating System (CHEERS) Registry.
RLW worked closely with CHEERS throughout the study to obtain extracts from the
CHEERS Registry. Registry data includes detailed building characteristics information for
participant structures. For a large number of the participant structures in the CHEERS
Registry, RLW also obtained the original Micropas or EnergyPro Title 24 files. These files
were provided by the implementers.

Another key data source used for this study is the 2004 Residential New Construction
Baseline Study'® (the baseline study). It is important to note that this study grouped CEC
climate zones into five Regional Market Share Tracking (RMST) climate zones as shown
in Figure 11. Furthermore, the ESH program defines coastal regions as CEC climate
zones 1-7, and inland regions as CEC climate zones 8-16. As a result there are three
distinct types of climate zones discussed throughout this report:

1. CEC climate zones 1 — 16
2. RMST climate zones 1 — 5 from the residential new construction baseline study

3. ESH program inland and coastal climate regions

192004 California Residential New Construction Baseline Study (Itron, 2004).
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RMST Climate Zone 1

RMST Climate Zone 3

RMST Climate Zone 4

Figure 11: California Energy Commission 16 Climate Zones
and 5 RMST Climate Zones

The baseline study’s authors provided RLW with raw data collected by building surveyors,
as well as structure-specific Title 24 output generated in the process of conducting the
study.

For the billing analysis, billing data was acquired from each of the investor owned utilities
(IO0Us). Several thousand participant single family homes’ billing data was collected
covering an eighteen month period, when available. Billing usage data was also collected
for the non-participant (baseline) homes.

Lastly, program implementation planning (PIP) estimates of unit-level gas and electric
savings from each utility were obtained. RLW required this information in order to
determine the ex ante program savings.
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4. Single Family, Multifamily, and High Rise Specific Results,
Conclusions and Recommendations

Background

The ESH program, and this evaluation, are entirely based on EnergyPro and Micropas
energy modeling software. If the software models are inaccurate or biased, than the
results of the program and this evaluation will be inaccurate or biased. This is a potential
weakness of this evaluation.

The tracking database (CHEERS) does not always have accurate data which makes
EM&V work less accurate. Inaccuracies may originate with CHEERS, or may originate
with the Title 24 modelers who upload the data to CHEERS.

Single Family Energy Savings

Single family net energy savings were calculated based on actual homes completed in
calendar years 2002 and 2003; there were 6850 homes. EXx ante estimates were
calculated for each utility based on per unit savings estimates and the number of homes
actually built in 2002 and 2003.%° Ex post savings were estimated using the difference-of-
differences (DofD) methodology, detailed in this report. The essence of this method is to
compare ENERGY STAR® Homes (participants) to standard construction practices (non-
participants), determined from a non-participant new construction baseline study, to
subtract out naturally occurring savings. The result is ex post (net) savings.

2002 kWh 2003 kWh
Ex Ante | Ex Post | Realization Rate | Ex Ante Ex Post | Realization Rate
PG&E 111,864| 380,763 340% 543,835| 1,818,960 334%
SCE 63,118 78,456 124%| 2,350,536 1,431,206 61%
SCG No est. 73,252 NA 265,800| 1,181,588 445%
SDG&E 154,655 -6,114 -4% 543,628 107,880 20%

Single family gas savings and realization rates are:

Table 13: Single Family Electricity Net Savings & Realization Rates

2002 Therms 2003 Therms
Ex Ante | Ex Post | Realization Rate | Ex Ante Ex Post | Realization Rate
PG&E 54,228 46,056 85% 276,880 216,725 78%
SCE No Est. 6,728 NA No Est. 55,130 NA
SCG No Est. 461 NA 6,000 6,489 108%
SDG&E -1,102 9,755 NA 1,221 34,184 2800%

Table 14: Single Family Gas Net Savings & Realization Rates

20 At the time utilities filed Program information with the CPUC, estimates were based on homes
committed (approved applications) within a Program year — not constructed. Since that time, it was
determined to conduct this evaluation based on homes actually constructed within a Program year.
Due to this accounting change, it was necessary to calculate new ex ante estimates.
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Single family net savings are also shown graphically by end-use?! in Figure 12. Note that
the energy units have been converted (from kWh and therms) to source kBTU for
comparison purposes. The total height of each bar represents the standard design, or
Title 24 Package D energy use. In almost all homes, heating and water heating are fueled
by natural gas, while cooling is electric. Several results are evident.

e The three end-uses consume roughly equal amounts of source energy.

e The ESH program’s largest net source energy savings are derived from cooling,
while the smallest are from water heating.

e Negative natural savings for cooling means that new non ENERGY STAR® Homes
on average do not meet Title 24 cooling budget requirements.

e Significant naturally occurring (gas) savings are present for heating and water
heating, translating to high gas free-ridership rates.

e The average as-proposed ENERGY STAR® home uses the most energy for water
heating among the three end-uses. Most of the program savings in energy use
comes from heating and cooling.

Single Family Statewide Energy Budgets and Savings
for 6,850 Energy Star Homes (Difference of Differences)
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Figure 12: Single Family Net Energy Savings

L The builder affected end-uses covered in Title 24 are space heating, space cooling, and water
heating.
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Single Family Verification Inspections

On-site verification inspections were conducted of 110 single family homes. These
inspections revealed that although homes are not built exactly to plan 90% of the time,
their energy compliance margins are on average at least as good as planned regardless.?
Figure 13 shows the compliance margin results for all 110 homes inspected. Many homes
were far above 15% or 20% compliance margins required for ENERGY STAR® Homes
compliance, especially in inland climate zones.*®
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Figure 13: Title 24 Energy Compliance Margins (110 Inspected ENERGY STAR®
Homes)

2 tis important to note that both planned (tracking) and inspected energy savings are themselves modeled
estimates of energy savings based on building characteristics. “Inspected energy savings” does not represent
a measurement of actual energy savings, but rather an inspection of the building characteristics that are the
input values to Title 24 energy modeling software, such as EnergyPro or Micropas. Potential bias in the
modeling software would impact both planned and “inspected” energy savings.  Furthermore, statistical
precisions listed in this report are statistically derived and have no component due to variability or bias
associated with the modeling software. This study does not attempt to validate or estimate potential biases in
energy modeling software currently used for California Title 24 compliance.

% The ESH program defines coastal climate zones as CEC climates zone 1-7, and inland as CEC 8-16.
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Single Family Cooling, Heating, and Water Heating — Measures, Findings and
Observations

1.

Modeled energy usage is roughly evenly divided among the three builder affected
end-uses (cooling, heating, water heating). End-use energy consumption does
vary significantly between climate zones, however water heating is fairly constant
throughout the state, while cooling and heating vary significantly by climate zone.

Cooling savings are generally realized through the use of higher efficiency (SEER)
air conditioners with thermal expansion valves (TXV), smaller/fewer windows,
windows with low SHGC, and duct sealing. Other less common measures include
window overhangs and radiant barrier.

Space heating savings are almost always from improved efficiency of the envelope
— not from higher equipment AFUEs. Measures include better insulation, higher
efficiency windows (low E, low U-value), and duct sealing.

Water heating is a particularly difficult end-use for builders to achieve incremental
savings. The reason for this seems clear: the energy factor of traditional non-
condensing gas storage water heaters is limited, and the market has already
shifted to higher efficiency models. Little incremental savings are possible without
going to significantly more expensive condensing water heaters or possibly to
tankless units.

Non-participant homes are cooling non-compliant, on average. The negative
natural savings of non-participants are therefore credited as additional net savings
to ENERGY STAR® Homes participants, helping to make cooling the largest net
source energy savings category.

Non-participant homes are more efficient than Title 24 for both water heating and
space heating, resulting in “naturally occurring savings.”®* This translates into
especially high free-ridership for water heating.

Single Family Conclusions & Recommendations

1.

The existence of building codes (Title 24), building permits, Title 24 energy
modeling, inspections, etc. gives the impression of strict enforcement of codes and
program requirements, but this may be more perception than reality. The basis of
this conclusion is that several hundred homes were found modeled in the wrong
climate zone, and that 90% of the RLW inspected homes required remodeling due
to differences in as-built building characteristics.

The CHEERS database is not always an accurate indicator of how homes are built,
but on average the energy impacts are about right.

Single family free-ridership was very low (actually negative) for electric savings, but
high for gas savings. Note that fuel-type specific free ridership estimates are
appropriate as a result of the single family difference of differences analysis.

It was not difficult to exceed the 2001 Title 24 by 15%. The “bar” for ENERGY
STAR® Homes participation was set modestly as evidenced by the large portion

24 2004 California Residential New Construction Baseline Study (Itron, 2004).
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10.

11.

single family homes achieving 25%-40% better than Title 24 requirements
(Package D) as seen in Figure 13.

Often, only minor changes in plans are necessary to achieve ENERGY STAR®
Homes status, evident from minor differences between ENERGY STAR® Homes
and non-participants in building characteristics.

There are more options to comply in inland climate zones than coastal. This is due
to larger inland energy budgets, especially for cooling, giving builders/designers
“more room to play” to achieve savings.

The most recent residential new construction baseline study, utilized for analysis in
this report, was insufficient to conduct comprehensive impact evaluation estimates
due to an inappropriate sample design.

The existence of spillover is expected to exist due to discussions with builders and
Program Managers, but this study was unable to measure significant spillover from
the 2004 RNC baseline study. Note that this study sampled from housing starts in
2002 - the first year of the ESH program. Since part of the program goals are to
change builder practices, estimating market effects may be desired, in which case
a more current RNC baseline study is recommended.

This study finds evidence that ENERGY STAR® Homes are significantly more
efficient than non-participant homes, but there is little evidence that this translates
into actual energy savings. Differences in actual energy consumption could be
dominated by demographics or possible snap-back effects.?

It is recommended that the program conduct regulatory reporting of energy savings
estimates based on expected completion dates, rather than builder application
dates.

A cost effectiveness study is recommended once all of the 2002 and 2003 program
year participant homes are completed.

Multifamily Energy Savings

Multifamily homes consist of low-rise multifamily projects including low income, market
rate for sale, market rate for rent, and special needs. Once again, ex ante program
estimates were calculated with consideration to number of dwelling units actually
constructed, and each utility’s PIP estimates, as described in Chapter 14. Multifamily
electricity savings realization rates were much more variable than gas realization rates,
primarily driven by widely varying utility PIP estimates. For example, PG&E’s 2003 kWh
PIP estimate was 6.125 kWh/dwelling unit, while SCE’s was 310.0 kWh/dwelling unit.

= Snap-back is defined to be a person’s increased usage of a service due to their perception that
higher efficiency justifies or offsets the increase. For example, using the air conditioner more after
the purchase of a high efficiency unit.
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2002 kWh 2003 kWh
Ex Ante | Ex Post | Realization Rate | Ex Ante | Ex Post | Realization Rate
PG&E 461 2,467 535% 3,229 74,133 2296%
SCE 0 0 NA| 124,248 7,330 6%
SCG 63,168| 115,136 182%| 801,624| 451,041 56%
SDG&E 75,725 26,796 35%| 330,538 66,803 20%
Table 15: Multifamily Electricity Savings (kWh/year)
2002 Therms 2003 Therms
Ex Ante | Ex Post | Realization Rate | Ex Ante | Ex Post | Realization Rate
PG&E 1,249 1,246 100% 42,308 32,474 77%
SCE 0 0 NA 0 17,379 NA
SCG 8,723 7,994 92%| 112,776| 104,144 92%
SDG&E 15,034 11,585 7% 46,502 58,435 126%

Table 16: Multifamily Gas Savings (Therms/year)

Figure 14 shows the Title 24 modeled energy usage and gross savings for all participating
units. The total height of each bar represents the standard design, or Title 24 Package D
energy use. Note that the units have been changed to source kBTU/year for comparison
purposes. Modeled energy usage is dominated by water heating which accounts for more
energy usage and savings than cooling and heating combined.
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Multifamily ESH Proposed Energy Usage and Savings
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Figure 14: Multifamily Gross Energy Savings by End-Use above Proposed Usage

Multifamily Verification Inspections

A total of 25 projects were inspected with a total of 123 plans?, since there were multiple
plans associated with almost all of the projects. The multifamily on-site inspections
revealed that there was not much difference between the inspected characteristics and the
plans in the tracking database. Figure 15 shows the computed average compliance
margins from the inspected data, and the original plan data. As can be seen from the
figure, there is little difference between the two sets of compliance margins. This is true in
all climate zones.

Based on these on-site inspection results, there is high correlation between planned and
as-built modeled energy usage. As a result, no adjustments to the tracking savings
estimates are necessary and the tracking database modeled energy values are
considered accurate.

% The meaning of “plans” for multifamily projects is variable. For single family, a plan represents a
single family home. Due to the flexibility of Title 24 modeling software, a multifamily plan can
represent a dwelling unit, a multifamily structure, or a group of structures.
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Multifamily Compliance Margins - Plan vs. Inspected
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Figure 15: Inspected Multifamily Structures Compliance Margins

Multifamily Conclusions & Recommendations

1. Multifamily projects have very high free-ridership rates (almost 40%) due to

wnN

multiple loopholes in Title 24 for multifamily structures. These loopholes are
intended to be closed with the October 2005 Title 24 code changes. (Many
builders were doing nothing different to meet ENERGY STAR® Homes
requirements.)

C-HERS measures were rarely utilized by multifamily builders.

Builder surveys?’ also showed many projects need to exceed Title 24 by 15% for
tax incentives/financing reasons (particularly low income housing since these
developments are most eligible for tax incentives/financing), further impacting free-
ridership.

New Title 24 code is expected to have a significant impact (beyond free-ridership)
on multifamily projects by closing loopholes and generally tightening requirements.
The main reason for this is there have not been multifamily specific energy
efficiency code revisions in over 30 years, while single family code revisions have
been completed regularly, and as recently as 2001.

72006 Statewide Residential New Construction Program Strategy Assessment, CALMAC ID #:
PGE0234 (RLW, 2005)
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5.

6.

7.

Modeled energy usage is dominated by water heating which accounts for more
energy usage and savings than cooling and heating combined. Efficient water
heating systems should be targeted more aggressively by the program.
Consideration should be given to the behavioral aspects of hot water usage when
not individually metered.

Wide variation in the modeling of multifamily projects makes it difficult to conduct
EM&V analysis. Sometimes plans are for single structures, other times for groups
of structures.

Most multifamily projects were built as planned (unlike single family).

High Rise Energy Savings

There were only three high rise buildings completed during 2002 and 2003 with a total of
200 dwelling units among them. Given the small number of units completed, and that the
utilities had no high rise specific ex ante estimates, it's not possible to conduct meaningful
guantitative analysis on this segment of the program. However, there are a few general
conclusions.

High Rise Conclusions & Recommendations

1.

Although three buildings is a small population, their total annual electric savings is
negative. Meeting the compliance margin requirement is coming entirely from gas
savings measures. After the 2002 program year the implementers became aware
of this problem and implemented a new program rule disallowing negative electric
savings.

High rise should be moved to a different program due to the commercial nature of
these projects and different set of market actors.
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5. Single Family Gross (Tracking) Savings

Introduction

The starting point for energy savings analysis is the Tracking database (CHEERS) and the
associated Gross Savings, defined as the difference between Standard (package D) and
Proposed modeled energy consumption.?

Gross Savings
(Tracking Savings)

A 4

On-Site Inspections &
Ratio Estimation

Adjusted Gross Savings
(Tracking Savings)

Calculating Ex Ante Savings

Net Savings
(Difference-of-differences)

Figure 16: Single Family Gross and Net Energy Savings Calculation Flowchart?®

Population of ENERGY STAR® Homes

The inclusion or exclusion of homes in the population has a dramatic effect on the total
energy savings estimates, therefore a precise definition of the population is necessary.
Program energy savings estimates were based on participant application year, and their

% «standard” and “Proposed” are terms used by Title 24 energy modeling software. When a new
home is modeled, it is compared to a “Standard” home’s energy budget, which is determined by a set
of prescriptive measures and characteristics (referred to as Package D) specific for that climate zone
(e.g. insulation levels, air conditioner SEER, etc.). “Proposed” is the modeled energy consumption of
the new home as designed. Gross energy savings is defined as the difference between Standard
and Proposed.

? See chapter Evaluation Methodology Overview for explanation of the steps.
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building plans. More recently, it was determined to credit energy savings in the year each
home was built and passed inspection, and thus that is the criteria used for this report.

Homes included in the population were:

1. Inspected in 2002 or 2003
2. Structure “status” was labeled “Approved” (i.e. passed inspection)
3. Project program year was 2002, 2003

Note that when, or if, incentives were paid is not a criteria used to determine participation
status. Implementing this definition, the population of single family participant homes in
2002 and 2003 contains 6,850 homes:

Utility Coastal Inland Total
PGE 271 2684 2955
SCE 0 2311 2311
SCG 36 396 432
SDGE 888 264 1152
Total 1195 5655 6850

Table 17: Population of Completed 02/03 Participant Homes

Gross (Tracking) Savings

Since Gross Savings is defined as the difference between Standard (package D) and
Proposed modeled energy consumption,

Np
Gross Savings of the ENERGY STAR® Homes = » (S, — P, )SF, , where
i=1

Sp® = Participant CF-1R standard®! energy use (kBTU/sf-yr)

Pp = Participant CF-1R proposed energy use (KBTU/sf-yr)

SFp = Conditioned floor area of the home

Np = total number of ENERGY STAR® Homes

The gross savings for the 2002-2003 programs are provided in Table 18.

* The subscript p is used to denote Participants, and np is used for Non-Participants.

8 «standard” and “Proposed” are terms used by Title 24 energy modeling software. When a new
home is modeled, it is compared to a “Standard” home’s energy budget, which is determined by a set
of prescriptive measures and characteristics specific for that climate zone (e.g. insulation levels, air
conditioner SEER, etc.). “Proposed” is the modeled energy consumption of the new home as
designed. Gross energy savings is defined as the difference between Standard and Proposed.
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Tracking Savings
Utility Units (kBTUl/year)

PGE 2955 53,466,798
SCE 2311 39,348,833
SCG 432 10,209,890
SDGE 1152 12,079,898
Total 6850 115,105,419

Table 18: Tracking Savings of Completed 02/03 Participant Homes

Details of Computing the Simple Gross

The Data table from a CHEERS Registry extract was used to compute values for energy
savings. The CHEERS data contains values for energy usage per square foot for heating,
cooling, and water heating. It has one value for each possible orientation of the structure;
north, south, east, or west. We computed the average of these orientations to arrive at a
uniqgue number for each type of end use. This number is the expected savings of the
structure from the Micropas or EnergyPro models. For the baseline values for the energy
usage per square foot for a structure, we used the CHEERS value called “standard.” The
average values of the four orientations were compared to the standard to compute the
energy savings for a structure.*?

For each end use, the CHEERS data contains associated fuel types for all structures. We
checked all the records in the database (i.e. 6,850 unique structure) to verify that the fuel
type for heating and water heating were always gas, or gas fired, and that the fuel type for
cooling was always electric. We then aggregated all savings from heating and water
heating to arrive at the total gas savings. Similarly, the total electric savings were
computed by summing up the cooling savings of all structures. **

In order to differentiate the results by coastal and inland differences each home was
classified as either coastal or inland using the CEC climate zone it was modeled in.
Homes modeled (or built) in CEC climate zones 1-7 were classified as coastal, whereas
homes modeled in CEC climate zones 8-16 were classified inland.

% |n a small percentage of structures, we did not have values for all four orientations. Instead we
used the ‘PROPOSED’ values for energy savings reported in the CHEERS database. In these
cases, we subtracted the ‘Proposed’ values from the ‘Standard’ in order to arrive at the energy
savings for these structures.

B The energy savings by fuel type are presented in the Adjusted Gross Energy Savings chapter.
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6. Single Family Verification Inspections & Ratio Estimation

Introduction & Background

On-site inspections of 110 single-family ENERGY STAR® Homes were conducted to verify
that as-built characteristics and associated energy savings match the plans.® Inspected
modeled energy savings were compared to the planned modeled energy savings (as
reported in CHEERS). If differences in as-built characteristics were found, the next step
was to analyze how they may affect the energy savings of the program. This was
accomplished with ratio estimation analysis, to produce what are known as b-ratio
estimators. Additional goals of the on-site inspections were to see if the program’s
process was functioning as intended, and as an opportunity to install metering equipment
for the 2004/05 metering study.

N
Gross Savings
(Tracking Savings)

On-Site Inspections &
Ratio Estimation

Adjusted Gross Savings
(Tracking Savings)

Calculating Ex Ante Savings

Net Savings
(Difference-of-differences)

\ <

Figure 17: Single Family Gross and Net Energy Savings Calculation Flowchart®

To asses the energy impacts, the fundamental method was to compare the on-site
inspection results with the Title 24 plans submitted for each home in the sample. If

3 ‘plans’ refers to the Title 24 files submitted to the utility by the participant and approved by the utility. This
data is then uploaded to the CHEERS database.

% See chapter Evaluation Methodology Overview for explanation of the steps.
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building characteristics differences were found, the home’s Title 24 energy model was re-
simulated.

Purpose
The purpose of the on-site inspections and ratio estimation was to,

1. determine ratio estimators, by coastal and inland climate regions and by end-use,
to provide the best estimate for the inspected energy savings.

2. determine the statistical significance of the ratio estimators, by coastal and inland
climate regions and by end-use.

Summary of Key Results

The single family on-site inspections revealed that the average energy Compliance
Margins were at least as good as the plans.*® Figure 18 shows the compliance margin
results for all 110 homes inspected by RLW. Many homes increased compliance margin,
some decreased compliance, and two homes fell below the minimum program
requirements (below 15%). Interestingly, many homes were far above the 15% or 20%
compliance margins required for ENERGY STAR® Homes compliance, especially in inland
climate zones.

3% Both planned (CHEERS tracking) and inspected energy savings are themselves modeled estimates of
energy savings based on building characteristics. “Inspected energy savings” does not represent a
measurement of actual energy savings, but rather an inspection of the building characteristics that are the
input values to Title 24 energy modeling software, such as EnergyPro or Micropas. Potential bias in the
modeling software would impact both planned and “inspected” energy savings.  Furthermore, statistical
precisions listed in this report are statistically derived and have no component due to variability or bias
associated with the modeling software. This study does not attempt to validate or estimate potential biases in
energy modeling software currently used for California Title 24 compliance.

RLW Analytics, Inc. Page 39



2002 & 2003 Statewide Residential New Construction
California ENERGY STAR® New Homes Program Phase Il Report

June 14, 2006

40%

All Sampled Homes - Compliance Margins

A
\ Below 15%

10% 1

A =
Y
. A A .7
= Increased Compliance LN ﬁﬁ
S 35% AD
~ A T A
=
% A
S 30% - A A
[©] A A .
A
(&) .
c AA r K
s A
= 25% N o
= A a4l A&& A
Q ArA o R T A a2
© o 4, A A °
X 20% - ™ M
g A g %A'
O A . A o .
a ,AA% A Decreased Compliance
@ 15% A

10% 15% 20% 25% 30%

35%
Tracking (CHEERS) Compliance Margin (%)

40%

¢ Coastal A

Linear (No Change)

Figure 18: Title 24 Energy Compliance Margins (110 Inspected ENERGY STAR®

Homes)

The on-site inspection results were further analyzed by inland and coastal climate zones

and end-uses (heating, cooling, water heating).

Given the sample size of 110 homes,

ratio estimation was conducted at the climate zone and end-use level, on a statewide
basis. Utility specific b-ratios were not created. The results in Table 19 show that b-ratios

vary from 0.93 to 1.15 depending on end-use and climate zone.

Climate Sample .| Standard | Lower | Upper | Statisticall
Zone End-Use SizF:e B Ratio Error | Bound Bc?:nd Significant)’/‘
Cooling 16 0.95 0.10 0.78 1.13 No
Coastal Heating 16 1.10 0.08 0.96 1.24 No
Water Heating 16 0.93 0.06 0.83 1.03 No
Cooling 94 1.15 0.03 1.11 1.19 Yes
Inland Heating 94 1.04 0.01 1.02 1.06 Yes
Water Heating 94 1.01 0.02 0.99 1.04 No

Table 19: B-Ratio Estimators

Interpreting B-Ratios

B-ratios less than one indicate less energy savings than planned, while b-ratios
For example, a b-ratio of 0.95 for coastal cooling

than one vyield increased savings.

greater
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indicates that coastal ENERGY STAR® homes on average only achieved 95% of the
claimed cooling savings, while the inland cooling b-ratio of 1.15 indicates ES homes on
average achieved 115% of the claimed cooling savings in inland regions.

Other Inspection Findings

The inspections also revealed important process findings. Most homes’ plans did not
match the on-site findings, and re-simulations of the energy models were required for 90%
of the inspected homes. Usually the differences in characteristics were few in number, but
for a few homes so many differences were found that some of our inspectors wondered if
they were at the correct house. While homes are not built exactly to plan 90% of the time,
their energy savings seem to be at least as good as planned, regardless.

The ratio estimators, or b-ratios, are used to calculate the adjusted savings, shown in
Table 19, due to differences between as-built findings over plans. A detailed discussion of
ratio estimation techniques can be found in Appendix A — Ratio Estimation.

On-Site Inspection Methodology

Figure 19 shows the basic steps in the on-site inspections and how the results were used
to inform various portions of this report. The primary goal of the inspections is to verify the
presence of the measures, in this case the building characteristics that when combined
produce an ENERGY STAR® home. The other primary purpose of the inspections is to
use as-built data to improve the gross savings estimates.
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to represent the population
of ENERGY STAR New Home

Y

Conduct on -site inspections.
Gather data on characteristics
And equipment efficiencies

Y

Extract Characteristics Re-simulate Title 24 Extract Process findings
findings for reporting Energy consumptions For reporting

Y

Conduct ratio estimation
by climate region and by
energy end -use

Y

Create B -ratio
Estimators

Y

Calculate Adjusted
Gross Energy
Savings

Y
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Figure 19: Steps in on-site inspections and analysis of results

Sample Design

A sample of 110 homes were selected from the five Regional Market Share Tracking
(RMST) climate zones. Consideration was given as to how this sample should be drawn
with the goal of best characterizing how and where ENERGY STAR® Homes are actually
being built, and the impacts of their energy savings. The sample design was finalized
using a random proportional sample by RMST climate zone.
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RMST Sample
Climate np Percent RMST Climate Zone 1
Size
Zone RVIST Climate Zone 2
1 5 4.5% RMST Climate Zone 3
2 11 10.0% RMST Climate Zone 4
3 35 | 31.8% RVIST Climate Zone §
4 47 42.7%
5 12 10.9%
Total 110 100.0%

Table 20: CEC and RMST Climate
Zone Map

On-Site Inspection Limitations

It was not possible to verify all building characteristics with 100% precision. For example,
measuring window SHGC, window U-values, duct sealing, insulation levels in closed
walls, and a few other characteristics was not possible. In a few cases some data,
particularly for windows, was obtained from homeowner info packages.

Good data on equipment ratings/efficiencies was collected as all equipment is required to
have product information labels.

On-Site Verification Characteristics Findings

Generally homes were found to be built slightly more energy efficient than was originally
planned. Ninety percent of the inspected homes were found to have one or more
characteristics different from their Title 24 plans which required the home to be re-
modeled.

The main findings that caused changes in energy consumption were: total window area,
equipment efficiencies, radiant barrier, thermal expansion valves, overhangs, and hot
water re-circulating timers.

The following graphs and tables show the results for the key characteristics. Results are
shown by home, although Home IDs have been suppressed.

Figure 20, Figure 21, and Figure 22 are typical of the results found through the on-site
inspections for hot water heater efficiency, cooling SEER and window area, respectively.
Each shows that the majority of plan vs. inspection results are the same. While a handful
of homes have higher efficiency, and a few have lower efficiency, the net result is a slightly
higher average efficiency.
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Figure 20: Planned vs. Inspected hot water heater energy factor
(Home IDs suppressed)
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Figure 21: Planned vs. Inspected Cooling SEER
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Figure 22: Planned vs. Inspected Total Window Area

Table 21 shows other inspection data in a different format. The table shows some of the
differences between the as planned and as-built characteristics discovered during the on-
site inspections. For example, there were 221 instances where a window overhang was
found to be present, but was not in the as planned model. Conversely, there were 139
cases where there was no overhang, yet an overhang was in the as planned model. In all
cases the inspection showed that the net effect was more efficient.

Net Energy
Measure Planned | Inspected | Frequency Effect
. No Yes 221 .
Window Overhang Yes No 139 More Efficient
TXV Valve No Yes 25 More Efficient|
Yes No 6
Radiant Barrier No Yes 13 More Efficient
Yes No 0
HW Recirc. Timer No Yes ! More Efficient|
Yes No 0

Table 21: Planned vs. Inspected Measures (Window Overhangs, Thermal Expansion
Valves (TXV), Radiant Barrier, Hot Water Recirculation Controls

As can be seen, single family homes are rarely built as planned, however the average
impact on energy seems to be a slight overall improvement in energy efficiency. More
thorough (and costly) inspections could be done to further quantify differences between
plans and as-built findings, but given the results it may not be cost effective to do so.
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Title 24 Re-modeling Simulations

RLW Analytics has certified HERS raters on staff and we conduct many Title 24 energy
simulations every year.

As a result of our on-site field observations, it was decided to not make any re-modeling
adjustments if the on-site physical characteristics were found to be within +/- 10% of the
original plan. This was to permit a reasonable margin for measurement error of
characteristics that often could not be measured precisely within the project budget (for
example, roof area).

For equipment efficiencies, re-modeling was conducted if any differences were found,
since the data were assumed to be 100% accurate, and equipment efficiencies can have a
big impact on energy consumption.

Why did 90% of inspected homes require remodeling?
The answer to this is not entirely clear, but possible reasons include:
Variation (or errors) in Title 24 modeling of plans

Official plan changes not entered into CHEERS

Un-official plan changes

Multiple plan options not accurately captured

a bk wDnh e

Changes in equipment specifications and/or suppliers

However, some of these should have been caught by the C-HERS rater if the home was
actually inspected,*®” and the changes could reduce energy efficiency. Of the homes RLW
inspected, 51 (or 46%) were physically inspected by a C-HERS rater, which suggests the
inspection process may not always be providing the intended guarantee of compliance.

Energy Plots & Expanding the On-Site Inspection Results to the Population
of ENERGY STAR® Homes

A key goal of the inspections was to analyze how the findings may impact the energy
savings of the program through the Difference-of-differences analysis. As can be seen in
the flowchart Figure 19, first the on-site findings needed to be applied to adjust the
population. This section explains how this was done.

It is important to note that the ENERGY STAR® Homes Program is based on Compliance
Margins, as calculated by Title 24 modeling software such as EnergyPro and Micropas.
Compliance Margin is the percentage of energy reduction as compared to a Standard
home, of the same size and in the same California climate zone. Therefore Compliance
Margin can be affected by changes in the Standard or Proposed modeled energy
densities.

Figure 23 shows that the inspected energy savings is closely tied to the planned
estimates.

3 Every measure in each home that is “Approved” is not required to be inspected by a C-HERS rater.
Production builders are only required to inspect one out of seven single family homes of the same
plan in a project.
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All Homes - Total Energy
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Figure 23: All Inspected Homes — Tracking vs. Inspected Total Energy

Figure 24 through Figure 29 show the Ratio Model Estimate { y=bx } of the energy savings
as a function of tracking energy savings, by energy end-use, and by coastal vs. inland
climate zones.
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Figure 24: Coastal Heating - Tracking vs. Inspected Energy
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Figure 25: Inland Heating - Tracking vs. Inspected Energy
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Figure 26: Coastal Cooling - Tracking vs. Inspected Energy
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Figure 27: Inland Cooling - Tracking vs. Inspected Energy
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Figure 28: Coastal Water Heating - Tracking vs. Inspected Energy
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Figure 29: Inland Water Heating - Tracking vs. Inspected Energy
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Model Based Ratio Estimation Methodology to Expand On-Site Inspection
Results to the Population of ENERGY STAR® Homes

Model Based Ratio Estimation techniques were used to estimate the “true” energy savings
due to differences in planned vs. inspected building characteristics. The idea of ratio
estimation is to look at the ratio between two quantities which are expected to be highly
correlated, which in our case are “planned energy savings” and “inspected energy
savings”. A thorough description of ratio estimation can be found in the Appendix, or in
the 2004 California Evaluation Framework, Chapter 13.

Weighting

Since the sample was randomly and proportionally drawn within each RMST climate zone,
the assumption is being made that the coastal sample homes are representative of the
coastal participants, and the inland sample homes are representative of the inland
participant homes. The samples were weighted to the total population using strata based
on the conditioned floor area of each home.

Interpreting the Inspection Results

It is important to note that both planned and inspected energy savings are themselves
modeled estimates of energy savings based on building characteristics. “Inspected
energy savings” does not represent a measurement of actual energy savings, but rather
an inspection of the building characteristics that are the input values to energy modeling
software, such as EnergyPro or Micropas. Potential bias in the modeling software would
impact both planned and “inspected” energy savings. Furthermore, statistical precisions
listed in this report are statistically derived and have no component due to variability or
bias associated with the modeling software. This study does not attempt to validate or
estimate potential biases in energy modeling software currently used for California Title 24
compliance.

As an example, Figure 25: Inland Heating - Tracking vs. Inspected Energy, gives the
impression that Tracking (Planned) Energy Savings is a very accurate indicator of true
energy savings. This may or may not be true. This interpretation would only be correct if
the modeling software provides an accurate and unbiased estimate of energy savings
based on building characteristics.

In summary, interpretation of these results must be done in context of the methodology.
The “ruler” (Title 24 energy modeling software) used to measure program qualification, is
the same ruler used to then measure program effectiveness. If the “ruler” is off, there is
no way to know.
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7. Adjusted Gross Energy Savings

Introduction

Adjusted gross savings are determined by application of the b-ratio estimators determined
by on-site inspections, described in the previous chapter.

Gross Savings
(Tracking Savings)

A 4

On-Site Inspections &
Ratio Estimation

Adjusted Gross Savings
(Tracking Savings)

[ Calculating Ex Ante Savings

Net Savings
(Difference-of-differences)

Figure 30: Single Family Gross and Net Energy Savings Calculation Flowchart

Summary of Key Findings
The overall impact of the inspection energy savings adjustments is an average 6%

increase in Gross energy savings, as can be seen in Table 22.

Tracking Savings| Adjusted Savings | Percent

Utility Units (kBTUlyear) (kBTU/yr) Change

PGE 2955 53,466,798 56,277,704 5.3%

SCE 2311 39,348,833 42,434,887 7.8%

SCG 432 10,209,890 11,449,272 12.1%

SDGE 1152 12,079,898 12,336,011 2.1%

Total 6850 115,105,419 122,497,874 6.4%

Table 22: Tracking Savings and Adjusted Savings of Completed 02/03 Participant
Homes

RLW Analytics, Inc. Page 52



2002 & 2003 Statewide Residential New Construction

California ENERGY STAR® New Homes Program Phase Il Report June 14, 2006

Note that the Adjusted Tracking Savings are calculated at the end-use and region level,
using ratio estimation. Table 23 further breaks out the Adjusted Tracking Savings by year,
utility and climate region.

Adjusted

Year Climate | Number Savings % of

Utility| Completed | Region | Homes | (kBTU/year) | total
2002 Coastal 19 462,430 0%
PGE Inland 455 8,301,169 7%
2003 Coastal 252 4,545,038 4%
Inland 2,229] 42,969,066 35%
SCE 2002 Inland 91 1,930,766 2%
2003 Inland 2,220 40,504,121 33%
2002 Coastal 6 51,987 0%
SCG Inland 21 651,417 1%
2003 Coastal 30 231,430 0%
Inland 375| 10,514,437 9%
2002 Coastal 247 2,173,881 2%
SDGE Inland 3 36,381 0%
2003 Coastal 641 5,844,394 5%
Inland 261 4,281,355 3%
Total | 2002/03 6,850| 122,497,874 100%

Table 23: Adjusted Tracking Savings by Utility, Year, and Climate Region

Methodology for Calculating Adjusted Savings

For the purposes of calculating adjusted energy savings, we have applied all b-ratios
using ratio estimation for all program participants. Even though not all b-ratios are
statistically significant at the 90% confidence level, they still represent our best estimate of
the true as-built energy savings for program participants.

Coastal Inland Total Gross Coastal Inland Total Gross
Tracking Tracking Tracking Coastal | Inland | Adjusted Adjusted Adjusted
Savings Savings Savings b-ratios | b-ratios | Savings Savings Savings
(kBTUMyr) | (kBTU/yr) (kBTU/yr) (kBTU/yr) | (kBTUlyr) (kBTU/yr)
Cooling 2,206,618| 34,660,348 36,866,966 0.95 1.15| 2,102,629 39,911,649 42,014,278
Heating 5,717,687|] 45,204,935 50,922,622 1.10 1.04] 6,284,056] 46,948,648 53,232,705
Water Heating 5,293,152 22,022,679 27,315,830 0.93 1.01] 4,922,475 22,328,416 27,250,891
Total 13,217,456| 101,887,962 115,105,418 13,309,161| 109,188,713| 122,497,874

Table 24: B-Ratio Estimation Effect on Gross Savings

Figure 31 shows the total single family adjusted gross energy savings relative to proposed
energy, by end-use. The full height of the bar represents “standard” design, as defined by
Package D in Title 24 modeling software. It is evident that the adjusted gross energy
savings are a significant part of the totals; however, as will be seen in Chapter 8, some of
the gross savings are naturally occurring, dramatically impacting net savings.
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Figure 31: Single Family ENERGY STAR® Homes Adjusted Gross Energy Savings

with Total Proposed Energy

RLW Analytics, Inc.

Page 54



2002 & 2003 Statewide Residential New Construction
California ENERGY STAR® New Homes Program Phase Il Report June 14, 2006

8. Single Family Ex Ante Savings

This chapter presents the approach to calculating the ex ante savings estimate.
Introduction

Normally, evaluation studies measure the actual energy impacts of a program and
compare the results to the savings estimates provided by the program implementer. The
implementer’s estimate of savings is most often referred to as the “ex ante” value, while
the evaluator’s best estimate of savings is referred to as the “ex post”.

For this program there was no ex ante estimate provided by the implementers, therefore it
was necessary to work with them in order to produce an ex ante estimate. The ex ante
estimate is important because it allows the evaluation results to be compared to
something meaningful.

Gross Savings
(Tracking Savings)

A 4

On-Site Inspections &
Ratio Estimation

. J
e N
Adjusted Gross Savings
(Tracking Savings)

. J
4 N
Calculating Ex Ante
Savings
\ g

Net Savings
(Difference-of-differences)

Figure 32: Single Family Gross and Net Energy Savings Calculation Flowchart

Single Family Ex Ante Results

Table 25 shows the total gross and net ex ante values by utility and by year.
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2002 2003

Gross Ex Ante Net Ex Ante Gross Ex Ante Net Ex Ante

kWh Therms kWh Therms kWh Therms kWh Therms
PG&E 139,830 67,785 | 111,864 54,228 679,794 | 346,100 543,835 | 276,880
SCE 78,897] None 63,118 None 2,938,170 None 2,350,536 None
SCG None None None None 332,250 7,500 265,800 6,000
SDG&E 193,319 (1,377)] 154,655 (1,102) 679,535 1,526 543,628 1,221
Total 412,046 66,408] 329,637 53,126 4,629,749 | 355,126 | 3,703,799 | 284,100

Table 25: Gross and Net Ex Ante Values by Utility and Year

Methodology

The approach to calculating the ex ante values first required data from each utility. RLW
worked with each of the four implementers to obtain their planning estimates of energy
savings for single family participant homes. The estimates were provided for both 2002
and 2003 program years, and often included different estimates for regional differences
(coastal vs. inland) and compliance margin (15% vs. 20%). Table 26 and Table 27 present
the per unit savings values provided to RLW by the utilities, for 2002 and 2003
respectively. In some cases savings values were not provided (denoted by “NA”"), either
because there were no plans to build homes in the particular category (example, 2002
SCG), or because savings cannot be claimed by the utility (example, 2002 SCE Therm
savings).

2002 Per Unit kWh Savings Per Unit Therm Savings
Utility Compliance| Coastal | Inland Coastal | Inland
SF 15%
PG&E SF 20% 295 14322
SF 15%
SCG SF 20% NA NA
SF 15% 770 1043 -6 35
SDG&E SF 20% NA NA NA NA
SF 15% 450 867 NA
SCE SF 20% NA NA

Table 26: 2002 SF Per Unit kWh and Therm Savings Estimates by Utility

2003 Per Unit kWh Savings Per Unit Therm Savings
Utility Compliance] Coastal | Inland Coastal [ Inland
SF 15%
PG&E SF 20% 214 139.5
SF 15% NA 885.9 NA 19.6
SCG SF 20% NA NA NA NA
SF 15% 699.4 885.9 -5.6 19.6
SDG&E SF 20% NA NA NA NA
SF 15% 630 1153 NA
SCE SF 20% NA 1494

Table 27: 2003 SF Per Unit kWh and Therm Savings Estimates by Utility

Using the CHEERS Registry, RLW determined the number of homes “approved” in each
of the two evaluation years, 2002 and 2003. Since the registry data does not indicate
whether the home is a 15% or 20% compliance margin participant, RLW was not able to
distinguish between the two. In one case (SCE 2003 inland kWh savings per unit) the
average of the 15% and 20% savings estimates was used). Figure 33 shows the number
of homes considered “approved”, or complete, by evaluation year and the 10U PIP
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estimates. The number of completed homes times the unit savings is equal to the gross ex
ante. Totals are shown in the bottom gray cells, 6,850 participant homes were approved in
2002 and 2003, thus these homes constitute the evaluation population for the 2002 and

2003 single family program.

Utility Year Climate | "Approved" PIP kWh PIP Therms
Completed | Region Homes Savings/Home | Savings/Home
2002 Coastal 14 295 143
PGE Inland 460 295 143
2003 Coastal 215 274 140
Inland 2,266 274 140
Coastal 0 630 NA
SCE 2002 Inland 91 867 NA
2003 Coastal 0 630 NA
Inland 2,220 1,324 NA
2002 Coastal 6 None NA
SCG Inland 21 None NA
2003 Coastal 30 None NA
Inland 375 886 20
Coastal 247 770 -6
SDGE 2002 Inland 3 1,043 35
2003 Coastal 641 699 -6
Inland 261 886 20
2002 Coastal 267 NA
Inland 575
Totals NA
2003 Coastal 886 NA
Inland 5,122

Figure 33: Number of Approved Homes and Average Savings

Lastly, RLW applied a factor of 0.8 to account for free-ridership. The 0.8 factor is the value
used for program planning purposes as the deemed net-to-gross for this particular
program. Thus, the ex ante is the net ex ante, just as the ex post presented in the next
chapter is the net ex post. Table 28 shows the net ex ante savings for each evaluation
year, 2002 and 2003, as well as by utility and fuel. The increase in total savings between
2002 and 2003 is a result of the number of homes completed, 1,043 and 5,807

respectively (see Figure 33).

2002 Net Ex Ante 2003 Net Ex Ante

kWh Therms kWh Therms
PG&E 111,864 54,228 543,835 | 276,880
SCE 63,118 None 2,350,536 None
SCG None None 265,800 6,000
SDG&E 154,655 (1,102) 543,628 1,221
Total 329,637 53,126| 3,703,799 | 284,100

Table 28: Net Ex Ante Savings
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9. Net Savings: Difference-of-differences Analysis

Introduction

Net Savings are the ultimate goal of the impact analysis. In this section, we combined all
the previous results and applied the “difference-of-differences” analysis, the essence of
which is to compare ENERGY STAR® Homes (participants) to standard construction
practices (non-participants). The previous chapters were concerned with gross savings,
defined as the difference between Standard (package D) and Proposed modeled energy
consumption. Net Savings are defined as the gross savings less naturally occurring
savings (the natural savings of similar non-participants over the industry standard
practice). Data was used on the standard and proposed energy usages for all non-
participant homes from the RNC baseline database, and compared the savings of the non-
participants to the savings of the ENERGY STAR® participant homes. Their difference
becomes the estimate of net savings.

Net Savings = [Gross participant savings] — [naturally occurring savings]

The calculation methodology can be found in Appendix B.

Gross Savings
(Tracking Savings)

A 4

On-Site Inspections &
Ratio Estimation

Adjusted Gross Savings
(Tracking Savings)

Calculating Ex Ante Savings

Net Savings
(Difference-of-differences)

Figure 34: Single Family Gross and Net Energy Savings Calculation Flowchart
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Summary of Results

The following two tables show the net to gross ratios for kWh and Therms respectively.
The Gross Ex Post is the Simple Adjusted Gross Savings result for each year. The Net Ex
Post is the Difference-of-differences result.

Electricity NTG ratios vary widely across IOUs and program years, from -0.20 to 2.25.
The statewide electric NTG ratio is 1.51 for 2002, and 1.21 for 2003, implying negative
free-ridership both years. This is consistent with the new construction baseline study used
for the analysis, and is a direct result of negative naturally occurring cooling savings
among non-participants.®® That is, on average, non-participant homes do not meet Title
24 package D cooling energy budgets. In fact, the non-participant baseline study found
that 27% of homes surveyed did not meet Title 24 energy requirements period.

NTG NTG
Gross Ex | Net Ex | RATIO | Gross Ex | Net Ex RATIO

Post 2002(Post 2002| 2002 [Post 2003|(Post 2003| 2003

PGE 168,922 | 380,763 | 2.25 (1,031,724|1,818,960( 1.76
SCE 92,391 78,456 0.85 |1,669,846|1,431,206 0.86
SCG 55,687 73,252 1.32 858,507 1,181,588 1.38
SDGE 31,160 -6,114 -0.20 | 197,678 | 107,880 0.55
Total 348,160 | 526,358 | 1.51 |3,757,756|4,539,634| 1.21

Table 29: kWh Net to Gross Ratios By Year

Gas NTG ratios are more consistent across I0Us and program years. The statewide gas
NTG ratio is 0.63 for 2002 and 0.44 for 2003, implying high average free ridership of 53%.
This is a direct result of high naturally occurring savings in the two gas end-uses, heating

and especially water heating.

NTG NTG

Gross Ex | Net Ex | RATIO |Gross Ex | Net Ex | RATIO
Post 2002|Post 2002 2002 |Post 2003|Post 2003| 2003
PGE 70,344 46,056 0.65 | 369,529 | 216,725 0.59
SCE 9,850 6,728 0.68 | 234,109 [ 55,130 0.24
SCG 1,334 461 0.35 19,578 6,489 0.33
SDGE 18,913 9,755 0.52 81,022 34,184 0.42
Total 100,441 | 63,000 0.63 | 704,239 | 312,528 0.44

Table 30: Therms Net to Gross Ratios By Year

Single Family Energy Savings

Single family net energy savings were calculated based on actual homes completed in
calendar years 2002 and 2003; there were 6850 homes.

Ex ante estimates were

% As determined by the 2004 California Residential New Construction Baseline Study (ltron, 2004).

Non-participant homes exceeded cooling budgets primarily in inland climate zones.

Some homes

made up the deficit with energy savings in other areas (heating or hot water), but the study found that
27% of homes surveyed were not Title 24 compliant. The compliance of another 30% could not be
determined within the error bounds of the data collected.
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calculated for each utility based on per unit savings estimates and the number of homes
actually built in 2002 and 2003.*° Ex post savings were estimated using the difference-of-
differences (DofD) methodology, detailed in this report. The essence of this method is to
compare ENERGY STAR® Homes (participants) to standard construction practices (non-
participants), determined from a non-participant new construction baseline study, to
subtract out naturally occurring savings. The result is ex post (net) savings.

2002 kWh 2003 kWh
Ex Ante | Ex Post | Realization Rate | Ex Ante Ex Post | Realization Rate
PG&E 111,864| 380,763 340% 543,835| 1,818,960 334%
SCE 63,118 78,456 124%| 2,350,536 1,431,206 61%
SCG No est. 73,252 NA 265,800| 1,181,588 445%
SDG&E 154,655 -6,114 -4% 543,628 107,880 20%

Table 31: Single Family Electricity Net Savings & Realization Rates

Single family gas savings and realization rates are:

2002 Therms 2003 Therms
Ex Ante | Ex Post | Realization Rate | Ex Ante Ex Post | Realization Rate
PG&E 54,228 46,056 85% 276,880 216,725 78%
SCE No Est. 6,728 NA No Est. 55,130 NA
SCG No Est. 461 NA 6,000 6,489 108%
SDG&E -1,102 9,755 NA 1,221 34,184 2800%

Table 32: Single Family Gas Net Savings & Realization Rates

The results of the net savings analysis are also presented in the bar-chart below. The total
height of each bar represents the standard design, or Title 24 Package D energy use.
Energy savings are divided into two parts — the naturally occurring savings, and the net
savings calculated using the difference-of-differences method. Statewide all three end-
uses consume roughly equal amounts of source energy. In almost all homes, heating and
water heating are natural gas fueled, while cooling is electric. The ENERGY STAR®
Homes program’s largest net source energy savings are derived from cooling, while the
smallest are from water heating. Also note that the negative natural savings for cooling
indicates that new non ENERGY STAR® Homes do not meet minimum Title 24
requirements, on average.

Several results are evident.
e The three end-uses consume roughly equal amounts of source energy.

e The ESH program’s largest net source energy savings are derived from cooling,
while the smallest are from water heating.

e Negative natural savings for cooling means that new non ENERGY STAR® Homes
on average do not meet Title 24 cooling budget requirements.

% At the time utilities filed Program information with the CPUC, estimates were based on homes
committed (approved applications) within a Program year — not constructed. Since that time, it was
determined to conduct this evaluation based on homes actually constructed within a Program year.
Due to this accounting change, it was necessary to calculate new ex ante estimates.
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e Significant naturally occurring (gas) savings are present for heating and water
heating, translating to high gas free-ridership rates.

e The average as-proposed ENERGY STAR® home uses the most energy for water
heating among the three end-uses. Most of the program savings in energy use
comes from heating and cooling.

Single Family Statewide Energy Budgets and Savings
for 6,850 Energy Star Homes (Difference of Differences)
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Figure 35: Single Family Net Energy Savings
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10. Single Family Spillover

Spillover, defined as program induced Non-Participant energy savings, is generally difficult
to assess since impact evaluation efforts tend to focus on Participants. Although there are
many possible ways to attempt to assess spillover, this study focused on builders with a
combination of participant and non-participant projects which may have spillover from one
project to the other. Although a more exhaustive spillover study may yield different
results, our analysis was not able to detect any spillover effects using the data available
through the RNC baseline study. That is, no significant energy differences were found
between different groups of Non-Participants as defined in our analysis. As a result, all
575 baseline homes were used in the Difference-of-differences analysis. Details of the
spillover analysis methodology follow. The Itron baseline study data was segmented into
four distinct groups of non-participants:

¢ Partial-Participant Non-Participants (100)

o Possible Partial-Participant Non-Participants (135)
e True Non-Participants (297)

¢ Unknown status Non-Participants (43)

Partial-participant non-participants were defined to be non-participant builders that also
had participant projects that were managed and constructed from the same office.
Possible partial-participant non-participants were defined to be non-participant builders
that also had participant projects, but the participant projects were managed and
constructed from a different office of the same builder company. True non-participants
were defined to be non-participant builders that had no participation in energy efficiency
programs in the last four years, and unknown status non-participants were non-
participants that could not be definitively assigned to one of the above three categories.
Of the 575 homes in the baseline study data, we designated 100 homes as partial-
participant non-participants, 135 as possible partial participant non-participants, 297 as
true non-participants, and 43 as unknown status non-participants.

The spillover analysis attempted to estimate energy savings differences between Partial
Participant Non-Participants (100) and True Non-Participants (297). The analysis was
also repeated by grouping the Partial Participant Non-Participants (100) and Possible
Partial Participant Non-Participants (135), and comparing this group to the True Non-
Participants.

To determine the non-participant spillover energy savings attributable to the program, we
utilized the “Difference-of-differences” approach to compare the performances of two
distinct groups (i.e. the Partial-Participant Non-Participants to the True Non-Participants).
The Difference-of-differences analysis utilized for this analysis is the same as that
previously discussed, but with one exception - the participant group was replaced by the
group of partial participant non-participants in order to measure the possible spillover.

The specifics of the approach are similar to the Difference-of-differences description
outlined in Appendix C. We first applied weights to the data on partial participant non-
participants so that the sample data from this group can be extrapolated to the population
of the same group. We then used case weights to the other group of true non-participants
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in order to extrapolate the true non-participant sample data to a population that is similar in
composition to the population of partial non-participants.

The results of the comparisons found the total spillover savings to be negative for both
groupings of partial participants. However, the difference in savings between the two
groups was found to be very small and insignificant in both the comparisons. We
additionally performed statistical tests to compare the mean energy savings of these two
groups of non-participants. We could not reject the null hypothesis that the difference in
savings between the two groups is significantly different from zero, and therefore we did
not estimate any spillover savings using this method.
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11. Single Family Building Characteristics Comparisons

This section compares the building and efficiency characteristics of the single-family
homes participating in the 2002 ENERGY STAR® New Homes Program to the homes
included in the 2004 Residential New Construction Baseline Study. This chapter only
focuses on the major elements of residential construction effecting building energy
efficiency and consumption.

Sample Sizes

Table 33 shows the number of homes that have been included in the following analysis.
The data is presented by RMST zone, and in total. In total, 575 non-participants were
used, while 10,965 participants*® were used to make the following comparisons.

RMST Zones Non-participants Participants
RMST 1 42 515
RMST 2 88 1266
RMST 3 127 5442
RMST 4 277 3005
RMST 5 41 737

Table 33: Number of Homes Included in Analysis
Conditioned Floor Area

Table 34 compares the average conditioned floor area in ENERGY STAR® and non-
participant homes by climate zone. ENERGY STAR® Homes are on average about 131
square feet smaller than non-participant homes. The most dramatic differences are in
zone 1 (north coastal) and zone 5 (desert and mountain areas), where ENERGY STAR®
Homes are 383 and 576 square feet smaller, respectively. In general however, the
differences are quite small, suggesting that home size is roughly equivalent between
participants and non-participants.

Climate ES.TAR NP
Zone Conditioned| Conditioned
Floor Area | Floor Area
RMST CZ1 2,147 2,530
RMST Cz2 2,833 2,848
RMST CZ3 2,498 2,699
RMST Cz4 2,296 2,432
RMST CZ5 1,929 2,505
Overall 2,427 2,558

‘0 At the time this building-characteristics analysis was conducted, program year was used to
determine participant population.
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Table 34: Conditioned Floor Area by Climate Zone

Domestic Hot Water

Table 35 compares ENERGY STAR® home participant and non-participant domestic water
system types by climate zone. Overall, instantaneous systems are slightly more prevalent
in ENERGY STAR® homes. The most dramatic difference is in Zone 1 (Northern Coastal),
where nearly 40% of participant water heaters and only 5% of non-participant water
heaters are instantaneous. It may be that these systems are utilized more in coastal zones
because of there are limited opportunities to exceed Title 24 using cooling improvements,
owing to small cooling budgets in coastal areas.

Only 6% of water heaters are “Large”, Large water heaters are storage type systems
greater than 75 gallons. Large systems conform to a different efficiency metric and are
rated in recovery efficiency rather than energy factor.

ESTAR Participants Non-Participants
Climate
Zone Storage | Instantaneous | Large | Storage | Instantaneous | Boiler
RMST CZ1 63% 37% 0% 95% 5% 0%
RMST CZ2 89% 0% 11% 97% 0% 3%
RMST CZ3 90% 2% 9% 98% 2% 0%
RMST CZzZ4 97% 0% 3% 100% 0% 0%
RMST CZ5 100% 0% 0% 100% 0% 0%
Overall 91% 3% 6% 99% 1% 0%

Table 35: Tank Types by Climate Zone

Table 35 shows average storage tank size for participants and non-participants by climate
zone.”* Overall, storage water heaters in ENERGY STAR® Homes have slightly smaller
tanks than storage water heaters in non-participant homes.

. ESTAR NP
Climate
Zone Storage Storage

Tank Size|Tank Size
RMST CZ1 50 51
RMST Cz2 51 57
RMST CZ3 49 55
RMST CZz4 46 50
RMST CZ5 49 51
Overall 48 52

Table 36: Storage Tank Size by Climate Zone

*1 When calculating the average tank sizes, we have restricted the calculations to storage water
heaters only.
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The efficiency of a storage water heater is indicated by its energy factor (EF). This number
includes both the conversion of the fuel source to hot water and the standby losses - heat
lost through the tank surfaces. In general, smaller water tanks are more efficient than
larger ones because there is less standby loss. The energy factor combines tank volume,
internal insulation, recovery efficiency and standby loss. The higher the energy factor the
more efficient the water heater.

Table 37 shows the average energy factor for storage water heaters in ENERGY STAR®
Homes and non-participants by climate zone.”” Overall, storage water heaters in
ENERGY STAR® Homes are more efficient than non-participant storage water heaters.

: ESTAR NP
Climate

Zone Energy | Energy

Factor Factor
RMST CZ1 0.60 0.60
RMST CZ2 0.60 0.57
RMST CZ3 0.61 0.58
RMST Cz4 0.62 0.59
RMST CZ5 0.61 0.59
Overall 0.61 0.59

Table 37: Average Energy Factor by Climate Zone

Heating Equipment

The efficiency of a furnace is measured by its AFUE (annual fuel utilization efficiency).
The federal appliance standards require that furnaces have a minimum rating of 0.78 (at
least 78% efficient).** Furnaces with an AFUE of 0.90 or better qualify for the ENERGY
STAR® label.

Table 38 compares the average AFUE in ENERGY STAR® Homes to baseline homes by
climate zone.** Overall, both ENERGY STAR® Homes and baseline homes have an
average AFUE of 0.82. In the coastal zones (zone 1 and zone 2), the baseline homes, on
average, have slightly more efficient furnaces than ENERGY STAR® Homes, whereas in
the Central Valley (zone 4) and the mountain and desert areas (zone 5), the furnaces in
ENERGY STAR® Homes are slightly more efficient than those found in baseline homes.

“2 \We have omitted 6 baseline homes in calculating the average non-participant energy factor. These
6 homes had water heater tank sizes of 100 gallons, yet were rated in Energy Factor. The maximum
tank size is 75 gallons for efficiency ratings using energy factor.

“ ENERGY STAR Program Website, www.energystar.gov

4 We have omitted 2 baseline homes when calculating the average AFUE. One had a radiant heater
and the other had a boiler. Since ENERGY STAR Homes have only furnaces or heat pumps, we
omitted these 2 baseline homes.
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. ESTAR NP
Climate
Zone Average | Average
AFUE AFUE
RMST CZ1 0.82 0.87
RMST Cz2 0.80 0.82
RMST CZ3 0.80 0.80
RMST Cz4 0.84 0.82
RMST CZ5 0.85 0.81
Overall 0.82 0.82

Table 38: Average AFUE by Climate Zone

Cooling Equipment

Table 39 shows the percentage of ENERGY STAR® participant and baseline homes with a
cooling system by climate zone. Overall and in every climate zone, ENERGY STAR®
participant homes are more likely to have a cooling system. However, for compliance
purposes Title 24 assumes all homes have air-conditioning, even if they do not. Using a
“no cooling” option in Title 24 software modelers can indicate no cooling, however use of
the “no cooling” option is not always practiced since using it has no bearing on
compliance. Therefore, the prevalence of air-conditioning in the participant sample is
very inconclusive, and in fact not likely to be correct. Since the baseline data is based on
actual on-sites it is more likely to be accurate than data coming from the CHEERS
database.

Climate % of ESTAR % of NE

Homes With|Homes With
Zone . .

Cooling Cooling
RMST CZ1 35% 28%
RMST Cz2 100% 70%
RMST CZ3 100% 91%
RMST CZ4 100% 99%
RMST CZ5 100% 100%
Overall 97% 87%

Table 39: Incidence of Cooling System by Climate Zone

Thermostatic expansion valve (TXV) technology helps the cooling system operate more
efficiently when the refrigerant charge falls below its target charge. In theory, the TXV
may never come into use if the cooling equipment maintains proper refrigerant charge.
Consequently, thermostatic expansion valves are reported to help increase the time an air
conditioner functions at its peak efficiency, even when the refrigerant charge is incorrect.

Table 40 presents the percentage of cooling systems with a TXV by climate zone for
ENERGY STAR® Homes and non-participant homes with cooling. Overall and in all
climate zones except zone 2 (south coastal), cooling systems in ENERGY STAR® Homes
are significantly more likely to have a TXV installed.
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ESTAR NP
Climate % Qf % qf
Zone Cooling Cooling

Systems Systems

With TXV | With TXV
RMST CZ1 40% 18%
RMST CZz2 0% 39%
RMST CZ3 30% 9%
RMST CZ4 88% 6%
RMST CZ5 87% 57%
Overall 47% 18%

Table 40: Cooling Systems with TXV by Climate Zone

Air conditioning efficiency is measured by Seasonal Energy Efficiency Ratio, or SEER—
the greater the value the better the efficiency. The federal minimum requirement is 10
SEER, however in January 2006 this changed to 13 SEER. Overall, ENERGY STAR®
Homes and non-participant homes have air conditioners of approximately the same
efficiency, as shown in Table 41. In zone 1 (north coastal) and zone 4 (central valley),
ENERGY STAR® Homes have more efficient air conditioners than do non-participant
homes.

. ESTAR NP
Climate
Zone Average | Average
SEER SEER
RMST CZ1 11.7 10.6
RMST Cz2 10.0 10.3
RMST CZ3 10.3 10.6
RMST CZ4 12.0 11.0
RMST CZ5 115 11.6
Overall 10.8 10.9

Table 41: Average SEER by Climate Zone

Radiant barriers are materials that are installed in buildings to reduce summer heat gain
and winter heat loss, thereby reducing building cooling and heating energy usage. The
potential benefit of attic radiant barriers is primarily in reducing air-conditioning cooling
loads in warm or hot climates. Radiant barriers usually consist of a thin sheet or coating of
a highly reflective material (usually aluminum), which is applied to one or both sides of a
number of substrate materials. A radiant barrier is a C-HERS measure that can be used
by builders to gain additional compliance credits.

Table 42 shows the percentage of ENERGY STAR® Homes and non-participant homes
with a radiant barrier. About 6% of ENERGY STAR® Homes and 4% of non-participant
homes have a radiant barrier. It may be that builders are using radiant barriers in CZ1 due
to the low saturation of air-conditioning. Without the presence of air-conditioning they are
unable to use air-conditioning related measures to exceed code, so instead they are
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required to install other measures, such as radiant barriers. On the other hand, use of
radiant barriers in mild climate zones would not likely produce significant improvement
over the baseline, owing to moderate cooling loads in coastal zones. Furthermore, while
use of radiant barriers in any zone will result in Title 24 efficiency improvements, energy
savings would not be great since most of the homes don’t even have cooling systems,
where most of the radiant barrier savings are derived. Higher than average saturation of
radiant barriers in CZ5, the hottest of the five zones, makes sense due to the added
difficult of compliance in hot climate zones. However, as the table shows, both participants
and non-participants are installing barriers in this zone, so this does not seem to be a
program driven measure, but rather a cost effective climate zone driven compliance
action.

ESTAR NP
. % of Homes|% of Homes
Climate . .
Zone Wl.th le[h
Radiant Radiant
Barrier Barrier
RMST CZ1 36% 14%
RMST Cz2 0% 0%
RMST CZ3 3% 1%
RMST CZz4 5% 2%
RMST CZ5 18% 21%
Overall 6% 4%

Table 42: Percentage of Homes with Radiant Barrier by Climate Zone

Table 43 shows the percentage of conditioned floor area utilizing a radiant barrier in
participating and non-participating homes. Overall, about 5% of the conditioned floor area
in both participating and non-participating homes utilizes a radiant barrier.

ESTAR NP
. % of Area|% of Area
Climate . .
Zone Wl.th le[h
Radiant | Radiant
Barrier Barrier
RMST CZ1 34% 18%
RMST Cz2 0% 0%
RMST CZ3 2% 2%
RMST Cz4 5% 1%
RMST CZ5 19% 25%
Overall 5% 5%

Table 43: Percentage of Conditioned Floor Area with Radiant Barrier by Climate

Zone
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Fenestration

The fenestration aspect (windows, doors and skylights) of an efficient home largely results
from a whole-building design approach.* Efficient windows, doors and skylights can save
up to 15% from reduced heating, cooling and lighting usage.

The California Energy Commission sets both maximum U-values and maximum area
ratios in Title 24 standards. Table 44 summarizes the standards by Title 24 climate zone
(manual D).

Climate Zone | RMST CZ| U-Value SHGC Max Area
1 1 0.65 NA 16%
2 1 0.65 0.4 16%
3 1 0.75 NA 20%
4 1 0.75 0.4 20%
5 1 0.75 NA 16%
6 2 0.75 NA 20%
7 2 0.75 0.4 20%
8 3 0.75 0.4 20%
9 3 0.75 0.4 20%
10 3 0.65 0.4 20%
11 4 0.65 0.4 16%
12 4 0.65 0.4 16%
13 4 0.65 0.4 16%
14 5 0.65 0.4 16%
15 5 0.65 0.4 16%
16 5 0.65 NA 16%

Table 44: Summary of 2001 Title 24 Standards for Fenestration by T24 Climate Zone

Part of the performance approach may include optimizing the window to floor area ratio in
order to maximize energy efficiency. Overall and in each climate zone, ENERGY STAR®
Homes have a larger average window to floor area percentage than non-participant
homes.

Climate I.ESTAR . NP

Zone Window to | Window to

Floor Area | Floor Area
RMST CZ1 19% 17%
RMST Cz2 19% 16%
RMST CZ3 16% 15%
RMST Cz4 17% 16%
RMST CZ5 16% 14%
Overall 17% 16%

* Whole-Building Desigh Approach, also referred to as integrated design, is when the building HVAC
system has been sized according to the load requirements as determined by a computer simulation
model, rather than only basing the size of the HVAC system on building size or rule of thumb
procedures.
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Table 45: Window to Floor Area by Climate Zone

Fenestration has a U-value and solar heat gain coefficient (SHGC) that measures the rate
of heat loss and how well a product prevents heat from entering. The U-value ratings
generally fall between 0.20 and 1.20. The lower the U-value, the greater a product’s
resistance to heat flow, and the better it's insulating properties, and is therefore more
efficient. The SHGC measures how well a product blocks heat caused by sunlight. The
SHGC is expressed as a number between 0 and 1. The lower the SHGC, the less solar
heat it transmit, and is therefore more efficient. .

Table 46 summarizes average U-values and SHGC for glass doors, windows and
skylights in ENERGY STAR® and non-participant homes by climate zone. Overall and in
all climate zones, windows in ENERGY STAR® homes are more efficient than windows in
non-participant homes. This is especially true for the SHGC, which shows ENERGY
STAR® Homes to have a much better value than non-ENERGY STAR® homes, 0.35 and
0.45 respectively.

Climate ESTAR NP ESTAR

Zone U-Value | U-Value SHGC NP SHGC
RMST CZ1 0.43 0.46 0.46 0.48
RMST Cz2 0.36 0.49 0.34 0.52
RMST CZ3 0.41 0.44 0.36 0.47
RMST Cz4 0.36 0.39 0.33 0.42
RMST CZ5 0.35 0.38 0.34 0.42
Overall 0.39 0.42 0.35 0.45

Table 46: Average Window U-Value and SHGC by Climate Zone

Insulation

The insulation level of exterior opaque surfaces has profound effects on the energy
efficiency of a home. The prevailing residential construction in California is a wood frame
home with fiberglass batt insulation in the cavities of the wall and floor framing. Ceiling,
roof and wall assemblies are also insulated with blown-in “rock wool” type insulation;
however this is less common in California construction. The “R-value” of an insulation
material is a measure of the level of thermal resistance of the material. The higher the R-
value of a material, the greater is its’ ability to resist heat flow, and is therefore more
efficient.

Table 47 shows the average R-value for wall insulation by climate zone. Overall and in all
climate zones with the exception of zone 4 (central valley), wall insulation R-Values in
ENERGY STAR® Homes are on average less than those in non-participant homes. The
greatest difference is occurring in zone 1 (north coastal), where the average wall insulation
R-Value is 16.1 for non-participants and 12.9 for ENERGY STAR® Homes. Overall
however, there is little difference in wall insulation levels.
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Table 47: Wall Insulation Average R-Value by Climate Zone

Climate ESTAR NP
Zone Wall Wall
R-Value | R-Value

RMST Cz1 12.9 16.1
RMST Cz2 13.0 13.9
RMST CZ3 13.1 13.3
RMST CzZ4 13.5 13.4
RMST CZ5 13.0 13.6
Overall 13.2 13.7

Table 48 summarizes ENERGY STAR® Home and non-participant average R-values for
roof insulation by climate zone. Overall, ENERGY STAR® Homes have slightly less roof
insulation than non-participant homes. ENERGY STAR® Homes in zone 1 (north coastal)
and zone 4 (central valley) have more insulation than their non-participant counterparts.
Here again, the overall difference in roof insulation is minimal.

Table 48: Roof Insulation Average R-Value by Climate Zone

. ESTAR NP
Climate
Zone Roof Roof
R-Value | R-Value
RMST CZ1 36.2 32.8
RMST CZz2 25.4 29.8
RMST CZ3 30.6 30.1
RMST CZ4 33.8 315
RMST CZ5 27.9 32.0
Overall 30.8 31.2
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12. Single Family Billing Analysis

Introduction

The goal of this Billing Analysis study is to investigate the billing data from the utilities, and
compare the actual electricity and gas usage of participant ENERGY STAR® new homes
to non-participants. By comparing the amount of gas and electricity consumed by non
ENERGY STAR® Homes to the amount consumed by, controlling for housing features
such as floor area and number of stories, we can get an estimate of the difference that
ENERGY STAR® Home’s status makes in final energy usage of a home or set of homes.

Study Objectives

The primary objective of this part of the study is to supplement the Difference-of-
differences (DofD) calculation of program savings with a case study of the realized
savings in those climate zones where there was enough available data to conduct a billing
analysis. Without demographic information such as occupancy and income, billing
analysis is limited as a tool for computing program savings. However, even without this
information, it can be a useful indicator of whether those demographic variables are
impacting program savings. As such, this section aims to be a useful tool in identifying
areas for future investigation.

Summary of Findings

We found energy savings in a handful of analyzed climate zones, but predominantly had
inconclusive or showed negative savings. A second billing analysis that controlled for the
number of stories found that the amount of savings varied greatly between single-story
and multi-story structures. Ultimately, however, the data available for the billing analysis
of the 2002-03 ENERGY STAR® Homes was insufficient to allow accurate estimation of
energy savings by this method. However, the analysis as conducted did bring to light a
number of issues that should be investigated more fully in future evaluations.

Detailed Bil