STATE OF CALIFORNIA
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505 VAN NESS AVENUE
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Advice Letter, PG&E 3698-G-A/4813-E-A

Erik Jacobson
Director, Regulatory Relations
c/o Megan Lawson
Pacific Gas and Electric Company
77 Beale Street, Mail Code B10C
P.O. Box 770000
San Francisco, California 94177
Subject: Disposition approving Advice Letter 3698-G-A/4813-E-A, PG&E’s Residential Pay for
Performance Program, as a High Opportunity Program
Dear Erik,
The Commission Staff in Energy Division (ED) has determined that Pacific Gas and Electric Company’s Advice
Letter 3698-G-A/4813-E-A is approved as supplemented on May 6, 2016. The Tier 1 Advice Letter is effective on
the date PG&E timely filed it, May 31, 2016.
Commission Staff in Energy Division reviewed the proposal using the Review Sheet provided in Attachment 2.
On April 14, 2016, The Utility Reform Network (TURN), Home Energy Analytics (HEA), and Energy First filed
comments on the Advice Letter.
Attachment 1 contains a detailed discussion of the comments, reviewer feedback, and the Commission Staff’s
determination that the Advice Letter is compliant with the December 2015 Assigned Commissioner and
Administrative Law Judge’s Ruling Regarding High Opportunity Energy Efficiency Programs or Projects.
Attachment 2 contains the review sheet that documents concerns and PG&E responses.
Please contact Carmen Best of the Energy Division management at, carmen.best@cpuc.ca.gov if you have any
questions.
Sincerely,

Edward Randolph
Director, Energy Division
Cc: Service list R.13-11-005
Pete Skala, Energy Division
Carmen Best, Energy Division

ATTACHMENT 1 Background, Discussion, and Conclusions
I.

Background

On March 25, 2016, Pacific Gas and Electric (PG&E) filed a Tier 1 Advice Letter consistent with the December
30, 2015, “Assigned Commissioner and Administrative Law Judge’s Ruling Regarding High Opportunity Energy
Efficiency Programs Or Projects” (HOPP). PG&E proposed a residential pay for performance program as a
residential sub-program that is based on a proposal that the Natural Resources Defense Council shared in Phase II
of R13-11-005, through workshop comments. The intent of the proposed residential sub-program is to scale
residential retrofits while minimizing costs. The proposal seeks to include market actors such as loan providers,
thermostat vendors, and contractors. PG&E proposes to select aggregators through a competitive process, who
will create a portfolio of customers and offer energy saving interventions. Aggregators will be paid for gross
energy savings, which will be determined based on pre and post analysis of weather normalized metered energy
consumption. Gross savings will be measured using a process that is currently being developed, called CalTrack.
PG&E proposes to pay each aggregator a set rate per kWh and therm based on their gross portfolio savings.
PG&E proposes a two-year initial enrollment period, and to pay aggregators for their performance one and two
years after interventions occur. PG&E proposes to offer an additional incentive for net savings. PG&E requests a
$ 6 million budget for program with the majority, $5 million, set aside for incentives.
On April 14, 2015, Efficiency First filed comments on PG&E’s proposal. Efficiency First indicated that it strongly
supports PG&E’s proposal and requested that the CPUC approve it. The organization highlighted several strengths
of the proposal such as: the program is designed to reward high quality work; actual energy savings can be used to
improve best practices; the program will streamline administrative costs, and simplify evaluation, measurement
and verification (EM&V). Furthermore, Efficiency First suggests that by aligning savings on risk on savings with
aggregators, the market could self-regulate itself, and the proposal could lead to new and innovative business
models.
TURN also filed comments on 2016 PG&E’s proposal on April 14, 2016. TURN expressed support for the
proposal, but also made four requests. Specifically, TURN requested that aggregators should be required to
demonstrate proof of compliance with permit requirements. TURN also requested that evaluations should use the
same amount of rigor as the Home Upgrade program evaluation to avoid double-counting savings when customers
participate in more than one program. TURN requested that CPUC not authorize the incentive levels that PG&E
proposed in the initial filing, but instead create a process for PG&E to present justification for the incentive levels
to stakeholders, and allow opportunities for stakeholder input that could lead to PG&E revising the incentives.
Finally, TURN suggested that the Total Resource Cost test (TRC) should not be used as a measure to determine the
cost of the program, and instead the participant cost test should be used.
HEA filed a protest on April 14, 2016. HEA noted that it is interested in understanding how to participate in the
pilot, and what opportunities exist for small companies to participate.
In order to determine if the proposal was consistent with the requirements laid out in the December Ruling, the
Commission staff worked with its consultants and completed a Review Process that was shared with the Service
List to R-13-11-005 on March 3, 2016. Commission staff had already informed PG&E that the proposal contained
enough information to satisfy the initial review on April 4, 2016. After a more thorough review the Commission’s
review team sent a review sheet to the utility with feedback on the proposal based on the requirements. The utility
and review team also had two telephone calls with the utility to discuss issues that the proposal raised, and what
was necessary to meet the December Ruling requirements. PG&E sent responses to the comments, which served as
a pre-cursor to revising the proposal. The Review Sheet with Reviewer comments and PG&E’s responses is in
Attachment B. The Commission staff requested that the utility file a supplemental advice letter to address
stakeholder comments, and outstanding concerns. PG&E filed the supplemental on May 6, 2016.
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II.

Discussion and Conclusions of HOPP proposal requirements
1. Principles of HOPPS and General Program Description
The December Ruling summarized that in principle high opportunity programs should focus on activities
that are newly permissible as a result of AB 802, and strive to reach stranded potential to achieve energy
savings. Additionally, the ruling established a requirement that a proposal must include a program
description.
In its protest, TURN requested that the program should additionally require aggregators to demonstrate
proof of compliance with permit requirements. This recommendation has implications far beyond PG&E’s
HOPPs proposal. There are other utility programs that include measures that require permits, but the
current program rules do not require implementers to demonstrate proof of compliance. The CPUC will
not use the advice letter process to set policy in this area. PG&E should adhere to existing rules and
practices. If at some point during the implementation of this HOPPs program, the CPUC or the legislature
changes policy and regulations around this topic, the revised regulations would apply to all programs
including the HOPPs program, and PG&E would be required to adjust its practices.
2. Measure Treatment
Per the December Ruling, proposals must describe measures and end uses that will be addressed by the
program.
PG&E’s supplemental filing adequately addresses outstanding concerns and meets the requirements of the
December Ruling. Remaining concerns are itemized in the review sheet attached to this disposition letter.
Several details on measures and end uses are deferred to the RFP and M&V stages. Aggregators will detail
this in proposals and M&V will require surveys where data on critical information are insufficient. Primary
issues are tracking replace on burnout, fuel switching, and non-IOU intervention overlap (PACE, etc.).
3. Savings Calculation Methods
Proposals must describe savings calculation methods and provide access to models used for addressing
normalized, metered energy consumption
PG&E’s supplemental filing describes calculation methods and will provide access to models used.
The calculation methods for gross savings and net savings are included in the proposal and have been
discussed by the program team, evaluators and reviewers. Since the program is using a normalized
metered energy consumption approach, more detail is provided in section 5.
The proposal distinguishes between savings calculation methods that are intended to be used for the
incentives and additional methods that will be used for the savings claimed to the Commission to account
for the effect of the program intervention (a.k.a. net savings).
At this time, the primary concern of the Commission’s review team is that the proposed savings
calculation method for gross savings may allow for substantial savings calculation error. Econometric
modeling methods that are well-established for use at a program aggregate level with a comparison group.
However, in the proposed residential pay for performance program the method will be applied to program
subsets (aggregators) without a comparison group. Possible measurement errors can be either positive or
negative. Positive errors will over-estimate savings, over-paying for aggregator services. Negative errors
will mean aggregators are not paid for savings that actually occurred. The residential pay for performance
program plans to use CalTrack, which began with a different use case of comparing billing analyses to
Home Upgrade program simulation tools. While the CalTrack working group has begun addressing both
use cases and Commission reviewers and other members of the group have strongly advocated for
comparison groups, CalTrack is currently intended to compute estimates without comparison groups for
the Home Upgrade use case. Therefore clarification may be required in the final implementation strategy
that the pay for performance program will use the methods in CalTrack with comparison group rather than
generic references.
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The primary concerns of the review team are documented in the review sheet under normalized metered
energy consumption (page 7-10). Since decisions about the final methods for net claimed savings are
dependent on some key aspects of the program and the tools for gross savings calculation still in
development, they will need to be addressed in the Request for Proposals and measurement and
verification stages of the program development. Commission staff expects to be involved in reviewing
more detailed methods in collaboration with the program design team.
Another concern stated in more detail in the review sheet, and which will need to be resolved in the
measurement and verification stages, is the ability for measurement and verification to address the issue of
savings estimates in the context that the pay for performance program will be coincident with PACE
financing and customers will have choices between full programs such as Home Upgrade and the pay for
performance program. The theory is that aggregators may continue business as usual, but the pay for
performance program will allow for increased volume of current activities. The savings of the business as
usual activities may be estimated, but the pilot is not of a scale to reliably determine if this mechanism will
allow increases in volume that would not occur otherwise or if they will simply provide additional margin
to the aggregator.
With these recommendations, Commission staff approves the preliminary savings calculation methods as
proposed in the supplemental filing with the expectation of further review in the request for proposal and
measurement and verification phases of the program development and execution.

4. Incentive Design
Proposals must 1) provide the basis and rationale for payment structure including how the structure
mitigates the risk that potential upfront payments do not overrun the value of the realized savings, 2)
identify the estimated capital costs and what portions of costs are to be borne by ratepayer and by
implementer, 3) describe the terms and schedule of the incentive including true up over time, and 4)
describe the long term tracking and reporting strategy for sustained savings with ongoing feedback.
Comments On The Proposed Incentives
In its original advice filing, PG&E proposed to pay $0.80/kWh and $1.80/therm, and then an additional 510 percent for net savings. In its comments TURN noted that PG&E did not provide a basis or justification
for these incentive levels. TURN requested that PG&E create an opportunity to share its justification with
stakeholders, as well as allow stakeholders to provide input for the utility to consider.
Commission staff agrees that it is necessary to provide clear justification for the incentives, and consider
feedback from stakeholders. PG&E’s proposed incentive levels are roughly four times greater than the
retail rate for residential electricity and only two times greater than the gas retail rate. In contrast, energy
efficiency gas projects are often more expensive than electric projects. Incentive levels should also
consider avoided costs and a factor that weights the expected useful life of the equipment that is installed.
Another factor worth considering is the impact on greenhouse gases. 100 percent of gas is a fossil fuel,
whereas electricity is sourced from 60-70 percent fossil fuels. PG&E should explain how these details are
being incorporated into its calculations to determine the incentive levels.
PG&E’s supplemental filing added a workshop process to discuss incentive levels with stakeholders.
PG&E clarified that the workshops will take place so that the utility can consider stakeholder input before
drafting its implementation plan (IP) for the program. We expect that PG&E’s workshops will include
discussion on the issues raised above: retail costs; expected useful life of equipment; greenhouse gas
emissions; and a discussion of whether the payment for net savings should be larger; as well as any other
issues that stakeholders think should be considered. PG&E’s proposal to reassess incentive levels and
make a final determination after discussing them with stakeholders is accepted.
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Risks Associated with the Proposed Incentive Design and Evaluation of Savings
One of the greatest risks of this proposed program is whether there are enough checks and balances in
place to prevent aggregators from focusing on replacing burned-out equipment (such as a broken air
conditioner) or on customers that are expecting considerable behavioral changes to their homes, (such as a
high school senior going off to college). In both instances the energy savings would be measurable, but
savings would be the result of actions that would occur regardless of whether this program existed. Both
the aggregator and the utility could use these free riders to 1) receive aggregator payments and 2) to claim
savings for utility shareholders at the expense of ratepayer dollars.
While these scenarios could provide substantial savings/payments for aggregators, the subsequent
evaluation will be challenged to fully assess the appropriateness of the awards. A quasi-experimental
design will not necessarily inform the appropriate baseline for customers, or effectively identify free riders.
As a result, we support PG&E’s proposal to include self-report surveys, which would enable customers to
indicate if they replaced burned out equipment or had changes to their lifestyle that resulted in energy
savings, but we also encourage use of multiple methods to track and report back on these issues in this
phase of piloting.
In addition to the risk that the EM&V methods do not adequately catch free riders, there is also a risk in an
incentive design which provides payment for gross savings, before it has been determined if a participant
was a free rider. Once net to gross savings are calculated, PG&E has proposed an additional payment
based on net savings to incentivize the aggregators to seek out customers that generate net, rather than
gross savings. However, aggregators will have already received a larger payment for capturing gross
savings, so there is potential that a payment based on net savings will not be a sufficient incentive to keep
aggregators from gaming the program.
As stated above, in PG&E’s supplemental filing, the utility confirmed that it will reconsider the incentive
structure with stakeholder input, and the CPUC expects the utility to include the design of the payments for
net savings in these discussions. Additionally, in its supplemental filing, PG&E described if evaluation
results demonstrate that aggregators are gaming the program, by targeting free riders, the aggregator will
be removed from the program. The review team agrees that this is essential but may be difficult to detect
and expectations should be clear up front.
While these three practices (1. including self- reporting surveys, 2. reconsidering payment for net savings,
and 3. removing aggregators from the program), will increase the ability to identify aggregators that target
free-riders, and could potentially discourage the practice, Commission staff recognizes that the risks have
not been completely abated. Commission staff notes that PG&E proposes an initial enrollment period of
two years. One of the advantages of a HOPPs program is that it is required to include on-going
measurement and verification (M&V). The utility and stakeholders should take advantage of the data that
will be provided through this M&V process to monitor red flags. There should be an opportunity to
address red flags and influence program improvements after the initial enrollment period and before the
program moves forward.
With these recommendations, Commission staff approves the program incentive structure as proposed in
the supplemental filing with amounts to be submitted in the PIP and subject to public review.
5. Normalized Metered Energy Consumption and Type of Program
Proposals must document the methods for normalizing data. The models to normalize the data should use
recognized, transparent tools, and methods that are repeatable, and reviewable. Additionally, proposals
for non-residential programs must explain the link between the meter or meters and building that is
acceptable for projects in the program. Programs must include a minimum of 1 year of post-intervention
data for retrofits, and a minimum 3 years of post-intervention data for behavioral, retrofit, or operations
projects.
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PG&E explained in its Advice Letter that it will use CalTrack to normalize project data. PG&E clarified
in its supplemental filing that CalTrack is a set of standards, protocols and methodologies for software.
The process to develop CalTrack was established for the Advanced Home Upgrade program for the
purposes of calibrating and monitoring the accuracy of the modeling tools used in the residential retrofit
program. CPUC decision D 12-05-015 provided the guidance to develop the CalTrack process. The
decision also clarified that Commission staff had the discretion to share recommendations about the
standards and protocols with the service list, and consider stakeholder feedback. PG&E will have the
flexibility to select which software it will use once the CalTrack working group has agreed on the
standards and protocols.
The CalTrack approach will be the basis for the savings calculations discussed in section 3. The concern
about the potential for measurement error discussed in section 3 is a direct comment about the CalTrack
models, but rather how those models intended for a comparison to simulation tools used in Home Upgrade
are proposed to be applied for the pay for performance program use case. The transition of the tool for this
use case will need to be addressed in the CalTrack working group and in finalizing the measurement and
verification for this program.
There could be risks in approving a program that proposes to use a standard that is still being agreed upon.
However, the CalTrack process is a transparent process involving experts in Evaluation, Measurement, and
Verification (EM&V); and software development. It also includes participants from the government
agencies that identified the need for this process. Additionally, as noted above the CPUC has the authority
to more thoroughly vet the standards once the working group submits its recommendations. Finally, while
the utility will choose one software product to adhere to the CalTrack standards, the CPUC will have its
own EM&V process, contractor, and tools to confirm the accuracy of the utilities results, and can make
recommendations to adjust or improve the programs measurement and verification practices. Due to the
reasons stated above, PG&E’s proposal to use the methods developed through CalTrack are accepted as a
basis for incentive payment but use for savings claims has a few issues to resolve as noted.
6. Threshold for Expected Savings
Proposals must include a description of the expected saving from the proposed program or project
intervention, and literature or data to support that demonstrate the expected impacts and certainty of the
estimates.
PG&E’s supplemental filing adequately addresses outstanding concerns and meets the requirements of the
December Ruling. Of note, the expected electric savings are still relatively small (3%-6%) and gas savings
are significant (16%). PG&E did not fully address the issue of measuring savings on the order of 3-6%
using a billing analysis by aggregator in the pilot where the total number of homes may be small and thus
error bounds may be greater than the savings estimates.
7. Baseline Adjustments
The proposal must 1) document the baseline assumptions and strategy for collecting necessary
information, 2) describe how normalization methods capture (or not) baseline assumptions, and 3)
describe the methods that will be used to adjust the baseline for non-routine adjustments.
PG&E’s supplemental filing adequately addresses outstanding concerns and meets the requirements of the
December Ruling, but several issues will need to be resolved in the course of implementation.
A primary remaining concern is the ability for measurement and verification to address the issue of savings
estimates in the context that the residential pay for performance program will be offered coincident with
PACE financing. Customers will have choices between full programs such as Home Upgrade and the
residential pay for performance program. The theory is that aggregators like PACE may continue business
as usual, but residential pay for performance will allow for increased volume of current activities.
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The savings of the business as usual activities may be estimated, but the pilot is not of a scale to reliably
determine if this mechanism will allow increases in volume that would not occur otherwise or if they will
simply provide additional margin to the aggregator.
Additional concerns of the review team, which are documented in the review sheet and responses, will
need to be addressed in the RFP and M&V stages. The program must track key information related to
equipment replacement (ROB) and permitting (TURN comments) to enable assessment of the programs
effects. The implication is additional surveys to address not only free ridership, but tracking basic
characterization data that is available for traditional programs.

8. Application of Behavioral, Operational and Retro-commissioning activities (BROs)
If the program will include BROs, then the proposal must identify that there will be training and
maintenance components included in the program. If the program will include behavior and operational
activities, then the program must demonstrate multiyear savings.
PG&E’s supplemental filing adequately addresses outstanding concerns and meets the requirements of the
December Ruling.
Conclusion
For the reasons stated above, and the details and caveats outlined in the review sheet and supplemental
filing this proposal is approved. Commission staff expects to continue collaboration with PG&E and the
review team in resolving issues in the RFP and M&V stages of the program.
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Erik Jacobson
Director
Regulatory Relations

Pacific Gas and Electric Company
77 Beale St., Mail Code B10C
P.O. Box 770000
San Francisco, CA 94177
Fax: 415-973-7226

May 6, 2016

Advice 3698-G-A/4813-E-A
(Pacific Gas and Electric Company ID U 39 M)

Public Utilities Commission of the State of California
Subject:

Supplemental: Submission of High Opportunity Projects and
Programs (HOPPs) Proposal - Residential Pay-for-Performance
Program

Purpose
At the request of the California Public Utilities Commission (Commission or CPUC)
Energy Division staff and pursuant to CPUC General Order 96-B Rule 7.5.1, Pacific Gas
and Electric Company (PG&E) tenders this supplemental submission to supersede
Advice 3698-G/4813-E in its entirety. The purpose of this Advice Letter (AL) is to submit
a proposal to the Commission to operate High Opportunity Projects and Programs
(HOPPs) in compliance with the December 30, 2015 “Assigned Commissioner and
Administrative Law Judge’s Ruling Regarding High Opportunity Energy Efficiency
Programs and Projects” (ACR). The ACR allows Program Administrators (PAs) to
submit proposals for High Opportunity Programs to the Commission for expedited
review, specifically, to the Commission’s Energy Division via Tier 1 Advice Letters.
(ACR, Paragraphs 1 and 2.)
PG&E plans to launch the Residential Pay for Performance (P4P) sub-program as a
HOPP offering under the existing Residential Program. As explained below, the P4P
program meets all of the requirements for HOPPs set forth in the ACR. Pursuant to
Rule 5.1 of the Energy Industry Rules within General Order 96-B, PG&E designates this
Tier 1 Advice Letter as effective pending disposition by the Energy Division. PG&E
requests approval to be effective no later than April 15, 2016.
Background
On October 8, 2015, the Legislature enacted Assembly Bill (AB) 802, which amended
Section 381.2 of the Public Utilities Code. New subsection (b) requires the Commission
to authorize, by September 2016, electrical corporations or gas corporations to provide
financial incentives, among other things, to increase the energy efficiency of existing
buildings based on the reduction of metered energy consumption as a measure of
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energy savings. New subsection (c) states that “Effective January 1, 2016, electrical
corporations and gas corporations are authorized to implement the provisions of
subdivision (b) for high opportunity projects or programs.” The idea behind HOPPs is to
identify “high opportunity” interventions clearly within the ambit of legislative direction
before the Commission adopts a comprehensive program to provide incentives to
improve the energy efficiency of existing buildings.
On October 30, 2015, the assigned Commissioner and Administrative Law Judge (ALJ)
issued their scoping memorandum regarding energy efficiency “Rolling Portfolios” and
established a process specifically for addressing “high opportunity programs or
projects,” along with other aspects of AB 802.1
The ACR provides minimum standards for the development and implementation of
HOPPs.2 HOPPs may be funded from unspent funds in existing programs. There are
no minimum requirement for expected savings for HOPPs. HOPPs may feature a
variety of incentive structures, so long as the payment strategy reflect an accurate
valutation of the savings. All HOPPs must incorporate a measurement and verification
(M&V) plan, including the M&V protocols set out in the ACR. A key feature is that
HOPPs proposals should emphasize measurement of the effects of interventions as
detailed in Attachment A of the Ruling.
PAs are authorized to submit High Opportunity Program proposals with the
documentation and specifications listed in the ACR. High Opportunity Project proposals
are to be submitted through the CPUC Energy Division’s existing Custom Measure and
Project Archive (CMPA) system.
This advice letter provides all of the material needed to meet the PA filing requirements,
and addresses all the ACR’s preferred principles of HOPP program design. That is,
PG&E’s HOPP:
(1) focuses on existing buildings,
(2) draws upon input from a diverse stakeholder group, the EM&V results and
lessons learned from a similar offering, and best practice EM&V methods,
and
(3) focuses on energy efficiency activities that are newly permissible under the
statutory changes by considering all energy efficiency achievements, as
measured at the customer’s meter, and by using a new intervention strategy
and savings measurement regime.

1

“Assigned Commissioner and Administrative Law Judge's Ruling and Amended Scoping
Memorandum Regarding Implementation of Energy Efficiency ‘Rolling Portfolios’ (Phases IIB
and IIIA of R.13-11-005)” (Phase IIB/IIIA scoping memo).
2
ACR, Paragraph 5.
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PG&E’s HOPP proposal includes monthly program milestones that should lead to the
enrollment of residential customers in September 2016, assuming that advice letter
review and approval occur pursuant to the ACR’s procedure for review.

Program Proposal
The residential P4P program proposal is summarized in Table 1 below. A detailed
description of the P4P program is provided in Attachment A. The EM&V Plan for
claiming energy savings is provided in Attachment B.
Table 1
Program
Name:

Residential Pay-for-Performance

Proposal
Type:

High Opportunity Program

Sector:

Residential

Brief
Description:

Pacific Gas and Electric Company (PG&E) will offer a residential Pay-for-Performance
(P4P) program based on a model originally described in Natural Resources Defense
Council (NRDC)’s Phase II Workshop 3 comments, which was supported by PG&E
and other stakeholders. Building off of NRDC’s proposal, PG&E has worked with a
broad stakeholder group to develop a framework intended to build a platform for
scalable residential retrofits while minimizing administrative and implementation costs.
This model seeks to more fully engage existing market actors like Property Accessed
Clean Energy (PACE) loan providers, smart thermostat vendors, vertically integrated
contractors, program implementers, and other businesses to advance and scale
residential retrofits.
This program will begin in 2016 with an initial enrollment period (IEP) of 2 years and
annual incentive payments to Aggregator(s) one and two years after the initial
interventions are performed. Aggregators are parties responsible for managing a
portfolio consisting of numerous residential homes that receive energy efficiency
interventions in an effort to maximize energy savings from those sites. The IEP will
serve as an assessment period for the initial incentive design and evaluation
strategies, during which PG&E will select several Aggregators through a competitive
solicitation. The Aggregators will work directly with residential customers and
contractors to achieve energy savings through retrofits in addition to operational
and/or behavioral interventions.
Aggregator payments will be determined based on gross energy savings through a
PG&E facilitated weather normalized pre/post analysis of each participating
customer’s metered energy consumption. This measurement will be conducted
through the CalTRACK system, a data analysis process which is under development
with broad stakeholder input to provide a consistent measurement process across the
state. The final details of the CalTRACK process will be submitted via a Program
Implementation Plan (PIP) Addendum later in 2016, prior to the start of the IEP.
Through this process, each home’s usage will be measured individually and then
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added together to determine the aggregator’s total portfolio performance. PG&E will
pay each aggregator a set rate per therm and kWh based on their gross portfolio
savings. PG&E will create and host a dashboard to display the performance of each
portfolio of projects undertaken to increase market visibility into residential energy
savings.
The goal is to start with a simplified flat payment structure focused on gross savings.
However once we establish the framework for this program, it can be expanded to
emphasize other regional or state priorities such as locational savings, specific
measures, time of use, and net savings. An additional incentive will be offered to
aggregators for net savings during the IEP in order to promote management of this
metric. While this additional incentive will be minimal for the purposes of initial
enrollment, we intend for it to guide the market to focus on attainment of net savings.
The early results of the IEP will help provide deeper insights into savings per measure
and customer type and enable more sophisticated program metrics, allowing the
further monetization of energy efficiency measures in the market. Future enrollment
periods would be informed by this effort and include a price discovery mechanism to
ensure the best value for rate payers. Additional discussion and further program
details can be found in Attachment A.
Incentive
Design:

PG&E will pay each Aggregator a set rate per therm and kWh for their delivered
weather normalized gross portfolio savings (“payable savings”). Aggregators will be
paid in two partial payments: one and two years post intervention; no up front
payments will be made. An additional incentive will be offered to aggregators for net
savings in order to promote management of this metric that follows the same
cadence.

Measure
Treatment:

Multiple measures; primarily retrofits such as heating, ventilation and air conditioning
(HVAC) and insulation, also includes behavioral and operational measures.

Measurement
technique:

Utilize CalTRACK, which is described in more detail in Attachment A, to perform
pre/post intervention analysis of weather normalized metered consumption to
determine gross payable savings.

EM&V
methodology:

Pre/post intervention analysis of participant’s metered energy consumption compared
to a matched pair control group through a quasi-experimental design approach. This
methodology is described in more detail in Attachment B.

Proposed
Budget:

2 years, $6M ($5M incentives) with the option to expand based on first year results.

Budget
source(s):

Residential Energy Efficiency Programs

PG&E
contact(s):

Primary Contact: Halley Fitzpatrick (hdf2@pge.com)
Program Lead: Leif Magnuson (l3mz@pge.com)
Policy Lead: Kate George (KEG9@pge.com)
EM&V Lead: Brian Smith (B2SG@pge.com)
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Protests
Pursuant to CPUC General Order 96-B, Rule 7.5.1, PG&E hereby requests no
extension of the original protest period.
Effective Date
Pursuant to CPUC General Order 96-B, Rule 7.5.1, PG&E requests that this Tier 1
advice filing become effective on April 15, 2016 as originally reuquested.
Notice
In accordance with General Order 96-B, Section IV, a copy of this advice letter is being
sent electronically and via U.S. mail to parties shown on the attached list and the parties
on the service list for R.13-11-005. Address changes to the General Order 96-B service
list should be directed to PG&E at email address PGETariffs@pge.com. For changes to
any other service list, please contact the Commission’s Process Office at (415) 7032021 or at Process_Office@cpuc.ca.gov.
Send all electronic approvals to
PGETariffs@pge.com. Advice letter filings can also be accessed electronically at:
http://www.pge.com/tariffs/.

/S/
Erik Jacobson
Director, Regulatory Relations
Attachments:
Attachment A – Detailed Proposal for High Opportunity Program - Residential Pay for
Performance, dated May 6, 2016
Attachment B – Evaluation, Measurement and Verification Plan for the PG&E
Residential Pay-for-Performance Program: Claimed Savings, dated
May 6, 2016

cc:

Service List R.13-11-005
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P.O. Box 770000
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Attachment A: Detailed Proposal for High
Opportunity Program – Residential Pay for
Performance
Section 1: General Program Description
Overview:
PG&E’s Residential Pay-for-Performance (P4P) Program seeks to develop a scalable model for
residential retrofits that leverages rapidly emerging market actors and products while minimizing
administrative and implementation costs1. There are several improvements over our existing
Home Upgrade program that this new P4P program design offers. The current Home Upgrade
program uses a traditional Program Administrator implementer model with participating
contractors and customer incentives based on a limited set of allowable measures. PG&E’s P4P
offering allows participation by more market actors and a high level of flexibility for them to
choose the services and products that customers want and that achieve reduced energy
consumption. Further, the current Home Upgrade program pays incentives based on predicted
or deemed savings, which puts rate payer funding at risk when the savings don’t materialize.
The goal of the P4P approach is to limit ratepayer risk by paying incentives only for energy
savings that materialize at the meter.
After regulatory approval of this proposal, PG&E will hold a competitive solicitation for the Initial
Enrollment Period (IEP) which will be overseen by a Peer Review Group (PRG) of nonfinancially interested parties to help ensure oversight and transparency of the competitive
request for proposal (RFP) process. The RFP will seek out parties referred to as “Aggregators”
who will either directly or through a network of contractors perform energy efficiency
interventions in customers’ homes with the goal of maximizing measureable savings.
Aggregators may consist of existing energy efficiency market participants, such as Property
Accessed Clean Energy (PACE) loan providers, smart thermostat vendors, vertically integrated
contractors, program implementers or new entrants to the California market. These Aggregators
will compete for funding through Power Savings Agreements (PSA); we anticipate multiple bids
allowing us to test different approaches, geographies and measure mixes.
The P4P program is not designed to dictate how Aggregators will work with customers. We will
know specifically how the Aggregators will work with customers after proposals have been
submitted. For existing programs already in the market, such as PACE and other EE loan
products, as well as for new programs and other market participants, we anticipate that
Aggregators will aim their offerings toward customers with the greatest savings potential and try
1

Examples of emerging market actors and products are PACE and other energy efficiency loans, Home Area
Networks, smart thermostats and behavioral feedback devices and methods.
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to sell comprehensive upgrades or packages of behavioral, retrofit and operational measures
(BROs) that have the highest potential for energy savings. Further, it is anticipated that
Aggregators will use incentive payments available from energy efficiency measures in several
ways, including, but not limited to:
 Offering price discounts to customers for measures installed and/or discounts on loan
processing fees,
 Offering incentives to contractors,
 Offering increased efficiency and/or improved quality of installed measures,
and
 Enhancing marketing and/or hiring more sales staff to acquire new customers.
An initial incentive budget of up to $5M will be allocated among qualified Aggregators who are
selected based on criteria defined in the RFP protocol. PG&E will only pay for kWh and therm
consumption reductions achieved by each Aggregator on a portfolio basis. This method reduces
risk and costs by not paying for individual homes in the portfolio which have neutral or negative
savings. Payments will be made annually one and two years after the initial intervention based
on an Aggregator’s total portfolio weather normalized metered savings during the 12-month
period in each payment cycle. Performance is measured based on weather normalized energy
consumption data obtained through PG&E’s advanced metering infrastructure (AMI) and
collected 12 months before and after interventions are performed. The AMI metered data
reflects the consumption for the whole house; customers with multiple meters for one house will
not be allowed to participate. Additional incentive payments (“kickers”) are provided to
Aggregators that demonstrate net savings measured through the evaluation methodology
detailed in Attachment B.
PG&E believes that energy efficiency incentives should be reconfigured to boost energy savings
from existing and emerging market participants’ services and to optimize the deployment of new
energy efficient products. Currently, these market actors either do not benefit directly from the
energy savings they help their customers achieve or they are employing product solutions that
do not maximize the energy savings their customers can achieve. This program will give these
market actors a reason to focus on comprehensive projects and the persistence of energy
savings by paying them directly for every kWh and therm they reduce. It will ensure
maximization of customer trigger points and expenditures to improve the efficiency of existing
residential buildings. Further, it will prepare market participants to successfully bid into future
PG&E energy efficiency solicitations by increasing their knowledge of what energy savings their
interventions will achieve, and at what cost.
PG&E will continually assess the progress of the portfolios during the IEP, which is expected to
conclude after all performance measurements have been made, approximately 48 months after
the initiation of the PSAs. If success milestones are achieved, additional funding may be made
available to the successful portfolio. If the current program design does not achieve its goals, or
the IEP yields lessons to improve the program structure, PG&E will issue a second enrollment
period with modified requirements.
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Affected Parties’ Benefits and Risks Overview:
Below, we evaluate the potential risks and benefits to ratepayers, program participants,
Aggregators and PG&E.
Ratepayers
The principal risk to ratepayers is the potential for high upfront payments for the EE savings but
after evaluation, a low percentage of those savings can be attributed to the program. A principal
benefit to ratepayers is that this program offers a new, potentially more cost effective and
scalable path to attain energy savings from home energy upgrades.
PG&E will seek to limit this risk to the ratepayers by selecting for optimal projects via the RFP
scoring criteria and to prevent potential “gaming” through our on-going process evaluations and
final program evaluations. Aggregators’ proposals will be evaluated on the strength of their
proposals with regard to what specific ways they plan to modify or enhance their existing
offerings (if applicable) to drive greater savings either via achieving deeper energy savings per
home and/or enhanced customer recruitment to increase energy savings. Aggregators will be
paid only for savings achieved. If there are no savings, there are no payments, which limits the
risk of poor Aggregator performance to ratepayers. The $5M cap for the IEP further limits overall
ratepayer risk. Finally, if PG&E’s process evaluation findings indicate that the Aggregator is
intentionally targeting equipment replace on burnout projects, they will be removed from the
program. EM&V methods will include self-report methods, so that customers can self-report if
they were replacing burned out equipment.
Program Participants
The potential risk to participating customers of not achieving the energy savings benefits
promised or implied by the Aggregators’ offering is mitigated by rewarding Aggregators based
solely on delivered savings over a period of two years, as opposed to estimated savings before
a project is complete, as is the case with the current Home Upgrade program. Further
participating customer risks and benefits will vary by Aggregator. While competing Aggregator
offerings could cause some customer confusion, customers should get access to a greater
variety of valuable products and services to meet their specific needs. The energy savings focus
of the offering is intended to help customers better meet their energy savings goals. PG&E will
emphasize comprehensive interventions that lead to persistent energy savings in the RFP
scoring criteria. Including behavioral strategies along with building shell and HVAC upgrades is
an example of comprehensiveness.
Aggregators
Perhaps the greatest potential risk for Aggregators is that the program may be more expensive
to implement than the compensation they receive. Aggregators will have implementation costs
like contractor recruitment, screening and training; job processing; customer marketing and
assistance; QA/QC, etc. In addition, Aggregators are compensated only for savings. To date,
many Aggregators have little prior data they can rely on to estimate the actual savings they can
expect. To help mitigate the potential low savings risk, PG&E is allowing Aggregators to achieve
savings from all BROs – this kind of flexibility has never been offered in PG&E’s residential EE
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programs before. Also, Aggregators will receive regular energy savings feedback via the
CalTRACK system, which is described in the “Payment and Savings Calculation Methods
Overview” section below. Should the savings in their portfolio be lower than expected, they can
re-intervene with their customers at any time to increase their energy savings. Aggregators will
receive two performance payments from PG&E to motivate Aggregators and drive greater
customer energy savings. Participation in the program will allow Aggregators to obtain data on
which interventions and customers achieve the greatest energy savings. If they are successful,
the future benefit to Aggregators is that they may have established the parameters for providing
an energy efficiency product to count as a demand-side resource.
Another risk for Aggregators is the potential disruption to their current business models should
the program requirements prove too onerous. PG&E will attempt to keep program requirements
to the minimum needed to protect the customer’s health, safety and privacy; meet regulatory
requirements and ensure appropriate PG&E affiliation. For the IEP, PG&E plans to determine
payable savings based on simple pre/post weather normalized meter data, limiting the
Aggregators’ risk from uncertain or potentially opaque future energy savings evaluation
methods.
PG&E
The risk to PG&E is that we might only be able to claim a small portion of the savings we paid
for, lowering the TRC and jeopardizing portfolio cost-effectiveness.
The risks and benefits to all parties are part of what the IEP is designed to ascertain. During the
IEP, Aggregators and PG&E will learn what interventions and customers get measureable
savings. The evaluation will determine whether the program achieved net savings benefits and
strong or weak claimable savings. We are limiting the program budget to $5M to limit ratepayer
and PG&E risk.
Payment and Savings Calculation Methods Overview:
The energy savings and associated performance payments will be made based on measured
weather normalized usage reduction using the CalTRACK system. CalTRACK is the name that
has been adopted to describe the pre/post intervention energy usage data analysis method and
process that is currently under joint development by the California Energy Commission (CEC),
the California Public Utilities Commission (CPUC), and the Investor-owned Utilities (IOUs) with
assistance from data analysis experts at Sustainable Spaces, DNV-GL, Energy Savvy, Olivine,
and the Department of Energy, National Renewable Energy Laboratory (DOE-NREL). The goal
of the CalTRACK effort is to determine a standardized process for measuring residential energy
savings. CalTRACK is a set of methodologies. It is not synonymous with a particular software
tool.
We expect that the CalTRACK system will be in place by the end of the summer 2016, before
the anticipated contracts with Aggregators begin in September 2016 and well ahead of the
energy savings evaluation of their first customers which is anticipated to take place in late 2017.
Energy savings estimation can occur outside of the CalTRACK system in any case.
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When completed, all CalTRACK methods and source code will be open source so that
Aggregators and other entities involved in, or managing similar programs can run their own
analysis using standardized methods and common computational algorithms. The CalTRACK
system will access smart meter data via the PG&E Share My Data platform allowing for near
real time transmittal of usage data.
Utility claimable energy savings will be determined using quasi-experimental design practices.
In order to perform this evaluation, we will require Aggregators currently active in PG&E territory
to provide existing customer data to help establish baselines for claimable savings and program
influence (see Appendix B for additional details).
Stakeholders2 have expressed a strong interest for the program to drive net savings as well as
gross payable savings. With this in mind, PG&E will offer Aggregators an additional incentive
per kwh and per therm for net savings measured through the evaluation methods defined in
Appendix B. However, this incentive will be initially nominal as it is included primarily to inform
the market of the importance of delivering net savings while managing costs and risks to market
actors and ratepayers. Learnings from this IEP will inform how quickly, or if, we can move to a
net savings payment model in the future.
Measure Treatment:
The P4P program is designed to offer maximum flexibility for retrofit options coupled with
operational and behavioral interventions. As a result, there is no list of required eligible
measures. However we will require Aggregators to report intervention tactics and associated
implementation dates to inform the evaluation process. Retrofit measures will likely include
traditional items such as insulation, air sealing, HVAC replacement, water heating, windows,
pool products, large appliances and hardwired lighting fixtures. Operational and behavioral
items may include, but are not limited to, connected devices, engagement and feedback
applications, HVAC and water heating setting adjustments, and ensuring equipment is meeting
manufacturer designed performance metrics. This program will not include retro-commissioning
and as a result will not require maintenance plans be adopted.
Participants must sign up through the Aggregator acknowledging participation and inability to
participate in other incentive offerings. This will include releasing the incentive payment and
usage data to the aggregator. The Aggregator will be responsible for providing customers with
insights into their energy usage patterns and striving to maximize the savings achieved.
Customers with solar PV or who add solar PV while enrolled must provide verifiable production
data to calculate energy savings and to allow for paying incentives to Aggregators for that site.
PG&E will measure weather normalized savings for two years after the intervention and at least
one year after the final Aggregator payment. This will give greater insights into measure
performance, persistence and long term savings claims.
Sharing Best Practices and Lessons Learned:

2

Office of the Rate-payer Advocates (ORA), The Utility Reform Network (TURN)
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PG&E will use CalTRACK to create a dashboard to display the performance of each portfolio of
projects undertaken by each Aggregator so that others can track the program’s performance.
The dashboards will be updated quarterly based on the analysis of the past quarter’s weather
normalized meter data. PG&E will perform a process evaluation to identify opportunities for
program improvement and expansion. Annual reports will include findings from the process
evaluations along with internal analysis and program updates. Additionally, data from the IEP
will be compiled, aggregated and published in reports on the California Measurement Advisory
Council (CALMAC) website to enable further market growth.
Stakeholder Engagement:
In order to develop the details of the program, PG&E worked closely with numerous
stakeholders including NRDC, TURN, ORA, Sustainable Spaces, PACE providers, contractors
and others with longstanding participation in residential energy efficiency markets. PG&E plans
to continue this stakeholder engagement through the IEP to share results, ideate improvements
and plan for the second enrollment period.

Section 2: Background and Program Drivers
The residential sector represents 31% of electricity consumption and 44% of total natural gas
consumption within PG&E’s service territory3. Existing single family buildings account for 76%
the sector’s consumption4. To meet the State’s ambitious goals established in legislation such
as Senate Bill (SB) 350, Assembly Bill (AB) 32, and other energy efficiency and carbon
reduction goals, we must be able to scale our interventions in this segment.
Alignment with State Goals and HOPPs Requirements:
PG&E’s P4P program is in close alignment with AB 802, the Strategic Plan, AB 758, Market
Transformation and other key state objectives:
 AB 802: The P4P program will directly align by paying incentives based on metered
savings from all retrofit, behavioral and operational savings, which will encompass to
code and above code opportunities.
 California Long-Term Energy Efficiency Strategic Plan: This program can achieve
energy savings in a manner that directly addresses several of the Strategic Plan’s stated
goals. This includes broad goals such as reducing greenhouse gas emissions in a rapid
and low cost manner5 and creating a way for utilities to stimulate market transformation
levering non-utility actors to push the market6. In addition, it aligns with specific
residential goals 2 and 3 detailed in Section 2 of the plan7. These goals focus on

3

Ref: 2015 Integrated Energy Policy Report (IEPR), Docket # 15-IEPR-01, CEC-100-2015-001-CMF,
http://www.energy.ca.gov/2015_energypolicy/index.html
4
California Existing Buildings Energy Efficiency Action Plan. September 20015. Pg. 11.
5
California Long-Term Energy Efficiency Strategic Plan (2011), Section 1, page 2.
6
California Long-Term Energy Efficiency Strategic Plan (2011), Section 1, page 5.
7
“Develop partnerships for innovative financing programs, such as performance contracts … Design implement,
monitor and continuously improve financial products and programs for whole house energy efficiency and
renewable energy retrofits.” California Long Term Energy Efficiency Strategic Plan (2011), Section 2, page 11
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embracing bundled multi-measure energy efficiency approaches, as well as more
efficient plug load products and customer behavioral elements.
AB 758 and California’s Existing Buildings Energy Efficiency Action Plan: This
program directly supports Strategy 3.2.2 as it employs performance-based incentives to
support savings realization and persistence, in tandem with finance mechanisms8.
Market Transformation: Recently the IOUs led the development of a Home Upgrade
Market Transformation plan9. This plan defined strategic market transformation initiatives
as those intended to both establish and meet the goal to save energy by changing
market structures and consumer behavior. The report concluded that for such an effort
to succeed, existing programs (e.g., PACE loan programs, IDSM, smart homes, and
other such efforts) will need to be coordinated to change the culture and operation of
California’s existing residential market. This proposal leverages these insights and is
designed to pull together the disparate market actors to drive scalable residential energy
efficiency.

In addition to alignment with legislation, Strategic Plan and Market Transformation goals, this
proposal exemplifies many other desired aspects defined in the CPUC guidance for High
Opportunity Programs and Projects (HOPPs):






New and innovative design, partnerships, concepts or measure mixes: This
program allows technical innovations, leverages innovative intervention and market
strategies, and is designed to provide scalable savings with less ratepayer funds than
existing segment offerings. The program grants Aggregators the freedom to tailor a mix
of interventions based on customer needs, granting them unparalleled flexibility to
introduce new measures to help customers save energy as long as these measures lead
to persistent measureable consumption reductions, measured at the customer’s meter.
Aggregators will bear the risk and costs associated with marketing and implementing the
program. PG&E will only pay for measured savings.
Scalable: The program is designed to leverage existing and emerging market actors to
bring residential retrofits to scale. One set of potential Aggregators is PACE financers.
PACE programs in California have driven over twice the volume and triple the private
investments in energy efficiency projects produced by the Energy Upgrade California®
Home Upgrade (Home Upgrade) program during a comparable time period10. By
monetizing energy savings from PACE projects, the P4P program should encourage the
PACE program operators to drive greater and more persistent savings, higher project
volumes and increase energy savings transparency.
Brings buildings to or above code: By incentivizing Aggregators for gross savings, the
P4P program promotes measures that bring building up to and above code. The
business model of both Aggregators and their contractors is to focus on equipment
replacement versus repair due to the higher sale or loan price. This program will build

8

California's Existing Buildings Energy Efficiency Action Plan (2015), Section 3, page 75.
A Comprehensive Strategic Market Transformation (SMT) Plan for a Home Upgrade Program SMT Initiative
(2015). Navigant Consulting. www.calmac.org
10
California Alternative Energy and Advanced Transportation Financing Authority (CAEATFA) website
http://www.treasurer.ca.gov/caeatfa/pace/activity.asp
9
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upon this by financially motivating Aggregators and contractors to identify early
replacement opportunities for equipment, and to maximize the installation of heating
ventilation and air conditioning (HVAC) equipment and shell measures. Additionally, this
methodology promotes high quality installations through savings visibility, ensuring that
customers obtain their anticipated savings.
Includes operational and behavioral: The customer intervention starts with retrofit
measures and then allows for unlimited operational and behavioral steps to maximize
realization of measurable gross savings.
Reaches Stranded Potential: This program design reaches stranded potential as it will
pay Aggregators for upgrading customers to (at a minimum) meet code rather than limit
energy savings to those attributable to the installation of equipment that exceeds current
code requirements. Additionally, this program design provides for the potential inclusion
of behavioral and operational measures that to date were not compensated
Some percentage of replacement lighting and HVAC equipment installed in California
residences does not meet current Title 20 and/or Title 24 code requirements. Estimates
of this stranded potential vary; according to the January 2011 Update to the California
Energy Efficiency Strategic Plan (see
http://www.energy.ca.gov/ab758/documents/CAEnergyEfficiencyStrategicPlan_Jan2011.
pdf), “less than 10 percent of HVAC systems obtain legally required preinstallation local
building permits and 30-50 percent of new central air conditioning systems are not being
properly installed. As a result, Californians pay a large price for the lack of quality
installation and maintenance, with commensurate poor performance. The factors that
have led to a 20-30 percent increase in the peak energy needed to provide consumers
with the cooling and comfort they demand on hot summer afternoons has been
accompanied by an estimated 30 percent increase in carbon emissions” (p. 54). The
DNV-GL 2014 study, “HVAC Permitting: A Study to Inform IOU HVAC Programs” found
several areas of non-compliance for residential HVAC replacements. Average duct
leakage was 16.1% for permitted and 16.9% for non-permitted HVAC equipment. This
indicates non-compliance, since the maximum leakage is 15% for altered existing duct
systems and 6% if the entire duct system is replaced. (The study did not have data on
the scope of the replacement for each project, so could not determine which requirement
applied.) In addition, the study found that HVAC equipment was oversized by 13%
(average for permitted) and 16% (average for non-permitted). (CALMAC ID:
PGE0349.01). Other anecdotal evidence supports substantial stranded potential for the
residential lighting replacement market as well. This program, by ensuring that all P4P
projects meet or exceed energy efficiency code requirements, captures this stranded
potential.



In addition to capturing stranded potential, this program also captures unrealized energy
efficiency potential. Page six of Attachment A cites a 2013 SBW Process Evaluation
survey that indicates 17% of customers are interested in a multi-measure upgrade
similar to a Home Upgrade, and 66% are interested in 2 or more EE measures. To-date,
PG&E’s Home Upgrade program has reached only 14,000 customers, or just 0.3% of
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our roughly 3M eligible customers. That is far below the 17%, or 66% who would like to
participate at full, or reduced level.
Historic Challenges with Scaling Residential Retrofits:
While over 14,000 upgrades have been generated since the inception of the Home Upgrade
program, the program’s continued growth is limited by administrator costs and lack of customer
flexibility. However, in order to meet the state energy efficiency and carbon reduction goals,
PG&E is exploring ways to scale the efficiency in existing buildings while minimizing ratepayer
subsidies. PG&E’s P4P program is designed to solve a number of challenges:






Program flexibility/Product unavailability: While only 17% of customers are
interested in comprehensive retrofits, 66% have expressed interest in completing at least
two interventions11. The current Home Upgrade program has reached just 0.3% of the
eligible single family homes, indicating a large untapped market for incremental
upgrades and savings in residential buildings. By allowing inclusion of retrofit measures
and unlimited behavioral and operational interventions (BROs), this offering will allow
Aggregators to reach the untapped potential in both sets of motivated customers.
Financial assistance: The principal reason interested homeowners cited for not
completing the Home Upgrade program is the high cost of an upgrade11. Despite this,
offerings such as PACE have 46% higher average job costs and rapidly growing
participation rates. As of February 2016, PACE in California, which started about a year
after the Home Upgrade program, has completed over 36,000 projects totaling more
than $810M in financing12. While the PACE market is growing quickly, the focus has not
been on delivering measurable persistent energy savings because PACE lenders make
money from bundling and securitizing the loans – the more loans they sell, the more they
profit. The energy savings play no direct role in their profits, only indirectly to the extent
state and local policies allow PACE programs to operate based on the assumption of
energy savings. This offering will create a new, direct energy savings focus for PACE
and other potential Aggregators by creating a new cash flow and business model for
these providers; projects that deliver measurable results will become more profitable,
directly aligning market incentives with energy policy goals. This Program enables price
discovery, allowing Aggregators and utilities to better value energy efficiency
interventions and the costs associated with achieving them.
Capturing emerging savings opportunities: Home Area Network (HAN) and
thermostat device manufacturers have developed effective marketing channels and
products and are experiencing rapid growth in the residential energy efficiency
marketplace13. The market for connected devices such as thermostats and home energy

11

SBW Consulting, Inc. 2013. 2010–2012 PG&E Whole House Retrofit Program Phase II Process Evaluation
Study. San Francisco: Pacific Gas & Electric Co.
12
California Alternative Energy and Advanced Transportation Financing Authority (CAEATFA) website
http://www.treasurer.ca.gov/caeatfa/pace/activity.asp
13
Technavio's analysts forecast the global smart grid HAN market to grow at a CAGR of 15.1% over the period
2014-2019. Accessed on 2/23/2016 at http://www.marketresearchstore.com/report/global-smart-grid-home-areanetwork-market-34060
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management systems is increasing customers’ energy efficiency opportunities through
control, operational and behavioral savings. However, our existing residential energy
efficiency programs are limited in their ability to similarly engage customers to drive
further adoption or increase the savings potential of these products.
Incentivize only realized savings: Studies show as many as 30% of Home Upgrade
participants either have neutral or negative savings14. This is due to a variety of causes,
including negative behavior changes and lack of financial motivations to focus on
persistent energy savings. Incentivizing Aggregators for measured energy savings
encourages more measure bundles that achieve significant energy savings at the meter.
By allowing interventions to include operational and behavioral savings, we incentivize
customers and installation contractors to participate in an on-going relationship which
will lead to greater persistence of savings.

Section 3: Program Metrics
Program Goals and Objectives:
1. Allow Aggregators to determine the mix of interventions that is most attractive to
customers and can lead to significant energy savings beyond what is currently available
in residential offerings.
2. Establish a scalable model for the residential energy efficiency market by incentivizing
privately financed market actors (Aggregators) to deliver measureable energy savings.
3. Determine whether this platform can increase residential energy savings at less cost to
ratepayers compared to current residential energy efficiency programs.
4. Demonstrate how a simpler, more transparent method to determine savings using
weather normalized meter consumption data is more effective at enticing privately
financed market actors to participate in rate payer funded programs and achieve greater
energy savings.
5. Monetize energy savings from residential buildings and build a foundation for a model
that can successfully transition to grid-tied procurement in order to effectively respond to
demand side procurement needs in the future.

2010–2012 PG&E Whole House Retrofit Program PHASE II PROCESS EVALUATION STUDY – PGE0302.04
12/31/2013
14
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Program performance metrics or non-resource objectives and success criteria (see also
Program Theory and Logic Model section below for further details):

Goal

Develop
Scalable
Business
Models

Metric
Participating
customers
Participating
Aggregators
and contractors
Non-incentive
costs
Total cost per
home
Savings

Data
Availability
and
Transparency

Competing
ESPs
Transparent
aggregator
portfolio
savings
Monetize
savings

Logic
Model
Box

Target for Initial
Enrollment Period
(IEP): Years 1-2

I

2,100 / year

B
N
N
R

K, N

N

Logic
Model
Box

Target for
Second
Enrollment
Period: Years 3-5

O, T

Triple IEP

3-5 Aggregators, 50
active contractors
(>5 jobs / year)

N

Triple IEP

< 20% of total costs

S

< 16% of total
costs

S

< $1,200/home

R

Triple IEP

P

50

< $1,500/home
0.9 GWH, 2.1 KW,
0.8 MMtherms

Provided quarterly
Aggregators able to
bid into auction by
2018-2019

Proposed Program Timeline:
To launch the Program in 2016, PG&E proposes an accelerated timeline.
Date

Milestone

Dependencies or Potential Delays

March 2016

PG&E submits Advice Letter
CPUC reviews and approves Advice
Letter
PG&E establishes PRG and
solicitation parameters

Potential protests or request for
additional information
Interest and availability of nonfinancially interested parties

May/June 2016

PG&E opens competitive solicitation

Agreement on RFP parameters

July 2016

PG&E closes solicitation and selects
Aggregators

Multiple Aggregator proposals
received

August 2016

PG&E and Aggregators sign PSAs

Agreement on PSA terms

Sept. 2016

Customer enrollment period begins

Completion of Aggregator
enrollment

May 2016
May 2016
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Program Performance:
The main goal of this effort is to build a more scalable and cost effective intervention method for
addressing residential retrofits. We anticipate achieving equivalent or higher savings than Home
Upgrade program with less ratepayer funded costs. However, due to the high incremental
measure cost (total project cost) of these types of activities, PG&E anticipates that the total
resource cost (TRC) will continue to be on the same order of magnitude as PG&E’s 2015 Home
Upgrade Sub-Program TRC of 0.3415. PG&E believes the more appropriate cost-effectiveness
test for determining the success of this Program to be the program administrator cost (PAC)
test. We predict the PAC test will show the program cost-effectiveness to be greater than 2.0.
As noted in the HOPPs Ruling16, the full measure cost is used to determine the cost
effectiveness of measures when using an existing condition baseline. For this program we
propose adjusting the baseline relative to a comparison group (see Attachment B). When
energy savings baseline adjustments are made, corresponding cost adjustments should also be
applied to maintain the integrity of cost effectiveness calculations.
Section 4: Program Budget, Incentives and Energy Savings
Program Budget:
2016

2017

2018

2019

Total

Administration

$60,000

$60,000

$60,000

$60,000

$240,000

Direct Implementation

$140,000

$140,000

$140,000

$140,000

$560,000

$0

1,000,000

$2,000,000

$2,000,000

$5,000,000

Savings Measurement

$50,000

$50,000

$50,000

$50,000

$200,000

Total Initial Enrollment
Period Budget

$250,000

$1,250,000

$
2,250,000

$
2,250,000

$6,000,000

2016

2017

2018

2019

Total

Electric Savings (GWH)

0

0.18

0.36

0.36

0.9

Demand Reduction (MW)

0

0.42

0.84

0.84

2.1

Gas Savings (MM
Therms)

0

0.16

0.32

0.32

0.8

Incentive

Savings Targets:
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This represents initial calculations which may differ slightly than official annual reporting figures.
December 30, 2015 “Assigned Commissioner and Administrative Law Judge’s Ruling Regarding High
Opportunity Energy Efficiency Programs and Projects” (ALJ Ruling). Page 13.
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Savings and Budget Assumptions:
Savings targets are 0.9 GWH, 2.1 MW and 0.8 MMtherms. These were set based on $5M in
incentives divided by the proposed rates (discussed further in the Incentive Design section
below) and assuming 1/3 of the total incentive amount will go to kWh and 2/3 to therms, as for
the Advanced Home Upgrade program. The rates were derived in part based on the results
from the 2010-2012 Impact Evaluation which determined that the per home gross savings for
PG&E’s Advanced Home Upgrade (AHU) program were 206 kWh, 0.45KW and 72 therms17.
This would be equivalent to 6% electric savings and 16% gas savings per home. While PG&E
believes this program will have a different savings profile due to the inclusion of operational and
behavioral savings, it is the best point of reference given the similar program goal to advance
residential retrofits.
In the 2013-2015 program cycle, the PG&E AHU program averaged between 1,800-2,100
upgrades annually. Given the 2 year enrollment period, PG&E estimates 4,200 customer
enrollments for the P4P program. PG&E will pay for portfolio savings annually for 2 years.
PG&E proposes to continue to measure and claim the savings for at least another 1-3 years to
better inform future program design and properly value measures with a longer useful life.
Year 1:
Year 2:
Year 3:
Year 4:
Year 5:

Aggregators enroll new customers
Aggregators enroll new customers; PG&E pays Aggregators for portfolio savings
of all year 1 participants; PG&E claims net savings from year 1 participants
PG&E pays Aggregators for portfolio savings of all year 1 and year 2
participants; PG&E claims net savings from year 1 and year 2 participants
PG&E pays Aggregators for portfolio savings of all year 2
participants; PG&E claims net savings from year 1 and year 2 participants
PG&E claims net savings from year 1 and year 2 participants; PG&E uses
year 5 savings persistence data to define the actual claimable persistent
savings period

The RFP evaluation criteria will award greater points to proposals with interventions that include
measures with longer useful lives, like shell and HVAC measures. To capture the savings
associated with measures with longer useful lives, we will be measuring savings 1-3 years after
aggregator payments have ceased. This data will be used to define the persistent savings for
the 15 year assumed useful life of the intervention.
While we have a general idea of the possibilities, we don’t know the precise measures or
interventions that will be proposed until Aggregators submit their proposals. Even after their
initial intervention with each customer, Aggregators are free to continue to intervene with
customers to drive more savings. Savings predictions provided in the Advice Letter are
estimates. We will not provide upfront payments, or make energy savings claims based on
predicted savings. We will only pay for weather normalized meter-based savings – after the
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2010-2012 Whole House Retrofit Impact Study (2014), DNV GL - Energy.
http://www.calmac.org/publications/CPUC_WO46_Final_Report.pdf
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intervention. In the RFP, we will ask Aggregators to specify their energy savings targets, but
these targets will serve as program targets and not binding elements of the contracts.
We anticipate that the measure costs will be total project costs, and that they will be similar in
magnitude to the current Home Upgrade program ($10,000-$20,000 per home) and/or PACE
loan programs (average project cost per home is $22,000 – see Appendix 1. As to what portion
will be borne by the ratepayer and implementer, it is important to note that the ratepayers’ costs
are limited by the amount that PG&E agrees in the PSA to pay each Aggregator for each kWh
and therm, regardless of the implementer’s costs. PG&E is proposing to limit its administration,
implementation and marketing (AIM) costs to 20% of total program costs (AIM plus incentives),
which are well below existing Home Upgrade program (AIM in 2015 was 40% of total program
costs).
Projects will be tracked and paid for savings year 1 and year 2 after the intervention. PG&E will
track savings for a minimum of 3 years to see whether savings persist past the two-year
payment period. This tracking process will be used during the initial enrollment period and will
begin to inform a more refined reporting strategy during and after year 3 of the program (after
the initial projects are evaluated for persistence).
Incentive Design:
PG&E will pay each aggregator a rate per therm and kWh that is determined through the RFP
process and fixed by the PSA, annually one and two years after the initial intervention for their
portfolio savings; no upfront payments will be made. PG&E will make aggregator incentive
payments in two forms (1) $/kwh and $/per therm for gross savings and (2) an additional 5-10%
will be provided for net savings measured through PG&E’s evaluation methodology. The
program will not pay for demand savings (KW) in the initial enrollment period, but PG&E will
consider how to integrate incentives for demand reduction in future periods.
PG&E proposes that participants in the RFO should include their competitive rate per kwh
and/or therm of energy savings in their offer, and that offers should be capped at $0.80/kwh and
$1.80/per therm for gross savings for the IEP. This energy savings rate is based roughly on
realized average net savings claims identified in the 2010-2012 Impact Evaluation, as well as
the current rebates offered through AHU. However, we have prioritized electric savings to
further target the inclusion of plug loads and operational and behavioral savings. PG&E will
conduct further stakeholder engagement after this Advice Letter is approved to confirm the
appropriateness of the energy savings rate. Consistent with existing energy efficiency program
rules, if the energy payment rate is subsequently increased by more than 50%, PG&E will
submit either a PIP or advice letter to Energy Division.
A principal goal of the IEP is to determine the ideal price to pay for savings in this model. We
believe the energy savings rate caps are protective of the ratepayer and significant enough to
encourage leading market actors into the program. As mentioned above, incentive rate caps will
be re-evaluated and adjusted in future offerings, following the price discovery learnings in this
period.
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Payable Savings:
The move to pay for performance presents a new challenge. Aggregators need a savings
calculation method that is known upfront and stable throughout the program period, or at least
replicable by them using an established, transparent and easily replicable methodology.
Otherwise, the risk for them to make the needed upfront investments is too great, limiting their
participation and jeopardizing the desired scalability of the program.
PG&E will use this initial enrollment period to test and establish the best method to determine
gross savings. During the IEP, we propose to pay Aggregators based on a simple pre/post
weather normalized savings method. This simple method will be used to determine the
payments for 90+% of aggregator portfolio savings. An additional 5-10% will be paid for net
savings calculated according to the methods described in Appendix B.
To help PG&E select the best method for determining gross savings during the IEP, we propose
that the CalTRACK technical workgroup test the better known and canonical methods proposed
in Appendix B as well as newer methods that take advantage of the precision and timeliness of
Advanced Meter Infrastructure (AMI) data. Our findings will determine gross savings for the
purpose of calculating net claimable savings in the IEP and will determine how we calculate
gross savings for the purpose of calculating payable savings under future offerings, provided it
is stable, transparent and easily replicable by Aggregators.
Claimable Savings:
PG&E’s savings claims will be determined by the estimated net energy savings that are
attributable to the program. Estimated net energy savings result in the best estimate of the
incremental benefit of the program and are is used in benefit/cost calculations such as the Total
Resource Cost (TRC) Test.
We examined five options for estimating net savings. Based on an analysis presented in the
EM&V document in Appendix B, PG&E recommends that the following three options be used for
estimating the net savings. Note that using more than one method for estimating net savings is
consistent with the enhanced level of rigor specified in the California Energy Efficiency
Evaluation Protocols.

1. Quasi-Experimental Design. This design, the non-equivalent comparison group design,
is an alternative to a randomized control trial. This method effectively adjusts the energy
savings baseline and further normalizes the savings estimate for factors beyond
weather.
2. Self-Report Approach. This approach involves the estimation of gross impacts that is
adjusted using a self-reported net-to-gross ratio (NTGR).
3. P4P Versus PACE Loan Program (or similar). We also considered the use of the nonequivalent comparison group design to test the hypothesis that P4P, by allowing
Aggregators to determine the mix of interventions that is most attractive to customers,
including behavioral, operational and retrofit activities and paying them based on verified
energy savings, can lead to significant energy savings above the existing PACE Loan
Program (or similar).
In Appendix B, PG&E provides details on all five options considered to ensure that our
methodological choices are transparent. Please note that the details of this EM&V plan cannot
be finalized until the Energy Division approves both the general approach and the EM&V
budget.
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Section 5: Program Theory and Logic Model
Logic models go hand-in-hand with program theory; Rosenberg and Hoefgen state: “program
logic models are graphic representations of the causal links between program activities, shortterm responses to those activities among market actors, and longer-term market effects”18. The
elements used to describe or represent a logic model include inputs, activities, and outputs,
which in combination loosely form a program process theory, short-term outcomes (sometimes
called initial, proximal, or immediate outcomes), mid-term outcomes (sometimes called
intermediate or proximal outcomes), and long-term outcomes (sometimes called distal
outcomes or impacts), which are intended to represent a program impact theory19,20,21,22. In
these logic models, activities are the actions undertaken to bring about a desired end, outputs
are the immediate results of an action, and outcomes are the anticipated changes that occur
directly or indirectly as a result of inputs, activities, and outputs.
The P4P concept is built upon a series of hypothesized causal linkages between program
activities, outputs, and intended program outcomes that are depicted in the program logic model
as illustrated in Figure 1Error! Reference source not found.. The development of this logic
model is based on two sources of information:
 Prior theory and research (e.g., consumer behavior, evaluations of similar programs,
etc.)
 Implicit theories of those close to the program (e.g., PG&E program managers,
experience of CPUC-ED and its consultants, and PG&E EM&V staff and its consultants),
Importantly, the P4P concept is one of the first programs of its type aimed at longer-term market
transformation in the State of California and beyond through an intervention strategy with a
midstream emphasis. As a result, outcomes of the program are expected to occur over different
time frames involving different market actors.
P4P Logic Model Description:
As depicted in Figure 1, initial program activities are aimed at issuing a solicitation for RFP to
potential Aggregators (A), signing contracts with selected Aggregators (B), Aggregators conduct
marketing and outreach to eligible population and (C) Aggregators engage with contractors (D).
Next, Aggregators and contractors determine the advertising, incentives and materials needed
to recruit and educate customers (E) and a subset of the eligible population are made aware of
the P4P opportunity (F). As a result, a subset of the aware households agrees to an energy
savings assessment (G). As a result of F and G, barriers to purchasing/adopting energy efficient
products, services and behaviors are reduced (I) leading to signed agreements with interested
households (H). Next, home upgrades are installed and BROs are adopted (J) leading to deep
energy and demand savings and other environmental and non-energy impacts in the short-term
(R).
18

Rosenberg, M. and L. Hoefgen. 2009. Market Effects and Market Transformation: Their Role in Energy
Efficiency Program Design and Evaluation. Prepared for the California Institute for Energy and
Environment. p. 48. Available at: http://uc-ciee.org/downloads/mrkt_effts_wp.pdf
19
Donaldson, S. I. 2007. Program Theory-Driven Evaluation Science. New York, NY: Lawrence Erlbaum
20
Donaldson, S. I., & Lipsey, M. W. 2006. “Roles for Theory in Contemporary Evaluation Practice:
Developing Practical Knowledge.” In: I. Shaw, J. C. Greene, & M. M. Mark (Eds.), The Handbook of
Evaluation: Policies, Programs, and Practices (pp. 56-75). London, UK: Sage.
21
Lipsey, M. W., Rossi, P. H., & Freeman, H. E. 2004. Evaluation: A Systematic Approach (7th ed.).
Thousand Oaks, CA: Sage.
22
Patton, M. Q. 2008. Utilization-Focused Evaluation (4th ed.). Thousand Oaks, CA: Sage.
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Aggregators work with contractors to make sure that their work conforms to best practices and
adjustments are made to customer offerings, as needed to ensure energy savings are being
realized based on feedback from the CalTRACK portfolio tracking dashboard and household
level analytics that Aggregators are conducting on their own (K). As a result, customers are
satisfied with products and services (L) which leads to Aggregators and contractors valuing their
affiliation with P4P (M).
Over time, the Aggregators learn which interventions, contractors and customers deliver savings
at what cost; PG&E determines new rates based on price discovery from initial enrollment
period and uses other insights gleaned from process evaluations to develop a refreshed second
enrollment period program design; Aggregators bid their $/kWH and $/therm savings into an
auction for second enrollment period (N). As a result, Aggregators/contractors increase P4P
project volume & consistently deliver reliable savings; their deep energy savings models
become business-as-usual (O). This increased volume decreases the incremental costs of
services and measures (S). The increased volume (O) and decreased costs (S) leading to
increased demand for aggregator/contractor services (T) leading to deep energy and demand
savings and other environmental and non-energy impacts in the mid-term (R). Nonparticipating
energy service providers (ESPs) experience pressure to compete with P4P Aggregators (P)
eventually motivating them to also offer deep energy savings assessments and services (Q)
leading to deep energy and demand savings and other environmental and non-energy impacts
in the mid-term (R).
The increased demand in the mid-term (T) leads to residential energy efficiency becoming a
more dependable and cost-effective resource that is measured and valued the same way as
other demand-side resources (U). As a result, California benefits from a stable, sustainable
home performance contractor market that delivers cost-effective energy efficiency savings
through interventions that large numbers of customers participate in (V) leading to deep energy
and demand savings and other environmental and non-energy impacts in the long-term (R).
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Figure 1: P4P Logic Model
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Sample of External Influences: Broad economic conditions, market events, cost of energy, federal standards, Energy Star, perceived need for conservation, etc. Factors
can influence program at all levels and time frames.
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1. Evaluation, Measurement and Verification (EM&V) Overview
The EM&V plan for the Residential Pay-for-Performance Program (“P4P”) presented in this
document is the result of substantial collaboration with professionals with years of experience in
the field of energy efficiency program evaluation. It has been reviewed by program
administrators and other stakeholders. We believe that the result is a workable plan that balances
the competing desires for accurate estimates of net program savings, generalizability of the
results and efficient program administration. For now, PG&E recommends that this EM&V plan
serve as a general framework until a detailed EM&V plan can be developed based on the types
of customers who actually join P4P and the measures and practices they adopt. PG&E also
recognizes that this general EM&V framework, the more detailed EM&V plan, and an
evaluation budget must be approved by the ED. We note that the details of this EM&V plan
cannot be finalized until the ED approves both the general approach and the EM&V budget.
AB802 provides for the simple estimation of savings based on the difference in normalized
annual consumption from the pre to the post period. For this HOPPs program, PG&E plans to
claim estimated net energy savings.1 Estimated net energy savings results in the best estimate of
the incremental benefit of the Program and is used in benefit/cost calculations such as the Total
Resource Cost (TRC) Test. Moreover, estimated net energy savings is the preferred basis for
assessing whether program administrators have met their energy savings goals which are a key
input in the calculation of utility earnings for the administration of energy efficiency programs.
This evaluation plan is designed to track savings over the course of a minimum of three years.
This is essentially a resource acquisition approach that focuses on the short-term benefits and
costs of the program. In anticipation that this program will prove to be successful in the shorter
term, a phase-two evaluation approach will be developed that will address the unique
characteristics of market transformation programs.
We examined five methods for estimating net savings and propose the following three:
1) Quasi-Experimental Design. This design, the non-equivalent comparison group design,
is an alternative to a randomized control trial.
2) Self-Report Approach. This approach involves the estimation of gross impacts based on
the pre-to-post difference in normalized annual consumption that is adjusted using a selfreported net-to-gross ratio (NTGR).
3) P4P Versus PACE Loan Program. This approach uses a second non-equivalent
comparison group design to test the hypothesis that P4P, by allowing aggregators to
determine the mix of interventions that is most attractive to customers (including
behavioral, operational and retrofit activities) and paying aggregators based on energy
savings, can lead to significant energy savings greater than those obtained by the existing
PACE Loan Program.
Net savings are defined as “The total change in load that is attributable to the utility DSM program. This change in
load may include, implicitly or explicitly, the effects of free-drivers, free-riders, state or federal energy efficiency
standards, changes in the level of energy service and natural change effects” (California Energy Efficiency
Evaluation Protocols: Technical, Methodological, and Reporting Requirements for Evaluation Professionals. The
TecMarket Works Team, 2006, pp. 233-234).
1
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We recommend both the first and second options for estimating the net savings that PG&E will
claim. Note that using more than one method for estimating net savings is consistent with the
enhanced level of rigor specified in the California Energy Efficiency Evaluation Protocols:
Technical, Methodological, and Reporting Requirements for Evaluation Professionals (The
TecMarket Works Team, 2006, p. 36). The third option will assess the relative effectiveness of
the P4P versus the PACE Loan Program and may be used to inform future program offerings.
In the sections that follow, we describe the three recommended methods and assess the
advantages and disadvantages of each. Subsequently, we discuss the other methods that we
considered but ultimately rejected in order to make the reasons for our methodological choices
transparent.

2. Method 1: Quasi-experimental Design
We recommend a quasi-experimental design to estimate net impacts. Of the many quasiexperimental designs, the one we examined is the non-equivalent comparison group design
(Shadish, Cook and Campbell, 2002). The difference between a non-equivalent comparison
group design and a randomized encouragement design is that, in a quasi-experimental design,
eligible customers are not randomly assigned to the treatment and comparison groups (i.e., a
participant is any eligible customer who was encouraged by a P4P aggregator and a
nonparticipant is any member of the eligible population who was not encouraged by a P4P
aggregator). That is, the aggregators decide, on some nonrandom basis, which customers they
will target. Members of the treatment group are defined as eligible households that were exposed
through various means to the P4P opportunity by aggregators. Members of the comparison group
are defined as eligible households that were not exposed in any way to the P4P opportunity by
aggregators. A subset of those exposed to the P4P opportunity will self-select into the P4P. The
counterfactual inference depends on a non-equivalent comparison group deliberately chosen to
have maximum pretest similarity to the treatment group on as many observed characteristics as
possible (e.g., climate zone, size of home, age of home, prior energy usage) and on other
particular features that the researcher believes will be particularly salient threats to internal
validity.

2.1. Major Threat to Internal Validity
In a non-equivalent comparison group design, the main threat to internal validity2 is selfselection bias. Self-selection bias occurs when groups exposed to treatments non-randomly may
differ in ways that mimic what the treatment might achieve (Shadish, Cook and Leviton, 1991).
There is considerable evidence that nonrandom assignment often (but not always) yields
different results than random assignment does (Chalmers et al., 1983; Colditz, Miller and
Mosteller, 1988; Lipsey and Wilson, 1993; Mosteller, Gilbert and McPeek, 1980; Wortman,
1992), more so when participants self-select into conditions than when others make the decision
(Heinsman and Shadish, 1996; Shadish, Matt, Navarro and Phillips, 2000; Shadish and Ragsdale,
1996) – so self-selection should be avoided if possible. But if such a situation cannot be avoided
for reasons such as those given in Section 2, econometricians and statisticians over the years
2

Internal validity is the basic minimum without which any experiment is uninterpretable: did in fact the
experimental treatments make a difference in this specific experimental instance? (Campbell and Stanley, 1963, p.5)
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have also devoted an enormous amount of effort to developing strategies to mitigate selfselection.
We digress here to note that self-selection has been given considerable attention over the last 30
years in the evaluation of energy efficiency programs in California due to the fact that, with the
exception of evaluations of neighbor comparison (“Opower”)-type programs, nearly all the
evaluations that relied on billing analysis to estimate net impacts have been based on quasiexperimental designs. Since the early 1980s, most billing analyses aimed at estimating net
savings used some form of analysis of covariance (Huitema, 2011) to control for the observed
differences between the treatment and comparison groups. Efforts to address the biasing effects
of unobserved differences using inverse Mills ratios began at least as early as the late 1980s.
Since then, Train (1993) and Goldberg and Train (1995), using simulated datasets, demonstrated
that failing to correct for self-selection can overestimate net savings, but that there are effective
strategies to reduce this bias substantially. Finally, the use of quasi-experimental designs has
been allowed in both sets of California EM&V protocols (PG&E et al., 1996; The TecMarket
Works Team, 2006) as long as evaluators made methodologically-sound efforts to address selfselection.
Below, based on a relatively limited review of the literature, we provide a series of strategies to
improve internal validity primarily by addressing self-selection. Before finalizing this evaluation
plan, PG&E proposes that a more comprehensive review of the more recent literature regarding
strategies for addressing self-selection should be conducted.

2.2. Strategies to Mitigate Self-Selection
There are number of strategies to strengthen this quasi-experimental approach by mitigating selfselection bias and bring the results closer to results that would be produced by a true
experimental design. Below, we recommend a number of these strategies that should be
considered in evaluating the P4P evaluation method.
Use of Internal Controls. Assignment can often be controlled in other ways than by random
methods. Nonrandom comparisons to an internal rather than external control can sometimes
yield more accurate results (Aiken et al., 1998; Bell et al., 1995; Heinsman and Shadish. 1996;
Shadish and Ragsdale, 1996). Internal controls are drawn from the same pool of participants (i.e.,
from students in the same school or class or from all program applicants). External controls are
drawn from patently different pools (e.g., patients in different treatment settings) and are
presumed to have less in common. Drawing on members of the P4P-eligible population will
serve as our internal controls.
Joint Use of a Pretest and a Comparison Group. The joint use of a pretest and a comparison
group makes it easier to examine certain threats to validity. Because the groups are
nonequivalent by definition, selection bias is presumed to be present. The pretest allows
exploration of the possible size and direction of that bias. For example, we will match treatment
and comparison group households on historical monthly kWh consumption. Note that while
adding a pretest to a design helps assess selection biases and attrition as sources of observed
effects, adding repeated pretests of the same construct on consecutive occasions prior to
treatment helps reveal maturational trends and detect regression artifacts. However, the extent to
which the pretest can render self-selection implausible depends on the size of any selection bias
3

and the role of any unmeasured variables that cause selection and are correlated with the
outcome. The absence of pretest differences in a quasi-experiment is never proof that selection
bias is absent.
Modelling Approaches. As noted earlier, attempting to correct for self-selection bias is essential
in any observational study. To the extent that the differences between the two groups can be
observed, variables that represent those differences can be addressed by first by using internal
controls to form a comparison group and then matching the two groups on an observed
characteristic. For example, we could match treatment and comparison group households on
monthly kWh consumption. But matching on a single variable such as pre-monthly kWh
consumption is no guarantee the selection bias has been adequately addressed (Shadish, Cook
and Campbell, 2002) since there might be more than one variable that plays a role in explaining
why households chose to self-select into the program. In such a case, treatment and comparison
group households can be matched on propensity scores, the predicted probability of being in the
treatment (versus comparison) group from a logistic regression equation. The logistic regression
reduces each household’s set of covariates to a single propensity score, thus making it feasible to
match or stratify on what are essentially multiple variables simultaneously. Another approach is
to enter the propensity score as an additional covariate into the regression model. Of course, the
most difficult issue to address is the differences between participants and non-participants that
are unobserved and unobservable. To mitigate both overt and hidden bias, a variety of
approaches that attempt to take advantage of recent developments in statistics and econometrics
will be explored:
1. Sample selection models (e.g., Heckman’s two-step estimator (1978, 1979); treatment
effect model (Green, 2003); instrumental variables estimator (Wooldridge, 2002)
2. The propensity score matching model (Rosenbaum and Rubin, 1983, 1985; Hansen and
Klopfer, 2006; Guo and Fraser, 2014)3
3. Matching estimators and synthetic controls (Abadie and Imbens (2002, 2006)
4. Propensity score analysis with nonparametric regression (Heckman et al., 1997, 1998)
Other Strategies. In addition, the very nature of billing analysis allows evaluators to avoid a
host of other problems that plague any experiment. Two of these are listed below.


Clearly Defined Post Period. The major reason for assessing any posttest after the
treatment is to eliminate the ambiguity about the temporal precedence of cause and effect.
In conducting a billing analysis, we have participation dates and create dead bands
around these participation dates to clearly separate the pre from the post period, i.e., the
monthly post kWh measurements clearly comes after the treatment.



Lack of Reactivity. The very nature of measuring kWh consumption using electricity
meters means that customers cannot react to the fact that they (i.e., their households) are
being measured (Rosnow and Rosenthal, 1997).

3

Note that propensity scores cannot remove hidden biases except to the extent that unmeasured variables are
correlated with the measured covariates used to compute the propensity score
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Again, before finalizing this evaluation plan, PG&E proposes that a more comprehensive review
of the more recent literature regarding strategies for addressing self-selection should be
conducted.

2.3. The Regression Model
To estimate net savings, a pooled, fixed-effects, time-series/cross-sectional (panel) regression
model that incorporates the treatment and comparison groups could be estimated. The treatment
and comparison groups would be matched on key variables such as consumption level (not just
overall, but month-by-month similarity), available customer demographics (especially income
and education), dwelling unit type, geography (ZIP code, if feasible), and energy end uses. Any
observed differences in the composition of the treatment and comparison groups can be
controlled statistically. Equation 1 illustrates one possible specification.
𝐴𝐷𝐶𝑖𝑡 = 𝛼𝑖 + 𝛿𝑚 + 𝛽1 𝑃𝑜𝑠𝑡𝑡 + 𝛽2 𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑖 ∙ 𝑃𝑜𝑠𝑡𝑡 + 𝛽3 𝐻𝐷𝐷𝑖𝑡 + 𝛽4 𝐶𝐷𝐷𝑖𝑡 + ∑ 𝛽𝑘 𝑋𝑖 +𝜀𝑖𝑡 (1)

Where:
𝐴𝐷𝐶𝑖𝑡 = Average daily consumption (kWh or therms) for household i at time t
𝛼𝑖 = Household-specific intercept
𝛿𝑚 = 0/1 Indicator for each time interval m, time series component that track systematic
change over time
𝛽1 = Coefficient for the change in consumption between pre and post periods
𝛽2 = Coefficient for the change in consumption for the treatment group in the post period
compared to the pre period and to the control group. This is the basis for the net savings
estimate.
𝛽3 = Coefficient for HDD
𝛽4 = Coefficient for CDD
Post = dummy variable for pre (Post=0) and post (Post=1)
Treatment = dummy variable for treatment (Treatment=1) and control (Treatment=0)
𝐻𝐷𝐷𝑖𝑡 = Sum of heating degree-days (e.g., base 65 degrees Fahrenheit)
𝐶𝐷𝐷𝑖𝑡 = Sum of cooling degree-days (e.g., base 75 degrees Fahrenheit)
𝛽𝑘 = A vector of k coefficients that reflect the energy change associated with a one unit
change in the kth explanatory variable
𝑋𝑖 = A vector of explanatory variables (i.e., covariates), such as changes in occupancy or
square footage, for the ith factor
𝜀𝑖𝑡 = Error
5

To obtain the final estimate of net savings per participant, the coefficient 𝛽2 is then multiplied by
the total number of P4P participants and divided by the participation “take rate” among the
treated or encouraged. The final specification of this model will depend on which strategies for
addressing self-selection are used and the availability of various covariates. These savings would
be tracked over a three-year period.
In our time-series/cross-sectional (panel) regression model, we will also explore the use of
random coefficient models (Rabe-Hesketh and Skrondal, 2012). Instead of modeling only a
single average energy use or energy savings for all customers, the random coefficients model
looks at each customer’s energy consumption over time and develops savings estimates tailored
to specific customer types, and/or weather conditions. The term “random coefficients model”
refers to a framework that provides a distribution of model parameters across customer types
rather than a single average value. By focusing on the trajectory of each customer instead of the
average across all customers, the random coefficients model is able to provide additional
information about the changes in energy usage for individual customer types and/or weather
conditions. The random coefficients modeling approach still produces a population-based model
and savings estimates, equivalent to the standard billing regression approach, but the population
model coefficients are aggregated from the customer-specific coefficients.
In addition to net energy savings, the P4P will also produce net peak demand reductions that will
be claimed by the IOUs. Consistent with DEER, we will determine the electric demand impacts
of measures using the average kWh reduction over a 9-hour window. The nine-hour window is
from 2 p.m. to 5 p.m. over a three-day “heat wave” that is determined for each climate zone. The
three-day demand periods for the new weather data were chosen based on these criteria:




Occurs between June 1st and September 30th,
Does not include weekend days or holidays (based on 2009),
Has the highest value for
- average temperature over the three-day period +
- the average temperature from noon to 6 p.m. over the three-day period +
- the peak temperature over the three-day period.

The treatment group and the comparison group will be compared with respect to kW demand
during peak periods based on AMI data4. A regression model similar to Equation 1 will be
specified.
We will also explore the use of a simpler method described in Equation 2:
𝑁𝑒𝑡 𝑃𝑒𝑎𝑘 𝐷𝑒𝑚𝑎𝑛𝑑 𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 =

4

𝐶𝐹×𝑘𝑊ℎ𝑛𝑒𝑡
𝐻𝑜𝑢𝑟𝑠𝑃𝑒𝑎𝑘

The AMI metered data reflects the consumption for the whole house.
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(2)

where
CF= the fraction of the peak demand of a population that is in operation
at the time of system peak5.
kWhnet = the average net kWh savings per household
HoursPeak= The number of hours in the summer on peak period

3. Method 2: Self-Report Approach to Estimating Net Savings
There will always be some uncertainty surrounding the estimates of net savings derived from the
application of any individual methodology. One way to reduce uncertainty would be to obtain a
second estimate of net savings by multiplying the estimated gross savings6 by a net-to-gross ratio
(NTGR) estimated using the self-report approach (SRA). The method for estimating gross
savings is discussed below, followed by a discussion of the self-report method for estimating the
NTGR. Based on findings from Method 1, PG&E may elect to pursue Method 2 to verify or
augment the validity of the results.

3.1.

Proposed Methods for Estimating Gross Savings

Since the intervention will result in savings over time, gross savings must also be tracked over
time. To track gross savings over time, two approaches will be used, one for the short-term (i.e.,
first year) and one for the longer-term (multi-year). The short-term method uses future
participants as a comparison group since it is a more rigorous approach for controlling for
exogenous changes (such as self-selection), under certain assumptions to be discussed later. For
example, the comparison group for the first program year will be the participants in the second
program year. However, since we are also interested in estimating gross savings for more than
one year, the comparison group composed of participants in the second program year would no
longer be useful for successive years. Instead, we propose that the participants in the third
program year be used as the comparison group in estimating the savings in the second year of the
program, and so on. This “rolling comparison group” design would work so long as the program
design remains relatively stable over time and provided that there is an adequate amount of preprogram consumption data (at least one year) available for future participants to serve as points
of comparison. If either condition (that is, a stable program design and sufficient historic data
from the comparison group) is not met, then another approach will be used to identify a
comparison group composed of a random sample of eligible households. Both the short-term and
long-term methods are described below. Note that the methods described in the following
sections would be used to estimate savings for each participant cohort for each year of their
participation.
3.1.1. Estimation of Short-Term Gross Savings

Gross savings will be estimated in a manner consistent with AB802 and IPMVP7 Option C
which allow for an existing conditions baseline in estimating gross savings. The method
Northeast Energy Efficiency Partnerships (NEEP) defines it as, “The ratio of the average hourly demand during a
specified period of time of a group of electrical appliances or consumers to the sum of their individual maximum
demands (or connected loads) within the same period.” (NEEP 2011).
6
Gross savings defined as “The change in energy consumption and/or demand that results directly from programrelated actions taken by participants in the DSM program, regardless of why they participated” (The TecMarket
Works Team, 2006, p. 227).
7
International Performance Measurement and Verification Protocol (IPMVP) available from the Efficiency
Valuation Organization at http://evo-world.org/en/
5
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recommended is based on the two-stage approach described in Chapter 8 of the Uniform
Methods Project8.
Stage 1. Individual Premise Analysis
A third-party selected by PG&E and approved by Energy Division will perform the following
activities:
1. Fit a premise-specific degree-day regression model (as described in Step 1, below) separately
for the pre- and post-periods.
2. For each period (pre- and post-) use the coefficients of the fitted model with normal-year
degree days to calculate the normalized annual consumption (NAC) (defined below) for that
period.
3. Calculate the difference between the pre- and post-period NAC for the premise (i.e., ΔNAC).
Step 1. Fit the Basic Stage 1 Model

𝐸𝑚 = 𝜇 + 𝛽𝐻 𝐻𝑚 + 𝛽𝐶 𝐶𝑚 + 𝜀𝑚
𝐸𝑚 =
𝐻𝑚 =
𝐶𝑚 =
𝜇=
𝛽𝐻, 𝛽𝐶 =
𝜀𝑚 =

(3)

Average consumption per day during interval m
Specifically, Hm(τH), average daily heating degree days at the base
temperature(τH) during meter read interval m, based on daily average
temperatures on those dates
Specifically, Cm(τC), average daily cooling degree days at the base
temperature(τC) during meter read interval m, based on daily average
temperatures on those dates
Average daily baseload consumption estimated by the regression
Heating and cooling coefficients estimated by the regression
Regression residual.

Step 2. Apply the Stage 1 Model
To calculate NAC for the pre- and post-installation periods for each premise and
timeframe, we combine the estimated coefficients μ, βH, and βC with the annual normalyear or typical meteorological year (TMY) degree days H0 and C0 calculated at the sitespecific degree-day base(s), τH and τC. Thus, for each pre- and post-period at each
individual site, we use the coefficients from Equation 7 for that site and period to
calculate the weather-normalized annual consumption (NAC) (see Equation 4). This
example puts all premises and periods on an annual and normalized basis.
𝑁𝐴𝐶 = 𝜇 ∗ 365 + 𝛽𝐻 𝐻0 + 𝛽𝐶 𝐶0

(4)

The same approach can be used to put all premises on a monthly basis and/or on an actual
weather basis.

8

Uniform Methods Project: Methods for Determining Energy Efficiency Savings for Specific Measures
(http://energy.gov/eere/about-us/ump-protocols)
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Step 3. Calculate the Change in NAC
For each site, the difference between pre- and post-program NAC values (ΔNAC)
represents the change in consumption under normal weather conditions. For future
participants who are used as a comparison group to current participants, these same three
steps are followed.

Stage 2. Cross-Sectional Analysis
Next, the cross-sectional model in Equation 5 is estimated incorporating both current and future
participants.
∆𝑁𝐴𝐶𝑗 = 𝛽 + 𝛾𝐼𝑗 + 𝜀𝑗

(5)

𝐼𝑗 =

0/1 dummy variable, equal to 1 if customer j is a (current-year)
participant, 0 if customer j is in the comparison group composed of
future year participants.
𝛽, 𝛾 = Coefficients determined by the regression model
Regression residual.
𝜀𝑗 =
From the fitted equation:


The estimated coefficient γ is the estimate of mean savings.



The estimated coefficient β is the estimate of mean change or trend unrelated to the program.

The coefficient β corresponds to the average change among the comparison group, while the
coefficient γ is the difference between the comparison group change and the participant group
change. That is, this regression is essentially a difference-of-differences formulation and can be
accomplished outside of a regression framework as a difference of the two mean differences.
More complex models that include other available premise characteristics can be included that
can improve the extrapolation of the billing analysis to the full population. Total P4P first-year
annual savings are calculated by multiplying the difference between the comparison group
change and the participant group change by the number of participating households.
There are two approaches to using future participants as a comparison group, the full-year
approach and the rolling specification. Chapter 8 of the UMP observes that, although using the
full-year comparison group specification is simple, it requires data from farther back in time. The
rolling specification, however, allows data from a more-compressed timeframe to be used, as it
uses a rolling pre- and/or post-period across the current program year. We will explore both
approaches.
There is one important concern about the use of future participants as a comparison group. The
implicit baseline is that, absent the intervention, the future participants did nothing (either
measures or behaviors) that would affect their energy use substantially in the period of time that
the current participants received the P4P. However, it is possible that some of the future
participants might have installed a number of other measures or engaged in other behaviors that
affected their energy use during the same period of time as the current participants, resulting in a
lower estimate of gross savings (that is, an estimate of savings that is somewhere between gross
and net). To address this possibility, we propose conducting telephone interviews with 70 future
9

P4P participants to determine the extent to which the future participants might have installed a
number of other measures or engaged in other behaviors during the same period of time as the
current participants9. The results of these interviews will aid in the interpretation of the results as
being gross estimates, or as being estimates that lie somewhere between gross and net, and
perhaps suggest an approach to adjusting the estimates upward to make them better represent
gross savings.10
Once savings and uncertainty bands are estimated for the population of treated sites, sites will be
grouped according to several factors and analyzed in aggregate. Factors by which accounts are
grouped and analyzed include, but are not limited to:





Project aggregator
Measures included
Weather station
Typical annual usage

As we noted earlier, since we are interested in estimating gross savings for more than one year,
the first year’s comparison group (composed of participants in the second program year) would
no longer useful for the second year. Instead, we propose that the participants from the third
program year be used in estimating the savings from the second year of the program, and so on.
This process could work so long as the program remains stable over time and provided that the
future participants have an adequate amount of pre-program consumption data to serve as points
of comparison. If both conditions are not met, a pooled fixed-effects approach, discussed next in
Section 3.1.2, will be used.
3.1.2. Estimation of Long-Term Gross Impacts

The longer-term method will involve a pooled fixed-effects approach to track the gross savings
over a three-year period. The pooled approach addresses exogenous change without the inclusion
of a separate comparison group. In this model, participants who received a measure installation
during a certain time interval serve as a steady-state comparison for other participants in each
other time interval. Almost all observations include premises that are still in their pre-installation
period and premises that are in their post-installation period, so the effect of post- versus pre- is
estimated to control for exogenous trends.
The basic structures of the site-level and the second-stage consumption data model are
effectively combined in the pooled approach. All monthly participant consumption data (both
pre- and post-installation) are included in a single model. This model has:

9

The sample size of 70 is based on an assumed coefficient of variation (CV) of 0.50. Once the P4P launches, we will monitor the
CVs for key variables and adjust our sample size accordingly.
10

PG&E notes that the use of future participants in a comparison group as a way to control for exogenous changes
in the estimation of gross savings will actually result in an estimate of net savings for low income programs. The
rationale for this conclusion is that, not only are future participants in low income programs extremely unlikely to
have the financial means to adopt measures during the evaluation period, but members of the general eligible low
income population are equally unlikely to as well.
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A site-level fixed-effect component (analogous to the site-level baseload component) and
average overall heating and cooling components



A post-installation indicator variable capturing the change in the post-installation period.

The recommended pooled model is illustrated in Equation 6.
𝐴𝐷𝐶𝑖𝑡 = 𝛼𝑖 + 𝛿𝑚 + 𝛽1 𝑃𝑜𝑠𝑡𝑡 + 𝛽2 𝐻𝐷𝐷𝑖𝑡 + 𝛽3 𝐶𝐷𝐷𝑖𝑡 + ∑ 𝛽𝑘 𝑋𝑖 +𝜀𝑖𝑡

(6)

Where:
𝐴𝐷𝐶𝑖𝑡 = Average daily consumption (kWh or therms) for household i at time t
𝛼𝑖 = Household-specific intercept
𝛿𝑚 = 0/1 Indicator for each time interval m, time series component that track systematic
change over time
𝛽1 = Coefficient for the change in consumption between pre and post periods
𝛽2 = Coefficient for HDD
𝛽3 = Coefficient for CDD
Post = dummy variable for pre (Post=0) and post (Post=1) participation in P4P
𝐻𝐷𝐷𝑖𝑡 = Sum of heating degree-days (e.g., base 65 degrees Fahrenheit)
𝐶𝐷𝐷𝑖𝑡 = Sum of cooling degree-days (e.g., base 75 degrees Fahrenheit)
𝛽𝑘 = A vector of k coefficients that reflect the energy change associated with a one unit
change in the kth explanatory variable
𝑋𝑖 = A vector of explanatory variables (i.e., covariates), such as changes in occupancy or
square footage, for the ith factor
𝜀𝑖𝑡 = Error
An additional set of variables will be included to explain variation in consumption over time for
reasons other than the central installation variable. That is, these variables will attempt to capture
the effects of economic, historical, social, and weather conditions that could not be explicitly
modeled. Examples of variables that could be included are:





Real per capita personal income provided quarterly by MSA
California unemployment rate
California consumer price index
Aggregate residential consumption: It is reasoned that electricity consumption over all
PG&E residential premises would vary with economic and other historical conditions.
During recessions, consumption will decrease, and when the economy is good, electricity
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use will increase. Aggregate monthly consumption for all members of the eligible P4P
population will be calculated and incorporated into the regression model.
Monthly dummies

3.1.3. Normalization

For P4P, there is no need to normalize the gross savings to account for different baseline
assumptions for equipment that is replaced on burn-out since P4P assumes that all installations
will be early replacement11. This is consistent with the treatment of Energy Upgrade California
Advanced Home Upgrade program. While this makes the existing conditions the appropriate
baseline for estimating first-year annual savings, the lifecycle gross savings must be adjusted to
account for early replacement in calculating the TRC. However, a method for adjusting these
regression-based lifecycle savings has not yet been identified. An approach developed for the
New York State Department of Public Service by Ridge, Jacobs, Tress and Hall (2011) is one
possibility.
3.1.4. Load Shapes

In the P4P Program, a wide variety of possible measures could be installed in any give home
covering the full array of end uses. For the purpose of calculating the Total Resource Cost (TRC)
test, we propose calculating a program-level load shape and EUL based on the collection of
measures installed in the program. The load shape and EUL will be based on the DEER load
shapes and EULs for each measure installed through the program weighted by estimated ex post
gross savings for each measure. More details of this approach will be provided as the types of the
measures installed become clearer.
3.1.5. Double Counting

Finally, because participants are able to participate in other PG&E programs (except for Energy
Upgrade California), we will conduct an analysis to avoid any double counting of savings
potentially claimed by other PG&E measures using the standard program tracking database.

3.2.

Self-Report Net-To-Gross Ratio

The Self-Report Approach (SRA) method will be consistent with Guidelines for Estimating NetTo-Gross Ratios Using the Self Report Approach (Ridge, Keating and Megdal, 1997). The
methods and instrument contained in the Joint Simple Net of Free-Ridership and Participant
Spillover Self-Report Survey Battery (Residential Net-To-Gross Ratio Working Group, 2008)
will be customized to address the unique characteristics of P4P. A stratified sample will be
designed so that customers with the largest estimated savings will be overrepresented. As noted
below in Section 7.4, participating residential customers will be interviewed twice, immediately
after the treatment and one year later. It is critical that the self-report survey be conducted as part
of the first survey to minimize the problem of recall.
If this SRA based estimate of net savings is reasonably close to the regression based estimate,
then one is reassured that the regression-based estimate is sufficiently accurate. This approach is

11

It is possible that some of the installations in some of the households might include measures that are replaced on
burnout thereby making any applicable efficiency code/standard or common practice the appropriate baseline for
these measures. If this occurs, we will draw a random sample of these households and estimate gross savings using
engineering methods that can more reliably take the appropriate baselines into account.
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referred to in the literature as triangulation, which provides redundant or confirmatory
measurement (Scriven, 1991).

3.3.

Sample Design

A sample design is not required in estimating P4P gross savings because the analysis will be
performed on the full, relevant program population with sufficient pre- and post-treatment
consumption data. Given this, there is no sampling error, i.e., there are no confidence intervals
around the estimates of short-term and long-term gross savings.

4. Method 3: P4P Versus PACE Loan Program
Similar analyses will be conducted using an alternate comparison group comprised of customers
who have participated during the initial enrollment period in the PACE Loan Program. The
results of this analysis will test the hypothesis that the P4P, by allowing aggregators to determine
the mix of interventions that is most attractive to customers, including behavioral, operational
and retrofit activities and paying them based on verified energy savings, can lead to significant
energy savings above the existing PACE Loan Program.
To estimate net savings, a pooled, fixed-effects, time-series/cross-sectional (panel) regression
model (similar to Equation 1) that incorporates the participants in the P4P and the PACE Loan
Program will be estimated. The main difference is that the treatment variable in Equation 1
would represent whether one participated in the P4P or the PACE Loan Program.

5. Alternative Method Considered: Random Encouragement Design
We also considered—but ultimately rejected— the use of a random encouragement design
(Cappers, 2014). In a randomized encouragement design (RED), a homogeneous group of
customers are divided randomly by a third party into two groups whereby one group of eligible
customers is “encouraged” to take up the treatment (but some may not do so) and another group
of eligible customers is not encouraged. The evaluation of the treatment effect in such a design
necessitates including both the customers who actually took up the treatment and those who did
not within the encouraged group. In aggregate, this “treatment” group can be compared against a
randomly-drawn control group from the eligible customer population, which would likewise be
comprised of those who, if given the offer of treatment, would accept it as well as those who
would reject the offer. This randomly-drawn control group from the eligible customer population
is therefore, in expectation, an unbiased counterfactual12 to the behavior of the treatment group.
Specifically, we considered three different evaluation designs:
1) Randomize Control Trial. This design involves randomly assigning eligible PG&E
customers to participate in the P4P (treatment) and randomly assigning eligible PG&E
customers to not participate in the P4P (control).
2) Full Eligible Population Random Encouragement Design. This Random
Encouragement Design (RED) involves randomly assigning all eligible PG&E residential

12

The counterfactual is the result that would have been expected had the intervention not been implemented.
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customers to one of two groups. The treatment group is encouraged to participate in the
P4P. The control group is not allowed to participate in the pilot for two years.13
3) Partial Eligible Population Random Encouragement Design. This RED is a variation
on the full approach described above but is less invasive to the operation of the program
because a portion of eligible customers are untouched by the experiment (the “business as
usual” group). The remaining customers are enrolled in the experiment and will be
assigned to either the treatment or to the control group as outlined in the full design
described above.
In the course of the development of this evaluation plan, we realized RCT and RED designs
might not be feasible or desirable for P4P. The key limitations of these two designs are listed
below:
1. Feasibility. In a RCT design, to randomly assign eligible customers to the P4P means
that PG&E customers would be mandated to participate in the P4P, which is impossible.
The only reason such a design is feasible for such program as OPower is that customers
are not asked to opt in, i.e., every eligible household receives the monthly energy report.
2. External validity. In RCT designs that involve random assignment to treatment and
control groups are at a slight disadvantage when it comes to external validity14. Mohr
(1995) concludes: “Because they demand enough control to be able to assign subjects to
treatments at random, they make it more difficult to employ typical subjects and natural
or representative setting; the randomization often upsets natural groupings and setting
and leads to the selection of atypical subjects simply because they are easy or convenient
or at least possible to randomize” (p. 97). External validity for this evaluation is critical
since a key component of the underlying theory of the P4P is that the market actors
should be allowed the flexibility to implement the program using their best professional
judgement. A fair test of this program design component would be to give control of the
marketing and targeting of the program to the aggregators who are supposed to
implement the program. For PG&E program staff to impose their definition of the
eligible market means that the results of this evaluation will be less generalizable to a
scaled-up future program in which the aggregators have full control of the marketing and
targeting of the program.
3. Customer equity. In both RCT and RED designs, a significant portion of eligible
customers would be denied any benefits of participating in the program for two years.
4. Ability to manage aggregator marketing behavior. In RED designs, a given
aggregator might not agree that the PG&E list of eligible customers assigned to the
treatment group is optimal. As a result, they might supplement this list with households
that they believe have greater savings potential and higher probability of participating.

A true experimental design isn’t possible since PG&E cannot mandate that a random sample of eligible customers
actually participate in the P4P and that a random sample of eligible customer cannot participate in the P4P.
14
The issue of external validity concerns the extent to which one may safely generalize the conclusions derived
from an evaluation.
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This of course would compromise the randomness of our design, effectively turning it
into a quasi-experimental design.
5. Ability to attract aggregators. In RED designs, aggregators might be too risk averse to
sign a contract that requires them to market only to PG&E-identified households that they
believe are a sub-optimal group of households, or that limits their ability to use the
targeting approaches they see as being the most effective (such as neighbor referral or
geographic targeting approaches that may be incompatible with assignment approaches
used in a RED design).
6. Statistical power requirements. In RED designs, sample size requirements are greater
than the sample size requirements for a true experimental design. The power analysis15
used to estimate the sample size must take into consideration that the number of
households required to obtain a given level of statistical power in a RED increases by a
factor of 1/c2 where c is defined as the share of treatment group households that
participate in the program (Cappers, 2014). Such a large sample size might not be
possible for a pilot program in which few customers might be expected to participate.
7. Maintaining the integrity of the design. In RED designs, the implementation can be
challenging. PG&E, in close collaboration with the aggregators, would need to agree on
the definition of the eligible population in order to improve the external validity of the
design. This definition would probably be broader than the eligible population defined by
any one aggregator since it must include unique customer types that each of the
aggregators might prefer to target.16 Aggregators would then be instructed to encourage
only those assigned by PG&E to the treatment group and to create a database of all these
encouraged households. Aggregators would be supplied on an on-going basis with
random samples of the eligible population which they must approach since all members
of the eligible population must be encouraged by aggregators not just a subset of those
that they might prefer to target. Only when each sample is exhausted, could an aggregator
request another sample. Those assigned to the control group would not be allowed to opt
into the Pilot for two years. Maintaining the integrity of this design requires clear
communication among all parties, effective management of samples of those eligible for
treatment, and discipline on the part of 1) the aggregators to market only to those
assigned to the treatment group and 2) PG&E to deny treatment to those control group
households that might seek to participate.

6. Collaboration with CalTrack
The overall goal for the CalTRACK Pilot Project is to quickly demonstrate a system that will
automatically calculate and report realized savings for every participating residential energy
efficiency project in California based on standard input data formats and analysis methods, and
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The statistical power of a study translates into the probability that the study will lead to the correct conclusion
(i.e., that it will detect the effects of treatments (Murphy and Myors, 1998).
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Note that agreement among PG&E and the aggregators regarding the definition of the eligible population could
help to mitigate (not eliminate) the first concern.
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use that demonstration to refine and finalize the technical requirements and methods for
CalTRACK. The CalTRACK technical working group has been convened to help guide the
CalTRACK pilot process and to discuss critical technical and methodological requirements for
the CalTRACK system. The working group includes representatives from all California IOUs,
program implementers, the CEC, the CPUC, program evaluators, software vendors, and other
technical assistance providers. To the extent possible, PG&E will work closely with the
CalTRACK technical working group to develop consistent methods for estimating gross savings
and for streamlining the process. This would include such topics as controlling for exogenous
changes, weather normalization, data acquisition, data preparation and reporting.

7. Process Evaluation
A process evaluation is defined as: A systematic assessment of an energy efficiency program for
the purposes of (1) documenting program operations at the time of the examination, and (2)
identifying and recommending improvements that can be made to the program to increase the
program’s efficiency or effectiveness for acquiring energy resources while maintaining high
levels of participant satisfaction (TecMarket Works 2004). A process evaluation is particularly
important for new programs in which the mechanics of implementing the program are relatively
new and untested. To gather the necessary data, telephone interviews will be conducted with the
following:
1.
2.
3.
4.
5.

P4P staff
Participating aggregators
Nonparticipating energy service providers
Participating residential customers
Residential customers who were marketed to but chose not to participate

Below, for each of these five groups, we describe the general topics to be covered, the targeted
number of interviews, the targeted level of confidence and precision when sampling is used, and
the frequency with which interviews will be conducted.

7.1. Program Administrator Staff
In-depth interviews will be conducted with two Program Administrator staff members. They will
be interviewed by telephone twice each year, covering such topics as:





Substantial deviations from original program design and the reasons why
Ideas for improvement of program design and delivery
Ideas for making the program more scalable
Perceptions of whether participating aggregators prefer the P4P approach to more
traditional PG&E energy efficiency programs.

7.2. Participating Aggregators
In-depth interviews will be conducted with staff members of each participating aggregator. They
will be interviewed by telephone twice each year, covering such topics as:


Ideas for improvement of program design and delivery
16







Ideas for making the program more scalable
Perceptions of whether they prefer the P4P approach to more traditional PG&E energy
efficiency programs.
PG&E management of the P4P
Whether program requirements were onerous
Whether they were paid in a timely manner

7.3. Nonparticipating Energy Service Providers (ESPs)
In-depth interviews will be conducted with a random sample of 70 nonparticipating energy
service providers (ESPs) with the expectation of achieving the 90 percent level of confidence
plus or minus 10 percent. The sample size of 70 is based on an assumed coefficient of variation
(CV) of 0.50. Once the P4P launches, we will monitor the CVs for key variables and adjust our
sample size accordingly. They will be interviewed by telephone once each year, covering such
topics as:




Awareness and knowledge of the P4P
Interest in participating in the P4P
Barriers to participating in the P4P

7.4. P4P Participants
Interviews with 70 participating residential customers will be conducted twice, immediately after
the treatment and one year later. The sample size of 70 is based on an assumed coefficient of
variation (CV) of 0.50. Once the P4P launches, we will monitor the CVs for key variables and
adjust our sample size accordingly. Within each aggregator, the sample might be further
stratified by size of expected savings. The 90 percent level of confidence plus or minus 10
percent has been targeted. Interviews will address such topics as:









Perception of risk of not achieving energy savings
Program satisfaction
Spillover
Ideas for improvement of program design and delivery
Other household changes (e.g., increased occupancy, addition of energy using equipment)
from the pre to the post period that might have affected energy use
Use of web portal to track the energy use of their household
Sharing of their P4P experience with their friends and neighbors
Participant non-energy benefits (e.g., increased comfort)

7.5. Nonparticipating Eligible Residential Customers
Seventy customers who were encouraged/marketed to but who decided not to participate in the
P4P will be interviewed once each year. The sample might be further stratified by CEC climate
zone. The 90 percent level of confidence plus or minus 10 percent has been targeted. Interviews
will address such topics as:




Barriers to participating in the P4P
Interest in future participation in the P4P
Awareness and knowledge of the P4P
17

8. Early EM&V
It is critical that PG&E monitor (using aggregator dashboards) post-intervention consumption
data for each participating household in order to determine if the observed ex post savings match
the expected ex ante estimates. If savings are less than expected, PG&E can explore possible
causes and take corrective action. For example, QA/QC audits might discover that a particular
aggregator is not performing quality installations of HVAC units and could benefit from
additional training. Or, interviews with samples of participants might reveal that some occupants
are changing their behavior (e.g., turning up their thermostat in the winter or turning it down in
the summer). In such cases, the non-energy benefits could be clearly documented and case made
for including such benefits in the future. Or, these participants would be reminded that such
“take back” will reduce their expected bill savings.

9. P4P Performance Metrics
A summary of the key performance metrics that will be tracked over the course of the P4P is
provided in Table 1. These metrics are informed by the logic model provided in the HOPPs
submission for P4P.
Table 1. Program Performance Metrics to Be Tracked

Goal

Metric

Participating
customers

Develop
Scalable
Business
Models

Data
Availability and
Transparency

Logic
Model
Box
I

Participating
aggregators and
contractors

B

Non-incentive costs

N

Total cost per home

N

Savings

R

Competing ESPs
Transparent
aggregator portfolio
savings

Target for Initial
Enrollment
Period (IEP):
Years 1-2
2,100 / year
3-5 aggregators,
50 active
contractors (>5
jobs/year)
< 20% of total
costs
< $1,500/home
4.83 GWH, 4.7
KW, 0.945 therms

K, N

Provided quarterly

N

Aggregators able
to bid into auction
by 2018-2019

Monetize savings

Logic
Model
Box

Target for
Second
Enrollment
Period: Years 35

O, T

Triple IEP

N

Triple IEP

S

< 16% of total
costs
< $1,200/home

R

Triple IEP

P

50

S

Note that some of these indicators are simple (e.g., the number of participating customers) while
other are more complex and will require more work to operationalize. To the extent possible
each will also have to be transformed into SMART (specific, measureable, ambitious, realistic,
18

and time-bound) objectives.17 For each, decisions must also be made regarding the frequency of
data collection (e.g., monthly, quarterly, annually, every third year, etc.) as well as the targeted
level of accuracy and precision. Finally, both the Energy Division and the IOUs must collaborate
in making all of these decisions.

10.

Establishing Evaluation Data Requirements

Table 2 summarizes the data requirements and sources to support the impact and process
evaluations of the P4P. The evaluators will prepare a written request to PG&E and the
aggregators.
Table 2. Data and Sources
P4P
Aggregator

Data

PG&E

Third
Parties/
Telephone
Surveys

California
Energy
PACE
Commission Implementor*
(CZ 2010)

Aggregator ID

X

X

Unique site ID

X

X

Customer Account

X

X

Customer contact information (name, mail address including zip code,
telephone number, and e-mail address)

X

X

Measures installed

X

X

Estimated savings per site

X

X

Date(s) of measure installation(s)

X

X

Begin dates and end dates for each billing cycle

X

12 months of pre-treatment kWh consumption and 12 months of posttreatment kWh consumption

X

Read type (indicating estimated and other non-actual reads)

X

Variables required to merge consumption data with program tracking
data (e.g., account numbers)

X

Location information or other link to CZ 2010 weather data

X

Customer tenancy at the premise (the tenancy starting and ending
dates)
Household characteristics from program-tracking database e.g.,
number and age of occupants, income, education) for members of
treatment group

X

X
X

X

Household characteristic data for members of the comparison group

X

* PACE Loan Program implementors must provide all the premise information in the table for a matched set of PACE standard offer loan participants

Household characteristics data for members of the comparison group require some further
details. Household characteristics data for members of the comparison group would be obtained
from PG&E which has contracts with two third party providers. Such variables as age, household
17

Poister, Theodore H. (2003). Measuring Performance in Public and Nonprofit Organizations. San
Francisco, CA: Jossey-Bass.
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income, owner/renter, home square footage, year home was built, household size, language,
length of residence, number of adults, and presence of children can be obtained for a very large
percent of households in the comparison group. It is assumed that the same data will be collected
from households in the treatment group by the aggregators. Another possibility is to collect the
same data through telephone interviews with a random sample of comparison group households.
This would be a more expensive option and the number of households from which we would be
able to collect these data would be smaller due to budget constraints. The smaller sample would
also reduce the statistical power of any regression models.
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