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DISCLAIMER

This report was prepared by Navigant Consulting, Inc. (Navigant) for the California Public Utilities

Commission. The work presented in this repoementbasggonesents Na
the information available at the time thisre port was prepared. Navigant is not

use of, or reliance upon, the report, nor any decisions based on the report. NAVIGANT MAKES NO
REPRESENTATIONS OR WARRANTIES, EXPRESSED OR IMPLIED. Readers of the report are advised
that they assume all liabilities incurred by them, or third parties, as a result of their reliance on the report,
or the data, information, findings and opinions contained in the report.
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EXECUTIVE SUMMARY

Navigant and its partners, Tierra Resource Consultants LLC, Jai J Mitchell Analytics, Cadmus, Opinion
Dynamics, and Lumina Decision Systems (collectively known as the Navigant team), prepared this study
(2019 Potential and Goals Study or 2019 Study) for the California Public Utilities Commission (CPUC).
The purpose of this study is to develop estimates of energy and demand savings potential in the service
territories of Ca lowredutlites @3Js) durirgjthe post-20i¥emesgy efficiency (EE)
rolling portfolio planning cycle. This report includes results for Pacific Gas and Electric (PG&E), Southern
California Edison (SCE), San Diego Gas and Electric (SDG&E), and Southern California Gas (SCG). A
key component of the 2019 Study is a modeling platform that estimates various levels of EE potential and
enables a variety of what-if scenarios. These what-if scenarios represent alternative futures that reflect
the complex interactions between numerous data inputs and policy drivers.

Background and Approach

This study is primarily an update to the most recent potential and goals study completed in 2017 (2017
Study?). That study informed the goal-making process for the 2018 and beyond rolling portfolio cycle.
During the 2 years since the 2017 Study was completed, several market and policy changes have taken
place. These changes are reflected in the 2019 Study. The project kicked off in December 2018 and was
followed by a series of stakeholder workshops held January through March 2019 that helped to shape
and guide the direction of the results presented in this report.

Study Objectives

The 2019 Study supports several objectives:
1 Inform the CPUC as it proceeds to adopt EE savings goals and targets, providing guidance for
the next IOU EE program portfolios

1 GuidethelOUsinEEpr ogram portfolio planning and the
forecasting for procurement, including the planning efforts of the CPUC, California Energy
Commission (CEC), and California Independent System Operator (CAISO)

1 Inform strategic contributions to SB350 targets

o0 The CEC has historically used the potential study to develop its forecast of additional
achievable energy efficiency potential (AAEE); SB350 requires doubling AAEE by 2030

o The CEC will continue to rely on the potential study as an input to AAEE; the potential
study will also serve as an input to SB350 target setting

1 Identifies new EE savings opportunities
The 2019 Study forecast period spans from 2020 to 2030 based on the direction provided by the CPUC

and focuses on current and potential drivers of energy savings in IOU service areas. Analysis of EE
savings in publicly owned utility service territories is not part of the scope of this effort.

! Navigant, Energy Efficiency Potential and Goals Study for 2018 and Beyond, September 2017.
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Consistent with previous CPUC potential studies and common industry practice, the 2019 Study forecasts
EE potential at three levels for rebate programs:

1 Technical potential: Technical potential is defined as the amount of energy savings that would
be possible if the highest level of efficiency for all technically applicable opportunities to improve
EE were taken regardless of cost.

1 Economic potential: Economic potential represents total EE potential available when limited to
only cost-effective measures.? All components of economic potential are a subset of technical
potential.

1 Market potential: The final output of the potential study is a market potential analysis, which
calculates the potential EE savings based on specific incentive levels and assumptions about
existing CPUC policies, market influences, and barriers. All components of market potential are a
subset of economic potential. Market potential has historically been used by the CPUC to inform
the goal setting process.

This 2019 Study forecasts the potential energy savings from various EE programs as well as codes and

standards (C&S) advocacy efforts for the following customer sectors: residential, low income, commercial,
agricultural, industrial, mining, and street lighting. The 2019 Study does not set IOU goals, nor does it

make any recommendations as to how to set goals. Rather,i t i nf or ms t heding@m®ddss.6 s go all

Scenarios

The 2019 Study considers multiple scenarios to explore how EE potential might change based on a
number of alternative assumptions about policies, measures, and market response. This study considers
scenarios primarily built around policies and program decisions that are within the sphere of influence of
the CPUC and its stakeholders collectively. Table ES-1 summarizes the various scenarios considered for
the 2019 Study.

2 The model default is to use the total resource cost (TRC) test as defined by the California Standard Practice Manual. The TRC
threshold for what constitutes a cost-effective measure varies by scenario.
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Table ES-1. Scenarios for EE Market Potential

Lever Reference Alternative 1 Alternative 2 Alternative 3  Alternative 4
Cost-Effectiveness
(C-E) Test TRC TRC TRC TRC TRC
gélfel;ﬂrﬁﬁsure 1.0 for all 0.85 for all 1.25 for all 1.0 for all 0.85 for all
g measures measures measures measures measures
Threshold
. Capped at Capped at Capped at Capped at Capped at
Incentive Levels 5006 5006 5006 5006 750k
Marketing and Default Default Default Increased Increased
Outreachg calibrated calibrated calibrated marketing marketing
value value value strength strength
Behavior,
Retrocommissioni
ng, anq Reference Reference Reference Aggressive Aggressive
Operational
(BRO)s Program
Assumptions
[e]V]
financing
Financing No modeled No modeled No modeled No modeled E:gg(rjall?s
Programs impacts impacts impacts impacts available to
res and com
customers

*Incentives are set based on a $/kWh and $/therm basis consistent with existing IOU programs; incentives are capped at 50% of
incremental cost.

**Incentives are assumed to be 1.5 times higher than what current IOU programs are offering on a $/kwWh and $/therm basis,
capped at 75% of incremental cost.

Changes from Previous Study

While the 2019 Study framework mirrors past PG studies, several changes were implemented for this
study that result in substantially different results than observed from these previous efforts. Table ES-2.
highlights the key changes implemented for the 2019 Study with an indication as to what directional
impact each change had on the overall results.
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Category

Baseline
Policy

BROs
Measures

DEER/
Workpapers

Custom
Programs

Low Income
Programs

Cost-
Effectiveness

Cost-
Effectiveness

Rebate
Program
Measures

2019 Energy Efficiency Potential and Goals Study

Table ES-2. Key Changes Relative to 2017 Study

Update Relative to Previous Study

Recent Database for Energy Efficient
Resources (DEER) Resolution E-4952
deemed non-residential lighting
standard practice baseline to be LED.
Similarly, CPUC staff directed the PG
team to assume LEDs are baseline in
the residential sector as well.

Updated data and one measure added
relative to 2017 Study (online audits).

DEER 2020 was used (previously
DEER 2017).

Using 2 more years of program data
that was not previously available
(2015-2017).

Recently published evaluations for the
Energy Savings Assistance (ESA)
Program were leveraged to update
model inputs.

2019 avoided costs being used with
approved greenhouse gas (GHG)
adder.

TRC threshold varies by scenario
whereas previous study did not.

New measures relative to 2017 Study:
smart connected power strips and
connected LEDs.

Directional Impact

Z

N <

N

N

N

<>

Significantly cuts savings by
approximately 225 GWh across all
IOUs relative to the previous PG
study.

Increase savings specifically from
home energy reports (HERSs), and
strategic energy management (SEM).

Majority of weather-sensitive
measures were updated, decreasing
savings and thus decreasing potential.

Custom programs show a downward
trend over time; previously, the
Navigant team saw a flat trend.
Potential is decreasing over time.

Evaluation of ESA shows actual
program savings are far less than
claimed savings. Incorporating this
information reduced low income
program potential.

Slight decrease in avoided costs due
to updates to GHG adder, decreases
C-E results in the 2020-2030 range.

Scenarios offer more stringent
interpretations of C-E threshold than
the previous study.

Increase residential savings potential
but not enough to backfill loss of LED
savings.

©2019 Navigant Consulting, Inc.
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Results

Total Electric Market Potential

Figure ES-1 shows the total 2020 (first year) electric market potential for each type of EE program
delivery approach.® The figure illustrates the magnitude of market potential for each EE program type for

each of the five scenarios listed in Table ES-1.

Figure ES -1. 2020 Net Statewide Incremental Electric Savings by Scenario
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M Equipment Rebates W BROs M Low Income C&S*

*Includes interactive effects

Some notable takeaways from the electric results include the following:

1 The overall electric savings are approximately 6% lower than the total savings observed from the
previous PG study. While the total is relatively comparable, there is a significant shift in savings
from equipment rebate programs to BROs programs and C&S.

1 Savings from equipment rebate programs dropped about 45% relative to the previous PG study.
This drop is primarily driven by the loss of nearly 225 GWh of lighting savings due to CPUC
baseline policy changes.

1 Itis important to note that while a significant amount of lighting savings is no longer represented
in the rebate program potential estimates, they are not lost. Rather, lighting savings are captured
through codes and standards and through naturally occurring EE (the latter of which was not
guantified as part of this study or claimable by IOU programs.)

3 Note that this study categorizes the following EE program areas: equipment rebates; behavior, retrocommissioning, and
operational efficiency (BROs); low income; and codes and standards (C&S).
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Savings from BROs programs increased approximately 30% in 2020 relative to the previous PG
study. This increase is mainly driven by revised data on HERs and the addition of online audits.

Consistent with past PG studies, the largest contributor to savings comes from C&S programs. It
should be noted that C&S advocacy efforts have historically been provided as a separate goal
from incentive programs.

The Alternative 4 scenario appears to yield the highest electric savings potential. This scenario
assumes the most permissive C-E threshold at 0.85 for all measures and highly ambitious efforts
aimed at increasing customer uptake of various EE programs. These efforts include high rebate
amounts, stepped-up marketing and outreach efforts, aggressive BROs interventions, and
innovative financing approaches targeted to the residential and commercials sectors.

Total Gas Market Potential

Figure ES-2 shows the total 2020 (first year) gas market potential for each type of EE program delivery
approach. The figure illustrates the magnitude of market potential for each EE program type for each of

the five scenarios listed in Table ES-1.

Figure ES -2. 2020 Net Statewide Incremental Gas Savings by Scenario
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Some notable takeaways from the gas results include the following:

1 The overall gas savings are substantially lower than the total savings observed from the previous

©2019 Navigant Consulting, Inc.

PG study. Reductions are seen in virtually every program category, except BROs.

Savings from equipment rebate programs dropped more than 20% relative to the previous PG
study. The reductions for equipment rebate programs are primarily driven by updated data on
IOU-claimable savings.
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1 Savings from BROs programs increased approximately 12% in 2020 relative to the previous PG
study. This increase is mainly driven by revised data on SEM programs.

1 Consistent with past PG studies, the largest contributor to savings comes from C&S programs. It
should be noted that C&S advocacy efforts have historically been provided as a separate goal
from incentive programs.

1 The Alternate 4 scenario appears to yield the highest gas savings potential. This scenario
assumes the most permissive C-E threshold at 0.85 for all measures and highly ambitious efforts
aimed at increasing customer uptake of various EE programs. These efforts include high rebate
amounts, stepped-up marketing and outreach efforts, aggressive BROs interventions, and
innovative financing approaches targeted to the residential and commercials sectors.
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1. INTRODUCTION

1.1 Context of the Goals and Potential Study

Navigant and its partners, Tierra Resource Consultants LLC, Cadmus, Opinion Dynamics, Jai J Mitchell
Analytics, and Lumina Decision Systems (collectively known as the Navigant team), prepared this study
(2019 Potential and Goals Study or 2019 Study) for the California Public Utilities Commission (CPUC).
The purpose of this study is to develop estimates of energy and demand savings potential in the service
territor i esmapofinve®@rtowrfedutilitieis @AJs) during the post-2019 energy efficiency (EE)
rolling portfolio planning cycle. This report includes results for Pacific Gas and Electric (PG&E), Southern
California Edison (SCE), San Diego Gas and Electric (SDG&E), and Southern California Gas (SCG). A
key component of the 2019 Study is the Potential and Goals Model (PG Model), which provides a single
platform in which to conduct robust quantitative scenario analysis that reflects the complex interactions
among various inputs and policy drivers.

The 2019 Study is the fifth consecutive potential study conducted by the Navigant team on behalf of the
CPUC. The last study published was the 2017 Study, which informed goals for 2018 and beyond.*

The 2019 Study is primarily an update of the 2017 Study. The project kicked off in December 2018 and
followed with a presentation of the draft workplan to stakeholders on January 11, 2019. This is a
significantly compressed timeline relative to past CPUC Potential and Goals (PG) studies; as such, the
opportunities to update methodologies, add measures, and deeply engage stakeholders was limited. This
is not to say no progress was made on these fronts, but rather a truncated effort was needed given the
timeline.

The 2019 Study supports multiple related efforts:

1 Inform the CPUC as it proceeds to adopt goals and targets, providing guidance for the next IOU
EE portfolios. The potential model is a framework that facilitates the stakeholder process. The
model helps build consensus for goals by soliciting agreement on inputs, methods, and model
results.

1 Inform strategic contributions to SB350 targets. The California Energy Commission (CEC) has
historically used the PG study to develop its forecast of additional achievable energy efficiency
potential (AAEE). SB350 targets a doubling of the AAEE by 2030. The CEC will continue to rely
on the PG study as an input to AAEE; the PG study will also serve as an input to SB350 target
setting.

1 Inform Integrated Resource Planning (IRP). In late 2017 and early 2018, Navigant supported
CPUC staff in examining methods to integrate EE procurement practices into the IRP optimization
process. Those efforts leveraged outputs from the 2017 Study to develop input to the IRP model.
The results of this study will continue to inform future IRP modeling efforts under subsequent
analysis not contained in this report.

f Guide the |1 OUs i n por t &prihcipa enpryyagenciesirgforecastthg forh e
procurement, including the planning efforts of the CPUC, CEC, and California Independent
System Operator (CAISO). Although the model cannot be the sole source of data for IOU

4 Navigant, Energy Efficiency Potential and Goals Study for 2018 and Beyond, September 2017.
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program planning activities, it can provide critical guidance for the I0Us as they develop their

plans for the 2020 and beyond portfolio planning period. The st udy i s al so providir
principal energy agencies with the tools and resources necessary to develop outputs in a manner

that is most appropriate for their planning and procurement needs.

The study period spans from 2020 to 2030 based on the direction provided by the CPUC and focuses on
current and potential drivers of energy savings in IOU service areas. Analysis of EE savings in publicly
owned utility service territories is not part of the scope of this effort.

1.2 Types of Potential

Consistent with the 2017 Study and common industry practice, the 2019 Study forecasts EE potential at
four levels for rebate programs:

1 Technical potential: Technical potential is defined as the amount of energy savings that would
be possible if the highest level of efficiency for all technically applicable opportunities to improve
EE were taken, including retrofit, replace on burnout, and new construction measures. Technical
potential in existing buildings represents the immediate replacement of applicable equipment-
based technologies regardless of the remaining useful life of the existing measure. Technical
potential in new construction buildings represents installation of highest level of efficiency at the
time of construction. Technical potential is undefined for codes and standards (C&S), whole
building, and behavior, retrocommissioning, and operational efficiency (BROs) programs.

Y Economic potential: Using the results of the technical potential analysis, the economic potential
is calculated as the total EE potential available when limited to only cost-effective measures.® All
components of economic potential are a subset of technical potential. Economic potential may be
a fraction of technical potential as the economic screen is applied separately to new construction
vs. existing buildings.

1 Market potential: The final output of the potential study is a market potential analysis, which
calculates the EE savings that could be expected in response to specific levels of incentives and
assumptions about existing CPUC policies, market influences, and barriers. Some studies also
refer to this as achievable potential. Market potential is used to inform the utili t iEE goéls, as
determined by the CPUC. Market potential has historically been used by the CPUC to inform the
goal setting process. Market potential is primarily reported as a net savings value (CPUC shifted
to setting goals based on net savings in 2017), though gross values are also produced by the
model.

Y Below code potential is a subset of the market potential. These savings are defined as the
opportunities for EE that program administrators can claim through accelerated replacement
programs. These savings reflect additional claimable impacts allowed after the passing of AB802.

Market potential is represented in the 2019 Study two different ways; each is based on the same data and
assumptions, though each serve separate needs and provide necessary perspectives.

1 Incremental savings represent the annual energy and demand savings achieved by the set of
programs and measures in the first year that the measure is implemented. It does not consider

5 The model default is to use the total resource cost (TRC) test as defined by the California Standard Practice Manual. The TRC
threshold for what constitutes a cost-effective measure varies by scenario.
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the additional savings that the measure will produce over the life of the equipment. A view of
incremental savings is necessary to understand what additional savings an individual year of EE
programs will produce. This has historically been the basis for IOU program goals.

1 Cumulative savings represent the total savings from EE program efforts from measures
installed since 2020 (including the current program year) and that are still active in the current
year. It includes the decay of savings as measures reach the end of their useful lives and the
continuation of savings as customer re-install high efficiency equipment that has reached the end
of its effective useful life (EUL). Cumulative savings also account for the timing effects C&S that
become effective after measure installation.

Many variables drive the calculation of market potential. These include assumptions about the way
efficient products and services are marketed and delivered, the level of customer awareness of EE, and
customer willingness to install efficient equipment or operate equipment in ways that are more efficient.
The Navigant team used the best available current market knowledge to calibrate market potential for
voluntary rebate programs.

1.3 Scope of this Study

This study forecasts the potential energy savings from the EE programs and C&S across all customer
sectors: residential, low income, commercial, agricultural, industrial, mining, and street lighting. This study
does not set IOU goals, nor does it make a recommendation as to how to set goals. Rather, it informs the
CPUCG6s goal setting process.

The study builds upon the 2017 Study; notable updates to the 2019 Study relative to the 2017 Study
include the following:

1 Refresh measure inputs : The 2019 Study conducted a prioritized refresh of measure input data.
The study continued to use the same measure list as the 2017 Study, making a few additions
where warranted. The 2017 Study conducted a comprehensive process involving stakeholders to
develop the measure list for both equipment rebate programs and BROs. During this data refresh,
the Navigant team reflected the new definition of peak demand savings as codified in the
Database for Energy Efficient Resources (DEER), vintage 2020.

1 Improve low income sector methodology : The 2019 Study conducts a bottom-up forecast of
savings from the residential low income sector. This is a major departure from the 2017 Study in
which a top-down analysis was conducted. The new bottom-up analysis uses data for individual
measures and incorporates low income market characterization data.

1 Revise scenarios to inform goal setting : The 2019 Study solicited informal feedback from
stakeholders on scenarios to consider. The 2017 Study also included scenarios but did not seek
significant stakeholder feedback in the process selecting the final scenarios to run.

The initial workplan for this study included considering multiple additional topics. These topics explore
further policy questions or provide more granularity of results. However, their outcome does not inform the
goal setting process. Due to the short timeline to conduct the 2019 Study and the need for more input
from stakeholders and CPUC staff, the following topics will be discussed and explored in a second
volume to be published later in 2019.

1 Fuel Substitution : The Navigant team did not examine fuel substitution but will conduct research
to set a foundation to integrate fuel substitution into a future potential study cycle. This research
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will identify candidate measures, identify available data and data gaps, and document a
framework for modeling.

1 EE/demand response (DR) co-modeling : The model used in the 2019 Study is not set up to
forecast both EE and DR potential. The Navigant team will conduct research to set a foundation
for how EE/DR co-modeling could be integrated into a future potential study cycle. The team
expects to coordinate with other DR potential modeling efforts funded by the CPUC in the
foundational research step.

1 Savings within disadvantaged communities (DACSs): The Navigant team proposed a high
level approach to parsing out savings in DACs to stakeholders in January 2019; little feedback
was provided. The team expects this analysis to be largely a post-processing step that will aim to
size the market potential attributable to DACs. Since program goals are set on an aggregate
basis and are not specific to DACs, this research will be conducted later in 2019.

1 Savings wit hin REN s/CCAs: The Navigant team proposed a high level approach to parsing out
savings in Regional Energy Networks (RENs) and Community Choice Aggregators (CCAS) to
stakeholders in January 2019. The team expects this analysis to be largely a post-processing
step that will aim to size the market potential attributable to RENs and CCAs. However,
uncertainty around the planned growth of RENs and CCAs as well as the expected use of these
results requires additional discussion with CPUC staff and input from stakeholders. Since
program goals are set on an aggregate basis and are not specific to RENs or CCAs, this research
will be conducted later in 2019.

1.4 Changes Since the Previous Study

Several impactful market and policy updates have occurred in the last 2 years, driving key changes to the
results of the PG study. They are described in Table 1-1..

Table 1-1. Changes and Impacts Relative to 2017 Study

Category Change Impact on Study

Baseline Recent DEER Resolution E-4952  Significantly cuts lighting savings across all

Policy deemed non-residential lighting sectors, which were a large part of past IOU
standard practice baseline to be programs and goals. The amount of savings
LED. Similarly, CPUC staff reduced is approximately 225 GWh across all
directed the PG team to assume I0Us when comparing the year 2020 to the
LEDs are baseline in the previous PG study results.
residential sector as well. These savings are above code and, may not

fully appear in forecasted IOU C&S claims.
Savings lost from IOU programs because of this
policy may move to a category of naturally
occurring savings not forecast by this study (or
claimable by IOU programs).

BROs Updated impact evaluation data Increase incremental first-year savings from

Measures was used and new measures BROs, specifically from home energy reports
added relative to the previous PG (HERS), online audits, and strategic energy
study (online audits). management (SEM)
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Category Change Impact on Study
DEER/ DEER 2020 is a primary source Majority of weather-sensitive measures were
Workpapers of measure input data (the updated, decreasing savings and thus
previous study relied on DEER decreasing potential specifically impacting
2017). residential gas savings. DEER 2020 also
implements the new definition of peak demand
savings.
Custom This study used more recent Industrial and agriculture custom project
Project years of program data not savings are projected to decrease in the
Savings previously available; this recent forecast range.
data shows a downward trend in
savings.
Low Income Recently published evaluations Evaluation of ESA shows program realization
Programs for the Energy Savings rates in the range of 18 - 53% in 2017 across
Assistance (ESA) Program were  the IOUs. Some measures were found to save
leveraged to update model no energy in ESA programs. Implementing this
inputs. data reduced low income program potential.
Cost- This study uses avoided costs Slight decrease in avoided costs due to updates
Effectiveness published in 2018 after the to the GHG adder, which decreases cost-
CPUC-approved greenhouse gas effective market potential results in the 2020-
(GHG) adder went into effect. 2030 range.
The previous study used a higher
estimate of the GHG adder.
Rebate New measures were added to Increase in residential savings potential but not
Program this study relative to the 2017 enough to backfill the loss of claimable LED
Measures Study: smart connected power savings.

strips and connected LEDs.

1.5 Stakeholder Engagement

The Navigant team engaged with stakeholders through multiple public workshops, in part supported by
the Demand Analysis Working Group.® These workshops were used to request data, collect feedback on
scope, discuss methodology, and discuss key assumptions. Table 1-2. provides the schedule of meetings
that were held. After each meeting, stakeholders were provided a period in which they could submit
informal comments to the Navigant team and CPUC. The team reviewed all comments received and
incorporated appropriate edits/changes into the study.

Table 1-2. Stakeholder Meeting Schedule

Date Topics of Discussion

January 11, 2019 Overview of the scope of the 2019 Study

(Webinar) AIMS Emerging Tech and Generic Custom

February 4, 2019 Methodology

8 http://demandanalysisworkinggroup.org/
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February 21, 2019 (Webinar) Scenarios

March 21, 2019 Calibration Workshop
Presentation of Draft Results
May 9, 2019 (formal comments allowed until May 21, 2019 and reply

comments allowed until May 31, 2019)

1.6 Content of this Report
This report documents the data relied upon by and the results of the 2019 Study.

1 Section 2 provides an overview of the methodology for each key area of the study.

1 Section 3 provides details on the input data used for each key area of the study. It describes the
data sources and process taken to incorporate the data into the PG Model.

1 Section 4 provides the studyd eesults on a statewide basis.

1 Section 5 focuses only on Low Income programs and providesthest udy é6s met hodol ogy,
assumptions and results on a statewide basis.

1 Appendices provide additional details for key topic areas.

Aside from this report, the following supporting deliverables are available to the publicviat he CPUCO® s
website:’

1 2019 PG Results Explorer : A web-based tool that allows readers to dynamically explore the
results of the study, including all five scenarios. Available at:
https://bit.ly/2019-CA-Energy-Efficiency-PG-Study

1 2019 PG MICS: A spreadsheet version of the Measure Input Characterization System
documenting all final values for all rebated technologies forecast in the model.

1 2019 PG BROs Inputs : A spreadsheet version of all measure-level inputs for BROs measures.

1 2019 PG Measure Level Results Database: A spreadsheet of technical, economic, and market
potential for each measure in each sector, end use, and utility. The database also includes
measure level C&S results.

1 2019 PG Model File: An Analytica-based file that contains the PG Model used to create the
results of this study.

1 2019 PG Model Users Guide : Document that helps advanced users who want to open and run
the PG Model file in Analytica.

7 http://www.cpuc.ca.gov/General.aspx?id=6442452619
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2. STUDY METHODOLOGY

The primary purpose of the 2019 Study is to provide the CPUC with information and analytical tools to
engage in goal setting for the IOU EE portfolios. In addition, this study informs forecasts used for
procurement planning. The study itself does not establish any regulatory requirements.

The 2019 Study forecasts potential energy savings from a variety of sources within seven distinct
customer sectors: residential, low income, commercial, agricultural, industrial, mining, and street lighting.
Thesesectorsar e al s o us e thtegrated Energy PQliEy@®Répsrt (IEPR) forecast. Within some
or all the sectors, sources of savings include the following:

1 Rebated technologies : Discrete mass market technologies that are incentivized and provided to
IOU customers in the residential, commercial, industrial, agricultural, mining, and street lighting
sectors. These sectors are modeled using individual measures for specific applications.

1 Whole building approaches: In the case of whole building initiatives, the measure is
characterized for the building retrofit or house retrofit rather than for specific technology or end
uses. Whole building initiatives are modeled for the residential and commercial sectors.

1 Custom measures and emerging technologies: This study defines custom measures as
improvements to processes specific to the industrial and agricultural sectors; the measures
themselves are not individually defined and rather represent a wide array of niche technologies.
Similarly, emerging technologies are represented as a wide array of technologies and not
individually defined.

1 Behavior, retrocommissioning, and o perational efficiency (BROSs): For the purposes of this
study, the Navigant team defines behavior-based initiatives as those providing information about
energy use and conservation actions rather than financial incentives, equipment, or services.
Savings from BROs are modeled as incremental impacts of behavior and operational changes
beyond equipment changes.

1 Codes and standards (C&S) : Codes regulate building design, requiring builders to incorporate
high efficiency measures. Standards set minimum efficiency levels for newly manufactured
appliances. Savings are forecast from C&S that went into effect starting in 2006.

1 Financing: Financing has the potential to break through several market barriers that have limited
the widespread market adoption of cost-effective EE measures. The PG Model estimates the
effects of introducing EE financing on market potential and how shifting assumptions about
financing affect the potential energy savings.

1 Residential low income: The 2019 Study conducts a bottom-up forecast of savings from the
residential low income sector. This is a major departure from the 2017 Study in which the
Navigant team conducted a top-down analysis. The new analysis uses low income-specific
market characterization data and applies the same measure list as the residential sector.

The modeling methodology leverages much of what was used in the 2017 Study. The rest of this section
discusses the 2019 Study methodology.
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2.1 Modeling Methods

Table 2-1. summarizes the modeling approach for each source of savings. Each approach is discussed in
more detail in the subsequent subsections.

Table 2-1. Overview of Modeling and Calibration Approach

Summary of Methodology
Summary of Modeling Calibratign Change

Approach Relative to
Agprersieln 2017 Study ?

Savings Source

Bass diffusion forecast competes
below code, at code, and above Calibrated to historic

Rebated technologies ; . ; No
code technologies against each program spending.
other.
Bass diffusion forecast competes
Whole building below code, at code, and above Calibrated to historic No
packages code technologies against each program spending.
other.
. . Trend forecast based on recent Forecast is anchored
Industrial /Agriculture ; . ; . .
IOU custom project savings in in IOU program history
custom measures ; ;
- these sectors. Emerging and thus inherently No
and emerging hnolodi h librated t t
technologies technologies can ramp up the calibrated to curren
trend in the future. market conditions.
Interventions are limited to the
applicable customers and Starting penetration
markets. For the applicable rates are based on
BROs . . . No
markets, Navigant assumptions current penetration
are made regarding reasonable rates.
penetration rates.
Model replicates the algorithms of  Calibration not needed
C&S the CPUCO6s | nt e g asevaluated results No
Savings Model (ISSM). are used.
Financing is applied to rebated
technologies and whole building
Fi . approaches. It reduces upfront No program data to
inancing : . i . No
barriers, increasing consumer calibrate to.
adoption, and supplements Bass
diffusion modeling framework.
Bass diffusion forecast competes
. . below code, at code, and above Calibrated to historic
Residential low : ! )
: code technologies against each low income program Yes
income . . . )
other. (Discussed in greater detail accomplishments.
in Section 5)

2.1.1 Rebated Technologies
Rebated technologies make up the majority of historic program spending and savings claims. Thus, they

are a core part of the forecast. Th e Na v i g aapproach ® madélisg rebated technologies has not
changed since the 2017 Study. This methodology is documented in this section.
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2.1.1.1 Types of Technologies

The PG study forecasts the adoption of more than 150 EE technologies. Each measure can be classified
into one of several broad measure types. Each measure type is treated differently in terms of calculating
cost-effectiveness, calculating energy savings relative to the baseline, and modeling consumer decisions
and market adoption. These differences are further discussed throughout this section of the report. The
types of measure installations are outlined below:

1 New Construction : Equipment installed in a newly constructed building. In this situation, energy
savings calculations are always relative to code.

1 Installation in Existing Buildings
o Equipment

A Replace on burnout (ROB) : New equipment needs to be installed to replace
equipment that has reached the end of its useful life, has failed, and is no longer
functional. Upon failure, ROB equipment is generally not repaired by the
customer and is instead replaced with a new piece of equipment. Appliance
standards are applicable to some types of ROB equipment and apply to all new
purchases.

A Accelerated replacement (AR): Equipment that is beyond its EUL and is
continuing to function in the market. The customer is not planning to replace the
equipment on a regular cycle; thus, programs are targeted at the customer to
accelerate t he equ iDpahbaselingssre applipditoatteseme nt .
measures.

o Retrofit (RET)

A RET add-on: New equipment being installed onto an existing system, either as
an additional, integrated component or to replace a component of the existing
system. In either case, the primary purpose of the add-on measure is to improve
overall efficiency of the system. These measures are not able to operate on their
own as standalone equipment and are not required to operate the existing
equipment or building. Codes or standards may be applicable to some types of
RET add-on measures by setting minimum efficiency levels of newly installed
equipment, but the codes or standards do not require the measure to be
installed.

A RET replacement : Measures that will be replaced not due to equipment failure
but rather triggered by building renovation. These measures are those that are
installed to replace previously existing equipment that has either not failed or is
past the end of its EUL but is not compromising use of the building (such as
insulation and water fixtures). Many of these installations are subject to building
code, but upgrades are not always required by code until a major building
renovation (and even then, some may not be required).

2.1.1.2Technology Groups, Efficiency Levels , and Competition
Within each technology type, multiple groups of technologies are formed and characterized. A technology

group consists of multiple levels of efficiency of the same technology, an example of which is illustrated in
Table 2-2.. Technologies within a technology group compete for installations. The individual technologies
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characterized within each group are designed to capture varied efficiency levels including below code
units, at code units, and multiple levels of high efficiency units (up to and including emerging
technologies, where appropriate.) In determining which technologies to include in a group, the Navigant
team considered possible future code levels as well as popular efficiency levels historically rebated by
IOU programs.

Table 2-2. Example of Technologies withina  Technology Group

g?gngology Technology Description
Eﬁfggﬁgﬂiﬁgig%ﬂg)n%gxc Average Below Code Efficiency Level
Residential SEER 13 AC Code Efficiency Level Pre-2015
(R:g?]it(:;”:é' Residential SEER 14 AC Code Efficiency Level 2015 and Beyond
Residential SEER 15 AC High Efficiency Level 1
Residential SEER 18 AC High Efficiency Level 2
Residential SEER 20 AC High Efficiency Level 3

The model simulates the flow of equipment stock across the different technologies within a technology
group. Flow of stock occurs when the customer owning the equipment reaches a decision point to either
maintain the existing equipment or replace it with a new unit. The decisions available to the customer in
the model depend on the type of technology category (discussed in Section 2.1.1.1) the equipment in
guestion falls in. Figure 2-1 illustrates the replacement options a customer is faced with. The model
allows customers to maintain their existing equipment, upgrade to higher efficiency equipment, or
downgrade from high efficiency equipment to code-level equipment. With each replacement a unit energy
savings, cost, and C-E value is associated with the decision.

Figure 2-1. Stock Flow within a Technology Group
To-Code Participant™  Code to Efficient Participant™

Repairm /\R&Paﬂicipant
{\ ¥ Decay N n

Below
Code

Code Efficient

v

Code-for-Code
Replacement

Base to
Efficient
Participant

*only applicable to Accelerated Replacement measures
** only applicable when a code or standard exists
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2.1.1.3 Technical and Economic Potential

Technical potential is defined as the amount of energy savings that would be possible if the highest level
of efficiency for all technically applicable opportunities to improve EE were taken, including RET
measures, ROB measures, and new construction measures. As previously discussed, technical potential
can be reported in two forms: instantaneous and annualized. The following considerations are factored
intot h e t ealkulabos of technical potential:

1 Technical potential assumes all eligible customers within a technology group adopt the highest
level of efficiency available within the technology group.

1 Technical potential represents the savings from converting all equipment that is at or below code
to the highest level of efficiency within a technology group.

1 Total technical potential is the sum of all individual technical potential within each technology
group excluding whole building packages, low income programs, and BROs. Whole building
packages are excluded from the technical potential as doing so would be duplicative. Technical
potential for low income programs and BROs are undefined in this study.

Using the results of the technical potential analysis, the economic potential is calculated as the total EE
potential available when limited to only cost-effective measures. All components of economic potential are
a subset of technical potential. In addition to the above considerations in modeling technical potential, the
following considerations are factored intot h e t ealkulafios of economic potential:

1 Economic potential assumes all eligible customers within a technology group adopt the highest
cost -effective level of efficiency available within the technology group. The most efficient
technology within the group may not be cost-effective.

91 Various C-E screens can be applied (previously discussed in Section 1.2); thus, economic
potential can vary by scenario. Meanwhile, technical potential does not vary by scenario.

2.1.1.4 Market Potential

To estimate the market potential for rebated technologies, the model employs a three-step process, as
shown in Figure 2-2. In the first step, the model calculates the number of installation decisions expected
to occur for each measure in each year. The types of installation decisions vary by type of technology.
For ROB technologies (e.g., residential lighting), the customer decision to adopt occurs at the end of the
base measur ARwherd eqdipment ig-past the EUL (e.g., commercial chillers), the Navigant
team models the customer decision to adopt past the EUL (based on the extended life due to repair).
Finally, for RET technologies, the customer adoption decision is not governed by equipment failure and
thus can occur before or after the EUL. The model simulates technology stocks for base and efficient
technologies separately to account for EUL differences. The number of adoption decisions that occur in
each year is considered the eligible population, which is a function of the building stocks, technology
saturation, type of technology, and technology burnout rates (i.e., based on EUL).

In the second step, the model simulates the adoption of each measure that passes a C-E screen in each
year. The model considers the number of installation decisions that may occur in each year, the
estimated level of awareness of each measure in the eligible population, and the willingness to adopt
each measure that passes the C-E screen. It is in this step that the model employs the Bass diffusion
approach to simulate adoption (described in more detail below).

©2019 Navigant Consulting, Inc. Page 18



NAV'GANT 2019 Energy Efficiency Potential and Goals Study

In the final step, the model calculates energy savings and corresponding costs and benefits resulting from
measure adoption decisions in the second step. Savings are calculated relative to the appropriate
baseline efficiency level depending on the type of replacement.

Figure 2-2. Three-Step Approach to Calculating Market Potential for Rebated Measures

Building End Use Installations
Stocks Stocks Decisions

Measure Measure Measure Measure
Screen Awareness Willingness Adoption

Baseline Measure Portfolio Costs
Efficiency Savings & Benefits

The model employs a bottom-up, dynamic Bass diffusion approach to simulate the market adoption of
efficient measures. The Bass diffusion model is illustrated in Figure 2-3 and contains three parameters:

1 Marketing, education, and outreach  (ME&O) moves customers from the unaware group to the
aware group at a consistent rate annually. Unaware customers, as the name implies, have no
knowledge of the energy efficient technology option. Aware customers are those that have
knowledge of the product and understand its attributes. ME&O is often referred to as the
Advertising Effect in Bass diffusion modeling.

1 Word of mouth represents the influence of adopters (or other aware consumers) on the unaware
population by informing them of efficient technologies and their attributes. This influence
increases the rate at which customers move from the unaware to the aware group; the word of
mouth influence occurs in addition to the ongoing ME&QO. When a product is new to the market
with few installations, often ME&OQ is the main source driving unaware customers to the aware
group. As more customers become aware and adopt, however, word of mouth can have a greater
influence on awareness than ME&O and lead to exponential growth. The exponential growth is
ultimately damped by the saturation of the market, leading to an S-shaped adoption curve, which
has frequently been observed for efficient technologies.

1 Willingness is the key factor affecting the move from an aware customer to an adopter. Once
customers are aware of the measure, they consider adopting the technology based on the
financial attractiveness of the measure. The PG Model applies two distinct approaches to
calculate willingness depending on the sector and need. Additional discussion of willingness
follows Figure 2-3.
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Figure 2-3. The Bass Diffusion Framework
A Dynamic Approach to Calculating Measure Adoption 8

....) ...............}

Unaware =ﬁ= Aware =ﬁ= Adopters

ME&O

Approach to Calculating Willingness

Customer willingness to adopt is a key determinant of long-run market shared i.e., what percentage of
individuals choose to purchase a technology provided those individuals are aware of the technology and
its relative merits (e.g., the energy- and cost-saving features of the technology). The PG Model applies
two approaches to calculating willingness depending on the sector:

1 Levelized measure cost/logit approach: For the residential and commercial sectors where
information on baseline and efficient costs are available and to more appropriately capture the
impacts of EE financing on market adoption, a levelized measure cost (LMC)/logit approach is
applied. The LMC is based on the present value of the cost of purchasing and operating the
equipment throughout its EUL, discounted using a consumer implied discount rate (iDR).® The
equation used to calculate the LMC is shown below.

Equation 2-1. Levelized Measure Cost Calculation
006 "YRQl 6D D W& & ANWBHAQT OO KBADRD YD

To calculate long-run market share or willingness as a function of the LMC for both base and
efficient technologies, the Navigant team employed a logit decision maker approach.® ! This
approach applies best practices in predicting consumer behavior and allows competition of
multiple measures with different EULs for each end use.

Equation 2-2. Logit Decision Model 12
Q

® B

8 Adapted from John Sterman. 2000. Business Dynamics: Systems Thinking and Modeling for a Complex World. McGraw-Hill.
9 See 2015 Study for details on the iDR

YMcFadden, Daniel, Train, K. #@Mixe dommMunahlbApmeiddEcofometricsDVok 15rNe.t5,e
pp. 447-470.

11 Train, Ken. "Discrete Choice Methods with Simulation.” 2003. Cambridge University Press.

12|n this equation, W is the willingness, b is a sensitivity factor fit to willingness survey results, n is the number of competing
technologies, and LMC is the levelized measure cost.
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Figure 2-4 illustrates how consumer willingness changes as a function of the ratio of the efficient
to base LMC. In this illustration, an LMC ratio of 1 implies both the efficient and base technologies
are at parity and thus the market is split, with 50% choosing to adopt the efficient technology. For
an LMC ratio of 0.5, which implies the efficient technology is cheaper than the base technology,
the curve indicates that 73% would adopt the efficient technology.

Figure 2-4. lllustration of Logit Willingness Curve
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1 Payback -based approach: For the agriculture, industrial, mining, and street lighting (AIMS)
sectors where information on baseline technology costs is not available and where there is no
need to explore the impacts of EE financing, the Navigant team used a payback-based approach
to calculate willingness. Payback time reflects the length of time (years) required for an EE
investment to recover the initial upfront cost in terms of energy savings. After calculating payback
time, to estimate market share for the AIMS measures, the team relied on payback acceptance
curves based on Navigant-led primary research in the US Midwest in 2012.%® Though California-
specific data was not available to estimate these curves, Navigant considers that the nature of the
customer decision-making process is such that the data developed using North American
customers represents the best industry-wide data available at the time of this study.

13 A detailed discussion of the methodology and findings of this research are contained in the Demand Side Resource Potential
Study, prepared for Kansas City Power and Light, August 2013.
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Figure 2-5. Payback Acceptance Curve for AIMS Sectors 14
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2.1.1.5 Calculating Cumulative Market Potential

The PG study reports both incremental and cumulative savings. In the recent past, IOU goals have been
based on incremental savings only, while cumulative savings was used to inform the CEC demand IRP.
Cumulative savings represent the total EE program savings from measures installed since a start year

and that are still active in the current year. Active savings are calculated by accounting for the following:

1 Decay of savings as measures reach the end of their useful lives

1 C&S that come into effect over time

Unlike annual savings, cumulative savings include savings from re-participants. Incremental savings only
consider that from first-time adopters. Sustained savings from re-adoptions need to be counted in
cumulative savings for the demand forecast. The PG Model assumes re-participants re-adopt measures
at the same rate as new participants, consistent with the 2017 Study. The calculation of cumulative
savings is illustrated in Figure 2-6.

14 Sourced from Navigant analysis of data contained in Demand Side Resource Potential Study prepared for Kansas City Power and
Light, August 2013.
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Figure 2-6. Cumulative Savings lllustration
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2.1.1.6 Net-to-Gross for AR Measures

The PG study is required to avoid double counted savings between C&S and below code rebate
programs. These are the below code savings generated from rebated equipment that would be realized
even in the absence of program administrator rebate programs. This savings would occur as equipment
would naturally turn over and be replaced with code-compliant equipment. These savings are already
embedded and accounted for in the CEC demand forecast; thus, further decrementing the forecast with
this savings would be double counting. The PG study takes the approach of attempting to remove double
counted savings from the market potential (which informs IOU goals).

The first step the PG study takes in avoiding double counting is to target old equipment when considering
below code potential. This is equipment that is not turning over on a regular basis. The remainder of
equipment that is turning over on a regular basis has its below code savings already captured through
C&S.

The next step in avoiding double counted savings is to identify free ridership of below code savings. This
is illustrated in Figure 2-7. Below code free ridership implies that customers were not necessarily
influenced by the IOU rebate to come up to code but were influenced by other outside factors. This
requires the PG study to apply a net-to-gross (NTG) ratio to below code savings.
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Figure 2-7. Below Code NTG lllustration

High
Efficiency m
£
G | L. M
8 A
o z
5 )
\ £
Informs
Code Z~ 10U Goals
o |8
B | reeeerencnrenisy
[7]
o ﬂ
o \E Double
Existing__ v Counted
Baseline Savings

AC = Above Code
BC = Below Code
FR = Free Ridership

Determination of the below code NTG (NTGasc) is not a simple task as no data exists to inform this
process. Recent CPUC guidance is to assume below code NTG is the same as above code NTG until

additional data becomes available.

2.1.2 Whole Building Packages

Whole building packages are modeled the same way as rebated technologies with one exception.
Technical and economic potential results are not presented as they are duplicative with the technical and

economic potential of rebated technologies.

2.1.3 Industrial and Agriculture Custom Mea sures and Emerging Technologies

Custom measures and emerging technologies for the industrial and agricultural sectors used Equation
2-3 to calculate incremental market potential.

Equation 2-3. General Equation for Calculating Incremental Market Potential for Generic Custom
and Emerging Technologies
® Ol 'Qda Decni E'S(fiﬂi:(‘)(‘) Q¢ 0MQwa B B B
0£1N06a0OSUREN QOO Qe Ty¥aiQd Qi "Wl Q¢ "WIQE QO i "WHBXR ¢
Where:

1 Population is a global input that is represented as the total energy consumption by subsector
within the industrial and agriculture sectors.

1 Applicability Factor represents eligibility and other program-specific variables that are applied at
the subsector level.

1 Unit Energy Savings represents the percent savings expected from customers adopting
technologies at the subsector level.
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1 Penetration Rate represents annual new participation and varies over time; it can also vary by
scenario for emerging technologies. Penetration rate is applied at the market sector level.

Emerging technologies were screened for consideration based on an eight-level screening process
considering the following factors:

Relevance to the industrial and agricultural sectors

Relevance by North American Industry Classification System (NAICS) segment

End-use application

Type of fuel savings

Potential energy savings percentage

Impact potential (including technical and market potential, risks, and non-energy benefits)

Segment energy consumption trends

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

Segment market trajectory

The emerging technologies that passed the screening criteria were used to derive emerging technology
UES values grouped by market segment (e.g., petroleum, food processing, etc.) using the methodology
defined in Appendix F. Emerging technology UES is represented as a percent savings relative to the total
building energy consumption. It is meant to reflect the combination of available emerging technologies
that pass the screening process for each sector and segment rather than represent individual
technologies. UES is estimated based on multiple factors listed below Equation 2-4.

Equation 2-4. UES Equation for Emerging Technologies

YOYYY O 0% Yy

Where:
e = subscript indicating the specific emerging technology
i = subscript indicating the specific end-use and fuel type
j = subscript indicating the market subsector and NAICS segment
Y = technology energy savings percentage for emerging technology, e, by end-use
application
O, = percentage of total energy consumption by subsector j energy attributable to end-use i
0"y = market trajectory for sector j
Y6 = segment energy consumption trend weight for sector j

The factors that make up the UES include the following:
1 Each emerging technology has a unique technology energy savings percentage, Te

1 California market data defines the sector end-use percentage of total energy consumption, Ei;
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1 The market trajectory for each sector, MTj, is a value between 0 and 1, indicating if the sector is
likely to move offshore (0.33), close to tipping point of moving offshore (0.67), or likely to remain
in the US (1)

1 The segment energy consumption trend weight, TW;, is a value between 0 and 1, indicating the
trend of energy consumption of each sector over time based on an analysis provided by the CEC
shows electricity consumption trend for various industries from 1990 through 2015

Section 3.5 discusses the data inputs for this equation.

Industry standard practices (ISPs) are not forecast to impact the potential from custom measures and
emerging technologies. ISPs are technology- and segment-specific, while custom programs and
emerging technologies as forecast in this study do not contain technology-specific information to allow
application of ISPs.

2.1.4 Behavior, Retrocommissioning , and Operational Efficiency (BROS)

For the purposes of this study, the Navigant team defines behavior-based initiatives as those providing
information about energy use and conservation actions to drive customer actions rather than financial
incentives, equipment, or services to support customer investment. The market potential modeled for
these initiatives is incremental savings from equipment change-outs.

2.1.4.1 Energy and Demand Savings

Equation 2-5 is the general equation for the BROs potential model. Each of the components are
described below.

Equation 2-5. General Equation for Calculating Incremental Market Potential for BROs
"0 @i 'Qdmc"aiqiﬁ'@'bb Q¢ 0 QO o . B
DENOOMOTUENEN Qw W QO V& 0E Qi "o Q¢ "WIQE QO 1 DB &
Where:
1 Population is a global input that can be represented in two ways: number of homes and square
feet of floor space or sector energy consumption.

1 Applicability Factor represents eligibility and other program-specific variables, including existing
saturation that precludes customers from participating in future IOU interventions.

1 Unit Energy Savings represent the savings expected from participants and can also be
represented in two ways: kWh and therms or percentage of consumption.

1 Penetration Rate represents participation and varies over time and by scenario (reference or
aggressive). This reflects both the utility-driven rollout and the customer uptake of the program,
depending on the nature of the program.

The initial penetration rates are based on existing levels of participation (either for the California I0Us for
existing programs or the program from which datawas drawnandappl i ed t o t he Cali fornia

15 Sirkin, H. et al. U.S. Manufacturing Nears the Tipping Point, The Boston Consulting Group, March 2012,
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territories). The forecasts are the result of professional judgement based on program operations and
whether participation is utility driven (opt out) or customer driven (opt in).

The potential for double counting among BROs programs was addressed in the characterization of
programs in the same sector. The Navigant team adjusted penetration and applicability to avoid the
double counting of savings.

This effort does not examine programs that focus on demand reduction (e.g., DR) but does include
demand savings from the characterized BROs programs using Equation 2-6.

Equation 2-6. General Equation for Calculating BROs Demand Savings
08 O Q&G0 WEOO Q& VWO 0: O @i "BESO Q& VMO 0 Q@ E Qi Y@ Q%

2.1.4.2 Costs

Similar to demand savings, utility program costs are calculated from the energy savings in Equation 2-5.
The cost factor in Equation 2-7 is a unit energy cost expressed in either dollars per kwh or dollars per
therm. For programs that save both electricity and gas, it was sometimes possible to divide the costs by
fuel type; however, in instances where this was not possible, all costs were assigned to one fuel type to
avoid double counting costs.

Equation 2-7. General Equation for Calculating BROs Program Costs
01 &€ "QI6@d 60& OG1 Qa0 RO Q& 0 EEIOB DO & |

2.1.5 Codes and Standards

C&S impacts on EE potential are modeled two ways:

1 C&S impacts the code baseline for IOU-rebated measures; as C&S becomes more stringent in
the future, above code savings claimable by IOU programs decrease. This is discussed further in
Section 2.1.1.2.

1 10Us can claim a portion of savings from C&S that come into effect through the IOU C&S
advocacy programs. This section describes the calculation of IOU-claimable savings from C&S.

This study calculates the estimated savings of C&S in multiple formats, each for a different use:

1 Net C&S savings are the total energy savings estimated to be achieved from the updates to C&S
since 2006. Net savings calculations account for naturally occurring market adoption (NOMAD) of
code-compliant equipment and are used to inform demand forecasting, procurement planning,
and tracking against GHG targets. This informs the CEC forecast of AAEE and SB350 target
setting.

1 NetIOU C&S program savings identifies the portion of the net C&S savings that can be
attributed to the advocacy Thixresktisaded to infamtheQBHs C&S
program goals.
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The modeling methodology of C&S savings was based on the Integrated Standards Savings Model
(ISSM)?¢ developed by Cadmus and DNV GL and used by the CPUC in C&S program evaluation. The
Navigant team replicated the methodology of ISSM in the PG Model for use in this study. The process of
calculating net C&S savings and net IOU C&S program savings is illustrated in Figure 2-8. Key
components of the calculation listed in Figure 2-8 include the following:

1 Unit sales: Unit sales are the assumed baseline units sold each year for each measure. They
represent the expected population of code-compliant or standard-compliant equipment adopted.

1 UES: UES are the energy savings (in kwWh, kW, or therms) relative to the previous code or
standard for the new compliant equipment.

1 Compliance adjustment factor (CAF) : CAF is the baseline assumption for the rate at which the
population complies with codes or standards.

1 NOMAD: The naturally occurring market adoption is the fraction of the population that would
naturally adopt the code-compliant or standard-compliant measure in the absence of any code or
standard.

1 Attribution : 10U attribution is the portion of gross C&S savings in California that can be claimed
by 10U code support programs.

91 Allocation factors : Allocation factors are the fraction of the statewide C&S savings that occur in
each 10U territory. Additional allocation factors assumed by the Navigant team break down the
savings into sectors and end uses.

Figure 2-8. C&S Savings Calculation Methodology

Naturally
Compliance Occurring o
Unit Sales Adjustment Market Alifiottion fo Allocation
) C&S Program
Factor Adoption
(NOMAD)

Net IOU C&S

. Net IOU C&S Program
Potential C&S » Gross C&S Net C&S S ot [

Savings Savings Savings

Savings Utility, Sector,
and End Use

Unit Energy
Savings

The 2019 Study continued to use no layering when analyzing net IOU attributable C&S savings from
evaluated C&S. Layering issues were not addressed for unevaluated future C&S.

16 Cadmus and DNV GL. Integrated Standards Savings Model (ISSM). 2017.
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2.1.6 Financing

Financing has the potential to break through several market barriers that have limited the widespread
market adoption of cost-effective EE measures. The PG Model is able to estimate the added effects of
introducing EE financing on EE market potential and how shifting assumptions about financing affect the
potential energy savings.

No updates relative to the 2017 Study have been made to the methodology or data inputs related to
financing in the 2019 Study. Additional details on the methodology and data inputs can be found in
Appendix G.

2.2 Calibrati ng Rebated Technologies and Whole Building Approaches

SB350 directed the CPUC to adopt goals based on EE potential studies that are not restricted by
previous levels of utility EE savings. However, this does not mean that a potential study model should not
be calibrated.

Like any model that forecasts the future, the PG Model faces challenges with validating results, as there
is no future basis against which one can compare simulated versus actual results. Calibration, however,
provides both the developer and recipient of the model results with a level of comfort that simulated
results are reasonable. Calibration is intended to achieve the following:

1 Anchors the model in actual market conditions and ensures that the bottom-up approach to
calculating potential can replicate previous market conditions.

1 Ensures a realistic starting point from which future projections are made.

1 Accounts for varying levels of market barriers and influences across different types of
technologies. The model applies general market and consumer parameters to forecast
technology adoption. There are often reasons why markets for certain end uses or technologies
behave differently than the normd both higher and lower. Calibration offers a mechanism for
using historic observations to account for these differences.

The calibration process is not a regression of savings or spending (not drawing a future trend line of
savings based on past program accomplishments). Rather, calibration develops parameters that describe
the customer decision-making process and the velocity of the market based on recent history. Once these
parameters are set, the model uses them as a starting point for the forecast period.

The PG Model was calibrated in two steps. First, the Navigant team conducted a draft calibration based
on historic data from 2013 through 2016. Second, the team reviewed the draft-calibrated results with
stakeholders to incorporate effects post 2017 and the collective insights of stakeholders on how the future
may differ from the past.

Step 1 calibrated by reviewing portfolio data from 2013 through 20167 to assess how the market has
reacted to program offerings in the past. The calibration starts in 2013 because a key input to the model

17 Calibration extends through 2016 rather than 2017 or 2018 due to the timeline constraints placed on this study. The 2017 model

and study was set up to extract and process c alproddesadata upthroagh t a

from

2016. Program data (including program plans) for 2017 and beyond

CEDARS under the short timeline of this project was not possible.
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(equipment saturation data) was based on data collected in the 2012-2013 timeframe. Thus, the model

must begin in the same year that its equipment stock data begins.

Step 2 allows for calibration to account for more recent changes to programs. The Navigant team held a

workshop on March 21, 2019 to present preliminary draft results of the residential, commercial, and
industrial sectors to stakeholders. Following the presentation was a discussion of the following:

1 Stakeholder impressions/reactions to the magnitude of the savings and breakdown across
different end uses

1 Stakeholder input on future trends not captured during the historical calibration

1 Stakeholder insights regarding specific sectors/end uses that will be significantly impacted by

program changes (positive or negative)

1 Defensible reasoning to support any suggested changes

The Navigant team used inputs from this process to inform refinements to the modeling parameters that

result in the final calibrated forecast. For more details on calibration, please see 5.

2.3 Scenarios

This study continues to forecast multiple scenarios of market potential to inform the goal setting pro
Scenario development in this study continues to follow the same framework as the 2017 Study.

The 2019 Study developed fives cenari os that inform the CPUC

1 One reference scenario that stems directly from the calibration process

1 Four alternate scenarios (informed by stakeholder input)

Additional scenario analysis will be conducted as part of the AAEE analysis after the PG study is
finalized. AAEE scenarios feed into the C E C ¢E®PR and are built around the adopted IOU goals an
informed by PG scenarios. AAEE scenarios are able to consider additional variables and policy con
and, most importantly, do not impact IOU goals.

This study considers scenarios primarily built around policies and program decisions that are under
control of the CPUC and I0Us collectively; these are referred to as internally influenced variables.
Externally influenced variables were not considered in scenarios that inform the goals. External vari

Cess.

6s

d
text

ables

are those that the CPUC and I0Us collectively have no control over. A list of example internally and

externally influenced variables can be found in Table 2-3..
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Table 2-3. Variables Affecting EE Potential

Internally Influenced Externally Influenced

1 C-Etest 9 Building stock forecast

1 C-E measure screening threshold 1 Retail energy price forecast

1 Incentive levels 1 Measure-level input uncertainties (UES,
1 Marketing and outreach unit costs, densities)

f BROs customer enroliment over time f Non-I0U financing programs

T 10U ﬁnancing programs bl Enacting of future C&S

Additional details on each of the internally influenced variables can be found in Table 2-4..

Table 2-4. Internally Influenced Variables Considered for Scenario Setting

Potential Impact Applicability

Description

Economic

Different C-E screening tests or thresholds
C-E test yield different amounts of economic potential
and cause the market potential model to
incentivize different sets of measures. These
only apply to rebate programs (excluding the
C-E measure low income program). Screening threshold
screening threshold  applies to individual measures (not the
portfolio as a whole).

Varying incentive levels will change both the
Incentive levels C-E of measures and their value proposition
to customers.

Varying marketing and outreach levels

Marketing and impacts the rate at which technologies are

outreach adopted by customers.

Enrolliment in BROs programs is an input
BROs program vector. Navigant can assume a conservative
assumptions rollout (reference) or an aggressive rollout of

BROs programs.

I0OU financing programs help reduce the cost
Financing programs  burden associated with efficient measure
adoption.
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The study presented this scenario framework to stakeholders on February 21, 2019, and stakeholders
were invited to provide feedback. 18

Based on stakeholder feedback, the Navigant team worked with CPUC staff to develop scenarios to
consider in the goal setting process. Each of the internally influenced variables in Table 2-5. is expected
to have an impact on the forecast of EE potential. The combined impact of these variables represents a
scenario. The final selected scenarios are listed in Table 2-5..

Table 2-5. Final Scenarios for EE Potential i Summary

Lever Reference Alternative 1  Alternative 2  Alternative 3  Alternative 4
C-E test TRC TRC TRC TRC TRC
g:(;:ie‘ra‘r:]tia:sure 1.0 for all 0.85 for all 1.25 for all 1.0 for all 0.85 for all
9 measures measures measures measures measures
threshold
. Capped at Capped at Capped at Capped at Capped at
Incentive levels 500%* 500%6* 50%* 50%* 75%**
Marketing and Default Default Default Increased Increased
g calibrated calibrated calibrated marketing marketing
outreach
value value value strength strength
BROs program Reference Reference Reference Aggressive Aggressive
assumptions
I0OU financing
programs
Financing No modeled No modeled No modeled No modeled broadly
programs impacts impacts impacts impacts available to res
and com
customers

*Incentives are set based on a $/kWh and $/therm basis consistent with existing IOU programs; incentives are capped at 50% of
incremental cost.

**|ncentives are assumed to be 1.5 times higher than what current IOU programs are offering on a $/kWh and $/therm basis,
capped at 75% of incremental cost.

The five scenarios can be interpreted as follows:

1 The Reference scenario represents business as usual and the continuation of current policies.
The C-E threshold is set to 1.0 in response to the hypothesis that highly cost-effective measures
(such as commercial LED lighting) are moving to standard practice. Previously these highly cost-
effective measures would balance out any measures with poor TRC and ultimately result in a
portfolio that is cost-effective overall. Losing savings from commercial LEDs may bring down the
overall portfolio TRC. Thus, in response, the model excludes individual measures below a TRC of
1.0 to ensure the overall portfolio has a TRC greater than 1.0.

1 Alternative 1 is like the Reference scenario except for decreasing the C-E screening threshold to
0.85 (consistent with the 2017 Study for non-emerging technologies). This would allow measures
that are less cost-effective into the forecast. Current and past EE portfolios similarly included

18 Slides and detailed stakeholder feedback available at: https://pda.energydataweb.com/#!//documents/2133/view
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measures with low TRC. This alternate would test what would happen if reasonably cost-effective
measures below 1.0 TRC were included in the forecast.

1 Alternative 2 is like the Reference scenario except for increasing the C-E screening threshold to
1.25. This would ensure the overall portfolio of resource programs will have a TRC greater than
1.25.

1 Alternate 3 builds upon the Reference scenario by simulating a more aggressive program design
from program administrators. BROs programs are assumed to be aggressive, and program
administrators are assumed to increase their marketing and outreach effort to better drive
customers to rebate programs.

1 Alternate 4 is the most aggressive of all the scenarios modeled. It builds upon Alternate 3 by
lowering the TRC threshold to 0.85, increasing incentives, and making financing broadly available
to the residential and commercial sectors. The resulting portfolio simulated by this scenario may
not be possible under the current policy framework (e.g., portfolio C-E targets or budget limits).
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3. DATA SOURCES

The data sources relied on in the 2019 Study are vast and varied. Throughout the study, the Navigant
team sought to rely on CPUC-vetted products as much as possible. However, in several cases, the team
needed to seek alternate data sources where CPUC resources did not provide the necessary information.
This section describes the data update process and sources for key topic areas.

3.1 Global Inputs

Global inputs are macro-level model inputs that are not specific to any measure but rather apply to market
segments or sectors. The Navigant team reviewed the data source for each of these inputs to ensure that
the most recent data is used for the 2019 Study. Table provides an overview of all global inputs within
the 2020 model and their data source. Each item is discussed in further detail in the subsections that
follow.

Table 3-1. Overview of Global Inputs Updates and Sources

Global Input

o Dat f t
(Description) ata Source for Update
Retail Rates CEC i 2017 Integrated Energy Policy Report (IEPR)
($/kwh, $/therm) Update and Demand Forecast Forms. Adopted Feb.
Consumption Forecasts 2017.
(GWh, MW, and MMtherms) Excel Demand Forecast Forms available at:

http://www.energy.ca.gov/2017_energypolicy/documents/

CPUC i California Energy Consumption Database
(ECDMS). Accessed Oct. 2018.

Building Stocks
(Households, floor space,

consumption)

Avoided Costs

(Avoided energy and capacity CPUC i Cost Effectiveness Tool. Accessed Oct. 2018.

costs)

Historic Program CPUC T Energy Efficiency Full Program Cycle (2013-

Accomplishments 2016) data. Download at:

(Used for calibration) http://eestats.cpuc.ca.gov/Views/EEDataShelf.aspx
CPUC T California Energy Data and Reporting System

Non-Incentive Program Costs (CEDARS) (2018-2019) Data. Download at:

https://cedars.sound-data.com

3.1.1 Retail Rates and Consumption Forecasts

The CE CD§% whichikcRitRes a forecast that is updated annually, is the source for retail rates and
consumption forecasts in the 2019 Study. The Navigant team used the 2017 IEPR for both electric and
gas rates and forecasts.

Consumption forecasts in the IEPR are shown bythe CEC6 s ei ght pl anning areas, whi
from the IOU service territory area. Some of the CEC planning areas include the territories of small

publicly owned utilities (POUSs) in California. Therefore, an adjustment is needed. Using data on service

territory and planning area sales for 2017, the team calculated ratios to adjust the planning area

consumption (found within | EPR) down to each | OUb6s act
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and SCE. These ratios, with the service territory consumption based on the 2017 quarterly fuel energy
reports (QFER), are referred to as service territory to planning area adjustment ratios and are detailed in
Table 3-2.. The CEC planning area for San Diego directly maps to the SDG&E service territory, so there
is no need to calculate an adjustment ratio for SDG&E.

Table 3-2. 2017 IEPR Electric Service Territory to Planning Area Adjustment Ratios

Residential Commercial Industrial Mining Agriculture _Stre_et

Lighting
PG&E 96.9% 86.4% 89.1% 90.1% 86.6% 90.8%
SCE 93.4% 89.0% 88.9% 95.6% 67.7% 93.7%

Source: California Energy Commission, 2018

Most POUs in California do not offer any gas service (only the City of Palo Alto and Island Energy offer

natural gas service).1 t i s estimated that California | OUs sell app
However, there are some exceptions, notably SMUD in PG&E territory. To obtain service territory
consumption values, Navigant staff wused 2016 data from

(ECDMS), shown in Table 3-3..%°

Table 3-3. 2017 IEPR Gas Service Territory to Planning Area Adjustment Ratios

Residential ~ Commercial Industrial Mining Agriculture _Stregt
Lighting
PG&E 100.0% 98.4% 99.8% 99.8% 99.8% N/A
SCG 100.0% 97.5% 99.6% 9.19% 97.9% N/A

Source: California Energy Commission, 2018

While most of the adjustment ratios are close to or at 100%, SCG mining is 9.19% based on service

territory sales found in the ECDMS.Many of the | argest oi l and gas extrac
planning area purchase gas directly from the pipeline companies. The service territory to planning area

adjustment calculation must remove the gas sales that are attributed to those large oil and gas

companies.

These ratios were applied to both the sales forecast and the building stocks for electric and gas impacts.

3.1.2 Building Stocks

Building stocks are the total population metrics of a given sector, though represented by different metrics

for most sectors. Residential building stocks are based onthe number of househol ds in an |
territory. Commercial building stocks are represented by total floor space for each commercial building

type. Industrial and agricultural building stocks are represented by energy consumption. Mining and street

lighting stocks are the number of pumps and street lights, respectively. The residential, commercial,

industrial,and agriculture building stock metrics are derivec

The model requires building stocks by sector, scenario, and utility for the timeframe 2013-2030.

19 California Energy Consumption Database. Accessed October 2018: http://ecdms.energy.ca.gov/
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The IEPR organizes building stock data into the eight electric planning areas determined by the CEC. To
translate these IEPR results to the PG Model and split them by utility, the Navigant team worked with the
CEC to map CEC planning areas to the IOU service territories, as listed in Table 3-4..

Table 3-4. Mapping CEC Planning Areasto 10U Service Territories

CEC Electric and Gas Planning Areas to Utilities

CEC Forecasting Climate Electric Planning Area Electric Planning Area Natural Gas Planning
Zones Number Utilities Area Utilities

Climate Zone 1

Climate Zone 2

Climate Zone 3

Climate Zone 4 1-PG&E PG&E PG&E
Climate Zone 5

Climate Zone 6

Climate Zone 7

Climate Zone 8

Climate Zone 9 2- SCE SCE sSCG
Climate Zone 10

Climate Zone 11

Climate Zone 12 3 - SDG&E SDG&E SDG&E
Climate Zone 13 SMUD
Climate Zone 14 TID

4-NCNC Other (Modesto, Redding, i
Climate Zone 15 Roseville, Trinity, and Shasta

Lake)

Climate Zone 16

5- LADWP LADWP
Climate Zone 17
Climate Zone 18 6 - Burbank/Glendale Burbank/Glendale SCG
Climate Zone 19 7-11D 11D
Climate Zone 20 8 - Valley Electric Valley Electric

Source: California Energy Commission, 2017

3.1.3 Historic Rebate Program Activity

The historic rebate program achievements for each of the IOUs are important inputs for calibrating the
forecast of rebate programs. The CPUC maintains the Energy Efficiency Statistics (EEStats) portal, an
online resource that collects program achievement data, for public use. A spreadsheet of 2013-2015
program achievement data and a spreadsheet of 2016 achievement data are available for download on
this website. These datasets include ex ante and evaluated program savings, expenditures, C-E, and
emissions for EE programs statewide. For the 2019 Study, the team used this dataset to compute
portfolio net and gross savings for each sector and utility.
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Table 3-5. provides the 2013-2016 gross ex post savings. Some program savings were not modeled as a
rebate program and those savings are excluded from this analysis. For example, residential home energy
reports (HERs) and retrocommissioning fall under the definition of the BROs and were removed to
prevent double counting savings.

Table 3-5. 2013-2016 IOU-Reported Portfolio Gross Program Savings

o Spending ($ Millions ) Energy Savings (GWh) Gas Savings (MM therms)

RES COM RES COM RES COM

PG&E 231.64 584.35 688.29 1,190.74 -0.63 17.93
SCE 333.27 553.45 1,080.44 1,422.96 N/A N/A
SCG 77.83 41.06 N/A N/A 15.28 15.77
SDG&E 82.82 158.61 229.40 363.03 -1.00 3.53

Source: CPUC i Energy Efficiency Full Program Cycle (2013-2016) Data

Additional discussion of the calibration process can be found in 5.

3.1.4 Non-Incentive Program Costs

Non-incentive program costs come from the 2018-2019 Summary ReportsDat a on t WKCEDAR®P UCO s
portal. For the PG Model, the Navigant team determined program costs per unit of kwh or therm, by

sector. This is facilitated by the EEStats data, where program costs for each program and measure line

are already listed. In EEStats, program costs combine administrative costs, marketing costs,

implementation (customer service) costs, overhead, and evaluation, measurement, and verification,

(EM&V) costs. Note that interactive effects are excluded prior to calculating these costs.

Table 3-6. provides an overview of the non-incentive program costs based on gross reported savings.
The displayed AIMS program cost is an average of the individual agriculture, industrial, mining, and street
lighting costs calculated.

Table 3-6. Non-Incentive Program Costs Summary

10U Electric Savings ($/Gross kWh) Gas Savings ($/Gross therm)

RES (6{0]\V/ AIMS RES COM AIMS

PG&E $0.09 $0.10 $0.08 $2.59 $2.92 $2.38
SCE $0.06 $0.22 $0.18 N/A N/A N/A

SCG N/A N/A N/A $1.15 $1.14 $0.72
SDG&E $0.14 $0.07 $0.04 $4.02 $1.15 $1.88

Source: CPUC i California Energy and Data Reporting System (CEDARS) - 2018-2019 Program Filing Data
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Avoided costs place an economic value on the amount of energy and GHG emissions that is saved by

implementing an energy-saving measure. Avoided costs are a key input to the calculation of cost-

effectiveness.

To determine avoided costs, the Navigant team used version 18.1 of the Cost-Effectiveness Tool (CET),
a calculator commissioned by the CPUC.?° The team used the 2019 vintage of the avoided cost data.
Post-processing of the CET calculator data resulted in a dataset that displays total avoided costs for
2018-2048 by 10U, sector, end-use category, and sub-end-use category.

Electric avoided costs for the PG Model are the sum of the avoided costs of generation, transmission and

distribution (T&D), and carbon from the CET. Carbon in the CET is expressed in tons/kWh, so the

Navigant team needed to multiply this data by the cost of carbon. Gas-avoided costs are the sum of the
avoided costs of generation and T&D as reported by the CET. The CET embeds the cost of carbon in its
valuation of gas generation avoided cost.

In March 2018, the CPUC issued a Staff Proposal that included an avoided cost calculator with costs per

ton of carbon for each year from 2018 to 2030.2* The carbon cost is the sum of the cap and trade

allowance price and a GHG adder.?? The Navigant team assumed that after 2030 the real cost of carbon

remained constant.23

Table 3-7. Costs of Carbon, 2018 -2050

2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032

Carbon Cost

(nominal $/ton)

$63.01
$71.23
$79.79
$88.71
$98.00
$107.67
$117.73
$128.19
$139.07
$150.39
$162.16
$174.38
$187.09
$191.39
$195.80

Carbon Cost
(real 2016 $/ton)

$60.21
$66.53
$72.86
$79.18
$85.50
$91.83
$98.15
$104.46
$110.79
$117.11
$123.43
$129.75
$136.08
$136.08
$136.08

MXCPUC. ACET Desktop

2’CPUC. ®#C€Cobstctiveness

The
Air

. @0 sAtc cEefsfseecdt iOrcetn.e s2s0 1T8o.olht t p: / / eega. cpuc.
Q u Htp:/iwtvwy.cput dadgeviGereral laspx?id=5260 1 8 .

22 Horii, Brian, Eric Cutter, Zach Ming. Avoided Costs 2018 Update. 2018. Pg. 39. http://www.cpuc.ca.gov/General.aspx?id=5267

2 The forecast assumes a 2.3% inflation rate when converting real 2016 dollars into nominal cost.
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Carbon Cost Carbon Cost

(nominal $/ton) (real 2016 $/ton)

2033 $200.30 $136.08
2034 $204.91 $136.08
2035 $209.62 $136.08
2036 $214.44 $136.08
2037 $219.37 $136.08
2038 $224.42 $136.08
2039 $229.58 $136.08
2040 $234.86 $136.08
2041 $240.26 $136.08
2042 $245.79 $136.08
2043 $251.44 $136.08
2044 $257.22 $136.08
2045 $263.14 $136.08
2046 $269.19 $136.08
2047 $275.38 $136.08
2048 $281.72 $136.08
2049 $288.20 $136.08
2050 $294.82 $136.08

3.2 Residential and Commercial Technology Characterization

The technology characterization step develops the essential inputs that are used in the PG Model to
calculate potential. This section provides an overview of the technology selection process for the
residential and commercial sectors, describes the fields along which technologies are characterized, lists
the data sources and describes how these sources are used for characterization, and directs the reader
to the complete database of characterized technologies.

Like the 2017 Study, the 2019 Study uses a technology-based characterization, which characterizes
individual technology levels within a technology group. A technology group includes multiple
technologies with different efficiency levels that compete for stock replacement under an end use.
Technology group is also commonly referred to as competition group. For example, residential ACs with
different efficiency levels (SEER 13, SEER 16, SEER 21, etc.) are considered a single technology group
termed residential air conditioners.?*

24 This is different from the 2015 version and earlier versions of the study, which classified measures defined by a base technology
upgrading to an efficient level technology (e.g., SEER 13 to SEER 16 ACs and SEER 13 to SEER 21 ACs were considered two
different measures).
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3.2.1 Technology Selection Pro cess

Given the constrained timeline for this study, the technology selection for the 2019 Study started with the
technology list developed for the 2017 Study. The Navigant team undertook a comprehensive technology
selection process for the 2017 Study, consisting of the following steps:

1. Developed a comprehensive and universal list of technology groups for consideration in the
study.

2. Selected a subset of representative technology groupsf r om t he Cal i forni a
portfolios that provide the bulk of the savings (98% of the total savings by end use for the
residential and commercial sectors).

3. Presented the technology list to stakeholders for review and feedback.

4. Developed a final list of technology groups as well as the full list of individual technologies under
each technology group.

For the 2019 Study, the team retained the technology list from the 2017 Study with the following changes:

1 Removed the SEER 10 efficiency level from the residential heat pumps and residential air
conditioners technology groups (new information from DEER suggests that the average installed
heat pump or air conditioner is SEER 13 in the base year of the 2019 Study)

1 Added residential advanced lighting controls?® as an additional efficient level to certain residential
lighting technology groups:

Lighting fixtures 1 indoor

Reflector lamps 1 indoor

Screw-in lamps 1 low T indoor

Screw-in lamps 7 high 7 indoor

Specialty lamps T low i indoor

O O O O o o

Specialty lamps i high i indoor

1 Removed residential indoor lighting controls as a separate technology group as this measure is
replaced by the above described advanced lighting controls

1 Added smart connected power strips as an additional efficient level to the residential advanced
power strips technology group

1 Added commercial HVAC energy management systems (EMS) as a separate technology group

% In the residential sector, advanced lighting controls are assumed to be embedded in the power electronics of the light bulb, and
the bulb with advanced controls can be exchanged for a baseline bulb in the same socket or fixture. The embedded controls
combine the functionality of four types of controls: dimmers, occupancy sensors, timers, and daylighting/ambient light sensing.
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Table 3-8. shows the number of technology groups and individual technologies characterized in the study
by end use for the residential and commercial sectors, including technologies under both fuel types
(electric and gas).?8

Table 3-8. Final List of Technology Groups (with Examples) and Individual Technologies

Technoloav Grou Number of Number of
Exam Iesg¥7 P Technology Individual
P Groups Technologies 28
Appliances/ Refrigerators, Pool 13 43
Plug Loads Pumps, Clothes Dryers
- Weatherization, Attic Duct
Building Envelope Insulation, Windows 13 39
HVAC Air Condltlo_r_]ers, Heat 16 45
Pumps, Ceiling Fans
Residential Indoor Screw-In Lamps,
Lighting Specialty Lamps, Linear 12 54
Fixtures
Electric Water Heaters,
Water Heating Faucet Aerators, 11 27
Showerhead
Total 65 208
Appliances/ Power Strips, Servers, 14 43
Plug Loads Vending Controls
_— Ceiling/Roof Insulation,
Building Envelope Wall Insulation, Windows 6 19
Com Display Case Motors, Strip
N . Curtains, Anti-Sweat Heat 8 19
Refrigeration
Controls
Server Virtualization, High
Data Center Efficiency UPS, CRAC 5 10

Upgrades

Electric Convention
Commercial Food Service Ovens, DCV Exhaust 7 14
Hood, Steamers

Chillers, Split AC, Mini

HVAC Split Heat Pumps 24 82

High Bay Fixtures,
Co Lighting Fixtures (Indoor

Lighting and Outdoor), Indoor 12 ar
Reflector Lamps
Electric Storage Water

Water Heating Heaters, Faucet Aerators, 3 12
Showerhead

Total 79 246

% please refer to the Measure Input Characterization System (MICS) database for additional details.
27 The complete list of technology groups is presented in the MICS database.

28 Note that the technology list does not include whole building packages and BROs interventions. The approach used to select and
characterize these measures is discussed in separate sections of this report. Please refer to the MICS database for a complete list
of the technologies included in the study.
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3.2.2 Technology Characterization

Characterizing selected technologies involves developing various inputs for each technology necessary to
calculate potential. Table 3-9. summarizes the key items the Navigant team used to characterize the
technologies along with brief descriptions.

Table 3-9. Key Fields for Measure Characterization with Brief Descriptions

Items Brief Description

Specifies the following for each technology:
Sector

End use

Fuel type

Climate zone

Segment/building type
Replacement type

Technology
Description

= =4 =4 - A A

Specifies the following for each technology:
1  Energy use (electric and gas)
1 Coincident peak demand
1 Interactive effects

Energy Use

Specifies the following for each technology:
1 Equipment cost
1 Repair cost (for AR technologies)
9 Installation cost

Technology Costs

Specifies the following for each technology:
1  Applicability by segment/building type
1 Density associated with the technology group
1 Saturation for individual technologies

Market Information

Includes the following:
Other Items 1  Technology lifetime (EUL and RUL)
T  NTG ratio

The following subsections describe in detail how the energy use, costs, market information, and other
relevant fields were developed and the associated hierarchical list of data sources for this information.

3.2.2.1 Energy Use

Energy use is a key input for technology characterization. The technology-based approach followed in
this study implies that the absolute energy use associated with average below code, code, and efficient
technologies need to be specified.

Unit energy use is specified in kWh for electric technologies and in therms for gas-fueled technologies.
For dual fuel technologies that can achieve both electric and gas savings, such as insulation, both metrics
are calculated. Additionally, some technologies have interactive effects. An example is energy efficient
lighting, which produces less waste heat than incandescent bulbs and thus has additional HYAC
consumption associated with it. The technology characterization template requires these interactive
effects to be included.
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Electric technologies also require the characterization of coincident peak demand. Effective January 1,
2020, the peak period used to calculate demand impacts in DEER changed per DEER Resolution E-
4952, published October 11, 2018. The Navigant team assumed that the demand impacts in DEER 2020
already incorporated this new peak demand period. For demand data not sourced from DEER 2020, the
team updated the peak demand impacts to be consistent with the new DEER definitions, leveraging
available load shape data and prioritizing the use of DEER load shapes when available.

2019 Energy Efficiency Potential and Goals Study

Table 3-10. lists the data sources for energy use (in hierarchical order) with brief descriptions of the

sources.

Priority

Table 3-10. Hierarchy of Data Sources for

Energy
Consumption
Source Name

Description

Navigant used information from 2019/2020
DEER updates to obtain energy use and
coincident peak demand for technologies,

Energy Use Information

Author

Publication
Year

: DEER 2020 wherever available. CPUC 2019
Lighting energy use was calculated using the
lighting calculator tool available at DEER.
Navigant referred to the Non-DEER ex ante
> Non-DEER Ex Ante database, available from CPUC staff, to cPUC 2016
Database characterize technologies that were not included
in DEER.
Navigant referred to the inventory of workpapers
Iou Workpapers published by the California IOUs and referred to  California .
3 (with CPUC Various
. - approved workpapers for technology IOUs
Disposition) R :
characterization, wherever applicable.
California POU .
¢ TeomcaReterence DVOSLerelo b CWUA TR Iene ) care 20us
Manual (TRM) PP gies.
Navigant reviewed and researched Eg:irr?gl]c?
California IOU project/technology reports from the ETCCd a Coor dinagr)ll
5 Emerging collaborative forum with I0Us and leading Council 9 various
Technology Reports ~ member organizations for characterization of (ETCC)
emerging technologies. lOUs !
Navigant referred to the 2016 EEStats
database?® and 2014-Q12016 program
6 IOU Program Data savings®® database from CA I0Us, in case CPUC, IOUs 2014-2016
energy use information was not available from
the above listed sources.
Non-California In cases where California-specific sources were
source examples: not available for energy use information, Northwes‘é
Regional Navigant referred to the following sources: Power and
7 T egiona . Conservation 2015
Technical I Measure-level savings data from evaluated -~ ,cil
Forum (RTF) programs in the Pacific Northwest region, (NPCC)
Database available through the RTF.
2 Available at: http:/eestats.cpuc.ca.gov/Views/EEDataPortal.aspx
®®Navigant obtained the database of |1 OU programs with savings
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Priority

Energy
Consumption Description Author
Source Name

Publication
Year

1 Navigant T Navigantds archive ol
Potential Study measure savings from potential studies and  Navigant 2017-2018
Database projects with other utilities.
3.2.2.2 Technology Costs

The measure characterization database requires specification of equipment costs, labor costs for
installation, and repair costs for AR technologies. Information on technology costs were primarily sourced
from the California Measure Cost Study, published by Itron in 2012. Some of the other cost data sources
are the same as those listed under energy use. Table 3-11. summarizes the data sources used for
technology costs.

Priority

Table 3-11. Hierarchy of Data Sources for Technology Cost Information

Cost Source Name Description Author

This served as the primary source
of information for equipment and Itron 2012
installation costs.

California Measure
Cost Study

Navigant used information from
2019/2020 DEER updates to
obtain equipment and labor costs
DEER for technologies, wherever CpPUC 2019
available. For the most part, DEER
pulls cost data from the California
Measure Cost Study.

Navigant obtained equipment and
labor costs from approved
10U Workpaper (with California 10U workpapers in
CPUC Disposition) cases where the Navigant team
referred to these workpapers for
obtaining energy use information.

California IOUs Various

Navigant obtained equipment and
labor costs from the CMUA TRM in
CMUA TRM cases where the Navigant team Cal TF 2015
referred to the CMUA TRM for
obtaining energy use information.

Navigant obtained cost information

California IOU on emerging technologies from
Ergpec:?t?g Technology ETCC technology reports, ETCC, I0Us Various

wherever available.
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Priority Cost Source Name Description

For lighting technologies, Navigant

referred to a US Department of

. Energy (DOE) report authored by DOE

T Energy Sa}/lggls_d Navigant for LED cost data (see 2016
orecast of Solid- yiccissjon following table).

g?:]zrlgﬁhtmg " In cases where no California-

llumination specific source was avallab_le for

Applications3! costs, Navigant referred to its
internal database of energy

T Navigant Potential  eficient technologies for available
Study Database cost information.

Non-California source
examples:

Navigant 2017-2018

The Navigant team referred to forecasts from the DOE to obtain LED costs.®? This was done to
incorporate cost projections into the model while maintaining consistency across years. The team used
efficacy (Im/W) and price per kilo-lumen ($/kim) projections to determine current and future costs for
LEDs. Figure 3-1 and Figure 3-2 graph the projected efficacy and costs of different lamp types of LEDs,
respectively, through 2030.

Figure 3-1. Projected LED Technology Improvements, 2013  -2030
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Source: Navigant analysis of DOE data

31 Downloadable from htp://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/2010-Imc-final-jan-2012.pdf.
%2 Navigant. Energy Savings Forecast of Solid-State Lighting in General lllumination Applications. Prepared for the U.S. DOE. 2016.
Downloadable from http://appsl.eere.energy.gov/buildings/publications/pdfs/ssl/2010-Imc-final-jan-2012. pdf
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Figure 3-2. Projected LED Cost Reduction Profiles, 2013 -2030
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Source: Navigant analysis of DOE data

3.2.2.3 Market Information: Density and Saturation Values
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Density and saturation are two essential calculations of technology characterization.

1 Density is a measure of the number of units per building. The potential model uses the density

information to determine the number of applicable technology units on the appropriate scaling basis
(per household for residential and per square foot for commercial) to scale up the technology stock by

segment/building type. Density is specified by technology group and by individual technologies.

Density can be expressed as the following (for example): units/home, bulbs/home, fixtures/1,000
square feet, tons of cooling/1,000 square feet, etc.

1 Saturation is the share of a specific technology within a technology group, so that the sum of the
saturations across a technology group always sums to 100%. Saturation can also be calculated by
dividing the individual technology density by the total technology group maximum density.
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As an example, Table 3-12. shows the densities and saturations for residential refrigerators in single-
family homes in PG&E&és service territory

Table 3-12. Example of Density and Saturation Calculation

Technology
Base Year . : Density ( Units Technology
HEEmaery NEmE Efficiency Level Sl e per Saturation
Household)
Average Below Code Average Below No. of 0
Refrigerator Code Refrigerators 0.155 13%
Cod_e-Compllant Code No. _of 0.590 510
Refrigerator Refrigerators
ENERGY STAR Efficient No. of 0.405 35%
Refrigerator Refrigerators
Total 1.15 100%
The table shows that an average single-f ami | y home in PG&E6s territory has

which is the density for refrigerators in single-family homes. The saturations for average below code,
code-compliant, and ENERGY STAR refrigerators for single-family homes is 13%, 51%, and 35%,
respectively. The saturation changes over time with population growth and stock turnover as more below
code stock gets replaced with at code and higher efficiency stock.

Table 3-13. lists the resources used to calculate density and saturation for the residential and commercial
sectors in 2017, in order of priority. The Navigant team primarily used California-specific sources for
density and saturation data and referred to non-California sources only in cases California-specific
sources did not have the required data.
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Table 3-13. Sources for Density an d Saturation Characterization

Priority Sources Description
California Lighting & Appl. Residential baseline study of 1,987
1 Saturation Survey (CLASS) homes across California. DNV GL 2012
5 Commercial Saturation Survey Baseline study of 1,439 commercial ltron 2012
(Css) buildings across California.
3 Residential Appliance Saturation Residential end-use saturations for (%I)\Ir\rfuce;rll_ 2009
Study (RASS)3 24,000 households in California. y
KEMA)
Non-California source examples:
. . - . . Northwest
1 Residential Building RBSA and CBSA survey residential E
. P nergy
Stock Assessment and commercial building stock across Efficienc 2014
(RBSA) the Northwest states (Idaho, - y
. Alliance
f  Comm. Building Stock Montana, Oregon, Washington). (NEEA)
Assessment (CBSA)
Res. E
4 T Cgﬁsu;i)rt?gn Survey RECS and CBECS are surveys of
(RECS) residential and commercial building US DOE 2009

stock in the US by region. Used West

1 Comm. Bldg. Energy regional data only.

Cons. Survey (CBECS)

Unit shipment data of ENERGY .
Environmental

T ENERGY STAR STAR-certified products collected to Protection 2003-
Shipment Database evaluate market penetration and 2016
Agency (EPA)
performance.

In addition to the density and saturation values, measure characterization requires specifying the

technical suitability or applicability factor (which has a value less than or equal to 1) that defines the share

of customers with the physical or infrastructural pre-requisites to install a technology. The applicability

factor assumptions are basedon data sources, wherever available, and
expertise and subject matter expertise in the area.

3.2.2.4 MICS Database

The MICS database consolidates the information from the measure characterization effort in an Excel
spreadsheet that serves as an input to the PG Model. It presents the various dimensions along which

measures are characterized as separate fields in the database. The database is publicly available and
can be downloaded through the CPUC website.?*

3.3 Whole Building Initiatives

Whole building initiatives aim to deliver savings to residential and commercial customers as a package of
multiple efficiency measures that are all installed at the same time. The 2019 Study models whole
building initiatives via the technology levels indicated in Table 3-14.. As described in Section 2.1.1.2, the

33 Navigant referred to this source only in cases where CLASS and CSS did not have the required data.
34 http.//www.cpuc.ca.gov/General.aspx?id=6442452619
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technology levels within the technology group include existing baseline, code baseline, and the efficient
result of a whole building initiative.

Table 3-14. Whole Building Technology Levels

Technology Group Residential Technology Level Commercial Technology Level
Title 24 2008 Code Title 24 2008 Code
Title 24 2013 Code Title 24 2013 Code
New Construction Title 24 2016 Code Title 24 2016 Code
Title 24 2019 Code Title 24 2019 Code
Zero Net Energy (ZNE) ZNE
Existing Building T No Retrofit Existing Building T No Retrofit
Retrofit Energy Upgrade CA i Basic Retrofit i 15% Savings

Energy Upgrade CA i Advanced -

Source: Navigant team analysis, 2019

The following sections discuss the technology levels used in the 2017 Study. The final values for savings,
cost, measure life, and other key model inputs can be found in the MICS spreadsheet.

3.3.1 New Construction

The 2019 Study represents each Title 24 code level as it becomes the baseline for ZNE construction as
the efficient measure, with energy consumption in absolute terms and costs represented as incremental
to 2008 Title 24 levels. Communications with the CEC indicate that 7% energy savings are expected for
residential 2019 Title 24 over 2016 Title 24, and 2% energy savings are expected for commercial 2019
Title 24 over 2016 Title 24. Both are a decrease from the previous study assumption of 10% savings for
both sectors.

The Navigant team adjusted the savings for ZNE to account for LEDs becoming standard practice in the
residential sector starting in 2020 and the commercial sector starting in 2019. This change to lighting
standard practice was not anticipated in the original data sources relied upon for ZNE analysis. The
change in commercial buildings was promulgated by DEER Resolution E-4952 in October 2018. There
was no official resolution for lighting in residential buildings, but CPUC staff directed Navigant to assume
that LEDs will become standard practice in the near future. The Navigant team estimated the percent
reduction in savings as equivalent to the percent of building consumption attributed to the lighting end use
in the CBEC 2016 Reference Case (the most recent year for which there was CBECC data). This
estimate relies on two assumptions: 1) that the percent of savings attributable to lighting is equivalent to
the percent of consumption attributable to lighting (i.e., between 10% and 40% depending on the building
type and climate zone); and 2) lighting savings would be eliminated from new construction meeting a ZNE
building code. In reality, new construction may still have some lighting savings due to controls and lighting
types that would not move to a LED standard practice, but Navigant believes this is a conservative
approach that avoids double counting of lighting savings that will naturally occur.

3.3.1.1 Commercial

Table 3-15. provides the sources used to characterize commercial new construction whole building
initiatives. These represent the best and usable datasets available to the team at the time of
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characterization. Of particular value was the data from the 2016 CBECC-Com software, which provided
variability by climate zone.

Table 3-15. Commercial New Construction Whole Building Data Sources

Data Category Data Items Data Sources
California Energy Commission, 2013 Standard Cost Impact
Incremental Cost of L
2013 Title 24 over Analysis: . :
. http://www.energy.ca.gov/title24/201 3standards/rulemaking/docume
2008 Title 24 . . :
nts/final_rulemaking _documents/05 Impact Analysis.pdf
Incremental Cost of California Energy Commission, 2016 Notice of Proposed Action:
2016 Title 24 over http://www.energy.ca.gov/title24/201 6standards/rulemaking/docume
2013 Title 24 nts/NOPA title24 parts 01 06.pdf
Incremental Cost of
2019 Title 24 over Navigant extrapolation based on 2016 Title 24
Cost 2016 Title 24
Calculated using the following:
New Building Institute, Getting to Zero 2012 Status Update: A First
Look at the Costs and Features of Zero Energy Commercial
Incremental Cost of Buildings: http://newbuildings.org/getting-zero-2012-status-update-
ZNE over first-look-costs-and-features-zero-energy-commercial-buildings
2013 Title 24 Comm. RE Specialists, Cost Per Square Foot For New Commercial
Construction, 2013
Reed Construction Data Inc., RS Means Square Foot Estimator,
2013: http://www.rsmeansonline.com
2016 T'tle.24 Energy CEC, CBECC-Com 2016 Std. Design Results, January 2017
Consumption
g;:\rlienmgr:)t;’il Energy California Energy Commission, 2013 Impact Analysis:
2013 %tle 24 over http://www.enerqy.ca.qgov/2013publications/CEC-400-2013-
2008 Title 24 008/CEC-400-2013-008.pdf
Incremental Energy California Energy Commission, 2016 Impact Analysis:
Ener Savings of http://www.energy.ca.gov/title24/2016standards/rulemaking/docume
o 2016 Title 24 over nts/15-day_language/impact _analysis/2016 Impact Analysis_2015-
Consumption 2013 Title 24 06-03.pdf
and Savings :
Incremental Energy
Savings of o )
2019 Title 24 over Communications with the CEC, January 2019
2016 Title 24
Incrgmental Energy ARUP, The Technical Feasibility of Zero Net Energy Buildings in
Savings of lifornia. D ber 2012 (i . h iaht
ZNE over California, ec_em. er .(|ncorpor.at|ng changes to lighting
2013 Title 24 standard practice; see previous section)
3.3.1.2 Residential

Table 3-16. provides the sources for energy consumption and cost data for residential new construction.
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Table 3-16. Residential New Construction Whole Buil

Data Category

Cost

Energy
Consumption and
Savings

Data Items

Incremental Cost of
2013 Title 24 over 2008 Title 24

Incremental Cost of
2016 Title 24 over 2013 Title 24

Incremental Cost of
2019 Title 24 over 2016 Title 24

Incremental Cost of ZNE over 2013
Title 24

Incremental Energy Savings of
2013 Title 24 over 2008 Title 24

2013 Title 24 Energy Consumption

2016 Title 24 Energy Consumption

Incremental Energy Savings of
2019 Title 24 over 2016 Title 24

Incremental Energy Savings of
ZNE over 2013 Title 24

2019 Energy Efficiency Potential and Goals Study

ding Data Sources

Data Sources

CEC, 2013 Standard Cost Impact Analysis:
http://www.energy.ca.qgov/title24/2013standards
[rulemaking/documents/final rulemaking docu
ments/05 Impact Analysis.pdf

CEC, 2016 Notice of Proposed Action:

http://www.energy.ca.gov/title24/2016standards
[rulemaking/documents/NOPA title24 parts 01

06.pdf

Navigant extrapolation based on 2016 Title 24

CEC Draft Title 24 Code Update Analysis
provided to Navigant

CEC, 2013 Standard Cost Impact Analysis:
http://www.energy.ca.gov/title24/2013standards
/rulemaking/documents/final rulemaking docu
ments/05 Impact Analysis.pdf

CEC, CBECC-Res 2013 Std. Design Results,
2015

CEC, CBECC-Res 2016 Std. Design Results,
January 2017

Communications with the CEC, January 2019

ARUP, The Technical Feasibility of Zero Net
Energy Buildings in California, December 2012
(incorporating changes to lighting standard
practice; see previous section)

3.3.2 Retrofit

Characterization of both commercial and residential whole building retrofits reflects the encouragement of
to-code savings in existing buildings expressed in AB802.

3.3.2.1 Commercial

The 2019 Study follows the approach of the 2017 Study in using a top-down approach with a goal of
saving 15% of consumption at the whole building level. This target was selected in response to feedback
collected during the 2017 Study that indicated that whole building retrofits needed to achieve 15%
savings to be able to differentiate savings from noise when using normalized metered energy
consumption (NMEC) methods and to reflect deeper energy savings from multi-measure approaches.®

In the 2017 Study, Navigant verified that this level of savings could be achieved by addressing cooling,
ventilation, lighting, and refrigeration electric end uses and heating, water heating, and food service gas
end uses.*® The Navigant team derived the savings distribution across the end uses by starting with the
percent savings exhibited by each end use in the 2013-2015 California EE portfolio and iterating to

35 Decision Approving 2013-2014 Energy Efficiency Programs and Budgets, p. 77; AB802
36 Except for gas savings at dual fuel utilities for the following building types: office, retail, school, and health.
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ensure that reasonable savings were expected from each end use. Costs were applied to these energy
savings using an average UES ($/kWh or $/therm) associated with each end use across the 2013-2015
California EE portfolio.

For the 2019 Study, theteamalsoe x ami ned reports from PG&E&s Commerci al
Navigant could not calculate an expected savings value from the reports due to the large variability in

savings and the small sample size, but concluded that saving 15% of consumption at the whole building

level is realistic as it fell within the range of the PG&E study results.

The data sources listed in Table 3-17. were used for this analysis.

Table 3-17. Commercial Retrofit Whole Building Data Sources

Data Items Data Sources

Energy Intensity by End Use and CEC, California Commercial End-Use Survey, March 2006

Building Type

Floorspace CEC, 2016 IEPR

Costs CPUC, California EEStats, 2013-2015 Program Cycle
3.3.2.2 Residential

Table 3-18. provides the sources of data used in characterizing the Energy Upgrade California program.
Costs were applied to the energy savings using an average UES ($/kWh or $/therm) as derived from the
program metrics reported by all Energy Upgrade California IOU programs. The 2020 results indicate
lower savings than the 2017 Study due to low realization rates in the more recent evaluation report.

Table 3-18. Residential Retrofit Whole Building Data Updates

Data Items Data Sources

DNV GL, Final Report: 2015 Home Upgrade Program Impact Evaluation, June 23,
2017, CALMAC ID: CPU0162.01

Savings http://www.calmac.org/publications/RES 5.1 HUP_ FINAL REPORT ATR_06-30-
17.pdf
Costs CPUC, California EEStats, 2013-2015 Program Cycle

3.4 Agriculture, Industrial, Mining, and Street Lighting Technology
Characterization

The 2019 Study updated the AIMS sectors, with a heavy focus on the agriculture and industrial sectors

and limited focus on the mining and street lighting sectors. TheNavi gant t eaméash appr oach t
s e c t data Sosarces varied. The primary effort for agriculture and industrial focused on historical

program data to directly relate measures developed for the PG Model to IOU program activities. The data

approaches to mining and street lighting remain largely consistent with the 2015 Study, but the Navigant

team reviewed and updated the existing data with new and current sources in 2018, with no update for

the 2019 Study.
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The following sections provide additional details about the development of data for the four AIMS sectors.
Additional detail on the industrial and agriculture sectors and measures can be found in Appendix D.

This section and material in Appendix D represent use of best available data. Navigant notes that the
existing datasets for AIMS sectors have data gaps and are not necessarily California-specific. Navigant
has conducted similar industrial potential analysis in other jurisdictions®’ and, in all cases, the savings
estimates are lower than expected for several reasons: (a) there is no good baseline or saturation data for
industry; (b) assumptions are made regarding costs; and (c) many studies leverage the Industrial
Assessment Center (IAC) database® - to various levels. To support better data for future studies,
Navigant suggests a review of the following characteristics for the AIMS sector:

1 Conduct market characterization studies to define the end use breakdown
1 Conduct measure characterization to support saturation data and cost estimates
1 Review of industry standard practices to understand impacts regarding natural adoption

1 Address concerns related to program participation and if policies prohibit further program
participation. It is important to review if projects are stalled or reduced in scope when denied
rebates.

3.4.1 Agriculture and Industrial Sector s

Navigant identified over 2,000 records®® in the 2016 to Q3 2017 EEStats data associated with the

agriculture and industrial sectors. The team refined this list of records, focusing on the high impact

measures (i.e., those contributing significant amounts of energy savings) and excluded records with

negligible savings contributions or those representing niche activities. Navigant then combined similar
ProgramlDs into representative technology groupings
market.

During the 2017 Study, the Navigant team presented the list of initial representative technologies to
stakeholders, seeking feedback on whether the list appropriately represented the two sectors and
whether to add or delete any of the identified technologies. Stakeholders generally agreed with the overall
approach to leveraging EEStats data. For the 2019 Study, the team continued to leverage the EEStats
approach. The final technology list is broken into four categories and summarized in Table 3-19:

91 Discrete identified deemed measures referred to as characterized custom |, readily defined and
forecast using the Bass diffusion model and custom savings estimates.

1 Generic custom measures included in projects unique to various subsectors that cannot be
readily defined at the measure level or forecast using a Bass diffusion model. Navigant describes
the methodology used to characterize these generic custom measures in Section 3.5. Study
measures that were marked as other or contributed up to 20% of the characterized custom list
were included in this category.

37 One example is the study for Energy Efficiency Alberta, https://www.efficiencyalberta.ca/potentialstudy

38 https://iac.university/#database

%% Navigant defined a record as an EEStats program identification or ProgramiD fieldd e.g., PGE21021 and measure group.
combination.
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1 Emerging technologies measures are considered nascent or emerging technologies and cannot
be readily defined at the measure level or forecast using a Bass diffusion model. Navigant
describes the methodology used to characterize these generic custom measures in Section 3.5.

1 BROs or SEM measures that include retrocommissioning (RCx) and some optimization. This
measure is modeled with the BROs measures and cannot readily be forecast using a diffusion
model as described in Section 2.1.1.

Table 3-19. AIMS Modeling Methodology

Categories Model Approach Applicability

Emerging Technologies Top-down approach Ag and Ind

BROS* Top-down approach Ag and Ind

Characterized Custom** Bottom-up Bass diffusion approach  Ag, Ind, Street Lighting, and Mining
Generic Custom Top-down approach Ag and Ind

* SEM is modeled as the AIMS BROs measure by allocating the historical RCx as a proxy for SEM savings.
** Mining and street lighting only have characterized custom.

3.4.1.1 Agricultural and Industrial Characterized Custom

For the 2019 Study, the Navigant team characterized 17 technology groups for the agriculture sector and
14 for the industrial sector, representing the characterized custom measures for the diffusion model.
These are sourced from the EEStats technologies. The industrial and agriculture sectors of this 2019
Study are informed by 122 unique measure groups sourced from EEStats. This approach provided
consistency with the methods used in the residential and commercial sectors and allowed the modeling
team to calibrate the PG Model using prior program achievements detailed in EEStats and establish
greater confidence in the results.

3.4.1.2 Technology Characterization

The PG Model required characterizing technology-level inputs including UES, unit costs, and the
saturation or density of efficient versions of each technology existing in the marketplace. The team mined
data sources to complete a comprehensive characterization of the agriculture and industrial technologies.

1 Agricultural data sources for measure characterization included EEStats, CPUC workpapers,
and data provided by the IOUs. The team also relied on DEER for information on energy savings
estimates by technology.

1 Industrial data sources were similar to those mined for the agriculture sector, including EEStats
and data provided by IOUs, the CPUC, and the CEC. For energy savings estimates, the team
used the Industrial Assessment Center (IAC).40

40 https://energy.qov/eere/amo/industrial-assessment-centers-iacs
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The team then weighted the results of each source and rolled them up to estimate the technology-level
inputs. For most of the measures, Navigant leveraged California-specific resources, but when not
applicable or available to certain measure types, the team used other peer group jurisdictions and
substituted in California-specific variables where possible.*!

Energy savings. The Navigant team used data from the national IAC database to supplement EEStats
data and inform the energy savings estimates for the industrial diffusion technologies. The IAC network
consists of 24 universities that have completed over 16,000 industrial assessments at industrial facilities
across the nation. Each assessment completed by the IAC includes detailed recommendations for
improving energy consumption at a given site,*? the specific energy savings the site can expect by
implementing such improvements, and the total energy each site currently uses. Navigant notes that the
PG Model study efforts have relied on IAC data since 2011.

Navigant mapped all the unique IAC recommendations to the list of characterized custom industrial
technologies created from the EEStats database. The team then used NAICS coding to sum the energy
savings estimates for each technology to the entire industrial sector by building type and divided it by the
total energy consumption for all buildings of that type. This provided the percentage each technology
saves by building type across the entire industrial sector.*® The team followed this process for both
electric (kwh) and gas (therm) consuming industrial measures.

The IAC database included robust, informative data for all but one industrial technology. The technology
not included in the IAC but identified in EEStats is wastewater aerators. Wastewater aerators are listed as
energy efficient aerators in the technology list and leverages an SCE workpaper for data.

Costs . Navigant primarily used the EEStats database to calculate the incremental cost per UES for
technologies included in the industrial and agriculture analysis.** The team compared the 2016-Q3 2017
data with the previous 2017 Study to ensure the costs aligned since measure costs can be variable year
over year and from project to project. The team multiplied the incremental cost per unit by the technology
energy savings to estimate technology costs.

EUL and NTG. Navigant used the EEStats database to calculate the EUL and NTG ratios for all
technologies included in the industrial technology list. The team compared this calculation across
industrial and agricultural findings and the 2017 Study. Adjustments were made as necessary.

41 Other sources include the Pennsylvania TRM

(http://www.puc.pa.gov/filing_resources/issues laws requlations/act 129 information/technical reference manual.aspx); the lllinois
TRM (http://www.ilsag.info/technical-reference-manual.html); the Michigan Energy Measures Database
(http://www.michigan.gov/mpsc/0,4639,7-159-52495 55129---,00.html); and the Wisconsin TRM
(http://dsmexplorer.esource.com/documents/Wisconsin%20-%2010.22.2015%20-%202016%20TRM.pdf). See the Agriculture MICS
for more detail on which measures these sources informed.

“2 The IAC recommendations cover upgrades to inefficient equipment, the addition of energy-reducing technologies to existing
equipment, and improvements to industrial processes through controls.

43 The final percentages of savings by building type are a nationwide value. The IAC data does not contain enough assessment data
points to calculate these values on a state or regi on ttingoflAC
data during previous PG study efforts determined that national-level IAC data is representative of California industrial sector
activities.

44 The costs in EEStats include labor to represent the full incremental cost of implementation. The lighting end use relied on a cost
per kWh consumed rather than cost per kWh saved because the team relied on commercial data for the industrial lighting end use
measures.
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Saturations and Densities . Technology characterization requires data on the saturation of efficient
technologies currently existing in the industrial marketplace. This provides a clearer picture of how much
potential energy savings still exists by upgrading remaining baseline technologies within that marketplace.
For industrial technologies analyzed using the IAC database, the team assumed that every
recommendation made at an industrial facility meant that this facility still had the inefficient baseline
technology installed. For example, if a facility received a recommendation to upgrade its lighting system,
the team assumed that this facility still used inefficient or baseline lighting technologies. This assumption
allowed the team to identify the percentage of sites with baseline equipment (i.e., those receiving a
recommendation for a technology).*® The team then used this baseline percentage as one of the
variables for calculating the total sector savings available for each measure defined in the Energy
Savings section above.

For measures not covered in the IAC database, the team used professional judgement based on data
sources such as commercial sector saturation data and feedback from stakeholders to estimate a density
of efficient versus inefficient technology.

3.4.2 Mining Sector

The 2019 Study approach and data inputs are unchanged from the 2017 Study. The Navigant team
defined the mining sector inputs using a bottom-up approach consistent with the other AIMS sectors. The
team sourced data from several sources including region-specific information on oil and gas extraction
activities from the California Department of Conservation.*® This data provided the number of active and
idle wells, the amount of oil and water produced from wells, the amount of steam and hot water generated
for mining operations, and the number new wells created.*’

The Navigant team also used consumption data from the CPUC and other secondary sources, including
IOU program data and industry-specific reports and studies. These sources inform estimates for energy
savings, costs, EUL, and NTG. Navigant also updated select model inputs such as equipment stocks,
sector consumption, and efficient equipment saturations.

3.4.3 Street Lighting Sector

Like the mining sector, the PG Model and the updates for the 2018 street lighting effort rely on the inputs
established in previous studies.*® The team also used a bottom-up approach to define sector inputs.
Information provided directly by the I0Us served as the primary basis for street lighting inputs, specifically
the inventories of customer-owned and IOU-owned street lights included in the LS-1 and LS-2 rate
classes.* The PG Model outputs reflect potential energy savings associated only with customer-owned

4 The IAC recommendations do not provide a density of efficient equipment in the marketplace because the inverse of the
assumption regarding recommendations is not true (i.e., just because an industrial facility did not receive a recommendation does
not mean it already had the efficient version of the recommendation installed).

46 http://www.conservation.ca.gov/dog

47 http://www.conservation.ca.gov/dog/pubs_stats/annual reports/Pages/annual reports.aspx

48 http://www.cpuc.ca.gov/General.aspx?id=2013
4 Example from SCE: https://www.sce.com/NR/sc3/tm2/pdf/ce37-12.pdf
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lamps (LS-2 rate schedule). However, Navigant gathered data on IOU-owned lamps (LS-1 rate schedule)
to aid with data vetting and quality control as well as initial saturation levels.

The IOU street lighting inventories inform several model inputs including equipment stocks, densities, and

efficient equipment saturations. The Navigant team also relied on secondary sources to update

equi pment costs. The team revised cost foreeSmets for
Lighting program.®

This study includes an update on the initial saturation of street lights per the IOU data of installed street
lighting. Additionally, the team indicated that LED becomes standard practice baseline in 2019. As a
result, savings from LED lamps do not appear in the forecast period and only one measure remains for
this sector: advanced lighting controls.

3.5 Industrial and Agriculture Custom Technologies  Data Sources

Generic custom measures in the industrial and agriculture market sectors are projects that tend to be
specific to an industry segment or production method. Generic custom measures are often listed by non-
descript names such as Process-Other in publicly reported 10U tracking data,>* and they present several
challenges within a potential forecast:

1 Having unique attributes that make them difficult to forecast within the diffusion-based PG Model

1 Being unlikely to saturate over time due to continual process changes in the industrial and
agricultural sectors

1 Often consisting of emerging technologies that are in the early adoption phase, with little to no
engineering details, market parameters, or workpapers

As discussed further in Appendix F, for the 2019 Study the definition of generic custom measures was
revised from the 2017 Study to account for the following:

1 Alarge number of measures that are defined but where any one measure contributes only a
small percentage of portfolio savings (e.g., faucet aerator or HVAC controls) are now included in
the generic custom measure class.

1 The 2019 model separated out RCx savings from generic custom savings and considered RCx to
be part of SEM savings.

1 The agricultural sector forecast is also affected because the definition of which NAICS codes are
to be included in the agricultural sector was redefined for the 2019 model to better align with the
IEPR agricultural sector definition.

The 2019 model treats generic custom measures as a specific measure class. Table 3-20. provides the
inputs for electricity and natural gas for these measures, and additional discussion follows the table.
Navigant provides separate UES estimates for the industrial and agricultural market sectors. The team
calculated the EUL for these measures at 15 years since most savings come from larger capital

502014 report: https://energy.gov/sites/prod/files/2015/05/f22/energysavingsforecast14.pdf; 2016 report:
https://enerqgy.gov/sites/prod/files/2016/10/f33/energysavingsforecastl6 0.pdf

51 Generic custom also includes a large number of discrete measures that each contribute a small amount of savings and
collectively account for less than ~10% of sector savings.
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investments with long operating lives. Appendix F provides additional details on the generic custom
analysis and forecast methodology.

Table 3-20. Generic Custom Measures 1 Key Assumptions

Savings Range kW/kwh
Sector - savings
kWh therm Ratio
Generic 0.08% (Ind) 0.12% (Ind)
AIMS Custom 15 0.20% (Ag) 0.9% (Ag) $0.33 $2.25 0.0002

The Navigant team estimated savings based on building type consumption (kWh or therms/year);
however, since these technologies are forecast as a single class of measure, savings do not vary by
market segment or IOU. Navigant based generic custom savings in the 2019 Study on an analysis of data
available through the California EEStats portal®? for programs operating from 2013 through 2017. Data for
these program years provided the level of detail necessary to separate generic custom measures from
RCx and other custom measures that could be defined and modeled using a Bass diffusion approach.
Table 3-21. summarizes the generic custom savings contribution to the overall sector when accounting
for the removal of RCx from generic custom and the addition of the large number of smaller measures
now considered part of the generic custom measure class.

Table 3-21. Generic Custom Contribution as a Percent  age of Sector Savings

Sector Electricity Gas
Industrial 22% 49%
Agricultural 35% 41%

Based on this analysis and sector-level consumption forecasts provided by the CEC, Navigant
determined that generic custom measures would save roughly 0.08% and 0.12% of annual industrial
sector electricity and natural gas usage, respectively. Using a similar methodology, Navigant forecast
savings from generic custom measures in the agricultural sector at 0.20% of annual electricity
consumption and 0.09% of annual gas usage. These percentages are used in both the reference or
aggressive cases and remain constant throughout the forecast horizon.

Navigant based costs for electricity and natural gas savings on an analysis of industrial and agricultural
programs operating in California and across the nation throughout 2016, which did not vary significantly
through 2017. They are estimated at $0.33/kWh and $2.25/therm and are applied consistently across
sectors and utilities throughout the 2019 Study forecast horizon.

Applicability and penetration rate are key inputs to the savings forecast. Applicability of generic customer
measures in the industrial and agricultural sectors is 100% because these measures are considered
ubiquitous to all activities in all market segments. The approach to forecasting the penetration rate for
generic custom measures changed for the 2019 Study. In the 2017 Study (and prior years), penetration
rates were held constant over the forecast horizon under the assumption that industrial facilities
continually upgrade equipment and processes and, therefore, generic custom measures would be

52 hitp://eestats.cpuc.ca.gov/Default.aspx
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installed at the same rate as past program activity. Based on an analysis of EEStats data from 2013
through 2017, it was determined that generic custom savings are decreasing over time after separating
out the contribution from RCx. As such, the penetration rate for generic custom was revised to show an
annual decrease of approximately 3.3% for both electricity and gas.

3.5.1 Emerging AIMS Technologies

New emerging technologies to reduce energy use and energy demand are continually being introduced in
the California marketplace. The 2019 Study is an update to the approach used for the 2017 Study. For
the 2017 Study, the Navigant team identified approximately 1,100 potential emerging technologies. These
emerging technologies were run through a screening process to rate energy technical potential, energy
market potential, market risk, technical risk, and utility ability to impact market adoption. This process
yielded 169 emerging technology processes®® for final consideration within the model. For the 2019
Study, the team reviewed the data sources used in the 2017 Study to include measures that might have
been added since the initial review and updated measures originally identified for which there might be
more recent data. For a summary of the emerging technology literature reviewed and details on the
screening process and how it was used to define subsector potential, see Appendix F.

Table 3-22. summarizes the resulting savings and cost factors; additional discussion follows the table.
Navigant applied segment-specific electric and gas savings, as well as costs, EUL, and the kW/kWh
savings ratio consistently across all utilities.

Table 3-22. Emerging Technologies 1 Key Assumptions

Savings Range (Percent age of KW/KWh
Sector Building Energy Consumption) Savings
kWh therm Ratio
Emerging 0.93% - o o
AIMS Technologies 10 9.62% 0.0% - 14.21% $0.42  $2.83 0.000195

The model uses a universal EUL of 10 years to accommodate the broad range of emerging technology
adoption curves. Similarly, a universal 0.000195 ratio of kW to kwWh was applied to all three electric
utilities. This is the same value used for SEM, and it is based on an analysis of several third-party SEM
programs operating in California during the 2014-2015 portfolio cycle. Actual emerging technology-
specific EULs and kW/kWh are presently unknown and can be refined during future emerging
technologies market studies as additional information becomes available.

The Navigant team estimated costs for electricity and natural gas emerging technologies savings based
on an analysis of industrial and agricultural programs operating throughout 2016. Costs for electricity and
natural gas savings are estimated at $0.42/kWh and $2.83/therm and are applied consistently for all
utilities and across all industrial and agricultural sectors. Additional information on the methodology used
to derives UES values and costs for emerging technologies measures can be found in Appendix F.

In determining applicability, emerging technologies apply to different industrial and agricultural sectors in
varying degrees, and the Navigant team assessed segment-specific technology applicability during the

53 The emerging technologies represent a process for reducing energy consumption and not necessarily a specific technology.
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screening process. For emerging technologies that were determined to be feasible at the segment level, a
UES estimate was completed for each emerging technology that includes adjustment for applicability. As
such, the team assigned each sector a 100% applicability in the forecast model with the understanding
that applicability was considered during the screening process and is embedded in the UES value for
each emerging technology.

Adoption of future emerging technologies will vary by technology. Some emerging technologies will gain
widespread customer acceptance and capture broad market share based on price, energy savings, and
other customer-driven factors, while other emerging technologies will see a more limited adoption.
Although the team assigned unique risk factors to each new technology during the screening process, it is
impossible to definitively predetermine which technology will be successful. Therefore, the model
considers all emerging technologies in aggregate and applies a consistent participation rate to all
emerging technologies. As such, penetration forecasts for both the industrial and agricultural sectors
begin with a saturation level of 0.1% for the reference case and follow a compound annual growth rate of
3.25%, yielding a target saturation of 8.6% by 2030. The 2030 target saturation of the portfolio of AIMS-
relevant emerging technologies is an estimate that acknowledges the timeline over which new
technologies move through the adoption cycle to reach 80% saturation (typically ranging from 10 to 30
years), and the relatively slow turnover of the diverse set of production equipment associated with many
industrial processes.

3.6 Codes and Standards

C&S modeled in the PG study use data from multiple sources. For evaluated C&S, the study uses ISSM>*
as its data source. For unevaluated C&S, the study uses data provided by California I0Us via a formal
data request.>® For all other future C&S, the study uses additional data and information provided by the
CEC along with additional assumptions made by the Navigant team.

Table 3-23. lists the number and type of C&S and their data source. A full list of the modeled C&S, their
compliance rates, effective dates, and policy status (on the books, possible, or expected)> are listed in
Appendix E. Of special note is the pending 2020 federal standard on the expanded scope of general
service lamps (GSLs - Expanded Scope). Although the 10Us provided this as a claimed standard starting
in the year 2020, the stated intent by the federal government to roll back this standard as well as the
uncertainty in possible legal challenges makes the savings uncertain. For this reason, the GSL -
Expanded Scope standard i s | i sstnetdontabste td &S savings | e 0

reported in this study. However, the model can produce a forecast of savingsf r om fAPossi usd e 0

by the California Energy Commission in its analysis of Additional Achievable Energy Efficiency.

5 Cadmus and DNV GL. Integrated Standards Savings Model (ISSM). 2017.

% PG&E, SCE, SDG&E, and SCG all responded to the data request on February 4, 2019.

% On the books: A code or standard that has been passed into law.

Expected: A code or standard that is in development.

Possible: A code or standard that is not actively being developed, but other policy guidance suggests these should be the next
logical C&S to be developed. Possible C&S are not included in the forecasted results of the PG study, but are made available for the
Cali forni a En e rAgditionaldchieMatdesEneogy Bffciency forecasting process.
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Table 3-23. C&S Data Source Summary

Number and Type of Codes and

10U C&S Group Data Source

Standards

2005 Title 20 22 appliance standards ISSM

2006-2009 Title 20 13 appliance standards ISSM

2011 Title 20 4 appliance standards ISSM

Unevaluated Title 20 20 appliance standards IOU data request

Future Title 20 6 appliance standards Se:sEti(r:niar:tgl;t and Navigant team
Evaluated Federal 26 appliance standards ISSM

Unevaluated Federal 14 appliance standards IOU data request

Future Federal 12 appliance standards (e:sEticr:niar:tgsz,t and Navigant team
2005 Title 24 19 building codes ISSM

2008 Title 24 22 building codes ISSM

2013 Title 24 46 building codes ISSM

2016 Title 24 12 building codes IOU data request

2019 Title 24 40 building codes IOU data request

2022-2029 Title 24 6 building codes CEC input and Navigant team

estimates

Sources: Cadmus and DNV GL. ISSM. 2017.; IOU data request; California Energy Commission

The 2017 Study made several adjustments to the data obtained:

1 Anuncertainty factor of 80% was applied to all unevaluated C&S.

1 Per guidance from Cadmus (the previous C&S evaluator), several 2013 Title 24 codes were
removed from the analysis because their savings were already included in Whole Building
codes.’

For 2013 Title 24, ISSM provides the option to use either bounded or unbounded energy savings
adjustment factors (ESAF), which are analogous to compliance factors for appliance standards.>®
Unbounded refers to the case where a building, project, or measure can consume less energy than the
level established by the current Title 24 code, resulting in an ESAF greater than 100%. Bounded refers to
limiting the ESAF values to a maximum of 100%. The 2017 Study uses bounded values from the ISSM.

The 2019 Study determined new energy savings estimates for future Title 24 codes beyond the 2019
vintage including the 2022, 2025, and 2028 cycles for the commercial sector.>® Personal communication

57 Cadmus and DNV GL. California Statewide Codes and Standards Program Impact Evaluation Phase Two, Volume Two: 2013
Title 24. August 2017.

%8 Cadmus and DNV GL. California Statewide Codes and Standards Program Impact Evaluation Phase Two, Volume Two: 2013
Title 24. August 2017.

59 The future Title 24 codes were not considered in the 2017 Study forecast due to the highly uncertain nature of their savings. The
Navigant team notes that these future savings are still highly uncertain. While California has a goal of all new commercial
construction to be ZNE by 2030, the regulatory path toward requiring this by 2030 is uncertain.
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with staff at the CEC provided insight on the path between 2019 Title 24 and 2028 Title 24, as illustrated
Table 3-24..

Table 3-24. Progression of Commercial T24

Title 24 Code Cumulative Percent age of Incremental Savings
Cycle 2028 Savings Target toward 2028 Target
2016 0% -

2019 33% 33%
2022 50% 17%
2025 67% 17%
2028 100% 33%

Navigant scaled 2019 Title 24 claimed savings based on the last column in Table 3-24. to develop
estimates of savings for the 2022-2028 Title 24. NOMAD factors for 2022-2028 Title 24 were adapted
from 2019 Title 24 and time-shifted to an appropriate start date.

3.7 BROs Energy Efficiency

To forecast customer behavioral energy savings, the Navigant team considered a wide range of
behavioral intervention types for both residential and commercial customers. Because this is an uncertain
area that has been getting a lot of interest from the industry and was called out in AB802 and SB350 as
an emerging area for increased opportunities given NMEC, the team cast the net wide in consideration of
interventions. Figure 3-3 illustrates the five-step selection process used to determine intervention types to
include in the reference case scenario.

Figure 3-3. Selection Process for Residential and Commerc  ial BROs EE Programs

Step 1: Step 2: Step 3: Step 4: Step 5:
Identify Programs Data Screen Characterize Cost-Effectiveness  Forecast Potential
Programs Screen
2017 Study Sufficient
Data
Reference
Additional Scenario
Lit Review Research
Required
Targeted Insufficient
Search
Data
Results

Step 1: Identify programs. The first step was to identify general program categories and then to conduct
a literature review to identify specific programs. The team augmented its existing knowledge base drawn
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from the 2017 Study with additional findings from numerous evaluations and research studies, as well as
findings from the Consortium for Energy Efficiency Database, American Council for an Energy-Efficient
Economy, and various other secondary research sources. Once appropriate utility programs had been
identified, the team sought out formal evaluation findings wherever possibled particularly evaluations of
programs run the California IOUsd as well as other commissioned original research studies.

Step 2: Screen data. Potential programs were then organized by intervention type and screened to
ensure sufficient data. This initial literature review captured all available data, including utility, program
name, state, number of years, number of participants per year, participant type, participation rates,
eligibility considerations, energy savings, persistence, and cost. Because findings were obtained from
many sources, data was inconsistently reported and thus apples-to-apples comparisons were not always
possible.

Step 3: Characteriz e interventions. Behavioral interventions were ultimately included in the model when
a sufficiency of data was available for five primary modeling inputs:

kWh savings

therm savings

l

l

i Participation rates
1 Persistence

l

Cost

While savings and patrticipation rates were generally readily available from formal EM&V evaluations, cost
data was more often scarce. So, in some cases, the team extrapolated or estimated based on a limited
number of data points.

The Navigant team calculated penetration rates based on relevant EM&V-reported program participation
rates for current California IOU program offerings and reported participation in programs in other states.

The team modeled an EUL of 1 year for residential programs. Commercial programs used a 2- or 3-year
EUL per CPUC Decision 16-08-019, unless evidence supported a longer duration.

Specific modeling inputs for each intervention type are discussed in detail in Appendix C.

Step 4. Cost -effectiveness screen. The C-E screen used the TRC test and the latest CPUC-approved
avoided costs for each utility. This screen was used to inform the team if measures should be removed
from the reference case. Even programs that were not cost-effective are included in the aggressive
scenario as an indication of the data available on the potential of these programs.

Step 5. Forecast potential. The forecasts are the result of professional judgement based on program
operations and whether participation is utility driven (opt out) or customer driven (opt in). The forecast
penetration rates were adjusted to represent a reference scenario and an aggressive scenario.

Many intervention types were characterized to forecast potential. A more detailed description of each of
the final intervention types follows in Table 3-25.; additional details can be found in Appendix C.

©2019 Navigant Consulting, Inc. Page 63



NAVIGANT

RES

RES

RES

RES

RES

RES

COM

COM

COM

2019 Energy Efficiency Potential and Goals Study

Table 3-25. Behavioral Intervention Summary Table

Type of Behavioral
Intervention

HERs

Web-Based Real-
Time Feedback

In-Home Display
Real-Time
Feedback

Small Residential
Competitions

Large Residential
Competitions

Universal Audit Tool

Commercial
Competitions

Business Energy
Reports (BERS)

Building
Benchmarking

EUL
(Years)

Brief Description

Residential customers are periodically mailed HERs that
provide feedback about thei
normative comparisons to similar neighbors, tips for 1
improving EE, and occasionally messaging about rewards

or incentives.

Real-time information and feedback about household
energy use provided via websites or mobile apps.

Real-time information and feedback about household
energy use provided via energy monitoring and feedback 1
devices installed in customer homes.

Small residential competitions are organized competitions
with fewer than 10,000 participants per year in which
participants compete in events, contests, or challenges to
achieve a specific objective or the highest rank compared
with other individuals or groups as they try to reach goals
by reducing energy consumption.

Large residential competitions are organized competitions
with more than 10,000 participants per year in which
participants compete in events, contests, or challenges to
achieve a specific objective or the highest rank compared
with other individuals or groups as they try to reach goals
by reducing energy consumption.

The Universal Audit Tool (UAT) is an opt-in online tool that

asks residential customers questions about their homes,

their use of household appliances, and occupancy patterns 1
and then it offers EE advice regarding ways they can save

money and energy.

Commercial competitions are organized competitions
between cities, businesses, or tenants in multi-unit
buildings in which participants compete in events, contests,
or challenges to achieve a specific objective or the highest
rank compared with other groups as they try to reach goals
by reducing energy consumption.

BERS are periodically mailed to small and medium size

businesses to provide feedback about their energy use,

including normative comparisons to similar businesses, 2
tips for improving EE, and occasionally messaging about

rewards or incentives.

Building benchmarking scoresa busi ness cuc¢
facility or plant and compares it to other peer facilities

based on energy consumption. It also often includes goal
setting and rewards in the form of recognition. &

8 Stakeholders informally commented that building benchmarking may not be claimable by IOU programs given benchmarking is
required by AB802. However, no data/policy was cited as definitively disallowing I0Us from claiming savings from benchmarking
programs. Furthermore, there may be potential for building benchmarking savings from segments of the commercial building stock
not included in the AB802 mandate. Therefore, the Navigant team continues to include it in the potential forecast for this report
within the Aggressive BROs scenario.
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Type of Behavioral

Sector -
Intervention

Brief Description

SEM is a long-term continuous improvement process that

educates and trains business energy users to develop and

execute long-term energy goal setting and strategic

planning and to integrate energy management into

business practices throughout the organizationd from the 5
corporate board office to the boiler room and the work

floor. It can include consulting services, customized

training, benchmarking and measurement, feedback, data

analysis, and performance review.

COM/IND/ Strategic Energy
AG Management (SEM)

BEIMS enable building operations staff to achieve
significant energy savings by monitoring, analyzing, and
Building Energy controlling building system performance and energy use.
Information BEIMS can include benchmarking and utility bill tracking
Management software, energy information systems (EIS), building
Systems (BEIMS) automation systems, fault detection and diagnostic tools,
and automated system optimization software, as well as
value-added services and contracts.

COM

Building operator certification trains and educates
Building Operator commercial building operators about how to save energy
Certification by encouraging them to adopt energy efficient behaviors
and make building changes that reduce energy use.

COM

Commissioning is a whole building systems approach to

i mproving an existing build
and implementing operational improvements to save
energy and increase comfort. Retrocommissioning refers

to commissioning a building that has not previously been
commissioned. This program also includes
recommissioning, or commissioning a building that has
been commissioned at least 5 years prior.

COM Retrocommissioning

3.7.1 Data Rigor

Navigant conducted an extensive industry scan for data on BROs initiatives and found that many of these
programs are relatively new and much learning about their effectiveness is ongoing. The published data
spans a wide range in the rigor of analysis conducted on the data around energy savings resulting from
these interventions. Table 3-26. provides a snapshot of the quality of data collected for this study. Across
the board, demand savings data is often limited and cost data is hard to obtain. Penetration forecasts are
the most uncertain because of limited historic penetration rates upon which to base a forecast.

The Navigant team recommends the industry consider pilot studies along with measurement and
verification to provide better data to future potential studies. Interventions that literature claims to show
large promise though limited verified data exists include prepay programs, SEM, building benchmarking,
competitions, web-based feedback, and in-home real-time feedback.
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Table 3-26. Qualitative Assessment of Data Quality

Participation Penetration
Rate Forecast

Applicability

Data Updates

Audits * ® o e L ® v
= Home Energy Reports @ @ o [ [ ) v
E In Home Display RT Feedback | (@] O (@] [ ] L9
? Web-Based Real-Time Feedback (@] (@] [ ] [ ] [ ]
« Small Residential Competitions O (@] (@] [ (@]
Large Residential Competitions [ ] ] (0] [ ] o
Building Operator Certification @ [ ] E [ ] i
Business Energy Reports [ ] [ ] E [ ] v
g | Bews o o e o [ ) v
g Commercial Competitions [ ] [ ] o L9 [ )
8 Strategic Energy Management Q 5.2 5.2 5t @ Eo]
Building Benchmarking O O b [ ] % v
Retrocommissioning . . ' v [ ] [ ]
Legend
[ ] California program data and its derivatives
O Aggregated reports and non-verified savings reported by utilities outside of California
b . Assumed equivalence to similar programs or other forms of professional judgment
v . Indicates that inputs for this program have new data available since the 2018 Potential and Goals Study
NA The majority of prepay programs reviewed were electric programs. While some gas programs exist, savings were excluded due to data insufficiency.

' Program is newly added in the 2020 Potential & Goals Study.
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4.2019 STUDY RESULTS

The results of past potential studies have been used by policymakers as a technical foundation to set

savings goals for the next regulatory cycle. The 2019 Studyi s t he f oundati onal basis foc
and beyond EE goal setting process. Table 4-1 provides a summary of key findings from this study and

the potential implications of each finding.

Table 4-1. 2019 Study Key Findings and Implica tions

@ Key Finding ;.‘ Implication
)

I0Us should identify additional non-residential lighting
opportunities and maintain their program offerings to
harvest the remaining savings potential through
accelerated replacement programs. I0Us should ensure
C&S savings claims properly quantify for savings due to
LED baseline policy.

Despite decreases, the study still shows gas EE potential
which will enable California to progress toward its
statewide decarbonization goals.

Based on scenario results, maintaining a 1.0 TRC cutoff at
3. Higher TRC benefit -cost thresholds reduce the measure-level results in an overall cost-effective
overall savings potential. portfolio, suggesting that it is not necessary for the CPUC
to set the highest cutoff.
I0Us and program administrators should broaden their
program designs to target as many savings opportunities
highlighted in this study as possible.

1. Savings for lighting measures are
substantially reduced relative  to the 2017
Study .

2. Gas savings are substantially reduced
relative to the 2017 Study .

4. The combined effect of vari ous EE policies
limits the overall market potential.

5. This study identifies new measures that The industry should roll out pilots and demonstrations to
have limited p roven experience in the expand the available data and better inform future
marketplace. programs that highlight emerging interventions.

6. The savings potential from C&S measures The industry should continue and enhance the evaluation
represents a significant portion of the of C&S advocacy efforts to ensure accuracy of savings
potential highlighted in this study. forecasts and support the development of new C&S.

7. Adjustments to non -financial factors such I0Us and program administrators should consider
as consumer awareness and education revamping their marketing and outreach efforts to target
appear to lead to larger savings potential. pockets of savings potential not previously considered.

Improved market and measure characteristics and

8. Industrial sector shows a decreasing sector saturation data would minimize the need to forecast

savings potential trend. heavily leveraging historical data and may uncover

additional opportunities for savings.

4.1 Incentive Program Savings

The following subsections summarize statewide market potential results. These results are for all IOUs
combined. The IOU breakdown for these savings can be found in the results viewer that accompanies
this report (see Section 4.3 for details). All results are presented as net savings; all statewide results are
inclusive of interactive effects. Note that the purpose of this report is to present the findings of the
Navi g an tpotengabstody &ind not to establish goalsd that is under the purview of the CPUC. As
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such, the scenario comparisons presented in the following subsection are meant to illustrate a range of
potential that can be achieved basedont he t suwynd s

Figures in this section focus on electric and gas savings. Peak demand savings are not illustrated, though
they are quantified by the model. Full results for all scenarios and all utilities are available in the results
viewer (discussed further in Section 4.3).

4.1.1 Total Savings and Spending by Scenario

Table 4-2. through Table 4-4 show the total incremental market potential from all savings sources by
scenario. A few important notes about these results:

1 Equipment rebate program savings, which include savings from discrete equipment, whole
building, and shell measures, are different for each scenario based on parameters discussed
earlier in Section 2.3. Additional discussion of the variation in rebate program savings by scenario
can be found in Section 4.1.3

1 BROs savings vary only in terms of reference versus aggressive. Thus, BROs savings only have
two possible forecasts across the five scenarios. Additional discussion of the variation in BROs
savings by scenario can be found in Section 4.1.4.

1 C&S savings do not vary by scenario.

Total savings are led by C&S. Because C&S savings do not vary by scenario, the overall variability in
total savings may appear minimal. True variability in savings originates from equipment rebate programs
and BROs.

Versions of the following tables for each IOU can be found in Appendix H.
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Table 4-2. Statewide Net Incremental Electric Energy Savings (GWh/Year) by Scenario

2020 2021 2022 2023 2024 2026 2027 2028 2029

PG Reference Scenario

Equipment Rebates* 315 384 409 390 387 375 343 328 319 289 291
BROs 383 417 443 471 499 529 560 591 623 657 694
Incentive Programs (Subtotal) 698 801 852 861 886 904 903 920 942 945 984
C&S** 1,464 1,455 1425 1,429 1,357 1,309 1,217 1,131 1,014 882 750
Total 2,163 2,255 2,277 2,290 2,243 2,213 2,120 2,050 1,956 1,828 1,734
PG Alternative Scenario 1

Equipment Rebates* 381 457 452 428 419 408 374 360 346 308 309
BROs 383 417 443 471 499 529 560 591 623 657 694
Incentive Programs (Subtotal) 764 874 896 899 917 937 934 951 969 965 1,002
C&S** 1,464 1,455 1425 1,429 1,357 1,309 1,217 1,131 1,014 882 750
Total 2,229 2,328 2,320 2,327 2,275 2,246 2,151 2,081 1,983 1,848 1,752
PG Alternative Scenario 2

Equipment Rebates* 278 351 350 336 335 329 306 296 296 268 271
BROs 383 417 443 471 499 529 560 591 623 657 694
Incentive Programs (Subtotal) 661 768 794 807 834 858 865 887 919 925 964
C&S** 1,464 1,455 1425 1,429 1,357 1,309 1,217 1,131 1,014 882 750
Total 2,126 2,222 2,219 2236 2,191 2,167 2,083 2,018 1,933 1,807 1,714
PG Alternative Scenario 3

Equipment Rebates* 324 393 416 395 389 375 343 328 320 290 293
BROs 494 541 589 638 711 787 850 923 1,010 1,112 1,236
Incentive Programs (Subtotal) 818 934 1,005 1,033 1,100 1,163 1,192 1,251 1,330 1,403 1,529
C&S** 1,464 1,455 1425 1,429 1,357 1,309 1,217 1,131 1,014 882 750
Total 2,283 2,388 2430 2462 2458 2471 2,410 2381 2,343 2,285 2,279
PG Alternative Scenario 4

Equipment Rebates* 407 481 474 444 431 418 382 367 355 317 319
BROs 494 541 589 638 711 787 850 923 1,010 1,112 1,236
Incentive Programs (Subtotal) 901 1,022 1,063 1,082 1,143 1205 1,231 1,290 1,365 1,429 1,555
C&S** 1,464 1455 1,425 1429 1357 1,309 1,217 1,131 1,014 882 750
Total 2,365 2,476 2,487 2511 2500 2514 2,448 2421 2,378 2312 2,305

*Excludes Low Income Programs
**Includes interactive effects
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Table 4-3. Statewide Net Incremental Demand Savings

2019 Energy Efficiency Potential and Goals Study

(MW) by Scenario

Year 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
PG Reference Scenario
Equipment Rebates* 70 84 86 82 84 83 79 77 76 71 71
BROs 72 78 83 88 93 99 104 110 116 122 128
Incentive Programs (Subtotal) 142 162 169 171 177 181 183 187 192 193 200
C&S** 292 302 298 311 298 288 271 254 230 210 190
Total 434 464 467 481 475 470 454 441 422 403 389
PG Alternative Scenario 1
Equipment Rebates* 85 104 102 96 95 95 90 88 86 79 79
BROs 72 78 83 88 93 99 104 110 116 122 128
Incentive Programs (Subtotal) 157 182 185 184 189 194 195 198 202 201 207
C&S** 292 302 298 311 298 288 271 254 230 210 190
Total 449 485 483 495 487 482 465 452 432 411 397
PG Alternative Scenario 2
Equipment Rebates* 62 78 77 74 74 74 71 71 71 67 67
BROs 72 78 83 88 93 99 104 110 116 122 128
Incentive Programs (Subtotal) 134 156 160 162 167 173 176 181 187 189 195
C&S** 292 302 298 311 298 288 271 254 230 210 190
Total 426 458 458 472 466 461 447 435 417 399 385
PG Alternative Scenario 3
Equipment Rebates* 71 85 87 83 84 83 79 78 77 72 72
BROs 89 97 106 115 126 139 149 162 177 194 215
Incentive Programs (Subtotal) 160 183 193 198 211 222 229 240 253 266 287
C&S** 292 302 298 311 298 288 271 254 230 210 190
Total 453 485 492 509 509 510 500 494 484 476 477
PG Alternative Scenario 4
Equipment Rebates* 89 109 106 100 99 98 93 90 88 81 80
BROs 89 97 106 115 126 139 149 162 177 194 215
Incentive Programs (Subtotal) 178 206 212 214 225 236 242 252 264 275 295
C&S** 292 302 298 311 298 288 271 254 230 210 190
Total 470 508 510 525 523 525 513 506 495 485 485

*Excludes Low Income Programs

**Includes interactive effects
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Table 4-4. Statewide Net Incremental Gas Energy Savings (MMtherm/Year) by Scenario

Year 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
PG Reference Scenario

Equipment Rebates* 111 13.6 16.7 18.7 18.4 18.2 17.2 16.8 16.3 15.6 17.0
BROs 16.1 16.8 174 18.1 18.8 195 20.3 21.2 22.1 23.1 24.2
Incentive Programs (Subtotal) 27.2 30.5 34.2 36.8 37.1 37.7 375 38.0 38.4 38.8 41.3
C&S** 35.5 36.5 36.8 37.8 39.3 38.2 31.7 28.4 26.3 23.2 23.4
Total 628 670 710 746 765 759 693 664 647 620 64.6
PG Alternative Scenario 1

Equipment Rebates* 18.2 20.4 20.3 19.6 19.4 21.0 21.2 20.3 20.6 19.1 19.7
BROs 16.1 16.8 174 18.1 18.8 195 20.3 21.2 22.1 23.1 24.2
Incentive Programs (Subtotal) 34.3 37.2 37.7 37.6 38.1 40.5 415 415 42.8 42.2 43.9
C&S** 35.5 36.5 36.8 37.8 39.3 38.2 31.7 28.4 26.3 23.2 23.4
Total 698 737 745 755 774 788 732 699 691 654 673
PG Alternative Scenario 2

Equipment Rebates* 8.9 10.6 10.6 11.4 11.7 12.3 14.0 13.8 15.1 14.8 15.8
BROs 16.1 16.8 17.4 18.1 18.8 19.5 20.3 21.2 22.1 23.1 24.2
Incentive Programs (Subtotal) 25.0 27.4 28.1 294 304 31.8 34.3 35.0 37.2 37.9 40.0
C&S** 35.5 36.5 36.8 37.8 39.3 38.2 31.7 28.4 26.3 23.2 23.4
Total 605 639 649 672 698 700 66.0 633 636 611 634
PG Alternative Scenario 3

Equipment Rebates* 11.2 13.8 16.9 18.9 18.4 18.2 17.2 16.8 16.2 15.6 17.0
BROs 18.5 19.7 21.0 22.3 24.1 26.2 28.4 31.1 34.3 38.1 42.7
Incentive Programs (Subtotal) 297 335 379 411 425 444 456 478 506 53.8 59.8
C&S** 35.5 36.5 36.8 37.8 39.3 38.2 31.7 28.4 26.3 23.2 23.4
Total 65.2 70.0 74.7 79.0 81.8 82.6 77.3 76.2 76.9 77.0 83.1
PG Alternative Scenario 4

Equipment Rebates* 19.2 21.3 21.1 20.3 19.9 21.4 21.4 20.4 20.7 19.1 19.7
BROs 18.5 19.7 21.0 22.3 24.1 26.2 28.4 31.1 34.3 38.1 42.7
Incentive Programs (Subtotal) 37.7 41.0 42.1 42.6 44.0 47.6 49.8 515 55.1 57.2 62.4
C&S** 355 365 368 378 393 382 317 284 263 232 234
Total 732 775 789 804 833 8.9 815 799 814 804 858

*Exclude Low Income Programs
**Includes interactive effects
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Figure 4-1 and Figure 4-2 compare the savings from all incentive programs, which includes savings from
equipment rebate programs, BROs interventions, and low income programs, as a percentage of IOU
sales. Savings as a percentage of sales is a common metric provided in other potential studies, and
industry standard practice is to exclude savings from C&S from such calculations. Energy sales are
sourcedf r om t he Cridcdse. | EPR

Figure 4-1. Incremental Electric Market Potential as a Percent  age of Sales
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Figure 4-2. Incremental Gas Market Potential as a Percent age of Sales
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Figure 4-3 shows projected statewide spending for equipment rebate programs, BROs, and low income
programs by scenario. Spending includes both incentive and non-incentive resource program costs,
which were approximated from historic program activity spending data from the I0Us. Alternative
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Scenario 4 produces the most expensive portfolio for equipment savings and the Alternative Scenario 2,
the least. Alternative 3 is requires slightly more budget than the Reference but produces proportionally
more savings. This is because Alternative 3 is more aggressive with BROs and other aspects of program
design without increasing incentive levels. This implies it can achieve higher first-year savings at a lower
cost relative to the Reference Scenario.

Figure 4-3. Statewide Spending by Scenario fo r IOU Incentive Programs
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4.1.2 Total Savings and Spending by Sector

Figure 4-4 through Figure 4-12 show the breakdown of electric (GWh) and gas (MMtherms) savings,
respectively, by sector for incentive programs, which includes savings from equipment rebate programs,
and BROs interventions. All figures exclude savings from re-participants.

For electric savings, the commercial and residential sectors lead the savings across all scenarios, with the
residential sector showing slightly higher potential over the study horizon due to the large amount of
BROs savings that fall in the residential sector. The incremental savings potential grows over time for the
residential, commercial, and agricultural sectors. This growth is largely attributable to greater levels of
market uptake for BROs in the later years. Conversely, the incremental savings potential declines for the
industrial, mining and street lighting sectors. For industrial and mining, this savings decline is highly
correlated with flat or negative customer growth rates during the time horizon. For street lighting, the
market potential for high efficiency measures becomes more saturated over time.

For gas savings, the largest savings potential comes from the industrial and residential sectors. Like
electric savings, BROs contributes significantly to future growth of savings potential.
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Figure 4-4. Statewide Incremental Net Electric Market Potential by Sector for Incentive Programs
(Reference)

1200

1000

800

600

400

Electric Energy {(GWh/year)

200

0
2020 2021

2019 Energy Efficiency Potential and Goa Is Study

2022 2023 2024 2025 2026 2027 2028 2029 2030

M Res H Com Ind nAg B Min St

Note: Excludes C&S and Low Income savings

Figure 4-5. Statewide Incremental Net Electric Market Potential by Sector for Incentive Programs
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Figure 4-6. Statewide Incremental Electric Market Potential by Sector for Incentive Programs
(Alternative 2)
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Figure 4-7. Statewide Incremental Electric Market Potential by Sector  for Incentive Programs
(Alternative 3 )
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Figure 4-8. Statewide Incremental Electric Market Potential by Sector for Incentive Programs
(Alternative 4 )
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Figure 4-9. Statewide Incremental Gas Market Potential by Sector for Incentive Programs
(Reference)
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Figure 4-10. Statewide Incremental Gas Market Potential by Sector for Incentive Programs
(Alternative 1)
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Figure 4-11. Statewide Incremental Gas Market Potential by Sector for Incentive Programs
(Alternative 2)
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Figure 4-12. Statewide Incremental Gas Market Potential by Sector for Incentive Programs
(Alternative 3 )
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Figure 4-13. Statewide Incremental Gas Market Potential by Sector for Incentive Programs
(Alternative 4 )
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A peak demand savings version of the above figures can be found in the results explorer.

Figure 4-14 through Figure 4-18 show the breakdown of statewide spending by sector for incentive

programs, which includes savings from equipment rebate programs and BROs interventions. This data

does not include costs associated with non-resource programs or C&S advocacy.

Once again, a key takeaway from these figuresi s t hat t he s hagsawngsgéneraglpach sector d

remains the same across scenarios.
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Figure 4-14. Statewide Spending by Sector for Incentive Programs (Reference)
500
450
400
350
300
250

200

SMillions {(nominal)

150
100
50

0
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

B Res mCom Ind mAg H Min [ Stl
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Figure 4-15. Statewide Spending by Sector for Incentive Programs ( Alternative 1 )
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Figure 4-16. Statewide Spending by Sector for Incentive Programs ( Alternative 2)
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Note: Excludes C&S advocacy, Low Income, and non-resource program costs

Figure 4-17. Statewide Spending by Sector for Incentive Programs ( Alternative 3)
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Figure 4-18. Statewide Spending by Sector for Incentive Programs ( Alternat ive 4)
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4.1.3 Equipment Rebate Program Results

Figure 4-19 and Figure 4-20 illustrate the statewide incremental market potential from equipment rebate
program savings, which includes savings from discrete equipment, whole building, and shell measures,
by scenario for electric (GWh) and gas (MMtherms), respectively. These figures exclude IOU-claimable
savings from C&S advocacy programs and BROSs interventions. They also exclude savings from re-
participants, as the Navigant team was tasked to assess incremental potential from first-time adopters in
the market. Cumulative savings are presented in Appendix B.

Figure 4-19 shows that electric potential increases as the TRC threshold used to screen measures
becomes less stringent. Alternative 1 uses the least restrictive threshold, while Alternative 2 uses the
most restrictive. Alternative 3 shows slightly higher savings than the Reference scenario in early years.
These two scenarios are similar except Alternate 3 assumes more aggressive program marketing and
outreach, which manifests itself in a slight front loading of savings in earlier years. Overall, Alternative 4
produces about 46% more electric savings than Alternative 2 (the most conservative scenario) in 2020.
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Figure 4-19.Statewide Incremental Electric Market Potential by Scenario
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Like Figure 4-19, Figure 4-20 shows that gas potential generally increases as the cost test used to screen
measures becomes less stringent. Alternative 1 uses the least restrictive threshold, while Alternative 2
uses the most restrictive. Overall, Alternative 4 produces about 116% more gas savings than Alternative
2 (the most conservative scenario) in 2020. The spread in gas savings across the five scenarios is larger
than the spread observed in electric savings. This is because there are more gas measures and savings
that have measure-level TRCs in the range of 0.85 and 1.25 relative to electric measures and savings.
Thus, gas savings are far more sensitive to the TRC threshold.

Figure 4-20. Statewide Incremental Gas Market Potential by Scenario
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Note that the Navigant team also produced cumulative market potential as part of the study for equipment
rebate program measures and compared it against technical and economic potential for all five scenarios.
Details on these results can be found in Appendix B.

The following subsections discuss the statewide program and end-use-level potential results for electric
(GWh) and gas (MMtherms) savings for equipment rebate programs in different sectors. Additional
versions of this figure for each IOU and for peak demand savings can be found in the results viewer. Note
that measure-level results are available in a database that accompanies this report.

4.1.3.1 Residential Rebate Programs

Figure 4-21 through Figure 4-25 shows the breakdown of electric savings by end use in the residential
sector for each scenario. They exclude BROs (covered in Section 4.1.4) and low income (covered in
Section 5.2). Key observations from these figures include the following:

1 Per guidance from the CPUC staff and in response to stakeholder comments, this model
assumed LEDs are the market baseline technology for residential lighting. The very small amount
of lighting potential is driven by LEDs with embedded controls (which provide savings above and
beyond standards LEDs). The removal of lighting visually exaggerates the contributions of
remaining end uses in all graphs.

1 Among end-use categories that capture potential from discrete measures, appliance measures
leads electric potential in the residential sector in 2020 followed by whole building across all
scenarios.

1 Residential whole building potential contributes somewhat significantly to potential in the later
years of the forecast across all scenarios. Whole building savings are driven by opportunities for
new construction EE saving above and beyond 2019 Title 24 building codes. The model does not
forecast any savings from residential whole building retrofit programs (like Energy Upgrade
California) as they are found to not be cost-effective across any of the five scenarios. Residential
whole building potential is lower than in past studies because the potential was reduced to
account for LEDs being assumed to be the baseline for residential lighting.

1 For certain end uses the model simulates an increasingly saturated market over time as more
customers begin adopting efficient equipment with limited remaining low efficiency equipment to
convert. This leads to decreases in potential for select end uses in latter years.

1 There is a high degree of variation between scenarios for HYAC savings. As the C-E screening
test gets less stringent, more expensive HVAC measures are included in the potential.
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Figure 4-21. Statewide Residential Incremental Electric Market Potential by End Use  for Equipment
Rebate Programs (Reference)
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Figure 4-22. Statewide Residential Incremental Electric Market Potential by End Use for Equipment
Rebate Programs ( Alternative 1 )
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Figure 4-23. Statewide Residential Incremental Electric Market Potential by End Use for Equipment
Rebate Programs ( Alternative 2)
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Figure 4-24. Statewide Residential Incremental Electric Market Potential by End Use for Equipment
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Figure 4-25. Statewide Residential Incremental Electric ~ Market Potential by End Use for Equipment
Rebate Programs ( Alternative 4 )
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Figure 4-26 through Figure 4-30 show the breakdown of gas savings by end use in the residential sector.
Key observations from these figures include the following:

1 Among end-use categories that capture potential from discrete measures, appliances and
building envelope regularly appear across all scenarios. Water heating is sensitive to the TRC
threshold, so in some scenarios water heating dominates while in others it plays a small role.

1 HVAC potential does not show up until 2025 in Alternative 1 and Alternative 4 because no
measures screen the TRC test prior to that. It does not show up at any point during the forecast
period for all other scenarios, indicating that no measures screen the TRC test for those
scenarios.

1 Residential whole building potential contributes significantly to overall potential. Like electric
savings, whole building gas savings are driven by opportunities for new construction EE saving
above and beyond 2019 Title 24 building codes. The model does not forecast any savings from
residential whole building retrofit programs (like Energy Upgrade California) as they are found to
not be cost-effective across any of the five scenarios.
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Figure 4-26. Statewide Residential Incremental Gas Market Potential by End Use for Equipment
Rebate Programs (Reference)
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Figure 4-27. Statewide Residential Incremental Gas Market Potential by End Use for Equipment
Rebate Programs ( Alternative 1)
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Figure 4-28. Statewide Residential Incremental Gas Market Potenti  al by End Use for Equipment
Rebate Programs ( Alternative 2)
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Figure 4-29. Statewide Residential Incremental Gas Market Potential by End Use for Equipment
Rebate Programs ( Alternative 3 )
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Figure 4-30. Statewide Residential Incremental Gas Market Potential by End Use for Equipment
Rebate Programs ( Alternative 4 )
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4.1.3.2 Commercial Rebate Programs

Figure 4-31 through Figure 4-35 show the breakdown of electric savings by end use in the commercial
sector for each scenario. Key observations from these figures include the following:

il

Among end-use categories that capture potential from discrete measures, HVAC and commercial
refrigeration measures dominate electric potential in the commercial sector across all scenarios.

Recent guidance from the CPUC indicates that LED lighting becomes the standard practice
baseline in 2019.5! Savings in the forecast period come from lighting controls measures and, for
some building types (small commercial), AR programs. However, the market quickly becomes
saturated, showing a decrease of savings in the future. The significant reduction of lighting
potential visually exaggerates the contributions of remaining end uses in all graphs.

Commercial whole building potential contributes significantly to overall potential across all

scenarios. Savings for whole buildings account for savings from anticipated future iterations of
building codes. Commercial whole building potential is lower than in past studies because the
potential was reduced to account for LEDs becoming standard practice in commercial lighting.

Overall potential decreases over the forecast period. This is due to the model simulating an
increasingly saturated market over time as more customers begin adopting efficient equipment.

61 CPUC Resolution E-4952, October 11, 2018.
http://docs.cpuc.ca.qgov/PublishedDocs/Published/G000/M225/K049/225049353.PDF
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Figure 4-31. Statewide Commerci al Incremental Electric Market Potential by End Use for
Equipment Rebate Programs (Reference)
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Figure 4-32. Statewide Commercial Incremental Electric Market Potential by End Use for
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Equipment Rebate Programs (Alternative 1)

2023

2024

2025
Year

2026

2027

2028

2029

2030

B FoodServ

M Data Center

B ComRefrig

© WholeBlg

B WaterHeat

m HVAC

M BldgEnv
AppPlug

H Lighting

Page 90



NAVIGANT

Figure 4-33. Statewide Commercial Incremental Electric Market Potential by End Use for
Equipment Rebate Programs  (Alternative 2)
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Figure 4-34. Statewide Commercial Incremental Electric Market Potential by End Use
Equipment Rebate Programs  (Alternative 3 )
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Figure 4-35. Statewide Commercial Incremental Electric Market Potential by End Use  for
Equipment Rebate Programs  (Alternative 4 )
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Figure 4-36 through Figure 4-40 show the breakdown of gas savings by end use in the commercial sector
for each scenario. Key observations from these figures include the following:

1 Among end-use categories that capture potential from discrete measures, food service and water
heating dominate potential in the commercial sector, followed by HVYAC measures across all
scenarios. Unlike the residential sector, one or more HVAC measures is cost-effective under all
scenarios throughout the forecast period.

1 Commercial whole building potential also contributes to overall potential across all scenarios and
is generally comparable to other end-use categories.

1 Unlike electric potential, overall potential is relatively flat over the forecast period across all
scenarios as most gas measures have long lifetimes and do not turn over as fast. As such, there
continues to be opportunity for first-time adopters in the market, which does not saturate as fast.
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Figur e 4-36. Statewide Commercial Incremental Gas Market Potential by End Use for Equipment
Rebate Programs (Reference)
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Figure 4-37. Statewide Commercial Incremen tal Gas Market Potential by End Use for Equipment
Rebate Programs (Alternative 1)
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Figure 4-38. Statewide Commercial Incremental Gas Market Potential by End Use for Equipment
Rebate Programs (Alternative 2)
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Figure 4-39. Statewide Commercial Incremental Gas Market Potential by End Use for Equipment
Rebate Programs (Alternative 3 )
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Figure 4-40. Statewide Commerc ial Incremental Gas Market Potential by End Use for Equipment
Rebate Programs (Alternative 4 )
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4.1.3.3 AIMS Rebate Programs

Figure 4-41 through Figure 4-45 show the breakdown of electric savings by end use in the AIMS sectors
for each scenario. Key observations from these graphs are:

1

Among end-use categories that capture potential from discrete measures that produce deemed
savings, whole building dominates electric potential in the agriculture and industrial sectors,
followed by machine drive and lighting measures across all scenarios.

Recent guidance from the CPUC indicates that LED lighting becomes the standard practice
baseline in 2019.%2 Savings in the forecast period come from lighting controls measures and, for
some building types (small commercial), AR programs. However, the market quickly becomes
saturated, showing a decrease of savings in the future. The significant reduction of lighting
potential visually exaggerates the contributions of remaining end uses in all graphs.

The whole building end-use category represents potential from generic custom measures and
emerging technologies in the agriculture and industrial sectors. Potential from these measures
contributes significantly to the agriculture and industrial sectors across all scenarios and is
expected to increase over time. These measures are tagged into the whole building end use
because it represents a broad array of opportunities across all end uses.

The mining sector, which is made up of oil and gas extraction equipment, contributes minimally to
overall potential across all scenarios.

Only one street lighting measure, advanced lighting controls, contributes a steady amount of
potential across the forecast period across all scenarios.

62 CPUC Resolution E-4952, October 11, 2018.
http://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M225/K049/225049353.PDF
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1 Potential from individual technologies in the agriculture and industrial sectors ramps down over
the forecast period across all scenarios. To align with historic program activity and the
characteristics of the market, the calibration process saw a significant majority of the potential
being realized between 2013 and 2018. Thus, the forecast years reflect less opportunity and an
increasingly saturated market over time. This decrease in potential from deemed savings is
somewhat made up for toward the end of the forecast period by increased potential from
emerging technologies.

Figure 4-41. Statewide AIMS Incremental Electric Market Potential by End Use for Equipment
Rebate Programs (Reference)
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Figure 4-42. Statewide AIMS Incremental Electric Market Potential by End Use for Equipment
Rebate Programs (Alternative 1)

120

100

= 80 m St
=
% = OilGasExtract
& 60 M ProcRefrig
,_% H MachDr
Q
£ 40 B WholeBlg
o HVAC

20 M Lighting

0
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Year

©2019 Navigant Consulting, Inc. Page 96



NAV'GANT 2019 Energy Efficiency Potential and Goals Study

Figure 4-43. Statewide AIMS Incremental Electric Market Potential by End Use for Equipment
Rebate Programs (Alternative 2)
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Figure 4-44. Statewide AIMS Incremental Electric Market Potential by End Use for Equipment
Rebate Programs (Alternative 3 )
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Figure 4-45. Statewide AIMS Incremental Electric Market Potential by End Use for Equipment
Rebate Programs (Alternative 4 )
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Figure 4-46 through Figure 4-50 show the breakdown of gas savings by end use in the AIMS sectors for
each scenario. Key observations from these figures include the following:

1 The whole building end-use category represents potential from generic custom measures and
emerging technologies in the agriculture and industrial sectors. Potential from these measures
contributes significantly to the agriculture and industrial sectors and is expected to increase over
time across all scenarios.

1 Among end-use categories that capture potential from discrete measures that produce deemed
savings, process heat dominates gas potential in the agriculture and industrial sectors, followed
by HVAC across all scenarios.

i The variation and spikes in potential for process heating is a result of different C-E threshold
screens across the five scenarios. Process heating measures become cost-effective in different
years of the forecast depending on the threshold used. For example, in Alternative 2, a TRC
threshold of 1.25 is used, delaying the introduction of significant cost-effective potential until
2026, whereas Alternative 1 (using a threshold of 0.85) shows significant cost-effective potential
starting in 2020.
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Figure 4-46. Statewide AIMS Incremental Gas Market Potential by End Use for Equipment Rebate
Programs (Reference)
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Figure 4-47. Statewide AIMS Incremental Gas Market Potential by End Use for Equipment Rebate
Programs (Alternative 1)
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Figure 4-48. Statewide AIMS Incremental Gas Market Potential by End Use for Equipment Rebate
Programs (Alternative 2)
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Figure 4-49. Statewide AIMS Incremental Gas Market Potential by End Use for Equipment Rebate
Programs (Alternative 3 )
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Figure 4-50. Statewide AIMS Incremental Gas Market Potential by End Use for Equipment Rebate
Programs (Alternative 4 )
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4.1.3.4 Below Code Potential

Figure 4-51 through Figure 4-55 show the breakdown of electric below code potential by end use across
all sectors for each scenario. These savings are captured through AR decisions in the model prompted by
the availability of rebates for upgrading existing below code equipment. The Navigant team assumes that
these rebates will be available starting in 2018 in the model. HVAC and water heating make up the vast
majority of below code potential for both electric and gas fuel types.

Figure 4-51. Statewide Below Code Electric Potential by End Use for All Sectors (Reference)
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Figure 4-52. Statewide Below Code Electric Potential by End Use for  All Sectors (Alternative 1)
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Figure 4-53. Statewide Below Code Electric Potential by End Use for ~ All Sectors (Alternative 2)
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Figure 4-54. Statewide Below Code Electric Potential by End Use for All Sectors (Alter native 3)
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Figure 4-55. Statewide Below Code Electric Potential by End Use for All Sectors (Alternative 4 )
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Figure 4-56 and Figure 4-60 show the breakdown of gas below code potential by end use across all
sectors.
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Figure 4-56. Statewide Below Code Gas Potential by End Use for All Sectors (Reference)
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Figure 4-57. Statewide Below Code Gas Potential by End Use for All Sectors (Alternative 1)
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Figure 4-58. Statewide Below Code Gas Potential by End Use for All Sectors (Alternative 2)
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Figure 4-59. Statewide Below Code Gas Potential by End Use for All Sectors (Alternative 3 )
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Figure 4-60. Statewide Below Code Gas Potential by End Use for All Sectors (Alternative 4 )
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4.1.3.5Rebate Program Cost-Effectiveness

The Navigant team calculated the cost-effectiveness (TRC, PAC, and RIM)®3 for the portfolio of
forecasted measures under the equipment rebate programs for each 10U and each scenario. Several
caveats are noted on these results:

1 These results account for benefits and costs from rebated measures that contribute to equipment
savings but exclude low income, C&S savings, BROs, and industrial/agricultural generic custom
and emerging technologies.

1 Results exclude non-resource program costs which are typically accounted for in a portfolio-level
C-E assessment.

1 Program non-incentive costs are estimated based on past program years; these could vary in the
future.

Figure 4-61 through Figure 4-64 show the TRC for each IOU across each scenario. Alternative 2
generally has the highest TRC given it uses the most restrictive TRC threshold for measures (1.25), while
Alternatives 1 and 4 have the lowest TRC (use the least restrictive threshold). Overall, all scenarios for all
utilities show a TRC greater than 1.0. However, the following scenarios/utilities fall short of a 1.25 TRC:

1 PG&E for Alternate 1 and Alternate 4

1 SDG&E for Alternate 1 and Alternate 4

8 TRC - Total Resource Cost. PAC - Program Administrator Cost. RIM - Ratepayer Impact Measure.
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Figure 4-61. PG&E i TRC of Forecasted Rebate Program Scenarios
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Figure 4-62. SCE i TRC of Forecasted Rebate Program Scenarios
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Figure 4-63. SCG 1 TRC of Forecasted Rebate Program Scenarios
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Figure 4-64. SDG&E i TRC of Forecasted Rebate Program Sc enarios
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4.1.4 BROs Scenario Results

This section presents incremental savings and program spending on BROs interventions under the
reference and aggressive scenarios. The reference case includes only programs proven to be cost-
effective through the TRC test screen, while the aggressive case includes all BROs programs
characterized and assumes more aggressive adoption rates due to ramped up program delivery
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approaches relative to the reference case. Additional versions of figures appearing in this section for each
IOU and including peak demand savings can be found in the results viewer.

Similar to 2017 Study results, the reference scenario is led by savings from HERS, as illustrated in Figure
4-65 and Figure 4-66. As such, program spending is also estimated to be led by HERs (Figure 4-67).
HERs is one of the largest and most well studied existing interventions with reliable California data upon
which to base a forecast.

Web-based, real-time feedback, BIEMS, SEM, and the UAT also represent the highest impact
interventions after HERs. Savings from all interventions increase over time as the Navigant team expects
enroliment in programs to gradually increase. Additional details about penetration rates can be found in
Appendix C.

Figure 4-65. BROs Electric Savings 1 Reference Scenario
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Figure 4-66. BROs Gas Savings 1 Reference Scenario
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Figure 4-67. BROs Program Spending i Reference Scenario
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The aggressive scenario still shows a large portion of savings originating from HERs through the forecast
period (Figure 4-68 and Figure 4-69). The five highest impact interventions after HERs programs are
BIEMS, web-based real-time feedback, the UAT, building benchmarking, and SEM, which combine for
92% of overall BROs savings forecast in 2030. The aggressive scenario contains savings from in-home
displays and building benchmarking, while the reference scenario left these measure out due to low cost-
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effectiveness and possible ineligibility of savings®4, respectively. Savings and spending (Figure 4-70) in
the aggressive scenario are just short of a doubling of the reference scenario.

Figure 4-68. BROs Electric Savings 1 Aggressive Scenario
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Figure 4-69. BROs Gas Savings 1 Aggressive Scenario
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84 Stakeholders informally commented that building benchmarking may not be claimable by IOU programs given benchmarking is
required by AB802. However, no data/policy was cited as definitively disallowing IOUs from claiming savings from benchmarking
programs. Furthermore, there may be potential for building benchmarking savings from segments of the commercial building stock
not included in the AB802 mandate. Therefore, the Navigant team continues to include it in the potential forecast for this report
within the Aggressive BROs scenario
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Figure 4-70. BROs Program Spending 1 Aggressive Scenario
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4.2 C&S Savings

Incremental annual savings from C&S are illustrated in Figure 4-71 and Figure 4-72. Savings from C&S
are similar to those estimated in the 2017 Study. Key changes of note are listed below:

1 10U claims for 2019 Title 24 are lower than those savings estimated in the 2017 Study.

9 This study includes estimates for 2022 Title 24; these were not previously included in the mid-
case of the 2017 Study.

1 This study includes additional/updated standards claimed by the I0Us not included in the 2017
Study. Through informal comments, consultant s t o t he | OU6s noted that
lighting include LED savings (i.e. saving that exceed a CFL baseline).

The team performed a high level review of the estimates the I0Us provided in their claims. Furthermore,
the team notes that some C&S not on the books are inherently uncertain. C&S savings estimates
represent the best estimate based on available data.

Incremental savings seems to decrease in the outer years as the market impacted by a code or standard
has completely turned over and savings from the retrofit market are no longer counted.
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Figure 4-71. C&S Electric Savings (Including Interactive Effects)

1,600

1,400
1,000
800
600
400
200
0

R
N
o
o

Electric Energy (GWh/year)

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Figure 4-72. C&S Gas Savings (Including Interactive Effects)
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Additional versions of Figure 4-71 and Figure 4-72 for each 10U and including peak demand savings can

be found in the results viewer, under the Codes & Standards tab.

4.3 Detailed Study Results

Along with the model file and the summary results shown above, the Navigant team developed a web-
based tool, the 2019 PG Results Explorer. The Results Explorer provides stakeholders the ability to
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manipulate and visualize model outputs. A separate database of measure-level results for rebate
programs is also made available with this release.

The Results Explorer is a web-based tool that lets users explore the results of the five modeled scenarios
in this study. Users can look at energy savings in terms of the total savings, incremental savings due to
each program, cumulative savings over time, and the spending from the utility rebate programs; users
can also see savings by the following:

9 Savings type: Electrical energy, peak power demand, and natural gas

1 Service territory: PG&E, SDG&E, SCE, and SCG

1 Scenario: Five scenarios based on varying cost ratio thresholds and aggressiveness of program
marketing by program administrators

1 Sector: Covers residential, low income housing, commercial, industry, agriculture, mining, and
street lighting

1 End-use category: Includes appliances and plug loads, lighting, HVAC, data centers, process
heat and refrigeration, oil and gas extraction, and food service

The full results viewer can be found at https://bit.ly/2019-CA-Enerqy-Efficiency-PG-Study.

4.3.1 Results Explorer Tabs

The Results Explorer consists of 12 tabs. The Welcome and Data Key tabs give a short overview of the
project, viewing dimensionality, and key definitions used throughout the results tabs. The User Guide tab
contains a det ai | eResults Explordr,snclgling adimatefl GIFs sthowieg the process
for changing graph dimensionality, drilling down into data, and exporting selected graphs to Excel and
CSV formats. The remaining tabs allow users to view and slice data in a variety of ways, from high level
statewide to granular utility and end-use-specific results. Results tabs include the following:

1 Market Potential: Market potential is the EE savings that could be expected in response to
specific levels of incentives and assumptions about market influences and barriers. Market
potentialisusedt o i nf or m EE boals, astdetdrnmined by thhedCPUC. Data presented
here includes all sources of savings examined in this study. Note that C&S savings includes
interactive effects.

1 Program Spending: Utility program spending includes incentives and non-incentive costs paid
for equipment rebate programs (inclusive of low income) and BROs interventions. This data does
not include costs associated with non-resource programs or C&S advocacy.

1 Savings Scenarios: Detailed data on market potential across each of the five modeled
scenarios. Dimensions include end use, building type, sector, and service territory. Market
potential includes rebate programs, low income, and BROs. This tab does not include C&S
savings.

1 Spending Scenarios: Detailed data on program spending across each of the five modeled
scenarios. Dimensions include sector, scenario, and service territory. Utility program spending
includes incentives and non-incentive costs paid for equipment rebate programs and BROs
interventions. This data does not include costs associated with non-resource programs or C&S
advocacy.

9 Tech/Econ/Market Potential: Detailed data on technical, economic, and cumulative market
potential from IOU equipment rebate programs. These graphs do not show 10U claimable
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savings from behavior or C&S advocacy programs because the technical and economic potential
for these sources are undefined. Technical potential is based on instantaneous potential, which is
defined as the amount of energy savings that would be possible if the highest level of efficiency
for all technically applicable opportunities to improve EE were taken. It does not account for
equipment stock turnover. Economic potential is the subset of technical potential that is cost-
effective under the relevant screening test in each scenario.

1 Rebate Prog. Savings by End Use: Detailed data on market potential from rebate programs
(inclusive of low income programs) by end use, sector, building type, and service territory.

1 Cost-Effectiveness: C-E ratio compares total program benefits to total program costs for the
portfolio of forecast measures under the equipment rebate programs for each 10U and each
scenario. Tests define costs and benefits differently, and all are defined by the California
Standard Practice Manual. The three cost tests shown are the TRC, PAC, and RIM tests.

1 Behavior Programs: Detailed data only for behavior, retrocommissioning, and operational
efficiency (BROs) programs. Dimensions include building type, sector, and service territory.
Results are viewed at the BROs measure level.

1 Codes and Standards: Detailed results only for C&S. Dimensions include end use, sector, and
service territory. Results are shown in two forms: with and without interactive effects.

Each results tab includes a description of the viewable data, dynamic chart, drop down filters for available
chart configuration dimensions, and instructions for frequently performed tasks. The viewer is illustrated in
Figure 4-73 and Figure 4-74.
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Figure 4-73. Results Explorer Tab Configuration (lllustrative)
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Figure 4-74. Results Explorer Scenario Comparison (lllustrative)
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5. LOW INCOME PROGRAMS

The potential for EE in the low income sector is modeled after the Energy Savings Assistance (ESA)
program. The ESA program is offered by all four IOUs as a no-cost, direct installation of measures. The
program includes a wide range of equipment combined with education and referrals to other income-
gualified programs.

The 2019 Study makes a major update to the forecast methodology for the low income sector. In the
2017 Study, the Navigant team forecast savings using a simple top-down methodology. The method
multiplied expected number of future participants by overall participant unit energy savings (UES). Data
for future participation and UES was obtained from the 10Us via a data request. At the time, IOUs
expected all program participants starting in 2021 would be retreatments (i.e., homes that have
participated in the program in years past receiving additional treatment). The expected UES for
retreatments at the time was lower than first-time treatments.

In this study, the low income sector is modeled using the same methodology as rebate programs
(described earlier in Section 2.1.1). This is a shift from the previous top- down approach to a measure-
based bottom- up forecast. Low income is separated into its own sector apart from the residential sector
in the model. Rebates applied to the low income sector are equal to 100% of equipment cost.

Historically, ESA programs were not required to pass a total resource cost (TRC) test, and they do not
feed into the overall portfolio cost-effectiveness for IOU programs. Informal stakeholder comments further
suggested that economic potential not be calculated for low income programs as it is largely an academic
endeavor. As such, the model does not conduct any measure C-E screening for low income measures.

5.1 Low Income Program Data Sources

Data for low income programs was primarily obtained from secondary data. Key sets of data include
building stock and retail rates (categorized as global inputs) and measure-level data.

5.1.1 Building Stock and Retail Rates

Using data analyzed from a combination of the Low Income Needs Assessment,5® eligibility statistics for
the California Alternate Rates for Energy (CARE)® program, and county-level statistics on the multifamily
market from the American Community Survey,®” the Navigant team estimated the fraction of the
population in each 10U territory that would qualify for low income programs. This data is summarized in
Table 5-1. and is applied to the residential building stock forecast (described earlier in Section 3.1.2) to
split the total residential stock into low income versus non-low income. The fraction of single-family and
fraction of multifamily are independent market estimates and, therefore, do not sum to 100%. Data for

5 Evergreen Economics. Needs Assessment for the Energy Savings Assistance and the California Alternate Rates for Energy
Programs. 2016.

% California Public Utilities Commission. Compliance Filing of Pacific Gas and Electrics (U 39-M), on behalf of itself, Southern
California Gas Company (U 904-G), San Diego Gas and Electric Company (U 902-M), and Southern California Edison Company (U
338-E), Regarding Annual Estimates of CARE Eligible Customers and Related Information. February 9, 2018.

57 https://www.census.gov/programs-surveys/acs/, accessed January 2019.
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PG&E was revised to reflect information provided in PG&Es formal comments on the previous draft of this
report.5®

Table 5-1. Fraction of Households Considered Low Income

Fraction of Fraction of
Utilit Single -Family Multifamily Homes
y Homes that are that are Low
Low Income Income
PG&E 20.2% 37.9%
SCE 29.4% 38.0%
SDG&E 19.7% 42.0%
SCG 28.6% 41.9%

The 2020 model assumes low income customers are enrolled in CARE and thus receive a discount on
their energy rates. Discount factors are presented in Table 5-2.

Table 5-2. Low Income Energy Rate Discounts

Fuel P(_ercent Data Source(s)
Discount
1  http://www.cpuc.ca.gov/general.aspx?id=976
Electric 35% 1 SDG&E: Rate class E-CARE states that in 2020 and beyond

effective discount will be 35%
Comparison of 2019 PG&E Rate class E-1 vs. EL-1 (CARE)
http://www.cpuc.ca.gov/general.aspx?id=976

1 SoCalGas 2019 GR-CARE Rate Class

Natural Gas 20%

5.1.2 Measure -Level Data

The measure list and measure-level data for the low income sector is adapted from the residential (non-
low income) sector. Four key differences are accounted for:

1 Measure applicability : Only a subset of residential measures applies to the low income sector.
The Navigant team removed measures not likely to be rebated or not historically rebated by ESA.
Examples include ZNE whole building new construction, drain water heat recovery, ENERGY
STAR TVs, cool roofs, and clothes dryers. A full list of which measures were included in the
modeling of the low income sector can be found in the 2019 MICS database (described earlier in
Section 1.6).

1 NTG ratio: ESA does not apply a NTG value; rather, it assumes a NTG of 1.0. Therefore,
measures in the low income sector use a NTG of 1.0 rather than the deemed or evaluated NTG
that applies to residential programs.

% PG&E. Comments of Pacific Gas and Electric Company (U 39 M) Regarding Energy Efficiency Potential And Goals For 2018 And
Beyond In Response To AdministrativeMap2lZWw0l9udgeds Ruling Dated May
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1 Unit energy savings: The ESA program has historically estimated savings leveraging ex ante
data from DEER. However, a recent impact evaluation of the 2015-17 ESA programs revealed
significant variations in evaluated savings relative to ex ante estimates.®® This study applies
measure level realization rates from the ESA impact evaluation to more accurately represent the
unit energy savings expected from measures adopted by ESA.”® The PG Model is not capable of
forecasting increases in energy use. Therefor if measures are expected to increase energy use,
their impacts are omitted from the forecast.

1 Measure prevalence and efficiency : Measure prevalence refers to the ownership levels of
equipment in the low income sector relative to the broader residential population. Measure
efficiency refers the saturation of efficient technologies in the low income sector relative to the
broader residential population. Both items are described in greater detail in the rest of this
section.

The Navigant team reviewed existing sources of low income residential market data and compiled key
statistics about measure prevalence and efficiency. The Navigant team sought out the following two ratios
for each of the measures as shown in Table 5-3..

Table 5-3. Low Income Ratio Descriptions

Ratio Type Ratio Calculation Example Description

Total density among low income sample A ratio of 75% means that low income

Total Density / total density among general population  customers are 25% less likely to own a

Ratio sample thermostat than the general population.”™
Average existing equipment prevalence A ratio of 131% means low income
Baseline 9 ISting equip P households with thermostats are 31%
Saturation among low Income sample / average more likely to own a manual thermostat
; existing equipment prevalence among -
Ratio (average existing case) than the general

general population sample population,

The Navigant team obtained information for the two ratios by reviewing the following data sources:

1 Datain the 2012 CLASS webtool™
1 2013 Low Income Needs Assessment (LINA)"3
1 ESA Program Multifamily Segment Study 4
The Navigant team used data from the CLASS webtool as the primary source to develop the density and

saturation ratios. The team referenced the 2013 LINA and ESA study for context, particularly to
understand the population of low income households across California.

% DNVGL. Energy Savings Assistance (ESA) Program Impact Evaluation Program years 2015i 2017. April 2019

0 Realization rates obtained from Figure 5-8 and Figure 5-17 from the ESA impact evaluation report. These are applied to unit
energy consumption and savings values for residential measure to arrive at values that can be used for the low income program.

™ In the case of a thermostat, lack of ownership implies the homeowner does not control the temperature setpoint in the building
2 https://webtools.dnvgl.com/projects62/Default.aspx?tabid=190

3 Evergreen Economics. Needs Assessment for the Energy Savings Assistance and the California Alternate Rates for Energy
Programs, Final Report (Study ID: SCE0342), Volume 2: Detailed Findings. 2013 See p. 4-21.

74 Cadmus and Research Into Action (2013). ESA Program Multifamily Segment Study Report.
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The CLASS webtool provides statistical summaries of lighting and appliance prevalence. Data are
presented in terms of percentages (e.g., percentage of homes with at least one piece of equipment,
percentage of equipment units that are within binned ranges of efficiency values) and averages (e.g.,
average SEER of cooling equipment).

The 2013 LINA study showed the average low income household has approximately three people, and
the CARE guidelines limit income for a three-person household to $41,560. Therefore, the Navigant team
searched for households of three or less people with a maximum income of $40,000 in the CLASS
webtool to represent the low income population.

Table 5-4. summarizes the criteria that the Navigant team used to select and extract data from CLASS
and divide that data into the low income population versus the general population.

Table 5-4. CLASS Filter Criteria Used to Extract Data

Data Subset CLASS Filter Criteria
Income Group

. Total People in Home: Any
General Population

Income: Any
Total People in Home: 1, 2, 3
Low Income
Income: <$20,000, $20,000 to <$30,000, $30,000 to $40,000
Home Type
Type of Residence: Single-Family Detached, Apt 2-4 Units, Duplex
Single-Family (Single Story), Mobile Home, Townhouse/ Rowhouse (2-4 Unit Multi-
Story)
Multifamily”® Type of Residence: Apt 5+ Units

The Navigant team multiplied the general population density and baseline saturation values by the low
income ratios to calculate the low income total density and saturations. An example of this calculation can
be found in Table 5-5.. Note that Code and Efficient Base Year Efficiency saturations maintain the same
relative proportions to each other as they do in the general population saturations.

Table 5-5. Low Income Total Density and Saturation Example

Low
— Income Low
Technology Base Year Total Income Technology .
s . . Baseline Income
Name Efficiency Density Total Saturation . .
Densi Saturation Saturation
ensity Ratio
Manual Average 0.97 75% 073 46% 131% 61%
Thermostats Existing
Programmable Code 0.97 75% 0.73 51% . 37%
Thermostats
Smart Efficient 0.97 75% 0.73 3% - 2%
Thermostats

> Note that some I0Us use a slightly different criteria for their multifamily upgrade programs.
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The Navigant team focused on collecting data for measures in order of priority. Highest priority measures

were initially determined as those that have collectively contributed to the top 80% of historic ESA

program savings though additional measures that were added contribute large potential savings to non-

low income programs.”® Medium and low priority measures were those that were historically part of ESA

but at lower savings/participation levels. Some measures did not have discernable low income versus

general population data; for these measures, the team made proxy estimates of the above described

ratios. Prioritization does not imply what programs do or should prioritize, butrat her t he Navi gant
data collection prioritization process. Prioritization is listed in Table 5-6..

Table 5-6. Low Income Measure 1 Data Collection Prioritization

High Priority Medium Priority Low Priority

Air Conditioners Clothes Dryers Attic Duct Insulation
Ceiling/Roof Insulation Clothes Washers Crawlspace Duct Insulation
Faucet Aerators Lighting Fixtures Elec Water Heaters
Furnaces Reflector Lamps Freezers

Gas Water Heaters Windows Linear Fixtures

HVAC Quality Maintenance Room AC Lamps i Outdoor
Refrigerators Specialty Lamps

Screw-In Lamps i Indoor Water Heating Controls

Showerheads

Wall Insulation

5.2 Low Income Program Results

Figure 5-1 through Figure 5-4 show the breakdown of electric savings by end use in the commercial
sector for each scenario. Detailed tables of results for each 10U can be found in Appendix H. The
Reference, Alternative 1, and Alternative 2 scenarios have the same savings results, so they are grouped
into one figure. The same applies for the Alternative 3 and Alternative 4 scenarios. Key observations from
these figures include the following:

1 The appliances and HVAC end uses account for most of the electric potential, with lighting
playing a smaller role in electric potential. Meanwhile, the water heating end use dominates gas
savings opportunities.

1 These figures show the incremental first-year savings from new participants. It does not include
savings from re-participants to remain consistent and comparable to other figures in this report.
Savings from re-participants are captured in the cumulative savings calculation in the PG Model.

1 These figures apply realization rates from recent the ESA EM&YV study.”” As a results savings are
significantly lower then those presented in the earlier draft of this report.

As noted earlier, this study significantly updated the forecasting approach for the low income sector. The
2017 St udbwndapprotch relied significantly on data reported by the IOUs and the expectation
that, starting in 2021, program participants would consist only of retreatments (i.e., homes that have

8 Historic ESA program savings obtained from annual reports for 2017 available at: http://www.cpuc.ca.gov/igap/
" DNVGL. Energy Savings Assistance (ESA) Program Impact Evaluation Program years 20157 2017. April 2019
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participated in the program in previous years). The 2019 Study seeks to assess the true remaining
potential in low income homes at the measure level regardless of if the residential customer is a first-time
participant or a re-participant. As such, forecast potential in 2020 and beyond is agnostic of past program
participation.

Figure 5-1. Statewide Low Income Incremental Electric Market Potential by End Use for Equipment
Rebate Programs (Reference, Alternative 1, and Alternative 2)
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Figure 5-2. Statewide Low Income Incremental Electric Market Potential by End Use for Equipment
Rebate Programs (Alternative 3, Alternative 4)
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Figure 5-3. Statewide Low Income Incremental Gas Market Potential by End Use for Equipment
Rebate Programs (Reference, Alternative 1, and Alternative 2)
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Figure 5-4. Statewide Low Income Incremental Gas Market Potential by End Use for Equipment
Rebate Programs (Alternative 3, Alternative 4)
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APPENDIX A. CALIBRATION

A.1 Overview

Forecasting is the inherently uncertain process of estimating future outcomes by applying a model to
historic and current observations. As with all forecasts, the PG Model results cannot be empirically
validated a priori, as there is no future basis against which one can compare simulated versus actual
results. Despite that all future estimates are untestable at the time they are made, forecasts can still
warrant confidence when historic observations can be shown to reliably correspond with generally
accepted theory and models.

Calibration provides both the forecaster and stakeholders with a degree of confidence that simulated
results are reasonable and reliable. Calibration is intended to achieve three main purposes:

1 Anchors the model in actual market conditions and ensures that the bottom-up approach to
calculating potential can replicate previous market conditions.

1 Ensures a realistic starting point from which future projections are made.

1 Accounts for varying levels of market barriers and influences across different types of
technologies. The model applies general market and consumer parameters to forecast
technology adoption. There are often reasons why markets for certain end uses or technologies
behave differently than the normd both higher and lower. Calibration offers a mechanism for
using historic observations to account for these differences.

The calibration process is not a regression of savings or spending (not drawing a future trend line of
savings based on past program accomplishments). Rather, calibration develops parameters that describe
the customer decision-making process and the velocity of the market based on recent history. Once these
parameters are set, the model uses them as a starting point for the forecast period

The PG Model was calibrated in two steps. First, a draft calibration was conducted based on historic data
from 2013 through 2016. Second, the draft calibrated results were reviewed with stakeholders to
incorporate effects post-2017 and the collective insights of stakeholders on how the future may differ from
the past.

Step 1 calibrated by reviewing portfolio data from 2013 through 201678 to assess how the market has
reacted to program offerings in the past. The calibration starts in 2013 because a key input to the model
(equipment saturation data) was based on data collected in the 2012-2013 timeframe. Thus, the model
must begin in the same year that its equipment stock data begins.

8 Calibration extends through 2016 rather than 2017 or 2018 due to the timeline constraints placed on this study. The 2017 model

andstudywas set up to extract and process calibration data from the CPU
2016. Program data (including program plans) for 2017 and beyond are
CEDARS under the short timeline of this project was not possible.

©2019 Navigant Consulting, Inc. Page A-1



N \VlGANT 2019 Energy Efficiency Potential and Goals Study

Step 2 allows for calibration to account for more recent changes to programs. The Navigant team held a
workshop on March 21, 2019 to present preliminary draft results of the residential, commercial and
industrial sectors to stakeholders. Following the presentation was a discussion of the following:

1 Stakeholder impressions/reactions to the magnitude of the savings and breakdown across
different end uses

1 Stakeholder input on future trends not captures during the historical calibration

1 Stakeholder insights regarding specific sectors/end uses will be significantly impacted by program
changes (positive or negative)

1 Defensible reasoning to support any suggested changes

A.2 Necessity of Calibration

Senate Bill 350 direct the following: il n assessing t h effettiveaessobendrgyt y and

efficiency savings é the Public Utilities Commi

potential studies that are not restricted by previous levels of utilityener gy ef f i ci eThisgoessavi ngs .

not imply that a potential study should not be calibrated.

Calibration refers to the standard process of adjusting model parameters such that model results align
with observed data. In evaluative statistical models, calibration is called regression, and goodness of fit is
typically the main focus since the models are usually simple. In situations of complex dynamics and non-
linearity (as in this study), model sophistication and adequacy can become the main focus. But grounding
the model in observation remains equally necessary. The ability of a forecast to reasonably simulate
observed data affords credibility and confidence to forecast estimates.

Although there are data supporting all underlying parameters in the PG Model, much of the data are at an
aggregate level that can be inadequate to forecast differences across the various classes of technologies
and end uses. The customer willingness-to-adopt factor is a good example of this effect. Customers may
exhibit certain average purchase tendencies in adopting measures based on their financial
characteristics. Nevertheless, there may be features of certain end use technologies that cause customer
behavior to vary from the average. Residential building envelope is an end use where adoption of
measures like insulation is consistently lower than would be predicted compared with other end uses.
Residential lighting adoption, on the other hand, performs better than the average predicted customer
purchase tendencies, even after adjusting for differences in financial attractiveness. We often think of
these differences as the influence of non-financial product attributes or of market barriers.

Calibration is not an optional exercise in modeling. One might suggest that the average customer data
should be sufficient to make a reliable aggregated forecast. Nevertheless, there are two important non-
linearities that compel us toward a more granular parameterization:

1 Program portfolios are not evenly composed across end-uses. This leads to an uneven weighting
issue whereby average customer willingness and awareness may not lead to the correct
calculation of total savings and costs.

1 The dynamics in the model regarding the timing of adoption can become incompatible with the
remaining potential indicated by program achievements. For example, if the forecast results were
not calibrated for LED lighting in the residential sector, the saturation may remain inaccurately low
in early years and indicate a larger remaining potential in future years. Thus calibrating upward
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may increase potential in the early years but decrease potential in later years. This implies that in
the absence of IOU program intervention, residential LED would have historically had much lower
adoption. Calibration therefore allows us to capture these program influences to more accurately

reflect remaining potential.

The team treats the calibrated results as the most basic set of interpretable results from which alternate
scenarios are developed.

A.3 Interpreting Calibration

Calibration can constrain market potential for certain end uses when aligning model results with past IOU
energy efficiency (EE) portfolio accomplishments. Although calibration provides a reasonable historic
basis for estimating future market potential, past program achievements may not capture the potential
due to structural changes in future programs or changes in consumer values. Calibration can be viewed
as holding constant certain factors that might otherwise change future program potential, such as:

Consumer values and attitudes toward energy efficient measures;
Market barriers associated with different end uses;

l
l
1 Program efficacy in delivering measures; and
l

Program spending constraints and priorities.

Changing values and shifting program characteristics would likely cause deviations from market potential
estimates calibrated to past program achievements.

Does calibrating to historic data constrain the future forecast? In a strictly numeric sense, yes. If a certain

end use is calibrated downward or upward, then future adoption and its timing are affected. Nevertheless,

this should not be interpretedasiical i br ati on constrains the | evel of adoa
Rather calibration provides a more accurate estimate of the rate of technology turnover in the market,

current state of customer willingness, market barriers, program characteristics and remaining adoption

potential

One interpretation is that the calibration process creates a floor for the remaining potential. Market
barriers, customer attitudes, and program efficacy generally move in the direction of improvement.

A.4 Implementing Calibration

The PG study calibration process primarily seeks to develop a set of consumer decision and market
parameters that best represent recent history. Once these parameters are developed they are used as
the start point «furnoveralgoRtiens &hd dorslindesdedsioroalgorithms.

The process of developing these parameters requires historic market data. The PG Model uses 2013-
2016 program data (net savings, gross savings, program spending data)®*and per f orms a fdAback

 See http://eestats.cpuc.ca.qov
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fit model parameters such that historic achievements are generally matched. Frequently asked questions
about this process and their answers include:

1 Why start in 2013? This the year where we have holistic saturation data for the entire market of
EE technologies, it is a reasonable market starting point.

1 Whyendin2016? Our model was set up to extract data from EEStats (this data source goes
through 2016).

1 Can we calibrate using 2017 -2018 data? We would still need to use 2013-2016 data and
append it with additional years.

The calibration process was conducted in two steps.

In Step 1, the Navigantteama dj ust ed model par amet e rcsa satndd ocfo niphaer endo dtehl
against historic program data for 2013-2016. Individual adjustments to three key levers (listed in the table

below) were made at the IOU, sector, and end use level until a reasonable match with historic data was

achieved.

Table A-1. Calibration Levers

Lever Drivers and Impact on Model Results

1 Increasing initial awareness shortens the time required for a measure to reach
100% consumer awareness and accelerates adoption.
Increasing marketing strength increases adoption rate of technologies in the
nascent stage (i.e., having low initial consumer awareness).

Awareness

1  Adjustments to incentive levels increase adoption, increase budget, and
increase savings.
Consumer implied discount rate can be adjusted to account for non-cost
related market barriers that may be higher or lower than normal.

Willingness

1 The model assumes technologies turn over based on EUL. However, the real
Stock velocity of the market and turnover dynamics are not this perfect/exact.
Turnover Adjusting turnover rates allows the model to better reflect real world market
dynamics.

Step 1 was a process relying on historic data. However, the Navigant team readily recognizes the future
of consumer decisions processes and market momentum may not look like the past. For example:

1 Future Customer Decision Process:  The past decision parameters may not be representative
of the future paradigm:

o Programs are shifting to third party : The way programs market and influence
customer decisions may change

0 Customer have more access to their own data : Will they be a more informed
customer, or be overburdened in their own analysis paralysis?

1 Future Program Focus :Our ACr yst alwheddadommestoi s hazy
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(o]

(o]

How programs wil |l redesign to accommodate LED

Recent EM&V studies/pilots provide new data that may influence the future of program
offerings

Greater role for third party implementation

BROs programs that are beyond the status quo of HERs

M1 Other Unknowns

Given these uncertainties, Step 2 of the calibration process sought feedback from stakeholders on the
reasonableness of the forecast resulting from Step 1 and what adjustments (if any) should be made. On
March 21, 2019 the Navigant team presented preliminary draft results for the residential, commercial, and
industrial sectors (which historically accounted for 85% of rebate program savings) and asked
stakeholder to provide feedback and information such as:

f
f
f

il

Impressions/reactions to the magnitude of the savings and breakdown across different end uses

Thoughts on trends in key end uses

Insights regarding specific sectors/end uses will be significantly impacted by program changes
(positive or negative)

Defensible reasoning to support changes

The Navigant team collected informal comments and made adjustment to the forecast period as
necessary.
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APPENDIX B. TECHNICAL, ECONOMIC AND CUMULAT IVE MARKET
POTENTIAL FOR EQUIPMENT REBATE PROGRAMS

Figure B-1 through Figure B-10 illustrate the statewide technical, economic, and cumulative market
potential from IOU equipment rebates for electric (GWh) and gas (MMtherms), respectively, for each
scenario. These figures do not show IOU-claimable savings from behavior or C&S advocacy programs as
the technical and economic potential for these sources are undefined. The cumulative market potential
line is based on an accumulation start year of 2020 to assist in tracking additional achievable energy
efficiency (AAEE) forthe CEC6s demand forecast and to support
efforts.

The technical potential is based on instantaneous potential, which is defined as the amount of energy
savings that would be possible if the highest level of efficiency for all technically applicable opportunities
to improve energy efficiency (EE) were taken. It does not account for equipment stock turnover in existing
buildings. For new construction buildings, technical potential reflects 100% of new construction adopting
the highest level of efficiency measure in the year of construction. Furthermore, technical potential for
new construction is cumulated over time starting in 2020.

The economic potential shown in the graph is a subset of technical potential that is cost-effective under
the relevant screening test applied separately to existing buildings and new construction in each scenario.
Both the technical and economic potential lines grow steadily over time to reflect stock growth across all
scenarios.

The gap between the economic and technical potential on the graphs reflects that a significant number of

measures are not cost-effective. This gap is smallest in Alternative 1 where the TRC threshold is 0.85
(compared to 1.25 in Alternative 2).
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Figure B-1. Statewide Technical, Economic , and Cumulative Electric Market Potential for
Equipment Rebate Programs (Reference)
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Figure B-2. Statewide Technical, Economic , and Cumulative Electric Market Potential for
Equipment Rebate Programs  (Alternative 1)
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Figure B-3. Statewide Technical, Economic , and Cumulative Electric Market Potential for
Equipment Rebate Programs ( Alternative 2)
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Figure B-4. Statewide Technical, Economic , and Cumulative Electric Market Potential for
Equip ment Rebate Programs ( Alternative 3 )
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Figure B-5. Statewide Technical, Economic , and Cumulative Electric Market Potential for
Equipment Rebate Programs ( Alternative 4 )
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Figure B-6. Statewide Technical, Economic , and Cumulative Gas Market Potential for Equipment
Rebate Programs (Reference)
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Figure B-7. Statewide Technical, Economic , and Cumulative Gas Market Potential  for Equipment
Rebate Programs ( Alternative 1)
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Figure B-8. Statewide Technical, Economic , and Cumulative Gas Market Potential for Equipment
Rebate Programs ( Alternat ive 2)
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Figure B-9. Statewide Technical, Economic , and Cumulative Gas Market Potential for Equipment
Rebate Programs ( Alternative 3 )
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Figure B-10. Statewide Technical, Economic , and Cumulative Gas Market Potential for Equipment
Rebate Programs (Alternative 4 )
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APPENDIX C. BROS

This appendix discusses the BROs interventions that are included in the PG Model. It describes each
intervention and discusses data sources and assumptions. A separate spreadsheet is also made
available for stakeholders to review the final detailed inputs for intervention specific to each utility and
building type.

C.1 Residential T HERs

C.1.1 Summary

Home energy reports (HERS) are among the most prevalent and widely studied of behavioral

interventions. Residential customers are periodically mailed HERSs that provide feedback about their

homeédés energy use, including normative comprgyri sons to
efficiency (EE), and occasionally messaging about rewards or incentives. HER programs are generally

provided to customers on an opt-out basis, although utilities in other states have conducted opt-in

programs.

Estimated electric savings range from 1.3% to 1.4%, while gas savings are 0.7% to 1.4%. Costs are set
at $0.06-$0.10 per kWh and $0.92-$1.88 per therm.8081

Table C-1. HERs i Key Assumptions

S— . EUL Savings Cost KW/KWh
/P Years kWh therm kwWh therm Savings Ratio
1.3%7 0.7% 7 $0.06 1 $0.92171 0.000096 1
RES HERs 1 1.4% 1.4% $0.10 $1.88 0.000266

C.1.2 Assumptions and Methodology
Eligibility and Participation
Although all targeted residential households may receive HERs as participants in an opt-out program, in

practice, PG&E found that 0.5% of customers elect to opt out. For this reason, the Navigant team reduced
applicability to 99.5% for single-family homes. Applicability for multifamily homes is further reduced to

8 Cost for PG&E and SDG&E are split across electric and gas fuel types.

81 DNV-GL, Impact Evaluation of 2014 San Diego Gas & Electric Home Energy Reports Program (Final Report), 04/01/2016,
California Public Utilities Commission
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89.5%, dropping another 10% to account for multifamily homes that do not have individual meters.®2 SCE
provided data indicating that only 0.17% of its multifamily customers are master-metered, so the
applicability in its territory remains higher, at 99.33%. Applicability factor applies to the targeted treatment
population, our model assumes a separate control population is still required for evaluation purposes.

While participation rates in HER programs fluctuate over time due to program opt outs/attrition, customer
moves, and changes in program implementation such as adding new waves, specific forecasts require
details beyond those publicly available via 2017 IOU-filed Rolling Business Plans.®® For this reason, the
team reviewed all formal California IOU evaluations of HER programs to ascertain historic HER program
participation rates and wave sizes and then applied a weighted average of IOU wave sizes to forecast the

82 Kate Johnson and Eric Mackres, Scaling up Multifamily Energy Efficiency Programs: A Metropolitan Area Assessment, Report
Number E135, March 2013, American Council for an Energy Efficient Economy, from
http://www.prezcat.org/sites/default/files/Scaling%20up%20MF%20Energy%20Efficiency%20Programs_0.pdf

8 PG&E, Application of Pacific Gas and Electric Company for Approval of 2018-2025 Rolling Portfolio Energy Efficiency Business
Plan and Budget, Public Utilities Commission of the State of California, January 17, 2017

SCE, Southern California EdisonCompany és Ener gy Efficiency Rolling Portfolio
Approach, Public Utilities Commission of the State of California, January 17, 2017

SDG&E, Application of San Diego Gas & Electric Company (U 902-M) to adopt Energy Efficiency Rolling Portfolio Business Plan
Pursuant to Decision 16-08-019, Public Utilities Commission of the State of California, January 17, 2017

SCG, Energy Efficiency Business Plan for Southern California Gas Company, Public Utilities Commission of the State of California,
January 17, 2017

©2019 Navigant Consulting, Inc. Page C-2
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future cohort waves according to the number of households within a given service territory-84 85 86, 87, 8, 89,
90, 91, 92, 93, 94, 95, 96, 97, 98

The forecast is further informed by the following considerations:

1 SCG indicated that they would not deploy a HER program until 2018,°® and that it would ramp up
over 3 years.%

1 A cap was placed on the penetration of HERs based on feedback that the bottom quartile of
energy consumers will not be targeted and an equal number of customers need to be reserved as
a control group for evaluation purposes.

The behavioral model then applies these projected penetration rates to the number of forecast IOU
households, which increases over time from 2016 to 2030, resulting in an increase in the absolute
number of actual HER participants over time.

Savings

8 DNV GL, Review and Validation of 2014 Pacific Gas & Electric Home Energy Reports Program Impacts (Final Report)
04/01/20186, California Public Utilities Commission, page 4, 19

8 DNV GL,2013 PG&E Home Energy Reports Program Review and Validation of Impact Evaluation ED Res 3.1, April 06, 2015,
California Public Utility Commission

8 DNV KEMA, Review of PG&E Home Energy Reports Initiative Evaluation, 5-31-2013, CPUC Energy Division

87 Freeman Sullivan and Company, Evaluation of Pacific Gas and Electric Company's Home Energy Report Initiative for the 20107
2012 Program, April 25, 2013, Pacific Gas and Electric Company, p 8, 26-31

8 DNV GL, Review and Validation of 2014 Southern California Edison Home Energy Reports Program Impacts (Final Report)
04/01/2016, California Public Utilities Commission, page 3, 13

8 DNV GL, 2013 SCE Home Energy Reports Program Review and Validation of Impact Evaluation ED Res 3.2, April 06, 2015,
California Public Utilities Commission, p 3, 8

% August 2015 Advanced Metering Semi-Annual report provided by SCG staff. Appendix E ZNexant, Evaluation of Southern
California Gas Company& 20152016 Conservation Campaign, August 2016, August 31, 2016, page E3

91 DNV GL, Impact Evaluation of 2014 San Diego Gas & Electric Home Energy Reports Program (Final Report), 04/01/2016,
California Public Utilities Commission, page 3, 24

92 DNV GL, SDG&E Home Energy Reports Program 2013 Impact Evaluation ED Res 3.3, October 17, 2014, California Public Utility
Commission

9 2. DNV GL. May 5, 2017. Review and Validation of 2015 Southern California Edison Home Energy Reports Program Impacts
(Final Report). California Public Utilities Commission, May 5, 2017. CALMAC Study ID: CPU0156.01.

% 1. DNV GL. May 5, 2017. Review and Validation of the Pacific Gas & Electric Home Energy Reports Program Impacts (Final
Report). California Public Utilities Commission, May 5, 2017. CALMAC Study ID: CPU0155.01.

% 3. DNV GL. May 5, 2017. Impact Evaluation of 2015 San Diego Gas and Electric Home Energy Reports and Manage Act Safe
Programs (Final Report). California Public Utilities Commission, May 5, 2017. CALMAC Study ID: CPU0157.01.

% 4, PG&E.2017. RTR for the Review and Validation of 2015 Pacific Gas and Electric Home Energy Reports Program Impacts
(Final Report) (DNV GL, Calmac ID #CPU0155.01,ED WO #ED_D_Res_3). California Public Utilities Commission, 2017. Calmac
ID: CPU0155.01.

975, SCE. 2017. RTR for the Review and Validation of 2015 Southern California Edison Home Energy Reports Program Impacts
(Final Report) (DNV GL, Calmac ID #CPU0156.01). California Public Utilities Commission, 2017. Calmac ID: CPU0156.01.

% 6. SDG&E. 2017. RTR for the Impact Evaluation of 2015 San Diego Gas & Electric Home Energy Reports and Manage-Act-Save
Programs (Final Report) (DNV GL, Calmac ID #CPU0157.01). California Public Utilities Commission, 2017. Calmac ID:
CPUO0157.01.

% Informal comments on the webinar presented on April 20, 2017.
100 Comments of Southern California Gas Company on Proposed Decision Adopting Energy Efficiency Goals for 2018 i 2030.
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The Navigant team reviewed the above-mentioned evaluations of all IOU HER programs to compile per-
household adjusted savings rates for each wave of each year of each HER program, spanning from 2011
to2015, depending upon femton?iTheiteany thes cafcllated weightedl a r
averages using each individual wave treatment participation numbers and per household savings
percentages to derive singular values for kWh and therm savings that can be applied across the full
treatment populations for each utility. Informal comments from stakeholders suggest that future HER
customers will save less energy on average than current waves because the customers with the highest
potential for savings are already leveraged in current HER programs.° To account for this, the overall
growth rate in HER savings has been reduced over the forecast period. This is done in a stepwise fashion
to approximate diminishing savings correlated with the growth of the program.

Model inputs were further calibrated to align with the PY2017 HERS impact evaluation issued by the
CPUC. The impact evaluation reported savings for PY2017 as summarized in the table below.%4

Table C-2. Summary of Evaluated Impac ts for 2017 HERS Programs

Adjusted Electric Adjusted Gas Savings

L Savings (GWh) (MMTherms)
PG&E 122.0 3.9
SCE 94.0 :
SDG&E 39.4 0.9
Total 255.4 48

Note: SCG was specifically excluded from the impact evaluation

The model uses an EUL of 1 year for HER program participants. That is, while customers may participate
in a utility HER program for more than 1 year, their average adjusted savings are assumed to be the
same as for all other participants in that year. While some recent evaluations of HERs programs have
found savings persistence of more than 1 year, reported savings percentages vary, with some sources
citing higher later year savings and others showing a degradation of savings over time. For this model, an
EUL of 1 year is assumed, as is standard with traditional persistence calculations for HER programs.

The ratio of kW to kWh savings was developed using a weighted average of adjusted kW and kWh
savings as reported in the above-mentioned DNV GL 2017 evaluation findings for PG&E, SDG&E and
SCE. This ratio was then updated based on California hourly load profiles to align with the 2019 DEER
peak period definition.10®

Cost

101 KEMA, SDG&E Home Energy Reports Program Savings Results, August 23, 2013, San Diego Gas and Electric

102 southern California Gas Company, 2013 Program Implementation Plan, California Public Utility Commission, sourced from
http://eestats.cpuc.ca.gov/EEGA2010Files/SCG/PIP/2013/Clean/1.3%20Energy%20Advisor%20Attachment.pdf

103 Stakeholder comments (PG&E, SCG, SCE, PAO) from May 9™, 2019 stakeholder meeting.

104 DNV GL. May 1, 2019. Impact Evaluation Report: Home Energy Reports i Residential Program Year 2017. California Public
Utilities Commission. CALMAC Study ID: CPU0194.01.

105 California Public Utilities Commission (CPUC). Resolution E-4952, October 11, 2018.
http://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M225/K049/225049353.PDF
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Costs per unit of kWh and therm savings were based on California Energy Data and Reporting System
(CEDARS) for program years 2017 and 2019 as available.% These costs were distributed to the kWh
and therm savings (weighted by savings) as reported in the CEDARS database. The Energy Adviser
costs sourced from the CEDARS database are an aggregate of home energy report and online audit tool
costs.

C.2 Residential 7 Universal Audit Tool

C.2.1 Summary

The Universal Audit Tool (UAT) is an opt-in online tool that asks residential customers questions about

their homes, their use of household appliances, and occupancy patterns and then it offers EE advice

regarding ways they can save money and energy. The UAT i s provided by all four of
owned utilities. While each utility has its own branding, and some utilities require customers to log in while

others do not, on the whole their features and functionality are similar. All four tools enable customers to

develop plans to save energy based on estimates of the annual savings they are likely to see if the enact

the recommended energy-saving advice.

There is some danger of double-counting UAT savings with other program savings such as HERs.*%” The
DNV GL study used to characterize savings specifically
of joint savings between®™ he UAT and HER programs. o

Estimated electric savings range from 1.2-1.8%, while gas savings are 1.5-2.6%. Costs are set at $0.06 -
$0.14 per kWh and $1.15 -$4.02 per therm. For low income customers costs range from $0.11 -$0.47 per
kWh and $3.73 -$7.78 per therm.

Table C-3. UATs i Key Assumptions

Savings Cost KW/KWh
Sector - . .
kWh therm kwh therm Savings Ratio
1.2 - 1.5 - $0.01-  $0.18 - 0.000096 i
RES UAT ! 1.8% 2.6% $0.02 $0.38 0.000266
ff\,f ! UAT 1 1.2 - 1.5- $0.01-  $0.18 - 0.000096 i
Income 1.8% 2.6% $0.02 $0.38 0.000266

C.2.2 Assumptions and Methodology

WiEnergy Advisero programs savings and costs, California Energy Dat e
SDG&E); 2019 (SCG).

107 Stakeholder comments from May 9", 2019 stakeholder meeting.

108 7. DNV GL. March 31, 2017. Universal Audit Tool Impact Evaluation-Residential: California Public Utilities Commission, March
31, 2017. CALMAC ID: CPU0160.01.
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Eligibility and Participation

All residential customers of the four IOUs are eligible to use the UAT. Customers can access the tool after

sign up for online services through their utilityo6s My
with the HERs forecast, the Navigant team reduced the applicability for multifamily homes by 10% to

account for multifamily homes that do not have individual meters.

According to a 2017 evaluation of the UAT by DNV GL,'%° over the years the tools have been active the
number of customers has grown. Customer engagement and online survey completion vary by 10U, as
does the associated level of marketing effort to drive customers to participate or re-participate for deeper
savings. To forecast participation levels for the 2020 model the team relied on the participation numbers
reported in the DNV GL evaluation to establish cumulative treatment sizes and then determined
saturation levels based on the number of households per utility. Because evaluated participation rates
were not available for SCE in reviewed sources, this value was calculated using an average percentage
of saturation from the other California electric utilities. Starting saturation rates for early model years
range from 0.5% to 0.8% and grow at compound growth rate of 12% per year, topping out at between
2.5% and 3.9% participation by 2030.

Savings

The team relied on the above-mentioned 2017 DNV GL evaluation of the UAT to set per-household
adjusted kWh and therm savings values for participating customers at each utility. Because evaluated
kWh savings were not available for SCE, a rate of 1.2% kWh savings was applied since it was equivalent
to the evaluated savings for PG&E, which was more conservative than the higher percentage of
evaluated savings for SDG&E.

The model uses an EUL of 1 year for UAT participants. That is, while customers may participate in a utility
UAT for more than 1 year, their average adjusted savings are assumed to be the same as for all other
participants in that year. For this model, an EUL of 1 year is assumed, as is standard with traditional
persistence calculations for residential behavior programs.

Because evaluated demand savings data was unavailable for UAT participants the team applied the
figure used for HERs for all three electric utilities.

Cost

Costs per unit of kWh and therm savings were based on CEDARS.110 These costs were distributed to
the kWh and therm savings (weighted by savings) as reported in the CEDARS database. The Energy
Adviser costs sourced from the CEDARS database are an aggregate of home energy report and online
audit tool costs. The majority of the Energy Adviser costs are assumed to be associated with HERs; 20%
of the Energy Adviser costs are attributed to the UAT costs.

1097 DNV GL. March 31, 2017. Universal Audit Tool Impact Evaluation-Residential: California Public Utilities Commission, March
31, 2017. CALMAC ID: CPU0160.01.

WREnergy Advisero programs savings and costs, California Energy Dat:
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C.3 Residential 7 Real-Time Feedback: In Home Displays and Online
Portals

C.3.1 Summary

Unlike HERSs that arrive in the mail on a periodic basis, real-time feedback programs change customer
behaviors by delivering advanced metering data on household consumption to utility customers via an
in-home display (IHD) or remotely via an online portal, such as a website or a smartphone application.
While some feedback programs only provide information, others provide energy saving tips, rewards,
social comparisons, and/or alerts.

Although utility behavior programs utilizing IHDs and online portals both afford feedback opportunities, the

Navigant team has separated its modeling inputs for the two categories to better capture differences in

adoption, energy savings, and costs between the two types of programs. Of note is the higher cost

typically associated with offering IHDs, due to the need for the installation of specialized hardware,

whereas online portals typically provide cloud-b ased i nformation directly to the
tablet, or computer.

Real-time feedback programs may also be associated with different customer rates, including time of use
plans and more traditional usage based billing. Although real-time feedback is a popular behavioral
intervention for demand response (DR) programs, our analysis focused on programs designed to drive
EE. In all, the Navigant team reviewed a total of 38 programs, including 20 providing IHDs and 18 offering
online portals. Several programs offered both types of feedback. In those cases, the team categorized
them in the IHD category since they had associated costs for the hardware.

Table C-4. Real-Time Feedback - Key Assumptions

EUL Savings Cost kW/kWh
Sector - : :
Years kWh therm KWh therm Savings Ratio
Real-Time
RES Feedback 1 In 1 2.3% -- $0.19 -- 0.000224
Home Display
Real-Time
RES Feedback i 1 2.2% 1.3% $0.07 - 0.000224
Online Portal

C.3.2 Assumptions and Methodology
Eligibility and Participation

Both web-based and IHD real-time feedback programs are offered on an opt-in basis to customers with
smart-meter equipped homes. Although most residential feedback programs are focused on providing
information about electricity consumption, some natural gas savings result from these programs which are
likely the result of tips and recommendations concerning thermostat settings. For modeling purposes, the
team assumes 100% applicability for electric savings among individually metered homes and 59%
applicability for gas. This latter figure is conservative given that 59% of California households use natural
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gas as their main source of space heating and 84.4% of California homes use natural gas for water
heating.'*!

IHDs did not pass the C-E screen, and so are not included in the reference case. SCE indicated they
would not deploy these programs until 2019, and they would still only be pilots at that time.'? This
assumption was used for all utilities. The team assumes penetration rates for programs that use online
portals to display customer information will be higher than those that rely on IHDs. For online portals, our
reference case assumes an 8% increase in penetration per year, while the aggressive case assumes a
15% annual increase, based on professional judgement. PG&E provided penetration rate data for
IHDs.113

Savings

Savings forecasts differ for online portals and IHDs. For online portals, the Navigant team estimates 1.3%
savings for both kWh and therms. For IHDs, the team estimates 2.3% savings for kwWh and no gas

savings. These estimates were developed based on numerous data points for kWh
savings.114'115’116'117'118*”9

The model uses an EUL of 1 year, the same as the team applies for HER program participants. Because
insufficient demand savings data was available for real time feedback for non-DR programs, for ratio of
kW to kwWh for HERSs is used for all three electric utilities.

Cost
Hardware acquisition and installation constitute the primary cost associated with IHD programs, and they

are accrued during the first year of customer participation. Sometimes these costs are paid by the utility,
and other times by the customer. For modeling purposes, the team assumed that the utilities will provide

My.s. EIA Residential Energy Cons erthseh(mImSlteﬁzumG/oasymp(oﬁlﬁméS\l)lest iTable CE2.:¢
Region, Totals and Averages. o0 (2009). Available at
http://lwww.eia.gov/consumption/residential/data/2009/index.php?view=consumption#fuel-consumption

112 Informal comments on the webinar presented on April 20, 2017.

113 bid.

114 Kira Ashby, 2016 Behavior Program Summary, 2016, Consortium for Energy Efficiency, from
https://library.ceel.org/content/2016-behavior-program-summary-public

115 Susan Mazur-Stommen and Kate Farley, ACEEE Field Guide to Utility-Run Behavior Programs, 2013, American Council for an
Energy-Efficient Economy, from http://aceee.org/research-report/b132

118 lume Advising, Energy Efficiency Behavioral Programs: Literature Review, Benchmarking Analysis, and Evaluation Guidelines,

Conservation Applied Research & Development (CARD) FINAL REPORT, Prepared for: Minnesota Department of Commerce,

Division of Energy Resources, May 4, 2015

117 Ben Foster and Susan Mazur-St ommen. 2012. fAReé el tFe efdb@m kR &4 ICalriciefer ancEnefggne r i c an

Efficient Economy. Report Number B122

Reuven Sussman and Maxine Chikumbo. 2016. ABehavior Change Progr ams
Energy Efficient Economy. Report Number B1601

190pi ni on Dy na mR0ot4sCalifoini Fn2rgylEficiency and Demand Response Residential Behavior Market

Characterization Study Report: Volume 1. Prepared for the California Public Utilities Commission Energy Division. July 2015.
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the hardware and that IHDs cost $100, annualized over 5 years i similar to the life of other consumer
electronics.1?

To calculate the cost, the Navigant team began with a 2014 report by the Alberta Energy Efficiency
Alliance for the City of Calgary that notes the cost for a real-time direct feedback program are estimated
to be about $0.07 per kWh saved not including the hardware.*?! For IHDs, the team adds in the
annualized $100 hardware acquisition and installation costs, resulting in $0.19 per kwh of savings
(assuming 7,000 kwh per household).

C.4 Residential 7 Competitions: Large and Small

C.4.1 Summary

Residential competitions are a behavioral intervention approach in which participants compete in energy-
related challenges, events, or contests. The goal of such challenges is generally to reduce energy
consumption either directly or by raising awareness, increasing knowledge, or encouraging one or more
types of action. Competitions can run for different lengths of time, ranging from a single month to multiple
years. They can also include a mix of behavioral strategies, including goal-setting, commitments, games,
social norms, and feedback. Our analysis does not include competitions and challenges that focus on the
use of equipment upgrades as a means of generating energy savings.

It is also important to note that the way in which competitions are designed can vary depending upon the
size of the targeted participant group. Small-scale competitions are typically designed to engage
participants more deeply, with a higher number of touches and a broad spectrum of targeted behaviors
that generate higher savings and serve as a model to get the larger population engaged. Large-scale
competitions engage greater numbers of people in a more superficial way and encourage a limited
number of behaviors. For this reason, the team separates its modeling calculations to estimate the
savings for the two types of competitions separately.

The Navigant team defines small competitions as having less than 10,000 participants per year and large
competitions as having more than 10,000 participants per year. In total, the team reviewed 18 small
competitions and five large competitions. Data availability varied across programs.

Table C-5. Residential Competitions - Key Assumptions

EUL Savings Cost KW/KWh
Sector ————— . :
Years kWh therm kWh therm Savings Ratio
Small
RES Competitions 1 8.1% 5.2% $0.050 $1.344 0.000224
(<10,000 ppl)
Large
RES Competitions 1 14% 5.2% $0.002 $0.101 0.000224

(>10,000 ppl)

120 pG&E provided this reference in response to the webinar on April 20: https://www.amazon.com/Rainforest-Energy-Monitor-
ZigBee-Gateway/dp/B0O0AII248U

121 Alberta Energy Efficiency Alliance, Energy Savings through Consumer Feedback Programs, Feb 2014, City of Calgary
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C.4.2 Assumptions and Methodology
Eligibility and Participation

All residential customers are considered eligible to participate in competitions. The estimated participation

rate of 6.5% for small competitions was determined by averaging available reported participation rates.

Participation dataforsmalls cal e competi ti ons was derived from SDG&ES®
program, SMECOG6 Energy Savings Challenge, and Minnesota Valley Electric Cooperative6 Beat The

Peak program.t?2 CoolChallenge California'?® provided a participation rate of 0.1% for large competitions.

This information was supplemented with findings from program reviews conducted by the Consortium for

Energy Efficiency,*?* American Council for an Energy-Efficient Economy,*?®> and lllume Advising.*?¢

Penetration rates for the reference case assume that small competitions are conducted by each utility
with a consistent target population of 10,000 households per year each year between 2019 and 2030.
Starting saturation level is determined by dividing 10,000 by the number of residential households per
utility and multiplying by the 6.5% patrticipation rate. The aggressive case also starts in 2019. It assumes
that years 2019-2021 are limited to two target groups of 10,000, but then increased to 5 target groups of
10,000 each in subsequent year. These groups may be small towns, neighborhoods within larger cities,
or similar.

Penetration rates for large competitions are based upon the participation rate and a targeted percentage
of utility households. The reference case for large competitions assumes that each utility targets 10% of
its residential customers between 2019 and 2021; then rises to 15% of customers from 2022 to 2024
before increasing to 20% in 2025 and rising to 25% of customers in 2028. The aggressive case uses the
same time intervals, but it starts at 20% of customers and rises in increments of 10% rather than the 5%
of the reference scenario.

Savings

The team averaged the percentage of kWh savings reported to arrive at 8.1% for small competitions and
CoolCalifornia Challenge reported 14% for large competitions.'?” Gas savings of 5.3% are used for both

122 Grossberg, Frederick; Wolfson, Mariel; Mazur-Stommen, Susan; Farley, Kate; and Steven Nadel. 201 5. ( February) AGami fi
Energy Efficiency Programs. o ACEEE Report B1501.

BZpG&E provided the following reference: Jones, Christopher M. and Kz
Pilot Inter-City Household Carbon Footprint Reduction Compe t i t i on. 0 C o n 325aCalifornid AinResources Bbard.
https://lwww.arb.ca.gov/research/apr/past/10-325.pdf

124 Kira Ashby, 2016 Behavior Program Summary, 2016, Consortium for Energy Efficiency, from
https://library.ceel.org/content/2016-behavior-program-summary-public

125 sysan Mazur-Stommen and Kate Farley, ACEEE Field Guide to Utility-Run Behavior Programs, 2013, American Council for an

Energy-Efficient Economy, from http://aceee.org/research-report/b132

126 |llume Advising, Energy Efficiency Behavioral Programs: Literature Review, Benchmarking Analysis, and Evaluation Guidelines

Conservation Applied Research & Development (CARD) FINAL REPORT, Prepared for: Minnesota Department of Commerce,

Division of Energy Resources, May 4, 2015.

127 pG&E providedthe f ol |l owing reference: Jones, Christopher M. and Kammen, D
PilotIinter-Ci ty Household Carbon Footprint Redu3R5 California@io Repoertes Board.n. 6 Contr ac
https://lwww.arb.ca.gov/research/apr/past/10-325.pdf
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small and large competitions and are based on an average of an ACEEE review of three programs that
report gas savings between 0.4% and 10%.1%8

Because competitions can be run for different lengths of time, lasting from a few months to multiple years,
the team standardized the model on an EUL of 1 year. (This is the same EUL that we apply for other
residential interventions.) Because insufficient demand savings data was available for residential
competitions, the team applied the ratio used for HERs for all three electric utilities.

Cost

Costs associated with competitions are largely associated with program administration and game-related

prizes. Navigantus ed data gathered fr om EbhandgamiftdBionAMMEEEdS r eport
information from the CEE database of behavioral programs to create cost estimates for both small and

large behavior-based competitions. The team approached the calculations for both small and large

competitions in the same way. The Navigant team began by estimating total program costs and total

program savings and then divided total program costs by total program savings to get average cost per

kWh. The team estimated total program savings by multiplying the average number of participants per

competition by the cost per participant. The team estimated total program savings by multiplying average

household electricity consumption by the average number of participants and the average savings rate

per participant.

The Navigant team assumes that prizes account for 50% of program costs. The team estimated the cost

per kWh at $0.007 for | arge competitions, based on the
San Diego Energy Challengeand Puget Sound Ener gy 6 $he Rancektimatedéhe Bul b pr
cost per kWh at $0.050 for small competitions based on the prizes and participation reported for

SMECOG6 Energy Savings Challenge and Minnesota Valley Electric Cooperatived Beat The Peak

program.*?®

C.5 Commercial i Strategic Energy Management

C.5.1 Summary

Strategic energy management (SEM) is a process for evaluating and implementing opportunities to
optimize energy use in the commercial and industrial sectors. SEM is a continuous improvement
approach that focuses on changing business practices to enable companies to save money by reducing
energy consumption and waste. In California, pilot SEM programs are currently being administered in the
industrial sectors. Customers that benefit the most from SEM, typically fall under one of the following
categories:

1 Campuses with multiple buildings and building types

1 Customers with a large portfolio of buildings and a range of building types

128 Grossberg, Frederick; Wolfson, Mariel; Mazur-St o mmen, Susan; Farl ey, Kate; and Steven Nadel
Energy Efficiency Programs. o ACEEE Report B1501.
129 Grossberg, Frederick; Wolfson, Mariel; Mazur-Stommen, Susa n ; Farl ey, Kate; and Steven Nadel. 201

Energy Efficiency Programs. o ACEEE Report B1501.
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1 Buildings with complex energy systems

SEM allows for continuous energy performance improvement by providing the processes and systems
needed to incorporate energy considerations and energy management into daily operations. While SEM
applications vary depending on customer specific needs, program participants generally implement the
following policies and activities:

Measure and track energy use to help inform strategic business decisions

Drive managerial and corporate behavioral changes around energy

Develop the mechanisms to track and evaluate energy optimization efforts

Implement ongoing operations and maintenance practices

1
1
1
1
1 Reduce total annual energy costs between 5% and 10%
1 Identify and prioritize capital improvements or process changes that lead to more savings
1 Justify additional resources to energy management as a result of demonstrated success
1 Overcome barriers to efficiency

1 Boost employee engagement to contribute to sustainability goals

1

Embed SEM principles into a companyés operations.

The model inputs for electric and natural gas shown in the table below represent savings associated with
operational and behavioral changes. Savings are estimated at 3% of customer segment consumption
(kwh or therms per year) and are applied consistently by building and fuel type across utilities. Costs for
electricity and natural gas are $0.27 per kWh and $3.65 per therm, and are also applied consistently by
building type across utilities.

Table C-6. Commercial S EM i Key Assumptions

Savings kW/kWh
Savings
therm Ratio
Strategic
COM Energy 5 3.0% 3.0% $0.27 $3.65 0.000102
Management

C.5.2 Assumptions and Methodology

Eligibility and Participation

Segments of the commercial market are considered suitable for SEM type program approaches.
Customers that benefit the most from SEM typically operate portfolios or campuses with multiple
buildings, building types, and a variety of complex energy systems, each with its own unique set of
energy management requirements. The market defined for the 2019 Study therefore includes the
following segments:

1 Schools

©2019 Navigant Consulting, Inc. Page C-12
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1 Colleges
1 Healthcare

1 Large Office Buildings

Depending on the segment, the model assumes that between 10% and 55% of buildings have already
implemented SEM,** resulting in reduced applicability of any commercial SEM program. After accounting
for the estimate of customers that have already implemented SEM outside of any program intervention,
the 2019 Study applies an applicability factor of between 45% and 90%. A compound annual growth rate
(CAGR) was used to forecast growth in participation over time, starting in 2020.13! A 2% CAGR was used
in the reference case, while the aggressive case used a 4% CAGR. Because current SEM penetration in
the market segments studied is low, it is expected that these CAGRs will achieve segment penetrations
by 2030 of approximately 1.2% for the reference case and 1.5% for the aggressive case.

Savings

Estimated electric savings for all activities associated with SEM range from 5% to 10% of customer
segment consumption for electricity and gas (kWh or therms per year). These savings estimates include a
mix of operational savings and savings associated with capital investments (i.e., equipment retrofit and
replacement projects). Because savings from capital investments are addressed in other components of
the potential model, the SEM savings associated with BROS activities are constrained to estimates of
operational savings. Based on a literature review of 16 institutional SEM plans, such as the LW Hospitals
Alliance 2014 plan,*®? and market studies such as the Northwest Energy Efficiency Alliance (NEEA)
Market Progress Evaluation Report,**® operations and maintenance savings are estimated to be 3%
applied consistently by building and fuel type across all utilities for the market segments considered.

The model uses an EUL of 5 years.?** A ratio of 0.000102 kW to kwh was applied to all three electric
utilities based on an analysis of several third-party programs operating in California during the 2014-2015
portfolio cycle that included some components of SEM initiatives. This ratio was then updated based on
California hourly load profiles to align with the 2019 DEER peak period definition.'3> The EUL and kW to
kWh ratio before peak period modification are consistent with the 2017 Study.

Cost
Consistent with the 2017 Study, costs for electricity and natural gas savings in the 2019 Study are

estimated at $0.27 per kWh and $3.65 per therm, applied consistently by building and fuel type across
utilities based on an analysis of several third-party programs operating in California during the 2014-2015

Heal thcare participation estimates are based on the OHospitals and
Northwest Energy Efficiency Alliance. March 26, 2015. REPORT #E15-310. Participation estimates for other market segments are
based on professional judgement.

131 Informal comments in response to the webinar held April 20, 2017.
132 Joint Strategic Energy Management Plan for Listowel Wingham Hospitals Alliance, 2014

133 Hospitals and Healthcare Initiative Market Progress Evaluation Report 7, Northwest Energy Efficiency Alliance. March 26, 2015.
REPORT #E15-310

134 personal communication with Kay Hardy, CPUC. May 9, 2017.

135 California Public Utilities Commission (CPUC). Resolution E-4952, October 11, 2018.
http://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M225/K049/225049353.PDF
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portfolio cycle that included some components of SEM initiatives, including the Commercial Energy
Advisor, Monitoring-Based Persistence Commissioning, and Energy Fitness programs

C.6 Commercial T Building Operator Certification

C.6.1 Summary

Building operator certification (BOC) offers EE training and certification courses to commercial building
operators in the commercial sector. BOC has been modeled as a component of behavioral savings in the
2011, 2013, and 2015 Potential Studies and research conducted for those studies indicate that operations
and maintenance practices mostly fell into the following categories:*2¢

Improved air compressor operations and maintenance

Improved HVAC operations and maintenance

Improved lighting operations and maintenance

Water conservation resulting in energy savings

l
l
l
1 Improved motors/drives operations and maintenance
l
1 Adjusted controls of HYAC systems

l

Adjusted controls of energy management systems

The inputs for electric and natural gas shown in the table below represent savings associated with
changes in operation and behavior, estimated on a population basis of 1,000 sq. ft. of floor space.
Savings vary depending on the energy intensity of facilities in each market segment!3” and IOU from 153
kwh to 14 kwh for electricity, and as defined in the 2009 CEUS. EUL is set to 3 years per CPUC Decision
16-08-019, and costs for electricity and natural gas savings are $0.29 per kWh and $3.65 per therm
sourced from EEStats data from 2013 through 2017. Cost and EUL values are applied consistently by
building and fuel type across all utilities.

Table C-7. Commercial Building Operator Training - Key Assumptions

- Savings KW/kWh
Sector  Type (per 1,000 sq. ft.) Savings

Years

KWh therm kWh Ratio

COM BOC 3 14-153 0.3-35.7 $0.29 $3.65 0.000092

136 Analysis to Update Potential Goals and Targets for 2013 and Beyond, literature search results provided in Appendix C. Navigant
Consulting Inc., March 19, 2012

137 As defined in the California Energy Commission (CEC), California Commercial End-Use Survey, CEC-400-2006-005, Prepared
by Itron, Inc., March 2006, Final report available at: http://www.energy.ca.gov/ceus/index.html. Data available at:

http://capabilities.itron.com/ceusweb/.
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C.6.2 Assumptions and Methodology
Eligibility and Participation

Consistent with prior studies, BOC savings apply to all commercial market segments, though the
applicability factor of BOC ranges from 5% to 100%, depending on the market segment. This model
assumes that BOC program interventions in the commercial market have been ongoing (though
SoCalGas does not claim savings until 2018) and a CAGR was used to forecast growth in participation
through the model forecast horizon. In the reference case, a 12.5% CAGR was used to forecast growth in
BOC, while the aggressive case used a 18.0% CAGR. While these growth rates appear ambitious, low
initial sector engagement in BOC results in forecast market penetrations of 6.52% and 12.12% for the
reference and aggressive cases, respectively. While there is the potential for overlap in savings between
BOC and SEM interventions, the current saturation of these measures and relatively low penetration rate
forecast indicate that the risk of double counting savings is minimal and was therefore was not considered
in this model. SCG does not currently have a BOC program so participation is projected to begin in 2020
for this utility.

Savings

The method of calculating unit energy savings has changed over time and the 2019 Study uses the same
approach and values used in the 2017 Study. For context, the 2015 Study used the same average
electric and natural gas savings of 58 kWh and 5.6 therms per 1,000 sq. ft. of participating building space
for all market segments.**® The 2017 Study refined this approach and applied a market segment-specific
UES value that accounted for differences in building energy density. For example, a grocery store with
much higher energy densities than a warehouse would experience a proportionally greater savings rate
per unit of conditioned space. In this example, a grocery store in PG&E territory is expected to save 151.3
kWh per 1,000 sq. ft. and 5.2 therms per 1,000 sqg. ft., compared to an unrefrigerated warehouse, which
would be expected to save 18.2 kWh per 1,000 sq. ft. and 0.8 therms per 1,000 sq. ft. after accounting for
differences in energy density.

Consistent with the 2017 Study, the 2019 model uses an EUL of 3 years, per CPUC Decision 16-08-019,
and a ratio of 0.000092 kW to kWh was applied to all three electric utilities. This value is based on an
analysis of several third-party programs operating in California during the 2014-2015 portfolio cycle. This
ratio was then updated based on California hourly load profiles to align with the 2019 DEER peak period
definition.*3°

Cost
Costs for electricity and natural gas savings are estimated at $0.29 per kWh and $3.65 per therm, applied

consistently by building type across utilities. These cost values did not change between the 2018 and
2020 studies.

138 Energy Efficiency Potential and Goals Study for 2015 and Beyond Stage 1. Final Report Section 3.7.1 Non-Residential Behavior
Model Updates. Navigant Consulting Inc., September 25, 2015

139 California Public Utilities Commission (CPUC). Resolution E-4952, October 11, 2018.
http://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M225/K049/225049353.PDF
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C.7 Commercial 1 Building Energy and Information Management Systems

C.7.1 Summary

The potential for building energy management and information systems (BEIMS) were first modeled by
Navigant as part of the AB 802 Technical Analysis.?*° The Technical Analysis was issued in March of
2016 and not used at that time to set goals. That work has now been incorporated into the 2019 model.

As discussed in the Technical Analysis, BEIMS includes IT-based monitoring and control systems that

provide information on the perffor mance of various components of a buildi
systems related to the envelope, heating and ventilation, lighting, plug load, water use, occupancy, and

other critical resources. BEIMS infrastructure primarily consists of software, hardware (such as dedicated

controllers, sensors, and submeters), as well as value-added services (including outsourced software

management, building maintenance contracts, and others). This model focuses on the potential for

BIEMS to change energy consumption associated with the operation of building HVAC systems as the

result of several applications of BEIMS technology, including the following:

1 Energy visualization

1 Energy analytics

1 Operational control and facility management

1 Continuous commissioning and self-healing buildings.

The model inputs for electric and natural gas for BEIMS are shown in the table below based on customer

segment consumption (kWh or therms per year). Electricity savings range from 1.1% to 4.2% and natural

gas savings range from0.2%t o 7. 4%. Vari ations are due to difference
and differences in climate across utilities. Costs for electricity and natural gas savings also varied by utility

between $0.20 and $0.46 per kWh and between $0.18 and $0.49 per therm.

Table C-8. Building Energy and Information Management Systems - Key Assumptions
SEWVS Cost kW/kwWh
EOL  —/7~¥ 00000@0@0@@0-— @ ;
Sector Type Savings
Years  kwh therm kWh therm Ratio
Building
Energy and .
. 1.1%- 0.2%- $0.20- $0.181
COM Information 3 o o 0.000112
Management 4.2% 9.3% $0.44 $0.49
Systems

C.7.2 Assumptions and Methodology

140 AB802 Technical Analysis, Potential Savings Analysis. Navigant Consulting, Inc., Reference No.: 174655. March 31, 2016
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Eligibility and Participation

The technologies that enable BEIMS are primarily associated with energy management systems (EMS)
that are broadly applicable across all market sectors, though the existing market saturation of these
technologies, which cannot be claimed by IOU programs moving forward, ranges across market
segments from 1% to 80%.'4! In general, segments that operate larger facilities (e.g., large offices) or
facilities that are energy intensive (e.g., grocery stores) will have a higher existing saturation of BEIMS-
enabling technologies. Penetration reflects that SoCalGas does not claim savings until 2018, and a
CAGR was used to forecast growth in BEIMS technology penetration over time. A 12% CAGR was used
in the reference case, while the aggressive case used a 24% CAGR. The same CAGR was applied to all
commercial market segments and utilities. Based on estimates of market saturations as of 2017, these
growth rates result in BEIMS forecast penetrations of 5.6% and 20.9% for the reference and aggressive
cases, respectively by the end of the forecast horizon in 2030.

Savings

As discussed in the AB 802 Technical Analysis, unit energy savings (UES) associated with BEIMS are
calculated using the following equation:

Unit Energy Savings, BIEMS = Starting Saturation of EMS by Building Type x Total Annual
Consumption x % End Use Consumption for HYAC x % End Use Savings by Building Type.

This equation resulted in a range of UES values associated with BEIMS. While there is the potential for
overlap in savings between BEIMS, BOC, and SEM interventions, the current saturation of these
measures and relatively low penetration rates forecast indicate that the risk of double counting savings is
minimal and was therefore was not considered in this model. Additionally, BEIMS often requires capital
investment while BOC and SEM are typically not capital investments, thus providing some differentiation
in the market penetration models and potential to mitigate the risk of double counting savings. This UES,
defined through work on the AB 802 Technical Analysis, is then used in the potential model to calculate
annual segment level savings for each fuel type and 10U using the following equation:

Segment Savings, BIEMS = Segment UES x Penetration Rate x Total Annual Segment
Consumption x Segment Applicability Factor.

Consistent with the 2017 Study, the model uses an EUL of 3 years per CPUC Decision 16-08-019 and a
ratio of kW to kWh of 0.000112 was applied to all three electric utilities as defined in the AB802 Technical
Analysis.'#? This ratio was then updated based on California hourly load profiles to align with the 2019
DEER peak period definition.143

Cost

141 AB802 Technical Analysis, Potential Savings Analysis. Navigant Consulting, Inc. Reference No.: 174655, March 31, 2016
142 |pid.

143 California Public Utilities Commission (CPUC). Resolution E-4952, October 11, 2018.
http://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M225/K049/225049353.PDF
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Costs for electricity and natural gas savings are estimated based on research referenced in the AB 802
Technical Analysis.*** The costs per unit of fuel savings were calculated for each utility and fuel type as
shown in Table C-8.

Table C-9. Building Energy and Information Management Systems Cost per Unit Energy Savings

Fuel Utility Cost
kWh PG&E $0.435
kWh SCE $0.204
kWh SDG&E  $0.323
kWh SCG NA
therms PG&E $0.340
therms SCE NA
therms SDG&E  $0.489
therms SCG $0.180

C.8 Commercial T Business Energy Reports

C.8.1 Summary

Business energy reports (BERS) are the commercial sector equivalent to the HERs sent to residential
customers. BERS (and other similar programs) typically share reports (via mail or electronic format) with
small and medium sized businesses at specific intervals (often monthly). The objective is to provide
feedback about their energy use, including normative comparisons to similar businesses, tips for
improving EE, and occasionally messaging about rewards or incentives. BERs and other similar programs
typically send reports to customers on opt-out basis. BER-type programs are a relatively new addition in
the emerging field of behavior change programs and are now in pilot testing at PG&E and other non-
California utilities.

Na v i g modelidgestimates are primarily based on three sources: 1 )PG&E&s response
on April 20, 2017, 2) a Cadmus review of a BER pilot with Xcel Energy business customers (smaller than
250 kW service) in Colorado (10,000 participants) and Minnesota (20,000 participants) that was
conducted between June 2014 and June 2015, and 3) a commercial customer behavior change pilot
conducted by Commonwealth Edison and Agentis Energy in Illinois beginning in 2012. In the first
instance, Xcel Energy provided BERSs to a sample of businesses operating in the following sectors: small
office, small retail trade, small retail service, and restaurants.'*® In the Commonwealth Edison pilot the
utility engaged 6,009 medium sized (100-1,000 kW) commercial customers in lllinois.** While the

144 |bid.

145 Jim Stewart, Energy Savings from Business Energy Feedback [for Xcel Energy], Cadmus, October 21, 2015, Behavior, Energy,
and Climate Change Conference 2015

146 Gajus Miknaitis, John Lux and Deb Dynako, Mark Hamann and William Burns, Tapping Energy Savings from an Overlooked
Source: Results from Behavioral Change Pilot Program Targeting Mid-Sized Commercial Customers, 2014 ACEEE Summer Study
on Energy Efficiency in Buildings, Commonwealth Edison and Agentis Energy, from:
http://aceee.orgl/files/proceedings/2014/data/papers/7-153.pdf
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Commonweal th Edison customers represented numerous s
and Aotherd categories showed significant savings.

Table C-10. Business Energy Reports - Key Assumptions

EUL Savings KW/KWh

Sector

Years KWh therm Savings Ratio

COM BERs 2 0.32% - $0.20 $6.12 0.000102

C.8.2 Assumptions and Methodology
Eligibility and Participation

BERs typically target small and/or medium sized businesses. In addition, utilities may use BERS to target
businesses across all business sectors or only a select set of business sectors. As the number of BERs
pilots continues to grow, a greater amount of information about the effectiveness of BERs programs in
different business sectors will become available. As information concerning the effectiveness of these
programs in different business sectors becomes more readily available, the team assumes that utilities
will be more likely to limit the use of BERs to those sectors for which significant savings have been
documented. Therefore, the model presented here constrains our savings estimates to those business
sectors that have already achieved significant energy savings by means of business energy feedback
programs such as BERs.

ec

The model includes businesses in the foll oWwiWigt lsiecrt or s

each of these business sectors, the applicability of savings is further constrained by the estimated
proportion of business customers in each of the relevant sectors that may be classified as either small or
medium sized enterprises (given that BER type programs are typically limited to small to medium sized
businesses). Based on data from the Commercial Building Energy Consumption Survey (CBECS), we
estimated that roughly 63% of retail customers can be considered to be small or medium businesses
given that approximately 63% of retail space is shown to be under 100,000 square feet.'*” Given the
small size of restaurants, we assume 100% applicability for this sector.

The Commonwealth Edison study specifically targeted medium sized businesses in the lodging and
fotherodo sectors. Therefore, our savings estimates
| odgi ng and i obadecon televard data fforCBECS. For lodging, for example, we assume
that 50% of lodging establishments can be considered medium sized establishments based on CBECS

data indicating that 50% of lodging establishments have an average annual energy consumption of
500,000 kWh or more per year. For businesses in t
estimate the proportion of establishments that fall in the medium sized category (<1 m kWh per year). We
estimate that 25% of égarydredusing grsaverage ot 480e000fkWh plereygad ¢ a t

17 ys. Energy Information Administration, Commercial Building Energy Consumption Survey,
http://www.eia.gov/consumption/commercial/data/2012/index.php?view=consumption#c13-c22
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Our projected penetration rates assume a delayed start for BERs with formal utility programs launching in
2019. Our reference scenario assumes no penetration. Under the aggressive scenario, penetration
begins at 2% in 2019 and ramps up at 2% per year, reaching 24% by 2030.

Savings

The model uses electricity savings of 0.32%, no gas savings,'*® and an EUL of 2 years per CPUC
Decision 16-08-019. Because no demand savings data was available for BERs, we averaged the ratio of
kW to kWh savings calculated for BEIMS, BOC, and SEM. This yielded 0.000102, which is the figure
used for all four utilities.

Cost

Because BER programs are new and in pilot phases, data regarding utility costs is scant. Furthermore,
the limited availability of statistically significant adjusted savings percentages reported to-date indicates
that BER-related savings are lower among businesses than household savings produced by HERs. For
these reasons, we modeled BER costs that are double those of HERs. We project $0.20 per kWh (2 x
$0.10) for electric savings for PG&E, SCE, and SDG&E.

C.9 Commercial T Benchmarking

C.9.1 Summary

Building benchmarking scores a business customero6s fac
facilities based upon energy consumption. It also often includes goal-setting and rewards in the form of

recognition. Benchmarking is generally an opt-in activity, although some municipalities, such as San

Francisco, have passed ordinances requiring it for buildings of certain types and sizes.

Estimated electric savings range from 0.4% to 1.6%, while gas savings are 0.3% to 1.0%. These are
applied consistently across utilities, but vary by building type. Costs were estimated to be $0.08 per kWh
and $0.37 per therm and are not utility specific.

Table C-11. Benchmarking - Key Assumptions

EUL Savings Cost KW/KWh
Sector - ) .
Years kWh therm kWh therm Savings Ratio
Building 0.4%- 0.3%-
COM Benchmarking 2 1.6% 1.0% $0.08 $0.37 0.000102

148 Informal comments on the webinar presented on April 20, 2017 from PG&E cite results of a trial that ran January to October in
2014.
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C.9.2 Assumptions and Methodology
Eligibility and Participation

In San Francisco, there is a benchmarking ordinance for any building over 10,000 sq. ft. According to the
EIA, approximately 20% of all commercial buildings are under 10,000 sq. ft.14° While any building and
business type may be subject to benchmarking, reliable savings data exists for the following: colleges,
healthcare, lodging, large offices, retail, and schools. For these sectors, we applied CBECS data to
determine applicability.*>° For instance, we applied 100% applicability for both fuel types to colleges, while
for retail we estimated 35% applicability since CBECS data indicates that roughly 35% of all retail
buildings exceed 10,000 sq. ft. For healthcare, we used CBECS data to ascertain the proportion of
electricity and natural gas consumed by large inpatient facilities. This information suggests that roughly
69% of all electricity and 83% of natural gas used in the healthcare sector is consumed by large
healthcare facilities. School applicability is assumed to be 90% after a 10% reduction to account for
smaller private learning centers.

There is uncertainty as to what extent the utilities will be able to claim savings from these initiatives if
benchmarking is mandated by some level of government. Further, current building benchmarking
mandates do not cover the full building population, thus leaving a segment of buildings in California with
potential for benchmarking savings but no specified mandate to benchmark energy use. Due to these
factors, building benchmarking is excluded from the reference scenario but included in the aggressive
scenario. In the aggressive scenario, PG&E begins with 7.6% penetration, but then climbs to 15.1% in
2020 and 22.7% in 2025. The aggressive scenario penetrations for the other three utilities begin with
7.6% in 2019 and step up to 15.1% starting in 2024.

Savings

Estimated electric savings range from 1.1% to 2.2%, while gas savings range from 0.7% to 1.3% and are
applied consistently by building and fuel type across utilities. Savings estimates are based on actual
savings levels from city benchmarking reports.151:152.153.154.155 \We divided reported savings in half because
we assume that half of the savings come from technologies and half from operation-related behaviors.
Furthermore, we have applied a consistent split of 60% electric savings and 40% gas savings. This likely

“Wy.s. EI'A. Commercial Building Energg$.C8unsumpnigosi 3efveympEBEGS) barT:
2016).

By s. EIA. Commerci al Buil ding Energy Consumption Survey (CBECS) AT
2012.0 (May 2016) .

151SFEnvironmentandULIGreenprintCenterforBuildingPerfor mance. fASan Francisco Existing Commerc
Performance Report: 2010-2014. 06 (2015)

2Kat herine Tweed. fABenchmarking Drives 7 Percent Cut in Building Ene
¥City of Chicago. ACity of @hir¢ca@®lBneé&rgy Benchmarking Re

B4jewel, Amy; Kimmel, Jamie; Palmer, Doug; Pigg, Scott; Ponce, Jamie;
Energy Benchmarking to Drive Behavior Change in Commerbci al, I nstitut
Proceedings of the ACEEE Summer Study on Energy Efficiency in Buildings.

Navigant Consulting. ANew York City Benchmarking and Transparency [

Prepared for the U.S. Department of Energy by Navigant Consulting, Inc., Steven Winter Associates, Inc., and Newport Partners,
LLC.
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varies by building type, but as these data were not available we have not made this calculation based on
specific building-type consumption information.

The model uses an EUL of 2 years per CPUC Decision 16-08-019.

Because no demand savings data was available for Benchmarking, we averaged the ratio of kW to kWh
savings calculated for BEIMS, BOC, and SEM. This yielded 0.000102, which is the figure used for all
three electric utilities.

Cost

Available data suggest that benchmarking programs often include a utility in concert with a municipality.
Our esti mates us e d-ysaGhsgamnsbudget af $28 ailiend® Adtributing all costs to
either electricity or gas, this utility program cost was divided by estimated savings to calculate a per unit
savings cost. Costs amounted to $0.0396 per kWh and $0.2352 per therm and are not utility specific.

C.10 Commercial 7 Competitions

C.10.1 Summary

Commercial competitions are a behavioral intervention approach in which participants compete in events,
contests, or challenges to achieve a specific objective or the highest rank compared with other individuals
or groups as they try to reach goals by reducing energy consumption. Competitions can run for varying
time periods ranging from a single month to multiple years. They can include a mix of behavioral
strategies, including goal-setting, commitments, games, social norms, and feedback. Those designed to
produce energy savings via equipment upgrades were not included in our analysis.

Competitions may be designed differently depending upon the size and nature of the targeted participant
group. Smaller scale competitions are designed to engage people in a deep way with a higher level of
touches and a broad spectrum of behaviors that generate higher savings and serve as a model to get the
larger population engaged. Large scale competitions engage greater numbers of people in a more
superficial way and encourage a limited humber of behaviors. Because we had limited data for this type
of behavioral intervention all commercial competitions are considered as a single category.

In additional to overall summary data available through the ACEEE*®" and the CEE,**® we considered 10
di fferent <chal |l eng&NERGY STAR BuilllingnlCgmpetitiom, NEBFAA Rilpwatt

1% CPUC, Statewide Benchmarking Process Evaluation, Volume 1, CPU0055.01, Submitted by NMR Group and Optimal Energy,
April 2012.

157 Kira Ashby, 2016 Behavior Program Summary, 2016, Consortium for Energy Efficiency, from
https://library.ceel.org/content/2016-behavior-program-summary-public

1% Susan Mazur-Stommen and Kate Farley, ACEEE Field Guide to Utility-Run Behavior Programs, 2013, American Council for an
Energy-Efficient Economy, from http://aceee.org/research-report/b132
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Crackdown, Chicago's Green Office Challenge, and F@RUparsl Power Down pilot.1%%1%0 The
completeness of data available on each program varied with some of the most robust data coming from
Duke Energyédés Smart Energy®® Now effort in Charlotte, NC

Table C-12. Commercial Competitions - Key Assumption s

Savings kW/kWh Savings

Sector Type

KWh therm Ratio

COM Competitions 2 1.9% -- $0.04 -- 0.000102

C.10.2 Assumptions and Methodology
Eligibility and Participation

Eligibility for commercial competitions is defined by the program administrator. Competitions can focus on
occupants within an individual building or across a single company, but more often they embrace wider
audiences at the municipal level, in which groups of tenants within large buildings or across campuses or
neighborhoods compete with one another. Nonetheless, certain business sectors and business types
constitute more receptive customer types than others.

For this model, we focused on savingsinthose bui | ding types that have been ta
Up and Power Down campaign that is currently being carried out in San Francisco and San Jose. This

effort is focused on the following five building types: large offices, small offices, retail, restaurants, and

lodging.1%21%3 The applicability factor was defined in terms of potential program reach as it applies to

larger and smaller types of buildings. We assume an applicability of 8% for large offices and lodging and

a lower applicability factor of 4% for small to medium businesses - small offices, restaurants, and retail .14

At the time this model was prepared, PG&E was the only California IOU running a commercial
competition, but they were not claiming savings. Because of this, our penetration forecast for PG&E
shows 0% until 2019, at which point we anticipate they will begin to claim savings for one city and hold
steady through 2030. SCE and SDG&E do not begin claiming savings until 2021. We do not anticipate
that SCG will run commercial competitions given that we currently do not have sufficient data with which

159 Edward Vine and Christopher Jones, A Review of Energy Reduction Competitions. What Have We Learned?, 2015 (May),
California Institute for Energy and Environment. Report sponsored by the California Public Utilities Commission. Available at:
http://escholarship.org/uc/item/30x859hv

160 Edward L. Vine and Christopher M. Jones. Competition, carbon, and conservation: Assessing the energy savings potential of
energy efficiency competitions. 2016. Vol 19: 158-176. Energy Research and Social Science.

161 TecMarket Works, Impact Evaluation of the Smart Energy Now Program (NC) (Pilot) for Duke Energy, February 21, 2014.

162 | inda Dethman, Brian Arthur Smith, Jillian Rich, and James Russell. Engaging Small and Medium Businesses in Behavior
Change through a Multifaceted Marketing Campaign. 2016. Proceedings of the ACEEE Summer Study on Energy Efficiency in
Buildings.

163 Kat A. Donnelly. Workplace Engagement: Finding and Filling the Gaps for Fruitful Energy Savings. 2016 (October). Presentation
at the 2016 Behavior, Energy and Climate Change Conference. Baltimore, MD.

164 Informal comments received in response to the webinar on April 20, 2017 from PG&E indicate a limited willingness to participate
in commercial competitions.
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to model gas savings. For the aggressive scenario, PG&E, SCE, and SDG&E all begin to claim savings in
2019, and in 2024, they add a second city-size competition.

The penetration rates for each utility assume that they will target the largest cities within their service
territories, such as San Francisco, San Jose, Anaheim, and San Diego, or that groups of smaller
communities - the size of Walnut Creek, Santa Barbara, or Oceanside - may be pooled together within a
service territory to reach a similar number of businesses.

Savings

Savings estimates are basedon P G& E 6 s  sStep dpyanddPbwer Down (1.9% kWh). No gas savings
are modeled.

The model uses an EUL of 2 years to maintain consistency with CPUC Decision 16-08-019.

Because no demand savings data was available, we averaged the ratio of kW to kWh savings calculated
for BEIMS, BOC, and SEM. This yielded 0.000102, which is the figure used for all three electric utilities.

Cost

Costs of $0.04 per kwWh are drawn from Smart Energy Now. 1%

C.11 Commercial i Retrocommissioning

C.11.1 Summary

The potential for retrocommissioning (RCx) was modeled as a component of behavioral savings in the
2013, 2015, and 2018 studies and this update refines several of the underlying assumptions and inputs
used. RCx is defined as commissioning performed on buildings that have not been previously
commissioned. This model also includes the allowed recommissioning of buildings that have undergone
commissioning after 5 years have passed. The model focuses on RCx activities that impact HYAC system
operations and includes, for example, measures such as the following:*%¢

Correct actuator/damper operations

Correct economizer operations

Adjust condenser water reset

Adjust supply air temperature reset

Adjust zone temperature deadbands

Adjust equipment scheduling

Adjust duct static pressure reset

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

Adjust hot or cold deck reset

165 TecMarket Works, Impact Evaluation of the Smart Energy Now Program (NC) (Pilot) for Duke Energy, February 21, 2014.
166 2016 Statewide Retrocommissioning Policy & Procedures Manual, Version 1.0. Effective Date: July 19, 2016
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Optimize Variable Frequency Drives on fans or pumps
Recode Controls HVAC airflow rebalance/adjust

Reduce simultaneous heating and cooling

= =4 =4 =4

Adjust boiler lockout schedule

The model inputs for electric and natural gas for RCx, shown in the table below, are based on customer
segment consumption (kWh or therms per year). Electricity and natural gas savings range from 2.3% to
12.7%, and are applied consistently level for all utilities. Costs for electricity and natural gas savings are
also constant across utilities at $0.39 per kWh and $0.29 per therm. Industry literature indicates that
demand savings associated with RCx are minimal and the 2019 Study does not forecast demand savings
for RCx, as such the kW/kWh savings ratio is 0.

Table C-13. Commercial Retrocommissioning - Key Assumptions
EUL SEV Cost KW/KWh
Sector ——————————— . :
Years kWh therm kWh therm Savings Ratio
05 - 05 -
COM RCx 5 2.3% 2.3% $0.21 $0.38 0.000112

517% 517%

C.11.2 Assumptions and Methodology
Eligibility and Participation

Consistent with previous studies, RCx savings are applied to select commercial market segments, and
the applicability factor ranges from 18% to 91%. Consistent with the 2017 Study, the 2019 Study also
adjusted the eligibility and participation estimates for RCx to exclude BEIMS market potential, and to
exclude buildings built after 2011 when commissioning became a requirement under CalGreen. It is
estimated that approximately 92% of commercial building stock was constructed before 2011. The
exclusion of market savings from BEIMS is intended to reduce the risk of double counting savings
because the EMS technologies inherent in the BEIMS measure allow for continuous commissioning that
would exclude commissioning activities defined in the RCx measure. The model assumes that RCx
program interventions in the commercial market have been ongoing since the 2015 Study (though
SoCalGas does not claim savings until 2018), and a CAGR was used to forecast growth in participation
through the model forecast horizon. In the reference case, a 3,1% CAGR was used to forecast growth in
RCx, while the aggressive case used a 4.5% CAGR. Recommissioning is anticipated in 25% of RCx
participants after 5 years, and re-participation is additionally discounted by 25% to avoid double counting
of savings influenced by other programs, such as BOC and SEM. Low initial penetration of RCx results in
forecast penetrations of 2.3% and 2.8% for the reference and aggressive cases, respectively, over the
forecast horizon.

Savings

Energy savings associated with RCx are calculated using the following equation:
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Energy Savings, RCx = Penetration of RCx by Building Type x Total Annual Consumption x
% End Use Consumption for HVAC x % End Use Savings by Building Type

The percent of end use consumption for HVAC systems impacted by RCx is based on CEUS, while the
end use savings by building type is based on literature reviewed for the 2015 and 2018 Studies.167:168.169
Savings for offices, colleges, and schools were capped at 5% to reflect feedback from SCE on their
experience.’® The model uses an EUL of 3 years per CPUC Decision 16-08-019. A ratio of kW to kwh of
0.000112 was applied to all three electric utilities based on an analysis of several statewide and third-
party programs operating in California during the 2014-2015 portfolio cycle that included RCx related
initiatives.

Cost

Costs for electricity and natural gas savings are estimated based on an analysis of the same programs
reviewed and referenced in the 2017 Study.

C.12 Industrial/Agriculture 1 Strategic Energy Management

C.12.1 Summary

SEMintheindustrialandag r i cul t ural sectors is a o6holistico
continuously improves energy performance based on various initiatives. SEM, per CPUC and California
IOU design, is a continuous improvement approach that focuses on changing business practices to
enable companies to save money by reducing energy consumption and waste. The industrial sector SEM
pilot program currently being administered by California IOUs served as the basis for this forecast. As
defined in the California Industrial SEM Design Guide,'’! leading SEM programs are designed to support
industrial companies by focusing on several high-level objectives:

1 Implementing EE projects and saving energy, primarily from savings in operations and
maintenance (O&M).

i1 Establishing the energy management system (EMS) or business practices that help a facility to
manage and continuously improve energy performance.

1 Normalizing, quantifying, and reporting facility-wide energy performance.
1 Getting peers to talk to one another.
The model inputs for electric and natural gas shown in the table below represent savings associated with

SEM operational and behavioral changes. Savings are estimated based on building type consumption
(kWh or therms per year) for each market segment and are applied consistently across utilities. Costs for

167 2014 Retro-Commissioning (RCx) Program Extreme Makeover, CenterPoint Energy at http://www.centerpointenergy.com/en-
us/Documents/2014%20RCx%20Kickoff%20Slides.pdf

168 EPA. http://www.epa.gov/statelocalclimate/documents/pdf/table_rules_of thumb.pdf

169 DEER ExAnte2013 - RTU-Retro, Rooftop Unit retrocommissioning COM 10U Workpaper
70 Informal comment received in response to webinar held April 20, 2017.

171 version 1.0, February 8, 2017. Prepared by Sergio Dias Consulting LLC
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electricity and natural gas are $0.20/kwWh and $1.35/therm, and those are also applied consistently by
building and fuel type across utilities.

Table C-14. Industrial/Agriculture SEM - Key Assumptions

SEVIGES kW/kWh
Sector EUL Years Savings
kWh therm Ratio
. 1.9% - 1.9% -
Industrial SEM 4.3 4.4% 3.9% $0.20 $1.35 0.000195
. 3.1% -
Agriculture SEM 4.3 3.9% 3.0 $0.20 $1.35 0.000195

C.12.2 Assumptions and Methodology
Eligibility and Participation

Eligibility and participation estimates in the 2019 Study are consistent with the 2017 Study that defined
eligibility and participation based on guidance provided by the CPUC regarding the IOUs and as part of
the 2017 SEM Pilot Program development effort.1’2 Per the design of the CPUC SEM pilot and the
market considerations expressed in the IOU business plans, savings in the industrial sector are initially
forecast to begin in 2019 for high use market segments, including the petroleum, food, electronics, and
chemicals segments, while more widespread implementation for all other industrial segments begins in
2021. Although in theory SEM applies to all customer sizes, in practice applicability of SEM is constrained
to large customers. In general, this guidance does not mean that any industrial or agricultural market
segment will be excluded from participating in SEM but does restrict the applicability of SEM to larger
participants in each market segment. Consequently, an applicability factor for SEM was defined for all
industrial and agricultural market sectors and ranged between 39% and 93% for electricity and 48% to
99% for natural gas for the industrial sector, as shown in Table C-14, and between 40% and 65% for both
electricity and natural gas for the agricultural sector as shown in Table C-15.

Table C-15. Industrial SEM Applicability

Segment Fuel Applicability
Ind - Petroleum kWh 93%
Ind - Food kWh 7%
Ind - Electronics kWh 45%
Ind - Stone-Glass-Clay kWh 85%
Ind - Chemicals kWh 74%
Ind - Plastics kwh 75%
Ind - Fabricated Metals kwh 72%
Ind - Primary Metals kWh 59%

172 Strategic Energy Management -- Comments and Responses on Design and EMV Guides,
http://www.energydataweb.com/cpuc/search.aspx
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Segment
Ind - Industrial Machinery

Ind - Transportation Equipment

Ind - Paper

Ind - Printing & Publishing
Ind - Textiles

Ind - Lumber & Furniture
Ind - All Other Industrial
Ind - Petroleum

Ind - Food

Ind - Electronics

Ind - Stone-Glass-Clay
Ind - Chemicals

Ind - Plastics

Ind - Fabricated Metals
Ind - Primary Metals

Ind - Industrial Machinery

Ind - Transportation Equipment

Ind - Paper

Ind - Printing & Publishing
Ind - Textiles

Ind - Lumber & Furniture
Ind - All Other Industrial

Fuel
kWh
kWh
kWh
kWh
kWh
kWh
kWh
therms
therms
therms
therms
therms
therms
therms
therms
therms
therms
therms
therms
therms
therms
therms

Applicability

48%
56%
82%
61%
39%
48%
48%
99%
95%
64%
97%
98%
81%
85%
94%
48%
66%
97%
82%
50%
52%
48%

Table C-16. Agricultural SEM Applicability

Segment

Ag - 110 - CEC custom NAICS code

Ag - 111 - Crop Production

Ag - 112 - Animal Production and Aquaculture

Ag - 113 - Forestry and Logging

Ag - 114 - Fishing, Hunting and Trapping

Ag - 221 - CEC custom NAICS code - Water Pump
Ag - 110 - CEC custom NAICS code

Ag - 111 - Crop Production

Ag - 112 - Animal Production and Aquaculture

Ag - 113 - Forestry and Logging

Ag - 114 - Fishing, Hunting and Trapping

Ag - 221 - CEC custom NAICS code - Water Pump

Fuel
kWh
kWh
kWh
kWh
kWh
kWh
therms
therms
therms
therms
therms
therms

Applicability

65%
65%
65%
65%
65%
40%
65%
65%
65%
65%
65%
40%
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The starting saturation for all segments is estimated at 1.5% with a compound annual growth rate
(CAGR) of 6.7% for the reference case and 10.0% for the aggressive case. By 2030 this yields a market
saturation of 3.5% and 5.2% for the reference and aggressive cases, respectively.

Savings

The savings forecast for SEM is an estimate of O&M savings based on a literature review indicating that
an average UES for O&M savings of 3.0% of annual sector level consumption is appropriate for the
industrial and agricultural sectors. Savings at the segment level will vary, however, because SEM in the
industrial and agricultural sectors applies primarily to usage associated machine drive, process heating,
and process refrigeration. As such, segment specific UES values were calculated based on how much
energy is consumed for these three uses.

the table below shows how usage varies by sector for the industrial segment where, for example, 93% of
petroleum segment consumption is accounted for by the end uses impacted by SEM, versus the textile
segment where only 39% of energy is consumed by these same end-use categories. On average, these
end uses account for 64% on total industrial sector usage. An SEM segment savings adjustment factor
was calculated by dividing the SEM applicable segment consumption by the market average
consumption, for example for petroleum sector the SEM applicable segment consumption of 93% was
divided by the industrial sector average consumption of 64% to yield an SEM segment UES adjustment
factor of 1.5 for the petroleum segment. An SEM UES multiplier was then calculated by multiplying the
average SEM industrial sector savings of 3.0% by the SEM segment savings adjustment factor. In this
example, the average SEM industrial sector savings of 3.0% was multiplied by the UES adjustment factor
of 1.5 for the petroleum segment, yielding a multiplier of 4.4% The table below provides the UES
multipliers used to forecast natural gas savings.

Table C-17. Industrial SEM Electricity UES Multipliers

SEM Target End Uses SEM SEM
Segment Machine  Process Process Aspglicablig SSZG\]/?:\Z? f/IE'I\tA L|J_ES
Drives Heat Refrigeration Consﬁmgzon Adjustment P
Factor
Petroleum 88% 0% 6% 93% 15 4.4%
Stone-Glass-Clay 61% 24% 1% 85% 1.3 4.0%
Paper 7% 4% 2% 82% 1.3 3.9%
Food 42% 7% 29% 77% 1.2 3.7%
Plastics 51% 15% 9% 75% 1.2 3.6%
Chemicals 61% 5% 9% 74% 1.2 3.5%
Fabricated Metals 49% 20% 3% 72% 11 3.4%
Printing & Publishing 52% 2% 7% 61% 1.0 2.9%
Primary Metals 29% 29% 1% 59% 0.9 2.8%
Transportation Equipment 37% 13% 6% 56% 0.9 2.7%
All Other Industrial 33% 9% 6% 48% 0.8 2.3%
Industrial Machinery 33% 9% 6% 48% 0.8 2.3%
Lumber & Furniture 36% 8% 4% 48% 0.7 2.3%
Electronics 21% 12% 12% 45% 0.7 2.2%
Textiles 31% 5% 3% 39% 0.6 1.9%

Source: Navigant analysis
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Table C-18. Industrial SEM Natural Gas UES Multipliers

SEM Target End Uses SEM
_ SEgme SEM UES
Segment Service Hot ~ Process Other Savings Multiplier
Water Heat Adjustment
Factor
Petroleum 14% 59% 26% 13 3.861%
Stone-Glass-Clay 1% 90% 6% 13 3.765%
Paper 25% 26% 46% 13 3.783%
Food 59% 28% 9% 1.2 3.713%
Plastics 46% 24% 11% 11 3.162%
Chemicals 28% 28% 43% 1.3 3.834%
Fabricated Metals 15% 65% 6% 1.1 3.330%
Printing & Publishing 13% 64% 5% 1.1 3.199%
Primary Metals 5% 78% 10% 1.2 3.645%
Transportation Equipment 15% 30% 21% 0.9 2.569%
All Other Industrial 16% 20% 12% 0.6 1.873%
Industrial Machinery 16% 20% 12% 0.6 1.873%
Lumber & Furniture 12% 28% 12% 0.7 2.023%
Electronics 42% 10% 12% 0.8 2.496%
Textiles 18% 19% 13% 0.6 1.947%

The 2019 Study uses this same process to develop savings multipliers for the agricultural sector, however
because NAICS codes associated with the agricultural sector were changed to align with the IEPR
definition of the agricultural sector, the same level of data used in the in industrial sector forecast was not
available. As such, the average UES for O&M savings of 3.0% of annual sector level consumption was
used for most agricultural market segments with adjustments for segments that are primarily large motor
loads, such as municipal and irrigation water pumping, as shown in Table C-18.

Table C-19. Agricultural SEM Electricity and Natural Gas UES Multipliers

SEM UES

Segment Fuel Multiplier
Ag - 111 - Crop Production kWh 3.1%
ﬁg - 112 - Animal Production and KWh 3.1%

guaculture
Ag - 113 - Forestry and Logging kWh 3.1%
Ag - 1_14 - Fishing, Hunting and KWh 3.1%
Trapping
Ag - 221 - CEC custom NAICS code - KWh 3.9%
Water Pump
Ag - 111 - Crop Production therms 3.0%
Ag - 112 - Animal Production and o
Aquaculture therms 3.0%
Ag - 113 - Forestry and Logging therms 3.0%
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Ag - 114 - Fishing, Hunting and

; therms 3.0%
Trapping

Ag - 2211 Municipal and Irrigation

0,
Water Pumping therms 3.0%

Source: Navigant analysis

The 2019 Study uses the SEM UES multiplier to forecast segment level potential net savings using the
following equation:

SEM segment level EE net savings potential =
SEM UES Multiplier x Annual Segment Consumption”®

The model holds the industrial and agricultural segment UES multiplier constant throughout the forecast
horizon.

Cost

Costs for electricity and natural gas savings are estimated at $0.20/kWh and $1.35/therm and are applied
consistently by building and fuel type across utilities. Costs are based on an analysis of third-party
industrial sector programs operating in California during the 2014-2015 portfolio. These costs are lower
than those for emerging technology and generic custom type measures, reflecting that SEM savings are
O&M based and do not include rebate measures for large capital investments.

173 Electric (GWh) and natural gas (therm) from the 2017 IEPR Forecast
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APPENDIX D. AIMS SECTORS

This appendix provides additional detail and data for the industrial and agriculture sectors. Industrial and
Agricultural building types are classified by grouping buildings in NAICS codes. The table below
references the building types used in this study with their associated NAICS codes.

Sector Subsector ( Building Type) NAICS
Chemicals 325
Electronics 334x, 335
Fabricated Metals 332
Food 311x, 312
Industrial Machinery 333
Lumber & Furniture 337, 321, 1133
Paper 322x

Industrial Petroleum 324
Plastics 326
Primary Metals 331
Printing & Publishing 323, 511, 516
Stone-Glass-Clay 327x
Textiles 313, 314, 315, 316
Transportation Equipment 336
All Other Industrial 339
Dairies, fishing, and hunting 112, 114

Agriculture g:(iegear:ﬁgé%rsiculture, vineyards, forestry, and 111, 113
Water pumping 221

D.1 Industrial

The following table displays the industrial measure list used in the diffusion model.

Measure Name End-Use Category Description

Upgrades to electric and gas HVAC equipment

HVAC Equipment Upgrade (Electric (using better than code energy-efficiency rating

and Gas) HVAC [EER] or coefficient of performance [COP]), and
heat recovery
EE Lighting Lighting Lighting controls and early retirement potential to

LED fixtures
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Measure Name

Compressed Air

Fan VFD
Pump Upgrades
Energy Efficient Aerator

Motor VFD
Pump VFD

Boiler Controls and Optimization

Process Heat
Heat Recovery
Insulation
Chiller

Refrigeration

2019 Energy Efficiency Potential and Goals Study

End-Use Category

Machine Drive

Machine Drive

Machine Drive

Machine Drive

Machine Drive

Machine Drive

Process Heating

Process Heating

Process Heating

Process Heating

Process
Refrigeration

Process
Refrigeration

Description

Air compressor adjustments such as pressure
reduction, staging, system controls, and leak
identification and repair. VFD controls on air
compressors to allow for loading/unloading of the
compressed air system, and to replace any
inefficient throttling devices

Variable frequency drive (VFD) controls on fans
(not including HVAC fans) to take advantage of
partial load conditions

Proper sizing and operation of pumps to increase
pump efficiency

Replacing existing inefficient aerators on
wastewater systems with higher efficiency aerator
technologies

Installation of higher efficient or premium motors
across all industry processes

VFD controls on pumps to take advantage of
partial load conditions

Pressure reduction, leak reduction, steam trap
maintenance, and advanced controls on boilers

Upgrades and add-ons to gas furnaces and ovens,
including infrared (IR), furnace configuration, and
advanced controls

Capturing Awaste heat, 0o
gas boilers, and using it in other phases of the
industrial process

Insulation or improved insulation on boiler
equipment, storage tanks, and other process
piping

Chiller upgrades including advanced controls,

higher efficiency equipment, and overall system
efficiency improvements

Advanced controls on refrigeration systems
including floating head controls, evaporator fan
controls, and condenser controls

Source: Navigant 2016

D.2 Agriculture

The following table describes the list of agricultural measures used in the diffusion model.
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Measure Name

HVAC Ventilation (Fan Ventilation
Improvement)

HVAC Chiller Water Cooled

Ag Irrigation Pump

Ag Pump VFD
Low Pressure Irrigation
Ag Pump Retrofit i Non-Irrigation

Ag Pump VFD - Dairy
Process Wastewater Aerator

Exterior Lighting Upgrades

Horticulture Interior LED Grow
Lighting

Interior Lighting Upgrades - LED
Interior Lighting Upgrades i Non-
LED

Lighting Controls

Greenhouse Process Heating
Optimization

Greenhouse Shell Improvements

Post-Harvest Process
Improvements

2019 Energy Efficiency Potential and Goals Study

End-Use Category

HVAC

HVAC

Machine Drive

Machine Drive

Machine Drive

Machine Drive

Machine Drive

Machine Drive

Lighting*74

Lighting

Lighting

Lighting

Lighting

Process Heating

Process Heating

Process Heating

Description

Upgrade to more efficient fans, temperature and
humidity controls, VFDs (includes post-harvest
process fan aeration improvements)

Chiller upgrades including advanced controls,
higher efficiency equipment, and overall system
efficiency improvements

Irrigation specific pump improvement,
maintenance, and replacement designed to
increase pump efficiency

VFD for irrigation specific pumps (well, irrigation,
booster, etc.)

Conversion from high to low pressure irrigation
(sprinkler to drip, low pressure nozzles, etc.)

Pump retrofits geared to all other pumps besides
irrigation specific pumps

VFD for dairy specific pumps (vacuum, transfer,
etc.)

Replacing existing inefficient aerators on
wastewater systems with higher efficiency aerator
technologies

Includes typical C&l exterior LED lighting
measures as well as exterior security lights

Indoor LED lamps and fixtures used for growing a
variety of plants

Includes typical C&I LED lighting measures and
applications as well as agriculture-rated LEDs for
animal health and animal-specific purposes

Includes typical C&l non-LED lighting measures
and applications

Occupancy sensors, photocells/timers, etc.

Heating optimization and equipment improvements
for greenhouses (unit to bench heating conversion,
boiler improvement measures, dynamic
temperature controls, etc.)

Heating optimization improvements for
greenhouses centered around shell improvements
(thermal and shade curtains, insulation upgrades,
IRAC film, etc.)

Gas improvements to post-harvesting such as
more efficient heated grain drying, heat recovery,
process controls

174 All lighting is considered retrofit to allow for early retirement retrofits with the year 2019 for LED become baseline.
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Measure Name

Pipe Insulation Hot Application

Process Refrigeration Retrofit -
Dairy

Refrigeration Retrofit (Refrigeration
System Optimization)

End-Use Category

Process Heating

Process
Refrigeration

Process
Refrigeration

Description

Insulation or improved insulation on boiler
equipment, storage tanks, and other process
piping

Refrigeration improvements to process milk cooling
on dairies (plate coolers, scroll compressors)

Includes typical C&l refrigeration improvements to
cold storage areas (floating head pressure
controls, evaporator fan controls, evaporator fan
ECMs, etc.)

Source: Navigant 2016
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APPENDIX E. CODES & STANDARDS

Table E-1. C&S Modeled

: Compliance Effective : :
Regulation Code or Standard Name Ratel?5 Date Policy View

Commercial Refrigeration Equipment, Solid

2005 T-20 Door 70% 1/1/2006 On the books
2005 T-20 ?&?&Zﬁ;ﬁi ';if(;'rgera“on Equipment, 70% 1/1/2007 On the books
2005 T-20 Commercial Ice Maker Equipment 70% 1/1/2008 On the books
2005 T-20 Walk-In Refrigerators / Freezers 91% 1/1/2006 On the books
2005 T-20 Refrigerated Beverage Vending Machines 37% 1/1/2006 On the books
2005 T-20 '(‘:%rr?;tm‘;krzgﬁ‘ijeffmmerc'a' Alr- 70% 10/1/2006 On the books
2005 T-20 '(‘:%rr?;tm‘;krzgﬁ‘ijefgmmerc'a' Alr- 70% 1/1/2010 On the books
2005 T-20 $ieef"ie”t'a' Pool Pumps, High Eff Motor, 100% 1/1/2006 On the books
2005 T-20 Portable Electric Spas 70% 1/1/2006 On the books
2005 T-20 feneral Service Incandescent Lamps, Tier 69% 1/1/2006 On the books
2005 T-20 P_ulse Start_ Metal Halide HID Luminaires, 100% 1/1/2006 On the books
Tier 1(Vertical Lamps)
2005720 FUS¢ (itlf‘gﬂ':"eertﬂﬁa"de HID Luminaires, - 505 1/1/2008 On the books
2005 T-20 Modular Furniture Task Lighting Fixtures 70% 1/1/2008 On the books
2005 T-20 Hot Food Holding Cabinets 70% 1/1/2006 On the books
2005 T-20 External Power Supplies, Tier 1 100% 1/1/2007 On the books
2005 T-20 External Power Supplies, Tier 2 99% 7/1/2008 On the books
2005 T-20 Consumer Electronics - Audio Players 100% 1/1/2007 On the books
2005 T-20 Consumer Electronics - TVs 96% 1/1/2006 On the books
2005 T-20 Consumer Electronics - DVDs 31% 1/1/2006 On the books
2005 T-20 Water Dispensers 70% 1/1/2006 On the books
2005 T-20 Unit Heaters and Duct Furnaces 100% 1/1/2006 On the books
2005 T-20 Sg{\rl‘ergerc'a' Dishwasher Pre-Rinse Spray 50, 1/1/2006 On the books
2006 T-20 $i‘zsr'ge”“a' Pool Pumps, 2-speed Motors, g4, 1/1/2008 On the books
2006 T-20 g%e#rieral Service Incandescent Lamps, Tier 87% 1/1/2008 On the books
2006 T-20 g%e#geral Service Incandescent Lamps, Tier 87% 1/1/2008 On the books

175 Compliance rates are specific to 2016 for electric energy savings. Full details are available in the model.
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General Service Incandescent Lamps, Tier

2006 T-20 2 #3 89% 1/1/2008 On the books
2006 T-20 E:rhgf_ and 120 Incandescent Reflector g4 1/8/2008 On the books
2006 T-20 E;hgf_ gg‘:n'fnzegc'i’;‘fa”descem Reflector o9, 1/8/2008 On the books
2008 T-20 Metal Halide Fixtures 95% 1/1/2010 On the books
2008 T-20 Portable Lighting Fixtures 93% 1/1/2010 On the books
2008 T-20 General Purpose Lighting -- 100 watt 88% 1/1/2011 On the books
2008 T-20 General Purpose Lighting -- 75 watt 40% 1/1/2012 On the books
2008 T-20 General Purpose Lighting -- 60 and 40 watt ~ 85% 1/1/2013 On the books
2009 T-20 Televisions - Tier 1 98% 1/1/2011 On the books
2009 T-20 Televisions - Tier 2 99% 1/1/2013 On the books
Small Battery Chargers i Tier 1 (consumer
2011 T-20 with no USB charger or USB charger <20 90% 2/1/2013 On the books
watt-hours)

2011 T-20 str?at” ?]a“eg’chargﬁrivg{'ﬁcrgié;fnsuggro 88% 1/1/2014 On the books
2011 T-20 f(;’r‘zmit:)ery Chargers i Tier 3 (non- 85% 1/1/2017 On the books
2011 T-20 Large Battery Charge 78% 1/1/2014 On the books
Unevaluated  Residential Faucets & Aerators - Lavatory o

T-20 w/ Natural Gas Water Heating - Tier 1 88% 9/1/2015 On the books
Unevaluated  Residential Faucets & Aerators - Lavatory o

T-20 w/ Electric Water Heating - Tier 1 88% 9/1/2015 On the books
Unevaluated Residential Faucets & Aerators - Lavatory o

T-20 w/ Natural Gas Water Heating - Tier 2 88% 71112016 On the books
Unevaluated  Residential Faucets & Aerators - Lavatory o

T-20 w/ Electric Water Heating - Tier 2 88% 71112016 On the books
Unevaluated Residential Faucets & Aerators - Kitchen w/ o

T-20 Natural Gas Water Heating 88% 1/1/2016 On the books
Unevaluated Residential Faucets & Aerators - Kitchen w/ o

T-20 Electric Water Heating 88% 1/1/2016 On the books
_LI_J_nzeOvaIuated Public Lavatory Faucets 88% 1/1/2016 On the books
_LI_J_nZeOvaIuated agg\t/g;h_eigs; 1 w/ Natural Gas Water 88% 7/1/2016 On the books
_LI_J_nZeOvaIuated _Srirécr)vierheads - w/ Electric Water Heaters - 88% 7/1/2016 On the books
_LI_J_nZeOvaIuated agg\t/g;h_eigs; :2W/ Natural Gas Water 88% 7/1/2018 On the books
_LI_J_nZeOvaIuated _Srirécr)vleerheads - w/ Electric Water Heaters - 88% 7/1/2018 On the books
_LI_J_nzeOvaIuated Commercial Toilets 88% 1/1/2016 On the books
_LrJ_nz%vaIuated Residential Toilets 88% 1/1/2016 On the books
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NAVIGANT

Unevaluated
T-20

Unevaluated
T-20
Unevaluated
T-20
Unevaluated
T-20
Unevaluated
T-20
Unevaluated
T-20
Unevaluated
T-20
Unevaluated
T-20
Unevaluated
T-20
Unevaluated
T-20
Unevaluated
T-20
Unevaluated
T-20
Unevaluated
T-20
Unevaluated
T-20
Unevaluated
T-20
Unevaluated
T-20

Future Title
20

Future Title
20

Future Title
20

Future Title
20

Future Title
20

Future Title
20

Future Title
20

Future Title
20

Future Title
20

Urinals

Dimming Ballasts

GSLs - Original Scope - Tier 2
Small Diameter Directional Lamps
LED Lamps - Tier 1

LED Lamps - Tier 2

Computers - Workstations
Computers - Small Scale Servers
Computers - Notebooks
Computers - Desktops - Tier 1
Computers - Desktops - Tier 2
Displays - Monitors

Air Filter Labeling

Portable Electric Spas - Rigid
Portable Electric Spas - Inflatable
Portable ACs

Fans & Blowers

GSFLs (T12 Loophole)
Compressors

Hearth Products

Irrigation Controllers

Residential fans (exhaust, whole house,
etc.)

Small Network Equipment
Single-Speed Residential Filtration

Commercial Clothes Dryers

88%

88%

88%

88%

88%

88%

88%

88%

88%

88%

88%

88%

88%

88%

88%

88%

88%

88%

88%

88%

88%

85%

85%

85%

85%

1/1/2016

7/1/2016

1/1/2018

1/1/2018

1/1/2018

7/1/2019

1/1/2018

1/1/2018

1/1/2019

1/1/2019

7/1/2021

7/1/2019

4/1/2019

6/1/2019

6/1/2019

1/1/2021

1/1/2022

1/1/2020

1/1/2020

1/1/2021

1/1/2022

1/1/2024

1/1/2025

1/1/2021

1/1/2022

2019 Energy Efficiency Potential and Goals Study

On the books
On the books
On the books
On the books
On the books
On the books
On the books
On the books
On the books
On the books
On the books
On the books
On the books
On the books
On the books
On the books
Possible
Possible
Possible
Possible
Possible
Possible
Possible
Expected

Expected
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Future Title
20

Future Title
20

Federal
Federal
Federal
Federal
Federal
Federal
Federal
Federal
Federal
Federal
Federal
Federal

Federal

Federal

Federal

Federal
Federal
Federal
Federal

Federal

Federal
Federal

Federal

Federal

Federal
Federal
Federal

Federal
Federal
Federal
Federal
Federal
Federal

Commercial Imaging equipment

Residential Imaging equipment

Electric Motors 1-200HP

Refrigerated Beverage Vending Machines
Commercial Refrigeration

Residential Electric & Gas Ranges
General Service Fluorescent Lamps #1
Incandescent Reflector Lamps
Commercial Clothes Washers #1
Residential Pool Heaters

Residential Direct Heating Equipment
Residential Refrigerators & Freezers
Residential Room AC

Fluorescent Ballasts

Small Commercial Package Air-
Conditioners 0O65 and

Large and Very Large Commercial ]
Package ArrCondi ti oners O]

Computer Room ACs >=65,000 Btu/h and
< 760,000 Btu/h

Residential Dishwashers

Residential Clothes Dryers

Residential Gas-fired water heater
Residential Electric storage water heater

Residential Gas-fired instantaneous water
heater

Residential Oil-fired storage water heater
Small Electric Motors

Residential Clothes Washers (Front
Loading)

Residential Clothes Washers (Top Loading)
Tier |

Residential Central AC, Heat Pumps and
Furnaces

ASHRAE Products (Commercial boilers)

Single package vertical AC and HP -
>65,000 Btu/hr and <240,000 Btu/hr

Distribution transformers

External Power Supplies

Electric Motors

Microwave ovens

Commercial CAC and HP - <65,000 Btu/hr
Metal Halide Lamp Fixtures

85%

85%

91%
37%
70%
100%
95%
65%
94%
95%
95%
95%
91%
80%

100%

100%

100%

99%
99%
98%
88%

87%

85%
35%

100%

100%

99%

95%

95%

95%
95%
95%
95%
95%
95%

1/1/2027

1/1/2027

12/1/2010
8/31/2011
1/1/2012
4/9/2012
7/14/2012
7/14/2012
1/8/2013
4/16/2013
4/16/2013
9/15/2014
6/1/2014
11/14/2014

6/1/2013

6/1/2014

10/29/2013

5/30/2013
1/15/2015
4/16/2015
4/16/2015

4/16/2015

4/16/2015
3/9/2015

3/7/12015

3/7/12015

1/1/2015
3/2/2012
10/9/2015

1/1/2016
2/10/2016
6/1/2016
6/17/2016
1/1/2017
2/10/2017

2019 Energy Efficiency Potential and Goals Study

Possible

Possible

On the books
On the books
On the books
On the books
On the books
On the books
On the books
On the books
On the books
On the books
On the books
On the books

On the books

On the books

On the books

On the books
On the books
On the books
On the books

On the books

On the books
On the books

On the books

On the books

On the books
On the books
On the books

On the books
On the books
On the books
On the books
On the books
On the books
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Federal
Federal
Federal
Federal
Federal

Federal

Federal

Federal
Federal

Federal

Federal
Federal

Federal

Federal
Federal
Federal
Federal

Federal

Federal

Federal
Federal
Federal
Federal
Federal

Future
Federal

Future
Federal

Future
Federal

Future
Federal

Future
Federal

Commercial Refrigeration Equipment
Walk-in coolers and freezers

Commercial Clothes Washers

GSFLs

Residential Clothes Washers - Top-loading

Commercial CAC and HP - 65,000 Btu/hr to
760,000 Btu/hr - Tier 1

Commercial CAC and HP - 65,000 Btu/hr to
760,000 Btu/hr - Tier 2

Commercial Ice Makers
Pre-rinse Spray Valves

Refrigerated beverage vending machines
#2

Dehumidifiers
Furnace fans

Single package vertical AC and HP -
<65,000 Btu/hr

Wine chillers

Ceiling Fans

Ceiling Fan Light Kits
Commercial and Industrial Pumps

Residential Boilers - Gas-fired Hot Water
and Electric Hot Water

Residential Boilers - Gas-fired Steam and
Electric Steam

Pool Pumps

Dedicated-Purpose Pool Pumps
Commercial Furnaces

Residential Central AC, HP, and Furnaces
Water-Source Heat Pumps

GSLs - Expanded Scope'’®
Commercial Boilers

Residential Electric & Gas Ranges
Circulator Pumps

Fluorescent Ballasts

95%
95%
95%
95%
95%

95%

95%

95%
95%

95%

95%
95%

95%

95%
95%
95%
95%

95%

95%

95%
95%
95%
95%
95%

76%

95%

95%

95%

95%

3/27/2017
6/5/2017
1/1/2018
1/26/2018
1/1/2018

1/1/2018

1/1/2023

1/28/2018
1/28/2019

1/8/2019

6/13/2019
7/3/2019

9/23/2019

10/28/2019
1/21/2020
1/21/2020
1/27/2020

1/15/2021

1/15/2021

7/19/2021
7/19/2021
1/1/2023
1/1/2023
1/1/2026

1/1/2020

1/1/2023

1/1/2023

1/1/2023

11/14/2025

2019 Energy Efficiency Potential and Goals Study

On the books
On the books
On the books
On the books
On the books

On the books

On the books

On the books
On the books

On the books

On the books
On the books

On the books

On the books
On the books
On the books
On the books

On the books

On the books

On the books
On the books
On the books
On the books
On the books

Possible

Possible

Possible

Possible

Possible

176 Although the IOUs provided this as a claimed standard starting in the year 2020, the stated intent by the federal government to

roll back this standard as well as the uncertainty in possible legal challenges makes the savings uncertain. For this reason, the GSL

-Expanded

However

i s
produce

Scope standard
the model can

analysis of Additional Achievable Energy Efficiency.
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N \VlGANT 2019 Energy Efficiency Potential and Goals Study

Future Residential Clothes Dryers 95% 1/15/2025 Possible
Federal
Future Residential Room ACs 95% 6/1/2025 Possible
Federal
Future Residential Furnaces 95% 3/1/2026 Possible
Federal
Future . . .
Residential central AC (not heat pumps) 85% 1/1/2031 Possible
Federal
Future o .
Federal Ranges and ovens (gas) 85% 1/1/2030 Possible
Future Commermal package AC and heating 85% 1/1/2031 Possible
Federal equipment
Future Commercial water heaters 85% 1/1/2029 Possible
Federal
Future . - o .
Federal High efficiency gas storage water heaters 85% 1/1/2025 Possible
Future . - o .
Federal High efficiency gas tankless water heaters 85% 1/1/2025 Possible
Future . . .
Residential heat pump water heaters 85% 1/1/2025 Possible
Federal
Future . . . .
Residential Refrigerators and Freezers 85% 1/1/2026 Possible
Federal
Future Small Motors 85% 1/1/2025 Possible
Federal
Future . - o .
Federal Computer Room Air Conditioners (CRAC) 85% 1/1/2025 Possible
Future Ranges and ovens (electric) 85% 1/1/2030 Possible
Federal
Future Packaged Terminal AC (PTAC) and HP o .
Federal (PTHP) 85% 1/1/2028 Possible
2005 T-24 Time dependent valuation, Residential 0% 1/1/2006 On the books
2005 T-24 Time dependent valuation, Nonresidential 0% 1/1/2006 On the books
2005 T-24 Res. Hardwired lighting 113% 1/1/2006 On the books
2005 T-24 Duct improvement 59% 1/1/2006 On the books
2005 T-24 Window replacement 80% 1/1/2006 On the books
2005 T-24 Lighting controls under skylights 8% 1/1/2006 On the books
2005 T-24 Ducts in existing commercial buildings 75% 1/1/2006 On the books
2005 T-24 Cool roofs 75% 1/1/2006 On the books
2005 T-24 Relocatable classrooms 100% 1/1/2006 On the books
2005 T-24 Bi-level lighting control credits 79% 1/1/2006 On the books
2005 T-24 Du_ct_testlng/seallng in new commercial 8206 1/1/2006 On the books
buildings
2005 T-24 Cooling tower applications 88% 1/1/2006 On the books
2005 T-24 Multifamily Water Heating 78% 1/1/2006 On the books
2005 T-24 Composite for Remainder - Res 120% 1/1/2006 On the books
2005 T-24 Composite for Remainder - Non-Res 85% 1/1/2006 On the books
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N \VlGANT 2019 Energy Efficiency Potential and Goals Study

Whole Building - Res New Construction

2005 T-24 . 120% 1/1/2006 On the books
(Electric)
2005 T-24 Whole Building - Non-Res New 0% 1/1/2006 On the books
Construction (Electric)
2005 T-24 }’égos')e Building - Res New Construction 235% 1/1/2006 On the books
2005 T-24 Whole Building - Non-Res New 0% 1/1/2006 On the books
Construction (Gas)
2008 T-24 Envelope insulation 123% 10/1/2010 On the books
2008 T-24 Overall Envelope Tradeoff 397% 10/1/2010 On the books
2008 T-24 Skylighting 397% 10/1/2010 On the books
2008 T-24 Sidelighting 397% 10/1/2010 On the books
2008 T-24 Tailored Indoor lighting 573% 10/1/2010 On the books
2008 T-24 TDV Lighting Controls 0% 10/1/2010 On the books
2008 T-24 DR Indoor Lighting 397% 10/1/2010 On the books
2008 T-24 Outdoor Lighting 83% 10/1/2010 On the books
2008 T-24 Outdoor Signs 83% 10/1/2010 On the books
2008 T-24 Refrigerated warehouses 83% 10/1/2010 On the books
2008 T-24 DDC to Zone 397% 10/1/2010 On the books
2008 T-24 Residential Swimming pool 83% 7/1/2010 On the books
2008 T-24 Site Built Fenestration 83% 10/1/2010 On the books
2008 T-24 Residential Fenestration 83% 7/1/2010 On the books
2008 T-24 Cool Roof Expansion 153% 10/1/2010 On the books
2008 T-24 MF Water heating control 0% 9/1/2010 On the books
2008 T-24 CfR IL Complete Building Method 571% 9/1/2010 On the books
2008 T-24 CfR IL Area Category Method 569% 9/1/2010 On the books
2008 T-24 CfR IL Egress Control 397% 9/1/2010 On the books
2008 T-24 CfR HVAC Efficiency 397% 9/1/2010 On the books
2008 T-24 CfR Res Cool Roofs 83% 9/1/2010 On the books
2008 T-24 CfR Res Central Fan WL 83% 9/1/2010 On the books
2013 T-24 NRA-Lighting-Alterations-New Measures 91% 7/1/2014 On the books
2013 T-24 NRA-Lighting-Alterations-Existing 91% 7/1/2014 On the books
Measures
2013 T-24 NRA-Lighting-Egress Lighting Control 91% 7/1/2014 On the books
2013 T-24 NRA-Lighting-MF Building Corridors 91% 7/1/2014 On the books
2013 T-24 NRA-Lighting-Hotel Corridors 91% 7/1/2014 On the books
2013 T-24 NRA-Lighting-Warehouses and Libraries 91% 7/1/2014 On the books
2013 T-24 NRA-Envelope-Cool Roofs 83% 7/1/2014 On the books
2013 T-24 NRA-HVAC-Equipment Efficiency 83% 7/1/2014 On the books
2013 T-24 NRA-Process-Air Compressors 83% 7/1/2014 On the books
2013 T-24 NRNC-Lighting-Egress Lighting Control 83% 4/1/2015 On the books
2013 T-24 NRNC-Lighting-MF Building Corridors 83% 4/1/2015 On the books
2013 T-24 NRNC-Lighting-Hotel Corridors 83% 4/1/2015 On the books
2013 T-24 NRNC-Lighting-Warehouses and Libraries 83% 4/1/2015 On the books
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2013 T-24 NRNC-Lighting-Parking Garage 83% 4/1/2015 On the books
2013 T-24 NRNC-Lighting-Controllable Lighting 83% 4/1/2015 On the books
2013 T-24 NRNC-Lighting-DR Lighting Controls 83% 4/1/2015 On the books
2013724 e Lighting-Outdoor Lighting & 83% 4/1/2015 On the books
2013 T-24 NRNC-Lighting-Office Plug Load Control 83% 4/1/2015 On the books
2013 T-24 NRNC-HVAC-Garage Exhaust 83% 4/1/2015 On the books
2013 T-24 NRNC-HVAC-Laboratory Exhaust 83% 4/1/2015 On the books
2013 T-24 NRNC-HVAC-Small ECM Motor 83% 4/1/2015 On the books
2013 T-24 NRNC-HVAC-Water & Space Heating ACM  83% 4/1/2015 On the books
2013 T-24 NRNC-HVAC-Cooling Towers Water 83% 4/1/2015 On the books
2013724 NRNCHVAC-Occupant Controlled Smart g9, 4/1/2015 On the books
2013 T-24 NRNC-HVAC-Low-Temp Radiant Cooling 83% 4/1/2015 On the books
2013 T-24 NRNC-HVAC-Evap Cooling Credit 83% 4/1/2015 On the books
2013 T-24 NRNC-HVAC-Outside Air 83% 4/1/2015 On the books
2013 T-24 NRNC-HVAC-Acceptance Requirements 83% 4/1/2015 On the books
2013 T-24 NRNC-Refrigeration-Warehouse 83% 4/1/2015 On the books
2013 T-24 NRNC-Refrigeration-Supermarket 83% 4/1/2015 On the books
2013 T-24 NRNC-Process-Process Boilers 83% 4/1/2015 On the books
2013 T-24 NRNC-Process-Air Compressors 83% 4/1/2015 On the books
2013 T-24 NRNC-Process-Data Centers 83% 4/1/2015 On the books
2013724 geNCDAW - Hotel DRW Control and 83% 4/1/2015 On the books
2013 T-24 NRNC-DHW-Solar Water Heating 83% 4/1/2015 On the books
2013 T-24 NRNC-Solar-Solar Ready 83% 4/1/2015 On the books
2013 T-24 NRNC-Whole Building 93% 4/1/2015 On the books
2013 T-24 RNC-Lighting 0% 1/1/2015 On the books
2013 T-24 RNC-DHW - MF DHW Control and Solar 83% 4/1/2015 On the books
2013 T-24 EZ;}?HW - High Efficiency Water Heater g3, 1/1/2015 On the books
2013 T-24 RNC-DRW - Solar for Electrically Heated g3, 1/1/2015 On the books
2013 T-24 Eg‘ﬁ;ow - Solar Ready & Oriented 83% 1/1/2015 On the books
2013 T-24 RNC-SF Whole Building 67% 1/1/2015 On the books
2013 T-24 RNC-MF Whole Building 83% 4/1/2015 On the books
2013 T-24 RA-SF Whole Building 67% 7/1/2014 On the books
2013 T-24 RA-MF Whole Building 83% 7/1/2014 On the books
2016 T-24 NRA-Lighting-Alterations 85% 2/1/2017 On the books
2016 T-24 NRA-Lighting-Outdoor Lighting Controls 85% 2/1/2017 On the books
2016 T-24 NRA-Lighting-ASHARE Measure-Elevator 85% 2/1/2017 On the books

Lighting & Ventilation
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NRA-Envelope-Opaque Wall (Roof

2016 T-24 Alterations) 85% 2/1/2017 On the books
2016 T-24 NRA-HVAC-ASHARE Measure-DDC 85% 2/1/2017 On the books
2016 T-24 NRA-HVAC-ASHRAE Equipment Efficiency  85% 2/1/2017 On the books
2016 T-24 gsg Focass ASHARE Measure-Escalator  ggo, 2/1/2017 On the books
2016 T-24 NRNC-Whole Building 85% 11/1/2017 On the books
2016 T-24 RNC-Single Family Whole Building 85% 7/1/2017 On the books
2016 T-24 RNC-Multifamily Whole Building 85% 7/1/2017 On the books
2016 T-24 RA-Single Family Whole Building 85% 4/1/2017 On the books
2016 T-24 RA-Multifamily Whole Building 85% 4/1/2017 On the books
2019 T-24 NRA-Indoor Lighting-Alterations (Control) 85% 3/1/2020 On the books
2019 T-24 NRA-Indoor Lighting-Alterations (LPD) 85% 3/1/2020 On the books
2019 T-24 NRA-Indoor Lighting-New LPD 85% 3/1/2020 On the books
2019 T-24 NRA-Indoor Lighting-New Controls 85% 3/1/2020 On the books
2019 T-24 H;Ad;(?a‘gg)oor Lighting-LPA (General 85% 3/1/2020 On the books
2019 T-24 Qm'cgtf;gg’r Lighting-LPA (Specific 85% 3/1/2020 On the books
2019 T-24 NRA-Outdoor Lighting-Controls 85% 3/1/2020 On the books
2019 T-24 NRA-MECH-ASHRAE 90.1 85% 3/1/2020 On the books
2019 T-24 NRA-MECH-Cooling Towers 85% 3/1/2020 On the books
2019 T-24 g';‘ge’\iECH‘HE Fume Hoods in Lab 85% 3/1/2020 On the books
2019 T-24 NRA-MECH-Variable Exhaust Flow Control ~ 85% 3/1/2020 On the books
2019 T-24 NRNC-Indoor Lighting-LPD 85% 10/1/2020 On the books
2019 T-24 NRNC-Indoor Lighting-Controls 85% 10/1/2020 On the books
2019 T-24 E;ﬂgc'a%g;dw Lighting-LPA (General 85% 10/1/2020 On the books
2019 T-24 /m'igét%ﬁgw Lighting-LPA (Specific 85% 10/1/2020  On the books
2019 T-24 NRNC-Outdoor Lighting-Controls 85% 10/1/2020 On the books
2019 T-24 NRNC-Envelope-Dock Seals 85% 10/1/2020 On the books
2019 T-24 g;’:&gﬁgﬂwwiat’aﬁc Condensersfor g, 10/1/2020  On the books
2019 T-24 NRNC-MECH-ASHRAE 90.1 85% 10/1/2020 On the books
2019 T-24 NRNC-MECH-Cooling Towers 85% 10/1/2020 On the books
2019 T-24 NRNC-MECH-Economizer FDD 85% 10/1/2020 On the books
2019 T-24 nge't\'Cg;MECH'HE Fume Hoods in Lab 85% 10/1/2020 On the books
2019 T-24 (N:ORn'\t'r(;’)'lMECH'Va”ab'e Exhaust Flow 85% 10/1/2020 On the books
2019 T-24 NRNC-MECH-Ventilation & IAQ 85% 10/1/2020 On the books
2019 T-24 Et':'igéSF)'E”"e'Ope'High Performance 85% 7/1/2020 On the books
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RNC(SF)-Envelope-High Performance

2019 Energy Efficiency Potential and Goals Study

2019 T-24 Walls 85% 7/1/2020 On the books
2019 T-24 RNC(SF)-Envelope-Qll 85% 7/1/2020 On the books
2019 T-24 RNC(SF)-Envelope-Windows and Doors 85% 7/1/2020 On the books
2019 T-24 RNC(SF)-MECH-Quality HVAC 85% 7/1/2020 On the books
2019724 ~AC(MP)-Envelope-High Performance 85% 9/1/2020 On the books
2019 T-24 RNC(MF)-Envelope-QIl 85% 9/1/2020 On the books
2019 T-24 RNC(MF)-Envelope-Windows and Doors 85% 9/1/2020 On the books
2019 T-24 RNC(MF)-MECH-Quality HVAC 85% 9/1/2020 On the books
2019 T-24 RA(SF)-Envelope-High Performance Walls  85% 4/1/2020 On the books
2019 T-24 RA(SF)-Envelope-Qll 85% 4/1/2020 On the books
2019 T-24 RA(SF)-Envelope-Windows and Doors 85% 4/1/2020 On the books
2019 T-24 RA(SF)-MECH-Quality HVAC 85% 4/1/2020 On the books
2019 T-24 RA(MF)-Envelope-Qll 85% 4/1/2020 On the books
2019 T-24 RA(MF)-Envelope-Windows and Doors 85% 4/1/2020 On the books
2019 T-24 RA(MF)-MECH-Quality HVAC 85% 4/1/2020 On the books
2022 T-24 NRA 80% 1/31/2023 Expected

2022 T-24 NRNC-Whole Building 80% 10/31/2023 Expected

2025 T-24 NRA 80% 1/30/2026 Possible

2025 T-24 NRNC-Whole Building 80% 10/30/2026 Possible

2028 T-24 NRA 80% 1/29/2029 Possible

2028 T-24 NRNC-Whole Building 80% 10/29/2029 Possible
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2019 Energy Efficiency Potential and Goals Study

Table E-2 specifies all standards that are assumed to be superseded by other standards.

Table E-2. C&S Superseded Codes and Standards

Superseded Code or Standard

2005 T-20: Walk-in
Refrigerators/Freezers

2005 T-20: Commercial Dishwasher
Pre-Rinse Spray Valves

2005 T-20: Consumer Electronics -
TVs

2005 T-20: Commercial

Refrigeration Equipment, Solid Door

2005 T-20: Commercial
Refrigeration Equipment,

2005 T-20: Commercial Ice Maker
Equipment

2005 T-20: Refrigerated Beverage
Vending Machines

2006 T-20: Residential Pool Pumps,
2-speed Motors, Tier 2

2006 T-20: BR, ER and R20
Incandescent Reflector Lamps:
Residential

2006 T-20: BR, ER and R20
Incandescent Reflector Lamps:
Commercial

2006 T-20: General Service
Incandescent Lamps, Tier 2 #1
2006 T-20: General Service
Incandescent Lamps, Tier 2 #2
2006 T-20: General Service
Incandescent Lamps, Tier 2 #3
2006 T-20: General Service
Incandescent Lamps, Tier 2 #1
2006 T-20: General Service
Incandescent Lamps, Tier 2 #2
2006 T-20: General Service
Incandescent Lamps, Tier 2 #3
2008 T-20: General Purpose
Lighting -- 100 watt

2008 T-20: General Purpose
Lighting -- 75 watt

2008 T-20: General Purpose
Lighting -- 60 and 40 watt

Unevaluated T-20: GSLs i Original
Scope 1 Tier 2

Superseding Code or Standard

Fed Appliance: Walk-in coolers and

freezers

Fed Appliance: Pre-Rinse Spray

Valves

2009 T-20: Televisions - Tier 1

Fed Appliance: Commercial
Refrigeration

Fed Appliance: Commercial
Refrigeration

Fed Appliance: Commercial
Refrigeration

Fed Appliance: Refrigerated
Beverage Vending Machines

Fed Appliance: Pool Pumps

Fed Appliance: Incandescent
Reflector Lamps

Fed Appliance: Incandescent
Reflector Lamps

2008 T-20: General Purpose
Lighting -- 100 watt

2008 T-20: General Purpose
Lighting -- 75 watt

2008 T-20: General Purpose
Lighting -- 60 and 40 watt

EISA
EISA
EISA
EISA
EISA

EISA

Future Fed Appliance: GSLs -
Expanded Scope

Source

Navigant Assumption
Navigant Assumption
ISSM

ISSM

ISSM

ISSM

ISSM

Navigant Assumption

ISSM

ISSM

ISSM
ISSM
ISSM
ISSM
ISSM
ISSM
ISSM
ISSM
ISSM

Navigant Assumption

©2019 Navigant Consulting, Inc.
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APPENDIX F. IND/AG GENERIC CUSTOM & EMERGING
TECHNOLOGIES

F.1 Ind/Ag Generic Custom Measure Forecast Methodology

F.1.1 Summary

Generic custom (GC) measures in the industrial sector are projects that tend to be specific to an industry
segment or production method. Table F-1 provides the inputs for the GC measures in the 2019 Study and
the proceeding discussion details the assumptions and methodology used to derive these inputs.

Table F-1. Industrial/Agriculture  GC - Key Assumptions

Savings kW/kwh
Sector Type Euv. years - — Savings
kWh therm Ratio
Ind 0.0842%  0.1238%
GC 15 $0.33 $2.25 0.000195
Ag 0.1995%  0.8996%

F.1.2 Applicability and Penetration

Applicability of GC measures in the industrial and agricultural sectors is 100% because these measures
are considered ubiquitous to all activities in all market segments. The approach to forecasting the
penetration rate for GC measures changed for the 2019 model. In the 2017 Study (and prior years)
penetration rates were held constant over the forecast horizon under the assumption that industrial
facilities continually upgrade equipment and processes and therefore GC measures would be installed at
the same rate as past program activity. Based on an analysis of EEStats data from 2013 through 2017 it
was determined that GC savings are decreasing over time after separating out the contribution from RCx.
As such, the penetration rate for GC measures was revised to show an annual decrease of approximately
3.3%, which we apply to both electricity and gas savings.

The team conducted a literature review to define an approach to estimate savings from GC measures:

1 2004-2005 Statewide Nonresidential Standard Performance Contract Program Measurement and
Evaluation Study*””

1 2006-2008 Evaluation Report for PG&E Fabrication, Process, and Manufacturing Contract
Groupt™®

177 California Public Utilities Commission. Itron, Inc. CALMAC Study ID: SCE0220.01
178 California Public Utilities Commission. Itron, Inc. February 3, 2010. CALMAC Study ID: CPU0017.01

©2019 Navigant Consulting, Inc. Page F-1
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f
il

2006-2008 Evaluation Report for the Southern California Industrial and Agricultural Contract
Groupt™®

2010-12 WOO033 Custom Impact Evaluation Final Report!&
2010-12 WOO033 Custom Net-to-Gross Final Reporte?

Final Report 2013 Custom Impact Evaluation, Industrial, Agricultural, and Large Commercial
Submitted to California Public Utilities Commission'&

Final Report 2014 Custom Impact Evaluation Industrial, Agricultural, and Large Commercial,
California Public Utilities Commission?83

2013 Ex-post Efficiency Savings and Performance Incentive (ESPI) Performance Statement
Report!®

2014 Ex-Post ESPI Final Performance Statement Report&
E-4807 Draft Resolution'8®
CPUC EEStats and CEDARS data for net program savings for the 2013-2017 program cycles.

For the 2019 model, the definition of GC measures was revised from the 2017 Study to account for the
following:

il

There are a large number of measures that are defined but where any one measure contributes
only a small percentage of portfolio savings (e.g., faucet aerator). These measures were
aggregated, and the total impact was included within the generic measure category. A review of
EEStats data for the 2013 7 2017 portfolio shows these smaller measures accounted for 9% of
industrial sector and 8% of agricultural sector savings.

The 2020 model separated out RCx savings from GC and considered RCx to be part of SEM
savings because RCx is an integral part of effective SEM program designs. The 2017 Study
included RCx as part of GC.

The agricultural sector forecast is also impacted because the definition of which NAICS codes are
to be included in the agricultural sector was redefined for the 2019 model to better align with the
IEPR sector definition.

Considering these changes in the definition of the generic custom measure class, an analysis of data
available through the EEStats portal for programs operating from 2013 through Q3 2017 indicating the
GC savings have declined over time, while RCx savings have shown a positive trend as shown in Figure

F-1.

179 california Public Utilities Commission. Itron,
180 California Public Utilities Commission. Itron,
181 california Public Utilities Commission. Itron,
182 California Public Utilities Commission. Itron,

nc. February 3, 2010, CALMAC Study ID: CPU0018.01

nc. July 14, 2014. 2010-12 WO033. CALMAC Study ID: CPU0072.01
nc. September 24, 2014. CALMAC Study ID: CPU0072.03

nc. July 17, 2015. CALMAC Study ID: CPU0147.01

183 California Public Utilities Commission. Itron, Inc. April 29, 2016. CALMAC Study ID:
184 CPUC, June 15, 2015

185 CPUC, August 1, 2016

186 Resolution E-4807, CPUC, December 15, 2016
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Figure F-1. Comparison of G C and RCx Savings Trends
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After separating out the RCx savings and considering small measures to be part of GC, Navigant
completed the assessment of the contribution of GC measures to the total savings in the industrial and
agricultural sectors. For the industrial sector, data available through the California EEStats portal'®” for
programs operating from 2013 through 2017 was analyzed, and it was determined that GC measures
contributed 22% of net electricity savings and 49% of natural gas savings. Based on this analysis it was
determined that GC measures saved an average of 28.8 GWh annually in the industrial sector and 4.4
MMtherms over the 5-year period spanning 2013 through 2017. A GC UES multiplier was then developed
by dividing these annual average energy savings by average sector consumption forecast for 2017
through 2030. This methodology defined GC UES multipliers of 0.08% for annual industrial sector
electricity usage and 0.12% of annual natural gas usage. The UES factors in the 2019 model are smaller
than the UES factors used in the 2017 Study because they included EEStats savings values for 2016 and
2017, which are considerably lower than savings realized in 2013 through 2015. As such, the industrial
sector UES factors in the 2019 model for electricity and natural gas are 40% and 24% lower than the
factors used in the 2017 Study.

For the agricultural sector, data available through the California EEStats portal'® for programs operating
from 2013 through 2017 was also analyzed, from which it was determined that GC measures contributed
35% of net electricity savings and 41% of net natural gas savings. Based on this analysis it was
determined that GC measures save an average of 31 GWh and 1.0 MMtherms annually. A GC UES
multiplier was then developed by dividing annual average energy savings by average sector consumption
forecast for 2017 through 2030. This defined GC UES multipliers of 0.20% for annual agricultural sector
electricity usage and 0.90% of annual natural gas usage. As with the industrial sector, the agricultural
sector UES factors in the 2019 model are smaller than the UES factors used in the 2017 Study because
they included EEStats savings values for 2016 and 2017, which are considerably lower than savings

187 hitp://eestats.cpuc.ca.qov/Default.aspx
188 hitp://eestats.cpuc.ca.gov/Default.aspx
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realized in 2013 through 2015. As such, the agricultural sector UES factors in the 2019 model for
electricity and natural gas are 28% and 25% lower than the factors used in the 2017 Study.

The agricultural sector forecast is also impacted because the definition of which NAICS codes are to be
included in the agricultural sector was redefined for the 2019 model to better align with the IEPR sector
definition. This redefinition required that some agricultural market segments previously used in the
agricultural forecast be accounted for in the commercial sector, and market segments addressing water
pumping potential be added to the agricultural sector. Table F-2 provides a comparison of agricultural
sector NAICS used in the 2018 and 2019 models, while Table F-3 provides additional details on NAICS
that define water pumping in the IEPR agricultural forecast. NAICS that were defined in the agricultural
sector forecast in the 2018 (and prior) models but that are now considered part of the commercial sector
are provided in Table F-5. This redefinition reduced the number of potential measures and savings
applicability for the agricultural sector because water pumping usage is centered primarily on motor loads
and therefore has a more limited set of EE options than the more diverse sectors shifted to the
commercial sector, such as post-harvest processing. The net effect of lower UES values and a reduced
set of market segments present in the agricultural sector is a significantly lower forecast for agricultural
potential than was presented in the 2018 forecast.

Table F-2. Comparison of Ag Secretor NAIC S Between Models

2019 Study 2017 Study

Definition NAICS Definition NAICS
1111,
Crop Production 11 Irrigated Agriculture ﬂig
1113
Wineries and Vineyards 111332
. . Concentrated Animal Feeding Operation 112
Animal Production 112 o
Dairies 112120
Forestry and Logging 113 Not Included
Fishing 114 Not Included
Water Pumping 221 Not Included
Table F-3. CEC Ag Sector Water Pumping NAICS
CNZQtIggsory NAICS Code NAICS Code description PGE ;legy SDGE
Water Supply 221310 Water Supply and Irrigation Systems 71% 2% 93%
Water Supply 221311 Water pumping, municipal water supply 5% 96% 4%
Irrigation 221312 Water pumping, agriculture irrigation 24% 2% 3%

©2019 Navigant Consulting, Inc. Page F-4
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Table F-4. NAICS Codes Removed from the Ag Sector

Percentage of

Definition NAICS 2018 Sector
Usage
. 115114,
Post-Harvest Processing 115111 16.5%
Refrigerated Warehouses 493120 11.7%

The GC UES multipliers for both the industrial and agricultural sectors was held constant throughout the
forecast horizon and was applied to the consumption forecast for each market segment level throughout
the forecast horizon using the following equation:

Equation F-1. GC Segment Net Savings Potential
GC segment level EE net savings potential = GC UES Multiplier x Annual Segment Consurfiption

F.1.3 Other Input Assumptions

Because GC measures tend to be larger capital investments that operate for long periods of time an EUL
of 15 years was used in the forecasts.

A ratio of kW to kWh of 0.000195 was applied.

Finally, costs for electricity and natural gas savings are based on an analysis of industrial and agricultural
programs operating throughout 2016. They are estimated at $0.33/kWh and $2.25/therm, and they are
applied consistently across sectors and utilities.

F.2 Ind/Ag Emerging Technology Measures

F.2.1 Summary

In the context of the 2019 Study, emerging technologies (ETs) are new technologies that have
demonstrated energy benefits to the industrial and agricultural sectors but are not yet widely adopted in
the market. The team evaluated ETs at varying stages along the path to market readiness i some were
just demonstrated in a laboratory or research setting, and others had been proven effective through pilot
tests and are in early commercial adoption.

The 2019 Study is an update to the approach used for the 2017 Study. For the 2017 Study, Navigant
identified approximately 1,100 potential ETs. These ETs were run through a screening process to rate
energy technical potential, energy market potential, market risk, technical risk, and utility ability to impact
market adoption. This process ultimately yielded 173 emerging technology processes!® for final
consideration within the model. For the 2019 Study Navigant reviewed the data source used in the 2017

189 Electric (GWh) and natural gas (therm) from the 2017 IEPR forecast
1% The emerging technologies represent a process for reducing energy consumption and not necessarily a specific technology.
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Study to include measures that might have been added since the initial review, and updated measures
originally identified for which there might be more recent data.

The following provides a description of the methodology used to evaluate the emerging technology
market. The Assumptions and Methodology section discusses the process used to develop the model
inputs for energy savings that are also summarized in Table F-5. Segment-specific electric and gas
savings are consistently applied across all utilities. Costs, EUL, and the kW/kWh savings ratio are also
universally applied.

Table F-5. Industrial/Agriculture ET - Key Assumption s

Savings kW/kWh
Savings
kWh therm Ratio
Emerging
AIMS . 0.93% - 0.0% -
(Ind/Ag) (T,§T°;1n°'°g'es 10 90.62%  14.21% 042 $2.83 0.000195

F.2.2 Eligibility and Participation

Our 2020 assessment of eligibility and participation began with quality assurance and quality control
efforts to review the 2017 Study inputs to assess data entry, technology assessment, classification and
scoring, as well as Excel formula references. Although no major changes were made, our review revealed
a small number of instances for minor clarification or revisions to NAICS assignment or end use
applicability of savings. For instance, a lighting measure was reclassified from the broader category of
irrigated agriculture sector to the more specific greenhouses sector. In another, a formerly universally
applied building facade measure was amended to eliminate therm savings from refrigerated warehouses,
while another measure for waste heat recovery from refrigerated systems was updated to better reflect its
potential applicability for heating of non-refrigerated spaces. In all, 13 measures received such minor fixes
that resulted in no appreciable differences.

The process to evaluate eligibility and participation was to first identify the portfolio of ETs applicable to
the industrial and agricultural sectors. Defining this portfolio was accomplished through the following
steps:

1. Collect data to assemble a broad portfolio of ETs.

2. Characterize ETs based on various savings potential and risk criteria.
To collect data, the team reviewed the following web sources:

1 Emerging Technologies Coordinating Council*®*

1 CEC Publications Database!%2

191 http://www.etcc-ca.com/reports
192 http://www.energy.ca.gov/publications/searchReports.php?pier1=Buildings%20End-Use%20Energy%20Efficiency
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1 DOE Research and Development Projects%

1 DOE Energy Efficiency & Renewable Energy Emerging Technologies Database!®*

1 Broad web search which included independent research of topics and keywords that seemed of
relevance to the team based on the initial web scrape results of the other sources.

This process yielded an Excel-based database with approximately 1,100 different ETs that that captured
several details including the name of the ET, a description of the technology, and key dates in the
research process. Web scraping is an effective method to gather a broad wealth of information. However,
it does not filter out irrelevant information. Therefore, the team refined the database by deleting certain
entries or by enhancing information on select other ETs with additional research data from identified
sources. As discussed under the appendix section on GC measures, the definition of agricultural sector
was revised to better align with the IEPR agricultural sector definition. This included consideration of ETs
most applicable to water pumping measures including:

1 Ultra-Efficient and Power-Dense Motors

1 Efficient Electronics Through Measurement and Communication, National Lab Buildings Energy
Efficiency Research Projects

1 Compressed Air to Blower Air
1 Automated Hybrid Demand Control and Demand Response in Commercial Accounts
1 Increasing the Market Acceptance of Smaller CHP Systems

Once the portfolio of ETs was prepared, each ET was characterized to determine if it is relevant to the
industrial or agricultural sector and define how each ET might impact each market segment within those
sectors. The team gave each relevant technology a unique ID and characterized it with the following
criteria. Criteria were also weighted to prioritize their relevance as shown in Table E-3.
1 Classification Information
o Fuel savings (electricity/gas)
o End-use
o0 NAICS sector (3 or 4 digit)
o0 Energy savings as a percent of sector consumption
1 Evaluation Criteria (used to calculate overall impact evaluation score)
o Energy technical potential
o Energy market potential
0 Market risk

o0 Technical risk

198 https://energy.gov/eere/amo/research-development-projects
19 https://energy.gov/eere/buildings/emerging-technologies
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o Utility ability to impact outcome

o Non-energy benefits
The team gave each ET a score of 1 through 5 for each evaluation criteria, which were then weighted and
summed to calculate the overall impact evaluation score. ETs that earn a higher score are expected to
have a greater impact (i.e., greater energy savings) on the agricultural or industrial sectors. Table F-6

gives the scoring and weighting information for the evaluation criteria. The process ultimately yielded 173
emerging technology processes which were used to forecast the savings potential for ETs.

Table F-6. Emerging Technology Evaluation Criteria

Technology :
Characteristics Weight 1 2 3 4 5
Energy Technical 3 Low Low Medium iah i

Potential

Energy Market

Potential Low Low Medium High High
Market Risk High Risk High Risk Medium Risk Low Risk Low Risk
Technical Risk High Risk High Risk Medium Risk Low Risk Low Risk
Private sector  Utility is R Utility is Utility is
Utility Ability to will succeed unlikely to be Utility is likely important in essential for
. - - to accelerate : :
Impact Market without utility critical to . accelerating catalyzing
. . adoption -
involvement adoption adoption market
Significant lor2 Extensive,
Non-Energy Few or none Some modest bgr_leflts, but quantified, quantified,
Benefits (NEBS) NEBs NEBs likel difficult to well- well-
y quantify / not documented understood
understood NEBs NEBs

Source: Navigant analysis

The characterization process worked to distinguish between energy technical potential and energy market
potential. The energy technical potential evaluates the energy savings of the specific technology, relative
to the energy consumption of the baseline equivalent technology. The energy market potential takes a
broader view and is a measure of the energy savings potential of that ET relative to the entire market
energy consumption. ETs that have a high energy technical potential, but low energy market potential
include technologies that drastically improve efficiency of a certain technology but have limited market
application.

F.2.3 Savings

To estimate savings, the team calculated multipliers for each ET. These multipliers represent information
on the total energy savings potential of the ET and other influential market data. The following formula
was used to calculate the multiplier for each emerging technology that is then applied to a specific market
segment and end-use energy consumption.

Equation F-2. Emerging Technology Multiplier

Vg ™% Om 0% "Yuq
Where:
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Ogen = multiplier for each ET, e, applied to end-use, i, and segment, j
e = subscript indicating the ET

i = subscript indicating the end-use

j = subscript indicating the market segment

A = technology energy savings percentage for ET, e

O = percentage of segment j energy attributable to end-use, i
0"y = market trajectory for segment j

Yo, = segment energy consumption trend weight for segment j

1 The technology energy savings percentage, ", was identified during the ET characterization

process.

1 The segment end-use percentage, Og, is derived from California market data.®®

1 The market trajectory for each sector, 0 "Y, is a value between 0 and 1 and is intended to define
if a market segment is likely to stay active in California long enough for the ET to move up the

adoption curve to a point where they make an impact on segment energy use. No specific

timeline was defined, however the team assigned segments a weight:**®  For the 2019 model all

measures have a market trajectory of 1 as a result of discussions with CEC in which it was

determined that IEPR segment forecasts include considerations for reductions in electricity and

natural gas that result from industries relocating outside of California, including offshoring.

o 0.33. Indicates a segment is likely to move or remain offshore. It is not expected to

benefit from the ET adoption cycle.

o 0.67. Indicates a segment is close to the tipping point of moving out of California or the
US. Itis at risk of not benefitting from the ET adoption cycle.

o 1.0. Indicates a segment is likely to remain in the California. It is expected to benefit from

the ET adoption cycle.

The values of all applicable ET multipliers were summed for each market segment to define an ET UES

multiplier, provided in Table F-7, to forecast segment level potential net savings using the following

equation:

Equation F-3. Emerging Technology Segment Net Savings Potential

ET segment level EE net savings potential = ET UES Multiplier x Annual Segment Consumption*®’

Table F-7. Emerging Technologies UES Multipliers by Segment and Fuel

UES Multiplier (therm)

Segment UES Multiplier (kwWh)
Ind - Petroleum 0.17%
Ind i Food 1.58%
Ind - Electronics 2.45%
Ind - Stone-Glass-Clay 0.97%

1.22%

9.18%
4.10%
0.99%

195 Energy use trend analysis provided by CEC.

19 Sirkin, H. et al. U.S. Manufacturing Nears the Tipping Point, The Boston Consulting Group, March 2012.

197 Electric (GWh) and natural gas (therm) from the 2017 IEPR Forecast
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Segment UES Multiplier (kWh) UES Multiplier (therm)
Ind - Chemicals 0.93% 9.19%
Ind - Plastics 1.40% 5.37%
Ind - Fabricated Metals 1.45% 14.21%
Ind - Primary Metals 0.26% 8.61%
Ind - Industrial Machinery 2.90% 5.62%
Ind - Transportation Equipment 1.18% 1.94%
Ind - Paper 0.71% 1.87%
Ind - Printing & Publishing 0.99% 1.02%
Ind - Textiles 1.42% 2.85%
Ind - Lumber & Furniture 1.28% 2.74%
Ind - All Other Industrial 4.52% 4.58%
,f'\g - Irrigated Agriculture, vineyards, 9.62% 0.00%
orestry and greenhouses

Ag - Dairies, fishing, hunting 0.96% 0.44%
Ag - Water pumping 3.40% 0.00%

Source: Navigant analysis

The ET UES multipliers were held constant throughout the 2019 Study forecast horizon. The team
developed a reference and aggressive case forecast based on a CAGR by which the portfolio of ETs is
expected to be adopted by the market (i.e., penetration). The reference case assumes a CAGR of 3.25%,
achieving 8.6% market penetration within the forecast horizon ending in 2030. The aggressive case
assumes a CAGR of 4.25%.

F.2.4 Other Input Assumptions

The model uses a universal EUL of 10 years to accommodate the broad range of emerging technology
adoption curves.

A ratio of kW to kWh of 0.000195 was applied.

Finally, costs for electricity and natural gas savings are estimated at $0.42/kwWh and $2.83/therm and are
applied consistently for all utilities and across all industrial and agricultural sectors. Costs are based on an
analysis of industrial and agricultural programs operating throughout 2016 and reflect costs that are
higher than average for the portfolio based on the expectation that ETs will be more expensive than more
established technologies, and so will require higher incentives and EM&YV costs to verify performance.

©2019 Navigant Consulting, Inc. Page F-10
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APPENDIX G. FINANCING METHODOLOGY AND INPUTS

Financing has the potential to break through a number of market barriers that have limited the widespread
market adoption of cost-effective energy efficiency (EE) measures. The PG Model is able to estimate the
added effects of introducing EE financing on EE market potential and how shifting assumptions about
financing affect the potential energy savings.

No updates relative to the 2017 Study have been made to the methodology or data inputs related to
financing in the 2019 Study. This appendix replicates the same explanation of methods and inputs as the
2017 Study final report.

Examples of market barriers that can slow EE adoption!®® include:

1 Information Search Cost - Even when information of new technologies is publicly available, it is
costly for consumers to learn about the innovation.

1 Lack of Capital Access and Liquidity Constraint - Lack of upfront capital or credit for EE
investments.

1 Un-internalized Externalities - Energy is heavily subsidized; consumers are not aware of the
true cost of energy.

1 Split Incentives - Party making the efficiency investment decision is not the party benefitting
from the decision.

1 Hassle Factor - This includes efforts invested in completing transactions such as the application
process.

1 Behavioral Failures - Consumers are not perfectly rational, resulting in consumer behavior
inconsistent with utility maximization or energy cost minimization.

G.1 Financing Programs Background

California financing programs address some of these market barriers, such as lack of capital access and

liquidity. Per the C P U C®Y2014 Finance Residential Market Baseline Study Report'®®, more than half of
homeowners (54%) believe that the higher upfront costs present a barrier to EE projects and one-third of
respondents stated that financing could help reduce that barrier.

Furthermore, there is research to suggest that financing programs encourage deeper energy savings per
project since consumers can take on larger projects with higher associated savings, beyond what they
could have otherwise afforded in the absence of financing.2’® Among homeowners who made an energy
upgrade and used financing, nearly three-quarters using financing indicated that the financing allowed

19%8 Jaffe, Newell, and Stavins. Economics of Energy Efficiency. Encyclopedia of Energy Vol. 2: 79-89. 2004.

199 PY2014 Finance Residential Market Baseline Study Report. Opinion Dynamics Corporation and Dunsky Energy Consulting.
March 2016

200 southwest Energy Efficiency Project. Energy Efficiency Finance Options and Roles for Utilities. October 2011.
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them to do a larger project or purchase higher quality equipment than what they would have done on their
own.2% For the non-residential sector, 83% of on-bill financing (OBF) loans were for projects exceeding
10% energy savings.2%?

Financing may also reduce the hassle factor barrier th
an EE project. In a California study of homeowners who chose to use financing, a clear majority (88%) felt
that financing was the most convenient option for them.2%3

For non-residential customers, qualified customers can access 0% OBF through a statewide program
administered by the investor-owned utilities (IOUs). The OBF programs use alternative underwriting
criteria that considers utility bill repayment history as a measure of creditworthiness?4. Participating in
OBF and repaying the financed cost through a utility bill may be easier to understand and more
convenient than applying for and repaying a conventional financing option.

Because a significant proportion of customers (46%) indicated a preference for 0% financing over rebates
(34%),%% PG&E is testing an OBF alternative pathway that will be paired with metered energy data
instead of an incentive.2%6 Because the incentive applications are where most problems occur in the
application process, the alternate pathway program may further reduce the complexity and hassle barrier
that some customers may associate with participating in utility EE programs.2%”

G.2 Impact of Financing on Consumer Economics

Financing allows consumers to use private capital to fund EE projects; borrowers avoid the upfront cost
and repay the project cost over time. We can evaluate the attractiveness of a financing option by looking
at the annual cash flows for an efficient measure, compared to an efficient measure that is financed, and
comparing the net present value of the options.

The net present value (NPV) is calculated by assigning costs and benefits, discounting future costs and
benefits (future value, or FV) by an appropriate discount rate (i), and subtracting the present value total
costs from the present value total benefits.2%8

To discount future payments, we apply the annual consumer discount rate (i) per the equation below,
where n is the number of years:

201 pY2014 Finance Residential Market Baseline Study Report. Opinion Dynamics Corporation and Dunsky Energy Consulting.

March 2016

202 Disposition approving Advice Letter 3697-G /4812-E, 3697-G-A/4812-E-A, P G&EOGs On Bill Financing Alternae
Program, as a High Opportunity Program. July 12, 2016.

203 pY2014 Finance Residential Market Baseline Study Report. Opinion Dynamics Corporation and Dunsky Energy Consulting.

March 2016

204 Financing Energy Improvements on Utility Bills. Technical Appendix Case Studies. State and Local Energy Efficiency Action

Network (SEE Action). May 2014.

205 california 2010-2012 On-Bill Financing Process Evaluation and Market Assessment (CALMAC ID CPU0056.01),

206 Commercial customers can receive up to a $100,000 loan for 5 years, and government can receive up to a $250,000 loan for

10 years. The alternative path wildl |l everage existinglvingdhdar astructure
fund.

207.2010-2012 CA 10U On-bill Financing Process Evaluation and Market Assessment. May 2012.

208 OMB Circular A-94. Available at: https://www.wbdg.org/FFC/FED/OMB/OMB-Circular-A94.pdf

©2019 Navigant Consulting, Inc. Page G-2


https://www.wbdg.org/FFC/FED/OMB/OMB-Circular-A94.pdf

N \VlGANT 2019 Energy Efficiency Potential and Goa Is Study

Equation G-1. Present Value Equation
01 Qi @ADO W6 0 @ik 6 P Q

We can evaluate the present value of an EE measure over the useful life of the equipment by comparing
the NPV of the hypothetical costs of the equipment and energy. For example, Table G-1 shows the
present value cost of a base efficiency technology ($1,000) purchased in year 0, followed by energy costs
for that unit of $200 annually for 10 years. The total cash outflows are discounted by the assumed
consumer discount rate, which for this example is 7%. The net present cost of the base technology is
$2,405.

The next calculation shows the net present cost of the efficient technology, which in this case costs
$1,250 to the consumer upfront after a 50% rebate on the incremental cost of the efficient technology
whose original cost was $,1500 (i.e., $1,500 1 [($1,500-$1,000) x 50%] = $1,250). The annual energy
cost of the efficient technology is $125 per year. The total cash outflows are discounted by the same
consumer discount rate (7%), yielding a net present cost for the efficient technology is $2,128. This total
cost is less than the base technology.

Finally, the third calculation shows the net present cost of the efficient technology after financing. The
efficient technology costs $1,250 with the utility incentive. Assuming a consumer uses an EE loan at 4%
for 10 years, the equipment and financing costs are spread over 10 years at $148 per year. The annual
energy cost of the efficient technology financed is still $125 per year. The total cash outflows are
discounted by the same consumer discount rate (7%), yielding a net present cost for the efficient
technology with financing of $1,992. This total cost is less than the base model and less than the efficient
technology without financing.
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Table G-1. Example Present Value Comparisons for Base and Efficient Technologies and

Financing

Year 0 1 2 3 4 5 6 7 8 9 10
Base Equipment Cost $1,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Energy Cost $0 $200 $200 $200 $200 $200 $200 $200 $200 $200 $200
Total Cash Out $1,000 $200 $200 $200 $200 $200 $200 $200 $200 $200 $200
Present Value $1,000 $187 $175 $163 $153 $143 $133 $125 $116 $109 $102
NPV Cost $2,405

Year 0 1 2 3 4 5 6 7 8 9 10
Efficient Equipment Cost $1,250 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Energy Cost $0 $125 $125 $125 $125 $125 $125 $125 $125 $125 $125
Total Cash Out $1,250 $125 $125 $125 $125 $125 $125 $125 $125 $125 $125
Present Value $1,250 $117 $109 $102 $95 $89 $83 $78 $73  $68  $64
NPV Cost $2,128

Efficient Technology with Financing

Year 0 1 2 3 4 5 6 7 8 9 10
Equipment Cost Financed $148  $148 $148 $148 $148 $148 $148 $148 $148 $148  $0
Energy Cost $0 $125 $125 $125 $125 $125 $125 $125 $125 $125 $125
Total Cash Out $148  $273 $273 $273 $273 $273 $273 $273 $273 $273 $125
Present Value $148  $255 $239 $223 $208 $195 $182 $170 $159 $149 364
NPV $1,992

The modified cash flows feed into the calculation of consumer willingness (described earlier in Section
2.1.1.4) by representing the effective present value of financing to the customer as a fraction of the
upfront cost. Increasing willingness results in higher adoption of EE measures and thus more savings.
The model does not estimate technical or economic potential of financing, only market potential.
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The CPUC has recognized financing as an EE resource program.?°® However, as of March 2017 (when
research for this study was finalized), no impact evaluations have been published to provide verified
savings estimates. In the absence of impact studies, the input data to model financing was developed by
Navigant leverage available market studies.

G.3 Residential Inputs

To develop the residential financing cash flow model inputs, Navigant considered the achievements to
date of the existing Regional Finance Programs, and the key financing terms for the Residential Energy
Efficiency Loan (REEL) Program lenders?:°.

Table G-2. 2013-2015 Achievements by Regional Financing Program

Avg. Avg. Term Avg. Loans to
Rate (D) Amount ($) Date

Program

Golden State

Financing

Authority (GSFA)  Sep-12  PG&E 640 6.50% 15 25,612 201
Energy Retrofit

Program

emPower Central SCE, SCG, o

ooy Nov-11  Sger 590 5.85%  14.5 20,809 52
SoCalREN Home - 13 gcE geG 660 5.87% 95 18,087 100

Energy Loans

Source: Regional Finance Program Attribution and Cost Effectiveness Study Evaluation Plan.

G.3.1 Interest Rate

The interest rate is the percentage of the principal that a lender charges to a borrower for taking out a
loan. Navigant considered the average discount rates of the Regional Financing Programs, and the range
of interest rates available to borrowers of the REEL Program. Based on this information, Navigant
assumed an interest rate of 6% for REELSs in the cash flow model.

G.3.2 Loan Term
The loan term is the length of time of the loan agreement. REEL Program loans offer terms up to 15

years.?!! The average term of the Regional Finance Program loans ranges from 9.5 to 15 years. Based
on this information, Navigant assumed a loan term of 12 years in the cash flow model.

G.3.3 Consumer Discount Rate

The discount rate is the rate by which future cash flows are discounted to determine the present value of
the payment stream. Using a consumer discount rate allows multiple payment streams to be compared in

209 CPUC Decision 12-05-2015, May 8, 2012 and Decision Approving 2013-14 Energy Efficiency Programs and Budgets, October 9,
2012

210 REEL Lenders Chart. Available at: http://www.thecheef.com/lender-chart
21 bid.
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the same timeframe. A low discount rate indicates that the value of future cash flows is low compared to
the value now. We use the real discount rate, instead of the nominal discount rate, to eliminate the effect
of inflation.

Estimating the discount rate for residential customers is not straightforward, and may vary by
demographic factors such as credit score, income, race, and household size. The Office of Management
and Budget (OMB) has prescribed a discount rate of 7% for benefit-cost analysis, and the US Department
of Energy (DOE) uses 3% and 7% in the analyses for residential appliance standards.?*? Other
government organizes use discount rates in this range. For example, the Northwest Power and
Conservation Council, which used 3% in the Seventh Power and Conservation Plan, and a lighting study
by the DOE calculated a consumer discount rate of 5.6%.

However, the estimated discount rate for residential customers may be much higher than the range of 3-
7% used in regulatory analysis. For example, one study looked at the observed discount rates for
individuals and their preferencesforEEand f ound t hat @Aa simple fact
which involve discounting over time, individuals behave in a manner which implies a much higher
discount rate than can be explained in terms of the opportunity costs of funds available in credit
markets. ?& Based on these considerations, Navigant used a consumer discount rate of 7% for the
financing model.

G.3.4 Eligible Population

Navigant updated the residential population eligibility in the 2015 Potential and Goals Study using
Experian Consumer Credit data, accessed in November 2014. The 2015 Study identified the residential
population eligibility at 98%. Like the 2015 Potential Study, Navigant assumes that residential customers
with FICO credit scores above 580 are eligible for financing, and that 98% of single-family customers are
eligible for financing. The credit requirement aligns with the REEL program, which requires a minimum
FICO score of 580 with income verification, and a FICO score of 640 without income verification.

Following the approach to eligibility assumptions for the multifamily sector in the 2013 and 2015 Potential
Studies, Navigant estimated multifamily sector eligibility to be 5% based on the proportion of the segment
that is affordable housing.?**

In summary, the Navigant team used the following inputs for the residential cash flow model:

212 For example, see: http://www.gao.gov/assets/690/682586.pdf

213 Hausman, Jerry. Individual Discount Rates and the Purchase and Utilization of Energy-Using Durables. The Bell Journal of
Economics, Vol. 10, No. 1. Spring 1979.

214 The affordable housing market segment is the current focus of the proposed EE financing programs. Due to legal and regulatory
issues, OBR is not a viable option except master-metered properties.
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Table G-3. Key Inputs to Residential Financing Cash Flow Model

Model Input Assumption Source

Navigant analysis of California IOU

Interest Rate 6% . ; 1
financing programs data

Navigant analysis of California IOU

Loan Term 12 years financing programs data!
Discount Rate 7% OMB Circular No. A-94

i . 98% of single-family customers 2015 California Potential and
Eligible Population 5% of multifamily customers Goals Study

Source: Navigant analysis of the Regional Finance Program Attribution and Cost-effectiveness Study: Evaluation Plan
G.4 Commercial Inputs

G.4.1 Interest Rate

Non-residential customers can access 0% financing through the statewide OBF program. The projects
are designed to be hill neutral, such that the monthly payment is less than the projected energy
savings.?!® Based on these guidelines, Navigant assumed an interest rate of 0% in the cash flow model
for OBF loans for the commercial and industrial sector.

G.4.2 Loan Term
The OBF program offers 0% financing for loans up to 5 years for the small and large commercial sector,

and up to 10 years for the government sector. Given that our model does not distinguish between the
commercial and government sector, we apply a single assumption for the commercial sector.

G.4.3 Consumer Discount Rate

For non-residential customers, the discount rate is the weighted average cost of capital for companies
(WACC) who use both debt and equity to fund their investments.

In summary, the Navigant team used the following inputs for the commercial and industrial cash flow
model:

215 SEEaction OBF report, Appendix A
https://www4.eere.energy.gov/seeaction/system/files/documents/publications/chapters/onbill_financing_appendix.pdf
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Table G-4. Key Inputs to Commercial and Industrial ~ Financing Cash Flow Model

Model Input Assumption Source
Interest Rate 0% California OBF program terms
Loan Term 5 years California OBF program terms

2016 LBNL Commercial Discount Rate

i 0,
Discount Rate 58% Estimation for Efficiency Standards
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APPENDIX H. DETAILED SCENARIO RESULTS

H.1 PG&E

Table H-1. PG&E Electric Energy Savings (GWh/year)

2022 2023 2024 2025 2026 2027

PG Reference Scenario

Equipment Rebates* 130 166 187 177 175 168 153 146 143 131 135
BROs 180 193 204 216 228 241 254 267 279 292 306
Incentive Programs (Subtotal) 310 359 391 393 403 409 407 413 422 423 440
C&S** 646 642 629 631 599 578 537 499 447 390 331
Total 956 1,001 1,020 1,024 1,002 986 944 913 870 813 771
PG Alternative Scenario 1

Equipment Rebates* 173 206 201 189 184 177 161 154 149 137 140
BROs 180 193 204 216 228 241 254 267 279 292 306
Incentive Programs (Subtotal) 353 399 405 405 412 418 415 421 429 428 445
C&S** 646 642 629 631 599 578 537 499 447 390 331
Total 999 1,041 1,034 1,036 1,011 995 953 920 876 818 776
PG Alternative Scenario 2

Equipment Rebates* 110 151 148 140 139 137 128 126 131 120 123
BROs 180 193 204 216 228 241 254 267 279 292 306
Incentive Programs (Subtotal) 290 344 352 356 367 378 382 393 410 412 429
C&S** 646 642 629 631 599 578 537 499 447 390 331
Total 936 986 981 987 966 956 920 892 857 801 760
PG Alternative Scenario 3

Equipment Rebates* 134 170 190 179 176 168 153 147 144 132 136
BROs 232 246 263 280 301 339 365 395 431 473 524
Incentive Programs (Subtotal) 365 416 453 460 477 507 518 542 575 606 660
C&S** 646 642 629 631 599 578 537 499 447 390 331
Total 1,012 1,058 1,082 1,090 1,076 1,085 1,055 1,041 1,022 995 991
PG Alternative Scenario 4

Equipment Rebates* 187 217 210 197 190 182 167 159 155 143 146
BROs 232 246 263 280 301 339 365 395 431 473 524
Incentive Programs (Subtotal) 418 463 473 477 491 521 531 554 586 616 670
C&S** 646 642 629 631 599 578 537 499 447 390 331
Total 1,065 1,105 1,102 1,108 1,090 1,099 1,068 1,053 1,034 1,006 1,001
PG Reference Scenario 4.68 5.14 5.29 524 535 5.47 5.57 5.65 5.67 5.72 5.66
PG Alternative Scenario 1 4.68 5.14 5.29 5.24 5.35 5.47 5.57 5.65 5.67 5.72 5.66
PG Alternative Scenario 2 4.68 5.14 5.29 524 535 5.47 5.57 5.65 5.67 5.72 5.66
PG Alternative Scenario 3 4.81 5.31 5.31 5.43 5.56 5.69 5.78 5.82 5.84 5.78 5.71
PG Alternative Scenario 4 481 5.31 5.31 5.43 5.56 5.69 5.78 5.82 5.84 5.78 5.71

*Excludes Low Income Programs **|ncludes interactive effects
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Table H-2. PG&E Demand Savings (MW)

2020 2021 2023 2024 2025 2026

PG Reference Scenario

Equipment Rebates* 301 360 389 376 382 375 356 347 342 320 323
BROs 344 369 390 411 433 458 482 505 527 550 575
Incentive Programs (Subtotal) 64.5 72.9 77.9 78.7 81.6 83.3 83.7 85.2 86.9 87.0 89.8
C&S** 131.0 136.2 1344 140.6 1351 1304 1225 1150 1042 953 86.0
Total 1955 209.1 2123 2193 216.7 2137 206.2 200.3 191.1 1824 1758
PG Alternative Scenario 1

Equipment Rebates* 38.3 45.1 43.3 41.0 40.6 39.9 37.7 36.6 35.8 33.4 33.6
BROs 344 369 390 411 433 458 482 505 527 550 575
Incentive Programs (Subtotal) 72.7 82.0 82.3 82.1 83.9 85.6 85.9 87.1 88.5 88.4 91.1
C&S** 131.0 136.2 1344 1406 1351 1304 1225 1150 1042 953 86.0
Total 203.6 218.2 216.7 2227 219.0 216.0 208.3 202.2 1928 183.7 177.1
PG Alternative Scenario 2

Equipment Rebates* 26.3 34.6 33.7 32.3 325 325 31.4 31.0 31.6 29.7 30.1
BROs 344 369 390 411 433 458 482 505 527 550 575
Incentive Programs (Subtotal) 60.7 715 72.7 73.4 75.9 78.3 79.6 81.5 84.3 84.7 87.5
C&S** 131.0 136.2 1344 1406 1351 1304 1225 1150 1042 953 86.0
Total 191.7 207.7 207.1 2140 2109 208.7 2020 196.6 188.6 180.0 173.6
PG Alternative Scenario 3

Equipment Rebates* 308 368 396 381 386 379 359 349 343 321 323
BROs 41.9 44.4 47.4 50.5 54.0 59.6 64.0 69.2 75.4 82.7 91.4
Incentive Programs (Subtotal) 727 811 870 886 926 975 999 1042 109.8 114.8 1237
C&S** 131.0 136.2 1344 1406 1351 1304 1225 115.0 104.2 95.3 86.0
Total 203.7 2174 2214 2291 2277 2279 2223 2192 2140 2101 209.7
PG Alternative Scenario 4

Equipment Rebates* 40.1 46.8 44.9 42.2 41.6 40.8 38.3 37.1 36.1 33.5 33.5
BROs 41.9 44.4 47.4 50.5 54.0 59.6 64.0 69.2 75.4 82.7 91.4
Incentive Programs (Subtotal) 82.0 912 923 927 956 1004 1024 106.3 1116 116.1 1249
C&S** 131.0 136.2 1344 1406 1351 1304 1225 1150 1042 953 86.0
Total 213.0 227.4 2267 2333 230.7 2307 2248 221.3 2158 2115 210.9
PG Reference Scenario 6.25 6.93 6.89 6.62 6.56 6.53 6.50 6.48 6.47 6.45 6.35
PG Alternative Scenario 1 625 693 689 6.62 656 653 650 648 6.47 645 6.35
PG Alternative Scenario 2 625 693 689 662 656 653 650 648 647 645 6.35
PG Alternative Scenario 3 6.50 7.25 7.04 6.93 6.86 6.83 6.80 6.78 6.73 6.62 6.52
PG Alternative Scenario 4 6.50 7.25 7.04 6.93 6.86 6.83 6.80 6.78 6.73 6.62 6.52

*Excludes Low Income Programs
**Includes interactive effects
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Table H-3. PG&E Gas Energy Savings (MMtherm/year)

2020 2021 2022 2023 2024 2025 2026 2027

PG Reference Scenario

Equipment Rebates* 5.2 6.7 7.4 9.7 9.8 9.6 9.1 9.1 9.0 8.4 8.9
BROs 6.8 7.2 7.5 7.9 8.2 8.6 9.1 9.5 9.9 104 109
Incentive Programs (Subtotal) 12.1 13.9 15.0 17.6 18.1 18.2 18.2 18.6 18.9 18.8 19.8
C&S** 131 13.4 13.6 13.9 14.5 14.1 11.7 104 9.7 8.5 8.6
Total 252 273 285 316 325 323 299 291 286 274 285
PG Alternative Scenario 1

Equipment Rebates* 8.6 10.4 104 10.1 10.3 10.2 11.2 11.0 10.5 9.6 10.0
BROs 6.8 7.2 7.5 7.9 8.2 8.6 9.1 9.5 9.9 104 109
Incentive Programs (Subtotal) 15.5 17.6 17.9 17.9 18.5 18.8 20.2 20.5 20.4 20.0 20.9
C&S** 131 13.4 13.6 13.9 14.5 14.1 11.7 104 9.7 8.5 8.6
Total 286 311 315 319 330 329 319 309 301 286 295
PG Alternative Scenario 2

Equipment Rebates* 4.0 5.4 5.4 5.7 5.9 6.5 6.5 6.7 8.4 8.1 8.6
BROs 6.8 7.2 7.5 7.9 8.2 8.6 9.1 9.5 9.9 104 109
Incentive Programs (Subtotal) 10.8 12.6 13.0 13.6 14.1 15.1 15.6 16.2 18.3 18.5 19.6
C&S** 131 13.4 13.6 13.9 14.5 14.1 11.7 104 9.7 8.5 8.6
Total 239 261 266 275 286 292 273 267 280 271 282
PG Alternative Scenario 3

Equipment Rebates* 5.3 6.8 7.5 9.8 9.9 9.6 9.2 9.2 9.0 8.5 9.0
BROs 8.2 8.7 9.3 9.9 10.7 11.8 12.8 141 15.7 17.5 19.7
Incentive Programs (Subtotal) 135 155 168 198 206 214 220 233 247 260 287
C&S** 13.1 13.4 13.6 13.9 14.5 14.1 11.7 10.4 9.7 8.5 8.6
Total 266 289 304 337 351 355 337 337 344 345 373
PG Alternative Scenario 4

Equipment Rebates* 9.0 10.7 10.7 10.3 10.4 10.3 11.2 111 10.6 9.7 10.1
BROs 8.2 8.7 9.3 9.9 10.7 11.8 12.8 141 15.7 17.5 19.7
Incentive Programs (Subtotal) 172 194 200 202 211 221 241 252 263 272 298
C&S** 131 13.4 13.6 13.9 14.5 14.1 11.7 104 9.7 8.5 8.6
Total 303 329 336 341 356 362 357 356 360 358 384
PG Reference Scenario 0.74 0.76 0.75 0.70 0.69 0.67 0.66 0.64 0.60 0.59 0.58
PG Alternative Scenario 1 074 076 075 070 069 067 066 064 060 059 0.58
PG Alternative Scenario 2 074 076 075 070 069 067 066 064 060 059 0.58
PG Alternative Scenario 3 0.76 0.78 0.73 0.72 0.70 0.68 0.66 0.62 0.61 0.60 0.59
PG Alternative Scenario 4 0.76 0.78 0.73 0.72 0.70 0.68 0.66 0.62 0.61 0.60 0.59

*Excludes Low Income Programs
**Includes interactive effects
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H.2 SCE
Table H-4. SCE Electric Energy Savings (GWh/year)

Year 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
PG Reference Scenario

Equipment Rebates* 160 186 190 181 180 176 161 153 147 130 129
BROs 150 166 178 191 204 217 231 246 262 279 297
Incentive Programs (Subtotal) 310 352 368 372 384 393 392 399 409 408 425
C&S** 667 662 649 651 618 596 554 515 462 402 341
Total 977 1,014 1,017 1,022 1,001 989 946 914 871 810 767
PG Alternative Scenario 1

Equipment Rebates* 177 212 213 202 198 195 180 174 165 143 140
BROs 150 166 178 191 204 217 231 246 262 279 297
Incentive Programs (Subtotal) 327 378 391 392 402 413 411 420 427 422 437
C&S** 667 662 649 651 618 596 554 515 462 402 341
Total 994 1,041 1,040 1,043 1,020 1,009 965 935 888 824 778
PG Alternative Scenario 2

Equipment Rebates* 148 174 177 171 170 167 153 146 142 126 125
BROs 150 166 178 191 204 217 231 246 262 279 297
Incentive Programs (Subtotal) 299 341 355 362 374 384 385 393 404 405 422
C&S** 667 662 649 651 618 596 554 515 462 402 341
Total 965 1,003 1,004 1,012 992 980 939 907 865 806 763
PG Alternative Scenario 3

Equipment Rebates* 165 191 194 183 180 175 160 152 147 130 130
BROs 200 228 252 278 319 349 375 406 444 488 541
Incentive Programs (Subtotal) 364 419 446 461 500 524 535 558 591 618 671
C&S** 667 662 649 651 618 596 554 515 462 402 341
Total 1,031 1,081 1,094 1,111 1,118 1,120 1,089 1,073 1,052 1,019 1,012
PG Alternative Scenario 4

Equipment Rebates* 188 224 224 209 204 198 181 175 166 145 143
BROs 200 228 252 278 319 349 375 406 444 488 541
Incentive Programs (Subtotal) 388 452 476 487 523 547 556 581 610 633 684
C&S** 667 662 649 651 618 596 554 515 462 402 341
Total 1,054 1,114 1,124 1,137 1,141 1,143 1,110 1,096 1,072 1,034 1,026
PG Reference Scenario 726 804 794 825 857 886 915 935 9.60 9.72 9.46
PG Alternative Scenario 1 726 804 794 825 857 886 915 935 960 9.72 946
PG Alternative Scenario 2 7.26 8.04 7.94 8.25 8.57 8.86 9.15 9.35 9.60 9.72 9.46
PG Alternative Scenario 3 7.46 8.29 8.22 8.57 8.92 9.25 9.56 9.78 9.89 9.73 9.47
PG Alternative Scenario 4 746 829 822 857 892 925 956 978 9.89 9.73 947

*Excludes Low Income Programs
**Includes interactive effects
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Table H-5. SCE Demand Savings (MW)

2020 2021 2022 2023 2024 2025 2026

PG Reference Scenario

Equipment Rebates* 344 411 404 382 386 385 368 361 357 332 330
BROs 280 309 331 354 378 403 429 455 485 515 5438
Incentive Programs (Subtotal) 62.4 72.0 73.5 73.7 76.4 78.8 79.6 81.7 84.2 84.7 87.8
C&S** 130.7 134.7 133.0 138.1 1326 128.2 1204 113.0 1022 932 839
Total 193.1 206.7 206.5 211.7 209.0 207.0 200.0 1947 186.4 1779 1717
PG Alternative Scenario 1

Equipment Rebates* 40.4 51.3 50.6 47.6 47.2 47.5 45.5 44.5 43.2 39.7 38.8
BROs 280 309 331 354 378 403 429 455 485 515 5438
Incentive Programs (Subtotal) 68.5 82.1 83.7 83.0 85.0 87.9 88.3 90.0 91.7 91.2 93.6
C&S** 130.7 134.7 133.0 138.1 1326 128.2 1204 113.0 1022 932 839
Total 199.1 216.9 216.7 221.1 217.6 216.0 208.7 203.0 1939 1844 1774
PG Alternative Scenario 2

Equipment Rebates* 315 37.9 37.6 36.0 36.1 36.1 34.9 34.5 34.5 32.3 32.2
BROs 280 309 331 354 378 403 429 455 485 515 5438
Incentive Programs (Subtotal) 59.5 68.8 70.7 71.4 73.9 76.4 77.8 80.0 82.9 83.8 86.9
C&S** 130.7 134.7 133.0 138.1 1326 128.2 1204 113.0 1022 932 839
Total 190.2 2035 203.7 209.5 206.5 2046 1982 193.0 1851 177.0 170.8
PG Alternative Scenario 3

Equipment Rebates* 35.0 41.8 41.0 38.7 38.9 38.8 37.1 36.4 36.0 33.5 33.4
BROs 36.2 413 458 504 569 622 669 724 791 869 96.3
Incentive Programs (Subtotal) 712 831 868 891 958 101.0 104.0 108.8 1151 1204 129.7
C&S** 130.7 1347 133.0 138.1 1326 128.2 1204 113.0 102.2 93.2 83.9
Total 2019 217.8 219.8 227.2 2284 2291 2243 2218 2173 213.6 2135
PG Alternative Scenario 4

Equipment Rebates* 42.6 53.9 52.9 49.6 49.0 49.2 46.9 45.8 44.4 40.6 39.7
BROs 36.2 413 458 504 569 622 669 724 791 869 96.3
Incentive Programs (Subtotal) 787 952 987 100.0 1058 1114 113.8 1182 1235 1275 136.0
C&S** 130.7 1347 1330 138.1 1326 1282 1204 113.0 1022 932 839
Total 209.4 2299 2317 2380 2385 2396 2342 2312 2257 2207 219.9
PG Reference Scenario 7.31 8.07 7.67 7.73 7.81 7.90 8.01 8.08 8.20 8.23 8.00
PG Alternative Scenario 1 7.31 8.07 7.67 7.73 7.81 7.90 8.01 8.08 8.20 8.23 8.00
PG Alternative Scenario 2 731 807 767 773 781 790 801 808 820 823 8.00
PG Alternative Scenario 3 7.59 8.40 8.01 8.08 8.17 8.28 8.40 8.48 8.50 8.33 8.10
PG Alternative Scenario 4 7.59 8.40 8.01 8.08 8.17 8.28 8.40 8.48 8.50 8.33 8.10

*Excludes Low Income Programs
**Includes interactive effects
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H.3 SCG

Table H-6. SCG Gas Savings (MMtherm/year)

2020 2021 2022 2023 2024 2025 2026

PG Reference Scenario

Equipment Rebates* 5.3 6.2 8.6 8.3 7.8 7.8 7.3 6.9 6.6 6.6 7.5
BROs 7.9 8.1 8.4 8.6 8.9 9.2 9.5 9.9 10.3 107 11.2
Incentive Programs (Subtotal) 131 14.4 16.9 16.9 16.7 171 16.9 16.8 16.9 17.3 18.7
C&S** 21.0 215 21.7 22.3 23.2 22.6 18.7 16.7 155 13.7 13.8
Total 341 359 387 392 399 396 36 336 324 310 324
PG Alternative Scenario 1

Equipment Rebates* 8.9 9.2 9.1 8.8 83 10.0 9.2 8.5 9.3 8.7 8.9
BROs 7.9 8.1 8.4 8.6 8.9 9.2 9.5 9.9 10.3 107 11.2
Incentive Programs (Subtotal) 16.8 17.3 175 17.4 17.2 19.2 18.8 184 19.6 194 20.1
C&S** 21.0 215 21.7 22.3 23.2 22.6 18.7 16.7 155 13.7 13.8
Total 378 389 392 397 404 418 375 352 351 331 339
PG Alternative Scenario 2

Equipment Rebates* 4.4 4.6 4.5 5.0 5.1 5.1 6.8 6.4 6.1 6.1 6.5
BROs 7.9 8.1 8.4 8.6 8.9 9.2 9.5 9.9 10.3 107 11.2
Incentive Programs (Subtotal) 12.3 12.7 12.9 13.6 14.0 14.3 16.3 16.3 16.4 16.8 17.7
C&S** 21.0 215 21.7 22.3 23.2 22.6 18.7 16.7 155 13.7 13.8
Total 332 342 346 359 372 368 350 330 319 305 315
PG Alternative Scenario 3

Equipment Rebates* 5.3 6.3 8.6 8.3 7.8 7.8 7.3 6.9 6.5 6.5 7.4
BROs 8.7 9.4 9.9 105 114 122 131 14.2 155 171 19.0
Incentive Programs (Subtotal) 141 15.7 18.6 18.8 19.1 20.0 20.3 211 22.0 23.6 26.4
C&S** 21.0 215 21.7 22.3 23.2 22.6 18.7 16.7 155 13.7 13.8
Total 350 372 403 411 423 425 391 378 376 373 401
PG Alternative Scenario 4

Equipment Rebates* 9.5 9.8 9.6 9.2 86 103 9.3 8.6 9.3 8.6 8.8
BROs 8.7 9.4 9.9 105 114 122 131 14.2 155 171 19.0
Incentive Programs (Subtotal) 18.3 19.2 19.5 19.7 20.0 22.4 224 22.7 24.8 25.7 27.7
C&S** 21.0 215 21.7 22.3 23.2 22.6 18.7 16.7 155 13.7 13.8
Total 39.2 40.7 41.2 42.0 43.2 45.0 41.1 39.5 40.3 39.4 41.5
PG Reference Scenario 140 140 1.02 1.02 1.03 1.02 100 098 097 095 093
PG Alternative Scenario 1 140 140 1.02 1.02 1.03 1.02 100 098 097 095 093
PG Alternative Scenario 2 1.40 1.40 1.02 1.02 1.03 1.02 1.00 0.98 0.97 0.95 0.93
PG Alternative Scenario 3 1.44 1.43 1.05 1.05 1.05 1.04 1.03 1.00 0.99 0.97 0.95
PG Alternative Scenario 4 144 143 105 1.05 1.05 1.04 1.03 1.00 099 097 0.95

*Excludes Low Income Programs
**Includes interactive effects
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H.4 SDG&E
Table H-7. SDG&E Electric Energy Savings (GWh/year)

Year 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
PG Reference Scenario

Equipment Rebates* 257 317 316 321 320 315 293 287 285 274 273
BROs 529 580 611 641 673 708 743 780 821 865 913
Incentive Programs (Subtotal) 78.6 89.7 92.6 96.2 99.4 102.3 103.7 106.7 110.6 1139 118.6
C&S** 151.3 150.3 147.2 147.6 140.2 1352 1258 116.8 104.7 91.2 77.5
Total 229.9 240.0 239.8 2438 239.6 2375 2294 2235 2154 2051 196.1
PG Alternative Scenario 1

Equipment Rebates* 309 379 381 368 365 359 329 321 317 281 286
BROs 529 580 611 641 673 708 743 780 821 865 913
Incentive Programs (Subtotal) 83.8 95.9 99.1 100.8 1039 106.7 107.2 1101 113.8 1146 120.0
C&S** 151.3 150.3 147.2 147.6 140.2 1352 1258 116.8 104.7 91.2 77.5
Total 235.1 246.2 246.3 2485 244.1 2419 2329 2269 2185 2058 1974
PG Alternative Scenario 2

Equipment Rebates* 19.8 25.5 25.5 25.4 26.1 255 23.8 23.3 23.4 21.6 22.1
BROs 529 580 611 641 673 708 743 780 821 865 91.3
Incentive Programs (Subtotal) 72.7 83.4 86.6 89.5 93.4 96.3 98.1 101.3 1055 108.1 1134
C&S** 151.3 150.3 147.2 147.6 140.2 1352 1258 116.8 104.7 91.2 77.5
Total 2240 2337 233.8 2371 2336 2315 2239 2182 2103 199.3 1909
PG Alternative Scenario 3

Equipment Rebates* 26.4 32.4 32.1 325 32.3 31.7 29.6 291 28.9 27.9 27.8
BROs 624 670 738 80.0 916 100.2 1100 121.3 1350 151.3 170.9
Incentive Programs (Subtotal) 88.8 99.4 1059 1125 1239 1319 1395 1504 1639 179.1 198.6
C&S** 151.3 150.3 147.2 147.6 140.2 1352 1258 116.8 104.7 91.2 77.5
Total 240.1 249.7 253.1 260.1 264.2 267.1 2653 267.2 2687 270.3 276.1
PG Alternative Scenario 4

Equipment Rebates* 325 398 397 381 378 371 339 333 330 293 2938
BROs 624 670 738 800 916 100.2 1100 121.3 1350 151.3 170.9
Incentive Programs (Subtotal) 949 106.8 1135 118.2 1294 137.3 1439 1546 168.0 180.5 200.7
C&S** 151.3 150.3 147.2 147.6 140.2 1352 1258 116.8 104.7 91.2 77.5
Total 246.2 257.1 260.7 2658 269.6 2725 269.6 2714 2728 271.7 2781
PG Reference Scenario 1.13 1.25 1.29 1.34 1.40 1.41 1.43 1.44 1.43 1.39 1.36
PG Alternative Scenario 1 113 1.25 129 134 140 1.41 1.43 144 143 139 1.36
PG Alternative Scenario 2 1.13 1.25 1.29 1.34 1.40 1.41 1.43 1.44 1.43 1.39 1.36
PG Alternative Scenario 3 1.16 1.29 1.34 1.40 1.45 1.47 1.49 1.48 1.47 1.41 1.38
PG Alternative Scenario 4 116 1.29 134 140 145 1.47 1.49 148  1.47 141 1.38

*Excludes Low Income Programs
**Includes interactive effects
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Table H-8. SDG&E Demand Savings (MW)

Year 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
PG Reference Scenario

Equipment Rebates* 5.4 6.7 6.5 6.6 6.7 6.7 6.5 6.4 6.3 6.1 6.2
BROs 98 105 11.0 115 12.1 127 132 13.9 145 153 16.1
Incentive Programs (Subtotal) 15.2 17.1 17.5 18.2 18.8 19.4 19.7 20.2 20.9 214 22.2
C&S** 306 313 310 320 307 297 280 263 238 218 19.6
Total 458 485 485 501 495 491 477 465 447 432 419
PG Alternative Scenario 1

Equipment Rebates* 6.3 7.8 7.8 7.6 7.7 7.6 7.2 7.1 7.0 6.4 6.5
BROs 98 105 11.0 115 12.1 127 132 13.9 145 153 16.1
Incentive Programs (Subtotal) 16.1 18.3 18.8 19.1 19.8 20.3 20.4 20.9 21.6 21.6 22.5
C&S** 306 313 310 320 307 297 280 263 238 218 19.6
Total 46.7 496 497 511 505 50.0 484 472 454 434 422
PG Alternative Scenario 2

Equipment Rebates* 4.2 5.3 5.2 5.3 5.4 5.4 5.2 5.1 51 4.8 4.9
BROs 9.8 10.5 11.0 115 12.1 12.7 13.2 13.9 14.5 15.3 16.1
Incentive Programs (Subtotal) 14.0 15.8 16.2 16.8 17.5 18.0 18.4 19.0 19.7 20.1 21.0
C&S** 306 313 310 320 307 297 280 263 238 218 19.6
Total 446 471 472 487 482 478 464 453 435 418  40.6
PG Alternative Scenario 3

Equipment Rebates* 55 6.8 6.6 6.7 6.8 6.8 6.5 6.5 6.4 6.2 6.3
BROs 10.9 11.7 12.9 13.9 155 16.8 18.3 20.1 22.2 24.6 27.5
Incentive Programs (Subtotal) 164 184 195 206 223 236 249 265 286 308 338
C&S** 30.6 31.3 31.0 32.0 30.7 29.7 28.0 26.3 23.8 21.8 19.6
Total 470 498 504 526 53.0 534 529 528 524 526 534
PG Alternative Scenario 4

Equipment Rebates* 6.5 8.0 8.0 7.8 7.9 7.8 7.4 7.3 7.2 6.5 6.7
BROs 10.9 11.7 12.9 13.9 155 16.8 18.3 20.1 22.2 24.6 27.5
Incentive Programs (Subtotal) 174 197 209 217 234 246 257 273 294 311 342
C&S** 306 313 310 320 307 297 280 263 238 218 19.6
Total 480 511 518 537 541 544 537 536 532 529 538
PG Reference Scenario 1.64 1.83 1.81 1.81 1.82 1.80 1.79 1.78 1.77 1.72 1.68
PG Alternative Scenario 1 1.64 1.83 1.81 1.81 1.82 1.80 1.79 1.78 1.77 1.72 1.68
PG Alternative Scenario 2 164 183 181 181 1.82 180 1.79 178 177 172 1.68
PG Alternative Scenario 3 1.71 1.90 1.89 1.89 1.90 1.89 1.87 1.86 1.84 1.76 1.72
PG Alternative Scenario 4 1.71 1.90 1.89 1.89 1.90 1.89 1.87 1.86 1.84 1.76 1.72

*Excludes Low Income Programs
**Includes interactive effects
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Table H-9. SDG&E Gas Energy Savings (MMtherm/year)

Year 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
PG Reference Scenario

Equipment Rebates* 056 071 073 073 074 077 074 073 071 065 0.64
BROs 141 145 150 155 160 166 174 1.82 191 200 211
Incentive Programs (Subtotal) 1.98 2.16 2.23 2.27 2.34 2.43 2.48 2.54 2.62 2.65 2.75
C&S** 1.49 1.53 1.54 1.58 1.65 1.60 1.33 1.19 1.10 0.97 0.98
Total 346 369 377 38 399 403 380 373 372 362 373
PG Alternative Scenario 1

Equipment Rebates* 0.62 0.78 0.78 0.76 0.78 0.81 0.78 0.77 0.83 0.77 0.78
BROs 141 145 150 155 160 166 174 1.82 191 200 211
Incentive Programs (Subtotal) 2.04 2.24 2.28 2.31 2.38 2.48 2.51 2.58 2.74 2.78 2.89
C&S** 1.49 1.53 1.54 1.58 1.65 1.60 1.33 1.19 1.10 0.97 0.98
Total 352 377 382 389 403 408 384 377 384 375 387
PG Alternative Scenario 2

Equipment Rebates* 049 063 065 067 069 070 069 068 066 0.60 0.61
BROs 1.41 1.45 1.50 1.55 1.60 1.66 1.74 1.82 1.91 2.00 2.11
Incentive Programs (Subtotal) 1.90 2.09 2.15 2.22 2.30 2.36 2.43 2.49 2.56 2.60 2.72
C&S** 1.49 1.53 1.54 1.58 1.65 1.60 1.33 1.19 1.10 0.97 0.98
Total 339 362 369 381 394 397 376 368 367 357 3.69
PG Alternative Scenario 3

Equipment Rebates* 0.57 0.72 0.74 0.73 0.75 0.78 0.75 0.73 0.72 0.65 0.65
BROs 1.53 1.62 1.75 1.88 2.07 2.26 2.50 2.78 3.13 3.55 4.06
Incentive Programs (Subtotal) 210 234 249 261 282 3.04 324 351 384 420 471
C&S** 1.49 1.53 1.54 1.58 1.65 1.60 1.33 1.19 1.10 0.97 0.98
Total 359 386 403 420 447 464 457 470 495 517 569
PG Alternative Scenario 4

Equipment Rebates* 0.65 0.82 0.81 0.79 0.81 0.84 0.80 0.79 0.85 0.79 0.80
BROs 1.53 1.62 1.75 1.88 2.07 2.26 2.50 2.78 3.13 3.55 4.06
Incentive Programs (Subtotal) 218 244 256 267 288 311 330 357 398 434 486
C&S** 1.49 1.53 1.54 1.58 1.65 1.60 1.33 1.19 1.10 0.97 0.98
Total 367 397 411 426 453 471 463 475 508 531 584
PG Reference Scenario 0.19 0.19 0.19 0.18 0.18 0.18 0.17 0.17 0.15 0.15 0.14
PG Alternative Scenario 1 0.19 0.19 0.19 0.18 0.18 0.18 0.17 0.17 0.15 0.15 0.14
PG Alternative Scenario 2 019 019 019 018 018 018 017 017 015 015 0.14
PG Alternative Scenario 3 0.19 0.19 0.19 0.19 0.18 0.18 0.17 0.16 0.15 0.15 0.14
PG Alternative Scenario 4 0.19 0.19 0.19 0.19 0.18 0.18 0.17 0.16 0.15 0.15 0.14

*Excludes Low Income Programs
**Includes interactive effects
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APPENDIX |. RESPONSE TO COMMENTS

The following pages in this appendix summarizes stakeholder technical comments and the Navigant
t e a me@pmnse. This section is not meant to include responses to policy-related comments or
stakeholder recommendations on what scenario to adopt for goals as they are for CPUC staff to consider.
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Topic

Area Party Summary of Issue

Current potential forecast does not account for the energy savings allocation:
from statewide energy efficiency programs. Load sHaaeed allocation of
statewide savings may result in more or fewer savings being attributed to SC
than it is assigned in thgoal setting process. SCE requests that the Commiss
incorporate this topic as part of the discussion in the decision adopting goals

ABAL SCE 2020 and future years, to improve clarity about the impacts of transitioning to
the statewide administration model.

The review and approval process for the ABAL will require flexibility in the
assumptions due to adopted goals, available measures, and timing of solicite
being completed across the state.

Review NTG and EUL assumptions for: Agriculture | Low Pressure Irrigation,
AIMS PG&E Industrial | Motor VFIx, Efficient, Industrial | Fan VFRQEfficient, Industrial |
Pump VF Efficient

While this may not be the venue to attempt to fix the lengtind resource
intensive review process for custom AIMS projects, the results of the Potenti
and Goal Study should send a clear alarm, and trigger both examination and

AIMS CEDMC corrective action. Commission should require future consultants to highlight ii
the study the challenges existing policies are having on the industry and the
identifiable market potential; and appropriately fund market research to bette
inform future studies.

2c. Reduce Whole Building savings for Ind and Ag. Reflect declining savings
AIMS SCE commensurate to the revised penetration rate applied to generic custom savi
to show a 2.1% annual decrease (p. 63 draft study).

Navigant Response

The PG study is bottom up forecast based on technologies an
market status in each 10U territory. Allocation of statewide
savings based on load is an accounting exercise, not a precis¢
estimate of where savingccur. Future statewide implementers
shouldconsidertracking data to understand where savings are
occurrigand compare to the loatbased allocation approach to
inform future potential studies.

Changed AG low pressure irrigation to 0.47 NTG
(http://www.calmac.org/publications/SprinklerReport_2015_fin
|_report_appendices.pdf); VFD EUL is based on the remaining
useful life of the host equipment which is 15 years, therefore, 1
EUL is 5 years per DEER Resolutié®1B reaffirmed the long
standing policy that EUL values for amld equipment measures
are limited to the RUL values of the host equipment.

Navigant added language in the report clarifying that the
decreasing trend in custo projects are based on historical
program participation trends and not necessarily related to the
actual market potential.

We do agree that understanding the technical potential of the
AIMS is critical for improving future forecasts. Additionally, we
believethat revisiting industry standard practice assumptions
and ex ante program requirements (such as preponderance o
evidence, free ridership reviews and baseline adjustments) me
provide insight in opening up more potential (i.e. program
participation)to this segment.

Whole Building alsmtludes SEM and emerging tech. The cust
savings is based on the decrease. In aggregate, the savings f
whole building looks like it increases.

©2019 Navigant Consulting, Inc.
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;(:g: Party Summary of Issue
More Research is Required to Determine Industrial Sector Energy Savings
Potential; IndustriaBector Potential Estimates Vary Significantly in Each Stud
Iteration. Although the industrial sector is responsible for approximately 30%
electricity consumption in IOU service territory in California,2 the potential stu
estimates programmatic mark@otential in the industrial sector to be only ~9%
of total programmatic potential in 2020. This inconsistency deserves further
AO0ONHzGAyed t SNJ bw5/ Qa AYyAGALT Ay@dSa
sector is particularly sensitive to assungpt updates in each study iteration
which are likely derived from recent programmatic accomplishments. This is
illustrated by the significant differences in industrial sector market potential
estimates from study to study; the average incrementaleeérgy savings

AIMS NRDC market potential for the years 2020 through 2022 was 112 GWh in the 2015
Study, 159 GWh in the 2018 Study, and 72 GWh in the 2019 PG Study. NRLC
not able to find any specific reasons for these giant variations in energy savir
potentialesty 1 S&a Ay Fye 2F Dbl @AaalyidiqQa NE
indicate a major change in methodology or data across these studies. Some
decrease in market potential is expected due to programmatic achievements
evolving baselines, but this extreme patterequires explanation. Navigant
should, at minimum: (1) publish the analysis conducted to develop industrial
sector savings estimates for stakeholder review; (2) be transparent regarding
certainty of these estimates; (3) conduct a review of how ofbésdictions
determine potential for the industrial sector; and (4) provide recommendation
on what data and resources are necessary to conduct an improved analysis.

The levelized costs i, $/kWh) for BRO programs presented by Navigant seel
extremely high compared to historical values. At the levelized costs presente
Navigant, it is unlikely that many of the interventions exceeding $0.20/kwWh

BROs PG&E would be costffective because $0.20kWMBEOSSRa t D39 Qa ¢
portfolio level and for all sectors. Navigant should reevaluate the potential for
these programs based on cesffectiveness criteria.

PG&E respectfully disagrees with the assumptions used to forecast HERs er

BROs PG&E savings in the Navigant Study. PG&E believes the Navigant Study overestim.

the savings potential for the following four reasons. (See pageflPG&E
formal commentdor details)

Navigant Response

According to the IEPR data, industrial sector is 15% of the
electricityand 38% of the @s in the state. We are not at this tim:
going to comment on the historical swings, however, it is
important to note some significant edits this year: (A) Lighting
drastically decreased (75%); (B) Assumptions of ISP taken int
consideratiorregarding aicompressors (50%); and (C) historic:
trend of showing a decrease in savings over the last two years

Our methods are described in the report and shared in the AIN
webinar. The background analysis is based on proprietary toc
Navigant has developed owthe last 8 years for multiple project:
and will not be released. We have observed the AIMS sectors
poorly characterized as there are very few comprehensive
market studies in CA.

Regarding the review of other jurisdictions while this is not
explictly in scope of this study, Navigant has completed indust
potential analysis in other jurisdictions. In all cases, the saving
estimates are lower than expected for several reasons: (A) the
is no good baseline or saturation data for industry; (B)
assmptions are made on costs; (C) all Navigant studies lever:
the IAC databaseto various levels. Our report will be updated t
include some commentary on what future data should be
collected help inform AIMS potential.

Costs for BROs programs are input as $/first year savings. Thi
are not a lifetime levetied cost and therefore are not directly
comparable to avoided costs. All programs that contain first ye
costs above $0.20/kWh have EULs greater than 1 year.

We have modified our forecasted penetration growth rate to
account for a diminished savings value in future HERs waves
while maintaining our calibrated energy savings according to
recent impact evaluations.

©2019 Navigant Consulting, Inc.
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Topic
Area

BROs

BROs

BROs

BROs

Party

PG&E

PG&E

SDG&E

SDG&E

Summary of Issue

Regarding the potential in the flecast for building benchmarking, PG&E
gAGK bl @AII

NBaLISOGTdz t & RAAIFIANBSA

2019 Energy Efficiency Potential and Goals Study

I0Us are disallowed to claim savings for benchmarking activities that are alre
required by law. 15 Many buildings in the populatiased in the Navigant Study
already report benchmarking information to the California Energy Commissio

0/ 9/ 0 GKNRBdzAK G(KS {idFrdi8 27

/'t AT2N

Public Disclosure Program. The I0Us cannot claim savings for benchmarking

activities in these buildings.

With respect to the savings estimates for UAT, PG&E sees a large potential 1
double-counting with reattime feedback and especially with HERs. The

bl @A3lyld {GdzRe adGlGSa GKIG

GKSANI T

professional [judgment] b&R 2y LINRPINI Y 2LISNI A2y

G§SIFY GFR2dzaliSR LISYSiNI A2y
A OAy3adé |1 26SOSNE t Do 9
.wh LINR3INI Ya GKI G

Iy R
0SSt AS@Sa
NEOEORY GQRBHORAY

LJILS
l..']

presentment, online audits) to optimize customer experience and facilitate

evaluation. (See page 10 of PG&E formal commenter detaik)

to mitigate for uncertainty, SDG&E recommends providing scenarios using
adjustments to the BROs programs by forecasting lower assumption values t
the reference case savings forecast to estimate BRO savings and another sc
which would fall between the reference and aggressive BRO forecast saving:
forecast. These ranges would account for uncertainties due to future post ENM
savings results that Winclude persistence and impacts on the rolling cycle

implementation.

WSONROZ2YYA A& 20N ESYiav/ IEY2 i KSNI 02y
assumptions used in the forecast. The Commission has previously acknowle:

GKFG  aaNBeég FNBI

2LISNI GA2yé 2F |

6SG6SSy oKL
0 Retrdcdinini§sbningydopdddo (BAK

02

measures exists....The Navigant Study also focuses on HVAC for commercis
but the study is not clear if the savings range of 2.3% to 5.17% includes all H
0O&M savings or the incremental amount beyond regular practice. The Navigi

Study shald clarify what constitutes RCx program savings in its forecast.

Navigant Response

Current building benchmarking mandates do not cover the full
building population, thus leaving a segment of buildings in
California with potential for benchmarking savings but no
specified mandate to benchmark energy use.e Buthis and the
uncertainty around whether benchmarking savings mandated
some level of government can be claimed at all, building
benchmarking is excluded from the reference scenario but
included in the aggressive scenario.

This issue is identified and resolved in the UAT impact evalual
(2014- 2015). The evaluan "find[s] no evidence of joint saving
between the UAT and HER programs". No action taken.

We have modified our HERs forecasts with lower assumption
values in both the reference and aggressive case. HERs savir
account for the large majority of BROs savings and the modifit
results should account for future uncertainties.

The savings valuetescribed aréncremental HYAC O&M saving
applied to each building type and are based on CEUS UEC H'
values.

©2019 Navigant Consulting, Inc.
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Topic

Area Party Summary of Issue
With the combination of TOU rates being adopfedall Res customers in 2020

BROS SDG&E and increased rooftop solar/battery storage adoption, SDG&E hypothesizes t
HERs will not be a major source of savings in the future.

Another consideration that potentially limits the expansion of HERs and beha
LINEANI YA AYy {5D390Qa OGSNNRG2NE Aa
Ydza i dzaS I wkyR2YAT SR /2yiGNBf ¢NBI

BROS SDG&E program design requéis maintaining a comparable control group for
measurement and evaluation comparison purposes. SDG&E currently has o\
600,000 residential HERs/behavior program participants out of its approxima
1,000,000 customers.

SDG&E agrees that the evidencedtate suggests that buildings participating in
benchmarking programs tend to reduce their energy use and water copion
over time (NEMA 2016, EnergyStar 2016). The Navigant savings assumptior
building are reasonable but are overly aggressive at the program level.
wS3F NRf Saasx GKSe R2y Qi LI e G2 dz
benchmarking for largeuildings is required as part of AB 802. Benchmarking |
now the baseline. In addition, in San Diego local ordinances are also in place
being developed.

BROs SDG&E

Most of the IOUs have significantly increased the size of their HER programs
the two years since 2017, which was the last progsaar evaluated. Therefore,
the assumed base penetration rates in the Study are likely not reflective of th
current realityon the ground. It should also be noted that HER penetration ov:
time is a function not only of program growth (e.g. adding customers to the
program), but also of program attrition, which occurs as customers move out

BROs Oracle their homes or otherwise opt out dhe program. While intentional opbuts are
so low as to be almost negligible, attrition through customer churn is significa
and can act as a substantial damper on growth once penetration rates becon
NEfldA@Ste KAIKI | a oih&SpForant is orddrack 2 N.
backfill those lost to attrition. If refill cohorts are not added to the program, the
overall savings from the program will attenuate as less households receive tr
treatment.

Navigant Response

This could be addressed in future iterations of the PG study. It
expected that futurémpact evaluations will reflect increased
adoption of DER technologies. No action taken.

Our model currently caps HERS cusé&r penetrationin part to
account for the need of a Randomized Control Treatment (RC

group.

Current building benchmarking mandates do not cover the full
building population, thus leaving a segnt of buildings in
California with potential for benchmarking savings but no
specified mandate to benchmark energy use. Due to this and
uncertainty around whether benchmarking savings mandated
some level of government can be claimed at all, bogdi
benchmarking is excluded from the reference scenario but
included in the aggressive scenario. In dygressivecenario,
savings have been reduced based upon a review of savings
sources.

Attrition is nuanced dynamic not captured in the PGdeioL (i Q
something that could be considered for the next PG model. Wi
note thatforecastel HERs savings in 2020 and 2021 are within
reason relative the most recent HERs impact evaluation studie
funded by CPUC.
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Topic

Area Party Summary of Issue
SBUA recommends the BROs sectibthe Study describe strategies specific to

BROs SBUA small business customers. Appendix C lists BROs interventions included in ti
Model, none of which are specific to small businesses

SoCalGas cautions against the assumptions made for BRO measures where
currentprogram delivery occurs through nemasource programs or where PAs
do not currently clainsavings. SoCalGas has ieetleploy the Building Operator

BROs SCG Training in its programs, so penetration rate assumptions should be adjusted
consider the ramp up of program activities for this measure. Reference3-18
041, pp. 6466.
HERS: HERS reference scenario aligns with program experience. HERS agc
BROs SCG scenario is unrealistic given the diminishing pool of untreated customers ovel

time. So@IGas requests that Navigant provide the source used for the gas
savings (noted to be 0.7% to 1.4%) in Tableas it is not readily apparent.

BuildingBenchmarkingThe Navigant study should identify why there is no
penetration rate for Building Benchmarking for SCG irréfierencescenario.
Further, a common penetration rate was applied to SoCalGas, Southern Cali
BROs SCG 9RAAZ2Y 0a4{/ 940X IYRG{BYs®XBIAYDIIXKS
scenario. SoCalGas questions the appropriateness of applying this penetratic
rate and including forecasted savings in the aggressive scenario given the pr
concerns aroundosteffectiveness as indicated for the reference rsago.

Interactive effects: The Navigant study should consider the growth of HER
activities which may impact savings potential forTUAotivated savings. Use of

BROs SCG an aggressive scenario for HERs, UAT, and other comparative enetipsese
measures/programs have the potential to exacerbate this overlap and would
accurately represent market savings potential.

2b, 2bi. SCE fears penetration rates for BROS and HERs may be overly optil
BROs SCE agrees with Navigant p. 70 to "consider pilot studies along with measuremen
and verification to provide better data to future potential studies."

2bii. Delay universal audit tool (UAT) savings until next study cycle, because

BROs SCE savings are currently not achievable and are pending CPUC review.

Navigant Response

No action taken. The building segmentation is defined in the
wider PG reporand would require structural revision to addres:

Due to the lack of BOC programming at SCG, we tmendified to
model to reflect a 2020 program start date in potential savings

We have modified our forecasted savings growth rate in the
reference and aggressive scenarios to account famanished
savings value in future HERs waves while maintaining our
calibrated energy savinggcordingo recent impact evaluations.
Source documentation has been added to the appendix for HE
gas savings.

Building benchmarking is a cesffective gas measure and has
been included in the aggressive scenario for SCG.

This issue is identifiechd resolved in the UAT impact evaluatiol
(2014- 2015). The evaluation "find[s] no evidence of joint savir
between the UAT and HER programs". No action taken.

We have modified our forecasted savings growth rate to accot
for a diminished savings value in future HERsges while
maintaining our calibrated energy savirggcordingo recent
impact evaluations.

UAT remains in the forecast. No policy statement expressly
denies the I0Us from claiming savings.

©2019 Navigant Consulting, Inc.
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Topic

Area Party Summary of Issue

2bii. Reduce benchmarking savings by 50%. Building Benchmarking is currel
BROs SCE non-resource program with no claimable savings, there is uncertaiboyt
whether I0Us will be able to claim savings from this mandated initiative.

The Energy Division should ensure that Alternative 2 includes only BRO mes
that pass its coseffectiveness screen. Specifigathe Energy Division should
review the BRO measures and determine whether each measure has a TRC
of 1.25 or greater. For the purposes of estimating total market potential in
Alternative 2, the BRO potential should be the sum of potential (ifRbkerence
BRO scenario) from those measures that pass a 1.2&ffestiveness screen.

BROs PAO

Modify the Reference BRO scenario to moderate the assumed expansion of
Home Energy Reports. The Energy Division should reduce the expected
penetration rate, by assumirtpat Home Energy Reports will target only the
upper 50 percent of residential customers in terms of usage, rather than the
percent currently assumed.

Reduce the applicability rate of Home Energy Reports to account for master
metered manufactured homegsee detailed discussion on page 118 of
comments).

Apply a coseffectiveness screening threshold of 1.25 to BRO measures. For
Alternative 2, the Energy Division should sum the savings potential (in the
Reference BRO scenario) of each BRO measuredbhat MRC ratio of at least
1.25. (see detailed discussion on pagel®8f comments).

Correct the treatment of Building Benchmarking or remove this measure. (se:
detailed discussion on page-18 of comments).

BROs PAO

Navigant Response

Current building benchmarking mandates do not cover the full
building population, thus leaving a segment of buildings in
California with potential for benchmarking savings hat
specified mandate to benchmark energy use. Due to this and
uncertainty around whether benchmarking savings mandated
some level of government can be claimed at all, building
benchmarking is excluded from the reference scenario but
included in theaggressive scenario. In thggressivecenario,
savings have been reduced based upon a review of savings
sources.

No action taken. BROs characterization is not as precise as re
program measure characterization and thus a strict cost
effectiveness cutoff is not appropriate. Fexample, rebated
equipment cost data is available from DEER, workpapers, anc
other CPUC and stakeholder vetted sources and are acceptec
fixed values. There is not such source for BROs cost data. Ins
some judgement is required in assessing which BiRR@gams
are effective for both programmatic savings and external
benefits.

We have modified our forecasted savings gtiovate to account
for a diminished savings value in future HERs waves while
maintaining our calibrated energy saviragordingto recent
impact evaluations.

Mastermetered homes are accounted for in our model and
penetration is limited accordingly.

Noaction currently taken on cosdffectiveness nor building
benchmarking. Awaiting guidance from the CPUC.

©2019 Navigant Consulting, Inc.
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Topic
Area

BROs

C&S

CCA/REN

CCA/REN

Party

PAO

PAO

MCE+
Lancaster

MCE+
Lancaster

2019 Energy Efficiency Potential and Goals Study

Summary of Issue

RemoveBuildingbenchmarking. However, if it does stay in, revise the savings
F&adzYLWiA2yY bl @Aaalyd dza SR H jingprogd, &
but 2017 data are now available. The 2017 results show sharply reduced img
For example, the 2016 report found that properties reduced energy consump
by 4.0 percent after two years of participation, but the 2017 report found only
1.3percent savings after two years.

The Draft Study also appears to doublteunt energy savings in the residential
lighting sector. The Draft Study counts energy savings in lighting that have b
achieved through codes and standards, while alsonting savings in lighting
from the incentive programs. Tablelbof the Draft Study lists efficiency codes
and standards, including several related to lighting

MCE and Lancaster desire to have more detailed information on EE potentia
their respective service territories to help inform future program design and
development and request that the studyalid attempt to provide the same
quality and character of information for use in designing CCA programs as it
for IOU programs.

Lancaster and MCE would like to better understand how Navigant is determi
its population for IOU versus CCA allocations. Lancaster and MCE question
whether a topdown approach will be able to provideluable feedback on
savings potential to CCAs because population demographics, climate zones,
EE program scope in CCAs are different from the IOUs they are closest to

Navigant Response

CKS aidzRe Qa rdniedid® ¢.406 té1.68% ahdhs
line with what PAO is suggesting for revisidio edits made to
percent savings.

Current building benchmarking mandates do not cover the full
building population, thus leaving a segment of buildings in
California with potential for benchmarking savings but no
specified mandate to benchmark energy use. Due to this and
uncertainty aound whether benchmarking savings mandated
some level of government can be claimed at all, building
benchmarking is excluded from the reference scenario but
included in the aggressive scenario. In dygressivecenario,
savings have been reduced bdsgpon a review of savings
sources.

The updated study shows LEDs as the baseline for residential
applications removing the posdiity of double counting savings.

As mentioned in the written report, disaggregation of potential
to CCAs (as well as RENs and DACs) will happen at eatater d
after IOU goals are set.

As mentioned in the written report, disaggregation of potential
to CCAs (as well &ENs and DACs) will happen at a later date
after IOU goals are set. Documentation of our initial thinking ¢
be found in the written workplan published in January 2019.
Navigant will discuss with CPUC if a stakeholder input webina
can be hosted prioto implementing the forecast.

©2019 Navigant Consulting, Inc.
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;(:g: Party Summary of Issue
The Joint RENs urges the Commission and the Navigant team to actively set
input from the RENs and CCAs on their approach and allow them to participe
developing the criteria for determining how they wouiaggregate the

CCA/REN BayREN  REN/CCA specific potentials from the IOU totals. The Goals and Potentials S
should aim to provide as much value for the REN/CCAs as for the IOUs. Bay
has similar concerns about the tafpwn disaggregation approach as
MCE+Lancaster.

while the Draft Study provides estimates of the savings potential

and costs of resource programs, it provides no information alnouatresource
programs. Therefore, the Draft Study cannot provide defensible estimates of
overal G 2F SFTFTSOUAPSySaa 2F (KS LINRA3
GKS 5N} Fi {iGdAS&AS Odinpely BAEAE2 SAFHA NI
programs, which represent a large share of total savings and total spending i
forecast. The Draft Study also acknowledges that there is uncertainty about r
incentive costs.

Costs PAO

Cost assumptions should include the costs related to-me®ource programs to
provide a more accurate picture of portfolio cost effectiveness. Historical
program costsdr norrresource programs are available in the EEStats databas
for program years 2012017Q3, as well as filed program budgets for program
years 2018 and 2019 in the California Energy and Data Reporting System
0a/ 95! w{é€0®

Costs SCG

CEDMC requests that the Commission take adtidocus future Potential and
Goals studies on the most cesffective means for efficiency to achieve the SB

Costs CEDMC 350 doubling target and contribute to other Commission energy goals, rather
than simply looking at whether efficiency is cestective relativeto marginal
units today.

Using the same Commissiapproved censubased methodology used to
update its annual lovincome estimates, PG&E estimates 37.9 peradiits

PG&E residential customers residing in multifamily homes with five or more units ar
low-income customers and 20.2 percent of its residential sHfigheily customers
are lowincome customers.

Global
Inputs

Navigant Response

As mentioned in the written report, disaggregation of potential
to CCAs (as well as RENs and DACSs) will happen at a later d¢
after IOU goals are set. Documentation of our initial thinking ¢
be found in the written workplan published in January 2019.
Navigant will discuss with CPUC if a stakeholder input webina
can be hosted prior to implementing the forecast.

Report will be updated to note that the results only apply to
"resource portfoio costeffectiveness and exclude nomesource
program cost considerations

It is not in scope of the potentiastudy to account for or forecast
the cost associated with neresource programs.

Thanks for your comment, it will be noted as a suggestion for
future work.

Navigant has updated the analysis for PG&E with this data. It
brings PG&E input data into closdignmentwith the other
IOUs.

©2019 Navigant Consulting, Inc.
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;(:g: Party Summary of Issue
Global SDG&E The avoided costs should be updated to the new avoided costs and CO2 adc
Inputs values adopted by the Commission on May 16, 2019.
Global SCE 2i. calibrating the model to include the most recent (2€018) program budget
Inputs and expenditure data.
PG&E respectfully disagrees with the assumptions used in thdrianme
Low section ofgthe }lavigant Stvudy. T[xm'vigantVStudy does not account f_or the .
Income PG&E L2t AOASa I-_)/R YSUK2R2E23)\S{§1 NxEd:mézANB
program, Energy Savings Assistance (ESA) program. (Long list of issues on
13-17)
the Navigant Study results for the lamcome sector reflect the technical
Low potential for a program that installs_, high eﬁieiency equipment, replacing work
Income SDG&E and used equipment of a lower efficiency, with a very high adoption rate.
Therefore, SDG&Ecommends that the results from this study not be used to
inform goals for the lowncome sector.
SoCalGas disagrees with some of the dated sourcesssutngtions used in the
LowIncome section of the Navigant study. SoCalGas notes that a more rece!
version of the Loincome Needs Assessment (LINA) study is available, and tl
Low SCG the Impact I;valuation of thESA Program for Program Yeafs,2m7’final
Income NELE2NIU o6a9{! t NR I MhsYecdntly bderOréleased | f dz-
Conclusions from the ESA Program Impact Evaluation indicate that ex ante
savings assumptions were higher than achieved savings, with some measure
leading to an increase in consumption
The Navigant study does not account for decision factors which differ for
Low o . .
Income SCG customers within the energy savings assistance program(s) versus customer

participating inconventional EE programs

Navigant Response

Navigant discussed with CPUC. Directiorvigied to the team
was to not update avoided costs as this time.

Calibrationmethodologyinputs werediscussedt the 3/21
workshop and remains unchanged. Program budgets from 20:
2019 inform the norincentive costalculationin the model.

Low income modeling follows the scope laid out in the kpdein
and follows the same method proposed to CPUC in our origin:
proposal. We recognize this isn't the perfegtproachput it was
the best we could do with the extreme schedule limitations
placed on the Study. Updates are not being made.

The PG study forecasts market potential for LI in additional to
technicalpotential.

Low income modeling follows the scope laid out in the workpla
and follows the same method and data sources proposed to
CPUC in our original proposal. Navigant used the 2013 LINA
study combined with the CLASS database to obtain ownershig
and efficiencylevds of equipment in 2013 (the year the model
starts is calibration). The 2016 LINA was reviewed but it did nc
contain the type of data useful to comprehensively model
potential. The draft ESA evaluation referenced in this commer
was used tadjustsavingsnput estimatesfor the LI sector that
results insignificantreductions to LI potential.

Low income modeling follows the scope laid out in the workple
and follows the same method proposed to CPUC in our origin:
proposal. We recognize this isn't the perfegiproachput it was
the best we could do ith the extreme schedule limitations
placed on the Study. Updates are not being made.

©2019 Navigant Consulting, Inc.
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;(:g: Party Summary of Issue
Results viewer and report clarification: Lamcome savings potential presented
inthewebdo I a SR wSadz 6a 9ELX 2NBNJ Ays (iKS
Low {OSYyIl NA2a¢ (e tkes fResehfedSMApFentX M for the detailed
SCG scenario results. Thiifference is due t8ROs measure potential forecasted fol
Income ; ST .
the low-income sector. To reduce confusionidentifying energy savings
potential from thelow-income sector attributed to lovincomeprograms, this
difference should be identified in the Results Explorer.
2d. Model is misaligned with Energy Savings Assistance (ESA) program rule:
policies, and program changes ongoing in the-ioeome proceeding.
Low SCE Recommendations: 1) Wait for ESA program to complete post 2021 program
Income planning to avoid prematurely estimating ESA savings; 2) Strive to keep the
savings aligned with ESA program plans; 3) Update ESA savings estimates
on ESA program plans in SCE's upcoming ESA/CARE application
The Draft Study inappropriately uses a maradbption model to forecast the
Low PAO diffusion of efficient technologies in the Ieimcome residential sectoifhis
Income model is not applicable to the Energy Savings Assistance program (ESA), wt
customers are not making a purchasing decision.
Low Low-In(_:ome Market Potential Estimates Are MeaningléssyIncome Technic_gl
Income NRDC Potential Should Inform Loimcome Sector Goals Through a Howome Specific

Proceeding

Include both the 2017 and 2018 claimed EE results for purposes of calibratio
Both years have integrated final Commission dispositions which were not
specifically accounted for in the Navigant Study. Calibrate the model by
eliminating the 0.75 NTG for below code savings.

Modeling SDG&E

Navigant Response

BROs will be clarified to be all Residential sector savings that
count towards resource programs. Low income savings will or
reflect saving from the ESA program.

Low income modeling follows the scope laigt in the workplan
and follows the same method proposed to CPUC in our origin:
proposal. We recognize this isn't the perfegtproachput it was
the best we could do with the extreme schedule limitations
placed on the Study. Updates to methodology ao¢ being
made. Updates to inputs were made to account for recent ES/
impact evaluation.

Low income modeling follows the scope laid out in the workple
and follows the same method proposed to CPUC in our origin:
proposal. We recognize this isn't the perfegproach put it was
the best we could do with the extreme schedule limitations
placed on the Study. Updates are not being made.

Market potential results themselves are not "meaningless”. Th
have value. The California Energy Commission cannot use
technical potential to infrm IEPR or other procurement plannin
activities. A value representing market potential for LI must be
produced in time for the next IEPR cycle. NRDC has not propc
how to convert technical potential tannualachievablepotential
value for LI, therefore we continue to produce a market potent
value.

Calibrationmethodologyinputs werediscussedit the 3/21
workshop. We are removing the 75% multiplier for the below
code NTG per guidaadrom CPUC.

©2019 Navigant Consulting, Inc.
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Topic

Area Party Summary of Issue

2a. Currently, Administrative and Marketing costs are allocated to the measu
level based on energy savings proportions. This cost allocation method paint
alikemeasures with the same cost allocation. In practice, similar measures c:
found in different programs containing drastically differediministrativeand
Marketing costs. Appropriately allocating administrative and marketing costs
the measurelevelwould provide a higer degree of accuracy.

Modeling SCE

The Draft Study estimates potential for each measure at the geographical lev
a utility service territory. Unfortunatelyit does not account for differences in
climate within service territories. This results in distorted estimates of the mai
potential of climatesensitive measures. The Public Advocates Office recogniz
Modeling PAO that it may not be feasible to make changes te thodel to account for climate
sensitive measures geographically before approval of goals for 2020. Howev
a minimum, the Commission should direct the Energy Division to update the
model to account for climatsensitive measures for the subsequent guotial
and goals cycle

Economic potential discrepancy: Approximately 1,400 (~33%) of the total gas
electric measures considered by Navigant have an economic potential that is
fraction (instead of being equal to technical potential if the measure is cost
effective orbeing SNB A F (i K Sost¥fdtivi) arMis tedhdicdl Q i
potential in year 2020. Some measures even have negative economic potent
savings even though they have positive technical potential savings.

Modeling NRDC

Some measures have economic potential estimates that are much greater (b

Modeling  NRDC factor of20) of the technical potential estimates.

Navigant Response

Thanks for your comment, it will be noted as a suggestion for
future work.

Thanks for your comment, it will be noted as a suggestion for
future work.

Economic potential is calculated at a more granidael than
what is shown in the results databases (new construction vs.
existing buildings). These instances are cases where the mea
is cost effective for NC but not existing buildings. In some cast
one replacement type can have negative peak demanihga
while the other has positive. These are not errors but deliberat
calculations. Repogxplanationof methodology has been
updated to reflect this.

In the draft report this occurred i@l line items out of 6700+ lines
specificallyisolated to two minor low income building envelope
measures saving natural gas. Minor updates made to the
algorithms for technicalrad economic potential corrected this
issue. Given this impacted such a srealisetof measures with
so little gas savings, the impact of this correction on overall
results is nohoticeable

©2019 Navigant Consulting, Inc.
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;(:g: Party Summary of Issue
The potential study should provide informegdidance on how utility programs
can best target and acquire incremental ce$fective energy savings. This
potential study does not accomplish this. The Navigant study applies broad

Modeling NRDC averages and dbest reconstructs existing program portfolios... Givee tlesign
2F (KS SEA&GAY3I &idzRéX bws/ NBO2YY
Ottt SR dal NJ SO t20SyGAltzé odzi NI
t20SydAl f o¢

NRDC understands that modeling measures at the climate zone level may be
onerous, we thus (agaimecommend that Navigant brealp each aggregated
IOU level climate sensitive measure into two measures: one representing the
coastal climate zones and one representing inland climate zones. These two
of measures should then be modeled separatelyn @gsirt of the technical,
economic, and market potential analysis.

Modeling NRDC

Remove residential lighting measures. Starting January 1, 2020, the resident
Res/Com PG&E lighting measurecluded as part of the savings potential will be governed by
Title 20 code and therefore should not be included in the market potential.

PG&E submitted three neresidential lighting workpaper revisions that
proposed update to the NR baseline to include linear LED lamps as part of th
LED technology baseline. The Energy Division approved these revisions via
dispositions on May 13, 2019 with the updated baseline methodology that sh
enable additional coseffective saving potential for LED Highbay/Lowbay
Lighting and LED Linear Ambient Lighting. Preliminary cost effectiveness ane
of LED Parking Garage Lighting does not yield cost effective measures once
standard practice baseline fully transitions to 100% LEBni@ogy on January 1,
2020. PG&E recommends that Navigant discuss these methodology change:
review the approved workpapers on www.deeresources.net.

Res/Com PG&E

Navigant Response

Comment doesn't impact results of the model but is rather an
opinion on how to interprethe results. Our scope was to
forecast a market potential that is calibrated to recent prograr
activity and adheres to current policies.

Thanks for your comment, it will be noted as a suggestion for
future work.

Study has been updated to assume LEDs without integrated
controls are the baseline in all residential lamp amatbased
fixture applications. Linear lamps (a very small amount of sav
potential) fort the residential sector do not assume LEDs are
baseline in our model.

These workpapers were approved 13 days after the draft repo
was issued limiting our ability to updatiee analysis. The PG
study assumed LED fixtures are 100% baseline for commercie
lighting. Assuming linear LED lamps as part of the LED techn
baseline would decrease the baseline thus allowing additional
LED savings to be claimed by the IOUs. Giveshort timeline

of the study, we are unable to incorporate this update. The
implication is that the resulting commercial lighting forecast
would be conservative and additional savings may be claimed
IOUs. Goals are a floor not a ceiling and utiliéiesable to claim
savings for measure that are not in the PG study so long as th
are approved by the CPUC.

©2019 Navigant Consulting, Inc.
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;(:g: Party Summary of Issue
PG&E respectfully disagrees with several assumptions used in the Whole Bu
section of the Navigant Study, particularly ffommercial and Residential Zero
Net Energy (ZNE) measures. Savings potential attributed to new constructior

Res/Com PG&E should be removed from the Whole Building section as Residential and Non
Residential ZNE measures should not have pasdeddteening thresholds @f0
or greater Residential and NoeResidential New Construction programs have
not historically achieved TRCs greater than 1.0.

Res/Com PG&E Remove: Commercial | LED Display Case Lighting
Res/Com PG&E Remove: Commercial | EC Motors on Wik
Res/Com PG&E Remove: Residential | Recydppliances

Res/Com PG&E Remove: Residential | CFL Fixture

Res/Com PG&E Remove: Commercial | Bievel Stairway Lighting

Review data and NTG assumptions for: Residential | Most Eff.Fenap Clothes
Dryer. "There were 143 heat pump dryers sold through ENERGY STAR Rete

Res/Com PG&E Products Platform (ESRPP) program in 2018 in PG&E territory. Therefore PC
believes the market sizing is not appropriate.” "NTG should be adjusted to 0.
per PGECOAPP128

Review baseline and NTG assumptions fosid@atial | Heat Pump Water

Res/Com PG&E
Heater

Navigant Response

2019 T24 codes do not push energy efficiency to the maximur
nor do they require ZNE. Comparing 2019 T24 compliant builc
energy consumption to modeled ZNE building prototypes shov
savings is still possible above and beyond 2019 T24. Comme
does not propose alternate data or specific edits to make.

There is no formdSP study or policy on baseline for this.
Furthermore our list of measures within the ComRef end use
R2SayQi NBTtSOG GKS FdzZ t YSI
other sources of savings in this sector/end use. In reviewing
2019 and 2018 data fron®©Us total ComRef savings is about th
same aghe PG modeforecassin 2020. Therefore 2020 ComRu
forecasted savings amdnsistentwith recent programs.

The team made edits to this measurased on the cited code.

We continue to include appliance recycling in the PG study. F
failure of implementers is not an indication of future potential.
The PG study uses market data and stockduer algorithms to
come to the conclusion that there are still secondary appliance
in the market that could béargetedfor recycling.

The model was updated to set LEDs as the bastdzfenology
effectively removing this measure.

The model was updated to assume this measure is baseline
starting in 2016.

Low sales from existing programs is maticativeof potential for
savings. Navigant reviewed the cited workpaper and could not
find any mention of 0.19 as a NTG value. No edits are being
made.

Upon review, our measure description was old and has been
corrected. The baseline is correct and data is sourced from m
recent DEER. No data changes were made.

©2019 Navigant Consulting, Inc.
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Topic

Area Party Summary of Issue

Res/Com PG&E Review baseline and NTG assumptions for: Commercial | Demand Controlle
Ventilation (DCV) Exhaust Hood.
For future Potential Studies, SDG&E recommends that Commissiopi8isafize
Res/Com SDG&E updating the measure costs in a timely manner so that it can be incorporated
the Potential Studies.

SDG&E does not agree with the Navigant Sagbumption that significant
Res/Com SDG&E nonresidential whole building savings are achievable beyond the 2019 Title 2
0a¢Hné0 odzAf RAyd SySNHe O2RSa SEOS

RE: Smart Thermostats. The current cost indicated in MICS is $219.17, whic
higher thanis seen in the market as well as the draft revised smart thermosta
workpaper, which is currently being revised. For example, the Nest Thermos
retails at $169, well below the measure cost indicated in MICS. The correct

Google measure cost is $142.46, asted in the draft revised smart thermostat

(Nest) G2N] LI LISNY ¢K2dzZa3K GKS YSI adz2NB Ay Lld:
RN} Fd 2t & LINPE& 22NJ] tILSN {2mo0-
does not utilize the most recent cost numbers. Additionally,|l#r cost noted
in MICS is too high, noting a cost of $56.48. Labor cost should similarly be re
to reflect the updated draft workpaper value of $26.26.

Res/Com

RE: Smart Thermostats. The Navigant study should use cooling baselines sg
to each climate zone, rather than averaging cooling loads across utility servic
territories

Google
Res/Com (Nest)
In analyzing customer smart thermostat setpoints as part of the process of
updating thecurrent smart thermostat workpaper, Google Nest discovered the
5F0Fo0F&asS 2F 9ySNH& 9FFAOASyO e estirfaies
appear inaccurate. This baseline inaccuracy has broad implications for a rani
measures; including, but not limited to smart thermostatsand therefore
requires further study. Google Nest believes that research is needed to bette
characteize cooling loads by housing type because current values appear
guestionable, yet play a central role in projected savings for many efficiency
upgrades.

Google

Res/Com (Nest)

Navigant Response

We reviewed inputs and they match the sources cited by the
comment.

Thanks for your comment, it will be noted as a suggestion for
future work.

2019 T24 codes do not push EE to the max, nor do they requi
ZNE. Comparing019 T24 compliant building energy
consumption to modeled ZNE building prototypes shows savir
is still possible above and beyond 2019 T24.

Navigant has reviewed data provided and updated cost input
data accordingly.

Navigant has reviewed and updated cooling baselines to matc
those found iNCBEC®Res.

Updates were made for thermostats but this study is not makir
more broad adjustments to DEEBurced ata.
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Topic
Area

Res/Com SBUA

Res/Com

Res/Com

Res/Com

Res/Com

Res/Com

Party

SCE

SCE

SCE

PAO

PAO

Summary of Issue

Therefore, the Study should further examine how a whole building retrofit wo

2019 Energy Efficiency Potential and Goals Study

Navigant Response

or would not meet the EE needs of small businesses and suggest how the cc The scope of the study does not call out the "small business"
over disruption of business operations could best be addressed, whetheb¢ha subsector specifically. Rather potential savings is report for the
through measurespecific rebate program designed specifically for small

businesses or through other strategies.

2ii. Recommends the lighting end uses account for the impending DOE stanc

changes, specifically impacts to general service lamps (GSL).

2iii. Remove residential appliance recycling adstanced power strips be

removed from measure list.

2c. Incorporate recommended policy change§ @ii) into Whole Building

modeling, (lighting, advanced power strip, appliance recycling changes).

Although compact fluorescent lamps (CFLs) can meet cueféoiency

standards, consumers are rapidly shifting to lightitting diode (LED) lamps.

Therefore, it is appropriate to treat LEDs as the baseline for all residential lig

applications.

Contrary to California and federal requirements, the Drafid$tincludes CFL

measures. Inclusion of CFL measures is inappropriate because utilities shou
LINEGARS AyOSyiArosa

02y GAydS 02

2

a technology that is mandated by efficiency standards, inferior to a geadil
available alternative, and less ceffective than the alternative LEDs. The
Commission considered this issue in BOB341 and ordered EE program

administrators to discontinue all incentive payments for CFLs by December 2

2018.

commercial ector as a whole disaggregated to building types.

Study has been updated to assume LEDs without intedra
controls are the baseline in all residential lamp anatbased
fixture applications. Linear lamps (a very small amount of sav
potential) do not assume LEDs are baseline in our model.

Conservative adjustments have already been made to power
strips to reduce savings 50%. We continue to include applianc
recycling in the PG study. Past failure of implementers is not
indication of fuure potential. The PG study uses market data
and stock turnover algorithms to come to the conclusion that
there are still secondary appliances in the market that could bt
targetedfor recycling.

Res whole building savings were reduced to account for the sl
to LED baseline.

Study has been updated to assume LEDs without integrated
controls are the baseline in all residential lamp grid-based
fixture applications. Linear lamps (a very small amount of sav
potential) do not assume LEDs are baseline in our model.

Study has been updateto assume LEDs without integrated
controls are the baseline in all residential lamp and pin based
fixture applications. Linear lamps (a very small amount of sav
potential) do not assume LEDs are baseline in our model.

©2019 Navigant Consulting, Inc.
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Topic
Area Party Summary of Issue
Res/Com PAO remove applianceecycling

The study authors should ensure that incremental costs applied for all meast
are consistent in meaning. As it stands, the incremental costs for a subset of
measures rpresents the incremental cost of solely efficiency increase while
others represent the full difference in measure price. This difference in
incremental cost meaning results in the potential model incorrectly favoring
some measures over the other. Moreovéte study authors should critically
examine which incremental costcost of efficiency increase or total incremente
cost¢ should drive measure adoption.

Res/Com NRDC

Res/Com, 2iv. Revaluateneasure level savings of mining and {meome to make P/E

AIMS SCE ratios more consistent with actual program savings.
Res/Com, SCE 2a.Use 2019/2020 DEER and 10U workpaper cost data, not the cited "Califol
AIMS Measure Cost Study (2012)"

Navigant Response

We continue to include appliance recycling in the PG study. F
failure of implementers is not an indication of future potential.
The PG study uses market data and stock turnover algorithms
come to the conclusion that there are still secamng appliances
in the market that could béargetedfor recycling.

Cost data is sourced from DEER, workpapers, and CPUC/Itrol
measure cost study from 2012. In manpea DEERcorporates
data from the Itron study. Its not in our scope to scrutinize the
validity of incremental cost data but rather to accept CPUC
produced data as approved for use in planning/forecasting
efforts.

Navigant updated data in response to this comment using EE:
program data from 136 to calculate a revised P/E ratio.

For Res/Com measures the majority of data for Cost in DEER
comes from the Itron cost study (2012) unless they have been
updated by workpapers. For AIMS, ex@ calculating the $/kWh
consumed. Workpapers and DEER are based on a $/widget. 1
is insufficient data to convert this without some gross
assumptions.
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