

















Figure 2. Target zip codes in the SMUD service territory
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Table 3 summarizes the total number of small business customers in each target zip code.

Table 3. Number of businesses in the target area, by zip code

Zip Office Restaurant Retail Store Total

Code
95608 1127 57 88 1282
95610 956 61 113 1149
95628 745 45 72 870
95815 238 15 97 354
95821 814 37 101 970
95825 1397 59 145 1613
95841 774 37 136 961
Total 6051 311 752 7199

2.2. Focus Groups

The purpose of focus groups in this study was to collect information from real customers to
refine the research design. Two focus groups were held with a total of 13 customers: 5 retail, 4
offices, and 4 restaurants.

Generally, we found that focus group participants were eager to partner with SMUD, both to
learn about energy saving measures and to help SMUD with peak load issues. Energy audits
were unanimously popular, but costs were perceived to be high and benefits uncertain. One
idea was that SMUD should consider offering very simple and discounted on-site audits for
small commercial customers, using the contact opportunity to recruit for both energy efficiency
and demand response programs.

When presented with a general description of demand response program goals and
characteristics, nearly all participants were confident they could provide some load relief
during critical events. Program characteristics that increased the likelihood of participation
included options for controlled end-uses and event timing, both time of day and length of
event.

Participants were presented with the options of air conditioning load control and dynamic
pricing under the assumption that both would provide similar discounts. Those preferring the
dynamic pricing option considered it more flexible with respect to affected appliances and
ability to not respond on certain days. Concerns with the dynamic pricing program revolved
around an unwillingness to manually control appliances in real time. Those preferring the air
conditioning control program said they thought it would be less hassle, but there were concerns
about allowing the utility to control the air conditioning.
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In both focus groups, there were also concerns that the utility would collect information about
the customer through the communicating thermostat. This discussion implied that, when
informing participants about the program, emphasis should be placed on the fact that the
thermostat will not send any customer data to SMUD without the customer’s permission.

Participants expressed interest in options that provided the flexibility small commercial
customers might need to commit to reducing peak load: for example, flexibility in how much,
how often, at what time, and for how long customers need to respond.

For the Critical Peak Pricing program, focus group participants stressed the importance of being
provided information about what kinds of actions would provide the biggest benefit. This
implies that there should be some translation from appliance use to energy use to costs and
savings.
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3.0 FIELD STUDY IMPLEMENTATION

The target customers were offered participation payments, recognition, energy efficiency
recommendations and free thermostats in exchange for their participation in the Small Business
Summer Solutions Research Pilot. During the four-month experiment from June through
September 2008, we chose twelve days to call demand response events, which occurred during
SMUD'’s peak period from 4 to 7 p.m. All participants had the option to have installed a free
communicating thermostat that could be programmed to pre-cool their building in the hours
before an event and increase AC temperature setpoints during the event periods.

3.1 Participant Benefits
Benefits of the pilot included:

* Efficiency information. The pilot provided participants with several sources of information
- via site visits, websites and brochures - on best practices and rebates.

* A $120 participation payment, distributed in two $60 installments, one at the beginning
and one at the end of the study.

* A new thermostat installed for free. Customers received a new Programmable
Communicating Thermostat and had it installed for free if they wanted. Benefits of the
thermostat include: ability to program up to four set points per day (each day can be
scheduled independently) and the option of automatic pre-cooling on event days. The
thermostats also provided notification of events on the thermostat screen and AC
temperature reset.

* Adisplay placard indicating participation in the pilot (Figure 3).

*  The opportunity for lower energy bills by shifting load out of the peak period into cheaper
periods, or by conserving during events and overall.

*  Good will. Partaking in demand response can give customers the feeling that they are
doing their part for the environment and to help reduce strain on the electric grid during
peak times, improving electric reliability for everyone.
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3.1. Program Options

The Small Business Summer Solutions Research Pilot offered two electric tariff options,
allowing participants to choose the one that best suited their business needs. In both cases, 12
demand response events were called between June 1 and September 30, 2008, when the pilot
tariffs were in force. The two programs were designed to offer roughly equivalent benefits
assuming similar customer load drop during these events.

3.1.1 Critical Peak Pricing (CPP)

The CPP option used a Time of Use rate to reward efficiency or load shifting every day, plus a
Critical Peak component to reward load shifting and temporary load reductions during events.

Table 4 summarizes the experimental CPP tariff and compares it to the existing small business
rate (GSN).

Table 4. CPP tariff compared to the standard small commercial rate

Price Tier Time Period GSN CPP Hours % of
($/kWh) ($/kWh) per Time
Summer
Critical peak 12 Event weekdays $ 0.113 $ 0.572 36 1%
4:00 P.M. - 7:00 p.m.
Super peak Normal Weekdays $ 0.113 $ 0.131 219 8%
4:00 p.m. - 7:00 p.m.
On peak All Weekdays $ 0.113 $ 0.099 881 31%

12:00 p.m. - 4:00 p.m.
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7:00 p.m. - 10:00 p.m.
Weekends & Holidays
12:00 p.m. - 10:00 p.m.

Off peak All Other Hours $ 0.113 $ 0.085 1708  60%

On weekdays, the experimental CPP rate was lower than the GSN in all hours except for the
three-hour peak period. On weekends and holidays, the experimental rate was lower than the
existing rate for all hours of the day, so businesses that were open on the weekend could take
advantage of these low rates.

During the 12 event days, participants were charged 57.2 cents per kilowatt-hour (kWh) during
peak hours. During this time, participants were asked to reduce electricity use in any way that
made sense for their business. Focus groups participants suggested that restaurants might
lower the lighting during this time, while offices or retail might prefer to reduce the air
conditioning load slightly.

The optional communicating thermostats allowed participants to automatically pre-cool their
buildings before the event hours, and then increase the set point at the onset of the event period.
CPP participants were allowed to choose the default temperature offset for events and to
change thermostat set points at will during events.

3.1.2 Air-Conditioning Control (ACC): 2 or 4 Degrees

Participants choosing the ACC program stayed on their original flat GSN rate (see

Table 4), but received a $5 or $10 monthly credit on their bill in exchange for a 2- or 4-degree
offset, respectively, during demand response events. ACC participants were required to have a
thermostat or thermostats installed and programmed to respond to events. Participants were
told that they were not allowed to override the event settings — but overrides were technically
feasible; i.e., the thermostats would allow the user to change event settings after answering
affirmatively to an “Are you sure?” screen. All overrides were recorded for later analysis.

3.1.3 Precooling Option

All participants had the option to program their communicating thermostat to automatically
pre-cool their building by four degrees in the four hours preceding events. The pre-cooling
strategy could be enabled or eliminated by the user at any time.

3.2. Meters and Enabling Technologies

3.2.1 Communicating Thermostat Hardware
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The communicating thermostat hardware enabled precooling and temperature offsets on event
days for both programs, and recorded several variables for analysis. The thermostat hardware
consisted of four main parts: the thermostat display unit, the control unit, an FM receiver, and a
data logger.

Communication to the thermostats was accomplished using Radio Data System or RDS. RDS
utilizes a 57 kHz subcarrier of the standard FM broadcast system to carry data at over 1,000 bits
per second. The system was originally designed to send data related to musical broadcasts,
including time, artist information and station identification. For this study, Sacramento radio
station KXJZ (90.9 FM) provided the RDS transmission to the communicating thermostats.

The communicating thermostat was custom made based on the Residential Control Systems
TR40, a thermostat currently available in the retail market (Figure 4). The TR40 has a menu-
driven display capable of both text and graphics on multiple display screens.

TR40 WDU Thermostat Screen
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dynamic labels NS RN RN RN
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Function Confrol Butions

Figure 4. Residential Control System’s TR40 Display Unit

The controller for the TR40 is separate from the display, and is connected to the thermostat wire
at any point between the HVAC unit and the display. A removable RDS receiver was connected
to the controller through the logging unit, which collected information about set points,
schedules, compressor status and indoor temperatures.

A total of one hundred Residential Control Systems thermostats were available for this study.
All thermostats, receivers, and loggers were tested by Residential Control Systems prior to
installation to ensure proper operation. The thermostats received an RDS signal indicating event
start and stop time, which was always 4 to 7 p.m., and responded to these event calls according
to their tariff design and programmed settings. CPP participants could have one or no
thermostat. ACC participants were required to replace all thermostats in the building and were
held to a maximum of two.
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3.2.2 Meters

SMUD installed interval meters and provided HMG with a list of meter numbers linked to each
pilot participant. On installation, SMUD began collecting 15-minute usage data via their MV-90
remote data collection system.

3.3. Recruitment and Participation

The goal of the marketing strategy for the pilot was to recruit a final sample of one hundred
participants by the end of February 2008. The market analysis recommended that SMUD focus
efforts for the demand response pilot on offices, restaurants, and retail businesses. These
business types are not evenly represented in the small business population. To maximize
validity within each category, the target sample size was set at 33 businesses of each type.

Table 3 shows the final recruitment and participant numbers, by business type. Since the
number of recruitment letters is equal to all of the small business customers in the target area,
these numbers represent the actual business type ratios for that area and are similar to district-
wide ratios. At 4.2%, the participation rate for this voluntary program offering was
unexpectedly high when compared to participation rates for similar time-of-use offerings,
which tend to be around 1 or 2 percent. Note that the participation rates for office and retail are
direct results of recruitment letters only, while the participation rate for restaurants was more
than doubled by face-to-face recruitment efforts initiated when it became clear that restaurant
participation goals would not be met.

Table 5. Participation agreements and rate, by business type

Building Recruitment Participation Participation
Type Letters Agreements Rate
Office 893 35 3.9%
Retail 729 31 4.3%
Restaurant 265 12* 4.5%
Overall 1887 78 4.2%

* Includes seven participants recruited in person

3.3.1 Recruitment Procedure

Recruitment letters were the primary strategy to inform the potential participants of the
opportunity to sign up for the pilot. SMUD mailed out the 1,887 letters describing the project,
customer value, and customer responsibility, and directed customers to indicate their interest
by responding with a few basic pieces of information via postcard, phone, or online.

* The letter conveyed the following basic messages:

* That the targeted customers are part of a group special for being small business
customers with unusually high electricity bills.
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* That the District is offering participation in this pilot both to help them reduce their own
bills and to test the program for expansion to other customers.

* That the District will provide participants with several benefits, including a free
thermostat, personalized energy information, $120 in cash incentives, and the
opportunity to save money on their bills.

e That the participants will help reduce the frequency of emergency conditions, and the
need for rotating outages when emergency conditions do occur.

Those who agreed to participate were subject to a few questions to verify eligibility and were
then sent a participation agreement. The agreement required that the person named on the
SMUD account choose a program option and sign the agreement.

A small response from restaurants required follow-up phone calls and site visits to eligible
restaurants. While the extra effort did roughly double the number of participating restaurants to
12, the target population of 33 restaurants was not achieved.

Screening

Four screening criteria were used to limit the database of over 30,000 small commercial
customers to the final 1,887 potential participants as follows.

Include zip codes 95608, 95610, 95628, 95815, 95821, 95825, 95841.
Include Offices, Restaurants, and Retail.

1. Excluded NAICS codes 531110, 531120, 531190 — codes indicating property management
companies.

2. Exclude customers using <20 kWh in December 2007 or <200 kWh in July 2007.

3.3.2 Participant Characteristics and Program Choices

At the beginning of the summer, the Summer Solutions pilot included 78 small businesses: 35
offices, 31 retail stores and 12 restaurants (Table 6). Of these, roughly two-thirds chose the CPP
option, while the remaining one-third chose either the 2-degree or 4-degree ACC option. About
80% of CPP participants, for whom communicating thermostats were optional, chose to have
one installed. All ACC participants were required to have communicating thermostats installed.

Table 6. Participant program choices (including PCTs) by business type

Participants with Number of
one or more communicating
Total number of communicating thermostats
2° ACC 4° ACC CPP participants thermostats installed
Office 1 11 23 35 30 31
Restaurant 3 1 8 12 9 11
Retail 3 8 20 31 27 29
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Total 7 20 51 78 66 71

The Critical Peak Pricing rate was chosen most often. This may have been due partly to the fact
that a significant number of participants were ineligible for the temperature control option due
to various limitations. Some customers had no central air-conditioning; others had more than
two zones. For many, the potential for savings was greater on the Critical Peak Pricing rate,
particularly business that did not feel they could significantly contribute to air conditioning
load drop during the 4 to 7 p.m. window consistently, but were open for business on the
weekends.

Table 7 summarizes other important characteristics of the participant population, including
building age, size, and ownership; number of employees and closing time. More detailed
descriptions of these attributes are provided in the following sections.

Table 7. Participant characteristics: buildings, staff and schedule

Median Median Building

Business Age Size Ownership  Avg. # of Median
Type N (years) (ft2) (%) Employees closing time
Office 35 8 1563 37 3.1 5:00 p.m.
Restaurant 31 42 2108 0 2.8 9:00 p.m.
Retail 12 39 3291 0 2.3 6:00 p.m.

Building Age, Size and Ownership

Participant buildings ranged, in both size and age. One retail warehouse had been built around
1900 while one of the office buildings was constructed in 2006. In general, office buildings were
much newer than either restaurants or retail structures.

The targeting of small businesses helped to dictate the size of eligible participants (Figure 5).
Offices that signed up were the smallest of the three business types, averaging less than 1,400
square feet.
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Figure 5. Building size by business type

Of the participants, 13 offices owned their buildings, while the rest rented. Program choices of
building owners were not significantly different from the group of participants as a whole: ten
chose the CPP rate while the other three chose the 4° ACC.

Point of Contact, Staff and Hours of Operation

The owner was the main point of contact for 68 of the 78 businesses in this study. Of the
remaining 10 contacts, 9 were managers and 1 was an administrative assistant.

On average, offices had the most employees, averaging about 3 per site. Restaurants had an
average of 2.8 staff with the largest restaurant employing 4 staff at any given time. Retail shops
averaged just 2.3 staff, the largest employing 6 at any given time. There was at least one
participant of each business type that employed one staff member at a time.

In total 8 participants (1 office, 2 restaurants, and 5 retail shops) were closed on Mondays, and
one office was closed on Fridays. Figure 6 shows the scheduled closing times of the participants.
Not all businesses had clearly defined opening and closing times, but in those cases, the contact
provided an approximation.
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Figure 6. Closing time by business type

Offices most consistently closed at 5 p.m., however they ranged from as early as 1 p.m. to as late
as 7 p.m. Restaurants had later closing times, as would be expected, ranging from 4 p.m. to 2
a.m. Retail shops closed anywhere between 4 p.m. and 8 p.m., with 6 p.m. being the most
common closing time.

3.4. Participant Preparation and Education

3.4.1 Participant Education

In addition to personal attention provided by the research team, participants were provided
several opportunities to review information about the pilot and actions they could take as
participants. A website was posted prior to mailing the recruitment letters so that prospective
participants could review program details at their leisure. Other program materials were
physically handed to participants at the time of the Spring Survey. Emails throughout the
summer reminded participants of specific strategies that could be taken during events.

Finally, SMUD bills provided feedback on usage. For CPP participants, usage information was
provided by price tier, and bill savings or increases relative to the standard GSN rate were
printed. In addition, those who saved money were provided with a congratulatory message,
while those with higher bills were directed to the Summer Solutions website for money saving
tips.

Website
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A website was created and hosted by HMG to provide basic information about the pilot,
including a detailed description of the pilot and links to SMUD rebate program information.
Participants were first notified of the website in the Recruitment Letter. The website address
was also provided in emails sent to participants, was printed at the bottom of the CPP rate
magnet (discussed below), and printed on the bills of CPP participants who did not save money
that month.

Other Program Materials

Several items were distributed to participants before the experimental tariffs went into effect in
June. Each business received a packet, tailored for their particular business type, with
information about conserving energy usage.

A single summary page included advice for thermostat settings, solar shading and lighting
fixtures, plus the address of a SMUD website listing contractors and rebates.

All participants on the CPP tariff received a magnet that summarized the rates by hour of the
day, day of the week, and during events ( Figure 7).
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Figure 7. Magnet given to each CPP participant

Event Emails

After each event, or group of consecutive events, the research team sent emails to all 64
participants with email addresses. This email served two purposes: (1) to send a link reminding
participants to respond to the online event survey, and (2) to remind participants of actions that
could be taken during events.

Bills



Two different bill strategies were instituted for the two different tariff options. For the ACC
option, customers received their standard SMUD bill with a new line indicating the $5 or $10
Summer Solutions payment, for 2° and 4° ACC offsets, respectively. For the CPP option,
participants were sent the standard GSN bill plus a separate sheet that outlined how the CPP
rate reduced or increased the amount they owed.

3.4.2 Thermostat Installation

We began installations of thermostats in March 2008 and completed all installations before June
2008. This allowed participants at least one month to become accustomed to the new thermostat
before the first event on June 26, 2008.

A maximum of two thermostats were installed at each participant site. Customers having more
than one air conditioning unit or more than two zones were discouraged from participating in
the ACC program. A few of these customers (restaurants) were eventually recruited, however,
due to response rates being lower than expected. Customers with more than two thermostats
were welcome to participate in the CPP rate, but only one thermostat was installed.

A licensed HVAC contractor accompanied by an HMG staff member visited each site to install
the thermostat hardware. The replacement thermostat was located in place of the existing one,
and the connections to the air conditioning unit were as the original. Before installation, the
existing thermostat wiring was photographed. After installation, the new thermostat wiring
was also photographed. In this way, we had a record of the installation process at each site.

An initial functional test was carried out prior to replacement to ensure correct and safe
operation of the existing installation. When this initial test failed, further work at the site was
suspended until corrective measures were complete. In particular instances, the heating element
of the HVAC system was not operational. Participants were notified and, in each case, agreed to
continue with the installation. Following thermostat installation, a similar test was carried out
to ensure full operation.

On completing installation and testing, HMG worked with the customer to program the
thermostat as desired, and provided a brief tour of the thermostat programming options. Each
participant received an instruction manual for the thermostat and phone numbers to get help or
further information.

3.4.3 Spring Survey

The 70-question Spring Survey was administered in person to all participants, generally at the
time of installation of the Summer Solutions thermostat. If the participant did not have a
thermostat installed, the business was still visited and the survey conducted in person.
Responses were recorded directly into an Access database on a portable laptop computer taken
to each site. In all, 79 surveys were conducted, although only 78 of these ultimately participated
in the pilot. A complete list of the questions on the Spring Survey is provided in Appendix B.
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3.5. Summer 2008 Field Study

3.5.1 Event Schedule

There was one test event on June 16, followed by 12 actual events called over the course of the
summer (Table 8). No events were called on Mondays, mainly because a one-day advance
notification would fall on a Sunday.

Table 8. Schedule of events for the 2008 Summer Solutions Pilot

Event # Date Day Hi Temp
1 6/26/2008 Thu 87.7
2 7/8/2008 Tue 106.7
3 7/9/2008 Wed 106.6
4 7/18/2008 Fri 96.7
5 7/23/2008 Wed 95.3
6 7/24/2008 Thu 96.3
7 8/7/2008 Thu 91.9
8 8/13/2008 Wed 102.4
9 8/15/2008 Fri 102.3
10 8/25/2008 Tue 94.7
11 8/29/2008 Fri 103.8
12 9/5/2008 Fri 100.7

3.5.2 Event Procedure

The goal for this program was to call 12 events, roughly evenly spaced across the temperature
range between 90 and 110, based on temperature forecasts from the National Weather Service.
The following sections describe the procedures followed for each event.

Pre-Event Days

Once SMUD and HMG agreed to call an event, several actions needed to take place before 4
p.m. on the day before the event.

Emails were sent to all participants with working email addresses, notifying them of the event
scheduled for the following day. Separate emails with slightly different messages were sent to
the CPP and ACC groups. Both emails indicated that the following day would be an event day
for the Small Commercial Summer Solutions Program. Participants were asked to reduce
electricity use as much as possible between 4 and 7 p.m. to help with the high peak electrical
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demand forecast for the following day. Those with a Summer Solutions thermostat were
reminded that it should already be programmed to respond to the event. Those without were
asked to consider manually increasing their thermostat setpoints by a couple of degrees during
the 4 to 7 p.m. peak. Other actions suggested for the events included turning off or dimming
lights, and avoiding the use of other high-power devices where possible.

In addition to the email notification, text messages were sent to all thermostats, announcing the
day, date and time of the planned event, while participants without email or thermostats were
phoned or sent cell phone text messages.

Event Days

To signal the communicating thermostats, one event per Program Group was created on the
custom-made control website. Although the technology allows for events to occur at any time
for any duration specified, SMUD requested that all events be scheduled to run from 4 p.m. to 7
p.m.

Prior to sending each event signal, a test thermostat at HMG was set to receive the signal for
each group, to ensure via firsthand experience that the event notification system was sent
correctly. Thus, event creation proceeded as follows.
e CPP: Group 2
o Change the HMG test thermostat to Group 2
o Create Price event: Tier 4 - Critical Peak
e 2°ACC:Group3
o Change the HMG test thermostat to Group 3
o Create Change Temp event: add 2 degrees
* 4° ACC: Group 4
o Change the HMG test thermostat to Group 4
o Create Change Temp event: add 4 degrees

Sending the events twice — once in the morning, and then again around noon - helped to ensure
that the participants received the signal.

On receiving the signal, the thermostat displays flashed a warning of the upcoming event. At
the onset of the event, the display flashed a message that an event was in progress. Warning
and event messages contained specific information about the timing and duration of each event,
and remained on the screen until acknowledged by the participant through a button press.

Participants also had the opportunity to receive event notification by email or phone call, which
was of particular import for participants that opted out of thermostat installation.

Post-Events Days

Follow up emails were sent to all participants with email addresses. The emails thanked
participants for their efforts, contained a link to the Event Survey (see below), and directed
them to contact the HMG support team if they had any trouble.
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3.5.3 Event Surveys

The Event Survey was administered online. After each event or series of events, an email
containing a link to the survey and a request for their help in filling it out was sent to all
participants with an email address. Participants that lacked email or an Internet connection
were phoned personally, and their responses marked for them in the online form. A complete
list of the questions on the Event Survey is provided in Appendix B.

Although there were 12 events over the course of the study, there were only 10 Event Surveys
because of two sets of events scheduled back-to-back (see Table 8). At these times only one
request for an event survey was sent out for the two events.

There were 76 participants that completed the pilot, and each one responded to at least one
event survey (Figure 8). At the end of the summer, a total of over 200 event surveys had been
submitted.

# of Participants

1 2 3 4 5 6 7 8 9 10

# of Event Surveys completed

Figure 8. Number of event surveys completed by participants

3.5.4 Fall Survey

At the end of October, participants were emailed or phoned reminding them to complete the
Fall Survey, which focused on their perceptions of the summer pilot. Given that the second $60
incentive payment was contingent on completion of the survey, this survey had a very high
completion rate: 75 out of the remaining 76 participants completed the Fall Survey. Most
participants completed the online version of the survey, while those without access to the
Internet were surveyed in person. A complete list of the questions on the Fall Survey is
provided in Appendix B.
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3.5.5 Decommissioning

This pilot began with 78 participants and 71 thermostats with loggers. At the end of the study,
there were 76 participants and 69 thermostats and loggers in the field. Of the 69 loggers in the
field, 62 functioned properly throughout the entire summer (Table 9).

Table 9. Installed thermostats and loggers

In place by | Active thru % Change
June 1, 2008 | Sept 31, 2008
Participants 78 76 -3.8%
Thermostats 71 69 -2.8%
Loggers 71 62 -12.7%

Participants that did not complete the pilot

Three businesses never completed the pilot. The first, a retail shop, signed up and went through
the initial survey, but then sold the business and moved before the tariffs went into effect on
June 1. A second participant, owner of another retail shop, passed away sometime in July. The
third, a bar/restaurant owner went out of business and moved towards the end of August.

Logger Issues

Two loggers had no data due to installation error (one cord missing, one memory card not fully
plugged in). One was not plugged in to the RDS receiver completely. Three data loggers had
missing or incomplete data seemingly due to hardware malfunction. An additional three were
unplugged and/or plugged back in incorrectly before the 8% event.

Thermostat Malfunctions

Of the thermostats installed for this pilot, only one was removed because it malfunctioned. The
faulty thermostat was installed at a retail shop, who complained that the thermostat was unable
to keep the business cool in the afternoons, whether or not it was an event that day. After
reinstallation of their original thermostat, everything returned to normal. Despite this negative
experience, the owner elected to stay on the CPP rate beyond the thermostat removal.

Other Thermostat Issues

In May, before the pilot really got under way, one restaurant requested the removal of the
thermostat because it was not keeping them cool in the afternoons. After their old thermostat
was reinstalled and the comfort issues were not resolved, a unit inspection revealed that their
air-conditioner was old and undersized. At this point, the restaurant requested that the
thermostat be reinstalled.
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After the conclusion of the pilot, three retail businesses requested the removal of the
thermostats. One was a pet store, who said they wanted their original thermostats reinstalled
because they were more expensive and advanced; they had no negative things to say about the
thermostats we had installed for them. One was a copy shop who was unhappy about the 6-
minute minimum off-time for the compressor, because the business had so many heat-
generating pieces of equipment (e.g. copiers, printers, and computers). The reason given for the
third and final removal was that the staff considered the thermostat too complicated to operate
— they preferred a simple on/off switch, which was how their old thermostat worked.

Two businesses also had problems operating their heat after the study concluded. After site
visits by an HVAC contractor, these issues were resolved. One retail shop had an unusually old
electric furnace, which required the addition of a sequencer for the new thermostat to operate
the heat properly. At the other site, the thermostat was wired improperly for heat at the original
installation. The contractor rewired it correctly and the problem was resolved.
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4.0 DATA ANALYSIS AND RESULTS

Multiple types of information were collected from study participants at several points in the
project. Initially, basic characteristics for each participant were gathered during the recruitment
stage. More detailed business and building information was collected through the Spring
Survey. Once hardware was installed, we began logging electric meter and thermostat data
every fifteen minutes. Throughout the summer, we requested that participants complete a short
Event Survey, directly after each event, on how they perceived and responded to each event. At
the end of the study, detailed participant perceptions of the program were documented in their
Fall Survey answers. A summary of these and other datasets and sources utilized for this study
is presented in Table 10.

Table 10. Summary of data collected for this project

Source Data collected Use(s)
SMUD «  Contact information . Marke't assessment and'segmentatlon
customer < Monthlv billing data * Recruitment and screening
database y 9 * Monthly load impact analysis
Sori * Business operations
pring e Building & equipment * Refine segmentation & screening
Survey characteristics
* Pre-pilot load shifting behavior ¢ Pre/post behavior analysis
Event . e Customer education & encouragement
Surveys Event behavior and comfort * Participant problem resolution
* Thermostat set points e Participant behavior vis-a-vis AC
Thermostat * Indoor temperature * AC unit behavior
Logger e Compressor status * Diagnostics
* Messages from utility * Event signal receipt confirmation
; * Monthly electricity charges on . - ; -
CPP bills CPP and GSN rates Billing analysis for CPP participants
Interval Meter ‘I5-min.u.te whole house e Critical Pealf Pricing bllllng (SMUD)
electricity usage * Hourly load impact analysis
CIMIS e Outdoor ambient temperatures ¢ Event scheduling
for Fair Oaks, California * Hourly load impact analysis
e ...with new tariff
e Satisfaction ¢ ...with new thermostat
Fall Survey e ...with program in general

* Load shifting behaviors
* Event behaviors

Pre/post behavior analysis

Analysis of both quantitative and qualitative data focused around segmentation of data by
building and program type. The following sections describe the data analysis and results.
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4.1. Thermostat Logger Data

Throughout the pilot, a logger on each thermostat collected data every fifteen minutes from the
thermostat. Each record included a timestamp plus actual setpoints, indoor temperature,
compressor status, reception of utility messages and event setting overrides. These data allowed
for analysis of signal reception, event override, and setpoint activity with accompanying indoor
temperatures and compressor status.

4.1.1 Signal Reception Analysis

Prior to each event day, information about the upcoming event was broadcast via RDS, so
participants with thermostats would receive a notification of the event on the thermostat
display. On average, 73% of the event signals sent were received and acted upon by the 67
communicating thermostats in the field (Figure 9). This RDS reception rate is expected to
increase in the near future as the next version of RDS receivers enters the market.

About half of the signaling problems were resolved by the fourth event, however, loss of logger
data, which was not related to RDS reception, increased slightly after the sixth event.

Onolog
M signal not received

O signal received

100%

6% | 7% | |7%| |9%| |9%| |9%
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Figure 9. Percentage of event signals received and acted upon, by event number
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Figure 10 shows that about one-third of the 67 thermostats received all 12 events, while about
three-quarters received at least 8 of the 12 event signals. Eight thermostats (12%) received no
event signals at all.
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Figure 10. Percentage of thermostats receiving no events signals, all 12 event signals, and
everything in between

4.1.2 Override Analysis
Overall, about 5% of events were overridden by participants, meaning that after a thermostat
responded to an event signal, one of the occupants of the building decreased the event setpoint

by one or more degrees (Table 11).

Table 11. Percent of event signals overridden, by business type and program choice

Business Type 2° ACC 4° ACC CPP All
Office 8% 3% 5% 4%
Restaurant 0% N/A 11% 4%
Retail 6% 2% 9% 7%
All 3% 3% 7% 5%

As expected, fewer overrides occurred in the ACC programs, because these participants were
told that overrides were not allowed. Although CPP participants were told they could override
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their event settings at any time, only 7% of CPP events swayed participants to modify the event
setpoint.

4.1.3 Setpoint and Compressor Analysis

Among other things, thermostat loggers recorded setpoints and compressor status. This section
compares average thermostat setpoints along with the corresponding status of participating air-
conditioning compressor units on event days and non-event days. For all graphs provided in
this section, actual setpoints are plotted, while compressor status is weather-normalized using
the regression model shown in Equation 1.

23
Pr(Compressor; = 1) = logit ' (a + Z("i,’”””' - Hour; + .1‘{“"" HEONE . e ntHour;)+

J=1

3 ¢
Z .fﬁl”"’h - Month;. + Z .}[“”‘” - Day+

k=1 =1
BCPH . CDH + B¥CPH . DayCDH) (1)

Where Compressori is a dummy variable equal to 1 if the compressor is running for hour i and 0
otherwise, a is the intercept term, and the {'s are the estimated parameters, and:

* Hour is a set of 23 dummy variables for hour of the day for non-event days,
* EventHour is a set of 23 dummy variables for hour of the day for event days,
* Month is a set of three dummy variables for month, and

* Day is a set of four dummy variables for day of the week.

The two other variables are calculated from hourly weather data, where:

* CDH is the number of cooling degree hours (base 75) for hour i

* DayCDH is the total cooling degree hours for the day
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Figure 11 shows average setpoints and weather normalized compressor status on event and
non-event days for participating offices. Average setpoints on non-event days show a smooth
transition from roughly 85° at night to about 75° during work hours. On event days, a clear shift
takes place. Event day setpoints are about 4° lower than non-event setpoints between 8 a.m. and
4 p.m., indicating precooling on event days. Average setpoints then increase from 75° to over
80° at 4 p.m., and then again to more than 85° at 5 p.m., when most offices close for the evening.
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Figure 11. Event and non-event setpoints, with weather-normalized compressor status, offices

Compressor status, also shown in Figure 11, should be compared to the right axis labels, where
100% indicates that all of the compressors in the sample are running, and 0% indicates that none
of the compressors are running. Here, the effects of precooling on event days can barely be seen
in the morning hours. In contrast, the event hours - indicated by the shading between 4 and 7
p-m. - show a marked decrease in compressor activity.
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Logger data for restaurants paint a slightly different picture (Figure 12). Restaurants, like
offices, attempt to precool on event days, lowering setpoints by as much as 6° between 10 a.m.
and 4 p.m. However, the precooling has no effect on the compressors, which are running
continuously under both scenarios. Following this “precooling,” loggers show an event offset of
4° at 4 p.m., however, again the compressors are unaffected. This provides evidence that (1) the
restaurants in our participant population have undersized AC units, and (2) building spaces
with undersized AC units are unlikely to provide load drop during demand response events.
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Figure 12. Event and non-event setpoints, with weather-normalized compressor status,
restaurants
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The plot of logger data for retail (Figure 13) looks very similar to that of offices (Figure 11).
Precooling to 75° begins at about 8 a.m. on event days, and continues to 4 p.m., when setpoints
increase by about 5° on average to 80°, and then to 85° at 6 p.m. The resulting compressor
status is also similar. Again, the effects of precooling on event days can barely be seen in the
morning hours, while the effects of the event offset are clearly visible between 4 and 7 p.m.

—o—Event Setpoint --»--Non-event Setpoint

——Event Compressor Non-event Compressor

N
D S N A Sy

~
o
l
[HEN
Q
o
X

Temperature (deg F)
~
(2]

[e)]
(%51
!

D
o

0%

012 3 456 7 8 91011121314151617 18 19 2021 22 23
Hour

Figure 13. Event and non-event setpoints, with weather-normalized compressor status, retail
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4.2. Hourly Load Impacts on Event Days

The interval meters installed on participant buildings recorded load every fifteen minutes for
the purpose of participant load impact estimation and CPP billing. For simplicity, this data was
aggregated by hour prior to analysis.

4.2.1 Hourly Load Impact Regression Model

The model used to analyze the hourly load data is a linear autoregressive model, which
estimates the hourly load (in kWh per hour) for an average customer, fit using the maximum
likelihood method with a lag of 1. The model controls for several important factors: hour of the
day, day of the week, month, cooling degree hours for the hour in question, and total cooling
degree hours for the day (Equation 1). Because the model uses the load shape of each customer
on non-event days as the baseline load, a control group is not necessary for estimation of kW
load impacts.

1%

Q; = a+ g9, Qtag, + Z.{.f}r‘l””' - Hour; + Jr ntHour | po ntHour;) +
g=I1

o
.-.

1
Z -ﬂ,ijf;""'l'li - Monthy + Z.fl.'rh"!" < Day +
=1

k=1

FEPH . CDH + pP*vCPH . DayCDH + ¢
(2)

In Equation 2, Qi is the kWh/hr for hour i for an average customer, « is the intercept term, and
the s are the estimated parameters. Also:

*  Qug is the kWh/hr load for the previous hour,

* Hour is a set of 23 dummy variables for hour of the day for non-event days,

* EventHour is a set of 23 dummy variables for hour of the day for event days,

* Month is a set of three dummy variables for month, and

* Day is a set of four dummy variables for day of the week.
The two other variables, are calculated from weather data, where:

* CDH is the number of cooling degree hours (base 75) for hour i, and

* DayCDH is the total cooling degree hours for the day.

A total of fifteen models were fit to the data. First to examine the average loads for each
business type, we made three models, pooling data for each business type (office, restaurant,
retail). Then to look at the average loads by program, we pooled data by program (2° ACC, 4°
ACC and CPP). Finally, we made nine models to find the average response for each program
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within each business type. Load and impact results are presented here for a 100° day with the
temperature profile shown in Figure 14.
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Figure 14. Temperature profile used to create load and impact results

The following sections provide the results of this model.

4.2.2 Overall results

Modeled savings estimates, averaged over event periods, are shown in Table 12, by business
type and program choice. These results show the greatest savings (0.76-0.81 kWh) from retail on
the CPP rate and for offices and retail on a 4-degree ACC program. Good results (0.35-0.57
kWh/h) were also obtained for offices and retail on the 2-degree ACC program, offices on the
CPP program, and restaurants on the CPP program.

Table 12. Average load drop during event periods

2° ACC 4° ACC CPP

(kWh/h) (% of baseline) | (kWh/h) (% of baseline) (kWh/h) (% of baseline)
Office -0.48 -42% -0.80 -38% -0.57 -24%
Restaurant -0.18 -1% -0.10° 1% -0.35 -3%
Retail -0.45 -8% -0.76 -22% -0.81 -14%

* Only one participant in the sample

37



Figure 15 shows, for each participant, the magnitude of their peak load change during event
hours (y-axis) graphed against the magnitude of change in their daily usage on event days (x-
axis). The size of the bubble indicates the number of events for which each participant received
and responded to the event notification. The color of the bubbles indicates whether the
participant had installed a communicating thermostat.

The white bubbles are all the same size because these customers did not have a thermostat, and
therefore received a phone call or email notifying them of each event. The smallest bubbles
indicate that no event notifications were received by the thermostat — however, most of these
participants were also notified by email, and so could have responded manually. The largest
received all twelve event notifications.

During event hours, 66 meters recorded a reduction in load (kW), while 14 recorded an increase
in load, for an overall average load drop of 0.52 kW during events. On event days, 51 meters
recorded a reduction in usage (kWh), while 29 recorded an increase in usage, for an overall
average of 0.74 kWh load drop on event days. Note that the total number of meters (80) is
higher than the final number of participants because there were a few businesses with two
accounts that were individually metered.
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Figure 15. Total Load Change on event days, percent vs. watts

Also noteworthy is that the non-PCT participants are more densely clustered around the origin
than are the PCT participants, indicating that load and usage changes were more extreme for
those customers with communicating thermostats. On average, participants with PCTs dropped
0.58 kW during events, while those without PCTs dropped 0.16 kW during events. Likewise,
participants with PCTs used 0.8 kWh less on event days than on non-event days, while those
without PCTs used 0.4 kWh less on event days.
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In summary, this analysis shows that, on average, participants were able to drop load during
event hours without increasing overall usage on event days, and that use of enabling
technology (PCT) results in greater load and energy savings.

4.2.3 By Business Type and Program

The following three sections provide the results of the hourly load data analysis for offices,
restaurants and retail shops. Within each section, the data analysis is provided for each of the
three program types: 2- degree ACC, 4-degree ACC and CPP.

Offices

Figure 16 shows the hourly load shapes for the one office that signed up for the 2-degree ACC
program. For this one participant, the graph shows a statistically significant load increase at 8
a.m. on event days, and a statistically significant load drop in the first hour of the event between
4 and 5 p.m. A significant rebound effect can also be seen at 7 p.m. following the event.
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Figure 16. Average loads on event and non-event days, 2-degree office (N=1)
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Figure 17 shows the hourly load shapes for the 11 offices that signed up for the 4-degree ACC
program, and Figure 18 shows the hourly load shapes for the 23 offices that signed up for the
CPP rate. In both graphs, there is no significant load increase preceding events, and a
statistically significant load drop in all three hours of the event between 4 and 7 p.m. No
significant rebound effect can be seen following events.
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Figure 17. Average loads on event and non-event days, 4-degree office (N=11)
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Figure 18. Average loads on event and non-event days, CPP office (N=23)
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Restaurants

Figure 19 shows the hourly load shapes for the three restaurants that signed up for the 2-degree
ACC program. For these participants, the graph shows a statistically significant load drop
between 8 and 10 a.m. on event days, no significant load drop during events, and a significant
rebound effect between 9 and 10 p.m. following events.
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Figure 19. Average loads on event and non-event days, 2-degree restaurants (N=3)

Figure 20 shows the hourly load shapes for the one restaurant that signed up for the 4-degree
ACC program, and Figure 21 shows the hourly load shapes for the 8 restaurants that signed up
for the CPP rate. In both graphs, there is no significant load change in any hour of the event
days.
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Figure 20. Average loads on event and non-event days, 4-degree restaurants (N=1)
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Figure 21. Average loads on event and non-event days, CPP restaurants (N=8)
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Retail

Figure 22 shows the hourly load shapes for the 3 retail shops that signed up for the 2-degree
ACC program. For these participants, the graph shows a visible but statistically insignificant
load increase in the hours directly preceding the events, and a visible but statistically

insignificant load drop in the three hours of the event and beyond. No rebound effect is visible
following the event.
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Figure 22. Average loads on event and non-event days, 2-degree retail (N=3)

Figure 23 shows the hourly load shapes for the 8 retail shops that signed up for the 4-degree
ACC program. For these participants, there is a visible but insignificant load increase preceding

events, followed by a statistically significant load drop in all three hours of the event. No
rebound effect can be seen following events.

Figure 24 shows the hourly load shapes for the 20 retail shops that signed up for the CPP rate.
For these participants, there is a statistically significant load increase preceding events, followed

by significant load drop in all three hours of the event and beyond. No rebound effect can be
seen following events.
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Figure 24. Average loads on event and non-event days, CPP retail (N=20)
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4.2.4 Comparison of Load Impacts

This section reviews the hourly load impacts from the most promising business-program
combinations: offices and retail stores on the 4-degree ACC and CPP programs. Load impact
graphs show 95% confidence intervals for each hour.

CPP vs. 4-degree ACC

Figure 25 shows similar and significant load drops in all three event hours for both programs.
For the CPP participants, some increase can be seen in the hours before the event, but in no
hours are these increases statistically significant from zero. Hours after the event also show no

significant deviation from zero, presumably because all offices in our sample closed before the
end of the peak period (see Figure 6).
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Figure 25. Average kW change on event days, offices
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Figure 26 shows the average load change in the four hours directly preceding the event
(precool), in the three hours of the event (event), and in the four hours directly following the
event (rebound).
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Figure 26. Average precool, event and rebound impacts on event days, offices

Figure 27 and Figure 28 show the load impacts for events at retail stores. Again, there is a
significant load drop in each of the three event hours, with the peak load drop reaching nearly 1
kW for both programs. Here, the precooling effect for the CPP program is significant in all four
of the five hours preceding the event. A similar precooling shape is apparent for the 4-degree
ACC program, but the impacts are not statistically significant. Neither program elicits a
rebound after the event, presumably because most retail shops — about 90% — close before end
of the event (see Figure 6).
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Figure 27. Average kW change on event days, retail stores
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Figure 28. Average precool, event and rebound impacts on event days, retail

Offices vs. Retail
Figure 29 through Figure 32 show the same load impact data shown in

Figure 25 through Figure 28, but with the opposite comparison combinations. Here, we
compare the load impacts of offices to the load impacts of retail, when both are on the same
program.Figure 29 and Figure 30 show the nearly identical load impacts of offices and retail
stores on the 4-degree ACC program.
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Figure 29. Average kW change on event days, 4-degree ACC
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Figure 30. Average precool, event and rebound impacts on event days, 4° ACC

Figure 31 and Figure 32 show that the load impacts for offices and retail stores have similar

shapes. Retail has higher precooling and event impacts, but the difference is not statistically
significant.
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Figure 31. Average kW change on event days, CPP
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4.3. Energy Impacts: Summer 2007 vs. Summer 2008

A regression of monthly usage (kWh) on average monthly temperature (Equation 3) was used
to estimate the weather-corrected energy savings for the 4° ACC participants, the CPP
participants, and a control group of non-participants (Table 13). The small number of 2° ACC
participants prevented statistically useful results, so are not included here.

EWhi; = By + 51CDD; + 32Y ear; + B3—4Program; + Bs_¢BusinessType;+
Br_gYeari; - Program; + By_10Y ear; - BusinessType; + €;; 3)
Where:
*  kWhij is the consumption for month i for customer j
* CDDi s the total cooling degree days (base 75) for month i
* Yeariis a dummy variable equal to one if month i falls in 2008
* Programjis a set of two dummy variables for program (None, 4-deg offset, CPP)

* BusinessTypejis a set of two dummy variables for business type (Restaurant, Retail,
Office)

Table 13. Summer Solutions Participant Energy Savings

Business Program Average Monthly 2007-2008 2007-2008 Difference
Type kWh Difference Corrected for Non-
Summer Summer Participant Change
2007 2008  (kWh) (%) (%)
None (control) 1025 976 49* -5%
Office 4° ACC 934 631 303"  -32% -27%
CPP 1061 668  393*  -37% -32%
None (control) 3340 3252 88* -3%
Restaurant 4o Acc 3249 2907 342  -11% 8%
CPP 3377 2944 432  -13% -10%
None (control) 1754 1716 38* -2%
Retail 4° ACC 1663 1370 292  -18% -15%
CPP 1790 1408  383*  -21% -19%
Average 4+ ACCand 1543 1197  346*  -23% -20%

CPP participants
* Statistically significant kWh savings (a=0.05)
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Overall, program participants used significantly less energy in 2008 than they did in 2007.
Correcting for non-participant savings, the Summer Solutions program participants saved over
300 kWh per month on average, representing a 20 percent overall energy savings for the pilot.
These results indicate that the pilot was successful in achieving (and surpassing) our original
energy savings goal of just 5 percent.

4.4. CPP Bill Impacts

Table 14 shows the mean monthly GSN and CPP bills, CPP savings relative to the standard
GOSN tariff, estimated bill savings attributable to energy efficiency, and total bill savings. On
average, each business type saved about 5% of their bill on the CPP tariff relative to the GSN
rate. The inclusion of energy efficiency related savings boosts total bill savings to over $50 for
offices and retail, and to $75 for restaurants, representing an estimated savings of over 30% for
offices and retail, and a respectable 13% for restaurants.

Table 14. Summary of bill effects for CPP participants

Business Type N Average CPP Bill 2007-2008 Total Bill

Summer 2008 Impacts Efficiency Savings

Monthly Bill Savings

GSN*  CPP $ % $ $ %
Office 23 $139 $132 $ 7 50% $ 44 $ 51 37%
Retail 20 $164 $156 $ 8 4.7% $ 43 § 51 31%
Restaurant 8 $564 $537 $ 26 4.7% $ 49 §$ 75 13%
All 59 $215 $205 $ 10 4.8% $ 45 § 55 26%
Office + Retail 43 $151 $139 § 7 4.9% $ 44 $ 51 34%

* Calculated using 2008 usage and GSN rates

Assuming similar GSN bills, ACC offices, retail stores and restaurants saved a total of 32%,
26%, and 9%, respectively, for an overall average of 20% bill savings for all ACC participants,
and 29% savings for just the office and retail ACC participants.

441 CPP Impacts (not including 2007-2008 efficiency savings)

Figure 33 plots the difference between GSN and CPP bills - in both dollar and percentage terms,
showing that all but four of the CPP participants saved money on the experimental rate. While
the greatest savings was $178, the greatest bill increase was only $20 (or about 10% of the
standard bill).
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Figure 33. Dollars vs. percent bill change, CPP participants

The participant with the largest dollar savings over the course of the summer was a restaurant-
bar, with savings totaling over $178. A likely factor in the large savings was the schedule — a
steady 10 a.m. to 2 a.m. seven days a week. This helped to reduce the ratio of peak to non-peak
hours, increasing savings. This business also precooled their building every day by opening
windows. Unsurprisingly, this customer said they would definitely participate in the program
again without an incentive payment.

The largest bill increase, in both dollar and percentage terms, occurred in a suite of offices, with
just one thermostat located in one of the three offices sharing a single electric account. The total
bill increase for the summer was about $20 (less than 10%). One possible contributing factor is
that each office had its own hours of operation, so the thermostat had be set at the lowest
common denominator, wasting energy cooling empty offices when there were only one or two
people there. Despite the bill increase, this participant said they would probably participate in
the program again without a participation payment, and that their already positive opinion of
SMUD was not changed by this pilot.

The participant with the largest percent savings on their bill (nearly 14%) was an auto retailer.
This participant resided in a relatively new (5 years) and small (500 sq. ft.) building with a
window air conditioner. Business is generally conducted outside in the car lot, so customer
complaints are not a major concern. Like the restaurant-bar described above, this participant
also said they would definitely participate in the program again without an incentive payment.
Additionally, this participant indicated that their opinion of SMUD had improved as a result of
this pilot.

52





