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This research provides

1.0 Project Introduction information necessary
to assist in maintaining
he utility industry landscape is changing at a )
I rapid pace, breaking new ground in customer low rates and high
partnerships and utility operations. With the levels of customer

development and continued advancement of smart satisfaction, while
grid infrastructure and technology, utilities are faced
with the challenge of embracing changes that provide
customers and internal operational teams new value price signals to
propositions. While many of the smart grid benefits customers to encourage
may seem obscure from the customers’ perspective in
this early state, there are countless opportunities to
leverage the enhanced grid to provide customers with
choices, services, and solutions that were not feasible
in the past.

sending appropriate

responsible electricity

consumption.

As part of our Compact with the Customer initiative, Sacramento Municipal Utility
District (SMUD) has committed to empowering customers with solutions and options
that increase energy efficiency, protect the environment, reduce the greenhouse gas
emissions that contribute to global warming and lower the cost to serve our region.
SMUD’s strategic approach includes boosting renewable energy supplies, becoming
more aggressive with energy efficiency, and developing new demand response options.
SMUD seeks to assist customers in becoming active managers of their energy use and
offer better tools to shift their use from peak into the off-peak hours.

The Department of Energy’s Smart Grid Investment Grant (SGIG) offered SMUD the
opportunity to test the impacts of dynamic pricing and enabling smart grid technology on
peak load shaving, energy conservation, and customer satisfaction using rigorous
experimental research methods. SMUD is one of eleven utilities conducting a Consumer
Behavior Study (CBS), a dynamic pricing trial, funded in part by the SGIG. The
enclosed report describes the planning, implementation and load impact evaluation of
the first summer of SmartPricing Options.

1.1 About SMUD

SMUD is a publicly-owned electric utility governed by a seven-member Board of
Directors. Serving approximately 600,000 customers and a total population of about 1.4
million, SMUD is the sixth-largest public utility in the United States. Our 900-square-mile

Page 1 of 195
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service territory encompasses Sacramento County and a small portion of Placer
County.

SMUD has been providing public power to the Sacramento region since 1946, and our
energy efficiency and renewable energy programs are recognized nationally for
leadership and innovation. For each of the last eight years, SMUD has received the
highest customer satisfaction ratings of any utility in California in the J.D. Power and
Associates survey and received the second-highest score in the United States for
commercial customer satisfaction in 2010.

1.2 Consumer Behavior Study Background

SMUD was awarded a $127M grant toward a $308M smart grid project from the U.S.
Department of Energy (DOE) as part of the American Recovery and Reinvestment Act
of 2009 (ARRA). SMUD’s SmartSacramento®’ project is a result of an effective and
strategic partnership between SMUD, California State University Sacramento, State of
California’s Department of General Services, County of Sacramento, Los Rios
Community College District, Elk Grove Unified School District, and the Sacramento City
Unified School District. Together with our partners, SMUD is implementing a smart grid
in Sacramento that can serve as a model for California and the rest of the United
States.

Included in SMUD'’s proposal to DOE was an agreement to participate in a cross-utility
research effort to study the impacts of dynamic pricing in various regions. This study
accounted for approximately 4% of SMUD’s proposed smart grid project budget. Utility
participants who conducted a consumer behavior study would not only benefit from the
research opportunity within our own services territories, but the findings would be
publicly available both by individual utility analysis as well as an aggregate assessment
across consumer behavior studies to be conducted by Lawrence Berkeley National
Laboratory. Currently, there are 11 approved studies being conducted. The research
results are anticipated to be referenced by strategic planners within utilities, policy
makers, technology developers and manufactures, and others in the utility space with
an interest in pricing design, behavior shifting, and enabling technology development.

Upon award of DOE grant funding in 2009, teams were assembled to begin the detailed
planning of each of SMUD’s new projects that resulted from the grant award. SMUD’s
consumer behavior study was among the new projects in SMUD’s smart grid portfolio.

! ®A registered senice mark of the Sacramento Municipal Utility District.
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While time-variant rates weren’t new to the utility industry, a large-scale implementation
integrated with emerging smart grid technology was uncharted territory for SMUD.
Smart meter implementation was in its early stages, smart grid systems integration was
still being tested, and the true capabilites of the impending upgrades to SMUD’s
infrastructure were largely unrealized. The team was tasked with developing research
objectives and an evaluation plan in consultation with a Technical Advisory Group
(TAG) contracted by DOE and directed by Lawrence Berkeley National Lab. The plan
was to account for the implementation of the study taking into consideration the
transitional state of the grid, our ability to deliver a quality pilot program, resource
constraints, and the overall customer experience.

As energy efficiency becomes standard in product design and new construction, the
need for residential load management is shifting steadily toward demand response.
Customer programs in the load management space had largely focused on energy
efficiency up to the point of the SGIG award. SMUD had maintained a substantial air
conditioning load management program that included switches on about 20% of
residential homes; however it hadn’t been operated in a programmatic function for about
a decade. SMUD’s legacy residential TOU rates didn't meet our changing needs and
hadn’t been actively marketed to customers. Adoption of the rates was extremely low for
these reasons, and it was clear that our organization had come to the opportune time to
utilize the emerging smart grid technology to design and test new rates that met our
load management needs.

Historically, education related to SMUD rates was focused on community outreach
during a formal rate process and public distribution of the tariff sheets. Customer energy
education focused heavily on energy efficiency, renewable energy options, and
programs that assisted with bill management or electrical equipment. SMUD leadership
determined early in the planning process that customer engagement, satisfaction, and
ability to succeed in bill reduction would be cornerstones to the implementation of our
pricing trial. This provided a compass for both rate and research design, effectively
determining that partnering with our customers on this effort would provide the most
opportunity for success for both SMUD as an organization and for our customers. This
partnership approach became the foundation for rate design, process design, marketing
and communications, product deployment, customer support, and all other aspects of
the pilot.
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1.2.1 SMUD'’s Consumer Behavior Study Objectives

The main objective of SMUD’s CBS is to investigate the effectiveness of integrating
AMI-enabled time-variant pricing and enhanced information to induce behavior change®.
The study contains three types of treatments: recruitment strategy, rate design, and
information feedback technology. This research will provide information necessary to
assist in maintaining low rates and high levels of customer satisfaction, while sending
appropriate price signals to customers to encourage responsible electricity
consumption. The study incorporates carefully designed experimental rates, a complete
customer service and support portfolio, education to assist informed decision-making,
and personalized information feedback to allow customers to manage their consumption
daily and make it easier for customers to save.

The study was designed with the intent to determine:
a) Electric energy and demand impacts of each of the treatments
b) Customer characteristics associated with behavior
c) The role of in-home displays (IHDs) in customers’ daily electricity management
d) Program impacts on customer bills and satisfaction
e) Expected value to the utility of rate and enabling technology programs
f) Expected market penetration for rate and enabling technology programs

g) Effective educational and marketing strategies for customers

1.3 How This Report Is Organized

When reviewing research findings, it is important to understand the environment in
which the research was conducted and details of the implementation to assist in the
interpretation of the findings. For that reason, SMUD has elected to include detailed
information about the planning and implementation of the project. These details should
provide appropriate context to assist in determining the applicability of the findings in
various scenarios and environments.

This report is divided into three chronological sections and an appendix.

2 End-use controls such as smart thermostats and load control switches are not included as part of this

study.
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Section |: Research Design and Project Planning covers the genesis of the
project, project scope, planning considerations and administrative detalils.

Section II: Project Implementation discusses the logistics of putting the project
plan and research design into action. In specific areas of interest, detailed
accounts of process or framework are included.

Section IlI: Interim Load Impact Evaluation is a comprehensive load impact report
covering the first summer’s load impacts conducted by Freeman, Sullivan & Co.
The report is included in its entirety as it was prepared for SMUD. This section
was written in a manner in which it can be extracted from this report and stand
alone as an independent document. As such, it contains some brief areas of
redundancy with Sections | and Il of this report, providing high level details for
contextual value within the impact discussion.

Appendix contains detailed examples of marketing materials, process flows, and
similar in depth materials. Also contained in the Appendix is SMUD’s complete
CBS Plan (CBSP) approved by the TAG and DOE. This plan served as the
scope document from which all other planning documents were derived.

Within Sections | and I, where applicable, each subsection will cover the following
discussion areas:

e Overview

e Details

e Quality Assurance

e Lessons Learned and Key Takeaways

e Additional Areas of Interest and Future Research

From this point forward in the report, when referring to SMUD’s consumer behavior
study, we will use the pilot's marketing name, “SmartPricing Options.” We will also use
the terms “study” or “pilot” to refer to the SmartPricing Options. The term “Consumer
Behavior Study” or “CBS” will refer to the overall consumer behavior study data being
collected by the DOE in consultation with Lawrence Berkeley National Lab, including all
11 studies.
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SECTION I: RESEARCH DESIGN AND PROJECT
PLANNING
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2. 0 Research Design

2.1 Overview

topical area can be a fairly straightforward task. The

process of narrowing research objectives, balancing
priorities, selecting the appropriate methodology, and
thoroughly scoping the project is much more
complicated. While SMUD recognized the intrinsic
value in DOE’s preferred research approach and stated
rate structure preferences from a policy-making
perspective, the DOE objectives weren't entirely
congruent with SMUD’s strategic directives and
immediate time-based rate strategy. It was paramount

I dentifying a need to conduct research in a particular

SMUD had a

considerable list of

potential research

objectives that would be
of value internally which
needed to be balanced
with the research
objectives stated by
DOE.

that the research conducted and the manner in which it would be conducted both be
clearly tied SMUD'’s business culture and strategic direction.

After considering the request to implement a mandatory dynamic rate with our smart
meter customers, SMUD responded with an agreement to conduct a pricing trial along
with a list of six key principles that would be necessary in order for SMUD to move
forward with such a study. After consideration, these principles were agreed to by DOE.

The following six principles were put in place to govern our pilot design:

1.

2.

It will incorporate at least three rate options: medium and high CPP anda TOU.

The population from which the sample will be drawn is approximately 50,000
customers determined by smart meter installations.

The treatment group selected in the study will be between 5,000 and 20,000
customers depending upon the final research plan.

The study will include opt-out and opt-in enroliment.

All treatment group participants will be provided with a baseline level of quality
information and education. In addition, the study will test different marketing,
education, and communication strategies.

Enabling technology options may be offered to all treatment participants.
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The development of these principals marked the beginning of the research design
process. As we worked through the research planning process, these principles evolved
to align with higher priority objectives, such as statistical precision. During the planning
phase, SMUD had been granted an additional year to plan and implement the research
study to allow for technology advancement and cleaner implementations. During that
year, smart meters continued to be installed as part of our district-wide implementation
of smart grid, opening up more sampling options.

A team of stakeholders in the research findings and consultants was assembled to
determine research objectives and define the scope, schedule and budget.
Representatives on the initial team included the following departments: Rates, Load
Research, Customer Strategy, Market Research, Marketing, and the Budget Office, as
well as consultants from Herter Energy Solutions. As the planning process evolved,
subject matter experts from various areas potentially impacted by the implementation or
the findings (e.g. Information Technology and the Contact Center) were brought into the
planning team, along with ongoing consultation with SMUD’s Executive team and Legal
department.

The team determined that we needed internal alignment regarding SMUD’s objectives,
as well as reasonable schedule and budget estimates before beginning scope
discussions with DOE. SMUD had a considerable list of potential research objectives
that would be of value internally, which needed to be balanced with the research
objectives stated by DOE. The team went through a discovery and prioritization process
that narrowed the research objectives and scope to a few key components. During that
time, DOE entered into an agreement with Lawrence Berkeley National Laboratory to
implement a Technical Advisory Group (TAG) to act as liaison between the utilities and
DOE, providing guidance, feedback, and assistance in the approval of research and
evaluation plans. Once SMUD had determined our research objectives, we began
discussions with our TAG to further develop and finalize our plan.

SmartPricing Options was one of several SMUD pilots funded in part by SGIG. In an
attempt to optimize the learning potential and breadth of all pilot customer offerings
funded by the grant, SMUD took a portfolio approach to pilot selection. The planning
teams across the pilots used the same basic steps to determine research goals.

1. Review of SMUD'’s strategic directives and program goals

2. Assessment of existing and emerging technology and gap analysis of programs
and services

3. Utility benchmark via primary interviews and secondary research
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4. Internal business unit collaboration

5. Define portfolio characteristics

6. Select characteristics that enable customers along a energy literacy and
engagement continuum

Electricity
Management
Delegation to
Utili

Customer
Behavior and
Controls

Appliance and
Home
Automation

Customer
Education

7. ldentify research questions

8. Select balanced portfolio of research and analysis to address overall strategic
directives and potential gaps

In step six, SmartPricing Options falls into the first two categories of the continuum:
Customer Education and Customer Behavior and Controls, meaning that this pilot would
not include appliance load management by automation or delegation (direct load
control). Other pilots and research projects in the portfolio would address these
categories. This narrowed the focus considerably, allowing the team to begin defining
the boundaries of the scope.

This section will summarize the steps implemented to determine research objectives,
methodology, sample design, and considerations that contributed to the plan. SMUD’s
approved CBSP, which contains detailed descriptions of sample calculations and
parameters, can be found in the Appendix of this report.

2.2 Detalls

After prioritization of research objectives, several areas of interest had to be removed
from the list of potential research questions, including areas such as:

e Rate design variations that would have allowed for robust elasticity estimates
e Impacts of varied levels of marketing, education, and communication strategies
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e Multifamily and single family home comparisons

e Effects of community partnerships in incentive-based program design (e.g.
school incentives for enroliment or demand reduction)

e Interaction of time-based rates with load management programs
e Interaction of time-based rates with levelized billing

Inclusion of price-responsive programmable communicating thermostats with [IHD
capabilities was initially included in scope; however, devices meeting SMUD'’s technical
requirements weren’'t available during the procurement window, so they were removed
from scope. In retrospect, this made for a much cleaner behavior study design by
limiting the enabling technology treatment to an information device, rather than a
combined information and automation device.

SMUD staff conducted as-is assessments, baseline research and best practice
research regarding rate design, enabling technology deployment, and time-based rate
research and program implementation. It became clear that very basic research
questions had yet to be answered with confidence in the area of dynamic pricing. SMUD
settled on focusing our effort on seven residential® treatment groups addressing three
areas of interest: recruitment strategy, rate design, and enabling technology.

1. Recruitment Strategy: Four treatment groups would receive their pricing plan
offer as an opt-in opportunity. Three treatment groups would receive their pricing
plan offer on a default basis. All customers could leave the pricing plan at any
point with minimal effort.

2. Rate Design: Three rate structures were included in the plan. Critical Peak
Pricing (CPP), Time of Use (TOU) and a combination TOU-CPP.

3. Enabling Technology: Five of the seven treatment groups would receive the
offer of a free IHD. Acceptance of the display was not required for participation.

Figure 1 provides a visual depiction of the treatment groups.

® The original plan also included the small commercial sector, however small commercial was removed
from the study design because the pilot rates were adopted as permanent default rates for small
commercial customers during the planning phase of the project.

Page 10 of 195
SmartPricing Options Interim Evaluation



@ SMUD’

Figure 1: SmartPricing Options Treatment Groups

TOU-CPP
With IHD Offer With IHD Offer

TOU
With IHD Offer

With IHD Offer No IHD With IHD Offer
Offer

The experimental rate options would be offered to sample population beginning
October, 2011 to be in effect June through September, in both 2012 and 2013, with the
intent of determining:

1. Electric energy and demand impacts of each of the treatments

2. Customer characteristics associated with behavior

3. The roles of IHDs in customers’ daily electricity management

4. Program impacts on customer bills and satisfaction

5. Expected value of rate and IHD programs

6. Expected market penetration for rate and enabling technology programs
7. Effective educational and marketing strategies for customers

Negotiations with our TAG included all areas of research design and research
questions. SMUD’s proposed research questions address important policy questions
related to acceptance rates and default pricing. As such, our research questions were
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approved by the TAG with minimal discussion. The primary areas of concern during
negotiations were methodology and sampling.

It is not uncommon in utility research to rely on quasi-experimental methods and limited
sample sizes due to resource constraints, technology limitations, and potential customer
impacts. The TAG had a much higher standard for the implementation of the Consumer
Behavior Study for all utility participants. In SMUD’s case, the resulting research plan
included three methodologies: Randomized Control Trials (RCT), Random
Encouragement Design (RED), and Within Subjects. The merits of rigorous
experimental methods versus econometric modeling methods which use statistical
modeling to compensate for sample size, selection bias, and other issues introduced by
using less than precise methods are largely unverified, based primarily on theory. This
introduced an opportunity for SMUD to test the merits of each methodological approach,
since various evaluation techniques would be possible within our study design. Though
it is not associated directly with dynamic pricing, this research question was added to
the evaluation objectives to provided added value to the academic and research
communities, including SMUD’s internal research teams.

It was important to SMUD to manage the size of the study, and the RCT and RED
designs with the agreed upon statistical power require much larger sample sizes than
the methods typically employed by SMUD. In an effort to manage the study’s footprint
on our service territory, we opted to assign research rigor and associated sample sizes
based on the priority of the research questions that could be answered by the treatment
group. This resulted in the following design:

e RED: CPP with technology offer (opt-in and default) and TOU with technology
offer (default)

e RCT: TOU with and without technology offer (opt-in)

e Within Subjects: CPP without technology offer (opt-in) and TOU-CPP with
technology offer (default)

Ultimately, sample sizes were larger than expected after the first summer due to much
higher than expected recruitment and retention rates, which allowed FSC to conduct the
evaluation using RED and RCT methods for all treatments.

Because SMUD elected to use a portfolio approach to demand response research
pilots, certain customer groups were excluded from the sample frame. Additional
customer groups were excluded from the sample frame for equity issues or technical
constraints. It was acknowledged during the planning process that this would limit the
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representativeness of the findings of the SmartPricing Options research to those groups
included in the sample.

Residential customers enrolled in any of the following rates or programs were removed
from the sample frame:
e SMUD'’s legacy residential opt-in TOU rate
e Anysolar rate
e Master metered customers (mobile homes not individually metered)
e Third Party Notification: A program that provides for special notifications to
prevent unnecessary service interruptions because of late payments.
e Medical Equipment Discount Rate: Monthly discount for households that require
use of a medical equipment device.
e Budget Billing: A voluntary program where customers receive a monthly bill with
a payment amount based on the previous 12-month average
e Peak Corps* (ACLM): Avoluntary air conditioning cycling program

Table 1 represents the minimum sample sizes and enrollment requirements to meet all
required parameters across the treatment group. The columns labeled “Recruitment
Goal” and “Total Invitations or Notifications” became the operational figures used to
obtain the final required sample sizes for each treatment group. The TOU with IHD (opt-
in) sample size was increased to allow for additional homes that would accept the IHD
offering, potentially opening up opportunities for undefined post hoc analysis related to
IHD acceptance and use.

* Peak Corps members were used for recruitment into an SGIG-funded direct load control, and the SmartPricing
Options sample was excluded from that pilot sample; the sample frames were mutually exclusive.
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Table 1: Sample Size Requirements

Resulting Invitations
Sample
Type| Type Requirement| Enrolls + [|Notifications

Effects Effects |Detectable (Total Postpones | at 15% opt-
kWh kW Enrolls + |before 20%| in and 50%
Treatment Group |Design (summer)| (daily) |kW (event)] Postpones)| attrition)

Res Opt-in TOU
(no IHD offer) RCT 0.10 0.20 0.80 0.05 0.05 0.20 1884 2355 15700

Res Opt-in TOU
(with IHD offer) RCT 0.10 0.20 0.80 0.05 0.05 0.20 3140 3925 26166

Res Opt-in CPP Within
(no IHD offer) Subject 0.10 0.20 0.80 0.12 0.12 0.12 150 187.5 1250

Res Opt-in CPP
(with IHD offer) RED 0.05 0.20 0.80 - - 0.20 1131 1413 9425

Res Opt-out TOU
(with IHD offer) RED 0.10 0.20 0.80 0.05 0.05 0.20 992 1240 2480

Res Opt-out CPP
(with IHD offer) RED 0.05 0.20 0.80 - - 0.20 345 431 862

Res Opt-out TOU-  Within
CPP (with IHD offer) Subject 0.10 0.20 0.80 0.08 0.09 0.08 300 375 750

The minimum random control group selected for the RED treatments was determined to
be 47,103, which allowed for 20% attrition due to moves or ineligibility would occur
between the day the sample was selected and September 30, 2013. A final control
group size of 37,682 was required after attrition to meet all minimum parameters across
all RED treatments. Following is a list of basic assumptions made when calculating
sample requirements.

a) 15% acceptance of opt-in rates rate by June 1, 2012

b) 50% opt out of the default rates by June 1, 2012

c) 60% IHD acceptance across treatments by June 1, 2012

d) 20% attrition for each treatment and control group from June 1, 2012 to
September 30, 2013
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2.3 Quality Assurance
2.3.1 Sample Calculations

To ensure quality and precision, a team of statisticians and research professionals
participated in sampling design. The team consisted of three SMUD staff, two
consultants hired by SMUD, and four TAG members. Sample calculations were
calculated independently by a SMUD consultant and the TAG, and the methodology
and calculations were reviewed and approved by all team members.

Determination of sample sizes took into account multiple factors. Once treatments of
interest were identified, each treatment was assigned to one of the three study designs.
For each treatment, minimum detectable effects were identified for each of the relative
research questions (i.e. kW and kWh savings); type | and type Il error tolerances were
determined; expected patrticipation, attrition, and end-use technology acceptance rates
were applied, and the applicable power calculation was performed to determine sample
sizes. For those sample sizes that were not driven by a power calculation®, the team
used the sample sizes from the Statewide Pricing Pilot and SMUD’s Summer Solutions
pilot, as well as Table 4-5 in EPRIs "Guidelines for Designing Effective Energy
Information Feedback Pilots: Research Protocols” as guidelines for determining sample
sizes that would potentially detect an effect of the magnitude in question if the effect
exists.

The process used for performing the power calculations is detailed in the CBSP which
can be found in the Appendix, including the specific calculations used for the RED and
RCT power analysis to determine the minimum required sample sizes for 90%
confidence with 10% precision. All calculations assume comparison of the treatment
group to the respective control group.

2.3.2 Event Implementation

It is not uncommon in peak-event-based pricing for the actual number of peak events
called to fall within a range or to have a cap, rather than having a fixed number of
events. For example, if peak events are determined by temperature, a mild summer
may not yield the maximum number of events allowable under the rate design. This type
of event implementation was of some concern to both the SMUD rate design team as
well as the team participating in the sample calculations. If Sacramento experienced a
mild summer during the pilot, there would be a risk that too few events might be called

® The treatment groups that were planned as within subjects studies (Default TOU-CPP with IHD and Opt-
In CPP without IHD) and had samples sizes that were not driven by a power calculation.
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to shift enough load to meet the parameters of the sample calculations. There are also
implications in rate design when considering a dynamic number of event days versus a
fixed number, so this operational concern was important to address early in the planning
stages. The team determined the best approach would be to ensure exactly 12 events
would be called for each summer, eliminating the ambiguity introduced by a variable
number of events.

The team decided that peak event determination not be based solely on temperature for
the pilot. If a fixed number of events were to be called, it would be important to have
criteria in place that assisted in minimizing the subjectivity of event determination. For
research purposes, we wanted to ensure we had event days that represented various
months, days of the week, number of consecutive days, and range of temperatures. For
evaluation purposes, we wanted to exclude some qualified event days to use as
potential points of comparison. For these reasons, the SMUD team felt it would be
essential to establish clearly documented criteria and processes for event determination
and deployment. Further discussion of this can be found in Section I, 11.0
Implementing Critical Peak Events.

2.3.3 Customer Communications Control

With ambitious recruitment and retention goals and a robust educational communication
component, SMUD was concerned about over-communicating with customers.
Additionally, it was important that the SmartPricing Options sample not be used for
targeted messaging or recruitment into energy management offers that might impact
their usage during the pilot. To mitigate this risk, SMUD decided to create an approval
process for communicating with customers in the sample, which included and
automated filtering and review process by the market research group who manages
customer communication mail lists and final approval by the SmartSacramento Program
Manager responsible for SmartPricing Options. This was not an inconsequential
decision, given that the SmartPricing Options sample was approximately 20% of the
residential population.

2.3.4 Scope Management

A project of this size and importance could easily be subject to scope creep and
redefinition. To mitigate this risk, a comprehensive high-level scope was included in the
CSBP that was provided to the TAG, and all terms were discussed in detail and agreed
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upon. The CBSP was routed internally at SMUD and approved by all team members
and management stakeholders prior to submitting for approval by the TAG and DOE.
The CBSP was then used to establish more detailed scope documents and business
requirements used to develop a detailed implementation plan. This process proved to
be a critical component to managing scope and obtaining necessary resources to
complete the project. It was also a vital tool for new team members who joined the team
in the years that followed to provide context and scope. As the project moved further
away from the initial design stages, scope documents were often referenced to recall
specific objectives of various tasks in order to manage budget and schedule.

In addition to scope documentation, the team went through a standard risk assessment
during the development of the CSBP to identify any high probability or high impact risks
that would obstruct the ability to meet the research requirements. For each identified
risk, a mitigation strategy was created to manage the risk and increase the likelihood of
successfully implementing the research plan. These risks were included in the CBSP
and agreed up by SMUD stakeholders and the TAG. This effort proved to be useful, as
some of the risks were realized and required quick resolution.

Early scope discussions also covered the merits of including customer tools such as bill
protection, shadow billing and bill calculators. It was important to SMUD and the TAG
that the pilot offerings be as similar as reasonably possible to a true program roll out.
While these tools might have been attractive to participants, there were concerns that
they could work against the measured impact of the rates as well as revenue recovery
by discouraging customers who are at a structural disadvantage. Upon careful
consideration of these factors, SMUD chose to consider these tools out of scope as a
matter of external validity.

2.3.5 Maintaining Research Integrity for All Project Tasks

Maintaining research integrity in a controlled research environment can be a challenging
task. Maintaining research integrity in a business operational setting with over 140 non-
research professionals contributing to the project deliverables is a completely different
type of undertaking.

Staff makes decisions about how to plan, implement, and prioritize work all day based
on a number of factors. If a project contributor is unaware of the potential impacts of a
decision on the outcome of the research, they are unable to process that impact as part
of their decision. Since fiscal responsibility, efficiency in producing results, customer
impact, and current workload all impact staff decisions, it isn't uncommon for decisions
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to be made at the staff level that optimize one or more of these factors, the result of
which may not bode well on the research design. Consider the following examples:

It is counterintuitive for many contributors to take a slower or more complex route
in order to address 100% of customers simultaneously versus taking a route that
may help 85% of customers immediately in a faster and less costly way,
addressing the other 15% over time. While this practice may assist in managing
customer experience, it introduces the potential for research bias.

Staging outbound communications over a period of time by program or product
offer is a common practice at SMUD. Not only does it help manage workload at
the print shop and mail house, also ensuring mail lists and offers don’t get
confused, but it also helps to spread out the inbound calls into the Contact
Center, allowing their staffing schedule to be consistent over time. From a
research perspective, this wasn’t an acceptable practice.

Due to the size of the project, leads were identified in business units for tasks in their
areas, and all work flowed from the SmartPricing Options Project Manager to the
business unit leads. The leads then worked with the implementation teams within the
business unit. Leads were educated in the early project stages about the basic
principles of research and the importance of upholding them. Leads were empowered
to manage the work within the business unit guided by the basic research principles,
and the Project Manager served as the final quality control check point. Over time, team
members learned the principles and less discussion was required related to the impacts
of implementation decisions on research design.

Leads were educated about and contributed to the following topics:

The basic research objectives of the study

The problems that SMUD was trying to solve

The importance of addressing the research objectives for business planning

The value of the research findings relative to each business unit

An overview of the research process

Common research terms such as “treatment group” and “control group,” and
providing context to understand the relationship of relevant concepts to the work
the team was tasked with completing

The importance of emulating a true program environment wherever possible and
an overview of the risk that is introduced when deviating from what a true
program rollout would look like
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e Issues regarding when standard practices may not be appropriate and when they
would be essential in this research project

Since SMUD did not expect all contributors to become research experts, some basic
guidelines were put in place to assist in planning and ad hoc decision making.

Ensuring Equity

e Each treatment group needed to be treated precisely the same as the other
treatment groups (timing, language, graphics, access to tools, etc.), with only the
details related to the treatment of interest varying from group to group

e Control and treatment group customers needed to be treated equally in all
matters other than the application of the treatment

e Participants who chose to leave the rate would not be permitted to re-join

¢ In the event that a course of action changed, or an error was made, resulting in
an imbalance, balance would be restored to the extent possible and as soon as
possible

e All customers and staff would remain blind to the RCT treatment and control
assignment of customers in the sample until after the offer was accepted (this
included customer service representatives and other support staff) with the
exception of those team members who would be required to have access to
complete their responsibilities

Communication Controls

¢ No customers within the sample frame would be targeted for any non-research
purposes

e Materials would be reviewed in totality before disseminating to any particular
treatment group, to ensure appropriate language used for all treatment groups

e The team established a fact checking process and identified subject matter
experts to participate as appropriate

Page 19 of 195
SmartPricing Options Interim Evaluation



@ SMUD

Business Operations

e Business rules would be applied and upheld for the duration of the project,
including not allowing special treatment of customers who request to join the
pilot, receive the IHD, or switch rates in a way that is not specified by the
research design (including staff)

e Provide the same basic level of service to the sample frame that every SMUD
customer receives

e Add an additional quality assurance layer to ensure accuracy before
disseminating materials or deploying events to ensure consistent experiences for
customers as well as maintain the research plan

Documentation and Reporting

e Document all exceptions or anomalies that may impact the evaluation as they
occur, and file documents in the “Evaluation” folder for the evaluator to consider

e Enlist record keeping guidelines for data that aren’t traditionally collected as well
as data that will be collected in a new manner

e Standardize automated database reports prior to project launch

e Established a plan for data collection, storage, management, and delivery to
outside parties

e Determination of master data files and sources of record early, along with
guidelines for accessing these data files

Testing

e Ensure any pretests that were required would be implemented on randomly
selected customers from all groups (as appropriate)
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e Enlist a group of staff (referred to as “friendlies”) to be used as beta testers and
pretesters as needed to preempt potential problems with customers or to confirm
proper execution of pilot activities in real time

e Established new testing protocols where needed, such as those used for testing
IHDs internally and at a third party laboratory

2.4 Lessons Learned and Key Takeaways

Key takeaways from the research design phase were generally related to scope and
resource sponsorship.

e In negotiations with the TAG, most key research design decisions were
documented as part of the formal plan. There were other areas of negotiation,
however, that were of interest to the TAG but SMUD was cautious about adding
to the formal plan. Where it made sense, SMUD and the TAG agreed to keep
some items open for discussion as the project progressed, to determine whether
or not they would be deliverables at a later time. SMUD was careful only to agree
to those items that we were truly considering (such as providing more granular
data sets), and the TAG was upfront with their flexibility on these topics. This
helped to facilitate trust on both sides of the discussions, and allowed topics that
could potentially delay plan approval to be considered at a later time. No items
that would interfere with the ability to deliver were left undecided or left out of the
plan. This process helped delineate contractual agreements from guidelines and
preferences.

e It was critical to get internal executive support for the research objectives prior to
beginning negotiations with the TAG. This ensured that the planning team was
managing one set of expectations at a time, beginning with the organization’s
strategic direction.

e Scope documentation and risk planning with documented agreement by
stakeholders in the early project planning stages is an important step. Although a
common project management tool, it isnt always used or documented in
sufficient detail. These documents proved to be of significant value throughout
the project.

e Once leadership had agreed to scope and research objectives, clearly defined
roles and resource needs were determined. These were reviewed and approved
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by SMUD leadership and communicated to employees. This was an effective
way to ensure that staff were empowered to prioritize their workload to make time
for the project and understood what their accountability and responsibilities were
in delivering the project to DOE.

e Although managing a large group of contributors and stakeholders in the
planning process can be challenging, it is important to have key people as
contributors when scope is being defined. They offer insights into context,
options, constraints, and optimization that might otherwise be overlooked. They
also mitigate much of the risk to over-promising when resources, technology,
systems or processes may interfere with the ability to deliver. There are effective
ways to manage planning with large groups, such as breaking the components
into manageable pieces and addressing issues hierarchically in terms of
organizational goals or research goals.

2.5 Additional Areas of Interest and Future Research

The list of research questions that could be considered beyond the scope of this project
is endless. Following are some topics that SMUD has considered as possible future
research opportunities related to SmartPricing Options.

e The impact of various educational and communication strategies

e The impact of the actual use of enabling technology, rather than the effect of the
offer of enabling technology

e The comparison of the effect of the rate alone (behavior only) versus the rate
bundled with automation and delegation devices

e The impact of leveraging community partnerships during the recruitment process
on enrollment, retention, and load reductions

e The impact of additional rate designs, including different structures, peak period
lengths, and price ratios

e The cost-effectiveness and load impacts of an opt-in TOU-CPP

e Evaluation of multifamily versus single family homes, including assessments of
environmental interference with ZigBee technology
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e Persistence in load shed across treatment groups beyond two years
e The impacts of defaulting customers onto the rates without IHDs

e Acceptance rates and impacts of offering a menu of pricing plans versus a single
offer
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3.0 Project Administration: Budget and
Schedule

The project schedule

includes over 1260

3.1 Overview tasks with start and

s part of the Smart Grid Investment Grant, the finish dates for each
ASmartPricing Options pilot was one of the larger task of the project. This

customer applications pilot projects in terms of schedule was critical for
scope, schedule and budget. The two-year pricing pilot
required a seven month recruitment period and over a

year and a half of planning and implementation before
the rates went into effect. through delays and

the project team to stay

on task and recover

surprises that are

3.2 Detalls inevitable in any project.

3.2.1 Budget

The budget process at SMUD is completed annually for the upcoming year and includes
a three year planning budget. The SmartPricing Budget was created in 2010-2011 and
updated annually for the pilot covering 2010 through 2014.

Total Project Budget

The initial projected total costs for the pilot totaled $12.8 million. All budget figures
discussed in this section include the cost of product, services, and internal labor to
administer the pilot, as well as the surcharge rate used to account for organizational
overhead®. Due to some efficiencies and overestimated support requirements, the
current forecasted project total is approximately $11.6 million.

As depicted in Figure 2, the two largest costs were the implementation of the IHDs and
the marketing activities, followed closely by evaluation and reporting. This is an
interesting point for rate implementation planning, since many of the costs associated
with the evaluation and offer-specific communications may not be applicable in a
standard program deployment, and it is common for the price of enabling technology be
reduced for customers by offering a rebate or incentive rather than giving the device to

® All budget figures reflect allowable expenses alocated in accordance with guidelines dictated by the U.S
Department of energy. Figures presented in this report do not replace or supersede any reports provided
to DOE and should be considered estimates.
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customers for free. While these allocated expenses were appropriate in the research
study environment, they may not be applicable in a program deployment.

The initial stages of the project were heavy in design, recruitment, technology and
project management costs, some of which would not be applicable to a system-wide
implementation since they are related to research design, study set up, and DOE
reporting. Also, the complexity of managing seven treatment groups and the redundant
efforts required to support each task for each of the treatment groups would be
eliminated if the program manager could market the offers without mutual exclusivity.
Alternatively, much of the infrastructure that was built to support time-variant rates and
pilot oversight would be leveraged if a system-wide program rollout is deployed after the
pilot period. For example, billing validation and bill presentment could be leveraged
indefinitely, and project management tasks to oversee the pilot would be absorbed by
program staff. While the project costs may be representative of a research environment,
they may not represent program deployment costs.

Figure 2: Forecasted Budgetfor SmartPricing Options

Forecasted budget for SmartPricing Options
5567,118. $756,133

$937,077

$1,735,358

$509,688

B Marketing B Research and Rate Design

¥ Implementation- Enrollment and Customer Support B |mplementation- Enabling Technologies

¥ Implementation- Project Management B Customer Opinion and Satisfaction Research
Evaluation and Reporting Reporting- Data Management

Capital
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Project Costs Through 2012

Figure 3 provides the percentage of total costs by project category through December
2012. The total costs were $6.8 million for planning, implementation and first year
operations for the 2010 through 2012 period. This accounts for approximately 59% of
the total forecasted project costs.

Figure 3: SmartPricing Options Budget through Decem ber 2012

SmartPricing Options Pilot Percentage of Costs by Category-
Planning, Implementation and First Year Operations =$6.8
Million

Reporting- Data
Management

3%
Evaluation and Reporting

_\ Capital
2% \ 11%

Customer Opinion and
Satisfaction Research
5%

Implementation-
Project Management
11%

Research and Rate Design
14%

Implementation-
Implementation- Enabling Enroliment and Customer
Technologies Support
16% 14%

The following descriptions provide a summary of what expense types in each category
and provide additional details.

MARKETING

The marketing costs for recruitment and retention through December 2012 totaled
$1.6M or 24% of the total project costs through December 2012. The pilot study design
coupled with the diverse and comprehensive marketing effort required that the
marketing team create seven versions of most marketing pieces, which was very labor
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intensive. The team worked with several local marketing firms to design materials that
would resonate with customers and give them the tools that would help them be
successful on the pilot.

The marketing total also includes a full time, dedicated marketing professional for 18
months during this period. As depicted in Figure 4, significant savings were realized in
the procurement of outside services to assist in the development of the marketing
materials. A full description of the marketing plan and the components that make up
these costs can be found in Section I, 7.0 Marketing.

Figure 4 compares planned costs in the original budget to the actual expenditures for all
marketing efforts through December 2012. Of note is the significant reduction in the
expenses for outside services from the plan. This reduction resulted from a change in
strategy from our marketing team to exclude radio spots, billboard advertisements, and
other mass marketing strategies for recruitment that were originally planned but not
implemented. Additionally, the bids for the outbound calling campaign came in much
lower than budget.

Figure 4: Marketing Costs through Decem ber 2012

Marketing Costs through December 2012
$2,000,000
$1,500,000
w
& $1,000,000
©
o
$500,000
50 _ eeess NN ——
Labor OUtS.Ide Advertising Postage Materials DOE Proj Ex
Services
B Actual $750,682 $635,098 $76,365 $107,511 $10,268 $49,087
Hplan $720,296 $1,770,849 $76,365 $107,987 $7,435 $50,150

RESEARCH AND RATE DESIGN
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Research and rate designs include costs for the statistical power analysis, preparation
of the CBSP, the time-variant rate design, and system development in SAP to support
time variant rates. These costs are largely internal SMUD labor charges, with additional
costs associated with professional consultants who assisted on study design and
statistical power analysis.

Figure 5: SmartPricing Options Pilot Research and Rate Design Costs

SmartPricing Options Pilot Research and
Rate Design Costs
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IMPLEMENTATION: ENROLLMENT AND CUSTOMER SUPPORT

Enrollment and customer support costs for the pilot account for approximately 14% of
the total costs for the first year of the pilot. These costs include tasks such as customer
service, billing, enrollment, un-enrollment, support of the enabling technology, and
deployment of customer notifications related to the daily operations of the pilot, such as
reminder postcards to call with questions or informational notifications provided for
billing clarification.
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Figure 6 compares planned costs in the original budget to the actual expenditures for
the customer enrollment and support efforts from October 2011 through December
2012. Of note is the significant reduction in the expenses for labor. The original plan had
estimated hours for customer support very conservatively. However, call volumes were
much lower than the original estimate and customer support labor hours were about half
of what was originally planned. In addition, we were able to achieve efficiencies in the
enroliment process due to automation of several transactions for enrolling customers.

Figure 6: Implementation - Enrollment and Customer Support Costs

Implementation- Enrollment and Customer
Support
$1,600,000
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IMPLEMENTATION: IHDS

Figure 7 compares planned costs in the original budget to the actual expenditures for
the implementation of the IHDs through December 2012. Significant reduction in the
expenses for outside services was due to providing internal technical support for IHDs
rather than utilizing outside services for the role. After careful evaluation of the proposed
support services provided from an external party, we decided to keep all support for the
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devices in house, which resulted in a large costs savings for those services, since
added labor costs were offset by efficiencies in other areas.

Figure 7: Implementation - IHD Costs

Implementation- IHDs
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IMPLEMENTATION: PROJECT MANAGEMENT

Project management includes all tasks associated with keeping the project planned and
implemented within scope, on schedule, and within budget. Many tasks that might
otherwise be handled by a program manager in a program environment, such as
running reports and validating mail lists, were also handled by the project manager,
since the no program manager was planned for this research project. The costs for
these tasks were approximately $800,000 from the planning stages to the completion of
the first summer. There were several team members billing to the project under project
management based on the nature of their tasks. These tasks include development of
Requests for Proposals; development of schedules, scope, and budgets; review of all
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marketing materials; and data management for reporting and evaluation, among other
tasks.

CUSTOMER OPINION AND SATISFACTION RESEARCH

Market research costs include research conducted prior to recruitment and customer
opinion and satisfaction research performed before and after the first year of the pilot.
This includes the portfolio of research projects presented in Section I, 6.0 Market
Research.

Figure 8: Market Research Costs through December 2012

Market Research Costs through December 2012
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EVALUATION AND REPORTING

As of the end of the first summer, only a small portion of the overall of the budgeted
funding had been spent on evaluation and reporting. The total expenditures for this
category are forecasted at 15% of the total budget.
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REPORTING: DATA MANAGEMENT

Although data management is not a large part of the overall budget, it is an important
task operationally and strategically. Data management and reporting is 5% of the total
budget, and after the first year over 3.5% had been spent. The majority of these costs
included data analytics and statistical software (SAS) and labor expenses.

CAPITAL

Capital expenses include those costs required to upgrade system infrastructure to
support time based rates in our Customer Information System (SAP), Meter Data
Management systems, and the HAN Communication Manager. These costs account for
approximately 11% of the costs through December 2012.

3.2.2 Schedule

The SmartPricing Options project schedule was built to accommodate implementation
of a large study that included the integration of smart grid technology. The outside
boundaries of the schedule were dictated by the two-year study period allowed by DOE
and the start date of the grant award. DOE reportable milestones and deliverables are
noted in Table 2. The CBSP was approved by the TAG in spring of 2011. SMUD’s
Board of Directors approved the rates in summer of 2011, though project planning
began before TAG negotiations and ran concurrently with the approval process.
Recruitment for the pilot began in late October 2011. The pilot rates went into effect on
June 1, 2012.

Table 2 represents the milestone schedule, illustrating some of the major efforts for the
SmartPricing Options pilot.
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Table 2: SmartPricing Options Schedule of Milestones

White Paper summary submitted to TAG 08/09/2010
Rate Development 12/31/2010
Final Plan Submitted to DOE 03/30/2011
SMUD Board Rate Approval 03/31/2011
Development of Marketing and Educational Materials 08/01/2011
Sample Selection 09/20/2011
Begin Recruiting 10/24/2011
Select IHD 12/31/2011
Deliver IHDs 05/01/2012
New Rates In Effect 06/01/2012
Interim Evaluation 04/01/2013
Market Research - Satisfaction Survey 12/31/2013
Market Research — Conjoint Study 12/31/2013
Market Research - Assess effectiveness of channels and tactics 12/31/2013
Residential Attributes and Consumer Behavior Survey 12/31/2013
Final Evaluation 04/30/2014

3.3 Quality Assurance

The project manager and business unit leads created a detailed task-level schedule for
the project using Microsoft Project. The project schedule includes over 1,260 tasks with
start and finish dates for each task of the project. This schedule was critical for the
project team to stay on task and recover through delays and surprises that are
inevitable in any project. During core team meetings, the team stepped through the
project schedule so that each individual was accountable for their assigned tasks. In
this way, the team identified any issues or delays and work collaboratively to find
solutions to overcome them. The project schedule was stored as a protected document
on SharePoint so that all team members could view it, and it was distributed to the team
each month after it was updated for reporting.

In addition to regularly managing the schedule at the team level, monthly reporting to
the SmartSacramento Project Management Office was required to sync DOE
milestones from the SmartPricing Options schedule up with the entire SmartSacramento
schedule that is used to report to DOE. This multilevel reporting process was more work
than the standard approach, but it was a valuable process in terms of accountability and
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forecasting due to the number of reviewers included in the process and the need to
have multiple tools synchronize seamlessly.

3.4 Lessons Learned and Key Takeaways

The SmartPricing Options pilot was a huge undertaking for the team to implement and
manage on a very tight timeline. Managing the tasks of over 140 contributors over the
course of several years requires strict schedule oversight. It is not uncommon for
project schedules to be less detailed than the schedule used for this project, however
having a highly detailed schedule that has a corresponding line item in the budget using
the same naming conventions was extremely useful in managing tasks, budget, and
resources. Using a dynamic project management scheduling software (MS Project) and
budget reporting system (SAP) provided access to information that allowed for schedule
and budget recovery, variance explanation, sound forecasting, and on-time and under-
budget delivery.
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4.0 Customer Advocacy

4.1 Overview Customer education

customers was a chief consideration in project and continues

planning. The introduction of new rate structures
on a default basis brought to light concerns regarding
customer readiness and the possible perception that
the new rates may be punitive. The rates team made a customers every
concerted effort to design the new offers in a fair and opportunity to be
low-risk manner, but with the introduction of any new
pricing on a default basis there is the possibility that
customers may perceive it negatively. SMUD’s market
research indicated that customers were aware of a
peak period, however there was considerable confusion
regarding the relevance of the peak period to both pricing and the environment.
Historical research has also indicated our customers are not universally clear on who
owns SMUD and whether or not SMUD is a “for profit” organization.

SMUD’S commitment to partnering with our started with recruitment

throughout the pilot. We

want to give our

successful.

Although the national media coverage related to smart meter deployment was largely
controversial, SMUD managed to maintain good customer relations during our smart
meter installation. We wanted to be very careful not to interfere with that effort by
introducing new rates that would inadvertently cause tension or doubt with our
customers.

SMUD made every effort in the case of this pilot to balance the need to move toward
rates that more closely represent the cost of service with the potentially uncomfortable
transition for customers. Drastic changes with limited support would go against our
corporate values, and communication around default services is typically very different
than the communication for opt-in services; both of which were concerns for project
team. Considering the degree of change customers would be experiencing with the
development of the smart grid, SMUD made the commitment to ensure that the
customer experience with this pilot would be positive and the support and
communications plan would be comprehensive. Because SMUD’s strategic plan
included the transition to time-based pricing in the future, we felt it was critical that we
introduce these new pricing concepts in a palatable and positive way, ensuring we didn’t
discourage customers from accepting future changes in pricing. As a municipality, it is
our responsibility to consider the entire customer base in a fair and equitable manner.
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Figure 9 provides a visual summary of the multitude of communication and information
channels to which a SmartPricing Options customer had access. The communication
and support opportunities for these customers was intended to be thorough and meet
customer needs in a way that would provide customers with a support network that
would address the unique areas of change they would be experiencing.

Figure 9: SmartPricing Options Customer Touch Points
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4.2 Details

Managing the customer experience is an ongoing, end-to-end effort. Table 3 represents
the initial concerns and key strategies that were put in place to mitigate potential risks to
the customer experience. Embracing these key strategies at the onset of the project set
the tone for the remainder of the project in terms of customer advocacy. The basic
principles then translated into other pilot efforts. Customer education started with
recruitment and continues throughout the pilot. We want to give our customers every
opportunity to be successful.

Table 3: Customer Relations Risk Mitigation Plan

Customgr Relgtlons Mitigation Strategies
Consideration

Avoid Punitive Billing Provide IHDs to assists in bill and energy management at no cost to the
customer. Ensure all customers on the default plans have access to IHDs.
Offer pricing plans that would Optimize the distribution processes to limit customer effort to enable the device.

optimize the benefits while awiding Provide comprehensive technical support for the IHD throughout the study
drastic bill changes for thase who period.

don’'t change behavior.
Design and assess new billing processes that result from new smart grid

infrastructure. Develop business rules related to missing or latent data and other
billing situations, such as mid-billing-cycle contract closure, to ensure the
customer is not penalized for system limitations.

Design rates that balance customer opportunity to save on the bill with risk of hill
increase.

Maintain Consistent Customer Automate processes or leverage existing processes and senvices to the extent

Experience possible.

Ensure that the customer Establish a special team of customer senice representatives trained in each of
experience will meet or exceed the pricing plans, rates, and technology. Provide custom toll free line and

their current expectations Interactive Voice Response (IVR) routing for pilot participants directly to this

customer senice team. Establish tracking and support tools to manage the
customer experience.

Ensure no customers feel pressured into accepting the offer. Hard sales will not
be permitted and outbound calling to serve as a “‘customer senice natification”
rather than a sales call. Enrollment compensation for outbound calling firm to be
based primarily on the effort put into recruitment rather than total enrollments
completed.
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Customer Relations T :

Customer Acceptance of the Limit the number of customers the overall study would proactively communicate

Rate with (i.e. receive an opt-n invitation or default notification). Keep the number of
customers who receive the default notifications to the minimum required to

Offer pricing plans in a manner that adequately answer research questions. Restrict sample sizes of lower priority

achieves high acceptance rates  research questions.

and awoids negative customer

perception among those who Commit to a comprehensive education and communication plan to assist

choose not to accept the offer. customers with the transition. Provide the information through a wide variety of
channels to allow customers to receive the information in the manner they
prefer.

Communications included messages presented in simple, easy to understand
language regarding:

The owverall purpose of the pilot

Explanation of the potential bill savings

Simple explanations of the rates and how they work

Ample tools and tips for bill savings opportunities

An explanation of the problem created by peak consumption
The benefit of their contribution on the environment

Focused messaging on the benefits of “off-peak” consumption
Easy, no pressure enroliment

Easy, no pressure opt-out process

Measure customer expectations, concerns, and satisfaction via market research
and assess incoming customer communications, and respond accordingly.

Mistaken Perception of Revenue Remind customers that SMUD is a not-for-profit organization, owned by our
or Rate Increase customers.

Design rates and craft Ensure rates are designed to be revenue-neutral and communicate this
communication that doesn't lead  Publically in the community leading up to the Board of Directors’ vote and final

customers to believe time-based ~ resolution.

rates are collecting additional
revenue for SMUD. Offer the rates as “pricing plans” to assist in the understanding that the rates are

optional.

Keep the offer of the pricing plans separate from communication regarding the
installation of smart meters to awoid influencing participation in the pilot resulting
from attitudes associated with smart meters, as well as to awid impacting the
acceptance of smart meters with the potential misconception of a rate increase.
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4.3 Quality Assurance

The communication strategy was driven by corporate initiatives and SMUD’s brand
guidelines. Once the strategy was established and presented to the executive team, it
was then communicated to team members. This top down approach to stakeholder buy-
in on communication strategy was an important step, since all team members needed to
ensure consistent customer experience, whether through marketing materials, contact
center interaction, call escalations, market research, outbound event messaging, or IHD
technical support.

Each business area was assigned a lead, and all customer communications related to
that area were coordinated and approved by the lead, followed by approval by the
project lead. In some cases, sensitive material was reviewed and approved by various
management or executives.

Multiple subject matter experts reviewed materials to ensure technical accuracy in
addition to tone and positioning. For example, technical leads from SMUD’s Rates,
Legal, Contact Center, and Smart Grid departments reviewed materials that solicited
recruitment into the opt-in pricing plans.

Considerable market research was planned throughout the pilot duration. Market
research was not limited to pilot recruitment, but rather spanned a host of areas that
addressed the field implementation of the pilot as well as additional research questions
aimed at future pilot design. SMUD continues to use the ongoing market research
efforts to hone the customer experience in the pilot and plan for future rate
implementations.

4.4 Lessons Learned and Key Takeaways

4.4.1 Comprehensive Communications

Putting together a communication plan that is comprehensive and directly addresses
customer concerns or potential risks is an important step. Using market research to
determine how to prioritize the contents and how to position the messaging is an
important step. The communication plan shouldn’t consist of enrollment or marketing
materials alone. Our customers preferred context, simple explanations, detailed tips and
a lexicon that matched their expectations. The plan should be benefits-focused and
address areas of concern presented by the customer.
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Customers don’t always know what they do want, but they tend to be very certain about
what they don’t want. Our primary research with customers indicated we should avoid
certain language or insinuations that customers found off-putting or unrealistic. The
project team often had to think outside the box to address an area of concern for
customers because we had clear information on what not to do, but we didn’t always
receive feedback on what customers would like. This required persistence in the
creativity of the project team and multi-phased market research efforts in order to obtain
actionable results from the research.

4.4.2 The Challenges of Congruent Marketing Offers for Opt-in and Default Rates

When designing a study that has both opt-in and default rates, the rate design and
communication materials need to address an array of needs and risks. The risk
mitigation around default rate rollout is very different than the mitigation related to opt-in
recruitment. As a research study, all materials and approaches needed to be consistent
in their messaging, tone, and delivery channel. It is unknown if this requirement and the
resulting materials and delivery hindered or helped the recruitment and implementation
of the study (as this was not tested); however, it is very clear that it went against
intuition and required active management and quality assurance. Examples include:

e Customers may consider adopting a riskier rate as long as it is an opt-in rate,
since the customer is actively taking initiative to seek out the rate change. This
can provide opportunities for different “risk versus reward” scenarios with pricing
design. A default rate, on the other hand, should be designed in a way that
moves the customer closer to the cost of providing service, yet manages the risk
to customers who might otherwise have notable bill impacts if no change to
consumption is made. This lower-risk approach results in limited savings
opportunities for customers, which can be a difficult message to market to opt-in
customers.

e In standard day-to-day operations, it is customary to use market intelligence in
profiing customers and targeting marketing efforts to maximize return on
investment. Educational materials can often be a direct reflection of the most
likely adopters and even be provided in a single language. A change in default
pricing requires much more customer care and universal approach to ensure
equity. Due to the inherent nature of experimental research design coupled with
the implementation of a default rate, universal “one size fits all” communication
was used. In some cases, the materials were also presented in Spanish. It is
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unknown if this universal approach was more or less effective than the targeted
approach as this was not tested.

Mass marketing can sometimes optimize costs by reducing production and labor costs
when compared to direct marketing tactics. Because the research team needed to
control messaging to each treatment group, mass marketing channels could not be
used as a primary marketing tactic. This likely inflated the costs to communicate to
customers in the pilot and provides an opportunity for cost-savings in a full program
implementation.

Customer relations took a higher priority than research diversification and breadth, as
long as the project continued to meet research objectives that would assist in future rate
planning. Essentially, managing the customer experience was a higher priority than
testing additional theories; i.e., the focus on the customer was a higher priority than
expanding the research into larger sample sizes or additional rates.

4.4.3 Consistent Employee Communications

Early decisions related to the customer experience set the tone for the project.
Consistency in internal messaging to employees related to goals and philosophy were
just as important in project execution as the attention paid to outbound customer
communication. At the time of the interim evaluation, over 140 employees had
contributed to the pilot; thus, having a few key messages related to how we do our work
was important, so we communicated those messages early and reiterated them often.

4.4.4 Balancing Individual Customer Satisfaction with Customer Equity

Maintaining the constant balance between customer relations and the need to change
how we conduct business is difficult. For a municipality, customer advocacy doesn'’t
necessarily result in 100% customer satisfaction; rather, it means that at times we have
to move customers to an unfamiliar and potentially uncomfortable place to help our
customer group as a whole. Some customers may not be pleased about that approach,
so we proactively assessed those risks and looked for opportunities to improve the plan
to mitigate risks in a manner that aligned with our brand and culture, consistent with
customer expectations, while still achieving our goals.
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4.5 Additional Areas and Interest and Future Research

e How much impact did the enhanced communications and marketing plan impact
customer load, satisfaction, and retention compared to a more standard

communication approach?
e What additional information would have assisted in customer engagement?

e What are customer expectations and concerns around the advancement or rate
design and availability of optional pricing plans?
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5.0 Rate Design To further assist
customer load shifting,

5.1 Overview _ _
the high-priced peak

his section presents the design of the period was limited to
I SmartPricing Options rates and provides
background on their design, pricing objectives
and preliminary impacts. The rates presented here
were reviewed by the public and approved by SMUD’s which occurs on
Board of Directors in July, 2011. They became
effective in June, 2012.

only three hours during

SMUD's system peak

summer weekday

afternoons during the

The SmartPricing Options rates create higher prices months of June through
during summer peak periods with the aim of
encouraging study participants to shift their electricity
use to lower-cost off-peak periods. While focused on
this overall goal, SMUD sought to design the rates following general principles of cost
recovery, economic efficiency, customer equity, rate simplicity and minimal negative
cost impact. To meet these objectives, the rates were designed with the following
features:

September.

e Peak period pricing based on marginal generation and energy-related costs to
provide a realistic price signal during SMUD’s peak period

e Revenue neutrality for the average class customer by discounting the base
energy prices to offset the higher peak pricing

e Little change to bill structure to help minimize bill impact, for example, by
keeping the original residential tier structure for the off-peak period pricing

e Ashortened peak period of only three hours to facilitate customer load shifting

5.2 Residential Control Group Rates

The RED control group and RCT deferred control group remained on SMUD’s standard
residential rates as they were updated for the entire district effective January 2012.
These rates feature the following characteristics:
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e A two-tier inclining price structure with seasonal changes to both price and tier

baseline energy allowances.

e Customers with wells for domestic water use receive an additional 300 kWh base
tier allowance to compensate for required pumping energy.

e Low-income customers receive a discount in the monthly service charge and the
energy charges for Base (tier 1) and Base Plus (tier 2).

e A cap on the Base Plus discount permitted for low income customers at which
point they revert back to the standard Base Plus price

Table 4 shows the new undiscounted base plus for low-income customers, including
those with domestic water wells.

Table 4: 2012 and 2013 Energy Tier Allowances for Low Income Customers (kWh per Month)

Low Income Base Base Plus Base
Residential Customer Discount Discount Plus
REVER Allowance Allowance Standard
Price
Standard Customer < 700 700 - > 1,425
1,425 kWh
With Domestic Well < 1,000 1,000 - > 1,725
1,725 kwWh

Table 5 presents the 2012 SMUD residential rate tariff alongside proposed rate changes
that were approved for implementation by June 2012. The 2012 rate action re-defined
the summer months as June through September, which is consistent with the
SmartPricing Options summer rate period. The tariffs increased the service charge for
standard customers to $10.00 while commensurately lowering tier energy charges.
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Table 5: 2011 and 2012 SMUD Residential Rates in Effect June 2012’

Service s (i
; : Allowance
2011 Summer Rate Standard $7.20 $0.1045 $0.1859
POl Low Income $3.50 $0.0679 $0.1301
2012 Summer Rate | Standard $10.00 $0.1016 $0.1830
(June - September) Low Income $3.50 $0.0660 $0.1281 $0.1830

5.2.1 Peak Period Definition

To further assist customer load shifting, the high-priced peak period was limited to only
three hours within SMUD’s longer system peak which occurs on summer weekday
afternoons during the months of June through September. Figure 10 illustrates that
residential load peak later in the day and contributes heavily to SMUD’s system load
profile.

In recognition of these use patterns, the dynamic pricing established 4:00 p.m. to 7:00
p.m. as the peak period for residential customers. For Critical Peak Pricing (CPP), the
call periods are the 12 days during these defined times, when market prices are highest
or SMUD’s system is otherwise constrained by reliability factors. SMUD called 12 CPP
events each summer of the study period, regardless of actual conditions. These events
were referred to as “Conservation Days” in customer communications.

1. Low income rates provide a discount for Base charges by 35% and for Base Plus charges by 30%.
Senvice charge remains fixed at $3.50.

2.. Effective date was January 1, 2012.

3. Base Plus allowance for low income customers eliminates discount for energy use above 725 kwWh of
Base Plus usage, which equals 1.425kWh for standard low income customers, and 1,725 for low
income customers with wells for domestic water use.
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Figure 10: Residential Load Contribution to SMUD Peak
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5.3 Residential Time-Variant and Dynamic Pricing Options

The SmartPricing Options rate design sought to minimize structural change to SMUD’s
residential two-tiered rate to avoid bill shock for smaller energy consumers. At the time
of rate design, this subset of customers benefited from cross-subsidies from customers
paying more on the second, higher-cost tier. The new rates retained the basic
underlying tier structure for the discounted off-peak pricing, while adding new, non-
tiered peak time-of-use (TOU) and critical peak pricing (CPP) during the months of June
to September. Winter pricing was unchanged.

The three SmartPricing Options residential rates are as follows:
e Time of Use (TOU)
e Critical Peak Pricing (CPP)

e Combined TOU-CPP
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In each case, the peak rates are offset by lower off-peak pricing for Base and Base Plus
energy use to maintain revenue neutrality. Figure 11 illustrates the residential TOU and
CPP residential rates for Base and Base Plus® billing days.

Figure 11: TOUand CPP Price Structure for Base and Base Plus Bill Days9

HOff-Peak Base B Off-Peak Base Plus BOn-Peak  HCritical Peak
$0.80 $0.75
$0.70 Critical peak from4to 7 Pmon up to 12
event days between June & September
~10,

$0.60 (~1% of all summer hours)
@ $0.50 On-peak from 4 to 7 PM on all non-holiday
- weekdays from Junethrough September

(~10% of all summer hours)

S $0.40
@
Q $0.30
(5]
Q
a $0.20

$0.10

$0.00

Standard TOU CPP TOU-CPP

® Base Usage and Base Usage Plus refer to SMUD's first tier and second tier kWh allowances,
respectively. These terms are interchanged throughout this rate section in reference to these allowances.

® The proposed time-variant rates have been designed to maintain the existing tier structure of SMUD’s
standard rates and are references as "owerlays."
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Table 6 presents the variation of these rates for low-income customers.

Table 6: SmartPricing Options Rates for Low -Income Residential Customers

On-Peak Prices .
Weekdays: 4-7 PM Off-Peak Prices (All Other Hours)
B —5aoa | Monthly
Low Income Residential Critical %?jg Service
SmartPricing Options Peak Peak Base Base Plus Usage Charge
Rates Price Price Usage Usage above
800 kWh
Time-Of-Use Peak Rate $0.20 - $0.0550 $0.1162  $0.1660 $3.50
Time-Of-Use with Critical
Peak Pricing $0.20 $0.50 $0.0468 $0.0987  $0.1411 $3.50
Critical Peak Pricing - $0.50 $0.0553 $0.1165  $0.1665 $3.50

As indicated in Table 7, the peak price of $0.27 for TOU yields peak to off-peak ratios
that average around 3-to-1 when weighting Base and Base Plus usage. For CPP, the
weighted average peak to off-peak ratios range from 7.5 for the stand-alone rate to 9.1
for CPP combined with TOU. These differentials determine the amount of energy the
participant will need to shift out of the peak period for bill savings. As illustrated in
Figure 12, customers on the TOU rate would need to shift or otherwise reduce 5.5 to 10
kWh per month to save one dollar on their bills. For customers on the CPP rate, they
need only shift or reduce 1.5 to 2 kWh per month to save one dollar on their bills.

Table 7: Peak to Off-Peak Price Ratios by SmartPricing Options Rate

Peak Peak to OffPeak Peak to Off-Peak Weighted
Period (4-7 Base Usage Base Plus Usage Peak to Off-

PM) Ratio Ratio Peak™ Ratio
Time-Of-Use Rate TOU 3.2 1.6 2.8
Time-Of-Use with TOU 3.7 1.9 3.3
Critical Peak Pricing

CPP 10.4 5.3 9.1
Critical Peak Pricing CPP 8.8 4.5 7.5

1% Based on awverage residual off-peak tier energy in AMI sample (Summer 2010).

Page 48 of 195
SmartPricing Options Interim Evaluation



@ SMUD

N

Figure 12: Residential Peak Energy Shift Required Per $1.00 Savings

CPP to Offpeak Tier 2 1.70
CPP to Offpeak Tier 1 - 1.50
TOU to Offpeak Tier 2 .90
TOU to Offpeak Tier 1 5.50
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
On Peak KWh Shift Required to Save $1.00 on Bill

5.4 Development of TOU and CPP Pricing

SMUD’s approach to the TOU, CPP and TOU-CPP rate options wass to set the peak
price close to the avoided cost of power. For both TOU and CPP rates, we discounted
the average base energy prices by a commensurate amount. In general, this approach
involved the following steps:

e Using the most current marginal cost data, we determined the value of avoided
power consumption and generation capacity during the appropriate summer peak
period.

e These avoided costs were allocated to customer peak energy use from
normalized hourly load-shapes from SMUD’s load research sample.
Adjustments were made to reconcile the values to revenue requirements,
existing rate contribution to energy and capacity, and other factors.

e To determine the basis for the off-peak discount, the expected added revenue
from the peak pricing was divided by the expected off-peak energy.
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5.4.1 Marginal Costs Used to Derive Peak Pricing

To develop the time-variant rates for this study, we utilized the following market-based
cost components from the most current marginal cost study:

e Market Energy, based on a combination of SMUD’s short term market forecast
and the long term gas prices provided by a consultant. SMUD converts gas
prices to energy prices using historical market heat rates, computed on an hourly
basis.

e Ancillary Services, the Western Electricity Coordinating Council (WECC)
establishes the amount of ancillary service requirements that SMUD must
provide as a percent of generation output. SMUD must provide or purchase
additional MWH of ancillary services to meet this requirement. The market prices
for ancillary services relate directly to market prices for energy in California
Independent System Operator (CAISO). These services include includes spin
and non-spin reserves and regulation services.

e Generation Capacity, based on capital and non-fuel related fixed operations
and maintenance costs developed by the California Energy Commission’s Cost
of Generation study. The assumed power source in the study is an advanced
simple-cycle peak generator, financed and operated by a third-party merchant
entity. SMUD adjusts the costs assigned to this capacity component by the
calculated contribution from sales in the energy market. Annual capacity costs
are allocated hourly, based on probability of system peak.

The final marginal costs were levelized*! using SMUD’s discount rate on an hourly basis
for a three-year costing window. The hourly costs can then be applied against weather-
normalized hourly load-shapes representing the target residential customers.

In the case of TOU rates, SMUD assigned the marginal costs for the non-CPP peak
hours. In the case of CPP, SMUD assigned the total marginal capacity costs for the 362
summer hours in the top 12 peak days. The peak days used in the model were selected
from historical averages of system load for days over 103 degrees. Figure 13 compares
the proposed CPP price of $0.75 per kWh with energy and marginal capacity costs for
these top 12 peak days in the study period, as well as the weighted average residential
price.

" Lewelizing refers to fixed payments over the selected term, based on the net present value of the
stream of future costs. SMUD’s discount rate is approximately 6.0%.

2 These 36 hours represent 12 CPP event days multiplied by 3 peak hours per day within the 42 hours
that make up the critical peak period.
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Figure 13: CPP Price Compared to Marginal Cost and Average Residential Rate
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5.4.2 Estimated Bill Impacts From SmartPricing Options Rates

SMUD designed the SmartPricing Options rates based primarily on residential class
hourly data for a typical weather year. While this approach can optimize a rate design
to approximate revenue neutrality for the residential class, individual customers will
experience a range of impacts based on their energy use variance from the underlying
class level load shape.

The most significant variable®® affecting bill impact is the amount of energy used during
the peak relative to the off-peak or total monthly energy. In general, customers with
higher peak use relative to the class average will see higher bills, while customers with
relatively lower peak use will see bill savings. The following are the relevant average
peak to off-peak ratios used in the rate design from the class data:

3 A variable of secondary importance is Base energy use, because the adoption of substitute TOU and
CPP prices in the proposed rate design, (rather than adders to tiered peak pricing), to some degree
adwersely impacts smaller residential users.
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e 13% -14% of energy in the month is used during the TOU peak period, and
o 2.5% — 3.0% of energy in the month is used during the CPP.

The installation of smart meters through early 2011 provided staff the opportunity to
estimate the rate impact on actual customers based on the relatively mild summer
weather conditions of 2010. In 2011, the rates team evaluated the proposed rates by
comparative test billing on approximately 60,000 residential customers who had new
smart meters in place for the full four months of the 2010 summer. For this evaluation,
staff culled relevant TOU and CPP energy use for each monthly bill, the latter
determined by matching the peak use during the top 12 days of the summer period.
The comparison assumed the base rates were those proposed for 2012
implementation.

Figure 14 through Figure 16 present the bill impact estimates for the TOU, TOU-CPP
and CPP standalone rates respectively'®. They show that a reasonably high percentage
(75% - 90%) of the customers in this sample group could expect rate impacts less than
$10.00, with 50%-70% seeing less than a $5 impact. Of those outside this range who
were adversely affected, nearly all saw average monthly bill increases of less than
$25.00.

 The charts present results for 50,000 standard rate customers, not including low-income customers
who were evaluated separately with similar results.
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Figure 14: Range of Bill Impacts for TOU Rate
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Figure 15: Range of Bill Impacts for TOU-CPP Rate
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Figure 16: Range of Bill Impacts for CPP Stand-Alone Rate
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5.3 Rates and the Web Portal

SMUD provides all customers with access to a personalized web portal that displays
their electricity data as measured by their smart meter. The web portal contains several
screens that graph each customer’s electricity use at various intervals: monthly use,
daily use, and hourly use. Up to two years of monthly billing data are available. The
interval data displayed range from the period when the smart meter was installed (but
no earlier than March 31, 2011) through the calendar day prior to the day in which the
data are being viewed, or “yesterday.”

Since customers are generally more concerned with cost than kWh, the different interval
graphs also overlay the cost of their electricity use and display a daily cumulative cost
graph to show the impact the tier structure has on their final bill. In order to show the
impact weather has on electricity consumption, the daily high, low, and average
temperatures are overlaid on the daily use graph, and actual temperatures are
displayed on the hourly use graph.

The graphics below represent the information that was available to customers through
the web portal during the study.

Page 54 of 195

SmartPricing Options Interim Evaluation



@ SMUD

Figure 17: My Account Hourly Hectricity Use (Cost)
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Figure 18: My Account Hourly Eectricity Usage (kWh)
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Figure 19: My Account Hourly Hectricity Use (Cost and kWh)

07/01/2013 -EIFF'EIS.QUWS I Go I

Your Hourly Electricity Use

TM2013 TIH2013 7/3/2013 71452013
$1

5

1500

KAVh- Kilowalt Hours

Off-Peak Usage 118.0 Off-Peak Cost $8.45 High 4.zkvh
kwrh On-Peak Cost $0.35 Low 0.1kwh
On-Peak Usage 1.3kWh Consrv-Day Cost Average 1.7 kWh
Consrv-Day Usage July 02, 2012 4:00 PM - 5:00 $0.22
July 02, 2013 4:00 PM - 0.3 kWh P
5100 PH July 02, 2013 5:00 PM - 6:00 $0.25
July 02, 2013 5:00 PM - 0.3 kWh P
6:00 PM July 02, 2012 6:00 PM - 7:00 $0.35
P

July 02, 2013 6:00 PM - 0.5kWh
7:00 PHM July 03, 2013 4:00 PM - 5:00 $0.11
July 03, 2013 4:00 PM - 0.1kWh PM
F:00 P July 03, 2013 5:00 PM - 6:00 $0.21
July 03, 2013 5:00 PM - 0.3 kWh PH

6:00 PH July 03, 2012 6:00 PM - 7:00 $0.24
July 03, 2013 6:00 PM - 0.3 kWh PM
7:00 PH Total Cost $10.19
Total Usage 121.1
kwih

Page 56 of 195
SmartPricing Options Interim Evaluation



@ SMUD

6.0 Market Research

6.1 Overview The team applied the

methodology and

extensive research for SmartPricing Options. resources based on the

This research began well before the pilot launch priority and projected
and will extend throughout the two-year pilot period.
We conducted an array of market research projects to
understand our customers’  experiences  and taken as aresult of the
preferences for the overall pilot program, as well as outcome of the
specific services. The market research portfolio was
intended to serve the immediate needs of the pilot, as
well as inform future planning around dynamic pricing
and enabling technology.

SMUD’S Market Research team conducted

actions that would be

research.

6.2 Detalls

Early in scope planning, the SmartPricing Options team established market research as
a key resource for the pilot project’s success as well as long-term strategic planning for
program design and associated customer communications. In order to manage project
scope, many research questions could not be addressed by the field portion of the
study, so the team relied on market research to address many of the remaining
questions.

The market research team took into consideration research objectives, schedule
requirements and resources when prioritizing the market research efforts. The team
applied the methodology and resources based on the priority and projected actions that
would be taken as a result of the outcome of the research. In some cases, exploratory
research with convenience samples or qualitative methods were employed to begin to
understand a problem; in other cases, representative samples and more conventional
research methods were used to draw conclusions that could lead to actionable results.

Early research sought to address immediate project planning needs. With lofty
recruitment goals and new rate structures, we had many questions related to
customers’ existing baseline of knowledge, expectations regarding new rate programs,
perceived discretional load, and willingness to shed load. The team developed a
research plan that intended to gather answers to those questions and other related
topics to assist in the development of the education, recruitment and retention plan.
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Concurrently, secondary research was conducted to establish best practices and
lessons learned related to time-variant pricing and enabling technology programs to
inform the implementation plan for the pilot.

Later research efforts focused on the implementation of the pilot and its various
components. Research to ascertain the customer experience with the rates, IHDs,
support, and communications were tracked over time to evaluate the impact of the pilot
on overall customer perceptions. Additional information continues to be collected
regarding the customers, the dwelling, appliances in the home, and attitudes and
behaviors to further inform the evaluation of each treatment.

The primary market research objectives were to use findings to plan for the
implementation of the pilot, illustrate the customer experience, and describe the various
customer profiles. Additionally, the market research team included research questions
that would aid in future program design related to time-variant rates and enabling
technology. Specifically, the plan includes research to gauge the attractiveness and
perceived value of various pricing and technology combinations that were not included
in the field test. This research, combined with the earlier research efforts, will be used to
provide depth and breadth to the load impact results; the overarching analysis will be
used as critical input into the strategic time-variant pricing and enabling technology
program plans.

The market research plan described in this section that has been completed to-date
was conducted in two chronological stages: pre-recruitment and post-recruitment.
Those projects which are not yet complete will be completed during the final phase of
the pilot implementation and the evaluation periods. The pre-recruitment research
consisted of 20 focus groups and five surveys in which we received feedback from
nearly 2,500 customers overall. The time frame for this research was from February
2011 through September 2011. The post-recruitment research completed through July
2013 consisted of four surveys in which we received over 7,400 responses. This
research started in May 2012, and will continue through December 2013. The project
summaries that follow represent primary research efforts completed through July 2013.

Sections 6.2.1 Pre-Recruitment Research and 6.2.2 Post-Recruitment Research
describe the individual research projects in detail.
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Table 8: Summary of Market Research Portfolio

Sample
Market Research Project |Description Type Size

Exploratory surnvey to quickly address a broad set of
Residential Customers’ guestions to determine where in-depth research might
General Knowledge Suney be of value. Suney 464

General Knowledge Focus Assess how customers processed information about  Focus

Groups peak consumption and the proposed pricing offers. Groups ~40
Assess responsiveness to various marketing

Headline and Message concepts, specifically headline and message

Suney combinations. Suney 536

Test headline and image combinations to detemine
Headline and Image Suney which captured customer attention and preference. Suney 778

Evaluate names and terms, assess emotional

Pilot and Rate Naming response to the terminology, and generate ideas for  Focus

Focus Groups revisions. Groups ~36

Pilot and Rate Naming Establish final names and terms for use in customer

Suney communications. Suney 500

Message Testing Focus Establish tone, key attributes, and preferred Focus

Groups messaging. Groups ~50

Imagery Testing Focus Evaluate imagery to support printed and online Focus

Groups marketing materials. Groups ~70

Customer Satisfaction Establish customer satisfaction and expectations

Suney Wawe 1) baseline. Surey 761

Demographic Data Survey Collect customer demographic data. Suney 4,970

Technology Assessment _ )

Suney Assess customer experience with the IHDs. Suney 394

Qualitative

Monitor the types of public discussions and the Tracking

Social Media Tracking associated tone related to the pilot. Tool 4

Customer Satisfaction Gauge customers’ satisfaction after the participants

Suney Wawe 2) experienced the first summer. Suney 1,290
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6.2.1 Pre-Recruitment Research

Table 9: Residential Customers’ General Knowledge Survey Summary

Residential Customers’ General Knowledge Survey

Pre-recruitment research started with an exploratory survey to begin assessing customers’ knowledge of

the electricity they use and how it is acquired, the rate they pay, genera terminology and the impacts of
peak consumption. The purpose of the research was to quickly address a broad set of questions to
determine where in-depth research might be of value.
MeTHoODOLOGY  Research Design: Cross-sectional suney

Mode: Online survey with email invitation

Data Collection Period: March 2, 2011 through March 16, 2011

Sample Frame™: MyAccount online account holders

Sample Unit: SMUD residential contract accounts (household)

Sample Type: Simple random sample

Sample Size and Dispositions: 3,500 selected, 464 completed questionnaires, 374 emails were

undeliverable, 62 incomplete questionnaires omitted

OBJECTIVES 1. Gauge customer knowledge of SMUD’s standard pricing structure, the environmental impact
of electricity use during peak hours, general pricing concepts, and energy terminology.
2. Learn about interest and mativations for consenving or shifting electricity usage, taking control
over the bill, and new pricing plans.
3. Learn what information could encourage customers enroll in SmartPricing Options (Opt-In) or
to have them remain on the pilot (Default).

FINDINGS e Only 20% of respondents felt their summer electricity usage was more than other households.
o A majority of respondents accurately stated that SMUD used a tiered pricing plan; however, a
majority of customers also believes they are charged different prices based on time of day.

o Nearly all respondents recognized that there are times of the day or year when electiicity costs
more for SMUD to provide to customers. When asked why, over half stated increased
demand, and an additional one in ten stated cost of generating or purchasing electricity.

¢ Regarding the environment, a majority of respondents agree significant changes need to be
made to protect the environment, feel the energy they use contributes to environmental
problems, and stated it is very important that energy they use does not have a long term
impact on the environment and has no immediate impact on air quality.

e Customers’ primary motivation for consening electricity is to lower their bill and the secondary
motivation is environmental. Nearly all respondents stated they make an effort to consene
some or al of the time.

e Interestingly, eight in ten respondents felt it is important that customers are offered rates that
more closely match the cost of providing electricity at different times of the day, and an equal
amount are also interested in joining if SMUD offered a time-variable pricing plan, primarily to
is save money. However, when asked about having control over their bills, while nearly all
respondents expressed desire to have more control over their monthly bill, only about four in

> Unless otherwise noted, sample frames excluded SmartPricing Options sample frame (prior to
SmartPricing Options sample selection) or SmartPricing Options sample (once selected).
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ten felt time-variable pricing plans give them that control.
ConcLUsIONs e More education is needed on pricing structure, electricity usage, and cost to provide electricity.

e Customers are not clear on how their rates work and how peak consumption fits into billing.

e While customers indicate strong preferences related to environmental stewardship, they clearly
identified finances as being the primary maotivation in rate selection and conservation.

e Help customers see the connection between consening electricity, saving money and
protecting the environment.

e Having control over their bill is an important concern for customers, though time-variant pricing
as described in this questionnaire doesn’t make the customer feel empowered to contral their
bill. The pricing does make them feel they can save money. More information is needed to
understandthe disjoint responses.

e There is clearly an interest in having time-variant rate options, particularly those that appear to
align with the cost of providing senvice.

e Most respondents feel they are average or less than average electricity consumers.
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Table 10: General Knowledge Focus Groups Summary

General Knowledge Focus Groups

This research was intended to provide insight into how customers processed very basic information
provided about peak consumption and the proposed pricing offers. The findings were intended to inform
early marketing concepts and positioning to be presented in subsequent research efforts.

MeTHoDOLOGY  Research Design: Focus groups
Mode: In-person
Data Collection Period: March 14, 2011 through March 15,2011
Participant Recruitment: SMUD residential customers
Incentive: $65
Number of Groups: Four two-hour groups
Group Description: Up to 10 respondents per group with a mixture of gender, age, education,
housing type, and income. The groups were broken out by energy usage:
e Two groups of average energy users
e One group of low energy users
e One group of high energy users.

OBJECTIVES 1. Gauge awareness of current electricity pricing structure and rates

Assess reaction to an explanation of how SMUD pays for electricity and how SMUD charges
for electricity — higher cost of purchasing during peak hours

Assess reaction to SMUD’s need to purchase energy that is less clean during peak times
Gauge air quality concern due to energy generation from less clean sources

Assess reaction to an introduction to the concept of time-based pricing

Determine motivating factors for opting-in and concerns about switching to new pricing model

N
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How energy rates can change
throughout the day

D

Centsperkth
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FINDINGS e Participants are mativated by information presented from their own point of view, not SMUD'’s.

e The need to conserve energy when demand is high is generally understood by all. They
simply need the right incentives and tools.

e Costis astrong mativation for participants.

e Reactions to time-based pricing are positive when presented as an incentive and achoice.

e Participants generally do not understand how electricity is produced, purchased, stored, or
delivered, but are accustomed to reliable energy supply; hence, they do not think availability of
electricity is currently a significant problem.

e Most believe SMUD both generates and buys electricity and they don’t think non-clean energy
is produced in the area. They are concerned about it globally but do not believe there is an
impact to them personally.

e When presented with the issue of peak hours and SMUD purchasing extra electricity,
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participants saw this as SMUD’s problem and increased electricity generation as a solution.
Regarding cost and pricing, most customers did not understand how electricity is bought, sold,
or stored and were confused about why SMUD’s costs fluctuate.

e Regarding “tier” structure, participants are aware but confused on how they are applied. Most
participants attempt to reduce energy so they can lower their costs by using CFL’s, window
cowerings, and programmable thermostats.

o Customers would like to see detailed usage data and present on the bill how consumption of
different times impacts their cost.

e There is confusion about the real electricity use of appliances and electronics. Participants
want to understand what to do to decrease energy usage.

e Participants are driven by how situations impact them personally, which in regards to
electricity, is typically the amount on their monthly electricity bill.

¢ Environmental concerns are important but the direct impact is less evident.

o Time-based pricing was generally seen in a positive light and the next logical step in solving
the problems presented. Participants believed they would be rewarded for reducing, but
wanted assurance they could switch back and felt it needed to be their choice. Some
participants wanted additional information before making the decision to switch. Reducing
usage during 4:00 p.m. to 7:00 p.m. in the summer did not seem like a burden to most
participants.

CoNCLUSIONS e Focus communications on the customer and their point of view.

e Show customers how demand significantly fluctuates by time of day and season.

e Provide detailed usage data and show personalized usage costs by time of day.

o Position the rate offer as a customer choice with the option to switch back if they desire.

e Explain the opportunity that will be presented by new technology. Show how the future will
bring more detailed information about customer’s hour-by-hour and day-by-day actual usage.
Provide specific information that can help customers respond with actions that impact usage.

e Provide information for customers about energy usage of specific appliances; continue to give
tips for decreasing energy used; and show how new technology will assist customers in
making informed choices.

e Provide customers with a plethora of information available in multiple places.
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Table 11: Headline and Message Survey Summary

Headline and Message Survey

This research was sponsored to assess responsiveness to various marketing concepts, specifically

headline and message combinations. The purpose was to inform the development of the marketing strategy,
messaging, and graphical presentation. SMUD sought to select communications that not only appealed to
most customers, but also that didn’t disengage any particular sub-segment.

MeTHODOLOGY  Research Design: Cross-sectional survey
Mode: Online survey with email invitation
Data Collection Period: April 26, 2011 through May 6, 2011
Sample Frame: MyAccount online account holders
Sample Unit: SMUD residential contract accounts (household)
Sample Type: Simple random sample
Sample Size and Dispositions: 6,000 selected, 536 completed questionnaires, 1497 incomplete
guestionnaires
Notes: Respondents were randomly assigned two of the headline/message scenarios to prevent
respondent fatigue and order bias.

OBJECTIVES 1. To learn which combinations of headline and message best resonates when providing
education on electricity use and energy conservation.
2. To learn what information will mativate load shifting
3. To determine what information customers would like included in the messages.

Examples of the twelve scenarios include:

Small Changes. Big Potential.

Small changes like unplugging unused appliances, turning off lights and making energy
efficient choices add up to save you money and the environment.

Use Smarter. Live Better.
| buy energy efficient appliances and reduce my electricity use from 4:00 p.m. to 7:00 p.m. to
lower my impact on the environment while doing things | enjoy.

Live Green. Breathe Easy.

How you use electricity can help keep our local air quality cleaner and healthier for outdoor
activities. Reduce your electricity use during peak hours and make energy efficient choices so
that we can all breathe easier.

Green Life. Good Life.
Lower your impact on our local environment by reducing your electricity use during peak
hours. Boost your efforts by making energy efficient choices and you'll save money, too.

FINDINGS e Customers want specific information, particularly detailed things they can do to consene.
e They also wanted to know the actual peak times, not just “Peak Hours”.
e Customers also did not want to have to spend money to reduce electricity usage, like
replacing a working refrigerator with a newer efficient one.
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o Customers prefer a relationship between the headline/message that is easy to associate with
energy conservation. For example, when looking at a message about living green and
breathing easy, some respondents didnt understand the relationship between consening
energy, clean air and healthy air quality.

e Customers preferred messages not sound a lecture or a demand.

e Messages written in the first person were preferred over messages written in the second
person.

o Customers preferred messages that emphasized ability to stay comfortable.

CoNCLUSIONS e Provide specific peak hours and details about ways to shift or save electricity.

e Highlight low-cost or no-cost measures that are easy for customers to implement.

e Messages should have a friendly tone, sound like a suggestion or request, be brief and
simple, and help customers easily connect conservation with saving energy and money while
helping the environment.

e Emphasize comfort.

e Makemessages relevant to renters as well as owners.

e Be cautious not to emphasize the environment to much, this is off-putting to some.

e “Little Things. Big Potential.” Was selected as the headline for the educational collateral.
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Table 12: Headline and Image Survey Summary

Headline and Image Survey

The survey tested headline and image combinations to determine which captured customer attention and
preference. Results would be used in the education campaign and recruitment materials.

MeTHODOLOGY  Research Design: Cross-sectional survey
Mode: Online survey with email invitation
Data Collection Period: April 27, 2011 through May 5, 2011
Sample Frame: MyAccount online account holders
Sample Unit: SMUD residential contract accounts (household)
Sample Type: Simple random sample
Sample Size and Dispositions: ~20,000 selected, 778 returned questionnaires (including
incompletes), 2,718 emails were undeliverable

Notes: Tested four headlines with three pictures each, totaling 12 scenarios. To prevent
respondent fatigue and order bias, respondents were randomly assigned only two scenarios.

OBJECTIVES 1. To further refine the information we would provide to by detemining customer response to
various headline and image combinations.
2. Establish desired characteristics and features to include in marketing materials that invoke
positive reactions and resonate relative to pilot objectives.

FINDINGS e Customers prefer ads with themes such as happiness, family, and or had a generally positive
image.
e Customers wanted an image and headline they could easily relate to SMUD.
e It was important that the relationship between the image headline and image be easily
identified.

CoNCLUSIONS e None of the ads had a strong appeal to respondents. The highest ranking ads featured
families or children engaging in activities based in outdoor activities.

o Ultimately, SMUD used feedback from this suney to hire models and produce custom images
aimed at meeting customer expectations. The images were family oriented, fun, summer
images featuring activities that could occur during peak hours outside the home, such as
family BBQs and enjoying sprinklers.
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Table 13: Pilot and Rate Naming Focus Groups Summary

Pilot and Rate Naming Focus Groups

SMUD’s creative team developed several potential names for the pilot and each of the rate offers to be

tested with customers, as well as key terms that would be used to describe the pilot. The research was
aimed at getting feedback on the interpretation of the proposed names and terms, emotional response to
the terminology, and idea generation for revisions. The research covered related topics for other pilots as
well, such as direct load control and general demand response programs.

MeTHODOLOGY  Research Design: Focus groups
Mode: In-person
Data Collection Period: June 15, 2011 through June 16, 2011
Participant Recruitment: SMUD residential customers
Incentive: $75
Number of Groups: Four two-hour groups
Group Description: Up to 9 respondents per group with a mix of renters/fhome owners and
gender. The groups were not segmented into homogenous categories.

OBJECTIVES To understand the interpretation and responses to proposed names and terminology related to:
1. The proposed pricing pilot
2. Each rate offer (TOU, CPP, TOU-CPP)
3. CPP ewent days
4. Umbrella names for two other future projects (residential direct load control and
commercial demand response)®
FINDINGS e Customers preferred names that signify key benefits of customer control over usage and
expense.

e Saving money by having control over the bill was the primary benefit, and the secondary dealt
with the environment. Names that implied this were preferred.

The following names best resonated with respondents when compared to others, though were not
necessaiily preferred and many were accompanied by significant critism:

>
>
>

>

Pilot Program: Powershift Pricing Pilot, PowerOptions Pricing Pilot.

TOU: 90/10 Plan, 90/10 Value Plan, 90/10 Power Plan, PowerShift Plan, Time of Use Plan
CPP: Critical Peak Pricing Plan, 99/1 Peak Pricing, 99/1 Peak Powershift Plan, 99/1 Peak
Vale Plan

TOU-CPP: Optimum Value Plan, 90/10 Plus Plan, 90/10+ Peak Plan, 90/10 Value Plus
Plan, Time of Use + Peak Plan

CONCLUSIONS e Awid words that reduce personal control or that are too general. Emphasis of increased
personal control was preferred.
e “Event” did not relate to energy usage but rather to celebration or entertainment.

'® These topics were covered in the research but will not be discussed in this report, as they do not relate
to the report objectives
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e “Sacramento” excluded those who did not live within Sacramento. Most suggested using
“SMUD” instead.

e Awid using “critical”, which was descriptive, but carries a risk that some participants found the
word more intimidating than motivating. It was seen as inflammatory, relating to catastrophe or
disaster.

e Words such as “shift” and “auto” were not seen as fitting, and customers felt they related more
to car insurance or the auto industry.

e Use caution not to use terms that may be interpreted as a direct load control program.

o Use of the work “peak” provided immediate recognition
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Table 14: Pilot and Rate Naming Survey Summary

Pilot and Rate Naming Survey

Responding directly to customer feedback, the proposed names and terms were refined to be tested in a

survey environment. The research was directly aimed at establishing final names and terms for use in
customer communications. Typically, names might be selected using a consistent naming convention
across all rates; however, it was unclear if SMUD would market more than one offer so unique names were
tested to most closely mirror what was expected to occur in an actual deployment.

MeTHODOLOGY  Research Design: Cross-sectional survey
Mode: Telephone
Data Collection Period: July 2011
Sample Frame: SMUD residential customers
Sample Unit: SMUD residential contract accounts (household)
Sample Type: Simple random sample
Sample Size and Dispositions: 15,000 selected, 500 completed questionnaires

OBJECTIVES For each name and term:
1. Determine customers’ general opinions
2. Measure perceived accuracy (in relation to a description provided)
3. Ewaluate ease of understanding
4. Determine likelihood to encourage participation

We tested the following names for each category:
Pilot Name: PowerShift Pricing, EnergyWise Pricing, SmartPricing Options.
TOU: 90/10 Value Plan, Summer Weekday Value Plan, Summer 90/10 plan, 90/10 Plus Plan.

CPP: Peak Power Shift Pricing, 99/1 Value Plan, Off-Peak Discount Plan.
TOU-CPP: 90/10 Plus Plan, Optimum Value Plan, Optimum Off-Peak Pricing Plan.

FINDINGS Based on highest scores for positive opinion and accuracy, the following names and temrms were
considered owerall best fits:
o Pilot Name: SmartPricing Options
e TOU: Summer Weekday Value Plan
e CPP: Off-Peak Discount
e TOU-CPP: Optimum Off-Peak Pricing Plan

ConcLusions  For each of the pilot and offers, it was recommended use the names selected as best owerall fits
from the suney.
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Table 15: Message Testing Focus Groups Summary

Message Testing Focus Groups

Research findings from previous projects were used to shape initial messages for qualitative testing.

Feedback from participants was intended to establish preferred tone, determine key attributes to include,
discover dissuasive messaging to avoid, and refine the messages before combining with imagery and
headlines for testing. Discussion areas addressed pilot background, the rate description, benefits of joining,

and participation details.
METHODOLOGY  Research Design: Focus groups
Mode: In-person
Data Collection Period: July 26, 2011 through July 27, 2011
Participant Recruitment: SMUD residential customers
Incentive: Cash incentive
Number of Groups: Five two-hour groups
Group Description: Up to 10 respondents per group with a demographic mix. Each group saw a
specific rate/recruitment combination.

OBJECTIVES 1.

apo0ODd

FINDINGS °

CONCLUSIONS °

Evaluate messaging within the context of the pilot, identifying motivating concepts and
terminology

Assess comprehension and perceived meaning of the messages

Determine how well the messages accurately communicate the benefits of the plan

Assess impact messages have on customers’ likelihood to participate in the pilot

Establish which message components were perceived as positive and which were seen as
drawbacks or discouraging

Overall'”: Recruitment materials should focus on demonstrating the following attributes:
simple (easy to understand), informative and personalized, understanding their energy usage
and costs is already difficult enough.

Simple: Respondents want information presented to them in a simple manner. Language
used should be straightforward and easy to understand, without a lot of marketing jargon.
Informative: Respondents had many questions about the plans and want help being
educated on all aspects of the plan, their current energy use, and the impact of being enrolled.
Personalized: Respondents also want the information to be personalized to their situation.
This appears to help them better understand and accept the plan.

Naming of CPP Days: While this was not a naming study, participants were asked what they
would name the 12 days where the peak hour pricing would be in effect. Suggestions
included: 12 Days of Summer, Hot Days, Conservation Days and Energy Savings Days.

Simple: Be direct in explaining “who, what, when, where, why and how.” Explain industry
terms clearly (e.g., kWh, Peak Hours). Provide examples to help them understand the
possible savings.

Informative: Help them understand how and why they were selected for the plan and

Y The detailed report addressed many specific words, phrases and details that participants had strong
positive and negative responses to. Although useful, providing the list in this summary table could be
misleading without providing the context in which they were presented to groups.
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enrollment details. Recruitment materials need to demonstrate the cost/savings benefit to
them and to their community at large. Expanding benefits to include community -related
benefits may reinforce SMUD as a not-for-profit, community owned utility. Participants
respond very positively to benefits that help them understand and improve their energy usage
behavior. The countertop energy display and online use graph were seen as something that
could be used year-round to monitor and improve energy usage behavior.

e Personalized: In examples, show their own current usage/ plan compared with new plan.
Clearly spell out benefits using real-life scenarios and relevant examples of how they can shift
their behavior.

e Other Considerations: Consider developing and testing messaging that explains the supply
and demand aspect of the plan, such as further messaging on how their savings (even small)
can benefit the community and environment may also serve to bolster interest in the plan.
Consider testing messaging that appeals to the ‘higher goal and good of the plan for the
community and the environment, which may help to bolster interest in lieu of significant
monetary savings
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Table 16: Imagery Testing Focus Groups Summary

Imagery Testing Focus Groups

This research sought to evaluate potential imagery to support printed and online marketing materials.
MeTHODOLOGY  Research Design: Focus groups
Mode: In-person
Data Collection Period: August 9, 2011 through August 11, 2011
Participant Recruitment: SMUD residential customers
Incentive: Cash incentive
Number of Groups: Sewven two-hour groups. Five of the groups tested eight images for the
printed marketing materials and two of the focus groups tested 15 images directed at online
communications designedto educate on specific aspects of the pilot.
Group Description: Up to 10 respondents per group with demographic mix.
Other: For all groups, participants reviewed and responded to different print images within the
same SmartPricing Options context. Each image, including the program background information
was labeled with a Handout Letter for tracking and reference. Participants provided individual
written feedback for each image prior to beginning the group discussion.

Sample of print imagery:

Little Things. Little Things. Little Things.
Big Potential. Big Potential. Big Potential.

Sample of online imagery:

OFF-PEAK DISCOUNT PLAN
Rates per kWh
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OBJECTIVES 1. Ewvaluate potential imagery for printed and online marketing materials and establish which
characteristics will likely yield best overall imagery.
2. Inwestigate initial impressions, emotional responses, perceived contextual appropriateness,
motivational responses, and perceived brand consistency for each image.

FINDINGS e Participants’ current impressions of SMUD (positive or negative) greatly impact subsequent
response to imagery and information about proposed new rate plans.

e All participants were motivated by the paossibility of saving money in the opt-in materials. For
many, the message of cumulative small savings for a greater good resonated.

e When reviewing default materials, those with a negative impression of SMUD are most likely
to complain about perceived billing increases. Those who currently conserve during peak or
already have low bills may be disappointed with small savings; and billing increases may
negatively impact their perceptions of SMUD.

e Participants felt that, in order to realize any real savings, they would have to endure hardships
in the form of no air conditioning at all during the peak periods.

¢ Images with a sense of realism (real places, people and situations) were favored.

e Images that drew the most attention were considered motivating, fit best with program
concept, and contained attributes relevant on two levels: on the ability to relate to the imagery
on a personal level and on the ability to identify the imagery with the concept of saving energy.

a. Learning to ride a bike and/or helping a child to learn
b. Energy efficiency light bulb

e Outdoor settings seem to be the best fit, particularly local, public or residential images.

e Energy-relevant images (e.g. energy efficient bulbs, trees) fit the program concept as well as
impressions of SMUD,.

¢ Images related to incentives (e.g., discounts to water parks) were not as maotivating.

e Colors added a degree of relevancy to the image.

a. Bright, vibrant colors attracted the most attention

b. Green was associated with energy

c. Yellow attracted attention

d. Red was seen as depicting danger

e. Blues were seen as calming, but not necessarily eye-attracting
f.  Pink seemed to have a polarizing effect

e Many customers mentioned their lack of knowledge about where energy comes from, how it is
priced, and the impact they can have as an individual.

CoNCLUSIONS e Use outdoor, non-business images. If using indoor settings, use images demonstrating what

behaviors in the home can lead to savings.

o Use local settings and typical backgrounds.

e Use facial expressions that are genuine and realistic.

e Evaluate age-readiness of children to engage in the activities that are depicted.

e Consider how an image may give the wrong impression of the message, such as featuring a
children’s soccer team may look like SMUD is sponsoring a youth sport.

e Focus on images of things customers can do to help conserve energy during peak hours.

e Help customers better understand the big picture of energy use and how their individual, small
changes, can add up to big differences.

e Conwey that the plans do not force customers to endure hardships or be gouged by the rates.
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o Take care with body language and staging to not create visual distractions.

e Images with children were seen as best fitting with “Little Things. Big Potential.” Showing
assistance from an adult strengthened the fit.

¢ Online images can leverage mouse-over technology to provide details. The more information
provided as context for the image, the more positive their reaction.
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6.2.2 Post-Recruitment Research

Table 17: Customer Satisfaction and Expectations Survey (Wave 1) Summary

Customer Satisfaction Survey (Wave 1)

After customers were recruited, we conducted a customer satisfaction survey with customers on

SmartPricing Options and deferred customers. We conducted this research to determine a baseline of
customer satisfaction and expectations before customers experience Conservation Days or see the impact
on their bill.

MEeTHODOLOGY  Research Design: Successive independent sample suney
Mode: Telephone
Data Collection Period: June 4, 2012 through June 16, 2012
Sample Frame: SmartPricing Options treatment groups and deferred control groups
Sample Unit: SMUD residential contract accounts (household)
Sample Type: Simple random sample
Sample Size and Dispositions: 11,000 selected, 761 completed questionnaires

OBJECTIVES To establish a baseline of customer satisfaction and expectations, specifically:
1. Motivation for enrollment
2. Expectations for the pilot
3. Customer satisfaction with SMUD and SmartPricing Options
4. Assessment of SmartPricing Options attributes
FINDINGS e Motivation: For opt-in customers, financial benefits were the strongest mativator. Using less

energy was aso a common response. Default customers included financial benefits,
environmental benefits, using less energy, and being unaware that they could drop from the
rate as being primary reasons for participation.

Expectations: The financial benefit was the most cited expectation with participating, though
all attitudes had similar lewvels of agreement within recruitment type, with default customers’
agreement trailing by 12%-18%. Agreement with other expectations included: control over the
bill, using less energy which is \ital for the future, learning how to consere, and doing
something good for the environment. Customer who received the IHD offer appear to have
higher expectations to reduce energy use owerall.

Satisfaction: Owerall satisfaction with SMUD was 94% and with SmartPricing Options was
78%, with opt-ins having higher satisfaction rates in both. Participants who understand the
program goals are more satisfied with SMUD as a whole, with each attribute of SmartPricing
Options and three times as likely to be very satisfied with the SmartPricing Options pilot.
Deferred customers’ satisfaction is consistent with their enrolled cohorts.

Attributes: Opt-in customers have a higher level of program understanding and are more
likely to agree with positive emotional statements about the pilot, while default customers
responses were muted rather than oppositional. About one third agreed with the rate
comprehension statement for both opt-in and default customer. Opt-In groups are most likely
to indicate the benefits of SmartPricing Options directly apply to them, while default groups
indicate the benefits are for the greater good. Across ewery cell in the study, roughly half
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prefer an email and anather third prefer regular mail as the preferred communication channel,
with preference for text and Facebook being negligible.

CoNCLUSIONS e Satisfaction doesn't vary by rate or the presence of the IHD offer.

¢ Understanding the program goals appears to be the biggest factors in satisfaction.

o Preferred communication channel is not a function of the type of information being shared.

e Better understanding of the rate could have an impact on enrollment; however emotional
responses to the offer are also key motivations for participation.

e Satisfaction scores may potentially be increased by determining what information customers
feel they need to better understand the program and providing it through the channels they
are most likely to respond to, which may or may not be their stated preferred channels.

e Marketing materials should clearly state program goals and objectives, provide additional
education on reducing electricity use and lowering bill, and show the impact of reduced energy
use by program participants on the overall community.
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Table 18: Demographic Data Survey Summary

Demographic Data Survey

The purpose of the research was to collect customer demographic data to be utilized for the SmartPricing
Options load impact evaluation and provided to the TAG for inclusion in the meta analysis.

MeTHODOLOGY  Research Design: Cross-sectional survey
Mode: Mall
Data Collection Period: Mid-June 2012, through early July, 2012
Sample Frame: SmartPricing Options sample (treatments and controls)
Sample Unit: SMUD residential contract accounts (household)
Sample Type: Mixed methodologies: Census of participants and random samples of non-
participants in the treatment groups and of the RED control group
Sample Size and Dispositions: 16,828 selected, 4,970 completed questionnaires, 1,493
incomplete questionnaires
Notes: Questions and methodology were determined by the TAG to enable analysis across
utilities. This entailed a pre-notification letter followed by the questionnaire delivery, a sweepstakes
entry form, a reminder postcard, and a final questionnaire to non-respondents. The questionnaire
was provided in English and Spanish.

OBJECTIVES 1. To collect customer demographic data to be utilized for the SmartPricing Options load impact
evaluation and provided to the TAG for inclusion in the meta analysis.

FINDINGS e Anindependent analysis of the demographic data collected was not performed. The data were
incorporated into the load impact analysis data set and analysis was performed in that
environment. See SECTION IlIl, INTERIM LOAD IMPACT EVALUATION for findings.

CONCLUSIONS e See SECTIONIII, INTERIM LOAD IMPACT EVALUATION.
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Table 19: Technology Assessment Survey Summary

Technology Assessment Survey

A component of the SmartPricing Options study was the IHD, where customers could see the current cost

per kilowatt, total and cumulative kilowatts, total and cumulative cost, peak and off-peak indicators,
Conservation Day reminders, and energy tips. We conducted the research to assess customer experience
with the IHDs.

MeTHODOLOGY  Research Design: Cross-sectional survey
Mode: Mixed mode - Online surney with email invitation and telephone
Data Collection Period: November 2012 to December 2012.
Sample Frame: SmartPricing Options participants who received an IHD
Sample Unit: SMUD residential contract accounts (household)
Sample Type: Census of participants who received an IHD that had at one time joined with the
meter, and random sample of participants who received an IHD that never joined with the meter'®
Sample Size and Dispositions: 2,400 selected, 394 completed questionnaires (194 online, 200
telephone)

OBJECTIVES 1. To assess customer response to the working technology by obtaining feedback specific to the
devices we understood to have been working at one time.
2. Measure general satisfaction with the IHD, SmartPricing Options and SMUD; preference for
various features and attributes; and reports on how the IHD was used.

FINDINGS e Of those suneyed, 88% used the IHD, and 12% tried to use the IHD but could not. The most
common reason for not using the IHD was a connectivity issue.

e Owerall satisfaction with the display is 81%, and those satisfied with the SmartPricing Options
pilot are more likely to be very satisfied with the IHD. Also those satisfied with the IHD are
more likely to be satisfied with both SmartPricing Options (81%) and SMUD (94%).

¢ No difference in satisfaction with Display based on whether it is easy to use, whether they
have changed their behavior or whether they have noticed smaller bills

e The IHD was most likely kept in the same place (kitchen), plugged in and set to “Current use —
cost per kWh” screen. Those who are satisfied with the IHD are more likely to keep it plugged
in and in the same place.

¢ What customers liked mast about the IHD was they were aware of their usage (44%), followed
by seeingthe cost (28%).

e What customers liked least was connectivity issues/resetting (32%) or that the device didn't
work/was hard to use (30%). This difference was driven by age with those under 30
significantly more likely to mention “aware of usage” and those 30-49 to mention “see the
cost”

e A majority of customers feel the IHD is compact and unobtrusive (72%), is a helpful toadl
(67%), and has an easy to read screen (63%). Most customers agreed the IHD helped them
to remember peak hours and rates. 84% of customers would recommend the IHD to a friend.

'8 In the original design, only participants who had a joining IHD were in the sample frame. In the final
stage of design, participants who had an IHD that never joined the meter were added. They were
screened out early in the questionnaire and the major findings represent those with joining IHDs.
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CoNCLUSIONS e Ensuring that SMUD customers have a positive experience with the Electricity Use Display is
important for reasons beyond the obvious...those satisfied with the Electricity Use Display
(very or somewhat) are more likely to be very satisfied with the Pilot and with SMUD.
e The Electricity Use Display seems to act as a “string around your finger” — a reminder to be
aware of your choices and your usage.
e Open-ended comments related to the additional information customers would like the IHD to
share suggest they may not be aware of the full functionality of the display.
¢ Respondents requested the following features (some of which exist in the display used for the
pilot)
Current bill total
Reset on every new billing cycle
Running total of usage
Average/weekly average/monthly average
History of past cycles
Reminders/alerts
e The opportunity may exist for additional education on “How to get the most from your
Electricity Use Display.”

-0 Qo000
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Table 20: Social Media Tracking Summary

Social Media Tracking

With the increased use and availability of social media, we included tracking of social media chatter related
to SmartPricing Options in our research portfolio to monitor the types of discussions and the associated
tone related to the pilot.

MeTHODOLOGY  Research Design: Qualitative observations of online social media interactions
Mode: Automated online social mediatracking
Data Collection Period: March 2012 to March 2013
Number of Observations: Four (4)
Other: We utilized Lithum, a social media crawling tool that locates any public discussions
regarding specific topics. Lithium searches the general web and as well as public groups on
Facebook, Twitter, Flickr, message boards, and forums, providing the actual content found. In
addition to providing the content, Lithium classifies the sentiment as negative or positive.

OBJECTIVES 1. The primary objective was to detect any new information about the pilot, rates, and IHDs that
may not come through our standard channels. This was achieved by examining discussions,
comments, articles, and images that occurred related to SmartPricing Options.

FINDINGS e Findings were very limited. There was very little discussion regarding SmartPricing Options
from the pilot’s initial recruitment through the first summer in the public online space. In
general, comments were positive. The majority of the comments, less than half a dozen, were
either general curiosity or questions regarding the program or the IHD. There were also three
articles discussing the SmartPricing Options project on various smart grid related websites.

CONCLUSIONS e No significantly positive or negative discussions were occurring in public, online web pages.
Due to such little detected activity on the topic, tracking was discontinued.
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Table 21: Customer Satisfaction Survey (Wave 2) Summary

Customer Satisfaction Survey (Wave 2)

As a follow up to the first wave of customer satisfaction, we conducted a second wave to gauge customers’

satisfaction after the participants experienced a summer with SmartPricing Options. In the first wave, we
surveyed deferred customers, butin this round they were excluded and we only surveyed participants.

MEeTHODOLOGY  Research Design: Successive independent sample suney
Mode: Mixed mode — mail andtelephone
Data Collection Period: Telephone - October 10, 2012 through October 25, 2012. Mail -
November 21, 2012 through December 5, 2012.
Sample Frame: SmartPricing Options participants (excluding deferred customers)
Sample Unit: SMUD residential contract accounts (household)
Sample Type: Census of participants
Sample Size and Dispositions: 8,362 selected, 1,290 completed questionnaires (626 telephone,
664 mail)

OBJECTIVES 1. Measure customer satisfaction with SMUD and SmartPricing Options
2. Compare customer satisfaction levels toWavwve | and customer experience versus expectations
3. Determine if customers had any behavior changes as a result of SmartPricing Options.

FINDINGS e Findings consisted of an increase of very satisfied with SmartPricing Options from Wawve | to
Wavwe Il, but no change in total combined satisfaction (79%). Combined dissatisfaction (14%)
for opt-ins also increased. Consistent with Wawve |, understanding the program goals was a
key to customer satisfaction with SmartPricing Options and SMUD.

e Ovwer three quarters of those who responded stated their actual participation compared to their
expectation was the same or better than expected, while 15% of opt-in and 9% of default
customers felt it was worse than expected.

e Customers who answered that their experience was worse than the previous summer also
answered that it was mostly due to not saving any money. In previous research, saving money
was identified as the primary motivator.

e About three quarters of those who responded felt they did something good for the
environment, which in previous research was identified as the secondary motivator.

e Three quarters understood their new pricing structure compared to their old pricing structure
about the same or better.

e Regarding energy saving tips, most strongly agree they are glad they opted in to receive them
and want to continue to do so. The most frequently reported behavior change since enrolling
in SmartPricing Options was to awid washing and drying clothes during peak, closely
followed by awiding the dishwasher and changing the thermostat.

e The most frequent response regarding improvements needed with Conservation Day
notifications was “No improvement necessary/like how it is now.” Nearly nine in ten agree that
24 hours is adequate notice to make necessary changes.

e There was a 5% increase in those satisfied with their new price for electricity from Wawe | to
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Wawe Il. When asked what to identify program goals, the most frequent answer was
“conservation/peak hours/usage.” The Welcome Packet was identified as the most useful
materials of those included in the question.

o Customers who feel they understand the pilot pricing structure better than their old pricing
structure have the highest level of satisfaction of any group.

CONCLUSIONS

The opportunity for SmartPricing Options is in communication — customers mentioned this

most often as a way that SMUD could help them feel more informed about the pilot and its

goals.

e Emphasize pilot goals, because feeling they understand the goals is correlated with customer
satisfaction in the pilot and SMUD.

e Continue with IHD and energy tips, because they are valued by those who elect to receive

them.
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6.3 Quality Assurance

6.3.1 Research Design

In general, the market research team followed the steps below for quality assurance in
research design, which mirrored the process used for the overall pilot design.

1. Identify stakeholders.

a. ldentify who will be conducting the research, preparing the supporting
materials, and using the deliverables.

b. Get your decision makers, project leads, and lead analysts together for
initial planning meeting.

c. Get commitment for resources at the leadership level before you begin, so
pooling data and contributing to the project becomes an expectation.

2. Assemble the key stakeholders and define your objectives together.

a. Planning is the most critical step. Poorly defined objectives tend to result
in more questions and more costs rather than the answers needed.

b. Get alignment on the objectives before beginning.
3. Clearly define data collection and output needs.

a. Determine how the data need to be collected and what the output needs
to look like. Once data are collected a certain way, it can often be
impossible to tease out what you are looking for if it wasn’t defined in the
beginning

b. Determine what actions you will need to take as a result of the research.
Ensure every question in the research instrument maps back to a
research objective and that the types of responses will result in actionable
results. The pretest is a good early indicator of this.

4. Plan a detailed budget and schedule based on historical information. When
possible, allow time in the schedule to conduct unplanned analysis that may
result from the primary analysis.

5. ldentify what resources can be pooled together.
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a. Data are often stored and managed in separate databases
i. Load research and pricing have specific types of data files
ii. Market research may have their own records and database

iii. Contact center, billing, marketing, and technical support teams
have their own logs and metrics

iv. Contracts for third party contractors, vendors and partners may be
managed by many different employees spread throughout the
organization

b. Pooling data means pooling resources
i. Plan an analysis project as you would any other project

ii. ldentify team members and pool resources to minimize the impact
across the organization while providing benefit to everyone
providing information

iii. Use contract negotiations with outside contractors/partners to
obtain customer level data that they collect as part of the
agreement

6. Keep stakeholders informed
a. Conduct previews and pretests, share the results with stakeholders.
b. Show stakeholders what the output is likely to look like.

c. Get early feedback.

6.3.2 Mailing List Quality Control Process

Market Research produces the mailing lists used for all SmartPricing Options
communications that utilize direct mail. The researcher constructs mailing lists
generated from the SAP Active Residential Customers file (ActiveRes). Once a mailing
list is produced from ActiveRes, it is checked against the SmartPricing Options active
enrollment and drop lists to confirm the correct customers are on the list. This final list
will be sent to the project manager to perform a quality check. The project manager will
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use the latest SMUD demography file (a commonly used file containing SMUD
customer data), SmartPricing Options enrollment reports, and the original SmartPricing
Options sample to ensure that the list is accurate and up-to-date.

6.3.3 Managing Contractors

As part of the quality assurance process, it is important to conduct due diligence on the
work of contractors to ensure that all work is logical and meets the highest standards.
For each research project, a group of subject matter experts reviewed materials and
results for logic and accuracy. Internal staff review can result in discoveries that may
otherwise be overlooked. Internal professional research staff collaborates with research
contractors on all components of the research design, tools, and implementation. Any
results that appear unintuitive or are not easily explained are investigated. Tasks can
range from careful review of the research findings by a core team to reviewing all
disposition reports, raw survey data and analytical code.

6.4 Lessons Learned and Key Takeaways

The greatest motivator for customers is the financial aspect. Helping, protecting, saving
the environment is a secondary motivator that, by itself, is often not enough to convince
customers to reduce electricity use or enroll in SmartPricing Options. Customers who
understand the pilot goals have a tendency to have a higher satisfaction with
SmartPricing Options and SMUD.

The initial messages we tested focusing on peak hours and the actions customers
would need to take to conserve electricity. Once we shifted the messaging to focus on
the benefits of SmartPricing Options (e.g., saving on the bill), customer response was
more positive.

In the initial phases of this pilot, we were conducting research and developing marketing
collateral often at the same time. For future projects, we recommend allowing more time
for research activities.
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SmartPricing Options

7.0 Marketing - Welcome Packet

Everything you need to keep cool

7 1 OverVIeW and save money this summer!

he SmartPricing Options team planned
Taggressive recruitment targets over a short

period of time. Recruitment strategies and
marketing collateral were developed by directly
responding to customer feedback collected from
about 2,500 customers through four surveys and 20
focus groups over a six month period. The primary
objective of the marketing strategy was to provide
adequate information in the recruitment materials for
customers to make an educated decision to enroll in
the pilot and to assist in successful energy savings. The recruitment materials included
details about the pilot, information about their pricing plan and technology offer, the
benefits of reducing energy use during summer peak hours, and tips on how to save.

7.2 Detalls

SMUD’s marketing strategy included education, recruitment, and retention components
and leveraged multiple channels of communication with the customer. The campaigns
focused on four specific messages that highlighted the benefits of participating in a
SmartPricing Options Plan.

1. Get adiscount on your electricity during off-peak hours.
2. Take control of your summer electricity costs.

3. Manage your energy use.

4. Contribute to a cleaner environment.

We developed our materials and messaging using our findings from the early market
research efforts. This research indicated that customers preferred images and content
that were local and reflected real-life, residential activities. The marketing strategy
included several dedicated photo shoots to capture the intention and feeling of
SmartPricing Options. The resulting photographs showed local families engaging in
summertime activities, including family barbeques, children playing in the sprinklers,
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and families relaxing outside. The photos also demonstrated energy-saving actions
such as installing weather stripping, CFLs and using smatrt strips.

By integrating messaging and images that reflected customer preferences, the
SmartPricing Options marketing campaign captured the neighborly, budget-conscious,
energy-aware, and environmentally-friendly tone that we wanted for the pilot. All of the
marketing materials had a consistent look and feel, which align with SMUD’s overall
brand.

Table 22 below provides the communication channel schedule, including a summary of
the target audience and objectives for each channel. SMUD’s marketing team was
aware that some channels were likely to be more effective than others; however, the
team felt that it was important to optimize communications by providing access to
information through a variety of channels spanning customers’ personal preferences.

Table 22: Schedule of Marketing Activities by Channel

Channel Start Date End Date  Target Audience Objectives

MAss MEDIA Jun-11 Sep-11 All residential customers Education

DIRECT MAIL Oct-11 Oct-13 All eligible customers Recruitment,
Education, Retention

EmaIL™ Mar-12 Oct-13 Opt-in and Default customers  Education, Retention

OUTBOUND CALLING  Apr-12 May-12 Eligible opt-in customers Recruitment

DoOR HANGERS Mar-12 Apr-12 Eligible opt-in customers Recruitment

MICROSITES Oct-12 Oct-13 All eligible customers Education, Retention

FaceBook GrRoups  Jul-12 Oct-13 All enrolled participants Education, Retention

PINTEREST Jul-12 Oct-13 All enrolled participants Education, Retention

YouTuBE Jul-12 Oct-13 All enrolled participants Education, Retention

Figure 20 depicts the percent of enrollments that came through each channel compared
to how recruitment distribution was originally planned. While the actual distribution
differs significantly from the planned distribution, total enroliment goals were achieved
on schedule. The order in which the channels were used varied from the initial plan,
which likely impacted the distribution.

¥ Only enrolled customers with an email address on file received email communication. Email messages
were consistent with the direct mail messages. The email notifications did not replace direct mail, rather
they were sent in addition to direct mail.
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Figure 20: Graph of Cumulative Enrollment by Channels
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The subsections that follow describe the types of channels that we used to
communicate with our customers during the recruitment and first implementation year of
the pilot. Each subsection describes the objectives of using that channel, a description
of how the channel was used, the implementation of the plan, and the outcome.

7.2.1 Mass Media Marketing

Objectives: Education and Recruitment

Description: The marketing strategy included two mass media campaigns; one that

was launched prior to recruitment to increase awareness of peak energy use, and the
second focusing on recruitment of eligible customers onto the pilot.

The marketing messages fell under the headline that was the front runner from our
research: Little Things. Big Potential. The content was based on research findings
that showed cost as the main driver for reducing use during peak, accompanied by
messages related to convenience and comfort. Protecting the environment was also
valued but not the primary motivator. Research also showed that customers want
messages that provide specific actions, such as what to do and when to do it, rather
than general messages about using less or an unspecific reference to peak time.
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Below are examples of the types of messages used in SmartPricing Options marketing
collateral.

e Your parents were right. Turn off the lights when you leave a room. Unplug
unused appliances, too.

e Beat the heat. Caulking, weather stripping and FREE shade trees from SMUD
help keep heat outside during the summertime.

e Keep the heat out. Keep curtains and blinds closed on windows that get direct
sun.

e Reduce your use. Set your thermostat a few degrees higher from 4:00 p.m. to
7:00 p.m.

e Give your oven a break. Put your grill to work and enjoy dinner outside with
friends and family.

e Night time is the right time. Do your laundry and run the dishwasher after 7:00
pm during the week.

Implementation: In 2011, the pre-recruitment education campaign directed customers
to visit SMUD’s website, savewithsmud.org, to learn about what they could do to save
money, energy, and the environment. In January 2012, we launched a mass media
recruitment campaign to encourage customers to log in to My Account and see if their
home was selected to participate in SmartPricing Options.

The mass media channel was designhed to encourage participation in the SmartPricing
Options pilot. The campaign included print and web ads in the communities that were
within the sample frame:

e Downtown/Curtis Park/Land Park
e EIk Grove

o Galt

e Natomas /North Sacramento

e Orangevale

e Rancho Cordova

e South Sacramento/Pocket area

e Folsom

Mass media channels included:

e Web advertisements
e Print advertisements in local publications
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e Content keywords which showed our web ads when customers read content
related to our project. Keyword examples include: electricity costs, save on
energy, and electric rates.

e Alanding page: smud.org/smartpricing. All ads drove customers to this page
which had overview information on SmartPricing Options and invited them to
login to My Account to see if their home was randomly selected to participate in
this pilot.

Results and Lessons Learned:

For both mass media campaigns, SMUD’s web ads delivered nicely. The click through
rate (CTR) was at industry average (.6%) and the number of impressions delivered was
higher than expected. As an example, although SMUD had planned for 800,000
impressions for a particular campaign that consisted of four ads of various sizes and
slightly different looks, the total impressions delivered was over 2 million. This campaign
was the third largest driver of traffic to savewithsmud.org during this time period (July 1,
2011 to August 31, 2011).

7.2.2 Direct Mail Marketing

Objectives: Recruitment and Retention

Description: Direct mail was an important component of our marketing strategy.

SMUD customers are accustomed to receiving offers and information through the mail,
and it has proven successful in marketing our traditional programs and services.

For the opt-in treatment groups, customers received the following direct mail pieces.

e A letter detailing the offer, color brochure, and business reply card
e Follow-up postcard mailed two weeks after packet

e Enrollment confirmation or notice of deferral letters

e Welcome Kit

For the default treatment groups, customers received the following direct mail pieces.

e A letter informing customers of their enrollment in the new rate plan, color
brochure, and business reply card to receive the technology offer
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e Follow-up postcard mailed two weeks after packet
o Welcome Kit

Implementation: Over seven months, from November 2011 through May 2012, we sent
a total of three direct mail packets to opt-in treatment groups that included a letter, a
brochure and business reply card. The envelope containing the packet read: Take
control of your summer energy bills. This packet was followed by a direct mail reminder
postcard about two weeks later. Opt-in customers were encouraged to enroll through
one of several different channels: the enclosed business reply card, online through the
My Account portal, or by calling in and enrolling with a CSR.

The letters were in English and Spanish. The brochures were available in Spanish upon
request. Versions of the brochures specific to our SmartPricing Options Energy
Assistance Program Rate (EAPR) were mailed to EAPR customers in lieu of the
standard rate brochure.

Recruitment efforts began with a “soft launch” of the first direct mail packet to 10,000
customers to test our systems and processes. We waited approximately two weeks
after the soft launch before we completed the full launch to 42,000 customers. On the
day the 42,000 letters went out in the mail, we received some customer complaints from
customers in the RCT deferred treatment groups who had received the notice that they
were eligible in 2014. These customers felt that the language used in the enrollment
process that informed them of their deferral did not properly set expectations for a
delayed enrollment until 2014. We quickly revised the language on our website, direct
mail, and with our CSRs to inform customers that half of the customers selected to
participate were eligible in 2014, and the other half was eligible in 2012 prior to making
a decision to join. This helped to set expectations from the onset and alleviated
dissatisfaction related to deferral, which was later confirmed by market research.

In 2012, we sent the last two direct mail packets to our opt-in groups to encourage them
to sign up. With the exception of the language in the letter, the packets were identical to
the first round of direct mail. The default customer groups received the same packets of
information, a brochure, a letter explaining their new rate plan, and a business reply
card for the free IHD. The customers in the default group did not have to take any
action with the provided material in order to be one the rate.
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Customers who enrolled in the pilot received welcome kits. Our research results
indicated that customers don’t want to be simply told to reduce their electricity use but
want to be provided with clear, accessible examples and instructions. This robust
informational packet included more details on the plan, a set of recipe cards with a
Quick Response (QR) code that linked to cooking videos on SMUD’s YouTube channel
(both the recipes and videos were developed specifically for SmartPricing Options), a
discount card to use at local businesses during peak hours, a washer/dryer magnet that
reminded customers not to do laundry during peak hours, and a refrigerator cling with
energy saving tips. The art on the envelope was also engaging, using the phrase
“Welcome to SmartPricing Options!” to capture attention and encourage engagement.

Findings and Lessons Learned:

The business reply cards were our most used recruitment channel, with more than 45%
of customers enrolling with the direct mail business reply cards. The difference
between our enrollment rate and our planned 7-10% enrollment rate from this channel
could be attributed to several factors. For one, SMUD customers are accustomed to
using business reply cards, which are commonly used in programming marketing
efforts. Also, the business reply card could be simply filled out and dropped in the mail,
while calling a CSR or enrolling online required a more involved transaction. The phone
recruitment efforts were implemented in the final stage of recruitment, so comparing this
channel to the others wouldn’t be appropriate in terms of success rates.

7.2.3 Door Hanger Marketing

Objective: Recruitment

Description: The door hanger campaign featured a 6” x11” cardstock door hanger that
was delivered to eligible customer’'s homes in April, 2012. The door hanger supported
the previous direct mail, print and web ads recruitment efforts. The objective of the door
hanger campaign was to drive eligible customers to the SmartPricing Options landing

page.
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Would you like
to save money
on your summer
electricity bills?

You may be able to save if you
can reduce your electricity use
between 4 p.m. and 7 p.m.

12

Summer
Peak Hours

e @ SMUD'

SMUD SmartPricing Options
let you take control of your
summer electricity costs.

SMUD is offering SmartPricing Options to arandomly
selected group of SMUD customers for a limited time.
This is part of a two-year pricing pilot for the summers
of 2012 and 2013, If your home is selected to participate,
you'll be among the first to take advantage of new
pricing and tools that will letyou take control of your
summer electricity bills,

Enrolling in this plan will allow you to manage your
summer electricity use and help the environmentifyou
can reduce your electricity use between the peak hours
of4:00 p.m. to 7:00 p.m. Using less electricity during
peak hours, shifting the time you use electricity (like
doing laundry after 7:00 p.m.), or reducing your use
overall can help you save money on your bill.

It’s good for the environment too!

During the summer — especially
during weekday late afternoon
and evening hours — the demand
for electricity soars. To meet this
demand, we often have to buy
electricity from very expensive
and less environmentally friendly
sources. The high costs are
absorbed by all of us but the
environmental costs affect the
entire planet. By effectively
managing your electricity usage
during peak hours, we can avoid
purchasing less desirable forms

of energy.
To find cut if your home was randomly selected to
participate in this pilot and to enrcll, log int /

Account at smud.org or call toll-free 1-855-7:

@ SMUD’
DSMUD 32

Frinted on Recyd ed Paper smud.org

Implementation: Approximately 45,000 door hangers were placed on both single family
and multi-family homes of customers in the sample. Neighborhoods were not blanketed
with door hangers. Instead, these customers were all in our eligibility pool and had not
yet enrolled.
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The door hangers directed customers to smud.org/smartpricing, a landing page that
had overview information on SmartPricing Options, and invited them to log in to My
Account to see if their home was randomly selected to participate in this pilot.

@ SMUD’

Would you like to save money
on your summer electricity bills?

Wh

Saving Electricignuring Peak

Hours Is Important
All energy is not created equally.
During the summer months, and
especially during weekday late
afterncon and early evening
hours, the demand for electricity

You may be able to save if you can
reduce your electricity use between
4 pm. and 7 p.m. during the summer

SmartPricing Options are being offered to a
small group of randomly selected SMUD
customers for a limited time. If your home is

soars.

To meet this higher demand, we
often have to buy energy from
very expensive and less
environmentally friendly sources.
The high costs are absorbed by
all of us, but the environmental
costs affect the entire planet. By
reducing electricity use during
peak periods, we can avoid

| purchasing less desirable forms |

selected to be part of the initial pilot, you'll be
among the first to take advantage of new pricing
and tools that will let you take control of next
summer's electricity bills

To find out if your home is randomly selected to
participate in SMUD's SmartPricing Options,
click the button below. You'll need to complete
the enrollment information to get your
participation date

Questions? Call us toll-free at 1-855-736-7655

\ of enery /
e ay W

See if you were selected

We partnered with a contractor to distribute the door hangers. As with all of our
marketing efforts, we notified our Contact Center about this campaign, including the
attire that the carriers would wear, in case there were any calls from customers
guestioning the validity of this effort. If customers asked the carriers questions about the
pilot, they directed them to smud.org/smartpricing for more information.

Findings and Lessons Learned: The impacts from this channel were not identifiable
and likely enhanced the customer enrollments from the other channels, such as
outbound calling and direct mail. This channel was not considered particularly
successful in terms of impacting enrollment, and implementation was costly and
complicated since distribution was at the household level rather than the more typical
implementation at a larger geographic area.

7.2.4 Outbound Customer Service Notifications

Objectives: Recruitment and Education

Description: We hired an experienced firm to place outbound phone calls to residential
customers to inform customers of the SmartPricing Options Pilot and offer the option to
enroll. Maintaining a good relationship with our customers is important to us, so we
were careful to design a campaign that was intended to benefit customers and avoid
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creating a sense of intrusion by the call. Rather than implementing a typical
telemarketing campaign, SMUD decided to use phone calls with live representatives
that were intended to inform customers of their options. For the customers’
convenience, they could sign up for the program over the phone, but the contractor was
under clear direction not to pressure customers.

Implementation: We contracted with a call center contractor to conduct an outbound
calling campaign for the opt-in treatment groups. The main purpose of this telephone
outreach was to educate customers and to offer enrollment options. Customers had the
opportunity to sign up during the call, ask questions, or decline. A soft launch to gauge
the customer response was conducted on April 4, 2012, which received positive
feedback.

Information provided in the outbound calls included:

e A plan-specific overview of SmartPricing Options

e Forewarning of a possible deferred start date for RCT customers

e Pricing plan effective date upon enroliment (June 1, 2012 or Junel, 2014)
o Treatment group customers: June 1, 2012
o Randomly selected deferred control group: June 1, 2014

e Duration of the pilot: two years

e Reduced prices for electricity usage during off-peak hours

e Can optout at any time effective the following billing cycle

e Collect communication preferences: for events and/or energy saving tips

Customers who were randomly assigned to a 2014 start date received the following
message: “You've been selected to participate and will be eligible in 2014. You'll receive
a reminder in the mail in the spring of 2014 so that you can complete your enrollment.”

Calls were recorded and samples were reviewed periodically to ensure proper
implementation and to understand the customer experience. If during the call the
customer had questions about a bill or had general SMUD inquiries, they were directed
to SMUD’s Contact Center.
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Figure 21: Outbound Recruitment Process Flow
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Findings and Lessons Learned: In an effort to give the outbound calls the feel of a
customer notification rather than a sales call, the contractor’s primary form of payment
was based on the amount of work performed rather than enroliments achieved. While
this proved to be a bit more challenging in terms of contract negotiations and contract
management due to the atypical terms, it was successful in terms of implementation.
Having this firm on contract proved to be highly beneficial for other ad hoc needs later
on in the project as well. They were thoroughly trained on the pilot terms and available
on short notice for other customer communications throughout the pilot.

7.2.5 Social Media Communications

Objective: Retention and Education

Description: Various commonly used social media sites were used to assist in
customer education. While it wasn’t expected that these channels would be widely

used, we felt it would enhance the pilot for participants who are avid social media users
or who have a general expectation that the pilot should have a robust online presence.

Facebook

SMUD created a dedicated group for each offer. These groups were a place for
participants to get energy saving tips, share what they did to save energy, talk to other
plan members, and participate in fun contests. Conservation Day notifications were also
posted for the CPP and TOU-CPP groups. The following types of posts generated the
most activity:

e Conservation Day notification

e Electricity Use Display

e Electricity bill guestions posted by participants

e Solar thermometer giveaway

¢ Questions posed by SMUD to participants about summer activities
e The Home Depot Grill Sweepstakes

In addition to posting in each Facebook group and responding to customer posts, the
team also implemented Facebook Giveaways. Asking a question combined with a
giveaway generated more activity within the groups. We asked for customer feedback
and offered a gift to everyone who answered. The following example represents the
types of questions posted.
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e How did you stay cool during our recent string of 100+ degree days? Tell us and
we'll send you a solar-powered digital thermometer! It shows the current
temperature as well as the daily maximum and minimum temperatures.

You Tube

We developed four cooking videos, two instructional videos for My Account, and a video
on how to use a smart strip. The dedicated microsites contained links to these videos.
We also posted links on our Facebook groups. These videos were featured in SMUD’s
August 2012 Easy Savings newsletter that goes to all SMUD customers and had the
second highest click through rate.

Pinterest

The SmartPricing Options Pinterest page has boards showcasing summer activities,
tips on saving energy at home, easy meals, and tips on how to keep pets safe and cool.
Our followers steadily increased over the year. Regular pinning was important to having
engaged followers and active boards.

The Home Depot Grill Sweepstakes

We launched a sweepstakes with The Home Depot as part of our efforts to keep
participant engaged and retain participants in the SmartPricing Options pilot. Customers
had the chance to win a new propane grill valued at $199. We provided the chance to
win one of seven grills, allowing one member of each treatment group to win.

The sweepstakes was promoted to approximately all participants through direct mail,
email, Facebook groups and on the microsites. Customers were directed to enter the
sweepstakes online at their specific microsites or by mailing a 3.5 x 5”postcard in
accordance with California law. The deadline for entering was 11:59 p.m., on
September 21, 2012. Winners were randomly selected on September 25, 2012. In
accordance with legal guidelines, entries were permitted outside of the SmartPricing
Options pilot participant group. Winners were able to pick up their new, fully assembled
grills at The Home Depot. This sweepstakes significantly increased traffic to our
websites and our Facebook groups.

Page 99 of 195
SmartPricing Options Interim Evaluation



Implementation: All of the social media channels were set up on the popular platforms.
The SmartPricing Options marketing specialist was responsible for updating the sites
with new information, responding to customer inquiries, and managing contests on each
Facebook group and managing the Pinterest boards. The Facebook groups were
“closed groups” to ensure customers did not stumble upon one of the other treatment
groups. A customer had to request to be added to the group. Once we received the
request, we verified enrollment and added the customer to the appropriate group.

Findings and Lessons Learned: About 100 customers participated in the Facebook
groups. Pinterest garnered more attention with recipes and family-friendly posts. We
continue to get requests to join the Facebook groups, and customers use Facebook as
a place to ask questions about the program or the technology, and to simply tell us how
much they like the pilot. In a larger program launch, it would be possible to integrate
social media more holistically and with more transparent integration with SMUD’s
standard communications since closed groups may not be necessary and
communications would not need to be exclusive to maintain research integrity.

7.2.6 Microsites

Objective: Education, Recruitment, and Retention

Description: We designed a unique microsite for each treatment group. Features and
information on the microsites were identical, with the exception of the rate and
technology offer.

SMUD Home Page | Contact Us Login to SMUD Account

@ SMUD"~  Plnbetails  EnergySavingTips  FAQs  ReviewMyUsage  Plan Assistance

Summer Weekday»
Value Plan e

Manage your summer energy use.

Reward yourself and the enviroment too!

We 1 e O me. You are invited to participate

in SMUD’s SmartPricing Options, a two-year pricing pilot
that can help you manage your energy use during the
summers of 2012 and 2013. The Summer Weekday ot
Value Plan is being offered to a small group of randomly 3 1 -
selected SMUD customers for a limited time. Sign up free W'l.th R
today and you'll be able to take control of your electricity
costs and help the environment.
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Implementation: The marketing specialist was

responsible for updating and

refreshing the microsites for each of the plans several times over the year. This differs
from our main corporate site, which is maintained by corporate communications.

The microsites were hosted on SMUD.org, but there were no direct links to the sites to
prevent non-participant traffic. We captured information on site traffic through Google

analytics.

The microsites include links to our My Account portal where customers can view their
bills and hourly usage. The sites had details about the rates, suggestions on how to
save energy and money, videos, FAQs, special promotions and information on the
IHDs when applicable. The sites also included educational charts such as the “Costs

to Run” seen below.

The microsites included a short survey in the first year asking customers to provide
feedback about the sites. We used that feedback to improve the sites several times
with new content and tools. We routinely sent out letters and emails to participants
letting them know about big changes or promotions that were happening on the sites,

such as The Home Depot Sweepstakes.

CPP - Off-Peak Discount Plan

Save energy and money with

The Off-Peak Discount Plan

June 1-September 30, 2012 and 2013

Cost for 1 Hour
of Conservation

Day Usage

Typical Usage
Appliances & Watt Usage

A/C (5 ton) — 9000 watts $6.75
Stove — 2200 watts $1.65
8x60 watt lights $0.36
Clothes Washer — 400 watts $0.30
Dryer — 3000 watts $2.25
LCD TV - 110 watts $0.08
Dishwasher — 1200 watts

Shifting Your Usage
Appliances & Watt Usage

AJ/C (5 ton) - 9000 watts

| Stove — 2200 watts

8x60 watt lights

Clothes Washer —400 watts
| Dryer— 3000 watts

| LCDTV- 110 watts

| Dishwasher - 1200 watts

Cost for 1Hour
of Off-Peak
Usage

$0.37
$0.08
$0.07
$0.50
$0.02
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Findings and Lessons Learned: Access to the microsites was useful for our customer
service team, although customers often needed encouragement to visit the sites. Our
CSRs referred customers to the sites where customers could find answers to their
questions. Customers used the sites more after the launch of a sweepstakes where the
entry form was on the microsites. We found it is important to incentivize customers to
visit the site early on in the pilot.

7.3 Quality Assurance

The marketing materials were carefully reviewed before a final draft was sent for
production, from early drafts to final versions and proofs of each piece. Documents
were checked by the marketing specialist, the market research professional, and the
project manager to confirm versions, verbiage, links, titles, and identification codes
against the matrix. After team members verified the content was correct, the marketing
specialist or assigned team member forwarded the final materials to the appropriate
department or contractor for production.

Additional steps taken to ensure accuracy included:

e Marketing firm submitted PDFs for sign-off and created art files to send to mail
house

e Mail house reviewed PDFs and art files on press
e Marketing specialist and team reviewed and signed off on PDFs

e Marketing specialist conducted a press check at the mail house before the
printing went out as a direct mail

7.4 Lessons Learned and Key Takeaways

e Allow at least three weeks between a soft launch and a full launch.

e Eliminate the Welcome Back letter and just send the Welcome Back Kit. The
letter generated drops from the program.

e Perform quality checks on the mailing lists to ensure the right customers are
included.
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e Perform quality checks on letters and other materials at the mail house after
production and before mailing.

e Drive traffic to the dedicated websites by starting the summer with a big
promotion, like The Home Depot Grill Sweepstakes.

e Increase engagement on Facebook groups through more giveaways and Q&As.

7.5 Additional Areas of Interest and Future Research

We want to continue to educate our customers through real life examples about how
to reduce their electricity use during peak hours and manage their energy costs. We
also want to increase their satisfaction with SmartPricing Options and SMUD overall.
Understanding customer preferences related to pilot materials would assist in
achieving those goals.

It is unclear based on the research design how much the marketing strategy
impacted customer engagement and load impacts. The marketing strategy was also
designed to attract as many people as possible and to retain as many people as
possible to allow for robust load analysis across all customer segments; this differs
significantly from how a standard program is commonly implemented, typically
aiming to identify and attract customers who will benefit most from the program.
Additional research to further refine marketing materials to meet program needs
would be a logical next step.
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8.0 Enabling Technology: In-Home Displays

Over 30 SMUD

employees were asked to

8.1 Overview help test the devices in
_ their homes. Volunteers

efaulting customers onto a new rate structure .
) were recruited from the

posed many concerns for SMUD regarding

customer awareness of the new rate as well as contact center staff who
ability to save on their bills. It was important that we were ultimately going to
provide customers with appropriate tools and support the devices as

education to assist in bill and energy management
through this transition. Alongside printed and online
educational materials, we were interested in testing the
impact of offering real time information feedback to
customers with pricing and electricity consumption other capacities.
incorporated. SMUD has deployed over 5,000 IHDs to
customers, with over 4,500 of them sent to customer
on the SmartPricing Options pilot. The experiences with the various pilots utilizing IHDs
have varied, indicating that many factors influence the performance of and satisfaction
with the IHD. The discussion below addresses the deployment of IHDs for the
SmartPricing Options pilot.

well as team members

who supported

SmartPricing Options in

8.2 Details
8.2.1 Standards and Device Testing

All customers’ smart meters are equipped with a ZigBee gateway embedded in their
recently installed AMI meter. SMUD selected the ZigBee Smart Energy Profile (SEP)
standard to provide utility communications for Home Area Networks (HAN) due to its
widespread use as an emerging smart grid standard and its alignment with low power,
low cost, performance objectives. It provides an open standard interface that
encourages innovative and competitive development of smart energy devices the
customer while ensuring communication interoperability and data security for the utility.

Immediate challenges arose in aligning utility enterprise systems and consumer devices
with the release of SEP 1.1, which was ratified just a few months before SMUD’s
deadline to select a compliant IHD. This narrow window of time between the release of
SEP1.1 and the critical schedule path for pilot deployment left little time for vendors to
obtain certification and for SMUD to conduct adequate validation testing of the various
components. The IHD was also required to meet the minimum hardware specifications
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needed to support a future upgrade to much more processor- and memory-intensive
applications to be used by the preliminary version 2.0 of the SEP standard, providing
forward compatibility according to SMUD’s technology road map,

As a result of the shifting SEP standard during the project term from version 1.0 to 1.1,
then toward 2.0, the entire HAN industry was scrambling to keep up. Product offerings
were scattered across the multiple versions of the standard, with varying levels of
performance and maturity. These dynamic technology shifts made it very complex for
SMUD to align, select and validate system components to support the study. Ultimately
SMUD selected a device that received the SEP 1.1 certification prior to deployment;
however, since Silver Spring Networks (SSN) had not yet completed the SEP 1.1
version of their application stack, SMUD will planned to use the 1.0 version for the
project duration.

8.2.2. Testing the In-Home Displays

SMUD implemented unit testing of IHDs using three sets of test cases: the first set was
inherited directly from the SEP certification standard, the second prescribed by SSN to
confirm compatibility with their AMI systems, and the third included a series of SMUD
specific tests in support of internal technology requirements and functional customer
requirements. We contracted with NTS to conduct all phases of this unit testing in their
laboratories. NTS, the predominant provider of SEP certification testing worldwide, was
in a unique position to help us sort through the evolving standards and make sense of
the results as they would apply to our project requirements.

In the midst of the SEP standards shuffle, NTS conducted unit testing on a handful of
proposed IHDs according to SEP 1.0, and followed up with provisional test results
according to the additional requirements of SEP 1.1. Having passed these as well as
the SMUD-specific requirements validation, the Energy Aware PowerTab was the only
device to meet all of the minimum project criteria.

We contracted with NTS Labs to test qualifying IHDs across three categories:

e ZigBee certification
e Environmental testing (e.g. signal strength, range)
e SSN harness testing (functionality in the SSN environment)

Of those that failed, most of the critical device failures resulted from the SSN harness
testing. The critical failures were due to manufacturers’ interpretations of the SEP
standards. The immature standards introduced interoperability issues for devices from

Page 105 of 195
SmartPricing Options Interim Evaluation



@ SMUD

one system to another. The environmental failures were less common but still evident.
Other issues encountered with the IHDs that did not pass testing included:

e Improper display of consumption

e Improper formatting of consumption

e Messages inconsistently processed or displayed on device, especially “sleepy”
devices or devices that did not communicate with the meter often in order to
conserve battery

e Improper time display or display in Coordinated Universal Time (UTC) rather than
local time if did not sync with meter after first attempt

e Prices mismatched with text labels or displayed with no text label after price
signals were sent

e Low radio signal transmission and reception, which causes device to be
susceptible to interference

e Failure to connect to the price cluster from meter potentially resulting in not
receiving price updates

e Lengthy average setup and meter sync time, up to five minutes, requiring user to
walk through several screens with questions about house characteristics, energy
behaviors, and preferences.

Subsequent to unit testing, we embarked on a series of system tests to validate end-to-
end interactions of the system from the utility operator interface all the way through to
the customer. These tests were all functional and based on a series of use case
scenarios identified to cover the most common interactions between SMUD and its
customers via the HAN technology pipeline. The system was first tested in a controlled
lab-like environment, and then with a limited set of engaged employee testers in their
homes using production systems.

A test environment was developed at SMUD utilizing the limited number of meters and
PowerTab IHDs available before devices began shipping in bulk. This test environment
offered many benefits, since provisioning devices to home meters in order to test
equipment and procedures was not allowed due to the potential negative impacts to the
meter environment. The most notable limitation of the test environment, however, was
the inability to perform volume testing of HAN devices assessing the impact of large
amounts of communication traffic on the system.

Over 30 SMUD employees were asked to help test the devices in their homes.
Volunteers were recruited from the contact center staff who were ultimately going to
support the devices as well as team members who supported SmartPricing Options in
other capacities.
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Issues experienced by volunteers closely matched the issues customers later
experienced, both in number and type. Early testing with employees gave us the
opportunity to mitigate the issues in advance or prepare for these issues when
customers ultimately encountered them.

e Several volunteers experienced issues with their batteries, such as limited
battery life or dead batteries which prevented operation even when plugged in

e Several volunteers’ homes had environmental factors that caused connectivity
issues (e.g. it appeared the aluminum siding of one home prevented the smart
meter signal to reach the device)

e Several volunteers never turned the device on, even after multiple requests

e Several volunteers experienced repeated and seemingly random disconnections,
regardless of device location

The controlled lab testing immediately uncovered a handful of interface issues between
various components of the system, all of which were fairly straightforward to resolve,
mitigate, or allay by creating work-around solutions. The field testing phase with
employee-customers proved to be very informative once the system was released into
the field, where it was exposed to unexpected real-world user and environmental
scenarios that were beyond our ability to anticipate or simulate in a lab environment.
Through active feedback from SMUD testers, the project team uncovered intermittency
iIssues related to battery health and network connectivity. These observations were
tracked and documented for Energy Aware and resulted in an upgrade to their firmware
to correct bugs with the PowerTab’s radio frequency and power systems. Although the
new firmware version was made available too late to use for SmartPricing Options, we
were able to create educational materials for customers and troubleshooting processes
to largely mitigate the device issues.

8.2.3 Procurement of the IHDs

Initially, we planned to provide an SEP 2.0 price-responsive programmable
communicating thermostat (PCT) with an incorporated IHD. The security measures that
were predicted to be embedded in SEP 2.0 were desirable to SMUD, along with many
other benefits of the upgraded standard. Over time, however, it was clear SEP 2.0
would not be ratified in time for our procurement, and a compatible PCT meeting our
business and technical requirements wasn'’t readily available. We also discovered that
shipping times for these types of devices could be very lengthy, in some cases taking a
several months. In an effort to provide customers with enabling technology that intended
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to assist in bill management prior to the rate going into effect, the technology plan
shifted from procuring a price-responsive PCT to an IHD, allowing ourselves the option
to purchase SEP 1.0 or SEP 1.1 compatible devices.

When preparing the Request for Proposal (RFP) for the IHDs, it became clear that
some of the desirable technical features were going to present a hardship for many
manufacturers. Basic functions didn't appear to create any concerns, such as
backlighting, clock, price display, and rate structure support. Other requirements,
however, proved to be more challenging.

Some vendors resisted providing devices that supported SEP 1.1, which was desired by
SMUD because it was upgradeable to SEP 2.0, while SEP 1.0 was not. Suppliers were
not inclined to provide SEP 1.1 devices, since SEP 2.0 ratification was anticipated
shortly and manufacturers were hesitant to develop interim devices for SEP 1.1.
Suppliers preferred SEP 1.0 devices, because they were already manufactured.

In addition to the SEP version requirements, additional preferred features also proved to
be challenging.

e Reset on billing date: While this was a strongly preferred automated feature,
available devices could provide this feature only by manual reset or Wi-Fi
connection.

e Over-the-air upgrades: This feature was not embedded into SEP 1.0 or SEP 1.1.
Suppliers were offering only Wi-Fi upgradability, which was not consistent with
our sample frame requirements.

Once the devices were delivered to SMUD, the team worked the staggered shipments
into the overall schedule. As shipments arrived, they were processed in batches of 500
devices. After the warehouse sent notification of shipment arrival, a team member
would pick up the fourteen boxes of devices from the warehouse and drive them to the
processing area. Shipments to customers would be processed in order of enrollment
date.

1. After the device was provisioned to a customer’s meter, two sets of mailing labels
were used to ensure the right device matched with the corresponding envenlope
and shipped to the proper customer. This was an important step, since the IHDs
were provisioned to the customer’s meter before shipment.

2. The team coordinated with SMUD’s Postal Services group in advance to prepare
them to receive and process large shipments. The Postal Services group then
notified the postal carriers that larger than normal deliveries were to be expected
and to bring an appropriately sized truck.
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3. The project team was responsible for packing the devices in envelopes and
affixing the mailing labels, while Postal Services was responsible for printing and
affixing the postage.

4. The team created a process for receiving and processing returns, both due to
incorrect addresses and customer returns.

8.2.4 Rate Publication

Although we desired the technical capability to reset the device on the billing cycle over
the network, none of the vendors could meet this requirement without a Wi-Fi network.
In addition, our tiered rate structure made it necessary to publish a new price on the
display after the customer had exceeded 700 kWh during the off-peak period in a billing
period. SMUD’s information technology team created an automated work-around to
address rate publication limitations in the IHD.

The code developed to address the rate publication limitations queried the current
SmartPricing Options customers every night, looking for customers that had crossed the
700 kWh threshold or had completed a bill cycle. The code then created a list of
customers who needed a new rate pushed over the AMI network and published the
rates to the meter. HCM picked up the list and pushed the rates out to the customers’
IHDs. When a customer started a new billing cycle or crossed the 700 kWh threshold,
the correct rate would display on their IHD.

8.2.5 Device Troubleshooting and Technical Support

SMUD provided technical support for the IHDs using internal SMUD staff. We were
interested in the number and types of calls received, resolution time, and the types of
support required for the devices. The primary reason for keeping support in house was
the high probability that the majority of technical issues with the IHDs would be
connectivity issues with the meter.

Keeping technical support internal also gave SMUD the opportunity to train staff on how
to support such technologies, which would be applicable to future enabling technology
rollouts. In addition to technical questions, customers also had program or billing
questions. With internal technical support, we were able to offer first call resolution.
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The back office software to manage devices was an SSN's HAN Communication
Manager (HCM). HCM is responsible for turning on the meter's HAN radio, pairing a
device to the meter (also called “joining”), pushing rates to the device, sending price
signals and messages to devices, and deactivating devices (“un-joining”).

As customers reached out to SMUD for technical support, the support staff recorded the
interaction along with accompanying details. The tables below provide details regarding
the troubleshooting issues we encountered, the frequency of specific issues, the
resolutions and time required to resolve, applicability outside the SmartPricing Options
pilot, and the type of support staff required. The tables are divided into three
troubleshooting categories:

1. Meter Connectivity
2. IHD Shipping and Replacement
3. Hardware Solutions

Meter connectivity issues comprised the vast majority of observations, with meter
activation failure posing the most significant IHD technical interference in terms of both
frequency and total resolution time. Of particular interest, the second largest time
consuming troubleshooting category was not related to the technical operation of the
IHD but rather the shipment of the device to the customer. Based on lessons learned
from the pilot, both top time-consuming issues could likely be improved by revising
operational processes and requesting bug fixes.
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Table 23: Meter Connectivity Summary

Radio Activation Failure

Device Provisioning Failure

Meter Swap

NUMBER OF
OCCURRENCES
% oF TOTAL
OCCURRENCES
AVG. MINUTES
TO RESOLVE

ToTAL HOuRrs
TO RESOLVE

COMMON
REsoLuTION
STEPS

PROBLEM
IDENTIFICATION
SOURCE

APPLICABILITY
TO OTHER
PiLoTs

SUPPORT TREE

567
66%

3 + customer phone call

29 +calls

1. Verify in ESP (meter) log
entry.

2. Manually activate radio in
HCM and confirm success.

Customer call

Yes, others require manual
individual radio activation due to
HCM radio activation bug.

SmartPricing¢Options CSR
Technology‘I\‘/Ianagement

Customer Solutions
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105
12%

7.5

13

1. Use SAP transaction to add a
device as ifthey had not had one
before.

2. Enter new device, make sure
it has current date, sawe it, and it

will process in batch that runs at
night.

1. Daily SAP report

2. ldentified after customer
returned IHD by cross checking
against returned IHDs.

Yes

Technology Management

1%
23

2.5

1. Identify if meter was replaced
and why (use of UIQ, SAP/CRM
and HCM).

2. Follow up with billingteam to
ensure SAP was updated with
new meter.

3. Verify active meter in UIQ.

4. Enroll customer in HCM
program to update Senvice Point
ID with newmeter MAC.

1. Customer call

2. Follow up on list of known
meter issues

3. Troubleshooting Altiris tickets
Yes

Technology&/lanagement
Meter Shop
v

Billing
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Table 24: IHD Shipping and Replacement Summary

Customer Never Received IHD

Returned IHD

Replacement IHD

NUMBER OF
OCCURRENCES
% oF TOTAL
OCCURRENCES
AVG. MINUTES
TO RESOLVE
ToTAL HOURS
TO RESOLVE
ComMMON
REsoLUTION
STEPS

PROBLEM
IDENTIFICATION
SOURCE

APPLICABILITY
TO OTHER
PiLoTs

SUPPORT TREE

87
10%

10
14.5

1. Check device provisioning in
SAP.

2. Investigate join attempts in
HCM.

3. If original device was
provisioned, un-provision and
send new IHD.

4. If original device was not
provisioned, follow shipping
procedures for new IHD
shipments

Customer call

Maybe. Applies to programs
mailing devices. Does not when
installers or auditors hand deliver
and set up.

SmartPricing*Options CSR
Technology‘l\‘/lanagement

Customer Solutions Staff

SmartPricing Options Interim Evaluation

53

6%

5 + customer phone call
4.5 + calls

1. Call customer to identify why
IHD was returned.

2. If customer does not want IHD
but doesn't drop the pilot, un-
provision device in HCM and
SAP.

3. If customer wants to drop from
pilot, un-provision device and
drop from program.

4. If wrong address, update

address and provisioning as
needed and resend.

1. Customer drops off at SMUD.

2. IHD returned in the mail.
Yes

Project Manager

Technology Management

9

1%

3 + customer phone call
< 1+calls

1. Call customer to discuss
replacement options.

2. Un-provision original IHD,
provision new IHD, ship to
customer.

3. Place prepaid return envelope

to send defective device back to
SMUD in package to customer.

1. Customer call

2. Troubleshooting Altiris tickets
Yes

SmartPricing*Options CSR

Technology Management
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Table 25: Hardw are Solutions Summary

NUMBER OF
OCCURRENCES
% oOF TOTAL
OCCURRENCES
AVG. MINUTES
TO RESOLVE
ToTAL HOURS
TO RESOLVE
ComMMON
RESOLUTION
STEPS

PROBLEM
IDENTIFICATION
SOURCE

APPLICABILITY
70 OTHER
PiLoTts

SUPPORT TREE

Repeater
v

1%

3

<1

1. Call customer to erify need.

2. Obtain customer information

from SAP for HCM manual
provisioning.

3. Manually provision in HCM
and send to customer.

Customer call

Yes

SmartPricing‘bOptions CSR
Technologywlvlanagement

Customer Solutions

SmartPricing Options Interim Evaluation

Battery Replacement
7

1%

3

<1

1. Send battery to customer.

Customer call

Maybe. Applies to battery
operated HAN equipment.

SmartPricingd‘Options CSR
Technologywl\/lanagement

Customer Solutions

Bottom Fed Meter
13

2%

23

5

1. Verify meter is on bottom fed
meter master list.

2. Call customer, explain options,
set up appointment for meter
adapter installation.

3. Create senice natification to
meter shopto install adapter.

4. Confirm adapter installation
with meter shop after
appointment.

5. Contact billing to expedite
processing of senice natification
if needed.

6. Re-enroll customer in HCM
with update.

7. Update device location
information.

8. Call customer to notify
completion.

1. Cross check existing list of
known meters

2. Troubleshooting Aliiris tickets

Yes

Technology Management
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8.3 Quality Assurance

Due to the tight one- to two-day turnaround between receiving the IHD shipments and
shipping them to customers, quality assurance on the actual devices occurred
concurrently with outbound customer shipments. We opted to test 5% of each shipment
of 500. Upon arrival to the warehouse, 5% were randomly pulled from each box and
shipped overnight to NTS. NTS processed each shipment in approximately two weeks.
In the event the shipments were to be found defective, appropriate action would have
been taken based on the findings. After testing the 250 IHDs, only a few were found
defective, a number well within acceptable QA standards.

8.4 Lessons Learned and Key Takeaways

After shipment of devices began, the team continued to fine-tune processes and create
new processes as the need became apparent.

Setting Expectations

Customers began receiving IHDs in May 2012, prior to the summer rates’ effective date.
Because we were unable to perform volume testing on the communication of rates, the
technical team was concerned about how the system would handle the mass
communication of our standard rates that are applicable in May quickly followed by a
mass communication of the pilot rates that would be applicable in June. The team
decided to mitigate the risk by not pushing any rates until June 1, when the pilot rates
went into effect.

After the first few batches of displays were shipped, a few customers called to say they
could not see their usage in dollars but only in kWwh. To avoid further customer
confusion and support calls, we included a slip of paper with the display that explained
they would not see their price information until June 1.

In an effort to minimize negative technical impact on the customer, we had overlooked
the need to communicate the performance expectations to customers. Over the course
of the project, the team encountered a few occurrences that highlighted the need to
proactively communicate with customers to set expectations related to changes in the
original project plan. The need to revisit planned customer communications when
project changes occurred became a key takeaway across the project.
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Battery Life and Functionality

Based on repots from our volunteers, NTS, and SMUD’s HAN lab, we identified a bug
with the Energy Aware PowerTab related to battery life. When the PowerTab’s battery
drained too low to function, it continued to attempt to connect to the meter. The screen
would show a continual connection attempt, which caused customer confusion since
most rechargeable battery powered devices turn off before the battery fully drains.
SMUD worked with Energy Aware to document the issue and Energy Aware developed
a bug fix. The last 1,000 PowerTabs were shipped with the updated firmware, but
because devices could not accept over the air upgrades, the PowerTabs in the field
could not be updated.

Bottom Fed Meters

SMUD has a small number of meters in the field that reverse the feed of electricity as it
passes through the meter, which we refer to as bottom fed meters. While this doesn’t
pose an issue for data processing and billing for SMUD’s operational staff, it was
unknown how these types of meter anomalies would interact with the IHD. Testing of
the IHD with a bottom fed meter determined that the absolute value of energy
consumption displayed by the IHD was accurate, but it was displayed as a negative
value. Because this would be confusing to participants, SMUD’s meter shop rinstalled
an adapter on all participating bottom fed meters to correct the negative values
displayed on the IHD. This experience highlighted the importance of conducting a due
diligence assessment of the interoperability of enabling technology with non-standard
meters or devices in the field.

Provisioning Quality Assurance and the Importance of HAN Reporting

The team discovered that a number of reported connectivity issues were actually the
result of a failure in turning on the ZigBee radio in the meter. As part the display set up
process, SMUD developed a tool that automatically performed all of the tasks
necessary to provision a display. When a customer was registered, the customer
database would send a web service call to HCM to turn on the ZigBee radio in the
customer meter. Although HCM'’s status screen showed that the customer’s ZigBee
radio was enabled, the log files showed that the attempt to turn on the radio on failed.
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Following this realization, we found and corrected a bug in the web service call. The
next step was to resolve the failed attempts to turn on the ZigBee transmitters. Due to
the limited reporting functionality within HCM, we were unable to determine which of the
radios were on and which were not. A support member had to review the log files of
every customer registered in HCM to find the true status of their ZigBee radio. If the
radio had failed to turn on, the support member would activate it manually using HCM.
The process took about a week due to the number of steps it took to review each log file
and manually turn on each radio.

Providing Staff with the Right Tools

When a customer experienced difficulty connecting the display to the meter, the first
level customer service representative would take the call and issue a support ticket.
SMUD'’s Performance Solutions group, the second level support, would review the ticket
and issue a recommended solution to the CSR or assign the ticket to the appropriate
Technology Management team member, who would troubleshoot the issue. Technology
Management would use the HAN Communication Manager (HCM) to resolve the issue
and would contact the customer if appropriate. This is the standard procedure for
SMUD when handling technology issues; however, it was causing delays as the number
of support calls increased. The team determined that the majority of the technical
issues customer experienced required the customer’s device to be rejoined in HCM.
Since this was a simple and quick procedure, we provided access to HCM to the first
level CSR team so they could perform the work after receiving formal training. Once the
CSRs were able to assist customers with their connectivity issues, the majority of the
display problems were resolved with the first call.

Equipment Procurement Planning

The IHDs procured for this pilot required significant lead times between purchase and
shipment arrival. SMUD was fortunate that Energy Aware and SSN worked
collaboratively with us to expedite shipping; though shipments still required several
months for arrival. Lead times on IHDs are particularly long, because the demand for a
standalone IHD is not high. Many suppliers and even some manufactures did not have
adequate quantities in stock, which caused a notable delay in our shipping schedule to
customers. Schedules should allow for a minimum of 20 weeks to receive the first
shipment and should accommodate for staggered shipments. Time of year can have an
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impact on lead-time as well, which should be investigated fully during contract
negotiations.

8.5 Additional Areas of Interest and Future Research

Despite the efforts SMUD took to maximize the number of customers who successfully
joined their IHD to the meter, we still experienced lower connection rates than we
preferred. Reporting functionality within HCM was limited, and many customers never
contacted SMUD for technical support, so the technical team had limited insight into the
barriers with IHD joins.

Additional research into connectivity rates would be highly beneficial to future ZigBee-
enabled HAN programs at SMUD. Understanding the distribution of connectivity
interferences would inform product selection, resource requirements, and staff training.
If equipped with robust connectivity reports showing historical customer-level data that
can be manipulated, technical staff could be proactive about identifying customer issues
and assisting in resolution. It is unknown at this point how many IHDs that were not
joined with the meter were due to technical, environmental and behavioral issues.

While the IHDs were in fact tested prior to implementation, many of the issues identified
in the field were unrelated to the tests performed. Enhanced environmental testing
might assist in selecting HAN devices that would perform better in diverse residential
environments. Enhanced ethnographic research would assist in determining what other
issues might be contributing to low connectivity rates.
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9.0 Enrollment, Billing and Contact Center

Services To maintain the integrity
of the RCT design,
9.1 Overview CSRs were blinded
MUD had prepared for labor intensive from the customer's
S?ﬁﬁiﬂfﬁﬁg‘)”@?ﬁi& cdng hemy cal || Mmoo

assignment until after
volumes, manual enrollment of customers onto the

rates, and manual reversal for customers wishing to be the customer had
removed from the pilot. The operational processes for enrolled in the pilot,
the pilot were expected to require thousands of hours
in customer support. The actual number of hours
required to support the pilot, however, did not accrue recruitment process.
as expected. Billing hours were much greater than we
expected, while contact center hours were less than
one third of what was planned. While this section provides an overview of the
operational challenges and successes we experienced during the first year of the pilot,
detailed process flow diagrams are available in the Appendix. Please refer to these for
greater detail related to specific billing, enrollment, and contact center processes.

avoiding bias in the

9.2 Detalls

In anticipation of process changes to support new rate structures, we proactively set up
processes to handle the numerous different exceptions and billing issues that we
foresaw. Many of these process flows can be found in the Appendix under the process
flows section. Although many changes can be anticipated, the purpose of a pilot is to
test a program with the expectation that many new things will be discovered. This pilot
was no exception.

Initial project plans consisted of 8,000 customers manually enrolled onto the new rate,
taking approximately 15 minutes each. Time-based rates required additional steps
during enroliment, and no automated process existed to allow for batch uploads. To
expedite the enrollment process and reduce required labor hours, our technology
department established an automated solution that allowed for hundreds of customers
to be enrolled in a batch file, saving hundreds of billing staff hours.
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The billing staff encountered many challenges in billing the new rates using interval
data. While the nearly all SMUD customers were still billed from register reads,
SmartPricing Options customers were billed from the hourly interval data. This new
process added to the time that it took to process bills. Latent data issues and final
billing for customers who moved out of their homes or changed account holders mid-
billing cycle created delays in processing bills.

In addition to the daily billing process challenges, system upgrades to the meter data
management system (MDMS) were required to improve stability of the system. During
upgrades the system created mismatches between the MDMS and our Customer
Information System (CIS) that were mitigated by implementing blocking automated bill
processing to allow for manual processing of customer bills by cycle.

The process of dropping customers from the rate and processing the final bill also
proved to be a lengthy task. Waiting for the interval data to arrive and processing the
final meter read was an unexpected challenge. Ultimately, billing representatives used
administrative MDMS access to push the interval data through the system and into the
CIS. This allowed for bills to be issued within two days of a customer move-out,
whereas before it had taken several business days.

9.2.1 Interval Data Billing

Where previous time-based pricing studies at SMUD had required manual billing of
participants, automated billing from interval data was a new process available after the
installation of the smart meters. While smart meters made it possible, interval billing
hasn’t been necessary for customers on the standard rate. Interval billing requires
approximately 720 reads per billing cycle rather the single read required for the tiered
rate. Heightened awareness related to missing intervals resulted in new business rules
related to billing with missing or estimated date.

We created thresholds to address missing interval data for billing purposes.

¢ If there are contiguous missing data points, the validation for the 24-hour daily file
will fail, placing the file in the queue for editing. This triggers the following
process for the metering programs team:

1) For each contiguous block of missing interval data, the estimator must

provide an estimate for each missing interval and include that estimate for the
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corresponding customer ID in the Automated Billing Extract Log, completing
the data set.

2) Each estimate must be verified by second Metering Programs team member
(the Verifier) prior to closing out the estimation process. The appropriate time
for this verification is during the graphical review step prior to the saving of the
estimates.

3) The initials of both the team members (Estimator and Verifier) must be
entered with the Editing and Estimation log entry along with the specific role
of each team member in the estimation process.

4) After each estimation process, check the estimate against the start and stop
meter reads by reviewing the validation report for the day to confirm that the
estimated meter data matches the register reads.

e All customers, regardless of whether or not they are billed on interval data, have
a validation check for pulses against the register read. The tolerance is set for
3%, referred to as the energy tolerance. If a meter has missing data intervals
and the energy tolerance exceeds 3%, the validation will fail and the file will be
placed in the queue for manual editing.?°

9.2.2 Contact Center Operations

Creating a positive customer experience and maintaining a positive relationship with
customers was a critical element of the pilot. SmartPricing Options was implemented
adjacent to and concurrent with other major SMUD initiatives that are highly visible to
customers. In addition to providing customers with relevant educational materials, we
created a complete customer support system to maintain customer satisfaction, assist in
retention, and increase efficiency in the customer service experience.

The primary point of customer contact is through SMUD’s customer service contact
center. All customer service representatives (CSR) were trained on the fundamental
elements of the pilot program in order to properly route calls. Within the contact center,
SMUD selected CSRs who demonstrated a particular aptitude for the intricacies of the

“ Currently, there is a bug in IEE that does not save the automated estimation process. Metering
programs team members anticipate that this will be corrected in a few months.
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program, and we trained a core team of specialists who addressed all specific questions
from customers regarding the pilot program. The team was in place prior to the launch
of the recruitment campaign and will remain in place through the duration of the study.
This core team has access to the specific offer each customer received, allowing the
CSR to tailor communications to each customer based on their specific treatment group,
avoiding customer confusion about the various offers and maintaining the integrity of the
research. This core team was prepared to discuss program details and handle
enroliments and drops. Concerns that could not be addressed by the core CSR team or
their respective supervisor were escalated to the SmartPricing Options Project
Manager, who responded directly to the customer’s concern.

SmartPricing Options customers were provided with a custom toll free number into the
contact center. The phone number was included on all applicable communications
along with a SmartPricing Options customer service email address. Calls that came into
the contact center via the toll free number were automatically routed to the core CSR
team. Calls that came in through the standard customer service number were offered a
routing option by the IVR system, which routed them to the core team. In both
circumstances, the call was automatically entered into a central tracking system that
tracked the date, time, and length of the call.

To enable self-service, customers were able to access a variety of online tools. SMUD
provided online enrollment and opt-out functionality. Customers were required to sign
on to authenticate, at which point they could change their enroliment settings. A
confirmation email was sent to the customer assigned to the account.

As a publicly-owned utility, customer service is one of the highest priorities to SMUD.
When planning for SmartPricing Options, we estimated high on the contact center
hours, estimating that over 6,000 hours would be required for the first summer of the
pilot. We selected a supervisor to lead a specialty team of 17 CSRs to support the
customers on the various pricing plans.

The SmartPricing Options Core team of CSRs was selected to support all aspects of the
pilot including:

e Recruitment

e Enrollment

e Pricing plan support
e Bill impacts

e Rate design

e Customer usage
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e Opportunities to save

e Peak periods and events

e Program drops

e IHD 1% tier technical support
e Conservation day support

e High bill investigations

e General inquiries

To maintain the integrity of the RCT design, CSRs were blinded from the customer’s
treatment group assignment until after the customer had enrolled in the pilot, avoiding
bias in the recruitment process. Customers in the RCT sample were told in advance that
they would be randomly assigned a start date of either 2012 or 2014. Once a customer
completed the enrollment process, they were informed of the start date. A customer
who enrolled online had a similar experience.

CSRs handled hundreds of calls for enrollment, but we projected thousands. Our
expectation was that once we sent the notifications to the default customer treatment
groups, the contact center would be in inundated with phone calls from customers
requesting to be removed from the default rates. This did not occur. During the
enrolliment period, the contact center used only one quarter of the hours that were
planned.

In addition to taking customer calls, the SmartPricing Options CSRs assumed the
responsibility of entering in the business reply cards (BRC) which many customers used
to enroll through the mail. This became a much larger task than anticipated as over 35%

of our enroliments came from the BRCs, resulting in over 4,500 cards processed for
enroliment.

For RCT customers, after a customer’s enrollment was processed by the CSR, the team
sent out a letter notifying the customer of the applicable start date. Those deferred until
2014 were informed of the delay, while those who were eligible in 2012 were confirmed
of the upcoming start date.

The recruitment and enrollment period ended on June 1%, 2012, the same date that the
pricing went into effect. The SmartPricing Options CSRs shifted gears from enrollment
to retention and began troubleshooting problems with the IHDs resulting from customer
calls. In addition, CSRs addressed concerns related to conservation days, peak periods,
billing, and drops from the program. Call volumes for the summer months varied, with
the highest volume of calls occurring at the beginning of the summer and dropped off
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steadily throughout the summer. The majority of calls were related to IHD connectivity
iIssues.

The contact center received the highest volume of calls during the first few conservation
days, particularly around errors in the notification messages sent from the third party
vendor. CSRs clarified the conservation day details with the customers for each of these
instances. For two hours during two summer days, SmartPricing Options customers
who called the contact center experienced a short wait. These were the only times that
our 17-person SmartPricing Options core team of CSRs reached capacity.

During the first year of the pilot, call volumes increased by a factor of two after the day-
ahead notifications were delivered to customers. We received an average of five calls
per hour for the first several events, but this number decreased as the summer
progressed. For the last several events, our contact center was averaging two calls per
hour the day before an event and the event day. The majority of these calls were from
customers calling to confirm the CPP event.

The contact center team provided important customer support during the decision-
making period for customers and throughout the pilot. Although call volumes realized
were significantly lower than planned, itis evident that the customized and personalized
support was an important pilot component.

9.3 Quality Assurance

After the enrollment process was completed by the billing staff, the project manager
audited enrollment reports to ensure all customers were enrolled on the correct rate.
This step was performed weekly during the enrollment process, which allowed for
proactive corrections for any incorrect rate assignments prior to customer billing. The
project team also kept a report of the customer’s previous rate category so to ensure
that customer was returned to the correct rate if they drop out of the pilot.

The project team opted to implement several changes to decrease the likelihood of
missing data. We moved the meter read date in IEE from Day 1 to Day 2 to allow for an
additional 24 hours for IEE to recover latent data, with an expected improvement of
approximately 70%. To help improve communications between the meter and the head
end system, we upgraded the meter firmware expecting to improve latent and missing
data. Although missing or latent data occur in extremely small fractions of observations,
occurrences during peak periods can result in costly over- or under-estimates. Data
integrity and business rules for estimations were put in place to protect customers.
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9.4 Lessons Learned and Key Takeaways
9.4.1 Meter Reprogramming

There was considerable unplanned manual work for the billing team and the meter shop
as a result of not having TOU registers programmed on the meter or in Utility IQ(UIQ).
UlQ is the Silver Spring Networks hosted head-end system that acts as the repository
for all meter data. UIQ is part of the AMM suite of applications that provide all of the
functionality to perform tasks such as remote meter reads, detect outages, and issue
remote connects and disconnects. For customers who moved while on a pilot rate, there
was a lag for the data to be available to process the final bill. This created a problem
when a customer moved in to the location before the bill could be closed.

e |n some cases, there were three customers on an account before the data were
available to process the final bill.

e With this lag on customer move outs, billing specialist were spending over an
hour for each account to process a final bill.

e For the first summer of SmartPricing Options, this accounted for approximately
500 hours processing final bills.

When reads were unavailable at the time of billing, SAP would estimate the bill,
requiring a billing specialist had to manually process each bill. This resulted in several
additional hours each week.

Unreachable meters also posed complications for the team. In the event that a meter
needed to be replaced, there was no way to distinguish that the customer was a
SmartPricing Options customer using UIQ. The ability to distinguish and quickly correct
the problem for data collection is particularly important because SmartPricing Options
customers are billed using hourly interval data that is needed for the load impact
evaluation. A prioritization for SmartPricing Options customers for meter replacement is
ideal, and having a unique program in UIQ and on the meter would allow for
identification of SmartPricing Options customers. Reprogramming the meters for
additional registers for TOU and TOU-CPP customers would improve the ability to
process bills and final billing.
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9.5 Additional Areas of Interest and Future Research

We would like to identify customer calls and track them by the type of inquiry, e.g. bill
inquiry, conservation day questions, and IHD support. We do not currently have that
capability but would ideally gain that in the future expansion of our CRM systems.

We will also look at the cost effectiveness of reprogramming the meters to store register
reads as a solution to offsetting the costs of manual estimation for reads that we are not
able to obtain immediately on a move out. Given the time constraints of
implementation, we were not able to fully investigate the costs and benefits of meter
reprogramming for our residential customers that are billing on interval data.
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10.0 Implementing Critical Peak Events

When dealing with high

10.1 Overview
volumes of messages

he pilot plan called for 12 critical peak event over any channel,
I days June through September each year, for a
total of 24 events after the second year of pilot.
Sacramento is very hot during the summer months,
and peak load is typically driven by air conditioning. the best practice we
The team was tasked with establishing event day
criteria, an event core team, and an implementation
processes.

whether phone, email,

or home area network,

found is to stagger

message deployment.

10.2 Details

In January 2012, the project team, Energy Supply, and Load Research and Forecasting
began discussions to develop the Conservation Day criteria. Energy traders determined
that the pilot was not expected to have a large enough impact on system load to warrant
their participation in event day determination due to the limited number of participants.
Since load in SMUD territory is heavily dependent on weather, we decided that high
temperatures should be the primary trigger for an event, particularly temperatures
greater than 100 degrees Fahrenheit when possible. System load and emergency
situations would take priority if energy supply needed the load reduction, but given the
unknown magnitude of potential load impacts, the energy supply team decided that
using the events as a planned resource was premature.

The project team took full responsibility for calling and executing the events. Event
selection criteria hinged on several objectives. The pilot needed to call events that
represented various time and temperature conditions for analysis, which meant
potentially calling events on days that were not the hottest days in order to capture days
in each month of the summer and day of the week. The research design also called for
12 events, which could result in calling events on days that were possibly cooler than
the 100 degree threshold. In order to optimize event selection and minimize the
subjectivity of calling any single event, the team established business requirements and
criteria for calling events.
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10.2.1 Business Rules and Requirements

1. An event will trigger an increase in the cost per kWh as the Critical Peak price, as
approved by SMUD’s Board. The event for SmartPricing Options only affects
residential customers enrolled on the rate and always occurs at the 4:00 p.m. to
7:00 p.m. timeframe.

2. All events will be called at least 24 hours in advance. Monday events will be
called on Sunday (not the previous Friday). Events will not be called earlier than
the calendar day prior to the event.

3. Events can only occur Monday — Friday. Events are not permitted on weekends
and holidays (July 4™ and Labor Day). The operational team requires the
technical ability; however, to notify customers of an event the day before the
event occurs so that notification may fall on a weekend or holiday.

4. Since all events are defined as a set timeframe (4:00 p.m. to 7:00 p.m.) then an
event cannot be a partial event. Once the event begins, the full three-hour event
will be billed as a Conservation Day for those participants.

5. Once an event has been called, it will not be canceled or rescheduled.

6. Since the objective of this study is to collect data points surrounding the event at
different temperatures over different months, there is a need to have two events
per month for the first year. The second year of the study, each month will have
a minimum of 1 event per month, with greater sensitivity to temperature driving
event days.

7. Frequency of Events:
e 12 events for the summer (June 1 —Sept 30)
e Within a calendar month: 2 - 6 events
e Withinaweek: O0-5events
e Within a billing cycle: 0 - 9 events
e Max sequential days: 3 days?*

2! In 2013, the max sequential days was set to 5 to test attrition and endurance.
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10.2.2 Conservation Day Criteria and Parameters

The criteria for calling the events were driven by temperatures and system needs .
The tables below illustrate the temperature-based dispatch of Conservation Days. If,
during the months of June through September, the energy traders had determined that
system reliability, market prices, or an emergency would have justified a Conservation
Day, their determination would have overridden the standard criteria, the event would
have been called for the following day, constituting one of the 12 Conservation Days**.

The table below illustrates the upper and lower thresholds that defined the temperature
parameters for calling events each month. The ideal scenario for each Conservation
Day would have been three events per month, with minimum temperatures at or above
100 degrees Fahrenheit. No more than six events could be called during a single
calendar month.

To allow for comparison of event days to 2012 non-event days at similar temperatures,
every fourth event day over 101 degrees was not called. This allowed us to capture
data for high-temperature, non-event days spread over the four month period, leaving
an acceptable number of days for actual events. On these days, the energy supply
team was notified by the SmartPricing Options Project Manager that the event would
not be executed for research purposes.

To maintain customer retention, no more than three consecutive days could be called
during a heat storm, and we imposed a limit of four events per week in the first summer.
The number of events to be held each calendar month is dependent on the number of
events called over the prior months. For example, if there were only two events called
in June, and 6 events were called in July, only four event days could occur in August
and September.

2 AMI system upgrades and other infrastructure limitations superseded the event criteria put in place for
the CPP and TOU-CPP rates, making some days unavailable for event calling.
% This exception process will exist again in 2013.
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Table 26: Year 1 Parameters for Events Called®

June July-September
Variable Min Ideal Max Min Ideal Max
Event Temperature 95-99 1 0 3 1 0 3
Event Temperature >=100 1 3 3 1 3 6
Week (MTWThF) 0 2-3 3 0 2-3 4
Month 2 3 5 2 3 6
Heat wave 1 3 3 1 3 3

The temperatures in the Sacramento area have been mild over recent years and the
need to have events during the study in June with temperatures around 95 degrees was
considered probable. It was decided that if the weather has been relatively mild (less
than 100 degrees), during the first month of the study and no events have been called
by June 15", an event would be called at a temperature less than 100 degrees. Data
collected at these temperatures was considered desirable for analytical purposes.

10.2.3 Operational Processes and Implementation

Customers were notified 24 hours in advance of a Conservation Day using one to three
notification channels selected by the participating customers: text (SMS), phone, email.
In addition, for those customers who received an IHD, a message was sent to the IHD,
notifying them of a Conservation Day. The IHD also displayed the current price, which
during a Conservation Day was $0.75.

Customers selected their preferred method of communications during the enroliment
process and were periodically asked to update their information if it had changed. For
email and phone notifications, customers simply provided their contact information
online, to a CSR who entered it into the system, or on the business reply card used
during recruitment.

For text messages, customers provided us with the number, but then needed to take
additional steps to verify that they were opting in to receive text messages from a third
party. They needed to send the word “conserve” to a specific number in order to be
verified. Once our vendor validated that the number was on a SMUD-provided list that

? The column labeled “Ideal” represents the number of events would be called for that category during a
hot summer implementation of this program. The research design called for exactly 12 events. In order to
obtain reads on varied days of the week and summer months that totaled exactly 12, there are cases
where the minimum number of days to be called in acategory exceeds the ideal number that would be
called in a non-research situation.
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we sent each day, the customer would receive verification from the vendor stating that
they would now receive text messages for CPP events.

This process was essentially a double verification process, and most customers that
signed up for text messages never completed this step. As a result, they did not receive
text messages. We made sure that each and every customer had at least one method
of communication aside from text messages to ensure that all customers were notified
of CPP events. All of the notification preferences and contact information was stored in
a separate table in SAP.

SMUD’s IT team built An SAP “cockpit” that triggered the notification, rate and billing
processes for each event. The cockpit built the file with the list of customers to be
notified of the event and triggered the process for the notification to be sent to the IHDs
over the AMI network. Finally, the cockpit initiated the billing process by sending each
customer account to a billing module in SAP that is designed to handle Conservation
Days.

The figures below summarize the steps taken during a Conservation Day. The first
figure outlines the operational process for internal notification of events, while the
second figure outlines the process for notifying customers and triggering the billing
process for the Conservation Day.

As noted in the Figure 22, internal stakeholders were notified of the Conservation Day
prior to customer notifications, allowing all customer support teams several hours prior
to customer notification to prepare for an increase in call volume prior to the event. The
internal distribution list included Silver Springs Network and resources from more than
half of SMUD’s business units, including Contact Center, Information Technology,
Billing, Pricing, Marketing, Market Research, Load Research and Forecasting, Energy
Supply and Trading, Meter Shop, Media and Communications, the Board Office, Grid
Assets, Customer Strategy, Residential Services, and Customer Facing Training.

Figure 23 indicates the process for executing an event in the SAP cockpit and the
creation of the data files for each of the systems.
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Figure 22: Internal Event Notification Process Flow
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Figure 23: Customer Conservation Day Notification Process Flow
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During enrollment, opt-in customers were required to provide an email address, a
telephone number or an SMS number (for text messages) that could be used for
notifications of the conservation days. For customers who were defaulted to their
experimental rate, we asked that they update their preferences for notification online or
by calling our contact center. This ensured that all default CPP customers would be sent
a notice of each conservation day using their preferred channel. If a default customer
did not provide us with contact information, we used the contact numbers on record for
notification.

SMUD used a third party contractor to manage the notifications and informational
message campaign for SmartPricing Options. The contractor was responsible for
delivering the pre-recorded and pre-programmed messages to customers at least 24
hours in advance of the event. We worked with the vendor several months in advance
to create the messages and prepare the systems for reporting the success or failure of
each notification to the customer. At the beginning of the summer, we implemented a
“‘day-ahead notification” and a “same-day notification” for the Conservation Days. After
the first several events, we changed this process and eliminated the “same-day
notification” based on customer feedback and complications we experienced in
scheduling back to back events.

After the first event was called for June 20™, 2012, we became aware that several
hundred customers were omitted from the process that enabled them to get day-ahead
messages, and they were not notified of the conservation day. The entire CPP Without
Technology treatment group did not receive their day-ahead message and therefore
were not aware that event was going to occur. If these customers had logged onto the
web portal that displayed their energy use, the conservation day would show up in their
displayed data. The project team responded immediately by preparing the billing team
to remove the omitted customers from the peak billing module and the communications
team drafted letters to notify customers explaining what had occurred and ensuring they
would not be charged for it. We sent out letters and emails that notified this group that
they would not be charged.

Due to the potential bias introduced by the omitted treatment group, the research team
determined that the best way to solve this problem was to call a separate conservation
day unique to the treatment group that had been omitted in the first event. The following
Friday, June 29, 2012 we called a conservation day for the only that treatment group to
get them on the same schedule as the rest of the study participants. We decided at that
point to remove the first conservation day from the load impact evaluation. Although this
wasn't ideal from the experimental design perspective, it was a valuable learning
experience as related to program implementation.
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A second challenge we experienced with the conservation days was with the HAN
Communication Manager (HCM), the tool we use to push pricing and messages to our
customers over the In Home Displays. When we prepared for the 4,500 IHDs and
testing the functionality of sending messages to the devices, we were not able to test
the system for volume. As a result, we were not sure how the system would behave
when we attempted to send 3,000 messages and pricing out to our customers devices
over the ZigBee network simultaneously. When we scheduled the first event, the
system bogged down under the volume of tasks it needed to perform and was unable to
complete the scheduled tasks. We were not able to send pricing information out to all
customers for that first event.

After conducting an assessment, we determined that we would need to stage
messaging and pricing in smaller batches to increase system stability. This approach
solved the problem. Too much traffic from the first event made the system
unpredictable, while staggering the messaging and pricing over the course of several
hours significantly increased stability so that customers received their notifications and
pricing information to the IHDs.

After resolving issues in the first event, processes were updated resulting in much better
system performance. The remaining conservation days were called without significant
interference. In one instance the wrong date was merged into the event notification due
to a programming error with vendor’s dispatch. In this case, customers contacted SMUD
for clarification. We responded by using our outbound calling vendor to make human
phone calls to customers clarifying the correct date for the conservation day. We were
able to dispatch and complete the outbound calling campaign in a matter of hours, so
customer concerns were addressed quite quickly. The value of having an outbound
calling resource on-hand did not go unrecognized by the project team; had we not had
the ability to call customers immediately, it is likely that we may have backed out yet a
second conservation day due to only a minor typo in the mass communication. This
situation also highlighted the value of adding internal staff to the group of recipients who
received messaging in exactly the same manner customers would receive it to allow for
immediate verification of messaging accuracy and delivery.

We received notable feedback from our customers regarding the same day notification
of the event. Our practice for the first few events had been to send a day-ahead
message and follow up on the day of an event with a reminder notice. Customer
feedback indicated that this was excessive and that the day-ahead message was
adequate. After the 3 conservation day, we stopped sending out the same-day
notification and relied only on the day ahead messaging.
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Managing the messaging and notification for the Conservation Days was significantly
more challenging than the project team anticipated in the planning phase of the project.
Many of the processes that we had set up to be automated had to be modified and thus
became manual processes that required staff to intervene and execute. By the end of
the summer, we had successfully implemented all of the conservation days, but the staff
time required to complete each event was much greater than originally planned.

10.3 Quality Assurance

In order to ensure that all customers on the CPP and TOU-CPP rate had received
notice of the event 24 hours in advance, we had to check the list of delivered messages
against the list of customers that had signed up for the messages. This was done after
each event was called.

For each CPP event that was called, a CPP implementation team was on standby to
receive to perform QA checks and ensure processes went through as scheduled for the
event. All events were coordinated by the project manager, and all confirmations were
communicated to the entire team. While the process was fairly informal when the rates
first went into effect, this process was improved over time, including formal notifications,
increased accountability, and standardized quality checks by specified team members.
Improvements were formalized at the end of the first year in preparation for the second
summer of the pilot.

Additionally, a group of SMUD employee customers agreed to sign up on the rate plans
as “friendly” participants. These employees received the messages and let the project
manager know what time each message arrived and if there were any problems with the
messages that were delivered. This alerted the project team of the issues encountered
discussed earlier in this section, and we were better prepared to handle customer calls.
The team was able to take action in advance of customer calls and alert the contact
center to prepare for high call volumes.

10.4 Lessons Learned and Key Takeaways

Our early events allowed for us to learn a great deal about how to best prepare for
messaging and events. When dealing with high volumes of messages over any
channel, whether phone, email, or home area network, the best practice we found is to
stagger message deployment. The systems are better able to handle the volume.
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We also learned it is very valuable to have employees who receive the messages for
each channel. This ensures that a number of people can experience the messages in
the same environment as the participants. Even if one person receives a message
successfully, another customer could experience problems, as we learned.

The most important lesson that we learned was having a back up plan for when things
go wrong. Although we didn’t have a method to cancel events because our business
rules stated that events would not be canceled once initiated, we had to establish
processes to handle when event notification did not go as planned. We created a
manual process to upload the billing for the event, so that each customer was loaded
into our CIS system after each event, allowing for us to exclude some customers if we
needed to. We also had a contractor available who could execute an outbound calling
campaign to notify customers of any necessary messages. We created a template for
email to send to customers and staffed extra resources for handling emails from
customers.

Finally, we have worked very closely with our contractor for messaging and notifications
to run regression testing on the messaging campaigns and coding for each of the
conservation day events. We asked for detailed reports on these tests and were heavily
involved in their in the QA processes for the code testing. This has improved the
implementation.

10.5 Additional Areas of Interest and Future Research

The process for SMS messaging with our current vendor has limitations that have not
allowed us to have a robust messaging campaign over this channel. We would like to
expand the messaging over this channel and see if we could obtain more subscribers.
Customer Satisfaction Survey Wave | indicated that SMS is the preferred method of
communication among younger pilot participants and it is of interest to see if a greater
subscription to this channel would have any effect on load impacts.
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11.0 Data Management

11.1 Overview Today, data storage is

cheap and labor hours

are expensive. Trying to

amounts of data were generated, organized,

and utilized for planning, implementation and piece together data that
evaluation of the pilot. Establishing data management werent directly
protocols was an important step in each stage of the
project to ensure proper execution of the study,
optimize the customer experience, and make possible the time of generation is
a robust and reliable evaluation. a costly endeavor.

Throughout the SmartPricing Options pilot, vast

collected and stored at

Given the complexity of the SmartPricing Options study
design, and the number of other Smart Grid Investment
Grant pilots at SMUD running in parallel, the
SmartPricing Options study sample needed to be generated and handled with great
attention to detail. The entire sample frame required isolation from other pilot programs
and marketing efforts to avoid contamination of the study design. Additionally, each
treatment cell needed complete isolation of one another to maintain the integrity of the
research study design with regards to marketing and communication materials. Data
collection and organization was essential for analysis of the load impacts of the rates,
as well the customer acceptance of time-varying rates and IHDs. These data were also
used to track operational metrics of interest such as impacts to call volume in the
Contact Center. Data were stored, organized, filtered, manipulated, and cleaned using a
combination of tools, including Excel spreadsheets, Access databases and Python
scripts.

11.2 Details

11.2.1 Sample Generation

The SmartPricing Options sample was generated in October, 2011 using SAS and
extracted to Excel. This master list was considered the data of record for the sample
frame and stored in a limited access location where it was not permitted to be altered.
As needed, the file was copied into databases for manipulation and to generate other
lists, but it was never directly modified.
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11.2.2 Recruitment and Retention Marketing Data

The most common use of the master sample frame file was to maintain the isolation and
integrity of each treatment cell during the recruitment and ongoing retention marketing
campaigns. The recruitment campaign was one of the most complex processes of the
pilot for data management. When enrollment peaked, we were enrolling over 120
customers per day from four different sources.

The enrollment lists were generated from SAP each day for the outbound calling
campaign. This required daily management to prevent the outbound calling campaign
files from conflicting with the direct mail campaign to ensure recruitment materials would
not be sent to customers who had already signed up or had indicated that they would
not like to receive materials from SMUD. This was achieved using the following
methods.

e Filtering the master sample list using the latest enroliment, opt-out report and “do
not contact” reports

e Creating separate mailing lists for each treatment cell

e Labeling and archiving the mailing lists for tracking and analysis purposes

Mailing lists for retention materials also utilized the master sample frame file and filtered
as appropriate relative to the marketing materials. For example, a postcard reminding
customers to turn on their IHDs required several filters to ensure that only active
SmartPricing Options customers with IHDs received a reminder. For evaluation and
analysis purposes, these mailing lists were also tracked and archived in Excel
spreadsheets.

11.2.3 Hourly Interval and Billing Data

SMUD now collects hourly interval usage data for all residential customers. Interval data
are processed and stored on the SMUD IT network on a monthly basis. Usage data for
the study sample were stored in hourly intervals and are available for one year prior to
and throughout the duration of the study period.

The Meter Data Management System (MDMS) runs an automatic data validation,
estimation and editing (VEE) for the interval data. Once the data have gone through the
VEE process, any exceptions are handled by an analyst on the Metering Programs
team. Once a month, the data are transported to a mirror database that houses the
interval data for analysis. The mirror system allows for SMUD staff to access the data
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as needed without causing heavy traffic on the MDMS system. The mirror system is
then connected to SAS for analytical purposes. In addition to providing the SMUD
users access to the data without interrupting other MDMS processes, this leaves the
data of record in the MDMS where it is safe from modification.

11.2.4 Evaluation Preparation

For the interim pilot evaluation, all of SPO’s data had to be organized, consolidated and
checked for errors. Table 27 indicates which data files were submitted to Freeman,
Sullivan & Co., SMUD’s third party evaluator for the load impact portion of the

evaluation.

Table 27: Interim Evaluation Data Files

Data Sets

Master Sample
Hourly Interval Load Data
Monthly Billing Data

Weather Data
Marketing Data

Enrollment, Opted Out,
Deferred Report
CPP notifications report

IHD Signup Report

Third Party Demographic
Data

Demographics Survey
Data

Outbound Calls Report

Customer Satisfaction
Survey Data
Technology Assessment
survey Data

My Account Data

Contact Center Data

Description

Record of all customers inthe SmartPricing Options sample frame
Hourly kwWh readings for each customer for 2011 and 2012 summers

Monthly usage and bill amounts of each customer in the sample for 2011
and 2012
Hourly air temperature readings that represent SMUD's senvice territory

Record of each collateral piece sent to each customer

Daily current status report of each customer who was enrolled, opted-
out, or deferred

Record of each Conservation Day natification sent for each customer by
channel

Record of each customer who signed up to receive an IHD

Demographic data for the SmartPricing Options sample frame
Responses to demographic survey of SmartPricing Options sample

Record of each outbound recruitment call that was made

Results of a two waves of surveys of SmartPricing Options sample
Results of a survey of SmartPricing Options sample

Record of each My Account login and My Usage graph view by
SmartPricing Options customers

Daily volumes and handle times for calls to the contact center from
SmartPricing Options customers
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11.3 Quality Assurance

Quality assurance is an essential component of data management and having clean,
high quality data files was identified as a key objective of the data management work
performed for SmartPricing Options. This process began with sample selection.

11.3.1 Generating the Master List

The master sample file was generated, administered and maintained by a single team
member at the supervisory level to ensure prevent any accidental alterations or
corruptions, and convenience copies could always be re-pulled for manipulation in the
event of a processing error. As appropriate, the master file was copied and distributed
to specific team members to generate lists for implementation and analysis.
Convenience copies were not to passed from group to group; if a copy of the master list
was needed, a request of the master list administrator was required. This request
process assisted in access management and the prevention of accidentally using an
altered convenience copy.

11.3.2 Pulling Mailing Lists

When mailing lists were generated, several checks existed to minimize cross-
contaminating treatment cells and spamming customers with irrelevant information. At
the time of generation, each mailing list was validated by comparing the total number of
mailing recipients against a weekly enrollment report. This served as the most basic
logic check, confirming that the number of recipients in each treatment group was in an
acceptable range.

SMUD customers have multiple unique identification fields that address different levels
of the customer’s account. For example, one field captures all current residences under
a particular account holder, meaning that several addresses may have the same
identifier. Another field, however, is unique to the specific account holder at an
individual residence, at a given point in time. This field has only one occurrence of each
identifier per residence. These layers of identification can be a source of error when
referencing non-dynamic tables, such as the master sample file.

Customers were not permitted to take the SmartPricing Options rate with them if they
changed residences, so particular caution was taken when pulling data from district-
wide tables to ensure a customer who had been on an SmartPricing Options rate but
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later moved was not being flagged as a current participant. This was done by joining the
master sample list to district-wide tables over several fields to ensure that a customer
would only show up if they were under the same contract (the most discrete
identification field) as shown in the master sample file. In addition to list validation, team
members often performed spot checks on a few random customers within a mailing list
to ensure that they belong in the list and will be receiving the correct marketing
collateral. Finally, each mailing list would be reviewed for accuracy by several team
members before being sent off to the mail house. This provided multiple opportunities to
spot and correct errors.

11.3.3 Data Aggregation

Aggregating and managing data from a multitude of data sources was a significant
undertaking. Table 28 represents types of data sources and how they were used in
SPO:

Table 28: SmartPricing Options Data Source Summary

Data Source Type Uses

District-Wide SQL Server Original sample, program patrticipation rates, customer contact
Tables information
SAP Reports Implementation data, enrollments, opt-outs, deferrals, outbound

calls, technology signups, Conservation Day natifications

Vendor Reports IHD join rates, Conservation Day notifications by customer, market
research results and data files

User-Generated Lists Marketing material mailings, “do not contact” lists, technology issue
resolution lists

These tables and reports came in a wide variety of formats. Naming conventions and
formats often varied based on the source. Below are two examples provided to illustrate
the types of variance experienced across sources.

e Naming Conventions: The contract account field in one report might be labeled
“Contract Account” while in another report could be labeled as “Cont_acc”.
Assembling these reports for analysis required both manual and programmatic
manipulation. The different formats include daily reports, cumulative reports,
weekly reports, or “rolling window” weekly reports. This made aggregating data
from a given set of reports a custom process that was often performed manually.
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e Formats: A Daily Energy Saving Tips signup report, which came in a seven day
rolling window, would report on the customers who enrolled in information tips
from the last seven days. Aggregating signups required combining all of the daily
reports then filtering out the duplicates as well as all of the meta-data that came
along with each daily report.

Given these labor-intensive manual manipulations that were required to ensure
consistency from file to file, future implementations of such a large scale pilot would be
greatly served by developing consistent naming conventions and report formats that
could be automatically generated or manipulated prior to report generation.

11.4 Lessons Learned

In implementing and analyzing a pilot that has generated large volumes of data, several
lessons have been learned collectively by the SmartPricing Options team.

e Collect and store all data possible: During analysis, seemingly unimportant
data can often play a vital role in developing detailed answers to primary and
secondary research questions. This makes it important to record and store as
much of the data generated as possible. Today, data storage is cheap and labor
hours are expensive. Trying to piece together data that weren't directly collected
and stored at the time of generation is a costly endeavor. Developing consistent
and relational data schema and report formats for even obscure data sources
can be worthwhile.

e Consistent data schema: Data that get passed between team members with
different naming conventions for the same set of fields can cause simple, yet
often hard to spot mistakes. Having automated reports and user generated lists
follow a consistent naming convention can often prevent many of these
problems, also making manipulating, managing and analyzing data easier and
less error prone.

e Version control: One of the standout lessons is in regards to version control of
data files, and consistency in naming conventions across different files and
users. Searching through past emails and local folders then sorting by date
modified is a poor substitute for version handling and tracking. As a list gets
edited by team members then passed to other team members who may alter and
return the file, the number of versions of the given file rapidly increases. If

Page 142 of 195
SmartPricing Options Interim Evaluation



@ SMUD

tracking using email records or personal file folders, there may not be
dependable records regarding which file is in fact the latest or final. This can be
resolved by working in a shared workspace, such as a shared folder or
SharePoint, and only passing links to a file. Files saved in SharePoint can
maintain version history, and various programs allow history and change
tracking. This will ensure that all team members will access and reference the
same, up-to-date file and that a single file gets archived. This ensures the correct
file is easy to find when it needs to be revisited at a later date. Files should be
saved to a central server that is backed up regularly by the system administrator.

e Contractor reports: Data collected by contractors involved in the
implementation process has great value in ensuring the implementation process
is going smoothly. Setting up reporting functionality and some high level analytics
with a vendor ahead of time can greatly assist a project manager in identifying
and addressing operational issues as they come up rather than after the fact.

e Quality assurance protocols: Having established, well understood quality
assurance protocols from the query development process to the delivery of mail

lists to the mail house will save time and money, resulting in higher quality
research findings.

11.5 Additional Areas of Interest and Future Research

Centralizing Data Hosting and Data Requests

In the current data system, one team member may make a request for another team
member to generate a list and email it to them. When this happens, the generated list
“lives” on both team member’'s computers and the record of who made the request and
who generated the list is buried within email chains. In addition, the actual details of how
the list was generated may never have been recorded or may be very difficult to retrace.
A shared database administered by a particular team member and accessible to all
team members that is capable of tracking, and perhaps automating data requests, is an
investment that may be worth considering. Requests can be directly saved to the end
user’s desired location thus reducing the versions and number of files passed via email.
Requiring team members to place “formal” data requests provides the ability to log and
track data requests for future auditing and quality assurance purposes. There are also
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potential efficiency gains since common requests can be developed and tested once,
then used by any team member with confidence.

SAP Reports

The SAP reports generated for SmartPricing Options often required several steps of
merging and manipulation to be formatted in a manner useful for delivery and analytics.
The SAP reports typically occurred daily or weekly, and were written to csv files that
were accessible to SmartPricing Options team members. The formats of these csv files,
however, varied and often contained data in a non-relational format. In addition, some
reports were cumulative, some contained regular intervals, and others used a sliding
window. These different reporting formats each needed to be handled differently prior to
importing into a relational database. Having a relational database set up to which SAP
reporting tools directly write data would save these steps and allow for queries based on
SAP reports to be up to date.
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1 Executive Summary

This document presents the interim impact evaluation for Sacramento Municipal Utility District’s
(SMUD) SmartPricing Options (SPO) pilot. SPO is a multi-year pricing pilot that is testing several
time-variant rate options, different recruitment strategies and real time information feedback. The
SPO pilot includes:

= Three rate options: time-of-use (TOU), critical peak pricing (CPP) and a TOU-CPP combination;
= Two recruitment strategies: opt-in and default (or opt-out);

= One technology offer: an In Home Display (IHD) that streams usage information to consumers
in real time; and

= Three different experimental designs: Random Encouragement Design (RED), Randomized
Control Trials (RCT) and Within-subjects.

1.1 Customer Acceptance of Time-Variant Rates

Although numerous pricing pilots and program evaluations have been implemented in the electricity
industry in the last decade, most have focused on estimating the load impact of participating
customers rather than on investigating the acceptance rate of customers who were offered time-
variant rates under alternative marketing strategies. SPO is one of the few pilots to systematically
examine the very important issue of customer acceptance of time-variant rates. Specifically, SPO
allows for a comparison of:

= Acceptance rates for CPP and TOU rates based on opt-in and default enrollment and for the
TOU-CPP rate based on default enrollment; and

= The impact of offering enabling technology, in the form of a free IHD, on customer acceptance
of CPP and TOU rates.

Understanding if there are significant differences in acceptance rates for various forms of time-variant
rates, how acceptance rates (and demand response impacts) differ between default and opt-in
marketing, and whether offering an IHD to customers affects acceptance rates, are all critical issues
in developing an effective pricing strategy. Findings from the SPO pilot provide some of the first and
best empirical evidence to help settle debates about these issues that have been waged for more
than a decade based largely on assumptions, assertions and, at best, qualitative evidence from

focus groups.

Table 1-1 shows the customer acceptance rates for each SPO treatment. Among the most important
findings are:

= SMUD’s multi-faceted marketing strategy for opt-in tariffs led to acceptance rates that ranged
from 16.4% to 18.8%. These high acceptance rates contradict the often cited claim that very
few customers will voluntarily enroll on time-variant rates.

= The offer of enabling technology in the form of a free IHD did not materially increase customer
acceptance of either the CPP or TOU rate.

FREEMAN, SULLIVAN & CO.
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= The default treatment groups display extremely high enroliment rates, ranging from a low of
almost 93% for the TOU-CPP rate to a high of almost 98% for the TOU rate.

= Once enrolled, less than 2% of opt-in customers chose to leave the selected rate over the
course of the 2012 summer.! For default enroliment, the attrition rate ranged from 2.0%
to 3.6%, which was slightly higher than, but comparable to, that of opt-in customers.

Table 1-1: Customer Acceptance Rates for SPO Treatments

Marketing Acceptance
Approach 7D 7 fe Rate
No 18.8%
CPP
Yes 18.2%
Opt-in
No 16.4%
TOU
Yes 17.5%
CPP Yes 95.9%
Default TOU Yes 97.6%
TOU-CPP Yes 92.9%

1.2 TOU Rate Impacts

The TOU peak period covers 4 to 7 PM on all non-holiday weekdays from June through September.
During the peak period, the price per kWh is $0.27 for standard customers, which is 1.6 to 3 times
higher than the off-peak price, depending on whether a customer’s energy use puts them in usage
tier 1 or 2.2

Table 1-2 shows the average estimated absolute and percentage load impact across all summer peak
hours for the TOU treatment options. The largest load impact was provided by the opt-in group that
was offered an IHD.3 The 0.24 kW average hourly impact is equal to a reduction of approximately
13% in whole-house peak-period electricity use. The opt-in group that was not offered an IHD
showed a lower average impact of 0.17 kW, or 10% of peak-period electricity use, which was
statistically different at the 95% confidence level from the opt-in group that was offered an IHD. Both
default groups showed lower average impacts per customer than the opt-in group that received an
IHD offer, and these differences were statistically significant. The difference in impacts between
default TOU and default TOU-CPP was not statistically significant.

1 A greater number of customers left the rate because of account closures due to customer relocation.

2 EAPR (Energy Assistance Program Rate) customers are subject to a different rate that has a peak period price of
$0.20/kWh.

3 Importantly, any differences in load impacts for treatment groups that did and did not receive an IHD offer should not be
interpreted as the incremental effect of the IHD on load reduction. See the discussion in Section 1.4 and the much more
detailed discussion in Section 8 for insight into the estimated load impact of IHDs.
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Table 1-2: Average Peak Period Load Impacts for TOU Rate Treatments

Impact as %
of Reference

Average Impact
per Enrolled

95% CI* 95% CI Reference

Customer (kW) Lower Upper Load (kW) Load
Opt-in TOU, No IHD Offer 0.17 0.13 0.22 1.71 10%
Opt-in TOU, IHD Offer 0.24 0.19 0.28 1.80 13%
Default TOU, IHD Offer 0.12 0.09 0.15 1.87 6%
Default TOU-CPP, IHD Offer 0.16 0.11 0.21 1.90 8%

Analysis of TOU impacts outside of the peak period showed no evidence of load shifting. That is, peak
period impacts appear to come primarily from reductions in peak period use without commensurate
increases in off-peak use. While the estimated reduction in monthly energy use was not found to be
statistically significant, the findings suggest that there is a modest level of overall conservation. It is
reasonable to conclude that the estimated conservation effect is not due to random chance since all of
the estimated monthly impacts were in the same direction, the peak period load reductions are
significant, and load shifting is absent.

A critical policy issue is whether aggregate demand reduction is likely to be greater based on opt-in
or default enroliment of time-variant rates. While the average impact per customer for default TOU

is lower, the acceptance rate is much higher among default customers than opt-in customers. The
opt-in acceptance rate for TOU with an IHD offer was 17.5% whereas the initial acceptance (prior to
the rate going into effect) of the default TOU with an IHD offer was 97%. Thus, if 100,000 customers
who met the sample selection criteria had been offered TOU on an opt-in basis during the pilot period
compared to defaulting 100,000 customers onto the rate and allowing them to drop out, the
aggregate peak-period load reduction would have equaled roughly 4.2 MW (0.24 kW x 100,000 x
.175) for the opt-in program, £0.5 MW, and nearly three times as much for the default program, at
11.4 MW (0.12 kW x 100,000 x .97), £2.2 MW.°

1.3 CPP Rate Impacts

The peak period for the CPP rate treatments is the same as for the TOU rate treatments, 4 to 7 PM.
The electricity price during the peak period on CPP event days is $0.75/kWh. Over the 2012 summer,
12 CPP event days were called.®

Table 1-3 shows the average impact across all event hours in 2012 for each CPP treatment group.
The largest observed load reduction is for the opt-in CPP treatment that received an IHD offer, which
produced an average reduction of almost 0.70 kW per enrolled participant, or about 26% of whole-

4 Cl stands for confidence interval.

5 In this example, the 95% confidence interval for the opt-in program is from 3.6 MW to 4.7 MW. The 95% confidence
interval for the default program is 9.2 MW to 13.7 MW. The mean values for each rate differ slightly from the values
determined from the calculations shown in the parentheses due to rounding.

6 On the first event day, June 20, 2012, customer notifications did not go out to everyone. However, to ensure that all
customers received 12 event notifications during the summer, for customers who did not receive notification for the June
20th event, an additional “first” event was called. Neither of these first events was included in the database when
estimating impacts. The second event for all customers occurred on July 10th .
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house reference load. The opt-in CPP group that was not offered an IHD had a slightly lower average
impact of 0.52 kW, or 22% of household load, but the difference in impacts between the groups with
and without the IHD offer was not statistically significant. The average load reduction for the two
default options, CPP and TOU-CPP, are nearly identical to each other but are about half the size of
the average load reduction for the opt-in groups. The difference in impacts between the opt-in and
default groups is statistically significant.

Table 1-3: Average Peak Period Load Impacts for CPP Rate Treatments

Average CPP Average

Impact Per 95% ClI 95% ClI Reference Impact as %

Enrolled Lower Upper Load (kW) | of Reference
Customer (kW) Load
Opt-in CPP, No IHD Offer 0.52 0.26 0.78 2.38 22%
Opt-in CPP, IHD Offer 0.69 0.58 0.79 2.62 26%
Default CPP, IHD Offer 0.32 0.24 0.40 2.64 12%
Default TOU-CPP, IHD Offer 0.33 0.25 0.41 2.60 13%

Analysis was conducted to determine if there were any significant changes in electricity use outside
of the peak period on CPP event days or whether an overall conservation effect was found. The only
treatment group that showed changes outside the CPP day peak period was the opt-in CPP group that
was offered an IHD. This group had lower usage in the two hours preceding and following the event
period on CPP days and also during the peak period on nonevent days, suggesting behavioral changes
were made on event days that carried over to other weekdays. There was also a modest overall
conservation impact for this group.

Given the significant difference in the number of enrolled customers between the opt-in and default
CPP rate, these results suggest strongly that a default rate program would produce much larger
aggregate impacts than an opt-in program. Indeed, when combined with the customer acceptance
rates shown in Table 1-1, if a CPP rate with an IHD offer was made to 100,000 customers on both an
opt-in and default basis, the estimated average load reduction on event days would equal roughly
12.6 MW (100,000 x .182 x .69 kW), £1.6 MW for the opt-in rate and 30.7 MW (100,000 x .959 x .32
kW), £6.6 MW, for the default rate. Notably, mean load impacts for the default CPP rate would be
almost three times larger than the 11.6 MW mean load reduction estimated for default TOU, based

on specific prices tested in the SPO pilot. ’

1.4 Customer Acceptance and Impact of In Home Displays

The SPO pilot tested the impact of the offer of an IHD on customer acceptance of opt-in CPP and TOU
rates. It was also designed to determine if there are differences in load impacts for customers who
were offered an IHD as part of the rate offer, and those who were not offered an IHD as part of the
rate offer. Importantly, testing the load impact of an IHD offer is different from testing the load
impact of an IHD, because there were people that were offered an IHD did not accept one and many

7 In this example, the 95% confidence interval for the opt-in program is from 10.9 MW to 14.2 MW. The 95% confidence
interval for the default program is from 24.0 MW to 37.2 MW.
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who accepted an IHD did not use it. To keep costs and logistics manageable, SPO was designed to
determine if load reductions differ between treatment groups that were and were not offered an IHD,
not if load reductions differed between customers who accepted and used an IHD and those who did
not. Nevertheless, as discussed below, an analysis of the impact of accepting an IHD was also
conducted using a quasi-experimental comparison.

The IHD was offered free of charge and a pre-commissioned device® was mailed to customers who
requested it. Interest in receiving an IHD for opt-in treatments was assessed at the time of
enrollment and nearly all opt-in customers indicated they would like to receive one. Default
customers received a solicitation of interest shortly before they were scheduled to go on the rate
and the majority did not accept the offer.

Table 1-4 shows the percent of customers on each rate option that solicited an IHD, the maximum
percent of customers who received an IHD that had the device connected during the summer, the
percent who asked to receive the device that were connected at the end of the summer and the
percent of all customers on the rate at the end of the summer that had the IHD connected to the
meter. Each of these values is different but all are of interest.

Table 1-4: IHD Acceptance and Connection Rates

% of
Customers Max. # of IHDs % of Those Who Asked % of All Customers
Treatment Group Who Asked Connected as % of for IHD that Were on Rate With IHDs
to Receive Those Who Asked Connected on 9/30/12 Activated on 9/30/12
IHD
Opt-in CPP, IHD Offer 95% 39% 28% 27%
Opt-in TOU, IHD Offer 96% 38% 29% 28%
&eéagﬁgpp &TOU, 23% 60% 49% 11%
Default CPP, IHD Offer 24% 54% 40% 10%
Default TOU, IHD Offer 21% 45% 38% 8%

Key findings from the IHD offers include:

= Almost all customers who enrolled on an opt-in tariff asked for and received an IHD. For this
group, asking to receive an IHD was done at the time of enrollment and required essentially
no incremental effort over and above what was required to enroll on the rate.

=  For default customers, transaction costs associated with asking for an IHD were greater and
less than one quarter of these customers asked to receive one.

= Fewer opt-in customers who asked to receive an IHD successfully connected the device to
their meter compared with default customers who asked to receive an IHD. One hypothesis
that is consistent with this finding is that default customers who asked to receive an IHD had
greater interest in receiving one and therefore were more likely to use it once it was received.

8 Pre-commissioned means that the device is programmed to connect to a consumer’s meter once it is turned on. While
distance from the meter, structural materials and other factors can result in signal failure, pre-commissioning is intended
to make using an IHD as simple as possible for participating consumers. Importantly, this approach does not require
consumers to incur the transaction costs associated with having a professional installer come to their home and
commission the IHD.
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Opt-in rate customers may not have given as much thought to the decision because it was so
easy to say yes at the time of enrollment, which would explain the lower connection rate.

= When the percent of customers who asked to receive an IHD is combined with the percent
of devices that were connected at the end of the summer period, only between 8% and 28%
of all customers on each rate treatment had an IHD connected to their meter on September
30, 2012.

Comparisons of peak-period load impacts between TOU and CPP groups who did and did not receive
an IHD offer show that, on average, those receiving an IHD offer had larger load reductions compared
with those that did not. These differences were not statistically significant for the CPP rate. For the
TOU rate, they were statistically significant, even after adjusting for pretreatment differences between
the two treatment groups. However, the difference was small and attributing this difference to the
use of an IHD requires restrictive assumptions that suggest significant caution be applied when
interpreting this as an IHD effect, rather than an IHD offer effect. In addition to the above analysis,
the SPO also found that the decision to accept the offer of an IHD is strongly correlated with a
customer being more likely to respond to the SPO price signals. This additional analysis, as detailed in
Section 8 of this report, found that customers that were offered and accepted the IHDs show a clear
behavioral response to the price signals during the peak period while those who declined the offer
show little if any response.

1.5 Comparative Analysis of Impact Evaluation Methods

SPO was designed to allow for estimation of load impacts based on RCT and RED analysis methods
except for two treatment cells that were designed to rely on within-subjects methods. When RCT and
RED designs are used and implemented as designed, they produce the most accurate impact
estimates possible.

For many utilities, it is not always feasible to implement RCT or RED designs due to time and budget
constraints or other practical concerns (e.g., not wanting to deny treatment to volunteers in order to
develop a valid control group). In these cases, alternative evaluation methods are often used. Two of
the most commonly used methods are within-subjects designs and matched control group methods.
Each of these methods attempts to construct an accurate counterfactual (reference load) in the
absence of a randomly chosen control group by relying on modeling. Within-subjects methods
estimate the counterfactual based on usage observed by treatment group customers during nonevent
periods that are chosen and/or adjusted to be similar to event periods in expected usage aside from
the event. Matched control group methods estimate the counterfactual based on average for a control
group chosen using statistical methods to identify customers with similar characteristics to treatment
customers based on observable variables, including similar usage at nonevent times.

SPO provides a very rare opportunity to compare impact estimates based on different analysis
methods. Section 9 of this report compares load impact estimates based on three different
methodologies for a CPP treatment - within-subjects analysis, difference-in-differences estimation
based on a control group selected using statistical matching, and difference-in-differences analysis
based on an RED. For a TOU treatment, comparisons were made for two methodologies — matching
and an RCT - both using difference-in-differences estimation procedures.

FREEMAN, SULLIVAN & CO.
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For an event-based tariff such as CPP, the biggest risk to producing unbiased, event-day load impact
estimates using both types of quasi-experimental methods is that the necessary assumption that there
are no load impacts on nonevent days may not be true. This risk is present whenever pretreatment
data is not available. In the treatment used for this analysis, this assumption was violated and the
estimated event-day load impacts using the quasi-experimental methods were biased downward in all
scenarios in which pretreatment data were not used. The absence of pretreatment data represents
the most common scenario for CPP impact evaluations that have been conducted in the industry to
date, but may be less prevalent in the future as rate programs are implemented by utilities that have
had advanced meter deployments in place long enough to generate pretreatment data for customers
signing up for the new tariffs.

With or without the existence of pretreatment data, within-subjects analysis is subject to model
specification error. Modeling the relationship between weather and load is challenging. In the
analysis presented here for the CPP rate, in spite of using cross-validation methods to test numerous
models and multiple datasets consisting of different proxy days, the impact estimates differed from
the RED estimates even when pretreatment data was available. This was true, at least in part,
because event days were preceded by much hotter days than proxy days, which led to much higher
event-day reference loads than predicted by the best fitting model. In this case, estimates based on
propensity matching along with difference-in-differences regression analysis using pretreatment data
did much better because this methodology does not rely on modeling the relationship between
weather and load. If pretreatment interval data exists, we believe propensity matching with
difference-in-differences analysis is superior to within-subjects analysis both because it does not
require modeling the relationship between weather and load and also because it does not require
assuming that nonevent day loads are unaffected by the CPP rate. Even in the absence of
pretreatment data, propensity matching may be superior because it does not require modeling
weather effects, although it can produce biased impacts if nonevent day loads change as a result of
the treatment.

The comparative methods analysis for the TOU rate showed statistically significant differences in
average load impacts based on RCT analysis and analysis using a control group selected based on
propensity score matching and impact estimation using difference-in-differences calculations. Two
matching scenarios were examined, one in which pretreatment interval data was available and one in
which the matching was based on pretreatment monthly usage data. The latter has been the more
common application of matching in the industry to date but matching using interval data should be
more common in the future.

It is difficult to know why the impact estimates using matching are not more closely aligned with the
RCT estimates in this instance. The matching process was relatively good although different
propensity models could produce better matches and possibly lead to different estimates.

Importantly, in the absence of having the RCT results with which to compare, many researchers might
not have looked for a better match even with the best pretreatment data available because a
comparison of treatment and control group loads in the pretreatment period was quite good. In the
absence of an RCT or RED evaluation design, statistical matching is really the only approach that can
be used for TOU rate analysis. In light of the findings here, when possible, we suggest producing
impact estimates based on multiple matching algorithms to see how robust the estimates are. If
different algorithms produce similar results, there should be greater confidence that the estimated
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impacts are reasonably accurate. If estimates based on multiple algorithms are quite different, this
uncertainty should be factored into any policy decisions based on the estimates.

The analysis presented Section 9 demonstrates the superiority of sound experimental design when
estimating load impacts from time-variant rates and other policies designed to change the timing and
amount of electricity use among consumers. Although the specific results regarding the relative
performance of these designs cannot be generalized, we believe they still validate DOE’s objectives in
funding numerous consumer behavior studies based on rigorous experimental designs and the
diligence of SMUD in rigorously adhering to sound design principles in implementing the SPO pilot.
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2 Introduction and Pilot Overview

SMUD is located in California’s Central Valley where hot summer temperatures and a very high
saturation of air conditioning equipment result in peak load requirements concentrated over a
relatively short number of hours. SMUD has approximately 530,000 residential customers and a peak
load of roughly 3,000 MW. The top 42 hours of system load each year account for approximately 400
MW of incremental load on the system.

The primary objective of SPO is to investigate the effectiveness of AMI-enabled time-variant pricing
and enhanced information to induce behavior change in electricity consumers. Of particular interest
is reduction in peak-period electricity use. By implementing time-variant pricing, SMUD seeks to:

= Provide a clear high price signal to consumers during SMUD’s summer peak period;
= Encourage customers to shift loads by lowering prices during non-peak periods; and

= Assure that customers who choose not to shift, or cannot shift load, are not penalized with
bills that are significantly higher than they would be on SMUD's otherwise applicable rate.

SMUD’s SPO is 1 of 11 Consumer Behavior Studies funded by the U.S. Department of Energy

(DOE) in an effort to assess customers’ response to time-variant rates and increased access to
information about electricity consumption. SPO is also one of the major components of SMUD’s
SmartSacramento® project. The SmartSacramento smart grid project embodies SMUD’s public

spirit and mission to empower its customers with solutions and options that increase energy efficiency,
protect the environment, reduce global warming and lower the cost to serve. When completed,
SMUD's comprehensive smart grid will be a customer-centric system designed to enable informed
participation by customers as well as the creation of hew customer services and solutions. In
addition, the project will improve the reliability and efficiency of utility operations, facilitate integration
of distributed and intermittent forms of clean and renewable energy, and optimize asset utilization
along the entire energy chain—from electricity generation to the air conditioning unit in a

customer's home.

Figure 2-1 summarizes the key features of the SPO pilot, which include:
= Three rate options: time-of-use (TOU), critical peak pricing (CPP) and a TOU-CPP combination;
= Two recruitment strategies: opt-in and default (or opt-out);

= One technology offer: an In Home Display (IHD) that streams usage information to consumers
in real time; and

= Three different experimental designs: Random Encouragement Design (RED), Randomized
Control Trials (RCT) and Within-subjects.

9 A registered service mark of the Sacramento Municipal Utility District.
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Figure 2-1: Overview of SPO Treatments
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2.1 Rate Design Options

The SMUD Board of Directors approved SPO in August 2011. SPO rate options are applicable during
the summer months of June through September. Participants revert to their otherwise applicable rate
schedule during non-summer months. Participating customers were first placed on the SPO rates on
June 1, 2012 and the pilot will end on September 30, 2013. The three rate options offered through
the SPO pilot include:

= TOU Rate Option: Participants are charged an on-peak price of $0.27/kWh between the
hours of 4 PM and 7 PM on weekdays, excluding holidays. For all other hours, participants
are charged $0.085/kWh for the first 700 kWh in each billing period, with any additional usage
billed at $0.166/kWh.

= CPP Rate Option: Participants are charged a price of $0.75/kWh during CPP event hours,
when temperatures and SMUD’s system loads are expected to be unusually high. SMUD plans
to call 12 CPP events each year, between the hours of 4 PM and 7 PM on weekdays, excluding
holidays. Customers are notified 24 hours in advance of an event day. For all other hours,
participants are charged $0.085/kWh for the first 700 kWh in each billing period, with any
additional usage billed at $0.167/kWh.

= TOU-CPP Rate Option: The third and final SPO rate combines the pricing structures of
the TOU and CPP rate options. The TOU-CPP off-peak electricity rate is $0.072/kWh for the
first 700 kWh in each billing period, with any additional off-peak usage billed at $0.141/kWh.
Participants are charged an on-peak price of $0.27/kWh between the hours of 4 PM and 7
PM on weekdays, excluding holidays. A CPP price of $0.75/kWh is charged to participants
between the hours of 4 PM and 7 PM on CPP event days, which will be called 12 times during
the summer months. The 12 days are the same as those called for the CPP-only rate.

For all three SPO rate options, customers with domestic wells are allowed a base kWh usage up to
1,000 kWh per billing period (rather than 700 kWh). In addition, customers who are currently on the
Energy Assistance Program Rate (EAPR) receive about a 30% discount on the price they pay for all
SPO rates, depending on how much energy they use. Table 2-1 summarizes the prices in effect by
rate period for each relevant rate, as well as for the standard SMUD rates.

FREEMAN, SULLIVAN & CO. 10



Table 2-1: Electricity Prices by Rate Period and Tariff

Off-peak
Categor Critical Non-
gory Peak discounted
Base Plus
Regular Standard $10.00 - - $0.10 $0.18 -
Pricing EAPR $3.50 - - $0.07 $0.13 $0.18
TOU $10.00 - $0.27 $0.08 $0.17 -
SPO Pricin
cing CcPP $10.00 $0.75 - $0.09 $0.17 -
Standard
TOU-CPP $10.00 $0.75 $0.27 $0.07 $0.14 -
TOU $3.50 - $0.20 $0.06 $0.12 $0.17
SPO Pricing
CPP 3.50 0.50 - 0.06 0.12 0.17
EAPR $ $ $ $ $
TOU-CPP $3.50 $0.50 $0.20 $0.05 $0.10 $0.15

2.2 Marketing and Recruitment Strategies

In the SPO pilot, SMUD is examining two recruitment strategies: opt-in and default enroliment.

Each customer chosen for inclusion in the pilot was randomly assigned to a treatment group and was
then recruited for that specific rate/IHD offer/recruitment combination. Under the opt-in strategy,
participants were invited to enroll in the pricing plan specific to their treatment group. Customers
were solicited through a multi-faceted marketing campaign that involved direct mail letters,
brochures, print ads, web-based marketing, SMUD website announcements, outbound calling and door
hangers. The TOU-CPP rate was not offered on an opt-in basis. Opt-in recruitment began on October
24, 2011 and the various marketing activities were deployed in waves as depicted in Figure 2-2.
Enroliment for opt-in cells largely ended on June 1, 2012.°

For default treatments, customers were placed on either TOU, CPP or TOU-CPP pricing plans and
were told to contact SMUD if they did not wish to participate. Customers were initially notified of the
change in their rate in early April 2012 and a follow-up notification occurred in early May. Welcome
packets were sent to all customers on May 29, just prior to the new rates going into effect.

10 A very small number of customers were enrolled after June 1.
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Figure 2-2: Recruitment Timeline for Opt-in Treatment Cells
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The two opt-in TOU treatment groups utilized a recruit and delay RCT design. Two randomly chosen
groups of customers were chosen and recruited in the same manner. One group of volunteers were
placed on the new rate on June 1 and the other group were told that their rate change would be
deferred until summer 2014. The purpose of the deferred enrollment is to create a control group for
each treatment group that allows for self selection but avoids selection bias in the estimated impacts.

SMUD spent a significant amount of time and money developing an effective marketing and
educational campaign to encourage customer enrollment. From February through August 2011, SMUD
conducted 25 focus groups and 4 surveys involving more than 2,000 customers to solicit input on
marketing messages, naming conventions and other communication issues as input to the marketing
and education plan. SMUD also focused significant effort and attention on maintaining consistency in
communication and education across treatment cells in order to ensure that differences in enroliment
rates and electricity use across rate options and other treatment conditions are due to differences in
the treatments themselves and not due to differences in messaging or communication.

2.3 In Home Displays

Each of the default recruitment groups was offered a free IHD. For opt-in customers, both the TOU
and CPP treatment groups were divided into two, with one group receiving an IHD offer and the other
not. The IHDs allow participants to see the real-time (kW) and cumulative electricity (kWh) use of
their home, the total cost of that respective electricity use and the prices that are in effect at any point
in time. Figure 2-3 shows the IHD used in the SPO pilot. The purpose of the IHD offer was to
examine its effect on customer acceptance and retention rates, program satisfaction and, where
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possible, electricity use.'! For default customers, all of whom were offered an IHD, the intent was also
to ensure that these customers were given tools to help them manage their energy use. Customers
did not need to accept the IHD in order to participate in the pricing plan. The IHDs were preset to
communicate with each customer’s meter when they were turned on and were sent to customers
through the mail.

Figure 2-3: In Home Display Used in SPO Pilot
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Customers in the opt-in treatment cells were asked to indicate at the time of enroliment whether
or not they wished to receive an IHD and almost everyone indicated they would. Customers in the
default treatment cells were also asked to indicate their interest in receiving the IHD. However,
default customers had to be more proactive than opt-in customers since they couldn’t indicate their
interest at the time of enrollment (because default customers didn't have to enroll). As a result, a
little more than 20% of default customers asked for and received an IHD.

Not all customers who asked for an IHD used it. Indeed, of those who received an IHD, the maximum
number of devices connected with meters at any point in time during the summer ranged from a low
of 38% (for the opt-in TOU group) to a high of 60% (for the default TOU-CPP group). When the
connection rates are combined with the acceptance rates, the maximum number of devices connected
at any time during the summer ranged from a low of 9% (for default TOU) to a high of 38% (for opt-
in CPP).

11 As discussed in Section 1 and at greater length in subsequent sections, the SPO was designed to assess the impact of
an IHD offer on electricity use, which is different from assessing the impact of an IHD on energy use.

FREEMAN, SULLIVAN & CO. 13



Table 2-2: Acceptance and Connection Rates for IHDs

# Maximum Maximum Maximum s
Enrolled Accepting Acceptance # of IHDS % of IHDs Activated as
6/1/12 Rate . . % of All
IHD Activated Activated
Enrolled
Opt-in CPP 1,569 1,498 95% 590 39% 38%
Opt-in TOU 2,092 2,017 96% 768 38% 37%
Default TOU-CPP 588 136 23% 81 60% 14%
Default CPP 701 167 24% 91 54% 13%
Default TOU 2,018 418 21% 190 45% 9%

2.4 Web Portal Information

In addition to information provided in real-time through an IHD offered to some treatment groups, all
pilot participants could access information about their usage profile through a web portal. Figures 2-4
and 2-5 show the landing page and the more detailed hourly information that are accessible to all

pilot participants, respectively.

Figure 2-4: SPO Web Portal Landing Page on My Account™
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kilowatt haurs { kwh ), may vary between billing periods, Click an an orange bar to zee the details of that period’s eledricity use,

12 All SMUD residential customers have access to interval data through My Account. Data for customers on time-variant
rates is formatted differently to show usage by rate period.
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Figure 2-5: Hourly Usage Page for SPO Participants
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2.5 Terminology

When evaluating the impact of a pricing pilot, it is important to precisely define the variables of
interest. Too often, terminology can be misleading as the same term can mean different things to
different people. For example, when examining marketing effectiveness, one could compare the
enrollment rate at a point in time (say, on June 1 in this instance, when all customers were placed

on the new rate) with the number of customers solicited. However, this ratio would under report
marketing effectiveness because some customers may have moved, and therefore become ineligible
for the new rate, between the time they responded affirmatively to the marketing solicitation and the
time when the new rates went into effect. Similarly, someone might compare enrollment on a rate at
the beginning and end of the summers and conclude (incorrectly), for example, that 10% of
customers left the new rate because they didn't like it. In reality, many of those customers who left
may have done so because they moved, not because they no longer wanted to be on the rate. These
examples indicate why it’s important to precisely define the impact measures that are reported so that
reviewers do not misinterpret their meaning. Below, we define the key output variables that are
reported in subsequent sections. A few additional definitions of terms is contained in the glossary in
Appendix A.

= Enrolled Customers: Enrolled customers are customers who are on a new rate at a given
point in time. For opt-in rates, this group consists of customers who accepted the marketing
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offer, were assigned to the treatment group (rather than the control group), did not change
their mind or move prior to the rate going into effect, and are still on the rate (e.g., have
not dropped out or moved) at the time that the enrollment snap shot is taken. For default
enrollment, enrolled customers at a point in time are customers who did not opt-out prior to
or after going on the rate, or did not move or leave the rate for any reason between when
they were initially enrolled and when the enrollment is reported.

= Enrollment Rate: The enrollment rate consists of all customers who were ever actually on
a rate for some period of time (meaning they enrolled at some point in time and did not de-
enroll, opt-out or move before June 1, 2012) divided by the number of customers who were
offered the rate. This is different from the customer acceptance rate, as defined below.

= Customer Acceptance Rate: The customer acceptance rate consists of all customers who
agreed to go on a rate divided by the number of customers who were offered the rate. This
value will typically be larger than the enrollment rate (and can’t be less than it) as it includes
everyone who signed up for a rate even if they never went on the rate.

o For opt-in treatments, the numerator in the customer acceptance rate would include
all customers who agreed to go on the rate but who may have never done so because,
for example, they moved before the rate went into effect. It would also include
customers who went on the rate but later dropped out. The denominator would
include all customers who received the marketing offer. This includes everyone
chosen in the original sample less those who moved before the first marketing packets
were sent. The customer acceptance rate is the best measure of the effectiveness of a
marketing campaign.

o For default treatments, the numerator of the customer acceptance rate consists of all
customers who were defaulted onto the rate and did not drop out prior to going on the
rate. If a customer goes on the rate and later drops out of the program, they would
still be included in the numerator of this variable. Only customers who drop out prior
to going on the rate are excluded from the numerator. The denominator of the
customer acceptance rate for default programs equals the number of customers who
were defaulted onto the rate. It excludes customers who moved before June 1, 2012.

= Decliners: A decliner is a customer who was offered a rate option but declined to accept the
offer. For opt-in treatments, the number of decliners equals the total number of customers
marketed to minus the total number of customers who accepted the offer. For default
treatments, the number of decliners equals the total number of customers defaulted onto the
rate minus those who dropped out prior to going on the rate. It does not include customers
who were actually placed on the rate and then later drop out.

= Drop outs: Drop outs consist of customers who went on a rate at some point in time, but who
later requested to be taken off the rate. It does not include customers who drop out due to
changing their location (e.g., moving). These are called movers. Customers who went on to
MedRate or budget billing are also counted as drop outs though they may not have had a
choice to stay in the SPO pilot. However, their numbers are so small that they are categorized
with drop outs.

= Movers: Movers are customers who were either defaulted onto a new rate or accepted a rate
offer on an opt-in basis, but subsequently moved and, therefore, are no longer enrolled on the
rate. A mover may or may not have ever actually gone on the new rate. For example, some
customers may have accepted the new rate offer several months prior to the new rate going
into effect and may have moved before they were placed on the rate. Similarly, default
customers may have not consciously declined the default option but may have moved between
the time they were notified that a rate change would be going into effect and when the rate
actually went into effect.

2.6 Report Organization

The remainder of this report is organized as follows. Section 3 provides a summary of the analytical
methods used to estimate load impacts for each treatment group. Section 4 extends this technical
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discussion with a high-level summary of the validation analysis that was used to assess the internal
integrity of the experimental design used by the SPO. Section 5 summarizes the marketing efforts
undertaken to recruit customers onto the various rates and documents customer acceptance,
enrollment and retention for each rate option. Sections 6 and 7 contain the primary findings for load
impacts for each treatment. Section 8 summarizes an analysis of the incremental impact of IHDs on
demand response. It also presents acceptance and connection rates for IHDs for each treatment
group in which IHDs were offered. Section 9 discusses an analysis that was done comparing load
impact estimates for the same group of customers using three estimation methods for one of the
event-based pricing plans: an analysis using the experimental control group to estimate the reference
load; an analysis using a non-experimental control group developed using statistical matching; and a
within-subjects analysis that estimates reference loads based on nonevent days for CPP customers.
The section also compares impacts estimated using two methods, the RCT and statistical matching,
for one of the nonevent-based TOU pricing plans. This comparison provides useful insights regarding
the accuracy of impact estimates based on different research strategies. Additional analysis and
information is contained in various appendices.

FREEMAN, SULLIVAN & CO.
i



3 Analytical Methodology

SMUD has implemented an experimental design that encompasses multiple treatments and multiple
methods of evaluation. This design enables a large number of useful analyses to be done that will
help SMUD and the industry at large to make more informed decisions about time-variant pricing.
Perhaps most importantly, the design allows for estimation of load impacts and acceptance

rates without the risk of selection bias; this is quite rare and valuable in the realm of utility
program evaluation.

The discussion in this section focuses on the methods that will be used to estimate the load impacts
reported in Sections 6 and 7. Determining customer acceptance and attrition rates for each treatment
is also a primary objective of SPO. The acceptance rates and attrition analysis contained in this
interim evaluation are based primarily on summary statistics which are straightforward to calculate
and, therefore, are not discussed in this methodological exposition.

3.1 General Approach

The fundamental step in estimating load impacts is to determine what loads would have been for
treatment customers if they hadn’t been exposed to the treatment; this is referred to as a reference
load. SPO relied primarily on two experimental methods for developing reference loads—a
randomized control trial (RCT) and a randomized encouragement design (RED). In addition, two
treatments, opt-in CPP with and without an IHD offer, were designed to be analyzed using a within-
subjects analysis, which constructs reference loads based on treatment customer loads during a time
when the treatment is not in effect. The decision to rely on this design was based on an assumption
that opt-in rates would be lower than they actually were. Because of the higher opt-in rates obtained
in the study, it was possible to develop impact estimates using an RED. In Section 9, a comparison is
made between estimates using an RED and a within-subjects analysis.

An RCT refers to a research strategy in which customers who volunteer for a treatment are randomly
assigned to treatment and control conditions. This method ensures that the only difference between
treatment and control customers, other than differences due to random sampling variation, is that one
group receives the treatment and the other does not. An RCT design ensures that impact estimates
are not affected by selection bias or other potential explanations for observed differences between the
two groups of customers.

In practice, randomization can be achieved using either a recruit and deny process or a recruit and
delay process. In the former, control customers are never given the treatment whereas in the latter,
customers assigned to the control group are placed on the treatment after the end of the trial
measurement period. Prior to that time, they act as the control group against which treatment effects
are measured. SMUD used the recruit and delay method. Deferred customers will be placed on the
new rate in 2014. Conceptually, the important issue is that because the groups were identical in
expectation prior to the start of the experiment, the behavior of the group not on the treatment can
be assumed to be an accurate representation of what the behavior of the group on the treatment
would have been in the absence of the treatment. This study design was applied to two treatments:
opt-in TOU and opt-in TOU plus IHD.

FREEMAN, SULLIVAN & CO.
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Load impacts can be estimated based on an RCT design by using what is called a difference-in-
differences analysis. To estimate load reduction during the peak period, for example, the first
difference calculation subtracts average load for the treatment group from the average load for the
control group after the treatment goes into effect (in this instance, after June 1, 2012). A second
difference value is calculated equal to the difference in peak period loads prior to the treatment going
into effect (during the summer of 2011 in this instance). This second difference is subtracted from the
first, which is why the analysis is called a difference-in-differences. The purpose of this second step is
to adjust for any pretreatment differences between the control and treatment groups that might occur
due to random variation in the assignment of customers to the treatment and control groups. This
difference should be quite small if the treatment and control samples are large, since random error
diminishes as sample sizes increase. If sample sizes are small, random error can be more impactful.
As seen in Section 4, adjustments due to random variation are small for all treatments in the SPO.

Figure 3-1 summarizes the design and evaluation of impacts using an RCT design. This approach was
used for the two opt-in TOU treatments (with and without an IHD offer). Note that the randomization
into either the immediate treatment or deferred treatment groups took place before customers were
offered the rate. Offers to customers, however, were exactly the same for both groups. Customers
were blind to whether they had been pre-assigned to the immediate or deferred start as were
customer service representatives (CSRs). Customers and CSRs only learned which group they were in
after the customer enrolled.?

The experimental method used for the opt-out TOU treatments and for all CPP treatments is an RED.
From the perspective of internal validity, an opt-in RCT and an RED are equivalent—both control
equally well for selection bias and both allow one to estimate effects for those who accept the
treatment, not just those that are offered a treatment, although the analysis required to estimate the
treatment effect on the treated using an RED requires an extra step as outlined later in this section.'*
Each requires the assumption that the offer of a treatment not taken or not received has no effect on
energy consumption.

In an RED, we observe the behavior of two randomly-chosen groups of customers who were subjected
to different levels of encouragement to take up a treatment. For example, one group—the control
group—could have received no offer to be on a new rate, while the treatment group could have
received an invitation to opt in to a new rate. In a more complicated example, one group could have
received an invitation to opt-in, while the other group could have received notification that they would
be put on the rate by default unless they chose to opt-out. The key in both situations is that the two
groups receive different levels of encouragement to be on the rate. The different levels of
encouragement induce different participation rates between two groups that had the same expected

13 The initial group of customers recruited for opt-in treatments were not told about the delay until after they agreed to
participate. Some complaints from customers put in the delayed group prompted SMUD to modify the recruitment material
for all customers, both those pre-assigned to the treatment and delayed groups, to indicate that enroliment for some
customers would be delayed. It is possible that a different set of customers would enroll in a program that only 50% of
customers will be able to take part in immediately as compared to a program where all people who are interested are
immediately enrolled. This could lead to an issue with external validity. However, this issue was unavoidable in designing
an internally valid experiment and we believe is unlikely to cause any significant bias.

14 For further discussion of RCTs and REDs, see “Using Randomization in Development Economics Research: A Toolkit,” by
Duflo, Glennerster and Kremer. Handbook of Development Economics.
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characteristics prior to the experiment. This allows one to estimate the effect of the treatment on
customers who were affected by the encouragement, as discussed below.

Using an RED design to estimate unbiased treatment effects requires the assumption that customers
who are offered the treatment but decline are unaffected by the offer, and the only effect the
treatment has is through the price signal (and the offer of the IHD, if applicable). Put another way,

it is necessary to assume that customers who decline the offer—either on an opt-in or default basis—
behave afterwards in the same way they would if they had never seen the offer. An RED analysis also
assumes that customers who are placed on the rate through a default process, but would have opted
in if the rate had been offered as voluntary, behave the same way no matter which way the offer was
made. Some of the analyses also require the assumption that there are no customers who would
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accept the offer on an opt-in basis, but decline it on a default basis. Each of these assumptions seem
quite reasonable.

An RED was used for the following five treatments: default TOU plus IHD; default TOU-CPP plus IHD;
opt-in CPP; opt-in CPP plus IHD; and default CPP plus IHD. Additionally, the design can be used to
compare the effect of opt-in encouragement to default encouragement for both the TOU plus IHD and
CPP plus IHD treatments. In that case, the impact estimate can be interpreted as the effect of the
treatment on customers who would not choose the treatment on an opt-in basis, but who also would
not choose to opt out in the default case.

One fundamental difference between the analyses used for RCTs and for REDs is that with RCTs, all
customers in the treatment group are enrolled and therefore assumed to be affected by the treatment
and none in the control group are affected. In contrast, for REDs, the treatment group consists of all
customers who received some form of encouragement towards a treatment and the control group
consists of customers who received less encouragement or no encouragement. This means the RED
treatment group contains many customers who are assumed to be unaffected by the treatment
because they declined. This introduces a potential for confusion in terminology when discussing REDs
because it is often convenient to consider the treatment group of an experiment to be the group of all
customers who are directly affected by the treatment of interest.

For an RED there are two treatments of interest, each vital to producing the final treatment effect
estimate. First, there is the encouragement treatment, which gives an RED its name. In this case,
that treatment consists of invitations to opt-in to the rate (and for some the additional offer of an IHD)
for opt-in cells and default assignment to a rate (plus an IHD offer) for default cells. Second, there is
the rate itself, with or without an IHD offer. In all discussions involving an RED, we adhere to the
following terminology: the treatment group is synonymous with the encouraged group and refers to
the group of customers who received a higher level of encouragement toward the treatment, including
those who decline; takers and compliers are synonymous and refer to customers who accept the rate
they are offered or defaulted to, which does not necessarily mean they also took the IHD offer.!®> Non-
complier refers to a customer that has declined the rate, either by not opting in or by requesting not
to be defaulted onto the rate. The control group refers to all customers receiving the lower level of
encouragement—which in most, but not all cases, is no encouragement.'®

Figure 3-2 summarizes the conceptual design and analysis of an experimental treatment using an
RED. As discussed above, there are two load impacts of potential interest. One is the difference in
load during, say, the peak period, between the encouraged (treatment) and non-encouraged (control)
groups. As with the RCT, this analysis is based on a difference-in-differences calculation. This load
impact is primarily of interest in this context because it is a necessary step to obtain the primary
effect of interest, namely, the load reduction of associated with compliers—that is, those customers in
the encouraged group that actually take up the treatment. This impact is estimated by dividing the

15 Definitions of treatment group and control group are also included in the glossary in Appendix A.

16 In some cases the control group contains takers. These cases are reserved for the REDs comparing default cells to
opt-in cells. We use this terminology because it allows us to compactly discuss RED and RCT analyses using the same
terminology referring to the same regression specification; in each case, the treatment group consists of the group of
customers who have the same expected characteristics as the control group, and the regression function includes load
data from all of both groups.
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Figure 3-2: Overview of RED Implementation and Analysis
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impact for the encouraged group by the percent of encouraged customers who accept the treatment
offer. This is explained more fully in Section 3.2.

Another important detail is the treatment of the IHD option in the analyses. IHDs were offered within
several treatment cells, but customers could choose to take the rate offer with or without the IHD.
Additionally, even if a customer chose an IHD, they did not necessarily turn it on or successfully
connect the device to their meter. Therefore, from the standpoint of estimating load impacts, the
offer of an IHD is viewed as a separate characteristic of a treatment that applies to some cells and
not others. When it applies to a cell, it applies to all customers in a cell, for the sake of the main load
impact estimate. Following the main load impact estimate, there is discussion and analysis of the
effect of choosing an IHD over and above agreeing to go on the rate. This analysis is contained in
Section 8. However, this analysis is not based on an experimental design because there is no
comparison that can be made between a group with IHDs and a group without that might not suffer
from some amount of selection bias. Nevertheless, as discussed later, some useful conclusions can be
drawn about the effect of technology.

So far, the discussion has focused on estimating raw load impacts, without fitting them to models
including price or temperature. Those types of models are useful for predicting future load impacts
under prices and temperatures not observed in the data. Those analyses are part of this project and
will be included in subsequent analyses to be documented in the final report.

Table 3-1 summarizes at a high level how the various treatment and control groups will be analyzed
and the key questions that will be answered in each case. As the table shows, in several cases, the
analysis goes beyond what the experiment was designed for. This additional analysis addresses key
issues, although it is important to be clear about its limitations.
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Table 3-1: Summary of Analysis Methods for Each SPO Treatment

Role in Analysis

Outcome

IHD

Offered?

Default

Control group not
offered any of the Used as control group for many REDs n/a No n/a
pilot rates
Non-experimental comparison with RITTE .
TOU, Opt-in, No P (pseudo-SEDT) Effect of IHD on customers who opt in to TOU rate .
No Optin
IHD Offer
Treatment group in RCT compared to RITND
TOU-Deferred, Effect of TOU rate without IHD on customers who
Opt-in, Control group in RCT compared to RITNE would opt-in to the rate No Opt in
No IHD Offer
Non-experimental comparlston with RITNE Effect of IHD on customers who opt in to TOU rate
(pseudo-RED")
TOU, Opt-in, Impact of a default TOU rate for customers who would Yes Obt in
IHD Offer RED* compared to ROTTE not opt in and who do not opt out when switched to the P
rate, given the offer of an IHD
Treatment group in RCT compared to RITTD :
rorred Effect of TOU rate on customers who would opt in to
TOU-Deferred, ; rate when offered with an IHD i
Opt-in, IHD Offer Control group in RCT compared to RITTE Yes Optin
. Effect of TOU rate on customers who would not opt
*
HRERIIEE 7 32107 B gElree) 5 Seeieis out when switched to TOU rate with optional IHD
TOU, Default, Yes Default
IHD Offer Impact of TOU rate for customers who would not opt in
RED* compared to RITTE and who do not opt out when switched to the rate,
given the offer of an IHD
Treatment in RED* compared to CCCCC Effect of CPP rate on customers who would opt in to
CPP, Opt-in, Within-subjects the rate .
No IHD Offer N imental ) T RICTE No Optin
on-experimenta compansTon w Effect of IHD on customers who opt in to CPP rate
(pseudo-RED")
CPP, Opt-in, Treatment in RED* compared to CCCCC Effect of CPP rate on customers who would opt in to .
IHD Off S—— the rate when offered with an IHD ves Optin
er Within-subjects e rate when offered with an
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Role in Analysis Outcome Offered?

Default

Impact of a default CPP rate for customers who would
RED* compared to ROCTE not opt in and who do not opt out when switched to the
rate, given the offer of an IHD

Non-experimental comparison with compared

to RICNE (pseudo-RED") Effect of IHD on customers who opt in to CPP rate

Treatment in RED* compared to CCCCC Effect of CPP rate on customers who do not opt out
Within-subjects when switched to the CPP rate with optional IHD
CPP, Default, Yes Default
IHD Offer Impact of CPP rate for customers who would not opt in
RED* compared to RICTE and who do not opt out when switched to the rate,

given the offer of an IHD

Effect of TOU-CPP rate on customers who do not opt

Treatment in RED* compared to CCCCC out when switched to the TOU-CPP rate with
TOU-CPP, : [ IHD
Default, optiona Yes Default
IHD Offer Effect of CPP rate on TOU-CPP customers who do not

Within-subjects opt out when switched to a rate with optional IHD

= Experiment was designed to include this analysis. Other analyses may have less statistical power or may include the possibility
of selection bias, as discussed in the text.

*All RED-based analyses include non-compliers in the analysis in order to produce unbiased intent-to-treat estimates, which are then scaled up based on the fraction of
compliers to produce estimates of the local average treatment effect. Therefore, the “Group Code” and “Group Description” columns refer to both compliers and non-
compliers for those treatments in the case of RED-based analyses.

The non-standard term pseudo-RED is used here to refer to the comparison that can be made between opt-in TOU with IHD and opt-in TOU without IHD; and between opt-
in CPP with IHD and opt-in CPP without IHD. In each case, an estimate of the effect of the IHD offer can be recovered by using the basic assumptions of an RED, plus the
additional assumption that the IHD offer does not change customer sign-up decisions. We consider that a highly restrictive assumption compared to the standard RED
assumptions and so labeled this a non-experimental comparison. This issue is discussed further in section 4.
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3.2 Analysis of RCT and RED Treatment Groups

As discussed in Section 3.1, the logic underlying all RCT and RED analysis is that an unbiased
reference load can be estimated by taking average loads among a group of customers with the

same average pretreatment characteristics as customers who are subject to the treatment or
encouragement of interest. The primary impact estimation process is referred to as a difference-in-
differences analysis because the impact estimates equal the difference between loads in the treatment
and control group at the time of interest (in this case, summer 2012) minus the difference between
loads in the treatment and control group during particular times prior to when the treatment goes into
effect (e.g., summer 2011).

Difference-in-differences calculations can be done using regression analysis or simple averaging.
Regression analysis is used here rather than simple averaging because regression allows each
customer’s mean usage to be modeled separately, which reduces the standard error of the impact
estimates without changing their magnitude. Additionally, standard regression software allows for
the calculation of standard errors for load impact estimates that correctly account for the correlation
in customer loads over time.”

The pretreatment differences adjusted for by the regression should be as close as possible to the
differences between the groups that would have been expected if the treatment had not been in place.
Therefore, in all cases, the pretreatment loads included in each regression were chosen to be the loads
most directly analogous to the loads during the period for which impacts were measured. For
example, the pretreatment loads included in the analyses of TOU peak periods were the loads from
the same groups during the peak period on weekdays from summer 2011. Similarly, the pretreatment
loads used in the regressions for estimating CPP impacts were loads from the 4-7 PM peak period on
weekdays with high temperatures above 90°F in summer 2011. Those days were chosen because CPP
events are typically only called on hot days. It is important to note, however, that because the
sample sizes are fairly large and because treatment and control group pretreatment loads are quite
close in all cases, the adjustment for pretreatment differences generally has only a small impact on
the results. Repeating all calculations as simple differences without pretreatment adjustments would
lead to similar conclusions about the overall effect of each treatment. The reader can verify this by
examining the pretreatment differences between groups in Section 4.

The regression specification underlying all the treatment effect estimates reported from RCTs and
REDs in this report is:

loadl’t = al' + blTill + b211 + uit (1)

The dataset used and the exact definition of each variable and parameter differs across treatment
cells, as discussed below.

3.2.1 Opt-in TOU With and Without IHD Offer (RCT)

There are two groups analyzed using the RCT framework—TOU and TOU plus IHD offer—and the
dataset and variable definitions are the same for both. The primary analysis of interest for each

17 More accurately, they account for the correlation in regression errors within customers over time.

FREEMAN, SULLIVAN & CO.
27



treatment provides estimates of the peak period demand impact from the TOU rate (or TOU rate
plus IHD offer). In this case, the dataset includes all customers who opted in to the selected rate,
including both enrolled and deferred customers. The enrolled customers are the treatment group and

the deferred customers are the control group. The variable load;; in equation (1) contains hourly

load only during the peak period hours of weekdays from 4-7 PM for summer 2011 and summer 2012
for both groups. The index i refers to customers and the index t refers to time measured in hours.

In this version of the regression, a;is an estimated parameter equal to the mean peak period weekday

usage over both summers for each customer. The primary parameter of interest is by, which provides
the estimated demand impact of TOU during the peak period. The parameter is the estimated

coefficient on T;I;. T; is equal to 1 for the treatment group during summer 2012 and O otherwise.

Finally, I; is the variable equal to 1 during summer 2012 for all customers and 0 otherwise; this is
not a parameter of primary interest, but it allows the regression to estimate the primary parameter
of interest without confounding differences between treatment and control customers with differences
between 2011 and 2012.

Demand impacts have also been estimated for each weekday peak period hour separately for each
summer month—meaning there is a separate estimate of the TOU impact for 4-5 PM in June, 5-6 PM
in June and so forth, with each estimate providing an average value over that hour for all weekdays in
the respective month. This is accomplished using an identical regression specification as above, with a
more limited dataset. For example, to produce the estimate for 4-5 PM in June, the dataset is
restricted to contain only the hour from 4-5 PM for each weekday during June 2011 and June 2012.

All other aspects of the specification remain the same and the interpretation of the variables and
estimated parameters are very similar to the case of estimating the overall average effect.

Additionally, demand impacts were estimated for all non-peak periods during the summer, as
described in the results section. In these cases, again, the regression specification and interpretation
are the same; the only difference is that different hours were included in the regression. These sets of
hours can be directly inferred from the results given. In no case were hours of the day included in the
regression that were outside the hours that impacts were being estimated for. For example, to
estimate the effect of TOU on the hours immediately before the peak period, the regression only
includes hours immediately before the 4-7 PM peak period during summer 2011 and 2012.

Finally, energy conservation impacts have been estimated in addition to demand impacts. Energy
conservation is not the primary goal of the treatments, but the treatments could lead to measurable
energy savings, which could provide additional value to SMUD. Alternatively, TOU rates could lead
to overall increases in usage if customers primarily shift usage from peak to off-peak periods while
simultaneously increasing overall usage in response to the lower off-peak prices, which are in effect
many more hours than higher peak period prices. Determining whether these rates decrease or
increase usage, or leave it largely unchanged, is important for cost-effectiveness analysis.

To estimate energy conservation effects, the same specification is used but the estimation is based on
monthly usage data rather than hourly or rate-period usage. The dataset includes monthly usage for
June-September 2011 and 2012 for the same sets of customers as in the demand impact estimates.
The impacts are calculated based on differences in usage between the treatment and control groups
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during the summer of 2012 and were adjusted based on differences seen in the pretreatment data,
the summer of 2011. In this version of the regression, a; is an estimated parameter equal to the
mean monthly usage over both summers for each customer. The primary parameter of interest is

by, which is equal to the estimated monthly energy savings due to TOU during summer 2012. The

definitions and interpretations of T;I; and b,I; are identical to the demand impact case.

3.2.2 Default TOU Plus IHD Offer and TOU-CPP Plus
IHD (RED)

The rest of the TOU analyses are based on REDs rather than RCTs. There are two rates analyzed in
the RED framework: default TOU and default TOU-CPP. Both of these treatments included the offer of
an IHD. For the TOU-CPP rate, the analysis method summarized in this section focuses on the impact
on all summer weekdays. The analysis method used to estimate the incremental effect of the CPP
price is discussed in Section 3.2.3.

For both TOU default treatments, the primary analysis of interest is estimation of the peak period
demand impact from the TOU rate. The regression specification in equation (1) does not directly
provide this estimate; instead it provides an estimate of the load impact for the average customer that
received a rate offer, not the average for customers who accepted the offer. This initial load impact
estimate is often referred to as the intent-to-treat estimate. Under the reasonable assumption that
non-compliers were unaffected by the treatment, the intent-to-treat estimate can be transformed into
the effect of the treatment on compliers by dividing the intent-to-treat estimate by the fraction of the
population enrolled on the rate. This scaled up effect is often referred to as the local average
treatment effect. The word “local” is used to indicate that the effect is only measured for customers
who responded to the encouragement. In the case where a comparison is made between an
encouraged group and a control group with no one on the treatment, it is also referred to as the
treatment effect on the treated. If the comparison is made between two groups that are encouraged
in different ways (e.g., opt-in encouragement versus default encouragement), the local effect
represents the change in usage for customers who would not have opted in if given that option

and who did not opt out from the default enrollment.

It is important to understand how equation (1) is used in the RED analyses because it is the first

step of each such analysis. In the case of the TOU and TOU-CPP treatments, the dataset includes all
customers who were offered the respective treatment (either TOU plus IHD offer or TOU-CPP plus IHD
offer) and all customers in the control group. The dataset contains hourly load only during the peak
period hours of weekdays from 4-7 PM for summer 2011 and summer 2012 for both groups. The
interpretation of the variables and estimated parameters for these two groups is essentially the same
as in the TOU RCT cases above, with the important difference being that all parameters include the
effect of non-compliers and are therefore intent-to-treat estimates rather than estimates of the local
average treatment effect.

Also analogous to the TOU RCT case is that estimates are developed for individual hours or non-peak
periods by altering the set of hours in the regression dataset. Similarly, energy savings impacts are
estimated by substituting monthly data for hourly data, in the same way described above for the TOU
RCTs. Again, this produces intent-to-treat estimates which must be scaled up.
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In each case, intent-to-treat estimates are scaled up to local average treatment effects by dividing by
the fraction of customers enrolled at the relevant time. This is complicated somewhat by the fact that
customer enrollment changes over the summer as some customers drop out of the treatment. For
monthly TOU impacts, the enrollment fraction used for scaling was the average enrollment during
that month among the relevant treatment group. For overall TOU impacts, the fraction used was the
average enrollment fraction over the whole summer.

For impact estimation, the TOU-CPP plus IHD group can be treated identically to the TOU-only groups.
The interpretation of the results must take into account the fact that these customers face much
higher prices on certain days. For this reason, we also examine the effect of TOU on this group of
customers, excluding CPP days. The method for doing this is to use the same regression analysis,
but to exclude CPP days from the dataset.

3.2.3 Opt-in CPP, Default CPP and Default TOU-CPP (RED)

The RED analysis of CPP rates is the same as the analysis described above for TOU rates, with
equation (1) again being the regression specification and the dataset including the full treatment and
control group for each rate. This method applies to opt-in CPP with and without the offer of an IHD
and default CPP and TOU-CPP, both of which included the offer of an IHD. The only difference in the
analysis of the CPP rates and the TOU rates is that the set of times included in the regression is
different. To estimate the average effect over all CPP events, each hour of each event is included in
the dataset, and the pretreatment data includes all peak period hours from all weekdays above 90°F
in 2011. To estimate the effect of each CPP hour individually, only loads observed during that hour
from that day and pretreatment loads observed during that hour from all weekdays above 90°F in
2011 are included in the dataset.

Again, for REDs, equation (1) produces the intent-to-treat estimate, which must be scaled up by

the fraction of customers within the treatment group that is enrolled to produce the local average
treatment effect. Due to customers leaving the rate during the summer, this fraction differs across
events, and so each CPP event impact is estimated using the fraction of enrolled customers at that
point during the summer. Overall, average CPP effects are scaled by the average enrollment fraction
over all CPP events.

For the TOU-CPP with IHD group, the effect of the CPP rate on CPP days is estimated in the same way
as the effect of the CPP treatment for the other CPP cells.

3.2.4 RED Comparison of Opt-in Versus Default

The recruitment for opt-in TOU plus IHD and default TOU plus IHD was undertaken on groups
randomly-drawn from the same population; the same is true for opt-in CPP plus IHD and default CPP
plus IHD. This allows for estimation of the effect of TOU plus IHD and CPP plus IHD for the set of
customers who would not choose to opt in to the rate but also would not choose to opt out if the rate
was the default option.

To estimate impacts for this group of customers, the same type of RED analysis that was conducted
for default TOU or CPP plus IHD is used but in this case, the control group consists of the opt-in CPP
group rather than the original RED control group. Equation (1) produces the intent-to-treat estimates,
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which are scaled up by the difference in enroliment fractions between the default and opt-in groups to
produce estimates of the local average treatment effect.

In addition to the assumption that non-compliers are unaffected by the treatment, this analysis
requires two additional assumptions. First, it requires the assumption that any particular customer
enrolled on a rate will behave the same whether they were offered the rate on a default or an opt-in
basis. Put differently, this assumes that a customer who opts in to a CPP rate and reduces load during
events would provide the same load reduction if the same customer had been defaulted onto the same
CPP rate.'® Second, it requires the assumption that any customer who would choose to opt-in to the
rate will also accept it on a default basis and that any customer who would not accept it on a default
basis would not choose to opt in to the rate. These assumptions are probably reasonable for the vast
majority of the population.

3.3 Standard Errors

In order to interpret the results of each analysis, it is important to understand not just the point
estimates for each variable, but also the variance of each estimate and the associated confidence
interval. For RCT analyses, the regression software automatically produces standard error estimates,
and the only complication is that those estimates must be calculated using the cluster option, which
assumes that the regression errors are correlated with each other within each customer’s set of errors.

For RED analyses, the first step is to estimate the standard errors of the intent-to-treat estimates, as
produced by the regression with the cluster option. Those standard error estimates are then scaled up
using the same scaling factor used to scale the intent-to-treat estimates themselves—the difference in
the fraction of compliers between the treatment and control groups. This produces correct standard
error estimates for the estimates of the local average treatment effects.*®

With point estimates and standard errors, confidence bands and tests of statistically significant
differences can be calculated. To calculate the p-value of the hypothesis that the point estimates arise
from the same distribution, we first calculate the standard error of the difference, which is the square
root of the sum of the standard errors from each point estimate. Next, the ratio of the difference to
the standard error of the difference is calculated. Under standard assumptions and the central limit
theorem, this ratio is distributed with a Gaussian (Normal) distribution with mean zero and variance

18 Importantly, this is not the same as saying that the average opt-in and default customer behaves the same. It says
that each individual customer who would opt-in to a rate would not opt-out of a default rate and would behave the same
regardless of how they happened to go on the rate.

19 There is a second way to perform an RED analyses that produces identical results, but requires a different regression
specification and somewhat different structuring of the data. This second method is based on the econometric concept of
instrumental variables and we have used it as a method of checking the results for all RED analyses. In this method, the
assignment to either the encouraged or control group constitutes an instrument for enroliment on the rate, and a two-stage
least squares analysis is used to produce estimates of the local average treatment effect. Additionally, when this method is
used with the cluster option, it produces identical standard error estimates to the method described above. This analysis
was performed in addition to the main regressions to ensure that results were accurate. Results are identical when the
dataset used in both cases excludes all customers who move away or otherwise have incomplete data during the analysis
period. Since this is a small fraction of customers, results are still quite close when the two methods are used but these
customers are not excluded. For more detailed discussion of instrumental variables in the context of an RED analysis, see
“Identification of Causal Effects Using Instrumental Variables” by Joshua Angrist, Guido Imbens and Donald Rubin. Journal
of the American Statistical Association, June 1996.
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equal to one. Therefore, the p-value is determined by finding the fraction of the Gaussian distribution
that is more extreme (i.e., further from zero) than the calculated ratio.?° Because two-sided
hypothesis tests are performed in all cases, this fraction is doubled and that equals the p-value. The
p-value indicates the probability of observing an estimated difference that large if the two estimates
came from the same distribution. Therefore, a low p-value indicates that it is unlikely that a
difference that large would be observed if the two estimates came from the same distribution. In that
sense, a low p-value increases confidence that the observed differences are not due to chance alone
and therefore are statistically significant.

3.4 Within-subjects Analysis and Propensity Matching

SPO was designed to allow for estimation of load impacts based on RCT and RED analysis methods
except for two treatment cells that were designed to rely on within-subjects methods. As discussed
above, given the high customer acceptance rates that were obtained in SPO, even these treatments
could be analyzed using an RED. When such designs are used and implemented as designed, they
produce the most accurate impact estimates possible.

For many utilities, it is not always feasible to implement RCT or RED designs due to time and budget
constraints or other practical concern (e.g., not wanting to deny treatment to volunteers in order to
develop a valid control group). In these cases, alternate evaluation methods are often used. Two of
the most commonly used methods are within-subjects designs and matched control group methods.
Each of these methods attempts to construct an accurate counterfactual (reference load) in the
absence of a control group by relying on modeling. Within-subjects methods estimate the
counterfactual based on usage observed by treatment group customers during nonevent periods
that are chosen and/or adjusted to be similar to event periods in expected usage aside from the
event. Matched control group methods estimate the counterfactual based on average usage among
a group of customers chosen to have similar characteristics to treatment group customers based on
observable variables, including similar usage at nonevent times.

The SPO provides a rare opportunity to compare impact estimates based on three different research
designs using the same set of customers for the analysis. In Section 9 of this report, load impacts are
estimated and compared for the opt-in CPP treatment (with the offer of an IHD) using an RED
analysis, a similar analysis with a control group developed using statistical matching and a within-
subjects analysis.

3.5 Impact Persistence

When policy discussions associated with time-variant pricing occur, an important topic of interest is
impact persistence. One school of thought is that load reductions in the first year of a pilot will
overestimate long-term price response because customers will tire of the inconvenient behavioral
changes that for many result in small bill impacts and will therefore revert back to pretreatment
behavior patterns. Others claim that impacts will increase over time as consumers learn more ways
to shift and reduce load and/or invest in more efficient appliances that reduce both peak-period and
overall consumption. Which is true cannot be determined definitively in a two-year pilot, but it is at

20 Technically, a t-distribution should be used for such a test, but the t-distribution and Gaussian distribution are virtually
identical for large sample tests such as this.
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least possible to compare the magnitude of load reductions across summers for all customers who are
enrolled in both years to assess whether there are any observable changes from one year to the next
after controlling for differences in weather across the two seasons. This analysis will be completed
after the end of the 2013 summer and documented in the final pilot evaluation report to be completed
in early 2014.

3.6 Estimating Price Elasticities

The load impact estimates discussed in this report resulted from the specific prices that were
employed in the SPO. Knowing how impacts might change if peak-to-off-peak price ratios differed
from those used in the SPO is very useful for determining how to structure such rates in the future.
Developing estimates of the impact of alternative prices on electricity use requires estimation of a
demand model. Demand models relate changes in electricity use to changes in price. Own price
elasticities summarize this relationship in a simple parameter equal to the percentage change in
electricity use given a percentage change in price. Cross-price elasticities equal the percentage
change in the quantity used in one period (e.g., hon-peak period) given a percentage change in price
in another period (e.g., the peak period price). As part of the final evaluation of the SPO pilot, FSC
will estimate own and cross-price elasticities using a suitable demand model specification (e.g., a
constant elasticity of substitution; generalized Leontief, etc.).

3.7 Data Description

The load impact analysis summarized above and presented in the remainder of this report relied
almost exclusively on interval data provided to FSC by SMUD. The data received by FSC had missing
values in less than 0.05% of the intervals included in the estimating sample. Missing values were
dropped from the hourly impact analysis and were simply considered zero when aggregated over the
month for use in estimation of overall conservation effects.

For validation purposes (discussed in Section 4) and for purposes of comparing the characteristics

of customers who enroll or decline to enroll in various rate options, SMUD conducted a demographic
survey among a sample of treatment and control customers for each SPO treatment using the survey
questionnaire developed by DOE and contained in DOE guidance document #9.2! A copy of the
questionnaire is contained in Appendix B. Survey response rates varied from roughly 30% to 40%
across different treatment and control groups. The data was used as coded by SMUD and provided
to FSC. Other data used for comparison purposes came from a third-party vendor. The percent of
customers with missing values varied significantly across variables. This data was not modified

by FSC.

21 This document can be found at http://www.smartgrid.gov.
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4 Validation of Experimental Design

Before any analysis of impacts could be performed, the implementation of the SPO experiment had to
be validated. A fundamental assumption underlying the analysis for each SPO treatment is that the
control group used provides an unbiased estimate of what the average loads would have been in the
treatment group in the absence of the treatment. As such, treatment and control customers were
compared using three types of data:

= Hourly usage during the pretreatment period;

= Monthly usage during the pretreatment period; and

= Customer characteristics.

In this section, comparisons are made between all customers in a group who were offered a pricing
plan, not customers who took the offer. No meaningful differences were found for any of the
comparison variables. These validation checks indicate that the experiment was effectively
implemented according to the experimental design and has a high degree of internal validity.

4.1 Hourly Usage

To validate the control group for each TOU treatment, average usage in each hour for the average
summer weekday in 2011 was compared for each treatment and corresponding control group. Figure
4-1 shows these comparisons for the following groups:

=  Opt-in TOU, no IHD offer versus Deferred Group;

= Opt-in TOU with an IHD offer versus Deferred Group;

= Default TOU with an IHD offer versus RED Control Group; and
= Default TOU-CPP with an IHD offer versus RED Control Group.

For all four groups, usage through the day is very similar for treatment and control groups. Small
differences are noticeable in the Opt-in TOU with and without IHD graphs. None of the differences,
however, are statistically significant.

A similar figure is provided for the four CPP treatment groups and corresponding control groups.
Figure 4-2 is similar to Figure 4-1 but shows usage only on days that had a maximum temperature
over 90°F during summer 2011. These hot days are more representative of CPP event days than are
days with cooler temperatures. The four comparisons depicted in Figure 4-2 are:

= Opt-in CPP, no IHD offer versus RED Control Group;

=  Opt-in CPP with an IHD offer versus RED Control Group;

= Default CPP with an IHD offer versus RED Control Group; and

= Default TOU-CPP with an IHD offer versus RED Control Group.

Just as with the validation for TOU, the treatment and control groups show similar usage on hot,
nonevent days. For Default CPP with IHD there are some differences between treatment and control
group usage during the peak period. However, these differences are not statistically significant.
Additionally, differences between treatment and control usage during the peak period in pretreatment
months are accounted for by the difference-in-differences regression used to estimate load impact.
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Figure 4-1: Treatment Versus Control Average Hourly Usage for TOU Treatments on Summer Weekdays in 2011
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e 4-2: Treatment Versus Control Average Hourly Usage for CPP Treatments on Hot, Nonevent Days During Summer 2011
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4.2 Monthly Usage

Treatment and control groups were also compared using average monthly usage during the
pretreatment months. Average monthly usage was calculated by summing hourly usage for each
customer for each hour of the day in each month (including weekends). As with hourly usage over
the summer, total monthly usage for the 2011 pretreatment period was very similar for each pair of
treatment and control groups. Appendix C includes tables showing these results.

4.3 Customer Characteristics

This section explores some of the customer characteristics of treatment and control group customers
based on several data sources. One data source is SMUD'’s tariff database showing which customers
are on the low-income Energy Assistance Program Rate (EAPR) so that treatment and control groups
can be compared based on this important customer characteristic. Another data source comes from a
survey conducted by SMUD. Just under 17,000 surveys were sent out to customers in treated and
deferred cells as well as in the RED control group. On average, roughly 30% of customers returned
completed surveys while an additional 9% returned partially completed surveys. A final data source
was purchased from a third-party vendor.

Table 4-1 shows the percentage of customers in each treatment and control group that are on the
EAPR rate. Tables 4-2 through 4-5 compares each group based on characteristics for customers who
returned the survey, whether completed or partial. The first numerical column in each table shows
the combination of survey and item response for each cell. The last two columns of each table show
the p-value and the statistical significance of whether characteristics for treatment group is different
from the corresponding control group. In the last column, one star means the difference is significant
at the 10% level, two stars represents the 5% level of significance, three stars represents the 1%
significance level and N/S stands for not significant. For the first five treated groups, the
corresponding control group is the RED control group in the first row. In the final four rows, the
comparison is between the corresponding enrolled and deferred groups for treatments implemented
using the recruit and delay design. The main conclusion from these numerous comparisons is that
each treatment cell is very similar to its corresponding control group. Of the 42 tests of treatment
versus control shown in the table, only four are statistically significant.

As seen in Table 4-1, in the RED control group, about 20% of customers are enrolled on the low-

income rate. Each of the five RED treatment groups has between 19% and 24% of customers on
the EAPR program. The biggest difference is seen for the default CPP with IHD group, where 24%
of customers are enrolled in EAPR. This small difference is statistically significant at the 5% level,
but this is likely due to the small sample size of the treatment group.
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Table 4-1: EAPR Status By Treatment Group

Statistical
Response Significance

RED Control Group 100% 80% 20% N/A N/A
Opt-in CPP, No IHD Offer 100% 78% 22% 0.24 N/S
Opt-in CPP, IHD Offer 100% 80% 20% 0.85 N/S
Default TOU-CPP, IHD Offer RED 100% 81% 19% 0.56 N/S
Default CPP, IHD Offer 100% 76% 24% 0.01 Fork
Default TOU, IHD Offer 100% 79% 21% 0.43 N/S
Opt-in TOU, No IHD Offer, Deferred 100% 79% 21% 0. N/S
Opt-in TOU, No IHD Offer, Enrolled 100% 80% 20% 68
Opt-in TOU, IHD Offer, Deferred RCT 100% 79% 21%

0.44 N/S
Opt-in TOU, IHD Offer, Enrolled 100% 79% 21%

Table 4-2 shows the percent of customers in each group that own their home. Keep in mind

that these values are based on the roughly 30% of respondents who completed the survey. In
the default TOU-CPP group, about 74% of customers own their homes. This is the only group

that has a statistically significant difference from its respective control group (e.g., the RED control
group with 61% home ownership). For all other groups listed, the percentage of customers

who own their homes ranges from 61% to 67% and the differences between treatment

and control groups are not significant.
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Table 4-2: Home Ownership

Does Not Statistical

Response | Own Home Significance

RED Control Group 31% 38% 61% N/A N/A
Opt-in CPP, No IHD Offer 31% 35% 64% 0.68 N/S
Opt-in CPP, IHD Offer 42% 35% 65% 0.54 N/S
RED
Default TOU-CPP, IHD Offer 32% 25% 74% 0.01 bkl
Default CPP, IHD Offer 36% 33% 67% 0.22 N/S
Default TOU, IHD Offer 31% 36% 63% 0.81 N/S
(D)g;;rr;;jou, No IHD Offer, 39% 37% 63%
0.81 N/S
(E)rr:rt(-)llllwe'lc;ou, No IHD Offer, 39% 37% 63%
- RCT
gg;gprgjou, IHD Offer, 42% 38% 62%
0.25 N/S
(Ejrﬁ’rt;;?egou' IHD Offer, 42% 35% 65%

Table 4-3 shows the percentage of customers in each group that have central air conditioning (CAC).
All of the groups are very similar, with between 86% and 91% of customers having CAC in their
homes. For the opt-in TOU with IHD offer enrolled and deferred groups, the difference in the
percentage of customers with CAC (91% vs. 88%) is statistically significant at the 10% level.

The differences between all other treatment and control pairs are not statistically different.

Table 4-3: Central Air Conditioning (CAC) Ownership

) Does Not Statistical

Design | pesponse | Have cac | Has CAC | Pvalue | o ikicance

RED Control Group 31% 12% 88% N/A N/A
Opt-in CPP, No IHD Offer 31% 14% 86% 0.43 N/S
Opt-in CPP, IHD Offer 42% 11% 89% 0.72 N/S
RED
Default TOU-CPP, IHD Offer 32% 11% 89% 0.56 N/S
Default CPP, IHD Offer 36% 11% 89% 0.77 N/S
Default TOU, IHD OFFER 31% 12% 88% 0.69 N/S
Opt-in TOU, No IHD Offer, 39% 12% 87%
Deferred ,
0.36 N/S
Opt-in TOU, No IHD Offer, 39% 11% 89%
Enrolled
: RCT
Opt-in TOU, IHD Offer, 42% 12% 88%
Deferred
0.06 *
Opt-in TOU, IHD Offer, 42% 9% 91%
Enrolled

lbl{l‘le\N.,\lJllI\"/\N & CO. 39




Table 4-4 shows the percentage of customers in each group that have a programmable thermostat
(PT) in their home. For 9 of the 10 groups, somewhere between 78% and 83% of customers have a
PT. The exception is default TOU with an IHD offer, where PT ownership was roughly 74%. This is
statistically different from the RED control group at the 10% significance level. Additionally, enrolled
and deferred customers in the opt-in TOU with IHD offer group have statistically different percentages
of customers with PTs (83% vs. 80%).

Table 4-4: Programmable Thermostat Ownership

Desian % Does Not Has PT P_value Statistical
9 Response | Have PT Significance
RED Control Group 30% 17% 82% N/A N/A
Opt-in CPP, No IHD Offer 31% 18% 80% 0.85 N/S
Opt-in CPP, IHD Offer 42% 19% 81% 0.88 N/S
RED
Default TOU-CPP, IHD Offer 32% 19% 80% 0.78 N/S
Default CPP, IHD Offer 36% 16% 83% 0.90 N/S
Default TOU, IHD OFFER 30% 25% 74% 0.06 *
ggggprgjou, No IHD Offer, 38% 210 78%
0.81 N/S
(E)r[?rt(-)wegou, No IHD Offer, 39% 21% 78%
- RCT
gﬁﬁéﬂgdou’ IHD Offer, 41% 19% 80%
0.05 *
gﬁ:;lrl‘egou' IHD Offer, 42% 16% 83%

Table 4-5 summarizes the percent of customers in each group that work full time. This percentage
ranges from 53% to 60% across the 10 groups. None of the differences between treatment and
control groups are statistically significant.

FREEMAN, SULLIVAN & CO. 40



Table 4-5: Full Time Employment Status of Survey Respondent

Does Not

0 L.
. Work Full Statistical
Response . Significance
Time
RED Control Group 30% 41% 57% N/A N/A
Opt-in CPP, No IHD Offer 31% 45% 54% 0.69 N/S
Opt-in CPP, IHD Offer 42% 43% 56% 0.46 N/S
RED
Default TOU-CPP, IHD Offer 32% 39% 60% 0.50 N/S
Default CPP, IHD Offer 36% 39% 58% 0.90 N/S
Default TOU, IHD OFFER 30% 38% 60% 0.73 N/S
gg;gzerOU, No IHD Offer, 38% 45% 54%
0.64 N/S
(E)rr:rt(-)llllwe'lc;ou, No IHD Offer, 39% 46% 53%
: RCT
82;;3‘;0”' IHD Offer, 21% 44% 55%
0.61 N/S
Opt-in TOU, IHD Offer, 0 0 0
Enrolled 42% 43% 56%

Finally, Table 4-6 shows the percentage of customers in each group that work from home. None of
the comparisons between treatment and control groups are statistically significant. Across all four
groups, between 15% and 20% of customers work from home while another 21% to 28% of
customers did not respond to the question.

22 As can be seen in Appendix B, the survey question asked respondents, “Is there anyone in your household working full
time for pay?” The responses suggest that between 30% and 42% of households have no one who works full time for pay.
This seems high and might suggest that respondents did not read the question carefully, perhaps answering as if the
question was about them personally rather than about the entire household.
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Table 4-6: Working from Home Status

Does Not
) Work Statistical
Response From Significance
Home
RED Control Group 24% 62% 16% N/A N/A
Opt-in CPP, No IHD Offer 23% 56% 16% 0.23 N/S
Opt-in CPP, IHD Offer 32% 56% 20% 0.22 N/S
RED
Default TOU-CPP, IHD Offer 26% 64% 15% 0.91 N/S
Default CPP, IHD Offer 26% 56% 16% 0.21 N/S
Default TOU, IHD OFFER 24% 59% 18% 0.63 N/S
gggrr;erOU, No IHD Offer, 30% 60% 17%
0.12 N/S
(E)rr])rt(-)llllwe'l(;ou, No IHD Offer, 29% 58% 15%
: RCT
ggﬁgﬂ;‘ou' IHD Offer, 31% 59% 16%
0.59 N/S
(E)r[?rt(-)wegou, IHD Offer, 3206 58% 18%

In addition to data collected from the SMUD survey, comparisons were made for selected variables
based on data SMUD purchased from a third-party vendor. The percent of customers with missing
values varies across variables. The list of variables for which comparisons were made is as follows:

= Educational attainment;

= Income level;

= Dwelling type;

= Average square footage of housing stock;?* and

= Average vintage of housing stock.

Each table below is set up in the same manner but shows the comparison for a different characteristic.
The first six rows of each table show each group that was analyzed using an RED. For each of the five
treatment groups (rows 2-5), the meaningful comparison is between that group and the RED control
group (row 1). The last two columns show the p-value from a t-test of the hypothesis that the treated
group is different from the control group and the statistical significance of that test. One star means
the difference is significant at the 10% level, two stars means the 5% level, three stars means the 1%
level and N/S stands for not significant. The RED groups contain all customers who were offered the
rate, not just customers who accepted it or that did not opt out for default rates.

The last four rows show all the groups analyzed using an RCT. The meaningful comparisons here are
between the enrolled and deferred groups for each pair (row 7 vs. row 8, row 9 vs. row 10). The p-

23 Square footage was reported for about 94% of single-family homes but only about 13% of multi-family homes. This is
true across all treatment and control groups so it does not bias the results but does mean that the average house size is
not representative of the general SMUD population.
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value for those comparisons comes from a t-test of the hypothesis that the enrolled group is different
from the control group. For the RCT comparisons, only customers who actively enrolled (including
those who enrolled in the deferred group) are included. Table 4-7 compares the groups by
educational attainment. For all the RED groups, educational attainment is very similar. For example,
the range of percentage of customers with a college degree is only 3% (30% to 33%). However, opt-
in CPP with IHD has a statistically significant p-value at the 5% level. Looking at the percentage in
each education category, however, shows that the difference between opt-in CPP customers and
control group customers is always 1% or less. For the two RCT comparisons, educational attainment
is also very similar between treatment and control groups. Both comparisons show that the groups
are not statistically different from each other.

Table 4-7: Educational Attainment By Treatment Group

Desian % Some | . | Graduate
9 Missing College 9 School
RED Control Group 26% 1% 13% 29% 31% 0% N/A N/A
8ffte"rn CPP. NoHD 27% 2% 13% | 26% 32% 0% 019 | N/S
8ffte"rn CPP, IHD 27% 2% 12% | 28% 31% 0% 0.03 | *
- RED

Defaull TOU-CPP, 25% 1% 13% | 29% 32% 0% 095 | NIS
IHD Offer
(D)?ffearult CPP, IHD 24% 2% 11% 31% 33% 0% 0.3 NS
gle:fségTou, IHD 26% 1% 12% 30% 30% 0% 0.82 N/S
8fp;te-lrn gggr,ré\ldo IHD 16% 3% 17% 33% 32% 0%

’ 057 | N/S
8]E)fte-lrn grg('jieNdo IHD 15% 2% 16% 36% 31% 0%

- RCT
8§g:n Jec;gr’régD 15% 2% 18% 32% 34% 0%

: 0.62 | N/S
8fp;te-lrn gnor('jielng 15% 2% 16% 34% 34% 0%

Table 4-8 shows the average income of customers in each group. None of the differences between
treatment and control groups (RED or RCT) were statistically significant at the 5% level. Across all
groups, about 18% of customers had incomes between $100,000 and $150,000 with another 25%
of customers between $50,000 and $100,000.
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Table 4-8: Average Income By Treatment Group

DEE Mis(?ing SIS §580KK 111%%}}2 CLE ver—Je
RED Control Group 26% 24% 26% 18% 8% N/A N/A
Opt-in CPP, No IHD Offer 27% 25% 25% 18% 7% 0.08 *
Opt-in CPP, IHD Offer 26% 23% 26% 18% 8% 0.49 N/S
Default TOU-CPP, IHD Offer RED 24% 22% 26% 21% 8% 0.20 N/S
Default CPP, IHD Offer 24% 22% 27% 19% 9% 0.27 N/S
Default TOU, IHD Offer 25% 24% 26% 18% 8% 0.14 N/S
(D)pt-in TOU, No IHD Offer, 16% 31% 26% 17% 8%
eferred

Opt-in TOU, No IHD Offer 041 | NS
Errolled ’ RCT 15% 33% 25% 18% 7%

Opt-in TOU, IHD Offer, Deferred 15% 32% 25% 17% 8%

Opt-in TOU, IHD Offer, Enrolled 14% 28% 26% 18% 9% 012 N/S

Tables 4-9 and 4-10 compare the groups by dwelling type, average home size and average year home
was built. Across all of these variables, all RED control and treatment groups are very similar. There
are no significant differences in any of the comparisons. The same is true for the RCT comparisons.
Customers who enrolled in the RCT experiments show comparable housing characteristics across

the board.

Table 4-9: Dwelling Type By Treatment Group

% Multi- Single

DG Missing | Family Family s
RED Control Group 23% 19% 59% N/A N/A
Opt-in CPP, No IHD Offer 25% 19% 56% 0.21 N/S
Opt-in CPP, IHD Offer 23% 18% 59% 0.23 N/S
Default TOU-CPP, IHD Offer RED 21% 16% 63% 0.06 *
Default CPP, IHD Offer 21% 18% 61% 0.26 N/S
Default TOU, IHD Offer 22% 20% 57% 0.10 *
Opt-in TOU, No IHD Offer, Deferred 13% 23% 65%
Opt-in TOU, No IHD Offer, Enrolled 12% 24% 65% 057 N/S
Opt-in TOU, IHD Offer, Deferred ReT 12% 23% 65% .
Opt-in TOU, IHD Offer, Enrolled 12% 20% 68% 006
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Table 4-10: Selected Housing Characteristics By Group

%

Missing
RED Control Group 42% 1850 N/A N/A 1983 N/A N/A
Opt-In CPP, No IHD Offer 45% 1829 0.47 N/S 1984 0.43 N/S
Opt-In CPP, IHD Offer 43% 1867 0.11 N/S 1983 0.93 N/S
RED
Default TOU-CPP, IHD Offer 40% 1886 0.30 N/S 1984 0.44 N/S
Default CPP, IHD Offer 40% 1870 0.53 N/S 1983 0.75 N/S
Default TOU, IHD OFFER 44% 1869 0.35 N/S 1983 0.49 N/S
Opt-In TOU, No IHD Offer, Deferred 41% 1897 1985
0.32 N/S 0.36 N/S
Opt-In TOU, No IHD Offer, Enrolled c 42% 1860 1984
RCT
Opt-In TOU, IHD Offer, Deferred 43% 1838 1984
0.07 * 0.14 N/S
Opt-In TOU, IHD Offer, Enrolled 43% 1888 1985
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5 Program Marketing, Customer Acceptance
and Retention

As discussed in Section 1, SPO is one of the few pricing pilots that has been done in the industry
that systematically examines the issue of customer acceptance of time-variant rates. Specifically,
SPO allows for a comparison of:

= Acceptance rates for CPP and TOU rates based on opt-in and default enrollment, and for the
TOU-CPP rate based on default enrollment; and

= The impact of offering enabling technology, in the form of a free IHD, on customer acceptance
of CPP and TOU rates.

Understanding if there are significant differences in acceptance rates for various forms of time-variant
rates, how acceptance rates differ between default and opt-in marketing, and whether offering an IHD
to customers affects acceptance rates, are all critical issues in developing an effective pricing strategy.
Findings from the SPO pilot provide some of the best empirical evidence to help settle debates about
these issues that have been waged for more than a decade based largely on assumptions, assertions
and, at best, qualitative evidence from focus groups.

Table 5-1 summarizes the customer acceptance rates for each SPO treatment. Among the most
important findings are:

= SMUD’s multi-faceted marketing strategy for opt-in tariffs led to acceptance rates that ranged
from 16.4% to 18.8%. These high acceptance rates contradict the often cited claim that very
few customers will voluntarily enroll on time-variant rates.

= The offer of enabling technology in the form of a free IHD did not materially increase customer
acceptance of either the CPP or TOU rate.

= The default treatment groups display extremely high enroliment rates, ranging from a low of
almost 93% for the TOU-CPP rate to a high of almost 98% for the TOU rate.

= Once enrolled, less than 2% of opt-in customers chose to leave the selected rate over the
course of the 2012 summer.?* For default enrollment, the attrition rate ranged from 2.0% to
3.6%, which was slightly higher than, but comparable to, that of opt-in customers.

24 A greater number of customers left the rate because of account closures due to customer relocation.
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Table 5-1: Customer Acceptance Rates for SPO Treatments®

Marketing Acceptance
Approach 7D 77 Rate
No 18.8%
CPP
Yes 18.2%
Opt-in
No 16.4%
TOU
Yes 17.5%
CPP Yes 95.9%
Default TOU Yes 97.6%
TOU-CPP Yes 92.9%

The remainder of this section is organized as follows. Section 5.1 provides an overview of the SPO
marketing campaign. Section 5.2 focuses on customer acceptance, enrollment, retention and attrition
for the opt-in rates while Section 5.3 covers the same topics for default rates. Customer acceptance
of and connectivity for IHDs is discussed in Section 8.

5.1 Marketing and Education

The high acceptance rates for opt-in treatments and low opt-out rates for default treatments resulted
in part from a well-researched, multi-faceted marketing effort implemented by SMUD. SMUD spent a
significant amount of time and money understanding how to communicate the benefits of, and
address concerns about, time-variant pricing programs and how to manage potential dissatisfaction
stemming from the fact that some volunteers in selected opt-in treatment cells would have enrollment
deferred for two years. From February through August 2011, SMUD conducted 25 focus groups and 4
surveys involving more than 2,000 customers to solicit input on marketing messages, naming
conventions and other communication issues as input to development of the marketing and

education plan.

Based in part on the above research, SMUD used the following names for the three pricing plans
tested in the SPO:

= Summer Weekday Value Plan for the opt-in and default TOU treatments;
= Off-peak Discount Plan for the opt-in and default CPP treatments; and

=  Optimum Off-peak Plan for the combination TOU-CPP treatment, which was implemented as
a default rate only.

The primary messages and content used the initial solicitation letters included the following:

= The lead marketing message was that customers get a discount off the standard price during
non-peak hours, which is most of the time (the amount of time varies across the three rates).

25 For opt-in treatment groups, the acceptance rate was calculated by taking the number of customers who enrolled at any
point prior to or during the summer of 2012 and dividing it by the number of customers who received marketing materials.
For default treatment groups, the acceptance rate was calculated by taking the number of customers who did not opt out of
the rate as of June 1.2012 and dividing it by the number of customers who received marketing materials.
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The secondary message was that prices are higher for relatively few hours (e.g., only 1% of
the time for the CPP rate).

= The primary message concerned “saving money on your summer electricity bills.” Secondary
messages included taking control and helping the environment.

= Using less electricity during peak hours, shifting usage to before 4 PM or after 7 PM and/or
reducing use overall will save money.

= Additional perks include a free countertop electricity use display (for those treatment cells
where IHDs are offered), access to an informational graph on My Account that shows hourly
and daily usage, access to a website with energy saving tips, and discounts on activities, like
movie tickets and water parks that can make using less electricity during peak hours easy
and fun.

Many of these same themes were elaborated in color brochures that were included with the
solicitation letter. The cover letter itself did not provide any information about the actual prices but
the brochure provided this information in the form of a graphical display. An example of the graph for
the CPP Off-peak Discount Plan treatment is shown in Figure 5-1. Appendix D contains examples of
selected marketing materials used for customer recruitment.

Figure 5-1: Graphical Display of Off-peak Discount Plan Pricing

Off-Peak Discount Plan

June 1-September 30, 2012 and 2013

$0.80 CONSERVATION DAYS

12 days per
$0.70 summar
20.60
%0.50

$0.40

Price per kWh

$0.30

£0.20

5010 | 16.65¢ Base Plus Usage™ 1700 kWh
8.51¢ Base Usage” 4700 kWh

Time of Day @ @

OFF-PEAK

$0.00

To help maintain the internal validity of the experiment, SMUD focused significant effort and attention
on maintaining consistency in communication and educational content across treatment cells. Keeping
messages and content as consistent as possible across treatment cells helps to ensure that differences
in enrollment rates and electricity use across rate options and other treatment conditions are due to
differences in the treatments themselves and not due to differences in messaging or communication.
For example, the only differences in the initial letter sent to customers in the opt-in and default CPP
treatment cells are summarized below.
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The opening line in the opt-in and default letters is, respectively:
= Sign up today and you could save on your electric bills next summer!

= You're now on a new pricing plan that can help you save on your summer electricity bills!

The next sentence in the two letters, respectively, is as follows:

= You are invited to participate in a two-year SmartPricing Options pilot that can help you
manage your energy bills.

= You're among the first SMUD customers to be randomly selected for a two-year SmartPricing
Options pilot that can help you better manage your energy use during the summers of 2012
and 2013.

The final paragraph in the default letter indicates that customers who do not want to stay on the new
plan can opt out by calling SMUD. Specifically, the letter says:
= If you would like to remain on your standard rate plan, call 1-855-736-7655. However, should

you decide not to participate, you won’t be able to enroll later and you will miss out on the
cost savings and energy management benefits.

The final difference between the opt-in and default treatments concerned the IHD offer. The IHD

was offered to some opt-in customers and not others and was offered to all default customers. Opt-in
customers receiving the IHD offer could indicate their interest at the time of enrolilment and nearly all
customers said they would like to receive the IHD. Default customers needed to be more proactive
since an enrollment transaction was not needed for the rate itself. As such, default customers had to
ask for an IHD by calling SMUD, returning a business reply card (BRC), or going online. These options
were outlined in the letter received by customers indicating that they had been defaulted onto the new
rate. Between 20% and 25% of default customers asked to receive an IHD.

For opt-in treatments, the first direct mail solicitation occurred in October 2011. A second letter was
sent in January to customers who had not yet enrolled. Because of concerns that some treatment
cells might not reach their target enrollment rates through direct mail solicitation alone, starting in
March 2012, SMUD implemented a door hanger and outbound calling campaign, which continued into
May. Through these various efforts, SMUD exceeded target enrollment for all opt-in treatments prior
to June 1, 2012, when customers were placed on the new rate.

Letters were sent to all customers chosen for default enrollment in April 2012. A reminder letter was
sent to all customers in April, reiterating that they would be placed on a new rate on June 1 if they did
not notify SMUD that they wished to stay on their current rate. SMUD had based the design and
sampling for the SPO on the assumption that half of all customers would drop out prior to going on
the rate. In reality, the opt-out rate prior to June 1 when the default rates went into effect ranged
from 3% to 7%.

Both opt-in and default customers were sent a welcome package in May. Customers who were in IHD
treatment cells and who indicated that they wished to receive an IHD were sent the device in the mail
in May. The IHDs were preset to communicate with each customer’s meter when they were turned
on. As discussed later in Section 8, connection rates were generally low. It is not clear how much of
the cause of the low connection rates was due to lack of customer interest, communication failures, or
other technical problems.
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5.2 Opt-in Treatments

The SPO pilot included two opt-in rates, CPP and TOU. Each rate was offered to two randomly chosen
groups of customers, with one offer including a free IHD while the other did not. Thus, there were
four treatment cells for opt-in rates. Comparing the acceptance rates for CPP and TOU rates will
indicate whether the customers generally have a stronger preference for one rate over the other when
comparing it to the standard rate. Importantly, this comparison is not the same as asking a group of
customers to choose between CPP and TOU rates, which would be a more direct measure of customer
preferences among time-variant rate options. Even if the same percent of customers took the two
rates, it could be that customers who accept the CPP rate might prefer the TOU rate over CPP if they
had a choice, and vice versa. Comparing acceptance rates for CPP with and without IHD, and TOU
with and without IHD, is a direct measure of whether the offer of a free IHD materially increases
acceptance rates for the two rates.

Before summarizing the acceptance rates and other outcomes associated with marketing and
enrollment, it is worth noting that there is a difference between the number of customers drawn
into the various treatment samples and the number who received treatment offers. SMUD pulled
the treatment samples in late August 2011. Between the time when the sample was pulled and the
marketing materials were first sent, some customers moved, in which case these customers were
dropped from the research sample as they no longer qualified to participate in the study.?® Table 5-2
reports the number of customers in the original sample and the number of customers who received
marketing offers. These differences are small for the opt-in treatments because the time between
when the sample was drawn and the first solicitations were sent was relatively brief. As shown in
Section 5.3, more customers were lost between the sample draw and the initial offer for default
customers, as default notifications were not sent until April 2012, more than seven months after the
sample was drawn. In the remainder of this section, the basis for all estimates of customer
acceptance and enrollment rates is the number of customers receiving the offer, not the number in
the initial sample.

Table 5-2: Number of Customers Sampled and
Number of Customers For Whom Opt-in Offers Were Made

Total in Total %

Sample | Offered | Offered
Control Group 45,863 45,183 99%
Opt-In CPP, No IHD Offer 1,214 1,187 98%
Opt-In CPP, IHD Offer 9,198 9,060 98%
Opt-In TOU, No IHD Offer, Control (Deferred) 7,630 7,513 98%
Opt-In TOU, No IHD Offer, Enrolled 7,634 7,500 98%
Opt-In TOU, IHD Offer, Control (Deferred) 12,707 12,553 99%
Opt-In TOU, IHD Offer, Enrolled 12,743 12,554 99%

26 Any customer that moved from their associated premise at any point after the sample was pulled would be removed from
the study and analysis.
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5.2.1 Customer Acceptance of Opt-in Treatments

Table 5-3 summarizes the main findings concerning customer acceptance of the opt-in rates.

Overall, acceptance rates are quite high relative to participation in most other opt-in, time-variant rate
programs, especially when considering the relatively short period over which marketing occurred. By
comparison, PG&E’s SmartRate tariff, a CPP rate first marketed in 2008 that is structurally similar to
the SPO CPP rate, had an acceptance rate of roughly 8% in its first two years of offering the rate.?’
With two exceptions (Salt River Project and Arizona Public Service), most other utility programs have
acceptance rates of 5% or less, often much less.?® The fact that SPO obtained acceptance rates
approaching 20% from the general population in a single campaign suggests that other utilities can
achieve similar acceptance rates using a well researched and concerted marketing effort.

Table 5-3: Acceptance Rates for Opt-in Treatments

Total Total Acceptance
Offered Accepted Rate
Opt-in CPP, No IHD Offer 1,187 223 18.8%
Opt-in CPP, IHD Offer 9,060 1,651 18.2%
Opt-in TOU, No IHD Offer 7,500 1,229 16.4%
Opt-in TOU, IHD Offer 12,554 2,199 17.5%

The differences in acceptance rates across the various treatments are small, although some are
statistically significant. Table 5-4 shows the p-statistic associated with the pair wise comparisons

of acceptance rates across the various treatments. A p-value of 0.05 indicates the difference is
statistically significant at the 95% confidence level. The acceptance rate for the CPP treatment with
no IHD offer, 18.8%, is more than 2 percentage points higher than the 16.4% acceptance rate for the
TOU treatment, and this difference is significant at the 95% confidence level, with a p-value of 0.04.
The acceptance rates for the same two rates when the IHD is included in the offer are 18.2% and
17.5%, respectively. This difference is not statistically significant at the 95% confidence level.
Overall, one could argue that there is a slight preference for the CPP rate over the TOU rate for the
average customer, but the difference is not material and a more reasonable planning assumption
would be that SMUD can expect to obtain between 15% and 20% participation in either an opt-in CPP
or opt-in TOU rate, if either of these rates was offered by itself in the future using marketing methods
similar to those utilized in the SPO. This statement assumes that future marketing would be to
customers with similar characteristics as those included in the study population. If the roll out was

to a materially different population, acceptance rates could differ.

27 See “2009 Load Impact Evaluation for Pacific Gas and Electric Company’s Residential SmartRate—Peak Day Pricing and
TOU Tariffs and SmartAC Program, Volume 2: Ex Ante Load Impacts” by S. George, J. Bode, M. Perry & A. Goett. Prepared
for PG&E.

28 Based on personal correspondence between Stephen George and representatives from APS and SRP conducted for a
confidential client, as of late 2010, Arizona Public Service had roughly 51% of residential customers, and 65% of
residential kWh served, enrolled on one of five TOU rates. Around the same time, Salt River Project had 28% of its
residential accounts on one of two TOU rates, and estimate that it had nearly 50% of its target market of high use
customers on these rates.
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Table 5-4: P-values for Pair Wise Comparisons of
Customer Acceptance Rates for Opt-in Treatments

Opt-in CPP, | Opt-in CPP, | Opt-in TOU, Opt-in TOU,

No IHD Offer IHD Offer No IHD Offer IHD Offer
Opt-in CPP, No IHD Offer n/a n/a n/a n/a
Opt-in CPP, IHD Offer 0.64 n/a n/a n/a
Opt-in TOU, No IHD Offer 0.04 0.00 n/a n/a
Opt-in TOU, IHD Offer 0.27 0.18 0.04 n/a

What cannot be determined from this study is what the acceptance rates would be for each rate if
both were offered at the same time. If the two rates appealed to completely different households and
they were both offered simultaneously to the eligible population, the acceptance rate for each, based
on this study, would be expected to be between 15% and 20% after only one year of marketing, and
the combined enrollment could potentially be greater than 30%. However, under the more likely
hypothesis that there is a significant overlap in the types of households that accepted each rate, the
overall acceptance rate when both were offered simultaneously wouldn’t be expected to be much
larger than when only a single rate is offered. However, what we can’t determine is whether the
breakdown between the two rates is likely to be 50/50, 0/100 or somewhere in between these
extremes. A comparison of the characteristics of customers who accepted the two rates can shed
some light on the likely outcome. If the characteristics of customers accepting the TOU and CPP rates
are quite similar, it is more likely that a joint offer will produce a similar take rate for each one than if
we found, for example, that the CPP rate appealed only to highly educated, high income customers
while the TOU rate appealed largely to low income EAPR customers.

Table 5-5 compares the customers who accepted and declined the CPP and TOU treatments based

on three variables for which information is available on all consumers—participation in the EAPR rate
program, summer usage that occurs during the peak period on weekdays and what percent of
summer usage occurs during peak hours. EAPR participation is an indicator of income status and the
share of summer usage during the peak period is an indicator of whether or not a customer might be a
structural winner if they went onto a time-variant rate. Table 5-5 includes p-values for comparisons
of average characteristics between those who accepted each offer and those who declined. A shaded
cell indicates that the difference is statistically significant at the 95% confidence level or greater.
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Table 5-5: Selected Customer Characteristics for Opt-in Treatments®

On Peak
) 0,
Accept Clé:stomter EA/I(;R P-value /OSn FEELS P-value | Usage | P-value
oun sage (KWhY®
RED Control ] 39,273 20% - 20.7% - 122 -
. N 811 19% 20.4% 122
ﬁgtlh”chf':e’r 0.00 0.00 0.16
Y 212 31% 19.8% 114
y N 6,257 18% 20.3% 122
OI'“:D'“O%ZE' 0.00 0.00 0.49
Y 1,567 29% 20.0% 124
. N 5373 18% 20.2% 124
SgtIII-InDTgfoJér 0.00 0.40 0.00
Y 1,156 32% 20.5% 115
y N 8,761 19% 20.2% 121
ol%ngfgg, 0.00 0.46 0.84
Y 2,087 30% 20.3% 121

The most striking difference by far is the percent of EAPR customers who accepted the offers,

which is roughly 50% more than the percent of non-EAPR customers who accepted each offer.

EAPR customers also constitute a significantly greater share of the participant population than they
represent in the control group. This high participation rate among low income customers who qualify
for the EAPR rate is consistent with what has been observed for PG&E’s SmartRate tariff.3!

Somewhat surprisingly, there is no difference in the percent of weekday consumption used during the
peak period between customers who accept the rate offers and those who decline. Similarly, for three
of the four comparisons of absolute on peak usage, there is no difference between customers who
accepted the rate versus those who did not. Customers who use a smaller share of their summer
usage during the peak period are more likely to benefit from a TOU or CPP rate and are often called
“structural winners,” meaning that they will save money on the new rate without making any
behavioral changes. Interestingly, the fact that the percent of usage that occurs during the peak
period does not vary much between customers who did and did not enroll shows that structural
winners are not more likely to accept the SPO pilot rates. This finding may be relatively unique to
SMUD, or at least different from what might occur at other utilities with lower saturations of central air
conditioning (CAC). When close to 90% of the target population have CAC, load shapes may be very
similar for nearly everyone and it may be more difficult for customers to know whether or not they are
likely to be a structural winner. In service territories where, for example, half the population has CAC
and half does not, it may be easier for customers to self select according to their likelihood of being a
structural winner if customers are using this level of scrutiny when deciding whether or not to enroll.

29 P-values in this table compare average characteristics between those who accepted each offer and those who declined.
30 The values in this column represent average kWh used during the weekday peak period per month.

31 2011 Ex Post Load Impact Evaluation of Pacific Gas and Electric Company's Residential Time-Based Pricing. By Stephen
George, Josh Bode, Michael Perry, Liz Hartmann and Dries Berghman. Prepared for Pacific Gas and Electric Company.
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Table 5-6 shows comparisons across treatment groups and between accepters and decliners within
each treatment group based on selected information obtained from a survey done by SMUD. Roughly
one third of all customers responded to the survey. The customer counts in the table represent
customers who responded. It is important to keep in mind that some rows have quite small sample
sizes and that these characteristics may be subject to response bias.

Table 5-6: Selected Customer Characteristics for Opt-in Treatments Based on SMUD Survey Data

0)
Customer % Work % Work
Full
Count . From Home
Time
RED Control - 232 58% - 21% - 62% -
¥ N 149 58% 229% 70%
,\?Opm‘DCgﬁZ'r 0.16 0.73 0.03
Y 93 49% 24% 56%
g N 187 56% 22% 66%
Opt '”O%Z':’ IHD 0.86 0.25 0.88
Y 779 57% 27% 65%
g N 165 59% 25% 75%
,\?CE’M'BTgﬁUe} 011 0.20 0.00
Y 575 52% 20% 60%
g N 169 54% 21% 69%
OlﬂD'”oTﬁoelrJ' 0.60 0.57 0.29
Y 1,017 57% 24% 64%
Cucsgﬁnmter % Have PT
RED Control - 232 88% - 83% -
Opt-in CPP, N 149 87% 073 82% 078
No IHD Offer % 93 85% ’ 80% ’
Opt-in CPP, N 187 88% 0.65 78% 0.16
IHD Offer Y 779 90% ' 82% '
Opt-in TOU, N 165 89% 075 80% 073
No IHD Offer Y 575 89% ' 79% '
Olﬁgngﬂcéf’ N 169 88% 0.15 85% 0.68

The largest difference across all the treatment cells is in home ownership for customers accepting the
CPP rate in the group with an IHD offer compared with customers accepting the TOU rate with no IHD
offer. However, this small difference (5 percentage points out of roughly 60%) completely disappears
when comparing CPP and TOU customers when an IHD offer is included. This suggests that the 5
percentage point difference in the prior comparison is likely due to random noise. It also appears that
home owners are slightly less likely to accept an offer than non-home owners, but this difference is
relatively small.

In addition to examining customer characteristics, it is interesting to compare customers who
accepted SPO rates and those who did not based on participation in other programs that SMUD offers.
Table 5-7 shows the participation rates of customers in the opt-in treatment groups in four SMUD
programs. MyAccount is an online platform that allows customers to access many features including
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viewing their energy usage, paying bills and signing up for energy savings rebates. The Paperless
Billing program lets customers opt-in to receive their monthly bill online instead of through the mail.
The Greenergy program offers customers the ability to increase the share of electricity that comes
from renewable resources. Finally, the rebate/loan programs offer financial assistance for energy
efficiency improvements around the home, including loans for up to $30,000 that customers can apply
for to make investments in energy efficient improvements and cash rebates from SMUD on qualified
energy efficient residential appliances.

Table 5-7: Participation in Selected SMUD Programs for Opt-in Treatments

%

fal 0 w0 0 Rebate/

Customers | MyAccount Paperless Greenergy LerTe
RED 39,273 41% 21% 11% 14%
Control - - - - -
Opt-in N 807 42% 18% 12% 13%
CPP, No 0.04 0.57 0.22 0.53
IHD Offer Y 216 50% 20% 17% 13%
Opt-in N 6,215 38% 20% 10% 15%
CPP, IHD 0.00 0.00 0.00 0.21
Offer Y 1,609 54% 24% 14% 14%
Opt-in N 5,325 39% 19% 9% 14%
TOU, No 0.00 0.00 0.00 0.71
IHD Offer Y 1,204 50% 24% 15% 13%
Opt-in N 8,714 39% 20% 9% 14%
TOU, IHD 0.00 0.00 0.00 0.16
Offer Y 2,134 53% 24% 14% 14%

The first row of Table 5-7 shows program participation rates for customers in the RED control group,
which acts as a baseline. The remaining rows show program participation among participants in each
of the four opt-in treatments. Customers who accepted the opt-in rates look similar across the four
treatment groups in terms of program participation. For all four groups, about 50% of customers are
enrolled in MyAccount, around 24% in paperless billing, 15% in the Greenergy program and 13% in
the rebate loan programs.

When comparing customers who did and did not accept the rate offer in each treatment cell, there
are many statistically significant differences. For all opt-in treatments, customers who accepted the
treatment were more likely to be signed up for MyAccount. 3 For all opt-in groups except opt-in CPP
with no IHD offer, customers who enrolled were more likely to participate in paperless billing and the
Greenergy program. Even for the opt-in CPP treatment with no IHD offer, participation in paperless
billing and Greenenergy is higher than for decliners, but the difference is not statistically significant.
This lack of statistical significance may be due in part to the smaller sample size for this

treatment group.

32 Customers who were contacted about opting in to the SPO program were directed to My Account as a way to enroll. This
could be inflating the numbers for customers who accepted the offer.
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5.2.2 Customer Retention

Table 5-8 shows retention rates for each treatment cell. As discussed in Section 5.2, when examining
retention rates, it is important to distinguish between customers who leave the rate because they
move and are no longer eligible and customers who drop out because they no longer prefer the rate
relative to an alternative choice. As shown in Table 5-8, over the course of the four month summer
period when the rate was in effect, roughly 10% of customers de-enrolled. However, the vast
majority of these customers were movers, not dropouts. Less than 2% of customers dropped out of
the program for each treatment option. For the opt-in TOU rate with no IHD offer, only 1 person out
of more than 1,100 left the program voluntarily. The average dropout rate for the two CPP treatments
is more than twice that of the two TOU treatments, but the overall rate is so small that this difference
is not material from a policy perspective.

Table 5-8: Customer Retention for Opt-in Treatments

Total Enrolled [Total Enrolled Movers |Dropouts RSeutg]an[]iﬁL Droposajt

June 1, 2012 [Sept 30, 2012 Rate® Rate
Opt-in CPP, No IHD Offer 212 193 15 4 90.1% 1.9%
Opt-in CPP, IHD Offer 1,569 1,454 87 28 91.5% 1.8%
Opt-in TOU, No IHD Offer 1,157 1,074 82 1 89.8% 0.1%
Opt-in TOU, IHD Offer 2,092 1,936 130 26 91.4% 1.2%

5.3 Default Treatments

The SPO pilot included three default treatments—CPP, TOU and a combination TOU-CPP rate. In
addition to being defaulted onto the new rate, all groups were offered a free IHD. Comparing the
acceptance rates for the three treatments will indicate whether the average customer prefers one rate
over the others. As mentioned above, this comparison is not the same as asking the same group of
customers to choose between CPP, TOU and TOU-CPP rates. This would be a more direct measure of
customer preferences among these specific rate options but was purposefully not executed as it would
have compromised the ability to analyze the effect of each rate.

As mentioned in Section 5.2, it is worth noting the difference between the number of customers drawn
into the various treatment samples and the number who were defaulted onto the new rates. SMUD
pulled the treatment samples in late August 2011. Between the time when the samples were pulled
and when the default notifications were sent, some customers moved, in which case these customers
were dropped from the research sample as they no longer qualified to participate in the study.3®> Table
5-9 reports the number of customers in the original sample and the number of customers who
received marketing offers. These differences are larger for the default treatments than for the opt-in
treatments because the time between when the sample was drawn and when the first solicitations

33 The retention rate equals the number of customers enrolled on September 30 divided by the number enrolled on June 1.
34 The dropout rate equals the number of drop outs divided by the number of enrolled customers as of June 1, 2012.

35 Any customer that moved from their associated premise at any point after the sample was pulled would be removed from
the study and analysis.
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were sent was longer for default treatments. Notifications were not sent until April 2012, which was
more than seven months after the sample was drawn. In the remainder of this section, the basis for
all estimates of customer acceptance and enrollment rates is the humber of customers receiving
the offer, not the number in the initial sample.

Table 5-9: Number of Customers Sampled and

Number of Customers Defaulted Onto the New Rate

Group Total in Sample | Total Offered | % Offered
Default TOU-CPP, IHD Offer 729 680 93%
Default CPP, IHD Offer 846 780 92%
Default TOU, IHD Offer 2,410 2,219 92%

5.3.1 Customer Acceptance of Default Treatments

Table 5-10 summarizes the main findings concerning customer acceptance of the default treatments.
For default treatments, acceptance is defined by customers who did not dropout prior to going on the
rate, but the acceptance rate excludes those who moved between receiving a default notification and
going on the rate. In this way, the acceptance rate reflects only customers who proactively chose not
to be defaulted onto the new rate, not those who never got on the rate because of other factors such
as moving. Overall, acceptance rates were extremely high, ranging from 93% to over 97%. This far
exceeded SMUD’s pilot design assumptions, which were that 50% of customers would opt out prior to

being placed on the default rate.

Table 5-10: Acceptance Rates for Default Treatments

Movers | Dropouts et
Total 2 P Total Offered Acceptance
Offered P D P D Accepted Less Rate
6/1/12 6/1/12
Movers

Default TOU-CPP, IHD Offer 680 47 45 588 633 92.9%
Default CPP, IHD Offer 780 49 30 701 731 95.9%
Default TOU, IHD Offer 2,219 152 49 2,018 2,067 97.6%

Although the range of acceptance rates across the three default rates is less than five percentage
points, each is statistically different from the other two at the 95% confidence level. Table 5-11

shows the p-values for the pair wise comparisons of acceptance rates for the default treatments. The
acceptance rate for the TOU-CPP treatment, 92.9%, is more than 3 percentage points lower than the
acceptance rates for the CPP rate and the TOU rate. The acceptance rates for the CPP and TOU rates
are just over 2 percentage points different and this is also significant at the 95% confidence level.
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Table 5-11: P-statistics for Pair Wise Comparisons of
Customer Acceptance Rates for Default Treatments

Default TOU-CPP, | Default CPP, Default TOU, IHD

IHD Offer IHD Offer Offer
Default TOU-CPP, IHD Offer n/a n/a n/a
Default CPP, IHD Offer 0.02 n/a n/a
Default TOU, IHD Offer 0.00 0.01 n/a

Table 5-12 compares customers who accepted and declined based on EAPR status, summer on peak
usage and the share of summer usage that is on peak. The table contains p-values for the differences
in average characteristics between those who did and did not accept each rate. As with the opt-in
treatments, the largest difference across all the treatment cells is in EAPR status for customers
accepting the CPP rate compared with customers accepting the TOU-CPP rate. Of the customers who
accepted the CPP rate, for example, 24% are on EAPR whereas only 18% in the TOU-CPP group are on
EAPR. It is interesting to note that there is virtually no difference in the percent of weekday usage
that occurs during the peak period for customers who accepted each rate offer. In terms of absolute
on peak usage, however, customers who accepted the rate showed greater usage than customers who
did not for all three default group.

Table 5-12: Customer Characteristics for Default Treatments

Customer Qi [Plezls
Count Vsl
(kWh)
RED Control - 39,273 20% - 20.7% - 122 -
] N 45 13% 19.5% 95
Default CPP 0.44 0.20 0.02
TOU, IHD Y 588 18% 20.4% 123
N 31 16% 18.8% 99
Default CPP, 0.30 0.00 0.02
IHD Y 699 24% 20.4% 127
N 48 10% 19.4% 104
DefaI‘ﬂtDTOU* 0.08 0.39 0.00
Y 2,017 21% 20.1% 122

Table 5-13 compares the characteristics of customers who stayed on the default rate and those who
declined for selected characteristics obtained from the SMUD survey. When reviewing this table, it is
very important to note the sample sizes for each row. Given the low response rate to the survey,
combined with low original sample sizes for some treatments and low opt-out rates, the sample sizes
for all rows showing the decliner population are extremely small. While we report the statistical
significance of the pair wise comparisons for acceptors and decliners for each rate, we advise against
drawing any significant conclusions from these comparisons given the small sample sizes.
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Table 5-13: Selected Customer Characteristics for Default Treatments
Based on SMUD Survey Data

Customer % Work % Work
Count Full From
Time Home
RED Control - 232 58% - 21% - 62%
Default TOU- N 18 53% 36% 94%
CPP, 0.46 0.09
IHD Offer Y 189 62% 17% 73%
Default CPP, N 8 13% 001 17% 075 50%
IHD Offer Y 259 61% ' 22% ' 68%
Default TOU, N 15 57% 076 45% 0.08 80%
IHD Offer Y 624 61% ' 23% ' 63%
Customer % Have PT
Count
RED Control - 232 88% - 83% -
Default TOU- N 18 100% 83%
CPP, 0.12 0.77
IHD Offer Y 189 88% 81%
N 8 88% 71%
"D offer 085 0%
er Y 259 90% 84%
Default TOU, N 15 93% 053 86% 0.35
IHD Offer Y 624 88% 75%

In addition to looking at customer characteristics, it is also interesting to compare customers who

accepted SPO rates and those who didn’t by participation in other programs that SMUD offers. Table
5-14 shows the participation rates of customers in the opt-in treatment groups in four of SMUD's most

popular programs.3® Once again, the small sample sizes for decliners suggest caution in drawing
conclusions about even large differences in characteristics between those who do and do not accept

the default rate offers.

36 Each program is described in Section 5.2.1
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Table 5-14: Program Participation by for Default Treatments

# of )
Customers | MyAccount . | Paperless Greenergy
RED Control - 39,273 41% - 21% - 11% - 14% -
Default N 45 56% 27% 9% 18%
TOU-CPP, 0.07 0.23 0.86 0.54
IHD Offer Y 588 42% 19% 10% 14%
Default N 31 35% 23% 6% 26%
CPP, IHD 0.45 0.81 0.35 0.06
Offer Y 699 42% 21% 12% 14%
Default N 48 46% 19% 8% 21%
TOU, IHD 0.46 0.97 0.72 0.19
Offer Y 2,017 41% 19% 10% 14%

The first row of Table 5-14 shows the program participation rates for customers in the RED control
group, which acts as a baseline. The remaining rows show program participation for each of the four
opt-in rates by customer acceptance. Customers who accepted the default rates look very similar
across the four treatment groups in terms of program participation. For all four groups, about 42% of
customers are enrolled in MyAccount, around 20% in paperless billing, 10% in the Greenergy program
and 14% in the rebate loan programs.

Differences between customers who accepted the rates and those who didn't within each rate option
are generally not statistically significant. Of the 12 comparisons, only 2 are statistically different from
each other. Customers who accepted the default TOU-CPP treatment were less likely to have enrolled
in MyAccount and customers who accepted the default CPP rate were less likely to participate in the
rebate loans program.

5.3.2 Customer Retention

Table 5-15 shows retention rates for each treatment cell. As discussed in Section 5.2, when
examining retention rates, it is important to distinguish between movers and dropouts. As Table 5-15
shows, over the course of the four month summer period when the rate is in effect, roughly 10% of
customers de-enrolled. However, the vast majority of these customers were movers, not dropouts.
The lowest dropout rate was 2%, for the default TOU group. The rate was slightly higher for CPP at
2.6% and almost twice as high for TOU-CPP at 3.6%.

Table 5-15: Customer Retention for Default Treatments

Summer
Total Enrolled | Total Enrolled .
June 1, 2012 Sept 30, 2012 Movers | Dropouts Re:_\i;telon Dropout Rate
Default CPP & TOU, IHD 588 527 40 21 89.6% 3.6%
Default CPP, IHD 701 645 38 18 92.0% 2.6%
Default TOU, IHD 2,018 1,839 138 41 91.1% 2.0%
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6 TOU Rate Impacts

This section presents the demand and energy impact estimates for the TOU and TOU-CPP rate options
included in the SPO. The SPO design was intended to provide adequate statistical power to measure
treatment effects®” averaged over the entire summer for the peak period for each rate option (for
TOU, TOU-CPP and CPP options). These average impact estimates are the primary focus of this
evaluation, although sample size calculations also focused on estimating conservation effects. Other
impacts of interest can be obtained from the data, including impact estimates by month, estimates for
individual hours of the peak period, individual CPP event day effects and non-peak period effects.
When reviewing these additional estimates, it should be kept in mind that the experiment was not
designed to estimate these effects and so standard error estimates for these parameters tend to be
larger. Some of these estimates are summarized in this section while others are contained in
Appendix E. When reviewing impact estimates in the remainder of this section and in Section 7, keep
in mind that the convention used is that positive impact values indicate reductions in use and negative
values indicate increases.

6.1 Peak Period Load Reductions

The TOU peak period covers 4 to 7 PM on all non-holiday weekdays from June through September.
During the peak period the price per kWh is $0.27 for non-EAPR customers, which is 1.6 to 3 times
higher than the off-peak price, depending on whether a customer’s energy use puts them in usage tier
1 or 2. For customers on the low-income EAPR rate, the peak period price is $0.20, which is 1.2 to
3.6 times higher than the off-peak price.

Table 6-1 shows the average estimated absolute and percentage impacts for the TOU rate options
across all summer peak hours. Table 6-2 shows the p-values for pair wise comparisons of load
impacts across treatments.

Table 6-1: Average Peak Period Load Impacts for TOU Rate Options

AITEEEE Impact as %
Impact per | 95% CI 95% ClI Reference P
of Reference
Customer Lower Upper Load (kW)
Load
(kW)

Opt-in TOU, No IHD Offer 0.17 0.13 0.22 1.71 10%
Opt-in TOU, IHD Offer 0.24 0.19 0.28 1.80 13%
Default TOU, IHD Offer 0.12 0.09 0.15 1.87 6%

Default TOU-CPP, IHD Offer 0.16 0.11 0.21 1.90 8%

37 See CBS Power Analysis in Appendix F.
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Table 6-2: P-values for Pair Wise Comparisons Of Load Impacts Across TOU Treatments

Opt-in TOU, | Opt-in Tou, |  Default Default
No IHD Offer | IHD Offer Tou, TOU-CPP,
IHD Offer IHD Offer
Opt-in TOU, No IHD Offer n/a n/a n/a n/a
Opt-in TOU, IHD Offer 0.03 n/a n/a n/a
Default TOU, IHD Offer 0.05 0.00 n/a n/a
Default TOU-CPP, IHD Offer 0.67 0.01 0.19 n/a

As seen in Table 6-1, the largest impact was provided by the opt-in group that was offered an IHD.
The 0.24 kW average hourly impact is equal to a reduction of approximately 13% in whole-house
peak-period electricity use. The opt-in group that was not offered an IHD showed a significantly
lower average impact of 0.17 kW, or 10% of peak-period electricity use. As seen in Table 6-2, this
difference is statistically significant at the 95% confidence level.

Both default groups showed lower average impacts per customer than the opt-in group with the IHD
offer, and these differences are statistically significant. The difference in impacts between TOU and
TOU-CPP was not statistically significant. For customers on the default TOU-CPP treatment, the
impacts in Table 6-1 include impacts on the 11 CPP days when they faced even higher peak period
prices. In order to compare all 4 groups, TOU demand impacts were also calculated excluding the
11 days that were called for CPP events. Despite the fact that these were hot, high load days, the
average peak period load reduction showed little change for any of the treatments.

A critical policy issue is whether the aggregate demand reduction is likely to be greater based on opt-
in or default enrollment of time-variant rates. While the average impact of default customers is lower,
as seen in Section 5, the acceptance rate for TOU is much higher among default customers than opt-in
customers. The acceptance rate for the opt-in treatment for TOU with an IHD offer was 17.5%
whereas the initial dropout rate (prior to going on the rate) for default TOU with an IHD offer was only
3%. Thus, if 100,000 customers who met the sample selection criteria had been offered TOU on an
opt-in basis during the pilot period compared to defaulting 100,000 customers onto the rate and
allowing them to drop out, the aggregate peak-period load reduction would have equaled roughly 4.2
MW (0.24 kW x 100,000 x .175) for the opt-in program, £0.5 MW, and nearly three times as much for
the default program, at 11.4 MW (0.12 kW x 100,000 x .97), £2.2 MW.38

The impact estimates for the opt-in TOU treatment with and without the IHD offer included in the
estimating dataset the loads of customers who de-enroll after opting in, some prior to the summer
and some during the summer. This means that the RCT-based impact estimates for these groups can
technically be considered intent-to-treat estimates in the sense described in Section 3. In contrast
with the REDs in this pilot, recovering the local average treatment effect in this case requires scaling
up the values only slightly because de-enrollment rates are low. The average summer retention rate
in the opt-in TOU group with the IHD offer was 97%, where the denominator is the fraction that ever

38 |n this example, the 95% confidence interval for the opt-in program is from 3.6 MW to 4.7 MW. The 95% confidence
interval for the default program is 9.2 MW to 13.7 MW. The mean values for each rate differ slightly from the values
determined from the calculations shown in the parentheses due to rounding.
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enrolled.3 In the opt-in group without the IHD offer, it was also 97%. This means that each set
of estimates and standard errors can be scaled up by 3%, which has little actual effect on the
point estimates.

In addition to knowing how average impacts vary across treatments, it is useful to observe how
impacts vary across months. For illustration, Figure 6-1 depicts average hourly, weekday loads by
month for the TOU treatment cell with no IHD offer. Table 6-3 shows the monthly values for all four
TOU treatments. As seen, the largest impacts occur in August when peak loads are highest in the
control group. Even in the cooler months, however, large TOU impacts can be seen during the peak
period. Comparing the absolute and percentage impacts and the reference loads across months for
each treatment suggests that higher load impacts in July and August compared with June and
September is due to higher reference loads, not to greater price responsiveness in these months.

Figure 6-1: Load Impacts by Month for Opt-in TOU, No IHD Offer

——Opt-In TOU without Tech, Deferred ——Opt-in TOU without Tech, Enrolled
2i5

1.5

AN ARA
vV vV

MnMHebz%F 417 10013 l16lts122/ 1 a7 10/13l16l19(22] a7 10/ 16l1022

Average Usage (kW)

0.5 -

June

July August ‘ September

Hour/ Month

39 Note that this rate is different than the rate implied by Table 5-6 because this rate includes all customers who drop-out
any time after accepting (excluding movers). This is to ensure comparability between the treatment and deferred groups.

Customers in the treatment group may be more likely to drop out as the summer approaches than customers in the
deferred group.
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Table 6-3: Average Load Impacts by Month for TOU Treatments

95% 95% Reference

Average Impact per

Customer (kW) Lo(\i\ler UpCpIer L(E\?\;j)
Opt-in TOU, No IHD Offer 0.16 0.11 0.20 1.45 11%
Opt-in TOU, IHD Offer 0.18 0.14 0.21 1.51 12%
June Default TOU, IHD Offer 0.10 0.07 0.13 1.58 6%
Default TOU-CPP, IHD Offer 0.11 0.06 0.16 1.61 7%
Opt-in TOU, No IHD Offer 0.19 0.13 0.25 1.79 11%
Opt-in TOU, IHD Offer 0.29 0.24 0.33 1.91 15%
uly Default TOU, IHD Offer 0.12 0.09 0.16 1.97 6%
Default TOU-CPP, IHD Offer 0.17 0.11 0.23 1.99 9%
Opt-in TOU, No IHD Offer 0.24 0.17 0.30 211 11%
Opt-in TOU, IHD Offer 0.31 0.26 0.36 2.20 14%
August
Default TOU, IHD Offer 0.16 0.12 0.20 2.30 7%
Default TOU-CPP, IHD Offer 0.22 0.14 0.29 231 9%
Opt-in TOU, No IHD Offer 0.09 0.04 0.15 1.50 6%
Opt-in TOU, IHD Offer 0.16 0.12 0.21 1.59 10%
September
Default TOU, IHD Offer 0.09 0.05 0.12 1.65 5%
Default TOU-CPP, IHD Offer 0.13 0.07 0.20 1.69 8%

6.2 Load Impacts Outside the Peak Period

Although the peak period hours are of most interest, it is also useful to know what happens to
electricity usage during non-peak hours for customers on the TOU treatments, especially those hours
just before the peak period when pre-cooling might occur and right after the peak period, when a
snapback impact might exist. Table 6-4 shows impacts for each of the four TOU groups for the two
hours before the peak period (2 to 4 PM) and the two hours after the peak period (7 to 9 PM) across
all summer weekdays. The results in the table show that there are minimal changes in electricity use
for TOU customers outside the TOU peak period. Of the eight estimated impacts for pre- and post-
peak periods, the pre-peak impact for the opt-in TOU with no IHD offer is the only one that is
statistically significant at the 95% confidence level. This estimate indicates that this group uses
slightly more energy than the deferred group in the two hours before the peak period, suggesting
the possibility of pre-cooling behavior.
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Table 6-4: TOU Load Impacts Before and After Peak Period

Average

Average
Pre-Peak | o500 | 950l Impact | 95% CI | 95% Cl
Impact per
Lower Upper Post-Peak Lower | Upper
Customer (kW)
(kw)

Opt-in TOU, No IHD Offer -0.04 -0.08 -0.01 -0.02 -0.06 0.02
Opt-in TOU, IHD Offer 0.00 -0.04 0.05 -0.01 -0.05 0.03
Default TOU, IHD Offer 0.00 -0.02 0.02 0.02 0.00 0.04

Default TOU-CPP, IHD Offer 0.03 -0.03 0.09 0.04 -0.01 0.10

Beyond pre- and post-peak period hours, we also analyzed impacts during all other hours of summer
weekdays (12 AM to 2 PM and 9 PM to 12 AM) and on weekends. There was no evidence of shifting in
these hours either. This suggests that customers are not shifting load outside of the TOU peak period.

The estimates described above fall into the category of variables that the experiment was not
designed to measure. It is worth noting that in addition to the fairly wide confidence intervals,
which are expected, the point estimates are all close to zero.

6.3 Energy Savings

In addition to calculating demand impacts during the TOU peak period, overall energy savings was
estimated for each treatment. Table 6-5 summarizes this analysis. All four treatment groups showed
energy savings, although three of the four monthly impacts are not significantly different from zero.
These impacts represent a reduction of between 1% and 2% in overall monthly usage during the
summer. Although only the monthly impact for the default TOU group with an IHD offer is statistically
significant, it may be the case that the impacts seen for the other three groups are real because they
are all in the same direction (that is, all groups showed savings) and because no evidence of load
shifting to non-peak periods was found. With significant peak period reduction and no evidence of
load shifting, the net result would need to be a modest reduction in overall energy use. Importantly,
there is no evidence of an increase in overall electricity use in response to the lower off-peak prices
that are in effect the majority of hours.

Table 6-5: TOU Energy Savings

Average 0
. Monthly | 95%CI | 95% Cl oty IR 5 o)
Design Impact Lower Upper Reference of Reference
(kWh) Load (kWh) Load
Opt-in TOU, No IHD Offer 4 -8 17 804 1%
RCT
Opt-in TOU, IHD Offer 7 -5 20 835 1%
Default TOU, IHD Offer 13 3 22 835 2%
RED
Default TOU-CPP,
IHD Offer 13 -6 31 868 1%
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7 CPP Rate Impacts

This section presents the demand and energy impact estimates for the CPP rate options and for CPP
days for the TOU-CPP rate. As in Section 6, which covered the TOU treatments, the primary focus of
this section is on average peak-period load impacts across all CPP events for the entire summer. We
also examine how impacts vary across events and with variation in temperature on event days.
Impact comparisons are also made for customers who were and were not offered an IHD. As in the
TOU section, additional estimates are developed for time periods that the experiment was not
designed to produce, but that are nevertheless of interest. Additional CPP impacts can be found in
Appendix F.

7.1 Peak Period Load Reductions

The peak period for CPP rates is the same as for the TOU rates, 4 to 7 PM. Over the 2012 summer,
12 CPP event days were called. However, on the first event day, June 20, 2012, customer
notifications did not go out to everyone. As a result, the June 20 event day was not included in the
analysis. For customers who did not receive notification for the June 20 event, an additional first
event was called but not analyzed. This way, when the second event was called on July 10, it was the
second event for all customers. Table 7-1 shows the dates and the daily maximum temperature on
the eleven event days for which impacts were estimated. The daily maximum temperature exceeded
90°F on all CPP days and exceeded 95°F for 7 of the 11 event days.

40,41

Table 7-1: CPP Event Days for 2012 Used in the Load Impact Analysis

Daily Maximum
Temperature (°F)

Date Day of Week

10-Jul-12 Tuesday 100
12-Jul-12 Thursday 102
2-Aug-12 Thursday 98
8-Aug-12 Wednesday 99
9-Aug-12 Thursday 102
10-Aug-12 Friday 102
14-Aug-12 Tuesday 95
15-Aug-12 | Wednesday 94
12-Sep-12 Wednesday 91
13-Sep-12 Thursday 96
14-Sep-12 Friday 91

40 Daily maximum temperature was taken from hour-level data. Maximum temperatures based on 15-minute data may be
higher for some days.

41 On the first event day, June 20, 2012, customer notifications did not go out to everyone. However, to ensure that all
customers received 12 event notifications during the summer, for customers who did not receive notification for the June
20th event, an additional “first” event was called. Neither of these first events was included in the database when
estimating impacts. The second event for all customers occurred on July 10th .
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Table 7-2 shows the average impact across all CPP event hours in 2012 for each treatment group and
Table 7-3 shows the p-values for each pair wise comparison of load impacts by treatment. The largest
observed load reduction is for the opt-in CPP group that received an IHD offer, which produced an
average reduction of almost 0.70 kW, or about 26% of whole-house reference load. The opt-in CPP
group that was not offered technology had a slightly lower average impact of 0.52 kW, or 22% of
household load, but the difference in impacts between the opt-in groups with and without the IHD
offer was not statistically significant. The average load reductions for the two default options, CPP and
TOU-CPP, are nearly identical to each other but are about half the size of the average load reduction
for the opt-in groups. The difference in impacts between the opt-in and default groups is statistically
significant at the 95% confidence level.

Table 7-2: Load Impacts for CPP Treatments

N Average
9 95% ClI 95% ClI Reference Load Impact as %
CPP Impact
Lower Upper (kW) of Reference
{ead) Load
Opt-in CPP, No IHD Offer 0.52 0.26 0.78 2.38 22%
Opt-in CPP, IHD Offer 0.69 0.58 0.79 2.62 26%
Default CPP, IHD Offer 0.32 0.24 0.40 2.64 12%
Default TOU-CPP, IHD Offer 0.33 0.25 0.41 2.60 13%

Table 7-3: P-values for Pair Wise Comparisons of Load Impacts Across CPP Treatments

Opt-in CPP, | Opt-incpp, | Default Default
No IHD Offer | IHD Offer Gzl 1) URHERE,
Offer IHD Offer
Opt-in CPP, No IHD Offer n/a n/a n/a n/a
Opt-in CPP, IHD Offer 0.25 n/a n/a n/a
Default CPP, IHD Offer 0.15 0.00 n/a n/a
Default TOU-CPP, IHD Offer 0.18 0.00 0.82 n/a

Given the significant difference in the number of enrolled customers between the opt-in and default
CPP rate options, these results suggest strongly that a default rate program would produce much
larger aggregate impacts than an opt-in program. Indeed, when combined with the customer
acceptance values discussed in Section 5, if a CPP rate with an IHD offer was made to 100,000
customers on both an opt-in and default basis, SMUD could expect to obtain demand reductions on
event days equal to 12.6 MW (100,000 x .182 x .69 kW), £1.6 MW for the opt-in rate and 30.7 MW
(100,000 x .959 x .32 kW), £6.6 MW, for the default rate.*?> Notably, mean load impacts for the
default CPP rate would be almost three times larger than the 11.6 MW mean load reduction estimated
for default TOU, based on specific prices tested in the SPO pilot.

42 |n this example, the 95% confidence interval for the opt-in program is from 10.9 MW to 14.2 MW. The 95% confidence
interval for the default program is from 24.0 MW to 37.2 MW.
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Although the sample sizes used in SPO were not designed to estimate individual event day load
impacts, it is still possible to do so, while recognizing that the confidence intervals around these
estimates will be larger than for the average event day. Table 7-4 shows the estimated load impacts
for each event day for one of the four treatments, the opt-in CPP rate with IHD offer. Appendix F
contains impact estimates for each hour of each event day for all four treatments. As seen, the load
impacts vary significantly across event days, from a low of 0.41 kW on the coolest day (September
14) to a high of 1.0 kW on the hottest day (July 12). In general, load impacts are higher on hotter
days than on cooler ones. One issue of interest is whether impacts drop off across event periods.
There were three multi-day event sequences during the summer - a three-day period from August 8
through 10; a two-day period from August 14 and 15; and a three-day period from September 12
through 14. As seen in the table, there is no evidence that impacts decline over consecutive event
days.

Table 7-4: Event Day Load Impacts for Opt-in CPP With IHD Offer

Daily Maximum

Load Reduction 95% CI Lower 95% CI Upper

Temperature (°F)

10-Jul-12 Tuesday 100 0.84 0.68 0.99
12-Jul-12 Thursday 102 1.00 0.83 1.18
2-Aug-12 Thursday 98 0.59 0.43 0.75
8-Aug-12 | Wednesday 99 0.69 0.55 0.84
9-Aug-12 Thursday 102 0.84 0.67 1.00
10-Aug-12 Friday 102 0.90 0.72 1.07
14-Aug-12 Tuesday 95 0.70 0.55 0.85
15-Aug-12 | Wednesday 94 0.65 0.50 0.80
12-Sep-12 | Wednesday 91 0.48 0.34 0.62
13-Sep-12 | Thursday 96 0.45 0.30 0.59
14-Sep-12 Friday 91 0.41 0.26 0.55

Average n/a n/a 0.69 0.58 0.79

The relationship between load impacts and weather is explored more fully in Figures 7-1 and 7-2.
Figure 7-1 shows the average impact for each of the 11 CPP event days plotted against the daily
maximum temperature for the day for each treatment. For all four groups, as the daily maximum
temperature increases, so does the average event impact. The relationship between impacts and
maximum temperature appear to be strongest for the two opt-in treatments compared with the
default treatments.
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Figure 7-1: CPP Impacts and Daily Maximum Temperature by Treatment Group
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An interesting question is whether the observed correlation between temperature and load impacts

is due to differences in the reference load across days or due to differences in price responsiveness
across days. An important related question is whether price responsiveness, that is the willingness of
customers to reduce load in response to higher price signals, increases, decreases, or stays constant
as temperatures rise. Figure 7-2 shows the average percent impact for each of the 11 CPP event days
plotted against the daily maximum temperature for the day for each treatment. For three of the four
groups, there appears to be a positive correlation between percent load reduction and maximum
temperature, but this correlation is weaker than the correlation between absolute load reduction

and maximum temperature. There certainly is no evidence that price responsiveness decreases as
temperatures increase, as some have speculated (e.g., some policymakers have expressed concern
that customers will “buy through” the high price signal in order to maintain their comfort on the
hottest event days).
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Figure 7-2: CPP Percent Impacts and Daily Maximum Temperature by Treatment Group
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In order to determine whether the relationships observed in Figures 7-1 and 7-2 are statistically
significant, regressions were run relating event-day load reductions to weather. Separate regressions
were run with weather represented by the daily maximum temperature and represented by a variable
equal to the mean temperature for the hours from midnight until 5 PM on the peak day (referred to as
meanl7). This variable does a better job capturing heat buildup prior to the peak period than does
the simpler daily maximum temperature variable. Humidity clearly has an impact on how hot people
feel, and therefore how much cooling load they use. However, within one region, the level of variation
in humidity over one summer, independent of temperature, is often so low as to be practically useless
for modeling and, therefore, was not used in this analysis. The results from these regressions are
shown in Table 7-5. As seen, all but one of the weather coefficients in the regressions of weather
against absolute load reductions is statistically significant. On the other hand, for five of the eight
regressions of weather against percent load impacts, the coefficients are not statistically significant.
These results suggest that most of the underlying reason for the higher load impacts on hotter days

is because reference loads are higher on hotter days. They also suggest that concerns that price
responsiveness may fall as event day temperatures rise are unwarranted.
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Table 7-5: Regressions of Event Day Load Reductions and Weather

Statistically
Significant?
Opt-in CPP, No IHD Offer Max. Temp 0.02 0.00 0.05 No
Opt-in CPP, No IHD Offer Meanl7 0.04 0.01 0.07 Yes
Opt-in CPP, IHD Offer Max. Temp 0.04 0.02 0.06 Yes
Opt-in CPP, IHD Offer Meanl7 0.06 0.03 0.08 Yes
Impact Default CPP, IHD Offer Max. Temp 0.01 0.00 0.02 Yes
Default CPP, IHD Offer Meanl7 0.01 0.01 0.02 Yes
Default CPP & TOU, IHD Offer Max. Temp 0.02 0.01 0.03 Yes
Default CPP & TOU, IHD Offer Meanl17 0.03 0.01 0.04 Yes
Opt-in CPP, No IHD Offer Max. Temp 0.49 -0.94 1.92 No
Opt-in CPP, No IHD Offer Meanl7 1.18 -0.63 2.99 No
Opt-in CPP, IHD Offer Max. Temp 1.30 0.42 2.18 Yes
Opt-in CPP, IHD Offer Mean17 1.78 0.60 2.97 Yes
% Impact
Default CPP, IHD Offer Max. Temp 0.04 -0.26 0.34 No
Default CPP, IHD Offer Meanl7 0.02 -0.39 0.43 No
Default CPP & TOU, IHD Offer Max. Temp 0.65 0.15 1.14 Yes
Default CPP & TOU, IHD Offer Meanl7 0.62 -0.20 1.45 No

Figure 7-3 shows how load impacts vary across event days for each treatment group. Each bar
represents one of the four CPP treatment groups and the blue line shows the daily maximum
temperature for each day. The highest average impact (weighting all groups equally) was seen on
July 12. That is also the only day that any group (the opt-in CPP group with the IHD offer) showed an
impact of 1 kW or greater.
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Figure 7-3: CPP Impacts by Group and Date
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7.2 Load Impacts Outside the Peak Period

In addition to determining load impacts during the peak period, there is also value in knowing if usage
patterns change at other times of day. Table 7-6 shows the estimated impacts for the two hours
immediately before and after the event period for the average event day. This analysis focuses on
determining if pre-cooling behavior occurs before the event period and if a snapback effect can be
observed after the event period when customers might adjust their thermostat to a cooler
temperature or conduct activities that they avoided doing during the high priced event period. The
values in the table for the pre-peak period represent the hours from 2 to 4 PM and the post event
hours are from 7 to 9 PM. For three of the four groups: opt-in CPP with no IHD offer and both default
groups, there are no statistically significant impacts seen outside of the peak period on CPP days. For
the opt-in CPP group that received an IHD offer, not only is there no evidence of pre-cooling or
snapback, the opposite occurred. This group of customers appears to reduce load prior to the event
period and to maintain lower usage for the two hours after the peak period. In fact, the pre- and
post-period load reductions, roughly 0.14 kW in both periods, are equal to about 20% of the
estimated load reduction during the peak period.
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Table 7-6: CPP Impacts Before and After Peak Period on CPP Event Days

Average | o506l | 959 Cl | Average Impact | 95%Cl | 95% Cl

lgg:;t(k?\g' Lower Upper Post-Peak (kW) | Lower Upper
Opt-in CPP without Tech 0.01 -0.21 0.22 -0.06 -0.26 0.14
Opt-in CPP with Tech 0.14 0.05 0.22 0.13 0.05 0.21
Default CPP with Tech 0.04 -0.02 0.09 0.02 -0.04 0.07
Default TOU & CPP with Tech 0.03 -0.03 0.09 0.04 -0.02 0.10

Table 7-7 explores impacts in two additional periods of interest, the remaining hours on CPP days not
covered in the prior two tables (that is, the hours from midnight to 2 PM and from 9 PM to midnight)
and the peak period hours on nonevent days. The first set of hours in the table assesses whether
customers shift load from the peak period to other hours on event days, and the second set of hours
explores whether changes during peak period hours on event days carry over to nonevent days. The
first numerical column in Table 7-7 shows estimated impacts for same-day load shifting and the fourth
numerical column shows estimated impacts during the peak period on nonevent days.

There were no statistically significant impacts during the non-afternoon hours on CPP event days.
This set of hours included all hours on CPP event days except 2 PM to 9 PM (the peak period plus the
two hours before and after it). Interestingly, however, there were statistically significant reductions
during the peak period on nonevent days for the opt-in CPP group with the IHD offer and for both the
default CPP and TOU-CPP groups. This reduction makes sense for the TOU-CPP rate since TOU pricing
is in effect on these days. However, for the other two groups, prices are not higher during the peak
period. This result suggests that CPP customers may be adjusting their thermostat settings on all
weekdays in order to avoid the higher event day prices and/or permanently adjusting their behavioral
patterns for other end uses on all weekdays.

Table 7-7: TOU Impacts During Non-peak Hours and Non-CPP Peak Period Impacts

Average Impact

Average Impact Between 12

AMand 2PM and 9 PM and | 95%Cl | 95% Cl | Puring Peak | o500 o | 9504 ¢
L Hours on
Midnight on Event Days Lower Upper Lower Upper
(kW) Nonevent
Weekdays (kW)
Opt-in CPP,
No IHD Offer 0.00 -0.08 0.08 0.02 -0.14 0.19
Opt-in CPP,
IHD Offer -0.01 -0.05 0.03 0.16 0.10 0.22
Default CPP,
IHD Offer -0.01 -0.03 0.01 0.08 0.03 0.12
Default TOU-
CPP, IHD 0.00 -0.02 0.03 0.13 0.08 0.18
Offer
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7.3 Overall Energy Savings

Table 7-8 contains estimates of overall energy savings for customers on CPP rates. In this analysis,
the monthly usage of each treatment and control group was compared for the summer of 2012.
Pretreatment data from the summer of 2011 was also included to account for any differences between
the groups before the treatment began. For opt-in CPP with no IHD offer and both default groups,
monthly impacts were minimal and not statistically significant. For the opt-in CPP group that was
offered an IHD, however, there were savings of 34 kWh per month, which is equal to about 4% of
monthly usage. This result is consistent with the prior finding that the opt-in CPP with IHD group
showed the largest amount of load reduction during non-CPP hours, which cover a much greater
percentage of the summer than CPP peak hours.

Table 7-8: CPP Energy Savings

TSRS Impact as
Summer | 9500 ¢y | 9506t | Monthly %of
Design Energy Reference
i Lower | Upper Reference
Savings Load (kWh) Load
(kwh)
Opt-in CPP,
No IHD Offer 10 -49 68 764 1%
Opt-in CPP, IHD Offer 34 7 61 825 4%
RED
Default CPP, IHD Offer 15 -1 32 856 2%
Default TOU-CPP, IHD
Offer 13 -6 31 868 1%
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8 The Influence of In Home Displays

SMUD’s SPO was designed to assess the impact of the offer of an IHD on customer acceptance of
opt-in time-variant rates by marketing TOU and CPP rates with and without the offer of an IHD. This
was discussed in Section 5. As seen there, there is no evidence that the offer of a free IHD changes
the customer acceptance rate for time-variant rate offers.

Another useful investigation concerns the acceptance and connection rates for IHDs among treatment
groups that received an IHD offer. What percent of customers who receive an IHD offer accept it and
what percent of those customers receiving an IHD connected the device with their meter? These
issues are discussed below in Section 8.1.

A third important issue in the industry is whether IHDs influence consumer behavior. The SPO was
designed to determine if there are differences in load impacts for customers who were offered an IHD
as part of the rate offer, and those who were not offered an IHD as part of the rate offer. As seen in
Sections 6 and 7, there is some difference in load impacts across treatment cells that did and did not
include an IHD offer. However, testing the load impact of an IHD offer is different from testing the
load impact of an IHD, because many people who were offered an IHD did not accept one and many
who accepted an IHD did not. Given the general interest in whether or not IHDs influence usage
behavior, it is likely that some readers will draw conclusions about the influence of IHDs by observing
these differences. To reduce the likelihood that readers will draw incorrect conclusions about the
influence of IHDs on energy use and demand response, we have analyzed this issue using quasi-
experimental comparisons. That analysis is reported in Sections 8.2 and 8.3.

8.1 IHD Acceptance and Use

Customers in the opt-in IHD treatment groups were offered a free IHD if they enrolled on the rate.
Acceptance of the IHD was not a condition of going on the rate. Opt-in customers could indicate at
the time of enrollment whether or not they wanted the IHD. If they did, the IHD was mailed to them
pre-commissioned, so that when they unpacked it and turned it on it was supposed to automatically
connect with their meter and start displaying information.

All customers in the default treatment groups were offered a free IHD. Because customers did not
have to do anything to enroll on a default rate, those who wanted the IHD had to take a proactive

step to request an IHD. Once requested, a pre-commissioned IHD was mailed to the customer and
all that was needed to use it was to unpack it and turn it on.

Through its HAN Communication Manager (HCM), SMUD could tell whether or not an IHD was
communicating with the meter at a given point in time. Over the course of the summer, SMUD

took multiple snap shots of the number of meters that were communicating with an IHD for the IHD
treatment cells. For each treatment group, Table 8-1 shows the number of customers who requested
an IHD, the maximum number of customers who were connected at a point in time during the
summer, and the number of devices that were still communicating with the meter at the end of

the summer rate period.
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Table 8-1: IHD Acceptance and Connection Rates

% of Enrolled

Peak # of Total %
Tires A | s | (o8 | Connected | Comnected | SRS
Activated 9/30/12 9/30/12
9/30/12

Opt-in CPP, 1569 | 1,498 95% 590 39% 426 28% 27%
IHD Offer
Opt-in TOU, o o 0 o
IHD Offer 2,092 2,017 96% 768 38% 591 29% 28%
Default TOU-
CPP, IHD 588 136 23% 81 60% 67 49% 11%
Offer
Default CPP, o o o o
IHD Offer 701 167 24% 91 54% 67 40% 10%
Default TOU, o o 0 0
IHD Offer 2,018 418 21% 190 45% 159 38% 8%

As seen in Table 8-1, roughly 96% of all opt-in customers requested an IHD. However, the maximum
number of devices connected at any point in time was less than 40%. Looked at differently, although
nearly all opt-in customers indicated their interest in receiving a free IHD, only about one third of
them had the device connected at any specific point in time (37% = 96% x 39%). By the end of the
summer, the connection rate for those accepting the IHD had fallen below 30% and only about one
quarter of all opt-in customers had received an IHD and had it connected to the meter. The small
differences between the opt-in CPP and TOU acceptance and activation rates is not statistically
significant.

The reasons underlying these low connection rates are currently unknown. In June 2012, SMUD hired
a third party to call each customer that had received an IHD to confirm receipt and to help with the
setup process if needed. Many customers confirmed receipt of the IHDs, but stated that they had not
yet set it up, while others stated that they had successfully installed it, and still others reported
connectivity issues. Based on inquiries from customers receiving the IHD, and the experience of
SMUD employees who tested the IHD, communication issues requiring frequent re-commissioning
were not uncommon. Additionally, some customers reported having battery issues. Another
contributing factor may have been how easy it was for opt-in customers to indicate they would like

to receive the IHD. The incremental transaction cost of checking the box or saying yes to a call
representative at the time of enroliment was very low and, as a result, customers may not have
carefully considered whether they really wanted the device. As such, when it was received in the
mail, some customers may not have bothered to unpack it or try and use it. In combination, all of
the issues described above, and perhaps others, may have contributed to the low overall connection
rates for opt-in customers.

In contrast to the opt-in treatments, most customers on the default rates did not request IHDs.

The acceptance rates ranged from 21% to 24% across the three rate options. On the other hand, a
greater percent of customers accepting an IHD connected the device with the meter compared with
the opt-in treatments. The maximum connection rate for those accepting the IHD for default
treatments ranged from 45% for the TOU rate to 60% for the TOU-CPP rate. These higher connection
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rates are consistent with the hypothesis that the higher transaction costs associated with getting an
IHD for default customers caused them to think more carefully about whether or not they wanted the
device compared with opt-in customers and, therefore, these customers were more likely to use it
once it came.

By the end of the summer, connection rates for default customers receiving an IHD had fallen below
50% for the TOU-CPP treatment and to roughly 40% for the other two treatments. When combined
with the low initial acceptance rate for these treatment groups, only about 8% of all customers
enrolled on the default TOU rate had IHDs connected with their meters by the end of the summer.

The overall connection rate for default CPP customers was only 10% and equaled 11% for default
TOU-CPP customers. Comparing these overall connection rates across the three groups, only one of
the comparisons is statistically significant. Customers in the default TOU-CPP group were more likely
to have their IHDs activated on September 30, 2012 than customers in the default TOU group and this
difference was significant at the 1% level.

8.2 Load Impacts for Treatments With and Without an
IHD Offer

There are two comparisons that can be made between similar groups of customers offered the same
rate treatment, opt-in TOU and opt-in CPP, where one group received an IHD offer and the other did
not. Neither of these comparisons constitutes an RCT or RED on the effect of the IHD because the
technology offer was contingent on accepting the rate. However, if we make the assumption that the
choice of whether or not to accept a rate offer is not influenced by the offer of an IHD, which seems to
be supported by the results reported Section 5, then a comparison between the compliers in each
group can be viewed as an RED on the effect of the IHD. Given the very similar opt-in rates for the
offers with and without an IHD, to believe that this restrictive assumption is highly inaccurate is to
believe that there is a substantial group of customers who declined the opt-in rate simply because
the IHD was offered. This seems about as unrealistic as the assumption itself. If we take this
pseudo-RED framework and treat it is as an RED, it is possible to use treatment groups that did not
receive the IHD offer as control groups in each case.

As an initial step, the effect of an IHD can be estimated by comparing the estimated treatment effects
for opt-in TOU with and without an IHD offer and opt-in CPP with and without an IHD offer in Tables
6-1 and 7-2. As seen in Section 6, for the TOU case, the estimated effect with an IHD offer was 0.24
kW and without an IHD offer it was 0.17 kW. As seen in Section 7, for CPP, the estimated impacts
with and without an IHD offer were 0.69 kW and 0.52 kW respectively. These comparisons suggest a
simple estimate of the effect of the IHD offer (an intent-to-treat estimate for the IHD) of 0.07 kW for
TOU and 0.17 kW for CPP. However, the standard errors of these estimates are fairly large at 0.04
kW and 0.14 kW, implying that only the effect for the TOU rate is statistically significant at a 95%
confidence level.

Using the RED regression framework to make the same comparison produces an intent-to-treat
estimate of 0.05 kW with a standard error of 0.02 for the TOU groups and 0.11 kW with a standard
error of 0.08 for the CPP groups. These estimates are fairly similar to the estimates produced by the
simple comparison of estimates calculated above. For the CPP case, the estimate is not statistically
significant and for the TOU case, it is significant with a p-value of 0.02. Although we do not know
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precisely who activated their IHDs, if we assume that roughly 50% of customers did so at some point
during the summer, then the local average treatment effect estimate for the TOU group would be 0.1
kW with the same p-value as the intent-to-treat estimate, 0.02. The higher p-value for the CPP rates
may result, in part, from the small sample size for the group that did not receive an IHD offer, which
was only about 200 customers. The sample size for the TOU opt-in group with no IHD offer was
roughly 1,200 and the samples for the groups that received an IHD offer were roughly 1,600 in the
case of the CPP tariff and over 2,100 for the TOU tariff.

Figure 8-1 shows average 2011 and 2012 loads on summer weekdays for each of the TOU groups,
including only customers who were enrolled on TOU as of June 1, 2012. Notable in the graph is that
the two groups have differences in 2011 weekday loads (pretreatment) of about 0.09 (5%) kW during
peak periods prior to the treatment. This difference is large compared to the estimate of the IHD
effect when you consider that it will be used to adjust the impact calculated for 2012 TOU days. This
means that that effect’s accuracy depends heavily on the assumption that the differences in
pretreatment loads between groups are an accurate reflection of what the differences would

have been in 2012 if these customers were not on TOU and not offered IHD.

This does not necessarily mean that the estimate is wrong; all of the impact estimates in this paper
rely on this assumption. However, in the RCT or RED cases, as shown in Figure 4-1 and 4-2 in Section
4, the pretreatment differences are much smaller than this, which means that that the impact
estimates are influenced much less by this assumption and similar load impact estimates would result
even in the absence of pretreatment data. This suggests that more caution should be applied when
interpreting this IHD impact estimate, particularly given that there is the possibility for selection bias.

Figure 8-1: Usage by TOU Opt-in Customers With and Without IHD Offer
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Figure 8-2 compares load for CPP customers with and without the IHD offer for customers who

were enrolled on CPP as of June 1, 2012. For 2011, the graph is based on days on which the high
temperature exceeded 90°F. As in the TOU case, the pretreatment differences between the groups
are substantial (8% during the peak period), implying that the correction for pretreatment load has a
strong effect on the treatment impact estimate.

Figure 8-2: Usage by CPP Opt-in Customers With and Without IHD Offer
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Based on this analysis, FSC recommends that significant caution be applied in using these results to
draw conclusions about the effect of IHDs on customer behavior for the following reasons:

= The study was not designed to address this issue;
= Addressing it requires an additional restrictive assumption to rule out selection bias;
= The estimate for the effect of IHDs for the CPP group is not statistically significant; and

= Although the estimate in the TOU group is statistically significant, its accuracy relies strongly
on the assumption that the pretreatment loads between the groups provide an accurate
reflection of what the differences between the groups would have been one year later in
the absence of the rate and the IHD.

8.3 Comparing Those Who Accepted IHDs with Those Who
Did Not

An alternative approach to assessing the influence of IHDs on demand response or energy use is to
compare usage for customers who received and connected an IHD and with usage for those that did
not within the group of customers to whom IHDs were offered. Unfortunately, SMUD does not have
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data that identifies whether or not specific customers have a device connected at any point in time.**
However, SMUD did track which customers accepted the offer of an IHD. Although customers in each
rate group that chose to accept the IHD are not necessarily comparable to customers who did not take
the IHD, it is possible to look at the load shapes of each group to obtain a general idea of the
differences in behavior between those who accepted the IHD offer and those who did not. Because
customers who did and did not accept the IHD are likely to be different, any observed difference may
be due to selection effects rather than the effect of the IHD.

Figures 8-3 through 8-5 make these comparisons for the three default treatment groups.
Comparisons for the opt-in treatments are not productive because almost everyone in the opt-in
groups that received an IHD offer took it. As such, the sample sizes for the groups that did not
receive an IHD are so small that any comparisons are not meaningful.

The load comparisons for default TOU customers who accepted and declined an IHD offer are shown in
Figure 8-3. Figure 8-4 shows the same comparison for the default TOU-CPP treatment group for the
average summer weekday. As was seen in Table 8-1, 21% of these customers indicated that they
wanted an IHD, while in the TOU-CPP group, 23% did so. The two graphs are similar in that during
the pretreatment period, IHD accepters have similar levels of load to those who declined. For the
default TOU group, customers who accepted the IHD offer had peak period usage during the summer
of 2011 that was about 2% greater than customers who did not accept the IHD. For the default TOU-
CPP group, this difference was about 4%. Additionally, in both graphs, the accepters show a clear
behavioral response during the peak period while those who declined show little if any response. This
suggests that in these default treatment cases, customers who asked for the IHD were also customers
who were aware of the rate and responded to it. It also suggests that a substantial share of
customers in the default groups did not respond to the rate at all and may not even have been aware
they were on a time-variant rate. If lack of awareness was a key driver of non-response, it might be
possible to increase load response through an awareness and education campaign.

43 As discussed in Section 5, SMUD tracked the number of IHDs connected to meters at various points in time over the
summer, but did not track connectivity at the individual customer level. SMUD is currently working with the meter vendor
to determine whether data on device connections at the individual customer level can be obtained for 2012. If so, it will
be possible to compare usage for customers who received the device but did not connect it with those who connected it.
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Figure 8-3: Usage by Customers who Did and Did Not Accept an IHD
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Figure 8-4: Usage by Customers who Did and Did Not Accept an IHD
Default TOU-CPP with IHD Offer (Average Summer Weekday)
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Figures 8-5 and 8-6 show loads for customers who accepted and did not accept an IHD for the default
CPP and default TOU-CPP treatments, respectively, for hot pretreatment days and for CPP event days.
Both graphs show that customers who accepted the IHD offer have greater usage during the peak
period on hot days in the summer of 2011. For default CPP customers, those who accepted the IHD
show 10% greater usage in the peak period in 2011. For default TOU-CPP customers, the
pretreatment difference is 5%. For both default treatments, it appears that customers who declined
the IHD offer show very little if any response to peak period prices on CPP event days. This suggests
that customers who did not request the IHD (about 80% of customers in both default groups)
generally do not respond to CPP events in a significant way or at all. Whether this is largely due to
lack of interest, ability or awareness is unknown.

The main conclusion from these comparisons is that it appears that there is a substantial amount of
diversity in the degree to which different customers respond to the rate treatments. The IHD may be
a useful indicator of who is aware of and willing to respond to the rate (though some customers may
be willing to respond but for some reason remain unaware of the new rates). One hypothesis is that
the observed differences are not due to the IHD and more likely is that customers who were inclined
to reduce load during peak periods wanted to obtain an IHD to help them determine the impact of
behavioral changes that they were planning to make anyway.

Figure 8-5: Usage by Customers who Did and Did Not Accept An IHD
Default CPP with IHD Offer
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Figure 8-6: Usage by Customers who Did and Did Not Accept An IHD
Default TOU-CPP with IHD Offer (Hot, Nonevent Days for Pretreatment Period)
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9 Comparative Analysis of Impact Evaluation Methods**

SPO was designed to allow for estimation of load impacts based on RCT and RED analysis methods
except for two treatment cells that were designed to rely on within-subjects methods. As discussed
above, given the high customer acceptance rates that were obtained in SPO, even these treatments
could be analyzed using an RED. When RCT and RED designs are used and implemented as designed,
they produce unbiased impact estimates. The precision of the estimates, however, depends on the
size of the sample and, in the case of an RED, on the proportion of customers who accept the
encouragement.

For many utilities, it is not always feasible to implement RCT or RED designs due to time and budget
constraints or other practical concerns (e.g., not wanting to deny treatment to volunteers in order to
develop a valid control group). In these cases, alternative evaluation methods are often used. Two of
the most commonly used methods are within-subjects designs and statistically matched control
groups combined with the same type of difference-in-differences analysis that are used with RCT or
RED methods. Each of these methods attempts to construct an accurate counterfactual (reference
load) in the absence of a randomly selected control group by relying on modeling.

=  Within-subjects methods estimate the counterfactual based on usage observed by treatment
group customers during nonevent periods that are chosen and/or adjusted to be similar to
event periods in expected usage aside from the event. In other words, this approach does not
rely on external control groups. It is often implemented using individual customer regressions
- that is, the regression specification is common across all customers but the estimated
coefficients are allowed to vary for each customer.

= Matched control group methods estimate the counterfactual based on average usage among

a group of customers chosen to have similar characteristics to treatment group customers

based on observable variables, including similar usage at nonevent times or during

pretreatment periods. With this approach, the demand reductions are estimated using

difference-in-differences panel regression, which can net out pre-existing differences that may

not be adequately accounted for in the matching process.*®
SPO provides a rare opportunity to compare impact estimates based on different methodologies using
the same set of customers and data for the analysis. In the remainder of this section, load impact
estimates based on an RED analysis of an event-based pricing plan are compared with estimates using
both within-subjects analysis and an analysis that relies on a control group selected using propensity
score matching. Propensity score matching is a statistical technique that selects customers that are
similar to treatment customers based on observable variables. For a non-event based pricing plan

44 Preliminary results from the comparative analysis of impact evaluation methods covered in this section were
summarized in presentations given at two conferences. The results provided in those presentations are incorrect. One
presentation, entitled “Interim Results from SMUD’s Smart Pricing Options Pilot”, was made on June 19t at the 26t Annual
Western Conference of the Center for Research in Regulatory Industries. This presentation is available only to

attendees. A revised version has been posted to the CRRI conference blackboard, which is accessible by attendees. A
similar presentation, entitled “Interim Load Impact Results from SMUD’s Smart Pricing Options Pilot”, was made at the
National Town Meeting on Demand Response and Smart Grid on July 10t. A revised version of that presentation has been
posted to the National Town Meeting website and can be obtained at http://www.demandresponsetownmeeting.com/wp-
content/uploads/2012/03/1A-0830-GEORGE.pdf.

45 |n other words, the analysis method, once the control group is chosen, is the same as with an RCT or RED method.
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(TOU), impact estimates using an RCT*® analysis are compared with those developed using a
propensity-matched control group.

When reviewing the comparative methods analysis presented below, it is important to keep in mind
that comparisons are being made among estimated values in all cases. This is not a comparison of
estimates with known values. While RCT and RED methods produce unbiased impact estimates, they
are still estimates that have some degree of uncertainty associated with them. Furthermore, the
impacts based on within-subjects and propensity matching methods vary depending on model
specification and the datasets used for estimation purposes. As will be seen, different models and
different datasets lead to different impact estimates. As such, the specific results presented below
regarding the relative performance of these designs cannot be generalized.

The comparative methods analysis for event-based tariffs presented below is based on the opt-in CPP
group with the IHD offer because of its size. All other things equal, a better test group would be the
CPP treatment group without the IHD offer. However, this is the smallest treatment group in the
study and the confidence intervals around the impact estimates are quite broad. Consequently, such
a test would not be robust.*” Unfortunately, using the opt-in CPP group with the IHD offer complicates
the analysis because there is evidence that these customers reduced usage during peak times on non-
CPP days as well as on CPP days as seen in Table 7-7. This reduction introduces a downward bias in
the event day load impacts when using proxy data sets based on 2012 data rather than pretreatment
period data. The impact estimates represent the incremental effect of the higher CPP day prices
relative to nonevent day loads, which are lower than they otherwise would be for these customers if
they weren’t on the CPP tariff. Put another way, the RED impact estimates show the total impact of
nonevent day adjustments as well as event day adjustments, whereas the within-subjects impacts
show only the incremental load impact on CPP days over and above the load impact on non-CPP days.

A comparative analysis is also presented in section 9.3 for the nonevent-based TOU pricing plan using
the opt-in TOU group without an IHD offer. For nonevent based tariffs, within-subjects analysis is not
appropriate because the rates are in effect every day. However, propensity matching is potentially
useful as long as there is a pool of customers that have not been exposed to the tariff (which is
typically the case) from which to select a control group.

The remainder of this section is organized as follows. Section 9.1 summarizes the development

of load impact estimates for the opt-in CPP rate with an IHD offer using within-subjects methods, and
compares those estimates to the load reductions estimated using an RED analysis that were presented
in Section 7 of this report. Section 9.2 summarizes the development of load impact estimates based
on a control group constructed using propensity score matching. Section 9.3 summarizes the analysis
for the opt-in TOU pricing plan without an IHD offer, which compares the load impacts based on an
RCT with estimates based on propensity score matching. Finally, Section 9.4 summarizes the key
findings.

46 As discussed in prior sections, the SPO was designed to use RED analysis for some treatments and RCT analysis for
others. Both designs control equally well for selection bias and are not subject to the same types of model misspecification
that can influence within-subjects or matching methods.

47 The average load impact using the RED analysis for the CPP+I