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ABSTRACT

After anumber of successful experiments of Home Energy Reports (HER) at Pacific Gas
and Electric Company (PG&E), afield study of Behaviora Demand Response (BDR) was
launched to households in HER treatment and control conditionsin summer 2015. Thefield
study was limited to residential customers being served by electric substations that are capacity-
constrained so that the effectiveness of BDR as a means to curtail peak demand could be tested.
Unlike HER reports which present general energy efficiency (EE) messaging with agoal of
reducing overall consumption, the BDR messaging seeks to reduce residential consumption on
specific days. This paper presents results of alayered study whereby HER treatment and control
customers were assigned to BDR treatment or control conditions so that the interactive effects of
HER and BDR messaging can be studied.

The experiment found statistically significant savings for both energy efficiency (EE)
and demand response (DR). The analysis found that the layered program delivers incremental
off-peak EE from participants in households treated with both HER and BDR. Households
treated with both HER and BDR messaging tended to deliver less demand savings than did
customers receiving BDR treatment only, though both groups experienced peak demand savings
over their associated BDR control group (1.8% vs 2.4% per event day on average).

Although the results were favorable, conducting alayered trial involving multiple stimuli
has challenges. Careful consideration must be made when layering EE and DR messaging to
avoid contaminating ongoing HER experiments or shifting control group baselines significantly.

I ntroduction

Home Energy Reports (HER) has proven to be a successful Energy Efficiency (EE)
program at Pacific Gas and Electric Company (PG&E), asit has elsewhere. PG& E's HER
initiative began its first major randomized control trial in August 2011. Subsequently, ten
additional HER experiments have been launched. In conjunction with the ongoing in-field HER
programs, PG& E conducted a Behavioral Demand Response (BDR) study during the summer of
2015 to assess the impact of BDR on peak electricity usage during four designated event days.

Unlike many traditional residential demand response interventions, BDR does not offer
financial incentives to participants to reduce their usage, nor doesit require the installation of
technology at a customer’ s residence to directly control air conditioning load. Instead, BDR
provides customers with pre/post-event communications and social comparisons specifically
aimed at reducing usage on peak demand (event) days. The fundamental concepts of BDR are
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similar to those in the well-established HER program. BDR messaging delivers social
comparisons through direct marketing to motivate energy conservation behaviors (Karlin,
Zinger, and Ford 2015). A key difference between HER and BDR isthat BDR has the objective
of reducing customer load for afew hours (5-8 PM) on days when electricity demand is high.

The BDR study was implemented as a randomized control trial (RCT) using the
treatment and control households of an HER experiment. Specifically, the existing
treatment/control design of HER is layered with atreatment/control BDR experiment, resulting
ina2 X 2 experimenta design (HER treatment or control, BDR treatment or control). This
designis shown in Table 1 and has atotal of four different customer groups, which are randomly
assigned

e Customers receiving both HER and BDR treatments
Customers receiving only BDR treatment
Customers receiving only HER treatment, and

e Customersreceiving neither treatment

The 2 X 2 factorial experimental design allows for BDR impacts to be estimated separately
within each HER group (treatment and control) and then compared in order to assess possible
interactive effects of BDR treatment on HER recipients and HER control customers.

Table 1. Design of the BDR Experiment

HER Recipients HER Control Customers

BDR Treatment

BDR Control

Total

Behavioral Demand Response

Behaviora Demand Response (BDR) builds on the fundamental concept of using
neighbor comparisons—as pioneered in Home Energy Reports (HER)—to encourage residential
customers to reduce peak usage. Both BDR and HER reports were provided by Opower, Inc.
BDR relies on pre/post-event communications and social comparisons to provide customers with
information and motivation to reduce their electricity usage on days of high peak usage, referred
to as“ Summer Saving Days.” Both BDR and HER are “opt-out” programs. customers are not
asked to participate; rather those households that are randomly assigned to treatment conditions
are simply enrolled to receive the messaging but are given an opportunity to remove themselves
from treatment (“opt out™). Importantly, BDR does not offer any financial incentives for
customersto reduce their usage, nor does it require the installation of technology at a customer’s
residence.
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Whereas the HER program is designed to motivate energy conservation every day, BDR
is designed to target efficiency behaviorsfor only afew hours during days when electricity
demand is high. For this study, four event days were called to test the performance of BDR on
different weekdays in July through September of 2015 between the hours of 5 and 8 PM.!

A few weeks before the first event day, BDR treatment households were introduced to
thetrial through awelcome letter? that described the concept of Summer Saving Days and
explained how customers could participate. The PG& E-branded welcome letter was sent by
surface mail to the address on file for each household.

Calling an event required coordination between the PG& E and Opower operations teams
in order to deliver personalized customer communications viaemail or phone. During the
summer, PG& E monitored weather and system conditions and identified Summer Saving Days
on aday-ahead basis. Upon deciding that an event would occur on the following day, PG& E
informed Opower of the event, which initiated pre-event communications with customers. The
pre-event messaging consisted of either an email or an automated phone call to announce the
event, provide each household with a customized peak event normative comparison of a
customer’ s peak usage to their neighbors’ usage for the most recent event, and suggest actionable
behavioral tips for reducing peak usage during the event.

After the event, Opower imported hourly interval electric consumption datafor all
participating customers on the day of the event and developed personalized rankings for each
participating household. These rankings, plus additional energy saving tips, were distributed to
customers 24-48 hours after the event via another email or automated phone call.

M ethodology

The load impact evaluation for the BDR study is based on arandomized control trial
(RCT) design involving approximately 75,000 HER-€eligible customers spread across 31
capacity-constrained substations in the PG& E territory. This section outlines the details of the
RCT design and the methods used to estimate the load impacts of the program.

In an RCT design, load impacts are measured as the difference in average usage between
BDR treatment and control customers on event days. To implement this approach, PG&E’s
evaluation firm Nexant built alinear regression model specified to include dummy variables
indicating the experimental group to which the customer was assigned and the event date. The
linear model was estimated using ordinary least squares (OLS) regression so that the average
load of the treatment group was subtracted from the average load of the control group on each
event day. The key assumption of the model is that the usage of the control group accurately
predicts what usage would have been for treatment customers if they had not experienced the
treatment. With large samples, this assumption is satisfied by virtue of the random assignment to
the BDR treatment condition from the population of HER treatment and control conditions.

L The four event days were July 29, August 27, September 9 and September 11.
2 Welcome letters were mailed on June 29.
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To reduce the standard error of the impact estimates, date fixed effects were included to
control for weather variations and other factors that change with time. Clustered standard errors
at the customer level were used to account for likely seria correlation that exists between hourly
observations for the same customer.

The regression analysis employed a simple model that relies on no explanatory variables
other than the treatment and time effects. This model does not rely on modeling the relationship
between customers’ electricity usage and other factors such as weather; it isinformed by control
group customers that experience the event day weather, but do not experience the BDR
treatment. Nexant did estimate load impacts using a model that included weather control
variables, but the added control variables did not notably improve precision. In this case the
simple model has sufficient explanatory power to justify its use over aless transparent model
that provides only amarginally better fit to the data.

Separate specifications were used to estimate average impacts for event days and for each
individual event. These specifications are shown as Equations 1 and 2 in Figure 1; the definitions
of the variables and parameters are shown in Table 2. In all equations, the dependent variable
was the average load (kW) during each hour and the regression errors were specified to be robust
to the serial correlation.

Avg.
Event kW, =a+b-Treatment;+u, + &, fori € {1,..,m}andt € {1,..,n:} (1)
Equation:

FTLOLY
kW, =a+ Z b, - (Treatment, - Date,) + u, + 5, fori € {1,..,m}andt

=1

€ {1,..,m}

Individual
Event
Equation:

(2)

Figure 1. Equations used to estimate impacts of the experiment
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Table 2. Definitions of model variables and parameters

VELEL]E ‘ Definition
it Indicate observations for each individual ¢, date ¢ and event number », where the number
! of events varies by utility and is denoted max
a The model constant
b The difference between BDR and control group customer during event days — this is the
coefficient of interest
u Time effects for each date that control for unobserved factors that are common to all
treatment and control customers but unigue to the time period
E The error for each individual custormer and time period
A binary indicator or whether or not the customer is part of the treatment (BDR) or
Treatment
control group
Date A binary indicator of date

Results

In an RCT design with large sample sizes, load impacts can be estimated accurately by
calculating the difference in average peak period (5-8 PM) usage between customersin the
treatment and control groups on each event day. For both customersin HER treatment and HER
control conditions, any differences between the BDR treatment and control groups during the
pre-treatment period are nearly zero. The lack of differences prior to treatment is expected with
random assignment into the treatment group and serves as a randomization check.

The results for energy reduction during the peak hours on event days are shown in Table
3. Customers that received BDR treatment saw incremental demand savings in both HER
treatment and HER control groups. For HER control customers, percent impacts of demand
savings resulting from exposure to BDR messaging range from 1.7% to 3.1% while absolute
impacts range from 0.05 kW to 0.09 kW. For HER recipients, percent impacts of demand
savings resulting from exposure to BDR messaging range from 1.2% to 2.2% while absolute
impacts range from 0.03 kW to 0.07 kW. The larger number of HER treatment customers
assigned to the BDR treatment group (N=30,200) compared to the number of HER control
customers assigned to the BDR treatment group (N=9,800) results in more precise estimates for
the treatment group, which is reflected by the tighter confidence intervals as shown in the table.
These results support the use of BDR messaging to curtail residential peak demand in capacity-
constrained substations.
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Table 3. Peak demand reductions estimated for each BDR experimental condition

Control | Treatment

Event Date Load Load 9?::“?
(kW) (kW)

July 29 3.35 327 008 | (0.01:0.14) | 2.4%
August 27 2.89 2.80 0.09 | (0.03;0.15) | 3.1%
HER Control | September9 | 3.1 3.05 0.05 | (-0.01;0.12) | 1.7%
Customers " stember 11 | 2.86 279 007 | (0.01:0.13) | 2.4%
A“'gbf;'e”‘ 305 298 0.07 | (002012 | 2.4%
July 29 3.21 3.14 007 | (0.04,0.11) | 2.2%
August 27 274 269 005 | (0.02,0.09) | 2.0%
HER Recipients | September9 | 2.93 2,87 005 | (0.02.0.09) | 1.8%
September 11 | 2.65 262 0.03 | (0.00,0.06) | 1.2%
A"’gbf;'e”‘ 2.88 2.83 0.05 | (0.02,008 | 1.8%

Thereisinsufficient evidence to suggest that BDR impacts are significant at the 95%
level on the September 9 event for HER control customers, and the September 11 event for HER
recipients. The impacts on these days, highlighted in grey, are the smallest of each group’s
estimated impacts across event days in both absolute and percentage terms. On average, BDR
produced an average 2.4% reduction in peak usage for HER control customers across the four
event days while BDR produced an average 1.8% reduction for HER recipients. We take this
result to indicate that HER recipients, who on average do show energy efficiency savings
compared to HER control group customers, have reduced capacity to make additional peak
demand-specific behavioral changes. The reference load of HER recipients, 2.88 kW on the
average event day, islower on average than that of HER control customers, which is 3.05 kW on
the average event day. The lower reference load of HER-treated househol ds strengthens our
interpretation that they already have realized the energy savings that HER control customers
achieved during the BDR event as a consequence of ongoing HER treatment. The lower percent
reductions and lower reference loads of HER recipient households therefore resultsin lower
absolute impacts for the BDR intervention.

To formally test for differences in both absolute and percent impacts between HER
recipients and HER control customersin the BDR study, all customers were pooled into one
dataset and an interaction term for HER recipient and BDR treatment dummy variables was
added to the regression specification. The coefficient of the interaction estimates the difference
in the treatment effect (reductions in load due to BDR) for the average customer in both the HER
recipient and BDR treatment group, relative to a customer in the BDR treatment group only. The
large p-valuesin Table 4 indicate that there is insufficient evidence to suggest either absolute or
percent load reductions were different for BDR customers in the HER recipient group compared
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to HER control customers. Thisresult holds for both individual event days and for the average of
all event days. Such aresult does not mean that there is no difference between the impacts for the
two groups (the difference is consistently present across the four events), but instead suggests
that the observed difference in impact between customers receiving both HER and BDR
messaging and customers receiving only BDR messaging is too small to rule out chance asa
possible explanation given the sample sizes.

Table 4. Testsfor differencesin BDR impacts between HER treatment and control households.

BDR x
Impact Type Event Date Intel:iginn t-statistic
Coefficient

July 29 0.007 0.038 0.17 0.86
August 27 0.033 0.035 0.96 0.34
Absolute (KW) September 9 0.000 0.037 0.01 1.00
September 11 0.036 0.034 1.05 0.29
Avg. Event Day 0.019 0.018 1.06 0.29
July 29 -0.004 0.017 -0.25 0.80
August 27 0.011 0.017 0.67 0.51
Percent (%) September 9 -0.008 0.017 -0.49 0.62
September 11 0.008 0.017 0.48 0.63
Avg. Event Day 0.002 0.008 0.20 0.84

In addition to encouraging customers to reduce usage on Summer Saving Days, thereis
also evidence that the impacts of BDR spill over into non-event days. Figure 2 shows the
estimated difference in peak period usage for BDR-treated househol ds compared to households
untreated by BDR (all within the HER control group) for every day of the summer. Starting from
the date welcome letters were sent, househol ds treated with BDR consistently have lower peak
usage compared to customers in the BDR control group.® This reduction in peak usage could be a
result of some customers responding to the information and energy saving tips that were included
as part of the welcome letter, a conservation effect caused by BDR-treated household members
being aware that other customers are being asked to reduce their usage (social comparison), or
possibly a small Hawthorne effect (Landsberger 1958) that results from customers adjusting their
behavior in response to knowing that their usage might be studied as part of the trial.

3 A formal hypothesis test of the difference between the BDR treatment and control groups for HER controls
before and after the welcome letters were sent (May 1-July 28) shows the difference to be borderline statistically
significant (p=0.12) at the 90% confidence level.
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Figure 2. Average BDR-only impact (as compared to customers not receiving BDR) on summer
cooling days (all customers arein HER control conditions and therefore were not exposed to
HER messaging). Numbers above the horizontal axis represent a declinein energy use.

Figure 3 shows the average customer’ s hourly load shapes and impacts for both BDR
study groups. The reference load, shown in blue, isthe load that was observed in the absence of
the BDR treatment. The observed load, shown in red, is the load observed in the treatment group
on the average event day. The raw |oad shapes are associated with the left-most y axis and event
hours are denoted by filled in circles. The impact (orange) is the difference between observed
load and reference load, which is measured on the right y axis. The 95% confidence interval for
theimpact isshown in grey.
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Figure 3. Load shapes for the average of four event days.

Conclusions and Recommendations

Load impact estimates from the BDR study show consistent reductions in peak usage of
about 2-3% for BDR participants relative to the control group on event days. Multiplied by a
large number of participants, alarge-scale BDR program has the potential to provide significant
load reductions—particularly for capacity-constrained substations—without the costs and time
associated with launching traditional residential demand response programs. While the
production costs and timeline of afull scale BDR program is not yet known, it is reasonable to
assume that both costs and implementation time for launching BDR would be less than the cost
of traditional load control programs requiring incentives or load control technologies that must
beinstalled at customers’ homes.

It is also evident that the effect of BDR messaging on energy consumption is not
confined to the hours of the peak period for event days. In fact, peak demand reductions
observed in the BDR condition persisted from day to day throughout the summer season. This
persistence of peak demand reductionsis observed in both households treated with HER and
those that are not.

BDR appears to be an effective mechanism for reducing residential energy consumption
during critical time periods. However, peak demand reductions are higher in the BDR-only
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condition compared to the BDR and HER condition. This finding suggests that layering on BDR
messaging onto households already receiving HERs will result in less incremental demand
savings than households not exposed to HERs. Customers treated with HERs may lack the
capacity to affect as wide arange of behavioral changesto curtail energy use at peak demand
periods as BDR-only treated households, most likely due to the behavioral changes aready made
in response to the messaging in HERS. The incremental benefits of BDR in addition to the
energy reduction achieved through HER treatment should be carefully considered by portfolio
managers in assessing which populations to include for participation in BDR.

There remain several important unanswered questions about the potential impacts of
BDR that could be addressed in future research:

e This study was confined to 31 substations where PG& E is attempting to limit load growth.
Future research would be required to determine whether load reductions in other locations
would be comparable to what was observed in the study.

e The persistence of BDR impacts for HER recipientsis not clear. The peak load demand
decline from about 2.2% on the first event (July 27) to about 1.2% on the fourth event
(September 11). Thisdecline over time is approximately linear and might result from a
coincidence of other temporal factors with the performance of the program (e.g., weather) or
it might result from the fact that the impact of BDR messaging weakens with repeated
exposure. Alternatively, it is aso possible that impacts on the September 11 event were lower
due to it occurring soon after the September 9 event and interrupting the normal BDR
messaging cycle. The BDR messaging cycle may need to be adjusted to allow for multiple
eventsin ashort period of time. Future research could examine whether the observed decline
in impact over successive event days is a characteristic of BDR overall.

e Since this study demonstrates that BDR has the potential to complement and increase the
energy savings resulting from exposure to the HER, presenting BDR messaging to customers
in the HER control group has the potential to affect their overall energy use. Further research
should compare the differences in baseline energy use between customers in the HER control
group that are exposed to BDR messaging and those that are not.
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